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Abstract 
This study investigates the impact of off-farm participation on agricultural production and farmers’ 
welfare. We focus on Southeast African countries by analyzing data from the Living Standards 
Measurement Study-Integrated Surveys on Agriculture for Tanzania and Uganda covering the 
period 2008-2012. Going from the simple ordinary least squares to the complex generalized 
structural equation model (GSEM), we show how each of the intermediate models, such as the 
random effects Tobit model can tackle a specific form of bias. Overall, our results show that off-
farm participation has a negative effect on agricultural production. However, off-farm participation 
has a positive effect on welfare. We suggest that policy makers should consider the complexities 
surrounding the formulation of pro-agriculture and pro-welfare policies for ensuring desirable 
outcomes from off-farm participation. Furthermore, policies encompassing the development of 
credit and insurance markets may play a key role in minimizing the trade-off between agricultural 
production and off-farm participation. 
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1. Introduction  

Agriculture plays a pivotal role in driving economic growth in East Africa. Sustained 

agricultural growth is also crucial for reducing hunger and poverty in the region. In addition, 

majority of the rural poor in East Africa depend on agriculture as their source of livelihood. The 

agricultural sector employs about 75% of the rural labor force in the East African region (Salami, 

Kamara, & Brixiova, 2010). Despite the importance of agriculture in East Africa, its contribution 

to the gross domestic product over the past two decades has declined significantly. This has been 

attributed to factors such as the lack of adoption of modern technologies, harsh weather conditions, 

pests and diseases, poor infrastructure, limited access to credit, post-harvest losses and market 

constraints (Karugia, Massawe, Guthiga, & Macharia, 2013). Furthermore, smallholder farmers in 

East Africa are characterized by low agricultural production and poverty. In the face of low 

agricultural production and high poverty rates in farming households, the reallocation of labor 

from farm to off-farm employment is imperative for promoting welfare (Gordon & Craig, 2001). 

In fact, at least 42% of the rural households in East Africa engage in non-farm activities (Nagler 

& Naudé, 2017). 1 

Thus, the agricultural sector and the rural-non-farm economy typically coexist. Essentially, 

farmers seek off-farm employment to supplement farm income for financing farm inputs, or even 

as risk management strategy. Notwithstanding, off-farm participation can either complement  

(Canagarajah, Newman, & Bhattamishra, 2001)  or compete  (Amare & Shiferaw, 2017; Nasir & 

Hundie, 2014; Pfeiffer, López-Feldman, & Taylor, 2009) with agricultural production. 

Consequently, an interaction resulting in a complementing effect implies that policies reinforcing 

                                                 
1 Non-farm activities include all economic activities in rural areas other than agriculture such as mining, 
manufacturing, transport, commerce, agro-processing, etc.  
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this relationship are beneficial. However, where the interaction results in a competing effect, 

policies focusing on minimizing the trade-off are crucial for gains to be realized.  

Extant literature on rural livelihoods shows that farmers engage in off-farm activities in order 

to increase their income (Barrett, Reardon, & Webb, 2001; Bezu & Holden, 2014). Nevertheless, 

withdrawal of scarce resources such as labor and capital from on-farm employment to off-farm 

employment hampers investment in farm technologies and land conservation resulting in low 

production (Haggblade, Hazell, & Reardon, 2010; Ivanic & Martin, 2018; Zereyesus, Embaye, 

Tsiboe, & Amanor-Boadu, 2017). Similarly, a negative relation between off-farm income and 

agricultural production is expected where off-farm income is used for consumption or further 

investment in off-farm activities as opposed to invest in on-farm activities (Pfeiffer et al., 2009). 

Furthermore, depending on the degree to which households interact with factor and product 

markets, the labor absorbing effect of off-farm employment may adversely affect agricultural 

output and incomes (Amare & Shiferaw, 2017; Nasir & Hundie, 2014; Pfeiffer et al., 2009). 

Reallocation of farm labor to off-farm employment decreases the available pool of family farm 

labor and may result in a decline in agricultural production (Reardon, 1997; Scharf & Rahut, 2014).  

Hence, while various authors underscore the importance of the role of the non-farm sector in 

alleviating poverty in sub-Saharan Africa (Barrett et al., 2001; Kijima, Matsumoto, & Yamano, 

2006), little is understood regarding the effects of off-farm participation in East Africa. 

Furthermore, labor participation in agriculture has been declining with its effects on agricultural 

production and farmer’s welfare remaining unknown. Additionally, taking into cognizance that 

Tanzania and Uganda have recently implemented policies focusing on enterprise development in 

the non-farm sector, this study seeks to fulfill these gaps, and to examine the effect of off-farm 

participation on agricultural production and farmers’ welfare. The contributions of this paper are 
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several. First, this study uses different econometric models to clearly show how each tackles bias. 

Also, the Living Standards Measurement Study-Integrated Surveys on Agriculture (LSMS-ISA) 

data arising from the Tanzania National Panel Survey for the period 2008-2012 and Uganda 

National Panel Survey for the period 2009-2011 is used. In particular, the econometric models 

include an ordinary least squares (OLS) model, a random effects Tobit model (Tobit-RE), an 

unbalanced fixed effects model (PANEL-UNB-FE), and finally the complex generalized structural 

equation model (GSEM). Secondly, we use a comparative study approach to examine the effects 

of off-farm participation on agricultural production and welfare in Tanzania and Uganda. Finally, 

the results of this study are critical in promoting the development of evidence-based policies for 

promoting agricultural production and farmers’ welfare. This is particularly important given that 

African countries are keen on enhancing agricultural production as witnessed in the African Union 

2003 Maputo Declaration and the African Union 2014 Malabo Declaration (www.au.int). In sum, 

smallholder farmers play a pivotal role in catalyzing Africa’s development, and the goal must be 

to have sustainable productivity gains. Thus, understanding how off-farm participation affects 

agricultural production and farmers’ welfare is imperative for the formulation of policies that 

achieve desirable outcomes. 

We find that off-farm participation has significant deleterious effects on agricultural production 

in Tanzania implying a competing effect. We also report the same finding in Uganda, although it 

was non-significant. We also find that off-farm participation is positively and significantly 

associated with farmers’ welfare in both Tanzania and Uganda.  

The rest of the paper is organized as follows. Section 2 puts forward the theoretical framework. 

Section 3 lays out the econometric specification, identification strategy, and the models used for 
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our analysis. Section 4 provides a discussion of the data and descriptive statistics. Section 5 

presents the empirical results and discussion. Section 6 offers conclusions and policy implications. 

 

2. Theoretical framework 

This study adopts an income-leisure framework for examining labor supply and agricultural 

production decisions by farm households  (Benjamin, 1992; Chang, Huang, & Chen, 2012). 

Households’ preferences are modeled over income (𝐼𝐼) and leisure (𝐿𝐿):𝑈𝑈 = (𝐼𝐼, 𝐿𝐿). Agricultural 

production is given by  𝑄𝑄 = 𝐺𝐺(𝐹𝐹,𝐻𝐻:𝐴𝐴), where 𝑄𝑄 represents agricultural output, 𝐹𝐹 represents on-

farm household labor, 𝐻𝐻 is hired labor, and 𝐴𝐴 is a fixed factor of production such as land. This 

model assumes that household labor and hired labor could be technologically complements or 

substitutes. Furthermore, this model assumes heterogeneity between household labor and hired 

labor such that there exists two competitive markets, where 𝑤𝑤ℎ represents the wage rate for hired 

labor and 𝑤𝑤𝑜𝑜 represents the wage rate for off-farm household labor with the assumption that 

𝑤𝑤𝑜𝑜>𝑤𝑤ℎ given that off-farm participation and off-farm income have been rising (Mishra & 

Sandretto, 2002). 

We consider a flexible off-farm work schedule such that the farm household allocates its time 

between on-farm work (𝐹𝐹), off-farm work  (𝑀𝑀), and leisure  (𝐿𝐿) so that  𝑀𝑀 = 𝑇𝑇 − 𝐹𝐹 − 𝐿𝐿 where  

𝑇𝑇 is the farm household’s total time endowment in a given period. On-farm and off-farm 

employment results in two sources of income including on-farm income defined as total farm 

revenue net of wages paid to hired labor, 𝑦𝑦𝑓𝑓 ≡ 𝑝𝑝𝑝𝑝(𝐹𝐹,𝐻𝐻;𝐴𝐴) −  𝑤𝑤ℎ𝐻𝐻, with 𝑝𝑝 representing the 

competitive price of the agricultural output. Off-farm income is defined as off-farm wage 

multiplied by off-farm labor supply 𝐸𝐸𝑜𝑜 = 𝑤𝑤𝑜𝑜𝑀𝑀 = 𝑤𝑤𝑜𝑜(𝑇𝑇 − 𝐹𝐹 − 𝐿𝐿). The household’s total income 

is therefore given as: 
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𝐼𝐼 = [𝑝𝑝𝑝𝑝(𝐹𝐹,𝐻𝐻;𝐴𝐴) −  𝑤𝑤ℎ𝐻𝐻] + 𝑤𝑤𝑜𝑜(𝑇𝑇 − 𝐹𝐹 − 𝐿𝐿) + 𝑍𝑍,                       

(1) 

where 𝑍𝑍 represents non-labor income such as remittances. Substituting Eq. (1) into the utility 

function gives: 

 𝑈𝑈 = 𝑈𝑈(𝑝𝑝𝑝𝑝(𝐹𝐹,𝐻𝐻;𝐴𝐴) −  𝑤𝑤ℎ𝐻𝐻 + 𝑤𝑤𝑜𝑜(𝑇𝑇 − 𝐹𝐹 − 𝐿𝐿) + 𝑍𝑍, 𝐿𝐿).                      

(2) 

Thus, the objective of the farm household is to maximize utility which is done by choosing 𝐹𝐹,𝐻𝐻, 

and 𝐿𝐿. The first-order conditions (FOCs) are therefore given as: 

𝑝𝑝𝐺𝐺𝐹𝐹(𝐹𝐹,𝐻𝐻;𝐴𝐴) −  𝑤𝑤𝑜𝑜 = 0,                         

   (3) 

𝑝𝑝𝐺𝐺𝐻𝐻(𝐹𝐹,𝐻𝐻;𝐴𝐴) −  𝑤𝑤𝐻𝐻 = 0,                            

(4) 

𝑈𝑈𝐼𝐼(𝐼𝐼, 𝐿𝐿)(−𝑤𝑤𝑜𝑜) + 𝑈𝑈𝐿𝐿(𝐼𝐼, 𝐿𝐿) = 0,                         

 (5) 

where  𝑈𝑈𝐼𝐼 = 𝜕𝜕𝜕𝜕(.)
𝜕𝜕𝜕𝜕

> 0 and 𝑈𝑈𝐿𝐿 = 𝜕𝜕𝜕𝜕(.)
𝜕𝜕𝜕𝜕

> 0 

Eq. (3) shows that the farm household supplies on-farm labor up to the level where the marginal 

product of on-farm household labor equals the competitive off-farm wage. Eq. (4) shows that the 

farm household hires labor up to the point where the value of marginal product equals the hiring 

wage. The FOCs in Eq. (3) and Eq. (4) determine the farm household’s on-farm employment of 

household labor, 𝐹𝐹∗, and hired labor, 𝐻𝐻∗.  The production decision of the farm household is 

therefore independent of its preferences. In this framework, the separation hypothesis remains 

valid notwithstanding the imperfect substitutability of household labor and hired labor (c.f. 

Benjamin, 1992). The utility maximization in the FOC in Eq. (5) shows that the farm household 
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obtains an optimally preferred choice when the marginal rate of substitution of leisure for income 

equals the competitive price of leisure represented by off-farm wage. Hence, a household’s optimal 

decision is made when 𝐹𝐹∗ and 𝐻𝐻∗ are determined in Eq. (3) and Eq. (4), and the optimal leisure 𝐿𝐿∗ 

is determined by Eq. (5). This implies that family labor participates on the farm until its marginal 

product is equal to the competitive off-farm wage. The family subsequently directs the surplus 

labor to off-farm activities, while hired labor is engaged until its marginal product equals the hiring 

wage. 

 The effect of off-farm income is illustrated by examining how a change in the off-farm wage, 

𝑤𝑤𝑜𝑜 affects labor and production decisions. Chang et al. (2012) present a comparative static analysis 

by taking the total differential of the FOCs presented in Eqs. (3) - (5) to obtain: 

�
𝑝𝑝𝑝𝑝𝐹𝐹𝐹𝐹 𝑝𝑝𝑝𝑝𝐹𝐹𝐹𝐹 0
𝑝𝑝𝑝𝑝𝐻𝐻𝐻𝐻 𝑝𝑝𝑝𝑝𝐻𝐻𝐻𝐻 0

0 0 𝐽𝐽
� . �

𝑑𝑑𝐹𝐹∗
𝑑𝑑𝐻𝐻∗

𝑑𝑑𝐿𝐿∗
� =  �

−𝐺𝐺𝐹𝐹𝑑𝑑𝑑𝑑 +  𝑑𝑑𝑑𝑑𝑜𝑜
−𝐺𝐺𝐻𝐻𝑑𝑑𝑑𝑑 + 𝑑𝑑𝑑𝑑𝐻𝐻

𝐾𝐾
�                        

(6) 

where 𝐾𝐾 is given as follows:  

𝐾𝐾 = [𝐺𝐺(𝑤𝑤𝑜𝑜𝑈𝑈𝐼𝐼𝐼𝐼 − 𝑈𝑈𝐿𝐿𝐿𝐿)]𝑑𝑑𝑑𝑑 + [𝑈𝑈𝐼𝐼 + (𝑤𝑤𝑜𝑜𝑈𝑈𝐼𝐼𝐼𝐼 − 𝑈𝑈𝐿𝐿𝐿𝐿)(𝑇𝑇 − 𝐹𝐹∗ − 𝐿𝐿∗)]𝑑𝑑𝑑𝑑𝑜𝑜 − (𝑤𝑤𝑜𝑜𝑈𝑈𝐼𝐼𝐼𝐼 − 𝑈𝑈𝐿𝐿𝐿𝐿)𝐻𝐻∗𝑑𝑑𝑑𝑑ℎ

+ (𝑤𝑤𝑜𝑜𝑈𝑈𝐼𝐼𝐼𝐼 − 𝑈𝑈𝐿𝐿𝐿𝐿)𝑑𝑑𝑑𝑑 

The system in Eq. (6) is used for determining how a change in off-farm wage affects labor 

decisions as follows: 

𝜕𝜕𝜕𝜕∗

𝜕𝜕𝜕𝜕𝑜𝑜
=
𝑝𝑝𝑝𝑝𝐻𝐻𝐻𝐻
|𝐷𝐷2| < 0; 

(7) 

𝜕𝜕𝜕𝜕∗

𝜕𝜕𝜕𝜕𝑜𝑜
=
−𝑝𝑝𝑝𝑝𝐻𝐻𝐻𝐻

|𝐷𝐷2| < 0(>)0; 
𝜕𝜕𝜕𝜕∗

𝜕𝜕𝜕𝜕𝑜𝑜
=
𝑝𝑝𝑝𝑝𝐻𝐻𝐻𝐻
|𝐷𝐷2| < 0 𝑖𝑖𝑖𝑖 𝐺𝐺𝐻𝐻𝐻𝐻 > 0; 

(8) 
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𝜕𝜕𝜕𝜕∗

𝜕𝜕𝜕𝜕𝑜𝑜
=
𝑈𝑈𝐼𝐼 + (𝑤𝑤𝑜𝑜𝑈𝑈𝐼𝐼𝐼𝐼 − 𝑈𝑈𝐿𝐿𝐿𝐿)(𝑇𝑇 − 𝐹𝐹∗ − 𝐿𝐿∗)

𝐽𝐽
< (=)(>)0; 

 (9) 

𝜕𝜕𝜕𝜕∗

𝜕𝜕𝜕𝜕𝑜𝑜
= −

𝜕𝜕𝜕𝜕∗

𝜕𝜕𝜕𝜕𝑜𝑜
−
𝜕𝜕𝜕𝜕∗

𝜕𝜕𝜕𝜕𝑜𝑜
< (=)(>)0. 

 (10) 

 Chang et al. (2012) make the proposition that a rise in off-farm wage induces farm households 

to reduce on-farm labor. Household demand for hired labor is unlikely to fall unless household 

labor and hired labor are complements. Furthermore, the effects of an increase in off-farm wages 

on leisure and off-farm household labor supply are contingent on whether leisure is perceived as a 

normal or inferior good. 

 In line with this framework, Lewis (1954) and Ranis and Fei (1961) suggest that allocating on-

farm labor to off-farm labor does not adversely affect agricultural production because marginal 

productivity of labor tends towards zero. In addition, agricultural labor can be shifted to the 

industrial sector without total agricultural output declining, which implies that the agricultural 

shadow wage is nil. On the other hand, Harris and Todaro (1970) developed a rural-urban 

migration model where there is no labor surplus in the agricultural sector. As a result, the 

agricultural shadow wage is always positive. However, the amount of household labor available 

and the manner in which it is allocated between agricultural production and off-farm employment 

matters. Hence, household labor supply choices are not independent of on-farm activities and vice 

versa (Ranis & Stewart, 1993). Therefore, a household decision on whether to engage in on-farm 

or off-farm employment is also dependent on the agricultural shadow wage. The implication is 
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that households engage in on-farm employment whenever the agricultural shadow wage exceeds 

the wage earned from off-farm activities (Emran & Shilpi, 2018). 

Building onto this framework, we examine the effect of off-farm participation on a farm 

households’ agricultural production and welfare. This framework illustrates the factors that should 

be taken into account for proper identification of the relation between off-farm participation and 

agricultural production, and welfare. This section therefore provides an empirical foundation for 

the econometric models presented in the succeeding section. 

3. Econometric specification and models 

We base our econometric models on the theoretical framework to investigate the effect of off-

farm participation on agricultural production and farmers’ welfare. We first examine the 

determinants of off-farm participation. Not all farm households in the sample participate in off-

farm employment. Following Amare and Shiferaw (2017), we model a latent regression for off-

farm participation as follows: 

𝑂𝑂𝑂𝑂𝑂𝑂𝑖𝑖𝑖𝑖 = 𝛽𝛽𝑥𝑥𝑋𝑋𝑖𝑖𝑖𝑖 + 𝛽𝛽𝑧𝑧𝑊𝑊𝑖𝑖𝑖𝑖 + 𝛽𝛽𝑐𝑐𝐶𝐶𝑖𝑖𝑖𝑖 + 𝜃𝜃𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖, 

𝐿𝐿𝑖𝑖𝑖𝑖 = 𝐿𝐿𝑖𝑖𝑖𝑖∗  𝑖𝑖𝑖𝑖 𝐿𝐿𝑖𝑖𝑖𝑖∗ > 0; 𝐿𝐿𝑖𝑖𝑖𝑖 = 0 𝑜𝑜𝑜𝑜ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 

(11) 

where 𝑂𝑂𝑂𝑂𝑂𝑂𝑖𝑖𝑖𝑖 is a latent variable representing off-farm participation. It is observed when the 

household head engages in off-farm employment in period 𝑡𝑡; 𝑋𝑋𝑖𝑖𝑖𝑖 is a vector of farm household 

characteristics including gender, marital status, age, and education status of the household head, 

household size, access to credit, remittances, and shocks; 𝑊𝑊𝑖𝑖𝑖𝑖 represents wealth indicators such as 

farm size, land tenure, and asset holding. The model also consists of community variables, 𝐶𝐶𝑖𝑖𝑖𝑖, for 

addressing heterogeneity at the community level. These comprise distance to market, distance to 

road, locality, and the geographical region. 𝜃𝜃𝑖𝑖 represents the unobserved heterogeneity in off-farm 
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participation and 𝜀𝜀𝑖𝑖𝑖𝑖 is the idiosyncratic error term. 𝜃𝜃𝑖𝑖 and 𝜀𝜀𝑖𝑖𝑖𝑖 are assumed to be ∿  iid N(0,σ²). 

We then investigate the impact of off-farm participation on agricultural production and farmers’ 

welfare as follows: 

𝑄𝑄𝑖𝑖𝑖𝑖 = 𝑓𝑓(𝑂𝑂𝑂𝑂𝑂𝑂𝑖𝑖𝑖𝑖;  𝛽𝛽) + 𝛿𝛿𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖 + 𝜂𝜂𝑖𝑖 + 𝛾𝛾𝑖𝑖𝑖𝑖, 

(12) 

where 𝑄𝑄𝑖𝑖𝑖𝑖 represents agricultural production (welfare) for household 𝑖𝑖 in period 𝑡𝑡; 𝑂𝑂𝑂𝑂𝑂𝑂𝑖𝑖𝑖𝑖 

represents off-farm participation; 𝑇𝑇𝑖𝑖𝑖𝑖 represents a vector of other explanatory variables; 𝜂𝜂𝑖𝑖 

represents the unobserved individual farm effect; and 𝛾𝛾𝑖𝑖𝑖𝑖 is the idiosyncratic error term. 

Agricultural production is measured as the value of agricultural produce in local currency. Welfare 

is measured as the adult equivalent consumption expenditure in local currency. We control for 

household characteristics such as the gender, marital status, age, and education level of the 

household head, access to credit, remittances, and shocks. Furthermore, we also control for wealth 

indicators comprising farm size, land tenure, and asset holding. Lastly, we control for community 

characteristics including distance to road, distance to market, precipitation, agro-ecological zone, 

location, and region, and production characteristics comprising soil quality, use of improved seeds, 

fertilizer, hired labor, and access to extension services. The explanatory variables included in our 

empirical models are based on theory and previous work on agricultural production and welfare 

(see Amare & Shiferaw, 2017; Chikobola & Sibusenga, 2016; Kassie, Teklewold, Marenya, Jaleta, 

& Erenstein, 2015; Kijima et al., 2006; Nasir & Hundie, 2014; Oseni & Winters, 2009; Scharf & 

Rahut, 2014; Wossen et al., 2017). 

 Several econometric issues are taken into consideration when estimating Eq. (12). First, off-

farm participation is likely to be endogenous to agricultural production and household welfare. For 

instance, unobserved household characteristics such as the household head’s entrepreneurial 
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ability that are not captured are likely to influence agricultural production decisions and off-farm 

participation and therefore result in biased estimates. Secondly, not all farm households engage in 

agricultural production such that agricultural production is censored at zero. Hence, estimating Eq. 

(12) using the standard fixed effects or random effects panel data models is likely to result in 

inefficient or biased estimates (Amare & Shiferaw, 2017; Phimister & Roberts, 2006), and thus, 

we must correct for the selection bias error. 

We model the decision to engage in off-farm activity as a function of household characteristics, 

wealth indicators, and community characteristics. We then examine the impact of off-farm 

participation on agricultural production and household welfare. To do this, we use instrumental 

variables due to the potential endogeneity between off-farm participation and the outcome 

variables. We consider access to electricity as an instrument that is correlated with off-farm 

participation but not correlated with agricultural production, except through its effect on off-farm 

participation (Reardon, 1997; van den Berg & Kumbi, 2006). We make the assumption that 

households accessing physical infrastructure such as electricity have a higher likelihood of 

engaging in off-farm employment such as self-employment pertaining to business enterprises. In 

addition, accessing electricity lowers transaction costs thereby increasing returns to off-farm 

employment (Babatunde & Qaim, 2009). For identification, at least one variable in the off-farm 

participation equation should be excluded from the agricultural production and welfare equations 

that serve as exclusion restrictions. Yearly corrected sampling weights are also used for addressing 

attrition by restoring population representativeness in the data. The variables used in the empirical 

estimations are described in Table 1. 

Table 1 about here 
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We use a generalized structural equation model to fit a fixed effects model (GSEM-FE) that 

allows for generalized linear response variables and multi-level mixed effects. This model places 

latent variables at different levels of the data and involves a two-step approach that estimates off-

farm participation and agricultural production decisions jointly. This model addresses selection 

bias and endogeneity. The GSEM likelihood function is based on a maximum likelihood function 

and assumes conditional normality and that the latent variables are normally distributed. Applying 

this selection model to panel data accounts for unobserved characteristics in agricultural 

production and welfare across households. Figure 1 illustrates the hypothesized relationships using 

a GSEM framework.  

Figure 1 about here 
 

4. Data and descriptive statistics 

4.1 Data 

We employ data from the LSMS-ISA arising from the Tanzania National Panel Survey for the 

period 2008/2009, 2010/2011, and 2012/2013 and the Uganda National Panel Survey for the period 

2009/2010, 2010/2011, and 2011/2012 (www.worldbank.org). The surveys involved 

administering interviews for collecting data from three units of analysis comprising individuals, 

households, and communities. The nationally representative geo-referenced data included three 

instruments that collected data on household characteristics, household agricultural practices, and 

the community information. The household module collected information on demographic 

characteristics, occupation, education, household shocks, food consumption, housing, water and 

sanitation, expenditure, access to credit, finance, health, labor, etc. The agriculture module 

collected detailed household agricultural information comprising plot characteristics, farming 

inputs and implements, extension services, household labor, and hired labor. The community 
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module, on the other hand, collected information on community infrastructure, precipitation, 

access to basic services, investment projects, and land use. We used unique household identifiers 

to merge the data from the different surveys such that our analysis focused on farm households 

only. This procedure yielded an unbalanced panel of 7,587 households in Tanzania and 8,695 

households in Uganda from three rounds of surveys. 

4.2 Descriptive statistics  

 This section presents descriptive statistics on the key variables of interest based on off-farm 

participation. Table 2 and Table 3 display the characteristics of households by off-farm 

participation for Tanzania and Uganda respectively. Both countries display statistically significant 

differences on a majority of the variables. We note that about 22% of farm households in Tanzania 

engage in off-farm employment. Similarly, only about 17% of farm households report off-farm 

participation in Uganda.  

As shown in Table 2, the outcome indicators for Tanzania including agricultural production and 

welfare have statistically significant differences. Farm households exclusively engaging in on-

farm employment report higher mean values on agricultural production relative to those engaging 

in off-farm participation. Nevertheless, these households report significantly lower mean values 

on welfare. Additionally, there are significantly fewer male-headed households for farm 

households engaging in on-farm employment only. However, household heads in on-farm 

employment have been residents in the village for a significantly longer period than their off-farm 

counterparts. Similarly, a majority of on-farm households are married. Furthermore, on-farm 

households have older and less educated household heads. They also report significantly lower 

mean values on access to credit. However, we also observe that a larger proportion of this category 

of farm households receive remittances, have larger farms, and also have plot ownership titles 
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relative to those engaging in off-farm employment. Also, a majority of exclusively on-farm 

households reside in rural areas relative to those engaging in off-farm employment. 

The descriptive statistics for the overall sample for Tanzania as reported in Table 2 show that a 

majority of the farm households are male-headed. Similarly, a majority of the household heads 

report being married. The average age of the household head is about 48 years. Less than half of 

the household heads report having formal education (46%). The average number of farm 

household members is about 6. We also observe that very few farm households access credit (10%) 

and receive remittances (7%). Lastly, the average farm size for farm households is about 5.72 

acres. 

 Turning our attention to Uganda, Table 3 shows that exclusive on-farm households have a 

significantly lower mean on welfare in comparison to off-farm households. These households also 

have fewer male-headed households. In addition, significantly fewer household heads in this 

category are married. Furthermore, the on-farm household heads are older and less educated in 

comparison to the off-farm households. We also observe that on-farm households are significantly 

larger in size. They also have significantly higher access to credit and receive high amounts of 

remittances relative to off-farm households. We also note that a significantly larger proportion of 

on-farm households report experiencing agricultural or household shocks relative to off-farm 

households. However, relatively fewer households report holding a plot title. In addition, on-farm 

households also report a farther distance to the market and the nearest road relative to off-farm 

households. A majority of on-farm households also dwell in rural locations. 

 Examining the overall sample for Uganda as reported in Table 3, we note that a majority of 

farm households are male-headed and report being married. The average age of a household head 

is about 46 years. We also note that the average farm household size is about 7. Furthermore, 95 
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percent of the household heads are reported as having formal education. Additionally, few farm 

households hold land titles (14 %). Furthermore, the mean value of land holding is about 4.39 

acres. A striking observation includes the low usage of fertilizer (5 %). Lastly, we observe that a 

majority of farm households are located in rural areas. 

Table 2 & 3 about here 
 

5. Empirical results and discussion 

This section presents the results of the econometric analysis. We first provide a detailed 

discussion of the potential effects of off-farm participation on agricultural production in Tanzania 

and Uganda as reported in Table 4 and Table 5. Lastly, we proceed to discuss the effects of off-

farm participation on welfare as reported in Table 6 and Table 7 for Tanzania and Uganda 

respectively.  

5.1 Off-farm participation and agricultural production 

The results showing the effect of off-farm participation on agricultural production are presented 

in four models in Table 4 for Tanzania and Table 5 for Uganda. However, we also conducted our 

analysis using an ordinary least squares (OLS) model, which assumes the absence of selection bias 

and is appropriate for estimating pooled panel data. We assume that off-farm participation reduces 

agricultural production. We then estimated a Tobit-RE model to correct for the censoring bias. 

Here, we assume that some households have nil agricultural outcomes because of some constraints. 

In the event they effectively produce, we anticipate to estimate a higher negative impact of the 

treatment (i.e. off-farm participation) for the whole population. Of course we expect that by 

moving from the OLS model to the Tobit-RE model, the estimated effect of the treatment will be 

highly negative. In addition, we used a PANEL-UNB-FE model which has the advantage of 
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controlling for time-invariant household characteristics. Nevertheless, this model ignores between-

household variation that might be contaminated with unobserved household characteristics that are 

correlated with our outcomes. Lastly, we use the GSEM model to account for censoring bias and 

the endogenous sample selection bias. In the case where unobserved factors increase the 

probability of participating in off-farm employment, the correction of the selection bias reduces 

the treatment effect relative to the Tobit-RE model. Furthermore, we extended the GSEM model 

to control for the time fixed effect component resulting in a GSEM-FE model. Operationally, two 

steps were involved. First, we calibrated the data to enable the absorption of the fixed effects. We 

then used the GSEM model to analyze the calibrated data. We therefore report the results arising 

from estimating the GSEM-FE model. Furthermore, we included access to electricity as an 

instrumental variable in the GSEM-FE model to correct for the endogenous selection bias.2 

Table 4 shows that off-farm participation has a negative and significant coefficient across all 

the models including our main model for Tanzania. In contrast, the coefficient for off-farm 

participation is negative but not significant for Uganda as shown in Table 5. Hence, contrary to 

previous studies, our results suggest that off-farm participation has a negative and significant effect 

on agricultural production in Tanzania (c.f. Ellis & Freeman, 2004; Evans & Ngau, 1991; Lewis, 

1954; Oseni & Winters, 2009; Ranis & Fei, 1961). Various authors aver that off-farm participation 

competes with agricultural production. This is may occur when off-farm participation competes 

with household farming for family labor  (Amare & Shiferaw, 2017; Nasir & Hundie, 2014; 

Pfeiffer et al., 2009). Essentially, households may encounter high transaction costs in substituting 

off-farm labor to farm labor under imperfect labor market conditions (Amare & Shiferaw, 2017). 

Other mechanisms through which off-farm participation may have dampening effects on 

                                                 
2 Access to electricity is a strong instrument as it satisfies the rule of thumb for both Tanzania and Uganda (F>10). 
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agricultural production include production constraints that limit the capacity for increasing 

agricultural production or shifting resources to high value crops. For instance, lack of agricultural 

insurance such as crop and climate risk insurance may hamper investment in agricultural 

production (Barrett et al., 2001; Haggblade, Hazell, & Reardon, 2007; Reardon, 1997). Similarly, 

taking into cognizance that liquidity constraints and poor access to credit are binding constraints 

to agricultural production, various authors have argued that off-farm participation may be 

instrumental in alleviating these constraints for production gains to be realized (Kilic, Carletto, 

Miluka, & Savastano, 2009; Oseni & Winters, 2009; Reardon, 1997). Hence, our key findings 

suggest that off-farm participation may be a necessary but not sufficient condition for relaxing 

liquidity and credit constraints in the presence of poorly functioning credit markets. Additionally, 

off-farm employment categories such as mining are likely to cause land degradation and soil 

erosion further reducing agricultural production (Holden, Shiferaw, & Pender, 2004). 

Furthermore, income from off-farm employment might not be necessarily invested in farm 

productive assets such as new farming technologies pertaining to agricultural intensification 

thereby reducing the probability of engaging in intensive agricultural production (Amare & 

Shiferaw, 2017; Kilic et al., 2009; Pfeiffer et al., 2009; Rizov & Swinnen, 2004).  In fact, Lastly, 

we contend that off-farm activity may result in seasonal migration implying that fewer labor and 

non-labor inputs are devoted to farming (De Brauw, 2010). In line with this, we posit that off-farm 

participation may be used as an avenue for easing out of agricultural production since it potentially 

offers opportunities for national or international migration for farm households (see Miluka, 

Carletto, Davis, & Zezza, 2010). 

Table 4 & 5 about here 
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5.2 Off-farm participation and welfare 

 While the previous section has focused on discussing the mechanisms by which off-farm 

participation adversely affects agricultural production, this section examines the effects of off-

farm participation on household welfare. As was the case for agricultural production, we corrected 

for selection bias using access to electricity as our main instrument. The results of our estimations 

are reported in Table 6 and Table 7. We observe that off-farm participation has a positive and 

significant coefficient on household welfare as shown in the GSEM-FE model for both Tanzania 

and Uganda. Thus, off-farm participation is positively associated with household welfare. This 

finding supports the argument that off-farm income has the potential for increasing wealth and 

income for farm households (Kijima et al., 2006; Matsumoto, Kijima, & Yamano, 2006; Tsiboe, 

Zereyesus, & Osei, 2016; van den Berg & Kumbi, 2006; Zereyesus et al., 2017). We argue that 

apart from off-farm employment supplementing farm income, off-farm participation is a key 

strategy that farmers may adopt especially in an environment characterized by agricultural and 

household shocks that impede agricultural production (Babatunde & Qaim, 2009; Kilic et al., 

2009). In line with this, we contend that income from off-farm participation is therefore likely to 

be diverted to household consumption as opposed to agricultural production.  

 In addition, when off-farm participation yields enhanced consumption outcomes, households 

may reinforce their investment in off-farm employment relative to agricultural production. Off-

farm participation also provides farmers with an alternative source of income and may complement 

farm income (Canagarajah et al., 2001; Chang et al., 2012). We also posit that farm income is 

likely to be inelastic because land size generally remains fixed. Hence, surplus labor from the farm 

is absorbed by off-farm employment thereby improving farm household income that in turn 

promotes household welfare (Jonasson & Helfand, 2010). Finally, it is plausible that farmers 

engaging in off-farm employment for self-consumption may be doing so on a part-time basis, 
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hence, there is the possibility that such farmers may opt for full-time participation in off-farm 

employment that generates high returns which further promotes welfare at the expense of 

agricultural production (Haggblade et al., 2010). 

Table 6 & 7 about here 
 

6. Conclusions and policy implications 

 That impact of off-farm participation on agricultural production is a complex empirical question 

that has generally yielded ambiguous findings. In addition, there has been increasing evidence of 

declining agricultural production in the East African region that has been attributed to off-farm 

participation due to the growing rural nonfarm economy. Using nationally representative panel 

data from Tanzania and Uganda, we attempt to answer this question by using econometric 

techniques accounting for selection bias and attrition to check for consistency in the empirical 

results. Furthermore, we examine the effect of off-farm participation on farm household welfare. 

We find that off-farm participation has diminishes agricultural production. We conclude that over 

time, the change in the composition of labor supply has pushed highly productive farmers into off-

farm participation, contributing to a reduction in agricultural production. 

Notwithstanding, off-farm participation has desirable effects on farm household welfare. Our 

findings reveal the complexities surrounding the formulation of pro-production and pro-welfare 

policies. Our findings suggest that rather than being a complement to agricultural production, off-

farm participation acts as a substitute. Furthermore, off-farm participation is likely to yield income 

that is channeled to household consumption as opposed to purchase of agricultural inputs.  

 The findings of this study demonstrate that there is a trade-off between off-farm participation 

and agricultural production. Given that income from off-farm employment is not likely to be 

invested in agricultural production, we suggest that policy makers take into account that a synergy 
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between pro-agriculture and pro-welfare policies is critical for ensuring desirable outcomes from 

off-farm participation. To the extent that off-farm participation relaxes liquidity and credit 

constraints in relation to investments in agricultural production, policies promoting access to credit 

are likely to substitute off-farm participation as a mechanism for enhancing investment in 

agricultural production. Hence, fostering the growth of formal and informal credit institutions may 

play an important role in fostering agricultural production in the face of off-farm participation. 

Similarly, insurance markets are imperative for mitigating risk and promoting agricultural 

production. In sum, developing sound financial markets may reduce the extent to which family 

labor is allocated to off-farm participation and enable optimal use of inputs relating to family labor 

and capital in agricultural production.  

 While the findings of this paper demonstrate that off-farm participation has deleterious effects 

on agricultural production, conclusive evidence could arise from examining the production 

behavior of the remaining household members with regards to agricultural production. In addition, 

a further avenue for research may include investigating equity implications of off-farm 

participation. 
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Table 1. Description and measurement of variables 
Variable Definition and measurement 
Off-farm participation 1 = HH head is engaged in off-farm activities (wage or self-employment),  0 = otherwise 
Agricultural production Value of agricultural produce in local currency 
Welfare (log) Adult equivalent consumption expenditure in local currency 
Gender of HH head 1 = Male, 0 = otherwise 
Village residence The number of years the HH head has lived in the village 
Marital status 1 = married, 0 = otherwise 
Age of HH head Age of household head in years  
Education HH head 1 = HH head has formal education, 0 = otherwise 
Household size (log) Number of household members  
Access to credit 1 = HH has a credit facility, 0 = otherwise 
Remittances 1 = HH receives remittances from local sources or abroad, 0 = otherwise 
Shocks 1 = agricultural or household shocks occurred, 0 = otherwise 
Farm size (log) Land holding in acres 
Land tenure 1 = plot owner has a title, 0 = otherwise 
Assets (log) Number of farm productive agricultural assets 
Distance to market (log) Distance to the nearest market (Km) 
Distance to road (log) Distance to the nearest road (Km) 
Precipitation (log) Average annual rainfall (mm) 
Agro-ecological zones 1 = Tropic warm (semiarid), tropic warm(subhumid), tropic warm (humid), tropic cool (semiarid), tropic cool (subhumid), 0 = tropic cool (humid) 
Rural 1 = HH lives in rural area, 0 = urban 
Mainland 1 = HH lives in Tanzania, 0 = Zanzibar 
Region 1 = Eastern Uganda, Northern Uganda, Western Uganda, 0 = Eastern Uganda 
Fair or good soil 1 = soil classified as fair or good, 0 = poor soil 
Improved seed 1 = improved seed, 0 = traditional seed 
Fertilizer 1 = use of organic or inorganic fertilizer, 0 = otherwise 
Hired labor 1 = HH hired farm labor, 0 = otherwise 
Extension services 1 = HH received advice from agricultural extension officers, 0 = otherwise 
Access to electricity 1 = HH uses electricity, 0 = otherwise 
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Table 2. Characteristics of sample households by off-farm participation, Tanzania 

Variables Full sample 
(N=7587) 

On-farm participation 
(n=5918) 

Off-farm participation 
(n=1669) MeanDiff 

Agricultural production 462068.5 520000 270000 240000*** 
Welfare 73159.53 64000 110000 -42000*** 
Gender of HH head 0.78 0.75 0.86 -0.113*** 
Village residence 65.94 68.45 57.05 11.397*** 
Marital status 0.74 0.76 0.69 0.066*** 
Age of HH head 47.57 48.62 43.85 4.765*** 
Education HH head 0.46 0.43 0.55 -0.121*** 
Household size (log) 5.54 5.54 5.55 -0.01 
Access to credit 0.1 0.07 0.2 -0.125*** 
Remittances 0.07 0.08 0.06 0.019*** 
Shocks 0.26 0.27 0.26 0.007 
Farm size (log) 5.72 5.95 4.93 1.016*** 
Land tenure 0.3 0.31 0.23 0.084*** 
Assets 5.01 5.1 4.69 0.413 
Distance to market (log) 1.19 1.15 1.33 -0.175 
Distance to road (log) 5.43 5.58 4.88 0.702 
Precipitation (log) 1055.42 1054.38 1059.09 -4.708 
Tropic warm (semiarid) 0.07 0.07 0.05 0.026*** 
Tropic warm (subhumid) 0.6 0.57 0.72 -0.146*** 
Tropic warm (humid) 0.01 0.01 0.01 0.004 
Tropic cool (semiarid) 0.04 0.04 0.02 0.023*** 
Tropic cool (subhumid) 0.27 0.29 0.2 0.095*** 
Rural 0.83 0.89 0.64 0.256*** 
Mainland 0.9 0.92 0.85 0.070*** 
Fair or good soil 0.9 0.9 0.91 -0.017** 
Improved seed 0.34 0.34 0.31 0.032** 
Fertilizer 0.2 0.21 0.17 0.040*** 
Hired labor 0.17 0.16 0.21 -0.052*** 
Extension services 0.11 0.11 0.09 0.024*** 
Year 2009 0.31 0.3 0.35 -0.048*** 
Year 2010 0.34 0.35 0.33 0.015 
Year 2012 0.34 0.35 0.32 0.033** 
Access to electricity 0.1 0.07 0.22 -0.153*** 
* p<0.10, ** p<0.05, *** p<0.010    
Means and t-test are estimated by linear regression   
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Table 3. Characteristics of sample households by off-farm participation, Uganda 
Variables Full sample 

(N=8695) 
On-farm participation 

(n=7198) 
Off-farm participation 

(n=1497) 
MeanDiff 

Agricultural production 732330.20 710000.00 740000.00 -30000.000 
Welfare 52467.71 46000.00 54000.00 -8100.000*** 
Gender of HH head 0.84 0.72 0.86 -0.145*** 
Village residence 51.26 51.33 51.24 0.086 
Marital status 0.75 0.72 0.76 -0.045*** 
Age of HH head 45.50 47.57 45.06 2.505*** 
Education HH head 0.95 0.85 0.97 -0.118*** 
Household size (log) 6.75 7.06 6.69 0.369*** 
Access to credit 0.20 0.23 0.19 0.040*** 
Remittances 0.21 0.29 0.19 0.101*** 
Shocks 0.24 0.32 0.22 0.103*** 
Farm size (log) 4.29 4.24 4.30 -0.055 
Land tenure 0.14 0.12 0.15 -0.030*** 
Assets 6.69 6.60 6.71 -0.105 
Distance to market (log) 7.21 8.28 6.99 1.289*** 
Distance to road (log) 29.56 33.15 28.81 4.341*** 
Precipitation (log) 1237.29 1225.53 1239.74 -14.205*** 
Tropic warm (subhumid) 0.02 0.03 0.03 0.002 
Tropic warm (humid) 0.59 0.57 0.60 -0.035** 
Tropic cool (semiarid) 0.13 0.16 0.12 0.039*** 
Tropic cool (subhumid) 0.25 0.25 0.26 -0.006 
Rural 0.78 0.85 0.77 0.088*** 
Eastern 0.20 0.24 0.19 0.047*** 
Northern 0.48 0.47 0.48 -0.011 
Western 0.18 0.18 0.18 0.008 
Fair or good soil 0.96 0.96 0.96 -0.007 
Improved seed 0.33 0.40 0.32 0.081*** 
Fertilizer 0.05 0.05 0.04 0.010* 
Hired labor 0.19 0.22 0.18 0.036*** 
Extension services 0.16 0.20 0.15 0.057*** 
Year 2009 0.34 0.41 0.33 0.076*** 
Year 2010 0.34 0.31 0.35 -0.041*** 
Year 2012 0.32 0.29 0.33 -0.035*** 
Access to electricity 0.12 0.05 0.13 -0.081*** 
* p<0.10, ** p<0.05, *** 
p<0.010     
Means and t-test are estimated by linear regression   
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Table 4. Effect of off-farm participation on agricultural production, Tanzania 
Variables Pooled OLS Tobit (Left Cens. (0)) PANEL-UNB-FE GSEM-FE 
Off-farm participation -1.864*** (0.168) -2.154*** (0.195) -1.679*** (0.221) -3.312*** (0.371) 
Household characteristics         
Gender of HH head 0.091 (0.177) 0.021 (0.202) 0.640** (0.265) 0.316 (0.221) 
Marital status 0.454*** (0.175) 0.595*** (0.201) -0.037 (0.252) 0.330 (0.217) 
Age of HH head -0.002 (0.019) -0.004 (0.022) 0.005 (0.030) 0.007 (0.022) 
Age of HH head squared -0.00002 (0.000) 0.00001 (0.000) -0.0001 (0.000) -0.0001 (0.000) 
Education HH head 0.076 (0.106) 0.089 (0.119) 0.046 (0.143) 0.115 (0.121) 
Household size (log) 0.542*** (0.101) 0.577*** (0.116) 0.620*** (0.155) 0.614*** (0.116) 
Access to credit 0.040 (0.167) 0.023 (0.191) 0.019 (0.206) 0.232 (0.198) 
Remittances -0.156 (0.202) -0.156 (0.230) -0.010 (0.235) -0.126 (0.231) 
Shocks -0.085 (0.174) -0.105 (0.196) -0.006 (0.203) -0.091 (0.197) 
Wealth indicators         
Farm size (log) 0.399*** (0.086) 0.387*** (0.100) 0.366*** (0.123) 0.303*** (0.103) 
Farm size squared (log) 0.036 (0.025) 0.038 (0.029) 0.072* (0.039) 0.050* (0.029) 
Land tenure 0.398 (0.297) 0.421 (0.347) -0.032 (0.349) 0.260 (0.345) 
Assets  0.010*** (0.003) 0.010*** (0.003) 0.003 (0.005) 0.010*** (0.003) 
Community variables         
Distance to market (log) -0.224*** (0.051) -0.268*** (0.057) -0.152** (0.066) -0.275*** (0.058) 
Distance to road (log) -0.093* (0.048) -0.100* (0.054) -0.122* (0.066) -0.083 (0.055) 
Precipitation (log) 0.179*** (0.044) 0.220*** (0.055) 0.152** (0.061) 0.219*** (0.055) 
Tropic warm (subhumid) -0.274 (0.204) -0.340 (0.232) -0.943** (0.434) -0.346 (0.232) 
Tropic warm (humid) -0.291 (0.327) -0.309 (0.377) 0.478 (0.956) -0.304 (0.375) 
Tropic cool (semiarid) -0.118 (0.313) -0.143 (0.356) -0.465 (0.725) -0.147 (0.355) 
Tropic cool (subhumid) 0.129 (0.212) 0.132 (0.241) -0.284 (0.455) 0.132 (0.241) 
Rural 1.257*** (0.183) 1.429*** (0.212) 1.583*** (0.290) 1.115*** (0.232) 
Mainland -5.167*** (0.476) -6.916*** (0.687) -5.871*** (0.799) -6.894*** (0.682) 
Production variables         
Fair or good soil 0.305** (0.149) 0.294* (0.168) 0.342* (0.200) 0.293* (0.169) 
Improved seed 0.764*** (0.125) 0.865*** (0.141) 0.457*** (0.159) 0.859*** (0.141) 
Fertilizer 0.596*** (0.106) 0.651*** (0.120) 0.393** (0.163) 0.655*** (0.120) 
Hired labor 1.376*** (0.117) 1.542*** (0.133) 1.122*** (0.163) 1.555*** (0.133) 
Extension services 0.582*** (0.148) 0.651*** (0.165) 0.725*** (0.196) 0.653*** (0.165) 
Year 2010 -0.491** (0.191) -0.544** (0.216) 0.108 (0.265) -0.589*** (0.219) 
Year 2012 -0.063 (0.304) -0.040 (0.354) 0.551 (0.383) 0.0444 (0.351) 
L       2.393*** (0.496) 
Constant 12.600*** (0.782) 13.880*** (0.991) 11.080*** (1.576) 14.150*** (0.995) 
σ   4.136*** (0.072)   11.54*** (2.214) 
N 7587   7587   7587   7587   
Note. Dummies for regions included but not reported 
Standard errors in parentheses         
* p<0.10, ** p<0.05, *** p<0.010 
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Table 5. Effect of off-farm participation on agricultural production, Uganda 
Variables Pooled OLS Tobit (Left Cens. (0)) PANEL-UNB-FE GSEM-FE 
Off-farm participation -0.004 (0.105) -0.007 (0.111) -0.185 (0.138) -0.069 (0.172) 
Household characteristics         
Gender of HH head 0.236* (0.123) 0.243* (0.129) 0.070 (0.201) 0.249* (0.130) 
Marital status 0.146 (0.092) 0.150 (0.097) 0.216 (0.194) 0.151 (0.097) 
Age of HH head -0.023 (0.019) -0.023 (0.020) -0.074** (0.037) -0.023 (0.020) 
Age of HH head squared 0.0001 (0.000) 0.0001 (0.000) 0.001** (0.000) 0.0001 (0.000) 
Education HH head -0.071 (0.185) -0.079 (0.195) 0.021 (0.229) -0.061 (0.200) 
Household size (log) 0.008 (0.080) 0.005 (0.084) 0.100 (0.166) 0.002 (0.084) 
Access to credit 0.063 (0.092) 0.070 (0.097) -0.142 (0.112) 0.070 (0.097) 
Remittances -0.198* (0.118) -0.204 (0.124) -0.441*** (0.148) -0.206* (0.124) 
Shocks -0.096 (0.098) -0.094 (0.103) -0.062 (0.118) -0.096 (0.103) 
Wealth indicators         
Farm size (log) 0.499*** (0.066) 0.516*** (0.070) 0.243** (0.100) 0.516*** (0.070) 
Farm size squared (log) -0.023 (0.023) -0.024 (0.024) -0.001 (0.031) -0.024 (0.024) 
Land tenure 0.026 (0.117) 0.031 (0.122) -0.067 (0.145) 0.034 (0.122) 
Assets  0.029** (0.011) 0.030** (0.012) 0.018 (0.011) 0.030** (0.012) 
Community variables         
Distance to market (log) 0.018 (0.049) 0.021 (0.051) -0.039 (0.087) 0.020 (0.051) 
Distance to road (log) 0.025 (0.028) 0.025 (0.030) 0.022 (0.066) 0.025 (0.030) 
Precipitation (log) 0.152 (0.451) 0.176 (0.474) 0.993 (0.859) 0.176 (0.474) 
Tropic warm (humid) -0.146 (0.431) -0.150 (0.451) 0.491 (1.259) -0.149 (0.451) 
Tropic cool (semiarid) 0.366 (0.288) 0.384 (0.300) 0.897 (1.200) 0.384 (0.300) 
Tropic cool (subhumid) -0.240 (0.435) -0.240 (0.456) 0.219 (1.270) -0.240 (0.456) 
Rural 0.366*** (0.117) 0.386*** (0.123) 0.956*** (0.176) 0.385*** (0.123) 
Eastern -0.688*** (0.199) -0.717*** (0.210) 0.448 (0.299) -0.721*** (0.210) 
Northern 1.128*** (0.140) 1.177*** (0.148) 1.415*** (0.181) 1.172*** (0.149) 
Western 0.115 (0.191) 0.124 (0.200) -0.051 (0.341) 0.120 (0.201) 
Production variables         
Fair or good soil 0.482** (0.211) 0.503** (0.224) 0.421* (0.245) 0.503** (0.224) 
Improved seed -0.201** (0.096) -0.215** (0.102) -0.100 (0.116) -0.215** (0.102) 
Fertilizer 0.510*** (0.148) 0.524*** (0.155) 0.194 (0.186) 0.524*** (0.155) 
Hired labor 0.200* (0.110) 0.206* (0.115) -0.091 (0.128) 0.206* (0.115) 
Extension services 0.421*** (0.109) 0.435*** (0.115) 0.129 (0.127) 0.436*** (0.115) 
Year 2010 -1.714*** (0.083) -1.768*** (0.089) -1.758*** (0.092) -1.766*** (0.089) 
Year 2011 -1.556*** (0.096) -1.623*** (0.104) -1.576*** (0.108) -1.621*** (0.104) 
L       0.106 (0.212) 
Constant 10.550*** (3.426) 10.290*** (3.603) 5.382 (6.409) 10.330*** (3.607) 
σ   2.890*** (0.071)   8.339*** (0.410) 
N 8695   8695   8695   8695   
Note. Dummies for districts included but not reported. 
Standard errors in parentheses         
* p<0.10, ** p<0.05, *** p<0.010      
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Table 6. Effect of off-farm participation on welfare, Tanzania 
Variables Pooled OLS Tobit (Left Cens. (0)) PANEL-UNB-FE GSEM-FE 
Off-farm participation 0.343*** (0.019) 0.343*** (0.019) 0.289*** (0.026) 0.764*** (0.047) 
Household characteristics         
Gender of HH head 0.031 (0.022) 0.031 (0.022) 0.041 (0.033) -0.075*** (0.025) 
Marital status 0.061*** (0.022) 0.061*** (0.022) 0.046 (0.033) 0.156*** (0.025) 
Age of HH head 0.004 (0.003) 0.004 (0.003) 0.002 (0.004) 0.0004 (0.003) 
Age of HH head squared -0.0001** (0.000) -0.0001** (0.000) -0.0001 (0.000) -0.000001 (0.000) 
Education HH head 0.070*** (0.014) 0.070*** (0.014) 0.067*** (0.018) 0.060*** (0.015) 
Household size (log) -0.403*** (0.013) -0.403*** (0.013) -0.389*** (0.022) -0.416*** (0.014) 
Access to credit 0.269*** (0.022) 0.269*** (0.022) 0.215*** (0.026) 0.194*** (0.024) 
Remittances 0.055* (0.028) 0.055* (0.028) 0.014 (0.033) 0.044 (0.029) 
Shocks -0.020 (0.024) -0.020 (0.024) -0.035 (0.028) -0.025 (0.025) 
Wealth indicators         
Farm size (log) 0.055*** (0.011) 0.055*** (0.011) 0.061*** (0.014) 0.085*** (0.011) 
Farm size squared (log) 0.018*** (0.004) 0.018*** (0.004) 0.012*** (0.005) 0.014*** (0.004) 
Land tenure -0.015 (0.032) -0.015 (0.032) -0.016 (0.036) 0.043 (0.034) 
Assets  0.001* (0.001) 0.001* (0.001) 0.001* (0.001) 0.001* (0.001) 
Community variables         
Distance to market (log) -0.011 (0.007) -0.011 (0.007) -0.005 (0.009) -0.008 (0.008) 
Distance to road (log) -0.014** (0.007) -0.014** (0.007) -0.019** (0.009) -0.021*** (0.007) 
Precipitation (log) -0.002 (0.005) -0.002 (0.005) 0.005 (0.008) -0.002 (0.005) 
Tropic warm (subhumid) 0.015 (0.030) 0.015 (0.030) 0.016 (0.055) 0.017 (0.030) 
Tropic warm (humid) 0.064 (0.070) 0.064 (0.070) -0.211* (0.109) 0.060 (0.071) 
Tropic cool (semiarid) -0.047 (0.048) -0.047 (0.048) -0.116 (0.094) -0.048 (0.048) 
Tropic cool (subhumid) -0.022 (0.031) -0.022 (0.031) 0.075 (0.055) -0.021 (0.031) 
Rural -0.166*** (0.020) -0.166*** (0.020) -0.179*** (0.032) -0.053** (0.024) 
Mainland 0.043 (0.038) 0.043 (0.038) 0.141 (0.086) 0.024 (0.040) 
Production variables         
Fair or good soil 0.019 (0.024) 0.019 (0.024) 0.001 (0.029) 0.020 (0.024) 
Improved seed 0.041** (0.017) 0.041** (0.017) 0.025 (0.021) 0.046*** (0.017) 
Fertilizer 0.063*** (0.017) 0.063*** (0.017) 0.034 (0.025) 0.061*** (0.016) 
Hired labor 0.186*** (0.017) 0.186*** (0.017) 0.152*** (0.021) 0.183*** (0.017) 
Extension services 0.127*** (0.020) 0.127*** (0.020) 0.108*** (0.026) 0.128*** (0.020) 
Year 2010 -0.074*** (0.027) -0.074*** (0.027) -0.094*** (0.034) -0.060** (0.027) 
Year 2012 -0.069** (0.032) -0.069** (0.032) -0.102** (0.040) -0.098*** (0.034) 
L       -0.267*** (0.026) 
Constant 11.080*** (0.091) 11.080*** (0.091) 11.130*** (0.239) 10.990*** (0.095) 
σ   0.484*** (0.005)   0.185*** (0.010) 
N 7587   7587   7587   7587   
Note. Dummies for regions included but not reported. 
Standard errors in parentheses         
* p<0.10, ** p<0.05, *** p<0.010        
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Table 7. Effect of off-farm participation on welfare, Uganda 
Variables Pooled OLS Tobit (Left Cens. (0)) PANEL-UNB-FE GSEM-FE 
Off-farm participation 0.048** (0.019) 0.048** (0.019) 0.034 (0.024) 0.250*** (0.090) 
Household characteristics         
Gender of HH head 0.079*** (0.030) 0.079*** (0.030) 0.098** (0.041) 0.059* (0.032) 
Marital status -0.054*** (0.018) -0.054*** (0.018) -0.086** (0.038) -0.056*** (0.018) 
Age of HH head 0.009** (0.004) 0.009** (0.004) 0.007 (0.005) 0.009** (0.004) 
Age of HH head squared -0.0001*** (0.000) -0.0001*** (0.000) -

 
(0.000) -0.0001*** (0.000) 

Education HH head 0.079*** (0.030) 0.079*** (0.030) 0.095** (0.037) 0.023 (0.038) 
Household size (log) -0.141*** (0.015) -0.141*** (0.015) -0.106*** (0.035) -0.130*** (0.017) 
Access to credit 0.054*** (0.021) 0.054*** (0.021) 0.021 (0.021) 0.055*** (0.021) 
Remittances 0.086*** (0.020) 0.086*** (0.020) 0.009 (0.025) 0.093*** (0.021) 
Shocks -0.116*** (0.021) -0.116*** (0.021) -0.051** (0.022) -0.108*** (0.021) 
Wealth indicators         
Farm size (log) 0.065*** (0.009) 0.065*** (0.009) 0.025** (0.011) 0.066*** (0.009) 
Farm size squared (log) 0.015*** (0.004) 0.015*** (0.004) 0.011*** (0.004) 0.014*** (0.004) 
Land tenure 0.100*** (0.024) 0.100*** (0.024) -0.003 (0.029) 0.087*** (0.024) 
Assets  0.015*** (0.004) 0.015*** (0.004) 0.006*** (0.002) 0.015*** (0.004) 
Community variables         
Distance to market (log) -0.039*** (0.011) -0.039*** (0.011) -0.029 (0.019) -0.037*** (0.011) 
Distance to road (log) -0.030*** (0.006) -0.030*** (0.006) -0.012 (0.014) -0.029*** (0.006) 
Precipitation (log) 0.027 (0.099) 0.027 (0.099) -0.484* (0.275) 0.031 (0.098) 
Tropic warm (humid) 0.057 (0.068) 0.057 (0.068) 0.196 (0.157) 0.054 (0.068) 
Tropic cool (semiarid) 0.014 (0.064) 0.014 (0.064) 0.066 (0.160) 0.013 (0.064) 
Tropic cool (subhumid) -0.016 (0.069) -0.016 (0.069) 0.108 (0.157) -0.019 (0.069) 
Rural -0.051** (0.024) -0.051** (0.024) -0.044 (0.042) -0.049** (0.025) 
Eastern -0.508*** (0.056) -0.508*** (0.056) -0.352*** (0.070) -0.494*** (0.056) 
Northern -0.351*** (0.049) -0.351*** (0.049) -0.354*** (0.052) -0.339*** (0.048) 
Western -0.472*** (0.051) -0.472*** (0.051) -0.457*** (0.063) -0.459*** (0.051) 
Production variables         
Fair or good soil 0.046 (0.038) 0.046 (0.038) -0.085** (0.042) 0.046 (0.038) 
Improved seed -0.041** (0.016) -0.041** (0.016) -0.052*** (0.017) -0.040** (0.016) 
Fertilizer 0.099*** (0.032) 0.099*** (0.032) 0.017 (0.036) 0.099*** (0.032) 
Hired labor 0.147*** (0.018) 0.147*** (0.018) 0.028 (0.019) 0.148*** (0.018) 
Extension services 0.063*** (0.021) 0.063*** (0.021) 0.008 (0.023) 0.062*** (0.021) 
Year 2010 -0.186*** (0.015) -0.186*** (0.015) -0.160*** (0.015) -0.192*** (0.016) 
Year 2011 -0.104*** (0.018) -0.104*** (0.018) -0.122*** (0.018) -0.108*** (0.018) 
L       -0.124** (0.053) 
Constant 10.67*** (0.716) 10.67*** (0.716) 14.58*** (1.945) 10.51*** (0.708) 
σ   0.476*** (0.008)   0.215*** (0.010) 
N 8695   8695   8695   8695   
Note. Dummies for districts included but not reported. 
Standard errors in 

 
        

* p<0.10, ** p<0.05, *** 
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Figure 1. Generalized structural equation modelling framework 
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