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Abstract
Several studies have tried to estimate the productivity and input use efficiency of cocoa
farmers in Ghana, but they shed limited light on their chronic nature and other sources
of low production. This study extends the literature by analyzing a unique nationally rep-
resentative sample that constitutes 30 years of production. The results showed that pure
farmer technical inefficiency is not only 8 percent points larger than the regional technol-
ogy gap, but also consistently dominated the overall performance of farmers from 1987-
2017. The policy implication of this finding at face value suggests that improving farmer
managerial skills could increase output.
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Introduction

Since its introduction in Ghana in the 1880s, cocoa (Theobroma cacao) has transformed
the country’s agricultural sector and plays a significant role in the Ghanaian economy.
In Ghana, cocoa provides approximately GHC 2,500 in annual sales revenue for its over
500,000 producing households in 2016/2017 (Ghana Statistical Service (GSS) 2019) and
accounted for 16 percent of 2010/2019 exports (UN Comtrade 2020). As a result, cocoa
has historically been branded as Ghana’s “engine of economic growth”. Based on data
from FAOSTAT, Ghana’s share in global cocoa production peaked at about 38 percent
in 1964/1965, making the country the largest cocoa producer globally for that season.
About half a century later, Ghana’s share declined by about 50 percent to only 19 per-
cent during the 2015/2016 season, making it the second-largest producer globally after
the Ivory Coast. The decline in Ghana’s cocoa production in the 1960s has generally
been attributed to price and exchange rate distortions in the country’s cocoa and agri-
cultural sector, poor maintenance culture, depletion of soil nutrients, and biotic and
abiotic stress (Kolavalli and Vigneri 2017).
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Following the decline in production in the 1960s, coupled with a general collapse of
its economy, the Government of Ghana (GoG) implemented several policies and
reforms to recover its cocoa sector (these are enumerated in the literature section).
Notwithstanding the recovery from these efforts, data from FAOSTAT show that the
mean cocoa yield of 393 kg/ha was about 24 percent below global standards from
1990 to 2015.1 This implies that there is still room to further improve cocoa yields in
Ghana. The World Bank has also asserted that total factor productivity dictates the per-
formance of agriculture and that agricultural performance is also strongly linked to the
growth of developing countries (World Bank 2007). Thus, it is important to investigate
the productivity of existing input resources and how they are used efficiently.
Accordingly, several peer-reviewed studies have tried to estimate the productivity and
technical efficiency (TE; i.e., how well inputs are used) of cocoa farmers in Ghana.
These studies show that Ghanaian cocoa farmers using conventional production meth-
ods produced at 44–85 percent TE levels (Binam, Gockowski, and Nkamleu 2008;
Aneani et al. 2011; Ofori-Bah and Asafu-Adjaye 2011; Onumah et al. 2013; Besseah
and Kim 2014; Danso-Abbeam and Baiyegunhi 2019). However, these estimates
encompass production and practices for a single season, and as such, they shed limited
light on the chronic nature of technical inefficiency and other sources of low production
in Ghana’s cocoa sector.

This study borrows the term “chronic” from the poverty literature where it is used to
describe the phenomenon whereby a state of poverty extends over multiple periods. In
this regard, a chronic source of low production is one that consistently dampens pro-
duction levels over multiple seasons. Previous studies have identified technological
gaps and pure farmer technical inefficiency as phenomena that contribute to low pro-
duction levels for cocoa (Binam, Gockowski, and Nkamleu 2008; Danso-Abbeam and
Baiyegunhi 2019) and other crops (Tsiboe, Asravor, and Osei 2019) in Ghana.
However, it remains to be determined which of the two phenomena is chronic.
Given the host of policies already implemented in Ghana’s cocoa sector and the yield
shortfall below global standards, ascertaining the chronic nature of these two phenom-
ena can clear up uncertainty on whether future farm policy should be geared toward
introducing new technologies, enhancing existing technology, or improving the effi-
ciency with which existing technologies are used (Danso-Abbeam and Baiyegunhi
2019).

Considering the foregoing premise, the main objective of this article is to ascertain
the spatiotemporal heterogeneity in Ghanaian cocoa production technology and effi-
ciency by accommodating multiple seasons and heterogeneity in regional cocoa tech-
nology in Ghana. Particularly, this study applies a meta-stochastic frontier analysis to
data from 19 cross-sectional surveys fielded in Ghana for 20 growing seasons between
1987 and 2017 that covers all cocoa-growing regions in the country. The rich nationally
representative dataset has the widest coverage of cocoa households across time and
space than any of the previous studies conducted on Ghana. As such, it presents a
unique opportunity to empirically assess the spatial distribution and temporal dynamics
in cocoa production parameters (elasticities, returns to scale (RTS), technological gaps,
and productivity trends) and the efficiency with which existing technology is used.

The results showed that pure farmer technical inefficiency was 8 percent points
larger than the regional technology gap and consistently dominated the overall

1The global standard is taken as the mean yield of the top eight (excluding Ghana) cocoa producers
globally; Ivory Coast, Indonesia, Nigeria, Cameroon, Brazil, Ecuador, and Malaysia; in that order.
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performance of farmers relative to the industrial frontier from 1987 to 2017. This sug-
gests that between the two, regional pure farmer technical inefficiency is a chronic
source of low cocoa production in Ghana. The policy implication of this finding at
face value suggests that improving farmer managerial skills could increase output.
However, such a blanket policy will not be appropriate for farmers in all regions.
Brong Ahafo and Ashanti regions performed poorly relative to the national production
frontier mainly because of technology gaps, and on the contrary, the Western and
Central regions performed poorly due to pure farmer technical inefficiency. This sug-
gests that the first group could benefit from technology distribution, and the second
would benefit from training in good cocoa production practices.

Literature review

Ghana cocoa sector recovery

The recovery process for Ghana’s cocoa sector following the 1960s’ decline started with
the Economic Recovery Program in 1983, followed by: the establishment of the
Producer Price Review Committee and the implementation of the Structural
Adjustment Program in 1984; the introduction of Licensed Buying Companies
(LBCs) in 1993; the privatization of LBCs in 1999; and the initiation of Higher
Technology (“HI-TECH”), Cocoa Diseases and Pests Control (“CODAPEC”), and the
concept of the net “Free On Board” between 2001 and 2004 (Kolavalli and Vigneri
2017). Except for the HI-TECH and CODAPEC programs, most of these policies
were aimed at increasing the share of export price passed on to farmers and liberalizing
the cocoa economy in Ghana. As for the HI-TECH and CODAPEC programs, the GoG
via the Ghana Cocoa Board (COCOBOD) supported cocoa producers with education
on good and improved agronomic practices, the provision of subsidized inputs, and
mass spraying of farms with agrochemicals to control pest and diseases.

The main aim of HI-TECH and CODAPEC is to increase cocoa production without
increasing its cultivated area. While each of the policies and reforms has their level of
success and failure, their net effect has led to cocoa production levels that exceed that of
the 1960s, peaked at one million tons in 2010, and stabilized around 850,000 tons annu-
ally between 2011 and 2016 (Kolavalli and Vigneri 2017; Food and Agriculture
Organization (FAO) 2019). Aside from the GoG-led policies and reforms, nongovern-
mental organizations have also deployed several programs to improve cocoa yields and
the livelihoods of cocoa-producing households (World Cocoa Foundation 2018).
Several studies have shown that the NGO-led programs have also improved farmer-level
yields and welfare (Opoko et al. 2009; Gockowski et al. 2010; Norton et al. 2013; Tsiboe
et al. 2016, 2018b).

Previous Ghanaian studies

The implemented policies and reforms by GoG and NGOs have indeed led to improve-
ments in Ghana’s cocoa yields. However, current yields are 24 percent below global
standards. The extent to which this shortfall could be attributed to productive efficiency
for singleton seasons is well established by previous studies. For example, Binam et al.
(2008) evaluated the production TE of cocoa farmers across West and Central Africa by
applying the stochastic meta-production frontier to survey data collected in 2001/2002.
Their results showed that Ghanaian cocoa farmers were operating at 44 percent of their
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potential productive capacity and that farmer gender, access to credit and agricultural
extension, and the amount of canopy shade in the farm had significant effects on
TE. While Binam et al. (2008) utilized a stochastic meta-production frontier as this
study does, their study considered heterogeneous technology defined by country.
Thus, the study does not shed light on technology gaps within Ghana as the present
study does.

In their study, Ofori-Bah and Asafu-Adjaye (2011) investigated the extent to which crop
diversity on cocoa farms affects farmers’ TE, and whether the production practice offers
economies of scope from the sharing of farm inputs by crops on the same plots. Their
results generated by applying the prototypical Stochastic Frontier (SF) to a sample of
340 cocoa farmers for the 2008/2009 growing season showed that diversified cocoa
farms were more efficient than undiversified farms. Ofori-Bah and Asafu-Adjaye (2011)
further showed that the former exhibited possibilities for cost complementarities between
the production of cocoa and other crops on the same farm. Furthermore, Ofori-Bah and
Asafu-Adjaye (2011) showed that shade, tree age, and full-time farming had significant
effects on the TE of cocoa farmers. Besseah and Kim (2014) applied the prototypical SF
to show that Ghanaian cocoa farmers for the 2005/2006 growing season were producing
at only 48 percent of their productive potential. The main drivers of the TE of cocoa farm-
ers put forth by Besseah and Kim (2014) were (1) farmer gender, age, and migratory status,
(2) production equipment, and (3) location captured by regional dummies.

Unlike the studies discussed so far, Onumah et al. (2013) in their study utilized the
stochastic meta-frontier framework to differentiate cocoa production in Ghana by
organic and conventional practices. They showed that the conventional frontier was rel-
atively close to the meta-frontier than that of the organic. Onumah et al. (2013) also
showed that mean TE relative to the meta-frontier was 0.59 for the organic and 0.71
for the conventional system. Finally, Onumah et al. (2013) showed that farmers
using organic practices could benefit from economies of scale since their RTS were
1.209 compared with 0.923 for conventional practices.

Contrary to its predecessors, the most recent study by Danso-Abbeam and
Baiyegunhi (2019) used the stochastic meta-frontier framework to differentiate cocoa
production technology along regional lines. Their results that reflected conditions for
the 2015/2016 cocoa season indicated that cocoa farmers from the Western, Brong
Ahafo, Ashanti, and Eastern regions do not meet their potential with mean TE esti-
mated at 0.65, 0.76, 0.60, and 0.74, respectively. Danso-Abbeam and Baiyegunhi
(2019) also showed that each region faces a technology gap when its performances
are compared with the technology available in the industry. Danso-Abbeam and
Baiyegunhi (2019) identified sources of farmers’ technical inefficiency emanating
from a combined effect of socioeconomic (education and experience) and farm-specific
factors (farm asset, age of cocoa farm, and farm size).

Aside from the above TE-related literature, several studies have also shown that cocoa
productivity (kg/ha) in Ghana is mostly driven by technology (improved and hybrid vari-
eties), labor use, nonlabor inputs use, land tenure, and biotic and abiotic stresses
(Abenyega and Gockowski 2001; Teal, Zeitlin, and Maamah 2006; Vigneri 2007;
Aneani and Ofori-Frimpong 2013; Tsiboe and Nalley 2016; Tsiboe et al. 2016, 2018a).

While the literature devoted to the TE of cocoa production in Ghana is limited in the
possibility of heterogeneous technology, the analysis presented so far is confined to only
one season. Currently, the TE of cocoa production in Ghana is known only for 2001/
2002, 2005/2006, 2008/2009, and 2015/2016; values aside these seasons and annual
changes thereof are unknown. Building on the previous studies, this article extends
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the literature by accommodating data from multiple seasons throughout Ghana to
ascertain the spatiotemporal heterogeneity in Ghanaian cocoa production technology
and efficiency. In doing so, the chronic nature of cocoa production technology gaps
and technical inefficiency is ascertained.

Study area and sample

Among the then 10 administrative regions ofGhana, only six engage in cocoa production.2

These six regions (Ashanti, Brong Ahafo, Central, Eastern, Volta, and Western) are all
located in the forest ecological zone ofGhana and are characterized byannual average tem-
peratures between 24°C and 30°C, and annual rainfall levels between 1,500 and 2,200 mm.
These are conditions optimal for cocoa production (Wood and Lass 1987), thus making it
possible for the cash crop to be grown in these regions. As shown in Figure 1, before the
1980s, the Ashanti region was the leading producer, followed by Brong Ahafo, Central,
Western, and then the Volta region. Cocoa production in periods after the 1980s is dom-
inated by theWestern region, with its dominance continually increasing.Notwithstanding
the similarity in climate across the six regions, they are characterized by major differences
in infrastructure access and quality, and fertility status of soils, which could affect the pro-
ductivity of cocoa. The sample used in this study captures production from all six regions.

The study’s sample was compiled from (1) all seven rounds of the Ghana Living
Standards Survey (GLSS) publicly available at the GSS National Data Archive (NADA);
(2) all five rounds of the Ghana Cocoa Farmers Survey (GCFS) (Centre for the Study of
African Economies (CSAE) 2016); (3) the first and second rounds of the Ghana
Socioeconomic Panel Survey (GSPS) (Institute of Statistical Social and Economic
Research (ISSER) and Economic Growth Center (EGC) 2016); (4) the base- and mid-line
survey for the Cocoa Livelihood Program (CLP); (5) Tulane University’s survey of child
labor in cocoa-growing areas for 2008/2009 and 2013/2014; (6) a survey by The Royal
Tropical Institute (KIT) (Tyszler, Bymolt, and Laven 2018). Detailed information on
the sampling and data collection for all the surveys are published with each data.
However, they all followed a two-stage stratified sampling design, where enumeration
areas and households are selected in the first and second stages, respectively.
Furthermore, except for theGCFS, GSPS, andCLP, where some households were repeated
for multiple rounds, new households were sampled for the different rounds of the other
surveys. The sample used in this study was limited to cocoa farmers with a yield above
the 2.5th and below the 97.5th percentile by survey and region. Furthermore, farmers
with farm sizes of less than 0.01 ha or greater than 50 ha were dropped from the analysis.
Thus, the final sample consisted of 16,541 cocoa farmers. The data span across all six cocoa
regions and 20 growing seasons from 1987/1988 to 2016/2017. Supplementary Table A1
gives a breakdown of the sample size by survey and season.

Supplementary Note A1 provides information on the construction of variables from
each survey, and the summary statistics of variables used in this study are presented in
Table 1. For the summary statistics, the combined sample was standardized by dividing
each value by its respective survey-wave means to assess their trends over the forgoing
period (1987–2017). Regional plots of the variables used in this study across all the
surveys are presented in Figure 2.

2At the time of data collection, Ghana had 10 administrative regions. Currently, there are 15 adminis-
trative regions. Due to a lack of consistent geo-referencing variables across the different surveys used in this
study, the old administrative regions demarcation is maintained
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Table 1 indicates that the farmers in the sample were on average about 48 years old,
with 24 percent and 58 percent of them being females and educated, respectively. The
cocoa farmers in the sample originated from households of about five members, with
about 28 percent and 28 percent having access to credit and extension, respectively.
In terms of regional variation, there are significant differences across all the farmer
and household variables. Notable among these differences shown in Figure 2(a–f) are
(1) female participation was the highest and the lowest in the Ashanti and Volta regions;
(2) Western region farmers were the most likely to be educated while their peers in the
Volta region were least likely; (3) Central and Ashanti region farmers were most and
least likely to have credit access, respectively; and (4) farmers in the Eastern and
Central regions were most and least likely to have access to extension. Table 1 indicates
that over the forgoing period, the mean age of cocoa farmers, the probability of observ-
ing a female or educated cocoa farmer in Ghana, and access to extension have all sig-
nificantly increased. On the contrary, the probability of observing a cocoa farmer in
Ghana with access to credit significantly declined.

On the production side, the mean cocoa farm size over the forgoing period was estimated
at 4.69 ha and has significantly increased by 0.64 percent annually. Cocoa farm size varied
significantly (p < 0.05) across the six regions, with the largest being in Brong Ahafo, followed
by Western, Ashanti, Central, Eastern, and then Volta, respectively (Figure 2(g)). Mean
cocoa yield over the forgoing period was estimated at 346 kg/ha. The largest mean yield
over the sample was recorded for the Eastern region, followed by the Brong Ahafo,
Ashanti, Western, Volta, and Central regions, respectively. On average, cocoa yields over
the forgoing period significantly (p < 0.05) increased by about 2.51 percent annually.

From Table 1, the mean usage rate for hired labor, fertilizer, and pesticide was esti-
mated at 24.21 man-day/ha, 65.53 kg/ha, and 15.38 L/ha, respectively. These mean
input usage rates varied significantly across the six regions. Particularly, the highest
and lowest usage rates for fertilizer and pesticide were recorded in Western and
Volta, respectively (Figure 3(k–l)). Table 1 also shows that hired labor, fertilizer, and

Figure 1. Regional cocoa purchase in Ghana from 1947 to 2018. Constructed using data retrieved from the
Ghana Cocoa Board website, https://cocobod.gh/weakly_ purchase.php.

Agricultural and Resource Economics Review 231

ht
tp

s:
//

do
i.o

rg
/1

0.
10

17
/a

ge
.2

02
1.

3 
Pu

bl
is

he
d 

on
lin

e 
by

 C
am

br
id

ge
 U

ni
ve

rs
ity

 P
re

ss

https://cocobod.gh/weakly_purchase.php
https://cocobod.gh/weakly_purchase.php
https://doi.org/10.1017/age.2021.3


pesticide use significantly (p < 0.05) increased by 0.67 percent, 1.70 percent, and 2.16
percent, respectively, annually.

Perennial crops evolve through four distinct periods in their life cycle. First is an
early period of no yield, followed by a period of exponential growth in yield, a period
of increasing yield at a decreasing rate, and finally, a period of declining yields. These
four life cycle stages also apply to cocoa production, where traditionally yields after 25
years decline slowly (Lass 2001). Alternatively, peak yield could occur at 15–25 years

Table 1. Summary statistics of Ghanaian cocoa farmers and their production (1987–2017)

Variable
Mean (SD) for

raw data
Mean (SD) for

standardized data
Trend (%) for

standardized data

Farmer

Age (years) 48.369 (13.715) 3.418† (1.367) 0.678***† [0.038]

Female
(dummy)

0.238 (0.426) — 0.187***† [0.051]

Educated
(dummy)

0.576 (0.494) — 0.728***† [0.046]

Household

Size (AE) 5.260 (2.825) 1.826† (1.104) 0.142**† [0.065]

Credit
(dummy)

0.283 (0.451) — −2.706***† [0.071]

Extension
(dummy)

0.276 (0.447) — 0.540*** [0.090]

Production

Land (ha) 4.687 (5.557) 0.995† (1.015) 0.644***† [0.089]

Yield (kg/ha) 346.409 (908.425) 1.162† (1.066) 2.505***† [0.076]

Household
labor (AE)

3.270 (1.876) 1.769† (1.081) 0.189***† [0.058]

Hired labor
(man-days/ha)

24.211 (123.577) 0.497† (1.013) 0.668***† [0.116]

Fertilizer
(kg/ha)

65.534 (457.285) 0.378† (1.024) 1.700***† [0.089]

Pesticide (L/ha) 15.279 (126.612) 0.386† (1.010) 2.160***† [0.134]

Cocoa tree age (ratio)

0–4 years 0.114 (0.195) — 3.971***† [1.284]

5–9 years 0.210 (0.297) — 0.547 [1.034]

10–19 years 0.348 (0.364) — −7.736*** [0.795]

Over 19 years 0.328 (0.385) — 5.763***† [0.880]

Sample size = 16,541.
Standardized data are the raw data divided by survey-specific means.
Significance levels: *p < 0.10, **p < 0.05, ***p < 0.01.
†Significant (p < 0.05) variation across regions. The variations were determined via a linear regression for continuous
variables and a probit model for dummies. A trend variable, and a fixed effect for the region, as well as their interactions
were included in the estimation. See Supplementary Table A2 for the underlying regression results.
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after establishment with a profitable life of 50 years (Montgomery 1981). However,
yields decline beyond 26 years. The aging of the capital stock of cocoa can confound
the disentanglement of regional differences in cocoa production technology over
time. This study dwells heavily on old survey data; thus, it is at the mercy of the infor-
mation collected at the time the surveys were fielded. Only GLSS2, GLSS3, GCFS4, and
GLSS5 had some information on tree age. Data from these four surveys shown in
Table 1 indicate that from 2003 to 2010, Ghanaian cocoa farms on average had 11 per-
cent, 21 percent, 35 percent, and 33 percent of their capital stock aged 0–4, 5–9, 10–19,
and over 19 years old, respectively.

The capital stock of cocoa for the average farm also varied significantly across
regions, with the youngest (0–9 years) and oldest (over 19 years old) stocks found in
the Central and Brong Ahafo regions, respectively (see Supplementary Table A3).
The capital stock of cocoa aged 0–4 years and those over 19 years significantly increased
annually by 3.97 percent and 5.76 percent, respectively. On the contrary, the tree stock
aged 5–9 years remained unchanged, while the stock aged 0–4 years declined by 7.74

Figure 2. Regional variation in cocoa production yield/input and farmer demographics in Ghana (1987–2017).
Constructed with 19 population-based surveys that represent 30 years of farmer-level data collection in
Ghana over 20 growing seasons from 1987 to 2017. AR, Ashanti; BA, Brong Ahafo; CR, Central; ER, Eastern;
VR, Volta; WR, Western.
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Figure 3. Cocoa meta-frontier elasticity trends in Ghana (1987–2017). Farmer-level elasticities were first estimated via a MSF analysis applied separately to 19 population-based
surveys that represent 30 years of farmer-level data collection in Ghana over 20 growing seasons from 1987 to 2017. The farmer-level elasticities were subsequently averaged across
seasons. Each point on a subpanel represents the mean of the estimates and the length of its error bar represents its standard error. Points indicated by a filled triangle point-up are
estimates from previous studies for the respective season.
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percent annually. These dynamics show that the average Ghanaian cocoa farm from
2003 to 2010 was aging, with much of the capital stock moving from a stage of increas-
ing yield at an increasing rate to stages of yields increasing at decreasing rate or yields
declining. Supplementary Table A3 also shows that the aging dynamics varied across
regions with significant aging occurring among the stock in the Eastern region, followed
by the Central, Western, Brong Ahafo, and then Ashanti regions, in that order.

Methodology

Meta-frontier analysis theory

Productive efficiency is the relationship between realized and feasible output, coupled
with the assumption of optimized behavior of farmers, and subject to technology and
price constraints. This relationship is further categorized into technical or allocative
efficiency, with the two combining to form economic efficiency (Farrell 1957). Due
to the unavailability of reliable data on input prices at the farmer level, this study
focuses on TE, which deals with how well farmers manage inputs to attain potential
yields. Empirically, TE is assessed either from the output or input perspective. From
the output perspective, the observed output is compared with its potential given an
input set; and under the input perspective, observed input levels are compared with
their minimum required to produce a given output level. In terms of their operation-
alization, practitioners use models that are based either on the well-known Data
Envelopment Analysis (DEA) (Charnes, Cooper, and Rhodes 1978, 1981) or on the
Stochastic Frontier Analysis (SFA) (Aigner, Lovell, and Schmidt 1977; Meeusen and
van Den Broeck 1977).

One major advantage of the prototypical DEA is that it imposes no functional form
on the data; however, its frontier (i.e., the production function) is susceptible to outliers
and measurement error, does not account for idiosyncratic shocks, and has no statistical
properties for inferences. On the contrary, the SFA imposes a functional form on the
data; however, its frontier (known as the SF) is less susceptible to outliers and measure-
ment error and has statistical properties for inferences. Thus, because of its merits and
the absence of reliable price information in the forgoing dataset, this study utilizes the
output-oriented SFA approach.

Under the prototypical output-oriented SFA approach, farmers are assumed to utilize a
homogeneous technology, coupled with best management practices, given an input set.
Thus, depending on their input set, all farmers are expected to be operating at various
points along the SF. Reasons for observing farmers below the SF can be attributed to tech-
nical inefficiency and/or idiosyncratic shocks. However, some farmers are also observed
above the SF purely due to the latter. Under this framework, the prototypical SF is

yi = f (xi)e
vi−ui , (1)

where yi is the total production output by the ith farmer. The function f ( ⋅ ) captures
the relationship between the production inputs (xi) used in producing yi. The terms ui
and vi describe the deviation of the ith farmer’s production output from the production
frontier that is attributable to technical inefficiency and idiosyncratic shocks,
respectively.

The SFA approach is motivated by the distributional assumptions of ui and vi
(Farrell 1957). Based on its negative skewness, ui is assumed to follow either
half-normal, exponential, and truncated, or gamma distribution. However, due to

Agricultural and Resource Economics Review 235

ht
tp

s:
//

do
i.o

rg
/1

0.
10

17
/a

ge
.2

02
1.

3 
Pu

bl
is

he
d 

on
lin

e 
by

 C
am

br
id

ge
 U

ni
ve

rs
ity

 P
re

ss

https://doi.org/10.1017/age.2021.3


computational difficulties (i.e., nonconvergence), this study assumes that ui follows a
half-normal distribution with mean 0 and variance s2

u[ui � N+(0, s2
u)]. The deviation

term, vi, on the other hand, is assumed to follow a normal distribution with zero mean
and variance s2

v[vi � N(0, s2
v)] (Belotti et al. 2013).

A superior and flexible model will allow for production variation (ui and vi) to be
heteroscedastic. Thus, the variance of technical inefficiency is modeled as
s2
ui = exp (wia), where wi contains covariates that affect technical inefficiency. The var-

iance of the idiosyncratic shocks is also assumed to be heteroscedastic with an exponen-
tial functional form [s2

vi = exp (zi, q)], where zi and q are vectors of determinants and
parameters, respectively (Just and Pope 1979; Battese, Rambaldi, and Wan 1997). The
superior and flexible model is represented as

yi = f (xi)e
vi−ui , ui � N+[0, exp(wia)], vi � N[0, exp(zi, q)]. (2)

The TE score of the ith farmer is calculated as

TEi = yi[ f (xi)e
vi ]−1 = e−ui (3)

The main objective of this article is to ascertain the spatiotemporal heterogeneity
in Ghanaian cocoa production technology and efficiency. Thus, there is the need to
formulate the prototypical SF in a way that captures how cocoa farmers in different
regions of Ghana adopt distinct cocoa production technologies based on their specific
circumstances. These circumstances include, but are not limited to, resource availabil-
ity, government regulation, input price, and the environment. Since its introduction
by Hayami (1969) and further developments by Hayami and Ruttan (1970, 1971),
the meta-production frontier has been used by several empirical studies to capture
the specific production technology adopting behavior of subgroups of farmer
populations.

The literature initially proposed a mixed approach with a two-step procedure where
the SF is estimated for the different groups in the first step and then a nonparametric
method is utilized to determine the meta-frontier in the second step (Battese, Rao, and
O’Donnell 2004; O’Donnell, Rao, and Battese 2008). Huang et al. (2014) indicated that
the meta-frontier from the two-step mixed approach lacks statistical properties because
it is deterministic. According to Huang et al. (2014), this is particularly problematic
since it does not fully reflect the decision-making environment of farmers and fails
to account for idiosyncratic shocks. Consequently, Huang et al. (2014) proposed a
new two-step approach based on the core idea behind the prototypical SF and has desir-
able statistical properties that enable inference.

Under Huang et al. (2014)’s approach, the SF represented by equation (2) is first esti-
mated separately for each farmer group (e.g., by regions), and then in the second step,
the predicted output levels from the group-specific SFs are used as the observation for a
pooled SF that captures all groups to estimate a meta-stochastic frontier (MSF). The sec-
ond step directly estimates technology gaps by treating them as a conventional one-
sided error term (uMi ). The meta-frontier that envelops all region-specific frontiers
[ fr(xi)] is represented as

f r(xi) = f M(xi)e
−uMi , uMi � N+(0, exp(wia)), (4)
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where uMi . 0; therefore, fr(xi)≤ fM(xi), and the ratio of region r’s frontier to the meta-
frontier is the technology gap ratio (TGR) represented as

TGRi = f r(xi)[ f
M(xi)]

−1 = e−uMi ≤ 1 (5)

The TGR depends on the accessibility and extent of adoption of the available MSF,
which, in turn, depends on farmers’ specific circumstances, such as resource availability,
government regulation, input price, and the environment. Given an input set, each
farmer’s output relative to the MSF—i.e., their meta-frontier technical efficiency
(MTE)—is represented as

MTEi = f r(xi)[ f
M(xi)e

vi ]−1 = TGRi × TEi. (6)

Empirical model

For the empirical analysis, production information from the various surveys is likely to
be incomparable because of differences in respondents, interview modes, survey con-
texts, sampling designs, and survey questions. Thus, it will be naive to take the value
from the various surveys at face value and then harmonize them as one dataset, without
considering the sources of incomparabilities. To address this issue, the study utilized a
two-step research design.

For the first step of the research design, the meta-stochastic frontier analysis was esti-
mated separately for each survey wave. By estimating survey-wave-specific meta-
stochastic frontiers, the study relaxes the assumption that the production frontier
remains unchanged as does the relationship between factors that are associated with
technical inefficiency. The functional form ft( ⋅ ) used by previous studies estimating
cocoa SFs for Ghana was either the Translog or Cobb–Douglas. However, this study
preferred the Translog because of its relative flexibility; since Cobb–Douglas functional
form is a special case of the Translog, this permits testing for the former.

The stylized empirical model used in this study is

ln yirt = b0r +
∑

j b jr ln x jirt + 1
2

∑
j

∑
k
b jkr ln x jirt ln xkirt + 1

2

∑
j

∑
s
b jsr ln x jirt x̃sirt

+∑
j b jr x̃ jirt + 1

2

∑
j

∑
k
b jkrx̃ jirt x̃kirt + 1

2

∑
j

∑
s
b jsr x̃ jirt ln xsirt + virt − uirt

x̃ jirt = arcsinh[x jirt], uirt � N+[0, exp(wirta)], virt � N[0, exp(zirt , q)].

(7)

The total cocoa output for the ith farmer in region r for the t season was taken as the
outcome variable ( yirt), and the inputs (xjirt) included the total amounts of land, family,
and hired labor, fertilizer, and pesticide. In terms of production variance drivers, the
vector for the inefficiency function (wi) contained covariates that control for farmer
characteristics (gender, age, and education) and access to credit and extension.

It is worth noting that farmer-level data for developing countries do not come without
shortcomings. Particularly, only a handful of farmers report nonzero values for nonland
production inputs. The study faced a comparable situation. Consequently, in order not to
lose observation due to zeros reported for at least one nonland input, the log function was
replaced with an inverse hyperbolic sine function (x̃jirt = arcsinh[xjirt]) for such inputs
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(Bellemare and Wichman 2020). The outcome and the input variables were also normal-
ized by dividing each observation by its survey-specific mean.

For each survey wave, parameters of the regional- and overall meta-frontier were
obtained via maximum-likelihood estimation, utilizing the “frontier” command in
Stata 16.1. Given the maximum-likelihood parameters, farmer-level elasticities
for each input were estimated as the first derivative ft( ⋅ ) with respect to that
input and evaluated at every observation. The elasticity for the inputs without
and with zeroes is given by [jirt = bjr +

∑
k bjkr ln xkirt +

∑
s bjsr x̃sirt and

[jirt = bjr +
∑

k bjkr ln xkirt +
∑

s bjsr x̃sirt

( )
· xjirt/

���������
x2jirt + 1

√( )
, respectively. Conse-

quently, farmer-level production RTS were estimated as the summation of all the
input elasticities. Given the estimated frontiers, each farmer’s TE relative to the regional
SF (TE) and MSF (MTE) and their technology gap ratio (TGR) were estimated as out-
lined in equations (3), (5), and (6).

Since the farmer-level elasticities and scores (TGR, TE, and MTE) are all unitless, the
second step of the research design pools them across all surveys into one sample to
assess their spatiotemporal heterogeneity. To that end, the regression framework in
equation (8) was utilized.

th = u0 + usSh + urRh + qh. (8)

In equation (8), τh is the elasticities/score of interest for household h; Sh and Rh are cat-
egorical variables for six regions and 20 seasons, respectively. For the case of elasticities
and RTS, equation (8) was estimated as a linear regression model. However, since the
range of the scores (TGR, TE, and MTE) is [0,1], a fractional regression model was uti-
lized for them.

By omitting the category Ashanti (r = 1) and 198719/88 (s = 1) for region and sea-
son, respectively, the parameter θ0 serves as the average elasticity/score for the
Ashanti region during the 1987/1988 growing season, ceteris paribus. Consequently,
the marginal changes in elasticities/scores for a given region–season combination,
{r, s}≠ {1, 1}, over the omitted categories, is equal to their respective parameters in vec-
tors θs and θr. Furthermore, the mean of the elasticities/scores for a given region/season
was taken as the mean of the seasonal/regional estimates for that region/season. The
resulting region-specific elasticities/scores from Equation (8) were plotted on regional
maps to show their spatial heterogeneity, and the seasonal-specific elasticities/scores
were plotted on a scatterplot to show their temporal dynamics.

Results and discussions

The study deliberates in detail the spatiotemporal dynamics of the production function
parameters, technology gaps, and TE among Ghanaian cocoa farmers, and provides
alternative policy targeting. On the contrary, in the interest of space, discussions on
the covariates in the production inefficiency function are omitted, as they are exten-
sively deliberated in previous studies (Binam, Gockowski, and Nkamleu 2008;
Ofori-Bah and Asafu-Adjaye 2011; Onumah et al. 2013; Besseah and Kim 2014;
Danso-Abbeam and Baiyegunhi 2019). For the first stage of the research design, 126
stochastic frontier models were estimated across surveys and regions; thus, in order
not to litter the paper with tables, the maximum-likelihood estimates of the Translog
production output function [ fr(xit)] and estimates for the inefficiency function [wirtα]
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from these models are omitted.3 The rejection rates of critical model diagnostic tests
and sources of variability for the 126 models are shown in Table 2. Production elastic-
ities for the regional- and meta-frontiers are shown in Table 3, and plots of the temporal
dynamics of the elasticities are shown in Figure 3. Cocoa production technology level
and TE by region and season are shown in Figures 4 and 5, respectively.

Model specification tests

First, the Cobb–Douglas functional form for the production function was evaluated by
imposing restrictions on the Translog functional form (i.e., the cross terms are jointly
equal to zero). The Cobb–Douglas restriction was rejected at a very low rate (averaged
about 13 percent). This low rate implied that the fit from the Translog functional is
like that of the Cobb–Douglas. However, based on literature consensus (Binam,
Gockowski, and Nkamleu 2008; Ofori-Bah and Asafu-Adjaye 2011; Onumah et al.
2013; Danso-Abbeam and Baiyegunhi 2019) and the two-step research design
employed to overcome any potential survey bias, the use of the Translog was
maintained.

Central to the MSF approach is the negatively skewed error specification indicating
technical inefficiency. Failure to reject the null hypothesis of a nonnegatively skewed
error can be taken as justification to estimate the models by ordinary least squares
(OLS). The study, therefore, performed three tests to verify the error specification
required for the MSF approach. These included two skewness tests of the residuals
resulting from an OLS estimation (Schmidt and Lin 1984; Coelli 1995), and a one-sided
generalized likelihood-ratio test for technical inefficiency (Gutierrez, Carter, and
Drukker 2001). The two types of tests were rejected at varying rates (20–72 percent)
but indicated that the negative skewed error needed for the estimation of the models
via the SFA was met. Despite the significant variation in these tests, there exist a host
of studies that indicates various levels of technical inefficiency and technology in
Ghanaian cocoa production (Binam, Gockowski, and Nkamleu 2008; Ofori-Bah and
Asafu-Adjaye 2011; Onumah et al. 2013; Besseah and Kim 2014; Danso-Abbeam and
Baiyegunhi 2019); thus, the study proceeds with the MSF.

The null hypotheses that technical inefficiency is not influenced by the variables in
the inefficiency function (i.e., Ho:α = 0) also had varying rejection rates (24–61 percent)
that generally provided further statistical justification for the heteroskedastic technical
inefficiency function. Furthermore, for each of the 19 surveys, the likelihood-ratio
test for the null hypothesis that the regional cocoa production frontiers are similar
was rejected at a rate of 90 percent, and thus, supports the fact that cocoa farmers in
Ghana operate under heterogeneous technologies along regional lines.4 The conclusion
reflects that of Danso-Abbeam and Baiyegunhi (2019).

Table 2 indicates that the mean of the proportion of cocoa production variance due
to technical inefficiency [g = s2

u/s
2] across the models ranged from 0.43 to 0.67. Since

these ratios are above if not close to 0.5, they suggest that a considerable amount of the
observed variation in cocoa output could be attributed to the inefficient use of inputs.

3All results can be generated using replication materials available at https://github.com/ftsiboe/
Agricultural-Productivity-in-Ghana.

4For the likelihood ratio test, the restricted log-likelihood value is from the national-frontier, and that for
the unrestricted is the sum of the regional-frontier log-likelihood values. The test was done separately for
each survey-wave.
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Table 2. Rejection rates of hypothesis tests and sources of variability for regional- and meta-frontier models for cocoa production in Ghana (1987–2017)

Ecology production frontier

Test/statistic Ashanti
Brong
Ahafo Central Eastern Western National-frontier Meta-frontier

Rejection rates of hypothesis tests (%)

CD test 9.81 16.41 17.35 19.58 13.01 16.92 0.04

Schmidt and Lin (1984)a 43.89 56.83 52.79 46.27 23.24 23.29 26.00

Coelli (1995)ab 43.00 72.06 60.88 49.71 28.75 28.75 28.75

Gutierrez, Carter, and Drukker
(2001)a

38.92 49.55 48.47 38.65 19.94 22.19 23.62

Inefficiency function test 45.17 45.44 35.99 60.50 30.75 32.55 23.98

Sources of variabilityb

Gamma [g = s2
u/s

2] 0.54 [0.10] 0.43 [0.11] 0.46 [0.12] 0.50 [0.10] 0.67 [0.08] 0.59 [0.08] 0.66 [0.09]

aNull hypothesis of no one-sided error (i.e., no inefficiency) was tested.
bInefficiency variance [σu], total variance [s2 = s2

u + s2
v ]; values in brackets are standard errors.
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Table 3. Regional- and meta-frontier elasticities for cocoa production in Ghana (1987–2017)

Regional production frontier

Elasticity Ashanti Brong Ahafo Central Eastern Volta Western Meta-frontier

Land 0.501*** (0.101) 0.681*** (0.115) 0.663*** (0.154) 0.970*** (0.133) 0.737** (0.291) 0.589*** (0.077) 0.591*** (0.001)

Family labor −0.004 (0.037) 0.093** (0.042) 0.085 (0.055) 0.395*** (0.049) 0.205* (0.106) 0.132*** (0.028) 0.073*** (0.001)

Hired labor 0.041 (0.047) 0.095* (0.053) −0.008 (0.070) 0.075 (0.062) 0.092 (0.133) 0.143*** (0.036) 0.052*** (0.001)

Fertilizer 0.044 (0.053) 0.011 (0.061) 0.031 (0.080) −0.190*** (0.070) −0.005 (0.153) 0.063 (0.041) 0.065*** (0.001)

Pesticide 0.051*** (0.004) 0.055*** (0.005) 0.026*** (0.007) 0.083*** (0.006) 0.028** (0.013) 0.044*** (0.003) 0.060*** (0.001)

Returns to scalea 0.631*** (0.098) 0.933*** (0.113) 0.828*** (0.147) 1.157*** (0.129) 1.022*** (0.282) 1.039*** (0.075) 0.844*** (0.002)

Significance levels: *p < 0.10, **p < 0.05, ***p < 0.01.
aNull hypothesis of constant RTS was tested.
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The remaining variation could be attributed to idiosyncrasies such as biotic and abiotic
shocks, statistical errors in data measurement, and the model specification. Previous
studies on cocoa in Ghana estimated the proportion of cocoa production variance
due to technical inefficiency to be 0.75 (Binam, Gockowski, and Nkamleu 2008),
0.99 (Ofori-Bah and Asafu-Adjaye 2011), and 0.60 (Besseah and Kim 2014). Along
regional lines, Danso-Abbeam and Baiyegunhi (2019) estimated γ to be 0.59, 0.41,
0.89, and 0.94 for the Western, Brong Ahafo, Ashanti, and Eastern regions, respectively.
In this study, the mean of the estimated γ for the meta-frontier across all the models was
0.66, implying that a considerable amount of the observed variation in cocoa output,
given the regional frontiers, could be attributed to technological gaps.

Output elasticities with respect to inputs

The production elasticities by region and season are shown in Table 3 and Figure 3,
respectively. Across the models and where statistically significant at p < 0.10, the output
elasticities for land, family labor, hired labor, fertilizer, and pesticide are all positive for
both the regional- and meta-frontiers. The only exception is fertilizer in the Eastern
region. The greatest contributor to cocoa production is land, with an estimated elasticity
ranging from 0.50 to 0.97 in the Ashanti and Eastern regions, respectively. These esti-
mates show the crucial role played by land in increasing Ghanaian cocoa productivity
and resonate with the results of the previous studies analyzing cocoa in Ghana (Binam,
Gockowski, and Nkamleu 2008; Ofori-Bah and Asafu-Adjaye 2011; Onumah et al.
2013; Besseah and Kim 2014; Danso-Abbeam and Baiyegunhi 2019). The seasonal esti-
mates of the land elasticity for the meta-frontier presented in Figures 3(a) show a con-
sistent and steady increase over the forgoing period. Cocoa farming is inherently
labor-intensive; thus, it is not surprising that land is followed by family labor
(−0.004 to 0.395 in Ashanti and Eastern) and then by hired labor (−0.008 to 0.143

Figure 4. Regional variation in cocoa production technology and TE in Ghana (1987–2017). Farmer-level TGR,
TE, and MTG were first estimated via a MSF analysis applied separately to 19 population-based surveys that rep-
resent 30 years of farmer-level data collection in Ghana over 20 growing seasons from 1987 to 2017. The farmer-
level estimates were subsequently averaged across regions. AR, Ashanti; BA, Brong Ahafo; CR, Central; ER,
Eastern; VR, Volta; WR, Western.
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Figure 5. Cocoa production technology level and TE trends in Ghana (1987–2017). Farmer-level TGR, TE, and MTG were first estimated via a MSF analysis applied separately to 19
population-based surveys that represent 30 years of farmer-level data collection in Ghana over 20 growing seasons from 1987 to 2017. The farmer-level estimates were subsequently
averaged across seasons. Each point on a subpanel represents the mean of the estimates and the length of its error bar represents its standard error. Points indicated by a filled
triangle point-up are estimates from previous studies for the respective season.
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in Central and Western). Contrary to land, the responsiveness of cocoa production to
both family and hired labor has declined over the same period.

In their study partly covering cocoa labor use dynamics within the producing house-
holds in Ghana, Tsiboe et al. (2018a,b) showed that the responsiveness of cocoa to
household and nonhousehold labor was 0.053 and 0.039, respectively. However,
when disaggregated, the labor elasticities were estimated at 0.013, 0.015, and 0.005
for adult male, adult female, and child labor, respectively. Thus, given the host of pol-
icies implemented to reduce child labor in cocoa production, it is not surprising that the
study observed a decline in labor elasticities. Another reason that is discussed below is
that aging capital stock could diminish returns to labor.

Labor is followed by pesticide with an estimated elasticity ranging from 0.03 to 0.08
in the Central and Eastern regions, respectively. Pesticide is followed by fertilizer with
an estimated elasticity ranging from −0.19 to 0.06 in the Eastern and Western regions,
respectively. Since fertilizer improves soil quality, and pesticides kill pests that poten-
tially cause yield losses in cocoa, the prior expectation was that their associated elas-
ticities will all be positive. However, fertilizer elasticity among Eastern region cocoa
farmers was negative. According to the literature, a negative sign for the elasticity
for such inputs could be attributed to the fact that Ghanaian cocoa farmers use
input brands that are unapproved by COCOBOD and also inappropriately apply
inputs (Denkyirah et al. 2016). Consequently, the negative elasticity for fertilizer
paints a picture that suggests that this may be at play in the Eastern region.

The differences in the output elasticities for the inputs for the region-specific pro-
duction frontiers imply that cocoa production structure and technology is regionally
not homogeneous. Figure 3(d) shows that fertilizer elasticity for the meta-frontier
was constant for 1987–1998, improved for 1998–2008, and steadily declined for
2008–2017. For pesticides, a sharp improvement and decline are observed for 1987–
1998 and 1987–2005, respectively, and a steady improvement is seen for 2006–2017.
The temporal dynamics of the elasticities for labor, fertilizer, and pesticide paints a pic-
ture that suggests that GoG-led CODAPEC and HI-TECH policies followed two differ-
ent unique pathways of influencing cocoa production.

Returns to scale

According to the literature, as an important technological and economic character-
istic of the production structure, RTS have implications for the transformational
patterns of agricultural and distributional effects of agricultural policies
(Takeshima, Houssou, and Diao 2018). Previous studies have shown mixed results
concerning household cocoa production RTS in Ghana. Ofori-Bah and
Asafu-Adjaye (2011) estimated a value of 1.68, implying an increasing RTS technol-
ogy in 2008/2009, and Besseah and Kim (2014) estimated a value of 1.04, implying a
constant RTS technology in 2005/2006. On the contrary, derived from the presented
results, the regional RTS for Danso-Abbeam and Baiyegunhi (2019) ranged from
0.42 to 0.81 for cocoa production in the Ashanti and Western regions, respectively.
Consequently, the derived RTS from Danso-Abbeam and Baiyegunhi (2019) suggest
that cocoa production in Ghana for the 2015/2016 season was characterized by
decreasing RTS technology. In this study, the RTS for the Eastern, Volta, and
Western regions were all greater than unity, implying an increasing RTS technology.
On the contrary, those for Ashanti, Brong Ahafo, and Central were less than unity,
implying a decreasing RTS technology. Figure 3(f ) shows that the RTS for cocoa
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over the forgoing period have remained constant at the decreasing RTS levels. While
a constant RTS technology is desirable, remaining at the decreasing RTS level is
problematic since it will imply that long-run average costs are increasing, an indica-
tion of diseconomies of scale (Truett and Truett 1990). Thus, there is a need to iden-
tify the factors associated with the constant low level of RTS to curtail them via
appropriate policies.

Technology gap

The plots of the seasonal and regional TGR, a measure of technology use concen-
tration, are presented in Figures 4(a) and 5(a). The possible values of the TGR
are [0,1], where values closer to one indicate that the respective regional-frontier
is tangent to the meta-frontier. Closeness to one further implies that there is no
room for technological improvement given what is already available in the country.
On average, the mean TGR was 0.79, indicating that cocoa farmers in Ghana were
faced with a technology gap of about 0.21 percent from 1987 to 2017. At the regional
level, Figure 4(a) shows that the best cocoa production technology was in the
Western region with the TGR estimated at 0.88, followed by Brong Ahafo (0.79),
Volta (0.78), Eastern (0.77), Central (0.77), and then Ashanti (0.76). From the
smallest to the largest, these values translate to technological gaps of about 12 per-
cent, 21 percent, 22 percent, 23 percent, 23 percent, and 24 percent, respectively.
Furthermore, the null hypothesis that the regional technological gaps are equal to
zero was soundly rejected at p < 0.05. This supports the initial assertion that
cocoa production structure and technology is regionally not homogeneous.
Compared with Danso-Abbeam and Baiyegunhi (2019), this study’s estimates of
the TGR were higher for the Ashanti and Western regions and lower for the
Brong Ahafo and Eastern regions.

Figure 5(a) also shows that the TGR increased steadily from 1987 to 2017. Like
Vigneri (2007), the improvement in the TGR after 2002 could partly be linked to the
HI-TECH and CODAPEC programs. Even though the government is committed to
CODAPEC, the scale of HI-TECH has dwindled because of poor farmer repayment
of credited fertilizer (Vigneri 2007; Kolavalli and Vigneri 2011, 2017). At the time
of this study, COCOBOD supplied a limited quantity of subsidized fertilizers via
LBCs for all cocoa farmers. These changes could lead to a depletion of the TGR
improvements.

Technical efficiency

The results for the TE scores relative to the regional frontiers are presented in Figures 4
(b) and 5(b). Values closer to one indicate a higher level of TE. The estimated values
showed that the mean TE is 0.72; thus, cocoa farmers operated at 72 percent of the
potential possible in their respective regions. This study’s estimated mean TE (0.72)
is higher than that of Binam et al. (2008) (0.44), Ofori-Bah and Asafu-Adjaye (2011)
(0.48), Besseah and Kim (2014) (0.47), and Danso-Abbeam and Baiyegunhi (2019)
(0.69). Another interesting comparison, given that Ghana is currently faced with a
yield gap of about 23 percent relative to the global standard, is that the estimated
mean TE is similar to that of Nigeria (0.71) (Binam, Gockowski, and Nkamleu 2008)
and lower than that of Indonesia (0.82) (Effendy et al. 2019). In terms of regional rank-
ing, unlike Ofori-Bah and Asafu-Adjaye (2011) and Danso-Ajn bbeam and Baiyegunhi
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(2019) who found the Volta and Ashanti regions, respectively, to be least efficient, this
study indicated the Western region. Particularly, Figure 4(b) shows that the most tech-
nically efficient cocoa farmers relative to their region’s production frontier are in the
Brong Ahafo region with the TE estimated at 0.80, followed by Ashanti (0.78), Volta
(0.74), Eastern (0.70), Central (0.67), and then Western (0.61). Furthermore, Figure 5
(b) also shows that the TE remained stable below 0.80.

A major caveat about TE is that it does not tell us about how farmers perform rel-
ative to the technology available in Ghana as a whole. The TE of the farmers relative to
the overall cocoa production technology in Ghana is given by their MTE, which is the
product of the TGR and TE. These are presented in Figures 4(c) and 5(c). The mean
MTE indicated that cocoa farmers operated at 56 percent of the potential cocoa output,
given the technology available in Ghana. Figure 4(c) shows that the most technically
efficient cocoa farmers relative to the overall cocoa production frontier are in the
Brong Ahafo region with the MTE estimated at 0.65, followed by Ashanti (0.58),
Volta (0.57), Eastern (0.53), Central (0.52), and Western (0.52). These MTE scores
are different from those estimated by Danso-Abbeam and Baiyegunhi (2019).

The study observed that yields are rising in the raw data, but those of the TGR, TE,
and MTE changed marginally, averaging about 0.79, 0.72, and 0.56 overtime. This
means that regardless of the progress made in cocoa production technology, as
shown in the rising yields, Ghana is not likely to achieve its potential cocoa output
since farmers are likely adopting technology that is 20 percent less productive than
the best technology and are about 30 percent inefficient in using the adopted technol-
ogy. The temporal (Figure 5(c)) and the spatial (Figure 4(c)) dynamics of the MTE fol-
low closely to that of the TE, indicating that pure technical inefficiency is a chronic
source of low cocoa production in Ghana.

All things equal, declining productivity with an aging capital stock of cocoa will
mean the production frontier is shrinking inward over time. While the study was unable
to satisfactorily account for this in the primary analysis due to sparse data, the limited
data show that the age of the capital stock of cocoa is at best constant over time or at
worst becoming older, with about 3 percent of the stock annually moving from stages of
increased growth in yields to stages of decreased or declining growth in yields.
Consequently, the meta-frontier has likely remained constant over time or has shrunk
inward. Additionally, at the regional level, the capital stock of cocoa for the Central,
Eastern, and Western regions is aging faster than that in Ashanti and Brong Ahafo;
thus, one cannot rule out regional differences in the age of the capital stock to account
for observed regional differences in the TGR and MTE. This could also account for the
diminishing returns to production input like labor as observed in the data.

Alternative policy outcomes

Given the estimates of the TGR, TE, and MTE, it is possible to increase the overall pro-
duction of cocoa in Ghana by improving these scores. According to Binam et al. (2008),
in the near and medium term, improving the pure TE of farmers via government exten-
sion programs and developing rural credit institutions offer the fastest potential gains.
On the contrary, minimizing technology gaps (improving the TGR) via investments in
the best technological innovations already existing in the country can improve cocoa
production in the long term. A compromise between the two is to minimize both tech-
nical inefficiency and technology gaps by solely improving the MTE or a combination
of the TGR, TE, and MTE. In this section, the study presents the potential outcomes of
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pursuing these alternative policies. The details of the simulation are presented in
Supplementary Note A2.

By implementing a nationwide TE maximization policy throughout Ghana, the
mean country yield for cocoa in Ghana could increase by 22 percent from 340 to
413 kg/ha, and the ratio of Ghana’s yield to that of the global standard improves
from 0.80 to 0.97. Consequently, the global cocoa supply could increase by 21 percent
ceteris paribus. On the contrary, if the GoG embarks on a technology gap minimizing
policy (increase the TGR) throughout Ghana, the mean yield could increase by 61 per-
cent, yield ratio improves to 1.29, and global supply increases by 27 percent. Finally, if
the GoG minimizes both technical inefficiency and technology gaps (increase the MTE)
throughout Ghana, the mean yield could increase by 94 percent, the yield ratio could
improve to 1.55, and global supply could increase by 33 percent. It is unrealistic that
GoG will want to pursue exclusively TE, TGR, or MTE improving policies. A more real-
istic goal will be to improve the overall yields in Ghana to those of the global standard,
particularly to achieve a yield ratio of one. The optimal policy should aim at minimizing
both technical inefficiency and technology gap for about 41 percent of the farmers in
the Western region. The result of this policy could increase the mean yield and global
supply by 25 percent and 21 percent, respectively. These alternative policy outcomes
suggest that there is ample room for Ghana to increase its cocoa production by reducing
technology gaps, technical inefficiency, or both.

Conclusions

Cocoa production has evolved into a significant element in the economic development
of Ghana, as it accounts for a major share of the income of its producing households
and 16 percent of exports. Despite its key contribution, and notwithstanding produc-
tion improving policies and reforms implemented by GoG and NGOs, Ghana’s
cocoa yields are about 23 percent below global standards. According to the World
Bank, the growth of developing countries is strongly linked to agricultural performance,
which is, in turn, dictated by total factor productivity. In the case of Ghana, cocoa is the
only single crop contributing about 10 percent to agricultural GDP. Thus, one cannot
overemphasize the importance of improving cocoa yields to at least that of the global
standard. Consequently, previous studies have attempted to ascertain the productivity
and TE of cocoa farmers in Ghana. Considering their limitations of investigating
Ghanaian cocoa farmer’s TE for a single season, and mostly assuming a homogeneous
production technology throughout Ghana, this study extends the literature to accom-
modate multiple seasons and heterogeneity in technology at the regional level.

The results indicated that the greatest contributor to cocoa production is land, fol-
lowed by family labor, hired labor, pesticide, and then fertilizer. Cocoa production RTS
estimates suggest that long-run average costs could be increasing, an indication of dis-
economies of scale. In terms of technology, the results indicated that Ghanaian cocoa
farmers use technology that is about 80 percent of the best available in country. The
differences in region-specific elasticities and technology gaps suggest that cocoa produc-
tion structure and technology is regionally not homogeneous; farmers in the Western
and Ashanti regions operated with the best and worst technologies, respectively.
Holding regional technology constant, cocoa farmers were about 72 percent technically
efficient.

Between pure farmer technical inefficiency and regional technology gaps, the results
showed that the former is a chronic source of low cocoa production in Ghana. This
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implies that farmers performed poorly relative to the meta-frontier mainly because of
their managerial practices. Consequently, this implies that policies targeted at improv-
ing farmer’s managerial skills could increase output. However, such a blanket policy will
not be appropriate for farmers in all regions. Particularly, since they are the most effi-
cient given their regional frontiers, farmers in the Brong Ahafo and Ashanti regions will
benefit from technology transfer (e.g., improved planting materials and fertilizer blends)
from the Western region. On the contrary, farmers in the Western and Central regions
will benefit from training in good cocoa production practices via, for example, farmer
field schools. For farmers in the Eastern and Volta regions, a mix of technology and
training in good cocoa production practices is in order.

The temporal dimension of the results also shows improvements in Ghana’s cocoa
production over the forgoing period. This is reflected in the increase in the responsive-
ness of production to land, minimization of technology gaps, and improvements to the
TE of farmers. However, the reduction in the scale of HI-TECH due to poor farmer
repayment has likely led to an increase in technology gaps. Thus, the GoG needs to
find innovative ways of improving the sustainability of these programs. Particularly,
HI-TECH could be heavily targeted at farmers in the Central and Ashanti regions
since they are the most constrained in production technology. Finally, there is an oppor-
tunity of increasing production by 22 percent, 61 percent, or 94 percent in Ghanaian
cocoa production, which is possible just by reducing technology gaps, pure farmer inef-
ficiency, or both, respectively. These improvements could lead to an increased global
supply of cocoa that could be as high as 33 percent. A follow-up study of this article
could investigate the same dynamics but on a global scale. This could give stakeholders
a sense of which interventions to implement, based on chronic sources of production
shortfall. A major limitation of this study is the absence of reliable information on
the age of trees; thus, future work might consider improving the analysis with such
information if possible.

Supplementary material. The supplementary material for this article can be found at https://doi.org/10.
1017/age.2021.3.

Data availability statement. Replication materials are available in GitHub at https://github.com/ftsiboe/
Agricultural-Productivity-in-Ghana.
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