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Abstract
Subsistence farmers are among the people most vulnerable to current climate variability. Climate models predict
that climate change will lead to warmer temperatures, increasing rainfall variability, and increasing severity and
frequency of extreme weather events. Agroforestry, or the intentional use of trees in the cropping system, has been
proposed by many development practitioners as a potential strategy to help farmers reduce their vulnerability to
climate change. This study explores whether and, if so, how agroforestry techniques can help subsistence farmers
reduce their vulnerability to climate change. From field research conducted in western Kenya, we find that
households are not currently coping with climate-related hazards in a sustainable way. Farmers are aware of this,
and believe that the most effective way to adapt to climate-related shocks is through improving their general
standard of living. We evaluated agroforestry as one possible means of improving farmers’ well-being. By
comparing farmers engaged in an agroforestry project with a control group of neighboring farmers, we find that
involvement in agroforestry improves household’s general standard of living via improvements in farm productivity,
off-farm incomes, wealth and the environmental conditions of their farm. We conclude that agroforestry techniques
can be used as an effective part of a broader development strategy to help subsistence farmers reduce their
vulnerability to climate-related hazards.
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Introduction
Climate models predict that climate change will lead to,
among other things, an increase in unpredictability of
rainfall, warmer temperatures, and an increase in the severity and frequency of extreme weather events [1]. These
changes are expected to decrease agricultural productivity
in the developing world by 10% to 20% over the next
40 years [2]. Subsistence farmers in the developing world
find it particularly difficult to cope with such climaterelated hazards, as they do not have the capital to invest in
new adaptive practices with which to protect their homes
and families [3]. Especially sensitive to climatic changes
are those households that rely almost entirely on rain-fed
agriculture for their livelihoods. There has been a recent
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focus in the international development community and literature on strategies to help subsistence farmers reduce
their vulnerability to climate change [4,5].
How communities cope with exposure to current
climate-related shocks and stresses can give us insight into
their ability to deal with future variability brought on by
climate change [6]. Scholars are calling for a more interdisciplinary combination of academic fields and farmer
perceptions to understand the effects of climate-related
hazards on the complex systems of rural farmers [3,5,7].
Agroforestry has been proposed as one potential strategy for helping subsistence farmers reduce their vulnerability to climate change [8-10]. Research suggests that
agroforestry improves farmer well-being through improving farm productivity and incomes [9,11,12]. Yet there are
few studies that explicitly examine how agroforestry techniques can reduce vulnerability to climate change [13].
In addition, many agroforestry analyses assess the
impacts of scientist-managed agroforestry plots, while
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relatively few studies analyze existing farmer-managed
agroforestry development projects [14]. Farmer-managed
agroforestry projects allow farmers to choose the type of
agroforestry techniques to employ and rely on farmers
to modify the techniques to match their needs. Farmermanaged projects therefore more accurately represent
how agroforestry techniques are used under normal circumstances. There is a need for more extensive analyses
of these types of projects [14].
To address the knowledge gaps outlined above, we set
out to evaluate whether, and, if so how, farmer-managed
agroforestry projects reduce farmers’ vulnerability to climate change. We use Turner et al.’s vulnerability framework to understand farmer vulnerability [15]. Turner et
al. divide a system’s vulnerability into three major components: exposure, sensitivity and resilience [15]. Exposure considers the frequency, magnitude and duration to
which a system is subject to hazards. We use the term
‘climate-related hazards’ to cover both climate-related
shocks, such as floods and droughts, and longer-term
climate stresses, such as increasing rainfall variability.
The sensitivity of a system is determined by both the environmental and human characteristics that contribute
to how a system responds to exposures. Finally, the resilience of a system refers to actions that can improve a
system’s ability to cope with outside hazards.
We began our study by assessing farmers’ sensitivity to
climate-related hazards through examining how farmers
are currently coping with floods, droughts and rainfall
variability. We then sought to understand what farmers
believe to be the most effective way to become more resilient in the face of these outside stresses. From our
findings, we established criteria to assess if agroforestry
can be an effective technique to help reduce vulnerability to climate-related hazards. In short, this study sets
out to investigate three major questions: How are farmers currently coping with exposure to climate-related
hazards? What do farmers believe to be the most effective method to improving their resilience? And finally,
how do agroforestry practices help farmers adapt to exposure to climate-related hazards?
To address these questions, we undertook a field study
of a farmer-managed agroforestry development project
in the Nyando District in western Kenya. We compare
farmers who have been involved in World Agroforestry
Centre (ICRAF) agroforestry development projects for 2
to 4 years to neighboring farmers with no agroforestry
training. We used household surveys, in-depth interviews and focus group discussions to provide both a
qualitative and a quantitative dimension to our analysis.

Methods
We used a mixed methods approach that combined
household surveys, in-depth interviews, focus group
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discussions and field observations to investigate our research questions. We used interviews and participatory
activities to understand how climate-related hazards are
currently impacting farmers’ well-being and how farmers
conceptualize their well-being. These discussions generated a list of key indicators that farmers feel are most
important to the well-being of their households. Finally,
the household surveys allowed us to quantify how
farmer-managed agroforestry interventions impacted
farmers’ well-being in the face of climate-related
hazards. This type of mixed method approach has been
strongly encouraged in the literature to better capture
the reality on the ground [16].
Site

We conducted research in two sublocations of the
Nyando District (Nyanza Province) of western Kenya.
The Lower Nyando sublocation is characterized by low
productivity, erratic rainfall and severe soil erosion. Elevation is 1,200 m with an average annual rainfall of
1,000 mm [17]. This area is predominantly of the Luo
tribe. The Middle Nyando sublocation has higher productivity, cooler temperatures and more equitably distributed rainfall. Average elevation is 1,600 meters with
average rainfall of 1,500 mm per year [17]. Middle
Nyando has a mix of Luo and Kalinjin tribes. Maize is
the staple crop in both sublocations, with sugar cane
and coffee also grown as cash crops in Middle Nyando.
Project background

Seven community groups in Lower and Middle Nyando
were provided tree seedlings and agroforestry training by
ICRAF in 2006 and 2008. All members of these groups
were included in the treatment group. Households
within the treatment group received: 5 agroforestry and
agriculture training sessions, 200 to 300 seedlings, training in tree nursery management, tools and seedlings for
tree nursery establishment, a small amount of food each
week for involvement in community projects, and
ICRAF staff support for 1 year, roughly a US$300 investment per household. ICRAF provided a mix of tree species to farmers, including: Acacia mellifera and Acacia
polyacantha, Albizia coriaria, Calliandra calothyrsus,
Casuarina equisetifolia, Cordia abyssinica, Faidherbia
albida, Gliricidia sepium, Grevillea robusta, Markhamia
lutea, Senna siamea, and Warburgia ugandensis. Two
additional community groups were selected as the control group based on their proximity to the treatment
groups. None of the farmers in the control group had
participated in agroforestry training in the past.
Due to the distinct climatic differences between Lower
and Middle Nyando, it is difficult to compare groups
across sublocations. In addition, farmers in the two sublocations differ in ethnicity, market access, land size and
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other key characteristics. Treatment and control households within sublocations are fairly similar, as can been
seen across the basic household variables presented in
Table 1. A t-test for differences of means was carried out
to assess differences between all treatment and control
groups and unless noted in the table, no significant differences were observed. Despite similarities in basic
household characteristics, it is important to note that
the control and treated households were located 1 to
2 km apart.
Data collection

We surveyed 119 households in June and July 2010 to
capture basic household characteristics, agroforestry
practices used and biophysical farm observations. Three
households were removed from the dataset due to their
extreme differences across key household parameters
listed in Table 1. We conducted 20 in-depth interviews
with 13 farmers (6 women), 4 village elders (1 woman)
and 3 community leaders (all men). In addition, we held
seven interactive focus group discussions with
agriculture-oriented community groups. Questions focused on observed changes in climate, farming practices
productivity constraints, agroforestry practices, future
goals and how households had coped with the most recent floods and droughts. Men and women were split
into subgroups for a part of each focus group discussion.
Detailed methodology is presented in Thorlakson [18].
Key variables used for statistical analysis were measured in a way consistent with the literature in the field.
We used an estimate of total livestock value as a proxy
for household wealth, as livestock is the most frequently
cited indicator of farmer wealth among the Luo and
Kalinjin tribes of western Kenya [19]. We collected other
indicators of wealth (housing material, type of roof, and
so on) but found little variation among these indicators
across households in our sample. Livestock holdings
were converted into an economic value using current
local market prices. We measured farm productivity
by converting current seasonal crop production to
economic units using average 2010 crop prices in the
region. Soil erosion intensity was measured on a nine-
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point scale using two on-farm observations, type of erosion present and intensity of observed erosion [20]. We
estimated total above ground tree biomass using Kuyah
et al.’s allometric equation 1 and corresponding coefficients, which were derived from a neighboring area in
western Kenya with similar growing conditions [21].
Statistical data analysis

To assess the impacts of the agroforestry development
project on farmer well-being we used household wealth
and farm productivity as dependent variables. We used
matching techniques to increase the similarities between
the treatment and control groups [22,23]. Matching gives
additional weight to households across treatment groups
that are most similar on selected parameters. Parameters
used for matching included: household size, land tenure,
household head educational level, soil type and gender of
household head, as these measures were all noted in the
literature to affect subsistence farmer well-being [24].
Using the matched data, linear regressions were used
to evaluate the treatment’s impact on the outcome variables, accounting for potential regional differences and
treatment effects across the two sublocations [25]. This
analysis method was validated after incorporating the
basic household parameters into the regression as well,
achieving similar results.
Qualitative data analysis

We transcribed all field observations, interview notes and
focus group discussion notes, and tagged major topics and
keywords. This allowed us to compare farmers’ views on
key themes across different treatment groups, locations
and household characteristics [26]. Common themes that
emerged included agroforestry use, climate change,
drought, farm constraints, farming techniques, floods,
labor, erosion, rainfall change and well being.

Results
Climate change

In 2010, the Nyando District provided a unique opportunity to study the impact of climate-related hazards on
farmers, as both a drought and a flood had recently

Table 1 Mean (SD) for key household parameters
Lower Nyando

Middle Nyando

All data

Treated

Control

Treated

Control

Household size

6.7 (2.7)

6.4 (2.7)

6.2 (3.3)

7.2 (2.0)

6.7 (2.7)

Household head sex (1 = male)

0.61 (0.49)

0.6 (0.51)

0.93 (0.25)

0.93 (0.26)

0.77 (0.43)

Education of household head (form, 0 to 16)

5.4 (4.6)

4.2 (4.9)

7.2 (3.5)

6.1 (4.2)

5.9 (4.3)

Land size (hectares)

0.97* (0.38)

0.69 (0.32)

1.46 (1.38)

1.42 (1.3)

1.2 (1.1)

Holds title to Land? (1 = yes)

0.91* (0.23)

1 (0)

0.63 (0.49)

0.60 (0.50)

0.80 (0.42)

N

46

15

30

28

119

*Mean values are significantly different from control group households at the 5% level.
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affected the area. Lower and Middle Nyando experienced drought-like conditions in September and October 2009 when the short-rains season failed. Specific
data on the intensity of the drought in this region is
sparse, but food shortage was widespread in the region
due to water shortages [27]. In addition, the Lower
Nyando region was also hit with a significant flood in
March and April of 2010 that displaced 180 people and
destroyed 7 homes across the Nyando District [28].
Farmers interviewed grouped climate-related hazards
into three major topics: increased variability of the timing
of rains, droughts, and floods. We focus on these three
major types of hazards, though we understand that other
changes are also expected to occur due to climate change.
Impacts due to exposure to climate-related hazards

Results from household surveys show that farmers’ farm
productivity decreased by 60% and 39% in Lower and
Middle Nyando respectively during the 2009 to 2010
growing season in comparison to a typical growing season as experienced in 2008 to 2009. Farmers attribute
this decrease to a combination of the drought, flood and
rain variability experienced in the previous 12 months.
Maize, the staple crop in the region, followed similar
production trends (Table 2).
Due to the climate-related hazards experienced in the
2009 to 2010 season, households reported experiencing
intense periods of hunger. 100% and 70% of households
in the Lower and Middle Nyando region, respectively,
experienced at least 1 additional month of hunger as
compared to a typical year. Average duration of hunger
periods for households were 4.5 and 2.3 months in
Lower and Middle Nyando, respectively. A hunger
period, as defined by farmers, is a time when the household had severe difficulties obtaining enough food to
feed all household members.
Coping strategies during exposure to climate-related
hazards

During periods of hunger, the most common coping
strategy reported was to reduce food consumption
through restricting the size, diversity and number of
meals taken each day. Households that were involved in
off-farm activities intensified their work in these areas

and others engaged in casual farm labor. Selling of livestock during drought and flood periods was a popular
coping strategy, with 55% of farmers selling livestock in
2009 to 2010 to deal with food shortage. Consequently,
livestock prices dropped 25% to 50% during this period.
See Table 3 for a list of common coping strategies.
Farmers were also forced to use more detrimental coping strategies to cope with the reduced productivity in
2009 to 2010. From discussions with farmers, we defined
detrimental coping strategies as those that have harmful
long-term impacts on household productivity. Farmers
reported selling oxen reserved for plowing during periods of drought, leading to lower farm productivity the
following season as people then had to plow by hand. In
all, 66% of farmers reported consuming seeds reserved
for planting. This consumption had negative repercussions, as many farmers were forced to plant fewer seeds
the following season due to the depletion of their personal seed stores and constraints in capital. In Middle
Nyando, limited capital following the drought also
restricted farmers’ ability to purchase fertilizer and other
chemical inputs regularly used. Some Middle Nyando
farmers reported being forced to lease part of their farms
for 2 years to wealthy farmers in the area in order to
feed their families. This coping mechanism is especially
detrimental as it prevents farmers from accessing their
main source of livelihood, their land, for 2 years.
According to some farmers, engaging in casual labor
during periods of hunger also represents a detrimental
coping strategy as it delays the planting in their own
farms.
Farmers involved in an agroforestry development project typically used fewer detrimental coping strategies
during hunger periods. Farmers with mature trees on
their land were able to sell seedlings, timber and firewood and consume fruit from their trees during periods
of hunger. Farmers reported that this diversification of
coping strategies allowed them to rely less on other traditional coping strategies. See Table 3 for a comparison
across groups.
Adaptation to climate-related hazards

The most effective way farmers found to reduce their
vulnerability to these climate-related hazards was to

Table 2 Farm productivity and maize production during the 2009 to 2010 flood and drought year compared to an
average year (2008 to 2009)
2009 to 2010 farm
productivity (Ksh)

Normal year farm
productivity (Ksh)

Percentage
difference

Maize production
2009 to 2010 (kg)

Normal year maize
production (kg)

Percentage
difference

Lower
Nyando

8,200

20,500

−60%

85

220

−61%

Middle
Nyando*

43,000

70,500

−39%

900

1,300

−30%

Farm productivity measured in Kenyan shillings (Ksh).
*Middle Nyando residents did not experience a flood in 2010.

Thorlakson and Neufeldt Agriculture & Food Security 2012, 1:15
http://www.agricultureandfoodsecurity.com/content/1/1/15

Page 5 of 13

Table 3 Proportion of farmers using coping strategies to deal with flood and drought in 2009 to 2010
Lower Nyando
Reduce quantity, quality or no. of meals

Middle Nyando

Treated (%)

Control (%)

Treated (%)

Control (%)

82

66

54

86

Help from government, NGO, church

40

47

11

25

Borrow money

31

40

29

46

Casual labor

24

40

32

18

Sell possessions or livestock

73

66

36

43

Consume seeds

67

80

50

71

Consume or sell fruit from trees

40

25

68

38

N

45

15

28

28

NGO = non-governmental organization.

diversify income to include off-farm activities. Farmers
who engaged in off-farm activities, such as wage-earning
jobs or owning small shops, reported being better able
to cope with climate-related hazards than their farming
neighbors. Farmers with higher average farm productivity also reported fairing better during rainfall variations
as they had more stores to draw on when current production was low.
Well-being

We discussed with farmers how they believed they could
improve their overall standard of living when exposed to
the hazards described above.
Importance of food security

Farmers interviewed were most interested in ways to improve their household’s food security, especially during
periods of outside shocks. Food security, as defined by
farmers, is the ability to obtain an adequate diet for all
household members throughout the year, without being
forced to use long-term savings to purchase food. To
achieve food security, farmers reported being interested in
opportunities to start small business ventures or obtaining
credit to purchase farm implements to improve their farm
productivity. Farmers also expressed interest in opportunities to improve their agricultural knowledge and to learn
about alternative income opportunities as other indirect
pathways to improve food security.
Our quantitative analyses support farmers’ assertion that
farm productivity is tied to food security. Controlling for
other key variables, our findings show that a household in
the 75th percentile of farm productivity is on average 11%
more food secure than a similar household in the 25th
percentile of farm productivity (P <0.0001).
Other components of well-being

It is only after a household reaches relatively food security that they begin investing in long-term processes for
improving other components of their well-being. This

stepwise process to improving well-being became clear
when contrasting Lower and Middle Nyando farmers’
goals. Lower Nyando farmers are still very food insecure
and thus rarely report focusing on any goals not directly
related to improving their household’s food supply.
However, some Middle Nyando farmers report feeling
food secure throughout the year and discuss goals
related to expanding landholdings, improving their children’s education and investing in long-term projects to
ensure financial security.
Farmers also reported that they have begun to put
more emphasis on the environmental conservation of
their land. Both treatment and control focus groups concluded that their well-being had significantly declined
due to soil erosion on their farms. As one farmer
explained, ‘Soil is our livelihood’. A number of community groups had recently been formed to focus on environmental issues and soil conservation practices in the
area, suggesting that environmental conservation is perceived as a key way through which communities believe
they can improve their well-being.
Constraints to achieving well-being are summarized in
Table 4. Most farmers agreed that unpredictable weather
and lack of access to capital are the two largest constraints to improving their lives, but environmental degradation was also cited as a major concern.
Vulnerability reduction

In addition to food security, most farmers also cited an ability to cope with shocks and stresses as a key characteristic
of a successful household. During times of stress, successful
households are food secure for 2 to 3 months longer, often
giving support to their neighbors and family. Successful
households are not forced to sell livestock or belongings,
take their children out of school, or significantly reduce
meal portions during exposure to outside shocks.
Farmer concerns about their household’s vulnerability
to outside shocks was evident in almost all interviews.
As one farmer explained, ‘We are reliant on the rains
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Table 4 Major constraints farmers identified to achieving well-being
Lower Nyando

Middle Nyando

All
data
(%)

Treated (%)

Control (%)

Treated (%)

Control (%)

Weather

66

80

86

92

73

Capital

59

73

64

86

68

Farm inputs and implements

39

46

40

43

41

Environmental health of land

52

66

24

80

53

Health of household

25

26

43

57

36

N

45

15

28

28

116

from God, and there is nothing we can do to change
these patterns’. Currently, households feel unable to deal
with the unexpected problems that arise from extreme
weather events, sicknesses, job loss, low cash crop market prices, and so on. Farmers continuously reiterated
their need to find better ways in which to deal with exposure to outside shocks, particularly rainfall variability
and drought, which frequently disrupt their lives. Farmers were most interested in improving their off-farm
incomes, diversifying income sources and improving
general farm productivity to reduce their sensitivity to
climate-related hazards.
During interviews, farmers also emphasized their desire
to remain autonomous in deciding what type of specific
adaptation measures they choose to employ. Many farmers complained that some specific climate-change adaptation measures suggested by agricultural extension workers
or non-profit organizations, such as planting droughtresistant maize, were actually detrimental to their farm
yields during normal or heavy rains. With the uncertainties farmers face in weather patterns from year to year,
they were unwilling to invest in strategies that were less
productive under certain weather conditions. Farmers
reported being interested in receiving information and advice on potential adaptation strategies, as long as outside
constituents did not decide what activities would take
place in their communities without their consent.
Agroforestry

Using our results that farmers were most interested in
general well-being improvements to adapt to climaterelated hazards, we assessed agroforestry’s potential in
providing these general well-being improvements in the
face of climate-related hazards. When interpreting these
results, it is important to note that the agroforestry project assessed has only been in operation for 2 to 4 years
and thus the long-term effects of agroforestry involvement are not captured in our analysis.

noticed an improvement in farm productivity after planting trees on their land. Farmers found trees improved
their farm productivity by decreasing soil erosion and increasing soil fertility. Farmers who reported no change
in farm productivity explained either they had not
planted nitrogen-fixing trees in their fields or the trees
were not yet mature enough to assess the effects.
Overall, only 12% of farmers in the agroforestry program chose to intercrop nitrogen-fixing trees in their
fields. Many farmers expressed concern that planting
trees in their fields would reduce productivity of their
crops and were unwilling to take such a risk. All farmers
who have begun intercropping trees reported significant
improvements to their productivity after incorporating
nitrogen rich leaves into their soil.
For farms using agroforestry techniques, our quantitative data suggests a slight improvement in farm yields in
both Lower and Middle Nyando when compared with
the control group. Our linear regression model estimates
that Lower Nyando farmers involved in an agroforestry
project improved their farm productivity, on average, by
about 1,500 Ksh (US$19) per year when compared to
the control group. (For all currency conversion, the July
2010 current rate of 80Ksh = US$1 was used.) A 1,500
Ksh increase is the equivalent of increasing an average
Lower Nyando household’s maize yields by 35%. However, the standard errors in this analysis are quite large
(P = 0.678) (Table 5). In Middle Nyando, the results from
statistical analysis show farm productivity increase by
2,100 Ksh (US$26) for treated units but again with a
high standard error (P = 0.549). This increase is equivalent to improving an average Middle Nyando household’s maize yields by 20%. The high uncertainty in the
quantitative results of the study was likely in part due to
the small sample size, short duration of agroforestry participation and the non-randomized selection of
households.
Improvements in household wealth and income diversity

Improvements in farm productivity

Our results suggest that agroforestry improves farm
productivity and household wealth. 43% of farmers

Overall, farmers were most interested in trees’ ability to
provide them with additional farm income. During focus
group discussions, farmers ranked the potential income
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Table 5 Agroforestry’s effect on farm productivity and household wealth
Lower Nyando
Farm Productivity (Ksh)

Middle Nyando

Treated

Control

Difference

Treated

Control

Difference

4,600

3,100

1,500

16,200

14,100

2,100

SD

3,700

3,400

P value

0.68

0.55

Household Wealth (Ksh)

62,200

38,400

SD

58,900

67,300

13,900

P value
N

23,800

12,900

0.09
45

15

−8,400
0.516

28

28

Values from linear regression models run on matched data.

benefits from trees as the most helpful aspect of the
trees on their land. The excitement farmers expressed in
the income benefits from tree products stemmed in part
from the limited opportunities for income generation in
the area. As one elder farmer explained, ‘There is just no
way to earn an income here. . . No one has money to
buy anything from anyone else’.
Among the farmers in Lower Nyando who have had
trees for 4 years, 87.5% of farmers reported income
improvements. Benefits were reported from the sale of
fuel wood, timber, fruit and seedlings and through savings in food purchases due to an increase in farm productivity. For those farmers with mature fruit trees,
average seasonal profits were 3,250 Ksh (US$40). Farmers who had not seen improvement in their income after
planting trees explained that their trees were still too
young to provide any benefits.
In our quantitative analysis we used livestock holding
as a surrogate for household income as it is difficult to
measure wealth in real terms among small-scale farmers.
Household wealth, as measured by current livestock
holdings, improved for Lower Nyando participants
involved in an agroforestry project. Treated units in
Lower Nyando had livestock holdings worth 24,000 Ksh
(US$300) more than control units in the region, on average (P = 0.092, Table 5). The Lower Nyando statistical
findings agree with our qualitative observations about
agroforestry’s ability to improve household wealth.
For Middle Nyando, project involvement decreased
average value of livestock holdings by 8,000 Ksh (US
$100), (P = 0.516, Table 5). It is not surprising that Middle Nyando farmers have not improved their wealth
through agroforestry involvement, as these farmers
planted their trees only 2 years ago and do not yet have
mature trees that can provide timber, fruit or fuel wood
for sale. Due to their remote location, Middle Nyando
farmers have also had less success selling tree seedlings
to neighboring communities so have been unable to receive substantial income benefits from this source.
Lower Nyando farmers, however, reported selling fruit,

timber, fuel wood and seedlings on a regular basis to
local markets. From discussions with farmers in the area,
it appears that the inconclusive results on wealth in
Middle Nyando are in part due to a lack of infrastructure in the area, that is currently acting as a barrier to
access markets for their tree crops.

Other benefits

Involvement in agroforestry practices also provides a number of other general improvements that helped farmers increase the environmental sustainability of their farms. In all,
70% of farmers involved in agroforestry projects cited soil
erosion control as a key benefit. Soil erosion was particularly detrimental to people affected by the 2010 floods in
Lower Nyando, with many farmers complaining of
decreased soil fertility due to the intense soil erosion during
the heavy rains. Farmers considered tree planting to be the
most effective method of soil erosion control.
Our field observations support farmers’ claims that
increased tree density reduces soil erosion. As can be
seen in Figure 1, the data show a downward trend when
the tree biomass per hectare is plotted against a scale of
soil erosion observed, showing that, on average, farmers
with higher tree biomass per hectare experience less soil
erosion (correlation coefficient = −0.31).
Involvement in agroforestry also provides substantial
labor savings to women household members by reducing
time spent on fuel wood collection. Some women
reported walking over 20 km to purchase fuel wood in
neighboring districts. Women in low-tree-density areas
also reported being threatened by their neighbors in a
struggle over fuel wood resources.
Our research shows that agroforestry involvement leads
to substantial reductions in fuel wood purchased and the
time that households use to collect fuel wood (Table 6).
Fuel wood was the second most commonly cited use of
trees on the farm. Women with mature trees on their land
felt that they now have access to a safer and more stable
supply of fuel wood. These women reported devoting
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Figure 1 Scale of soil erosion plotted against total above ground tree biomass per hectare (Mg/ha). Tree biomass was estimated using
Kuyah et al.'s equation number 1 [21].

more time to income-generating activities and farm care
now that fuel wood stocks are nearby.
It also appears that there is an opportunity in lowtree-density areas to increase off-farm incomes of
women through local fuel wood sales. There is a substantial demand for purchased fuel wood in these areas,
yet only two farmers reported having enough excess fuel
wood on their land to sell fuel wood at the market.
Specific coping strategies

In addition to the general benefits listed above, agroforestry also provides specific coping options to farmers during exposure to floods and droughts. Some farmers
reported having fruit from their trees as their only steady
source of sustenance during the floods, as other crops
were underwater or had been washed away. During the
drought, many farmers reported selling fuel wood and
timber to produce additional income for food purchases.
Tree roots prevented extensive soil erosion and ensuing
soil fertility loss for farmers in Lower Nyando during the
2010 floods. The alternate coping strategies provided by
trees allowed farmers additional flexibility in their management of the climate stresses they faced.

Discussion
Achieving well-being or a similarly acceptable quality of
life is a fundamental goal in most development projects
focused on poverty alleviation [29]. Our findings also
showed that farmers expressed an interest in improving
their well-being, but with a particular emphasis on the
need to reduce vulnerability when exposed to outside
shocks and stresses. This finding agrees with those of
Place et al. and encourages a move away from the focus
only on poverty alleviation to focus on the reduction of
the vulnerability of poor populations [16].
Using these ideas expressed by farmers, we modified,
for the use of our analysis, the definitions of well-being
discussed in the literature [30-32]. We define well-being
as the ability to improve one’s household income, assets,
and food security in the face of outside stresses and
shocks (modified from 30, 31). This definition is unique
because it takes into account the need to achieve wellbeing improvements while exposed to climate-related
hazards and it specifically stresses the importance of
food security and other tangible changes.
We found that food security is a concept very important to the farmers interviewed but it is not always

Table 6 Fuel wood acquisition
Lower Nyando
Weekly time spent on fuel wood collection (min)

Middle Nyando

Treated

Control

Difference

Treated

Control

Difference

360

540

180

220

260

40

Percentage of households purchasing fuel wood

17%

66%

3%

7%

N

45

15

28

28
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emphasized in the literature’s definitions of well-being.
Food insecure farmers in Lower Nyando explained that
all of their long-term decisions were dependent on their
food supply. These farmers were forced to stop longterm projects, including the care of their seedlings, when
faced with the significant food shortage during the 2009
to 2010 season. In contrast, farmers in Middle Nyando,
where average hunger periods were less severe, felt
much better equipped to plan and save for their futures.
This contrast between how farmers in Lower and Middle
Nyando think about long-term goals supports Appadurai’s conclusion that more marginalized groups have a
more limited ability to aspire [33]. It also supports evidence that food insecure farmers tend to be less innovative. This has recently been shown in a representative
survey of 700 farmer households in four countries in
East Africa [34].
Farmers’ emphasis on food security should provide
a reminder to development academics of the importance of dealing with basic necessities when considering more complex development interventions. It is
paramount that development projects operating in
food-insecure areas show how they can help households improve their food security from the outset.
This lesson is especially relevant to agroforestry development projects, as farmers are asked to invest
substantial time in tree seedling care before any benefits are accrued. For households that are still struggling to ensure they have enough to eat, tree
seedlings and other long-term investments are often
neglected until this need is met.
The impacts of the recent floods, droughts and rainfall
variability on farmers are consistent with much of the
literature of similar climate-related hazards in the area
[35]. The literature on coping strategies also highlights
similar strategies to those used by farmers in this study
[36]. However, from our analysis it is clear that the
current use of these traditional coping strategies will not
be able to sustain households in the face of more frequent exposure to climate-related hazards predicted by
climate change models such as Nelson et al.’s [37].
Already, farmers experience intense periods of food insecurity and are forced to engage in detrimental coping
strategies that threaten the long-term sustainability of
their farms and households’ well-being. This finding is
consistent with other analyses of the ability of subsistence farmers to cope with climate variability in the region [4].
The literature exhibits some tension on whether to
focus climate change adaptation on these specific adaptation strategies or on the more general well-being
improvements [38,39]. Through our discussions with
farmers on future adaptation options, farmers largely
agree with the literature that supports general well-being
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improvements to deal with future climate-related
hazards [37,40-42]. Specifically, farmers are interested in
improving their off-farm incomes and farm productivity.
As climate change predictions continue to be highly unpredictable, it is important to focus on adaptation strategies that are robust and help ensure farmers’ well-being
under a variety of forms of climate-related hazards.
Farmers report, and the literature agrees, that some specific adaptation strategies, such as the current forms of
drought-resistant crops, may actually increase farmers’
vulnerability under certain climate-related hazards [41].
Farmers interviewed refused to use more drought-tolerant
types of maize, as they could not afford the loss of productivity associated with these strains if the rains did come.
These results highlight the need to do place-based studies
of adaptive strategies to assess which specific projects will
be most effective at reducing farmer vulnerability under a
wide variety of climate hazards. Through our analysis, it
appears that agroforestry can be an effective adaptation
strategy, as agroforestry was shown to be beneficial under
a wide range of climatic conditions. This interpretation
also provides evidence for the introduction of financial
safety networks, such as index insurances, as a means of
reducing climate risk while allowing farmers to continue
using improved seedling material for higher yields under
normal climatic conditions. The index insurance could
help farmers cope with greater losses during weather
extremes such as droughts.
Farmers also expressed a strong desire to remain autonomous in making decisions about the implementation
of climate-change adaptation strategies. However, it was
also clear that households will need, and are interested in
receiving, information and advice on potential climatechange adaptation strategies. This distinction between
outside organizations’ role as an advisor on adaptation
options and an implementer of specific strategies is somewhat nuanced, but will be important to ensure farmer
buy-in to future adaptation strategies. Adger et al. highlight the need to facilitate climate-change adaptation decisions among households, as individual autonomy alone
does not necessarily lead to the most effective decisions
[43]. Future research is needed to find effective advising
strategies that can help farmers access information on and
capital to invest in adaptation strategies.
Our findings provide quantitative results, supported
and nuanced by qualitative descriptions, on how agroforestry techniques can help farmers mitigate their vulnerability to climate-related hazards, both through
improving general well-being and through providing
specific coping measures that are effective in the face of
a wide range of climate-related hazards.
Despite the high standard errors within our quantitative analysis, in conjunction with our qualitative findings
they suggest a positive correlation between agroforestry
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involvement and farm productivity and household
wealth, similar to other literature in the field [44]. It is
unsurprising that we observed only a small improvement
in farm productivity because few farmers used intensive
agroforestry techniques in their fields. Intercropping of
nitrogen-fixing trees had low adoption among farmers
because farmers considered planting trees in their field
as risky. Planting trees along household boundaries
appears to show greater acceptability among farmers
and may be a good first step to integrate agroforestry
practices into farms without the perceived risk of
intercropping.
Improvements in household wealth were also limited
due to the maturity of the trees. Most income comes
from selling fruit, excess fuel wood and timber, and
many farmers interviewed had only a limited number of
mature trees on their land at the time of the survey.
Limited improvements are therefore expected among
the farmers who have only been using agroforestry techniques for 2 to 4 years. In addition, we feel that using
livestock as a surrogate for household wealth did not
capture the full change in farmers’ wealth due to agroforestry practices. Future studies should consider a more
robust measurement of wealth among subsistence
farmers.
Our findings also highlight the length of time it takes
for agroforestry practices to benefit farmers, as many of
the impacts reported were quite small. We expect the
magnitude of improvements in farm productivity and
household wealth will increase as trees mature, as all of
the qualitative data collected supports this trend. Future
studies of this area would need to confirm such an assertion. These conclusions underline the need to provide
agroforestry techniques in collaboration with other development initiatives that can deliver short-term benefits
to farmers while waiting for the investments in trees to
pay off.
We approached our research with an understanding
that agroforestry practices may be used and perceived
differently by men and women [45]. However, we did
not find that women participated in agroforestry in a
substantially different way, as all farmers reported planting, tending to and harvesting from trees. The one gender difference we observed was that women were
primarily responsible for fuel wood collection and thus
ranked fuel wood collection as a more significant benefit
than men did.
Our study was particular to a specific agroforestry project and location, allowing us to deeply understand the
unique context of these communities [46,47]. However,
we feel that the conclusions can still provide significant
guidance to future studies on reducing farmers’ vulnerability to climate-related hazards. Our findings suggest
that it is likely that for extremely poor households,
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improving general well-being will be the most effective
way to reduce vulnerability to future hazards associated
with climate change. This finding can be generalized to
other subsistence farming communities, as the most
basic problems faced by farmers during climate-related
hazards are widespread. Whether this finding can be applied to more successful small-scale farmers remains to
be explored.
Finally, we found that fully engaging farmers in the research process significantly improved our analysis. Farmers report benefiting from the research process because
it provided them with an opportunity to discuss constraints to their well-being and think about potential
solutions. Communities found that discussions of vulnerability allowed them to reflect on their current farming practices and engage in a community conversation
of future adaptation options. This dialogue really flourished when we presented our initial findings to the farmers in a community gathering we organized at the end of
our field research. This conclusion supports White’s assertion that encouraging reflection among communities
is of value in and of itself [47].
Discussions with farmers at this community gathering
stressed the responsibility field researchers have to provide feedback and results to the participants in their
study. As the local chief explained, ‘Many scientists have
come here, but you are the first to return with results’.
We hope that future studies can continue to build on
this approach and engage farmers more fully throughout
the research process. This will allow the scientific community to further the dialogue with farmers in how we
can work together to ensure environmental sustainability
and well-being improvements in the face of future
climate-related hazards.

Conclusions
Our findings show that farmers are interested in
improvements in their food security, income, farm productivity, and environmental sustainability of their farms
in the face of outside shocks and hazards. Our results
agree with the literature in calling for a focus on reducing vulnerability to climate-related hazards through
robust adaptation measures that can be beneficial regardless of the type of climate hazard experienced. From
analysis of current coping strategies being employed, it
is clear that subsistence farmers in the Nyando District
are not coping with climate-related hazards in a sustainable way. As climate change increases the frequency and
intensity of these events, existing coping strategies may
no longer be able to support households through difficult times.
Even in a short-term analysis of a farmer-managed
agroforestry study with low uptake of intensive techniques, agroforestry practices provided farmers noticeable
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benefits. Involvement in agroforestry improved farm
productivity, household wealth, increased income diversity, reduced soil erosion and provided a number of specific coping strategies to help households during
exposure to climate-related hazards.
These conclusions beg the question, what can be
achieved with even more effective implementation of
agroforestry practices? In order to enhance the effectiveness of agroforestry in improving farmer well-being in the
face of climate-related hazards, our findings suggest the
following for future agroforestry development projects:
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related to agroforestry, any major constraint to farm
productivity reduces farmers’ ability to cope with climate
change. In addition, by improving access to loans and to
farm implements through an agroforestry development
project, farmers are able to see tangible benefits in the
short term from their project involvement before their
trees have matured. The coupling of access to credit and
agroforestry training has been found to be an effective
way to reduce vulnerability to climate change in other
studies [4]. Access to weather index insurance may be
another support mechanism worth exploring to couple
with future agroforestry development projects.

Pair agriculture and agroforestry training

Agroforestry is a long-term process and, as we showed
in this analysis, benefits can take a long time to accrue.
Therefore, improving the sustainability of agroforestry
projects is key. It will be important to include shorterterm benefits to farmers that are coupled with agroforestry implementations so farmers do not get discouraged
during the initial project stages.
Pairing agroforestry and agricultural training is an excellent opportunity to provide short-term benefits from improving basic agriculture knowledge with long-term
extension for agroforestry practices. We also found that if
farmers understand the potential of their trees to enhance
their well-being, they put more concentrated efforts toward tree care and management, giving further reason to
focus on the training aspect of agroforestry programs.

Organize educational farm visits to successful
agroforestry projects to increase adoption of agroforestry
techniques

There is substantial room for the expanded use of agroforestry techniques in improving farm productivity, as
adoption of intensive agroforestry techniques was low
among farmers. The key reason for this low adoption
rate was that farmers perceive these techniques to be
high risk. All farmers interviewed who engaged in intensive agroforestry techniques had seen the benefits on
someone else’s farm before implementing the techniques
themselves. Many farmers suggested this as the most effective way to convince them that agroforestry techniques may be useful in their area.
Concluding remarks

Improve market accessibility to enhance incomegenerating opportunities provided by agroforestry
techniques

As our analysis showed, one of the most effective ways
to reduce farmers’ vulnerability to climate change is
through improving incomes of farmers. Because tree
crops are more resistant to climatic shocks, they can
provide support for farmers during these times of stress.
Agroforestry techniques have the potential to provide income to farmers through the sale of fuel wood, timber,
fruit and seedlings. In comparing the benefits derived
from agroforestry involvement across the two sublocations, market access played a key role in improving
household incomes due to agroforestry projects. Therefore, market access needs to be improved. This can be
done on a governmental scale through improving infrastructure or, more locally, through establishing cooperatives that pool resources to access markets.
Couple access to farm implements and capital with
agroforestry projects

Lack of access to farm implements and capital were
listed as key constraints to overall farm productivity in
the Nyando region, and almost no one has access to
small-scale loans in this area. Although not directly

Agroforestry, like any single coping strategy, will not
prove to be the silver bullet to climate change adaptation. However, we found that agroforestry practices do
have substantial potential to help farmers improve their
well-being and the environmental sustainability of their
farms. Through these improvements, and by providing
some additional specific adaptation strategies, agroforestry practices can reduce farmer vulnerability to climate
change. By adopting the recommendations outlined
above, we hope that future agroforestry projects can
contribute, as a part of larger development initiatives, to
helping subsistence farmers better adapt to future climate change.
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