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ABSTRACT 

Market-oriented production by smallholder farmers in developing countries has the 

potential to improve food security and economic welfare. However, smallholder 

production, especially in Sub-Saharan Africa (SSA), is characterised by low 

productivity, mainly due to poor soils and unsustainable agronomic practices. 

Sustainable agricultural intensification (SAI) that is promoted to address these problems 

entails the adoption and diffusion of agronomic practices to produce more output per 

unit of land with less environmental damage while ensuring a sustained natural resource 

base for agriculture. Most empirical studies on the adoption and welfare effect of SAI 

practices in SSA have focused on the adoption of single or a select few SAI practices. 

However, smallholder farmers constantly adapt to their changing production 

environment and often adopt several SAI practices that have complementary effects to 

diversify production, increase crop and livestock productivity, and possibly improve 

their economic wellbeing by selling in output markets. Financial viability of 

intensification at farm level is crucial for successful adoption of SAI practices. 

Therefore, farmers’ decision to invest in SAI practices has shaped market incentives and 

opportunities.  

Limited research to date, if any, has focused on the factors that influence farm 

production and market participation as net sellers or net buyers compared to the autarky 

situation. While smallholder participation in food markets as net sellers is well 

documented, the determinants and, conditional on the adoption of SAI practices, extent 

of market participation for buying households is scant. Empirical studies on cereal 

marketing channels in developing countries have mainly focused on relatively well-

developed modern channels or state marketing channels. However, an increasing 

number of smallholders are marketing staple cereals at farm-gate, mainly through rural 

grain assemblers and traders. Little is known about what determines the choice of 

marketing channel by cereal smallholder producers. 

Cognisant of the gaps in the literature, this thesis attempts to provide a more holistic 

view of how the adoption of combined SAI practices and market participation affects 

smallholder welfare, which is addressed in four research questions: (1) what determines 

the adoption of combined SAI practices and what is the welfare effect on smallholder 

maize–legume producers? (2) how does production influence market participation? (3) 

what are the determinants of smallholder market participation and intensity of 

participation among buying and selling households? (4) what factors influence the 
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household choice of marketing channels and their effect on smallholder welfare? The 

thesis comprises of four articles addressing each research question.  

The study used a large farm household panel data set from the Adoption Pathways 

Project in Kenya led by the International Maize and Wheat Improvement Centre 

(CIMMYT). The sampling strategy involved two stages: (1) two regions - the eastern 

and western regions - were purposively selected based on agro ecological zones (high 

altitude-eastern and lower altitude-western) and maize-legume production potential; (2) 

a multistage sampling procedure was used to select the lower sampling levels from 

division to farm households. Proportionate random sampling was used to select 

households. The survey covered 30 divisions from the two regions, with approximately 

548 households interviewed in 2011, 2013, and 2015.  

The first article examines the determinants of the adoption of combined SAI practices 

and their effect on smallholder welfare. K-modes clustering technique was used to 

group ten SAI practices into five dominant clusters: (1) yield-enhancing and protecting; 

(2) yield-enhancing, protecting, traditional and modern soil restoring; (3) yield- 

enhancing and traditional soil restoring; (4) yield-enhancing, protecting and traditional 

soil restoring; and (5) traditional soil restoring. A random effect multinomial logit 

model was used to investigate the determinants of adopting one of the SAI clusters 

while controlling for unobserved individual heterogeneity. A multinomial endogenous 

treatment effect model was used to evaluate the impact of adopting different SAI 

clusters on crop yield, labour use, total variable cost, revenue, and net income. Number 

of contacts with agricultural extension personnel, labour availability, medium slope 

plot, households’ wealth, and education of household head had a positive effect on 

adoption of SAI clusters while renting plot and poor soil quality had a negative effect. 

Having more livestock units has a negative effect on the adoption of Clusters 1,2,3 and 

4, suggesting the trade-off existing between keeping more livestock units and crop 

production. Clusters 3 and 4 are the most profitable, while Cluster 5 is the least 

profitable. Overall, the results reveal great variability in the benefits (crop yield, 

revenue, net income, total variable cost, and labour input) of adopting the SAI clusters. 

The benefits vary by cropping system, cropping year and region, indicating that a ‘one 

size fits all’ extension design is not suitable for farmers.  

The second article investigates the association between production and market 

participation. Smallholder households are categorised as buyers, autarkic producers, or 

sellers, based on their own self-reporting. An ordered Heckman model is estimated to 
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simultaneously model the determinants of belonging to any of the three categories and 

the quantity of cereals produced. Nitrogen quantity, wealth, and distance to market have 

a positive effect on market participation as sellers. Farm size and total livestock units 

have a significant positive affect on cereal production across all three categories. 

Education level of household head, access to extension and credit services positively 

affect quantity produced while distance to market has a negative effect for buyers but no 

effect for autarkic producers and sellers. Among autarkic households, on-farm 

occupation of household head has a positive effect and quantity of seed used has a 

negative effect on quantity produced. The use of more nitrogen and increased labour 

costs increase production among buyers and sellers but not autarkic households. 

The third article evaluates the determinants of market participation as either a buyer or 

seller, relative to no market participation, and the intensity of participation measured by 

volume traded. A correlated random effect double hurdle model is used to control for 

unobserved heterogeneity across households. A control function approach is used to 

account for potential endogeneity. Increased farm output reduces the likelihood of 

participating in market as a buyer, while having more relatives increases the likelihood 

of the same. Households far away from the market buy in large quantities. The 

likelihood of participating in market as sellers is negatively influenced by incidences of 

drought, disease infestation, waterlogging but positively influenced by quantity 

produced, seed quantity, and household wealth. Disease infestation and livestock units 

owned negatively affect quantities sold. Output quantity, wealth, having on-farm 

occupation, education of household head and social capital positively affect quantity 

sold. 

The fourth article evaluates household choice of marketing channels and its effect on 

quantity sold, price received, and revenue generated. The market channel is defined as 

the combination of buyer type and sales location and includes four categories: rural 

consumers, rural assemblers, rural traders, and urban traders. A conditional logit model 

is used to evaluate the determinants of market channel choice, and a multinomial 

endogenous treatment effect model is used to assess the effect of market channel choice 

on household welfare. The results demonstrate that distance to market has a negative 

and significant effect on buyer choice. The choice of rural-assembler and rural-trader 

channels is positively affected by household size and negatively affected by the buyer 

being a friend or relative and, by non-farm income. Customer relationships positively 

influences selling through rural-assembler and urban-trader channels. The household’s 
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choice of rural assembler is positively influenced by length of residence in the village 

but negatively influenced by shock due to households’ failure business and storage 

duration. The welfare effect shows that more output is sold through rural-traders while 

sales through rural-assemblers fetches the highest price and revenue. Overall, the 

quantity sold through all channels is positively influenced by the length of residence in 

the village, quantity produced and transaction costs, while household size negatively 

influences quantity sold. Storage duration has a positive effect on price received while 

length of residence in the village, off-farm income, and quantity produced has a 

negative effect. The length of residence in the village, membership to savings group, 

quantity produced, and transaction costs has a positive effect on the revenue received.  

The overall implication of this PhD research is that the government and private sector 

should promote participatory extension approaches that involve producers to help refine 

and disseminate locally adapted bundles of SAI practices and SAI clusters with greatest 

payoffs. Since available farmland is limited, policy should focus on increasing 

productivity. Labour use and quantity of nitrogen have a higher marginal effect on 

production for market participants, thus increasing the availability and accessibility to 

fertilisers. Likewise, policies that facilitate efficient land rental markets, increase farm 

production, and investment in infrastructure including roads, should be promoted to 

better reduce transaction costs. The study highlights the need for educating farmers on 

mitigation strategies for production shocks to control their negative effects on market 

participation. For instance, promoting the establishment of reliable weather and disease 

incidences forecasts. The findings underscore the importance of social networks for the 

formation of farmers groups.  

This thesis contributes to the literature by identifying clusters of SAI practices that 

farmers tend to adopt rather than individual SAI practices. It also contributes to the 

literature on smallholder production, whether and how farmers participate in the market 

and the welfare effect. The study further identifies major channels through which 

smallholders sell maize and factors that determine channel choice as well as its welfare 

effect.  
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CHAPTER 1.  

GENERAL INTRODUCTION  

1.1 BACKGROUND INFORMATION 

Rural households in most developing countries comprise small-scale farmers who 

depend on agriculture for their livelihood (FAO, 2010). Most of these households suffer 

from chronic food insecurity and poverty. Previous studies have related these problems 

to low agricultural productivity and low market participation rates (World bank, 2011, 

FAO, 2010, Rios et al., 2008). Therefore, improving agricultural productivity and 

market participation is considered an important strategy for reducing the high poverty 

and food insecurity rates prevalent in developing countries. The agricultural sector’s 

high share of gross domestic product in most African economies reflects its vital role in 

the livelihood of small-scale producers. In Sub-Saharan Africa (SSA), agriculture 

employs more than half of the total workforce (IMF, 2012). Recent studies suggest that, 

on average, agriculture is the primary source of livelihood for about 18% of urban 

households (OECD/FAO, 2016).  

While all regions in Africa have recorded increases in net agricultural production, rapid 

population growth has resulted in dramatic falls in per capita food production (Pretty et 

al., 2011). The exacerbated pressure on arable land has decreased soil fertility 

(Moebius-Clune et al., 2011). Despite rigorous efforts to promote soil and water 

conservation technologies (Antle and Diagana, 2003, Kato et al., 2011, Barrett and 

Bevis, 2015, Nkonya et al., 2018), soil degradation remains a limiting factor in crop 

production due to low soil organic matter or high soil acidity (Burke et al., 2017, 

Marenya and Barrett, 2009). Furthermore, smallholder-farming systems are 

predominantly rain fed, often on less than one hectare of land, making them more 

vulnerable to production risk. However, the growing populations residing in densely 

populated smallholder farming areas facing land shortages need to produce more 

outputs from existing farmland (Jayne et al., 2015). 
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An initial strategy to curb low agricultural productivity in developing countries involved 

the uptake of agricultural intensification1 (AI), which was promoted during the Green 

Revolution (GR) but failed to take off in SSA due to institutional and political failures 

(Evenson and Gollin, 2003). It involved the use of external inputs such as fertilisers and 

improved seeds. Later, conservation agriculture2 (CA) was proposed as an 

environmentally friendly approach to restore lost fertility. However, it did not alleviate 

food shortages due to the slow release of nutrients to plants, particularly in intensive 

cereal production (Marenya and Barrett, 2009). Sustainable agricultural intensification 

(SAI) is an alternative approach for increasing smallholder production in SSA, 

involving more outputs from the same land area with fewer environmental impacts 

while ensuring a sustained natural resource base for agriculture (Montpellier, 2013). 

Intensification at farm level needs to be financially viable or rewarding for successful 

adoption of SAI practices and can be aided by an efficient marketing system. For most 

developing countries, promoting smallholder market participation is gradually 

recognized as a pathway towards agricultural transformation.  

The recognition of the potential of markets as engines of economic development and 

structural transformation gave rise to a market-led paradigm of agricultural development 

during the 1980s (Reardon and Timmer, 2007). This was accompanied by widespread 

promotion of market liberalization policies in Sub-Saharan Africa (SSA) and other low-

income regions. These liberalization policies aimed to enhance the efficiency of input–

output markets by transferring critical marketing functions from the state to private 

traders (Jayne et al., 2002). Such structural transformation has been sluggish and the 

distribution of the limited welfare gains has been uneven (Barrett, 2007, Boughton et 

al., 2007). This is attributed to barriers to entry (Haggblade et al., 2005) and sharp 

differences in the ostensible returns to participation across different markets with 

differentiated products and functions (e.g., storage, transport, retailing). Thus, 

subsistence farmers continue to suffer from limited access to markets and productive 

assets while incurring substantial transactions costs (Holloway et al., 2000). In some 

cases, transactions costs in production and marketing may have actually increased rather 

than decreased (Alene et al., 2008). The reforms also ignored the production side of the 

                                                 

1 Producing more units of output per unit of all inputs through related innovations (Montpellier, 2013) 
2 CA comprises three components: minimum (reduced) tillage, residue retention and crop rotation 
(Kassam et al., 2009). 
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supply chain and focused on producer entry in output markets (Winter‐Nelson and 

Temu, 2005). 

The decisions about production and market transactions take place in heterogeneous 

environments and resource endowment levels (Simtowe and De Groote, 2021). Some 

agricultural producers sell a portion of their output, some are deficit producers who 

purchase crops they also produce, while others are self-sufficient relying on their own-

production of staple food for their consumption and do not participate in markets (Key 

et al., 2000, Asfaw, 2018).  As stated by Stephens and Barrett (2011), another group 

exist  who ‘seemingly’ have irrational behaviour of ‘ as they sell grain particularly 

maize soon after harvest and buy it again from the market later. Consequently, producer 

decision as to whether and how to participate in the market is crucial. Though 

smallholders stand to benefit from greater engagement with markets, from increased 

production, such heterogeneity may cause barriers to participation in these markets 

(Alene et al., 2008, Sibande et al., 2017, Simtowe and De Groote, 2021).  

Thus, finding ways to increase the returns to agriculture through market participation is 

of critical importance. The major factor affecting market participation decisions is 

transaction costs (which include costs related to contract enforcement, transportation, 

storage, bargaining, search, and monitoring). When transaction costs are too high, 

households’ utility of the participation becomes low or negative; hence, they can 

potentially decide to not participate in the market (Sadoulet and De Janvry, 1995). 

Besides transaction costs, household characteristics and fixed assets (physical and social 

assets) do shape market participation decisions (e.g., Edmeades (2006) and Pender and 

Alemu (2007)). Studies have also found other factors such as production shocks (e.g., 

drought spells, pest and disease, and water lodging incidences) to weaken market 

linkages by decreasing output and marketable surplus (Mottaleb et al., 2013, Asfaw, 

2018). 

The problems faced by smallholder producers in marketing their produce have also been 

attributed to the low prices of staples leading to problems of low real incomes for 

smallholder households and also food shortages (Nijhoff et al., 2003). A few households 

participating in markets, particularly for staples, sell to traders in more established 

market channels while most farmers sell at the farm-gate. 

The barriers to market participation are generally perceived to have been either stagnant 

or worsening in recent decades (Chamberlin and Jayne, 2013). Thus, these conditions 
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reduce the incentive farmers to adopt new technologies and produce for the market. To 

ensure a market-oriented production, farmers should have access to not only productive 

technology choices but also a supportive environmental for agricultural marketing. 

1.2 SUSTAINABLE AGRICULTURAL INTENSIFICATION AND MARKET PARTICIPATION 

Sustainable agricultural intensification is a win–win scenario where productivity 

increases are tied to the combined use of input-intensive and natural resource 

management practices to improving environmental sustainability (Haggar et al., 2020, 

Toenniessen et al., 2008). Recently, the SAI concept has broadened to integrate other 

aspects, such as equity and social sustainability; for example, improving the lives of 

youth and women (Haggar and Rodenburg, 2021). Like other sustainable development 

concepts, SAI has three interconnected components: economic, social, and 

environmental, each covering multiple facets or indicators of performance (Veeman, 

1989, Rasul and Thapa, 2004, Mockshell and Kamanda, 2018).  

Several SAI frameworks exist, with experts having divergent views on what sustainable 

intensification entails and its conceptualisation (Petersen and Snapp, 2015, Godfray, 

2015). The key principle of Pretty (2008)’s framework is that SAI approaches increase 

crop yields, address the rapidly growing demand for food and provide environmental 

benefits. Montpellier (2013) extended Pretty’s definition to consider input use 

efficiency and building resilience to natural capital. The framework by Rockström et al. 

(2017) further emphasised land-use planning and management of natural capital in 

agroecosystems and natural ecosystems across scales. The three highly interlinked SAI 

components (Veeman, 1989)–economic, social and environmental—were recently 

expanded to five categories, with the addition of productivity and human wellbeing 

components (Smith et al., 2017). Thus, SAI is a broad evolving concept that reflects 

particular aspects, attributes and approaches in practice (Pretty et al., 2011, Lee, 2005). 

Examples of existing SAI practices include reduced or no tillage, farmyard manure, 

maize–legume intercropping, crop rotation, soil and water conservation, improved seed 

varieties, crop residue retention, and the prudent use of external inputs such as 

pesticides, herbicides and chemical fertilisers. Smallholders are advised/motivated to 

adopt a combination of SAI practices that increase productivity and reduce the adverse 

environmental effects and social costs associated with unsustainable input-

intensification (Pingali, 2012, Nkonya et al., 2018, Khonje et al., 2018).  
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Numerous empirical studies have examined the different aspects of SAI practices, but 

most focus on the adoption of single SAI practices, such as chemical fertiliser (Marenya 

and Barrett, 2009, Olwande et al., 2009). Marenya and Barrett (2009) found that to 

stimulate increased fertiliser use, improving the biophysical conditions that affect 

conditional factor demand should complement improving fertiliser market conditions. 

Olwande et al. (2009) showed that concerted efforts are needed to promote fertiliser use 

among farmers in the drier areas to increase fertiliser adoption. Another SAI practice 

widely documented in the literature is the use of improved seed varieties. The use of 

hybrid seed increases household income and asset value and reduces poverty inequality 

(Mathenge et al., 2014, Kathage et al., 2016, Michler et al., 2018, Suri, 2011). The 

adoption of improved seed varieties also increases nutrition (Zeng et al., 2017). Some 

studies model the adoption of multiple practices at the plot or household level and use 

used multivariate methods (Teklewold et al., 2013a, Ndiritu et al., 2014, Wainaina et al., 

2016, Arslan et al., 2017, Kassie et al., 2015a). These studies have found strong 

complementarities and substitutability across different SAI practices suggesting that 

adoption of different SAI practices are interrelated. Consequently, farmers adopting 

such technologies consider their complementarity or substitutability. 

Studies have also examined SAI uptake to identify factors affecting adoption such as 

gender, input subsidies, and population density. For example, Ndiritu et al. (2014) 

reported gender differences in the adoption of SAI practices and Djurfeldt et al. (2019) 

analysed yield differences in relation to gender in Malawi, Tanzania and Zambia and 

found a persistent gender-based yield gap. Other factors that have been found to 

determine SAI adoption also include input subsidies (Kim et al., 2019) and population 

density (Willy et al., 2019). 

The extensive literature on agricultural technology adoption has shown that adoption of 

SAI practices can increase productivity (Nkonya et al., 2018, Di Falco et al., 2011, 

Arslan et al., 2017) and reduce production costs (Kassie et al., 2018). Adopting SAI also 

reduces yield variability and exposure to weather risks (Ali and Erenstein, 2017, Di 

Falco and Bulte, 2013, Kassie et al., 2015b), suggesting complementary benefits from 

these practices. SAI adoption can also reduce poverty and food insecurity (Khonje et al., 

2018, Minten and Barrett, 2008, Ali and Erenstein, 2017), enhance nutrition (Kim et al., 

2019), fosters trade (Mulwa et al., 2021), and increase farmer income (Manda et al., 

2016, Teklewold et al., 2013b).  
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Financial viability of intensification is crucial particularly for rural-poor households for 

successful adoption of SAI practices. Consequently, farmers’ decisions are shaped by 

market incentives and opportunities. Thus, market participation requires establishing an 

efficient system that increases information access to market players, reduces transaction 

costs, and minimises risk. It also requires integrating subsistence farmers into the inputs 

and output markets of agricultural products to increase farmers’ income and reduce 

poverty. While there is potential to increase smallholder market participation for 

domestic staple foods in SSA (Hazell, 2005), studies by Olwande et al. (2015), Barrett 

(2007) and Jayne et al. (2005) reported very low overall market participation. It is 

important to note that most developing countries have imperfect market structures that 

hinder farmers from selling their farm produce at premium prices (Pretty et al., 2011). 

Previous literature on market participation by smallholders attributed the low market 

participation to high transaction costs mainly due to poor infrastructure (Alene et al., 

2008b, Omamo, 1998, Olwande and Mary, 2012, Barrett, 2008, Key et al., 2000, 

Renkow et al., 2004). Smallholders also lack market information, have insufficient 

expertise on grades and standards, and face institutional hurdles such as the lack of 

access to credit.  Access to social capital and information are also key considerations in 

marketing (Kostov and Davidova, 2012, Fischer and Qaim, 2014, Bwalya et al., 2013). 

Other factors affecting market participation include off-farm income (Woldeyohanes et 

al., 2017), resource endowment (Barrett, 2008, Boughton et al., 2007, Bellemare and 

Barrett, 2006) and production costs (Holloway et al., 2005). 

Studies have also examined how other aspects such as availability of social grants and 

existing household gender gaps influence market participation. Studies by Sibande et al. 

(2017) and Sinyolo et al. (2017) assessed how social grants affect smallholder market 

participation. Sibande et al. (2017) reported that farm input subsidy programs increased 

market supply among smallholders, while Sinyolo et al. (2017) found that social grant-

dependent households were more subsistent and produced less marketable surplus. 

Other studies have highlighted that relieve of credit and liquidity constraints of 

smallholders, enable them to reduce transaction costs (Tirivayi et al., 2016, Barrientos, 

2012). Thus, social grants can significantly improve smallholder commercialisation, but 

economic theory predicts that they will encourage a culture of dependency. Several 

studies have evaluated gender gaps in market participation (Kide, 2014, Marenya et al., 

2017, Simtowe and De Groote, 2021). The significant gaps observed between male- and 
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female-headed households were largely explained by wealth. Bardasi et al. (2007) 

showed that reducing gender disparities could foster growth and poverty reduction in 

Africa. 

While most of the literature above consider households who sell produce, smallholder 

households, particularly for staple food grains, mainly participate in markets as net 

buyers, net sellers or are autarkic (Goetz, 1992, Barrett, 2008). Net buyers include 

households who produce less than their consumption needs and thus buy more food to 

cater for their deficit in terms of consumption. Net sellers comprise households who 

produce more than their consumption needs and thus sell their surplus to markets. 

Autarkic producers are self-sufficient households that do not buy or sell specific 

produce. Some empirical literature has evaluated two or three of these categories 

(Goetz, 1992, Key et al., 2000, Bellemare and Barrett, 2006, Burke et al., 2015). Goetz 

(1992) analysed household food marketing behaviour in SSA. He found that access to 

market information increases the chances of more households selling, while access to 

cereal-processing technology increases the quantity transacted by buyers and sellers.  

Market participation is equally dependent on factors including personal farmer 

characteristics, village-level factors, and availability of market information that define 

different marketing channels with different relative profitability and costs. The 

empirical literature on choice of marketing channels for African producers mainly 

considers relatively well-developed modern channels like supermarkets (Rao et al., 

2012), perishable commodities (Mabuza et al., 2014, Shiimi et al., 2012) and cash crops 

(Fafchamps and Hill, 2005, Woldie and Nuppenau, 2011). The literature on marketing 

channels has identified various factors influencing producer choice of market channel. 

These include transaction costs (Takeshima and Winter‐Nelson, 2012, Tefera, 2014, 

Fafchamps and Hill, 2005, Mmbando et al., 2016, Pham et al., 2019), social capital 

(Tefera, 2014, Pham et al., 2019), access to credit and extension services (Mmbando et 

al., 2016) and asset endowment and income (Fafchamps and Hill, 2005, Cazzuffi and 

McKay, 2012). Cazzuffi and McKay (2012) found variation in quantity sold in different 

channels, while Fafchamps and Hill (2005) and Pham et al. (2019) found price variation 

by market channels. Thus, understanding the drivers of small-scale farmers’ choice of 

marketing channels would assist in smallholder inclusion, marketing channel 

development, and increasing farm income by enabling better or remunerative price 

transmission.  
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1.3 OVERVIEW OF MAIZE PRODUCTION AND MARKETING IN KENYA 

Kenyans largely rely on maize as the staple food crop across all income groups 

(Muyanga et al., 2005), with maize consumption projected to continue increasing 

despite dietary diversification (FAO, 2017). Maize is primarily grown by smallholders 

in most agro ecological zones (Smale and Olwande, 2014). Smallholder farmers 

produce almost two-thirds of the total maize in Kenya. Increased investment in the 

livestock sector contributes to the demand for maize for producing animal feed (USDA-

FAS, 2019). Kirimi et al. (2011) reported that maize accounts for over 80% as the 

primary ingredient of animal feeds in Kenya. Bean is the second most widely grown 

crop. Farm households commonly intercrop maize and beans to maximise land use and 

labour (Giller, 2001). Therefore, the availability of maize and beans is generally viewed 

as synonymous with food security. However, outputs have remained below domestic 

requirements, and the country continues to rely on imports to meet the deficits in most 

years.  

Increasing productivity in the context of a rising deficit in maize requires an 

understanding of the structure and performance of the maize marketing system. Maize 

market reform took place in the early 1990’s, which involved removing the controls on 

maize movement, deregulating maize and maize meal prices, and removing direct 

subsidies on maize sold to registered millers (Jayne and Argwings-Kodhek, 1997). The 

intention was that liberalisation would encourage new entry by private traders, bid up 

producer prices for maize, and improve smallholder market access. The Kenyan 

government, through the National Cereals and Produce Board (NCPB), procure 

domestically produced maize from farmers, often above market price, as part of a 

governmental strategy to stabilise maize prices (Kirimi et al., 2011). Jayne et al. (2008) 

reported that the price‐rising activities of the NCPB increased the income of a relatively 

small number of large‐ and small‐scale farmers who sell maize. Most large-scale 

farmers, generally from the Northern Rift Valley region3, own large-scale commercial 

farms, produce large surpluses and sell to large-scale traders, assemblers, wholesalers, 

millers, posho-millers4 (Nyoro et al., 1999) and the NCPB. However, a more dispersed 

marketing system has developed for small-scale farmers, where consumers, assemblers 

                                                 

3 The study area for the purpose of this thesis did not cover the Rift-Valley region. 

4 This is a mill that grinds maize into flour. 
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and other diversified traders buy maize from farmers for subsequent sale to wholesalers 

and other consumers.  

1.4 CONTEXT AND PROBLEM STATEMENT 

The adoption of SAI technologies is one strategy for mitigating the effects of declining 

land productivity due to factors such as high soil acidity or low soil organic matter 

(Burke et al., 2017, Marenya and Barrett, 2009). SAI practices should help smallholders 

produce more output per unit of land while improving land quality and reducing yield 

variability and environmental impacts (Montpellier, 2013). Adopting combined SAI 

practices can increase yields more than individual practices (Di Falco and Veronesi, 

2013, Teklewold et al., 2013b). The benefits of SAI vary from one region to another due 

to heterogeneity of agro-climatic conditions, socioeconomic factors and the natural 

resource base (Giller et al., 2009, Andersson and D'Souza, 2014), making it difficult to 

generalise on the use and effect of suitable SAI practices as they are context specific 

(Aldana et al., 2011). However, some studies (Kathage et al., 2016, Michler et al., 2018, 

Suri, 2011, Mathenge et al., 2014) have focused on the adoption of a single or selected 

few combinations of SAI practices and ignored their interdependence (Yigezu et al., 

2018). Furthermore, studies such as Teklewold et al. (2013a) and Kassie et al. (2018) 

analysed SAI adoption with no more than three combinations. Governments and non-

governmental organisations promote as many as ten SAI, while farmers are constantly 

adapting to their changing production environment and often simultaneously bundle 

different SAI practices with complementary effects within the local context (Djurfeldt et 

al., 2019). Farmers do this to diversify production and improve crop and livestock 

productivity and economic welfare by participating in output markets.  

Adopting combined SAI practices can increase crop productivity, which alone cannot 

guarantee the overall improved welfare of smallholder farmers. Success in productivity-

based agricultural growth significantly depends on market opportunities (Barrett, 2008). 

However, smallholder market participation is low due to difficulties accessing markets 

(De Janvry and Sadoulet, 2006). Household production is also directly associated with 

market participation (Belay and Ayalew, 2020). Thus, increasing production level and 

market participation could improve household livelihood (Rios et al., 2008, Pender and 

Alemu, 2007). In traditional, semi-subsistence farm setups, some households participate 

in markets as net buyers or net sellers while others remain autarkic (Goetz, 1992, 

Barrett, 2008). Previous studies have analysed factors influencing the adoption of SAI 
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practices or market participation on smallholder welfare (Ouma et al., 2010, Mmbando 

et al., 2017, Asfaw, 2018) on smallholder welfare. However, few studies have focused 

on the factors determining farm production and market participation among maize and 

legume producers as net sellers or net buyers compared to those who remain autarkic.  

In addition, numerous studies have investigated smallholder participation in food 

markets, with a focus on farmers who sell their produce (Simtowe and De Groote, 2021, 

Burke et al., 2020, Woldeyohanes et al., 2017, Sibande et al., 2017). However, the 

determinants and extent of market participation for buying households are not 

adequately understood. This disconnect has compromised the formulation of successful 

policies aimed at improving smallholder market participation that would enable net 

buyers to become autarkic or net suppliers. Similarly, while the drivers of market 

participation are numerous and complex, the crucial effect of factors such as production 

shocks on market participation is limited in the literature, particularly in areas where 

smallholders depend on rain fed agriculture. 

Effective market channels could play an important role in ensuring agricultural 

transformation by enabling efficient resource allocation, thus increasing productivity, 

rural incomes, and livelihoods (Fischer and Qaim, 2012). However, participation 

constraints in different types of market channels are multi-faceted and change with 

market channel developments. Empirical studies on market channels in developing 

countries mainly focus on relatively well-developed modern channels like supermarkets 

(Rao and Qaim, 2013, Rao et al., 2012) and state marketing channels particularly for 

cereals (Jayne et al., 2008). However, despite the increase in smallholder marketing, 

especially for staple cereals that occurs through rural grain trade, little is known about 

the determinants of the choice of marketing channels by cereal smallholder producers 

and its welfare effect. Yet, it is a source of livelihood for most households. Quantitative 

evidence of the effect of such market channel choice on household welfare is scant 

(Barrett 2008). Finally, most studies on the adoption of SAI technologies (Wainaina et 

al., 2016, Sheahan et al., 2016, Teklewold et al., 2013b, Manda et al., 2016) and 

smallholder market participation are based on cross-sectional data. Using panel data 

enabled us to control for both firm effects and time effects, resulting in more robust and 

reliable insights for policymaking. 

1.5 RESEARCH PURPOSE AND OBJECTIVES 
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The main purpose of this thesis is to investigate how the adoption of SAI practices and 

market participation affect the welfare of smallholder maize–legume producers in 

eastern and western regions of Kenya. The study has four specific research questions: 

1. What are the determinants of combination of SAI practice adoption and their 

welfare effect on smallholder maize–legume producers? 

2. To what extent does production influence market participation? 

3. What factors influence market participation and intensity of participation as 

measured by extent of volumes traded? 

4. What are the determinants of market channel choice and how does this influence 

quantity sold, price received and plot revenue? 

1.6 CONCEPTUAL FRAMEWORK  

The framework in Figure 1.1 conceptualises the themes covered by the thesis5, showing 

the pathway through which smallholders can improve their welfare. Human welfare 

measured in terms of increased output, food availability, market anticipation, and 

agriculture-based household income. To improve production, households adopt direct 

inputs such as fertiliser, improved seeds, herbicides, and pesticides, as well as practices 

such as legume rotation, intercropping, soil and water conservation and minimum 

tillage. Prevailing climatic conditions and production environment also condition 

production. Farmers adopt context-specific SAI packages based on their production 

circumstances to realise improved farm production, efficiency and reduce impacts of 

climate variability6. Smallholders can only sustain the adoption of new practices and 

technologies if an appropriate enabling environment is available and accessible. An 

enabling environment involves investment in farmer groups, research, extension, and 

infrastructure linking input and output markets. Increased production, particularly for 

smallholders who rely on their own production for livelihood, is dependent on the 

adoption of SAI packages and the ability of farmers to market their surplus. Farmers 

need efficient, fair and transparent output markets to sell their output to district markets 

that are more remunerative than farm gate and rural markets. Similarly, they need 

efficient, fair, and transparent input markets to purchase fertiliser, machinery, seed, and 

                                                 

5 The research objectives address SAI technology adoption, the relationship between outputs and 
market participation, the determinants and extent of market participation, and marketing channels. 
6 The framework is broad and multi-faceted. Hence, the study does not address every issue related to 
productivity, efficiency, poverty and food security. 
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other inputs in appropriate quantities and at affordable prices. Smallholder farmers are 

heterogeneous, with differences in agro ecological conditions, market access, and 

demographic factors determining their capacity to adopt SAI practices and market their 

output. 

For households who participate in the market, factors in the enabling environments 

affect whether they decide to participate in the market as buyers or sellers and the 

quantity they buy or sell. Autarkic farm households do not participate in the market. 

Further, households who participate in the market as sellers use different marketing 

channels to sell their surplus. The four dominant marketing channels that farmers use to 

sell in the study area are rural consumers, rural assemblers, rural traders, and urban 

traders. The choice of marketing channel affects the revenue that farmers receive. A 

sustainable system is expected if farmers efficiently use available resources, such as 

direct inputs (e.g., fertilisers, labour), to increase crop yield, reduce yield variability and 

increase the adoption rate of SAI practices on the same or less land.  
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FIGURE 1.1 CONCEPTUAL FRAMEWORK OF WELFARE EFFECT OF SUSTAINABLE AGRICULTURAL INTENSIFICATION 

AND MARKET PARTICIPATION. SOURCE: AUTHORS’ CONCEPTUALISATION 
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1.7 STUDY AREA, DATA AND RESEARCH DESIGN 

1.7.1 STUDY AREA 

This study was conducted in the western (Bungoma and Siaya Counties) and eastern 

(Embu, Meru and Tharaka-Nithi Counties) regions of Kenya. In Embu County, rainfall 

ranges from 500 mm to 2600 mm per annum. The main agricultural activities are dairy 

cows, maize, bean, cassava, pumpkin, millet, and sorghum. Poverty levels are high with 

65% of the population living below the poverty line. Rainfall in the Tharaka-Nithi 

county ranges from 200 mm to 800 mm per annum. The main economic activity is 

farming. Siaya County receives an annual rainfall of about 2155 mm. The main 

economic activities including subsistence farming, livestock keeping, fishing, and 

small-scale trading. In Bungoma County, households mainly engage in agriculture, 

centring on sugarcane and maize production. The area experiences relatively high 

rainfall throughout the year; in some regions, farmers use small-scale irrigation. 

Although the county produces sugar, maize, bananas, and sweet potatoes, 53% of its 

population live below the poverty line. The five counties have a suitable climate for the 

establishment and growth of maize and legumes.  

 

FIGURE 1.2. MAP OF STUDY AREA. SOURCE: AUTHORS  
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1.7.2 DATA REQUIREMENT 

This study relies on a data panel set from the Adoption Pathways Project in Kenya led 

by International Maize and Wheat Improvement Centre (CIMMYT). The data were 

collected from smallholder maize–legume farmers in the eastern and western regions of 

Kenya. These two regions were selected based on agro ecological zones (high altitude-

eastern and lower altitude-western), well-drained soil and potential for maize–legume 

production with two cropping seasons and bimodal rainfall patterns. A pilot study was 

conducted in both study regions prior to the survey. Discussions were held with key 

stakeholders, including farmers and extension personnel from the Ministry of 

Agriculture. The sampling strategy involved two stages:  

1. Sample households from each region were distributed proportionate to the total 

number of farming households. From the two regions, 13 and 17 divisions7 were 

selected in eastern and western Kenya, respectively. Five Counties across the 

two regions were selected, namely Embu, Meru, Tharaka-Nithi, Siaya and 

Bungoma.  

2. A multistage sampling procedure was used to select the lower sampling units 

from division to farm household levels. Proportionate random sampling was 

then used to select households in the different sampling units. 

The collected data included detailed information on SAI practices: (1) minimum tillage, 

(2) short-term8 and (3) long-term9 soil and water conservation practices, (4) maize–

legume intercropping, (5) legume rotations, (6) organic manure, (7) improved seed 

varieties, and (8) pesticide, (9) herbicide and (10) fertiliser use. Basic socioeconomic 

factors, livestock ownership, and policy variables were also collected. Information on 

input and output markets and prices was also collected. Some questions examined how 

smallholders perceive the effect of shocks and pre-ante and post-ante coping strategies. 

In addition, detailed production data were collected, including land preparation, 

planting, weeding, harvesting, and post-harvest utilisation. Despite 66 crops grown by 

the smallholders, the study was limited to two major crops (maize and beans) as the 

                                                 

7 Divisions (currently sun-counties) are smaller administrative regions within a distict. 

8 Short-term includes mulching, grass strips, cover crops, and residue retention. 
9 Long-term includes terraces, trees on boundaries, soil buds, and stone buds. 
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staple foods. The final sample included 613, 535, and 495 farmers drawn from the same 

set of households in three waves, 2011, 2013 and 2015, respectively. 

1.8 CONTRIBUTION TO SCHOLARSHIP AND ORIGINALITY 

This thesis provides insight into the adoption of SAI practices and their effect on 

smallholder welfare. It also provides insights into market participation decisions and the 

welfare effect on smallholders. The findings contribute to the existing gap in the 

literature in several ways. 

First, the thesis provides insights into the determinants of adoption of SAI clusters and 

SAI clusters with the most significant payoffs to stimulate production, thus promoting 

household welfare and the local rural economy. Consequently, the study responds to the 

need for research on the choice and benefits of different SAI technology combinations 

(Wainaina et al., 2016). The results will aid agricultural extension agents to develop and 

promote context-specific SAI technology combinations to guide future programs. 

Secondly, the study contributes to the literature on smallholder market participation. 

Evaluating the extent to which production affects market participation decisions 

provides a dynamic perspective that recognises different categories of smallholders, 

enabling policies that consider all categories of smallholders. It also adds to the 

literature on market participation by considering three categories (buyers, sellers, and 

autarkic producers) that have received little attention.  

Further, the detailed analysis of the extent of participation for both buyers and sellers is 

critical for designing policy interventions to ensure that most rural farmers benefit from 

smallholder market participation. The study also considers important variables ignored 

in prior market participation studies, including how production shocks and social ties 

affect smallholder market participation. How production shocks, among other factors, 

affect market participation choice and its effect on farmer welfare is important, 

particularly in SSA, where climate variability is a major challenge. Another important 

aspect of this thesis is that, unlike prior literature, we analysed market channels 

considering buyers (consumers, assemblers, and traders) and the sales location (village 

or urban market). This aspect is missing, particularly in the grain marketing channels 

literature in SSA. Furthermore, few studies exist on the determinants of grain marketing 

channels, particularly in Kenya. 
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Third, the thesis applies the ordered Heckman model, a novel approach, particularly for 

smallholder market participation, because it simultaneously models three or more 

selection categories and a continuous outcome variable in all categories. Thus, we can 

suggest salient policy solutions that will help incentivise farmers to adopt SAI 

technologies to improve their level of commercialisation. Previous studies on 

smallholder SAI adoption and marketing in SSA have relied on cross-sectional data 

with limitations in selection bias. The use of a panel data set allows for the control for 

both firm effects and time effects, providing more robust and reliable insights into the 

dynamics of farmers’ adoption behaviour for policymaking. 

Overall, this thesis argues that the adoption of SAI packages and increased market 

participation within an enabling environment can successfully improve welfare among 

smallholders. Thus, this research will add to the literature on smallholder 

commercialisation and provide insights to help policymakers aiming to stimulate and 

improve smallholder market participation. The study provides a framework of context-

specific SAI packages to guide extension agents, researchers, and policymakers to 

redesign win–win strategies for sustained agricultural production.  

1.9 OUTLINE OF THE THESIS 

This thesis comprises six chapters. Chapter 1 comprises the background, research 

context, problem statement, research questions, and conceptual framework of the thesis. 

Chapters 2–5 are a series of independent research papers ready for publication in 

scientific journals. Each empirical chapter has an independent introduction, data 

description, methodology, results, discussion, and conclusion. As the papers are closely 

linked there is some unavoidable repetition, particularly in the description of data and 

some of the methodology. Chapter 6 is a synthesis of key findings, policy implications, 

study limitations, and suggestions for further research. 
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CHAPTER 2.  

DO COMBINED SUSTAINABLE AGRICULTURAL INTENSIFICATION 

PRACTICES IMPROVE WELFARE? EVIDENCE FROM SMALLHOLDER MAIZE–

LEGUME PRODUCERS 

ABSTRACT 

This study uses data from three waves of rural household surveys in Kenya to 

investigate factors influencing the adoption of combinations of ten sustainable 

agricultural intensification (SAI) practices and their effects on smallholder welfare. A 

K-mode clustering algorithm is used to group the SAI practices into five dominant 

clusters: (1) yield enhancing and protecting; (2) yield enhancing, protecting, traditional 

and modern soil restoring; (3) yield enhancing and traditional soil restoring; (4) yield 

enhancing, protecting and traditional soil restoring; and (5) traditional soil restoring. A 

random-effects multinomial logit model is used to analyse the determinants of the 

choice of SAI cluster at plot level while controlling for unobserved individual 

heterogeneity effects. Finally, a multinomial endogenous treatment effects model is 

estimated to evaluate the impact of cluster adoption on crop yield, revenue, net income, 

total variable cost, and labour input. Extension contact, labour availability, medium 

slope, wealth, and education of household head had a positive effect on adoption of SAI 

clusters while renting plot and poor soil quality had a negative effect. Overall, the 

results reveal significant variability in the benefits (crop yield, total variable cost, labour 

input, revenue, and net income of adopting) of adopting any of the five SAI clusters. 

The benefits vary by crop system, region, and cropping year, indicating that a ‘one size 

fits all’ extension design is not suitable for farmers. The study suggests policies 

designed to promote participatory extension between extension agents and producers to 

identify, refine and disseminate locally adaptable bundles of SAI practices with the 

most significant payoffs. 
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2.1 INTRODUCTION  

Rural farm households in Sub-Saharan Africa (SSA) are predominantly small-scale and 

depend heavily on agriculture as a source of livelihood. Enhancing smallholder 

agriculture productivity is key for ensuring food and nutrition security (Kim et al., 

2019). However, smallholders farm under volatile environmental conditions that 

contribute to low crop yields and perennial food insecurity, mainly due to severe and 

frequent droughts, flooding, reduced soil fertility as a result of continuous tilling of 

arable land (Odendo et al., 2010) and land fragmentation from population pressure 

(Pretty et al., 2011).  

The Green Revolution (GR) aimed to increase agricultural productivity in developing 

countries but failed to take off in SSA due to institutional and political failures 

(Evenson and Gollin, 2003). Later, conservation agriculture10 (CA) was proposed as an 

environmentally friendly approach for restoring productivity, but it did not help 

alleviate food shortages (Place et al., 2003, Giller et al., 2009). This is because the green 

or compost manure does not meet crop nutrient requirements due to the slow release of 

nutrients to plants, compared to chemical fertiliser, particularly in intensive cereal 

production. Since the early 1990s, international development agencies, such as the Food 

and Agricultural Organization of the United Nations (FAO, 2011), United States Aid for 

International Development (USAID, 2012), and Montpellier Panel (Montpellier, 2013), 

and several governments have promoted sustainable agricultural intensification11 (SAI) 

practices to increase smallholder agricultural productivity while reducing negative 

environmental impacts.  

Several studies have examined the adoption of SAI practices in SSA (e.g. Teklewold et 

al., 2013c, Teklewold et al., 2013b, Ndiritu et al., 2014, Kassie et al., 2015, Wainaina et 

al., 2016, Arslan et al., 2017, Kassie et al., 2018). Most of these studies focused on the 

                                                 

10 Comprising three components: minimum (reduced) tillage, residue retention, and crop rotation. 
11 Sustainable agricultural intensification is defined as producing more output from the same area of 
land with less impact on the environment while ensuring a sustained natural resource base (Pretty, 
2008, Godfray et al., 2010). 
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adoption of single SAI practices, such as chemical fertiliser (Olwande et al., 2009, 

Marenya and Barrett, 2009) and improved seed varieties (Mathenge et al., 2014, 

Kathage et al., 2016, Michler et al., 2018, Suri, 2011). However, farmers often adopt a 

combination of different SAI practices. Some studies have considered the adoption of 

multiple practices but not as a cluster or combination. Such studies use multivariate 

methods to model the adoption of multiple practices within a household (Teklewold et 

al., 2013a, Ndiritu et al., 2014, Wainaina et al., 2016, Arslan et al., 2017, Kassie et al., 

2015a).  

Other studies have acknowledged the lack of SAI practices suited to all smallholder 

farmers (Pretty et al., 2011, Wainaina et al., 2016, Petersen and Snapp, 2015). 

Smallholders operate in heterogeneous agro-climatic and natural resource conditions, 

making it difficult to draw generalisations about the use and effect of suitable 

agricultural practices, as they tend to be location-specific. Generalising the application 

and effects of individual SAI practices may lead to misguided or ineffective policies. 

Hence, the adoption of SAI practices should be considered and evaluated in context-

specific packages or clusters (Yigezu et al., 2018). 

Only a few studies have considered the adoption of selected combinations of SAI 

practices (Kassie et al., 2015a, Teklewold et al., 2013a, Kassie et al., 2013, Arslan et al., 

2017). However, these studies were limited to determining adoption rates, adoption 

determinants, and the correlations that exist in adopting different practices. Teklewold 

et al. (2013a) and Kassie et al. (2018) considered the adoption of three combined SAI 

practices. However, the number of SAI practices available to farmers is usually higher 

and the same farm household may adopt different SAI packages for different plots 

making it difficult to characterise SAI adoption at the household level. Other empirical 

studies have reported that SAI practices improve soil fertility, crop yield and income 

(Godfray et al., 2010, Tilman et al., 2011, Montpellier, 2013, Kassie et al., 2013, 

Teklewold et al., 2013b, Wainaina et al., 2016, Arslan et al., 2017, Khonje et al., 2018). 

However, notwithstanding the many benefits that SAIs offer, there has been limited 

rigorous empirical evidence as to why SAI adoption levels remain low among 

smallholder producers.  

The number of studies assessing the adoption of SAI practices among smallholders 

maize producers in Kenya is scant (Ndiritu et al., 2014, Wainaina et al., 2016). Ndiritu 

et al. (2014) analysed seven SAI practices and evaluated gender differences in SAI 
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uptake. Their findings revealed gender differences in the adoption of manure and 

minimum tillage practices. Wainaina et al. (2016) modelled the tradeoffs and 

complementarities between seven SAI practices and found that SAI adoption varies 

between different ecological conditions. These two studies did not consider the adoption 

of herbicides and pesticides, yet herbicides (e.g., glyphosate) mostly complement 

minimum tillage to control weeds, and pesticides are used to control maize stem borer 

moth. Both studies acknowledge the need to consider a combination of SAI practices 

often used by farmers. Thus, packaging SAI into different clusters that fit with local 

needs and context would be valuable for guiding the design for SAI packages.  

The objectives of this study are threefold: (1) group different SAI practices into realistic 

clusters that better reflect farmer choices of production practices. Clustering puts SAI 

practices into groups that reflect the dominant combinations used by farmers; (2) 

investigate the determinants of adoption of SAI practices while controlling for 

unobserved individual heterogeneity to reduce the degree of correlation between 

unobserved individual heterogeneity, such as managerial ability and degree of risk 

aversion, that may be correlated with observed covariates in a nonlinear panel data 

model; (3) evaluate the impact of adoption of different SAI clusters on crop yield12, 

revenue, net income, labour use, and total variable cost. Assessing whether differences 

in labour use and allocation exist across different SAI clusters is vital, as some clusters 

may demand more labour and higher labour costs than others. 

This study contributes to the SAI literature by providing insights into the adoption 

constraints of SAI clusters and SAI clusters with the most significant payoffs. These 

insights should increase production, improving household welfare and the local rural 

economy. Evaluating SAI cluster adoption and the impact of SAI practices on 

household welfare using panel data enables the control for both firm effects and time 

effects, providing more robust and reliable insights for policymaking. 

The next section describes the empirical strategy, followed by an overview of the study 

area and data sources, a summary of the SAI clustering process, results and discussion, 

and finally, the conclusion and implications.   

 

                                                 

12 We evaluate the impact of SAI clusters on maize monocropping plots, bean monocropping plots, 
maize–bean intercropping plots, and yield from all plots combined. 
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2.2 EMPIRICAL STRATEGY  

2.2.1 CONCEPTUAL FRAMEWORK 

 

FIGURE 2.1. CONCEPTUAL FRAMEWORK. SOURCE: AUTHORS’ CONCEPTUALISATION 
                   KEY: SWC denotes Soil and Water Conservation 

 

As shown in Figure 2.1, we consider the adoption of a combination of ten SAI practices 

grouped into five distinct clusters. With ten possible SAI practices, there are many 

combinations available to farmers. Therefore, we first determine dominant clusters that 

farmers tend to adopt using the K-modes clustering algorithm that is efficient and 

effective for classifying categorical data (He et al., 2006). Next, we use a random-

effects multinomial logit to model the determinants of SAI cluster choice while 

controlling for unobserved individual heterogeneity. Finally, we use multinomial 

endogenous treatment effects to evaluate the impact of choice of SAI cluster on yield, 

labour input use, total variable cost, farm revenue, and net farm income. 

2.2.2 RANDOM EFFECTS MULTINOMIAL LOGIT MODEL 

We consider a sample of households indexed i=1, …, I, owning p plots. Let j=0, …, J 

be the feasible SAI cluster choices that a household can choose from. However, because 

the same households are interviewed in three different years and cultivate more than one 

plot with different clusters each year, time-invariant unobserved household-level 

SAI practices 
- Minimum tillage     - Short-term SWC 

- Long-term SWC     - Intercropping  

- Rotations                 - Manure 

- Improved seed        - Pesticide 

- Herbicide                - Fertilizer  

K-mode clustering 

Five clusters 

Random effects 

multinomial logit 

Welfare 

- Yield 

- Labour input use 

- Variable costs 

- Farm revenue 

- Farm income 

Multinomial 

endogenous 

treatment effects  

Covariates 
- Demographic 

- Institutional 

- Social-economic  

- Resource constraints 

- Region and time  

- Farming systems 
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heterogeneity is likely to be correlated with observed covariates. Following Hartzel et 

al. (2001), we model multinomial logit with random effects. We introduce a latent 

variable at the household level and use it as a random intercept rather than a random 

slope. This allows the covariates to vary randomly across households for each cluster 

equation to account for the correlated errors due to multiple observations for the same 

individual. Adoption of each cluster is thus associated with a random utility: 

                 𝑉𝑖𝑗𝑝𝑡 = (𝛼𝑗 + 𝑢𝑖𝑗) + 𝑋𝑖𝑝𝑡𝛽𝑗 +  𝜖𝑖𝑗𝑝𝑡                                                        (2.1) 

where, j represents SAI cluster, i represents farm household,  is observed exogenous 

variables (household, physical, and institutional and farm characteristics) including year 

dummies,  is the constant term for cluster j, 𝛽𝑗 denotes the vector of unknown 

parameters to be estimated, and  𝑢𝑖𝑗 is used to capture the unobserved individual 

heterogeneity influenced by household idiosyncratic characteristics. Assuming that 𝜖𝑖𝑗𝑝𝑡 

is independently distributed according to a type I extreme-value distribution, the 

probability of household i choosing cluster j on plot p at time t conditional on  𝑢𝑖𝑗 is: 

𝐿𝑖𝑗𝑝𝑡  = ∏ ∏
𝑒𝑥𝑝((𝛼𝑗+𝑢𝑖𝑗)+𝑋𝑖𝑡𝛽𝑗)

∑ 𝑒𝑥𝑝((𝛼𝑘+𝑢𝑖𝑘 )+𝑋𝑖𝑡𝛽𝑘)𝑗
𝑘=1

𝑃𝑖𝑡
𝑝=1

𝑇𝑖
𝑡=1 , j= 1, 2, 3, 4, 5.                                    (2.2) 

Unconditional probability is the integral of the conditional probabilities over all possible 

values of 𝑢𝑖𝑗: 

      𝑃𝑖𝑗𝑝𝑡 = ∫ 𝐿𝑖𝑗𝑝𝑡 (𝜇)𝑓(𝜇|𝜃)𝑑𝑢𝑖𝑗 .                                                                         (2.3) 

The assumption of independence of irrelevant alternatives (IIA) always holds 

conditionally on all covariates and random errors for the multinomial logit model. 

However, the inclusion of random terms in the estimation model partially relaxes the 

IIA property (Grilli and Rampichini, 2007). Hence, the IIA assumption does not hold 

marginally with respect to the random error components. 

For model identification, we normalised the coefficients of the last SAI cluster, 

𝛽5 and 𝛼5 , as zero. Therefore, we interpret all results in relation to the base Cluster 5. 

We use the Generalized Structural Equation Model (GSEM) software package in 

STATA 14 to fit the model that allows for inclusion of multinomial responses and 

random effects (Rabe-Hesketh et al., 2004, Stata, 2011). 
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2.2.3 MULTINOMIAL ENDOGENOUS TREATMENT EFFECTS MODEL (METE) 

We evaluate the impact of adopting SAI clusters on yield13, labour input use, total 

variable cost14, revenue and net income. To understand the causal effect of cluster 

adoption on the outcome of interest, we need to simultaneously account for both cluster 

selection decision and unobserved household-level heterogeneity. For this study, we 

adopt a treatment effect approach to estimate the selection and outcome equations 

simultaneously. We first specify the model below: 

        𝐿𝑖𝑝𝑡
∗ =  𝑋𝑖𝑝𝑡𝛽𝐿 + 𝛿𝑗𝑍𝑖𝑝𝑡 + 𝜆𝐷𝑖𝑝𝑡 + ℰ𝑖𝑡                                                             (2.4) 

where 𝐿𝑖𝑝𝑡
∗  is a latent variable representing the random utility associated with SAI 

cluster adoption and the outcome (labour cost, total variable cost, yield, and revenue net 

farm income). 𝐿𝑖𝑝𝑡 denotes binary variables for SAI cluster adoption. Exogenous 

variables 𝑋𝑖𝑝𝑡 are observable factors that determine SAI cluster adoption selection and 

exogenous variables 𝑍𝑖𝑝𝑡 
15 are control variables. 𝐷𝑖𝑝𝑡 is a latent unobserved 

characteristic that underlies the correlation between selection and outcome. We assume 

that ℰ𝑖𝑡 has a bivariate normal distribution:  

    Lipt = 1 if 𝑋𝑖𝑝𝑡𝛽𝐿 + 𝛿𝑗𝑍𝑖𝑝𝑡 + 𝜆𝐷𝑖𝑝𝑡 + ℰ𝑖𝑡    > 0 and 0 otherwise.                    (2.5) 

In particular, we use the METE model proposed by Deb and Trivedi (2006) and Deb 

(2009), which relies on instrumental variables and accounts for endogeneity. The 10 

SAI practices were grouped into 5 clusters. To estimate the outcomes for adoption of 

Clusters 1–4 relative to Cluster 5, we use the following model: 

𝐸(𝑌𝑖𝑝𝑡|𝐿𝑖𝑝𝑡𝑗, 𝑋𝑖𝑝𝑡, 𝐷𝑖𝑝𝑡𝑗) = 𝑋𝑖𝑝𝑡𝛽 + 𝑍𝑖𝑝𝑡𝛿 + ∑ 𝜌𝑗𝑡𝐿𝑖𝑝𝑡𝑗 +

𝐽

𝑗=1

∑ λ𝑗𝑡𝐷𝑖𝑝𝑡𝑗

𝐽

𝑗=1

+ ℰ𝑖𝑡   (2.6) 

                                                 

13 We model yield as an outcome since net farm income may not reflect actual impact as it is driven by 
output and input prices. Prices may vary depending on when sales are made and the bargaining power 
of sellers. The quantity of maize equivalent for each household is computed by considering both the 
quantity of maize and quantity of bean in maize equivalent following the method used by (Liu and 

Myers, 2009), where the maize quantity equivalent (Qm) is computed as𝑄𝑚 =
∑ 𝑌𝑖𝑏𝑃𝑏

𝑃𝑚
 where 𝑌𝑖𝑏  is the 

output of bean b in kgs in household i; 𝑃𝑏  is the price of bean and 𝑃𝑚 is the price of maize. 
14 Costs and prices are deflated with 2015 as the base year (exchange rate at time of survey; 1 KES = 89 
USD in 2011, 1 KES = 91 USD in 2013 and 1 KES = 102 USD in 2015). 
15 The vector 𝑍𝑖𝑝𝑡 includes control variables used in the first stage of the estimation. The difference 

between the vectors of control variables 𝑍𝑖𝑝𝑡  and 𝑋𝑖𝑝𝑡 is that, 𝑍𝑖𝑝𝑡 also includes instrumental variables 

(number of grain traders known to the farmer within the village). 
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where: 𝑌𝑖𝑝𝑡 is the outcome from plot p for farmer i at time t, while 𝑋𝑖𝑝𝑡 denotes 

observable household and farm characteristics. 𝐿𝑖𝑝𝑡𝑗 denotes SAI cluster adoption 

binary variables. The average effects of adoption of various clusters are captured by 𝜌𝑗𝑡. 

𝐷𝑖𝑝𝑡𝑗 denotes the unobservable characteristics that simultaneously influence cluster 

adoption decision and outcome. Based on the assumption of conditional normal 

distribution of the outcome variables and mixed multinomial logit distribution of the 

treatment variable, the joint distribution of treatment and outcome variables, conditional 

on unobservable characteristics is as follows: 

Pr (𝑌𝐼𝑝𝑡, 𝐿𝑖𝑝𝑡𝑗|𝑋𝑖𝑝𝑡, 𝑍𝑖𝑝𝑡, 𝐷𝑖𝑝𝑡𝑗) = 𝑓 (𝑌𝐼𝑝𝑡 |𝐿𝑖𝑝𝑡𝑗, 𝑋𝑖𝑝𝑡, 𝐷𝑖𝑝𝑡𝑗) × Pr (𝐿𝑖𝑝𝑡𝑗| 𝑍𝑖𝑝𝑡, 𝐷𝑖𝑝𝑡𝑗) 

                         = 𝑓(𝑋𝑖𝑝𝑡
′ 𝛽 + 𝐿𝑖𝑝𝑡𝐽

′ 𝛾 +  𝐷𝑖𝑝𝑡𝑗
′ 𝜆) × 𝑔(𝑍𝑖𝑝𝑡

′ 𝛼𝑗 + 𝜌𝐽𝐷𝑖𝑝𝑡𝑗)              (2.7) 

The impact of cluster adoption on outcomes are the maximum likelihood estimates of 

the parameters of the joint distribution of (𝑌𝐼𝑝𝑡, 𝐿𝑖𝑝𝑡𝑗|𝑋𝑖𝑝𝑡, 𝑍𝑖𝑝𝑡) attained by integration 

over the distribution of unobserved characteristics such that: 

  Pr[𝑌𝐼𝑝𝑡, 𝐿𝑖𝑝𝑡𝑗|𝑋𝑖𝑝𝑡, 𝑍𝑖𝑝𝑡] = ∫ 𝑃𝑟(𝑌𝐼𝑝𝑡, 𝐿𝑖𝑝𝑡𝑗|𝑋𝑖𝑝𝑡, 𝑍𝑖𝑝𝑡, 𝐷𝑖𝑝𝑡𝑗) ℎ( 𝐷𝑖𝑝𝑡𝑗) 𝑑𝐷𝑖𝑝𝑡𝑗,    (2.8)  

where 𝑍𝑖𝑝𝑡 represents exogenous variables that determine cluster adoption and h is the 

joint density of 𝐷𝑖𝑝𝑡𝑗, assumed to be independently and identically distributed draws 

from the standard normal distribution. The integral in Equation (2.7) does not have a 

closed-form solution due to unobservable 𝐷𝑖𝑝𝑡𝑗. Therefore, the model is estimated using 

a maximum likelihood simulated approach (MSL)16. We approximate the above integral 

using S random draws from density h to substitute for the unobserved 𝐷𝑖𝑝𝑡𝑗. The joint 

probability above can then be expressed as an average of the above probability formula 

evaluated across all simulated draws as follows: 

𝑃�̃� [𝑌𝐼𝑝𝑡 , 𝐿𝑖𝑝𝑡𝑗|𝑋𝑖𝑝𝑡 , 𝑍𝑖𝑝𝑡] ≈
1

𝑆
∑ {𝑓(𝑋𝑖𝑝𝑡

′ 𝛽 + 𝐿𝑖𝑝𝑡𝐽
′ 𝛾 +  �̃�𝑖𝑝𝑡𝑗

′ 𝜆) × 𝑔(𝑍𝑖𝑝𝑡
′ 𝛼𝑗 +  𝜌𝐽�̃�𝑖𝑝𝑡𝑗)}𝑆

𝑠=1   (2.9) 

The �̃�𝑖𝑝𝑡𝑗 is the sth draw from the total of S draws of a pseudo-random number from 

density h. Taking a logarithm of the simulated probability and summing over all 

observations gives the log-likelihood function. We set the number of random draws S at 

400, as in Gregory and Deb (2015), since the number of quasi-random Halton sequence 

simulation draws should be higher than the square root of the number of observations. 

                                                 

16 The STATA command used is mtreatreg, implemented by Deb (2009).  
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We assume a normal (Gaussian) distribution function since the outcome variables are 

continuous.  

Controlling for endogeneity 

In Equation (2.5), cluster adoption variable 𝐿𝑖𝑝𝑡 is most likely to be endogenous as the 

adoption decision is made with future outcomes in mind. Hence, there is a possibility 

that some unobservable factors that influence SAI cluster adoption decision are likely to 

influence outcome variables. We, therefore, use the instrumental variable (IV) strategy 

to overcome treatment endogeneity. As shown in Deb and Trivedi (2006), the model’s 

parameters, estimated through control variables included in the selection equation, are 

the same as those used in the outcome equation. The use of the exclusion restriction and 

instruments provide estimates that are more robust. We use one instrumental variable 

(number of grain traders known to the farmer within the village), which influences the 

endogenous treatment effect but is uncorrelated with the outcomes or the error 

component. We determine the impact of the four SAI cluster adoption decision on the 

outcome relative to Cluster 5 (traditional soil restoring package) as the base category. 

Controlling for unobserved heterogeneity 

The error term ℰ𝑖𝑡 in Equation (2.4) comprises two components, 𝑢𝑖 and 𝑣𝑖𝑡. The first 

component 𝑢𝑖 represents time-invariant unobserved heterogeneity, being the individual 

characteristics affecting household SAI cluster adoption decision and the outcomes. 

These may include the farmer’s managerial ability, preferences, and degree of risk 

aversion, which are generally unobservable due to their qualitative nature. In a nonlinear 

panel data model, a correlation could occur between time-invariant unobserved 

household-level and observed covariates. The second component 𝑣𝑖𝑡 is the time-varying 

unobserved shocks that affect household SAI cluster adoption decision and the 

outcomes. A correlation between covariates and unobserved heterogeneity may cause 

the estimated coefficients to be biased. Following Mundlak (1978) and Chamberlain 

(1984), we use the correlated random effects (CREs) estimator to relax the assumption 

of independence between covariates and unobserved heterogeneity. Unlike the standard 

random effects, the CRE can control for time-invariant unobserved heterogeneity as 

with fixed effects, without encountering the incidental parameters problem in nonlinear 

panel models. The CRE estimator permits the correlation between unobserved 

heterogeneity (𝑢𝑖 ) and vector covariates across all time periods by assuming that the 
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correlation takes the form: 𝑢𝑖 = 𝜔 + �̅�𝑖𝜉 + 𝑒𝑖, where 𝜔 and 𝜉 are constants,  �̅�𝑖
17 is 

time average for all time-varying covariates in Equation (2.4), and 𝑒𝑖 is a normally 

distributed error term with zero mean and constant variance. To implement CRE, we 

model for the distribution of unobserved heterogeneity in Equation (2.4) as a linear 

function of time average of time-varying explanatory variables, �̅�𝑖𝑝𝑡 and �̅�𝑖𝑝𝑡. The 

constant 𝜔 is absorbed into the intercept term. 

2.3 STUDY AREA AND DATA 

We use a data set of farm households from Kenya. The data were collected as part of the 

International Maize and Wheat Improvement Center (CIMMYT) led Adoption 

Pathways Project18 (APP). The sampling strategy involved two stages. First, three 

counties in the eastern region (i.e., Embu, Meru and Tharaka-Nithi) and two in the 

western region (i.e., Siaya and Bungoma) were purposively selected based on their 

maize–legume production potential; both regions have a bimodal rainfall pattern and 

two cropping seasons. Sample households were distributed proportionately to the total 

number of farming households in the two regions. Secondly, a multistage sampling 

design was used to randomly select households to interview in the lower levels (district, 

division, location, and villages). Households to interview were selected proportional to 

the population in the selected village. A sample of 670, 535 and 495 farmers were 

interviewed in three waves between October and November in 2011, 2013 and 2015, 

respectively. The representatives of sampled households were interviewed using a 

structured interview schedule. Information was collected on the adoption of ten SAI 

practices. Data on socioeconomic profiles of households, resource constraints and 

access to input and output markets, social capital and information access and plot 

characteristics were also collected. After excluding plots that did not grow maize and/or 

legumes, we ended up with an unbalanced panel of 3608 observations with roughly 

1200 plots cultivated each year. The data constitute a panel at the household level but 

not at the plot level. We conduct our analysis using an unbalanced panel dataset of 3608 

plots. 

                                                 

17 The �̅�𝑖  variables have the same value for each household in each year but vary across households. 
18 The APP project investigates how smallholder decisions are influenced by socioeconomic factors 
(including gender dynamics, labour availability and credit availability), changes in farming systems (crop 
and livestock patterns and practices), and external factors (such as climate variability, markets and 
policies). 
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2.4 RESULTS 

2.4.1 CLUSTERING SAI PRACTICES   

The Adoption Pathways Project considered ten SAI practices, namely: (1) minimum 

tillage, (2) short-term19 and (3) long-term20 soil and water conservation practices, (4) 

maize–legume intercropping, (5) legume rotations, (6) organic manure, (7) improved 

seed varieties, and (8) pesticide, (9) herbicide and (10) fertiliser use. As a result, there 

are many possible combinations available for farmers. Therefore, it is useful to define 

and focus on clusters or packages of practices that farmers tend to adopt. For our 

dataset, we define the practices as discrete choices and use the K-modes algorithm to 

group them into clusters or packages. The algorithm uses frequency-based methods and 

minimises distances between SAI practices to group modes to define clusters. Huang 

(1997) and He et al. (2006) show that the K-modes algorithm is efficient and effective 

in classifying categorical data. The SAI practices are classified by describing the 

statistics of similarity between plots. The K-modes uses the dissimilarity measure to 

define total mismatches of the corresponding attribute to cluster plots. The smaller the 

number of mismatches between plots, the more similar the plots (Huang, 1997). The K-

mode algorithm takes the most frequent value for each attribute to reach minima 

(Huang, 1997, He et al., 2006, Roever et al., 2018). 

We use the ‘klaR’ package (Roever et al., 2018) in R to classify 3837 plots into clusters 

with relatively homogenous plots according to the types of SAI practices used. We 

follow the five basic steps involved in cluster analysis (Mooi and Sarstedt, 2010): (1) 

choice of observational elements to be clustered (plots); (2) choice of variables in each 

observational unit to be analysed (ten SAI practices); (3) selection of clustering 

algorithm (K-mode algorithm); (4) determination of the number of cluster sets (first we 

use qualitative judgement based on cluster size and employ multiple random starting 

seeds by varying clusters from 3 to 8 K-modes solutions); and (5) cluster solution 

validation (chi-square test statistic for testing independence between SAI clusters). 

Finally, we chose the 5 Clusters solution because it generated relatively distinct clusters 

that were easily interpretable and led to stable grouping even with variations in the 

random starting seed.  

                                                 

19 Short-term includes mulching, grass strips, cover crops and residue retention. 
20 Long-term includes terraces, trees on boundaries, soil buds and stone buds. 



CHAPTER 2. ADOPTION OF A COMBINATION OF SUSTAINABLE AGRICULTURAL INTENSIFICATION PRACTICE 

PAGE | 29 

2.4.2 CLUSTER SUBGROUPS 

The K-modes clustering generated the following distinct SAI clusters (Table 2.1), which 

can be grouped as follows:  

(i) yield enhancing and protecting. 

(ii) yield enhancing, protecting, traditional and modern soil restoring. 

(iii) yield enhancing and traditional soil restoring. 

(iv) yield enhancing, protecting and traditional soil restoring. 

(v) traditional soil restoring. 

The main cluster attributes in Table 2.1 are circled. We consider SAI practice a major 

element of the cluster based on its adoption rate relative to the overall adoption rate. For 

example, Cluster 5 (traditional soil restoring) has legume intercropping (28%), manure 

(19%), and short-term soil and water conservation (30%) as SAI major elements. In this 

study, we equate the total adoption rate as 100%21 and highlight any practices with more 

than 17% adoption rate within clusters based on adoption proportion. 

A critical final step in clustering is a statistical test for differences between clusters, 

which is necessary due to the imprecision of the clustering methods, variable selection, 

and target number of clusters. We tested if the generated SAI packages are significantly 

distinct. Using a chi-square test, we analysed for independence between each SAI 

element across all clusters (Table 2.2). All elements significantly differed at the 95% 

confidence level. Additionally, a multivariate test of equality of means of the five SAI 

clusters, assuming homogeneity, is presented in Table 2.2. All SAI practice values 

differ significantly across the cluster groups. When considered together, we reject the 

null hypothesis of equal SAI practice mean values between clusters. The results suggest 

that we generated an appropriate or distinct set of SAI clusters. 

 

  

                                                 

21 The sum of the mean adoption of the five clusters equates to the total mean adoption of a given SAI 
practice. 
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TABLE 2.1. ADOPTION RATES OF THE SAI PRACTICES ACROSS EACH OF THE FIVE CLUSTERS DEFINED USING K-
MODE CLUSTERING  

Cluster Percentage adoption rate of SAI per cluster 

C R T M SWT SWL S F H P 

1. Yield enhancing and 

protecting 
8 17 7 13 13 26 23 15 22 19 

2. Yield enhancing, 

protecting, traditional 

and modern soil 

restoring 

25 32 67 25 12 27 22 18 29 20 

3. Yield enhancing and 

traditional soil 

restoring 

29 13 8 21 9 25 22 30 13 12 

4. Yield enhancing, 

protecting and 

traditional soil 

restoring 

10 25 14 22 36 15 25 28 32 46 

5.Traditional soil 

restoring 
28 13 4 19 30 7 8 9 4 3 

Total adoption rate 100 100 100 100 100 100 100 100 100 100 

Note: C=Intercropping, R=Rotation, M=Manure, T=Minimum tillage, F=Fertiliser, S=Improved seed, 
H=Herbicide, P=Pesticide, SWT=Soil and water conservation: short term, SWL=Soil and water 
conservation: long term. The circled values indicate adoption rates for each SAI practice greater than 
17% across the five clusters. Source: Author’s calculation based on survey data 
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TABLE 2.2. SAI PRACTICES: PERCENTAGE OF CLUSTER GROUPS EMPLOYING A PRACTICE 

 Cluster groups   

SAI practice adoption 

(yes/no) 

SAI adoption rate across clusters 

(%) 

Pearson 

chi2 

Mean 

adoption 

 1 2 3 4 5 (p-valuea) mvtestb 

Intercropping 8 25 29 10 28 0.0000 0.48*** 

Rotation 17 32 13 25 13 0.0000 0.47*** 

Minimum tillage 7 67 8 14 4 0.0000 0.12*** 

Manure 13 25 20 22 19 0.0000 0.70*** 

Soil and water 

conservation: short term 

13 12 9 36 30 0.0000  

0.32*** 

Soil and water 

conservation: long term 

26 27 25 15 7 0.0000  

0.51*** 

Improved seed 23 22 22 25 8 0.0000 0.81*** 

Fertiliser 15 18 30 28 9 0.0000 0.63*** 

Herbicide 22 29 13 32 4 0.0000 0.09*** 

Pesticide 19 20 12 46 3 0.0000 0.25*** 

Total observation (3608) 875 312 1335 761 325   

aProbability of obtaining chi-square test statistic for testing independence between SAI cluster grouping. 
bTest for equality of means of the adoption rate of five clusters assuming homogeneity. 

Significance levels: *** p<0.01. Source: Author’s calculation based on survey data 

 

2.4.3 CLUSTER DESCRIPTION 

Yield enhancing and protecting cluster (Cluster 1) 

Cluster 1 comprises improved seed varieties, long-term soil, and water conservation 

strategies, herbicides, and pesticides. It is mainly used with monocropping on plots 

located far from homesteads. Plots under this package use less labour than the other 

clusters. This cluster dominates in the eastern region of Kenya. 

Yield enhancing, protecting, traditional & modern soil restoring cluster (Cluster 2) 

Cluster 2 comprises all SAI technologies except for short-term soil and water 

conservation. It consists of rotation, manure, fertiliser, and improved seed varieties. 

This is the only cluster that adopts minimum tillage and hence needs herbicides for 



CHAPTER 2. ADOPTION OF A COMBINATION OF SUSTAINABLE AGRICULTURAL INTENSIFICATION PRACTICE 

PAGE | 32 

weed control and pesticides. It also includes legume rotation and intercropping. It is 

mostly adopted in the western region of Kenya. 

Yield enhancing and traditional soil restoring cluster (Cluster 3) 

Cluster 3 comprises manure, long-term soil and water conservation strategies, fertiliser, 

improved seed and practice intercropping. It is mainly adopted in the western region of 

Kenya. 

Yield enhancing, protecting and traditional soil restoring cluster (Cluster 4) 

Cluster 4 mainly comprises the intensification of commercial inputs, including fertiliser, 

improved seed, herbicides, and manure use. Crop rotation with chemical insect control 

is a key characteristic of this group. The cluster comprises pesticide use and rotation to 

break weed and disease cycles. Monocropping dominates in this cluster, which is 

prevalent in the eastern region of Kenya. 

Traditional soil restoring cluster (Cluster 5) 

Cluster 5 does not depend on fertilisers and other chemical inputs or long-term soil and 

water conservation. It includes the use of soil fertility and conservation practices, such 

as intercropping, manure, and short-term soil and water conservation strategies. The 

cluster uptake is high in the western region of Kenya. 

2.4.4. DESCRIPTIVE STATISTICS 

The descriptive statistics of key variables by cluster type are in Table 2.3. Maize 

monocropping produced the highest yields in Clusters 2, 3 and 4, while bean 

monocropping produced the highest yields in Clusters 1, 2 and 4. For intercropping 

plots, Clusters 2 and 4 had the highest yields. When all plots are considered, Cluster 2 

had the highest yields, Cluster 3 had the highest labour costs, Clusters 3 and 4 had the 

highest total variable costs, and Clusters 3 and 5 had the highest revenues and net farm 

income, respectively. Farm households who adopt Cluster 1 have relatively young 

household heads, with plots far from their homesteads and lower labour costs than the 

other clusters. Although the value of their livestock is not low, relative to other clusters, 

they have fewer livestock units22, indicating a higher per unit livestock value. 

                                                 

22 Tropical livestock units (TLUs) conversion factors are as follows: cattle = 0.70, sheep and goats = 0.10, 
pigs = 0.20 and chicken = 0.01 
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TABLE 2.3. MEAN VARIABLE VALUES BY SAI CLUSTER 

Variable description  Cluster 1  Cluster 2 Cluster 3 Cluster 4 Cluster 5 

Number of plots under cluster 875 312 1335 761 325 

METE Maize yield (kg/ha) for monocropping plots only 1545.86 1684.79 1635.20 1683.04 1322.90 

Bean yield (kg/ha) for monocropping plots only 753.46 792.02 728.50 801.43 554.70 

Maize and bean yield (kg/ha) for plots under intercropping  1314.69 2040.20 1991.45 2064.43 1376.80 

Yield (kg/ha) for plots combined 1592.25 1920.08 1901.88 1853.78 1356.35 

Cost of labour use (KES /ha) 30423.77 31401.23 34123.3 32214.27 27228.05 

Total variable cost (KES /ha) 28247.52 35131.76 38501.06 39359.94 23505.91 

Farm revenue (KES /ha) 55109.62 63479.06 68290.85 59931.91 53804.84 

Net farm income (KES /ha) 26862.09 28347.3 29789.78 20571.97 30298.93 

Household characteristics      

Gender of household head, 0=Female, 1=Male 0.83 0.83 0.81 0.79 0.70 

Age of household head (years) 50.86 55.82 52.47 52.71 55.04 

Education level of household head (years) 7.72 7.41 7.87 7.87 6.95 

Household size (number of persons) 6.18 6.07 6.78 5.77 7.13 

Main occupation of household head, 0=Off-farm, 1=On-farm 0.78 0.77 0.74 0.80 0.76 

Total household farm size (ha) 1.29 1.05 1.13 1.31 0.94 

Regional and time variables23      

                                                 

23 The same households are interviewed in three different years and cultivate more than one plot which might be in different clusters each year. 
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Region 0=Eastern, 1=Western  0.27 0.52 0.61 0.19 0.85 

Year of Production 2011 (reference) 0.45 0.05 0.41 0.36 0.31 

Year of Production 2013 0.34 0.22 0.24 0.25 0.50 

Year of Production 2015 0.21 0.73 0.35 0.39 0.19 

Season (0=Short rain 1=Long rain) 0.53 0.52 0.55 0.56 0.49 

Plot characteristics      

Plot size (ha) 0.33 0.30 0.35 0.33 0.29 

Plot distance from home (walking minutes) 13.56 11.20 10.52 12.27 5.28 

Owned plot tenure (reference) 0.81 0.87 0.82 0.82 0.85 

Rented plot tenure 0.16 0.11 0.15 0.16 0.08 

Borrowed plot tenure   0.01 0.02 0.01 0.01 0.04 

Good soil fertility (reference) 0.30 0.37 0.31 0.29 0.18 

Medium soil fertility  0.58 0.48 0.54 0.63 0.52 

Poor soil fertility 0.12 0.15 0.15 0.08 0.29 

Gentle/flat plots (reference) 0.41 0.52 0.54 0.46 0.59 

Medium slope plots  0.52 0.44 0.41 0.49 0.38 

Steep sloped plots 0.07 0.04 0.05 0.05 0.03 

Social network and information access      

Number of years farmer lived in village 32.05 39.34 32.92 33.39 33.52 

Number of traders known in village 4.04 2.53 3.64 3.78 4.14 

Confidence on extension worker skill 0.66 0.54 0.63 0.67 0.75 

Number of contacts with extension personnel  1.14 0.73 1.57 1.04 1.66 
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Resource constraints and input market access      

Household savings (KES) 19430.67 14627.85 23030.4 18846.47 16870.5 

Cost of labour (KES/ha) 23354.57 29857.26 26696.06 26192.70 21465.43 

Value of household livestock (KES) 38055.2 46861.43 38956.01 43292.67 35701.46 

Tropical livestock units  1.95 2.06 2.31 1.99 2.77 

Value of household assets (KES) 333655.2 470356.5 376825.4 419361 231528.3 

Value of household income (KES) 118344.3 122038.8 153995.1 117075.7 118698.5 

Farming systems      

Plots with maize–legume intercropping (base category) 0.19 0.63 0.73 0.23 0.70 

Plots with maize monocropping 0.43 0.19 0.17 0.45 0.20 

Plots with legume monocropping (haricot bean) 0.38 0.17 0.10 0.32 0.09 

Observations 3608 plots 24% 9% 37% 21% 9% 

Source: Author’s calculation based on survey data
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Household heads who adopt Cluster 2 tend to be older than those in other clusters. They 

have lived in the same village for longer and accumulated more wealth than other 

households in terms of asset value. Households who adopt this cluster incur the highest 

labour costs. Households with larger farms and relatively higher education levels 

mainly adopt Cluster 3 and earn higher incomes. Cluster 4 comprises more educated 

household heads and relatively smaller household sizes than all other clusters. Farmers 

from the western region of Kenya mainly adopt cluster 5, with larger households and 

the lowest education level. Farmers who adopt this cluster incur the lowest labour costs. 

Farmers in this group have the highest livestock units but the lowest livestock value. 

The adoption rates of all five clusters change over time. Comparing 2011 and 2015 data, 

dis-adoption of Cluster 1 with more of herbicides and pesticides is high (36%), followed 

by Cluster 5 at 22% and Cluster 3 at 8% (Figure 2.2). Increased adoption is evident in 

Cluster 2 at 87% and Cluster 4 at 4%. Households in the eastern region mainly adopt 

Cluster 1 and Cluster 4, while those from the western region adopt Cluster 3 and Cluster 

5. Cluster 2 is similarly adopted in both regions. Figure 2.3 shows that Clusters 2 and 3 

dominate under maize–legume intercropping systems, and Clusters 1 and 4 dominate 

under monocropping systems. The least adopted cluster (Cluster 2) dominates under 

maize–legume intercropping. 

 

  

FIGURE 2.2. SAI CLUSTER ADOPTION RATE BY 

PRODUCTION YEAR 

FIGURE 2.3. SAI CLUSTER ADOPTION RATE BY 

CROPPING SYSTEM 
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2.4.5 DETERMINANTS OF SAI PACKAGE CHOICE 

The random-effects multinomial logit model results for the SAI determinants of 

adoption on farm plots are shown in Table 2.4. Male-headed households are more likely 

to adopt clusters involving yield enhancement with modern or traditional soil restoration 

(Clusters 1, 2 and 3) than clusters that focus on traditional soil restoration and no yield 

enhancement. Household heads with a high level of education are more likely to adopt 

Clusters 3 and 4 than Cluster 5. Farmer occupation had a significant positive effect on 

the adoption of SAI clusters. Farmers whose main occupation is farming are more likely 

to adopt Clusters 1 relative to other clusters. Other household factors, including age of 

household head and household size, do not significantly affect the adoption of SAI 

practices. 

We included the region variable and year dummies in the model to account for spatial 

and temporal factors. Farmers in the western region are more likely to adopt Cluster 5 

(traditional soil-restoring) than the other clusters. The preference for Cluster 2 relative 

to Cluster 5 also increased between 2011 and 2013. 

Plot level characteristics that influence the adoption of SAI clusters include plot size, 

location, tenure, soil quality, and topography. Plot rent had a significant positive effect 

on the adoption of Cluster 3 relative to Cluster 5. Farmers who perceive their plots to be 

of medium soil fertility are less likely to adopt Clusters 2 and 3 than Cluster 5. Plots 

perceived to be of poor soil quality had a significant negative effect on the adoption of 

Clusters 3 and 4 relative to Cluster 5. Farmers who perceive their plots to be of medium 

slope are more likely to adopt Clusters 1 and 4 than Cluster 5.  

Among the social capital factors considered, farmers who know many grain traders 

within their village are more likely to adopt Cluster 4 than Cluster 5. Farmers who have 

confidence in extension officers are more likely to adopt Cluster 5 than Clusters 1 and 

3. The number of contacts farmers have with extension agents significantly increases 

the likelihood of adopting Cluster 3 relative to Cluster 5.  

The wealth indicators variables considered include livestock ownership, savings, value 

of major farm equipment and household furniture, and household income. Having more 

savings increased the adoption of Cluster 4 relative to Cluster 5. Households adopting 

Cluster 3 incur more labour input costs than those adopting Cluster 5. Likewise, having 

high valued livestock increased the likelihood of farmers adopting Clusters 3 and 4 
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relative to Cluster 5. Owning more livestock units reduced the probability of adopting 

Clusters 1–4 relative to Cluster 5. Having high-value farm equipment and household 

furniture increased the likelihood of adopting Clusters 1 and 3 relative to Cluster 5.  

Farmers are less likely to adopt Clusters 2 and 3 than Cluster 5 under monocropping. 

The adoption of Clusters 1 and 4 (relative to Cluster 5) significantly increases under 

maize and bean monocropping.  

TABLE 2.4. DETERMINANTS OF SAI PACKAGE ADOPTION BY CLUSTER: RESULTS FROM THE RANDOM EFFECTS 

MULTINOMIAL LOGIT MODEL  

VARIABLES 1. Yield 

enhancing and 

protecting 

2. Yield 

enhancing, 

protecting, 

traditional and 

modern soil 

restoring 

3. Yield 

enhancing and 

traditional soil 

restoring 

4. Yield 

enhancing, 

protecting and 

traditional soil 

restoring 

Base outcome  Traditional soil restoring 

Gender 0.580* 1.079*** 0.664** 0.224 

 (0.311) (0.390) (0.303) (0.326) 

Age –0.016 0.012 –0.001 0.003 

 (0.011) (0.013) (0.011) (0.011) 

Formal education 0.042 0.069 0.077** 0.112*** 

 (0.037) (0.043) (0.036) (0.038) 

Household size –0.027 –0.020 –0.004 –0.013 

 (0.044) (0.053) (0.042) (0.048) 

Main occupation 0.472* 0.085 0.332 0.476 

 (0.280) (0.340) (0.272) (0.296) 

Region –2.186*** –1.513*** –1.582*** –3.076*** 

 (0.352) (0.404) (0.349) (0.371) 

Year 2013 –1.679*** 0.699 –2.048*** –1.852*** 

 (0.301) (0.449) (0.286) (0.323) 

Year 2015 –1.098*** 3.304*** –0.347 0.086 

 (0.331) (0.465) (0.312) (0.341) 

Season 0=Short rain 

1=Long rain) 

0.182 –0.054 0.143 0.275 

 (0.170) (0.203) (0.160) (0.176) 



CHAPTER 2. ADOPTION OF A COMBINATION OF SUSTAINABLE AGRICULTURAL INTENSIFICATION PRACTICE 

PAGE | 39 

VARIABLES 1. Yield 

enhancing and 

protecting 

2. Yield 

enhancing, 

protecting, 

traditional and 

modern soil 

restoring 

3. Yield 

enhancing and 

traditional soil 

restoring 

4. Yield 

enhancing, 

protecting and 

traditional soil 

restoring 

Farm size (ha) –0.025 –0.173 –0.073 –0.115 

 (0.127) (0.163) (0.125) (0.138) 

Distance to plot  0.004 0.007 0.004 0.003 

 (0.007) (0.007) (0.006) (0.007) 

Rented tenure 0.353 0.452 0.566* 0.318 

 (0.330) (0.394) (0.319) (0.341) 

Borrowed tenure –1.572** –1.013 –0.912 –1.127 

 (0.698) (0.820) (0.645) (0.740) 

Medium fertility –0.320 –0.707** –0.444* –0.086 

 (0.248) (0.291) (0.239) (0.255) 

Poor fertility –0.457 –0.361 –0.648** –0.725** 

 (0.320) (0.383) (0.303) (0.350) 

Medium slope 0.491** 0.375 0.201 0.417* 

 (0.208) (0.248) (0.199) (0.218) 

Steep slope 0.227 –0.092 0.047 –0.199 

 (0.497) (0.614) (0.490) (0.519) 

Years lived village 0.004 –0.006 –0.005 –0.000 

 (0.007) (0.008) (0.006) (0.007) 

Confidence in 

extension worker 

skills 

–0.446* –0.415 –0.861*** –0.216 

(0.237) (0.280) (0.228) (0.244) 

Extension contacts 0.029 –0.002 0.041** 0.031 

 (0.020) (0.027) (0.019) (0.022) 

Labour cost –0.059 0.073 0.239** 0.127 

 (0.104) (0.125) (0.100) (0.110) 

Savings 0.031 0.049 0.025 0.068** 

 (0.025) (0.031) (0.024) (0.026) 

Livestock unit –0.142*** –0.118* –0.171*** –0.138** 
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VARIABLES 1. Yield 

enhancing and 

protecting 

2. Yield 

enhancing, 

protecting, 

traditional and 

modern soil 

restoring 

3. Yield 

enhancing and 

traditional soil 

restoring 

4. Yield 

enhancing, 

protecting and 

traditional soil 

restoring 

 (0.050) (0.066) (0.047) (0.054) 

Asset value 0.148* 0.122 0.204** 0.073 

 (0.084) (0.104) (0.082) (0.088) 

Household income 0.036 –0.057* 0.013 –0.038 

 (0.031) (0.035) (0.030) (0.031) 

Maize monocrop24 1.359*** –1.283*** –0.991*** 0.833*** 

 (0.245) (0.307) (0.240) (0.255) 

Bean monocrop 1.601*** –0.974*** –1.062*** 0.836*** 

 (0.314) (0.374) (0.314) (0.321) 

 Variance of latent variable 

R12[hhldid] 1.000 (0.000) 

(constrained) 

   

RI2[hhldid]  1.000 (0.000) 

(constrained) 

  

RI3[hhldid]   1.000 (0.000) 

(constrained) 

 

RI4[hhldid]    1.000 (0.000) 

(constrained)   

Constant 1.252 –2.862 –1.310 –1.534 

 (1.529) (1.827) (1.486) (1.619) 

Observations 3608 875 312 1335 761 

Significance levels: *** p<0.01, ** p<0.05, * p<0.1; Standard errors are in parentheses; Base outcome 
has 325 plots. Source: Author’s calculation based on survey data and estimated results 

 

                                                 

24 The analysis is done at plot level (3,608 plots). Some plots are under maize bean intercrop; 

other plots are under maize monocrop while some under bean monocrop. The maize bean 

intercrop is used as a reference category in the analysis. 



CHAPTER 2. ADOPTION OF A COMBINATION OF SUSTAINABLE AGRICULTURAL INTENSIFICATION PRACTICE 

PAGE | 41 

2.4.6 VARIANCES OF THE RANDOM EFFECT  

Table 2.5 shows the estimated variances of the random effect within each cluster. The 

variance indicates the within-cluster variation of the idiosyncratic individual effects 

relative to Cluster 5. Cluster 2 has the highest variation (4.796) followed by Cluster 3. 

The individual random effects parameter has the smallest variance (3.559) for Cluster 1. 

The estimated variance of the random effect for Cluster 2 is 4.796, implying a standard 

deviation of 2.190. Thus, a one-standard-deviation change in random effects results in 

an 8.935 (i.e. exp (2.190)) change in the relative-risk ratio. Since the risk ratio is greater 

than one, it implies that a one-standard-deviation change in random effects within 

Cluster 1 would increase the probability of its adoption relative to Cluster 5. 

TABLE 2.5. VARIANCES OF RANDOM EFFECTS AND COVARIANCE OF RANDOM TERMS FROM THE RANDOM 

EFFECTS MLOGIT  

Within cluster variance Coef. Std.Err. Z P>z [95% Conf. RRR 

var(RI1[hhid]) 3.559 0.732   2.377 5.327 6.596 

var(RI2[hhid]) 4.796 1.001   3.185 7.220 8.935 

var(RI3[hhid]) 4.174 0.773   2.903 6.000 7.713 

var(RI4[hhid]) 4.010 0.811   2.698 5.960 7.408 

Between cluster covariance      Correlation 

cov(RI2[hhid],RI1[hhid]) 2.877 0.726 3.960 0.000 1.454 4.300 0.696 

cov(RI3[hhid],RI1[hhid]) 3.490 0.710 4.910 0.000 2.098 4.882 0.906 

cov(RI4[hhid],RI1[hhid]) 2.935 0.695 4.220 0.000 1.573 4.296 0.777 

cov(RI3[hhid],RI2[hhid]) 3.078 0.757 4.070 0.000 1.595 4.561 0.688 

cov(RI4[hhid],RI2[hhid]) 2.321 0.734 3.160 0.002 0.884 3.759 0.529 

cov(RI4[hhid],RI3[hhid]) 3.128 0.711 4.400 0.000 1.734 4.523 0.764 

Observations 3608 plots  

Note: RI is random effect; hhid is household identifier; RRR is relative risk ratio. Source: Author’s 
calculation based on survey data and estimated results 

 

The results also indicate that all six covariance of the random terms are statistically 

significant. The positive covariance suggests similarity or degree of commonality in 

practices. This implies an underlying correlation between random effect terms across 

clusters. For instance, the covariance between the individual effects for Cluster 3 

(RI3[hhid]) and Cluster 1 (RI1[hhid]) is estimated as 3.490. Therefore, the estimated 
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correlation is 0.906 (3.490/√3.559 × 4.174 ) due to both clusters adopting yield 

enhancing and traditional soil restoring SAI practices.  

2.4.7 EFFECT OF SAI CLUSTER ADOPTION ON YIELD DISTRIBUTION 

We illustrate the yield effects of SAI cluster adoption using kernel densities for maize 

and bean yields under monocropping (Fig. 2.4) and intercropping (Fig.2.5). Since maize 

and bean monocropping systems are mainly common to Clusters 1 and 4, we only 

consider the yield distribution for these two clusters under monocropping, along with 

the reference cluster (Cluster 5). Under maize mono cropping, Cluster 5 (traditional soil 

restoring) has the most plots producing the lowest yields and the fewest plots with 

higher yield levels. Cluster 1 has relatively few plots producing lower yields and 

relatively more plots with higher yields than Cluster 5. Cluster 4 has the fewest plots 

with low yields and the most plots with yields higher than Clusters 1 and 5. A similar 

pattern exists for yield distributions under bean monocropping. One striking result is 

that Cluster 5 yields are very low relative to Clusters 1 and 4.  

The yield distributions under maize–legume intercropping are presented in Figure 2.5. 

Maize and bean under intercropping share the same land area. Maize–legume 

intercropping is mainly grown in Clusters 2 and 3. Hence, for intercropping, we 

consider yield distribution in Clusters 2, 3 and 5 (reference). Cluster 5 has the most 

plots producing the lowest yields and the fewest plots with higher yields for maize and 

bean grown under intercropping. Likewise, for intercropped maize and bean, Cluster 2 

has fewer plots with lower yields and more plots with higher yields than Cluster 3.  
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FIGURE 2.5. KERNEL DENSITY DISTRIBUTION FOR MAIZE–BEAN INTERCROPPING. 

NB. MAIZE AND BEAN INTERCROPPING25 SHARE THE SAME AREA 

 

2.4.8 EFFECT OF SAI CLUSTER ADOPTION ON YIELD, LABOUR USE, VARIABLE COST, REVENUE 

AND NET INCOME  

The results in Table 2.626 for the outcome equation from the multinomial endogenous 

treatment effect regression show the impact of cluster adoption on yield, labour use, 

variable cost, revenue and net income. Adopting Cluster 2 significantly increased yield 

under maize monocropping, bean monocropping and maize–bean intercropping, 

whereas Clusters 3 and 4 significantly increased yield under bean monocropping 

relative to Cluster 5. Maize yields in Cluster 1 are significantly lower than in Cluster 5 

under maize–bean intercropping. When considering all plots, Clusters 1 and 4 

significantly increased yield relative to Cluster 5. Clusters 3 and 4 significantly 

increased the cost of labour use relative to Cluster 5. Total variable costs significantly 

increased in Clusters 1, 3 and 4 relative to Cluster 5. Cluster 5 yielded the least revenue, 

as the other four clusters significantly increased revenue. Likewise, net income 

significantly increased in all four clusters relative to Cluster 5.  

                                                 

25 The most common method of intercropping in Kenya is beans planted between maize rows; some 

farmers broadcast beans in maize plantation. 
26 The coefficient of latent factors (lambda) at the bottom of Table 2.6 reflects the effects of 
unobservable characteristics. 

FIGURE 2.4. KERNEL DENSITY DISTRIBUTION FOR MAIZE AND BEAN MONOCROPPING 
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Having a male head of household had a significant negative effect on labour input use, 

while an older household head had a significant negative effect on yield under 

intercropping. Household heads with a higher education level receive significantly less 

revenue and net income. Households whose main occupation is on-farm have 

significantly more yield, revenue and net income and significantly less labour costs, 

input use and total variable costs than households for whom farming is not the main 

occupation. Plots in the western region had fewer costs and higher farm revenue and 

income than plots in the eastern region. Yields in 2013 were significantly lower than 

2011, but farm revenue and net income were significantly higher. Although yields 

significantly increased in 2015 relative to 2011, total variable costs also increased 

significantly. Farming in the long season significantly increased yield, revenue, and net 

income. 

There exist some association between total agricultural farm size and yield, variable 

costs, as well as revenue. The total agricultural farm size has a negative association with 

yield, variable costs, and revenue. This possibly implies that households having bigger 

agricultural land grow crops other than maize and bean on a larger portion of their 

agricultural land. Renting land significantly increased yield and variable costs but 

reduced labour costs. Plots with poor soil fertility had significantly reduced yields, 

production costs, revenue, and net income relative to good soil fertility plots. Equally, 

plots with steep and medium slopes yielded significantly lower than plots with flat 

slopes. Using more labour significantly increased yields, costs, and revenue. 

Households with more savings and household assets had significantly higher yields 

under intercropping and increased labour costs, respectively. Farming under 

monocropping significantly reduced farm revenue and net income relative to 

intercropping. 
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TABLE 2.6. EFFECT OF SAI ADOPTION ON YIELD AND OTHER OUTCOMES: RESULTS FROM MULTINOMIAL ENDOGENOUS TREATMENT EFFECT REGRESSION 

 YIELD LABOUR V.COST REVENUE INCOME 

 MAIZE 

MONOCROP 

PLOTS 

BEAN 

MONOCROP 

PLOTS 

MAIZE & BEAN 

INTERCROP27 

PLOTS 

YIELD ALL 

PLOTS28 

LABOUR  TOTAL 

VARIABLE COST 

REVENUE NET FARM 

INCOME 

Cluster 1 –6.389 146.402 –556.233*** 931.417*** 1,137.168 6,001.668*** 9,266.026*** 6,097.896* 

 (200.625) (366.202) (140.027) (92.541) (2430.202) (1620.808) (3,269.679) (3,289.724) 

Cluster 2 506.544** 199.342* 760.660*** –4.431 5549.640 2497.384 7,700.832* 8,014.773* 

 (210.105) (116.544) (151.200) (108.872) (3507.185) (1934.198) (4,176.258) (4,391.125) 

Cluster 3 –243.710 424.320* 178.216 86.166 7738.772*** 8199.828*** 20,153.600*** 12,424.516*** 

 (182.300) (229.321) (122.101) (141.763) (2581.347) (1,572.078) (3,036.435) (3,373.876) 

Cluster 4 287.018 361.504** –11.614 238.328** 5950.624** 7907.878*** 17,165.130*** 8,755.514** 

 (197.491) (156.701) (168.509) (120.451) (2703.902) (1550.498) (3,357.207) (3,550.573) 

Variables         

Gender 86.510 –41.647 25.009 –75.058 –7477.923** –1908.707 4,856.003 6,479.500 

(219.518) (122.855) (189.019) (121.646) (3765.994) (1884.723) (4,176.187) (4,124.630) 

Age 12.850 8.869 –17.448** 6.429 93.583 –24.963 –229.012 –183.624 

(9.596) (6.400) (8.835) (5.540) (149.584) (88.385) (204.785) (204.947) 

Formal 

education 

–12.668 –19.405 –28.997 –22.251 –475.066 125.774 –771.912 –894.932* 

(22.374) (13.503) (21.911) (13.979) (408.112) (221.003) (471.987) (470.158) 

–10.797 5.908 –8.602 –12.240 –821.375*** –86.193 –408.970 –326.456 

                                                 

27 Bean yield computed in terms of maize equivalent 

28 Bean yield computed in terms of maize equivalent 
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 YIELD LABOUR V.COST REVENUE INCOME 

 MAIZE 

MONOCROP 

PLOTS 

BEAN 

MONOCROP 

PLOTS 

MAIZE & BEAN 

INTERCROP27 

PLOTS 

YIELD ALL 

PLOTS28 

LABOUR  TOTAL 

VARIABLE COST 

REVENUE NET FARM 

INCOME 

Household 

size 

(16.358) (12.390) (11.016) (9.042) (292.773) (149.843) (314.751) (315.935) 

Main 

occupation 

33.701 127.929* 317.320*** 212.311*** –3920.273** –3585.555*** 9,027.880*** 12,579.282*** 

(86.787) (69.793) (71.832) (52.212) (1753.405) (1138.587) (1,843.711) (1,960.696) 

Region –44.151 –292.918*** –85.371 –66.138 –1748.663 –6408.147*** 5,823.083*** 12,225.049*** 

(112.923) (102.473) (91.083) (66.684) (2519.411) (1,461.946) (2,232.708) (2,408.498) 

Year 2013 –68.994 22.662 –267.227*** –254.561*** –5569.192** –6827.797*** 938.091 7,647.349*** 

(122.530) (80.805) (94.057) (70.229) (2198.500) (1242.698) (2,589.493) (2,593.084) 

Year 2015 –11.702 137.950 375.058*** 348.513*** –9651.341*** 3283.288** –1,774.46 –5,094.632* 

(124.399) (84.545) (114.113) (76.780) (2544.398) (1630.820) (2,718.881) (2,792.154) 

Season –9.578 5.596 198.499*** 107.155** –351.920 832.734 6,307.297*** 5,495.896*** 

(67.326) (44.150) (59.532) (42.670) (1377.415) (799.553) (1,463.968) (1,515.803) 

Total 

agricultural 

farm size (ha) 

–100.625*** –84.656*** –138.048* –124.799** 514.760 –3230.611*** –4,320.507*** –1,070.223 

(38.564) (26.200) (71.181) (53.020) (1734.915) (996.413) (1,625.020) (1,179.906) 

Plot distance 0.668 0.049 –2.124* –0.250 –22.602 5.658 –14.856 –21.174 

 (0.656) (0.973) (1.219) (0.581) (14.886) (7.982) (15.579) (14.700) 

Rented tenure 44.076 –40.096 156.193* 113.152* –3701.413*** 2447.053*** –12.187 –2,404.735 

(100.881) (65.999) (91.278) (61.823) (1351.975) (899.307) (2,057.609) (2,025.620) 

–38.480 267.647 –404.504 37.271 268.964 2756.268 –613.684 –3,116.425 
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 YIELD LABOUR V.COST REVENUE INCOME 

 MAIZE 

MONOCROP 

PLOTS 

BEAN 

MONOCROP 

PLOTS 

MAIZE & BEAN 

INTERCROP27 

PLOTS 

YIELD ALL 

PLOTS28 

LABOUR  TOTAL 

VARIABLE COST 

REVENUE NET FARM 

INCOME 

Borrowed 

tenure 

(188.493) (206.150) (296.854) (203.860) (4003.693) (2718.528) (7,853.054) (7,043.855) 

Medium 

fertility 

28.574 0.596 –23.153 15.174 4205.886** 1254.680 –473.299 –1,605.218 

(74.765) (47.271) (75.472) (50.588) (1664.722) (1068.082) (1,766.210) (1,840.857) 

Poor fertility –223.848* –186.769** –193.117** –239.612*** 1,141.421 –2183.829* –8,222.145*** –5,999.308** 

 (118.857) (74.774) (91.955) (72.293) (1820.343) (1155.777) (2,469.896) (2,389.213) 

Medium slope 3.745 11.730 1.019 –45.692 –4531.956*** –1689.577** 1,386.692 2,943.556* 

(69.937) (45.069) (67.042) (46.292) (1521.683) (819.351) (1,635.659) (1,676.526) 

Steep slope –305.672** –138.434 –16.141 –261.314** –4,518.150* –5137.925*** –6,459.048* –1,448.756 

 (141.800) (114.560) (159.667) (102.572) (2533.265) (1566.901) (3,515.220) (3,568.883) 

Years lived in 

village 

5.271 –1.787 3.953 3.151 79.345 128.906*** 29.929 –98.092 

(3.600) (2.250) (2.652) (1.993) (61.595) (49.122) (70.913) (78.755) 

Confidence in 

skills 

–81.254 2.252 88.104 23.651 –2834.317* 722.840 449.968 –202.012 

(70.885) (47.327) (75.728) (50.817) (1639.044) (873.879) (1,639.147) (1,693.414) 

Extension 

contacts 

3.158 8.530 0.646 3.527 –128.319 –27.645 30.791 63.808 

(5.435) (9.605) (7.795) (5.712) (80.444) (55.072) (162.949) (160.105) 

Labour cost 

per plot 

0.007*** 0.002*** 0.005*** 0.006***  0.575*** 0.203*** –0.370*** 

(0.001) (0.001) (0.001) (0.001)  (0.103) (0.033) (0.085) 

Savings –7.256 2.834 22.496** 4.389 254.895 202.463 –114.934 –308.296 

(12.279) (8.065) (11.343) (7.713) (260.942) (160.383) (280.101) (295.351) 
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 YIELD LABOUR V.COST REVENUE INCOME 

 MAIZE 

MONOCROP 

PLOTS 

BEAN 

MONOCROP 

PLOTS 

MAIZE & BEAN 

INTERCROP27 

PLOTS 

YIELD ALL 

PLOTS28 

LABOUR  TOTAL 

VARIABLE COST 

REVENUE NET FARM 

INCOME 

Livestock units –26.970 –12.249 –11.113 –10.242 –50.341 126.987 123.276 –4.630 

(37.669) (18.968) (19.730) (16.304) (394.254) (302.039) (580.662) (593.575) 

Asset value 13.573 6.116 –26.833 –2.705 3014.910*** 750.279 –205.454 –987.517 

(39.820) (24.672) (33.769) (24.440) (710.492) (475.499) (824.492) (866.524) 

Household 

income 

–1.943 8.604 –5.329 –14.739* –629.516** –243.770 –257.378 –15.877 

3.158 (7.831) (12.952) (8.410) (316.532) (158.330) (287.233) (299.120) 

Maize 

monocropping 

   –600.204*** –356.582 –694.856 –16,783.760*** –16,390.652*** 

   (78.641) (2255.747) (1297.104) (1,990.236) (2,079.997) 

Bean 

monocropping 

   –471.179*** 3137.251 –12244.88*** –11,677.167*** 50.928 

   (89.491) (2738.837) (1395.722) (2,411.928) (2,441.671) 

Time averaged effects (CRE) –Mean values 

Age –20.876** –9.199 12.825 –6.325 –117.481 76.126 171.516 78.607 

(10.137) (6.586) (9.541) (6.107) (173.604) (103.895) (227.388) (227.717) 

Formal 

education 

48.231* 14.821 80.521*** 59.248*** 760.496* 570.166** 2,143.433*** 1,582.004*** 

(26.139) (17.208) (24.523) (16.452) (459.368) (260.566) (558.791) (556.692) 

Household 

size 

124.081 267.601* 163.641 340.409** 9979.012** 3480.714* 4,920.128 1,547.827 

(247.942) (138.704) (207.829) (136.514) (3957.797) (2035.273) (4,658.474) (4,645.064) 

Years lived in 

village 

–6.408 0.819 –3.092 –6.088** –83.156 –84.947 –71.472 8.156 

(4.561) (2.867) (3.719) (2.638) (87.365) (63.169) (97.661) (106.704) 

0.762 –9.215 33.804*** 14.762 –15.558 298.315* 422.332 137.018 
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 YIELD LABOUR V.COST REVENUE INCOME 

 MAIZE 

MONOCROP 

PLOTS 

BEAN 

MONOCROP 

PLOTS 

MAIZE & BEAN 

INTERCROP27 

PLOTS 

YIELD ALL 

PLOTS28 

LABOUR  TOTAL 

VARIABLE COST 

REVENUE NET FARM 

INCOME 

Number of 

traders 

(15.210) (10.606) (12.080) (9.251) (291.529) (174.343) (350.837) (362.553) 

Savings 7.508 9.231 –36.121** –2.081 –342.784 –178.602 214.292 388.075 

(16.652) (11.124) (15.929) (10.889) (320.761) (200.369) (367.391) (375.556) 

Livestock units –16.289 –5.070 24.023 2.698 –490.192 –475.140 –363.342 138.778 

(37.174) (27.164) (28.866) (21.934) (506.272) (354.728) (773.479) (770.753) 

Mean asset 

value 

21.766 27.609 49.631 35.134 –1314.748 –972.817* 904.956 1,921.897* 

(44.535) (28.924) (39.558) (28.558) (874.599) (541.748) (955.618) (1,017.616) 

Household 

income 

19.597 9.949 48.268*** 41.127*** 522.738 230.662 1,233.953*** 974.198** 

(17.788) (9.282) (16.400) (10.646) (485.787) (242.641) (387.962) (428.305) 

Constant 484.290 –563.087** 544.881 266.338 25206.180*** 16298.12*** 5,073.012 –12,101.404 

 (446.174) (264.304) (373.082) (273.679) (8,327.172) (5,252.201) (9,253.292) (9,802.343) 

lnsigma 6.616*** 5.917*** 6.677*** 6.584*** 25101.878*** 10.084*** 10.659*** 10.700*** 

(0.200) (0.409) (0.103) (0.107) (8334.569) (0.062) (0.026) (0.025) 

λ1 (Cluster 1) –34.048 17.866 555.688*** –986.153*** 10.622*** –4467.643*** 461.600 1,486.370 

(175.974) (417.778) (86.396) (66.316) (0.083) (1318.468) (1,246.851) (1,131.563) 

λ1 (Cluster 2) –631.564*** 47.521 –708.126*** 252.277*** –1344.397 –2456.414*** 896.379 49.010 

(171.277) (62.825) (89.958) (63.491) (880.834) (595.921) (1,286.819) (2,380.198) 

λ1 (Cluster 3) 265.292** –348.242 213.381* 221.909 –4204.455*** –677.125 –12,424.068*** –12,173.530*** 

(113.274) (234.270) (113.103) (162.405) (942.783) (609.567) (1,629.444) (2,166.136) 
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 YIELD LABOUR V.COST REVENUE INCOME 

 MAIZE 

MONOCROP 

PLOTS 

BEAN 

MONOCROP 

PLOTS 

MAIZE & BEAN 

INTERCROP27 

PLOTS 

YIELD ALL 

PLOTS28 

LABOUR  TOTAL 

VARIABLE COST 

REVENUE NET FARM 

INCOME 

λ1 (Cluster 4) –272.555** –208.178 344.799*** 93.463 –2557.926*** 1217.633** –4728.932*** –5152.585*** 

(133.576) (176.773) (123.558) (105.795) (937.149) (543.126) (1370.065) (1717.946) 

sigma 746.9937 371.2656 793.8118 723.6732 –6162.083*** (23956.72)*** 42570.69 793.8118 

149.1104 151.698 82.04513 77.28183 (1,535.490) 1491.618 1092.871 82.04513 

Observations 1073 798 1737 3608 3608 3608 3608 3608 

Notes: Category 5 is the control group (base category); number of quasi-random Halton sequence-based simulation draws, S, was set to 400; Outcome density is 
normal and standard deviation of factor density is 1; Number of traders farmer knows is used as an instrumental variable; Robust standard errors in parentheses; 
Significance levels *** p<0.01, ** p<0.05, * p<0.1; Source: Author’s calculation based on survey data and estimated results 
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2.5 DISCUSSION 

2.5.1 DETERMINANTS OF SAI CLUSTERS ADOPTION 

We considered ten SAI practices grouped into five dominant clusters to better understand 

the adoption behaviour of farm households at the plot level. At first glance, Figure 2.2 

shows that the adoption rate of some clusters increased with time and their uptake was 

rapid within a short period. For instance, even though Cluster 2 had the lowest mean 

adoption rate in 2015, it is the leading cluster when considering the overall percentage 

increase in cluster adoption. Similarly, some farm households dis-adopted Cluster 1 and 

Cluster 5 over the study period. The significant results from the random effect multinomial 

logit confirm the temporal effect of SAI adoption on the clusters. 

Given that agricultural production is site-specific, it is not surprising that the region 

variable is significant in all the cluster adoption models. Figure 2.3 shows that the mean 

adoption rate of Clusters 1 and 4 dominate under monocropping while Clusters 2, 3 and 5 

dominate under maize–legume intercropping systems.  

Table 2.4 highlights some key insights into the demographic factors that determine the 

adoption of various clusters. Male-headed households are more likely to adopt Clusters 1, 2 

and 3 than Cluster 5. These three clusters require much more investment in terms of capital 

than Cluster 5. In addition, more educated farmers are likely to adopt more knowledge-

intensive SAI clusters. These results corroborate findings by Kabunga et al. (2012) who 

showed that more experienced and better educated farmers tend to adopt new knowledge-

intensive technologies. The results further reveal that on-farm occupation increases the 

probability of adopting clusters with herbicide, fertilisers, and pesticide.  

When we look at plot characteristics, farmers are less likely to adopt the traditional soil-

restoring cluster on a rented plot and often combine traditional soil restoring with yield-

enhancing practices. This indicates the significant role of land use rights in the adoption of 

SAI clusters. For instance, farmers are hesitant to invest in long-term soil and water 

conservation technologies on rented or borrowed plots. This corroborates findings by Place 

and Swallow (2000), which showed that property rights such as land proprietorship 

significantly affect the adoption of technologies with benefits realised in the long term.  
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Our finding that farmers’ perception of plot soil quality determines SAI cluster choices is 

consistent with findings from previous studies. Cluster 5 is more likely to be adopted on 

plots with poor soil quality relative to Clusters 2 and 3. A study by Marenya and Barrett 

(2009) affirms that the adoption of SAI, particularly chemical fertilisers, is determined by 

farmers’ knowledge and perception of their plot fertility. Plot slope is important in 

determining the type of SAI cluster that farmers adopt. Clusters containing traditional and 

modern soil and water conservation strategies, such as mulching and terracing, are more 

likely to be adopted in locations with medium slopes than flat slopes. This upholds findings 

from Amsalu and De Graaff (2007) and Noltze et al. (2012), who found slope to be a key 

determinant of the adoption of soil and water conservation practices.  

Households who own more livestock units are more likely to adopt Cluster 5, which 

includes manure use. In most developing countries where farmers practice mixed farming, 

livestock serves as a source of manure and draft power, while crop residues are a fodder 

source for livestock. Hence, more livestock units would increase manure availability. 

Likewise, owning livestock is associated with a lower probability of chemical fertiliser use, 

suggesting that farmers consider chemical fertiliser and animal manure as substitutes. Some 

farmers use animal manure and chemical fertiliser in tandem since they have different 

advantages for soil fertility and texture, leading to positive synergies. An example is 

Cluster 2, which uses the most animal manure with relatively less chemical fertiliser. 

Among the social capital factors considered, farmers who have confidence in extension 

officers are more likely to adopt clusters with modern soil restoring and crop protecting 

strategies. 

Wealth indicators such as livestock owned, savings, major farm equipment and household 

furniture affect SAI cluster adoption. Farm households with such resources can endure the 

possible risks associated with adopting SAI practices and may be less constrained to invest 

in long-term SAI practices such as constructing terraces and financing input purchases, 

such as pesticides, herbicides, fertiliser, and improved seed. Furthermore, savings ensures 

readily available cash for day-to-day farm management practices.  

2.5.2 VARIANCES OF THE RANDOM EFFECT 
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We further examined the variance within each cluster and correlations between clusters. 

The variances in Table 2.5 indicate variation in the idiosyncratic individual effects. For 

example, the high variance in Cluster 2 could be due to the high number of 

practices/technologies and the low adoption rate (9% of total adoption). It is the only 

cluster where farmers practice minimum tillage and thus use herbicide (least adopted 

technologies) to control weeds. Considering each of the variances for the four clusters 

(Clusters 1–4), a one-standard-deviation change in random effect results in a relative risk 

ratio greater than one. That is, farmers would still adopt the same clusters relative to Cluster 

5. Table 2.5 reveals a correlation between random effect terms across clusters. This shows 

that a particular SAI practice is adopted in up to five clusters. Generally, the positive 

covariance suggests similarity or degree of commonality in practices. For instance, Clusters 

2 and 3 have five SAI practices in common (intercropping, minimum tillage, long-term soil 

and water conservation, improved seed, and fertiliser). 

2.5.3 EFFECT OF SAI CLUSTER ADOPTION ON YIELD, LABOUR USE, VARIABLE COST, FARM 

REVENUE AND NET FARM INCOME  

After analysing the determinants of adoption of various clusters, we further looked at the 

yield distributions for the various clusters. Figures 2.4 and 2.5 display the yield distribution 

of the various clusters in kilograms per hectare. Overall, Cluster 5 produced the lowest 

yields. Cluster 1 produced highest yields under monocrop while Cluster 2 produced the 

highest yields under intercrop. The low yields in Cluster 5 across monocropping and 

intercropping plots confirm that traditional soil restoring practices alone, especially for 

cereal production, might not be ideal for meeting the current food demands in SSA.  

However, clusters that offer higher yields are not necessarily more attractive to potential 

adopters. For instance, Clusters 2 (highest yield under intercropping) and 4 (highest yield 

under monocropping) are the least adopted at 9% and 21%, respectively.  

We further consider the effect of SAI cluster adoption on yield, labour use, variable cost, 

farm revenue and net farm income. Table 2.6 indicate that adopting Clusters 1, 2, 3 or 4 

produces higher net farm income than Cluster 5. Clusters 3 and 4 are the most profitable. 

Cluster 1 has the highest yield per hectare when considering all plots. Despite having 

significantly higher total variable costs than Cluster 5, the revenue from Cluster 1 is high, 
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resulting in higher net farm incomes. The higher returns in Cluster 1 could be because most 

households with plots in this cluster do not adopt practices such as manure use, 

intercropping, or short-term soil and water conservation strategies such as mulching, which 

can increase labour production costs. Adopting Cluster 2 significantly increased yield under 

maize monocropping, bean monocropping and intercropping plots, farm revenue and thus 

net farm income relative to Cluster 5. Cluster 2 has relatively lower labour and variable 

costs than Clusters 3 and 4, probably due to the high adoption of minimum tillage. 

However, these costs are not low enough to fetch the highest returns. 

Cluster 3, with the highest adoption rate (37%), significantly increased yield under bean 

monocropping but not overall yield when considering both monocropping and 

intercropping plots. Perhaps, average returns could be high, but at the same time farm 

households may face heterogeneous returns based on their unobservable attributes and, 

comparative advantage in adopting the new technology. This corroborates the findings by 

Suri (2011) of a study in Kenya showing that a high rate of technology adoption does not 

necessarily increase average yields. A study by Michler et al. (2018) reported a similar 

trend in Ethiopia where many households adopt improved chickpea in the absence of yield 

gains. Despite not gaining higher yields relative to local varieties, farmers who adopt find 

adoption to be highly profitable. This is because chickpea adopters can sell more of their 

crop, thus gain more income from the increased sales, and reallocate cropland to specialize 

in improved chickpea production. Likewise, Cluster 3 had the highest labour input use, 

variable costs, revenue, and net income. Despite this cluster attracting the highest variable 

costs due to the application of fertiliser, manure, intercropping and long-term soil and water 

conservation strategies, plots in this cluster had the highest net farm income. The yield 

enhancing and protecting inputs in this cluster are relatively expensive in Sub-Saharan 

Africa (Byerlee and Deininger, 2013). Cluster 4 (yield enhancing, protecting and traditional 

soil restoring) generates significantly higher yields, with significantly higher labour and 

variable costs, than Cluster 5. The revenues earned in this cluster are significantly high than 

clusters 1, 2 and 5, hence the higher net farm income. Cluster 5 has the lowest variable 

costs (e.g., less labour) but yields the lowest returns because it does not use yield-enhancing 

external inputs.  
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Among the demographic factors, having a male-headed household significantly reduces 

labour input use, which could be the result of several factors. For instance, a recent study 

by Arora and Rada (2020) on gender norms and intra-household labour allocation in 

Mozambique showed that when women allocate more time to the household sector, men do 

not increase farm worktime to compensate for the lost woman time, possibly reducing crop 

production. Doss and Quisumbing (2020) further confirm that often households do not 

attain the maximum yield potential from their farms due to social norms that affect the 

individual roles and responsibilities at the expense of overall household production. 

Occupation also seems to be a major factor in the adoption of SAI clusters. Households 

whose main occupation is on-farm are more likely to get higher yields, revenue and net 

income and significantly reduce total variable cost. This is because they can better manage 

their farms themselves, as opposed to hired labourers, and focus on cost minimisation.  

Steep slopes and poor soil quality have an inverse relationship with yield. In addition, well-

off households tend to have higher yields and use more labour because they can invest in 

relatively costly SAI practices.  

2.6 CONCLUSIONS AND IMPLICATIONS 

Studies on adopting SAI practices have focused on single practices, even though 

smallholder households tend to adopt these practices in bundles. We used the K-modes 

algorithm to cluster ten SAI practices into five distinct clusters and a random-effects 

multinomial logit model to analyse the determinants of adopting those clusters. We used a 

METE model to evaluate the impact of SAI clusters on yield, labour use, variable cost, 

revenue, and net income.  

We find that the adoption of SAI clusters depends on region and cropping system, 

confirming that the ‘one size fits all’ extension design is not suitable for farmers. Cluster 

adoption also varies over time, with smallholders dis-adopting clusters with traditional soil 

restoring practices or limited to yield enhancement and crop protection—the adoption of 

clusters that combine soil-restoring practices and external input use increase over time.  

Consistent with empirical evidence from the extant adoption literature, the results show that 

household wellbeing—measured by household wealth and education of household head—

has a positive effect and poor soil fertility has a negative effect on the choice of adopting 
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Clusters 3 and 4. Male-headed households are more likely to adopt Clusters 1–4 than 

Cluster 5, whereas total livestock units reduce the probability of adopting Clusters 1–4. 

Renting plots and extension contacts increase the probability of adopting Cluster 4. SAI 

cluster adoption varies by crop system, cropping year and region. Likewise, wealth 

indicators, such as savings and household assets, are essential for cluster adoption.  

Concerning the welfare effect of cluster adoption, occupation of household head, 

productive land holding, cost of labour, crop type and plot characteristics, including 

topology, tenure and soil quality, are key determinants of yield, labour use, variable cost, 

revenue and net income. The effect of cluster adoption on these outcomes differed across 

crop type, region and production year. Clusters 3 (yield enhancing and traditional soil 

restoring) and 4 (yield enhancing, protecting and traditional soil restoring) had the highest 

net income and Cluster 5 (traditional soil restoring) had the lowest. Thus, farmers appear to 

autonomously adopt what they perceive to be good in their production environment and 

what they have capacity to adopt. Likewise, the results confirm that different clusters 

demand different labour costs.  

The main policy implication is the need for the government and private sector to identify 

and manage constraints to the process of adopting context specific SAI clusters with the 

higher returns. Specifically, participatory methods involving producers are needed to link 

farmers needs on the ground to researcher and extension support. Government should refine 

and disseminate locally adapted combinations of SAI technologies with the greatest payoff. 

Likewise, policies are needed that aid efficient land rental markets and target increased 

yield. Given that farmers with plots of poor soil quality are less likely to adopt clusters with 

high net incomes, policies that improve soil fertility should be developed and strengthened. 

The government and other agencies should create an enabling environment that aids farmer 

access to affordable fertilisers. 
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APPENDIX 2.0 

TABLE 2.A1. DETERMINANTS OF SAI PACKAGE ADOPTION; RESULTS OF SELECTION EQUATION FROM MULTINOMIAL 

ENDOGENOUS TREATMENT EFFECT REGRESSION OF IMPACT ON MONOCROPPING MAIZE YIELD 

 Cluster1 Cluster2 Cluster3 Cluster4 

Base outcome Traditional soil restoring 

Gender –0.080 –0.269 –0.240 –0.791 

 (0.918) (1.665) (0.959) (0.908) 

Age –0.021 –0.068 –0.027 0.020 

 (0.037) (0.059) (0.046) (0.038) 

Formal education 0.103 0.160 0.022 0.062 

 (0.094) (0.190) (0.097) (0.092) 

Household size –0.045 0.298*** 0.055 0.019 

 (0.070) (0.107) (0.072) (0.072) 

Main occupation –0.230 0.123 –0.223 0.030 

 (0.419) (0.643) (0.431) (0.427) 

Region –1.591*** –3.164*** –1.216*** –2.963*** 

 (0.427) (0.696) (0.436) (0.455) 

Year 2013 –1.691** 1.260 –1.277* –1.890*** 

 (0.686) (1.522) (0.713) (0.696) 

Year 2015 –3.106*** 2.600** –1.334** –1.862*** 

 (0.667) (1.296) (0.677) (0.671) 

Season 0.418 0.400 0.598* 0.561* 

 (0.330) (0.435) (0.337) (0.334) 

Farm size (ha) –0.332** –0.548* –0.260* –0.300* 

 (0.154) (0.300) (0.156) (0.159) 

Plot distance 0.012 0.015 0.013 0.013 

 (0.011) (0.011) (0.011) (0.011) 

Rented tenure 1.485** 0.524 1.516** 1.386** 

 (0.650) (0.815) (0.674) (0.662) 

Borrowed tenure –2.625*** –0.940 –1.241 –2.446** 

 (1.017) (1.155) (0.889) (1.050) 

Medium fertility –0.122 –0.851* –0.119 0.199 
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 (0.397) (0.483) (0.408) (0.408) 

Poor fertility –0.869 0.033 –0.595 –0.287 

 (0.640) (0.754) (0.639) (0.659) 

Medium slope 0.528 0.460 –0.063 0.004 

 (0.354) (0.447) (0.365) (0.359) 

Steep slope 0.254 0.176 0.118 0.006 

 (0.676) (0.989) (0.705) (0.687) 

Years lived in village 0.007 –0.048** 0.002 0.019 

 (0.017) (0.021) (0.018) (0.017) 

Known traders in village –0.124 –0.328*** –0.138* –0.087 

 (0.077) (0.109) (0.081) (0.078) 

Confidence in skills –0.205 0.464 –0.854** 0.310 

 (0.387) (0.484) (0.399) (0.396) 

Extension contacts 0.007 –0.043 0.024 0.010 

 (0.028) (0.052) (0.026) (0.028) 

Hired labour 0.000 0.000 0.000 0.000 

 (0.000) (0.000) (0.000) (0.000) 

Savings –0.044 –0.044 –0.038 0.021 

 (0.055) (0.079) (0.056) (0.055) 

Livestock units –0.445*** –0.517** –0.774*** –0.537*** 

 (0.159) (0.209) (0.165) (0.160) 

Asset value 0.449** 0.688*** 0.574*** 0.366* 

 (0.195) (0.264) (0.203) (0.197) 

Household income 0.159** –0.079 0.116 0.071 

 (0.072) (0.083) (0.072) (0.069) 

m_agehhead –0.019 0.045 0.017 –0.031 

 (0.039) (0.061) (0.048) (0.040) 

m_educhhhead –0.110 –0.134 0.026 –0.018 

 (0.118) (0.212) (0.124) (0.119) 

m_hhsize 0.863 0.475 0.643 0.571 

 (1.136) (1.745) (1.175) (1.132) 

m_yrslvlge 0.021 0.046 –0.010 –0.023 
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 (0.021) (0.028) (0.021) (0.020) 

m_tradevlge 0.154 0.201 0.209* 0.143 

 (0.105) (0.131) (0.109) (0.108) 

m_livestockunit 0.297 0.261 0.449** 0.492** 

 (0.209) (0.263) (0.211) (0.208) 

m_lntotassetvalue –0.147 –0.479 –0.284 –0.236 

 (0.215) (0.295) (0.227) (0.218) 

m_lntotincom –0.193* 0.036 –0.189* –0.198* 

 (0.111) (0.134) (0.114) (0.110) 

Constant 0.969 –4.503 –1.132 1.866 

 (1.978) (3.405) (2.008) (1.962) 

Observations 1073 plots 377 60 230 340 

Significance levels: *** p<0.01, ** p<0.05, * p<0.1; Standard errors are in parentheses; Base outcome has 66 
plots; Source: Author’s calculation based on survey data and estimated results 
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TABLE 2.A2. DETERMINANTS OF SAI PACKAGE ADOPTION; RESULTS OF SELECTION EQUATION FROM MULTINOMIAL 

ENDOGENOUS TREATMENT EFFECT REGRESSION OF IMPACT ON MONOCROPPING BEAN YIELD 

 Cluster1 Cluster2 Cluster3 Cluster4 

Base outcome Traditional soil restoring 

Gender 2.198 3.054* 2.480* 1.737 

 (1.451) (1.801) (1.415) (1.459) 

Age –0.118*** –0.113* –0.135*** –0.061 

 (0.044) (0.062) (0.050) (0.045) 

Formal education 0.015 –0.041 0.050 0.033 

 (0.087) (0.159) (0.105) (0.092) 

Household size 0.023 0.118 –0.076 –0.062 

 (0.102) (0.133) (0.110) (0.105) 

Main occupation 0.442 –1.260 0.393 0.138 

 (0.565) (0.835) (0.598) (0.592) 

Region –2.216*** –1.889** –0.061 –1.332* 

 (0.688) (0.946) (0.718) (0.688) 

Year 2013 –1.834* 0.284 –1.543 –2.283** 

 (0.962) (1.558) (0.963) (0.971) 

Year 2015 –1.931** 3.205** –1.678** –1.799** 

 (0.840) (1.351) (0.853) (0.819) 

Season 0.299 –0.184 0.033 0.341 

 (0.483) (0.595) (0.500) (0.483) 

Farm size (ha) –0.113 0.300 0.380 0.127 

 (0.245) (0.333) (0.253) (0.247) 

Plot distance 0.003 –0.004 –0.003 –0.012 

 (0.009) (0.012) (0.009) (0.010) 

Rented tenure 0.221 0.037 0.650 0.687 

 (0.967) (1.117) (1.004) (0.967) 

Borrowed tenure –1.963* –0.129 –1.213 –2.690** 

 (1.160) (1.729) (1.099) (1.181) 

Medium fertility –0.215 –0.266 0.088 –0.014 

 (0.525) (0.655) (0.529) (0.531) 
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Poor fertility –0.063 0.492 –0.069 0.046 

 (0.784) (1.037) (0.812) (0.803) 

Medium slope 0.377 0.525 –0.174 0.295 

 (0.497) (0.629) (0.505) (0.502) 

Steep slope 0.028 –0.702 –0.128 –1.314 

 (0.978) (1.260) (1.032) (1.038) 

Years lived in village –0.021 –0.039 –0.023 –0.010 

 (0.024) (0.029) (0.024) (0.024) 

Known traders in village –0.038 0.027 –0.104 –0.054 

 (0.122) (0.162) (0.111) (0.116) 

Confidence in skills 0.735 1.057 0.242 0.959* 

 (0.516) (0.663) (0.532) (0.524) 

Extension contacts 0.022 –0.020 0.045 0.010 

 (0.060) (0.063) (0.060) (0.060) 

Hired labour 0.000 0.000 0.000 0.000 

 (0.000) (0.000) (0.000) (0.000) 

Savings –0.029 0.016 –0.090 0.009 

 (0.067) (0.089) (0.070) (0.069) 

Livestock units 0.160 0.185 0.223 0.282* 

 (0.161) (0.205) (0.160) (0.160) 

Asset value 0.816*** 1.235*** 0.667** 0.897*** 

 (0.287) (0.361) (0.294) (0.286) 

Household income –0.070 –0.272*** –0.065 –0.156* 

 (0.085) (0.103) (0.090) (0.083) 

m_agehhead 0.122*** 0.086 0.107** 0.076* 

 (0.042) (0.060) (0.048) (0.044) 

m_educhhhead 0.035 0.098 0.070 0.061 

 (0.113) (0.189) (0.134) (0.120) 

m_hhsize –1.865 –4.393** –2.213 –1.790 

 (1.908) (2.234) (1.904) (1.918) 

m_yrslvlge 0.014 0.087** 0.030 –0.002 

 (0.030) (0.041) (0.031) (0.031) 
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m_tradevlge 0.014 –0.070 0.089 0.014 

 (0.119) (0.182) (0.120) (0.118) 

m_lnamntsavedto 0.067 0.006 0.116 0.058 

 (0.114) (0.151) (0.116) (0.116) 

m_livestockunit –0.335 –0.078 –0.405** –0.455** 

 (0.204) (0.251) (0.189) (0.211) 

m_lntotassetvalue –0.889*** –1.522*** –0.428 –0.872*** 

 (0.324) (0.439) (0.336) (0.322) 

m_lntotincom 0.116 0.358** 0.057 0.077 

 (0.117) (0.156) (0.122) (0.117) 

Constant 3.326 3.775 0.314 2.194 

 (2.490) (3.419) (2.695) (2.564) 

Observations 798 plots 334 54 134 244 

Significance levels: *** p<0.01, ** p<0.05, * p<0.1; Standard errors are in parentheses; Base outcome has 30 
plots; Source: Author’s calculation based on survey data and estimated results 
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TABLE 2.A3. DETERMINANTS OF SAI PACKAGE ADOPTION; RESULTS OF SELECTION EQUATION FROM MULTINOMIAL 

ENDOGENOUS TREATMENT EFFECT REGRESSION OF IMPACT ON MAIZE–BEAN INTERCROPPING YIELD 

 Cluster1 Cluster2 Cluster3 Cluster4 

Base outcome Traditional soil restoring 

Gender 0.437 1.031 –0.103 –0.229 

 (0.634) (0.744) (0.544) (0.780) 

Age –0.061** 0.026 0.037* 0.035 

 (0.028) (0.030) (0.020) (0.030) 

Formal education 0.057 0.054 0.110** 0.140* 

 (0.066) (0.083) (0.055) (0.073) 

Household size –0.007 –0.022 0.026 0.020 

 (0.041) (0.052) (0.034) (0.047) 

Main occupation 0.305 –0.198 0.021 0.387 

 (0.298) (0.304) (0.222) (0.311) 

Region –1.827*** –1.385*** –1.898*** –3.212*** 

 (0.460) (0.456) (0.419) (0.467) 

Year 2013 –1.190*** 0.748 –1.999*** –1.004** 

 (0.366) (0.477) (0.310) (0.432) 

Year 2015 –0.291 3.368*** 0.380 1.929*** 

 (0.497) (0.493) (0.356) (0.444) 

Season 0.175 0.027 0.209 0.387 

 (0.237) (0.237) (0.180) (0.252) 

Farm size (ha) 0.531*** –0.167 0.307** 0.095 

 (0.147) (0.186) (0.136) (0.181) 

Plot distance 0.024 0.029* 0.023 0.025 

 (0.017) (0.016) (0.015) (0.016) 

Rented tenure –0.714 –0.163 –0.098 –0.263 

 (0.463) (0.426) (0.337) (0.420) 

Borrowed tenure –1.437 –0.831 –0.745 0.074 

 (1.285) (0.958) (0.716) (1.007) 

Medium fertility –0.509 –0.762** –0.621** –0.323 

 (0.320) (0.302) (0.247) (0.325) 
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Poor fertility –0.400 –0.823** –1.068*** –1.529*** 

 (0.365) (0.379) (0.288) (0.460) 

Medium slope 0.535** 0.270 0.261 0.450* 

 (0.250) (0.252) (0.193) (0.266) 

Steep slope 0.858 0.415 0.824 1.133 

 (0.662) (0.793) (0.569) (0.710) 

Years lived in village 0.001 0.004 –0.001 0.001 

 (0.011) (0.010) (0.008) (0.011) 

Known traders in village 0.096 0.028 0.071 0.063 

 (0.064) (0.073) (0.058) (0.071) 

Confidence in skills –0.403 –0.448 –0.659*** –0.393 

 (0.319) (0.286) (0.241) (0.304) 

Extension contacts 0.037 –0.020 0.037* 0.017 

 (0.024) (0.043) (0.020) (0.025) 

Hired labour –0.000** 0.000 0.000 –0.000 

 (0.000) (0.000) (0.000) (0.000) 

Savings 0.099** 0.060 0.070** 0.073* 

 (0.042) (0.038) (0.030) (0.044) 

Livestock value  0.004 0.010 –0.077 0.020 

 (0.084) (0.071) (0.051) (0.092) 

Livestock units –0.008 0.087 0.071 –0.127 

 (0.129) (0.140) (0.108) (0.148) 

Household income 0.001 –0.079* 0.001 0.023 

 (0.046) (0.047) (0.040) (0.051) 

m_agehhead 0.025 –0.009 –0.035 –0.056* 

 (0.031) (0.034) (0.023) (0.033) 

m_educhhhead –0.043 –0.000 –0.073 0.014 

 (0.074) (0.092) (0.060) (0.081) 

m_hhsize –0.494 –0.217 0.378 0.122 

 (0.722) (0.835) (0.592) (0.849) 

m_yrslvlge 0.006 –0.012 –0.005 0.015 

 (0.015) (0.014) (0.011) (0.015) 
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m_tradevlge –0.081 0.051 0.064 0.116 

 (0.079) (0.084) (0.065) (0.076) 

m_lnamntsavedto –0.136** –0.049 –0.100** –0.032 

 (0.058) (0.056) (0.047) (0.063) 

m_livestockunit –0.143 –0.173 0.011 –0.200 

 (0.120) (0.107) (0.071) (0.134) 

m_lntotassetvalue –0.015 –0.082 0.012 0.083 

 (0.148) (0.163) (0.125) (0.169) 

m_lntotincom 0.006 0.138** 0.081 –0.025 

 (0.059) (0.069) (0.050) (0.069) 

Constant 3.584** –3.050* 0.892 –0.089 

 (1.490) (1.581) (1.118) (1.543) 

Observations 1737 plots 164 198 968 177 

Significance levels: *** p<0.01, ** p<0.05, * p<0.1; Standard errors are in parentheses; Base outcome has 
229 plots; Source: Author’s calculation based on survey data and estimated results 
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TABLE 2.A4. DETERMINANTS OF SAI PACKAGE ADOPTION; RESULTS OF SELECTION EQUATION FROM MULTINOMIAL 

ENDOGENOUS TREATMENT EFFECT REGRESSION OF IMPACT ON TOTAL YIELD 

 Cluster1 Cluster2 Cluster3 Cluster4 

Base outcome Traditional soil restoring 

Gender 0.539 1.202** 0.249 –0.115 

 (0.455) (0.590) (0.420) (0.471) 

Age –0.030 –0.001 0.007 0.028 

 (0.018) (0.024) (0.016) (0.019) 

Formal education 0.065 0.029 0.067 0.075 

 (0.044) (0.061) (0.041) (0.047) 

Household size –0.002 0.020 0.014 –0.013 

 (0.031) (0.041) (0.028) (0.033) 

Main occupation 0.237 –0.214 0.026 0.260 

 (0.195) (0.246) (0.179) (0.203) 

Region –1.783*** –1.474*** –1.347*** –2.618*** 

 (0.235) (0.276) (0.231) (0.254) 

Year 2013 –1.315*** 1.009** –1.642*** –1.450*** 

 (0.270) (0.420) (0.246) (0.284) 

Year 2015 –1.093*** 3.114*** –0.261 0.032 

 (0.288) (0.402) (0.268) (0.295) 

Season 0.199 0.087 0.188 0.382** 

 (0.157) (0.187) (0.144) (0.163) 

Farm size (ha) 0.069 –0.095 0.055 0.009 

 (0.108) (0.105) (0.086) (0.092) 

Plot distance 0.008 0.008 0.008 0.006 

 (0.007) (0.008) (0.007) (0.008) 

Rented tenure 0.105 0.171 0.398 0.304 

 (0.277) (0.337) (0.270) (0.282) 

Borrowed tenure –1.510*** –0.834 –0.761* –1.394** 

 (0.528) (0.647) (0.452) (0.632) 

Medium fertility –0.314 –0.662*** –0.408** –0.082 

 (0.202) (0.227) (0.187) (0.211) 
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Poor fertility –0.521** –0.523* –0.832*** –0.857*** 

 (0.260) (0.299) (0.233) (0.279) 

Medium slope 0.481*** 0.323 0.139 0.239 

 (0.167) (0.199) (0.154) (0.174) 

Steep slope 0.406 0.085 0.359 0.010 

 (0.433) (0.538) (0.406) (0.449) 

Years lived in village –0.000 –0.008 0.001 0.009 

 (0.007) (0.009) (0.007) (0.008) 

Known traders in village 0.037 –0.042 0.014 0.019 

 (0.042) (0.052) (0.040) (0.043) 

Confidence in skills –0.152 –0.142 –0.502*** 0.137 

 (0.191) (0.215) (0.174) (0.195) 

Extension contacts 0.011 –0.024 0.027* 0.011 

 (0.017) (0.026) (0.014) (0.016) 

Hired labour –0.000 0.000 0.000 –0.000 

 (0.000) (0.000) (0.000) (0.000) 

Savings 0.034 0.036 0.035 0.069** 

 (0.027) (0.031) (0.025) (0.028) 

Livestock value  –0.026 –0.013 –0.113*** –0.032 

 (0.055) (0.061) (0.043) (0.061) 

Livestock units 0.186** 0.244** 0.219** 0.125 

 (0.093) (0.114) (0.087) (0.097) 

Asset value 0.028 –0.105*** –0.010 –0.034 

 (0.033) (0.035) (0.030) (0.032) 

Household income 1.719*** –1.016*** –1.141*** 0.973*** 

 (0.197) (0.241) (0.191) (0.207) 

m_agehhead 0.009 0.009 –0.012 –0.029 

 (0.020) (0.026) (0.018) (0.021) 

m_educhhhead –0.056 0.022 –0.022 0.005 

 (0.051) (0.069) (0.047) (0.053) 

m_hhsize –0.276 –0.708 0.072 0.084 

 (0.513) (0.654) (0.469) (0.534) 
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m_yrslvlge 0.010 0.008 –0.006 –0.012 

 (0.010) (0.012) (0.009) (0.010) 

m_tradevlge 0.014 0.057 0.087* 0.086 

 (0.054) (0.064) (0.052) (0.055) 

m_lnamntsavedto –0.025 –0.019 –0.054 –0.019 

 (0.039) (0.045) (0.036) (0.040) 

m_lntlivestockvalue –0.119* –0.100 0.034 –0.061 

 (0.071) (0.078) (0.053) (0.087) 

m_livestockunit –0.148 –0.283** –0.087 –0.165 

 (0.104) (0.130) (0.098) (0.108) 

m_lntotassetvalue 0.033 0.128** 0.055 –0.000 

 (0.043) (0.053) (0.040) (0.044) 

m_lntotincom 0.009 0.009 –0.012 –0.029 

 (0.020) (0.026) (0.018) (0.021) 

Constant 0.034 0.131** 0.058 0.003 

 (0.044) (0.053) (0.040) (0.045) 

Tradevlge 0.036 –0.044 0.014 0.021 

 (0.042) (0.052) (0.040) (0.043) 

Constant 0.290 –1.865 0.776 0.532 

 (0.957) (1.180) (0.865) (0.977) 

Observations 3608 plots 875 312 1.335 761 

Significance levels: *** p<0.01, ** p<0.05, * p<0.1; Standard errors are in parentheses; Base outcome has 31 
plots; Source: Author’s calculation based on survey data and estimated results 
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TABLE 2.A5. DETERMINANTS OF SAI PACKAGE ADOPTION: RESULTS OF SELECTION EQUATION FROM MULTINOMIAL 

ENDOGENOUS TREATMENT EFFECT REGRESSION OF IMPACT ON LABOUR INPUT USE 

 Cluster1 Cluster2 Cluster3 Cluster4 

Base outcome Traditional soil restoring 

Gender  0.589 1.210** 0.230 –0.125 

 (0.466) (0.594) (0.424) (0.475) 

Age –0.041** –0.002 0.005 0.025 

 (0.019) (0.024) (0.016) (0.019) 

Education 0.065 0.026 0.072* 0.079* 

 (0.046) (0.062) (0.042) (0.047) 

Household size –0.007 0.023 0.015 –0.011 

 (0.031) (0.041) (0.028) (0.033) 

Main occupation 0.318 –0.199 0.025 0.254 

 (0.197) (0.245) (0.179) (0.203) 

Region –1.762*** –1.467*** –1.370*** –2.658*** 

 (0.241) (0.277) (0.232) (0.254) 

Year 2 –1.333*** 0.973** –1.681*** –1.493*** 

 (0.273) (0.419) (0.247) (0.285) 

Year 3 –1.082*** 3.102*** –0.263 0.008 

 (0.291) (0.403) (0.269) (0.295) 

Season 0.239 0.064 0.184 0.348** 

 (0.159) (0.187) (0.144) (0.163) 

Farm size –0.017 –0.125 –0.036 –0.097 

 (0.107) (0.104) (0.067) (0.092) 

Plot distance from home 0.009 0.008 0.008 0.006 

 (0.008) (0.008) (0.007) (0.008) 

Rented tenure 0.119 0.165 0.415 0.306 

 (0.280) (0.339) (0.271) (0.285) 

Borrowed tenure –1.624*** –0.790 –0.742 –1.306** 

 (0.559) (0.647) (0.461) (0.634) 

Medium fertility –0.307 –0.676*** –0.390** –0.076 

 (0.206) (0.228) (0.188) (0.213) 
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Poor soil fertility –0.502* –0.525* –0.818*** –0.864*** 

 (0.265) (0.300) (0.234) (0.282) 

Medium slope 0.497*** 0.338* 0.136 0.238 

 (0.169) (0.199) (0.155) (0.174) 

Steep slope 0.497 0.081 0.379 0.020 

 (0.439) (0.544) (0.413) (0.454) 

Years lived in village 0.002 –0.007 0.001 0.010 

 (0.008) (0.009) (0.007) (0.008) 

Known traders in village 0.033 –0.039 0.014 0.022 

 (0.044) (0.053) (0.040) (0.043) 

Confidence in extension skill –0.127 –0.097 –0.510*** 0.142 

 (0.195) (0.216) (0.175) (0.197) 

Contact with extension  0.012 –0.025 0.028** 0.013 

 (0.018) (0.027) (0.014) (0.016) 

Amount saved 0.035 0.039 0.033 0.066** 

 (0.027) (0.031) (0.025) (0.028) 

Livestock units –0.029 –0.012 –0.110** –0.030 

 (0.057) (0.061) (0.043) (0.060) 

Household asset value 0.171* 0.256** 0.227*** 0.129 

 (0.095) (0.114) (0.088) (0.097) 

Income 0.024 –0.110*** –0.012 –0.036 

 (0.033) (0.036) (0.030) (0.033) 

Maize monocropping 1.767*** –1.007*** –1.110*** 1.018*** 

 (0.202) (0.242) (0.191) (0.208) 

Bean monocropping 2.113*** –0.566* –1.188*** 1.035*** 

 (0.249) (0.298) (0.253) (0.264) 

m_agehhead 0.018 0.010 –0.009 –0.026 

 (0.021) (0.026) (0.018) (0.021) 

m_educhhhead –0.052 0.022 –0.028 –0.004 

 (0.052) (0.071) (0.048) (0.054) 

m_hhsize –0.284 –0.705 0.107 0.114 

 (0.528) (0.658) (0.475) (0.538) 
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m_yrslvlge 0.008 0.007 –0.006 –0.013 

 (0.010) (0.012) (0.009) (0.010) 

m_tradevlge 0.022 0.055 0.088* 0.082 

 (0.055) (0.065) (0.052) (0.055) 

m_lnamntsavedto –0.032 –0.017 –0.054 –0.016 

 (0.039) (0.045) (0.036) (0.040) 

m_livestockunit –0.110 –0.100 0.030 –0.058 

 (0.072) (0.079) (0.054) (0.085) 

m_lntotassetvalue –0.158 –0.290** –0.098 –0.176 

 (0.107) (0.131) (0.100) (0.110) 

m_lntotincom 0.044 0.133** 0.057 0.003 

 (0.044) (0.053) (0.040) (0.044) 

Constant 0.426 –1.810 0.812 0.549 

 (0.975) (1.192) (0.876) (0.986) 

Observations 3608 plots 875 312 1.335 761 

Significance levels: *** p<0.01, ** p<0.05, * p<0.1; Standard errors are in parentheses; Base outcome has 
325 plots; Source: Author’s calculation based on survey data and estimated results 

 

  



CHAPTER 2. ADOPTION OF A COMBINATION OF SUSTAINABLE AGRICULTURAL INTENSIFICATION PRACTICE 

PAGE | 72 

TABLE 2.A6. DETERMINANTS OF SAI PACKAGE ADOPTION; RESULTS OF SELECTION EQUATION FROM MULTINOMIAL 

ENDOGENOUS TREATMENT EFFECT REGRESSION OF IMPACT ON TOTAL VARIABLE COST 

 Cluster1 Cluster2 Cluster3 Cluster4 

Base outcome  Traditional soil restoring 

Gender 0.576 1.215** 0.241 –0.134 

 (0.460) (0.590) (0.420) (0.472) 

Age –0.037* –0.002 0.007 0.027 

 (0.019) (0.024) (0.016) (0.019) 

Formal education 0.058 0.027 0.068 0.074 

 (0.045) (0.061) (0.042) (0.047) 

Household size –0.010 0.023 0.015 –0.011 

 (0.031) (0.041) (0.028) (0.033) 

Main occupation 0.320 –0.199 0.039 0.267 

 (0.197) (0.244) (0.179) (0.203) 

Region –1.725*** –1.455*** –1.335*** –2.629*** 

 (0.240) (0.275) (0.231) (0.254) 

Year 2013 –1.310*** 0.988** –1.661*** –1.475*** 

 (0.272) (0.420) (0.248) (0.285) 

Year 2015 –1.063*** 3.127*** –0.265 0.019 

 (0.290) (0.402) (0.267) (0.295) 

Season 0.257 0.073 0.203 0.374** 

 (0.159) (0.187) (0.144) (0.162) 

Farm size (ha) 0.078 –0.109 0.049 0.006 

 (0.093) (0.111) (0.079) (0.089) 

Plot distance 0.009 0.009 0.009 0.006 

 (0.008) (0.008) (0.008) (0.008) 

Rented tenure 0.099 0.155 0.410 0.297 

 (0.281) (0.341) (0.273) (0.286) 

Borrowed tenure –1.654*** –0.797 –0.759* –1.336** 

 (0.556) (0.646) (0.459) (0.639) 

Medium fertility –0.314 –0.679*** –0.410** –0.090 

 (0.205) (0.228) (0.188) (0.212) 
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Poor fertility –0.515* –0.535* –0.837*** –0.879*** 

 (0.263) (0.300) (0.233) (0.281) 

Medium slope 0.492*** 0.343* 0.147 0.240 

 (0.169) (0.199) (0.155) (0.174) 

Steep slope 0.489 0.076 0.383 0.014 

 (0.433) (0.542) (0.408) (0.449) 

Years lived in village 0.002 –0.007 0.001 0.010 

 (0.008) (0.009) (0.007) (0.008) 

Known traders in village 0.036 –0.038 0.015 0.021 

 (0.043) (0.053) (0.040) (0.043) 

Confidence in skills –0.132 –0.103 –0.505*** 0.135 

 (0.194) (0.215) (0.174) (0.196) 

Extension contacts 0.012 –0.025 0.028** 0.012 

 (0.017) (0.027) (0.014) (0.016) 

Hired labour –0.000 0.000 0.000 –0.000 

 (0.000) (0.000) (0.000) (0.000) 

Savings 0.036 0.040 0.034 0.066** 

 (0.027) (0.031) (0.025) (0.028) 

Livestock units –0.032 –0.014 –0.113*** –0.032 

 (0.057) (0.061) (0.043) (0.061) 

Asset value 0.167* 0.248** 0.217** 0.128 

 (0.094) (0.113) (0.086) (0.097) 

Household income 0.023 –0.107*** –0.010 –0.035 

 (0.033) (0.035) (0.030) (0.032) 

Maize monocropping 1.728*** –1.020*** –1.147*** 0.973*** 

 (0.201) (0.241) (0.190) (0.207) 

Bean monocropping 2.074*** –0.580* –1.243*** 0.983*** 

 (0.246) (0.298) (0.252) (0.261) 

m_agehhead 0.015 0.010 –0.011 –0.027 

 (0.021) (0.026) (0.018) (0.021) 

m_educhhhead –0.044 0.022 –0.023 0.003 

 (0.052) (0.070) (0.047) (0.054) 
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m_hhsize –0.264 –0.719 0.091 0.122 

 (0.521) (0.653) (0.470) (0.535) 

m_yrslvlge 0.008 0.007 –0.006 –0.013 

 (0.010) (0.012) (0.009) (0.010) 

m_tradevlge 0.022 0.053 0.091* 0.085 

 (0.054) (0.065) (0.052) (0.055) 

m_lnamntsavedto –0.034 –0.019 –0.053 –0.016 

 (0.039) (0.045) (0.036) (0.040) 

m_livestockunit –0.108 –0.100 0.035 –0.056 

 (0.072) (0.078) (0.053) (0.086) 

m_lntotassetvalue –0.148 –0.278** –0.088 –0.170 

 (0.105) (0.130) (0.098) (0.108) 

m_lntotincom 0.045 0.128** 0.055 0.002 

 (0.043) (0.053) (0.040) (0.044) 

Constant 0.379 –1.902 0.703 0.490 

 (0.972) (1.187) (0.871) (0.983) 

Observations 3,608 plots 875 312 1.335 761 

Significance levels: *** p<0.01, ** p<0.05, * p<0.1; Standard errors are in parentheses; Base outcome has 
325 plots; Source: Author’s calculation based on survey data and estimated results 
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TABLE 2.A7. DETERMINANTS OF SAI PACKAGE ADOPTION; RESULTS OF SELECTION EQUATION FROM MULTINOMIAL 

ENDOGENOUS TREATMENT EFFECT REGRESSION OF IMPACT ON FARM REVENUE 

 Cluster1 Cluster2 Cluster3 Cluster4 

Base outcome  Traditional soil restoring 

Gender 0.595 1.193** 0.249 –0.132 

 (0.463) (0.593) (0.421) (0.474) 

Age –0.039** –0.001 0.006 0.027 

 (0.019) (0.024) (0.016) (0.019) 

Formal education 0.057 0.027 0.068 0.075 

 (0.046) (0.061) (0.042) (0.047) 

Household size –0.010 0.022 0.015 –0.012 

 (0.031) (0.041) (0.028) (0.033) 

Main occupation 0.321 –0.209 0.041 0.259 

 (0.198) (0.245) (0.180) (0.204) 

Region –1.751*** –1.464*** –1.347*** –2.643*** 

 (0.241) (0.276) (0.232) (0.255) 

Year 2013 –1.310*** 0.992** –1.655*** –1.479*** 

 (0.273) (0.421) (0.248) (0.285) 

Year 2015 –1.062*** 3.100*** –0.272 –0.001 

 (0.288) (0.400) (0.266) (0.293) 

Season 0.279* 0.092 0.229 0.382** 

 (0.159) (0.188) (0.144) (0.164) 

Farm size (ha) 0.052 –0.112 0.037 –0.007 

 (0.082) (0.097) (0.071) (0.083) 

Plot distance 0.009 0.009 0.009 0.006 

 (0.008) (0.008) (0.008) (0.008) 

Rented tenure 0.089 0.160 0.403 0.285 

 (0.281) (0.340) (0.272) (0.286) 

Borrowed tenure –1.672*** –0.814 –0.783* –1.344** 

 (0.563) (0.656) (0.469) (0.639) 

Medium fertility –0.326 –0.676*** –0.417** –0.096 

 (0.205) (0.228) (0.188) (0.213) 
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Poor fertility –0.524** –0.536* –0.841*** –0.886*** 

 (0.264) (0.299) (0.233) (0.282) 

Medium slope 0.503*** 0.350* 0.156 0.248 

 (0.169) (0.200) (0.155) (0.174) 

Steep slope 0.512 0.112 0.410 0.038 

 (0.436) (0.542) (0.411) (0.452) 

Years lived in village 0.002 –0.008 0.001 0.010 

 (0.008) (0.009) (0.007) (0.008) 

Known traders in village 0.032 –0.042 0.011 0.019 

 (0.043) (0.052) (0.040) (0.043) 

Confidence in skills –0.117 –0.108 –0.491*** 0.152 

 (0.193) (0.215) (0.174) (0.195) 

Extension contacts 0.010 –0.025 0.027* 0.011 

 (0.017) (0.026) (0.014) (0.016) 

Hired labour –0.000 0.000 0.000 0.000 

 (0.000) (0.000) (0.000) (0.000) 

Savings 0.038 0.037 0.035 0.068** 

 (0.027) (0.031) (0.025) (0.028) 

Livestock units –0.032 –0.012 –0.111*** –0.032 

 (0.057) (0.061) (0.043) (0.061) 

Asset value 0.168* 0.248** 0.218** 0.128 

 (0.094) (0.114) (0.087) (0.097) 

Household income 0.022 –0.106*** –0.010 –0.036 

 (0.033) (0.035) (0.030) (0.032) 

Maize monocropping 1.733*** –1.012*** –1.143*** 0.974*** 

 (0.202) (0.242) (0.191) (0.207) 

Bean monocropping 2.051*** –0.578* –1.264*** 0.956*** 

 (0.246) (0.297) (0.251) (0.262) 

m_agehhead 0.017 0.010 –0.010 –0.028 

 (0.021) (0.026) (0.018) (0.021) 

m_educhhhead –0.041 0.023 –0.022 0.003 

 (0.052) (0.070) (0.047) (0.054) 
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m_hhsize –0.278 –0.697 0.086 0.128 

 (0.525) (0.658) (0.472) (0.537) 

m_yrslvlge 0.008 0.008 –0.005 –0.012 

 (0.010) (0.012) (0.009) (0.010) 

m_tradevlge 0.030 0.060 0.099* 0.090 

 (0.055) (0.065) (0.052) (0.055) 

m_lnamntsavedto –0.035 –0.016 –0.054 –0.017 

 (0.039) (0.045) (0.036) (0.040) 

m_livestockunit –0.101 –0.100 0.036 –0.053 

 (0.072) (0.078) (0.053) (0.085) 

m_lntotassetvalue –0.153 –0.289** –0.091 –0.172 

 (0.105) (0.130) (0.098) (0.109) 

m_lntotincom 0.047 0.130** 0.055 0.002 

 (0.044) (0.053) (0.040) (0.044) 

Constant 0.442 –1.885 0.718 0.535 

 (0.978) (1.188) (0.876) (0.986) 

Observations 3608 plots 875 312 1.335 761 

Significance levels: *** p<0.01, ** p<0.05, * p<0.1; Standard errors are in parentheses; Base outcome has 
326 plots; Source: Author’s calculation based on survey data and estimated results 
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TABLE 2.A8. DETERMINANTS OF SAI PACKAGE ADOPTION; RESULTS OF SELECTION EQUATION FROM MULTINOMIAL 

ENDOGENOUS TREATMENT EFFECT REGRESSION OF IMPACT ON NET FARM INCOME 

 Cluster1 Cluster2 Cluster3 Cluster4 

Base outcome  Traditional soil restoring 

Gender 0.586 1.207** 0.240 –0.138 

 (0.461) (0.592) (0.420) (0.473) 

Age –0.039** –0.002 0.007 0.027 

 (0.019) (0.024) (0.016) (0.019) 

Formal education 0.056 0.027 0.068 0.075 

 (0.046) (0.061) (0.042) (0.047) 

Household size –0.010 0.022 0.014 –0.013 

 (0.031) (0.041) (0.028) (0.033) 

Main occupation 0.313 –0.216 0.030 0.249 

 (0.198) (0.245) (0.179) (0.204) 

Region –1.743*** –1.465*** –1.344*** –2.640*** 

 (0.241) (0.275) (0.232) (0.254) 

Year 2013 –1.313*** 0.982** –1.657*** –1.483*** 

 (0.273) (0.422) (0.248) (0.285) 

Year 2015 –1.067*** 3.105*** –0.274 –0.002 

 (0.288) (0.400) (0.266) (0.293) 

Season 0.272* 0.082 0.219 0.374** 

 (0.159) (0.187) (0.144) (0.163) 

Farm size (ha) 0.059 –0.118 0.039 –0.005 

 (0.087) (0.104) (0.075) (0.086) 

Plot distance 0.009 0.009 0.009 0.006 

 (0.008) (0.008) (0.008) (0.008) 

Rented tenure 0.086 0.154 0.400 0.285 

 (0.281) (0.341) (0.273) (0.286) 

Borrowed tenure –1.674*** –0.811 –0.784* –1.341** 

 (0.562) (0.654) (0.467) (0.638) 

Medium fertility –0.320 –0.673*** –0.413** –0.091 

 (0.205) (0.229) (0.188) (0.213) 
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Poor fertility –0.519** –0.537* –0.840*** –0.884*** 

 (0.263) (0.299) (0.233) (0.281) 

Medium slope 0.498*** 0.347* 0.153 0.244 

 (0.169) (0.200) (0.155) (0.174) 

Steep slope 0.507 0.095 0.404 0.028 

 (0.436) (0.542) (0.410) (0.451) 

Years lived in village 0.002 –0.008 0.001 0.010 

 (0.008) (0.009) (0.007) (0.008) 

Known traders in village 0.033 –0.041 0.012 0.020 

 (0.043) (0.052) (0.040) (0.043) 

Confidence in skills –0.113 –0.099 –0.485*** 0.156 

 (0.193) (0.215) (0.174) (0.195) 

Extension contacts 0.011 –0.026 0.027* 0.011 

 (0.017) (0.026) (0.014) (0.016) 

Hired labour –0.000 0.000 0.000 0.000 

 (0.000) (0.000) (0.000) (0.000) 

Savings 0.039 0.039 0.036 0.068** 

 (0.027) (0.031) (0.025) (0.028) 

Livestock units –0.031 –0.011 –0.111*** –0.031 

 (0.057) (0.061) (0.043) (0.061) 

Asset value 0.170* 0.254** 0.220** 0.131 

 (0.094) (0.113) (0.087) (0.097) 

Household income 0.022 –0.106*** –0.010 –0.036 

 (0.033) (0.035) (0.030) (0.032) 

Maize monocropping 1.735*** –1.010*** –1.141*** 0.975*** 

 (0.202) (0.242) (0.191) (0.208) 

Bean monocropping 2.049*** –0.594** –1.270*** 0.952*** 

 (0.247) (0.297) (0.251) (0.262) 

m_agehhead 0.016 0.011 –0.011 –0.028 

 (0.021) (0.026) (0.018) (0.021) 

m_educhhhead –0.041 0.023 –0.021 0.003 

 (0.052) (0.070) (0.047) (0.054) 
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m_hhsize –0.269 –0.711 0.092 0.134 

 (0.524) (0.656) (0.471) (0.536) 

m_yrslvlge 0.008 0.008 –0.005 –0.012 

 (0.010) (0.012) (0.009) (0.010) 

m_tradevlge 0.029 0.059 0.098* 0.090 

 (0.054) (0.065) (0.052) (0.055) 

m_lnamntsavedto –0.036 –0.017 –0.055 –0.017 

 (0.039) (0.045) (0.036) (0.040) 

m_livestockunit –0.103 –0.101 0.035 –0.054 

 (0.072) (0.078) (0.053) (0.086) 

m_lntotincom 0.047 0.129** 0.055 0.002 

 (0.043) (0.053) (0.040) (0.044) 

Constant 0.449 –1.874 0.741 0.549 

 (0.976) (1.188) (0.875) (0.986) 

Observations 3608 plots 875 312 1.335 761 

Significance levels: *** p<0.01, ** p<0.05, * p<0.1; Standard errors are in parentheses; Base outcome has 
325 plots; Source: Author’s calculation based on survey data and estimated results.
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CHAPTER 3.  

DOES PRODUCTION INFLUENCE MARKET PARTICIPATION? EVIDENCE FROM 

SMALLHOLDER MAIZE-LEGUME PRODUCERS IN KENYA  

ABSTRACT 

This study investigates the association between production and market participation using 

smallholder household data from Kenya. Smallholder households are categorised as buyers, 

autarkic or sellers based on self-reporting. An ordered Heckman model is estimated to 

simultaneously model the determinants of belonging to any of the three categories and the 

quantity of cereals produced. Nitrogen quantity and wealth have positive effect while 

household size has negative effect on market participation. Farm size and total livestock 

units positively affected quantity produced across all three categories. Education level of 

household head, access to extension and credit services had a significant positive effect 

while distance to market had a negative effect on quantity produced for buyers but not 

autarkic producers or sellers. Among autarkic households, occupation and seed quantity 

positively affected the quantity produced. The quantity of nitrogen applied, and labour use 

negatively affected the quantity produced among buyers and sellers but not autarkic 

households. The findings suggest that since increasing land size is not feasible, 

interventions should prioritise increasing productivity to enable more households to 

participate in the market as sellers. Fertiliser and labour use had higher marginal effects on 

production, particularly for sellers and buyers. Thus, studies should focus on increasing the 

availability of and accessibility to fertilisers. Policies promoting easy access to extension 

services and credit acquisition should target buyers. 

 

Keywords: Market participation, production, ordered Heckman, smallholder 
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3.1 INTRODUCTION 

Market participation is a potential catalyst for improving living standards among 

smallholders in developing countries (Barrett, 2008). Higher production can motivate 

market participation since farmers with higher output levels are more likely to have crop 

surpluses above their immediate consumption needs. Previous studies on production have 

documented the link between high agricultural production and improved livelihood either 

directly or indirectly through poverty reduction (Minten and Barrett, 2008), employment 

creation, , reducing food prices and increasing food security (Di Falco et al., 2011). Higher 

market participation could drive production by providing income (Belay and Ayalew, 2020) 

that can be reinvested into farming. However, rural households face many production and 

marketing constraints, including declining soil fertility and climate variability (Di Falco et 

al., 2011), overdependence on rain fed agriculture, small landholdings, production shocks 

such as crop pests and diseases (Échevin, 2014), and imperfections in input and output 

markets (Osborne, 2005). In some cases, markets do not even exist (De Janvry and 

Sadoulet, 2006). These challenges have stagnated cereal yields, particularly maize (Ouma 

and De Groote, 2011), a staple food in most Sub-Saharan countries.  

For households operating under such conditions, heterogeneity exists in terms of farm 

production, asset endowment and market imperfections, affecting household market 

participation decisions and resulting in households participating in markets as buyers29 or 

sellers30 while others remaining autarkic31.  

Previous studies on smallholder market participation have focused on how output market 

participation is influenced by factors such as household wealth (Boughton et al., 2007), 

transaction costs  (Omamo, 1998, Key et al., 2000, Ouma et al., 2010, Olwande and Mary, 

2012, Bwalya et al., 2013), infrastructure (Shilpi and Umali‐Deininger, 2008, Renkow et 

al., 2004), and institutions (Barrett, 2008, Jayne et al., 2008, Mghenyi et al., 2011, Gabre-

Madhin, 2001). Some market participation studies have focused on marketed outputs only 

                                                 

29 Smallholder households who produce less that what they consume and buy more to fill the deficit. 
30 Smallholder households who sell more than they buy. 
31 Autarkic households are self-sufficient. 
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(Boughton et al., 2007, Woldeyohanes et al., 2017, Edmeades, 2006, Lapar et al., 2003, 

Alene et al., 2008a). Goetz (1992), Key et al. (2000), and Ouma et al. (2010) considered 

both buyers and sellers in their analysis and explicitly assumed that farmers decide whether 

to participate in the market before deciding on the volume traded. Bellemare and Barrett 

(2006) and Burke et al. (2015) analysed the determinants of three market participation 

choices as net buyers, autarkic, or net sellers, and the factors affecting quantity bought or 

sold.  

Increased farm production is linked to increased levels of market participation since 

farmers would be able to fulfil the demand for household consumption and have more 

produce for sell (Asfaw et al., 2011). Four seminal papers have focused on smallholder 

production and market participation Govereh and Jayne (1999), Pender and Alemu (2007), 

Rios et al. (2008) and Kondo et al. (2019). Pender and Alemu (2007) modelled production 

and marketing decisions among teff and maize smallholders in Ethiopia, where households 

are either sellers, buyers or autarkic. The authors estimated four separate nonlinear least-

squares regression models and found that increased smallholder market access, land, and 

wealth increased production and market participation. Rios et al. (2008) analysed the 

causality between productivity and market participation among smallholders in Tanzania, 

Vietnam, and Guatemala. The study used cross-country household data and a Two-Stage 

least squares (2SLS) approach but only considered households that sell their produce. The 

study found that households with higher productivity tend to participate in agricultural 

markets, irrespective of market access factors. In contrast, better market access did not 

necessarily lead to higher productivity. Govereh and Jayne (1999) used an ordinary least 

squares (OLS) approach in two separate equations and data from smallholders in Zimbabwe 

who sell maize and cotton, but not buyers or autarkic households for maize. The study 

found cotton commercialization at the household level positively affected maize 

productivity. Kondo et al. (2019) used a triple hurdle to model production and market 

participation decisions among cowpea smallholders in Ghana. They found that gender, 

education, labour, wealth, and access to markets and extension services influenced 

production and market participation. 

Despite evidence that increasing production and market participation are interdependent; no 

study has evaluated the determining factors of farm production and market participation 
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decisions as net sellers or net buyers with those who remain autarkic. Likewise, the few 

studies that directly focus on the link between production and market participation confined 

their discussions to selling households, excluding buying and autarkic households. Thus, 

policies formulated from studies that fail to consider the various smallholder categories 

may fail to benefit all producers. 

This study examined the association between production32 and market participation 

decisions. Specifically, an ordered Heckman model was used to: (1) evaluate the 

determinants of household market participation as net sellers or net buyers with those who 

remain autarkic.; and (2) identify the production determinants in each smallholder grain 

market category (buyers, sellers and autarkic). The ordered Heckman model is estimated 

using the full-information maximum likelihood (FIML) approach and compared to the 

results with a two-step approach for robustness check. Finally, we predict expected maize 

production under actual and counterfactual scenarios considering the actual smallholder 

category.  

We contribute to the current literature on market participation by (1) providing the link 

between farm production and market participation among various categories of 

smallholders that can guide future policy decisions; (2) we identify the determinants of 

smallholder market participants and autarkic households as well as the determinants of 

quantities produced  in each category that is scant in prior literature; (3) we predict output 

that would be produced by farmers in each category given that they would switch to 

alternative categories. 

Section 3.2 presents the theoretical framework and empirical specification followed by an 

overview of the data source and descriptive statistics in Section 3.3. The analysis of the 

results and the discussion are in Section 3.4, concluding with a summary and policy 

implications in Section 3.5. 

 

3.2 THEORETICAL AND METHODOLOGICAL FRAMEWORK 

                                                 

32 Production is total quantity of maize and beans (measured in maize equivalent) harvested (kg/ha) 
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3.2.1 THEORETICAL FRAMEWORK 

Smallholders operate under uncertain production and market environments. Households 

first decide whether to participate in markets. Those who choose to participate in the 

market, either as buyers or sellers, decide on the quantity to sell or purchase based on 

additional information (Bellemare and Barrett, 2006). Therefore, a farmer’s willingness to 

participate in the market depends on the extent of the expected change in utility. Suppose 

that the expected utility from market participation is represented by 𝑈𝑝 and non-

participation by 𝑈𝑛𝑝, households will only participate as sellers or buyers and decide on the 

quantity to buy or sell if the expected utility (U) from market participation is greater than 

from non-participation, i.e., U = 𝑈𝑝 − 𝑈𝑛𝑝 > 0. More precisely, we assume that households 

maximise utility with respect to production (𝑄𝑘), endowment of good k from previous 

season’s production (𝐴𝑘), farm input use (𝑋𝑘), consumption (𝐶𝑘), transaction costs33 (𝑇𝑘) 

and quantity of marketed good k (𝑀𝑘). Hence, output market participation is expressed as: 

                    𝑌𝑘 
𝑃 = 𝑓(𝑄𝑘, 𝐴𝑘, 𝑋𝑘, 𝐶𝑘, 𝑇𝑘,𝑀𝑘)                                                                   (3.1) 

However, households face cash constraints when transacting in the market, limiting their 

expenditure to less than or equal to revenues from all sales and transfers. Following Key et 

al. (2000), we express this constraint as:  

∑ [(𝑃𝑘
𝑀 − 𝑡𝑃𝑘

𝑠 (𝐷𝑡𝑘
𝑠 ))𝛿𝑘

𝑠 + (𝑃𝑘
𝑀 + 𝑡𝑃𝑘

𝑏 (𝐷𝑡𝑘
𝑏 )) 𝛿𝑖

𝑏] 𝑀𝑘 − 𝑡𝑓𝑘
𝑠 (𝐷𝑘

𝑠)𝛿𝑘
𝑠 − 𝑡𝑓𝑘

𝑏 (𝐷𝑘
𝑏)𝛿𝑘

𝑏 + 𝑇 =𝑁
𝑘=1

0                                                                                                                                                           (3.2)   

where 𝑃𝑘
𝑀is the market price of good k; 𝛿𝑘

𝑠 equals 1 if 𝑀𝑘 > 0 and zero otherwise, and 𝛿𝑖
𝑏 

equals 1 if 𝑀𝑘 < 0 and zero otherwise; 𝑡𝑃𝑘
𝑠  and 𝑡𝑃𝑘

𝑏  are exogenous characteristics that affect 

variable transaction costs when selling 𝐷𝑡𝑘
𝑠  and buying 𝐷𝑡𝑘

𝑏 , respectively. The price paid by 

a buyer effectively increases and is greater than 𝑃𝑘
𝑀 by the unobservable amount 𝑡𝑃𝑘

𝑏  with 

variable transaction costs; likewise, the price received by a seller effectively reduces and is 

less than 𝑃𝑘
𝑀 by the unobservable amount 𝑡𝑃𝑘

𝑠 ; 𝑡𝑓𝑘
𝑠  and 𝑡𝑓𝑘

𝑏  are the unobservable fixed 

                                                 

33 Buying and selling transaction costs are assumed to differ for good k. 
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transaction costs when selling and buying good k, respectively, and are a function of the 

observable exogenous factors 𝐷𝑡𝑘
𝑠   and 𝐷𝑡𝑘

𝑏  that can explain the costs. 

A household’s discrete market participation decision is determined by comparing expected 

utilities from alternative market choices denoted by 𝑌𝑘 
𝑃. Given a production cycle, outputs 

(Qi), inputs (𝑋𝑘), and consumption (𝐶𝑘) of good k can be zero but not less than zero. Hence, 

we impose a non-negativity restriction: 

                    𝑄𝑘,𝑋𝑘, 𝐶𝑘 ≥ 0                                                                                              (3.3) 

Households decide whether to participate in the product market based on utility. 

Conditional on participation and given the transaction costs, the Lagrangian function for 

utility maximisation that incorporates resource balance, production technology, and cash 

constraints, is described as: 

   𝐿 = 𝑈(𝐶; 𝐻𝑢) + ∑ 𝜇𝑘(𝑄𝑘 + 𝐴𝑘 − 𝑋𝑘 − 𝑀𝑘 − 𝐶𝑘)  + 𝛾 (𝐺(𝑄, 𝑋, 𝐻𝑞))𝑁
𝑖=1   

+𝜓[∑ [(𝑃𝑘
𝑀 − 𝑡𝑃𝑘

𝑠 )𝛿𝑘
𝑠 + (𝑃𝑘

𝑀 + 𝑡𝑃𝑘
𝑏 )𝛿𝑖

𝑏] 𝑀𝑘 − 𝑡𝑓𝑘
𝑠 𝛿𝑘

𝑠 − 𝑡𝑓𝑘
𝑏 𝛿𝑘

𝑏 + 𝑇𝑁
𝑖=1 ]                  (3.4) 

where 𝜇𝑘 , 𝛾 and 𝜓 are Lagrangian multipliers associated with resource balance, technology 

constraints for on-farm production and cash constraints, respectively. 𝐻𝑢 and 𝐻𝑞 are 

exogenous shifters in the utility and production functions, respectively. Fixed transaction 

costs will result in discontinuities if the Lagrangian function is maximised for marketed 

goods. To find an optimal solution conditional on market participation, we break the 

Lagrangian function into two steps: the optimal solution conditional on the market 

participation regime and selection of the market participation regime that yields the highest 

utility. To obtain the first-order condition, the Lagrangian function is maximised for 

consumption goods 𝐶𝑘, outputs 𝑄𝑘, inputs 𝑋𝑘, and marketed goods 𝑀𝑘, yielding:  

                            𝜕𝑈
𝜕𝐶𝑘

⁄ − 𝜇𝑘 = 0,                                       𝑘  ∈ {𝑘|𝐶𝑘 > 0}                  (3.5) 

                         𝜇𝑘 + 𝛾 𝜕𝐺
𝜕𝑄𝑘

⁄ = 0,                                       𝑘  ∈ {𝑘|𝑄𝑘 > 0}                 (3.6) 

                      −𝜇𝑘 + 𝛾 𝜕𝐺
𝜕𝑋𝑘

⁄ = 0,                                       𝑘  ∈ {𝑘|𝑋𝑘 > 0}                 (3.7) 

    −𝜇𝑘 + 𝜓[(𝑃𝑘
𝑀 − 𝑡𝑃𝑘

𝑠 )𝛿𝑖𝑘
𝑠 + (𝑃𝑘

𝑀 + 𝑡𝑃𝑘
𝑏 )𝛿𝑖𝑘

𝑏 ] = 0,             𝑘  ∈ {𝑘|𝑀𝑘 ≠ 0}               (3.8) 
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Based on Equation (3.8), the market participation decision price is defined as: 

                𝑃𝑖 = {

𝑃𝑘
𝑀 − 𝑡𝑃𝑘

𝑠           𝑖𝑓 𝑀𝑘 > 0,            𝑠𝑒𝑙𝑙𝑒𝑟

𝑃𝑘
𝑀 + 𝑡𝑃𝑘

𝑏          𝑖𝑓 𝑀𝑘 < 0,             𝑏𝑢𝑦𝑒𝑟

 �̂�𝑘 =
𝜇𝑘

𝜓⁄      𝑖𝑓 𝑀𝑘 = 0,        𝑎𝑢𝑡𝑎𝑟𝑘𝑖𝑐

                                            (3.9) 

The transaction cost variable𝑠 𝑡𝑃𝑘
𝑠  and 𝑡𝑃𝑘

𝑏  are included in the decision price when 

household trade on good k. When there is no trade, the decision price becomes an 

unobservable internal shadow price, 𝜇𝑘/𝜓. Given that household market participation is a 

decision based on expected utility from the three choices in Equation (3.9), we assume that 

they choose the one associated with the highest utility presented in the form of indirect 

utility functions: 

                                   𝑉𝑠 = 𝑉(𝑃𝑀 − 𝑡𝑃𝑘
𝑠 , 𝑦0(𝑃𝑀 − 𝑡𝑃

𝑠 ) − 𝑡𝑓
𝑠, 𝐻𝑢)             𝑖𝑓 𝑠𝑒𝑙𝑙𝑒𝑟 

                                   𝑉𝑏 = 𝑉(𝑃𝑀 + 𝑡𝑃𝑘
𝑏 , 𝑦0(𝑃𝑀 + 𝑡𝑃

𝑏) − 𝑡𝑓
𝑏 , 𝐻𝑢)           𝑖𝑓 𝑏𝑢𝑦𝑒𝑟 

                                   𝑉𝑎 = 𝑉(�̂�,  𝑦0(�̂�), 𝐻𝑢)                                               𝑖𝑓 𝑎𝑢𝑡𝑒𝑟𝑘𝑖𝑐    (3.10) 

where 𝑦0 denotes household income at the decision price P of good k before incurring the 

fixed transaction costs. Buyers should buy when prices are below 𝑃𝑀 − 𝑡𝑃𝑘
𝑏 , while sellers 

should sell when prices are above 𝑃𝑀 + 𝑡𝑃𝑘
𝑠  or remain autarkic when 𝑃𝑀 − 𝑡𝑃𝑘

𝑏 <  𝑃𝑀 <

𝑃𝑀 + 𝑡𝑃𝑘
𝑠  for optimal household market participation. Household income and utility 

reduces with a direct increase in fixed transaction costs. To account for such transaction 

costs, the market decision price is presented as: 

                                                    𝑄𝑠 = 𝑄(𝑃𝑚 − 𝑡𝑃
𝑠 , 𝐻𝑞)       𝑓𝑜𝑟    𝑠𝑒𝑙𝑙𝑒𝑟 

𝑄𝑏 = 𝑄(𝑃𝑚 + 𝑡𝑃
𝑏 , 𝐻𝑞)            𝑓𝑜𝑟    𝑏𝑢𝑦𝑒𝑟𝑠 

                                                    𝑄𝑎 = 𝑄(�̂�, 𝐻𝑞)        𝑓𝑜𝑟    𝑎𝑢𝑡𝑎𝑟𝑘𝑖𝑐                            (3.11) 

Since households can sell or buy any volume of good k without additional fixed costs, it is 

assumed that conditional on market participation only, the marginal return to production 

affects supply decisions. With fixed transaction costs, market entry for a seller is delayed 

until the decision price is sufficiently high to compensate for the fixed transaction costs. 

Likewise, the market entry for a buyer is delayed until the market price is sufficiently low. 



CHAPTER 3. TO WHAT EXTENT DOES PRODUCTION INFLUENCE MARKET PARTICIPATION 

PAGE | 88 

3.2.2 EMPIRICAL MODEL 

Ordered Heckman model 

Farm households participate in the market either as buyers or sellers, while others are 

autarkic, measured in our data on a three-point ordered scale. We follow Chiburis and 

Lokshin (2007) and McKelvey and Zavoina (1975) to express the market participation34 

index as a latent linear response, where observed ordinal responses 𝑦𝑗 are generated from 

latent continuous responses. Hence, households i are sorted into J+1 categories 0, 1 and 2 

such that: 

𝑦𝑖𝑡 
∗ = 𝛽′𝒙𝑖𝑡 + 𝑢𝑖𝑡 

                                                𝑦𝑖𝑡 = {

0      𝑖𝑓  − ∞ < 𝑦𝑖𝑡 
∗   ≤  𝑘1 

1      𝑖𝑓    𝑘1  < 𝑦𝑖𝑡 
∗   ≤   𝑘2 

2     𝑖𝑓   𝑘2   < 𝑦𝑖𝑡 
∗   <    ∞  

                                        (3.12) 

where 𝛽 is an unknown vector of parameters; error 𝑢𝑖𝑡 is a standard normal error normally 

distributed with mean 0 and a unit variance; k is a set of unknown cut points 𝑘1 and 𝑘2 that 

satisfy the condition 𝑘1 < 𝑘2. To avoid having to handle boundary cases separately, we 

define 𝑘0 ≡ −∞ and 𝑘𝐽 ≡ ∞. The independent variable 𝒙𝑖𝑡 and categorical variable 𝑦𝑖𝑡 are 

observed, but the latent selection variable 𝑦𝑖𝑡 
∗  is unobserved. 

There is also an observed dependent variable for household output quantity35 𝑞𝑖𝑡, a linear 

function of some observed independent variables 𝑧𝑖𝑡. The coefficients of covariates 𝑧𝑖𝑡 

depend on the category 𝑦𝑖𝑡: 

                                             𝑞𝑖𝑡 = {

𝛼0 
′ 𝒛𝑖𝑡 + 휀𝑖𝑡0    𝑖𝑓         𝑦𝑖𝑡  = 0

 𝛼1 
′ 𝒛𝑖𝑡 + 휀𝑖𝑡1    𝑖𝑓        𝑦𝑖𝑡  = 1 

𝛼2 
′ 𝒛𝑖𝑡 + 휀𝑖𝑡2    𝑖𝑓         𝑦𝑖𝑡  = 2

                                   (3.13) 

                                                 

34Participation represents alternative marketing categories i.e. buyer, autarky and seller.  
35 The quantity of maize equivalent for each household is computed by considering both the quantity of 
maize and the value of bean in maize equivalent. This study follows the approaches of (Liu and Myers, 2009, 

Willy et al., 2019), where the maize quantity equivalent (Qm) is computed as: = 𝑄𝑚 =
∑ 𝑌𝑖𝑏𝑃𝑏

𝑃𝑚
 where 𝑌𝑖𝑏  is the 

output of bean b in kgs in household i; 𝑃𝑏  is the price of beans and 𝑃𝑚 is the price of maize. 
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where for each 𝑗 ∈ {0, 1 𝑎𝑛𝑑 2}, the error term 휀𝑖𝑡 has mean 0 and variance 𝜎𝑗
2, and has a 

bivariate normal distribution together with 𝑢𝑖𝑡 with correlation 𝜌𝑗. We assume that the 

shocks 휀𝑖𝑡𝑗 and 𝑢𝑖𝑡 are independently and identically distributed across observations. 

Therefore, to estimate the parameter vectors 𝛼0, 𝛼1 and 𝛼2 when 𝑞𝑖𝑡 is missing for certain 

categories j, in which case 𝛼𝑗, 𝜌𝑗 and 𝜎𝑗 do not exist. For each household i, only category j 

is observed, and the observations are independent. Consequently, we do not model or 

estimate the correlations36 between 휀𝑖𝑗 and 휀𝑖ℎ for 𝑗 ≠ ℎ because they cannot be identified. 

Estimating any of the equations in Equation (3.13) via OLS generally leads to biased 

results, as the regression suffers from omitted-variable bias if 𝜌𝑗 ≠ 0  and will generally be 

inconsistent (Heckman, 1979). To demonstrate the OLS bias we define:  

𝛾𝑖𝑡 ≡ 𝐸[𝑢𝑖𝑡|𝑦𝑖𝑡, 𝑿𝑖𝑡] =
∫ (𝑦𝑖𝑡 

∗ − 𝛽′𝑿𝑖𝑡)∅(𝑦𝑖𝑡 
∗ − 𝛽′𝑿𝑖𝑡)𝑑𝑦𝑖𝑡 

∗𝑘𝑗+1

𝑘𝑗

Φ(𝑘𝑗+1 − 𝛽′𝑿𝑖𝑡) − Φ(𝑘𝑗 − 𝛽′𝑿𝑖𝑡)
                               

=
− ∫ ∅′(𝑦𝑖𝑡 

∗ − 𝛽′𝑿𝑖𝑡)𝑑𝑦𝑖𝑡 
∗𝑘𝑗+1

𝑘𝑗

Φ(𝑘𝑗+1 − 𝛽′𝑿𝑖𝑡) − Φ(𝑘𝑗 − 𝛽′𝑿𝑖𝑡)
 

                                        =
∅(𝑘𝑗 − 𝛽′𝑿𝑖𝑡) − ∅(𝑘𝑗+1 − 𝛽′𝑿𝑖𝑡)

Φ(𝑘𝑗+1 − 𝛽′𝑿𝑖𝑡) − Φ(𝑘𝑗 − 𝛽′𝑿𝑖𝑡)
                               (3.14) 

where j = 𝑦𝑖𝑡, ∅ is the standard normal density function, and Φ is the standard normal 

cumulative distribution function. Then: 

                   𝐸[𝑞𝑖𝑡|𝑦𝑖𝑡, 𝑿𝑖𝑡𝒛𝑖𝑡] = 𝛼𝑗
′𝒛𝑖𝑡 + 𝐸[휀𝑖𝑗𝑡 |𝑦𝑖𝑡 = 𝑗, 𝑿𝑖𝑡 ]                                   (3.15) 

                                                = 𝛼𝑗
′𝒛𝑖𝑡 + 𝜌𝑗𝜎𝑗𝛾𝑖 

Considering an OLS regression of q on z over the subsample(𝑖: 𝑦𝑖𝑡 = 𝑗), and assuming we 

had added 𝛾 as an extra regressor, then the estimate �̂�𝑗   would be consistent. The regression 

will be generally inconsistent without 𝛾, as it suffers from omitted-variable bias if 𝜌𝑗 ≠ 0. 

Since OLS produce biased estimates, a two-step procedure and full-information maximum 

                                                 

36 In order to predict 𝑞𝑖𝑡 in category h for an individual who actually chose category j, the correlation 
between 휀𝑖𝑗  and 휀𝑖ℎ matters. To implement such predictions, we assume that 휀𝑖𝑗  and 휀𝑖ℎ are conditionally 

independent given 𝑢𝑖𝑡 and predict yif(j) in our post-estimation exercise. 
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likelihood (FIML) procedure would consistently estimate the model. We therefore 

implement FIML, as it is usually more efficient than the two-step estimator (Puhani, 

2000a). 

Full-information maximum likelihood estimation 

To estimate FIML, following Chiburis and Lokshin (2007), we find the parameter values 

that maximise the likelihood of the function. The parameters to be estimated are: 

𝛽; 𝛼0, 𝛼1, … , 𝛼𝐽−1;       𝑘0, 𝑘1 𝑎𝑛𝑑 𝑘2;   𝜌0, 𝜌1, … , 𝜌𝐽−1;     𝜎0, 𝜎1, … , 𝜎𝐽−1;            

where 𝛽 is the coefficient in the selection equation,  𝛼 is the corresponding coefficient in 

the outcome equation and k is a set of unknown cut points 𝑘1 and 𝑘2 that satisfy the 

condition 𝑘1 < 𝑘2. 𝜌 is the correlation between the errors in the two equations and 𝜎 is the 

error from the outcome. 

But 𝛼𝑗 , 𝜌𝑗, and 𝜎𝑗 do not exist for categories j where q is missing. 

Given the parameters, the likelihood of observation i in category j when  𝑞𝑖𝑡 is observed is: 

𝐿𝑖𝑗𝑡
𝑞  ≡ 𝐿[𝑞𝑖𝑡, 𝑗 |𝒁𝑖𝑡, 𝛼𝑗  , 𝜌𝑗 , 𝛽, 𝑿𝑖𝑡, 𝑘𝑗 , 𝑘𝑗+1  ] 

                                         =  𝐿[𝑞𝑖𝑡|𝒁𝑖𝑡, 𝛼𝑗  , 𝜌𝑗] Pr[𝑗 |𝑦𝑖𝑡, 𝒁𝑖𝑡, 𝛼𝑗  , 𝜌𝑗 , 𝛽, 𝑿𝑖𝑡, 𝑘𝑗 , 𝑘𝑗+1  ]  

                                         =
1

𝜎𝑗
∅(𝑔𝑖𝑡) [Φ (

𝛽′𝑿𝑖𝑡+𝜌𝑗𝑔𝑖𝑡−𝑘𝑗

√1−𝜌𝑗
2

) − Φ (
𝛽′𝑿𝑖𝑡+𝜌𝑗𝑔𝑖𝑡−𝑘𝑗+1

√1−𝜌𝑗
2

)]     (3.16) 

where 𝑔𝑖𝑡 ≡
(𝑞𝑖𝑡−𝛼𝑗

′𝒁𝑖𝑡)

𝜎𝑗
,  ∅ is the standard normal density function, and Φ is the standard 

normal cumulative distribution function. If 휀 and 𝑢 are bivariate normal with correlation 𝜌, 

then the conditional distribution of 𝑢 given 휀 is normal with mean 𝜌휀 and variance 1–𝜌2. 

If j is a category for which q is unspecified, then the log-likelihood is: 

                   𝐿𝑖𝑗𝑡 ≡ Φ(𝛽′𝑋𝑖𝑡 − 𝑘𝑗) −  Φ(𝛽′𝑋𝑖𝑡 − 𝑘𝑗+1)                       (3.17) 

The log-likelihood for observation i is the logarithm of Equation (3.16) or (3.17) and, 

because observations are independent, we can add the log-likelihood across observations to 

obtain the log-likelihood for the entire sample: 
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                    ℒ ≡ ∑ {
log 𝐿𝑖𝑦𝑖

𝑞 ,     𝑖𝑓    𝑞𝑖𝑡 𝑖𝑠 𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 

log 𝐿𝑦𝑖

𝑞 ,     𝑖𝑓    𝑞𝑖𝑡 𝑖𝑠 𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑
𝑛
𝑖=1                    (3.18) 

Identification problems 

If all variables in X are also in Z, then the identification of 𝛼𝑗 is weak; this is problematic 

for Heckman’s original estimator of the probit selection model (Puhani, 2000a). Likewise, 

under the lack of an exclusion restriction, this identification problem affects FIML 

estimation procedures (Chiburis and Lokshin, 2007), particularly in the ordered-probit 

selection model for selection categories 1 ≤ j ≤ J − 1 in the interior of the range of 𝑦, for 

which both the lower and upper cut-offs �̂�𝑗 and �̂�𝑗+1 are finite. This implies that when X is 

a subset of Z, 𝛼𝑗 is barely identified at all for interior categories j. Thus, for the ordered-

probit selection model, X must contain a variable that is not in Z. That is, the researcher 

must have at least one instrument variable for the selection equation y that does not affect 

outcome q except through its effect on 𝑦. Such a variable ℎ must be a significant 

determinant of 𝑦 yet satisfy the exclusion restriction Cov(ℎ, 휀𝑗) = 0 for all j.  

3.3 DATA AND DESCRIPTIVE STATISTICS 

3.3.1 DATA 

This study uses data from the Adoption Pathways Project37 (APP) in partnership with the 

International Maize and Wheat Improvement Centre (CIMMYT), collected from 

smallholder maize–legume producers in Kenya. The three waves were conducted between 

November and December in 2011, 2013 and 2015. The study was conducted in the western 

and eastern regions that were purposively selected based on agroecological zones (high 

altitude-eastern and lower altitude-western) and their maize–legume production potential. 

The sampling strategy involved two stages: (1) the two regions were allocated an equal 

number of households, and sample households were distributed proportionate to the total 

number of farming households in the district. Five districts in the two regions were 

                                                 

37 APP project investigates how smallholder production, consumption and marketing decisions are 
influenced by socioeconomic factors (including gender dynamics, labour availability and credit availability), 
changes in farming systems (crop and livestock patterns and practices), and external factors (such as climate 
variability, markets and policies). 
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selected—Tharaka-Nithi, Siaya, Embu, Meru and Bungoma; (2) in the lower sample levels 

a multistage technique was used to choose farm households. Proportionate random 

sampling was then used to select households in the different sampling clusters. A sample of 

613, 535 and 495 farmers from the same households were used in Waves 1, 2 and 3, 

respectively. Data were collected using structured and pre-tested questionnaires on a range 

of variables, including demographic factors, household resource endowment, production 

inputs, access to input and output markets, input–output prices, access to social capital and 

information, and sustainable agricultural intensification practices that farmers adopt. Since 

farmers can change their maize and legume plots or resize them over time, we aggregated 

plot-level data to farm (household). We conduct our analysis using an unbalanced panel of 

585 households that grew maize, beans or both with 2366 observations, given that a 

household participates in the market each year as a seller, buyer or remains autarkic.  

3.3.2 DESCRIPTIVE STATISTICS 

Descriptive statistics of variables used in the regression analysis are shown in Tables 3.1 

and 3.2. The dependent variable in the first stage is defined as an ordered outcome for farm 

households38, 39 as: 0=buyer, 1=autarkic and 2=seller. The dependent variable in the second 

stage is output quantity produced by each household.  

Table 3.1 summarises the dependent variable output quantity (production measure) in the 

outcome equation by market participation, region, and season. From our data set, 25% of 

the households are buyers, 29% are autarkic, and 46% are sellers. The average output is 

448, 638 and 1440 kg for buyers, autarkic and sellers, respectively. Selling and autarkic 

households in the eastern region produce relatively more output than those in the western 

region, while buyers in the western region produce relatively more than those in the eastern 

region. Overall, there seems to be no output difference between long and short seasons for 

buyers and sellers. 

                                                 

38 A household can only place itself into one of three possible states (net buyer, autarkic and net seller). 
Hence, for ‘sell low–buy high’, who were less than 2% of our data set, we computed purchase/sales (sales 
minus purchases) under the assumption of net behavior. 
39 Though household behaviour toward market participation can change over time, crossing the threshold 
from non-participation to either buying or selling, or becoming a net seller after being a net buyer the 
previous year, the present analysis does not capture such dynamics.  
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TABLE 3.1. ACTUAL OUTPUT LEVEL (OVERALL, PER REGION AND PER SEASON) BY MARKET PARTICIPATION 

Output Buyers (25%) Autarkic (29%) Sellers (46%) 

Overall 447.552 638.440 1440.456 

Region: Eastern 420.747 649.130 1485.249 

Region: Western 457.288 631.749 1354.801 

Season: Short 416.778 758.617 1444.861 

Season: Long 475.269 540.756 1437.168 

Source: Author’s calculation based on survey data and estimated results 

 

Table 3.2 shows descriptive statistics of the variables summarised by household market 

participation. Most household heads are males with an average age of 52 years, with most 

having completed primary education, especially for sellers. The main occupation for most 

household heads is farming. The average household size is seven for buyers and six for 

sellers. Farm households who buy grain own relatively large parcels of productive 

agricultural land40 that average 0.7 ha, while those who sell grain have relatively larger 

parcels (1.2 ha), close to the national average.  

Heterogeneity exists for quantity of farm input use for different households in relation to 

market participation. Seed rate per hectare is 10 and 19 kg for buyers and sellers, 

respectively. Nitrogen application is low among farm households buying grain, almost half 

that of households who sell maize. Likewise, sellers incur more labour costs, almost double 

that of buyers. Concerning resource endowment, livestock unit41 (TLU) holdings do not 

vary and are on average 2.1. Total household off-farm income for households who buy 

grain is on average 94,682 KES42 while that for selling households is 114,542 KES. 

                                                 

40 Landholding is the total amount of productive agricultural land that a household has (excluding 
homestead and commercial land with buildings) 
41 Tropical livestock units (TLUs) conversion factors are as follows: cattle = 0.70, sheep and goats = 0.10, pigs 
= 0.20 and chicken = 0.01 (Jahnke et al., 1988) 
42 Exchange rate at time of survey; 1 KES = 89 USD in 2011, 1 KES = 91 USD in 2013 and 1 KES = 102 USD in 
2015. 
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Generally, accessibility to extension personnel is low and does not vary among households. 

About 47% of buyers access credit services. Selling households in the study area have on 

average nine persons whom they can depend on in times of need, compared with about six 

persons for buyers and autarkic households. Buying and autarkic households in the study 

area are on average about 5 km from the nearest market centre, compared with about 7 km 

for sellers. Overall, the number of households who participate in markets as buyers 

declined from 40% (152) to 0.16% (51) between 2011 and 2015. 
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TABLE 3.2. DEFINITIONS AND SUMMARY STATISTICS OF VARIABLES USED IN THE ANALYSIS BASED ON MARKET PARTICIPATION 

Variable  Buyer Autarkic Sellers 

Dependent variables Mean Mean Mean 

Selection equation = Market participant, buyer=0, autarkic=1, seller=2 0 1 2 

Outcome equation = Quantity of stock in maize equivalent (kg) 447.55 638.44 1440.46 

Household head characteristics    

Gender Gender of household head, 0=Female 1=Male 0.74 0.79 0.83 

Age Age of household head (years) 53.09 53.49 51.19 

Education Education level of household head (years) 7.30 7.51 8.14 

Occupation Main occupation of household head, 0=Off-farm, 

1=On-farm 

0.76 0.75 0.77 

Household characteristics    

Household size Household size (number of persons) 7.33 6.50 6.04 

Productive 

landholding 

Size of productive land (ha) 0.71 0.85 1.17 

Farm inputs    

Seed quantity Quantity of seed used (kg) 10.12 14.30 18.87 

Nitrogen Quantity of nitrogen used (kg) 10.52 14.96 20.34 

Labour cost Cost of labour (KES) 5516.92 7854.41 11100.94 

Resource endowments    
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Livestock unit Tropical livestock units43 2.06 2.08 2.26 

Income Value of household income (KES) 94681.72 101992.90 114542.40 

Institutional characteristics    

Extension contact Number of contacts to agricultural extension personnel 1.43 1.41 1.05 

Credit access Received credit (0=No, 1=Yes) 0.47 0.34 0.40 

Input supply group If member of input supply group (0=No, 1=Yes) 0.07 0.07 0.09 

Relatives Number of friends household depends on when in 

need  

5.66 5.62 9.11 

Transaction cost     

Distance to market Distance to nearest village market (km) 5.28 5.48 6.61 

Location and time variables    

Region Region, 0=Eastern, 1=Western  0.73 0.62 0.34 

Season Season, 0=Short rain, 1=Long rain 0.52 0.55 0.57 

Year 1 Year of Production 2011 (reference) 0.40 0.41 0.35 

Year 2 Year of Production 2013 0.44 0.22 0.33 

Year 3 Year of Production 2015 0.16 0.38 0.32 

Total observations 2366 593 678 1095 

Source: Author’s calculation based on survey data and estimated results 

                                                 

43 Tropical livestock units (TLUs) conversion factors are as follows: cattle = 0.70, sheep and goats = 0.10, pigs = 0.20 and chicken = 0.01 
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3.4 RESULTS AND DISCUSSION   

3.4.1 SENSITIVITY ANALYSIS AND ROBUSTNESS CHECK 

Before proceeding to the ordered Heckman selection model results, we discuss three 

procedures used in the selection and specification of the models.  

Checking goodness of fit of the ordered Heckman selection model 

Heckman (1979) indicates that OLS generally leads to biased results as the regression 

suffers from omitted-variable bias, which holds if the omitted variable is a determinant 

of the dependent variable and correlated with an independent variable specified in the 

regression. Thus, the Wald test at the end of the output in Table 3.3 (bottom row) is a 

biasedness test for the null hypothesis: ρ1 = ρ2 = ρ3 = 0. Although we could not have 

known it a priori if this hypothesis is true, then the OLS provides unbiased estimator is 

unbiased, and there is no need to use a selection-bias correction model. The results 

show that OLS would lead to biased results. We strongly reject the null hypothesis that 

OLS is unbiased estimator given that the probability of the calculated chi2 statistic 

under the null is less than 1% (0.0099). Thus, we are confident that the ordered 

Heckman selection model is the more appropriate estimation method44. 

Test for validity of IV 

A critical step in the analysis is finding instruments for market participation decision. In 

our case, we select an instrument variable relative (number of persons the household 

can depend on in times of need) that is relevant and valid, uncorrelated with the error 

term and satisfies the exclusion restriction. We establish the suitability of the instrument 

relatives by performing a simple falsification test. A valid IV will influence market 

participation status but not affect the quantity of maize equivalent produced. Table 3.A1 

shows that relatives is a valid selection instrument. The IV relatives is a statistically 

significant determinant of the market participation decision (Model 1, χ2 = 553.49; p = 

0.047) but not the quantity produced by farm households (Model 2, F–stat. = 30.93, p = 

0.150). Thus, the instruments can be accepted as valid in our model specifications. 

                                                 

44 The significance of all values of rho indicates the presence of selection bias due to unobservable 
factors. Since rhobuyers and rhoautarkic have positive signs while rhosellers has a negative sign (+/–), then 
households’ choice of market participation is based on their comparative advantage.  
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Robustness check 

To check the robustness of our results, we estimate the ordered Heckman using an 

alternative two-step estimation method (see Table 3.A2). The results for the selection 

equation are almost identical for both FIML and the two-step method. For the outcome 

equation, as Puhani (2000b) noted, FIML is usually more efficient than the two-step 

estimator in most survey studies; however, we note some slight changes in the 

estimation coefficients, signs and significance levels. 

3.4.2. ORDERED HECKMAN SELECTION MODEL RESULTS 

Table 3.3 reports the estimates of the ordered Heckman selection model estimated by 

FIML 45. The second column shows the coefficients of the predicted values of market 

participation decision, drawn from a first-stage regression. The third, fourth and fifth 

columns show the coefficients of the predicted values of the outcome equation for 

production intensity. Different factors determine the household decision to participate in 

maize markets as buyers, sellers or remain autarkic and their production intensity. 

Determinants of market participation 

For household head characteristics, age has a significant negative effect on the market 

participation decision. Older household heads are less likely to participate in the market 

as sellers. Increased education level of household heads significantly increases their 

likelihood to participate as sellers. Acquired human capital, due to formal schooling, 

increases the likelihood of selling, which might reflect the fact that literate households 

are more likely to have better skills, access to production and marketing information 

and ability to process information, and thus more likely to participate in markets as 

sellers. For household characteristics, large household size significantly decreases the 

probability of smallholders participating as maize sellers, possibly due to the higher 

household consumption level reducing their surplus. This corroborates findings by 

Gebremedhin and Tegegne (2012) that household size increases domestic consumption 

needs and may render households more risk averse, thus lowering household market 

participation. 

                                                 

45 We use the “oheckman” command of STATA to estimate the ordered Heckman selection model by 
FIML (Chiburis and Lokshin, 2007) 
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Application of more nitrogen and use of more labour positively and significantly 

increase the probability of households participating in the market as sellers. A study by 

Boughton et al. (2007) found that labour availability has a significant positive effect on 

household market participation. 

Off-farm income increases the likelihood of selling, probably because it provides an 

alternative source of income for purchasing inputs, which are significant determinants 

of agricultural production and market participation (Boughton et al., 2007). The effect 

of livestock ownership on market participation is as expected. Owning more livestock 

units is positively associated with market participation, possibly due to the use of 

animal traction for land preparation and manure use, which increases outputs by 

improving nutrient supply and organic matter and reduces production costs as it 

substitutes fertiliser use (Arslan et al., 2017). 

Physical distance to market positively and significantly influences household market 

participation as a seller. As long as smallholders have output to sell, their participation 

is less dependent on distance; perhaps other factors such as convenience and quantity 

matter more (Sitko and Jayne, 2014b). In Kenya, traders—particularly grain 

assemblers—often travel to the farm gate to purchase grain; hence, farmers can still 

participate as sellers even in remote villages (Sitko and Jayne, 2014a).  

TABLE 3.3. PARAMETER ESTIMATES OF THE ORDERED HECKMAN MODEL: COEFFICIENTS ESTIMATION VIA FIML 

Dependent variable Selection Outcome equation (Output kg) 

 Market 

participation 

0=Buyers 

(Output kg) 

1=Autarkic 

(Output kg) 

2=Sellers 

(Output kg) 

VARIABLES FIML FIML FIML FIML 

Gender 0.092 2.710 74.601 101.581 

 (0.065) (36.204) (73.939) (75.770) 

Age –0.007*** 1.048 –5.398 0.830 

 (0.002) (1.236) (3.963) (2.438) 

Education 0.016** 18.980*** 20.536 18.386 

 (0.007) (5.117) (13.243) (11.212) 

Main occupation 0.081 –20.847 163.559** 111.180 

 (0.063) (44.125) (79.624) (85.157) 

Household size –0.050*** 17.247*** 5.477 44.554*** 

 (0.010) (6.420) (13.875) (16.981) 
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Productive land holding 0.109 92.565*** 174.359** 293.408** 

 (0.071) (32.282) (83.685) (125.871) 

Seed quantity 0.000 0.244 –2.153** –1.134 

 (0.001) (0.265) (0.865) (1.006) 

Nitrogen 0.002* 2.328** 1.832 4.718*** 

 (0.001) (1.098) (1.491) (0.693) 

Labour cost 0.000*** 0.009** 0.026 0.014** 

 (0.000) (0.004) (0.020) (0.006) 

Livestock units (TLU) 0.038*** 22.282*** 46.507*** 63.341*** 

 (0.012) (8.324) (16.829) (18.946) 

Income 0.000** –0.000 0.000 0.000 

 (0.000) (0.000) (0.000) (0.000) 

Extension contact –0.001 8.822** 4.472 –1.773 

 (0.004) (4.312) (9.209) (11.597) 

Received credit –0.020 84.087** –64.972 –32.192 

 (0.056) (35.681) (75.926) (73.643) 

Member to Input supply 0.052 12.464 95.757 65.616 

 (0.098) (103.598) (160.717) (122.375) 

Distance to market 0.010* –7.379** 2.415 5.787 

 (0.005) (3.426) (7.007) (4.293) 

Region –0.613*** –32.592 8.249 –57.479 

 (0.058) (45.234) (164.783) (98.390) 

Season 0.107** 44.367 –192.359** –116.620 

 (0.050) (30.246) (89.707) (73.352) 

Year 2 –0.015 –204.764*** –314.941*** –206.305** 

 (0.068) (43.690) (62.048) (95.672) 

Year 3 0.201*** –103.626** 55.364 –189.699** 

 (0.064) (43.135) (87.578) (89.207) 

Nonrloutvlge (IV) 0.005**    

 (0.002)    

Constant  71.793 257.274 480.623** 

  (92.407) (274.156) (239.900) 

/cutoff1 –0.801***    

 (0.165)    
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/cutoff12 –0.107***    

 (0.034)    

/athrho0  0.063***   

  (0.029)   

/athrho1   0.004  

   (0.155)  

/athrho2    –0.293*** 

    (0.111) 

/lnsigma0  5.958***   

  (0.069)   

/lnsigma1   7.083***  

   0.336  

/lnsigma2    7.027*** 

    (0.056) 

sigma0 386.650*** (26.772)   

sigma1 1191.871*** (400.675)   

sigma2 1126.093*** (63.06849)   

Wald chi2(20) = 502.20***            Log pseudo-likelihood = –21592.739 

Wald test of indep. eqns. (rho = 0): chi2(3) = 11.36   Prob > chi2 = 0.0099 

Observations 2366    

Notes: The variable nonrloutvlge (number of persons household can depend on in times of need) is used 
as an instrument variable hence only included in the selection equation; Robust standard errors in 
parentheses; *** p<0.01, ** p<0.05, * p<0.1; Year 1 (2011) excluded for use as a control dummy;.rho is 
the correlation between errors in the two equations and sigma is the error from the outcome equation; 
Source: Author’s calculation based on survey data and estimated results 

 

Farmers in the western region are less likely to participate in the market as sellers 

compared to those in the eastern region, which is likely due to the two regions differing 

in economic and ecological conditions. The western region has a less favourable 

agroecological condition for agricultural production. The overall time effect 

significantly reduces the probability of farmers being buyers in 2015 compared with 

2011, which could be due to smallholder yield improvements over time as deduced 

from the data used in the analysis. Thus, most households are moving away from being 

buyers to either autarkic or sellers. 
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Determinants of production intensity 

The socio-demographic characteristics show that higher education level significantly 

increases production among buying households. Formal schooling increases the 

likelihood of households having better management skills in terms of agronomic 

practices; thus, formal schooling is positively associated with increased production. 

Occupation of household head also significantly affects production. When autarkic 

household heads are engaged in on-farm activities as their main occupation, they have 

higher expected production. Larger household size seems to be a source of farm labour, 

significantly increasing production among buyers and sellers. Household size could 

affect both production and market participation through the availability of labour and 

demand for household production (Gebremedhin and Tegegne, 2012). 

The productive agricultural land area owned by smallholders has a significant positive 

effect on production. Ownership of agricultural land enhance efficiency and 

productivity, particularly where agricultural factor markets are imperfect (Sadoulet and 

De Janvry, 1995). In Kenya, where markets are imperfect, households with larger farm 

holdings are likely to produce more output and thus participate more in markets than 

households with smaller farm holdings. 

Increased nitrogen application and labour costs positively affect output for buying and 

selling households, but their effect on autarkic household production is ambiguous. 

Perhaps autarkic households aim to satisfy their optimal consumption only. A study by 

De Janvry et al. (1991) postulated that the market participation decision is household-

specific rather than commodity-specific. Smallholder farmers particularly maize 

producers would participate more in the output market after satisfying their immediate 

consumption needs. 

The effect of ownership of livestock and market participation is as expected. 

Households owning more livestock units can significantly increase crop output. 

Households use livestock for land traction and as a source of organic manure, thus 

increasing output by improving soil nutrient supply. Similarly, cash income from 

livestock can be used to acquire crop production resources. Our results are supported by 

Rios et al. (2009), who reported that livestock ownership is correlated with production 

level because the animals are used for land traction, transport and manure. While the 

general effect of more exogenous income on market participation may be substantial, 

our results do not show a significant effect on output. This might be due to time 
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constraints for farm production and management competing with off-farm employment. 

Other studies have documented similar findings; in some cases, households with higher 

off-farm income shares have lower agricultural production (Rios et al. (2009) Shively 

and Fisher (2004). 

Access to credit and agricultural extension services in the study area appears to increase 

production among buying households but have no significant effect on market 

participation in general. Households could be using credit that they acquire for other 

household needs such as paying school fees. Likewise, membership to input supply 

groups does not significantly determine production or market participation decisions. 

Agricultural extension services aid in promoting the adoption of improved technologies 

and farm management skills. Access to agricultural extension services also aid market 

entry through farmer–buyer linkages, supply of market information and facilitation of 

collective marketing. Lerman (2004) showed that agricultural services (extension, 

credit) induce smallholder market participation by linking farmers with modern 

technology and markets, enhancing farmer skills and knowledge and easing liquidity 

and input supply constraints.  

Our results indicate that maize buying households living further from market are likely 

to produce low output levels. In contrast, distance to market does not significantly affect 

the production levels of autarkic and selling households. The data set used in this study 

shows that autarkic and selling households are better endowed than buying households 

and have higher productivity. Rios et al. (2008) found that regardless of market access 

factors, farmers with higher productivity tend to participate in agricultural markets.  

Likewise, studies on the relationship between infrastructure and market participation 

decisions support our findings. Goetz (1992), Key et al. (2000) and Renkow et al. 

(2004) reported correlations between infrastructure and market participation, but as we 

found, the correlation differs among sellers and buyers. 

3.4.3. Counterfactual analysis of production based on market participation decision 

In this section, we first estimate the probability that the categorical variable market 

participation 𝑦𝑖𝑡 takes on a given choice (buyer, seller or autarkic), using the 

independent variable (𝑿𝑖𝑡) in the selection equation. Table 3.446 shows the probability 

                                                 

46 We use the command psel (j) in STATA version 16 to estimate the probability that the categorical 
variable (𝑦𝑖𝑡) takes on the value j, using the independent variable (𝑿𝑖𝑡) in the selection equation. 
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that households are likely to participate in the market as buyers, autarkic or sellers is 

25%, 29% and 46%, respectively.  

TABLE 3.4. PROBABILITY ESTIMATES THAT THE CATEGORICAL VARIABLE YI TAKES ON VALUE J, GIVEN THE VALUE 

OF INDEPENDENT VARIABLE XI IN THE SELECTION EQUATION. 

Market participation  Observation Mean probability Std. Dev. Min Max 

Buyers  2366 0.251 0.163 0.000 0.737 

Autarkic 2366 0.288 0.068 0.001 0.347 

Sellers 2366 0.461 0.211 0.063 0.999 

Source: Author’s calculation based on survey data and estimated results 

 

Table 3.5 predicts the average production level for a given market participation category 

(e.g., autarkic), if all households belong to a specific category 47 considering the actual 

category chosen. The actual production level for buyers is 447.55 kg/ha. If all 

households were buyers, their average production would increase to 543.02 kg/ha, 

considering that some households were autarkic while others were sellers. Similarly, if 

all households were self-sufficient, their average production level would be 657.14 

kg/ha, higher than the autarkic households (638.44 kg/ha). Likewise, if all households 

were sellers, their average production would increase to 1556.93 kg/ha, higher than the 

selling households (1440.46 kg/ha). These results imply that households who participate 

in market as sellers have higher production levels than autarkic households, which have 

higher production levels than buying households. 

Further, we predict the production level under different categories of market 

participation. Then we estimate how much each household gained or lost by being in a 

particular marketing regime rather than the alternatives. Table 3.6 shows that 

households who sell grain gain 665.92 kg/ha in production than their counterparts who 

do not participate in the market. Grain-selling households even gain more (831.68 kg/ 

ha) than buying households. Autarkic households lose on average 926.51 kg/ha more 

than households who participate in the market as sellers but gain 117.56 kg/ha more 

                                                 

47 We use the command yif (j) in STATA version 16 to estimate the counterfactual output quantity (𝒒𝑖𝑡) 
for the given equation j, if all observations were switched to category j, taking into account the actual 
category chosen. That is, �̂�𝑗 = �̂�𝑗

′𝑧𝑖𝑡 +  �̂�𝑗 �̂�𝑗  𝛾𝑖 where, 𝛾𝑖  is calculated using the actual 𝑦𝑖𝑡 chosen. We 

note that this calculation differs from the ycond post estimation statistic for Heckman, which computes 
𝛾𝑖  as if (𝒚𝑖𝑡) = j for all observations. 
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than buyers. The results imply an existing causality between production and the 

household market participation decision, highlighting sellers are ‘better producers’ than 

the autarkic and autarkic are ‘better producers’ than buyers due to underlying household 

heterogeneity. 

TABLE 3.5. ESTIMATES OF COUNTERFACTUAL Y FOR THE GIVEN EQUATION J, IF ALL OBSERVATIONS WERE 

SWITCHED TO CATEGORY J, TAKING INTO ACCOUNT ACTUAL CATEGORY CHOSEN 

Market 

participation 

Actual Y 

(kg/ha) 

Counterfactual y Std. Dev. Min Max 

Buyers  447.552 543.0203 252.5345 –418.0053 3697.298 

Autarkic 638.44 657.1373 435.9011 –947.6127 3003.035 

Sellers 1440.456 1556.933 599.2683 178.4005 8733.762 

Source: Author’s calculation based on survey data and estimated results 

 

TABLE 3.6. EXPECTED GAINS OR LOSSES BY PARTICIPATING IN THE MARKET AS BUYERS, AUTARKIC OR SELLERS 

RATHER THAN THE ALTERNATIVES 

Variable Observation Mean Std. Dev. Min Max 

Seller gain vs autarkic 1095 665.917 318.2589 –139.6861 4768.175 

Sellers gain vs buyer 1095 831.684 391.2326 –321.4596 4597.023 

Autarkic gain vs seller 678 –926.514 379.5836 –5748.151 –203.768 

Autarkic gain vs buyer 678 117.562 290.6379 –791.1705 1103.397 

Source: Author’s calculation based on survey data and estimated results 

 

3.5 CONCLUSION AND POLICY IMPLICATION  

Increased production can motivate market participation, and increased market 

participation can drive production, yet previous studies have separately analysed the 

impact of crop production or market participation on smallholder welfare. This study 

filled the gap by analysing the association between production and market participation. 

Using a panel data set, we estimated an ordered Heckman model using a full-

information maximum likelihood estimation. Overall, households with the largest 

production were sellers, and those with the lowest production were buyers. 

Formal education level, nitrogen quantity, wealth, and distance to market had a positive 

effect on market participation as sellers, while age and household size had a negative 

effect. For production in different market categories, farm size, and total livestock units 
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had a positive marginal effect on cereal production across all three categories. 

Education level of household head and access to credit and extension services had a 

positive effect, while distance to market had a negative effect on quantity produced for 

buyers but not for autarkic producers and sellers. On-farm occupation had a positive 

effect and the amount of seed used had a negative effect on quantity produced among 

autarkic households. Increased nitrogen use and labour costs increased production 

among buyers and sellers but not autarkic households. Market participation also differed 

by year and region. All three marketing regimes would benefit from increased 

production, more so for grain-buying households followed by autarkic households and 

lastly sellers. The estimated counterfactual analysis showed that sellers are ‘better 

producers’ than autarkic households, who are ‘better producers’ than buyers.  

Policy interventions should promote conducive working environments to enable farmers 

increase their wealth and thus increase production across households. Since increasing 

land size for smallholder production is not feasible, particularly in SSA, policies should 

focus on increasing productivity. We find that quantity of nitrogen and labour use have 

a higher marginal effect on production for buyers who are deficit producers and sellers 

who are motivated to sell more. Hence, policy interventions should focus on increasing 

availability and accessibility to fertilisers. Policies should also promote easy access to 

extension services and credit acquisition, particularly for buyers.  
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APPENDIX 3.0 

TABLE 3.A1. PARAMETER ESTIMATES – TESTING THE VALIDITY OF THE SELECTION INSTRUMENT 

VARIABLES Model 1 (ordered probit) 

Choice of market 

participation 

Model 2 (OLS) 

Output quantity (in maize 

equivalent) 

Gender 0.095 67.201 

 (0.067) (60.368) 

Age –0.007*** –3.329* 

 (0.002) (1.725) 

Education 0.016** 23.589*** 

 (0.007) (6.543) 

Occupation 0.083 134.098** 

  (0.062) (56.617) 

Household size –0.050*** 6.879 

 (0.010) (9.142) 

Farm size 0.092*** 247.471*** 

 (0.031) (25.342) 

Seed quantity 0.000 –1.057** 

 (0.001) (0.475) 

Nitrogen 0.002*** 3.978*** 

 (0.001) (0.530) 

Household total labour cost 0.000*** 0.027*** 

 (0.000) (0.003) 

Livestock unit 0.040*** 56.462*** 

 (0.011) (10.010) 

Income 0.000** 0.000 

 (0.000) (0.000) 

Contacts extension –0.001 3.990 

 (0.005) (4.716) 

Received credit –0.026 –18.073 

 (0.054) (48.868) 

Member of Inputs supply group 0.055 91.807 

 (0.095) (84.383) 

Distance to market 0.010* 6.513 
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 (0.005) (4.168) 

Region –0.617*** –227.904*** 

 (0.057) (51.514) 

Season 0.105** –67.657 

 (0.049) (44.537) 

Year2 –0.015 –196.469*** 

 (0.064) (57.711) 

Year3 0.198*** –42.589 

 (0.067) (60.187) 

Nonrloutvlge (IV) 0.005** 1.722 

 (0.002) (1.195) 

Constant  261.536* 

  (141.428) 

/cutoff1 –0.812***  

 (0.159)  

/cutoff2 0.085  

 (0.158)  

Observations  2366 

R–squared  0.209 

Note: Model 1: ordered probit model (Pseudo-R2 = 0.553.49); Model 2: ordinary least squares (R2 = 
0.2087); Standard errors in parentheses; Significance levels: *** p<0.01, ** p<0.05, * p<0.1; Source: 
Author’s calculation based on survey data and estimated results 
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TABLE 3.A2. PARAMETER ESTIMATES OF THE ORDERED HECKMAN MODEL: COEFFICIENTS ESTIMATION USING 

TWO-STEP METHOD 

 (1) (3) (4) (5) 

VARIABLES Participation  Buyers Autarkic Sellers 

Gender 0.095 56.279 73.893 72.361 

 (0.067) (71.858) (146.011) (105.276) 

Age –0.007*** –3.524 –5.333 3.407 

 (0.002) (3.408) (8.022) (3.630) 

Education 0.016** 29.589*** 20.378 12.318 

 (0.007) (9.557) (21.780) (12.086) 

Occupation 0.083 35.980 162.850 73.402 

 (0.062) (69.002) (139.604) (100.745) 

Householdsize –0.050*** –15.908 5.940 60.584*** 

 (0.010) (23.000) (53.963) (21.836) 

Landholding 0.092*** 158.307*** 173.376 265.780*** 

 (0.031) (52.268) (112.178) (45.618) 

Seedquantity 0.000 0.340 –2.155* –1.155* 

 (0.001) (0.555) (1.188) (0.690) 

Nitrogen 0.002*** 3.818*** 1.812 4.077*** 

 (0.001) (1.278) (2.357) (1.021) 

HHtotlaborcost 0.000*** 0.033** 0.025 0.006 

 (0.000) (0.015) (0.034) (0.009) 

Livestockunit 0.040*** 49.539** 46.121 49.613** 

 (0.011) (19.670) (49.099) (20.652) 

Income 0.000** 0.000 0.000 0.000 

 (0.000) (0.000) (0.000) (0.000) 

contactsextn –0.001 7.650 4.488 –1.142 

 (0.005) (4.739) (8.015) (10.631) 

Rcvcredit –0.026 67.887 –64.793 –24.067 

 (0.054) (51.656) (108.006) (80.320) 

memberInputsupply 0.055 52.859 95.143 44.117 

 (0.095) (93.138) (201.293) (132.987) 

dstmnmkt 0.010* 0.975 2.327 2.815 

 (0.005) (7.489) (15.747) (6.405) 

Region –0.617*** –476.547* 14.224 166.509 
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 (0.057) (273.662) (664.840) (224.315) 

season 0.105** 110.314* –193.374 –150.261* 

 (0.049) (62.896) (144.173) (78.941) 

Year2 –0.015 –204.571*** –314.939** –206.140** 

 (0.064) (58.118) (133.280) (97.071) 

Year3 0.198*** 28.978 53.516 –249.492** 

 (0.067) (106.671) (233.952) (112.991) 

nonrloutvlge 0.005**    

 (0.002)    

cutoff1 –0.812***    

 (0.159)    

cutoff2 0.085    

 (0.158)    

lambda  978.072* –5.046 –885.600* 

  (575.212) (1,098.855) (515.745) 

Constant  1,400.410* 253.557 935.002** 

  (817.854) (515.187) (473.993) 

Observations 2366 2366 2366 2366 

Notes: The variable nonrloutvlge (number of persons household can depend on in times of need) is used 
as an instrument variable hence included only in the selection equation; Robust standard errors in 
parentheses; *** p<0.01, ** p<0.05, * p<0.1; Year 1 (2011) is excluded for use as a control dummy; rho 
is the correlation between errors in the two equations, and sigma is the error from the outcome 
equation; Source: Author’s calculation based on survey data and estimated results. 
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CHAPTER 4.  

WHAT DRIVES MARKET PARTICIPATION AND INTENSITY OF SALES AND 

PURCHASES? EVIDENCE FROM SMALLHOLDER MAIZE-LEGUME 

PRODUCERS IN KENYA    

ABSTRACT 

This article investigates the factors that influence smallholder maize-legume producers 

in Kenya to participate in markets as either sellers or buyers and their intensity of 

participation. Analysis is based on repeated household survey data collected in 2011, 

2013 and 2015. A double-hurdle model that incorporates a correlated random effects 

procedure and a control function approach are used to control for unobserved 

heterogeneity and potential endogeneity. We find an inverse relationship between the 

probability of participating in the market as a buyer and farm output and a positive 

relationship with household size. In the event of market participation, we find a positive 

relationship between distance to market and volumes of purchases. The probability of 

market participation as a seller is reduced by incidences such as drought, disease 

infestation, and waterlogging and increased by farm output and household wealth. The 

intensity of sales is positively associated with farm output, household wealth, on-farm 

occupation, education of household head and social capital and negatively associated 

with incidence of disease infestation and livestock units. This study highlights the 

importance of promoting smallholder policy interventions that create a conducive 

working environment to enable households increase wealth, particularly farm 

machinery, to increase production. Likewise, policies interventions should focus on 

educating farmers about risk mitigation strategies for production shocks to control their 

negative effects on market participation. 

 

Keywords: Smallholder, market participation, net buyers, net sellers, correlated 

random-effects double hurdle, production shocks. 
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4.1 INTRODUCTION 

Smallholder market participation is a crucial pathway towards improving the living 

standards of subsistence farmers in developing countries. The most common aspect of 

market participation is increasing agricultural productivity to produce a marketable 

surplus of staple food crops (Gebre-Ab, 2006, Woldeyohanes et al., 2017). Subsistence-

oriented smallholders are partially integrated into markets that are notably imperfect, 

where some sell surplus output, others have output deficits and are net buyers, while 

some are self-sufficient in production. Although smallholders market participation as 

sellers is well documented, little is known about the determinants and extent of market 

participation for buying households. Research on how production shocks, among other 

factors, affect production and eventually market participation is still scant, particularly 

in sub-Saharan Africa (SSA) where climate variability is a major challenge. 

Over the past decade, emphasis has been placed on creating a competitive and 

productive agricultural sector by investment in infrastructure development, improving 

access to extension services, and increasing the adoption of sustainable agricultural 

intensification (SAI) practices to increase crop productivity and marketable surplus. 

However, smallholder production is often constrained by missing or inadequate markets 

that are poorly coordinated across time and space, resulting in high transaction costs 

(Omamo, 1998, Renkow et al., 2004). 

Some studies have empirically investigated how transaction costs and infrastructure 

(Omamo, 1998, Key et al., 2000, Renkow et al., 2004, Barrett, 2008, Stephens and 

Barrett, 2011, Alene et al., 2008b), social capital and access to information (Goetz, 

1992, Kostov and Davidova, 2012, Fischer and Qaim, 2014) affect smallholder market 

participation. Others have considered input use and production costs (Holloway et al., 

2005, Burke et al., 2015), resource endowment (Barrett, 2008, Boughton et al., 2007, 

Bellemare and Barrett, 2006) and off-farm income (Woldeyohanes et al., 2017). Key et 

al. (2000) modelled market participation decisions for buyers and sellers and the extent 

of participation in terms of quantity bought or sold among Mexican farmers. The 

authors estimated structural supply functions and production thresholds for maize 

market participation and differentiated between the effects of fixed and variable 

transactions costs. They found that improved transportation and promotion of marketing 

organisations increase output and market participation. Bellemare and Barrett (2006) 

investigated whether rural households in Kenya and Ethiopia make decisions on market 
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participation and intensity of participation simultaneously or sequentially using a two-

stage econometric approach. The first stage involves household’s market participation 

choice as either a net buyer, autarkic, or net seller. Based on observable household 

characteristics, the second stage models the quantity bought for net buyers and sold for 

net sellers. The results find evidence in favour of sequential decision-making. In an 

extension of the two-step approaches described in the aforementioned studies, Burke et 

al. (2015) used a triple-hurdle approach to evaluate production and market participation 

among dairy farmers in Kenya. In the first stage, the probit regression is used to model 

production participation decision as producers and non-producers. Conditional on being 

a producer, the second stage models the determinants of household market participation 

as net buyers, net sellers or autarkic. The final stage analyses the factors affecting 

intensity of market participation of net buyers and net sellers. The findings showed rural 

electrification, training, improved grazing practices, and access to informal private 

markets to increase sales. Goetz (1992) analysed market participation decisions in 

coarse grain markets for buyers and sellers in Senegal and the extent of participation in 

terms of quantity bought or sold. The authors applied a selectivity model and switched 

households into alternative market participation categories. The findings revealed that 

improved market information increased the likelihood of participation by sellers. Access 

to cereal-processing technology increased the intensity of participation of both buyers 

and sellers.   

Production shocks contribute to low yields obtained by smallholder farmers (Seaman et 

al., 2014, Rurinda et al., 2014). Studies show that production shocks pose considerable 

risks for global food production, in particular, droughts and floods reduce agricultural 

output in affected areas (Birthal et al., 2019, Dai, 2011). In addition, diseases and 

insects reduce yields and are likely to become increasingly challenging in the future 

(Luck et al., 2011). Lunt et al. (2016) analysed vulnerabilities to agricultural production 

shocks and found that floods and droughts reduced maize yields by about 10% in 

disparate agricultural production regions. Amare et al. (2018) analysed the effect of 

rainfall shocks on agricultural productivity in Nigeria and its implication for rural 

household consumption. They found that rainfall shock decreased agricultural 

productivity and thus household consumption by 37%. Furthermore, low agricultural 

productivity in many Sub-Saharan countries relying on rainfed agriculture is often 

attributed to rainfall shocks (Hansen et al., 2012). Other studies confirm that drought is 
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one of the most important causes of crop losses in tropical countries (Zampieri et al., 

2017).  

There is extant literature examining cereal market participation in Africa (Alene et al., 

2008a, Renkow et al., 2004, Boughton et al., 2007, Omamo, 1998). However, except for 

Goetz (1992), few studies have investigated how market participation is influenced by 

production for both buyers and sellers. Likewise, despite evidence in the literature that 

production shocks affect smallholder-marketing decisions, research that explicitly 

controls for the effects of such shocks on smallholder market participation and its 

intensity is scarce. Thus, the objective of this study is to: (1) evaluate the determinants 

of market participation as either buyer or seller vis-a-vis autarkic48; and (2) investigate 

the determinants of intensity of participation while controlling for production shocks. 

This study contributes to the existing literature by providing evidence of the 

determinants and extent of market participation for smallholder maize-legume 

producers 

Section 4.2 describes the theoretical framework, and Section 4.3 provides the empirical 

model for double-hurdle estimation and related specification tests. Section 4.4 describes 

the data and descriptive statistics, while Section 4.5 presents and discusses the estimated 

results. Section 4.5 focuses on the major findings and their policy implications. 

4.2 THEORETICAL FRAMEWORK 

We develop a model to explain the nature and extent of participation in markets. The 

model hypothesises that deciding whether to participate as a buyer or seller and what 

quantity to buy or sell depends on factors in the enabling environments (socioeconomic 

and institutional). However, there are fixed-cost-type factors that affect the participation 

decision but not the extent of participation. For instance, Key et al. (2000) and De 

Janvry et al. (1991) show that even though households may be potential sellers, other 

factors such as higher fixed transaction costs may prevent household market supply if 

the shadow price lies between the mark up selling and buying prices. These transaction 

costs drive a wedge between household buying price P2 and selling price P1, as shown 

in Figure 4.1 (unshaded area). The vertical axis indicates the market price (Pm) of food 

                                                 

48 As per (Ricker-Gilbert et al., 2011) and (Key et al., 2000), this study excludes households who both 
bought and sold maize (about 4% of the total sample) and our theoretical framework does not suit their 
marketing behavior. Buyers and sellers in this study are those who only buy or only sell, respectively 
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paid or received by farm households participating in cash markets. The horizontal axis 

shows the value of food to households (shadow price, Ps). A household compares its 

shadow price with the market price. Thus, if fixed transactions costs are zero (T = 0), 

households continue to participate in the market (subject to a threshold) as the market 

price varies. However, when fixed transactions costs are positive (T > 0), an autarkic 

subset of households i ∈  A ∉ ∅ exists that cannot equate market and shadow prices 

(over a range). 

 

 

 

 

 

 

 

 

 

FIGURE 4.1. MARKET PARTICIPATION BEHAVIOUR OF HOUSEHOLDS. SOURCE: ADAPTED FROM GOETZ (1992) 

 

For T → 0, {A} → ∅ as households equate the internal shadow price Ps with market 

price Pm. As T → ∞, excluding exchange, sets {B}, {S}→ ∅. Failure of household 𝑖 to 

participate in specific markets results from high fixed transactions costs: for some finite 

such that: T > 0, ∃{A}= {𝑖| 𝑃𝑚𝑖/(1+𝑇𝑖) < 𝑃𝑠𝑖 < 𝑃𝑚𝑖/(1+𝑇𝑖)} ∉ ∅. Households potentially 

can decide to not participate in the market, when the transaction costs are too high, since 

the utility of the participation becomes negative (Sadoulet and De Janvry, 1995). Thus, 

on one hand, households would remain sellers if the price they receive is higher than the 

value they attach to holding the good. On the other hand, households would remain 

Ps=Pm 

(T=0) 

Market price Pm 

Ps=Pm /1+T 

Sell (S) 

𝑃𝑚
0

 

P1 

Autarky

=A 

0 P2 

Pb=Pm 

(1+T) 

Buy (B) 

Shadow price PS 



CHAPTER 4. DETERMINANTS AND EXTENT OF MARKET PARTICIPATION  

PAGE | 116 

buyers as long as they attach a higher value to the good they buy than the price they 

pay. 

Thus, autarkic farm households only participate in the market as sellers or buyers when 

market price changes are sufficient to move them into the market. More precisely, let H 

represents the choice of household market orientation as autarky, buyer, or seller. Once 

the decision is made to participate in the market, the household decides on the quantity 

to buy (buyers) or sell (sellers). They do so by maximising an underlying utility 

function that is dependent on production and consumption activities. Household 

willingness to participate in the market as either a seller or buyer depends on the extent 

of the expected utility gain. The utility gain from market participation is heterogeneous 

across households; thus, socio-demographic factors are likely to affect the desired level 

of output (De Janvry and Sadoulet, 2006). Specifically, we assume that the expected 

utility from market participation for buyers and sellers is represented by UB and US, 

respectively, and UA for non-participants (autarkic). A household will participate in the 

market if the expected utility gain is greater than being an autarkic household, i.e., HB = 

UB – UA > 0 and HS = US – UA > 0 for buying and selling households, respectively. 

More importantly, given that the utility gains, HB and HS, due to market participation are 

not observable, we express a latent variable model as a function of observed household 

socio-demographic characteristics (Z). When households participate in the market as 

buyers or sellers, they expect a utility gain and observe dichotomous outcomes, HB = 1 

(or 0 otherwise) for buyers, and HS = 1 (or 0 otherwise) for sellers, such that: 

𝐻𝑖𝑡
𝐵∗

= 𝛽′𝑍𝑖𝑡 + + 휀𝑖𝑡 

𝐻𝑖𝑡
𝐵 = {

1 𝑖𝑓 𝐸(𝑈𝐵 – 𝑈𝐴) > 0    for buyers 

0 𝑖𝑓 𝐸(𝑈𝐵 – 𝑈𝐴) < 0    for autarkic
 

and  

𝐻𝑖𝑡
𝑆∗

= 𝛽′𝑍𝑖𝑡 + + 휀𝑖𝑡 

                                        𝐻𝑖𝑡
𝑆 = {

1 𝑖𝑓 𝐸(𝑈𝑆 – 𝑈𝐴) > 0    for sellers 

0 𝑖𝑓 𝐸(𝑈𝑆 –  𝑈𝐴) < 0    for autarkic
           (4.1) 

4.3 EMPIRICAL MODEL 

Households often face a two-stage decision problem: (1) whether to trade as either a 

buyer or seller; (2) how much to trade, conditional on decision to participate in market 
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as a buyer or a seller. We use the double-hurdle (DH) model to analyse the two-stage 

decisions. The approach permits joint modelling of market participation and decision on 

how much to sell or buy. Some studies on two-stage decision market participation have 

used the Heckman (1979) sample selection models (Alene et al., 2008a, Boughton et al., 

2007, Bellemare and Barrett, 2006), while others have used the Tobit model (Holloway 

et al. (2000). However, choosing a suitable econometric model partly depends on how 

we treat zero observations in the quantity of crop bought or sold to market are truncated.  

For instance, in our data, households were randomly selected, and some may prefer to 

be autarkic due to personal preferences. Therefore, the corner solution model is more 

appropriate than a Heckman selection model designed for incidental truncation. The 

Tobit model would have been ideal for modelling market participation. However, the 

Tobit estimator assumes that the same set of covariates are relevant for deciding to 

participate in the market (either as a buyer or seller) and deciding on the quantity 

transacted. Hence, a covariate that reduces the probability to participate in the market 

also reduces the quantity bought or sold (Wooldridge, 2010). Furthermore, the Tobit 

model assumes that the relative marginal effects of two continuous covariates on the 

probability of market participation and unconditional expected quantity bought or sold 

are identical, which is somewhat more restrictive (Wooldridge, 2010). Therefore, the 

DH model, first developed by Cragg (1971), is ideal for jointly modelling market 

participation and its intensity. The model identifies covariates for participation and 

intensity separately and is estimated in two steps (Burke, 2009). As part of our analysis, 

we evaluate the suitability of the DH model against the Tobit estimator using a 

likelihood ratio test. 

We specify a two-stage decision process. The following set of equations (2) are binary 

choice models of whether to participate in a market as a buyer 𝑀𝑖𝑡
𝐵∗ or seller 𝑀𝑖𝑡

𝑆∗ 

expressed as: 

   𝑀𝑖𝑡
𝐵∗ = 𝛽𝐻𝑖𝑡 + 𝛾𝑍𝑖𝑡 +  휀𝑖𝑡

𝐵    where  𝑀𝐵 = {
1 𝑖𝑓  𝑀𝐵∗ > 0

0 𝑖𝑓  𝑀𝐵∗ = 0
          for buyers 

   𝑀𝑖𝑡
𝑆∗ = 𝜃𝑋𝑖𝑡 + 𝛿𝑍𝑖𝑡 +  휀𝑖𝑡

𝑆    where  𝑀𝑆 = {
1 𝑖𝑓  𝑀𝑆∗ > 0

0 𝑖𝑓  𝑀𝑆∗ = 0
           for sellers           (4.2) 

The models in Equation (4.3) below relate to the decision on the quantity to buy or sell, 

conditional on participation. 
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    𝑄𝑖𝑡
𝐵∗ = 𝛽𝐻𝑖𝑡 + 𝛾𝑍𝑖𝑡 +  휀𝑖𝑡

𝐵  and  𝑦𝐵 = {𝑄𝐵∗ 𝑖𝑓  𝑀𝐵 = 1, 𝑄𝐵 > 0
0     𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

  for buyers  

               휀𝑖𝑡 = 𝑐1𝑖 +  𝑢𝑖𝑡     

    𝑄𝑖𝑡
𝑆∗ = 𝜃𝑋𝑖𝑡 + 𝛿𝑍𝑖𝑡 +  휀𝑖𝑡

𝑆  and  𝑦𝑆 = {𝑄𝑆∗ 𝑖𝑓  𝑀𝑆 = 1, 𝑄𝑆 > 0
0     𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

  for sellers          (4.3) 

                 휀𝑖𝑡 = 𝑐2𝑖 +  𝑣𝑖𝑡     

The vectors 𝑀𝑖𝑡
𝐵∗, 𝑀𝑖𝑡

𝑆∗, 𝑄𝑖𝑡
𝐵∗ and 𝑄𝑖𝑡

𝑆∗ are latent variables. The utility gained from market 

participation and respective quantity bought or sold are not observable and can only be 

expressed as a function of observed socio-demographic elements that affect market 

participation and extent of participation decisions. Hence, the corresponding observed 

variables 𝑀𝐵 and 𝑀𝑆 take a value of 1 if the household participates in the market as a 

buyer or seller and 0 otherwise. The quantity bought or sold conditional on market 

participation are denoted by 𝑄𝐵 and 𝑄𝑆49. The parameters H and X50 are vectors of the 

determinants of market participation and quantity bought or sold, respectively; β and θ 

represent the vectors of corresponding parameters. The vector Z represents production 

shocks. The effect of production shock on household market participation and the 

quantity bought or sold are denoted by the coefficient estimates 𝛾 and 𝛿, respectively, 

and their corresponding standard errors. The error terms 휀𝑖𝑡
𝐵   and 휀𝑖𝑡

𝑆  are normally 

distributed error terms with zero mean and constant variances. The disturbance terms 휀𝑖𝑡 

and 𝑒𝑖𝑡 are assumed independent of each other (Wooldridge, 2010). 

4.3.1 CONTROLLING FOR UNOBSERVED HETEROGENEITY 𝑐𝑖 

The error term𝑠 휀𝑖𝑡
𝐵   and 휀𝑖𝑡

𝑆  are functions of two components 𝑐1𝑖 and 𝑢𝑖𝑡, and 𝑐2𝑖 and 𝑣𝑖𝑡, 

respectively. The disturbance terms 𝑢𝑖𝑡 and  𝑣𝑖𝑡 are assumed independent of each other 

(Wooldridge, 2010). The first components 𝑐1𝑖 and 𝑐2𝑖 are unobserved time-invariant 

variables also known as unobserved heterogeneity. Such factors may include household 

managerial ability, preferences, and degree of risk aversion, which are generally 

                                                 

49 The quantity of maize equivalent for each household is computed by considering both the quantity of 
maize and the value of bean in maize equivalent. This study follows (Liu and Myers, 2009, Willy et al., 

2019) approaches, where the maize quantity equivalent (Qm) is computed as: 𝑄𝑚 =
∑ 𝑌𝑖𝑏𝑃𝑏

𝑃𝑚
, where 𝑌𝑖𝑏  is 

the output of bean b in kg in household i; 𝑃𝑏  is the price of bean and 𝑃𝑚 is the price of maize.  
50 The difference between the vectors of control variables 𝐻 and 𝑋 is that 𝑋 includes a residual from the 
reduced form model, included as an additional covariate to control for endogeneity between quantity 
produced and sold. 
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unobservable due to their qualitative nature. Such time-constant unobserved 

heterogeneity could be correlated with observed covariates in a nonlinear panel data 

model. The second components 𝑢𝑖𝑡 and 𝑣𝑖𝑡 of the error term are time-varying 

unobserved shocks, such as sickness of a family member, that affect the smallholder 

market participation decision and the respective quantities. A correlation between 

covariates and unobserved heterogeneity could lead to biased coefficient estimates. We 

adopt the correlated random effects (CREs) estimator by Mundlak (1978) and 

Chamberlain (1984) to relax the assumption of independence between covariates and 

unobserved heterogeneity. The CRE differs from the standard random effects because it 

can control for time-invariant unobserved heterogeneity, as with fixed effects, without 

encountering the incidental parameters problem in nonlinear panel models. The CRE 

estimator permits the correlation between unobserved heterogeneity (𝑐1𝑖 and 𝑐2𝑖) and 

vector covariates across all times. The CRE framework assumes the inclusion of the 

mean of all time-varying covariates denoted by �̅�𝑖 for household i. We base the 

selection of H and 𝑋 vector variables on similar previous studies on smallholder market 

participation. Note that attrition bias51 has little to no effect on our estimates using the 

CRE model. Hence, we do not control for potential attrition bias caused by households 

leaving the panel in different waves. For more details on attrition bias and CRE, see 

(Ricker-Gilbert et al., 2011). 

4.3.2 CONTROLLING FOR UNOBSERVED SHOCKS 𝑢𝑖 AND 𝑣𝑖 

In panel studies, even after controlling for unobserved heterogeneity, there is a need to 

control for some explanatory variables that are potentially endogenous. In this study, 

some time-varying factors that influence market participation and quantity of crop 

bought or sold could influence crop production. This study uses the control function 

(CF) method because it can be easily combined with the Chamberlain–Mundlak method 

to control for unobserved heterogeneity (Wooldridge, 2015), and it is more suitable 

when working with a nonlinear model resulting in a straightforward exogeneity test for 

potentially endogenous variables (Wooldridge, 2010). 

For identification purposes, the CF method excludes some strictly exogenous covariates 

from the structural model, which are used as instrumental variables (IVs ) with other 

                                                 

51 Attrition bias is a type of selection bias owed to systematic differences between different years due to 
loss of participants from study. 
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covariates and regressed on the potentially endogenous variable (Papke and 

Wooldridge, 2008). To estimate the structural model, the residual from the reduced-

form model52 is included as an additional covariate. If the coefficient on the residual in 

the structural model is significant, we reject the null hypothesis (H0) of no endogeneity. 

The reduced form model for quantity of crop produced is modelled using a linear CRE 

model. The IV used in the reduced form model is not in the structural model and should 

be correlated with the potentially endogenous variable (quantity of crop produced) but 

not with uit and vit in the structural models when conditioned on other covariates. We 

use total farm size under maize and bean production during the growing season as an 

instrument to determine output. For more information on the CF approach, see (Papke 

and Wooldridge, 2008, Wooldridge, 2015). 

4.3.3 CONDITIONAL AND UNCONDITIONAL AVERAGE PARTIAL EFFECTS 

From the two-part DH model, we determine the average partial effect53 (APE) of 

changes in the explanatory variables on the probability of being a market participant and 

on the conditional and unconditional expected quantity of maize equivalent bought or 

sold. The conditional effect is calculated with information on those who have already 

decided to buy or sell maize and/or bean; hence, the effects are specific to each market 

participation state. Conversely, the unconditional average partial effect (UAPE), based 

on the whole sample, can be divided into changes in quantities transacted, and changes 

in the probability of market participation. For the first step in obtaining the APE, we 

derive the partial effect for the explanatory variable for every observation i in the 

dataset while holding other elements of the independent variables and unobservable 

factors constant for each household (Bartus, 2005, Ricker-Gilbert et al., 2011). The 

standard errors for the APEs are obtained via the delta method or by bootstrapping54. 

4.4 DATA AND DESCRIPTIVE STATISTICS 

                                                 

52 The reduced-form model is pooled across time t. 
53 This is because we use a nonlinear model with some covariates incorporated as dummy variables; 
hence, the partial effects at the average sample point (PEA) may not be representative of the averages 
for the actual population (Papke and Wooldridge, 2008).  
54 We model APE for the DH using the craggit command in STATA, described in Burke (2009). This 
command allows us to obtain both the unconditional APE from the first and second stages of the DH 
model. Standard errors are available via bootstrapping 100 times. 
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The study uses data from smallholder maize–legume producers in Kenya where maize is 

a staple food crop. Data were collected as part of the Adoption Pathways Project55 

(APP) in partnership with the International Maize and Wheat Improvement Center 

(CIMMYT) in three waves conducted in 2011, 2013 and 2015, covering 670, 535 and 

495 households, respectively. The study was conducted in the western and eastern 

regions of Kenya. Households were equally assigned to the two regions proportionate to 

the district's total number of farming households. The regions were purposively selected 

based on their maize–legume production potential. A multistage random technique was 

used to select district, division, location, villages and households. Data were collected 

using structured and pre-tested questionnaires on a range of variables, including 

household assets, livelihood, access to input and output markets, input–output prices, 

social capital and information access, plot characteristics and sustainable agricultural 

intensification practices that farmers adopt. We conduct our analysis using an 

unbalanced panel of 585 households that grew maize, beans or both, generating 2366 

observations, given that a household participates in the market as either a seller or buyer 

each year.  

Tables 4.1 and 4.2 present the summary statistics of the variables that characterise the 

sampled smallholders by market participation. Table 4.1 shows that the proportion of 

households who participated in the market as maize buyers declined between 2011 and 

2015, while the proportion of households who were autarkic or sold maize increased. 

The proportion of households who participated in the market as bean buyers also 

declined between 2011 and 2015. For maize and beans, fewer than 15% of farmers were 

buyers in 2015.  

TABLE 4.1. HOUSEHOLDS BY MARKET PARTICIPANT GROUP 

Maize 2011 % 2013 % 2015 % 

Buyers 152 33 151 38 51 14 

Autarkic 82 18 37 9 107 30 

Sellers 224 49 209 53 199 56 

Bean       

Buyers 86 20 110 29 43 13 

                                                 

55 APP project investigates how smallholder decisions are influenced by socioeconomic factors (including 
gender dynamics, labour availability and credit availability), changes in farming systems (crop and 
livestock patterns and practices), and external factors (such as climate variability, markets and policies). 
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Autarkic 193 44 110 29 149 44 

Sellers 159 36 154 41 150 44 

Source: Author’s calculation based on survey data and estimated results 

 

Tables 4.2 shows that the average quantity of maize bought per household was 213 kg 

while sales were 696 kg. Most households in the western region buy grain, whereas 

those from the eastern region sell their surplus. Most household heads are on average 53 

and 51 years of age for buyers and sellers, respectively. The mean level of education is 

grade 8, with most household heads having completed primary education, especially for 

sellers. There is a slight difference in household size between buyers (about 7) and 

sellers (6).  

The main factors of production (farm size, seed, and nitrogen quantity) vary between 

households who buy or sell grain. Farm households who sell grain own relatively larger 

parcels of productive agricultural land (1.2 ha) than buyers (0.7 ha). The seeding rate 

per hectare is 19 kg for sellers but only 10 kg for buyers. Nitrogen application is low 

among households buying grain, almost half that used by sellers. Average maize stocks 

are 448 kg for buyers and 1440 kg for sellers. Household asset levels vary between 

groups—sellers have more assets (396,852 KES) than buyers (185,179 KES)56. 

Livestock unit57 holdings do not vary much. Overall, household perceptions of 

production shocks do not vary between market participant groups. On average, sellers 

travel almost 2.4 km while buyers travel 1.7 km to the village market. 

  

                                                 

56 Prices are deflated, with 2015 the base year (exchange rate at time of survey; 1 KES = 89 USD in 2011, 
1 KES = 91 USD in 2013 and 1 KES = 102 USD in 2015). 
57 Tropical livestock unit (TLU) conversion factors are as follows: cattle = 0.70, sheep and goats = 0.10, 
pigs = 0.20 and chicken = 0.01 (Jahnke et al., 1988) 
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TABLE 4.2. DEFINITIONS AND SUMMARY STATISTICS OF VARIABLES USED IN THE ANALYSIS  

Variable Description Buyer Autarkic Sellers 

Dependent variables Mean Mean Mean 

Buyer (DH) Market participant as buyer=1 

autarkic=0 

1 0  

Quant bought (DH) Quantity bought in maize 

equivalent (kg) 

212.77   

Seller (DH) Market participant as seller=1 

autarkic=0 

 0 1 

Quant sold (DH) Quantity sold in maize 

equivalent (kg) 

  695.70 

Demographic factors    

Age Age of household head (years) 53.09 53.49 51.19 

Education Education level of household 

head (years) 

7.30 7.51 8.14 

Householdsize Household size (number of 

persons) 

7.33 6.50 6.04 

Occupation Main occupation of household 

head, 0=Off-farm, 1=On-farm 

0.76 0.75 0.77 

Resource constraints    

Farm_size (IV58) Size of productive land (ha) 0.71 0.85 1.17 

Seed quantity Quantity of seed used (kg) 10.12 14.30 18.87 

Nitrogen Quantity of nitrogen used (kg) 10.52 14.96 20.34 

Stock59 Quantity of stock in maize 

equivalent (kg) 

447.55 638.44 1440.46 

Livestock unit Tropical livestock units  2.06 2.08 2.26 

Asset Value of household assets (KES) 185179.20 337843.80 396852.10 

Regional and time variables    

Region Region; 0=eastern, 1=western 0.73 0.62 0.34 

Year1 Year of Production 2011 

(reference) 

0.40 0.41 0.35 

                                                 

58 Farm size is used as an instrumental variable in the reduced form model. 
59 The total crop output in maize equivalence is potentially endogenous hence used in the reduced form 
model as dependent variable. 
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Year2 Year of Production 2013 0.44 0.22 0.33 

Year3 Year of Production 2015 0.16 0.38 0.32 

Production shocks    

Drought risk Drought affected farmer’s plot, 

0=No, 1=Yes  

0.13 0.19 0.18 

Disease_risk Disease affected farmer’s plot, 

0=No, 1=Yes 

0.13 0.13 0.08 

Water Logging_risk Waterlogging affected farmer’s 

plot, 0=No, 1=Yes 

0.08 0.08 0.10 

Transaction costs and Social capital     

Distvillage_markt Distance to the nearest village 

market (km) 

1.68 1.91 2.42 

Relatives Number of relatives within 

village that farmer can rely on 

in times of need 

5.08 3.81 5.07 

Total observation 2366 593 678 1095 

Source: Author’s calculation based on survey data and estimated results 

 

4.5 RESULTS AND DISCUSSION 

4.5.1 SENSITIVITY ANALYSIS AND ROBUSTNESS CHECK  

We use a likelihood ratio (LR) test to check the suitability of the DH model against a 

Tobit model, separately considering buyers vs autarkic and sellers vs autarkic. The LR 

statistic for comparing the two models is 195.36 (p=0.000) for market participation as 

buyers and 699.33 (p=0.000) for market participation as sellers. Hence, we reject the 

null hypothesis that farmers’ market participation comprises only one decision process 

(Tobit model) in favour of the DH model for both buying and selling households. 

The next step is to test for the strength of IV used in the CF approach. In linear models, 

there are well-developed tests for IV strength, including those used by Stock et al. 

(2002) and Stock and Yogo (2005). These tests are based on partial correlations 

between the IV and potentially endogenous variable derived from the linear reduced 

form models in the first stage. Such tests are not well developed for nonlinear models. 

Hence, to test the strength of our instrument, we look at the partial correlation between 

the IV (farm size) and potentially endogenous variable derived from the linear reduced 
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form model. The model yields a strong partial correlation between the potentially 

endogenous variable and the instruments significant at p<0.01. Hence, we are confident 

that this is a valid instrument. 

Because the output quantity is potentially endogenous to the quantity bought and sold, 

we use the CF approach to test for endogeneity. In the CF approach, the residuals from 

the reduced form model are included as additional covariates in both hurdle 1 and 

hurdle 2 for buyers and sellers. The test of endogeneity is the significance of the 

coefficient of the residual in both decision models. Failure to reject the null hypothesis 

of exogeneity based on the z statistic indicates that the variables could be treated as 

exogenous to market participation and quantity bought or sold. Table 4.3 displays the 

test of endogeneity between households’ total farm output and quantity bought and sold. 

For market participation as buyers, the p-values for both hurdles indicate the coefficient 

of the residual from the reduced model as not significant.  

This indicates that output quantity is exogenous in a model where households 

participate in the market as buyers. Considering the residuals for market participation 

for sellers, the quantity produced is highly significant (p<0.01) in hurdle 2 and the 

UAPE. Hence, we reject the null hypothesis of no correlation between output quantity 

and the error terms in the structural models for households who sell grain. Therefore, 

we exclude the residual term from the reduced form model in the structural model for 

grain-buying households and include it for grain-selling households as an additional 

covariate in our final estimation. 

TABLE 4.3. TEST FOR ENDOGENEITY BETWEEN HOUSEHOLDS’ TOTAL FARM OUTPUT (TOTAL STOCK) AND 

QUANTITY BOUGHT AND SOLD (CF APPROACH) 

 Coefficient of residual from reduced form equation 

VARIABLES DH-tier 1 DH-tier 2  

 Participation Extent of participation  

 Coeff-tier1 CAPE-T1 Coeff-tier2 CAPE-T2 UAPE 

Buyer vs Autarkic –0.000 –0.011 –0.239 –0.012 –0.023 

(0.000) (0.016) (0.626) (0.027) (0.027) 

Seller vs Autarkic –0.000 –0.021 –0.589*** –0.075** –0.096** 

(0.000) (0.029) (0.193) (0.042) (0.053) 

Notes: Standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1; Buyer vs Autarkic (1=Buyer, 
0=Autarkic) & If Buyer=1 Quantity bought); Seller vs Autarkic (1=Seller, 0=Autarkic) & If Seller=1 
Quantity sold); Source: Author’s calculation based on survey data and estimated results 
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4.5.2 CORRELATED RANDOM EFFECT DH MODEL ESTIMATION RESULTS 

Table 4.4 shows the results of the correlated random-effect double-hurdle model (CRE–

DH), explaining the factors influencing the smallholder decision to participate in grain 

markets and the quantity traded. We compare grain market participation for buyers and 

sellers separately vis-a-vis autarkic households. The values under APE-buyer and APE-

seller are APEs of each explanatory variable on the probability of market participation 

as a buyer and seller, respectively. Conditional of grain market participation, the 

coefficients and conditional APE (CAPE) under buyer and seller are the marginal effect 

of each explanatory variable on the quantity of crop bought and sold, respectively. The 

values under UAPE-buyer and UAPE-seller are the joint impact of a variable on the 

changes in the probability of grain market participation and the quantity bought or sold, 

respectively. The results for coefficients from CRE–DH are in Table 4.A2. For our 

discussion, we only explain the results in relation to APEs, CAPEs and UAPEs. For 

further reading on APEs, see (Bartus, 2005). 

For households who sell grain, the residual from the reduced form model of output 

quantity had a significant negative effect on tier 1 and 2 at p<0.01 and p<0.05, 

respectively, indicating that household output is endogenous to quantity sold. As shown 

in Table 4.4, an increase in the quantity of maize produced reduces the probability of a 

household participating in the grain market as a buyer by 1.3%. Conditional on market 

participation, each additional kg of maize produced increases the quantity of maize 

bought by 6.1 kg. The UAPE indicates that the overall effect of having more production 

among buyers is positive though not significant; all other factors held constant. For selling 

households, an increase in quantity produced increases the probability of a household 

selling by 1.7%, though not significantly. Conditional on market participation, each 

additional unit kg of maize produced increases the market supply by a margin of 13.0 kg. 

Overall, the UAPE indicates that having more maize stock significantly increases the 

quantity sold by 15 kg; all other factors held constant.  

When all three production shocks are considered (drought, disease, and water lodging 

on the plots), there is no significant effect on the probability of grain market 

participation as buyers; all other factors held constant. Similarly, conditional on grain 

market participation as buyers in the first stage, all three-production shocks considered 

do not significantly affect the quantity of grain bought by farm households. Overall, the 

UAPE shows that the influence of the three production shocks on household grain 
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market demand is not significant at any level. Considering the impact of market 

participation as a seller, we find that drought, disease infestation and waterlogging 

significantly reduce the probability of households selling at p<0.1, p<0.01 and p<0.5, 

respectively. Similarly, conditional on being a grain seller, disease infestation had a 

negative marginal impact at p<0.5. On average, the UAPE values shows that the 

influence of disease infestation on household market supply is significant (p<0.05). 

Increasing age of household head does not affect the probability of market participation 

as a buyer. The CAPE for age variable is negative and weakly significant (p<0.1) for 

buyers in the second hurdle, indicating that household heads significantly reduce the 

quantity of maize bought as they age. For household heads who market their surplus, 

this variable is negative and significant (p<0.05) for APE. On average, household heads 

are approximately 80% less likely to participate in the grain output market as a seller as 

they age, suggesting that farmers reduce their surplus as they age. After overcoming the 

first hurdle for selling households, education had a positive and significant (p<0.05) 

effect in the second hurdle, indicating that an extra year of education increases the 

marginal effect of quantity supplied by households in the market. Our empirical 

findings show that the unconditional overall influence of the education level of 

household head on crop quantity is positive and significant (p<0.05), which is expected 

since households need higher output levels to increase the surplus for sale. Hence, 

more-educated farmers are better positioned to increase output than less-educated 

farmers do, as it generally requires a good understanding of crop physiology and soil 

management practices. As expected, household heads whose main occupation is on-

farm are more likely to increase the marginal effects of maize quantity supplied to the 

market conditional on positive participation. The UAPE also indicates, on average, a 

significant influence of on-farm main occupation on maize quantity supplied (p<0.01), 

all other factors held constant, confirming that such households probably increase their 

farm management skills as they spend more time on the firm.  

Seed quantity has a positive and significant (p<0.1) influence on households selling 

their surplus. This is what we would expect given that the average seed rate in our data 

is <20 kg/ha, far below the recommended 25 kg/ha for maize and 50 kg/ha for beans in 

the region. Nonetheless, this variable is positive but insignificant in the second hurdle 

model, suggesting that seed quantity does not determine the extent of sales once the first 

hurdle is overcome. Contrary to what we expected, the conditional and unconditional 
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influence of the amount of nitrogen applied to the quantity of maize supplied or 

demanded in markets is not significant, which is likely due to the continued low 

fertiliser use rates in Africa, as noted earlier (Ricker-Gilbert et al., 2011).  

The probability of market participation as a seller increase, but not significantly, when 

households own more livestock units. However, the CAPE shows that, on average, one 

unit increase in TLU significantly (p<0.05) reduces the quantity supplied to market, 

which corroborates other studies (Woldeyohanes et al., 2017, Gebremedhin, 2009) that 

found more livestock units offer alternative financial income for households, which 

reduces the marketed surplus. Consistent with our expectation, the value of household 

and farm assets has a positive and significant effect on market participation as sellers 

and on quantity sold. The APE, CAPE and UAPE are positive and significant at p<0.1, 

p<0.01 and p<0.01, respectively. 

Households in the western region are less likely to participate in the market as sellers 

than households in the eastern region, which is likely due to the western region having a 

less favourable agro ecological condition for agricultural production. Regarding year of 

production, the probability of households participating in the market as buyers was 

lower in 2015 than 2011. Similarly, the UAPE findings show that the overall time effect 

significantly (p<0.01) reduced the probability of households being buyers in 2015 than 

2011, suggesting that smallholder yield has improved over time and most households 

are moving from being buyers to autarkic or sellers. 
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TABLE 4.4. PARAMETER ESTIMATES OF THE CRE DOUBLE HURDLE MODEL: APE, CAPE AND UAPE FOR SELLERS VS AUTARKIC AND BUYERS VS AUTARKIC 

 Buyer vs Autarkic Seller vs Autarkic 

VARIABLES DH-tier 1 DH-tier 2  DH-tier 1 DH-tier 2  

 Participation Extent of participation  Participation Extent of participation  

 APE CAPE UAPE APE CAPE UAPE 

Residual    –0.084*** –0.091** –0.096** 

    (0.026) (0.031) (0.053) 

Stock –0.0133*** 0.061** 0.054 0.017 0.130*** 0.149*** 

 (0.010) (0.042) (0.028) (0.027) (0.017) (0. .031) 

Production shocks 

Drought –9.607 –7.053 –34.245 –22.335* 35.394 16.391 

 (11.397) (20.835) (26.312) (12.030) (22.316) (24.093) 

Disease_ 7.938 8.875 13.679 –39.070*** –116.788** –161.328** 

 (12.433) (15.818) (24.312) 13.718) (67.279) (71.446) 

Waterlogging 5.155 1.486 11.012 –55.248** –6.046 –5.548 

 (14.081) (20.211) (26.656) (20.194) (22.665) (43.718) 

Demographic factors 

Age 0.005 –0.720* –0.569 –0.781** –0.560 –0.485 

 (0.297) (0.402) (0.054) (0.303) (0.864) (0.807) 
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Education –0.748 1.655 0.458 –0.659 7.432** 7.376** 

 (1.087) (1.498) (3.166) (1.581) (4.215) (3.717) 

Occupation 10.656 19.562 20.929 6.915 65.157*** 72.072*** 

 (9.654) (14.513) (18.956) (11.416) (24.791) (21.238) 

Resource constraints and Production factors 

Seed quantity 0.105 0.463 0 .503 0.223* 0.305 0.528 

 (0.149) (0.460) (0.428) 0.131) (0.314) (0.328) 

Nitrogen –0.156 –0.214 –0.470 –0.117 –0.126 –0.435 

 (16.926) (22.654) (28.531) (17.052) (24.252) (0.688_) 

Livestock units  1.994 –4.108 –1.384 5.155 –15.527** –12.257* 

 (2.665) (5.596) (6.429) (3.712) (6.423) (7.212) 

Asset(farm and 

household asset) 

–4.219 –.993 –4.467 6.963* 30.089*** 42.130*** 

 (3.726) (6.760) (7.091) (3.958) (8.536) (9.809) 

Regional and time variables 

Region –23.706 –36.435 29.453 ––62.813*** –54.366 –148.619** 

 (24.196) (29.462) (25.603) (12.240) (48.412) (66.927) 

Year 2 (2013) –58.050 –65.674 77.364* 81.856 –141.409 –74.423 

 (48.379) (88.560) (44.683) (14.922) (123.290) (140.092) 

Year 3 (2015) –140.103*** –102.819 –74.892 –2.623 –81.933 –69.058** 
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 (44.590) 65.125) (54.317) (15.38) (89.843) (33.483) 

Transaction costs and social capital 

Distance market 0.434 4.354* 4.714 –1.649 –0.418 –1.461 

 (1.532) (2.575) (4.773) (1.671) (2.663) (3.407) 

Relatives 1.217 0.580 2.5545 0.695 2.803*** 3.700** 

 (0.610) (0.704) (1.336) (0.669) (1.237) (1.486) 

Notes: Buyer vs Autarkic (1=Buyer, 0=Autarkic) & If Buyer =1 Quantity bought); Seller vs Autarkic (1=Seller, 0=Autarkic) & If Seller =1 Quantity sold); 

Bootstrap standard errors are in parentheses; *** p<0.01, ** p<0.05, * p<0.1, obtained by bootstrapping with 100 replications using the delta method; APE, CAPE and UAPE are 
average partial effects, conditional average partial effects and unconditional average partial effects, respectively; Year 1 (2011) is excluded for use as a control dummy; Source: 
Author’s calculation based on survey data and estimated result. 
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The variable distance to nearby market has no significant effect on the probability of 

market participation by a household as a buyer or seller. However, conditional on 

participation as a buyer, it has a positive significant (p<0.1) marginal effect on the 

quantity bought. When the market is far away, households tend to increase their 

purchase volume to cut down on transaction costs due to several market trips. Even 

though the variable distance to nearby market has no significant effect on the 

probability of market participation as a seller, its coefficient has the expected sign. 

Households are more likely to reduce the quantity supplied to market if they live far 

away from the market. This suggests a need for promoting smallholder market 

integration through improved infrastructure development, which is in line with previous 

results and supports the knowledge that improved access to production inputs and 

reduced marketing costs can be achieved through strengthened infrastructural 

development (Alene et al., 2008a, Larochelle and Alwang, 2015). Social ties seem to 

play a significant role in smallholder marketing behaviour. Farm households with more 

dependable relatives supply more grain to market as sellers. Likewise, the UAPE shows 

that, on average, households with one or more relatives that they can rely on in times of 

need supply more grain to market than those who do not have dependable relatives.  

4.6 CONCLUSION AND POLICY IMPLICATION 

Many smallholders in SSA depend on subsistence farming for their livelihood. 

Smallholder market participation is, therefore, a potential pathway towards improving 

the welfare of semi-subsistence farmers. However, most studies on smallholder market 

participation focus on sellers without explicitly considering buyers. The analysis in this 

paper examined the determinants of smallholder market participation vs self-sufficiency 

(autarky) and the intensity of participation based on quantity sold and bought. We use a 

correlated random-effects double-hurdle model and control for correlation between 

time-invariant unobserved heterogeneity and the covariates in the model. We also use 

the CF approach with an IV (farm size) to control for potential endogeneity caused by 

correlations between time-varying unobservable factors and quantity bought or sold. 

Generally, smallholder yields have improved over time, with most households moving 

from being buyers to either autarkic or sellers. We find that as output increases, 

households who buy grain are less likely to buy while those selling increase their sales 

capacity. We conclude that key determinants of market participation for buyers are 

output quantity and variability in weather depending on production year, while for 
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sellers are production shocks, physical ability to farm, seed quantity used and 

production capacity. Output quantity, physical ability to farm and distance to the market 

are key determinants of quantity bought whereas output quantity, production shocks, 

education level, and main occupation of household head, production capacity and social 

capital are key determinants of quantity sold. The reduction in market participation 

associated with production shocks such as waterlogging could be due to excess rainfall, 

especially on flat terrain. Likewise, disease infestation and drought shocks reduce 

output quality and quantity, affecting sales. Another important finding is that seed 

quantity used per hectare influences the market participation decision for selling 

households. Estimated partial effects also suggest that well-endowed households with 

more livestock units produce more and participate as sellers with increased sales 

quantities. The temporal and spatial impact on market participation and extent is also 

affected by region and production year.  

Our results reveal three lessons for policy and future research. First, the private sector 

and government need to promote policies on ex-ante and ex-post risk mitigation 

strategies for production shocks to reduce their negative effect on market participation, 

particularly in SSA where climate variability is a major challenge. Second, seed 

quantity, planting time, and farm location does affect smallholder market participation. 

Therefore, the government needs to promote and develop location-specific contingency 

plans for disseminating information regarding agronomic practices and marketing.  

Third, integrated interventions that increase production assets and livestock units is key 

to achieving inclusive commercialisation of smallholder agriculture, as they will 

enhance household capability for increasing production, which determines market 

participation.   



CHAPTER 4. DETERMINANTS AND EXTENT OF MARKET PARTICIPATION  

PAGE | 134 

APPENDIX 4.0 

TABLE 4.A1. FACTORS AFFECTING THE QUANTITY OF CROPS PRODUCED, DETERMINED USING A CRE-ESTIMATOR 

REDUCED-FORM MODEL 

Stock (Dependent variable) Coefficients Std. Err. P>z 

Farm size (IV) 306.210 25.385 0.000 

Drought risk 11.656 69.267 0.866 

Disease risk –86.703 75.069 0.248 

Waterlogging risk 195.171 82.865 0.019 

Age –3.469 1.976 0.079 

Education 24.578 6.983 0.000 

Occupation 96.674 58.280 0.097 

Seed quantity –1.253 0.485 0.010 

Nitrogen 3.671 0.543 0.000 

Livestock unit 60.680 10.798 0.000 

Asset 64.480 17.521 0.000 

Region –239.946 60.049 0.000 

Year 2 –332.245 66.810 0.000 

Year 3 –78.225 68.235 0.252 

Distance to village market 5.629 11.910 0.637 

Relatives 6.097 2.696 0.024 

_cons –117.804 219.532 0.592 

Number of observations = 2366  

Number of groups = 585    

Wald chi2(19) 521.20***    

sigma_u 353.880   

sigma_e 992.118   

Rho 0.112 (fraction of variance due u_i) 

Notes: Significance levels: *** p<0.01, ** p<0.05, * p<0.1; †Estimated values are the average partial 
effects (APEs); ‡Standard errors computed using the delta method; Corr(u_i, X) = 0 (assumed); Source: 
Author’s calculation based on survey data and estimated results 
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TABLE 4.A2. PARAMETER ESTIMATES OF THE CRE DOUBLE-HURDLE MODEL: COEFFICIENTS FOR SELLER VS 

AUTARKIC AND BUYER VS AUTARKIC 

 Buyer vs Autarkic Seller vs Autarkic 

 DH-tier 1 DH-tier 2 DH-tier 1 DH-tier 2 

 Participation Extent of 

participation 

Participation Extent of 

participation 

 Coeff Coeff Coeff Coeff 

Residual   –0.000 –0.589*** 

   (0.000) (0.193) 

Stock –0.000*** 1.439** 0.130*** 1.013*** 

 (0.000) (0.662) (0.000) (0.061) 

Households’ perception on shocks 

Drought –0.164 –337.843 –0.156** 187.630 

 (0.116) (486.233) (0.098) (174.066) 

Disease_ 0.084 89.985 –0.319*** –915.624*** 

 (0.114) (413.408) (0.113) (288.750) 

Waterlogging 0.089 21.327 –0.314** 52.364 

 (0.141) (471.268) (0.131) (201.118) 

Demographic factors 

Age 0.001 –14.587 –0.006** –4.550 

 (0.003) (12.117) (0.003) (5.141) 

Education –0.007 26.284 –0.003 63.248*** 

 (0.011) (40.300) (0.010) (19.438) 

Occupation 0.059 305.106 0.061 511.712*** 

 (0.090) (330.894) (0.083) (160.438) 

Resource constraints and Production factors 

Seed quantity 0.001 8.691 0.002* 2.775** 

 (0.001) (7.762) (0.001) (1.369) 

Nitrogen –0.002 –2.532 –0.001 –2.471 

 (0.002) (7.314) (0.002) (1.893) 

Livestock units  0.018 –72.311 0.037 –128.586*** 

 (0.028) (93.608) (0.026) (43.095) 

Asset –0.050 23.302 0.036** 224.171*** 

 (0.031) (112.686) (0.030) (60.178) 

Regional and time variables 
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Region 0.288*** –61.721 –0.644*** –690.575*** 

 (0.094) (350.965) (0.088) (182.759) 

Year 2 (2013) 0.431*** 617.176 0.484*** –317.466 

 (0.113) (455.990) (0.119) (213.194) 

Year 3 (2015) –0.468*** –476.564 0.007 –494.037*** 

 (0.118) (551.890) (0.104) (191.130) 

Transaction costs and Social capital 

Distance market 0.000 4.354* –0.009 12.880 

 (0.018) (68.398) (0.015) (22.851) 

Relatives 0.014** 20.766 0.007 19.871** 

 (0.006) (15.726) (0.006) (9.410) 

Mean values for continuous variables used in CRE–DH 

Seed quantity –0.002 –12.081 –0.002 –4.178* 

 (0.002) (11.351) (0.001) (2.265) 

Nitrogen 0.002 –4.492 0.002 –1.727 

 (0.002) (5.825) (0.003) (3.454) 

Stock available –0.000 –0.296 0.000*** 0.031 

 (0.000) (0.307) (0.000) (0.087) 

Livestock unit –0.058 193.366 –0.055* 159.995*** 

 (0.036) (147.843) (0.029) (56.196) 

Asset –0.000** –0.000 –0.000** –0.001*** 

 (0.000) (0.001) (0.000) (0.000) 

Relatives –0.011 8.846 –0.008 26.878** 

 (0.009) (29.818) (0.008) (13.246) 

Constant 0.467 –3513.500 –0.120 –5688.429*** 

 (0.373) (2,400.496) (0.334) (839.327) 

Wald chi2 (34) 161.87***  chi2 (28) 2318.85*** 

Log-likelihood –4526.613  –8889.801  

Sigma  
 

771.372***  978.030*** 

  (207.735)  (48.370) 

Observations 1271 593 1773 1095 

Notes: Buyer vs Autarkic (Participation= (1=Buyer, 0=Autarkic) & If Buyer=1 Quantity bought); Seller vs 
Autarkic (Participation= (1=Seller, 0=Autarkic) & If Seller=1 Quantity sold); Bootstrap standard errors are 
in parentheses; *** p<0.01, ** p<0.05, * p<0.1, obtained by bootstrapping; Year 1 (2011) is excluded for 
use as a control dummy; Source: Author’s calculation based on survey data and estimated results.  
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CHAPTER 5.  

SMALLHOLDERS’ CHOICE OF MARKETING CHANNEL AND ITS WELFARE 

EFFECT: EVIDENCE FROM MAIZE-LEGUME PRODUCERS IN KENYA 

ABSTRACT 

This study uses a condition logit model to investigate the determinants and welfare 

effects of choice of marketing channel by smallholder maize-legume producers in 

Kenya. The market channels are rural consumers, rural assemblers, rural traders, and 

urban traders. The multinomial endogenous treatment effect (METE) model is used to 

evaluate the effect of market channel choice on quantity sold, price received, and 

revenue received. Distance to market has a negative effect on buyer choice. The choice 

of rural-assembler and rural-trader channels is positively affected by household size and 

negatively affected by the buyer being a relative and non-farm income. Customer 

relationships positively affect selling through rural-assembler and urban-trader. Choice 

of rural assembler is positively influenced by length of residence in the village but 

negatively influenced by shock due to households’ failure in business and storage 

duration. More output is sold through rural-traders while sales through rural-assemblers 

fetches the highest price and revenue. Overall, the quantity sold through all channels is 

positively influenced by the length of residence in the village and quantity produced.  

Storage duration has a positive effect on price received while length of residence in the 

village, off-farm income, and quantity produced has a negative effect. The length of 

residence in the village, membership to savings group, quantity produced, and 

transaction costs has a positive effect on the revenue received. The results imply that 

policies aimed at strengthening social networks should be promoted. Promoting 

establishment of infrastructure, including roads, to better link rural villages to urban 

markets, reducing transaction costs is necessary. Interventions should be implemented 

that increase the accessibility and availability of storage facilities to prolong the grain 

storage period, enabling farmers to sell later in the season when prices are relatively 

high. 

Keywords: Maize–legume market channels, social network, smallholder producers, 

welfare, conditional logit. 
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5.1 INTRODUCTION  

Improving market participation through effective market channels is essential for 

integrating semi-subsistence farmers into the mainstream of national economies and 

global value chains (Timmer, 1997, Cazzuffi and McKay, 2012, Amanor, 2019). 

However, market participation by these farm households is limited, and the 

effectiveness of programs aimed at integrating them into markets is uncertain in many 

developing countries. These farmers face higher input costs, lower output prices, high 

transaction costs and risks related to market access and poor spatial price transmission 

between rural and urban markets (Woldeyohanes et al., 2017, Barrett, 2008, Chamberlin 

and Jayne, 2013), which constrain agricultural commercialisation, particularly in areas 

with underdeveloped physical infrastructure, such as roads and transport facilities. 

Considerable investments have been made to restructure domestic agricultural markets 

in most countries in Sub-Saharan Africa (SSA), particularly after the liberalisation of 

cereal markets in the 1990s, partly because farmers are unable to produce and sell 

produce at a profit. Sales services and crop prices received by farmers vary between 

marketing channels, which has implications for farm profitability and welfare 

(Mmbando et al., 2017, Fafchamps and Hill, 2005). Some studies conducted in SSA 

reveal the importance of smallholder market access for improving cereal market 

performance (Mmbando et al., 2016, Abbink et al., 2011, Jayne et al., 2010, Sitko and 

Jayne, 2014a, Goetz, 1992).  

Empirical literature on the choice of marketing channel in developing countries focuses 

on relatively well-developed modern channels like supermarkets (Rao et al., 2012) and 

state marketing channels (Jayne et al., 2008). However, an increasing number of 

smallholders’ market staple cereals at the farm gate, mainly through rural grain 

assemblers and traders. There is scant literature about the determinants of market 

channel choice among cereal smallholder producers and their welfare impact. 

Furthermore, there is scant information on how social networks and trust affect market 

channel choice.  

A study by Jayne et al. (2010) on market participation in eastern and southern Africa 

found that about 20–35% of smallholders account for about 50% of total marketed 

maize output, an indication of the critical role they play in cereal markets. There is a 

substantial body of research addressing farm household market participation in relation 

to grain market channels. However, most studies focus on maize sector performance in 
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terms of trader type, producer challenges, and the growth and expansion of the maize 

sector relative to other cereal market chains (Smale and Jayne, 2010, Sitko and Jayne, 

2014b, Barrett, 1997, Sitko and Jayne, 2014a, Nyoro et al., 1999). Concerning the 

determinants of household agricultural market participation for cereals, particularly in 

the context of SSA, Boughton et al. (2007), Nyoro et al. (1999) and (Barrett, 2008) have 

found strong positive associations between market participation and both household 

asset endowments and income. Increased smallholder market participation has been 

associated with low levels of transactions costs (Alene et al., 2008a, Tefera, 2014, Key 

et al., 2000, Goetz, 1992). For staple food markets like maize, marketing risk is an 

important factor that determines household market participation, particularly in the 

presence of missing or imperfect credit markets. Stephens and Barrett (2011), Mmbando 

et al. (2016) and Alene et al. (2008a) associated increased market participation with 

access to credit, insurance and agricultural extension services, respectively. Liquidity 

constraints, in the case of unavailable alternative income sources and credit, may result 

in smallholders selling to unintended markets (Omamo, 1998). Demographic factors can 

also determine market participation. For instance, Marenya et al. (2017) found that 

gender of household head determined market participation in terms of quantity sold 

among maize farmers in Ethiopia. 

Overall, the literature on marketing channels has identified several factors that 

determine market channel choice by smallholders, including group membership (Tefera, 

2014), transaction costs such as transportation and cost of market information search 

(Takeshima and Winter‐Nelson, 2012, Tefera, 2014, Fafchamps and Hill, 2005, 

Mmbando et al., 2016), access to credit and extension services (Mmbando et al., 2016) 

and asset endowment and income (Fafchamps and Hill, 2005, Cazzuffi and McKay, 

2012). Fafchamps and Hill (2005) and Pham et al. (2019) found price variation in 

different market channels, while Cazzuffi and McKay (2012) found variation in quantity 

sold in different channels. Cazzuffi and McKay (2012) evaluated the determinants of 

rice market participation and channels of sale in Vietnam and reported that asset 

endowments, output quantity, and transport costs were the major determinants of market 

channel used. Fafchamps and Hill (2005) found that households could not choose to sell 

in some channels due to distance or certain traders not serving their particular area. 

Mmbando et al. (2016) analysed market channel choice of maize and pigeon pea 

smallholder farmers in Tanzania and reported that household wealth, transaction costs, 

access to credit and extension services, and social capital affect their choice of 
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marketing channel. However, the studies above do not consider the household welfare 

impact of the various market channels. Pham et al. (2019) analysed the determinants of 

Vietnamese smallholder farmers’ market channel choice and their effect on 

performance, defined in terms of prices received only. The results showed that a 

collective marketing channel helps farmers increase average prices received. 

Social networks, both formal and informal, are necessary for developing a dynamic 

marketing system (Young and Wilkinson, 1989, Tadesse and Kassie, 2017, Markelova 

et al., 2009). For instance, smallholders and traders who live in the same locality may, 

to some extent, share family ties and friendship which can help to develop trust amongst 

them. Farmers and traders may develop relationships they can advance credit to each 

other. Farmers and traders who have stayed in the same village for a long time, or 

belong to same social groups like cooperatives, develop social networks that mutually 

benefit them. Trust is often based on such pre-existing networks, which is more likely to 

increase sales and purchase frequencies among farmers and traders. A study by Lyon 

(2000) on trust, networks and norms in Ghana found that family links promote trade. 

The study showed that trust is essential for trade, particularly where actors cannot rely 

on formal legal institutions.  

There is evidence that producers face some fixed time and monetary costs, particularly 

market search costs, invariant to the quantity transacted (Cazzuffi and McKay, 2012). 

Hence, if such costs are very high, it may prevent market participation in specific 

market channels. Fafchamps and Hill (2005) found that crop prices received by farmers 

vary between channels of sale, which has implications for the welfare impact of 

commercialisation. However, studies that document the determinants of market channel 

choice, especially those that evaluate the effect of social networks and the effect of 

channel choice on welfare, by considering both location and buyer type are sparse. 

This study evaluates the choice of marketing channels for maize and haricot bean in 

Kenya. Four dominant marketing channels through which smallholders sell their 

produce are identified: rural consumers, rural assemblers, rural traders, and urban 

traders. The objectives of the study are to determine the factors influencing household 

choice of marketing channel and evaluate the effect of market channel choice on 

quantity sold, and price and revenue received, while controlling for social networks 

effects. 
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The next sections summarise the maize market in Kenya, describe the data sources and 

descriptive analysis, present the research methods, discuss the main findings of the 

analysis, and present the conclusion and policy implications. 

5.2 KENYA’S MAIZE VALUE CHAIN 

Maize remains the dominant and most important cereal crop in Kenya (Muyanga et al., 

2005). It is the main staple food and major source of livelihood for smallholder farmers, 

grown in all agro ecological zones of the country (Mathenge et al., 2014). Kirimi et al. 

(2011) shows seven main groups of players in the maize value chain: farmers, 

assemblers (known as ‘brokers’ in Kenya), retailers, wholesalers, the National Cereals 

and Produce Board (NCPB), posho millers and large-scale millers. Within the seven 

groups, there are diverse actors. Figure 5.1 is a typical market channel diagram for a 

normal maize harvest year. 

Smallholders who produce surplus mainly sell to rural consumers, assemblers or 

directly to itinerant traders. Consumers buy grain from smallholders and custom-mill it 

into posho-meal at a fee that is relatively less expensive for the urban poor and most 

rural households. Assemblers often gather and bulk for onward sale to large 

traders/wholesalers who operate in the main district or towns. Like most governments in 

most developing countries, the Kenyan government tends to eliminate intermediaries by 

restricting their participation in output markets to increase smallholder market 

participation, reducing spatial arbitrage (Ellis and Manda, 2012, Abbink et al., 2011, 

Jayne et al., 2008). However, most transactions, particularly for grain, continue to occur 

at the village level (Chamberlin and Jayne, 2013). 

Assemblers, itinerant traders, and small millers are less active in non-harvesting 

periods. Thus, Kenya is more reliant on imports from elsewhere (Uganda and 

Tanzania), often pursued by wholesalers and medium/large-scale millers. Large-scale 

farmers sell to both wholesale traders and a Government of Kenya parastatal called the 

National Cereal and Produce Board (Jayne et al., 2008, Kirimi et al., 2011). However, 

smallholders produce the bulk of the marketed grain in the country, mostly in small 

quantities, resulting in weak bargaining power and rendering them unable to meet the 

procurement requirements of the NCPB (Jayne et al., 2008). Thus, most small-scale 

farmers are left with the option of selling through local market channels. 
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Large-scale millers buy grain mainly from smaller traders, large wholesalers and the 

NCPB. The grain is milled and sold as maize flour to informal retailers (street kiosks, 

multipurpose retail shops, traditional retail markets, and supermarkets). However, when 

grain is scarce, the government through the NCPB imports maize from the world 

market. Wholesale traders and large-scale millers also import directly from the world 

market. 

Note: Shaded boxes are the main channels in terms of volume traded in the marketing season. Dashed 
lines signify minor flows. Arrow thickness represents flow volume. 
WFP- World Food Program 

FIGURE 5.1. MAIZE MARKETING CHANNEL DIAGRAM: TYPICAL YEAR OF SMALL NATIONAL MAIZE DEFICITS. 

SOURCE: (KIRIMI ET AL., 2011) 

  



CHAPTER 5. EFFECT OF MARKET CHANNEL CHOICE ON SMALLHOLDER WELFARE 

PAGE | 143 

5.3 DATA AND BASIC DESCRIPTIVE ANALYSIS  

The data for this study is based on a three-wave survey of farm households in Kenya. 

The data were collected by the Adoption Pathways Project60 (APP) in collaboration 

with the Maize and Wheat Improvement Centre (CIMMYT) between October and 

November in 2011, 2013 and 2015.61 Two counties in the western region (i.e., Siaya and 

Bungoma) and three counties in the eastern region (i.e., Embu, Meru and Tharaka-Nithi) 

were purposively selected based on their maize–legume production potential and 

agroecological condition (both regions have a bimodal rainfall pattern and two cropping 

seasons).  

The number of households to be interviewed were equally assigned to the eastern and 

western regions. A multistage sampling procedure was used to select the lower 

sampling units from division to farm household levels. Proportionate random sampling 

was then used to select households in the different sampling units (district, division, 

location, and villages).  A sample of 670, 535 and 495 small-scale farmers were selected 

and interviewed. The representatives of sampled households were interviewed using a 

structured interview schedule. Information was collected on market location, buyers, 

quantity sold, price, distance to point of sale, transaction costs, access to input and 

output markets, and duration between harvest and sales. Data on socioeconomic profiles 

of households, resource constraints, production and social capital and information 

access were also collected. After excluding plots that did not grow maize and or 

legumes and households that did not sell, we ended up with an unbalanced panel of 

32462 households with 645 plot-level observations.  

Table 5.1 shows the descriptive statistics of key variables by market channel. Given the 

four maize market channels through which households sell their produce, the distance 

from their homestead to point of sale is an observed measure related to the specific 

alternative marketing channel. In our data set, 92% of the total transactions occurred 

within rural villages, implying limited distance variation between different market 

                                                 

60 APP project investigates how smallholder decisions are influenced by socioeconomic factors (including 
gender dynamics, labour availability and credit availability), changes in farming systems (crop and 
livestock patterns and practices), and external factors (such as climate variability, markets and policies). 
61 Since marketing data is not available for 2013, we use data drawn from two waves only (2011 and 
2015). 
62 Total households is 324 with 645 transactions—231 households in 2011 with 384 transactions and 111 
households in 2015 with 261 transactions. 
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channels within the village. On average, households travel 1.0 km, 0.8 km and 0.9 km to 

sell to consumers, assemblers and retailers within the village, respectively. 

The first marketing channel is the rural consumer63—at the farm-gate and local villages. 

Smallholder farmers often sell to their neighbours, who have run out of maize stock 

after a low production season. Households on average sold a total of 419.43 kg of maize 

and 419.43 kg of beans through this channel, accounting for 13% of total transactions. 

Household heads using this channel are older than those who sell to the other channels. 

and incur significantly less transaction costs. 

The second marketing channel is the rural assembler64—who usually bulk up grain from 

farmers to sell onward (Nyoro et al., 1999). Unlike other traders, assemblers are usually 

speculative in nature and often wait for better prices; hence, for most, it is not their 

primary occupation. This channel comprises households who trade 18% of total 

transactions with, on average, 671.64 kg of maize and 336.65 kg of bean sold. Farmers 

who sell through this channel sell maize much earlier after harvest at lower prices than 

the other channels. Overall, these households are least engaged in off-farm occupations 

and earn lower average incomes than households using other channels. They mostly sell 

grain to assemblers who are long-term customers, as they have lived in the villages for a 

long time. 

The third marketing channel is the rural trader65—wholesalers and retailers66 - who 

operate at the farm gate or within local village markets. This channel dominates with 

62% of transactions and average sales of 470.27 kg of maize and 357.83 kg of bean. 

This market channel comprises households mainly from the eastern region who depend 

heavily on farm work. Most households who sell through this channel receive credit and 

sell at lower prices, particularly for maize, than the other channels. 

                                                 

63 Rural market includes the farm-gate and village market, where 92% of the transactions takes place. 
64 In this study, rural assemblers are traders who buy small quantities of grain from multiple farmers in 
the village and assemble for onward sale. Assemblers are intermediaries who often exploit farmers as 
they undertake arbitrage between villages and periods of relative abundance and scarcity (Omamo, 
1998, Sitko and Jayne, 2014a).  
65 The main difference between wholesalers and retailers at the village level is that retailers buy grain in 
relatively small quantities directly from farmers and sell to consumers for home consumption. While 
wholesalers buy in relatively large quantities and sell to both retailers and consumers. 
66 Some households sell to both wholesalers and retailers in a single transaction. Hence, we grouped 
wholesalers and retailer as traders. 
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The fourth marketing channel is the urban traders67—traders at urban or district 

markets. It is the least dominant channel. The average volume of maize traded in this 

channel is high (751.18 kg), indicating few transactions but larger volumes. These 

farmers sell maize grain at the highest price (KES 30.64/kg). Households who sell 

through this market channel are relatively young with an on-farm main occupation. 

They sell to traders with whom they have a long-term customer relationship and have 

developed trust.  

                                                 

67 Comprises wholesalers and retailers who operate at the main or district markets. 
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TABLE 5.1. DEFINITIONS AND SUMMARY STATISTICS OF EXPLANATORY VARIABLES PER MARKET CHANNEL  

Variable description Market channel mean 

Dependent  Rural consumer Rural assembler Rural trader Urban trader Sample mean 

mvtest 

1–Conditional logit– (Number of transactions per channel) 

HH choice of market channel=1, 2, 3 and 4 

82 114  399  50   

2–Multinomial endogenous treatment effect regression      

Quantity of maize equivalent sold  408.390 607.32 490.59 650.31 513.15*** 

Revenue  10313.99 16045.71 11692.11 18988.92 12852.03*** 

Independent         

ASC68 – Distance to point of sale 1.90 2.31 2.7 6.03 2.83*** 

Supply and production factors      

Quantity of maize produced 841.76 1066.43 696.88 980.73 799.26 

Quantity of bean produced 478.35 454.70 518.30 457.5 496.72 

Quantity of maize sold  419.43 671.64 470.27 751.18 517.97** 

Quantity of bean sold 244.12 336.65 357.83 220.58 334.69 

Maize price in Kenya shillings (KES) 27.43 26.53 28.46 30.64 28.20 

Bean price (KES) 40.35 44.95 41.04 43.66 42.02 

Storage duration in months 4.5 2.9 4.5 4.0 4.24* 

Transaction costs (KES) 74.86 131.75 85.65 375.60 110*** 

                                                 

68 ASC denotes alternative specific constant 
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Household characteristics 

Age of household head (years) 53. 51 52 47 51* 

Main occupation of household head, 0=Off-farm, 1=On-

farm 

0.80 0.64 0.81 0.80 0.77*** 

Household size (number of persons) 5.86 5.88 5.76 5.54 5.8 

Household off farm income (Ksh) 114489.50 89853.40 90968.04 98405.04 94,131.66 

Household received credit 0.02 0.11 0.09 0.01 0.08 

Family business failed 0.28 0.04 0.19 0.16 0.17** 

Social network and trust      

Seller has no relationship with buyer 0.51 0.34 0.49 0.26 0.41*** 

Seller has blood relationship or related to buyer 0.32 0.05 0.07 0.12 0.10*** 

Seller has long term customer relationship with buyer 0.30 0.67 0.44 0.62 0.47*** 

Seller trust buyers 0.52 0.57 0.61 0.62 0.59 

Number of years farmer lived in village 34.46 37.00 33.38 33.42 34.14 

Member of saving and credit cooperative society 0.09 0.07 0.21 0.08 0.16*** 

Regional and time variables      

Year of production 2011 (reference) 0.61 0.56 0.60 0.46 0.60*** 

Year of production 2015 0.39 0.44 0.40 0.54 0.40*** 

Region 0=Eastern, 1=Western 0.54 0.17 0.16 0.46 0.23*** 

Notes: Total 645 transactions; Source: Author’s calculation based on survey data and estimated results 
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5.4 METHODOLOGY 

5.4.1 THEORETICAL FRAMEWORK 

We conceptualise a producer’s choice of product market channel using a random utility 

model (RUM) to model the decision-making process of smallholder farmers’ market 

channel choice based on the utility maximisation theory. The model assumes that the 

decision to sell to a specific market channel is based on maximising an underlying 

utility function. Hence, a producer chooses a market channel based on his/her expected 

utility (McFadden, 1986). A producer selects a specific market channel only if the 

expected utility is positive and higher than alternative options. If we have N utility-

maximising households (i = 1, 2, …, N) and each faces a choice among J (j = 1, 2, …, J) 

alternative market channels (rural consumers, rural assemblers, rural traders and urban 

traders), we can express the utility of choosing market channel j for the ith household, 

𝑈𝑖𝑗, following (Train (2009). 

                          𝑈𝑖𝑗 = 𝑉𝑖𝑗 + 𝜖𝑖𝑗                                                                           (5.1) 

where 𝑉𝑖𝑗 is the observed component of the utility expressed as a linear function of 

observed variables, and 𝜖𝑖𝑗 is the unobserved components of the utility with an assumed 

random distribution. The probability that the ith household selects market channel j is 

equal to the probability that the channel offers the highest utility: 

𝑃𝑖𝑗 = Pr( 𝑈𝑖𝑗 > 𝑈𝑖ℎ  )                               𝑓𝑜𝑟 𝑎𝑙𝑙 ℎ ≠ 𝑗 

                                  = Pr( 𝑉𝑖𝑗 + 𝜖𝑖𝑗 > 𝑉𝑖ℎ + 𝜖𝑖ℎ )           𝑓𝑜𝑟 𝑎𝑙𝑙 ℎ ≠ 𝑗 

                                  = Pr (𝜖𝑖𝑗 − 𝜖𝑖ℎ > 𝑉𝑖ℎ − 𝑉𝑖ℎ )          𝑓𝑜𝑟 𝑎𝑙𝑙 ℎ ≠ 𝑗                (5.2) 

With ∈𝑖 having a distribution 𝑓(∈𝑖), we represent the probability as: 

                   𝑃𝑖𝑗 = ∫ 𝐼(𝜖𝑖𝑗 − 𝜖𝑖ℎ > 𝑉𝑖ℎ − 𝑉𝑖ℎ   𝑓𝑜𝑟 𝑎𝑙𝑙 𝑗 ≠ ℎ ) 𝑓(∈𝑖) 𝑑 ∈𝑖              (5.3) 

where I (.) is the indicator function taking the value 1 when the expression inside the 

parenthesis is true and 0 otherwise. 

We hypothesise that utility depends on the characteristics of the marketing channel 

(alternative specific variables, such as distance) and the individual (case- or individual-

specific variables, such as age and household size). Following McFadden (1973) choice 

model, we express the observed part of the utility as: 
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                             𝑉𝑖𝑗 = 𝒘𝑖𝑗𝛾 + 𝒛𝛿𝑗 + 𝑑𝑗                                                          (5.4) 

where_𝒘𝑖𝑗 is a vector of p alternative-specific variables (e.g., distance to the point of 

sale), with coefficient 𝛾; 𝒛𝑖 is a vector of q case-specific variables with coefficient 

𝛿𝑗  (which vary by alternative); 𝑑𝑗 is the alternative-specific intercept. Since only relative 

differences among the utilities 𝑈𝑖𝑗 matter, we only estimate alternative-specific 

coefficients 𝑑𝑗 and individual-specific variable coefficients for 𝛿𝑗 for J – 1 alternative. 

Therefore, for a model with n alternative-specific variables and q case-specific 

variables, we estimate p + q (J – 1) + J – 1 coefficients, where p is alternative-specific 

variables, q (J – 1) is case-specific variables, and J – 1 is alternative-specific intercepts.  

We estimated multinomial endogenous treatment effects to account for the impact of 

market channel choice on smallholder welfare (output, price, and revenue). The model 

comprises two stages: (1) Selection equation—households choose one of the four 

market channels at their disposal; (2) Outcome equation—evaluates the welfare effect 

of market channel choice. 

5.4.2 ECONOMETRIC MODEL 

Conditional logit 

In this model, we have a set of unordered alternative market channels indexed by 1, 2, 

…, J, with 𝑦𝑖𝑗, j = 1,…, J an indicator variable, where 𝑦𝑖𝑗 = 1 if the ith household 

chooses market channel j, and 0 otherwise. The marketing choice sets across households 

can be unbalanced. For example, household 1 could have a choice set comprising of 

three alternatives (rural consumer, rural assembler, and urban trader), and household 2 

could have a choice set with only two alternatives (rural consumer and rural trader).  

Utility is equal to the observed part and a random component that is based on Equation 

(5.4) and assumes that for the p alternative-specific variables for case i, we have a J × p 

data matrix wi, and for the q case-specific variables for case i, we have a I × 𝑞 data 

vector zi. Thus, we express the random utility model as: 

                   𝑈𝑖𝑡 = 𝐰𝑖𝑡𝛽 + (𝐳𝑖𝑡𝐀)′ + 𝜖𝑖𝑡                                                           (5.5) 

where 𝛽 represents a p × 1 vector of alternative-specific variables, and A = (𝛼1 , . . . , 𝛼𝑗) 

is a q × J matrix of case-specific regression coefficients. The J × 1 vector 𝜖𝑖𝑡 comprises 

independent type I (Gumbel-type) extreme-value random variables with constant mean 

and unit variance. For normalisation, we set one of the 𝛼𝑗 to 0 and set 𝛼𝑘 = 0, where k 
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is specified by the base alternative (rural consumer) market channel. The vector 𝑈𝑖𝑡 

measures the utility of household gains from choosing the J market channel. Thus, if the 

ith household does not sell through market channel j, we omit the jth row in 𝑈𝑖𝑡. The 

market channel chosen by household i is the one that maximises utility.  

Thus, if a household chooses channel j, then utility 𝑈𝑖𝑗 is the highest among J market 

alternatives (i.e., 𝑈𝑖𝑗 > 𝑈𝑖ℎ 𝑓𝑜𝑟 𝑎𝑙𝑙 ℎ ≠ 𝑗 ). Thus, the probability of the ith household 

choosing market channel j is: 

                         𝑃(𝑦𝑖𝑡 = 𝑗) =
𝑒𝑉𝑖𝑡

∑ 𝑒
𝑉𝑗𝑡

                                                                               (5.6) 

Hence, the log-likelihood function for all individuals choosing market channel j is: 

                          ln 𝐿 = ∑ 𝑚𝑖𝑗𝑡  ln𝑖 𝑃(𝑚𝑖𝑗𝑡 = 1)                                                 (5.7) 

where 𝑚𝑖𝑗𝑡 = 1 for all households who sell through market channel j at time t. 

Multinomial endogenous treatment effects model (METE) 

We estimate the effect of household choice of market channel on the quantity of grain 

sold, price received, and revenue. The market channel choice through which households 

sell their grain depends on household demographic factors, social ties, level of trust 

between sellers and buyers, quantity produced, and transaction costs. To understand the 

causal effect of market channel choice on the outcome of interest, we need to 

simultaneously account for both market channel selection and unobserved household-

level heterogeneity. We adopt a treatment effect approach proposed by Deb and Trivedi 

(2006) and Deb (2009). The model relies on instrumental variables and simultaneously 

estimates the selection and outcome equations:  

𝐸(𝑦𝑖𝑡|𝐶𝑖𝑡, 𝑥𝑖𝑡, 𝑙𝑖𝑡) = 𝑥𝑖𝑡
′ 𝛽 +   𝐶𝑖𝑗𝑡

′ 𝛾𝑡 +  𝐿𝑖𝑗𝑡
′ 𝜌𝑡  + ℰ𝑖𝑡                                           (5.8) 

where 𝑦𝑖𝑡 is the outcome (quantity sold of maize equivalent69, price70 or revenue) from 

choice of market channel j for household i at time t; 𝑋𝑖𝑡 is a set of observable household 

                                                 

69We compute the quantity of maize equivalent for each household per transaction by considering both 
quantity of maize sold and quantity of bean sold in maize equivalent following (Willy et al., 2019), where 

the maize quantity equivalent (Qm) is computed as 𝑄𝑚 =
∑ 𝑌𝑖𝑏𝑃𝑏

𝑃𝑚
; 𝑌𝑖𝑏  is the output of bean b (kg) in 

household i; 𝑃𝑏  is the price of bean and 𝑃𝑚 is the price of maize. 
70 Prices are deflated with 2015 as the base year and then weighted. 
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and market channel choice characteristics with associated parameter vector β; C denotes 

a vector of binary variables indicating market channel choice; and the coefficient 

 𝛾𝑗𝑡 captures the treatment effects relative to the control (rural consumer). The 

unobservable household characteristics that simultaneously affect market channel 

choice and their performance is represented by 𝐿𝑖𝑗𝑡 with associated parameter vector 

𝜌𝑗𝑡. Lastly, ℰ𝑖𝑡 denotes the independently distributed random error. 

Based on the assumption of conditional normal distribution of the outcome variables 

and a mixed multinomial logit distribution of the treatment variable, the joint 

distribution of treatment and outcome variables is: 

          Pr (𝑦𝑖𝑡, 𝐶𝑖𝑗𝑡|𝑋𝑖𝑡, 𝑍𝑖𝑡, 𝑙𝑖𝑡) = 𝑓 (𝑦𝐼𝑡 |𝐶𝑖𝑗𝑡, 𝑋𝑖𝑡, 𝐿𝑖𝑗𝑡) × Pr (𝐶𝑖𝑗𝑡| 𝑍𝑖𝑡, 𝐿𝑖𝑗𝑡) 

                                                 = 𝑓(𝑋𝑖𝑡
′ 𝛽 + 𝐶𝑖𝑗𝑡

′ 𝛾+𝐿𝑖𝑗𝑡
′  𝜌) × 𝑔(𝑍𝑖𝑡

′ 𝛼𝑗𝑡 +  𝐿𝑖𝑗𝑡𝜌𝐽𝑡)      (5.9) 

The impact of market channel choice on outcomes are the maximum likelihood 

estimates of the parameters of the joint distribution of (𝑌𝐼𝑡, 𝐶𝑖𝑗𝑡𝑗|𝑋𝑖𝑡, 𝑍𝑖𝑡), through its 

integration with the distribution of unobserved characteristics: 

                Pr (𝑌𝐼𝑡, 𝐶𝑖𝑗𝑡𝑗|𝑋𝑖𝑡, 𝑍𝑖𝑡) = ∫ 𝑃𝑟(𝑦𝐼𝑡, 𝐶𝑖𝑗𝑡|𝑋𝑖𝑡, 𝑍𝑖𝑡, 𝐿𝑖𝑗𝑦) ℎ( 𝐿𝑖𝑗𝑡) 𝑑𝐿𝑖𝑗𝑡        (5.10) 

where 𝑍𝑖𝑝𝑡 represents exogenous variables71, and h is the joint density of 𝐿𝑖𝑗𝑡, assumed 

to be independently and identically distributed draws from the standard normal 

distribution. Due to unobservable 𝐿𝑖𝑗𝑡, the integral in Equation (5.10) does not have a 

closed-form solution. 

Therefore, we approximate equation (5.10) by S random draws from density h; then, the 

simulated values are used in place of the unobserved 𝐿𝑖𝑗𝑡. We calculate the average of 

the joint probability across all simulation draws: 

𝑃�̃� [𝑦𝑖𝑡, 𝐶𝑖𝑗𝑡|𝑋𝑖𝑡, 𝑍𝑖𝑡] ≈
1

𝑆
∑ {𝑓(𝑋𝑖𝑡

′ 𝛽 + 𝐶𝑖𝑗𝑡
′ 𝛾 + �̃�𝑖𝑗𝑡

′  𝜌) × 𝑔(𝑍𝑖𝑡
′ 𝛼𝑗𝑡 +  �̃�𝑖𝑗𝑡𝜌𝐽)}𝑆

𝑠=1      (5.11) 

where �̃�𝑖𝑗𝑡 is the sth draw from the S draws of a pseudo-random number from density h. 

To obtain the log-likelihood function, we take the logarithm of the simulated probability 

                                                 

71 Vector 𝑍𝑖𝑝𝑡 includes control variables used in the first stage of the estimation. The difference between 

the vectors of control variables 𝑍𝑖𝑝𝑡  and 𝑋𝑖𝑝𝑡 is that, 𝑍𝑖𝑝𝑡 also includes instrumental variable (household 

received credit). 
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and sum it over all observations. The number of simulations draws, S, from the quasi-

random Haltom sequence, should be greater than the square root of the number of 

observations. Since the outcome variables are continuous, we assume a normal 

(Gaussian) distribution function and set S at 400, as in Gregory and Deb (2015). The 

maximum likelihood simulated approach (MSL) estimation is done in STATA using the 

mtreatreg command implemented by Deb (2009). 

We use the instrumental variable (IV) strategy to control for endogeneity that is most 

likely to occur due to unobservable factors affecting market channel choice and the 

outcome variables. For identification using the exclusion restriction criterion, we follow 

Deb and Trivedi (2006) by including the variable for whether the household received 

credit as an IV in 𝑍𝑖𝑡 but not 𝑋𝑖𝑡.The use of the exclusion restriction and instruments 

provide more robust estimates. The IV (if household received credit) influences the 

selection equation but is uncorrelated with the outcomes or the error component. The 

effect of market channel choice on the outcome is determined relative to the choice of 

rural-consumer market channel as a base category. 

Finally, the error term ℰit in Equation (5.5) comprises two components 𝑢𝑖𝑡 and 𝑣𝑖𝑡. The 

term 𝑢𝑖𝑡 represents time-invariant unobserved heterogeneity, such as degree of risk 

aversion or preferences affecting the household choice of market channel and the 

outcomes. Since our model is nonlinear and we have panel data, a correlation could 

occur between time-invariant unobserved household-level and observed covariates. The 

component 𝑣𝑖𝑡 of the error term represents time-varying unobserved shocks that affect 

the household choice of market channel and the outcomes. A correlation between 

covariates and unobserved heterogeneity causes biased coefficient estimates. To relax 

the assumption of independence between covariates and unobserved heterogeneity, we 

follow Mundlak (1978) and Chamberlain (1984) and use the correlated random effects 

(CREs) estimator because it can control for time-invariant unobserved heterogeneity as 

with fixed effects, without the problem of incidental parameters in nonlinear panel 

models. As such, CRE allows the correlation between unobserved heterogeneity (𝑢𝑖𝑡) 

and vector covariates across all time periods by assuming the correlation takes the form: 

𝑢𝑖 = 𝜃 + �̅�𝑖𝜑 + 𝑒𝑖, where 𝜃 and 𝜑 are constants, �̅� 72 is time average for all time-

                                                 

72 �̅�  variables have the same value for each household each year but vary across households. 
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varying covariates in Equation (6), and 𝑒𝑖 is a normally distributed error term with zero 

mean and constant variance. 

5.5 RESULTS AND DISCUSSION 

5.5.1 DETERMINANTS OF MARKET CHANNEL CHOICE  

The dependent variable used is the choice of market channel. The study identified four 

dominant marketing channels as rural consumers, rural assemblers, rural traders, and 

urban traders. The determinants of choice of market channel include distance to the 

point of sale used as a proxy for transaction cost. We control for socioeconomic and 

institutional factors that affect choice of market channel. We include occupation and age 

household head as well as households’ characteristics such as household size, income, 

and business failure. A range of social network and trust factors used as explanatory 

variables include selling to friends or relatives, selling to buyers with whom a farmer 

has a long-term customer relationship, if producer trust grain trader, length of residence 

in the village and if the farmer is a member of savings and credit cooperative. Quantity 

produced and storage duration are also considered to influence choice of market 

channel. We use region to control for agro-ecological differences. We also control for 

temporal effect by including the production year. 

The conditional logit model results for the determinants of market channel choice are in 

Table 5.2. The market channel choice depends on social networks and trust, household 

characteristics, supply factors and intertemporal effects. The result of the model is 

consistent in terms of the signs and significance of the control variables. Concerning 

distance travelled to the point of sale, the results imply that producers are less likely to 

sell to buyers far away from them. Key et al. (2000) also found that living in a specific 

location might affect farmer exposure to market access and information. 

Social networks considered to influence market channel choice include whether the 

seller trusts the buyer, length of residence in the village and whether they belonged to a 

savings and credit cooperative. Farmers who sell to their friends or relatives are more 

likely to sell to rural consumers than the buyers with whom they have no social ties. 

Developing long-term seller–buyer relationships is important for the choice of maize 

market channel. Farmers who have long-term customer relationships with buyers are 

more likely to sell to rural assemblers and urban traders because (1) assemblers operate 

within rural areas and often travel to farm homesteads to buy grain, and (2) urban 
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traders often operate at a relatively large scale with fewer farmers, so they easily 

develop stronger ties with their buyers. The results support the findings of Frenzen and 

Davis (1990), who showed that daily interactions among actors promote selling and 

purchasing frequency.  

TABLE 5.2. DETERMINANTS OF CHOICE MARKETING CHANNELS, COEFFICIENTS FROM CONDITIONAL LOGIT MODEL 

VARIABLES (1) Rural 

consumer 

(2) Rural 

assembler 

(3) Rural 

trader 

(4) Urban 

trader 

Transaction costs     

Distance (Alternative-specific 

constant) 

–0.166***    

(0.046) (0.046) (0.046) (0.046) 

Social network and trust    

Friend or relative  –2.168*** –2.152*** –0.753 

  (0.725) (0.470) (0.637) 

Customer relationship  1.036** 0.123 1.013* 

  (0.466) (0.363) (0.534) 

Trust grain trader  0.157 0.293 0.771 

  (0.445) (0.360) (0.503) 

Years lived in village  0.028* 0.014 0.015 

  (0.014) (0.011) (0.015) 

Member savings and credit 

coop 

 –0.522 0.535 0.261 

 (0.798) (0.665) (0.905) 

Household characteristics    

Occupation  –0.389 0.158 0.192 

  (0.519) (0.459) (0.599) 

Household size  0.179** 0.128** 0.050 

  (0.083) (0.064) (0.079) 

Age  –0.014 –0.005 –0.048** 

  (0.018) (0.015) (0.022) 

Income  –0.114** –0.123*** –0.016 

  (0.055) (0.045) (0.060) 

Business failure  –1.435** –0.136 –0.093 

  (0.619) (0.231) (0.339) 

Supply factors    

Season production  0.000 0.000 0.000 
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  (0.000) (0.000) (0.000) 

Storage duration  –0.149*** –0.067 –0.067 

  (0.052) (0.043) (0.059) 

Time and region    

Year 2015  –0.933** –1.022*** 0.681 

  (0.473) (0.357) (0.552) 

Region  –2.303*** –1.919*** –0.596 

  (0.508) (0.357) (0.480) 

Constant  1.940 3.215*** 0.887 

  (1.327) (1.068) (1.629) 

Observations 2580    

Robust standard errors in parentheses; Significance levels *** p<0.01, ** p<0.05, * p<0.1; Source: 
Author’s calculation based on survey data and estimated results 

 

Households who trust their buyers are significantly more likely to sell to urban traders 

than rural consumers. Since buyers at urban or district markets are geographically 

removed, it is unlikely they have a blood relationship with the seller and, hence, base 

their transactions on trust. Moorman (1993) showed that stronger ties develop the longer 

actors transact in markets, ultimately building trust. In contrast, households who have 

lived in their village the longest are significantly more likely to sell to the rural 

assemblers than rural consumers are. Assemblers routinely buy grain directly at the 

village level or farm-gate and are often the preferred buyer, particularly for poor 

households as they buy early in the season when other consumers still have maize 

available for consumption (Sitko and Jayne, 2014b). 

Estimates for the effect of socio-demographic characteristics show that farmers with 

larger household sizes are more likely to sell their maize surplus to rural assemblers and 

rural traders. Household size represents the productive and consumption elements of the 

household. Hence, larger households have more labour resources and are more likely to 

increase marketable output. In addition, younger household heads are more likely to sell 

their maize to urban traders than to buyers operating in the rural area. 

We consider the income variable as a wealth indicator. Households with higher income 

are significantly less likely to sell their grain to rural assemblers or rural traders than 

rural consumers or urban traders are. Rural assemblers and rural traders often buy grain 

at lower prices from households immediately after harvest. In the absence of other 
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sources of income, financially constrained rural-poor households in Kenya often sell 

grain immediately after harvest as a survival strategy to meet liquidity constraints 

(Omamo, 1998). Figure 5.2 shows that most households in our sample sell grain in the 

first two months after harvest. Sitko and Jayne (2014a) found that most maize small-

scale farmers in sub-Saharan Africa sell their produce through assemblers. Likewise, 

other studies (Stephens and Barrett, 2011, Boughton et al., 2007), particularly in the 

context of SSA, found significant positive associations between income/other household 

assets and market participation. We also find that idiosyncratic shocks, such as family 

business failure, decrease the probability of farm households selling to rural assemblers 

relative to rural consumers.  

Regarding the variable storage duration, we find that households who store grain for 

longer are significantly less likely to sell to rural assemblers than rural consumers or 

other buyers are. Assemblers often buy immediately after harvest, whereas most 

consumers buy maize and beans several months later after consuming their own harvest. 

Figure 5.2 shows that most sales occur in the first two months after harvest and one 

month before the next season’s harvest. Stephens and Barrett (2011) reported that 

poorer households use the commodity market as a strategy to meet liquidity constraints 

in the absence of other income sources, while others use it as a form of de facto seasonal 

credit, buying the same commodity later due to credit market imperfections. Likewise, 

Figure 5.3 follows a similar pattern for the average quantity sold over time. 

We include year dummies and the variable region in the model to account for temporal 

and spatial factors. In 2015, households are significantly less likely to sell through rural 

assemblers and rural traders than rural consumers and urban traders are. Although not 

statistically significant, households were more likely to sell to urban traders in 2015 

than in 2011. The data also shows a substantial increase in output from 2011 to 2015. 

The literature suggests that more favourably located households are more likely to sell 

their crops to urban markets. In our sample, farmers in the western region are less likely 

to sell their produce to rural assemblers and rural traders than rural consumers are. The 

western region of Kenya, particularly Siaya and Bungoma, are less developed, in terms 

of physical infrastructure, than the eastern region. An empirical analysis from 

Fafchamps and Hill (2005) shows that the likelihood of selling to the urban market 

increases with proximity to market, aided by good road conditions and the availability 

of affordable transportation. 
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FIGURE 5.2. TIME TAKEN (MONTHS) BY HOUSEHOLDS TO SELL THEIR PRODUCE AFTER HARVEST 

 

 

FIGURE 5.3. QUANTITY OF MAIZE EQUIVALENT SOLD BY HOUSEHOLDS EACH MONTH AFTER HARVEST 

 

5.5.2 PREDICTIVE MARGINS GIVEN 1 KM INCREASE IN DISTANCE TO VARIOUS MARKET 

CHANNELS 

We further predict the margins given a 1 km increase in distance to various marketing 

channels. Increasing the distance to rural consumers by 1 km decreases the probability 

of households selling to rural consumers by 2.02%, increases the probability of selling 

to rural traders by 1.6% and has little effect on the probability of selling to rural 

assemblers (up by 0.22%) and urban traders (up by 0.20%) (Table 5.3). Likewise, 

increasing the distance to rural assemblers by 1 km decreases the probability of 

households selling to rural consumers by 1.4% and increases the probability of selling 

to rural traders by 0.96%. When rural consumers and rural assemblers are further away, 

the household market channel preference changes to rural traders, suggesting that 

farmers consider factors other than price, such as convenience (i.e., consumers and rural 

assemblers come to their doorstep) that would lower per unit transport costs.  
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Increasing the distance to rural traders by 1 km decreases the probability of households 

selling to rural traders by 3.31% and increases the probability of selling to rural 

consumers by 1.69% and rural assemblers by 1.01%. Increasing the distance to the 

urban traders by 1 km decreases the probability of households selling to urban traders 

by 0.98%, with only small changes in the proportion of households selling to rural 

marketing channels. These results suggest that—other than distance to market, which is 

a proxy for transaction costs—producers consider several other factors for market 

channel choice, including (1) convenience - rural assemblers coming to their doorstep 

and hence lowering per unit transport costs and buying large quantities, and (2) 

reliability - assemblers often buy farmers’ output immediately after harvest. 

Furthermore, Sitko and Jayne (2014a) found that, even in remote villages, households 

can still access markets at competitive prices relative to those that are more accessible in 

the village. 

5.5.3 EFFECT OF MARKET CHANNEL CHOICE ON QUANTITY SOLD, PRICE AND FARM REVENUE  

We present the results of the METE model in Table 5.473. From the three selection 

equations, the effect of some variables is consistent in terms of sign and significance, 

including social factors (if buyer is a relative, long-term customer relationship, years 

lived in village), business failure, time-lapse between harvest and sale, and time and 

region dummies. In contrast, variables that emerge as significant in the METE include 

whether sellers trust traders, membership to cooperative groups and credit access, which 

we treat as an instrumental variable. We find that households who sell to urban traders 

highly trust their customers. We also find that households who belong to a cooperative 

society are less likely to sell to rural assemblers as these societies act as a source of 

credit for members during liquidity constraints. 

  

                                                 

73 The coefficient of latent factors (lambda) at the bottom of Table 6 reflects the effect of unobservable 
characteristics. 
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TABLE 5.3. CONTRASTS OF PREDICTIVE MARGINS GIVEN 1 KM INCREASE IN DISTANCE TO VARIOUS MARKET 

CHANNELS  

 Contrast Std. Err. chi2 P>chi2 

Increasing distance to rural consumer by 1 km   

1. Rural consumer –0.0202 0.0054 –0.0308 –0.0095 

2. Rural assembler 0.0022 0.0007 0.0008 0.0037 

3. Rural trader 0.0159 0.0044 0.0074 0.0245 

4. Urban trader 0.0020 0.0007 0.0007 0.0033 

Joint   13.81 0.003 

Increasing distance to rural assembler by 1 km   

1. Rural consumer 0.0022 0.0007 0.0008 0.0037 

2. Rural assembler –0.0140 0.0038 –0.0215 –0.0065 

3. Rural trader 0.0096 0.0027 0.0042 0.0149 

4. Urban trader 0.0022 0.0007 0.0009 0.0035 

Joint   13.53 0.004 

Increasing distance to rural trader by 1 km     

1. Rural consumer 0.0169 0.0049 0.0073 0.0265 

2. Rural assembler 0.0101 0.0030 0.0042 0.0160 

3. Rural trader –0.0331 0.0093 –0.0514 –0.0147 

4. Urban trader 0.0061 0.0020 0.0021 0.0100 

Joint   12.60 0.007 

Increasing distance to urban trader by 1 km     

1. Rural consumer 0.0020 0.0006 0.0007 0.0032 

2. Rural assembler 0.0022 0.0007 0.0009 0.0035 

3. Rural trader 0.0057 0.0018 0.0021 0.0092 

4. Urban trader –0.0098 0.0029 –0.0155 –0.0041 

Joint   12.80 0.005 

Source: Author’s calculation based on survey data and estimated results 

 

Regarding the outcome equation, the results indicate that households selling to rural 

traders are more likely to transact larger quantities (by about 297 kg) than those selling 

to rural consumers or other buyers. Households may prefer to conduct a single 

transaction with a trader rather than several transactions with households purchasing for 

own consumption. The data also indicate that farmers selling more output are less likely 

to sell to urban traders because selling at rural markets is often less remunerative (but 
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may be the only option for farm households who cannot afford to transport their 

produce to the urban market), and time-constrained sellers may find it more convenient 

to sell at the rural market. 

With respect to selling price, we find that households selling to rural assemblers are 

significantly more likely to receive higher prices (by about 3.7 ksh/kg) than rural 

consumers are. In contrast, imperfect competition among grain traders is often a spatial 

phenomenon. For instance, a study of grain trading in Ethiopia by Osborne (2005) 

shows imperfect price competition among traders in a more remote market but not 

among traders in larger and more accessible markets. Our findings imply that farmers 

consider factors other than price when selling their output. A study conducted in Kenya 

by Sitko and Jayne (2014a) showed that assembly traders offer farmers access to 

markets at their doorstep. The study found that the prices offered by assembly traders 

are better than what farmers would receive if they arranged their own transport to the 

nearest wholesale or retail market.  

When considering gross revenue, selling to rural assemblers increases the revenue 

received by households compared to other channels. This is because smallholders need 

to sell more output to receive significant amounts of revenue. Similarly, farmers sell to 

rural assemblers at relatively higher prices, and assemblers often travel to their doorstep 

to buy grain, significantly reducing transaction costs. 

Concerning the effect of control variables on the outcome equation, social ties such as 

having a long-term buyer–seller relationship reduces revenue, living longer in the 

village increases quantity sold and revenue, and being a member of saving and credit 

cooperative increases revenue. Formal and informal working-relationship networks 

among farmers and traders create trust, which is important, particularly in markets 

lacking effective legal mechanisms (Lyon, 2000). At times, revenue can decrease when 

sellers offer discounts due to their relationship with buyers. Similarly, households 

belong to a savings and credit cooperative society are better positioned than non-

members to get credit if needed for production inputs and hence more likely to increase 

output. Stephens and Barrett (2011) also identified strong positive associations between 

market participation and credit access. Larger household size significantly reduces the 

quantity sold and revenue and is often associated with an increased dependency ratio. 

We find that households with more output significantly increase quantity sold and 

revenue while reducing the selling price. When farmers harvest more output, it 
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translates into increased quantity sold. Similarly, farmers are likely to increase their 

bargaining power when selling large quantities and to urban markets. Burke et al. 

(2020) showed that medium-scale farms have positive spillover effects for smallholder 

marketing as they produce relatively more output. Selling grain much later after harvest 

significantly increases the selling price and revenue for households who are not 

financially constrained than if they sell immediately after harvest. 

High transaction costs significantly increase with quantity supplied and revenue. When 

farmers sell in large quantities, they often sell to urban markets and hence incur more 

transaction costs. In 2015, households sold their output at significantly higher prices and 

received significantly more revenue than in 2011. An agricultural risk assessment report 

undertaken in Kenya by World-Bank (2015) showed an increase in domestic and 

external shocks in 2011 and 2012, which led to low outputs and subsequent increases in 

domestic prices. Even though public support programs tend to keep producer prices for 

maize stable, domestic maize prices are relatively volatile and highly sensitive to 

uncertainty, with persistent speculation for projected and actual annual outputs. 
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TABLE 5.4. EFFECT OF GRAIN MARKET CHANNEL SELECTION ON QUANTITY SOLD, PRICE AND REVENUE; RESULTS FROM MULTINOMIAL ENDOGENOUS TREATMENT EFFECT 

REGRESSION (MSL–METE) 

 Selection equation (marketing 

channel) 

Quantity 

sold 

Selection equation (marketing 

channel) 

Price/kg Selection equation (marketing 

channel) 

Revenue 

 R-

Assembler 

R-Trader U-Trader  R-

Assembler 

R-Trader U-Trader  R-

Assembler 

R-Trader U-Trader  

R-Assembler    117.161    3.671**    8220.044*** 

    (112.685)    (1.599)    (2448.979) 

R-Trader    297.144**

* 

   –1.616    975.946 

    (86.700)    (1.292)    (2031.469) 

U-Trader    –6.219    1.775    –391.453 

    (103.941)    (1.983)    (2837.174) 

Friend/relative –1.479** –2.034*** –0.360 –10.694 –1.675** –1.994*** –0.141 2.737 –1.669** –

2.065*** 

–0.258 –1265.258 

 (0.696) (0.463) (0.771) (67.133) (0.693) (0.464) (0.768) (1.972) (0.716) (0.458) (0.782) (1814.095) 

Customer 

relationship 

1.638*** 0.134 1.541** –35.455 1.582*** 0.169 1.661*** –0.344 1.640*** 0.177 1.613** –2524.103** 

 (0.443) (0.356) (0.629) (36.159) (0.435) (0.353) (0.642) (0.789) (0.435) (0.353) (0.634) (1255.566) 

Years in village 0.056** 0.046** –0.027 6.007** 0.058** 0.044** –0.033 –0.154** 0.052** 0.044** –0.027 178.666** 

 (0.024) (0.022) (0.039) (2.782) (0.023) (0.021) (0.039) (0.060) (0.024) (0.021) (0.038) (78.270) 

Trust traders 0.259 0.396 1.194** 5.851 0.262 0.376 1.125* –1.299 0.295 0.419 1.171** –1049.302 

 (0.454) (0.359) (0.583) (41.494) (0.455) (0.362) (0.588) (0.952) (0.449) (0.359) (0.595) (1123.960) 

–1.126 0.543 0.057 65.330 –1.141* 0.552 0.336 1.764 –1.141* 0.573 0.326 4687.324*** 
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Member S&C 

cooperative 

(0.706) (0.521) (1.027) (53.334) (0.670) (0.508) (0.959) (1.231) (0.670) (0.511) (0.971) (1,187.574) 

Household size 0.255 –0.032 –0.097 –52.450** 0.228 0.001 –0.096 0.276 0.228 –0.020 –0.084 –1954.207** 

 (0.230) (0.194) (0.269) (25.144) (0.230) (0.194) (0.272) (0.403) (0.230) (0.195) (0.268) (765.678) 

Age 0.086* –0.005 –0.044 1.547 0.075 –0.006 –0.039 0.007 0.075 –0.011 –0.044 135.919 

 (0.052) (0.048) (0.097) (6.170) (0.049) (0.049) (0.094) (0.122) (0.049) (0.051) (0.096) (154.062) 

Income –0.129 –0.093 –0.091 –6.525 –0.120 –0.094 –0.111 –0.297* –0.120 –0.095 –0.110 –329.635 

 (0.085) (0.081) (0.127) (12.155) (0.093) (0.086) (0.132) (0.158) (0.093) (0.090) (0.135) (404.147) 

Business failure –1.693*** –0.021 –0.058 –12.367 –1.801*** –0.069 –0.022 0.465 –1.801*** –0.063 –0.032 20.365 

 (0.642) (0.236) (0.344) (23.552) (0.620) (0.241) (0.344) (0.682) (0.620) (0.241) (0.348) (691.565) 

Output quantity  –0.000 –0.000 0.000 0.492*** –0.000 –0.000 0.000 –

0.004*** 

–0.000 –0.000 0.000 12.852*** 

 (0.001) (0.000) (0.001) (0.113) (0.000) (0.000) (0.001) (0.001) (0.000) (0.000) (0.001) (3.682) 

Duration of 

storage 

–0.168** –0.099* –0.015 5.479 –0.164** –0.101* –0.031 0.325** –0.156** –0.100 –0.009 513.755* 

(0.066) (0.058) (0.101) (8.377) (0.067) (0.059) (0.103) (0.130) (0.073) (0.061) (0.103) (283.613) 

Transaction cost    0.583***    –0.000    11.720** 

    (0.148)    (0.002)    (4.738) 

Distance to 

point of sale 

–0.065 0.069 0.585***  –0.047 0.082 0.593***  –0.045 0.088 0.603***  

(0.095) (0.078) (0.090)  (0.093) (0.080) (0.093)  (0.096) (0.081) (0.093)  

Year 2015 –1.132** –1.249*** 1.304* 46.215 –1.166** –1.305*** 1.244* 6.781*** –1.075** –

1.268*** 

1.286* 3894.011** 

 (0.540) (0.418) (0.667) (51.258) (0.536) (0.415) (0.667) (1.060) (0.528) (0.413) (0.665) (1543.351) 

Region –2.938*** –2.185*** 1.492** 50.775 –2.852*** –2.091*** 1.419** 2.567** –2.973*** –

2.089*** 

1.426** 3677.582** 
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 (0.559) (0.415) (0.628) (62.141) (0.548) (0.404) (0.637) (1.065) (0.561) (0.404) (0.639) (1618.904) 

Credit (IV) 1.453* 1.308* 1.354  1.413* 1.272* 1.303  1.302* 1.315* 1.306  

 (0.801) (0.726) (1.005)  (0.768) (0.705) (1.002)  (0.771) (0.708) (1.009)  

Time averaged effects (CRE) –Mean values 

Years in village –0.031 –0.039* 0.051 –2.568 –0.033 –0.036 0.056 0.115* –0.029 –0.036 0.051 –158.812* 

 (0.027) (0.023) (0.043) (2.878) (0.026) (0.023) (0.043) (0.063) (0.026) (0.023) (0.041) (84.157) 

Household size –0.047 0.189 0.151 34.879 –0.002 0.164 0.160 –0.146 –0.014 0.191 0.158 1,583.982** 

 (0.247) (0.207) (0.274) (25.938) (0.242) (0.204) (0.282) (0.415) (0.247) (0.205) (0.278) (736.490) 

Age –0.104** 0.010 –0.010 –4.809 –0.094* 0.012 –0.015 0.063 –0.102** 0.017 –0.010 –170.959 

 (0.052) (0.049) (0.094) (6.524) (0.049) (0.049) (0.090) (0.125) (0.052) (0.051) (0.093) (162.690) 

Income 0.055 –0.060 0.094 20.235 0.034 –0.061 0.108 0.385* 0.055 –0.058 0.111 621.642 

 (0.096) (0.083) (0.151) (12.816) (0.103) (0.088) (0.156) (0.198) (0.114) (0.091) (0.158) (386.298) 

Output quantity 0.001* 0.000 –0.001 –0.170 0.001 0.000 –0.001 0.003** 0.001 0.000 –0.001 –6.114* 

 (0.001) (0.001) (0.001) (0.114) (0.001) (0.000) (0.001) (0.001) (0.001) (0.000) (0.001) (3.679) 

Time to sell –0.040 0.032 –0.146 6.282 –0.031 0.041 –0.120 0.033 –0.041 0.037 –0.153 146.466 

 (0.097) (0.081) (0.144) (10.576) (0.099) (0.082) (0.147) (0.194) (0.103) (0.083) (0.147) (320.887) 

Transaction 0.000 0.000 0.002** –0.062 –0.000 0.000 0.001** 0.003 –0.000 0.000 0.001** 7.734* 

 (0.001) (0.001) (0.001) (0.156) (0.001) (0.001) (0.001) (0.003) (0.001) (0.001) (0.001) (4.259) 

Constant 1.029 2.875*** –3.327* –50.462 1.161 2.842*** –3.601** 16.384**

* 

0.970 2.791*** –3.526* –104.937 

 (1.340) (1.076) (1.808) (124.803) (1.303) (1.076) (1.824) (2.867) (1.342) (1.080) (1.808) (3495.705) 

lnsigma    5.926***    1.986***    9.329*** 

    (0.113)    (0.075)    (0.069) 
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λ 2  (R-Assembler)   14.066    –

4.122*** 

   –3423.425*** 

    (94.605)    (0.705)    (800.780) 

λ 3 (R-Trader)   –

240.161**

* 

   3.715***    3667.913** 

    (73.248)    (0.633)    (1424.007) 

λ 4  (U-Trader)   102.953**    1.109**    4305.714*** 

    (42.671)    (0.526)     

Sigma   374.618**

* 

   7.284***    11256.45*** 

    42.371    0.542    774.34 

Log pseudo-

likelihood 

   –5366.652    –

3349.442 

   –7531.272 

Wald chi2(90)    619.44    538.80    630.46 

Prob > chi2     ***    ***    *** 

Observations 645            

Notes: Rural-consumer channel is the control group (base category); number of quasi-random Halton sequence-based simulation draws, S, set to 400; Outcome 
density is normal and standard deviation of factor density is 1; binary if a household received credit is used as an instrumental variable; Robust standard errors in 
parentheses; Significance levels *** p<0.01, ** p<0.05, * p<0.1; Source: Author’s calculation based on survey data and estimated results



CHAPTER 5. EFFECT OF MARKET CHANNEL CHOICE ON SMALLHOLDER WELFARE 

PAGE | 166 

5.6 CONCLUSION AND RECOMMENDATION 

Studies that focus on the determinants of market channel choice and the welfare effect 

among cereal smallholder producers are sparse. Here, we evaluated factors associated 

with farmer choice of market channel and its effect on quantity sold, price received and 

farm revenue. The study used a conditional logit model to determine factors that 

influence household choice of market options, and a multinomial endogenous treatment 

effects model to evaluate the effect of choice of market options on farmer performance 

in terms of quantity sold, price received and farm revenue. 

Several important conclusions emerged. Most farmers are likely to sell through rural 

traders. Distance to market was a key determinant in the choice of all market channels. 

For the rural-assembler and rural-trader channels, the determinants included household 

size, social networks, and non-farm income. Social networks also influenced selling 

through the urban-trader channel. Choosing the rural-assembler channel was also 

determined by business failure and storage duration.  

The welfare effect shows that more output is sold through rural traders while selling to 

rural assemblers fetches the highest price and revenue. Overall, social networks, 

household size, and production and transaction costs influence the quantity sold through 

all channels. Storage duration, social networks, and off-farm income influence price 

received, and quantity produced. Social networks, quantity produced, and transaction 

costs determine revenue. Choice of channel, price, and revenue vary by year and region. 

The differences in market channel selection are primarily explained by convenience, in 

terms of the opportunity cost of travelling to sell to traders in the urban market, reduced 

market search and transport costs, and reliability of buying their output immediately 

after harvest.  

Our results have important policy implications for the Kenyan grain marketing system. 

The results suggest the need to strengthen social networks for mobilising farmers into 

groups/associations to develop customer ties and improve smallholder market 

participation. There is also a strong case for policies that promote the availability and 

accessibility of storage facilities to prolong the grain storage period to enable farmers to 

sell later in the season when prices are relatively high. Producers are less likely to sell to 

buyers who are far away, indicating limited access to markets and information. 

Therefore, policies that facilitate establishing infrastructure such as good road 
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conditions and the availability of affordable transportation to link rural villages to urban 

markets, thus reducing transaction costs should be promoted. 

While this study investigated market channel choice and the impact on quantity sold, 

selling price, and farm revenue, we acknowledge several other factors, including 

available production technologies, market demand, and the degree of integration of 

local and regional markets, which would be important to consider in future research. 
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APPENDIX 5.0 

TABLE 5.A1. NUMBER OF TRANSACTIONS PER HOUSEHOLD 

Number of transactions 

per household 

Freq. Percent Cum. 

1 324 50.23 50.23 

2 170 26.36 76.59 

3 83 12.87 89.46 

4 43 6.67 96.12 

5 18 2.79 98.91 

6 6 0.93 99.84 

7 1 0.16 100 

Total 645 100  

 

TABLE 5.A2. PREDICTIVE MARGINS OF AN ALTERNATIVE SELECTED 

  Delta method    

Marketing channel Margin Std. Err. Z P>z 95% 

Conf. 

Interval] 

1. Rural consumer 0.1271 0.0133 9.5900 0.0000 0.1011 0.1531 

2. Rural assembler 0.1752 0.0194 9.0200 0.0000 0.1371 0.2133 

3. Rural trader 0.6202 0.0224 27.710 0.0000 0.5763 0.6640 

4. Urban trader 0.0775 0.0114 6.8000 0.0000 0.0552 0.0999 
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CHAPTER 6. 

 CONCLUSION AND POLICY RECOMMENDATIONS 

6.1 OVERVIEW 

Smallholder-based agricultural intensification and commercialisation are central 

concerns in developing countries and could be a development pathway for improving 

rural livelihoods. In the last two decades, many countries in SSA have increased their 

agricultural production (AGRA, 2017). However, with the increasing population and 

declining land productivity, sustainable production is the most important challenge for 

most countries to meet the growing food demand. 

Following persistent food shortages, SAI has been promoted as an alternative win–win 

strategy where productivity increases are tied to improved environmental sustainability 

(Montpellier, 2013). Despite this recognition, the empirical literature on SAI (Mathenge 

et al., 2014, Kathage et al., 2016, Marenya and Barrett, 2009, Michler et al., 2018, Zeng 

et al., 2017) focuses on the uptake of single technologies or practices. However, farmers 

often adopt SAI practices in combination based on their local production environment 

(Droppelmann et al., 2017, Aldana et al., 2011). Consequently, the welfare effect of 

adopting single SAI technologies could differ from combined SAI technologies, 

resulting in misguided policies. Furthermore, quantitative studies on the impact of 

adopting SAI packages in different contexts are more difficult to find in the literature.  

There is an emerging consensus that sustainable production is not just about households 

adopting SAI and increasing their production. It is also about other dimensions of 

smallholder welfare, such as market participation. Food sufficiency and poverty 

reduction interventions should go beyond increasing production, particularly where 

households depend on smallholder farming as a source of livelihood. Hence, increasing 

rates of both production and market participation could boost living standards. Previous 

empirical studies have separately analysed factors influencing either production or 

market participation on smallholder welfare. No studies have compared the factors 

determining farm production and market participation as net sellers or net buyers with 

those who remain autarkic based on their constraints. Not all producers will benefit 

when faced with the same set of policies if we fail to consider the various smallholder-
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farmer categories. Furthermore, there is scant literature on the association between 

production and market participation decisions for households who operate in markets as 

net sellers or net buyers while others do not participate. 

Studies on smallholder participation for farmers who sell in food markets are well 

documented (Kostov and Davidova, 2012, Woldeyohanes et al., 2017, Burke et al., 

2020, Fischer and Qaim, 2012), but studies on the determinants and extent of market 

participation for buying households are scant. Similarly, while the drivers of market 

participation are numerous and complex. little is known about factors such as the 

production shocks affecting production, particularly in SSA, where agriculture is 

typically the main source of livelihood and smallholders depend on rainfed agriculture 

in environments prone to climate variability. Effective market channels can play an 

important role in ensuring agricultural transformation in SSA by enabling the efficient 

allocation of resources to increase productivity, improve rural incomes, and reduce 

poverty (Takeshima and Winter‐Nelson, 2012, Pham et al., 2019). The literature on 

cereal marketing channels in developing countries largely focuses on relatively well-

developed modern channels or state marketing channels. However, an increasing 

number of smallholders sell their staple cereals at the farm gate, mainly to rural grain 

assemblers and traders. Hence, it is vital to understand the factors associated with 

household choice of market channel and the welfare effect. 

The main purpose of this thesis was to understand how the adoption of SAI practices 

and market participation by smallholder maize–legume producers in Kenya affect their 

welfare. In this way, the thesis has contributed to the literature by identifying the 

determinants of adoption of SAI clusters and the benefits of adopting various clusters. 

The study reveals the differences in factors determining farm production and market 

participation of smallholders as net sellers or net buyers compared to those who remain 

autarkic. Furthermore, the study provides evidence of the determinants and extent of 

market participation, particularly for buying households, and identifies practical 

approaches to help improve their welfare. Evaluating the determinants and the effect of 

rural grain channels is important for promoting rural grain trade because it is a source of 

livelihood for most rural smallholders. The study provides more robust and reliable 

insights into the dynamics of farmer adoption and marketing behaviour for 

policymaking by using a panel data set that enables the control for both firm effects and 

time effects. 
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The remaining sections of this chapter discuss the key findings and policy implications 

related to each of the four research questions, concluding with an evaluation of the 

study limitations and suggestions for future research. 

6.2 RESEARCH FINDINGS 

6.2.1 RESEARCH QUESTION 1 

What are the determinants of adopting SAI practices and the welfare effect on 

smallholder maize–legume producers? 

Key findings 

The K-modes algorithm was used to categorise ten SAI practices into five distinct 

clusters. (1) yield enhancing and protecting; (2) yield enhancing, protecting, traditional 

and modern soil restoring; (3) yield enhancing and traditional soil restoring; (4) yield 

enhancing, protecting and traditional soil restoring; and (5) traditional soil restoring. We 

find that the adoption of SAI clusters varies with cropping year, cropping system and 

region, indicating that the ‘one size fits all’ extension design is not suitable for farmers. 

Smallholders dis-adopted clusters with mainly traditional soil-restoring practices and 

yield-enhancing and protecting practices and adopted clusters that combine soil-

restoring practices and external input use over the study period. The results show that 

male household heads are more likely to adopt Clusters 1–4 than Cluster 5, but total 

livestock units reduce the likelihood. Education of household head and household 

wellbeing positively affect the choice of adopting Clusters 3 and 4, while poor soil 

fertility has a negative effect. Extension contacts and rented tenure increases the 

probability of adopting Cluster 4 only.  

The study determined the effect of SAI cluster adoption on yield, labour use, variable 

costs, revenue, and net income. The results confirm that different clusters demand 

different labour input use and total variable costs, implying that finding a solution for 

the low adoption level requires more than SAI packages and their associated yield 

gains. Clusters 3 and 4 were the most profitable, while Cluster 5 was the least 

profitable. Overall, the results indicate variability in the benefits (crop yield, revenue, 

net income, total variable costs, and labour inputs) of adopting the five SAI clusters. 

Regional and crop system disparities suggest the need for context-specific SAI 

combinations to maximise yield gains from adoption.  
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Policy implications 

The main policy implication from the empirical analysis is the need for both the 

government and private sector to promote participatory extension approaches that 

involve local producers in deciding and promoting the adoption of SAI packages that 

are conducive to local environmental condition. Policy interventions should promote the 

adoption of SAI clusters with the greatest payoffs. Our results also find the need to 

develop and promote efficient land rental markets and target yield increases. Given that 

farmers whose plots are of poor soil quality are less likely to adopt clusters with the 

greatest payoffs, policies that improve soil fertility on smallholder farms should be 

developed and strengthened. The most profitable Clusters (3 and 4) had the highest 

adoption rate of fertiliser, indicating its importance for production. Hence, the 

government and other agencies should create an enabling environment that helps 

farmers access affordable fertilisers. 

6.2.2 RESEARCH QUESTION 2 

To what extent does production influence market participation?  

Key findings 

To answer this question, we used an ordered Heckman model to investigate the 

determinants of market participation among smallholders and farm output. We grouped 

households into three categories as buyers, autarkic or sellers based on their own 

admission in market participation. The result reports association of significant variables. 

We find that market participation is statistically and negatively associated with 

household size and age of household head. Education of household head, nitrogen 

quantity, off-farm income, livestock units, and distance to market positively and 

statistically affect market participation. Smallholder market participation also differs by 

year and region. Regarding quantity produced, farm size and total livestock units 

positively and statistically affect cereal production across all three categories. Distance 

to market has a negative effect while education level of household head and access to 

extension and credit services has a positive effect on quantity produced for buyers but 

not autarkic households and sellers. The findings show a positive effect of occupation of 

household head and negative effect of the quantity of seed used on quantity produced 

among autarkic households only. An increase in the quantity of nitrogen used and 

labour cost increases production among buyers and sellers but not autarkic households. 
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The findings also reflect the importance of the opportunity cost of family labour in 

production, particularly where smallholders depend on family labour. The results 

indicate some heterogeneity among households in the three market regimes, explaining 

their production differences. 

Policy implications 

These findings have various policy implications that could significantly contribute to 

improving smallholder welfare in Kenya. The findings suggest that the private sector 

and public organisations should promote policies that increase production. Since 

increasing land size is not feasible, policies should focus on increasing productivity. 

Specifically, the quantity of nitrogen and labour use have a higher marginal effect on 

production for sellers with an incentive to sell more and buyers who are deficit 

producers. Thus, policy interventions should focus on increasing the availability and 

accessibility of fertilisers for farmers not using the optimal amounts. In addition, 

promoting easy access to extension services and credit acquisition should target buyers, 

as this would significantly increase their production. 

6.2.3 RESEARCH QUESTION 3 

What are the determinants and intensity of smallholder market participation among 

buying and selling households?  

Key findings 

The findings report association of significant variables. The analysis indicated that 

farmer yields have improved over time, with most households moving from being 

buyers to autarkic or sellers. Likewise, as output increases, buyer households are less 

likely to buy grain, while selling households increase their sales capacity. The extent of 

participation in terms of quantity bought is negatively associated with age of household 

head but positively associated with output quantity and distance to market. Drought, 

disease infestation, waterlogging and age of household head are negatively associated 

with market participation among sellers while seed quantity used and production assets 

have a positive association. Quantity sold is positively influenced by output quantity, 

household assets, education, and occupation of household head. Output quantity, 

disease infestation, and total livestock units negatively affect the quantity sold.. 
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The reduction in market participation associated with production shocks, such as 

waterlogging, could be due to excess rainfall, especially on flat terrain. Likewise, 

disease infestation and drought shocks reduce output quantity, affecting sales. Another 

important finding is that seed quantity used per hectare determines the market 

participation decision for selling households. The estimated partial effect suggests that 

well-endowed households with more livestock units produce more, participate as 

sellers, and increase their sell quantity. To realise an extensive increase in crop market 

participation among smallholders requires the accumulation of farm production assets. 

The significance of region and production year indicate the impact of temporal and 

spatial effects on markets. Market participation and extent vary by year and region. 

Policy implications 

On the policy front, our results suggest that (1) the private sector and government need 

to educate farmers on ex-ante and ex-post risk mitigation strategies for production 

shocks such as establishing reliable weather and disease incidences forecasts, 

particularly in SSA where climate variability is a major challenge, to control their 

negative effect on market participation; (2) the government needs to promote and 

develop location-specific contingency plans for disseminating information on 

agronomic practices and marketing, such as using the recommended seed rate; (3) 

promoting policy interventions that increase household wealth, since well-endowed 

households can increase production and market participation. Moreover, there is 

evidence that grain marketed by smallholders is most often surplus produce after 

satisfying the requirements for household sustenance (Woldeyohanes et al., 2017).  

 

6.2.4 RESEARCH QUESTION 4 

What factors influence household choice of marketing channel and its effect on 

smallholder welfare?  

Key findings  

Market channel is defined based on the combination of buyer type and sales location, 

categorising them as rural consumers, rural assemblers, rural traders, and urban traders. 

The findings report association of significant variables. The results show that distance to 

market has a negative effect on the choice of market channel. Having buyers who are 
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farmers’ friends or relatives, and households’ non-farm income has a negative effect on 

choice of rural assembler and rural trader channels, but household size has a positively 

affect. Long-term customer relationships positively affect selling through rural 

assembler and urban trader channels. Length of residence in the village has a positive 

effect on choice of rural assembler but storage duration and shock due to households’ 

business failure have negative effect. The choice of channel varies by year and region. 

More output is sold through rural traders. Households selling to rural assemblers fetch 

the highest price and revenue. The duration a household has lived in the village, 

quantity produced, and transaction costs positively affect the quantity sold through all 

channels, while household size has a negative effect. Price received has a negative 

association with off-farm income, and quantity produced and positively affected by 

storage duration. Social capital, quantity produced, and transaction costs positively 

affect revenue. Both price and revenue vary by year and region. An important 

conclusion emerging from this study is that differences in market channel selection are 

primarily explained by reliability (traders buying their output immediately after harvest) 

and convenience (opportunity cost of travelling to sell to traders in urban markets). This 

signals the importance of improving social networks and increasing market access 

among smallholders.  

Policy implications 

One of the main policy implications of these findings is that strengthening social 

networks will aid in mobilising farmers into groups/associations that are vital for 

improving smallholder market participation. In addition, the results reveal a strong case 

for policies promoting the accessibility and availability of storage facilities to prolong 

the grain storage period enabling farmers to sell later in the season when prices are 

relatively high. Producers are less likely to sell to buyers who are far away, indicating 

limited access to markets and market information. Therefore, policies that facilitate 

establishing infrastructure, including roads, to link rural villages to urban markets, thus 

reducing transaction costs, should be promoted. 

6.3 LIMITATIONS AND FUTURE DIRECTION 

The limitations of this research, particularly for smallholder SAI adoption, stem mainly 

from the dummy variable used to identify and measure SAI adoption. However, for 

technologies, such as improved seed varieties, farmers use a range of improved seed 



CHAPTER 6. CONCLUSION AND POLICY RECOMMENDATIONS 

PAGE | 176 

with varying yields. We also capture other SAI technologies, such as fertiliser use, as a 

dummy variable, while the time of application and intensity could affect yield. Future 

work should consider these aspects, particularly variations in application intensity for 

different SAI inputs. 

In Chapter 3, we determine the association between production and market participation 

across market participation categories as buyers and sellers and non-participants. We do 

acknowledge that market participation changes over the three survey waves. We also 

acknowledge that other economic factors, such as changes in input and output prices, 

could affect production and market participation. This was beyond the scope of this 

thesis but should be considered in future research. 

In Chapter 5, we evaluated the determinants of market channel choice and its impact on 

smallholder welfare. We defined the channels based on farmer characteristics and point 

of sale. We acknowledge that other factors can affect market channel choice and impact 

sales quantity and price, such as buyer characteristics, available production technologies 

and market demand, which are beyond the scope of this study and should be captured in 

future research. 
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APPENDIX 6.0 

TABLE 6.A1. STRUCTURED INTERVIEW SCHEDULE OF THE CIMMYT SURVEY 

 

HOUSEHOLD QUESTIONNAIRE MODULES FOR ADOPTION PATHWAYS WAVE II 

(PRIMARY RESPONDENT: a person who makes most of the production decision) 

Note to supervisors and enumerators: Both spouses have to attend the interview 

 

Introductory statement: 

“Dear Sir/Madam, I work for Egerton University, Njoro. We are conducting a survey in collaboration with CIMMYT to study production, marketing and livelihoods in your village. Your response to 

these questions would remain anonymous. Taking part in this study is voluntary. If you choose not to take part, you have the right not to participate and there will be no consequences. Thank you for 

your kind co-operation” 

 

MODULE 1.  HOUSEHOLD AND VILLAGE IDENTIFICATION 

Household Identification Code 

 

Interview details Code 

1. Region: 

 

  13. Date of interview (dd/mm/yyyy): 

 

  /   / 2015 

2. County: 

 

   14. Time started (24 HR)  

3. Sub-county: 

 

   15. Name of enumerator 
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4. Location: 

 

   
 

16. Name of supervisor: 

 
 

5. Sub-Location: 
 

 

17. Name of data entry clerk 

  

6. Village:    

7. Name of household head: 

  
GPS reading of homestead 

8. Sex of household head    

 

 

 

 

18. Way point number 

9. Name of the respondent (include grandfather name): 

 
 19. Latitude (North)  

10. Sex of respondent     

 

 

 
20. Longitude(East)  

11. Name of respondent’s spouse  21. Altitude (meter above sea level)  

12. Cell phone number:           

1=Male 

0=Female0 

1=Male 

0=Female 
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MODULE 2: HOUSEHOLD COMPOSITION AND CHARACTERISTICS AND HOUSING CONDITIONS 
 

PART A: HOUSEHOLD COMPOSITION AND CHARACTERISTICS (Household members-Persons who live 

together and eat together from the same pot (share food), including hired labour, students and spouse living and 

working in another location but excluding visitors) 

 

 

ID 

COD

E 

 

 

Name of household 

member 

[Start with respondent] 

Se

x 

1=M 

0=F 

Relations

hip to the 

househol

d head 

 

CODE 1 

Age 

(comple

te 

years) 

Marit

al 

status

? 

CODE 

2 

Educati

on 

(years) 

 

 

CODE 3 

Primary 

occupati

on 

 

CODE 4 

 

How 

many 

months 

in the 

past 

year was 

[NAME] 

present 

in the 

househo

ld? 

Labor 

contribution 

to farms 

cultivated 

by 

household 

in 

2014/2015 

CODE 5 

A1 A2 A3 A4 A5 A6 A7 A8 A9 

1          

2          

3          

4          

5          

6          

7          

8          

9          

10          

11          

12          

13          

14          

15 

 

 

 

 

 

        

16          

17          

18          

19          

20          
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CODE 1 
CODE 2 CODE 3 CODE 4 CODE5 

1.Household head 
2.Spouse 
3.Son/daughter 
4.Parent 
5.Son/daughter-in-law 
6.Grandson/granddaughter 
7.Other relative 
8.Hired worker 
9.Other, specify…………… 

1.Married living with 
spouse  
2.Married living 
without spouse  
3.Divorced/separated  
4.Widoe/widower 
5.Never married 
 

0. None/Illiterate  

100. Religious 

education 

1. Adult education or 

1 year of education 

* Give other education 

in years  

1.Farming (crop+ 

livestock)2.Salaried 

employment 

3.Self-employed 

off-farm 

4.Casual labourer 

on-farm 

5.Casual labouer 

off-farm 

6.School/college 

child 

7.Non-school child 

8.Other, 

specify………….. 

1. Full time 

2. Part time 

3. Not a 

worker 
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MODULE 2: HOUSEHOLD COMPOSITION AND CHARACTERISTICS AND HOUSING CONDITIONS 
 

PART B: HOUSING CONDITIONS 

 

Variable 

code 

Questions Code Response 

 B1 B2 B3 

2.1 Does the household own the main 

house they stay in? 

0=No  1=Yes  

2.2 Major material of the exterior walls of  
the main house the respondent stays 
in: 
ENUMERATOR TO OBSERVE 

1=Wood and Mud  
2=Wood and Grass  
3=Reed and Bamboo  
4=Mud and Stones  
5=Cement and 
Stones 

6=Hollow Bricks  
7=Bricks  
8=mud bricks 
9=Other 
(specify)……… 

 

2.3 Major material of the floor of  the main 
house the respondent stays in: 
ENUMERATOR TO OBSERVE 

1=Earth/Mud  
2=Wood  
3=Cement 

4=Ceramics/Tiles  
5=Other 
(specify)…………….. 
 

 

2.4 Major roofing material of  the main 
house the respondent stays in:  
ENUMERATOR TO OBSERVE 

1=Corrugated Iron Sheet        4=Reed and 
Bamboo  
2=Thatch and Grass               5=Clay 
3=Wood and Mud  6=Other 
(specify)………     

 

2.5 Total number of rooms in the main 

house the respondent stays in 

  

2.6 Does this main house have access to 

electricity?  

0=No  1=Yes  

2.7 Does this household have access to 

piped water?  

0=No  1=Yes  

2.8 Total number of out-buildings including 

kitchens, but not including toilets  

  

2.9 Type of toilet facility this household 

uses  

1=Pit latrine 
(Private)  
2=Pit latrine 
(Shared)  
3=Flush toilet 
(Private)  
4=Flush toilet 

(Shared)  

5=Field/Forest  
6=Containers (flying 
toilets)  
7=Other 
(specify)…………… 
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MODULE 3: CROP PRODUCTION FOR ALL CROPS GROWN BY THE HOUSEHOLD DURING THE 2014/15 CROPPING SEASON 

PART A1: PLOT INFORMATION: AGRICULTURAL PRACTICES, CROPS AND VARIETIES CULTIVATED AND CROPPING AREA 

(Definitions: A plot is a piece of land physically separated from others; a sub-plot is a sub-unit of a plot) 

 

Total owned farm size ______________acres (Land title No________________________)  

Total rented in land 2014/15 _______________acres 

Note to supervisors and enumerators:  if respondents report local name for a variety make sure to translate this to scientific name (e.g. H614) 

S
er

ia
l N

o
 

Plot ID 

(start with 

one next 

to 

residence

) 

S
ub

-p
lo

t I
D

 

Plot 

locatio

n name 

Sub-

plot 

area 

(acres

) 

Sub-plot 

distance 

to 

residenc

e 

(walking 

minutes) 

Sub-

plot 

tenure

A 

CODE 

1 

Who 

in the 

hhld 

owns 

this 

sub-

plot? 

COD

E 2 

Who in 
the hhld 
makes 

decision
s on 

crops to 
be 

planted, 
input 

use, and 
timing of 
cropping 
activities 
on this 
[Sub-

PLOT]? 
CODE 2 

S
ea

so
n 

 

C
O

D
E

 3
 

Inter-

croppin

g on this 

plot? 

0=No 

1=Yes 

Main crops grown on 

[Sub-PLOT] 

(if intercrop list up to 

3 with primary crop 

first) 

 

ANNEX 1 CODE 

 

Varieties grown on 

[Sub-PLOT]? 

(In same order as in 

A12a-A12c) 

 

ANNEX 2 CODE 

Percent of area under 

each intercrop? 

(e.g. first column 50 

then next column 50) 
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A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 A11 A12

a 

A12

b 

A12

c 

A13

a 

A13

b 

A13

c 

A14

a 

A14

b 

A14

c 
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A/ for rented out/shared out and borrowed out plots, please fill up to COLUMN A8  

CODE 1 CODE 2 CODE 3 

1. Owned 

2. Rented/shared in 

3. Rented/shared out 

4. Borrowed in 

5. Borrowed out 

6. Other, specify….. 

1.Household head 

2.Spouse 

3. Household head and spouse jointly 

4.Other household member  
5.Other (specify)……………….. 

1.Long rains (Mar/Apr 2015) 
2.Short rains (Sept/Oct 2014) 

MODULE 3: CROP PRODUCTION FOR ALL CROPS GROWN BY THE HOUSEHOLD DURING THE 2014/15 CROPPING SEASON (CONTINUED) 

PART A2: PLOT INFORMATION: SOIL FERTILITY INDICATORS, CONSERVATION AGRICULTURE PRACTICES, AND CROP RESIDUE UTILIZATION 

S
er

ia
l N

o
 

Plot ID 

Same 

order 

as in 

above 

Sub-

plot ID 

Same 

order 

as in 

above 

Planting 

method 

1.Row 

2.Broadcasting 

Fruit 

trees 

in the 

plot 

0.No 

1.Yes 

Soil Questions Crop Rotation 

Soil & water 

conservation methods 

on this plot 

(List 3  main 

techniques) 

CODE 5 

Plot 

irrigated 

0.No 

1.Yes  

Were crop 

residues left 

on this sub-

plot from 

previous 

season 

(2013/14)? 

1.Yes 

2.No 

Proportion 

(%) of crop 

residue left 

on the plot 

from 

previous  

harvest 

(2013/14) 

How fertile 

is the soil 

of this [sub-

plot]? 

CODE 1 

What is the 

soil slope 

of this [sub-

plot]? 

CODE 2 

What is the 

soil depth 

of this [sub-

plot]? 

CODE 3 

What is the 

soil type of 

this [sub-

plot]? 

CODE 4 

Main crop 

grown during 

2012/13 

ANNEX 1 

CODE 

Main crop 

grown during 

2013/14 

ANNEX 1 

CODE 
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A1 A2 A3 A15 A16 A17a A17b A17c A17d A18a A18b A19a A19b A19c A20 A21 A22 
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CODE 1 CODE 2 CODE 3 CODE 4 CODE 5 

1.Good 

2.Medium 

3.Low 

1.Gentle slope (flat) 

2.Medium slope 

3.Steep slope 

1.Shallow 

2.Medium 

3.Deep 

1.Black 

2.Brown 

3.Red 

4.Grey 

5.Other, specify…. 

0.None 
1.Terraces 
2.Mulching 
3.Grass strips 
4.Trees on boundaries 

5.Minimum till  
6.Soil bunds 
7.Stone bunds 
8.Box ridges 

9.Other, specify……. 
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MODULE 3: CROP PRODUCTION FOR ALL CROPS GROWN BY THE HOUSEHOLD DURING THE 2014/15 CROPPING SEASON (CONTINUED) 

 

PART A3: PLOT INFORMATION: CONSERVATION AGRICULTURAL PRACTICES AND INPUT USE 

Did the household get fertilizer on time from suppliers? Planting fertilizer……………………..Top dressing fertilizer……………………..CODES:   0. No;     1. Yes 

 

S
er

ia
l N

o
 

P
lo

t I
D

 (
S

am
e 

or
de

r 
as

 in
 a

bo
ve

) 

S
ub

-p
lo

t I
D

 

(S
am

e 
or

de
r 

as
 in

 a
bo

ve
) 

Was 

minimum 

tillage 

practiced 

on this 

[sub-PLOT] 

in 

2014/15? 

1=Yes; 

0=No 

Herbicide use Pesticide use Fertilizer use:If no fertilizer was used on plot, write 0 Manure use 

Herbicide/s 

used 

1.Roundup 

(glyphosate) 

2.Bullet 

3.Harnes 

4.Other…. 

 

If not used, 

put NA 

Total 

quantity 

used 

(kg or 

litter) 

0 if NA 

in A24a 

 

Total 

cost 

(KSh) 

If 0 in 

A24a, 

put NA 

Quantity 

of 

pesticide 

used on 

this [sub-

PLOT] 

(kg or 

litter) 

If none 

put 0 

Total 

cost 

(KSh) 

If 0 in 

A25a, 

put NA 

UREA use on this 

[sub-PLOT]? 

DAP use on this 

[sub-PLOT]? 

M
ai

n 
m

et
ho

d 
of

 p
ay

m
en

t f
or

 F
er

til
iz

er
? 

  
C

O
D

E
 1

 

 M
od

e 
of

 m
an

ur
e 

ap
pl

ic
at

io
n 

 to
 p

lo
t 

C
O

D
E

 2
 

Q
ua

nt
ity

 o
f o

w
n 

m
an

ur
e 

(k
g)

 

Bought 

manure 

Was 

compost 

applied 

to plot? 

CODE 3 

Quantit

y (kg) 

If none 

put 0 

Total 

cost   

(KSh) 

If 0 in 

A26a, 

put NA 

Quantity 

(kg) 

If none 

put 0 

Total 

cost   

(KSh) 

If 0 in 

A27a, 

put NA 

   
   

 Q
ua

nt
ity

 (
kg

) 

T
ot

al
 c

os
t(

K
S

h)
 



 Household ID……………………Respondent ID…………..  

 

 227 

CODE 1   Code 2 Code3 

1.Own  cash 
5. Credit from relative/neighbour/friend 
6. Credit from micro-finance 
7. Credit from NGO 

9. Credit from coops 

10. Government extension 

1. Transferred 
2. Kralling 
3. Transferred and kraaling 

1.Yes 
0.No 

A1 A2 A3 A23b A24a     A24b A24c A25a A25b A26a A26b A27a A27b A28 A29 A30 A31a A31b A32 
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2. Money got as gift from relative & non-relatives 

3. Credit from bank 

4. Credit from money lender  

8. Credit from input dealers 11. Other, specify………………… 4.None 
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MODULE 3: CROP PRODUCTION FOR ALL CROPS GROWN BY THE HOUSEHOLD DURING THE 2014/15 CROPPING SEASON (CONTINUED) 

PART A4: PLOT INFORMATION: INPUT USE, SEED SOURCES AND RECYCLE INFORMATION 

 

S
er

ia
l N

o
 

Plot ID 

[same 

order 

as in  

above] 

Sub-

plot ID 

[same 

order 

as in  

above] 

Seed use(In same order as in A12a-A12c) 

Quantity of non-bought 

seed (kg or No) 

(own saved,  farmers to 

farmers exchange, etc.) 

Bought seed including using credit Number of seasons 

improved seed was 

recycled (write zero only 

for improved seeds 

purchased during current 

season) 

Main method of 

payment for seed 

CODE 1 

Main source of seed 

CODE 2 Quantity (kg or No) 
Total cost of bought seed 

(KSh) 

A1 A2 A3 A33a A33

b 

A33c A34a A34b A34c A35a A35b A35c A36a A36b A36c A37

a 

A37b A37

c 

A38a A38b A38

c 
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CODE 1 CODE 2 
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1.Own  cash 

2. Money got as gift from relative & non-relatives 

3. Credit from bank 

  

4.Credit  from money 
lender 
5. credit from seed 
dealers 
6. Credit from 
relative/neighbour/fri
end 
7. Credit from micro-
finance 
8. Credit from NGO 

9. Credit from coops 

10. Government 

extension 

11. Other, 

specify……………

…… 

1. Own 
saved 
seed 
2. 
Governme
nt 
extension 
3. Trader  

4. Private 

seed 

suppliers 

5. Gift from 
family/neighb
or 
6. Farmer to 
farmer seed 
exchange  
7. Local 
market 
8. On-farm 
trials 

9. Extension 

demo plots 

10. Farmer 
groups/Coops 
11. Local seed 
producers 
12. Provided free 
by NGOs/govt 
13. Research 
centres 
14. Other 
(specify)...............
.... 



 Household ID……………………Respondent ID…………..  

 

 232 

MODULE 3: CROP PRODUCTION FOR ALL CROPS GROWN BY THE HOUSEHOLD DURING THE 2014/15 CROPPING SEASON (CONTINUED) 

 

PART A5:  PLOT INFORMATION: LABOR REQUIRED FOR EACH AGRICULTURAL OPERATION (CHILDREN=BELOW 14 YEARS; MEN & WOMEN=14 YEARS AND ABOVE) 

1. Proportion of total annual labour contribution by female in the household (%) – Enumerators: please show respondents 10 maize grains as the total annual labour of each activity and ask 
them to show female shares 

Ploughing……………Planting……………Weeding…………..Harvesting………….Threshing……………Water fetching………………Firewood collection…………………….. 

S
er

ia
l N

o
 

Plot ID 

[same 

order 

as in  

above] 

Sub-

plot ID 

[same 

order 

as in  

above] 

Plowing and planting Weeding 

What did you 

use for 

plowing? 

1.Animal 

traction 

2.Tractor 

3.Hand 

4.Other, 

specify.. 

How 

many 

times 

was  

this[sub-

PLOT] 

plowed 

includin

g 

planting 

Total family labor in person 

days (plowing & planting) 

Total hired labor 

in person days 

(plowing & 

planting) 

Who decides 

how this plot 

will be 

prepared 

in[sub-plot]? 

CODE 1 

How 

many 

times was 

this [sub-

PLOT] 

weeded? 

Total family labor in 

person days 

Total hired labor 

in person days 

Childre

n 
Men Women Men Women 

Childre

n 
Men Women Men Women 

A1 A2 A3 A39 A40 A41a 
A41

b 
A41c A42a A42b A43 A44 A45a 

A45

b 
A45c A46a A46b 
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Code 1 

1. Self 2. Spouse 3. Self and spouse jointly 4. Other household member 5. Self and other household member 6. Spouse and other household member 
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MODULE 3: CROP PRODUCTION FOR ALL CROPS GROWN BY THE HOUSEHOLD DURING THE 2014/15 CROPPING SEASON (CONTINUED) 

PART A6:  PLOT INFORMATION: LABOR REQUIRED FOR EACH AGRICULTURAL OPERATION (CHILDREN=BELOW 14 YEARS; MEN & WOMEN=14 YEARS AND ABOVE) (CONTINUED) 

 

S
er

ia
l N

o
 

Plot ID 

[same 

order 

as in  

above] 

Sub-

plot ID 

[same 

order 

as in  

above] 

Harvesting 

Intercrops: record separately by comma 

 

Threshing 

Intercrops: record separately by comma 

 

Were combine 

harvester and/or 

tractor used in 

[sub-PLOT] for 

harvesting and 

threshing? 

1=Yes; 

0=No 

Total family labor in person 

days 

Total hired labor in 

person days 
Total family labor in person days 

Total hired labor in 

person days 

children men women men women children Men women men women 

A1 A2 A3 A47a A47b A47c A48a A48b A49a A49b A49c A50a A50b A51 
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MODULE 3: CROP PRODUCTION FOR ALL CROPS GROWN BY THE HOUSEHOLD DURING THE 2014/15 CROPPING SEASON (CONTINUED) 

PART A7:  PLOT INFORMATION: DECISIONS ON PRODUCTION, PRODUCTION COSTS, PRODUCTION STRESS, AND CROPS HARVESTED 

Did the household hire labour for any of the agricultural activities (ploughing, planting, weeding, harvesting, threshing etc.) during 2014/15……………………..CODES 0=No; 1=Yes. If YES, fill 

column A55 
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S
er

ia
l N

o
 

Plot ID 

[same 

order 

as in  

above] 

Subplot 

ID 

[same 

order 

as in  

above] 

Who 

decides 

when to 

harvest the 

crop in[sub-

plot]? 

CODE1 

Total 

cost of 

hired 

oxen 

(KSh) 

Total 

cost of 

hired 

tractor 

(KSh) 

Total 

cost of 

hired 

labor 

(KSh) 

Stresses Total harvested per sub-plot[same crop order as 

inA12a-A12c) Stress 

incidence 

on [sub-

PLOT]?  

1.Yes   

0.NO 

Two major 

stresses CODE  2 

Level of 

stress 

CODE 3 

Fresh or green (kg) (dry 

equivalent, except for 

vegetables, ) 

Dry (kg) 

A1 A2 A3 A52 A53 A54 A55 A56a A56b A56c A56d A57 A57b A57c A58a A58b A58c 
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CODE 1 CODE 2 CODE 3 

1.Self 
2.Spouse 
3.Self and spouse jointly 
4.Other household member 
5.Self and other household member(s) 
6.Spouse and other household member(s) 

1. No Stress 
2.Insects/pests 
3.Disease 

4.WaterLogging 
5.Drought 
6.Frost 

7.Hailstorm 
8.Animal trampling 
9.Other, specify……………. 

1.Moderate 
2.Severe 
3.catastrophic 
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MODULE 3: CROP PRODUCTION FOR ALL CROPS GROWN BY THE HOUSEHOLD DURING THE 2014/15 CROPPING SEASON (CONTINUED) 

PART B: UTILIZATION OF CROP HARVEST 

Crop 

(aggregate  

production 

per crop) 

ANNEX 1 

CODE 

Meher 

season 

2014/15 

harvest 

(kg) 

Stock 

before 

Meher 

season 

harvest 

(kg) 

Belg 

season 

2014/15 

harvest 

(kg) 

Total available 

stock after 

Meher & Belg 

season 

harvests 

(kg) 

From the total available stock after season harvest  

Ending stock 

(Stock before  

next season’s 

harvest) (kg) 

Amount  

bought for 

consumption 

(kg) 

Food 

aid/borro

wed/gifts 

received 

(kg) 

Quantity 

sold (kg) 

In-kind 

payments 

(labour, land 

& others) (kg) 

Quantity 

used for 

seed (kg) 

Quantity 

consume

d (kg)) 

Gift, tithe, 

donations 

given (kg) 

Post-

harvest 

losses 

(kg) 

B1 B2 B3 B4 
B5=B2+B3+B

4 
B6 B7 B8 B9 B10 B11 

B12=B5-B6-

B7-B8-B9-B10-

B11 

B13 B14 
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MODULE 3: CROP PRODUCTION FOR ALL CROPS GROWN BY THE HOUSEHOLD DURING THE 2014/15 CROPPING SEASON (CONTINUED) 

PART C:  MARKETING OF CROPS 

Crop 

ANNEX 

1 CODE 

Season 

1. Meher 

2. Belg 

Market 

sold 

Codes 

A 

Month 

sold 

Codes 

B 

Who 

sold 

1. Male 

2. 

Female 

3. 

Jointly 

Who make 

the decision 

to sale 

1. Hhld 

head 

2. Spouse 

3. Jointly 

4. Other 

hhld 

member 

Quantity 

sold 

(Kg) 

Price 

(KSh 

/kg) 

Main 

buyer 

Codes 

C 

Period to 

payment 

after 

selling, 

weeks (if 

immediate 

write zero) 

Relationship 

to buyer 

Codes D 

Quality 

Codes 

E 

Sales 

tax/charges 

(KSh) 

Time 

taken 

to get 

to the 

market 

(mins) 

Time 

taken 

to sell 

crop 

(mins) 

Mode of 

transport 

Codes F 

Actual 

transport 

cost 

(KSh) 

C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 C16 C17 
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Codes A 

1. Farm gate 

2. Village 

market 

3. Main/district 

market 

 

Codes B 

1. January 

2. February 

3. March 

4. April 

5. May 

6. June 

 

 

7. July 

8. August 

9. 

September 

10. 

October 

11. 

November 

Codes C 

1. Farmer group 

2. Farmer Union or Coop 

3. Consumer or other farmer  

4. Rural assembler  

5. Broker/middlemen 

6. Rural grain trader 

 

7. Rural wholesaler 

8. Urban wholesaler 

9. Urban grain 

trader 

10. Exporter,  

11. Other, 

specify……. 

Codes D 

1. No relation but not a long time 

buyer 

2. No relation but a long term buyer 

3. Relative 

4. Friend 

5. Money lender  

6. Other, specify…… 

Codes E 

1. Below average 

2. Fair and Average 

3. Above average 

 

Codes F 

1. Bicycle 

2. Hired truck 

3. Public transport 

4. Donkey 

5. Oxen/horse/donkey cart 

6. Back/head load 

7. Other, specify…. 
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12. 

December 
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MODULE 3: CROP PRODUCTION FOR ALL CROPS GROWN BY THE HOUSEHOLD DURING THE 2014/15 CROPPING SEASON (CONTINUED) 

PART D: PERCENTAGE UTILIZATION OF CROP RESIDUES PRODUCED 

 

Crop 

ANNEX 1 CODE 

1.Long rains (Mar/Apr 2015) 
2.Short rains (Sept/Oct 
2014) 

Burnt in the 

field (%) 

Used as 

firewood 

(%) 

Left on land for 

soil fertility (%) 

Feed for 

livestock 

(%) 

Used for 

construction 

(%) 

Sold 

(%) 

compost 

(%) 

Others 

(specify)…………… 

D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 
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MODULE 4: CONSTRAINTS IN ACCESSING KEY INPUTS AND CROP PRODUCTION (GENERAL) 

 

Input and production constraints 

Maize Main legume (Haricot beans/Soybean etc.) 

Is [CONSTRAINT] an issue in 

your maize production? 

(1=Yes>>column 3; 

0=No>>next [constraint)] 

Rank its importance (only those 

with Yes in 

column 2) 

(1= most important) 

Is [CONSTRAINT] an issue in 

your legume production? 

(1=Yes>> column 5; 

0=No>> next [constraint) 

Rank its importance (only those with Yes 

in column 4) 

(1= most important) 

1 2 3 4 5 

1. Timely availability of improved seed     

2. Prices of improved seed     

3. Quality of improved seed     

4. Availability of credit to buy seed     

5. Timely availability of fertilizer     

6. Price of fertilizer     

7. Availability of credit to buy fertilizer     

8. Access to output markets and 

information 
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9. Access to input markets and 

information 
    

10. Access to labor     

11.Grain prices (selling price)     

 

MODULE 5:  IMPROVED CROP VARIETY KNOWLEDGE AND ADOPTION/ DISADOPTION DURING 2014/15 

 

PART A:  MAIZE VARIETY KNOWLEDGE, SOURCES OF INFORMATION AND SEED ADOPTION AND DIS-ADOPTION 

1. Total own farm size 10 years ago (acres)……………………………… 

2. Family size 10 years ago……………………………….. 

3. Is extension system approach different now compared to 10 years ago ……………………………….CODES 0=No; 1=Yes 

 

Names of  

improved maize 

varieties grown in 

2014/15 

[see Part A, 

column A12a-

A12c, page 4] 

Type of maize 

variety 

CODES 

1.Hybrid 

2.OPV 

3.Mix 

Which year did you 

hear about 

[VARIETY] 

(Year, Ethiopian  

Calendar) 

How did you first 

learn about the 

variety? Code A 

When did you 

start cultivating 

this variety? 

(Year, 

Ethiopian  

Calendar) 

Where did you 

get the first 

seed? 

Code B 

Will you continue 

growing 

[VARIETY] in 

future? 

1=Yes 

0=No 

If no to A7 

Give  the three main reasons for not wanting 

to grow it 

Code C 
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Codes A 
Codes B Codes C 

1. Govt extension 

2. Farmer Coop/Union 

3. Farmer group 

4. NGO/CBO 

5. Research centre 

6. Seed/grain stockist 

7. Another farmer relative 

8. Another farmer neighbor 

9. Radio/newspaper/TV 

10. Other, Specify…......... 

1. On-farm trials 
2. Extension demo plots 
3. Farmer groups/Coops 
4. Local seed producers 

5. Agro-

dealers/Agrovets 

6. Farmer to farmer seed exchange 
7. Provided free by NGOs/govt 
8. Govt subsidy program 

9. Inherited from family 

10. Research center 

11 Other (specify)…………… 

1. Seed not available 

2. Lack of cash to buy seed 

(credit) 

3.Susceptible to  

diseases/pests 

4. Poor taste 

6. Low grain prices 

7. No market 

8. Theft during green stage 

9. Lack of enough land 

10. Requires high skills 

11.Wild animals 

A1 A2 A3 A4 A5 A6 A7 A8a A8b A8c 
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(trials/demos/field 

days) 

5. Low yielding variety 12. Other, specify………………. 
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MODULE 5:  IMPROVED CROP VARIETY KNOWLEDGE AND ADOPTION/ DIS - ADOPTION DURING 2014/15 (Continued) 

 

PART B:  LEGUME VARIETY KNOWLEDGE, SOURCES OF INFORMATION AND SEED ADOPTION AND DIS-ADOPTION 

 

Names of  improved legume 

varieties grown in 2014/15 

[see Part A,  A12a-A12c, page 

4] 

Which year did you 

hear about 

[VARIETY] 

(YYYY) 

How did you first learn 

about the variety? 

Code A 

When did you start 

cultivating this 

variety? 

(YYYY) 

Where did you 

get the first 

seed? 

Code B 

Will you continue 

growing [VARIETY] in 

future? 

(1=Yes, 0=No) 

If No to B6 

Give  the 3 main reasons for not 

wanting to grow it Code C 

B1 B2 B3 B4 B5 B6 B7a B7b B7c 
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Codes A 
Codes B Codes C 

1. Govt extension 

2. Farmer Coop/Union 

3. Farmer group 

4. NGO/CBO 

5. Research centre 

(trials/demos/field 

days) 

6. Seed/grain stockist 

7. Another farmer relative 

8. Another farmer neighbor 

9. Radio/newspaper/TV 

10. Other, Specify…......... 

1. On-farm trials 
2. Extension demo plots 
3. Farmer groups/Coops 
4. Local seed producers 

5. Agro-

dealers/Agrovets 

6. Farmer to farmer seed 
exchange 
7. Provided free by NGOs/govt 
8. Govt subsidy program 

9. Inherited from family 

10 Other (specify)…………… 

1. Seed not available 

2. Lack of cash to buy seed 

(credit) 

3.Susceptible to  

diseases/pests 

4. Poor taste 

5. Low yielding variety …… 

6. Low grain prices 

7. No market 

8. Theft during green stage 

9. Lack of enough land 

10. Requires high skills 

11. Other, specify……………………. 
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MODULE 6: HOUSEHOLD EXPENDITURE FOR THE LAST 12 MONTHS 

PART A: FOOD CONSUMPTION 

Item 

Consumption from own 

production  in the last 

12 months (members of 

the family only) 

Bought in the last 12 months only for consumption 

Quantit

y of 

food 

aid/bor

rowed/

gifts 

receive

d 

Qua

ntity 

Unit 

(e.g. kg, 

liter, 

packet, 

bundle) 

Convert 

quantity 

to 

Kg/liter/

no. 

Unit 

(e.g. kg, 

liter, 

packet, 

bundle) 

Freq. of 

buying 

(e.g., 2 

times 

per 

month) 

Total 

number 

of 

times 

bought 

in the 

year 

Avg. 

qty 

each 

time 

(e.g. 2 

kg; 4 

bundle

s etc) 

Total 

qty 

per 

year 

Avg. 

price 

per  

unit 

(KSh

) 

Total cost 

of  

purchase

d 

(KSh) 

A1 
A2 

A3 A4 A5 
A6 A7 

A8 A9 A10 
A11=9x1

0 

 

Staple foods            

1. Maize 

grain 

 
   

  
    

 

2. Teff            

3. Wheat            

4. Barley            

5. Rice            

6. Sorghum            

7. Millet            

8. Cassava            

9. Potatoes            

10. Beans            

11. Cowpea 

grain 

 
   

  
    

 

12. 

Groundnuts 
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13. Pigeon 

pea 

 
   

  
    

 

14. Lentils             

15. Enset            

16. Vetch            

Vegetables            

17. Tomatoes            

18. Onions            

19. Cabbage            

20. Kale            

21. Carrot            

22. Pumpkin            

23. Pepper            

24. Garlic            

25. 

Funegreen/A

bish 

 

   

  

    

 

Fruits            

26. Oranges            

27. Mangoes            

28. Pawpaw            

29. Pineapple            

30. Sugar 

cane 

           

31. Bananas             

   

32. 

beef/goat/she

ep meat  

 

   

  

    

 

33. Pork            



 Household ID……………………Respondent ID………….. 

 253 

34. Poultry 

meat 

 
   

  
    

 

35. Fish            

36. Milk            

37. Eggs            

38. Cheese 

39. Butter 

 
   

  
    

 

40. Honey            

Beverages and 

drinks 
   

  
    

 

41. Tea             

42. Coffee            

43. Soft drinks            

44. Beer            

45. Water for 

household use 

 
   

  
    

 

46. Water for 

livestock 

 
   

  
    

 

         

47. Cooking fat            

48. Bread            

49. Sugar            

50. Salt            

51. Ginger            

Other food 

expenditure items 
 

  
    

 

52.            

53.            

54.            
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MODULE 6: HOUSEHOLD EXPENDITURE FOR THE LAST 12 MONTHS (CONTINUED) 

 

PART B: NON-FOOD EXPENDITURE IN LAST 12 MONTHS 

Expense Item 

Unit 

(e.g. 

numbers, 

bundles 

etc.) 

Frequency 

of 

purchase 

(e.g., 2 

times per 

month) 

Total 

number 

of 

times 

bought 

in the 

year 

Average 

quantity 

each 

time  

Total 

quantity 

per 

year 

Average 

per unit 

price 

(KSh) 

Total 

cost of 

purchase 

(KSh) 

B1 B2 B3 B4 B5 B6 B7 B8=6*7 

1. Clothing        

2. Beddings        

3. Electricity        

4. Fuel wood        

5. Charcoal        

6. Kerosene        

7. Batteries        

8. School fees        

9. School books and supplies        

10. Health care (medicare, 

treatment etc) 

 
 

 
    

11. Grain milling        

12. Church contributions        

13. Contributions to 

associations/cooperatives 

 
 

 
    

14. House building/construction        

15. Newspapers, magazines etc        

16. Travel expenses        

17. Mobile phone air time (voucher)        

18. Kitchen utensils        
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19. Household hygiene (soaps, 

toothpaste etc) 

 
 

 
    

20. Furniture (tables, chairs, beds 

etc) 

 
 

 
    

21. Home repairs        

22. Purchase of bicycle, motorcycle 

etc 

 
 

 
    

23. Repairs for vehicles, bicycles 

etc 

 
 

 
    

24. Petrol and engine oils for cars        

25. House rent        

26. Utility bills (water, telephone etc)        

27. Cigarettes, tobacco etc        

28. Remittances paid        

29. Ceremony and other 

entertainments 

 
 

 
    

30.         

31.        

32.        

      

  

 

 

 

 

END OF HOUSEHOLD LEVEL 

QUESTIONNAIRE 
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INDIVIDUAL QUESTIONNAIRE MODULES 

(PRIMARY RESPONDENT AND SPOUSE INTERVIEWED CONCURENTLY BUT SEPARATELY) 

 

Respondent ID……….CODES 1=Primary (main respondent in household level modules);   2=Spouse;   

3=Other household member 

Respondent name………………………………………………………………………………………………………………. 

Respondent sex…………………………………CODES 0=Female;   1=-Male 

MODULE 7: SOCIAL CAPITAL, NETWORKING AND INFRASTRUCTURE 

PART A:  PARTICIPATION IN RURAL INSTITUTIONS 

Variable 
Code 

Institution Type 

Are you currently a 

member of any of the 

following group? 

0=No;   1=Yes 

Year joined group 

YYYY 

 

How much input do 

you have in making 

decisions in this 

[GROUP]? CODE 1 

A1 
A2 

A3 A4 A5 

1.1 
Savings and credit association 

   

1.2 
Merry-go-round 

 
   

1.3 
Input supply group, farmer 

cooperative union 
   

1.4 
Crop or seed production group 

   

1.5 Water User’s Association 

 

   
1.6 

Crop marketing group  
   

1.7 
Women’s Association/group 

   

1.8 
Youth Association 

   

1.9 
Church/mosque 

association/congregation 
   

1.10 
Development group (nyumba kumi) 

   

1.11 
 

   

1.12 
 

   

 

CODE 1 

1. No input 

2. Input into very few decisions 

3. Input into some decisions 

4. Input into most decisions 

5. Input into all decisions 

 

 

MODULE 7: SOCIAL CAPITAL, NETWORKING AND INFRASTRUCTURE (CONT’D) 

PART B: INFRASTRUCTURE (all distances in walking minutes) 
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1. Staying in the same village 2 years ago…………………….CODES: 1=Yes; 0=No If 

Yes, go to Part C 

2. Distance to the village market from residence 

………………………………………............... 

3. Distance to the nearest main market from residence 

………………………………….…...….. 

4. Distance to the nearest source of seed dealer from residence 

…………………………............ 

5. Distance to the nearest source of fertilizer dealer from residence 

……………………..……… 

6. Distance to nearest source of herbicides and pesticides dealer from 

residence……………....... 

7. Distance to the nearest agricultural extension office from residence 

…………………….…… 

8. Distance to the nearest health center from residence 

………………………….….................... 

9. Distance to main water source for drinking from residence 

…………………………..……… 
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MODULE 7: SOCIAL CAPITAL, NETWORKING AND INFRASTRUCTURE (CONT’D) 

PART C: SOCIAL NETWORKS 

QUESTION CODE RESPONSE 

C1 How many years have you been living in this village?    

1. C2 
How many people that live WITHIN this 

village can you rely on in times of need? 

Relatives  2. Number of RELATIVES  

3. Non-relatives 
4. Number of NON-

RELATIVES 

5.  

C3 
How many people that live OUTSIDE this 

village can you rely on in times of need? 

Relatives  Number of RELATIVES  

Non-relatives 
Number of NON-

RELATIVES 

 

C4 
Are any of your friends or relatives in leadership positions in 

governmental institutions within and outside this village?  

0=No 

1=Yes 

 

C5 
How many grain traders do you know WITHIN this village who 

could buy your grain? 
Number of grain traders 

 

6. C6 
7. How many grain traders do you know OUTSIDE of this village 

who could buy your grain? 
8. Number of grain traders 

9.  

10. C7 11. Generally speaking grain traders can be trusted  

1=Strongly disagree  

2=Disagree  

3=Slightly disagree  

4=Neither agree or 

disagree 

5=Slightly agree  

6=Agree  

7=Strongly agree  

12.  

13. C8 14. Which types of traders do you trust more (rank 3)? 

15. 1=Wholesalers 

16. 2=Retailers 

17. 3=Assemblers 

18. 4=Brokers 

19. 5=others 

(specify).................... 

20.  21.  22.  
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C9 Main reason for trusting traders in A8 (follow order above)  

1=Relatives              

2=Regular customer 

3=Give always better price 

4= Has reliable scale 

5=Provide credit 

6= Other (specify)………… 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

C10 
Do you think you can rely on government support (subsidies, 

food aid, etc.) if your crop fails? 

0=No 

1=Yes 

 

C11 
You are confident of the skills of government officials 

including extension workers to do their job 

1=Strongly disagree  

2=Disagree  

3=Slightly disagree 

4=Neither agree or 

disagree 

5=Slightly agree  

6=Agree  

7=Strongly agree 
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MODULE 8: HOUSEHOLD DIETARY DIVERSITY SCORE (HDDS) 

Now I would like to ask you about the types of foods that you or anyone else in your household ate specifically in the 

last 24 hour. Please, tell me by accurately recalling  

 

Ask the two columns separately. For 24 hr recall try to ask what was eaten at each meal time and list them on 

the left side of the table and sort them based on the food groups 

Column 3 &4: Read the list of foods. Place a “1” in the box if anyone in the household ate the food in question; or 

place a “0” in the box if no one in the household ate the food 

 

1 2 3- child mother 

Sr.No. FOOD 

 

Description During the 

last day and 

night 

 

 

1  
CEREALS Ccrn/maize, rice, barley, oats, wheat, 

sorghum, finger millet or any other grains or 

foods made from these (e.g. bread, biscuits, 

noodles, porridge, or other grain products) 

  

2  
VITAMIN A RICH 

VEGETABLES AND 

TUBERS 

Pumpkin, carrots, squash, or yellow/orange 

flesh sweet potatoes or other locally available 

vitamin-A rich vegetables (e.g. red sweet 

pepper) 

  

3  
WHITE TUBERS AND 

ROOTS  

White potatoes, white yams, white cassava, or 

other foods made from roots 

  

4  
DARK GREEN LEAFY 

VEGETABLES 

Dark green/leafy vegetables, including wild 

ones + locally available vitamin-A rich leaves 

such as amaranth,Cassava leaves, Kale, 

Spinach etc. 

  

5  
OTHER VEGETABLES Other vegetables (e.g. tomato, onion, 

eggplant) , including wild vegetables 

  

6  
VITAMIN A RICH FRUITS  Ripe mangoes, cantaloupe, apricots (fresh or 

dried), Ripe papaya, dried peaches + other 

locally available vitamin A-rich fruits 
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7  
OTHER FRUITS Other fruits, including wild fruits (e.g., 

………………….)      

  

8  
ORGAN MEAT /(IRON 

RICH) 

Liver, Kidney, Heart or other organ meats or 

blood-based foods 

(e.g…………………………………..) 

  

9  
FLESH MEATS Beef, pork, lamb, goat,  wild game, chicken, or 

other birds 

  

10  
EGGS Chicken, duck, guinea hen or any 

other egg 

  

11  
FISH Fresh or dried fish or shellfish   

12  
LEGUMES, NUTS AND 

SEEDS 

Beans, peas, lentils, nuts, seeds or foods 

made from these 

  

13  
MILK AND MILK 

PRODUCTS 

Milk, cheese, yogurt or other milk products   

14  
OILS AND FATS Oil, fats or butter added to food or used for 

cooking, oil seeds and foods made from oil 

seeds e.g sunflower 

  

15  
RED PALM PRODUCTS Red palm oil, palm nut or palm nut pulp sauce   

16  
SWEETS Sugar, honey, sweetened soda or sugary 

foods such as chocolates, candies, cookies 

and cakes 

  

17  
SPICES, CONDIMENTS, 

BEVERAGES 

Spices(black pepper, salt), condiments (soy 

sauce, hot sauce), coffee, tea,  

  

18  
Meal outside home Did you or anyone in your household eat  

anything (meal or snack) outside of the home 

yesterday? 
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MODULE 9: HOUSEHOLD FOOD INSECURITY ACCESS SCALE (HFIAS) 

PART A: FOR EACH OF THE FOLLOWING QUESTIONS, PLEASE CONSIDER WHAT HAS HAPPENED IN THE PAST 12 MONTHS. 

No. Question Response options  (mark where applicable) 
Response 

code 

1. 

Taking into consideration ALL food sources (own food production + food 

purchase + help from different sources + food hunted from forest and lakes, 

etc.), how would you assess your family’s food consumption in the past 12 

months 

1. Food shortage through the year, 2. Occasional food shortage, 3. No food shortage but no 

surplus, 4. Food surplus. 
 

2. 

During the last 12 months, did you worry that your household would not have 

enough food? 

 

0 = Never 

 

1 = Rarely (in one or two months during the last year) 

2 = Sometimes (in 3 to 10 months during the last year) 

3 = Often (in more than 10 months during the last year) 

3. 
Were you or any household member not able to eat the kinds of foods you 

preferred because of a lack of resources? 

0 = Never 

 

1 = Rarely (in one or two months during the last year) 

2 = Sometimes (in 3 to 10 months during the last year) 

3 = Often (in more than 10 months during the last year) 

4. 
Did you or any household member eat just a few kinds of food day after day 

due to a lack of resources? 

0 = Never 

 

1 = Rarely (in one or two months during the last year) 
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2 = Sometimes (in 3 to 10 months during the last year) 

3 = Often (in more than 10 months during the last year) 

5. 
Did you or any household member eat food that you preferred not to eat 

because of a lack of resources to obtain other types of food? 

0 = Never 

 

1 = Rarely (in one or two months during the last year) 

2 = Sometimes (in 3 to 10 months during the last year) 

3 = Often (in more than 10 months during the last year) 

6. 
Did you or any household member eat a smaller meal than you felt you 

needed because there was not enough food? 

0 = Never 

 

1 = Rarely (in one or two months during the last year) 

2 = Sometimes (in 3 to 10 months during the last year) 

3 = Often (in more than 10 months during the last year) 

7. 
Did you or any other household member eat fewer meals in a day because 

there was not enough food? 

0 = Never 

 

1 = Rarely (in one or two months during the last year) 

2 = Sometimes (in 3 to 10 months during the last year) 

3 = Often (in more than 10 months during the last year) 

8. 
Was there ever no food at all in your household because there were no 

resources to get more? 

0 = Never 

 1 = Rarely (in one or two months during the last year) 

2 = Sometimes (in 3 to 10 months during the last year) 
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3 = Often (in more than 10 months during the last year) 

9. 

Did you or any household member go to sleep at night hungry because there 

was not enough food? 

 

0 = Never 

 

1 = Rarely (in one or two months during the last year) 

2 = Sometimes (in 3 to 10 months during the last year) 

3 = Often (in more than 10 months during the last year) 

10. 
Did you or any household member go a whole day without eating anything 

because there was not enough food? 

0 = Never 

 

1 = Rarely (in one or two months during the last year) 

2 = Sometimes (in 3 to 10 months during the last year) 

3 = Often (in more than 10 months during the last year) 

 

MODULE 9: HOUSEHOLD FOOD INSECURITY ACCESS SCALE (HFIAS) 

PART A: FOR EACH OF THE FOLLOWING QUESTIONS, PLEASE CONSIDER WHAT HAS HAPPENED IN THE PAST 12 MONTHS (CONT’D) 

No. Question Response code Response options  (mark where applicable) 

10. 
What is your own assessment of the adequacy of your family’s food consumption 

over the past 12 months? 

 
1=It was less than adequate for your family’s needs 

2=It was just adequate for your family’s needs 

3=It was more than adequate for your family’s needs 

4=Not applicable 

11. 

What is your own assessment of the adequacy of your family’s housing over the past 

12 months? 
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12. 

What is your own assessment of the adequacy of your family’s clothing over the past 

12 months 

 

  

‘‘Adequate’’ means no more nor less than what the respondent considers 

to be the minimum consumption needs of the family 

13. 
What is your own assessment of the adequacy of the health care your family gets 

over the past 12 months? 

 

14. 
What is your own assessment of the adequacy of your children’s schooling over the 

past 12 months? 
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MODULE 10: HOUSEHOLD ASSETS, ACCESS TO CAPITAL AND INFORMATION 

PART A: HOUSEHOLD CREDIT NEED AND SOURCES DURING 2014/15 CROPPING YEAR 

Reason for Loan 

Did your 
household 

need 
credit? 

 
0=No>>A2 
1=Yes>>A3 

Why did 

your 

household 

not need 

credit? 

CODE 1 

Did your 
household 

receive credit? 

0=No>> A4 

1=Yes >>A5-

A10 

Why did your 
household not 
receive credit 

(Rank 3 reasons) 

CODE 2 

Who 

applied 

for the 

credit? 

 

CODE 

4 

If Yes in A3, 

What 

was 

the 

source 

of the 

credit? 

CODE 

3 

What 

was the 

amount 

of credit 

received? 

(KSh) 

Did you 

receive the 

amount 

you 

requested? 

0=No 

1=Yes 

What 

was the 

monthly 

interest 

rate 

charged? 

(%) 

What is the 

debt 

outstanding 

including 

interest rate 

at end of 

season 

(KSh) 

Who 
makes the 
decision 

about what 
to do with 

the money/ 
item 

borrowed? 
CODE 4 

 A1 A2 
A3 A4a A4b A4c A5 A6 A7 A8 

A9 A10 A11 

1 Buying seeds 
  

       
    

2 Buying fertilizer 
  

       
    

3 Buy herbicide and pesticides  
  

       
    

4 
Buy farm 

equipment/implements  

  
       

    

5 Invest in transport (bicycle, etc.) 
  

       
    

6 Buy oxen for traction 
  

       
    

7 Buying  livestock for fattening  
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8 Invest in irrigation system 
  

       
    

9 
Invest in seed drill or minimum 

tillage system 

  
       

    

10 Non-farm business or trade 
  

       
    

11 To pay land rent 
  

       
    

12 Buy food 
  

       
    

13 
Non-food consumption needs 

(health/education/travel/tax,) 

  
       

    

 

CODE 1 CODE 2 CODE 3 CODE 4 

1=Not cash constrained 

2=Activity is not profitable 

3=Never thought of this investment 

4=Had own source 

5=Other, specify.............................. 

1=Borrowing is risky 

2=Interest rate is high 

3=Too much paper work/ procedures 

4=Expected to be rejected, did not try 

5=I have no asset for collateral 

6=No money lenders in this area for this purpose 

7=Lenders don’t provide the amount needed 

8=No credit association 

9=Not available on time  

10=Other, 

specify………………….. 

 

1=Money lender 

2=Farmer group/coop 

3=Merry go round 

4=Microfinance 

5=Bank 

6=Relative 

7= Other, specify……………………. 

1=Self 

2=Spouse 

3=Self and spouse jointly 

4=Other household member 

5=Self and other household ember(s) 

6=Spouse and other household member(s) 
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MODULE 10: HOUSEHOLD ASSETS, ACCESS TO CAPITAL AND INFORMATION 

PART B: HOUSEHOLD SAVINGS, ENUMERATOR, PUT 1 SOURCE OF SAVINGS PER ROW. 
 
B1. Did household save money in the last two years?........................CODES: 0= No;    1= Yes       if yes, answer questions below; if no go to Module  Part C 
 

S
av

in
gs

 ID
 

Where did you 

save money? 

 

CODE 2 

Who made the decision to 

save money? 

 

CODE 1 

Who made the saving? 

CODE 1 

What was the total amount you 

saved during 2014/15? 

(KSh) 

Who makes decisions about what to do with 

savings? 

CODE 1 

 B2 B3 B4 B5 B6 

1      

2      

3      

4      

5      

      

      

      

 
 

CODE 1  CODE 2 
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1=Household head 

2=Spouse 

3=Head and spouse jointly 

4=Other household member 

5=Head and other household member(s) jointly 

6=Spouse and other household member(s) jointly 

7=Other specify……………………. 

1=Saving at home (personal)  

2=Commercial or other banks  

3=Rural micro-finance 

4=Saving by lending to money lender 

5=Savings and loan groups 

6=Other, specify………….……………… 
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MODULE 10: HOUSEHOLD ASSETS, ACCESS TO CAPITAL AND INFORMATION 

PART C: ACCESS TO EXTENSION SERVICES 

Issue 

Did you need 
extension 

training/advic
e/ information 

about 
[ISSUE]? 

0=No>> C2; 

1=Yes>>C3 

Why did 

you not 

need 

training/ad

vice on 

[issue]?  

Code 1 

Did your 

household 

receive extension 

training/advice on 

about [ISSUE] 

during 2013/14? 

0=No;1=Yes 

Did your 

household receive 

extension 

training/advice 

about [ISSUE] 

during 2014/15? 

0=No>>next 

issue 

1=Yes 

Who in 

household 

received 

extension in 

2014/2015? 

CODE 2 

Do you feel 

that you got 

adequate 

training/inform

ation/advice 

about 

[ISSUE]? 

0=No;1=Yes 

What was your main source 

of information about [ISSUE] 

during 2014/15? 

Rank up to 3 information 

sources, with primary source 

first. CODE 3 

If yes to C4, how 

many contacts did you 

have with each of the 

sources in column 7a 

– 7c (follow order) 

during 2014/15?  

(days/year) 

If zero write 0. 

Source 

1 

Source 

2 

Source 

3 

 C1 C2 C3 C4 C5 C6 C7a C7b C7C C8a C8b C8c 

1.  
New varieties of maize             

2.  
New varieties of legumes             

3.  
 Field pest and disease control             

4.  
 Soil and water management             

5.  
 Crop rotation             

6.  
 Intercropping             

7.  
 Minimum tillage             
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8.  
 Leaving crop residue in the field             

9.  
 Irrigation             

10.  
 Output markets and  prices             

11.  
 Input markets and prices             

12.  

 
 Collective action/farmer  

Organization 

 
           

13.  
 Livestock production             

14.  
 Family health             

15.  
Tree planting             

 

CODE 1 CODE 2 CODE 3 

1= Had enough 
information/knowledge 

2= Not aware about the issue 
before 

3= Did not have time 
4=Other, specify………………. 

1=Self 

2=Spouse 

3=Self and spouse jointly 

4=Other household member 

5=Self and other household Member(s) 

6=Spouse & other household member(s) 

1=Government extension service 

2=Spouse 

3=Other household members 

4=Farmer Coop or groups 

5=Neighbor 6= Model/lead farmers 

7=Other farmers 

8=Seed traders/Agro-

dealers 

9=NGOs 

10=Other private trader 

11=Private Company 

12=Research center 

13=Farmer business 

school 

14=Radio/TV 

15=Newspaper 

16=Mobile phone 

17=Farmer Field School 

18=Farmer training centre 

19=Other, specify…………. 
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MODULE 10: HOUSEHOLD ASSETS, ACCESS TO CAPITAL AND INFORMATION 

PART D: PRODUCTION EQUIPMENT AND MAJOR HOUSEHOLD FURNITURE 

Asset Category 

 

Asset type 

Does the 

household 

own [...]: 

1= Yes 0=No 

No. owned 

Current 
Value each 

(KSh) if 
they can 
sell [item] 

today 

Who 
would you 
say owns 
most of 
the […]? 
Code 1 

 

Do you 
singularly 

own 
1=Yes 
0=No 

Who would 
you say 

can decide 
to sell […] 
most of the 

time? 
CODE 1 

Who would 
you say 
can give 
away […] 

most of the 
time? 

CODE 1 

Who would 
you say can 

decide to 
mortgage or 
rent out […] 
most of the 

time? 

CODE 1 

Who would you 

say would keep 

majority of […] in 

case a marriage 

is dissolved due 

to 

divorce/separati

on? CODE 1 

Who would you 

say would keep 

majority of […] in 

case a marriage 

is dissolved due 

to death of 

spouse? CODE 

1 

Who 

contributes 

most to 

decisions 

regarding a 

new purchase 

or construction 

of [….]? 

CODE 1 

 D1 D2 D3 D4 D5  D6 D7 D8 D9 D10 D11 

Farm 

implements 

Sickle            

Hoe            

Spade or shovel            

Axe            

Knapsack sprayer            

Ox-plough            

Water pump (manual)            

Water pump 

(motorized) 
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Asset Category 

 

Asset type 

Does the 

household 

own [...]: 

1= Yes 0=No 

No. owned 

Current 
Value each 

(KSh) if 
they can 
sell [item] 

today 

Who 
would you 
say owns 
most of 
the […]? 
Code 1 

 

Do you 
singularly 

own 
1=Yes 
0=No 

Who would 
you say 

can decide 
to sell […] 
most of the 

time? 
CODE 1 

Who would 
you say 
can give 
away […] 

most of the 
time? 

CODE 1 

Who would 
you say can 

decide to 
mortgage or 
rent out […] 
most of the 

time? 

CODE 1 

Who would you 

say would keep 

majority of […] in 

case a marriage 

is dissolved due 

to 

divorce/separati

on? CODE 1 

Who would you 

say would keep 

majority of […] in 

case a marriage 

is dissolved due 

to death of 

spouse? CODE 

1 

Who 

contributes 

most to 

decisions 

regarding a 

new purchase 

or construction 

of [….]? 

CODE 1 

Tractor             

Transport Horse/mule cart            

Donkey/oxen cart            

Horse/mule saddle            

Push cart            

Bicycle            

Motorbike            

Car            

Household 

Furniture 

Improved 

charcoal/wood stove 

           

Kerosene stove            
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Asset Category 

 

Asset type 

Does the 

household 

own [...]: 

1= Yes 0=No 

No. owned 

Current 
Value each 

(KSh) if 
they can 
sell [item] 

today 

Who 
would you 
say owns 
most of 
the […]? 
Code 1 

 

Do you 
singularly 

own 
1=Yes 
0=No 

Who would 
you say 

can decide 
to sell […] 
most of the 

time? 
CODE 1 

Who would 
you say 
can give 
away […] 

most of the 
time? 

CODE 1 

Who would 
you say can 

decide to 
mortgage or 
rent out […] 
most of the 

time? 

CODE 1 

Who would you 

say would keep 

majority of […] in 

case a marriage 

is dissolved due 

to 

divorce/separati

on? CODE 1 

Who would you 

say would keep 

majority of […] in 

case a marriage 

is dissolved due 

to death of 

spouse? CODE 

1 

Who 

contributes 

most to 

decisions 

regarding a 

new purchase 

or construction 

of [….]? 

CODE 1 

Water carrier            

Fridge,             

Table, sofas, chairs, 

and beds 

           

Communication Radio            

Mobile phone            

Cassette or CD player            

TV            

Jewelry Gold,             

Silver,             

Wristwatch            
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Asset Category 

 

Asset type 

Does the 

household 

own [...]: 

1= Yes 0=No 

No. owned 

Current 
Value each 

(KSh) if 
they can 
sell [item] 

today 

Who 
would you 
say owns 
most of 
the […]? 
Code 1 

 

Do you 
singularly 

own 
1=Yes 
0=No 

Who would 
you say 

can decide 
to sell […] 
most of the 

time? 
CODE 1 

Who would 
you say 
can give 
away […] 

most of the 
time? 

CODE 1 

Who would 
you say can 

decide to 
mortgage or 
rent out […] 
most of the 

time? 

CODE 1 

Who would you 

say would keep 

majority of […] in 

case a marriage 

is dissolved due 

to 

divorce/separati

on? CODE 1 

Who would you 

say would keep 

majority of […] in 

case a marriage 

is dissolved due 

to death of 

spouse? CODE 

1 

Who 

contributes 

most to 

decisions 

regarding a 

new purchase 

or construction 

of [….]? 

CODE 1 

Trees Fruit trees            

Other trees (e.g. 

eucalyptus) 

           

Land Land owned (ha)            

House House            

 

CODE 1 

1. Self;    

2. Spouse;   

3. Self and spouse jointly 

4. Other household member 

5.Self and other household member(s) 

6=Spouse and other household member(s) 

7=whole family owned 

8=Someone  outside the household 

9=Self and other outside people 

10=Spouse and other outside people 

11=Self, spouse and other outside people 

12. other, specify…………………….. 

 

 



 Household ID……………………Respondent ID………….. 

276 

 

MODULE 11: LIVESTOCK OWNERSHIP 

PART A: LIVESTOCK OWNERSHIP, MARKETING AND PRODUCTION COSTS IN THE LAST 12 MONTHS 

 

Animal 

type 

Doe

s the 

hous

ehol

d 

own 

[…] 

0=N

o; 

1=Y

es 

No. 

own

ed 

Valu

e of 

eac

h 

KSh 

Marketing 
Production costs 

KSh 

Who 
would 

you say 
owns 

most of 
the […]? 
Code 1 

Who 

contribu

tes 

most to 

decisio

ns 

regardi

ng a 

new 

purchas

e of 

[….]? 

CODE 

1 

Did 

the 

hhld 

sell 

[…]? 

0=N

o; 

1=Y

es 

Quanti
ty sold 
(Numb

er 
/kg/lit) 

Avera
ge 

selling 
price 
KSh 

F
o

d
d

er
 

L
ab

o
u

r 

V
et

er
in

ar
y

 c
ar

e 

A
rt

if
ic

ia
l i

n
se

m
in

at
io

n
 

S
al

t 

 A1 A2 A3 A4 A5 A6 A7 A8 A9 A1

0 

A

1

1 

A1

2 

A13 A14 

1 Indigeno

us  cows 

             

2 Cross 

bred/exot

ic  cows 

             

3  Oxen               

4 Bulls               

5 Heifers              

6 Calves              

7 Small 

livestock 

(goats + 

sheep)  

 

             

8 Pig              

9 Donkeys              

1

0 

Horse              

1

1 

 Mule              

1

2 

Poultry 

(local 

chicken, 

improved 

chicken, 

ducks, 

etc.) 

             

1

3 

Bee 

hives 

with 

colony 

             

1

4 

Milk              

1

5 

Eggs              

1

6 

Butter              

1

7 

Cheese              

1

8 

Skin and 

hides 

             

1

9 

Honey              
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CODE 1 

1. Self;    

2. Spouse;   

3. Self and spouse jointly 

4. Other household member 

5.Self and other household member(s) 

6=Spouse and other household 

member(s) 

7=whole family owned 

8=Someone  outside the household 

9=Self and other outside people 

10=Spouse and other outside 

people 

11=Self, spouse and other outside people 

12. other, specify…………………….. 
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MODULE 12: HOUSEHOLD INCOME FOR THE LAST 12 MONTHS 

What was your household’s income from the following sources during the past 12 

months? (Include the income of all household members listed): Enumerator – cross check 

this using Module 2 Part A Column 7 

What is the contribution of the following income sources to the total annual household 

income (%) – Enumerator: use 10 maize grains to represent total household annual income 

and then ask the contribution of each income source to the total annual income: 

Crop production…….………Livestock production………..……..Non-agricultural wage (salary, 

casual labour, non-agricultural business)…….……. Agricultural wage (income from land rent, 

casual labour)…………………….Sell of non-agricultural products (charcoal, 

firewood)…….…………… Remittances, gifts……………………………….. 

Income source Did the 

household 

earn 

income 

0=No; 

1=Yes 

Who earned 

income? 

CODE 1 

Total income for the past 12 

months 

Cash 

(KSh) 

In-kind 

(cash 

equivalent 

in (KSh) 

Total 

(KSh) 

 1 2 3 4 5 6 7 

1. Income from  salaried 

employment 

       

2. Income from machinery 

services for other farms 

(plowing etc.) 

       

3. Income from  casual  

labor (on-farm) 

       

4. Income from  casual  

labor (off-farm) 

       



 Household ID……………………Respondent ID………….. 

279 

 

5. Income from own non-

agricultural businesses 

(shops, saloons etc) 

       

6. Income from non-farm 

agribusiness (grain milling, 

grain trading etc) 

       

7. Selling charcoal, brick 

making, selling firewood 

etc 

       

8. Pensions        

9. Remittances from family 

members/friends who do 

not live in the household 

       

10. Revenues from 

leasing/renting out land 

       

11. Other sources 

(specify)………… 

       

12. Other sources 

(specify)………… 

       

13. Other sources 

(specify)………… 

       

14. Other sources 

(specify)………… 

       

 

CODE 1 

1=Self 

2=Spouse 

3=Self and spouse jointly 

4=Other household member 

5=Self and other household member(s) 
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6=Spouse and other household member(s) 

7=Self, spouse and other household 

member(s) 
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MODULE 13: CLIMATE CHANGE AND ADAPTATION OPTIONS 

 

PART A: RISK, LIVELIHOOD SHOCKS, AND COPPING STRATEGIES IN THE LAST 10 YEARS 

 

Risk factor 

How many 

times did 

[RISK] occur 

in the past ten 

years? (if zero 

put 0>> go to 

next  [RISK] 

type) 

Rank 

importance 

of [RISK] in 

affecting 

household 

livelihood 

(1=most 

important) 

Important risk 

management  

strategies before 

[RISK]occurrence 

CODE 1; Rank 3 

Important copping 

strategies after [RISK] 

occurrence 

CODE 2; Rank 3 

How did 

[RISK] 

affect 

production 

of main 

food crop of 

the 

household 

(% 

reduction) 

Which crops were 

most susceptible? 

 

Rank up to 3 crops, 

with most 

susceptible first 

ANNEX 1 CODE 

As a result 

of [RISK] 

did you lose 

(part of) 

your 

income 

(% 

reduction) 

Do you think 

[RISK] will 

become more 

important in 

future?(0=No 

1=Yes>A9) 

If Yes, how 

often do 

you think 

[RISK] will 

occur in the 

next ten 

years? 

1st 2nd 3rd 1st 2nd 3rd 
   

 A1 A2 A3a A3b A3c A4a A4b A4c A5 A6a A6b A6c A7 A8 A9 

1. Drought (inadequate 

rain) 
   

  
 

         

2. Too much rain or floods                 

3. Crop pests/diseases                

4. Hail storm                
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CODE 1 CODE 2 

1. Change crop 
varieties 

2. Early planting 
3.  Crop diversification 

(intercropping + 
rotation) 
 

4. Tree planting 
5. Change from 

crop to livestock 
6. Minimum tillage 

 

7. Soil and stone bunds 
8. Increase seed rate  
9. More non-farm work 
10.  Saving in cash 
11.  Saving in kind (e.g. 

Jewellery) 

12.  Food preservation 
13. None 
14. Other, specify……… 

1. Change crop 
varieties 

2. Replanting 
3. Selling livestock 
4.  Selling land 
5. Rent out land 
6. Selling other 

assets 
(specify)………… 

7.  Change from crop 
to livestock 

8. Eat less (reduce 
meals) 

9.  Out-migration 
10.  Borrowing 

 

11.  Stop sending children 
to school 

12. Aid 
13.  None 
14. Other, specify…… 
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MODULE 13: CLIMATE CHANGE AND ADAPTATION OPTIONS 

Risk factor 

How many 

times did 

[RISK] occur 

in the past 

five years? 

(if zero put 0 

>> go to next 

[RISK] type) 

Rank 

importance 

of [RISK] 

in affecting 

household 

livelihood 

(1=most 

important) 

Important risk 

management  

strategies before 

[RISK], 

CODE 1; Rank 3 

Important copping 

strategy after [RISK] 

occurrence 

CODE 2; Rank 3 

How did 

[RISK] 

affect 

production 

of main 

food crop 

of the 

household 

(% 

reduction) 

Which crops were 

most susceptible? 

Rank up to 3 crops, 

with most susceptible 

first 

ANNEX 1 CODE 

As a result 

of [RISK] 

did you 

lose (part 

of) your 

income 

(% 

reduction) 

Do you think 

[RISK] will 

become more 

important in 

future?(0=No; 

1=Yes>>A18) 

If Yes to 

A8, how 

often do 

you think 

[RISK] 

will 

occur in 

the next 

five 

years? 

1st 2nd 3rd 1st 2nd 3rd 

   

 B10 B11 B12a B12b B12c B13a B13b B13c B14 B15a B15b B15c B16 B17 B18 

1. Crop damage by livestock & 
wild life 

               

2.  Livestock diseases or death                 

3.  Large decrease in agricultural 
output prices 

               

4. Large increase in agricultural 
input prices 
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PART B: RISK, LIVELIHOOD SHOCKS, AND COPING STRATEGIES IN THE LAST 5 YEARS 

 

 

5. Large increase in food prices                

6. Family sickness                

7. Death of household member                

8. Reduced/failure household 
business income 

               

9. Reduced/loss of employment 
income 

               

10. Theft of assets or crops                

CODE 1 CODE 2 

1. Change crops 
2. Early planting 

3.  Crop 
diversification 
(intercropping + 
rotations) 

4. More non-farm 
work 

5. Saving in cash 
6.  Saving in kind 
7. Food preservation 
8. Look for market 

information 

9. Seek veterinary services 
10.  Change from crop to 

livestock 
11. None 
12.  Other, specify……… 

1.  Selling livestock 
2. Renting out land 
3. Selling land 
4. Selling other assets, 

specify …. 

 

5. Eat less 
(reduce 
meals) 

6.  Out-
migration 

7.  Borrowing 

8.  Seek treatment 
9. Stop sending children 

to school 
10.  Aid 
11. None 
12.  Other, specify…… 
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MODULE 14: DECISION MAKING 

PART A: ROLE IN HOUSEHOLD DECISION-MAKING on PRODUCTION, EXPENDITURE, AND INCOME GENERATION AND USE 

 

Decision on 

Did anyone in your 
household participate in 

[activity] during the 
2014/15 cropping season? 

1.Yes 0.No 
If no, move to next activity 

Did you participate in making 
decision in [activity] during 

the 2014/15 cropping 
season? 

1. Yes 0.No >>next activity 

How much input 
did you have in 

making 
decisions about 

[ACTIVITY]?  
CODE 2 

How much input did 
you have in 

decisions on the 
use of income 

generated from 
[ACTIVITY]? 

CODE 2 

To what extent do you feel 
you can make your own 

personal decisions 
regarding the following 

aspects? CODE 3 

  A1 A2 A3 A4 A5 

1  Improved maize varieties adoption decision      

2 Improved legume varieties adoption decision      

3 Food crop farming: crops that are grown primarily for 

household food consumption 

     

4 Cash crop farming: crops that are grown primarily for 

sale in the market 

     

5 What type of seed to buy? 
     

6 
What type of fertilizer to buy? 

     

7 When or who would take crops to the market (food 

crops)? 

     

8 When or who would take crops to the market (cash 

crops)? 

     

9  Livestock raising? 
     

10 When or who would take livestock to the market? 
     

11 
 Non-farm business activity 

     

12 Your own (singular) wage or salary employment? 
     

13 
Major household expenditures? (such as a large 
appliance for the house like refrigerator)  

     

14 
Minor household expenditures? (such as food for daily 
consumption or other household needs) 
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CODE 1 CODE 2 CODE 3 

1=Husband 
2=Wife  
3=Husband and wife jointly   
4=Someone else in the household  
5=Jointly with someone else in the household  

 
6=Someone else outside the household  

7=No decision made   

1=No input or input in few 

decisions 

2=Input into some decisions 

3=Input into most or all 

decisions 

4=No decision made 

 

1=Not at all   
2=Small extent  
3=Medium extent 

4=To a high extent   

MODULE 14: DECISION MAKING (CONTINUED) 

PART B: DECISION MAKING, CONTINUED 

ENUMERATOR: This set of questions is very important.  I am going to give you some reasons 

why you act as you do in the activities I just mentioned. You might have several reasons for 

doing what you do and there is no right or wrong answer. Please tell me how true it would be to 

say: 

If household does not engage in that particular activity, enter code for “Decision not made” and 

proceed to next activity. 

My actions in [DOMAIN] 
are partly because I will 

get in trouble with 
someone if I act 

differently 
[READ OPTIONS] 

CODE 1 

Regarding [DOMAIN] I 
do what I do so others 
don’t think poorly of me 

READ OPTIONS] 
CODE 1 

Regarding [DOMAIN] I 
do what I do because I 
personally think it is the 

right thing to do 
[READ OPTIONS] 

CODE 1 

  B1   

1.  Getting inputs for agricultural production     
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MODULE 15:  LEADERSHIP AND INFLUENCE IN COMMUNITY AND TIME 

USE 

 

PART A: PUBLIC SPEAKING 

2.  Whether and what type of agricultural practices to adopt (minimum tillage, 

construction of SWC structures, crop intercropping/rotation…) rotation etc.) 

   

3.  The types of crops to grow for agricultural production    

4.  Taking crops to the market (or not)    

5.   Livestock raising     

CODE 1 

Never true ...................................... 1  

Not very true .................................. 2 

Somewhat true .............................. 3 

Always true .................................... 4 

Decision not made ......................... 98 



 Household ID……………………Respondent ID………….. 

288 

 

 Question Response Codes 1 

1 
Do you feel comfortable speaking up in public about anything that is important to you, your family or your 

community?” 

 

 

1=No, not at all comfortable 

2=Yes, but with a great deal of difficulty 

3=Yes, but with a little difficulty 

4=Yes, fairly comfortable 

5=Yes, very comfortable 

 

 

 

MODULE 15:  LEADERSHIP AND INFLUENCE IN COMMUNITY AND TIME USE 

PART B: SATISFACTION WITH TIME USE 

 Question 
Response 

code 
Code 

1.  
Generally how satisfied are you with your time use for domestic 

work 
 

1= I feel I have plenty time; 2= I feel that I have just enough time; 3= I feel that I don’t 

have enough time at all 

2.  
Generally how satisfied are you with your time use for productive 

work 
 

1= I feel I have plenty time; 2= I feel that I have just enough time; 3= I feel that I don’t 

have enough time at all 
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3.  Generally how satisfied are you with your time use for resting  
1= I feel I have plenty time; 2= I feel that I have just enough time; 3= I feel that I don’t 

have enough time at all 

 

PART C: HOUSEHOLD WISHES 

If I  were the minister of agriculture, the rules I would change are:   

Unwanted = 0 1. Land Allocation   2. Credit Services   3. Extension Delivery   

Rank Remaining 4. Input Delivery   5. Communal Grazing   6. Other (Specify):    

If a project could come to this community and do just one thing, I would want it to be:  

Rank Top 3 
1. Irrigation   3. Farm Credit   5. Other Agricultural(specify):    

2. Mechanisation   4. Knowledge / Extension  6. Non-Agricultural(specify):   

My biggest concerns for the future are:   

Rank Top 3 

1. Declining Yield   3. Low Sale Prices   5. Declining Soil fertility   

2. Price of Inputs   4. Climate Change   6. Lack of Grazing Land   

7. Other (Specify):    8. Other (Specify):    9. Other (Specify):    

I want new agricultural technologies to:  

Unwanted = 0 1.  Increase yields   2. Reduce labour requirements   3. Reduce Oxen requirements   
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Rank Remaining 4. Reduce Input costs   5. Other (Specify): ……………..   6. Other (Specify)…………………   

If I had $100 USD (change to appropriate currency), I would use it for:  (about KSh 10,000) 

Rank Top 3 

1.  Intensify my farm (inputs for Maize)   

3. Intensify my farm (Other 

crops / livestock / Machinery/ 

irrigation) 

  5. Infrastructure or housing   

2. Services (e.g. health and education)   

4. Non-farm business 

opportunities (e.g. hotel, 

trading) 

  6. Other (specify)…………………..   

The best crop to boost my income is:    

 

Time finished interview (24 HR) ……………………. 

Thank you very much for your time and patience! 

ANNEX 1: CROP CODES    



 Household ID……………………Respondent ID………….. 
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SIMLESA 

 Crops  

1. Maize  

2. Common bean 

3. Soybean 

4. Pigeon pea 

5. Groundnut 

6. Cowpea 

7. Wheat 

8. Barley 

9. Sorghum 

10. Finger Millet 

 

 

 

11. Pearl millet 

12. Rice 

13. Chickpea  

14. Field pea 

28. Sunflower 

29.Sesame 

30.Linseed 

31.Rapeseed  

32.Lupin  

33. Cassava 

34. Irish potato 

 

 

35. Sweet potato  

36. Onion 

37. Garlic 

38. Pepper 

39. Tomato 

40. Ginger 

41. Cabbage 

42. Kales (sukuma wiki) 

43. Carrot 

44. Watermelon 

 

 

 

 

245. Cucumber 

46. Capsicum 

47. Local vegetables 

50. Coffee 

51. Banana 

52. Orange 

53.Mango 

54. Sugar cane  

55. Eucalyptus 

56. Avocado 

 

 

57. Macadamia 

58. Castor apple 

59. Napier grass 

62. Lablab 

63. Clover 

64. Vetch 

65. Alfalfa 

66. Sesbania 

67. Grazing land  

68. Fallow 

100. Other crops (specify)......... 

 

 

ANNEX 2: CROP VARIETY CODES 



 Household ID……………………Respondent ID………….. 
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Maize 

1. DK8031 

2. H513 

3. H512 

4. H511 

5. H624 

6. H629 

7. H625 

8. H614 

9. H627 

10.H6210 

11. H6213 

12.WS  502 

 

13. WS 505 

14. PH B3253 

15. DH O4 

16. DUMA 41 

17. DUMA 43 

18. PIONEER 

3250 

19. Makueni 

20. Katumani 

21…………… 

22…………… 

23…………… 

24…………… 

Common bean 

31. Wairimu 

32. Mwitemania 

33. Roscoco 

34. Nyayo 

35. Gacera 

36. Katheri 

37. Gacugu 

38. KK8 

39Mama Safi 

40………… 

43…………… 

Soybean 

51.Gazelle 

52.SB 11 

53.SB 29 

54……….. 

55……….. 

56……….. 

 

Pigeonpea 

61. 00040-LD (Agric.mrefu) 

62. 00777-LD  

63. 00554 -MD 

64. 00557-MD 

65. 00068-MD (Syombonge) 

66. 60/8-MD (Mbaazi I) 

67. 87091-SD  (Keritu/mwezi 

moja) 

68. Local-LD 

69. 00932-LD 

70. 00835-MD  

71. …………….. 

72……................. 

Groundnut  

76. Homa Bay local                                             

77. Nyauyoma red 

78. Virginia                                                          

79. Mani Pinta 

80. White 

Valencia/Uganda 

stripes/teso local 

81.Nyahela/Uganda 

red 

82.Small 

red/kabonge 

83….……………… 

84..….……………… 

85….……………… 

Cowpea 

86. M-66 

87.K-80 

88. K7-1 

89. IT82C 

90. Kunde 1 

91. Black eye 

92 …………… 

93. 

…………… 

 

 

Other crops 

96. Improved 

97. Local 

 




