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Abstract

The promotion of agroforestry as a mitigation practice requires an understanding of the economic
benefits and its acceptability to farmers. This work examines the agro-ecological and socio-
economic factors that condition profitability and acceptance of agroforestry by smallholder farmers
in Western Kenya. We differentiate the use of trees according to the permanence of carbon
sequestration, introducing a distinction between practices with “high mitigation benefits” (timber)
and practices with “low mitigation benefits” (fuelwood). This study goes beyond the analysis of

incentives to plant trees to identify incentives to plant trees that lead to high mitigation outcomes.

We show that environmental factors shaping the production system largely drive the choice for

planting trees with high mitigation benefits. Most trees in the area are used for fuelwood, and the
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charcoal economy outweighs economic factors influencing planting of trees with high mitigation
benefits. Larger households tend to produce more fuelwood, while high mitigation uses are
positively related to the education level of the household head, and to the belief that trees play a
positive role for the environment. Where trees contribute significantly to incomes, the norm is that

they are owned by men.

We conclude that although agroforestry is not perceived to be more profitable than traditional
agricultural practices, it plays an important economic and environmental role by supporting
subsistence through provision of fuelwood and could relieve pressure upon common forest
resources. In areas with high tree cover, it also represents a way of storing capital to deal with

risks and cope with uncertainty.

Keywords: fuelwood, charcoal, profitability, acceptability, gender, labour.
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1. Introduction

The benefits of agroforestry to soil fertility are particularly valuable where poor soils are associated
with low and declining crop yields, food deficits and dependence on food aid (Verchot et al. 2007,
Okalebo et al. 2006). Tree-based land-uses sequester carbon dioxide from the atmosphere into
the carbon (C) stored in plant and soil biomass, with the most significant increases in C storage
achieved by moving from low biomass systems (grasslands, agricultural fallows, permanent
shrublands) to tree-based systems (Roshetko et al. 2005). Agroforestry practices can emit less
non-CO- gases than other land uses if managed properly (Rosenstock et al. 2014), and therefore
agroforestry can contribute to climate change mitigation, especially in smallholder systems

(Verchot et al. 2007; Montagnini and Nair 2012).

The socio-economics of agroforestry systems have received little attention in research (Mbow et
al. 2014). However, “it is the production from agroforestry systems that makes it an attractive land
use for farmers, not its environmental benignancy” (Hosier 1989 p.1835), and “for agroforestry to
successfully spread, it must be economically profitable to the smallholders who are practicing it
(ibid. p.1827). Agroforestry systems provide food, fuelwood, bioenergy (for cooking, heating
drinking water, bathing or washing clothes), medicine, livestock feed, timber and construction
materials. Trees are also viewed as ‘stored capital’ or ‘money in the bank’, and sold as timber when
the need arises (Rice 2008). Agroforestry provides a means for diversifying incomes, and systems
that produce a variety of wood and non-wood products are preferred because they meet household

needs, and help reduce risks (Roshetko et al. 2005).

Examining agroforestry options for their mitigation benefits requires understanding how farmers
perceive and value the various benefits they receive from a particular practice. The promotion of
agroforestry as a mitigation practice therefore requires an understanding of the economic benefits

for farmers, namely its financial value. However, previous studies have shown that adoption of a
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practice is also determined by its acceptability to farmers (Franzel et al. 2001), which depends on
the compatibility of the practice with farmers’ socio-cultural values, and its suitability to accepted
gender roles (Franzel et al. 2001, Swinkels and Franzel 1997, Rogers 1995). Acceptability of a
practice also depends on its feasibility from the farmers’ point of view (Franzel et al. 2001, Swinkels
and Franzel 1997) — for instance, the opportunity costs of switching household labour to

agroforestry from an alternative activity should not be high.

Recent studies have looked at socio-psychological factors, such as perceptions and attitudes, to
explain adoption behaviour in relation agroforestry practices. Ajayi (2007) show that technical
characteristics are important, but not the only factors affecting adoption of improved technologies
by farmers in Zambia, and challenges to widespread uptake of improved fallow technologies
include land constraints, property rights, availability of seeds, and the knowledge-intensive nature
of the technology. Zubair and Garforth (2006) found that willingness to grow trees by farmers in
Pakistan was a function of their attitudes towards the benefits and challenges of growing trees,
their perception of the opinions of salient referents, and a number of other factors that encourage
and discourage farm-level tree planting. Tree planting was perceived as increasing income,
providing wood for fuel and furniture, controlling erosion and pollution, and providing shade for
humans and animals. Sood and Mitchell (2004) found that in the Western Himalayas, farmers'
perceptions of the restrictions on tree felling on their own land and their attitudes towards
agroforestry were the most important socio-psychological factors influencing the decision to grow
trees. Meijer et al. (2015) developed an analytical framework that emphasizes the role of

knowledge, attitudes and perceptions in the decision-making process of adoption.

This work examined the agro-ecological and socio-economic factors that condition profitability and

acceptability of agroforestry by smallholder farmers. We differentiated the use of trees according
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to the permanence of C sequestration, introducing a distinction between practices with “high
mitigation (HM) benefits” and practices with “low mitigation (LM) benefits”. These categories were
distinguished using the following approach: all uses of trees which implied that trees were allowed
to grow for extended periods and therefore sequester C in the longer term (e.g. production of
timber, fodder, fruits/nuts, medicinal products) were considered to deliver HM benefits. On the
other hand, uses of trees implying early harvest of products and leading to C losses — including
production of fuelwood, charcoal and livestock feed (the latter due to the large biomass harvest) —
were categorised as LM. As such, this study goes beyond the identification of incentives to plant
trees, as many earlier studies have, to the exploration of the factors and incentives for planting

trees that lead to HM outcomes in particular.

We first analysed factors that determine the HM and LM potential uses of trees on-farm. Our goal
was to understand whether and to what extent HM and LM uses were determined by household
characteristics, environmental factors, and farmers’ perceptions regarding economic and
environmental benefits of having trees on their farms. We subsequently investigated how HM and
LM uses contributed to household incomes and livelihoods, looking at the financial returns from
the two types of uses of trees. Thirdly, we analysed factors influencing the amount of labour
allocated to agroforestry efforts, asking whether and to what extent decisions to allocate labour to
agroforestry were influenced by household characteristics, environmental factors, and farmers’
perceptions regarding the overall benefits of growing trees. We computed returns to labour and
compared labour productivity of agroforestry to that of traditional farming practices in the region.,
In the analysis of labour allocation and productivity we did not differentiate between HM and LM
uses of trees because farmers were only able to estimate the time spent on managing trees but
not the amount of time spent on HM versus LM uses. Finally, we investigated more in depth the
socio-cultural aspects of acceptability of agroforestry, assessing a number of non-material factors
affecting adoption, namely a set of perceptions regarding benefits and challenges from growing

5
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tees, and a number of cultural beliefs regarding gender roles, and their relationship with

environmental factors.

Our data were collected through a survey on agroforestry practices carried out from November
2013 to April 2014 on 200 farms in the Lower Nyando Basin in western Kenya, together with a
detailed household survey collected in 2012 in the same site (Rufino et al. 2013a). This study was
part of the Standard Assessment of Mitigation Potential and Livelihoods in Smallholder Systems
(SAMPLES) project, an approach developed by the CGIAR Climate Change, Agriculture, and Food
Security Program (CCAFS), which aimed to improve the quantification of baseline GHG emissions

to support climate change mitigation (Rosenstock et al. 2013).

2. Data and methods

2.1 Study site and sampling

The Lower Nyando Basin in western Kenya is in a sub-humid zone, with a bimodal rainy season
(March to July and August to November). Farming systems are characterized as mixed rainfed
crop-livestock (Kristjanson et al. 2012). The research site is a grid of 10 x 10 km purposively
selected by CCAFS to conduct action research on climate-smart agriculture (Forch et al. 2014)

(Electronic Supplementary Material, ESM, Figure 1).

Data on agroforestry were collected from a random sample of 200 farms distributed across 20
villages randomly selected by the SAMPLES team to collect data on GHG emissions, and located
in two sub-Counties: Kericho West (Kericho County, Rift Valley region) (60%) and Nyakach,
(Kisumu County, Nyanza region) (40%). The random selection of farms involved first participatory
mapping exercises (Dorward et al. 2007), which consisted in preparing for each village detailed

maps using key informants (a total of 29 elders and community leaders); who helped mapping a
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total of 789 households, identifying in each village presence and distribution of trees with different
uses. Subsequently, 200 farms were selected randomly to collect specific data on agroforestry.
One person was interviewed in each farm - the head of the household or an adult member with

good knowledge of the farm.

The village-level data show differences in agricultural practices in the landscape — lowlands versus
midslopes versus highland areas — which reflect the dynamics of the expansion of agriculture over
the last 30 years. In this study we refer to these areas as production systems. In the highlands,
73% and 56% of households grow trees for fruits and construction materials respectively, while
only 28% grow trees for fuelwood. The midslopes have the largest proportion of farms with trees
used for fuelwood (80%), a fair proportion with trees for construction (49%), and a smaller
proportion with fruit trees (17%). In the lowlands trees for construction dominate (59% of

households), but we also found trees for fuelwood (24%) and for fruits (22%).

a. Data
In the selected farms and for each tree species we collected: uses, number, approximate age,
ownership, decision-making (regarding harvesting and selling); use of labour and other inputs;
outputs: quantity collected, consumed, sold, donated, used as animal feed, etc., frequency of
collection; training received. Data at household level included household head gender, age,
education; land size; sources of income; household composition; on-farm and off-farm family
labour; factors affecting the decision to plant/grow trees, perceptions of challenges and benefits,
common beliefs with regard to trees, gender norms pertaining to trees (division of labour,

ownership of resources).
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2.3 Approach and methods

We hypothesized that the economic benefits from agroforestry depend on factors related to the
environment and the type of production system and to household and farm characteristics. The
adoption of agroforestry depends on socio-cultural acceptability: practices are adopted when they

are in line with gender relations and labour norms.

When possible, we distinguish between practices that have a high potential for sequestering C
(HM), and practices that have a low potential for sequestering C (LM). A better understanding of
the different drivers behind HM and LM practices in agroforestry can contribute to strategies that
lead to smallholders playing a greater role in lowering GHG emissions and improving their
livelihoods with more trees on-farm. We first examine the factors that explain the choice of HM and
LM practices. We then investigate labour allocation to agroforestry. Finally, we compare returns to
labour with that of other farming practices. Our analysis excluded fruit trees, for which reliable data

on production and prices could not be collected.

2.3.1 Use of trees
To examine the factors that explain the choice of using trees for HM and LM practices, we run i

ordered logit models that take this form:

N_Uses;, = a + 8 ProdSys, + y NTreeSpecies, + § NHIncomes, + 8 NCrops, + m HSize,
+ p HHEdu, + t HHGender, + ¢ Beliefs, + pTimberOf fFarm

+ Q FuelwoodOffFarm + ¢
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where i = HM indicates the number of uses of trees contributing to C sequestration (HM); and i =
LM the number of uses of trees that have an LM impact in farm z*. ProdSys is a categorical variable
that indicates the type of production system (lowlands, midslopes, highlands); NTreeSpecies
indicates the number of tree species on-farm; NHIncomes is an indicator of wealth that captures
the number of sources of income available to the household?; NCrops indicates the number of
crops grown; HSize is the number of household members; HHEdu and HHGender number of years
of formal education and gender of the household head; Beliefs includes two 5-scale Likert
variables that capture farmers’ agreement with specific statements regarding trees profitability and
environmental benefits, hence depicting farmers’ beliefs on benefits obtained from trees?,
TimberOf fFarm and FuelwoodOf fFarm are dummy variables indicating respectively whether

timber and fuelwood (firewood and/or charcoal) were harvested off farm.

We tested the hypotheses that: 1) Production system influences the number of uses (HM versus
LM), with farms located in more fertile areas (highlands) more likely to plant trees species that are
used for construction (HM); 2) Tree species diversity favours HM uses because farms that grow
more species also grow more trees which can be used for both HM and LM practices; 3)
Households that can rely on a larger number of income sources tend to be better off*, are able to
dedicate part of their resources (land, labour) to agroforestry practices that yield long-term

economic returns, and are less likely to make myopic decisions that favour the short-term but

1 Each dependent variable is a numeric variable equal to the sum of the number of high- or low-mitigation
practices from each species of tree at farm level.

2 Possible sources of income included: work in other farms, salaried employment, self-employment,
gifts/remittances, environmental services, government projects, formal credit, informal credit, rent of
machines/animals, rent of land, sale of farm products.

3 The farmers were asked how much they agreed with the following statements: “Trees are profitable” and
“Trees are good for the environment”. Answers ranged from ‘strongly disagree’ to ‘strongly agree’.

4 Reardon et al. (2007) show that in poor areas, households typically operate both farm and nonfarm
activities, and although they may not do either very efficiently they are able to manage risk, compensate for
a poor asset base and survive. At household level, increasing household income is typically associated with
higher rates of pluriactivity. Rufino et al. (2013b) show that more diverse income sources results in both
more income and more food security in East Africa.
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neglect long-term outcomes (Yesuf and Bluffstone 2018); 4) The larger the varieties of crops grown
on the farm, the higher the chances that the farm will be food secure, and the higher the probability
of growing trees with HM uses, which represent a form of long-term investment (Jerneck and
Olsson 2014): 5) Larger households have more of both HM and LM trees, to satisfy both the need
for diversification of incomes (wood for construction and charcoal) and for fuelwood; 6) Beliefs
matter: farmers who express an interest in both income and environmental benefits of trees
(namely providing shade, attracting rainfall, functioning as wind breaks and controlling soil erosion)
prefer growing HM trees; 7) Collection of timber off-farm should reduce the need to keep trees with

HM uses, while collection of fuelwood off-farm should reduce the need to keep trees with LM uses.

2.3.2 Valuing high and low mitigation tree products
To investigate the factors influencing the value of the products from the i types of practices in farm
z, we regress the value of products for HM (Value_Products_HM,) and LM

uses (Value_Products_LM,) on a number of independent variables:

Value_Products;,

= a+ B ProdSys, + y NTrees, + 6 N_Uses;, + 6 AFLabor(f ), + ® HHEdu,

+ €

where NTrees represents the number of trees grown; N_Uses indicate the number of HM and LM
uses in each farm; and AFLabor is a vector of indicators for the time (number of hours per year)
spent on agroforestry by household members (female, male) and hired labourers. Given that the
exact time when products were collected over the previous year could not be specified by the

farmers, a zero discount rate was used in the assessment of their value.

10
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We hypothesized that the labour invested in agroforestry is positively related to the value of
production; The number of trees grown and the number of HM and LM uses increase the monetary
value of the products of each type; Highlands produce more valuable products; Finally, more

educated household heads produce higher value products®.

2.3.3 Allocation of labour
To investigate the determinants of labour allocation to agroforestry, the following model was
estimated:

AFLabour, = a +  ProdSys, + y NCrops, + 6 NTrees, + 8 OtherFarmWork, + m HSize,

+ p HLabourCost, + t Beliefs, + ¢

where AFLabour, indicates the total labour spent on agroforestry (household and hired work), over
the 12 months prior to the survey in farm z. OtherFarmWork is a dummy indicating whether cash
is earned through work in other farms (around 70 percent of farmers admitted to have done work
in other farms in the previous year). HLabourCost is the hourly cost of household labour, estimated
by asking to the farmer how much (s)he would have paid if (s)he had to hire someone to do the

task®.

We hypothesized that: Household size is positively related to the amount of work dedicated to
trees; The number of crops grown and off-farm work are negatively related to labour spent on

trees; The (opportunity) cost of household labour reduces time spent on trees’; Finally, farmers

5 Fruits represented around 10% of all products obtained from trees. For this reason, the economic value of high-potential
mitigation uses might be underestimated.

5 The cost of hired labour is not included in the regression due to the small number of observations.

" Our focus was primarily on the opportunity cost of household labour invested in agroforestry activities, which is a
fundamental aspect of acceptability of a practice, as it affects its perceived feasibility. The opportunity cost of household
labour was defined as the value of resources lost or forgone in order to develop HM and LM products, and that could
have spent elsewhere (Reed 2007).

11
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who have positive beliefs regarding benefits from growing trees allocate more labour to

agroforestry.

2.3.4 Productivity

Returns to land and to labour are commonly used to assess the financial value of trees (Ramadhani
et al. 2002). We estimate returns to labour because trees in the study area are typically planted
sparsely or as live fences, and do not occupy large areas. We compute annual labour productivity
of a farming practice at farm level by dividing the total annual gross value of production by the

amount of labour allocated to the practice.

There is no theoretical basis for knowing a priori how returns to labour influence agroforestry
practices, therefore we estimate this empirically. Data on agroforestry products, labour and wage
rates were collected from the farmers interviewed, and for output prices from key informants (elders
and leaders). Data on other farming practices came from the 2012 IMPACTIite survey (Rufino et
al. 2013a)8. The farms included in the two surveys are not the same since only few farms surveyed

in 2012 had trees records.

2.3.5 Social acceptability

Decisions regarding planting trees are related to farmers’ perceptions regarding benefits and
challenges of growing trees. Farmers who state that trees have positive economic or environmental
functions (profitable, good for the environment) are more likely to grow trees than farmers who
believe that trees cause negative effects (reduce land fertility, shade other crops, host parasites),
or report that their decision to grow trees is affected by a number of constraints (price of seedlings,

availability of water, availability of labour, lack of skills).

8 We obtained a measure of labour productivity per hour for the majority of farming practices for which we had records
of production and prices (maize, sugarcane, beans, sorghum, sweet potato, millet, groundnut and intercropping of these).
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Decisions regarding growing trees may also be related to norms that define gender roles and
division of labour, decision-making processes, and ownership of resources within the household.

Gender norms can influence decisions regarding the species and number of trees planted. On
gender norms and how these affect agroforestry practices, see for instance Kiptot and

Franzel (2012)°.

During the survey, farmers were asked to express their degree of agreement with a set of
perceptions regarding the benefits from, and challenges of, growing trees, as well as gender roles
and ownership in relation to trees. Their answers were recorded on a five-point Likert scale ranging
from ‘strongly disagree’ to ‘strongly agree’. We used one-way ANOVA to test whether farmers’

perceptions and their gender beliefs differ across production systems.

3. Results

3.1 Uses of trees

The decision to use trees for early harvesting of products like fuelwood, which would lead to C
losses or for late harvesting of products like timber that were likely to sequester C in the longer
term, was found to be significantly related to production system (highlands, midslopes, lowlands)
and household characteristics (Table 1). Farmers located in the midslopes and the highlands
reported having more trees with both HM and LM uses. Farmers with a greater diversity of trees

more frequently used them for HM benefits. LM uses were positively related to household size,

9 According to the authors, “women in Africa remain disadvantaged in the agricultural sector due to cultural, sociological
and economic factors. Such factors include limited access to resources and household decision-making. Such resources
that are directly linked to agroforestry include land and tree resources, financial credit, extension service, labour and
appropriate technology. Furthermore, many African societies have taboos that prohibit women from undertaking certain
activities, which may limit their participation in developmental interventions such as agroforestry”.

13
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indicating that larger households need more fuelwood. Together with the number of tree species,

the type of production system was the strongest determinant of HM practices.

The factors significantly influencing LM practices also included production system and household
size. The education level of the household head was positively related to HM uses of trees
(p=0.10). The belief that trees are good for the environment was positively related to HM practices.
Interestingly, the belief that trees are profitable did not seem to affect either HM or LM uses in our
results. Households with more income sources were more likely to keep trees for both HM and LM
uses. Finally, households who relied on collection of timber off-farm had fewer LM trees, but

collection of timber off-farm was not significantly related to having HM on-farm trees.

During our survey, very few farmers claimed to use trees for environmental purposes (e.g. to
restore degraded land), suggesting that agroforestry for soil fertility improvement is not the main
goal (see also Jama et al. 2008, Pisanelli et al. 2008). Franzel (1999) and Backes (2001) found
that farmers in western Kenya find it difficult to fallow land, because there is little arable land
available and thus it is now being continuously cropped. Our findings support Kiptot et al. (2007)’s
conclusion that for improved fallow technologies to be attractive to farmers, they must provide

other economic benefits additional to the soil fertility improvement benefits.

3.2 Economic value

Around 60% of the trees produced multiple products in the surveyed farms. Outputs included
products used in construction, i.e. poles, timber and trunks (37% of the records), fuelwood (35%),
charcoal (11%), and fruits (10%). Altogether, these six products represented 93% of total outputs,

with the remaining 7% being fodder, leaves and products for medicinal use.
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Most products were collected occasionally, with the exception of fuelwood and charcoal, which
represent a source of regular income in the midslopes (ESM Figure 2). Only 18% of the products
were collected regularly, with 82% collected when ready or when there was need (mainly fuelwood,

poles, trunks and timber) (Table 9, ESM).

In the midslopes, income from charcoal and firewood - on average 19,850+47,500 Kenyan
Shillings (KSh) per household per year (or approximately $198+475, $1= KSh 100), clearly
outweighed the net benefits from HM uses of trees (on average KSh 1,150+4,500, or $11+45 per
household per year). On-farm trees were used to meet household needs, and through the market,
community fuelwood needs — including the needs of lowlands and highlands communities. In this
area, local forest resource conservation efforts might benefit from these practices, since exploiting
on-farm wood resources can relieve the pressure upon forest resources (Rice 2008). HM products
provided farmers in the lowlands and the highlands a relatively larger but infrequent source of
finance (on average around KSh 2,450+5,500 per household per year, or $24+455, and KSh
2,400£7,900, or $24+79, respectively). Hence, it seems that in the lowlands and the highlands,
more than in the midslopes, trees were viewed by farmers as ‘stored capital’, in that they were
used as lumber (Rice, 2008), and as a means of generating income and limiting risk (Roshetko et

al. 2005)™,

The results from our regression (Table 2) show that in the midslopes the value of LM products was
higher than those in other production systems, while the value of HM products was lower. The
value of LM products is positively related to male and female labour spent on agroforestry. We
found a negative relationship between labour allocated by male-headed households and the value

obtained from HM products: farmers who earned more with HM products were also those who

10 Due to issues of data reliability, fruits as well as minor products like fodder, leaves, thin poles used in construction,
and medicinal herbs were excluded from the analysis.
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dedicated less labour to managing trees, perhaps because the products sold were harvested by
the buyers, a common practice in the area. The level of education of the household head was not
related to the value of HM products, but it was negatively related to the value LM products,
suggesting that less educated households will be challenging targets for projects aimed at

increasing mitigation uses of agroforestry.

3.3 Allocation of labour

Farmers from the midslopes employed significantly more labour on agroforestry than farmers from
the lowlands (but not significantly more than farmers in the highlands) (ESM Table 5). There was
no difference between production systems with regard to male labour dedicated to agroforestry.
However, in the lowlands we saw significantly less female labour allocated to agroforestry in
absolute terms; and in the midslopes there was significantly more female labour than in the
highlands. Hired labour was used less in the lowlands than in the other two systems. The cost of
labour, both hired and from the household, was not significantly different across production

systems (ESM Table 5).

In line with the results from ANOVA, our regression results (Table 3) show that labour allocated to
agroforestry was positively related to the midslopes system, where LM products were also more
valuable (Table 2). Labour allocated to agroforestry increased significantly with the number of
crops grown, whereas it decreased with off-farm employment. The amount of work invested in
agroforestry efforts decreased significantly as the opportunity cost of household labour rose.
Contrary to our expectations, however, household size and the total number of trees on-farm was
not significantly related to the amount of time dedicated to agroforestry practices. Interestingly,
perceived benefits had no significant influence — in particular, farmers with positive perceptions of
the benefits from growing trees (either economic or environmental) were not more likely to allocate

more labour to agroforestry.
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3.4 Comparing returns to agroforestry with other practices

We compared the gross value of agroforestry production with the returns to other farm agricultural
practices. Of 944 cropping fields surveyed in 2012 (Rufino et al. 2013a), around 12% had gross
returns above KSh 30,000 per year (around $300). Less than 5% of farmers obtained 30,000 KSh
or more as annual gross returns from non-food tree products!. Hence, in the study area about

90% of the population does not get $1 a day from either agroforestry or other farming practices.

Consistent with these results, our data show that most farmers (73%) disagreed with the statement
that trees are profitable (18.5% agreed that they are profitable, 8.5% were neutral). Interestingly,
farmers who earn more than KSh 30,000 per year from the sale of tree products collected regularly
did not perceive trees as more profitable than other farmers. Although farmers who earned a
regular income from trees were likely to agree that trees are profitable, agroforestry was generally

not perceived to be a profitable practice.

To compare the profitability of agroforestry with that of other farming practices, we computed a
measure of labour productivity at farm level that did not include the cost of work. The labour
productivity of agroforestry (period 2013-14) was much higher than that of other farming practices
(year 2012) (Table 4), because less labour is used in agroforestry, which compensated for the
lower revenues from tree products in comparison to products obtained from other farming

practices.

3.5 Social acceptability
Farmers in the lowlands were the least convinced about the profitability of trees. Views on the

environmental benefits of agroforestry were similar across systems. Farmers in the lowlands stated

11 A measure of net revenues including costs of inputs would show larger net revenues from agroforestry, because little
inputs are required (seeds, fertilisers, etc.).
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more strongly that prices of seedlings and availability of skilled labour were important factors
affecting their decision to grow trees. Lowland farmers were also significantly more likely to believe

that trees make land infertile than farmers in the midslopes (Table 6 ESM).

Farmers from the midslopes were significantly more likely than highland farmers to assert that
labour needs affects their decision to grow trees, which is consistent with our results showing that
more labour was needed in the midslopes to manage trees. Farmers in the midslopes, where on-
farm tree cover is higher, are also more likely to be concerned about trees shading crops than
farmers in the lowlands. In the highlands, farmers have fewer negative perceptions of trees than

in the other systems.

Farmers the highlands in particular thought that trees are always owned by men. Farmers in the
midslopes were also more likely to believe that trees are only owned by men, and to agree with
the contention that trees are ‘men’s work’. This is at odds with the fact that in the midslopes

relatively more female labour was spent on trees.

4. Discussion and conclusions

Our study shows that smallholder farmers managed trees of different species for multiple uses,
and in more diverse systems there were more HM uses. Production systems had a big influence
on the choice of trees and their uses. Farms located in the midslopes and highlands, characterized
by relatively higher rainfall, had more trees and used them both as a source of fuelwood and in a
way that contributed to sequestering C. LM uses of trees were positively related to household size,
in part because larger households have higher fuelwood needs. On the other side, HM uses of

trees were positively related to the education level of the household head, and to the belief that
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trees play a positive role for the environment. Finally, wealthier households were able to dedicate

more resources (land, work) to agroforestry.

LM products provided a source of regular income to households in the midslopes, where in
particular charcoal earnings outweighed the returns from HM uses. There, agroforestry practices
seemed to play an important role in relieving the pressure upon forest resources (Rice 2008). We
also found that more female labour was dedicated to agroforestry in the midslopes, highlighting
how women influence the type and use of trees grown (Kiptot and Franzel 2012). Previous studies
have documented male control over trees and how this is grounded in cultural norms (David 1997,
Chavangi 1987). In line with previous work (Kiptot and Franzel 2012), we found that womens’
participation was low in enterprises traditionally considered a man’s domain, such as timber
production, and high in enterprises that have low or no commercial value and high consumption

value, such as the collection of fuelwood.

In contrast, HM products, such as timber, provided farmers in the lowlands and highlands relatively
more income, but on an on-and-off basis. Hence, it seems that in these systems, more than in the
midslopes, trees were viewed by farmers as ‘stored capital’ or ‘money in the bank’. Our results
show that farms in the highlands were more diversified in terms of number of crops grown (ESM
Tables 2 and 4). If we consider this as an indicator of food security, then drawing on Jerneck and
Olsson (2014), our results suggest that relatively food secure farmers in the highlands might act
as 'opportunity seekers' and adopt HM agroforestry practices; on the other side, due to the 'food
imperative', people in the lowlands and midslopes act as 'risk evaders' and tend to choose LM

uses.

Relatively more farmers get a higher income from traditional farming practices, amounting to
around $1 a day, than from growing trees. However, labour productivity for agroforestry seems
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much higher than labour productivity for other farming practices, most likely due to the smaller
amount of work and external inputs used in managing trees. Other evidence suggests that
agroforestry products may generate capital beyond subsistence levels, thereby aiding capital

accumulation and re-investment at the farm level (Mbow et al. 2014).

Building on our findings, perceptions of agroforestry as a non-remunerative activity could limit
agroforestry practices and their mitigation benefits. These perceptions could relate to the relatively
longer temporal scale over which rewards are delivered (e.g. waiting five to eight years for fruit or
timber products, compared to harvesting two crops per year). Also, agroforestry systems compete
with supplies from natural forests where extraction costs are lower than cultivation costs, and the
opportunity cost of land for uses other than food production is particularly high for smallholder
farmers (Reed 2007), especially in the context of increasing population pressures in Western
Kenya. Finally, poor record-keeping on the amount of labour spent and the revenues earned from
the periodic sale of tree products could contribute to perceptions of agroforestry as non-

remunerative compared to other agricultural practices with regular, seasonal work requirements.

David (1997) shows that in farm households in western Kenya, off-farm work represents the most
important source of income, and tree products are of secondary importance in cash earnings;
farmers are likely to give priority to investing in businesses and livestock production, which yield
short-term economic returns, as opposed to investing in long-term agroforestry technologies. Our
analysis shows that the opportunity cost of household labour is key, and the amount of work

dedicated to trees decreases as the perceived opportunity cost of household labour increases.

Agroforestry is increasingly being recognized for its potential to play a key role in global climate
change mitigation, while at the same time generating rural development benefits. Yet there are
trade-offs to pursuing these twin goals that pose big challenges (Anderson and Zerriffi 2012). There

20



482

483

484

485

486

487
488

489

490

491

492

493

494

495

496

497

498

499

500

501

502

503

504

505

506

507

is a clear threat to longer-term ‘mitigative’ agroforestry practices from short-term needs for
fuelwood and charcoal. This analysis suggests that paying more attention to improved livelihoods
through agroforestry initiatives — i.e. the shorter-term benefits — will be needed first in order to reap

more longer-term mitigation benefits.
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579 Tables

580 Table la: Ordinary Logit model, variables and parameters that explain the number of high and low mitigation uses of trees.

Y=Nuses HM Y=Nuses LM

Variables Coefficient s.e. Coefficient s.e.
ProdSys=Midslopes 1.994*** 0.536 1.32** 0.531
ProdSys=Highlands 2.308*** 0.534 1.195** 0.586
NTreeSpecies 0.164*** 0.056 0.06 0.047
Ncrops 0.163 0.107 0.074 0.092
HSize 0.194 0.122 0.382*** 0.079
HHEdu 0.254* 0.141 -0.121 0.181
HHGender 0.361 0.38 0.252 0.375
Beliefs_Environment 0.696* 0.368 0.06 0.378
Beliefs_Profit 0.086 0.162 -0.113 0.167
NHIncomes 0.305*** 0.105 0.381*** 0.091
TimberOffFarm -0.374 0.305 -0.645* 0.349
FuelwoodOffFarm 0.314 0.287 0.179 0.377
Constant cutl 6.458*** 2.037 1.258 1.742
Constant cut2 8.117%** 2.094 3.627** 1.772
Constant cut3 9.309*** 2.141 5.313*** 1.786
Constant cut4 10.45%** 2.185 6.41%** 1.802
Constant cutb 11.097*** 2.215 6.909*** 1.817
Constant cut6 11.77%* 2.253 7.634*** 1.828
Constant cut7 12.813*** 2.248 8.521%** 1.87
Constant cut8 13.069*** 2.257 8.944*** 1.845
Constant cut9 13.828*** 2.222 9.656*** 2.14
Constant cutl0 14 555%** 2.336
Observations 193 193
r2_p 0.116 0.107
P 1.84E-07 0
chi2 54.96 75.83

581 Data source: Authors’ survey and economic analysis 2013-14, farm-level data.

582 Note: *** p<0.01, ** p<0.05, * p<0.1.
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584 1. Table 1b: Ordered Logit model, standardized coefficients.

N_Uses Hmit N_Uses Lmit

Variables b z P>z bStdX bStdY bStdXY SDofX b z P>z bStdX bStdY bStdXY SDofX

ProdSys=Midslopes 1994 3.717 0.000 0.912 0.869 0.397 0457 1.320 2486 0.013 0.604 0.611 0.279 0.457
ProdSys=Highlands 2308 4.317 0.000 1.071 1.006 0.467 0464 1.195 2.038 0.042 0.555 0.553 0.257 0.464

NTreeSpecies 0.164 2941 0.0038 0.656 0.072 0.286 3.996 0.060 1.283 0.199 0.240 0.028 0.111  3.996
Ncrops 0.163 1529 0.126 0.321 0.071 0.140 1966 0.074 0.811 0417 0.146 0.034 0.068 1.966
Hsize 0.194 1587 0.112 0.323 0.085 0.141 1.661 0.382 4.838 0.000 0.635 0.177 0.294 1.661
HHEdu 0.254 1.798 0.072 0.239 0.111 0.104 0.939 0.121 0.669 0.504 0.114 0.056 -0.053 0.939
HHGender 0.361 0.949 0.343 0.156 0.157 0.068 0.433 0.252 0.674 0.501 0.109 0.117 0.051 0.433

Beliefs_Environment 0.696 1.891 0.059 0.296 0.303 0.129 0.426 0.060 0.160 0.873 0.026 0.028 0.012 0.426

Beliefs_Profit 0.086 0.531 0.595 0.079 0.038 0.034 0912 0.113 0.678 0.498 0.103 0.053 -0.048 0.912

HincomesN 0.305 2912 0.004 0.402 0.133 0.175 1.320 0.381 4.171 0.000 0.503 0.176 0.233 1.320
TimberOffFarm -0.374 -1.225 0.220 -0.174 -0.163 -0.076 0.466 0.645 1.849 0.064 0.301 0.299 -0.139 0.466
FuelwoodOffFarm 0.314 1.094 0.274 0.154 0.137 0.067 0.491 0.179 0.476 0.634 0.088 0.083 0.041 0.491
B raw coefficient

z z-score for test of b=0

P>z p-value for z-test

bStdX x-standardized coefficient

bStdY y-standardized coefficient

bStdXY fully standardized coefficient

SDofX standard deviation of X
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587 2. Table 2: Regression results on the annual value of high mitigation and low mitigation tree products
588

Y1=Value_Products_ HM Y2=Value_Products_LM
Variables Coefficient Beta s.e. Coefficient Beta s.e.
ProdSys=Midslope
S -2797.115* -0.106 1,598.21 28859.549*** 0.288 7,404.31
ProdSys=Highland
s 286.26 0.011 1,804.27 2,664.86 0.027 5,831.57
Ntrees 3.451** 0.211 1.58 9.02 0.146 6.888
Nuses HM 2483.28* 0.403 1,282.74 -805.441 -0.035 1,934.30
Nuses LM -655.52 -0.084 589.21 -1,218.86 -0.041 2,909.89
AF_Labour_F -80.609 -0.055 110.424 1112.014* 0.201 667.488
AF_Labour M -76.233* -0.154 37.685 271.096*** 0.144 102.401
AF _Labour_Hired -10.314 -0.028 31.589 19.208 0.014 107.521
HHEdu 1,241.04 0.088 1,029.72 -8746.681*** -0.164 2,956.68
Constant -581.75 2,065.05 16304.402*** 5,428.25
Observations 162 162
R-squared 0.227 0.258
r2 0.227 0.258
r2_a 0.182 0.214
F 3.26 3.569
rmse 11376 42234
589 Data source: Authors’ survey and economic analysis 2013-14, farm-level data.
590 Note: *** p<0.01, ** p<0.05, * p<0.1. Robust s.e.
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592 3. Table 3: Regression results on labour (in hours per year) allocated to agroforestry in 2013-2014
593

Y=AF_Labour

Variables Coefficient Beta s.e.
ProdSys=Midslopes 25.324** 0.302 10.645
ProdSys=Highlands 8.012 0.089 7.187
Ncrops 4.411* 0.185 1.911
OtherFarmWork -16.826* -0.182 9.25
Ntrees 0.011 0.158 0.008
Hsize 1.737 0.075 1.389
HLabourCost -0.091*** -0.215 0.025
Beliefs_Profit -4.947 -0.109 3.598
Beliefs_Environment 2.123 0.021 6.92
Constant 16.512 31.362
Observations 122

R-squared 0.238

r2 0.238

r2 a 0.177

F 5.846

rmse 36.98

594 Data source: Authors’ survey and economic analysis 2013-14, farm-level data.
595 Note: *** p<0.01, ** p<0.05, * p<0.1. Robust s.e

596



597
598
599
600

601
602
603
604
605
606

607

4. Table 4: Annual labor productivity (expressed as gross revenue per hour of work): comparing
agroforestry practices across production systems with other farming practices (maize, sugarcane,
beans, sorghum, sweet potato, millet, groundnut and intercropping of these). Note: Agroforestry

data include only records for years 2013-14, IMPACT]Iite data refers to year 2012.

Agroforestry  Agroforestry  Agroforestry  Agroforestry Farming

Highlands Lowlands Midslopes Total practices
Average labor use (hours yr?) 5 6 9 7 264
Revenue from products (KSh yr?) 7,093 2,843 1,622 3,752 33,177
Labor productivity (KSh h?) 1,185 807 127 705 172
Max labor productivity (KSh h?) 30,120 14,250 1,985 30,120 5,906
Observations 43 47 44 134 544

Data sources: Authors’ survey and economic analysis 2013-14, farm-level data, and IMPACTIite data 2012 at field level.
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