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Abstract 

Agroforestry is widely purported to improve the livelihoods of smallholder farmers, rehabilitate 
degraded landscapes, and enhance the provisioning of ecosystem services. Yet, evidence supporting 
these longer-term impacts is limited. Using a quasi-experimental impact evaluation design informed 
by a theory-based and mixed methods framework, we investigated both the intermediate effects and 
household welfare outcomes of a nine-year effort led by Vi Agroforestry (herein Vi), a Swedish non-
governmental organization (NGO), to promote agroforestry in large sections of Bungoma and 
Kakamega counties in western Kenya. We compared households belonging to 432 pre-existing farmer 
groups operating in 60 program villages and 61 matched comparison villages. To address potential 
selection bias, we used program targeting as an instrument for program participation, combined with 
the difference-in-differences approach to control for time-invariant differences between our 
treatment and comparison groups. We complemented the above with semi-structured interviews 
with a sub-sample of 40 purposively selected program participants. Despite evidence of variable 
program exposure and agroforestry uptake, we found modest, yet statistically significant, effects of 
Vi’s program on intermediate outcomes, such as agroforestry product income, fuelwood access, and 
milk yields among dairy farmers. We also found that this program modestly increased asset holdings, 
particularly among households represented by female program participants.  
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1. Introduction 

 

Agroforestry, or agriculture with trees (ICRAF, 2017), has long been touted as a triple-win for 
smallholder farmers, with the potential to mitigate environmental damage, increase income and 
improve climate resilience. Recently, agroforestry and its suite of associated practices has increased 
in policy prominence (see, for example, Buttoud et al. 2013), and its promotion is one of the central 
pillars of Land Degradation Neutrality (LDN) investments globally, targeted to reach US$ 14.7 billion 
by 2021 (Maillard & Cheung, 2016). Despite this substantial interest and investment, little work has 
been undertaken to rigorously assess the longer-term impacts of agroforestry extension programs and 
integrated agroforestry systems (Miller et al. 2018). 

 

While a number of studies have examined the effectiveness of specific agroforestry practices on 
intermediary outcomes, such as soil fertility and crop yields, results are mixed (e.g., Odhiambo et al. 
2001; Otsuki 2010; Sjögren et al. 2010; Sileshi et al. 2009). The impact of agroforestry on such 
outcomes is largely dependent on the specific practices introduced, the extent to which they are 
appropriately implemented, and their interaction with the biophysical and socioeconomic context in 
question. Fewer studies have examined the effects of specific agroforestry programs or integrated 
systems on more downstream outcomes, such as household income and food security. One exception 
is Place et al. (2005) who estimate the effect of agroforestry-based soil fertility replenishment 
practices in western Kenya on food security and poverty using instrumental variables for adoption. 
However, the sample of households studied is small (n=102), and the instruments used (e.g., whether 
any adult in the household previously held a job) may violate the exclusion restriction1, thereby 
rendering the results largely inconclusive. 

 

A challenge in evaluating the impacts of agroforestry is that farmers tend to pursue several of its 
associated practices simultaneously, with the intention of deriving multiple benefits, e.g., improved 
soil and crop management and fodder, fuelwood, fruits and timber for domestic use and sale. Many 
agroforestry practices are also expected to positively interact (Nair, 1993). Thus, while single practice 
efficacy studies are important, their use is limited in understanding the broader impacts of 
agroforestry. 

 

Agroforestry also poses challenges for impact evaluation because of both the long duration in which 
outcomes are expected to manifest and the likely heterogeneity of such outcomes across social and 
agroecological settings. One possible approach could involve promoting contextually-appropriate 
agroforestry practices in randomly assigned villages for a significant number of years and then 
comparing households within them with those in control villages against various intermediate and 
downstream outcome measures. Yet, executing such a study would be difficult given the time it takes 
for the synergistic interactions and impacts of the promoted agroforestry practices to fully manifest, 
exacerbated by the likelihood of significant contagion and spillover effects over this period. Instead, 
our study followed a quasi-experimental approach, where we collected detailed information on 
program implementation to find a comparable control group, and measured both intermediate and 
final outcomes, to increase our confidence in the veracity of any final outcomes observed. 

 

We took advantage of an agroforestry promotion program in operation in western Kenya for nearly a 
decade, implemented by Vi Agroforestry (Vi), a Swedish non-governmental organization (NGO). We 
used multiple approaches to overcome both program placement and self-selection bias, including the 
geospatial matching of program and non-program villages and using program targeting as an 

                                                           
1 The exclusion restriction states that the instrument in question should only affect the outcome variable indirectly by 
influencing treatment status (Angrist & Pischke, 2008). 
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instrument for participation. We further employed a difference-in-differences strategy for outcomes 
where we were able to reconstruct baseline data, thereby controlling for time-invariant differences 
among program and comparison households.  

 

We first assessed the extent to which the targeted smallholder farmers participated in Vi’s program 
and, in turn, took up the promoted practices and tree germplasm. We then examined various 
intermediary outcomes—fuelwood access, tree fodder use, milk yields, and revenue from the sales 
of agroforestry products. Third, we estimated the effects of the program on final outcomes—
consumption expenditure and asset accumulation. Last, we explored how much of the change in final 
outcomes can be attributed to differences in levels of agroforestry adoption. 

 

This paper makes four substantive contributions to the literature: (1) it is one of the few papers to 
estimate the effects of agroforestry promotion on long-term household outcomes; (2) estimates of 
program effects on a number of intermediary environmental and economic outcomes are assessed to 
test the mechanisms laid out in our theory of change; (3) a novel measure of agroforestry adoption 
that captures its multidimensional nature is put forward; and (4) the fraction of change in economic 
outcomes that can be explained by agroforestry adoption is explicitly measured. Despite evidence of 
imperfect program exposure and agroforestry uptake, modest, yet statistically significant, program 
effects on intermediate outcomes, such as agroforestry product income, fuelwood access, and milk 
yields among dairy farmers were identified. The is further evidence that this program modestly 
increased asset holdings, particularly among households represented by female program participants. 

  



3 
 

 

2. Vi Agroforestry’s Agroforestry Promotion Program and Implicit Theory of Change 

 

2.1 Vi Agroforestry’s Program 

 
General Background 
Vi is a Swedish NGO founded in 1983. It operates in four African countries—Kenya, Uganda, Tanzania 
and Rwanda. It promotes the integration of woody perennials into smallholder farming systems to (a) 
directly produce agroforestry products, such as timber, fuelwood, fruits and livestock fodder, for both 
household use and sale; and (b) enhance the management of local natural resources by improving soil 
fertility, soil erosion control, and water infiltration. At the time of this study, Vi’s program model 
focused on promoting the above practices among pre-existing smallholder farmer groups, coupled 
with other sustainable agricultural land management (SALM) practices, e.g., composting, crop 
rotation, and mulching. This was complemented with farmer group capacity strengthening through 
leadership training and promotion of group savings and lending.  
 
The primary agroforestry practices promoted by Vi are variants of three specific planting patterns: 
alley-cropping (intercropping trees with annual crops); boundary planting; and tree planting along soil 
erosion control structures. Boundary planting is common throughout both the targeted and non-
targeted parts of the impact study area, but Vi encourages farmers to intensify this practice by 
integrating leguminous shrubs in the spaces in between long-term timber species, thereby creating 
multi-story boundary planting systems (LePage Morgan, 2017; Wachiye, 2008). In addition, farmers 
are trained to develop similar multi-story perennial systems along intra-plot erosion control 
structures, which include simple grass strips, trash lines consisting of crop residue, small contour 
bunds, trenches, and terraces.  
 
In practice, farmers select specific tree species and agroforestry practices among the larger suite 
promoted by Vi, adapting them to their specific needs and circumstances. Its extension staff further 
tailor capacity development interventions to match the needs of each participating farmer group. 
Nevertheless, each group is expected to learn about the advantages of agroforestry, and Vi's activity 
calendar is coordinated around bi-annual tree seed distributions corresponding with the arrival of the 
two rainy seasons in its operational area. Tree seeds are distributed free of charge, including seeds for 
direct seeding and for raising in small-scale tree nurseries.  
 
Specific Projects Implemented in the Impact Study Area 
Vi began promoting agroforestry in the impact study area in 2008 through the implementation of two 
projects: the Kenya Agricultural Carbon Project (KACP) and the Farmer Organizations and Agroforestry 
(FOA) project (see Figure 2). These two initiatives had their own field staff and funding structures, but 
shared similar approaches for promoting agroforestry and other complementary SALM practices. The 
distinguishing feature of KACP is that it explicitly emphasised the carbon sequestration function of the 
promoted agroforestry and other SALM practices. Tree planting and management were incentivized 
by modest payments to farmer groups (equivalent to approximately US$ 3.00 per person per year) 
upon confirmation that trees had been planted and cared for on their farms. FOA, on the other hand, 
stressed the capacity development of farmer organizations, as a complement to the provision of tree 
seeds/seedlings and SALM training. It did not provide carbon payments, nor did it monitor tree 
planting with the same degree of rigor. Moreover, since FOA was focused on empowering farmer 
organizations, one of Vi’s four supervision areas that made up the impact study area was handed over 
to partnering Savings and Credit Cooperatives (SACCOs) in 2014. Thus, Vi’s training and other capacity 
development activities were implemented by SACCOs for the latter three years of the study period in 
this supervision area, i.e., from 2014 to 2016. Despite the above differences, the training and seed 
distribution regimen of the two projects were largely similar.  
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2.2  Program Theory of Change 
 

 Figure 1: Theory of Change framework for Vi’s program 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
To inform our impact evaluation, we constructed a basic Theory of Change (Figure 1) for how Vi’s 
program is expected to generate its intended longer-term outcomes. It assumes that appropriate 
participation in Vi’s program took place among members of the targeted farmer groups, followed by 
the adoption of the specific agroforestry practices and tree/shrub germplasm by the participating 
smallholders. Adoption was to then yield multiple intermediary impacts. One such intermediary 
impact is improved soil health, which is expected to have, in turn, improved crop production, or—at 
the very least—reduced input costs and, thereby increasing returns. And with the increased use and 
availability of tree/shrub fodder, increases in milk production and/or returns were also expected 
among dairy farmers. Moreover, greater revenue from other agroforestry products, such as timber, 
fuelwood, and fruit, were further expected, as well as diversified income and food sources. Given their 
traditional role in collecting fuelwood, benefits specific for women were additionally expected, due to 
its increased availability of fuelwood on farm. The above intermediary outcomes were then expected 
to have interacted together, over approximately a five- to 10-year timeframe, to bolster household 
income, food and nutritional security, and resilience to shocks.  
 
 

3. Methods 

 

3.1 Impact Study Area Selection 

This began with an exploration of locations where agroforestry had been substantially promoted in 
Kenya and where a credible quasi-experimental impact evaluation design could be pursued. While 
there have been several intensive, long-term efforts to promote agroforestry in this country, this was 
often done in combination with other interventions, thereby making it difficult to evaluate its specific 
impacts. The only organization found to have had a sustained, and near exclusive focus on agroforestry 
promotion was Vi, hence the genesis of this impact evaluation.  
 
This culminated in a scoping mission in March 2016—conducted with Vi staff—to further narrow in on 
suitable intervention and comparison areas to serve as the study’s focus. We found greatest potential 
in Bungoma and Kakamega counties. After visiting several sites and conducting informal interviews 
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with farmers, we concluded that this area had high potential for the impact evaluation, given the 
(reported) high rates of agroforestry adoption and agroecological comparability across program and 
potential comparison areas. In addition, neither Vi or any other organization had substantively 
promoted agroforestry in the area prior to 2008. 
 

3.2 Impact Evaluation Design 

Given that Vi’s program was not randomized, we faced two potential sources of selection bias. First, 
those communities targeted by Vi and potential comparison communities might be systematically 
different in ways that affect outcomes (i.e., program placement bias). Second, even within the 
targeted communities, households that participated Vi’s program may have been substantively 
different when compared to those that did not, in both observable and non-observable ways (i.e., self-
selection bias).  
 
Our main strategy for countering program placement bias involved the following: first, we identified 
specific sub-locations (the smallest administrative unit above the village in Kenya) where Vi had 
operated since the baseline period within the two counties We then worked with local informants to 
purposively match these sub-locations with potential comparison sub-locations based on their 
similarity in terms of perceived wealth status and agroecological characteristics.2 Next, a scoping 
survey was administered in all villages within the purposively matched program and comparison sub-
locations to capture basic demographic information and geocoordinates of these villages, as well as 
to verify the existence of active farmer groups operational since the initial years of Vi’s program. 
Village-specific data were then compiled on key geospatial and demographic variables from secondary 
data, including population density, baseline soil conditions and tree cover, elevation, rainfall, and 
distance from major road networks (as a proxy for market access).  

 
Thereafter, the data were used to match treatment to potential control villages using propensity score 
matching (PSM) (Rosenbaum and Rubin 1983). Third, comparable program and comparison villages 
were identified in equal numbers within each of Vi’s four main supervision areas, hereafter referred 
to as Village Sampling Zones (VSZs). Using the psmatch2 program (Leuven & Sianesi, 2003) in Stata, 
one-to-one calliper matching was implemented at the VSZ level. Here, the callipers employed were 
incrementally reduced, thereby iteratively discarding poorly matched program and non-program 
villages, until the sample of 30 well-matched villages (15 program villages and 15 comparison villages) 
per VSZ was reached. In the end, the initial sample of 336 villages (194 program and 142 comparison 
villages) from all the purposively matched sub-locations was reduced to 121 (60 program and 61 non-
program), with one additional village added, given that one of the matched comparison villages turned 
out to be two distinct villages. Figure 2 presents the locations of the final set of matched villages. This 
village matching exercise is described in greater detail in Morgan et al. (2018). 
 
The main strategy used to address self-selection bias involved mimicking Vi’s targeting process when 
it engaged with the program villages during the baseline period. Here, it specifically targeted pre-
existing farmer groups, offering all such groups and their respective members the opportunity to 
participate in its program. As such, the study specifically ensured that the village sampling frames from 
which all the respondents (12 females and 12 males per village) were to be selected were currently 
active members of one or more existing farmer groups formed in 2008/09 or earlier. In the program 
villages, interviewing members of all pre-existing farmer groups, regardless of whether or not they 
engaged with Vi, ensured that we did not simply compare a unique set of farmer groups with a more 
general set in the comparison villages. Similarly, identifying and interviewing all groups and members 
that had been active in the early stages of the program period in the comparison villages enabled us 
to identify a set of farmer groups that would have been offered the opportunity to participate in Vi’s 

                                                           
2 We were informed by Vi staff that there was no particular reason why they had not expanded into these other areas. Lack 
of funding and human resource capacity were the key limiting factors.  
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program had Vi gone to these villages and followed the recruitment approach used in the program 
area.  
 

Figure 2: Map of impact study area with matched villages 
 

 
 
 
By assuming that the matched program and comparison are as good as randomly assigned, this 
approach enabled us to generate both intention-to-treat (ITT) and local average treatment effect 
(LATE) estimates. The ITT estimates were derived by simply comparing all sampled households in the 
villages targeted by Vi with those in the comparison villages, regardless of whether or not they 
belonged to a Vi group. Given that the sample of households from the program area includes a 
significant number (~25%) that are not members of Vi groups and, hence, did not directly participate 
in Vi’s program, the ITT estimates likely underestimate the effects of such participation.  
 
It was further assumed that the opportunity provided by Vi to the pre-existing farmer groups of the 
program area to participate in its program made it more likely and never less likely for them to have 
participated, i.e., the monotonicity assumption (Heckman and Vytlacil 2007). This, coupled with the 
above ‘good as randomly assigned’ assumption, enabled the application of two-stage least squares 
regression (2SLS) to derive LATE estimates (Imbens, 2010), where targeting was used as an instrument 
for participation. If these two assumptions hold—and given that no households were found to have 
participated in Vi’s program in the comparison villages—these estimates approximate the average 
effects Vi program participation. 
 
Several other measures were taken to counter both program placement and self-selection bias. A key 
limitation of the study, for example, is that no suitable baseline survey was undertaken. This limited 
our ability to check and control for time variant baseline differences between the intervention and 
comparison groups. To address this limitation, recalled baseline data were collected from the 
respondents on asset ownership, housing characteristics, livelihood pursuits, and tree planting and 
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land management practices, data for which recall bias is assumed minimal. We took advantage of a 
significant historical event which had taken place one year prior to the baseline period, i.e., Kenya’s 
post-election violence, and used this as a historical marker.3  We further supplemented these data 
with satellite imagery from before 2008 to generate baseline data for selected variables and employed 
the difference-in-differences strategy where possible. 
 
One constraint of this approach is that it does not allow for the formal testing of parallel trends in 
asset accumulation or livelihood pursuits. To address this, we tested for parallel trends in nightlights, 
which have been used as a proxy for economic development (Keola, Andersson, & Hall, 2015). We also 
tested for parallel trends in tree cover. We found no evidence of different parallel trends between our 
treatment and control villages in either measure (see Section 10 of our online Appendix4 for details).  
 
Because the village matching exercise was first implemented at the VSZ level and to minimize our 
results being influenced by general VSZ specific differences, all our OLS and 2SLS models included VSZ 
dummies as fixed effects. Standard errors were further clustered at the farmer group level, given Vi’s 
targeting approach of engaging pre-existing farmer groups. In addition, given that some observable 
differences were found between our intervention and comparison groups (see Section 4), all our 
outcome models included covariates correlated with being in the program area (p<0.1).  
 
In our online Appendix, results of several complementary modelling approaches that were used to 
further test the robustness of the OLS and 2SLS models are presented: (1) Inverse Probability 
Weighted Regression Adjustment (IPWRA) or doubly robust inverse probability weighted regression, 
given that it offers protection against misspecification of either the participation or outcome model 
(Funk et al. 2011); (2) robust regression to mitigate the influence of extreme values in the 
distributions; (3) one-to-one nearest neighbour matching as a non-parametric program effect 
estimation strategy; and (4) quantile regression to generate median, rather than average, program 
effect estimates.  
 
As a final robustness check, we interacted the covariates correlated with being in the program area 
(p<0.05) with the program area dummy and included each in our base OLS models. This tested 
whether these covariates affected our outcome measures differently in the program and non-program 
areas. The maintenance of significant effect estimates gives us further confidence that these 
observable differences are not introducing bias. Changes in their significance muddies the waters: 
either those with the characteristic in the program and non-program areas were differentially affected 
by Vi’s program or simply differ with respect to the outcome measure (or changes in the outcome 
measure over time).    

 
Further, a theory-based approach (White, 2009) was followed. Data were collected from both the 
household survey and from remote sensing on various intermediary measures along the causal 
pathway towards the program’s expected effects on consumption expenditure and asset 
accumulation, following our theory of change. This enabled us to assess to the extent to which changes 
associated with this theory of change unfolded as expected. We complemented this with statistical 
mediation analysis (MacKinnon, 2008) using Stata’s sem (structural equation modelling) command. 
Here, we assessed the extent to which several hypothesised mechanisms for our estimated asset 
accumulation effects are consistent with variation in the data.  

 

                                                           
3 Respondents were specifically requested to recall conditions prior to the nation-wide events that took place in December 
2007 to January 2008. The geographical area where the survey was carried out did not witness significant violence, as had 
taken place in other parts of Kenya, so we thought it was appropriate to take advantage of this specific historical marker.  
4 Appendix: Assessing the Downstream Socioeconomic Impacts of Agroforestry in Kenya 

 

http://www.worldagroforestry.org/downloads/Appendix-Assessing-the-Downstream-Socioeconomic-Impacts-of-Agroforestry-in-Kenya.docx
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Finally, our impact evaluation also included a substantive qualitative component. The primary 
objectives—carried out by a team of two qualitative researchers—were to (1) investigate variation in 
agroforestry adoption intensity between female and male Vi group members and across the two main 
project areas (KACP and FOA); and (2) explore the mechanisms through which different components 
of Vi’s program may have contributed to livelihood improvements. Here, we carried out semi-
structured interviews with a sub-sample of 40 purposively selected Vi group members. We used a 
structured questionnaire combined with ranking exercises, record sheets for trees and products, farm 
sketches, and in depth interviews for formal local knowledge acquisition using the Agroecological 
Knowledge Toolkit (AKT5) (Dixon et al. 1999).  
 
  

http://akt.bangor.ac.uk/index.php.en


9 
 

4. Data 

 
4.1 Data Collection and Analysis 
From August through to the end of September 2016, 1,450 and 1,410 households in program and non-
program villages, respectively, were interviewed. They comprised 432 farmer groups operating in 121 
villages. Of the households in the program villages, 1,093 (75.4%) were found to be members of farmer 
groups that participated in Vi’s program from the baseline period onwards. During data analysis, 63 
respondents who did not meet our sampling criteria were dropped from the dataset, thus reducing 
the total sample size to 2,797. A pre-analysis plan was also prepared and submitted to the 
International Initiative for Impact Evaluation’s (3ie) Registry for International Development Impact 
Evaluations (RIDIE).5  

 
4.2 Baseline and Time Invariant Respondent and Household Covariate Balance 
The objective of the village geospatial and secondary data matching exercise was to achieve an 
unbiased comparison between the households of the program and comparison areas. A comparison 
of these two groups against the full set of 46 covariates is presented in Section 2 of the online 
Appendix, while Table 1 presents only those found to be statistically significant at a 95% level of 
confidence or greater net of VSZ.  

 
Table 1: Covariate comparison of households in program and comparison areas: differences 

at 95% level of confidence or greater 

Characteristic 
Program Non-program Difference 

(raw) 

Difference 
(net of county) 

Difference 
(net of VSZ) Mean Mean 

Respondent is head 0.48 0.54 -0.057*** -0.14*** -0.14*** 

   (-3.01) (-3.02) (-3.03) 
Respondent is spouse of head 0.41 0.37 0.038** 0.099**  0.100**  

   (2.06) (2.06) (2.07) 
Respondent has tech. skills 0.06 0.04 0.020** 0.18**  0.18**  

   (2.30) (2.31) (2.29) 
HH reared livestock in 2007 0.62 0.57 0.055*** 0.14*** 0.14*** 

   (2.97) (2.97) (2.92) 
HH member employed in 2007 0.16 0.13 0.030** 0.13**  0.12**  

   (2.24) (2.21) (2.08) 
Head is 60 or older 0.33 0.29 0.043** 0.12**  0.12**  

   (2.46) (2.46) (2.42) 
Respondent owned main parcel (07) 0.46 0.54 -0.084*** -0.21*** -0.21*** 

   (-4.44) (-4.44) (-4.40) 
Estimated 2007 soil organic car (plot avg.)  24.38 22.97 1.42*** 1.40*** 1.36*** 

   (4.63) (5.12) (6.12) 

Observations 1411 1386 2797 2797 2797 

z/t statistics in parenthesis; VSZ=Village Sampling Zone; * p<0.1, ** p<0.05, *** p<0.01; probit regression used for net of county and 
VSZ differences, so coefficients are not directly interpretable, only the t/z-statistics 

 
Farmer group members in the program area are slightly more likely to be female and about 6% less 
likely to head their respective households. Moreover, while they are more likely be technically skilled, 
they are also 8% less likely to own their respective household’s main farming parcel outright. Program 
area households were also more likely to have reared livestock and have one or more members in 
formal employment in 2007. They are, furthermore, more likely to be elderly headed, have had soils 
richer in organic matter at baseline, and reside further from tarmacked road networks.  
 
While by no means extreme, the variables associated with these differences are correlated with many 
of the study’s outcome measures. Hence, we included all covariates correlated with our program area 
dummy (p<0.1 and net of VSZ) in all our models used to estimate the effects of Vi’s program.  
 
 

                                                           
5 See: http://ridie.org/index.php?r=search/detailView&id=504  

http://ridie.org/index.php?r=search/detailView&id=504
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4.3 Outcome Measures 
 
We used the survey data to generate several measures associated with the intermediary outcomes 
and impacts relevant to our ToC presented in Section 2. 
 

Uptake of Promoted Agroforestry Practices and Tree Species 

One complication about agroforestry is that it is not a singular practice. Consequently, we developed 
an Agroforestry Adoption Index to enable data associated with its various dimensions to be practically 
aggregated and analysed. While we recognize that no ‘one size that fits all’ when it comes to 
measuring agroforestry, we worked with Vi to devise specific indicators to reveal the extent to which 
the specific agroforestry practices and tree and shrub species it promoted were taken up by the 
farmers its targeted. Following Alkire and Foster (2011), we grouped the 10 binary indicators 
presented Figure 3 under three dimensions: Practice Uptake; Intensity of Practice; and Tree Species, 
and weighted each equally under these dimensions.  
 
                  Figure 3: Agroforestry Adoption Index for Vi’s Program

 
If a household had significantly taken up Vi’s promoted agroforestry practices and tree germplasm, 
we would expect to see trees and shrubs not only integrated into its farming plot(s), where food and 
horticultural crops are grown, but also the harvesting of several tree products, such as fuelwood, 
timber, fruits and/or fodder. We would also expect to see tree-based natural resource management 
(NRM) techniques being applied, such as planted trees along contour lines interspersed with shrub 
species. Several other complementary agroforestry practices should further be present on the farm, 
such as fruit orchards, woodlots and/or fodder banks.  
 
In addition, the uptake of these practices should be significantly intense. One would expect to see, for 
example, the presence of a relatively high density of trees on the adopting household’s food and 
horticultural plots, coupled with other complementary agroforestry practices and significant income 
earned through the sale of the resulting products. Finally, one would expect to find ‘signature’ tree 
and shrub species promoted by Vi on farm, ranging from leguminous shrubs through to more long-
term exotic and native species.  
 
Tree Product Sales 
Agroforestry may generate longer term socio-economic impacts by directly generating income 
through the sale of agroforestry products, such as timber, fuelwood, and fruits. During our household 
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survey, enumerators observed if there were any trees or shrubs within or along the boundaries of the 
interviewed households’ fields and other land use areas and, if so, respondents were asked whether 
they had generated any products over the last 12 months, such as fodder, timber, fuelwood, and/or 
fruits, that were sold for cash. While we recognize the potential for recall bias, they were also asked 
the same questions about the plot with respect to the baseline period.    
 
Fuelwood Cash Value and Collection Time 
Another expected intermediary outcome associated with the increased uptake of agroforestry is 
increased access to fuelwood, given that it can be readily obtained from the household in question’s 
farm. Given that nearly all households in the impact study area are dependent on fuelwood (>99%), 
coupled with the gender-based division of labour with respect to its collection, we assume that 
reducing the amount of time and effort spent collecting it would positively benefit women as well. To 
capture data on the amount of fuelwood accessed on farm and the time spent collecting it, the 
respondents were first asked whether they had used any fuelwood for cooking, heating, or any other 
purpose during the previous month. They were then asked where they sourced it from, including the 
primary source, followed by (a) the number of times they collected it over the past month; (b) the 
number of hours spent collecting it on each occasion; and (c) how much what was collected would 
have cost if it were purchased from the local market. Again, while recognizing the possibility of recall 
bias, the respondents were also asked to recall similar information for the average month in 2007. 
Through these data, several values pertaining to the estimated cash value of fuelwood collected on 
farm and time spent collecting household fuelwood in a given month were constructed.  
 
Tree Fodder and Milk Yields 
Given the income generation potential of dairy production, coupled with the previously evidenced 
efficacy of specific species tree/shrub fodder on milk yields (Franzel et al.. 2014), it might be expected 
that Vi’s program would have a higher impact on dairy farmers than non-dairy farmers. Hence, we 
narrowed in specifically on these dairy farmers to assess whether they planted and/or made use of 
the tree/shrub fodder promoted by Vi, as well as whether milk yields were boosted. For the milk yield 
measures, we restricted our analysis to cows only, given that only seven respondents reported owning 
improved dairy goats in 2007. We also differentiated between local and improved cows, given that 
the cost of these animals and their milk yields differ substantially.6   
 
Household Welfare 
Four primary sets of indicator groups were constructed as proxies for household income or wealth 
status: (1) daily household consumption expenditure per capita adjusted for Purchase Power Parity 
(PPP); (2) consumption expenditure weighted asset indices; (3) household asset indices derived 
through principal component analysis (PCA); and (4) unweighted asset indices.  
 
While recall data are plausibly reliable for assets, they are clearly problematic for consumption 
expenditure. To generate a measure of consumption that allowed for use of the recalled baseline data, 
we followed O’Donnell et al. (2008) and linked current consumption to current assets, and used this 
approach to predict baseline consumption from baseline assets. Details on this procedure and why we 
pursued it, as well as how we constructed all four sets of the above measures, are presented in Section 
3 of the online Appendix. 

  

                                                           
6 Rather than taking the average of all the reported milk yields across improved and local cows by period and then finding 

the difference between these averages, we first differenced by cow type and then took the averages across these differences. 
If a household owned only one cow type in both time periods, then the average pertains to only this type. Moreover, if a 
household had only local cows in 2007 and then added one or more improved cows to its dairy portfolio, only the average 
changes in milk yield for the former were assessed. This was to ensure that the estimated changes in milk yield are not a 
reflection of a household having had, for example, upgraded from one or more local cows to one or more improved cows.  
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5. Results 

 
We begin by examining the extent to which households of the farmer groups targeted by Vi 
participated in its program and adopted the promoted agroforestry practices and trees/shrubs. We 
then present estimates of the effects of Vi’s program on key intermediate and final outcomes and 
explore how our estimated downstream effects may have come about.    
 
5.1 Vi Program Exposure  
Table 2 presents three measures on how intensively members of the targeted farmer groups were 
exposed to Vi’s program, with further details presented in Section 5 of our online Appendix. The first 
indicator is simply whether the respondent reported that their respective farmer group engages in 
tree planting and management. If Vi had substantively engaged with all members of the farmer groups 
it targeted, we would expect a high percentage to report tree planting and management as at least 
one of the key activities undertaken by their respective groups. Notably, only 60% of the Vi group 
respondents (representing 75% of the program area respondents) reported this to be the case, 
revealing that exposure to tree planting and management promotional interventions may have been 
limited for many. Nevertheless, 26% more Vi group respondents vis-à-vis non-program area 
respondents reported that their farmer group engages in tree planting and management.    
 
One of the key ways Vi promoted agroforestry was through training farmers in tree planting and 
management. However, only 50% of Vi group respondents reported having received such training in 
the last three years, compared to 23% of respondents in the non-program area. This may be due to 
an expectation that certain trained group members (e.g., group leaders) would pass along the training 
they received to their fellow groups members. However, either this did not happen for many 
respondents or it was not perceived as ‘training’. Figure 4 presents the percentages by gender and 
VSZ, with clear variation in favour of female Vi group members, as well as those from the 
Sirisia/Malakisi and Kimilili/Ndivisi VSZs. It is also noteworthy that only 53% of the Vi group 
respondents reported having received any form of extension in the last three years. 
 

Table 2: Comparison of HHs in program and non-program areas, program exposure 

Program  
Mean 

Vi Group 
Mean 

Non-program 

Mean 

Program vs. non-
program 
(net of VSZ) 

Vi group vs. non-
program 
(net of VSZ) 

     

Respondent reported that tree planting and management is a key activity of their farmer group 
0.54 0.60 0.33 0.21*** 0.26*** 

   (11.14) (12.87) 
Respondent reported receipt of tree planting & mgt. training in last 3 years with significant implementation 

0.46 0.50 0.23 0.24*** 0.27*** 
   (13.22) (13.93) 

Reported receipt of any type of extension support in last 3 years 
0.49 0.53 0.40 0.098*** 0.12*** 

   (5.18) (6.02) 

1411 1094 1386 2797 2480 

t statistics in parenthesis; VSZ=Village Sampling Zone 

* p<0.1, ** p<0.05, *** p<0.01; probit regression used for net VSZ differences (dprobit option) 

 

 

The qualitative data complements the above story: While the most commonly cited form of training 
received was in tree planting and management, only 23 out of the 40 farmers (14 out of the 23 women 
and nine of the 17 men) reported having received it. And like our quantitative findings, the highest 
numbers were in the Bumula and Sirisia sites.  
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Figure 4: Reported receipt of training in tree planting and management in the past 3 years 
 

 

 
In summary, from the both the study’s quantitative and qualitative findings, there is evidence that 
exposure to agroforestry promotion was significantly greater in the program area in general and 
among Vi group members in particular. However, it is also clear that such exposure was not 
substantive for many Vi group members. We will now examine the extent to which this trend is similar 
for the uptake of the agroforestry practices and tree and shrub germplasm promoted by Vi’s program.  
 
 

5.2 Adoption of Promoted Agroforestry, Related Practices and Tree Germplasm  
Table 3 presents mean values of our agroforestry adoption index and each of its three dimensions for 
both 2007 and 2016.7 Index scores for both households from the program area and the subset of Vi 
groups are each compared with those in the non-program area. Results for each indicator are 
presented separately in Table A6.1 of the online Appendix. 
 
While the index scores are low in the 2007 period, they are slightly higher in the program area in 
general and among the Vi group members in particular. This is the case across all three dimensions, 
indicating that the practice of agroforestry was already greater in the program area prior to the arrival 
of Vi. However, given that recalled data were used to construct the 2007 index, the possibility that 
recall bias was systematically different for Vi group members cannot be ruled out, for example, due 
to their assumed greater knowledge of agroforestry. Nevertheless, a second observation is that the 
change from 2007 to 2016 is significantly greater for the program area and specifically among Vi group 
households overall and across all three dimensions. There is evidence, therefore, that many 
households in the program area adopted what Vi promoted. The final observation, however, is that 
the average index scores for 2016 are not particularly high (0.27 and 0.28 for the program area and 
specifically among Vi groups, respectively, out of a maximum possible score of 1), revealing that this 
uptake was not as intense as expected.  
 
We further examined the extent to which the overall average results for the index and its specific 
dimensions differ by geographic area and specific sub-groups (hereafter referred to as sub-group 
analysis). The results do not differ significantly for households with female and male members, nor by 
sex of household head. We found considerable variation among Vi’s four VSZs, however, with many 

                                                           
7 Each of the three dimensions was reweighted to fall on the same scale ranging from 0 to 1. This enables a comparison of 
each dimension with the overall index.  
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of these differences being statistically significant. The spatial variation is clear in Figure 5. Section 6 
(Table A6.2) of the online Appendix presents the results of associated statistical tests. The qualitative 
findings corroborate this spatial variation in the uptake of agroforestry practices. For example, 23 out 
of the 40 purposively sampled farmers had planted rows of timber species along either contours or 
trash lines by Vi, but this was observed primarily in the Bumula and Sirisia sites. 
 

Table 3: Comparison of HHs—Agroforestry Adoption Index and Dimensions 

  
PA Vi Group Non-PA PA vs. non-PA 

(dif.) 

Vi vs. non-PA 

(dif.) Mean Mean Mean 

Overall Index 2007 0.15 0.15 0.11 0.033*** 0.036*** 

    (0.0079) (0.0084) 

2016 0.27 0.28 0.17 0.091*** 0.10*** 

    (0.0097) (0.010) 
Change 0.12 0.13 0.06 0.058*** 0.067*** 

    (0.0075) (0.0082) 

Dimension 1: 

Practice Uptake 

2007 0.20 0.20 0.15 0.041*** 0.045*** 

    (0.0099) (0.011) 
2016 0.31 0.33 0.23 0.084*** 0.093*** 

    (0.011) (0.012) 
Change 0.11 0.13 0.08 0.043*** 0.049*** 

    (0.0098) (0.011) 

Dimension 2: 

Intensity of Practice 

2007 0.13 0.13 0.10 0.024*** 0.025*** 

    (0.0087) (0.0092) 

2016 0.22 0.24 0.15 0.073*** 0.083*** 

    (0.0094) (0.010) 
Change 0.10 0.11 0.05 0.049*** 0.058*** 

     (0.0094) (0.010) 

Dimension 3: Tree 

Species 

2007 0.12 0.12 0.08 0.035*** 0.039*** 

    (0.010) (0.011) 
2016 0.26 0.28 0.14 0.12*** 0.13*** 

    (0.014) (0.015) 
 Change 0.14 0.16 0.06 0.082*** 0.094*** 

     (0.011) (0.012) 
 Observations 1411 1094 1386 2797 2480 

PA = Program Area; * p<0.1, ** p<0.05, *** p<0.01; standard errors in parentheses and clustered at farmer group level; covariates correlated 
with program area (p=<0.1) used in all models estimated using OLS; VSZ dummies used for fixed effects. 

 

Figure 5: Village level averages in Agroforestry Adoption Index 2007 to 2016 
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A particularly surprising sub-group difference related to the uptake of Vi’s program evident in the 
quantitative data is presented in Table A6.2 of our online Appendix. We hypothesized in our pre-
analysis plan that dairy producers would experience relatively greater increases in household income 
and asset accumulation, given the effects of tree fodder on bolstering and/or lowering the costs of 
milk production. However, for the uptake of Vi’s overall program at least, we found the opposite. As 
indicated in this table, while the index gains among dairy producers in the program area are 
significantly greater than their counterparts in the comparison area, this same difference is nearly 60% 
greater among non-dairy producers. 
 
5.3 Tree Product Sales and Fuelwood Access 
Table 4 presents the results comparing program and non-program areas for tree product sales. The 
two single differenced models include recalled baseline estimates for the cash value of the 
agroforestry products reported as being sold. There are several noteworthy observations. First, 
households in program area reported higher income from agroforestry product sales, both in levels 
and in terms of changes from the baseline. However, the second observation is that most households 
in both the program and non-program areas reported no sales at all; the median is 0 for both groups. 
As is clear from Table 4, just over one-third of households in the program area reported sales over Ksh 
1,000 (≈US$ 10), as compared with about one-fourth in the comparison area.  
 

Table 4: Agroforestry product sales, ITT and LATE estimates 

 Sale of AF Products 

Ksh (2016)  

Sale of AF over Ksh 

1000 (2016) 
Sale of AF Products 

Ksh (difference)  

Sale of AF over Ksh 

1000 (difference) 
Raw results     
Program Mean  8647.15 0.36 6347.68 0.33 
Non-Program Mean 4784.57 0.25 3198.60 0.22 
Unadjusted diff. 3862.6*** 0.11*** 3149.1*** 0.10*** 

 (836.6) (0.017) (775.1) (0.017) 

Observations 2797 2797 2797 2797 
     

OLS (ITT)      

Coefficient 3428.0*** 0.34*** 3384.9*** 0.36*** 

 (886.8) (0.061) (858.2) (0.062) 

Observations 2790 2790 2790 2790 
     

2SLS (LATE)     

Coefficient 4344.4*** 0.43*** 4290.2*** 0.45*** 

 (1118.8) (0.077) (1082.0) (0.078) 

Observations 2790 2790 2790 2790 
     

* p<0.1, ** p<0.05, *** p<0.01; standard errors in parentheses and clustered at farmer group level; covariates correlated with 
program area (p=<0.1) used in all models; VSZ dummies used for fixed effects in all models. 

 

 
Our sub-group analysis revealed significantly greater gains in tree product sales between the program and 
non-program areas in the Sirisia/Malakisi and Bumula VSZs and to a lesser extent in the Tongaren/Likuyani 
VSZ (See Figure 6, as well as Table A8.1 in the online Appendix). 

 
 

5.4 Fuelwood 
The results presented in Table 5 indicate that the estimated cash value of fuelwood collected on farm 
and increases in this cash value over the two periods is, overall, greater for the program area. There 
are also significant differences in the number of hours per month needed to collect fuelwood in favour 
of the program area. However, only 44% and 41% of households reported a reduction in fuelwood 
collection time in the program and comparison areas, respectively, with a raw median value for both 
groups of 0. The difference-in-differences ITT estimate is not significantly different from zero, while 
the LATE estimate is only significant at the 10% level.  
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Figure 6: Box plots for changes in income from agroforestry products 
 

  
 

Our sub-group analysis (see Table A8.2 of the online Appendix) reveals significant variation among the 
VSZs. Another noteworthy sub-group difference is among male and female respondents. Men from 
the program area were more likely to report a decrease in hours spent collecting fuelwood vis-à-vis 
their male counterparts in the comparison area, but this was not the case for female respondents. 
This finding is perplexing, considering that women are the ones who traditionally collect it. Finally, as 
is the case for our Agroforestry Index, dairy farmers in the program area do not seem to have increased 
their income from fuelwood sales as much as non-dairy farmers.  

 
Table 5: Fuelwood cash value and collection time 

 Cash Value of Fuelwood from Farm Hours in Month Collecting Fuelwood 

 2016 Dif. 2016 Dif. 

Raw results     
Program Mean  1280.91 640.47 9.43 -2.44 
Non-Program Mean 1122.88 506.65 10.84 -1.44 
Unadjusted dif. 158.0*** 133.8*** -1.41*** -0.99* 

 (43.4) (35.8) (0.44) (0.55) 

Observations 2797 2797 2784 2739 
     

OLS (ITT)    

Coefficient 143.8*** 138.4*** -1.47*** -0.87 

 (40.3) (39.7) (0.42) (0.60) 

Observations 2790 2790 2732 2732 
     

2SLS (LATE)     

Coefficient 182.2*** 175.4*** -1.87*** -1.43* 

 (50.8) (50.1) (0.52) (0.76) 

Observations 2790 2790 2732 2732 

* p<0.1, ** p<0.05, *** p<0.01; standard errors in parentheses and clustered at farmer group level; covariates correlated with 
program area (p=<0.1) used in all models; VSZ dummies used for fixed effects. 

 
 

5.5 Tree Fodder Use and Milk Yields  
The first two columns in Table 6 present single and double difference measures for the use of 
tree/shrub fodder for feeding dairy animals, respectively. Approximately, twice as many dairy 
producers in the program area were found making use of shrub fodder, and this increased by 27% 
compared to 10% among their counterparts in the comparison area.8  
 

                                                           
8 Given that the dairy farmers are a sub-set of the overall sample, a specific set of covariates correlated with program area 

(at p<.1) specific to this sub-sample was used.  
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Figure 6: Box Plots for Changes in Income from Agroforestry Products
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Table 6: Tree fodder use and milk yields among dairy producers 

 Tree 

fodder use 

2016 

Tree 

fodder use 

dif. 

Avg. 2016 

milk 

ltr./day 

Avg. dif. 

ltr./day  

Avg. dif. 

ltr./day 

(log) 

% change 

in milk 

yields 

+ change 

in milk 

yields 

Self-

reported 

increase 

Raw results         
Program Mean  0.42 0.27 3.63 0.39 0.14 0.28 0.50 0.52 
Non-Program Mean 0.21 0.10 3.37 0.17 0.07 0.18 0.44 0.44 
Unadjusted dif. 0.21*** 0.17*** 0.26* 0.22** 0.070** 0.099** 0.061* 0.077** 

 (0.030) (0.027) (0.14) (0.10) (0.031) (0.044) (0.033) (0.033) 

Observations 932 932 932 932 931 932 932 928 
         

OLS (ITT)       

Coefficient 0.63*** 0.73*** 0.30*** 0.27*** 0.082** 0.12** 0.20** 0.20** 

 (0.11) (0.11) (0.10) (0.10) (0.032) (0.046) (0.090) (0.086) 

Observations 929 929 929 929 928 929 929 925 
         

2SLS (LATE)         

Coefficient 0.77*** 0.85*** 0.36*** 0.33*** 0.10*** 0.14*** 0.24** 0.25** 

 (0.13) (0.14) (0.12) (0.12) (0.039) (0.056) (0.11) (0.10) 

Observations 929 929 929 929 928 929 929 925 

         

* p<0.1, ** p<0.05, *** p<0.01; standard errors in parentheses and clustered at farmer group level; covariates correlated with program area 
(p=<0.1) used in all models; VSZ dummies used for fixed effects. 

 
For average milk yields and increase in milk yields, there are consistent positive results, even though 
the median raw difference in both the program and comparison areas is zero. We see that reported 
milk yields increased in favour of the program area by at least 0.2 litres per day or by 6% (using the 
more conservative robust regression estimates). A greater percentage of dairy producers in the 
program area also qualitatively reported that their milk yields had increased from the baseline 
period—52% against 44%. 
 
A relevant question, of course, is: To what extent was the relatively greater increase in milk yields 
among the dairy farmers in the program area driven by their relatively greater use of tree/shrub 
fodder? While we recognize that comparing milk yields between tree/shrub fodder users and non-
users would be inconclusive (i.e., there may be one or more ‘omitted’ variables correlated with such 
differential uptake that could account for the difference), failing to see such a relationship would 
provide strong grounds to reject this as a hypothesized mechanism.  

 
Figure 7: Box plots for % change in average milk yields 
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In Figure 7, four box plots for our differenced milk yield measure are presented: the first is for the 
comparison area and the second for the overall program area, while the third and fourth are specific 
to tree/shrub fodder and non-fodder users residing in the latter, respectively. Changes in milk yields 
between the comparison area and non-tree/shrub fodder users in the program area are very similar. 
The box plot for the tree/shrub fodder users in the program area clearly standout, with three-quarters 
of the distribution reporting positive milk yield increases. 

 
While dairy farmers appear to have taken up less of Vi’s overall program, many did engage with its 
tree/shrub fodder promotion activities. However, the use of such fodder among farmers in the 
program area that had been engaged in dairy farming since the baseline period only increased by 17%, 
with 42% reporting using it. Nevertheless, there is strong and consistent evidence that Vi supported 
many dairy farmers in the program area to bolster milk yields, and it is quite plausible that their uptake 
of tree/shrub fodder promoted through this same program was at least partially responsible.  

 

5.6 Household Consumption Expenditure and Asset Wealth 
Table 7 presents estimated program effects for four different measures of consumption. The first is 
the primary consumption expenditure measure. The second is based on these same data but where 
an index is controlled for, which was constructed by weighting assets reportedly owned in 2007 using 
the 2016 consumption and expenditure data (described in Section 3 of our online Appendix). This was 
part of our larger effort to use asset recall as a means of predicting (estimating) baseline consumption 
expenditure. The latter two sets of results are based on asset indices weighted by 2016 consumption 
expenditure data, with 2007 consumption expenditure weighted indices controlled for in the first. 
 

Table 7: HH consumption expenditure and asset indices weighted by these data 
 2016 HH consumption expenditure (CE)/capita Asset indices weighted by 2016 CE data  

 16 CE with covariates 

only  

16 CE with CE 07 asset 

index as covariate  

16 CE asset weighted 

with CE 07 asset index 

Differenced 16 CE asset 

weighted index 

Raw results     

Program Mean  4.61 4.61 5.01 1.00 
Non-Program Mean 4.55 4.55 4.83 0.91 
Unadjusted dif. 0.057 0.057 0.18* 0.086 
 (0.11) (0.11) (0.099) (0.056) 

Observations 2797 2797 2797 2797 
     

OLS (ITT)    

Coefficient 0.074 0.062 0.10* 0.10* 

 (0.10) (0.087) (0.055) (0.055) 

Observations 2790 2790 2790 2790 
     

2SLS (LATE)     

Coefficient 0.10 0.085 0.13 0.13* 

 (0.16) (0.13) (0.15) (0.079) 
Observations 2790 2790 2790 2790 

* p<0.1, ** p<0.05, *** p<0.01; standard errors in parentheses and clustered at farmer group; covariates correlated with program area 
(p=<0.1) used in all models; VSZ dummies used for fixed effects in all models. 

 
Our results reveal that Vi’s program had either no or modest effects on the various consumption 
expenditure measures, at least overall. Estimates for our primary outcome variable—the differenced 
2016 consumption weighted asset measure—range from 0.067 or 2.1 percent (robust regression) to 
0.13 or 2.9 percent (2SLS). While all but the former are statistically significant at the 10% level, these 
effect sizes are small (d=0.0013, for example, for the OLS 0.10 estimate).   
 
We complemented our analysis of the 2016 pure consumption and consumption weighted asset 
measures with several other asset measures. The results are presented in Table 8. The program effect 
estimates are more robust and consistent for the differenced PCA index and overall raw score asset 
score measure. One likely explanation for this is that both narrow in on asset gains and hence are 
more sensitive to picking up such gains. However, these effect sizes are still modest, e.g., d=0.0037 
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for the differenced overall PCA measure. Nevertheless, the fact that the robust and quantile regression 
estimates (see Table 9.5 in Section 9 the online Appendix) are similar in size to those of the others 
gives us confidence that the results are not being driven by influential observations, i.e., these results 
apply to the bulk of the distribution. Moreover, by examining the second half of the table, we see that 
the positive results in favour of the program areas are not driven by any specific asset class; the 
relative gains seem to be across the board.  
 

Table 8: Household asset wealth and accumulation 

 PCA Asset Indices Raw Asset Positive Gains  

 2016 Overall  
Differenced 

Overall  
Overall House Char. 

Home 

Durables 

Productive 

Assets 
Livestock 

Raw results        

Program Mean  2.05 0.75 8.78 1.32 3.95 1.76 1.75 

Non-Program Mean 1.96 0.69 8.26 1.17 3.81 1.67 1.61 

Unadjusted dif. 0.087* 0.063*** 0.52*** 0.15** 0.14 0.099 0.13** 

 (0.046) (0.022) (0.19) (0.067) (0.095) (0.061) (0.059) 
Observations 2797 2797 2797 2797 2797 2797 2797 

        

OLS (ITT)        

Coefficient 0.050* 0.069*** 0.59*** 0.16** 0.17* 0.14** 0.12* 

 (0.026) (0.025) (0.21) (0.071) (0.10) (0.070) (0.068) 
Observations 2790 2790 2790 2790 2790 2790 2790 

        

2SLS (LATE)        

Coefficient 0.064* 0.087*** 0.75*** 0.20** 0.22* 0.18** 0.15* 

 (0.033) (0.032) (0.27) (0.091) (0.13) (0.088) (0.086) 
Observations 2790 2790 2790 2790 2790 2790 2790 

* p<0.1, ** p<0.05, *** p<0.01; standard errors in parentheses and clustered at farmer group; covariates correlated with program 
area (p=<0.1) used in all models; VSZ dummies used for fixed effects in all models. 

 

Table A8.4 (Section 8) of the online Appendix present the results of our subgroup analyses for these 
particular asset measures. There is, yet again, variation across the VSZs. The differential effects that 
are most surprising are for households with female participants, with all the effect estimates for 
women being highly significant, but with virtually no evidence of impact for households with male 
participants. While, the Wald tests did not find the effect sizes to be statistically significantly different 
from that of men for the two variations of our asset gain measure, this is the case for the two single-
difference PCA measures and the overall raw asset measure. Our implementation of robust and 
quantile regression models confirmed the robustness of these results. Figure 8 provides a visual 
illustration of the differences in the distributions for the differenced asset measure. In general, male 
participant households are better off, but those represented by women in the program area gained 
more than their counterparts in the non-program area.  
 

Figure 8: Asset gain index (PCA 1st component) 
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Figure 8: Asset Gain Index (PCA 1st Component)
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5.7 Is Agroforestry Uptake Responsible? 
Consistent with the theory of change for Vi’s program, it is evident that relatively greater (albeit 
modest) gains in the AF index took place in the program area vis-à-vis the comparison area. We will 
now explore the extent this relatively greater uptake of agroforestry may be responsible for the 
corresponding modest estimated gains in asset holdings brought about by Vi’s program.  
 
Table 9 presents the results of our analyses. Against each of our three central asset measures 
presented in column 1, its corresponding OLS effect estimate is presented in column 2. The coefficients 
presented in the third and fourth columns reveal how those of column 2 change with the inclusion of 
two possible mediating mechanisms, respectively: (a) agroforestry uptake, as measured with both our 
differenced AF index and a differenced plot-level tree cover indicator obtained through remote 
sensing; and (b) the uptake of the other key components of Vi’s program, as measured by a differenced 
Sustainable Agricultural Land Management (SALM) practice index and a micro-enterprise participation 
index. (See Section 7 of our online Appendix for a description of these other measures.) 
 
Table 9: Results of mediation analysis—asset effect estimates through AF Index and tree cover 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 
  

 

 OLS Models Mediation Analysis Results for AF Uptake 

 

Overall 
coef. 

w/ AF & 
Tree 

indices 

w/ SALM 
& Micro-

enter.  

Total 
Effect 

Direct 
Effect  

Indirect 
Effect 

p̂ mediated 
total 

p̂ mediated 
AF index 

p̂ mediated 
tree cover 

Overall  
  

  
   

  

Differenced Consump. Weighted Index 0.10* 0.049 0.094 0.111* 0.060 0.052*** 0.465 0.380 0.085  
(0.062) (0.062) (0.061) (0.059) (0.059) (0.012)    

PCA 2016 Asset Index 0.050* 0.028 0.046* 0.051** 0.029 0.023*** 0.439 0.324 0.115  
(0.026) (0.027) (0.026) (0.025) (0.026) (0.005)    

Differenced Asset Gain Index 0.069*** 0.048* 0.065*** 0.068*** 0.047* 0.021*** 0.304 0.196 0.107  
(0.025) (0.026) (0.025) (0.025) (0.025) (0.01)    

HHs with Female Participants Only      

Differenced Consump. Weighted Index 0.095 0.044 0.083 0.089 0.038 0.051*** 0.570 0.470 0.100 

79 (0.07) (0.069) (0.070) (0.07) (0.07) (0.016)    

PCA 2016 Asset Index 0.086*** 0.062** 0.079*** 0.091*** 0.067** 0.024*** 0.266 0.207 0.059  
(0.029) (0.030) (0.029) (0.029) (0.029) (0.01)    

Differenced Asset Gain Index 0.094*** 0.074*** 0.090*** 0.095*** 0.074*** 0.021*** 0.216 0.149 0.067  
(0.028) (0.028) (0.028) (0.028) (0.028) (0.01)    

* p<0.1, ** p<0.05, *** p<0.01; standard errors in parentheses and clustered at farmer group level; covariates correlated with Program Area 
used in OLS models; mediation analysis models also include covariates correlated with mediator variable measures. Mediation models are all 
saturated, i.e. they were constructed to perfectly reproduce all variances, co-variances, and means. 

 
If the overall OLS coefficients change significantly with the inclusion of these potential intermediary 
mechanisms, there is support—but by no means conclusive proof—that mediation may have taken 
place accordingly. If they do not change, mediation through the hypothesized mechanism is unlikely 
(assuming appropriate construct measurement). Mediation requires, at a minimum, for the mediator 
variable(s) to be correlated with both treatment and outcome (MacKinnon, 2008), thereby altering 
the OLS program area dummy coefficient. A review of the OLS coefficients presented in Table 8 reveals 
that the data are consistent with the hypothesis that the adoption of agroforestry was responsible for 
the program’s estimated effects on asset accumulation to a significantly greater degree than the other 
SALM practices and microfinance/enterprise components of Vi’s program.  
 
Given that these results favour agroforestry uptake as being a key intermediary mechanism, we 
interrogated this more formally via mediation analysis using Stata’s sem command. The models 
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include both covariates correlated with program area and the assumed mediator variables. Column 5 
of Table 9—Total Effect—corresponds to the overall program effect estimated by the mediation 
models, while the Direct Effect estimates (column 6) and Indirect Effect estimates (column 7) 
correspond to the extent to which (a) the independent variation of our program area dummy and (b) 
the variation it shares with the hypothesised mediating variable accounts for variation in the outcome 
measure, respectively. The proportion of the total effect mediated (column 8), then, corresponds to 
the proportion of the total effect that can be accounted for by the variation our program area dummy 
shares with the hypothesised mediator variable. A significant indirect effect estimate and, in turn, a 
high proportion of total effect mediated does not, however, conclusively evidence mediation; it is 
possible that one or more unmeasured factors correlated with both may be responsible.  
 
The results, nevertheless, reveal that a significant share of our program effect estimates can be 
explained by the uptake of agroforestry, i.e., the data are consistent with this hypothesised 
mechanism. However, there is still significant variation—over 50% for most models—that is not 
explained by our agroforestry uptake measures. It is also worth noting that, while the overall and 
female specific indirect effect estimates are similar to the overall indirect effect estimates for the first 
three measures, their respective proportions of total effect mediated differ because their overall 
direct effect estimates differ. Finally, note that a significantly greater proportion of the program’s 
effect is mediated through the multidimensional differenced AF index measure, as compared with the 
differenced remote sensing derived tree cover measure.  
 
We may be more convinced that the differential uptake of agroforestry in the program area was 
responsible for the corresponding increases in asset accumulation if those who took up the promoted 
practices and tree germplasm gained more than those who did not—all else being equal. Table 10 
compares high and low adopters in the program area, respectively, with all households in the 
comparison area.9 The models control for our SALM and microenterprise participation indices and our 
core set of covariates, with fixed effects for the four VSZ dummies. As is clear, the coefficients for the 
high adopters are both statistically significant and significantly larger than those of the low adopters.  
 
Table 10: Associations between AF Adoption and household asset wealth  

 Overall Female Respondent HHs 

 Consumption 

weighted dif. 

asset index  

2016 PCA 

Asset Index 
Asset Gain 

Index 

Consumption 

weighted dif. 

asset index  

2016 PCA 

Asset Index 
Asset Gain 

Index 
       

OLS (High adopters)      

Coefficient 0.20*** 0.090*** 0.11*** 0.18** 0.13*** 0.13*** 

 (0.068) (0.029) (0.028) (0.081) (0.035) (0.034) 

Observations 2072 2072 2072 1256 1256 1256 
       

OLS (Low adopters)     

Coefficient -0.0097 -0.00067 0.019 -0.0090 0.039 0.048 

 (0.072) (0.029) (0.028) (0.079) (0.034) (0.032) 

Observations 2096 2096 2096 1278 1278 1278 
       

OLS (High adopters with control functions)      
Coefficient 0.18*** 0.087*** 0.10*** 0.16** 0.12*** 0.13*** 

 (0.068) (0.029) (0.028) (0.081) (0.035) (0.034) 
Observations 2066 2066 2066 1250 1250 1250 
       

OLS (Low adopters with control functions)      
Coefficient -0.037 -0.0020 0.013 -0.036 0.033 0.040 
 (0.072) (0.029) (0.028) (0.077) (0.033) (0.031) 
Observations 2096 2096 2096 1278 1278 1278 
       

Standard errors in parentheses and clustered at farmer group level; * p<0.1, ** p<0.05, *** p<0.01 
All covariates in dataset used models, as well as SALM and microenterprise participation indices with VSZ dummies as fixed effects. 

 

                                                           
9 To be coded as a high adopter, the respondent’s household had to have gained at least 0.1 points on our 0-1 AF index 
and/or have gained an average increase of 10% tree cover on the plots of their main parcels. 



22 
 

It is indeed possible that there are one or more omitted variables that are correlated with either high 
and/or low adoption that were not properly measured and, hence, adequately controlled for, which 
may account for the different effect estimates for these two groups. Consequently, we attempted to 
control for this potential unobserved bias using the Heckman selection two-step estimator (Heckman 
1978). In particular, we computed inverse Mills ratios to generate control functions for both the high 
adopters and low adopters separately. We then included these control functions in the OLS regression 
models to directly control for the unexplained (unobserved) variation among the high and low 
adopters. As is clear, while the coefficients for the high adopters are downgraded slightly with the 
introduction of the control functions, there remain statistically significant and much larger than those 
of the low adopters.    
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6. Discussion and Policy Implications 

 
Conducting rigorous impact evaluation is particularly challenging when it comes to agroforestry: the 
timeframe within which such impacts are expected to manifest are typically long and non-linear; there 
is no one agroforestry practice or system suitable for all agroecological, social and economic contexts; 
agroforestry is generally taken up by farmers with varying levels of intensity, not as a binary 
‘technology’; and agroforestry promotion tends to be bundled with the promotion of other 
agricultural and NRM practices. Thus, evaluating the welfare impacts of agroforestry does not lend 
itself easily to randomized control trials or other experimental methods. 

 
Bearing these inherent challenges in mind, we took advantage of an effort led by Vi Agroforestry to 
promote agroforestry in two counties in western Kenya, Bungoma and Kakamega. We chose these 
counties because Vi had been operating within them for nine years and with the presence of adjacent 
geographic areas that could be used for comparison purposes where very little in the way of 
agroforestry promotion had taken place by either Vi itself or any other organization. Given that no 
strong impact evaluation design was embedded into Vi’s program from the onset, we had to go to 
considerable lengths to counter both program placement and self-selection bias. We did this through 
(1) village-level matching using geospatial and secondary socioeconomic data; (2) sampling from all 
pre-existing farmer groups in the program and comparison villages to estimate both intention to treat 
(ITT) effects and local average treatment effects (LATE); (3) reconstructing baseline data for 
difference-in-differences estimation; (4) using various econometric modelling approaches to control 
for measured baseline and time invariant differences between respondents and households in the 
program and comparison areas; and (5) interrogating mechanisms by applying a theory-based 
framework and structural equation modelling, coupled with semi-structured in-depth interviews. 

 
We did find evidence of greater agroforestry program exposure and, in turn, greater uptake of the 
specific agroforestry practices and germplasm promoted by Vi in the program area in general and 
among Vi groups in particular.  A caveat is that there was significant variation in both, as revealed by 
both the quantitative and qualitative components of our study.  We also found that Vi’s program 
moved several intermediate outcomes, such as revenue from tree products, fuelwood access, and 
milk yields. Yet, this did not happen for many program participants. In hindsight, it is therefore not 
surprising that Vi’s program did not greatly bolster household welfare, at least overall. It is revealing, 
however, that households with female program participants appear to have been impacted more and 
that greater asset accumulation took place only among those who significantly took up Vi’s promoted 
agroforestry practices and tree/shrub germplasm.  
 
It is, of course, difficult to know what would have happened if more members of the farmers groups 
Vi targeted had been more significantly exposed to its program. However, one cannot help but 
speculate that the results would have been different if agroforestry promotion and, in turn, uptake 
had been more substantive. This links our study to the body of evaluation literature on 
implementation fidelity (Blakely et al. 2002; Durlak & DuPre, 2008; Wilson et al. 2010). Specifically, 
and as is intuitive, there is evidence from many studies that ‘implementation matters’ in social 
programs; that is, provided that an intervention or program is inherently efficacious, those receiving 
more complete and/or better-quality implementation are more likely to be positively affected.  
 
Indeed, it is useful to view the promotion of agroforestry—as well as many other agricultural and 
natural resource management practices for that matter—as complex interventions. Borrowing from 
evaluative efforts in the public health sector, complex interventions are characterized as having one 
or more of the following attributes: (a) several interacting components; (b) significant and specific 
behaviour [change] required by those delivering and/or receiving the intervention; (c) more than one 
group or organizational level targeted by the intervention; (d) multiple potential outcomes and 
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expected heterogeneity of those outcomes; and (e) need for tailoring or adapting the intervention to 
varying circumstances (Craig et al. 2008). It is clear that agroforestry promotion shares most, if not all, 
of these attributes. For obvious reasons, successfully implementing complex interventions, so that 
they have the potential of bringing about their expected results, requires significant attention to 
process, monitoring, review, and adaptive management. Given that many members of the groups Vi 
targeted experienced limited exposure to its program, it appears that Vi may have moved too far away 
from its reportedly more intensive pre-2004 extension model. 
 
In an era where results and impacts are expected at larger scales for lower costs under the banner of 
‘value-for-money’, this is certainly worthy of some reflection. Many of the more complex 
transformational changes we seek to bring about in the agriculture and NRM sectors are likely 
unachievable through superficial training, extension visits and/or input distributions. To ensure such 
impact at scale, there is need to re-think how we pursue the actual act of scaling.  
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