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INTRODUCTION 

 In Ghana, cocoa remains one of the principal sources of 
foreign exchange earnings;

 The crop is essential for rural livelihoods and 
macroeconomic balances.

 In the last decade, about 21% of the world cocoa had 
come from Ghana (ICCO, 2017).

 Ghana also enjoys premium in the world market for 
producing the finest cocoa.  



INTRODUCTION  

 The C hallenge!

 Increase productivity growth.

 Observed yield of 0.4 metric tonnes per hectare compared to achievable yield 
of about 1 metric tonne per hectare (Ministry of Food and Agriculture, Ghana 
2015).

 Improvement in the Ghanaian cocoa industry has come as a result of 
expansion in land size rather than increase in productivity.

 Improvement in the welfare of the smallholder cocoa farmers.

 However, many empirical studies on efficiency of resource use had failed to 
study the relationship between farm-level technical efficiency and 
households’ welfare.

 Hence, the objective of the study is to analyze the two-way effects of farm-
level technical efficiency and households’ welfare. 



Theoretical Framework and estimation technique

 The study employed two main econometric technique to achieve its 
principal objectives. 
 Data Envelopment Analysis (DEA)
 Conditional Recursive Mixed-process (CMP)

 Data Envelopment Analysis (DEA)

 It is a non-parametric approach that uses linear 
programming technique to estimate the efficiency of a 
decision-making unit (DMU).

 Technical efficiency refers to the ability of a DMU to 
produce a given output with a minimum sets of inputs (Input 
oriented DEA) OR

 Using a given set of input to produce a maximum output 
(output-oriented) DEA. 

 Input-oriented  DEA was applied in this study to generate 
technical efficiency index for all each sampled farmer in the 
data set.



METHODOLOGY 

 In line with Cooper et al (2007), technical efficiency (TE) 
can be calculated using DEA model; 
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Where I s a scalar and represents the TE score (also known as the overall TE, [OTE]) 
of the jth cocoa farm household, and denotes the intensity vector of the weight 

of the efficient cocoa farmer. 



METHODOLOGY 

Definition of some concepts
 Overall technical efficiency (OTE): technical efficiency under the 

assumption of constant return-to-scale.

 Pure technical efficiency (PTE): technical efficiency under the 
assumption of variable return-to-scale.

 Scale efficiency (SE): is the ratio of OTE to PTE.

 Constant return-to-scale: When scale efficiency is equal to unity (1).



METHODOLOGY 

The two-way impact of welfare and technical efficiency 
 The study employed Tobit and 2SLS model to estimate the impact of welfare on technical 

efficiency and technical efficiency on welfare, respectively.

 The two estimates were done in the framework of conditional recursive mixed-process 
(CMP). 

 The CMP has its foundation from the seemingly unrelated regression where cross-equations 
of error terms are correlated.

 The CMP is an empire of multi-equation systems with the ability to take different format of 
dependent variables. 

 It also controls for both simultaneity and endogeneity. 



METHODOLOGY 

Impact of welfare on technical efficiency
 The Tobit was applied where technical efficiency index was modeled as a 

function of some socioeconomic factors and the endogenous variable 
welfare (Wi). 

 This can be specified as; 

 The endogenous variable, welfare can also be modeled as a function of 
other explanatory variables. 

 This can also be specified as; 

 The two equations are estimated simultaneously using Tobit within the 
CMP framework.
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METHODOLOGY 

Impact of technical efficiency on welfare

 A simple two-stage estimation technique (2SLS) was used to estimate the 
impact of technical efficiency on welfare. 

 This can be specified as; 

 The endogenous variable, technical efficiency can also be modeled as a 
function of other explanatory variables including some instruments. 

 This can also be specified as; 

 The two equations are estimated simultaneously using 2SLS within the 
CMP framework.
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Sampling and Data Collection techniques

 The study area

 The data set was drawn from the four principal cocoa-producing 
regions in Ghana.

 These are Western, Brong-Ahafo, Ashanti, and Eastern regions.

 4 districts were randomly selected from the Western region and 3 
districts from each of the remaining regions.

 A proportionate random sampling was use to select:
 3 – 5 villages from the selected districts

 8 – 10  farm households from each village.

 In total, 181, 121, 110 and 91 were randomly sampled from 
Western, Brong-Ahafo, Ashanti and Eastern regions, respectively. 



EMPIRICAL RESULTS AND DISCUSSIONS 
Efficiency analysis

Table 1: Distribution of efficiency score of cocoa production
OTE PTE SE

Efficiency Range Freq. % Freq. % Freq. %
20 - 30% 194 38.416 26 5.149 105 20.792
31 - 40 63 12.475 37 7.327 44 8.713

41 - 50 68 13.465 40 7.921 49 9.703
51 - 60 51 10.099 53 10.495 45 8.911
61 - 70 36 7.129 41 8.119 55 10.891
71 - 80 26 5.149 31 6.139 70 13.861

81 - 90 20 3.960 28 5.545 44 8.713
>90<100 18 3.564 39 7.723 56 11.089
Efficient (= 100) 29 5.7426 210 41.5842 37 7.327

Efficiency measures
Mean score 0.444 0.767 0.584
Minimum 0.054 0.206 0.058

Maximum 1 1 1
Return-to-scale (%)
Increasing RTS 68.713
Decreasing RTS 24.951
Constant RTS 6.337



EMPIRICAL RESULTS AND DISCUSIONS
Table 2: The two-way impacts of efficiency and welfare

Impact of welfare on 
efficiency Impact of Efficiency on welfare

Variable OTE PTE Welfare (OTE) Welfare (PTE)

ME SE ME SE ME SE ME SE

Household Size 0.004 0.004 0.007 0.004 0.012 0.018 -0.004 0.077

Spouse’s off-farm Income -0.020 0.038 -0.024 0.032 0.224 0.035a 0.199 0.035a

Income from cocoa farm 0.188 0.048a 0.262 0.050a

Income from other crops -0.001 0.002 0.002 0.007 0.009 0.003b 0.004 0.002b

Demonstration farm visit 0.035 0.016b -0.010 0.015

Extension contact 0.008 0.006 0.000 0.006 0.021 0.008b 0.018 0.008b

Farm size -0.007 0.011 0.097 0.033a 0.015 0.007b 0.190 0.013a

LOG OF WELFARE 0.224 0.134c 0.940 0.307a

OTE (CRS) 3.732 2.047c

PTE (VRS) 1.695 0.417a

Constant 0.362 0.336 2.592 0.710 0.112 1.648 2.752 0.252

/atanhrho_12 -0.252 0.151c 1.221 0.259a -1.807 0.521a -0.952 0.222a



Discussions  

 The key findings of the study are as follows;

 Only about 29 (6%) of farmers are efficient under constant return-to-

scale assumption.

 The 6% efficient farmers together defined the efficient frontier and 

set a standard for the inefficient farmers. 

 The mean OTE is about 44% implying that, given the existing 

technology, farmers can reduce input by 56% to achieve the same 

output level. 

 About 42% of the farmers are efficient under variable return-to-scale 

assumption (PTE) with mean PTE of about 77%.



Discussions - continued 

 The key findings of the study are as follows;

 Moreover, only about 7% achieve scale efficiency with mean SE of 

about 58%.

 About 69%, 25% and 6% of the sampled farmers achieve decreasing, 

increasing and constant return-to-scale. 

 The antharho_12 indicates a primary measure of endogeneity 

resulting from self-selection bias. 

 A significant positive value indicates that some unobserved covariates 

positively affect both the endogenous and the outcome variables. 

 The reverse is true for a negative significant value of antharho_12.



Discussions - continued 

 The positive and significant coefficient of welfare variable in OTE 

and PTE model indicate that better welfare improves farm-level 

efficiency. 

 Thus, farmers with improved welfare are better off by 0.22% and 

0.94% when there is 1% increase in the welfare. 

 Similarly, the positive and significant values of OTE and PTE is an 

indication that high scores of efficiency translates into better welfare. 



Conclusions 

 The study concludes on the following:

 Only 6% of the Ghanaian cocoa farmers are at the frontier in the 

cocoa production system. 

 Ghanaian cocoa farmers have the potential to increase output by 

56% without altering their input levels.

 High levels of technical efficiency lead to better welfare, and an 

improved welfare translates into higher efficiency score.

 Thus, technical efficiency and welfare significantly complement 

each other.



Recommendations 

 Based on the key findings, the following recommendations are made:

 Payment of better producer prices and bonus payment schemes 

should be strengthened to enhance productivity and welfare. 

 Creating awareness on the unproductive use of resources could be one 

of the surest avenue to improving efficiency and welfare.

 Technical and managerial skill development programmes are crucial 

to output optimization. 
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