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ABSTRACT

High-value agricultural supply chains have been playing an increasingly important role in
developing countries and have had significant effects on the rural labour markets. This paper
analyses the simultaneous effects of small producer participation in the latter on both house-
hold hired labour demand and off-farm labour supply, using an age-disaggregated approach.
Failing to reject the separability hypothesis as well as the exogeneity of small producer partic-
ipation in export supply chains, we apply lognormal double-hurdle models and find that par-
ticipation in vegetable export supply chains in Tanzania affects positively a household’s deci-
sion to hire labour from all age groups. We also find that it increases the unconditional overall
level of hired labour demand, while the age-disaggregated analysis shows that these effects
benefit mostly rural youth. However, no evidence of an effect on household off-farm labour
supply is found.

JEL Codes: 131, J43, 012, Q12
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1. Introduction

Through the past years, global agro-food systems have witnessed the emergence and consoli-
dation of domestic and export high-value supply chains, in particular in developing countries,
such as African countries who have been supplying an increasing share of high-value agricul-
tural products, in particular fresh horticultural commodities, to developed countries (Maertens
et al., 2012). Amongst others, this process has been pushed by the increased demand for high-
er quality and more diverse products in the latter (Humphrey et al., 2004). As a result, these
supply chains have had important effects in terms of rural development through various path-
ways. Indeed, while the exclusion of small producers can potentially be a consequence of the
above-mentioned process (Reardon and Barrett, 2000; Weatherspoon and Reardon, 2003;
Humphrey et al., 2004), positive effects through both the product and labour markets have
been noted (Maertens et al., 2012). For instance and through the former, positive income and
price effects for participating small producers have been found (Maertens and Swinnen, 2009;
Neven et al., 2009; Rao and Qaim, 2011).

High-value agricultural supply chains can also have direct and indirect effects on and through
the labour markets, respectively (Maertens et al., 2012). Indeed, direct positive effects of
these high-value supply chains on on-farm hired labour demand have been recorded (Neven et
al., 2009; Maertens et al., 2012; Rao and Qaim, 2013). On the other hand, export supply
chains may also generate and provide off-farm employment opportunities to poor rural house-
holds in developing countries, mostly as employed workers in the associated agro-processing
sector (Humphrey et al., 2004; Maertens and Swinnen, 2009; Maertens et al., 2012). Participa-
tion in these supply chains via the labour markets has positive effects on income, agricultural
production and poverty reduction (Maertens, 2009; Maertens and Swinnen, 2009; Maertens et
al., 2012). These labour effects, through both the on-farm and off-farm labour markets have
also been particularly important for women labourers (Maertens et al., 2012; Rao and Qaim,
2013).

Labour and employment generation as pathways towards poverty reduction

Such positive effects on labour and employment generation are relevant when one considers
the importance of rural employment for development and poverty reduction. Indeed, off-farm
labour can be seen as a livelihood strategy through income diversification, income risk reduc-
tion or the take-up of more profitable opportunities (Reardon, 1997; Barrett et al., 2001). As
such and in the case of Sub-Saharan Africa, off-farm income is often positively correlated

with household welfare and income diversification affects positively consumption and earn-



ings (Barrett et al., 2001). Similarly, on-farm labour, through hired and agricultural wage la-
bour is an important income source, in particular for the poorer households (Ellis and Mdoe,
2003; Rao and Qaim, 2013), also considering that most of the hired labourers are usually

small producers and landless labourers (Weinberger and Lumpkin, 2007).

While rural labour and employment constitute indeed an important livelihood strategy, it is
particularly relevant for the rural youth in developing countries, whom we define in this paper
as the individuals aged between 15 and 34, following the African Union (2006) definition.
Youth unemployment and underemployment have been a major challenge in developing
countries (White, 2012; Bezu and Holden, 2014), including in rural areas, where youth are a
particularly vulnerable group of the population, facing higher levels of poverty (African De-
velopment Bank et al., 2012) and challenges in reaching sustainable livelihoods (Food and
Agriculture Organization of the United Nations et al., 2014). As such, rural youth face specif-
ic constraints in particular in terms of access to land and farming activities and may eventual-
ly end up turning away from agriculture (White, 2012; Bezu and Holden, 2014). Therefore, it
seems relevant to pay a particular attention to the potential direct employment and labour op-
portunities high-value agricultural supply chains may create for rural youth, considering their
high labour intensity and the potential competitive advantage youth could have in taking up
on-farm labour as casual hired labourers. On the other hand, youth in developing countries
may also be more inclined towards taking-up non-farm activities since a large share of this
group involved in the non-farm sector in rural areas in Africa (African Development Bank et
al., 2012).

Labour allocation and decision at the household level

Based on the seminal work of Singh et al. (1986), agricultural household models have been
used to analyze the microeconomic behavior of farm families and households. In the context
of small producers and rural households, the allocation of available labour between farming
and household activities is subject to a common decision and not fixed by institutional ar-
rangements. An important assumption of these models is related to the separability of the pro-
duction and consumption sides of the agricultural households (Lopez, 1986; Singh et al.,
1986) which allows amongst others for a distinct analysis of the off-farm, family on-farm and
hired labour decisions (Wang et al., 2007). In many developing countries, factor markets fail,
which questions this assumption and may lead to a situation of non-separability (Lopez, 1986;

Taylor and Adelman, 2003) in which households’ production and consumption decisions are



both affected by the household’s preferences (Le, 2010), and should then be considered simul-
taneously (Sadoulet and de Janvry, 1995).

This is important to consider for the household labour allocation of the producers supplying
high-value agricultural supply chains. Indeed, while the potential positive effect on on-farm
hired labour demand has been mentioned earlier, participating houscholds’ off-farm labour
supply could be affected through a potential substitution of family labour by cheaper hired
labour (Rao and Qaim, 2013), potentially offering their members more time to allocate to off-
farm activities. Moreover, Maertens and Swinnen (2009) have stressed that, in their research
setting, the restructuration of the French beans export supply chains in Senegal was accompa-
nied by a shift of various producers from contract farming to working as an employee in this
sector. One could thus contemplate that participation in export supply chains as supplier could
also lead some of the members from contracted households to enter in parallel these supply
chains as agro-processing employees. Furthermore, since profitable off-farm activities are
generally more accessible to better-off households (Barrett et al., 2001; Mduma and Wobst,
2005) and associated with higher incomes (Ellis and Mdoe, 2003), one could thus assume that
the profit generated from the participation in these supply chains could provide the house-
holds with the adequate capital to invest towards more profitable self-employment enterprises
and other off-farm activities. On the other hand, participation in these more lucrative supply
chains may lead producers to specialize themselves in this specific farming activity and hence
reduce their level of off-farm activities. For instance, Huang et al. (2009) have showed in the
context of China that higher levels of horticultural production were overall linked to lower
levels of off-farm employment. Thus, looking into the effects of participation in high-value
agricultural supply chains on both participating households’ hired labour demand and off-
farm labour supply would provide more in-depth insights on its effects on their household
labour allocation process, including for youth, which has to the best of our knowledge not

been assessed in this specific literature.

This paper is organized as follows: Section 2 presents the context and the data collection;
Section 3 provides some descriptive statistics; Section 4 elicits the econometric approach;

Section 5 presents and comments the results of the analysis while Section 6 concludes the
paper.



2. Context and data collection

Export and traditional vegetable supply chains in Tanzania

This paper focuses on the case of high-value vegetable export supply chains in Tanzania, in
particular in the Arumeru and Arusha districts, in the northern Highlands region, where most
of the country’s horticultural exporters are located due to the adequate climate and infrastruc-
tures as well as the existing markets and supporting institutions (Horticultural Development
Council of Tanzania, 2010). These exporters source a large share of their produce, mostly
French beans and snap peas, which are the crops of focus of this paper, from small producers.
These agro-exporters mostly work with small producers through producer organizations® to
which they are linked via contract farming agreements, of which main terms can vary from an
exporter to the other. A common feature of these contracts is the collection of the produce by
the exporters via producer collection centers managed by the producer organizations, before

the produce is processed in agro-processing centers.

On the other hand, traditional vegetable supply chains in the area are less concentrated and
rely more on spot transactions through vegetable middlemen? who either collect the vegetable
produce directly from the producers’ vegetable plots and harvest themselves or buy directly
from the producers after they have harvested. Exotic and traditional vegetable crops (e.g. to-
matoes, carrots, onions, African nightshade, eggplant etc.), of supposedly lower quality than
those sold in the export supply chains constitute the bulk of the produce exchanged and sold
in these traditional supply chains. These mostly rely on the wholesale and retail markets in the
Kilombero outlet, located in the city of Arusha as well as some minor retail markets in the

surroundings.
Data collection and survey

The data for our analysis were collected between July and September 2015. The sampling
strategy involved an initial identification of the relevant producer groups involved in these
export supply chains via key informant interviews with the export companies. We identified

ten producer groups located in nine different villages and obtained the complete population

! In other words, producer organizations constitute the main link between export companies and small producers, being the main interface for
the latter’s access and inclusion in the high-value supply chains. While some of these producer organizations already existed before the
implementation of these contracts, others were constituted in an ad hoc fashion by small producers, with the objective to enter these export
markets.

2 Usually referred to as “collectors” in the area.



lists of their members supplying the high-value export supply chains as well as those of the

other vegetable producers in the same villages.

Based on these lists and using a stratified sampling approach, we selected and interviewed
344 small producers, including 157 small producers supplying French beans and snap peas to
the exporters and 187 small producers supplying vegetables exclusively to the traditional
markets. For this paper, we exploit labour data from these households for the preceding agri-
cultural year (March 2014 - February 2015), when only 87 of these households supplied
French beans and snap peas to vegetable export supply chains while 257 supplied their pro-
duce exclusively to traditional markets. This modified sample is due to the fact that the data

on labour allocation accounted for the abovementioned preceding agricultural year®.

3. Descriptive statistics

Descriptive statistics on the socio-economic and farm characteristics of the two respective
groups in our sample are provided in table 1. With regard to their socio-demographic charac-
teristics, households from both groups seem to be relatively similar. However, they differ sig-
nificantly with respect to their access to physical and socio-economic infrastructures. Indeed,
households involved in the high-value export vegetable supply chains benefit from a higher
access to electricity and use more credit (which could be explained by the credit facilities pro-
vided by the producer organization).

Moving to the farm characteristics, producers in our sample have relatively small farms (2.7
acres/1.09 ha in average) but producers in export markets allocate almost twice the share of
their farmland to vegetable production than those from the control group, which indicates a
potential specialization, in line with the descriptive differentiation highlighted in Rao and
Qaim (2011). Moreover, producers supplying the export markets irrigate a larger portion of
their farm size than the producers in the traditional markets, which could be related to the
higher product quality (Humphrey et al., 2004) and irrigation requirements in these supply
chains. They also benefit from a higher access to extension services and are located closer to
the agro-input markets, which could be linked to their participation in export markets, as they

often obtain an large share of their inputs from the exporters.

[Table 1 about here]

% We assume that the labour allocation for these producers initially in the treatment group should not have been affected by their participation
in export supply chains as it was recorded for the period prior to the latter. As a robustness check, we checked that this change did not affect
drastically the final results.



Descriptive information on our main variables of interest, namely hired labour use at the farm
level and off-farm labour supply at the household level, both in person-days* are provided in
tables 2 and 3, respectively. With regard to overall hired labour, producers involved in the
export markets use a larger amount (almost twice) of hired labour on their farms, similar to
the findings of Rao and Qaim (2013). Furthermore, producers involved in the export markets
hire more labour from casual labourers aged 15-34 and 35 years and over, respectively, than
the producers supplying the traditional markets, although the difference is statistically signifi-
cant for the former only. In terms of within-groups differences, both groups use almost three
times more labour from the youth cohort, implying that the overall horticultural sector is dom-

inated by young labourers.
[Table 2 about here]

Finally, with regard to the participation in the off-farm labour markets (table 3), households
supplying the export markets sell out significantly more labour off their farm than the other
households. For both household groups, individuals belonging to the older age cohort rent out
a larger quantity of their labour inputs off the farm than the younger members. While it was
mentioned in the introduction that youth may be more likely to undertake off-farm activities
(Huang et al., 2009; African Development Bank et al., 2012), this could imply that most of
these activities are taken up by the household head and their spouse, rather than younger
members of a household. Most of the off-farm activities undertaken by the individuals and
households in our sample are wage jobs outside of agriculture and self-employment activities,
in particular the holding of personal and family shops, running a public transportation motor-

bike or working as construction worker.
[Table 3 about here]

Finally, the distribution of the different households based on their specific labour regime is
displayed in table 4, following the most commonly used regime classification (Sadoulet et al.,
1998; Henning and Henningsen, 2007; Wang et al., 2007). A third of the households in the
total sample (111 households) participate in both labour markets, which further stresses the
stated need to consider in our analysis both sides of the labour markets. Furthermore, a larger
number of households participate in one of the two labour markets (196 households), while

only a minority behave in an autarkic way (37 households).

* On the basis of an eight-hour labour day.



[Table 4 about here]

4. Econometric approach

Separability test

Considering that evidence of factor market failures and non-separability in Tanzania can be
found in the literature (Dillon and Barrett, 2014), it is important to test the separability hy-
pothesis in our research context. To do so, we apply the Generalized Separability Test devel-
oped by Le (2010), which consists in jointly assessing whether the household preferences
affect the production decisions, and whether the shadow wage is equal to the actual wage (Le,
2010). The results of this test are presented in the table Al in Appendix. Using an instrumen-
tal variable approach to address the potential measurement error in the wage variable, this test
fails to reject the null hypothesis of separability. One could assume that the labour markets are
not entirely failing in our research setting as producers and households may be able to hire
labour easily and that some substantial off-farm labour opportunities exist, which seems to be
confirmed by the labour regime allocation displayed in table 4. We thus treat on-farm labour

hiring and off-farm labour supply as two independent decision processes.
Econometric framework

The econometric approach adopted in this paper follows closely the one used by Rao and
Qaim (2013) as the structure of their data and main econometric challenges resemble ours, as
well as those implemented by Matshe and Young (2004), Ricker-Gilbert et al. (2011) and
Salmon and Tanguy (2016), who used somehow similar approaches.

Labour demand and supply data are usually characterized by a large number of zero observa-
tions, for which linear regression models might produce biased estimates (Matshe and Young,
2004; Rao and Qaim, 2013; Salmon and Tanguy, 2016). This censored aspect of the data cor-
responds in theory to a corner solution configuration, i.e. the zeros are actually observed out-
comes (Dow and Norton, 2003; Madden, 2008), as the result of a household’s actual choice
not to participate in a labour market, based on its preferences or potential disability to do so
(Matshe and Young, 2004; Rao and Qaim, 2013; Salmon and Tanguy, 2016).

A two-part or double-hurdle model (Cragg, 1971; Blundell et al., 1987; Wooldridge, 2002)
appears in this case more adequate than a Tobit estimator as it allows the decision to partici-
pate in a given labour market and the decision on the quantity of labour allocated to the latter

to be thought as two different processes (Matshe and Young, 2004; Yen, 2005; Rao and



Qaim, 2013; Salmon and Tanguy, 2016). The selection and quantity of labour equations for
both on-farm hired labour demand h and off-farm labour supply o of a household i can thus be
expressed as follows (Wooldridge, 2002; Matshe and Young, 2004; Rao and Qaim, 2013;
Salmon and Tanguy, 2016):

yl*] = ﬁxu + gij gij ~ N(Ol 0-2)! j=h,0 ’ (2)

where d; is the decision to hire on-farm labour or supply labour off the farm (d;; = 1) or not
(di; = 0), y/; is the related quantity of labour hired or supplied, z;; and x;; are vectors of vari-
ables for the selection and level equations, including our main explanatory variable (binary)

and control variables, respectively, and ;; and y;; are random error terms.
A lognormal double-hurdle model specification

We use the lognormal hurdle specification (Wooldridge, 2002), as transforming the dependent
variables can be used to accommodate their positive values (Yen, 2005) and help better ad-
dress the non-normality of the error terms (Yen and Rosinski, 2008). As a robustness check
for the separability test results, we also estimate a Multivariate Sample-Selection Model
(MSSM) developed by Yen (2005)°, which takes into account the potential correlations be-
tween on-farm and off-farm labour decisions and allows controlling for the potential sample
selection of labour market participation®. The coefficients from this model are presented in
tables A2 to A4 in the Appendix.

We used likelihood ratio tests to determine the best model between the MSSM and the nested
sample selection and double-hurdle models (Yen, 2005; Zampelli and Yen, 2017). These
tests’ results (available in table A5 in Appendix) fail to reject the double-hurdle model for all
age cohorts, which confirms our choice for the latter.

Maximum Likelihood Estimation and marginal effects of the lognormal double-hurdle model

The lognormal double-hurdle model consists in applying to the whole sample a probit model
for the participation in a given labour market j and an ordinary least squares (OLS) estimation

® The Heckman's bivariate sample selection model (SSM) and the double-hurdle model (DHM), which assumes independence between the
selection equations and the corresponding level equations (Cragg, 1971; Yen, 2005; Madden, 2008), are nested in the MSSM (Yen, 2005).

® It is in any instance interesting to control for sample selection considering that, as underlined by Mathenge and Tschirley (2015) for the
case of off-farm employment, participation in labour markets may be resulting from individuals” self-selection into the latter.



of the level equations of log-person-days for those with positive labour observations
(Wooldridge, 2002; Madden, 2008). This model can be estimated by maximum likelihood
method, with the following likelihood function for a household i (Wooldridge, 2002):

L= 1[yl-j = 0]log[1 — CD(zija)] + 1[yi]- > O] {logcb(zija) — log(yl-j) — élog(az) —
;log(2m)— 3 [log(yy)) — xy6] /0% j=ho , ©

where the coefficients o are the results of the probit estimation on the decision on whether to
hire or supply labour or not. The B coefficients result from the OLS regression of log(y;;) for

the observations clearing the first hurdle, while o is the standard error from this second-part

regression (Wooldridge, 2002). @ (.) represents the normal cumulative distribution function.

To estimate the average marginal effects, we rely on the probability of a household i to partic-

ipate in the on-farm hired labour or the off-farm labour supply markets, which is expressed as:
P(yij > 0z;;) = @ (z;;a) (4)

The log-transformed dependent variables and non-normality of the level equation residuals
require the use of the Duan’s smearing estimate for the conditional and unconditional means
(Duan, 1983; Duan et al., 1983; Mullahy, 1998) . As a result, the conditional means are repre-
sented as follows (Duan, 1983; Duan et al., 1983; Belotti et al., 2015):

E(yiyi; > 0,x;j) = exp(x;;B) * 6 (5)
Where §;; is the Duan’s smearing estimate defined as (Duan, 1983):
1
6ij = ;2?21 exp(&;;) (6)

The unconditional means are represented as follows (Duan, 1983; Mullahy, 1998;
Wooldridge, 2002):

E(yij|zij xij) = @ (z;5a) * exp(x;;B) * & (7)

We derive for each model and age cohort the average marginal effects for the decision to par-

ticipate in a labour market. We also derive the conditional and unconditional average margin-
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al effects for the quantity of labour allocated, using the Duan smearing estimate and boot-

strapping the standard errors, following the guidelines provided by Belotti et al. (2015)’.
Endogeneity of the main explanatory variable

The literature has underlined that participation in high-value markets may be endogenous, in
particular due to the potential self-selection of producers and the role of non-observable fac-
tors (Maertens and Swinnen, 2009; Rao and Qaim, 2011; Barrett et al., 2012; Bellemare,
2012; Rao and Qaim, 2013). We address this issue by using a control function or two-stage
residual inclusion approach (Smith and Blundell, 1986; Rivers and Vuong, 1988; Terza et al.,
2008), which has already been successfully used in the related literature with a potential en-
dogeneity challenge (Ricker-Gilbert et al., 2011; Rao and Qaim, 2013; Salmon and Tanguy,
2016). It consists of estimating a first stage regression of the endogenous variable on the con-
trol variables and the potential instrument(s). In the second stage, the generated residuals are
included in the double-hurdle model as a control variable: if they are significant, exogeneity is
rejected and their inclusion corrects for endogeneity.

We use the individual distance to the closest produce collection center as an instrument. We
believe this is a valid instrument since, the closer a producer is located from these produce
collection centers, the more likely they will be to participate in the export supply chains. For
instance, the distance to paved road and the availability of transportation means (Hernandez et
al., 2007; Rao and Qaim, 2011) can influence a producer’s likelihood to participate in high-
value supply chains. We can thus assume that producers living closer to the market outlet, the
produce collection center in this setting, are more likely to participate in these supply chains.
Furthermore and as underlined by Andersson et al.(2015), social capital may play an im-
portant role in a producer’s decision to participate in a specific market. One could thus infer
that producers living closer to these collection centers, and a fortiori the producer organiza-
tion’s center of activities, may rely on this social capital to get exposed to and enter these spe-

cific supply chains.

" For this purpose, we used the twopm Stata command developed by Belotti et al. (2015). The code developed by Deb et al. (2013) and
retrievable online also served as inspiration to compute the Duan smearing estimate eand conditional marginal effects for the second part of
the lognormal double-hurdle models.

11



Dependent and control variables

We use as dependent variables the total hired labour use on the farm and the total labour sup-
plied off the farm by the households through one full year, measured in person-days and dis-
aggregated by age cohorts (15-34 and 35 and over). We first adapted a format used by Chege
(2015) to collect information on hired labour use at the farm level. Regarding the data on off-
farm labour supply, we adapted a procedure used by the World Bank (The World Bank, 2008)
to collect and aggregate at the household level data on the total time spent by the different
household members on off-farm activities.

With regard to the control variables, we include the socio-economic characteristics of the
household through the household head personal characteristics which can affect labour alloca-
tion to farm and off-farm labour (Reardon, 1997; Jolliffe, 2004; Kimhi and Rapaport, 2004;
Mduma and Wobst, 2005; Mathenge and Tschirley, 2015). We also control for the household
age composition (Kimhi and Rapaport, 2004; Wang et al., 2007) and overall education with
the share of school graduates within the household (Wang et al., 2007). We include farm
characteristics at the time of the survey, such as the size of the farm land (Mduma and Wobst,
2005; Huang et al., 2009) and the total irrigated area as proxy for access to technology (Rao
and Qaim, 2013). Access to extension services may reduce the supervision and research costs
for hired labour (Lovo, 2012) and is thus also included. We also include the hired and off-
farm labour wages (Wang et al., 2007; Rao and Qaim, 2013) and used the corresponding av-
erage wages in the respective village for households not participating in the labour market(s),
following Rosenzweig (1980) and Rao and Qaim (2013).

We also take into consideration access to credit (Reardon, 1997; Mduma and Wobst, 2005;
Lovo, 2012), the distance to the closest public transportation means (Mduma and Wobst,
2005; Huang et al., 2009; Mathenge and Tschirley, 2015) and division dummies® to account
for potential geographical and regional disparities, following for instance Rao and Qaim
(2013). Finally, we also include a variable on electric power availability as a proxy for the
access to public assets for off-farm labour supply (Mduma and Wobst, 2005; Mathenge and
Tschirley, 2015) and which can also represent the level of development of the area and labour
markets, thus affecting the probability to enter on-farm hired or off-farm supply labour mar-
kets (Mduma and Wobst, 2005; Lovo, 2012). We assume this variable would only affect the

8 Divisions in Tanzania are the third lowest level of administrative layer, below the districts and above the wards and the villages (in the case
of rural wards).
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probability of entering these specific labour markets without directly affecting the quantity of
labour inputs allocated to these markets and thus include it only in the participation equa-

tions®.

5. Results and discussion

Endogeneity test: quality of the instrument and significance of the residuals

The results from the first-stage probit regression, presented in table 5, show that the distance
to the collection center affects as expected the participation in export supply chain, validating

this choice of instrument™®.
[Table 5 about here]

In the second step of the control function approach, the derived residuals are not significant in
any of the selection and level equations, as showed in table 6. Thus, this test fails to reject the
exogeneity of participation in export supply chains, which is also in line in some evidence in
the literature (Rao and Qaim, 2013). We thus do not include these residuals in the selection
and level equations of the lognormal double-hurdle models, following Ricker-Gilbert et al.
(2011) or Rao and Qaim (2013).

[Table 6 about here]
Household labour allocation decision for all age cohorts

The discussion of the results specifically focuses on the average marginal effects for the
lognormal double-hurdle models estimated for all age cohorts, which are displayed in tables 7

and 8.
[Tables 7 and 8 about here]

Starting with the effects on on-farm hired labour demand (table 7), participation in vegetable
export supply chains increases a household’s probability to hire labour by about 10 percentage
points. The results of the conditional average marginal effects also show that, conditioning on
having decided to hire labour, households’ hired labour demand is increased by the participa-

tion in export supply chains by about 38 person-days over a year. The unconditional average

® When including this variable in the two-part models, it did not have any significant effect on the quantities of labour allocated.

19 Furthermore, this instrument is statistically correlated neither with our variables of interest (quantity of labour hired on-farm and supplied
off the farm), nor with any of the residuals from both the selection and level equations of the lognormal double-hurdle for each age-cohort.

1 The coefficients from the Maximum Likelihood Estimations of the lognormal double-hurdle models for both on-farm hired labour demand
and off-farm labour supply are displayed in tables A6 and A7 in the appendix.
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marginal effects show that the latter increases a household’s on-farm labour demand by about
46 person-days over a year, confirming the labour and employment creation potential of high-
value supply chains (Neven et al., 2009; Rao and Qaim, 2013). Inspired by Rao and Qaim
(2013), we calculate the increase in hired labour demand participation in vegetable export
supply chains would proportionally generate with respect to the hired labour demand of non-
participating producers. Since the producers in our control group have used in average around
55.5 person-days of hired labour (table 2), participation in export supply chain would poten-
tially increase the hired labour demand by about 83 percent, which is non-negligible in terms

of employment generation and rural development.

This positive effect may be tied to the higher labour intensity of the cultivated export crops as
well as the more stringent standards and quality requirements in these supply chains, leading
the producers to hire more labour on their farm. Furthermore, the higher prices proposed in
these channels may also serve as an incentive to specialize in these vegetables’ production
(Rao and Qaim, 2011; Rao and Qaim, 2013), directly moving upwards the overall hired la-
bour demand through a higher vegetable area. Based on our observations on-site, specific la-
bour intensive activities of the French beans and snap peas cultivation process such as land
preparation and harvesting usually require a large number of casual labourers for a short peri-
od.

The unconditional average marginal effects associated to some of the control variables also
provide some interesting insights on the overall determinants of households’ labour demand
and the labour allocation decision process. Indeed, it seems that the total number of household
members from all age cohorts — 15 and younger, 15-34 and 35 and over —reduces overall hired
labour demand. This makes sense if we consider that these household members” labour inputs
would be used on the family farm for this higher price and profitable line of production and
thus reduce the need to hire more labour to perform their tasks, although this could to a cer-
tain extent be in contradiction with some of the intuitions of the separability hypothesis.

Moving to the effects on overall off-farm labour supply (table 8), participation in vegetable
export supply chains does not seem to affect neither households’ decision to supply labour off
the farm, nor the quantity of labour inputs allocated to these labour markets. This could be
due to the fact that most of the vegetable agro-exporters in our research area have their pro-
cessing facilities located in a relatively remote place from their sourcing areas, hence not trig-
gering the possibility for the different supplying households” members to also move into these

specific wage labour opportunities, as what happened in the French beans sector in Senegal
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(Maertens and Swinnen, 2009). Furthermore, producers do not produce vegetables for these
supply chains constantly throughout the year, but rather during specific production seasons
spanning two-three months in a year, hence giving them the possibility to allocate their
household labour inputs throughout the year, potentially allowing on-farm and off-farm la-
bour to be complement rather than substitute. This could potentially limit the direct influence

on off-farm labour supply decisions.

The effects associated to the other control variables show interesting insights regarding the
decision for a household to enter off-farm labour markets. Interestingly, the number of house-
hold members belonging to the 15-34 age cohort increases the total household off-farm labour
supply by 25.3 person-days while the number of household members from the older age co-
hort increases it by 41.5 person-days, hence confirming the trend noted in the descriptive sta-
tistics, showing that older household members in our sample tend to work more off the farm.
Finally, the effects of some variables on the decision to hire/supply labour go in the opposite
direction with respect to the effects on the quantity of labour allocated, which supports our

choice for a double-hurdle type model (Yen, 2005).
Household labour allocation decision disaggregated by age cohort

Regarding the age-disaggregated effects on hired labour (table 7), participation in vegetable
export supply chains increases farms’ likelihood to hire labourers belonging to the 15-34 age
cohort by 12 percentage points and labourers aged 35 and over by 13 percentage points, thus
affecting the probability to hire labourers from each of these age cohorts in a similar fashion.
However, no specific effect is found on the conditional quantities of hired labour demand for
both age cohorts. On the other hand, while the unconditional average marginal effect on the
hired labour demand for the older age cohort is statistically insignificant'?, the effect of partic-
ipation in vegetable export supply chains on labour demand for young labourers conveys a
statistically significant increase of about 25.6 person-days over a year, which would represent
an increase of about 62 percent in comparison to the control group’s labour demand (table 2).
Considering the abovementioned non-significant conditional average marginal effect, we as-
sume that this effect is mostly driven by the higher number of export-vegetable producers
who decide to hire young labourers (79 percent of this group) rather than an increase of the

labour demand from the producers already hiring young casual labourers.

12 Although with a non-negligible magnitude of 43 person-days of labour demand.
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We can thus infer from the latter that vegetable export supply chains seem to generate new
casual on-farm employment and labour opportunities, in particular for younger labourers,
which is a relevant finding considering the youth unemployment rate of 37.2 percent (Interna-
tional Labour Organization, 2017)*® and the importance of wage labour for the poor in rural
areas in Tanzania (Ellis and Mdoe, 2003; Mduma and Wobst, 2005). This effect could be
linked to the specific labour intensity of land preparation and harvesting of French beans and
snap peas within the context of export horticulture, which may require specific specialized
skills in compliance to standards, triggering producers to hire younger labourers. Furthermore,
young labourers may be more available in rural areas to take up this specific range of casual
labour in the area due to their reduced access to land or other activities, as mentioned in the
introduction, and benefit in priority from this labour demand created.

With respect to off-farm labour supply (table 8), results from the age-disaggregated models
are in line with the aforementioned results on household overall off-farm labour supply since,
for both age cohorts, no evidence of an effect of participation in export vegetable supply
chains is found. Besides the aforementioned argument that the agro-processing wage jobs are
located too far away from the villages in our sample, the low level of off-farm activities un-
dertaken by youth could also be linked to the lack of attractive off-farm opportunities created

along the value chains for them (D. Schwebel, personal communication, 2017).

Finally, our study may present some limitations, in particular with respect the research con-
text. Indeed, the results in this paper are found in a context where separability holds, pointing
towards a reasonable functioning of the labour markets. Evidence provided by the literature
points to different settings in sub-Saharan Africa (Dillon and Barrett, 2014) and it would thus
be interesting to analyze whether similar results would hold in a context of labour market fail-
ures. Also, the cross-sectional structure of the dataset and sample size used in this study may
presents some further limitations. For instance due to the potential capital needed to access to
off-farm activities, in particular self-employment, some effects on off-farm labour supply may
need more time be triggered. Thus, additional survey rounds and an equivalent panel dataset,

may help better account for these time-differed effects.

¥ This unemployment rate refers to extended definition of unemployment, that is “all persons of working age who were: a) without work
during the reference period, i.e. were not in paid employment or self-employment; b) currently available for work, i.e. were available for paid
employment or self-employment during the reference period, as a percentage of the labour force” applied to the 15-29 age cohort in 2013
(International Labour Organization (2017).
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6. Conclusion

The application of a double-hurdle model combined with a control function approach indi-
cates for the case of vegetable export markets in Tanzania that participation in agricultural
export supply chains increases the likelihood for a household to hire labour as well as the
overall hired labour demand. This is in line with the previous findings of the literature (Neven
et al., 2009; Rao and Qaim, 2013) and confirms that high-value supply chains can contribute
to poverty reduction through on-farm labour market effects. Furthermore, the age-
disaggregated models shows that it also specifically increases the unconditional hired labour
demand for the younger labourers, highlighting an employment generation effect particularly
marked for the rural youth. This is a relevant result considering that this type of on-farm wage
labour is important for the poor (Ellis and Mdoe, 2003; Mduma and Wobst, 2005; Rao and
Qaim, 2013).

On the other hand, we have found so far no evidence of a significant effect of participation in
export supply chains neither on households’ decision to enter off-farm labour markets, nor on
the total quantity of labour supplied on the latter. As explained in section 5, this could be tied
to the fact that no major labour substitution is taking place in our research context. Further-
more, the potential shift from involvement via product markets to participation through labour

markets (Maertens and Swinnen, 2009; Maertens et al., 2012) did not materialize.

This research contributes to the current debate on prospects in agriculture for youth, who may
eventually also remain active in the agricultural and farming sector, should employment op-
portunities be offered to them. It is however important to note, based on our on-site observa-
tions, that these labour opportunities are concentrated in narrow time periods, mostly for land
preparation and harvesting seasons, and thus not necessarily regular or stable wage labour
opportunities. Furthermore, as displayed in the table A8 in the Appendix, the hourly wages
received by casual labourers hired by participating small producers are somehow similar to
the ones received by casual labourers working on farms not supplying the export supply
chains. This positive effect on labour demand may thus not translate into higher wages for
labourers and rural youth, but rather only into a higher number of economic and employment
opportunities. Yet, more decent working conditions are also an important pathway towards
rural poverty reduction and livelihoods development (Ayenew et al., 2016). Thus, besides this
aforementioned positive generation of labour opportunities for rural youth, broader welfare
effects of high-value supply chains via casual on-farm labour demand generation, better work-

ing conditions, employment stability and higher wages for rural youth in comparison to wage
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labour and other labour opportunities may also be an interesting topic to assess in future re-
search, in a rural development and poverty reduction perspective, in particular targeting rural

youth.
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Tables

Table 1. Descriptive statistics

Traditional markets

Export markets

Complete sample

(N=257) (N=87) (N=344)

Household characteristics

Household size 4.296 (1.425) 4.494 (1.320) 4.346 (1.400)
Household head age (in years) 47.33 (11.43) 47.94 (11.53) 47.48 (11.44)
Household head male (dummy) 0.934 (0.249) 0.920 (0.274) 0.930 (0.255)
Household head education (in years) 7.424 (2.233) 7.690 (1.826) 7.491 (2.138)
Household head farming experience (in years) 22.43 (10.93) 22.72 (11.37) 22.50 (11.03)
Access to electricity (dummy) 0.412 (0.493) 0.713 (0.455) 0.488 (0.501)***

Access to tarmac road (in kilometers)

Distance to public transportation system (in kilometers)
Use of credit (dummy)

Share of off-farm income (in percent)

Labour status of the household head

On-farm work (dummy)

Paid employment (dummy)

Self-employment (dummy)

Farm characteristics

Farm cultivated area (in acres)

11.27 (10.24)
1.744 (2.407)
0.226 (0.419)
17.56 (28.26)

0.914 (0.280)
0.0311 (0.174)
0.0389 (0.194)

2.863 (2.674)

10.69 (8.596)
1.298 (2.930)
0.391 (0.491)
16.44 (26.21)

0.908 (0.291)
0.0460 (0.211)
0.0345 (0.184)

2.282 (2.168)

11.13 (9.842)***
1.631 (2.553)
0.267 (0.443)
17.28 (27.72)

0.913 (0.283)
0.0349 (0.184)
0.0378 (0.191)

2.716 (2.565)

Share of vegetable area (in percent) 38.64 (26.34) 64.26 (25.89) 45.12 (28.47)***
Access to irrigation (dummy) 0.946 (0.227) 0.989 (0.107) 0.956 (0.205)*
Share of irrigated area (in percent) 79.10 (35.22) 87.65 (26.75) 81.27 (33.44)**
Use modern irrigation techniques (dummy) 0.0623 (0.242) 0.0115 (0.107) 0.0494 (0.217)*
Distance to agricultural input markets (in kilometers) 4.535 (6.519) 2.959 (6.173) 4.133 (6.461)***
Access to agricultural extension services (dummy) 0.553 (0.498) 0.690 (0.465) 0.587 (0.493)**
Livestock ownership (dummy) 0.922 (0.268) 0.931 (0.255) 0.924 (0.265)
Observations 344

Mean coefficients.
Standard deviations in parentheses.
*p <0.10, ** p < 0.05, *** p < 0.01.
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Table 2. Descriptive statistics - On-farm hired labour

Traditional markets Export markets Complete sample
(N=257) (N=87) (N=344)
Total hired labour use — All hired labourers (in person-days) 55.57 (99.23) 96.96 (192.9) 66.04 (130.4)**
Hired labour use — 15-34 age cohort (in person-days) 41.48 (82.61) 71.23 (159.6) 49.00 (107.9)**
Hired labour use — 35 and over age cohort (in person-days) 14.09 (47.67) 25.73 (80.84) 17.03 (57.97)
Observations 344

Mean coefficients.
Standard deviations in parentheses.
*p <0.10, ** p < 0.05, *** p < 0.01.

Table 3. Descriptive statistics - Off-farm labour supply

Traditional markets  Export markets Complete sample

(N=256) (N=87) (N=343)
Total off-farm labour supply (in person-days) 52.50 (104.6) 85.16 (144.3)  60.78 (116.6)**
Off-farm labour supply — 15-34 age cohort (in person-days) 17.10 (55.06) 29.55 (83.57) 20.26 (63.60)
Off-farm labour supply — 35 and over age cohort (in person- 35.40 (92.31) 55.60 (115.8) 40.52 (99.02)
days)
Observations 343

Mean coefficients.
Standard deviations in parentheses.
*p <0.10, ** p < 0.05, *** p < 0.01.

Table 4. Distribution of the households based on their labour regime

Traditional markets Export markets Complete Sample
(N=257) (N =87) (N =344)
Autarkic household 32 5 37
Hiring-in labour only 125 45 170
Hiring-in and selling out labour 79 32 111
Selling out labour only 21 5 26
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Table 5. First stage probit of the control function approach

Hired labour Off-farm labour

Participation in export markets Participation in export markets
Distance to the closest collection center -0.137** (0.065) -0.136* (0.070)
Household head age -0.047 (0.056) -0.033 (0.057)
Household head age (square) 0.000 (0.001) 0.000 (0.001)
Household head education 0.052 (0.068) 0.042 (0.065)
Household head male -0.082 (0.392) -0.131 (0.402)
Numbers of individuals aged under 15 0.049 (0.126) 0.084 (0.128)
Number of individuals aged 15-34 0.254** (0.128) 0.254* (0.133)
Number of individuals aged 35 and over 0.221 (0.227) 0.202 (0.219)
Share of primary school graduates 0.008 (0.007) 0.008 (0.007)
Share of lower secondary school graduates -0.002 (0.008) -0.002 (0.009)
Share of upper secondary school graduates -0.038** (0.015) -0.033** (0.015)
Farm cultivated area -0.096 (0.066) -0.093 (0.068)
Irrigated area 0.045 (0.069) 0.050 (0.069)
Access to credit 0.537** (0.215) 0.499** (0.224)
Hired labour wage 0.208 (0.151)
Off-farm wage 0.029 (0.055)
Access to extension services 0.249 (0.168)
Access to electricity 0.672*** (0.240) 0.694*** (0.215)
Distance to public transportation system -0.027 (0.062) -0.027 (0.058)
Division Kingo’ri ® -1.012* (0.537) -1.259** (0.527)
Division Mbuguni ? -0.026 (0.583) -0.153 (0.588)
Division Moshono ® 0.025 (0.452) -0.082 (0.447)
Constant -1.321 (1.632) -1.227 (1.587)
Log-likelihood -157.633 -159.148
Observations 338 338

# Reference division is Poli.
Bootstrapped standard errors in parentheses.
*** p<0.01, ** p<0.05, * p<0.1.

Table 6. P-values of the residuals and exogeneity tests of participation in export supply chains

All age cohorts 15-34 age cohort 35+ age cohort
Hired labour demand p-value
Selection equation 0.265 0.940 0.193
Level equation 0.142 0.410 0.960
Off-farm labour supply p-value
Selection equation 0.469 0.230 0.177
Level equation 0.423 0.419 0.952
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Table 7. Conditional and unconditional average marginal effects on hired labour demand (lognormal double-hurdle model)

All age cohorts

15-34 age cohort

Over 35 age cohort

Conditional Unconditional Conditional Unconditional Conditional Unconditional
Decision Labour days Bothstages Decision Labourdays Bothstages Decision Labour days Both stages
Participation in export markets 0.103**  38.131** 46.045%** 0.121** 17.297 25.639** 0.133** 25.998 43.058
(0.041) (16.828) (15.117) (0.054) (11.797) (12.971) (0.061) (23.799) (46.732)
Household head age -0.003 0.156 0.023 -0.005 0.151 -0.151 0.003 0.144 0.323
(0.003) (0.781) (0.769) (0.003) (0.726) (0.663) (0.003) (0.631) (3.759)
Household head education -0.009 4.087 3.493 0.002 3.474 3.547 -0.009 0.086 -0.563
(0.011) (2.612) (3.035) (0.013) (2.420) (2.817) (0.012) (2.608) (7.989)
Household head male 0.229** 16.386 27.899* 0.154 17.026 23.282* -0.060 11.706 9.870
(0.099) (19.146) (15.842) (0.104) (17.162) (13.103) (0.097) (10.899) (35.348)
Numbers of individuals aged under 15 0.001 -13.669** -13.527** 0.029 -8.937 -7.090 -0.003 -8.014 -8.571
(0.024) (6.895) (6.415) (0.029) (5.555) (4.813) (0.028) (9.056) (22.146)
Number of individuals aged 15-34 -0.026 -11.687 -13.170* -0.032 -7.640 -9.468 -0.009 -2.704 -3.473
(0.022) (7.452) (7.610) (0.027) (5.272) (5.937) (0.026) (5.964) (13.073)
Number of individuals aged 35 and over -0.013 -20.374* -21.055* -0.018 -11.929 -12.830 -0.045 -1.290 -4.582
(0.040) (12.208) (11.111) (0.050) (9.314) (9.223) (0.049) (9.708) (32.004)
Share of primary school graduates -0.001 -0.256 -0.324 -0.001 -0.112 -0.148 0.001 -0.449 -0.403
(0.001) (0.378) (0.338) (0.001) (0.283) (0.266) (0.001) (0.389) (1.739)
Share of lower secondary school graduates ~ 0.002 -0.629 -0.496 0.001 -0.697* -0.650* 0.005** -0.388 -0.074
(0.002) (0.512) (0.459) (0.002) (0.401) (0.371) (0.002) (0.423) (0.635)
Share of upper secondary school graduates ~ -0.000 0.269 0.246 0.004 -0.254 0.007 0.003 0.341 0.582
(0.004) (0.782) (0.846) (0.005) (0.766) (0.779) (0.004) (0.786) (5.389)
Farm cultivated area 0.023 1.615 2.986 0.010 -0.366 0.229 0.019 0.689 2.098
(0.015) (4.422) (4.451) (0.015) (3.679) (4.648) (0.013) (2.799) (4.649)
Irrigated area 0.037* 6.430 8.632* 0.042** 4.677 7.090 0.018 -0.369 0.882
(0.020) (5.020) (4.960) (0.020) (4.232) (5.187) (0.016) (3.357) (16.705)
Access to credit 0.069 -1.010 3.172 0.089 -3.754 1.410 -0.061 -0.429 -4.846
(0.044) (12.765) (12.227) (0.055) (10.417) (10.464) (0.052) (12.260) (20.450)
Hired labour wage 0.008 -20.788** -20.173* 0.066 -14.598 -10.458 -0.050 -6.052 -9.853
(0.042) (9.755) (10.339) (0.050) (9.303) (9.310) (0.046) (8.201) (12.098)
Access to extension services 0.091** 20.409* 25.697** 0.055 14.639 17.533* 0.098** -16.900 -8.343
(0.043) (11.380) (10.676) (0.051) (9.458) (9.125) (0.048) (15.080) (35.645)
Access to electricity -0.026 -1.598 0.006 0.354 -0.011 -0.774
(0.043) (2.741) (0.052) (3.474) (0.051) (14.855)
Distance to public transportation system -0.010 4.105 3.448 -0.005 3.069 2.742 -0.015 0.638 -0.375
(0.008) (3.119) (2.704) (0.009) (2.921) (2.089) (0.012) (2.775) (17.936)



Division Kingo ri ® 0.055 -16.664 -13.587 0.025 -16.660 -15.240 0.235* 8.912 32.616
(0.077)  (26.934) (27.882) (0.112)  (21.689) (20516)  (0.129)  (36.552)  (173.135)
Division Mbuguni ® 0.137**  2.173 11.213 0.051 -6.999 -3.970 0.033 27.725 30.160
(0.058)  (26.621) (28.570) (0.100)  (23.482) (22.690)  (0.100)  (50.115) (50.352)
Division Moshono® 0.079  -47.105* -40.836 0.068 -39.893 -34.433 -0.096 4.564 -2.320
(0.075)  (28.065) (27.229) (0.095)  (28.736) (25.978)  (0.094)  (26.780) (64.147)
Observations 341 280 341 341 240 341 341 97 341

2 Reference division is Poli.

Robust standard errors in parentheses for the marginal effects of the first stage. Bootstrapped standard errors (150 replications) in parenthesis for the conditional marginal effects for the second stage and

unconditional marginal effects.

Marginal conditional effects for the second stage and unconditional marginal effects were transformed using Duan’s smearing estimate (Duan, 1983).

**% 0<0.01, ** p<0.05, * p<0.1.
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Table 8. Conditional and unconditional average marginal effects on off-farm labour supply (lognormal double-hurdle model)

All age cohorts

15-34 age cohort

Over 35 age cohort

Conditional Unconditional Conditional Unconditional Conditional Unconditional
Decision Labour days Both stages Decision Labour days Both stages Decision Labour days  Both stages
Participation in export markets 0.010 18.806 20.294 0.023 9.610 13.267 0.033 8.086 13.986
(0.060) 17.777) (19.308) (0.048) (23.094) (82,293.231) (0.054) (14.698) (1,926.968)
Household head age -0.011*** -0.658 -2.260* -0.003 -0.179 -0.505 -0.009*** 0.356 -1.089
(0.004) (1.255) (1.308) (0.003) (1.056) (86,449.094) (0.003) (0.666) (139.623)
Household head education 0.029** 3.835 8.195** -0.008 0.887 -0.140 0.026** 2.645 6.999
(0.013) (2.702) (4.070) (0.010) (3.222) (101,958.635) (0.011) (2.270) (944.474)
Household head male -0.009 33.498 32.479* -0.059 7.165 1.623 0.109 27.250 36.152
(0.100) (22.674) (18.059) (0.089) (24.477) (37632866.971)  (0.080) (49.624) (84.591)
Numbers of individuals aged under 15 -0.046 -9.213 -16.169* 0.000 -3.503 -3.479 -0.028 0.080 -4.514
(0.030) (7.676) (8.283) (0.024) (7.962) (288,445.743) (0.025) (6.591) (264.879)
Numbers of individuals aged under 15-34  0.116*** 7.594 25.260*** 0.071*** 8.983 18.331 0.052** 4.622 13.297
(0.028) (8.363) (9.015) (0.021) (8.156) (1153826.604) (0.024) (5.738) (2,085.339)
Numbers of individuals aged 35 and over 0.161*** 16.957 41.515%** -0.045 6.021 0.146 0.224*** 11.323 48.496
(0.052) (16.601) (14.798) (0.042) (12.587) (633,589.966) (0.043) (11.054) (4,942.840)
Share of primary school graduates -0.004*** -0.729 -1.332** -0.000 -0.583 -0.625 -0.003** -0.003 -0.557
(0.002) (0.444) (0.564) (0.001) (0.437) (8,863.082) (0.001) (0.282) (79.499)
Share of lower secondary school graduates -0.002 -0.577 -0.852 0.002 -0.478 -0.178 -0.004** -0.158 -0.786
(0.002) (0.510) (0.610) (0.002) (0.521) (10,895.920) (0.002) (0.372) (115.988)
Share of upper secondary school graduates -0.002 0.251 -0.032 0.000 -0.316 -0.275 -0.001 1.581* 1.382
(0.005) (1.315) (1.952) (0.004) (1.008) (58,041.619) (0.004) (0.949) (211.173)
Farm cultivated area -0.008 2.851 1.522 -0.014 -1.732 -3.555 -0.002 5.565 5.299
(0.016) (6.797) (8.778) (0.017) (10.050) (291,283.743) (0.014) (5.368) (1,008.272)
Irrigated area 0.007 -2.524 -1.398 0.022 4.013 6.911 -0.007 -9.566 -10.925
(0.019) (7.565) (9.248) (0.018) (10.168) (26,419.187) (0.017) (6.216) (1,422.627)
Access to credit -0.031 22.646 16.957 -0.047 -1.802 -7.806 0.059 17.763 29.644
(0.058) (18.669) (21.263) (0.043) (16.881) (403,484.135) (0.054) (14.587) (5,568.405)
Off-farm wage 0.043** -6.894*** -0.207 0.003 -3.096 -2.725 0.019**  -4.381*** -1.253
(0.017) (1.985) (3.124) (0.007) (3.103) (14,855.420) (0.009) (1.685) (429.790)
Access to electricity -0.002 -0.328 0.024 3.147 -0.016 -2.576
(0.055) (8.518) (0.043) (419,697.799) (0.048) (1,347.229)
Distance to public transportation system -0.020* -4.411 -7.442 -0.007 0.426 -0.473 -0.016 -5.343 -8.015
(0.011) (5.513) (5.298) (0.009) (3.105) (121,039.846) (0.011) (4.430) (1,503.919)
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Division Kingo'ri ® -0.037 8.335 1.917 -0.045 18.413 8.872 0.124 -27.816 -17.376
(0.117)  (61.890) (48.990) (0.072)  (108.105)  (96,481.032)  (0.121)  (17.406)  (6,086.963)
Division Mbuguni ® -0.184** 9.392 21591 -0.167***  3.950 -18.504 0.051 -14.699 -7.816
(0.090)  (45.846) (31.235) (0.048)  (127.988)  (452,489.012)  (0.103)  (23.055)  (4,806.577)
Division Moshono ® -0.112 42.646 25.150 -0.156**  25.398 6.203 0.079 -11.086 2.396
(0.098)  (44.668) (38.279) (0.071)  (44.717)  (413572.873)  (0.084)  (25.448)  (1,668.609)
Observations 341 134 341 341 60 341 341 86 341

# Reference division is Poli.

Robust standard errors in parentheses for the marginal effects of the first stage. Bootstrapped standard errors (150 replications) in parenthesis for the conditional marginal effects for the second stage and unconditional

marginal effects.

Marginal conditional effects for the second stage and unconditional marginal effects were transformed using Duan’s smearing estimate (Duan, 1983).

#H% n<0.01, ** p<0.05, * p<0.1.
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Appendix

Table Al. Results of Le’s Generalized Separability Test (following Le, 2010)

Log(pQ/L)
OLS LAD AV
1) ) (©)
Off-farm hour labour wage (log) -0.119 0.103 2.305*
(0.230) (0.203) (1.348)
Number of male non-dependents -0.263 -0.293 -0.0916
(0.237) (0.215) (0.345)
Number of female non-dependents -0.290 0.0911 -0.694
(0.292) (0.251) (0.464)
Number of dependents 0.0742 -0.0251 0.0413
(0.189) (0.171) (0.266)
Export vegetables as main crops -0.886 0.0969 -0.684
(0.561) (0.504) (0.796)
Local vegetables as main crops -0.500 -0.523 -0.390
(0.517) (0.456) (0.728)
Division Kingo'ri ? -1.676* -1.049 -2.525*
(0.848) (0.752) (1.276)
Division Mbuguni ° 0.753 0.559 -0.468
(0.803) (0.702) (1.306)
Division Moshono ° -0.240 -0.423 -0.645
(0.721) (0.623) (1.035)
Constant 9.418*** 7.113*** -8.307
(1.965) (1.705) (9.955)
F-Test: Coefficients of household characteristics are 6.86*** 5.18*** 0.72
simultaneously zero and coefficient of wage is equal
to one
F(1,115)
Observations 124 124 124
R-squared 0.130

& Reference crops are the non-vegetable crops.
® Reference division is Poli.

¢ Off-farm wage is instrumented with the household head education and the commune wage (Le, 2010).

Standard errors in parentheses.
*** p<0.01, ** p<0.05, * p<0.1.
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Table A2. Maximum Likelihood Estimates of the Multivariate Sample-Selection Model (All age cohorts)

Decision to hire labour ~ Quantity of hired la- Decision to supply la-  Quantity of labour supplied

Q) bour (log) bour off-farm off-farm (log)
) ®) (4)

Participation in export markets 0.528** (0.248)  0.502** (0.196) -0.002 (0.183) 0.286 (0.214)
Household head age 0.039 (0.067) 0.054 (0.059) -0.132** (0.061) -0.039 (0.076)
Household head age (square) -0.001 (0.001) -0.001 (0.001) 0.001* (0.001) 0.000 (0.001)
Household head education -0.041 (0.050) 0.060 (0.037)  0.089** (0.041) 0.084** (0.038)
Household head male 0.870** (0.342) 0.247 (0.369) 0.001 (0.306) 0.683* (0.386)
Numbers of individuals aged under 15 0.003 (0.114) -0.198**  (0.088) -0.147 (0.094) -0.176* (0.104)
Number of individuals aged 15-34 -0.120 (0.106)  -0.172* (0.094)  0.358*** (0.092) 0.191 (0.124)
Number of individuals aged 35 and over -0.075 (0.193)  -0.288* (0.158)  0.472*** (0.164) 0.388* (0.201)
Share of primary school graduates -0.005 (0.006) -0.004 (0.005) -0.012** (0.005) -0.015** (0.006)
Share of lower secondary school graduates 0.010 (0.008) -0.009 (0.006) -0.006 (0.006) -0.011 (0.007)
Share of upper secondary school graduates -0.002 (0.018) 0.004 (0.014) -0.008 (0.015) 0.001 (0.014)
Farm cultivated area 0.106 (0.072) 0.023 (0.048) -0.028 (0.050) 0.037 (0.088)
Irrigated area 0.174* (0.098) 0.094* (0.054) 0.022 (0.059) -0.032 (0.093)
Access to credit 0.341 (0.242) -0.024 (0.184) -0.107 (0.180) 0.265 (0.218)
Hired labour wage 0.044 (0.195) -0.304**  (0.130)
Off-farm wage 0.157*** (0.054) -0.088*** (0.026)
Access to extension services 0.410** (0.193) 0.305* (0.273)
Access to electricity -0.114 (0.221) -0.008 (0.163)
Distance to public transportation system -0.048 (0.036) 0.061* (0.036) -0.061* (0.035) -0.108** (0.053)
Division Kingo'ri 0.274 (0.426) -0.233 (0.381) -0.220 (0.385) 0.141 (0.351)
Division Mbuguni 0.754* (0.414) 0.062 (0.369)  -0.692** (0.352) -0.045 (0.350)
Division Moshono 0.349 (0.339) -0.679**  (0.326) -0.409 (0.311) 0.579* (0.301)
Constant -0.887 (1.705) 2.940* (1.584) 2.678* (1.522) 4.362** (1.764)
Ln Sigma2 0.192***  (0.042)
Ln Sigma4 -0.004 (0.107)
p 12 -0.021 (0.508)
p 13 -0.027 (0.115)
p_14 0.079 (0.124)
p 23 -0.007 (0.087)
p 24 0.161 (0.100)
p_34 0.455 (0.353)
Log Likelihood -959.184***
Chi-Squared 239.70
Observations 341 341 341 341

& Reference division is Poli.
Standard errors in parentheses.
*** p<0.01, ** p<0.05, * p<0.1.

31



Table A3. Maximum Likelihood Estimates of the Multivariate Sample-Selection Model (15-34 age cohort)

Decision to hire labour Quantity of hired labour  Decision to supply la-  Quantity of labour sup-

Q) (log) bour off-farm plied off-farm (log)
) @) (4)

Participation in export markets 0.404** (0.200) 0.423** (0.211) 0.073 (0.219) 0.259 (0.354)
Household head age -0.046 (0.061) 0.044 (0.063) -0.114 (0.070) -0.063 (0.140)
Household head age (square) 0.000 (0.001) -0.001 (0.001) 0.001 (0.001) 0.001 (0.001)
Household head education 0.012 (0.043) 0.075* (0.040) -0.036 (0.048) 0.069 (0.069)
Household head male 0.489 (0.306) 0.525 (0.374) -0.245 (0.354) 0.621 (0.556)
Numbers of individuals aged under 15 0.088 (0.097) -0.167* (0.101) -0.002 (0.112) -0.253 (0.210)
Number of individuals aged 15-34 -0.132 (0.092) -0.170 (0.107) 0.331***  (0.104) 0.331 (0.256)
Number of individuals aged 35 and over -0.034 (0.166) -0.241 (0.1277) -0.213 (0.197) 0.180 (0.358)
Share of primary school graduates -0.003 (0.005) -0.002 (0.005) -0.001 (0.006) -0.027***  (0.010)
Share of lower secondary school graduates 0.001 (0.007) -0.014** (0.007) 0.011 (0.008) -0.020 (0.014)
Share of upper secondary school graduates 0.011 (0.018) -0.002 (0.016) 0.001 (0.017) -0.008 (0.022)
Farm cultivated area 0.031 (0.051) -0.003 (0.052) -0.067 (0.078) -0.111 (0.192)
Irrigated area 0.136** (0.065) 0.123** (0.062) 0.105 (0.083) 0.202 (0.193)
Access to credit 0.334* (0.194) 0.001 (0.202) -0.234 (0.220) -0.137 (0.360)
Hired labour wage 0.253 (0.169) -0.227 (0.149)
Off-farm wage 0.016 (0.034)  -0.119** (0.050)
Access to extension services 0.205 (0.165) 0.404** (0.182)
Access to electricity 0.023 (0.165) 0.157 (0.215)
Distance to public transportation system -0.013 (0.030) 0.061 (0.038) -0.033 (0.041) -0.057 (0.072)
Division Kingo'ri ® 0.096 (0.389) -0.330 (0.431) -0.232 (0.391) 0.603 (0.479)
Division Mbuguni 0.167 (0.353) -0.071 (0.370) -0.993***  (0.369) 0.087 (0.633)
Division Moshono ® 0.230 (0.318) -0.720** (0.344) -0.700** (0.308) 0.918* (0.482)
Constant 0.675 (1.530) 2.292 (1.594) 2.644 (1.775) 5.096 (3.452)
Ln Sigma2 0.254*** (0.074)
Ln Sigma4 -0.028 (0.188)
p 12 0.450 (0.343)
p_ 13 0.073 (0.119)
p_14 0.396* (0.205)
p 23 0.012 (0.107)
p 24 0.367* (0.211)
p_34 0.350 (0.663)
Log Likelihood -782.989***
Chi-Squared 179.51
Observations 341 341 341 341

& Reference division is Poli.
Standard errors in parentheses.
*** p<0.01, ** p<0.05, * p<0.1.
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Table A4. Maximum Likelihood Estimates of the Multivariate Sample-Selection Model (Over 35 age cohort)

Decision to hire labour Quantity of hired la- Decision to supply la- Quantity of labour
(@) bour (log) bour off-farm supplied off-farm (log)
(&) @) (4)

Participation in export markets 0.410** (0.198) 0.670 (0.539) 0.136 (0.199) 0.206 (0.239)
Household head age 0.087 (0.065) 0.074 (0.162) -0.053 (0.068) 0.158 (0.099)
Household head age (square) -0.001 (0.001) -0.001 (0.002) 0.000 (0.001) -0.001 (0.001)
Household head education -0.030 (0.042) -0.007 (0.075)  0.104** (0.045) 0.044 (0.050)
Household head male -0.202 (0.309) 0.857 (0.608) 0.456 (0.415) 0.895 (0.668)
Numbers of individuals aged under 15 -0.014 (0.095) -0.360* (0.208) -0.097 (0.097) 0.039 (0.121)
Number of individuals aged 15-34 -0.030 (0.088) -0.082 (0.167)  0.196** (0.095) 0.055 (0.129)
Number of individuals aged 35 and over -0.156 (0.168) 0.066 (0.389) 0.888*** (0.187) 0.089 (0.327)
Share of primary school graduates 0.003 (0.005) -0.020* (0.011) -0.013** (0.005) 0.003 (0.007)
Share of lower secondary school graduates 0.016** (0.006) -0.022 (0.019) -0.015** (0.007) 0.000 (0.009)
Share of upper secondary school graduates 0.010 (0.016) 0.023 (0.030) -0.004 (0.015) 0.039** (0.018)
Farm cultivated area 0.065 (0.045) 0.027 (0.099) -0.009 (0.054) 0.137 (0.090)
Irrigated area 0.060 (0.056) -0.106 (0.104) -0.021 (0.064) -0.216**  (0.097)
Access to credit -0.214 (0.194) 0.206 (0.407) 0.205 (0.194) 0.342 (0.235)
Hired labour wage -0.166 (0.158) -0.204 (0.318)
Off-farm wage 0.066* (0.035) -0.119***  (0.031)
Access to extension services 0.338** (0.271) -0.813* (0.459)
Access to electricity -0.003 (0.188) -0.031 (0.183)
Distance to public transportation system -0.051 (0.040) 0.022 (0.118) -0.061 (0.041) -0.104 (0.064)
Division Kingo'ri ® 0.789** (0.393) 0.529 (0.928) 0.437 (0.406) -0.939**  (0.462)
Division Mbuguni ® 0.181 (0.344) 1.449** (0.617) 0.165 (0.380) -0.352 (0.443)
Division Moshono ® -0.258 (0.314) 0.785 (0.630) 0.283 (0.346) -0.288 (0.402)
Constant -2.827* (1.668) 3.072 (4.795) -0.915 (1.668) -0.192 (2.620)
Ln Sigma2 0.275 (0.302)
Ln Sigma4 -0.156 (0.199)
p 12 -0.449 (1.087)
p_ 13 0.025 (0.112)
p_14 -0.106 (0.166)
p 23 0.006 (0.161)
p 24 0.203 (0.249)
p_34 -0.429 (0.706)
Log Likelihood -595.394***
Chi-Squared 200.28
Observations 340 340 340 340

& Reference division is Poli.
Standard errors in parentheses.
*** p<0.01, ** p<0.05, * p<0.1.
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Table A5. Likelihood ratio tests for the MSSM and nested SSM and DHM

All age cohorts

15-34 age cohort

35+ age cohort

DHM nested in SSM (df=2)
SSM nested in MSSM (df =4)
DHM nested in MSSM (df =6)

72

1.23
3.35
4.58

p-value
0.54
0.50
0.60

Interpretation

DHM preferred
SSM preferred
DHM preferred

Likelihood Ratio Tests

¥2  p-value
244 0.29
6.12 0.19
8.57 0.20

Interpretation

DHM preferred
SSM preferred
DHM preferred

72

0.77
0.90
1.68

p-value
0.68
0.92
0.95

Interpretation

DHM preferred
SSM preferred
DHM preferred
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Table A6. Maximum Likelihood Estimates for the hired labour demand (lognormal double-hurdle model)

All age cohorts

15-34 age cohort

Over 35 age cohort

Selection Log outcome Selection Log outcome Selection Log outcome
Participation in export markets 0.530** (0.224) 0.503*** (0.170) 0.418** (0.192) 0.336* (0.192) 0.435** (0.187) 1.046** (0.454)
Household head age 0.036  (0.064) 0.056 (0.051) -0.042  (0.060) 0.055 (0.059) 0.088 (0.058) 0.152  (0.151)
Household head age (square) -0.000 (0.001) -0.001 (0.000) 0.000 (0.001) -0.001 (0.001) -0.001 (0.001) -0.001 (0.001)
Household head education -0.043  (0.041)  0.060* (0.033) 0.007 (0.038) 0.072* (0.042) -0.031 (0.039) 0.004  (0.081)
Household head male 0.866**  (0.366) 0.272 (0.334) 0.474 (0.312) 0.427 (0.429) -0.197 (0.313) 0.814*  (0.490)
Numbers of individuals aged under 15 0.004  (0.098) -0.201**  (0.087) 0.095 (0.086) -0.186** (0.092) -0.011 (0.090) -0.405* (0.232)
Number of individuals aged 15-34 -0.119  (0.104) -0.172*  (0.102) -0.107  (0.085) -0.159  (0.108) -0.032 (0.089) -0.137  (0.189)
Number of individuals aged 35 and over -0.063  (0.177) -0.300**  (0.153) -0.059  (0.157) -0.249 (0.165) -0.156 (0.161) -0.065 (0.340)
Share of primary school graduates -0.005 (0.005)  -0.004 (0.005) -0.002  (0.005) -0.002 (0.005) 0.003 (0.005) -0.023** (0.011)
Share of lower secondary school graduates 0.010  (0.007)  -0.009 (0.006) 0.002 (0.006) -0.015** (0.007) 0.016** (0.007) -0.020 (0.013)
Share of upper secondary school graduates -0.002  (0.015) 0.004 (0.009) 0.014 (0.014) -0.005 (0.012) 0.011 (0.0149) 0.017 (0.022)
Farm cultivated area 0.105*  (0.058) 0.024 (0.044) 0.033 (0.046) -0.008 (0.053) 0.066 (0.063) 0.035  (0.091)
Irrigated area 0.171** (0.084)  0.095* (0.054) 0.137** (0.060) 0.098 (0.066) 0.061 (0.070) -0.019 (0.108)
Access to credit 0.343 (0.212) -0.015 (0.163) 0.302 (0.189) -0.079 (0.182) -0.217 (0.190) -0.022  (0.421)
Hired labour wage 0.036  (0.117) -0.306**  (0.140) 0.218 (0.136) -0.304* (0.169) -0.171 (0.158) -0.306  (0.304)
Access to extension services 0.413** (0.190) 0.316* (0.165) 0.180 (0.161) 0.320* (0.183) 0.340** (0.171) -0.730** (0.345)
Access to electricity -0.122  (0.192) 0.020 (0.167) -0.037  (0.175)
Distance to public transportation system -0.048  (0.031) 0.060 (0.042) -0.016  (0.031) 0.064 (0.046) -0.050 (0.034) 0.032 (0.110)
Division Kingo'ri ® 0.278  (0.400) -0.272 (0.453) 0.085 (0.361) -0.403 (0.482) 0.720* (0.402) 0.395  (0.747)
Division Mbuguni® 0.767*  (0.404) 0.032 (0.389) 0.173 (0.319) -0.149 (0.432) 0.109 (0.346) 1.058  (0.692)
Division Moshono® 0.357  (0.327) -0.699*  (0.379) 0.223 (0.280) -0.802* (0.418) -0.319 (0.310) 0.221  (0.670)
Constant -0.767  (1.634) 2.909**  (1.327) 0.620 (1.513) 2.631  (1.601) -2.734* (1.488) 0.979  (3.636)
Log pseudolikelihood -582.982 -574.342 -338.247
Observations 341 280 341 240 341 97

& Reference division is Poli.
Standard errors in parentheses.
***p<0.01, ** p<0.05, * p<0.1.
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Table A7. Maximum Likelihood Estimates for the off-farm labour supply (lognormal double-hurdle model)

All age cohorts

15-34 age cohort

Over 35 age cohort

Selection Log outcome Selection Log outcome Selection Log outcome
Participation in export markets 0.030 (0.184) 0.279 (0.220) 0.104 (0.215) 0.389  (0.419) 0.123 (0.198)  0.180 (0.259)
Household head age -0.146*** (0.056)  0.001 (0.070)  -0.116* (0.060) -0.060  (0.132) -0.047  (0.068)  0.150 (0.111)
Household head age (square) 0.001**  (0.001) -0.000 (0.001) 0.001** (0.001) 0.001  (0.001) 0.000 (0.001) -0.001 (0.001)
Household head education 0.088**  (0.040) 0.059*  (0.032) -0.037  (0.044) 0.038  (0.089) 0.099** (0.044) 0.060 (0.042)
Household head male -0.028 (0.347) 0.702**  (0.353) -0.251  (0.370) 0.356  (0.457) 0.478 (0.414)  0.955 (0.716)
Numbers of individuals aged under 15 -0.141 (0.087) -0.143  (0.099) 0.002 (0.097) -0.151 (0.213) -0.106  (0.098)  0.002 (0.119)
Number of individuals aged 15-34 0.353***  (0.086) 0.118 (0.092) 0.332*** (0.091) 0.387* (0.202) 0.199** (0.095)  0.106 (0.114)
Number of individuals aged 35 and over 0.493***  (0.154) 0.263 (0.179) -0.212  (0.177) 0.259  (0.397) 0.854*** (0.180)  0.259 (0.213)
Share of primary school graduates -0.012***  (0.005) -0.011** (0.006) -0.001  (0.005) -0.025** (0.011) -0.013** (0.005) -0.000 (0.006)
Share of lower secondary school graduates -0.006 (0.006) -0.009  (0.006) 0.011* (0.006) -0.021 (0.013) -0.014** (0.007) -0.004 (0.008)
Share of upper secondary school graduates -0.006 (0.014) 0.004 (0.016) 0.002 (0.014) -0.014 (0.027) -0.005  (0.015) 0.036* (0.019)
Farm cultivated area -0.025 (0.048) 0.044 (0.096) -0.065  (0.058) -0.075  (0.296) -0.008  (0.054) 0.127 (0.100)
Irrigated area 0.022 (0.056) -0.039  (0.108) 0.102 (0.065) 0.173  (0.307) -0.028  (0.064) -0.219**  (0.108)
Access to credit -0.096 (0.178)  0.335 (0.213) -0.230  (0.220) -0.079  (0.389) 0.219 (0.192)  0.392 (0.251)
Off-farm wage 0.130***  (0.044) -0.107*** (0.024) 0.014  (0.029) -0.133** (0.066) 0.074** (0.036) -0.100*** (0.022)
Access to electricity -0.007 (0.166) 0.113 (0.192) -0.059  (0.182)
Distance to public transportation system -0.062**  (0.029) -0.068  (0.071) -0.032  (0.035) 0.018 (0.086) -0.060  (0.041) -0.122*  (0.068)
Division Kingori ® -0.114 (0.365)  0.123 (0.505) -0.223  (0.369) 0.612  (0.759) 0.437 (0.401) -0.864*  (0.486)
Division Mbuguni® -0.607*  (0.336) 0.139 (0.415) -0.981*** (0.356) 0.159  (0.600) 0.190 (0.371)  -0.359 (0.486)
Division Moshono® -0.338 (0.303)  0.657 (0.466) -0.687** (0.308) 1.052  (0.696) 0.307 (0.340)  -0.247 (0.440)
Constant 3.033**  (1.417) 3.703** (1.768)  2.700* (1.539) 5.265 (3.641) -1.023  (1.671) -0.572 (2.799)
Log pseudolikelihood -378.825 -211.925 -263.297
Observations 341 134 341 60 341 86

2 Reference division is Poli.
Standard errors in parentheses.
*** n<0.01, ** p<0.05, * p<0.1.
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Table A8. Hourly wages received by hired labourers

Traditional markets Export markets Total
(N=257) (N=87) (N=344)
Wage received by hired labourers (in Tsh. per hour) 1103.1 (533.2) 1210.4 (587.4) 1130.3 (548.5)
Wage received by hired labourers —15-34 age cohort (in Tsh. per hour) 1169.3 (646.2) 1242.2 (670.7) 1191.5 (653.1)
Wage received by hired labourers — 35 and over age cohort (in Tsh. per hour) 1042.3 (477.7) 1108.0 (455.2) 1064.4 (468.6)
Observations 344

Mean coefficients.
Standard deviations in parentheses.
*p<0.10, ** p < 0.05, *** p < 0.01.
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