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Abstract  30 

Côte d'Ivoire, the leading cocoa producer in the world, faces increasing challenges concerning the sustainability 31 

of its cocoa farming. Agroforestry is frequently proposed as a viable option to harmonize agricultural productivity 32 

with environmental sustainability. Nevertheless, limited empirical research has quantified its true economic 33 

impacts inside the Ivorian environment. 34 

This study aims to assess the influence of agroforestry on cocoa yields and agricultural income in Côte d’Ivoire. 35 

Primary data were collected from 228 cocoa producers across three major production zones (Bonon, Soubré, and 36 

Biankouma). To address observable and unobservable selection bias, Propensity Score Matching (PSM) and 37 

Endogenous Switching Regression (ESR) models were applied. These complementary approaches allow for robust 38 

causal inference regarding the effects of agroforestry compared to full-sun systems. The findings indicate that 39 

agroforestry substantially enhances agricultural income and productivity. The PSM estimates show an average 40 

yield increase of 116.68 kg/ha (approximately 22%) and an income gain of 128,341 FCFA/ha (around 25%) 41 

relative to full-sun systems. The ESR model confirms positive causal effects, revealing yield gains of 90.87 kg/ha 42 

(up to 36%) and income increases of 66,396 FCFA/ha (approximately 23%). Overall, agroforestry enhances the 43 

economic performance of cocoa farming systems. This study offers robust empirical evidence supporting 44 

agroforestry as a mechanism for the sustainable enhancement of cocoa producers' performance in Côte d'Ivoire. 45 

Keywords: Agroforestry; Cocoa; Income; Yield; Côte d'Ivoire; full-sun systems  46 

  47 
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1. Introduction  48 

Côte d’Ivoire is the world's leading cocoa producer, with an estimated contribution of over 40% of the global 49 

supply (ICCO 2023). This sector is an essential pillar of the national economy. Indeed, it represents about 15% of 50 

the GDP and nearly 40% of export revenues (ICCO 2023). However, despite this strategic importance, Ivorian 51 

cocoa farming faces numerous major challenges. Among these challenges are accelerated deforestation, soil 52 

depletion, the effects of climate change, and, above all, the persistent low incomes of small producers (Läderach 53 

et al. 2013; Ruf et al. 2019; Olwig et al. 2024; Barima et al. 2020). 54 

In this context, agroforestry, which involves combining trees with agricultural crops on the same plot, appears as 55 

a promising solution (Jagoret et al. 2014). It is perceived as a sustainable production model, capable of restoring 56 

soil fertility, enhancing biodiversity, and ensuring better economic resilience for farmers (Schwendenmann et al. 57 

2010; Vaast and Somarriba 2014; Schroth et al. 2016). Increasingly promoted by development programs and 58 

NGOs (Miller et al. 2020; Castle et al. 2021), agroforestry benefits from growing financial support, with several 59 

million dollars mobilised in recent years to design and implement agroforestry projects in Côte d'Ivoire (Bockel et 60 

al. 2021). Yet, its adoption rate remains limited and varied depending on local contexts and producer profiles 61 

(Konaté 2021; Kouassi et al. 2021). 62 

Moreover, few rigorous empirical studies have been conducted to measure the actual impact of agroforestry on the 63 

economic performance of cocoa farmers in Côte d'Ivoire. The available meta-analyses highlight the near absence 64 

of robust empirical evidence in the Ivorian context (Miller et al. 2020; Niether et al. 2020; Koutouleas et al. 2022). 65 

The majority of the work done is limited to a descriptive approach, without resorting to counterfactual evaluation 66 

methods (Hegde and Bull 2011; Haggar et al. 2017). This makes it difficult to develop evidence-based public 67 

policies (Miller et al. 2020). It is in this perspective that the present research is situated, whose main objective is 68 

to evaluate the effects of agroforestry on cocoa yield and agricultural income of Ivorian cocoa farmers. This work 69 

aims to contribute to the reflection on sustainable agricultural models. 70 

In order to ground this reflection in a rigorous scientific framework, it is wise to examine existing works on the 71 

links between agroforestry, agricultural yield, and the income of cocoa producers. In terms of productivity, 72 

numerous empirical studies have sought to measure the effects of agroforestry on the productivity of agricultural 73 

systems. Overall, the results indicate that agroforestry systems can maintain, or even improve, agricultural yields. 74 

For example, Armengot et al. (2016) compared agroforestry systems and monocultures of cocoa in Peru. Their 75 

study reveals that, although yields are slightly lower in shaded systems, the return on labour is higher due to 76 

product diversification and reduced costs associated with integrated disease management. A global meta-analysis 77 

by Baier et al. (2023) on maize reports an overall negative effect on yields. Conversely, Bado et al. (2021), in the 78 

Sahel, observed an improvement in the productivity of millet and cowpea when they are cultivated with Ziziphus 79 

mauritiana, due to a more favourable microclimate and better efficiency in the use of water and nutrients. More 80 

rigorously, Festus et al. (2020) used a double difference method to evaluate the effects of an agroforestry program 81 

in Malawi. They observe a significant increase in yields in agroforestry systems. This study is one of the rare 82 

examples of a well-structured ex post impact assessment in a low-income country. Finally, a systematic review by 83 

Castle et al. (2021) confirms that agroforestry interventions can have positive effects on productivity, particularly 84 

by reducing losses due to climatic stresses. However, the authors specify that less than 20% of the studies reviewed 85 

are based on rigorous evaluation approaches. 86 

One of the major objectives of agroforestry is to strengthen the economic resilience of agricultural households 87 

through income diversification. In China, Dai et al. (2017) employed a propensity score matching method to 88 
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evaluate the impact of tree intercropping on income. They show that this practice significantly improves the income 89 

of small producers, particularly through the commercialisation of woody and non-woody products. In Sudan, 90 

Fahmi et al. (2018) used the same method to evaluate the performance of traditional agroforestry parks. The results 91 

indicate better yield stability during periods of drought and increased income compared to monocultures. In 92 

Cameroon, René et al. (2023) show that certification and tree diversity improve net incomes of cocoa producers 93 

in agroforestry systems, although they do not establish a rigorous causal relationship. Similarly, using ex ante 94 

economic simulations, Ramírez et al. (2001) indicate that cocoa-banana-timber systems provide more stable long-95 

term economic returns than monoculture systems. 96 

 97 

2. Methodology 98 

2.1. Study area 99 

Three agroecological zones of Côte d'Ivoire served as the field for this study, and the selected cocoa farms belong 100 

to the agroforestry plot network of the Cocoa4Future project observatory. These sites were selected based on an 101 

East-West gradient, which corresponds to the evolution of the main cocoa production areas in Côte d'Ivoire. These 102 

sites are distributed in the localities of Bonon in the Center-West, Soubré in the South-West, and Biankouman in 103 

the West (Fig. 1). The Bonon site represents the epicentre of the second cocoa production zone, which experienced 104 

high production in the 1990s. As for the Soubré site, it is representative of the current premier cocoa production 105 

zone. Finally, the Biankouma site located in the west of the country is considered the future major cocoa production 106 

area (Barima et al. 2020; Konan et al. 2023). It has recorded strong growth in cocoa production since 2010.  107 

 108 

Fig. 1 : Map of the study sites 109 

 110 

2.2. Sampling and data collection 111 

The data used in this work are primary data collected within the framework of the Cocoa4Future project 112 

observatory. They were collected from a sample of 228 cocoa farmers randomly selected. These data are of two 113 
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types, both socioeconomic and floristic. The socioeconomic data comes from a questionnaire administered to 114 

cocoa farmers. 115 

For floristic data, floristic inventories were conducted in all the cocoa plots belonging to the selected producers. 116 

The first step was to delineate the plantations using a GPS, in order to accurately determine the area of each plot. 117 

In a second step, itinerant surveys were conducted in these plantations. This method consisted of systematically 118 

traversing the cocoa plantations in all directions to note and georeference all the plant species encountered. The 119 

individuals surveyed were those with a diameter at breast height (DBH) greater than or equal to 2.5 cm, in 120 

accordance with the methodological recommendations of (Vroh et al., 2010). Finally, this was complemented by 121 

surface surveys. At this level, plots of 625 m² (25 m x 25 m) were installed within the cocoa plantations. This 122 

installation was guided by the area of the plantations as well as the age of the cocoa trees. Inside each plot, the 123 

number of cocoa trees was systematically counted to estimate the density of cocoa trees per farm. 124 

 125 

2.3. The variables of the models 126 

The identification of the explanatory variables retained to estimate propensity scores is based on a set of recent 127 

empirical studies (Hegde and Bull 2011; Kuntashula and Mungatana 2013; Haggar et al. 2017; Miller et al. 2020; 128 

Castle et al. 2021; Baier et al. 2023). Unlike some approaches, we include in our analyses the density of cocoa 129 

trees as well as that of associated crops. The associated crops considered include rubber, coffee, and cashew. We 130 

hypothesise that their consideration is essential for understanding agroforestry dynamics. Indeed, in a logic of 131 

intensification, some producers may be led to substitute these commercial species for forest species. This in turn 132 

leads to forms of monoculture. Although associated crops can also provide favourable shade for cocoa trees (Ruf 133 

et al., 2019), they are equally elements for which agroforestry systems are sought (Koutouleas et al. 2022). Thus, 134 

the selected variables are presented in Table 1. 135 

Table 1 : List of variables retained for models’ estimations 136 

Variable Description 

Age of Producer Age of the principal farmer (in years) 

Education Level Highest educational attainment of the farmer 

Experience Number of years of experience in cocoa cultivation 

Area (Farm Size) Size of the cocoa plot (in hectares) 

Assets  Number of agricultural assets if the household 

Working time (Labour Time) Total time devoted to agricultural activities (in man‑days) 
Phyto. Products (litres) Total quantity of plant‑protection products used (in litres) 
Labour Cost (thousand CFA) Expenditure on hired labour (in thousands of CFA francs) 

Phyto. Cost (thousand CFA) Expenditure on plant‑protection products (in thousands of CFA francs) 
Density of Associated Crops Number of perennial associated crops per hectare (cashew, rubber, 

coffee) 

Cocoa Tree Density Number of mature cocoa trees per hectare 

Distance Field–Village Distance between the cocoa plot and the farmer’s home village (in km) 
Land Acquisition Mode Means of land access (inheritance, purchase, etc.) 

Membership of a Cooperative 1 = member of a cooperative; 0 = non‑member 
Training in Cocoa Cultivation 1 = received training in cocoa cultivation; 0 = no training 

Yield Annual cocoa production per hectare (kg/ha) 

Agricultural Income Total agricultural income per hectare (CFA francs/ha) 

2.4. Data analysis 137 

To define the treatment and comparison groups, we rely on the typology proposed by Ruf (2011), which 138 

distinguishes agroforestry systems from full-sun systems based on the density of associated trees. According to 139 
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this typology, a plot containing fewer than 10 trees per hectare is considered a full-sun system, while a plot 140 

containing strictly more than 10 trees per hectare is considered agroforestry. This density criterion was therefore 141 

used to establish the comparison groups. Thus, farms with fewer than 10 associated trees per hectare are classified 142 

in the comparison group (full sun farming). On the other hand, farms with more than 10 associated trees per hectare 143 

are considered the treatment group. The underlying assumption is that, with equal socioeconomic characteristics, 144 

the difference in performance (yield and income) between the two groups is attributable to agroforestry practices. 145 

The farms in full sun thus constitute the necessary counterfactual to estimate the average impact of agroforestry. 146 

 147 

2.5. Choice of impact assessment method 148 

The approach falls within the field of quasi-experimental methods due to the impossibility of randomly assigning 149 

operators to different groups. Thus, the propensity score matching (PSM) method is often applied to generate 150 

perfect counterfactuals, introduced by Rosenbaum and Rubin (1983). Indeed, this method involves matching each 151 

agroforestry practitioner with a full-sun practitioner sharing similar observable characteristics. 152 

The main advantage of PSM is to bypass the "curse of dimensionality" associated with exact matching on multiple 153 

variables. Indeed, instead of matching individuals on all their covariates, they are matched on a single synthetic 154 

variable, namely the propensity score. It is defined as the conditional probability of adopting agroforestry given 155 

the observed characteristics (Heckman et al. 1998). This score ranges between 0 and 1 and condenses all relevant 156 

information into a single indicator. 157 

However, this method is not without limitations. Two main problems are often raised. The first is the problem of 158 

common support, which arises when no credible match can be found for some individuals in the treated group. In 159 

this case, it is advisable to exclude these observations to keep only comparable pairs, at the risk, however, of losing 160 

a significant portion of the data (Becker and Ichino 2002). The second problem lies in the difficulty of finding 161 

individuals with exactly identical scores, even within the support region. To address this, several matching 162 

techniques have been proposed, including nearest neighbour matching, radius matching, kernel matching, or 163 

stratification (Becker and Ichino 2002). In our study, we opt for nearest neighbour matching. In addition to its 164 

simplicity to implement, it allows for the creation of comparable groups while retaining a maximum number of 165 

observations, which is essential to ensure the statistical robustness of our results. 166 

In this case, we either have: Ζ௜߳{0, 1} a binary variable indicating whether farmer i practices agroforestry (Ζ௜=1) 167 

or not (Ζ௜=0). We then define two potential outcomes as follows:  168 

௜ܻ1 : the outcome if the farmer adopts agroforestry  169 

௜ܻ0 : the outcome if the farmer does not adopt it 170 

Thus, the effect of the treatment for an individual is given by: 171 Δ௜ = ௜ܻ1 − ௜ܻ0 172 

The propensity score being defined as the probability of adopting agroforestry, conditional on the covariates ௜ܺ, 173 

we have: 174 ݌( ௜ܺ) = ܲ(ܼ௜ = 1 ௜ܺ) 175 

According to Rosenbaum and Rubin (1983), under the assumption of conditional independence: 176 
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( ௜ܻ1, ௜ܻ0)⊥ܼ௜ ௜ܺ 177 

and under the common support assumption, we can estimate the average treatment effect on the treated (ATT) by: 178 

ܶܶܣ = ܧ ௜ܻ1 − ௜ܻைܼ௜ = 1 ≈ 1்ܰ (∑ ௜ܻ௜ఢ் − ∑ ௜ܹ௝௝ఢ஼(௜) ௝ܻ) 179 

Where T is the set of treated individuals, C(i) is the set of control units paired with the unit and ௜ܹ௝ are the weights 180 

associated with each pairing. 181 

Although the PSM method allows for the correction of selection bias on observed variables, it does not account 182 

for biases related to unobservable factors that influence both the decision to adopt agroforestry and agricultural 183 

outcomes (yield, income). This type of bias is common in contexts where producers self-select their production 184 

system based on unmeasured preferences or capabilities (motivation, risk aversion, technical know-how, etc.). To 185 

overcome this limitation, we complement the analysis with an endogenous switching regression (ESR), a method 186 

derived from Heckman's selection model (Omodara et al. 2022; Bai et al. 2024). This method allows for the 187 

separate estimation of two outcome functions. The first is for producers who have adopted agroforestry, and the 188 

second is for those who have not. The estimation of these two functions is complemented by a simultaneous 189 

modelling of the adoption decision. This model has recently been used in agricultural studies (Wossen et al. 2017; 190 

Temesgen et al. 2024). However, there is an almost complete lack of applications in agroforestry. 191 

The first step of the model is to model the decision to adopt agroforestry through a selection equation. We assume 192 

that each producer i makes a dichotomous choice based on a latent utility function ܣ௜∗, such that: 193 ܣ௜∗=ܼ௜ఊ +  ௜ 194ߤ

where  ܣ௜∗ is the unobserved latent utility related to the adoption of agroforestry; ܼ௜ is vector of explanatory 195 

variables influencing the adoption decision; ߤ௜ error term assumed to be normally distributed. 196 

The observable behaviour is as follows: 197 

௜ܣ = ∗௜ܣ ݂݅  1} > 0, ݕݎݐݏ݁ݎ݋݂݋ݎ݃ܽ ݂݋ ݊݋݅ݐ݌݋݀ܽ ݋݊ ݂݅        0ݕݎݐݏ݁ݎ݋݂݋ݎ݃ܽ ݂݋ ݊݋݅ݐ݌݋݀ܽ  198 

Subsequently, two separate outcome equations are estimated for the two groups of producers (adopters and non-199 

adopters): 200 

1ܻ௜ = 1ܺ௜1ߚ + ௜ܣ ݅ݏ  1௜ߝ = 1 201 

0ܻ௜ = ܺ0௜0ߚ + ௜ܣ ݅ݏ  0௜ߝ = 0 202 

Where ܻ 1௜   is the yield or income of producers who have adopted agroforestry; ܻ 0௜   the yield or income of producers 203 

in full sun; ௜ܺ   the set of explanatory variables common to both equations; 1ߝ௜ and ߝை௜ the error terms. 204 

To correct the selection bias, we introduce the Heckman correction term (ߣ௜) derived from the selection equation 205 

into each equation, allowing us to estimate the following versions: 206 

1ܻ௜ = 1ܺ௜1ߚ + 1௜ߣ1ߪ1ߩ +  1௜ 207ߤ

0ܻ௜ = ܺ0௜0ߚ + 0௜ߣ0ߪ0ߩ +  0௜ 208ߤ

where : 209 
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0௜ߣ 1௜ andߣ  : the selection correction terms (inverse Mills ratio) calculated from the probit model; ߩ and 210 ߪ 

respectively represent the correlations and standard deviations of the errors in each regime. 211 

3. Results 212 

3.1. Theories of change 213 

The Theory of Change framework (Fig. 2) conceptualizes the pathways through which agroforestry influences 214 

cocoa farmers’ performance. It is structured around four sequential stages: exploration, adoption, intermediate 215 

outcomes, and final impacts. The exploration stage focuses on identifying tree species compatible with cocoa 216 

production and assessing the economic performance of agroforestry systems, thereby informing technical and 217 

strategic decision-making. 218 

The adoption stage addresses the enabling conditions required for farmers’ engagement with agroforestry 219 

practices, including awareness-raising, capacity building, and improved access to quality planting material. These 220 

conditions support the appropriation of agroforestry practices tailored to local priorities and market requirements, 221 

with effective adoption reflecting a substantive change in farmers’ behavior. 222 

Adoption leads to intermediate outcomes such as improved land management, enhanced soil fertility, increased 223 

agricultural yields, and reduced production costs. Strengthened vegetation cover further contributes to higher 224 

agroforestry income, diversified revenue sources, improved access to food products, and reduced food 225 

expenditures. Collectively, these outcomes translate into long-term improvements in farmers’ economic and social 226 

well-being.  227 

 228 

Fig. 2 : theory of change 229 

 230 

3.2. Description of the variables of the models 231 

The analysis highlights differences between the two groups. Three variables stand out due to statistically 232 

significant differences between treated producers and untreated producers. Indeed, producers who have adopted 233 

agroforestry have an average of 2.24 active members in their household, compared to 1.71 for non-adopters. The 234 

fields of the treated producers are significantly closer to urban centres, with an average distance of 2.58 km, 235 

compared to 3.57 km for the untreated. Regarding the average density of cocoa trees, it is significantly lower 236 

among treated producers (161.49 trees/ha) than among non-treated producers (199.70 trees/ha), at the 1% 237 
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threshold. No statistically significant difference is observed between the two groups for the other quantitative 238 

variables (Table 2).  239 

Table 2 : Description of quantitative variables of the models 240 

Variables  sample (N=228) treated 

(n=107) 

N. treated 

(n=121) 

Diff. and t test 

yield  639.81 622.44 655.17 32.73 

Agricultural income 634353.9 629048.1 639045.7 9997.66 

Area   3.11 3.19 3.06 -0.13 

Age of producer 44.59 45.24 44.02 -1.23 

Experience  19.79 18.86 20.62 1.76 

Assets   1.96 2.24 1.71 -0.53*** 

Working time  102.47 88.75 114.60 25.84 

Phyto products (in liter) 8.02 9.44 6.76 -2.67 

Distance field-city 3.10 2.58 3.57 0.99*** 

Density of associated crops 4.90 3.99 5.72 1.73 

Density of cocoa trees 181.77 161.49 199.70 38.21*** 

Cost of labour (in kfcfa) 181.93 186.25 178.10 -8.15 

Cost of phyto products (in kfcfa) 47.86 52.54 43.71 -8.83 

Legend: *** significance at 1% 241 

Table 3 presents the description of the main qualitative variables included in the PSM and ESR models, namely 242 

education level, land acquisition mode, cooperative membership, and cocoa farming training. Chi-square tests 243 

were used to assess differences between adopters and non-adopters. The results show no significant differences in 244 

education level or cooperative membership between the two groups. In contrast, significant differences are 245 

observed for land acquisition mode (p < 0.05), with adopters more likely to have acquired land through purchase 246 

or donation, while inheritance remains predominant among non-adopters. A highly significant difference is also 247 

found for cocoa farming training (p < 0.01), which is substantially more common among adopters. 248 

Table 3 : Description of qualitative variables of the models 249 

Variable Modalities  Proportion Chi² p-valeur 

treated  Non treated 

 

 

Education  

none 50 59  

 

0.59 

 

 

0.309 
islamic 7 2 

Primary 27 33 

Secondary 27 23 

 

 

Lan acquisition mode  

buy 32 29  

 

11.70 

 

 

0.020** 
Donation  13 3 

legacy  57 77 

Marriage  1 4 

Plant-share 4 8 

Membership in a cooperative yes 52 65 0.59 0.440 

no 55 56 

Training in cocoa culture yes 46 16 25.41 0.000*** 

no 61 105 

Legend: *** significance at 1%, ** significance at 5% 250 

 251 
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3.3. Results of the Propensity Score Matching model  252 

3.3.1. Analysis of the determinants of agroforestry adoption 253 

The Probit model is globally significant at the 1% level (Pseudo R² = 0.1956). The number of economically active 254 

household members has a positive and significant effect on the probability of adopting agroforestry: an additional 255 

active member increases adoption likelihood by 10.1%. In contrast, labor input, distance from the plot to nearby 256 

towns, and cocoa tree density negatively and significantly affect adoption. Specifically, each additional man-day 257 

reduces adoption probability by 0.17%, each additional kilometer by 2.87%, and higher cocoa density slightly but 258 

significantly lowers adoption probability. Land acquisition mode also significantly influences adoption. Compared 259 

to purchased land (reference category), inheritance and land obtained through marriage reduce the probability of 260 

adopting agroforestry by 17% and 45.6%, respectively (Table 4). 261 

Table 4 : Probit regression results on the probability of treatment 262 

Explanatory variables Coef. Standard error z p-value dy/dx 

Area  (ha) -0.0125 0.0435 -0.29 0.774 -0.0039 

Experience (years) -0.0203 0.0124 -1.64 0.102 -0.0064 

Number of assets 0.3216 0.1019 3.16 0.002*** 0.1010 

Working time (hd) -0.0055 0.0016 -3.43 0.001*** -0.0017 

Distance field-city (km) -0.0913 0.0371 -2.46 0.014** -0.0287 

Membership in a cooperative -0.1271 0.2023 -0.63 0.530 -0.0399 

Age of producer (years) 0.0070 0.0108 0.65 0.519 0.0022 

Density of cocoa trees -0.0027 0.0011 -2.46 0.014** -0.0008 

Phyto product (in liter) 0.0045 0.0061 0.73 0.465 0.0014 

Density of associated crops -0.0051 0.0072 -0.71 0.480 -0.0016 

Education level (réf. : none) 
    

 

islamic 0.1977 0.5595 0.35 0.724 0.0627 

Primary -0.1070 0.2315 -0.46 0.644 -0.0338 

Secondary -0.1036 0.2484 -0.42 0.677 -0.0327 

Land acquisition mode (réf. Buy) 
    

 

Donation 0.6967 0.4638 1.50 0.133 0.2019 

Legacy  -0.5209 0.2354 -2.21 0.027** -0.1703 

Marriage -1.6639 0.7540 -2.21 0.027** -0.4564 

Plant/Share -0.5189 0.4759 -1.09 0.276 -0.1697 

Constant (_cons) 1.1837 0.5572 2.12 0.034  

Obs. 228     

LR chi2(17) 61.64     

Prob > chi2 0.0000***     

Pseudo R2 0.1956     

Legend: *** significance at 1%, ** significance at 5% 263 

3.3.3. Distribution of propensity scores 264 

The propensity score overlap plot (Fig. 3) shows a satisfactory distribution of treatment probabilities between 265 

treated and untreated groups, with a common support region between 0.3 and 0.85. Sixteen treated observations 266 

falling outside this range were excluded from the ATT estimation to ensure group comparability. The observed 267 

overlap therefore supports the relevance of the propensity score approach for impact evaluation. 268 
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 269 

Fig. 3 : Overlap of propensity scores between groups 270 

Although there may be good overlap, it is necessary to verify that the matching has helped reduce the initial 271 

imbalances between the treated and control groups based on the covariates. This step is a fundamental element to 272 

thus strengthen the validity of the comparisons. 273 

 274 

3.3.4. Balancing covariates after matching 275 

Before estimating the effect of agroforestry, Table 5 reports the results of the covariate balance tests before and 276 

after propensity score matching. Prior to matching, several variables exhibit significant imbalances between treated 277 

and untreated groups. After matching, standardized biases are substantially reduced and generally fall below the 278 

20% threshold, while mean comparison tests become non-significant. With the exception of education level, whose 279 

bias increases slightly but remains statistically insignificant, all covariates are adequately balanced. These results 280 

confirm that the matching procedure yields a credible comparison group for treatment effect estimation. 281 

Table 5 : Balancing of covariates before and after matching 282 

Variable Unmatched Mean % bias %reduct t-test 

Matched Treated Control |bias| t p>|t| 

Area  U 3.189 3.058 5.0 -162.3 0.38 0.708 

M 3.189 3.533 -13.0 -0.88 0.382 

Experience (years) U 18.86 20.62 -15.8 90.2 -1.19 0.234 

M 18.86 18.69 1.5 0.12 0.906 

Assets  U 2.243 1.711 45.7 75.4 3.49 0.001 

M 2.243 2.374 -11.2 -0.69 0.492 

Working time (hd) U 88.76 114.6 -39.5 98.4 -2.95 0.004 

M 88.76 88.33 0.7 0.05 0.960 

Education level U 2.215 2.231 -1.3 -1291.8 -0.10 0.922 

M 2.215 2.444 -18.2 -1.37 0.172 

Distance field-city U 2.577 3.573 -40.3 76.7 -3.03 0.003 

M 2.577 2.809 -9.4 -0.79 0.432 

Phyto products U 9.437 6.764 15.3 31.8 1.18 0.241 

M 9.437 7.614 10.5 0.77 0.443 

Land acquisition mode U 2.365 2.661 -27.9 60.6 -2.10 0.037 

M 2.365 2.481 -11.0 -0.80 0.427 

0 .2 .4 .6 .8 1
Propensity Score

Untreated Treated: On support

Treated: Off support
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Membership in a  

cooperative 

U 0.486 0.537 -10.2 -55.1 -0.77 0.442 

M 0.486 0.565 -15.8 -1.16 0.247 

Age of producer U 45.24 44.02 10.1 -63.8 0.76 0.448 

M 45.24 47.25 -16.5 -1.16 0.249 

Density of cocoa trees U 161.5 199.7 -36.3 95.3 -2.70 0.007 

M 161.5 163.3 -1.7 -0.16 0.875 

Density of associated crop U 3.986 5.716 -12.3 70.4 -0.91 0.365 

M 3.986 3.474 3.6 0.44 0.660 

 283 

3.3.5. Effect of agroforestry practice on agricultural income and cocoa yield 284 

After matching, agroforestry adopters report a higher average agricultural income than non-treated producers 285 

(647,719 FCFA versus 519,378 FCFA), corresponding to a difference of 128,341 FCFA/ha, or an increase of 286 

approximately 25%, significant at the 10% level (Table 6). Cocoa yield is also higher among treated producers 287 

(648.45 kg/ha versus 531.77 kg/ha), representing an average gain of 116.68 kg/ha, or an increase of about 22%, 288 

although this effect is not statistically significant. These results indicate a positive effect of agroforestry on both 289 

agricultural income and cocoa yield.  290 

Table 6 : Effect of the treatment on agricultural income and cocoa yield 291 

Variable Sample  treated Control  Difference  Difference 

(%) 

t-stat 

agricultural 

income 

before matching  629 048.08 639045.74 –9 997.66 - -0.17 

matched (ATT) 647 718.82 519377.59 128341.23 +24.7 % 1.71 

yield before matching 622.45 655.17 -32.73 - -0.53 

matched (ATT) 648.45 531.77 116.68 +21.9 % 1.48 

 292 

3.4. Results of the Endogenous Switching Regression model 293 

The results reported in Table 7 present the estimates of the ESR model for cocoa yield. In the equation for non-294 

adopters of agroforestry, cocoa area has a negative and significant effect on yield at the 5% level, while labor input 295 

and cocoa tree density have positive and significant effects at the 1% and 5% levels, respectively. In the equation 296 

for agroforestry adopters, only labor input has a positive and significant effect on yield at the 5% level. 297 

The selection equation indicates that training has a positive and significant effect on the probability of adopting 298 

agroforestry at the 10% level, while the number of economically active household members increases this 299 

probability at the 1% level. In contrast, labor input has a negative and significant effect at the 1% level. 300 

Agroforestry adoption is also associated with higher use of phytosanitary products. Furthermore, producers who 301 

acquired land through marriage or inheritance are less likely to adopt agroforestry, at the 5% and 10% significance 302 

levels, respectively. 303 

The parameter rho0 (0.957), significant at the 1% level, indicates a strong negative correlation between the error 304 

terms of the yield equation for non-treated producers and the selection equation, reflecting non-random selection. 305 

In contrast, rho₁ (0.265) is not significant, indicating no evidence of selection bias among adopters. The test of 306 

independence of equations (p = 0.0194) confirms that the error terms are not independent and validates the ESR 307 

model specification.  308 
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Table 7 : Results of the Endogenous Switching Regression model on yield  309 

Variables Yield without treatment Yield with treatment  
Coefficient Std. Err. p-value Coefficient Std. Err. p-value 

Area -43.598 17.980 0.015 ** -20.847 18.998 0.273 

Experience  1.476 4.192 0.725 -0.818 4.248 0.847 

Assets -81.618 64.432 0.205 6.616 40.172 0.869 

Working time 3.482 0.862 0.000 *** 2.898 1.481 0.050 * 

Phyto products (in litres) 1.710 3.148 0.587 1.475 2.362 0.533 

Cocoa tree density 0.760 0.375 0.043 ** 0.174 0.791 0.826 

Constant 57.751 158.207 0.715 323.224 151.587 0.033 ** 

  Selection equation    

Training   0.482 0.251 0.055*    

Area   -0.003 0.047 0.944    

Experience   -0.013 0.011 0.267    

Assets   0.285 0.106 0.007 ***    

Working time  -0.007 0.001 0.000 ***    

Islamic   0.028 0.416 0.947    

Primary  -0.200 0.209 0.339    

Secondary -0.276 0.174 0.112    

Donation 0.192 0.343 0.576    

Legacy  -0.393 0.211 0.062 *    

Mariage  -1.188 0.558 0.033 **    

Plant share -0.496 0.312 0.112    

Distance field-city -0.061 0.037 0.103    

Phyto products  0.009 0.005 0.047**    

Cooperative  -0.106 0.181 0.558    

Age of producer -0.004 0.008 0.596    

Density of cocoa trees -0.0027 0.0009 0.004 ***    

Density of associated crop -0.0017 0.005 0.740    

Constant 1.490 0.518 0.004 ***    

lns0 6.214 0.124 0.000 ***    

lns1 5.957 0.116 0.000 ***    

r0 -1.909 0.691 0.006***    

r1 0.271 0.789 0.731    

rho0 −0.957 0.058     

rho1 0.265 0.734     

sigma0 499.794 61.728     

sigma1 386.514 44.659     

chi2(2) 7.88      

Prob > chi2 0.0194      

Legend: *** significance at 1%, ** significance at 5%, * significance at 10% 310 

The estimation of the ESR model applied to agricultural income (Table 8) highlights differentiated effects across 311 

producer groups. Among non-adopters of agroforestry, the cost of phytosanitary products (5%), labor input (1%), 312 

labor cost (1%), and the density of associated crops (1%) have positive and significant effects on agricultural 313 

income, while producer age (1%) and land access through donation (5%) have negative effects. Among 314 

agroforestry adopters, only labor input and labor cost show significant effects on income. 315 

The selection equation indicates that adoption is positively influenced by training (5%), the number of 316 

economically active household members (1%), land acquisition through donation (5%), and the use of 317 
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phytosanitary inputs (1%). In contrast, distance to the plot (5%), inheritance (5%), and land access through 318 

marriage (1%) reduce the probability of adopting agroforestry. The parameter rho₀ (- 0.916), significant at the 1% 319 

level, together with the Wald test (χ² = 14.15; p = 0.0008), confirms the presence of non-random selection and 320 

validates the use of the ESR model for estimating the effects on agricultural income. 321 

Table 8 : Results of the Endogenous Switching Regression model on agricultural income  322 

Variables Income without treatment Income with treatment  
Coefficient Std. Err. p-value Coefficient Std. Err. p-value 

Area  -13195.81 11878.76 0.267 1624.179 10950.99 0.882 

Cost of phyto products 3539.196 1655.116 0.032** 2472.152 1850.556 0.182 

Working time 3525.433 616.3063 0.000*** 3375.76 649.2741 0.000*** 

Cost of labour  1611.886 438.3548 0.000*** 2262.877 580.199 0.000*** 

Plant-Share -98299.99 97952.56 0.316 -83406.16 201562.5 0.679 

Density of associated crop 3273.936 1151.878 0.004*** 3758.805 4457.817 0.399 

Age of producer -6932.466 2596.276 0.008*** 2595.745 2390.998 0.278 

Donation -517785.6 228359.4 0.023** 380.5685 114651.4 0.997 

Constant 186206.8 141863.2 0.189 -16564.38 153332.7 0.914 

  Selection equation    

Training  0.535 0.240 0.026**    

Area   0.011 0.047 0.817    

Experience  -0.016 0.011 0.153    

Assets  0.207 0.072 0.004***    

Working time -0.007 0.001 0.000***    

Islamic  0.124 0.453 0.784    

Primary -0.160 0.176 0.364    

Secondary -0.203 0.186 0.274    

Donation  0.862 0.359 0.016**    

Legacy  -0.409 0.195 0.036**    

Marriage -1.418 0.383 0.000***    

Plante-share -0.431 0.361 0.233    

Distance field-city -0.073 0.033 0.028**    

Phyto product 0.013 0.004 0.003***    

Member of cooperative  -0.190 0.162 0.242    

Age of producer 0.005 0.010 0.614    

Density of cocoa trees  -0.002 0.001 0.012**    

Density of associated crop -0.001 0.006 0.917    

Constant 1.096 0.522 0.036    

lns0 12.837 0.007 0.000 ***    

lns1 12.659 0.063 0.000 ***    

r0 -1.565 0.421 0.000***    

r1 -0.152 0.268 0.570    

sigma0 375795.4 2537.696     

sigma1 314532.9 19859.25     

rho0 -0.916 0.068     

rho1 -0.151 0.262     

chi2(2) 14.15      

Prob > chi2 0.0008***      

Legend: *** significance at 1%, ** significance at 5% 323 
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After estimating the structural equations of the ESR model, treatment effects are analyzed to assess the impact of 324 

agroforestry on farm performance (Table 9). For cocoa yield, the ATT indicates that adopters obtain an average 325 

of 343.84 kg/ha, compared to 252.96 kg/ha in the counterfactual scenario without adoption, representing an 326 

average gain of 90.87 kg/ha, or an increase of approximately 36%, significant at the 1% level. 327 

With respect to agricultural income, the ATT shows that adopters earn an average of 353,271 FCFA/ha, compared 328 

to 286,875 FCFA/ha without adoption, corresponding to an average gain of 66,396 FCFA/ha, or an increase of 329 

approximately 23%, significant at the 5% level. These results confirm a positive effect of agroforestry on both 330 

yield and agricultural income. 331 

Table 9 : Treatment effects from the Endogenous Switching Regression model 332 

Variables Effect  Obs. Mean   Standard dev Difference Difference 

(%) 

test 

Yield  ATT 107 343.84 14.60 -90.87 +35.9 % 0.0000*** 

ATU 121 252.96 11.85 

Income  ATT 107 353271.4 248100 -66396.6 +23.2 % 0.0151*** 

ATU 121 286874.8 155686.2 

 333 

4. Discussions  334 

The PSM and ESR models' economic findings demonstrate that agroforestry practices greatly increase agricultural 335 

revenue and cocoa field yield. These findings contribute to the increasing amount of data demonstrating the 336 

socioeconomic advantages of agroforestry systems. The patterns demonstrate how agroforestry systems may 337 

balance sustainability and productivity. The fact that species like Citrus sp., Cordia senegalensis, Isoberlinia doka, 338 

Morinda lucida, Morus mesozygia, and Raphia hookeri can provide higher yields lends credence to this (Konaté 339 

et al. 2024). Accordingly, planting trees on cocoa farms has been successful in increasing soil fertility, making the 340 

best use of water resources, and establishing a favorable microclimate (Neupane and Thapa 2001; Roupsard et al. 341 

2020). These benefits, which are especially evident in the outcomes of the various models, translate into increased 342 

cocoa farm productivity. Furthermore, producers can lessen the risks connected to changes in cocoa prices by 343 

diversifying their revenue streams, which is encouraged by agroforestry (René et al. 2023). Recent research on the 344 

effects of agroforestry techniques on perennial agricultural systems is in complete agreement with these findings. 345 

First of all, our study's findings about the beneficial impact of agroforestry on income are consistent with those of 346 

Coulibaly et al. (2017) in Malawi. These authors have demonstrated how agroforestry practices increase 347 

agricultural revenue and food security. Similar findings were made by Kuntashula and Mungatana (2013), who 348 

found that households with improved fallows experienced a notable rise in well-being as indicated by household 349 

income. Nunoo and Owusu (2017) also emphasize the cocoa agroforestry systems' economic feasibility in Ghana. 350 

They show how cocoa's relationship with high-value commercial species enables income diversification and, as a 351 

result, income improvement. Surprisingly, nevertheless, Dai et al. (2017) found a causally negative relationship 352 

between agroforestry and Chinese agricultural households' income. By examining the socioeconomic 353 

characteristics, the authors discovered that the expected impact of agroforestry-based income enhancement was 354 

impeded by the land insecurity faced by farmers who are predominantly of Uyghur descent. When these peoples 355 

participated in agroforestry programs, this sentiment fueled a reluctance to devote the required time and resources. 356 

However, the costs associated with the agroforestry program they took part in were only partially compensated by 357 

the subsidies offered. 358 
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In terms of yields, our findings show that agroforestry practitioners experience a substantially greater average gain 359 

than non-practitioners. This is in line with Festus et al. (2020) findings from Malawi, which demonstrate that 360 

agroforestry systems increase crop yields. Agroforestry is completely aligned with increased farm productivity in 361 

the cocoa sector, according to other research that are not based on causality approaches (Jagoret et al. 2014). 362 

Additionally, agroforestry has supported cocoa farming in savanna regions and improved yields in previously 363 

unthinkable circumstances (Jagoret et al. 2012; Harmand et al. 2023). These findings go counter to the meta-364 

analysis study by Niether et al. (2020). According to these scholars, cocoa agroforestry systems outperform 365 

monocultures by a factor of 25. Another meta-analysis on the impact of agroforestry on Arabica coffee yield by 366 

Koutouleas et al. (2022) supports this similar finding. But according to Niether et al. (2020), agroforestry fared 367 

better ecologically than monocultural systems since it stored 2.5 times as much carbon. 368 

Differences in the causal effects are revealed by comparing the outcomes of the PSM and ESR models. The PSM 369 

model suggests that agroforestry adoption leads to an average increase in agricultural income of 128,341 FCFA/ha 370 

and an increase in yields of 116.68 kg/ha. These estimates are noticeably higher than those obtained from the ESR 371 

model. However, the Rosenbaum sensitivity test indicates that these results may be influenced by unobserved 372 

factors. This finding is consistent with the warnings of Kuntashula and Mungatana (2013) regarding the need for 373 

robust methods to establish causal relationships in agroforestry studies. In contrast, the ESR model, which corrects 374 

for endogeneity bias, confirms the possible presence of confounding factors. This approach therefore refines the 375 

analysis and yields more modest but statistically more robust effect estimates. For yield, the ATT is estimated at 376 

90.87 kg/ha and is significant at the 1% level. For agricultural income, the ATT amounts to 66,396 FCFA/ha and 377 

is significant at the 5% level. These differences between the two models can be explained by the ability of the ESR 378 

model to account for unobserved factors such as motivation and access to information. This conclusion is 379 

consistent with the findings of Kuntashula and Mungatana (2013), who reported similar discrepancies between 380 

methods in their evaluation of agroforestry systems in Zambia. Similarly, Pender et al. (2008) recommend the use 381 

of rigorous methods particularly the ESR model for evaluating agroforestry policies and programs. 382 

Designing support strategies can benefit greatly from the analysis of adoption determinants in selection equations. 383 

Land tenure, technical skills, and the quantity of available agricultural assets seem to be important factors (Place 384 

et al. 2005). The same findings, according to Pender et al. (2008) in Indonesia and (Hegde and Bull 2011) in 385 

Mozambique, indicate that the impact of agroforestry is highly dependent on land security and producers' ability 386 

to invest. The structure of agroforestry systems is also connected to the effects that have been seen. According to 387 

Roupsard et al. (2020), the species, density, and spatial layout of trees all affect how they interact with crops. 388 

According to our research, farmers frequently plant fruit trees (cola, orange, avocado, etc.) alongside cocoa to 389 

produce more marketable goods. According to (Milder et al. 2015), this arrangement thereby increases the farms' 390 

resilience. These writers emphasize how agroforestry systems can retain economic gains while improving 391 

ecological services. Nonetheless, there are still certain barriers to these systems' generalization. According to our 392 

data, indigenous producers are less likely to invest in agroforestry even if they have potentially more secure access 393 

to land. The similar findings have been reported in Kenya by earlier research (Place et al. 2005). These authors 394 

contend that fruitful investments may be hampered by indigenous people's view of land as a familial legacy. 395 

Ecological factors must also be taken into consideration when analyzing the prospects for agroforestry systems in 396 

the future. Indeed, too much shade can lower yields, according to a study on coffee by Koutouleas et al. (2022). 397 

Therefore, it would seem that the best compromise is provided by mild and carefully controlled shading, as seen 398 

in our sample. In conclusion, the study's findings are consistent with a large body of research that acknowledges 399 
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the critical role agroforestry plays in the shift to resilient and sustainable chocolate production. To make these 400 

systems more appealing, they advocate for tightening regulations pertaining to market access, land security, and 401 

training. 402 

5. Conclusion  403 

The purpose of this study was to assess how agroforestry affected the financial performance of Côte d'Ivoire's 404 

cocoa growers. A sample of 228 cocoa producers was subjected to a thorough study utilizing PSM and ESR 405 

techniques. The findings unequivocally show that agroforestry greatly raises farmer yields and agricultural profits. 406 

However, some structural elements, such training, labor availability, land access methods, and market proximity, 407 

condition these impacts. These findings suggest the need for focused public policy support to eliminate obstacles 408 

to agroforestry adoption. 409 

This study supports the applicability of this paradigm as a strategic lever for the sustainability of the Ivorian cocoa 410 

industry by helping to build an evidence basis on the economic consequences of agroforestry. Lastly, it urges more 411 

thorough assessments in different settings to gain a deeper understanding of the prerequisites for agroforestry 412 

methods to be effective. 413 

 414 
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