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Abstract: The effort to increase agricultural productivity continues to receive interest in Africa as
low productivity levels, poverty and food insecurity remain or even increase. This study used the
Färe-Primont Index to estimate agricultural total factor productivity growth for 49 African countries.
Panel data consisting of 833 observations for the period 2000 to 2016 were obtained from the United
State Department of Agriculture Economic Research Service database. The results show that the
average growth rate for agriculture in Africa is 0.73% per annum. The sector experienced increased
growth after the Maputo Declaration, which was sustained during the global financial crisis. West
Africa experienced the largest growth while Southern Africa suffered a substantial decline. The
study also discovered that growth differed between countries indicating that customization of the
Comprehensive Africa Agriculture Development Programme into regional and country-specific
policy interventions is important to boost agricultural productivity. Finally, the growth was achieved
through technical change, while efficiency change constrained growth. Policy-makers should increase
investment in agricultural extension services, education and training to enhance managerial capacity
(efficiency change) because improved managerial capacity could increase agricultural growth and
thereby increase food security and alleviate poverty in Africa.

Keywords: agriculture TFP growth; färe-primont index; technical change; efficiency change; Africa

1. Introduction

Agriculture is an important sector for many world economies, providing food, employ-
ment, foreign earnings and income [1–3]. This implies that the sector carries huge potential
to contribute towards key continental priorities in Africa, such as poverty alleviation,
and hunger eradication, increased intra-Africa trade and investments growth, accelerated
industrialization and economic diversification, sustainable resource and environmental
management [4–7]. This is also supported by Nkamleu [8] who stressed that increased
agricultural productivity growth, driven by technology and investments, has a powerful
dynamic effect that benefits any given economy through increased agricultural income,
employment, increased food availability and lower food prices. Collectively, these have led
to increased optimism about the improvement of agricultural productivity in the African
continent, particularly in the twenty-first century.

In 2003, the African Union (AU) and the New Partnership for Africa’s Develop-
ment (NEPAD) established the Comprehensive Africa Agriculture Development Program
(CAADP) in response to the recognition of potential benefits from increased agricultural
productivity growth [9]. The program is intended to assist African countries in achieving
higher levels of economic growth by focusing on agriculture-led development, which elim-
inates hunger, reduces poverty and food insecurity, and allows for increased exports [5].
The intended growth will be achieved by encouraging all African Union member states
to devote 10% of their budgets to agriculture to attain a goal of 6% annual agricultural
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productivity growth [10]. The program (CAADP) currently consists of various results
framework indicators organized into three levels: (i) the agriculture’s contribution to
growth and development, (ii) agricultural transformation and inclusive growth, and (iii)
systematic capacity to deliver results [11,12]; monitored on a biennial basis. Overall, this
initiative (CAADP) and its facets on the continent show the seriousness with which African
governments regard the improvement of agricultural productivity.

After the endorsement of CAADP with the Maputo Declaration on Agriculture and
Food Security in Africa [13], other declarations have been made as supplement initiatives
with a special emphasis on country compliance. These include amongst others the Sirte
Declaration on the Challenges of Implementing Integrated and Sustainable Development
on Agriculture and Water in Africa [14], which calls for the establishment of a common
market now manifesting itself through the African Continental Free Trade Area (AfCFTA),
and; the Abuja Declaration on Fertilizer for the African Green Revolution [15] that sets a
target of increasing fertilizer use from an average of 8 kg per hectare to 50 kg per hectare
by 2015. Additionally, the Abuja Declaration on Food Security designates specific crops
(rice, maize, legumes, cotton, oil palm, beef, dairy, poultry, and fisheries products at the
continental level and cassava, sorghum, and millet at the subregional level) as strategic
commodities needing special attention to form the basis for continental free trade area [15].
These developments have renewed interest in studies on agricultural productivity growth
in Africa.

The available literature has consistently defined Total Factor Productivity (TFP) as
aggregated output over inputs [16]. Ever since the concept of TFP was first defined by
Solow [17] a plethora of literature has been produced on TFP in various fields of study. Agri-
culture TFP studies have been conducted in Asia [18,19], Europe [20,21], Australia [22,23]
and America [24,25] and has estimated the TFP growth and has investigated the determi-
nants of TFP. Recently Kryszak et al. [16] have produced a comprehensive bibliometric
review on agriculture productivity. However, the literature tends to be more advanced than
African studies because of several factors such as the completeness of data and the use of
advanced methodologies. The existing studies on productivity growth in Africa [8,26–36]
have largely covered the twentieth century, particularly the period from 1960 to 1990s.
These studies consistently maintained that agricultural productivity growth rates in Africa
were positive during the 1960s, declined in the 1970s, and then recovered in the 1980s and
1990s. Studies covering the twenty-first century report that Africa’s agricultural productiv-
ity growth lags behind compared to other continents [37–42], and this implies an inability
to alleviate poverty and eradicate hunger given the rapid population growth. Additionally,
these studies continue to rely on methods such as the Malmquist Index that yield unreliable
TFP estimates and lack a singular focus on the twenty-first century. Moreover, previous
research have been restricted to the use of three or four variables (land, labour and capital
or livestock) with other key input variables being ignored in the analysis. The implication is
that more work is needed to understand agriculture TFP for Africa during the twenty-first
century by using improved methodologies.

The aim of the paper is to investigate the agricultural TFP estimates in Africa for the
first sixteen years in the twenty-first century using the Färe-Primont Index. The study
contributes to the existing literature on agricultural productivity growth in Africa by using
the FPI approach [43] to focus specifically on the first sixteen years of the twenty-first
century. The study period was chosen because of the establishment of CAADP in 2003 and
the recent methodological advances such as the development of FPI, Meta-frontier and a
four-error component dynamic stochastic frontier method by Kumbhakar et al. [44]. The
study has three novel contributions: firstly, unlike other index methods, FPI meets all of the
index number theory’s axioms and has been deemed a complete and appropriate index. The
use of FPI enables the researcher to estimate the mix-efficiency change, a TFP component
that other methodologies cannot determine. The mix-efficiency change evaluates to what
extent TFP could be changed by holding the inputs fixed and relaxing the constraints on
the output mix. Secondly, the results could be used to evaluate the progress of African
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nations in meeting the targets of CAADP. Thirdly, unlike previous African studies, our
analysis uses USDA ERS panel data for 49 African countries with six key input variables
including fertilizer and feed.

The paper is organised into five sections. The introduction is followed by Section 2,
which is the data and methods, specifically dealing with data information and themodel.
The results and discussion are presented in Sections 3 and 4, respectively. Section 5 is the
conclusions followed by the list of references.

2. Data and Methods
2.1. Data

The study evaluates agricultural TFP growth or 49 countries on the African continent
for the first 16 years of the twenty-first century. The 49 countries were divided according to
5 regions; West Africa (16 countries), Southern Africa (13 countries), Central Africa (8 coun-
tries), East Africa (7 countries), and North Africa (5 countries). The analysis considered
panel data acquired from the USDA ERS and we chose this data source because of the better
organisation of the data compared to the original source. Seven variables were selected
(land, labour, machinery, fertilizer, feed, livestock and gross agricultural output) based on
previous continental, regional and country or cross-country level studies that have assessed
agricultural productivity growth. The variables are further classified into six inputs (land,
labour, machinery, fertilizer, feed, and livestock) and one output variable (gross agricultural
output).

Land is measured in 1000 hectares of rainfed-cropland equivalent (rain-fed cropland,
irrigated cropland, cropland and pasture), weighted by relative quality. Labour refers to
1000 economically active persons in agriculture (15+ years, male and female). Machinery
is measured by the total stock of farm machinery in “40-CV tractor equivalents” (CV
= metric horsepower). The number of 2-wheel tractors, 4-wheel tractors, and combine-
harvesters and threshers in use was aggregated. Feed refers to all types of animal feed,
except forage and silage and is measured in 1000 Mcal of metabolizable energy. Fertilizer
is described in Metric tons of all N, P2O5, and K2O nutrients for fertilizer consumption.
And Livestock is the total livestock capital on farms in “cattle equivalents” based on the
relative size and feeding requirements (measured in thousand head). Output refers to the
gross agricultural output measured as the value of agricultural production for each of the
countries included in the sample over the study period. The gross agricultural output
is valued at constant global average prices from 2004–2006 and is measured in dollars.
Previous research exploring some of these variables include Akamin & Molua [45], Coelli &
Rao [46] and Nkamleu [8]. Table 1 presents the means, standard deviation (Std), minimum
(Min) and maximum (Max) for the input and output variables on the African continent
from 2000 to 2016.

Table 1. Summary of output and input variables, 2000–2016.

Variable Mean Std Min Max

Output ($) 3,479,353 5,860,654 4489 4,144,644
Land (ha) 19,877 24,886 2 134,134

Labour (persons) 3178 6155 11 33,698
Livestock (n) 5267 12,647 3 69,980

Machinery (n) 12,404 25,012 5 140,157
Fertilizer (Mt) 87,660 224,730 11 1,604,900
Feed (Mcal) 4,720,281 10,594,707 78 69,812,532

The data in Table 1 shows that over the study period, the output for agriculture in
Africa averaged 3,479,353 (Std = 5,860,654) and ranged from 4489 in 2009 to 41,446,447 in
2015. This was obtained from, on average, 19,877 ha of land (Std = 24,886), 3178 labourers
(Std = 6155), 5267 head of cattle (Std = 12,647), 12,404 of 40-CV tractor equivalents (Std =
25,012), 87,660 metric tons of fertilizer applied (Std = 224,730) and 4,720,281 Mcal of feed
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(Std = 10,594,707). Overall, the findings show that output and inputs grew at an average of
6%. Ideally, the desired outcome would be to use fewer inputs to produce more output.
Therefore, Africa exhibited poor input management, which undermined the output growth
over the study period.

Details on the input use and output production for the regions and countries are
shown in Table 2. The output and input use for the regions and countries show that
regional and country differences exist. For example, North Africa (8,246,572) had the
highest average output with a range from 1,134,000 (Libya) and 21,526,849 (Egypt). The
average output of West Africa was 4,025,909 and ranged from 44,557 in Cape Verde to a
high of 34,558,815 in Nigeria. The region with the third highest output is East Africa with an
average of 3,497,287 (65,095 in Djibouti to 7,613,275 in Tanzania) while Southern Africa had
an average of 2,180,172 (range from 69,229 in Comoros to 12,315,956 in South Africa). Finally,
Central Africa was the least productive with an average output at 1,502,207 ranging from
43,582 in Equatorial Guinea to 4,587,207 in Cameroon). The input use decisions also show
variation between the regions and countries. The regional differences in agricultural output
and inputs imply that the regions are different in terms of natural resource endowments,
technological advancement, institutional development, climate and political environment
(institutions).Consequently, interventions to boost agricultural productivity growth should
be region-specific and country-specific, as opposed to adopting a uniform strategy.

Table 2. Summary of output and input variables for 49 African countries for the period from 2000–
2016.

Region/Country Output Land Labour Livestock Machinery Fertilizer Feed

North Africa 8,246,572 21,412 2571 6,090 71,113 424,486 18,027,266
Egypt 21,526,849 7114 6732 12,116 107,824 1,337,800 51,516,004
Morocco 7,925,111 31,792 4139 8075 52,023 401,535 11,838,351
Algeria 7,067,283 42,044 1287 5949 115,443 189,088 14,754,824
Tunisia 3,579,617 10,304 546 2886 42,148 113,583 7,455,022
Libya 1,134,000 15,805 150 1426 38,127 80,424 4,572,128

West Africa 4,025,909 17,660 2,911 5,391 2,832 43,307 4,812,920
Nigeria 34,558,815 76,152 18,867 27,393 20,779 324,224 54,031,001
Ghana 6,258,103 14,756 4517 2586 2420 35,187 6,041,816
Côte d’Ivoire 6,161,245 21,068 3053 2031 9323 90,141 1,693,652
Mali 3,626,157 40,120 3248 11,760 1804 29,065 2,158,093
Niger 2,928,476 42,122 4736 12,927 249 81,384 4,142,176
Burkina Faso 2,253,179 11,800 2894 9955 1716 31,926 1,024,616
Benin 2,136,400 3263 1501 2139 234 14,930 2,402,114
Guinea 1,963,226 14,337 2525 4310 6443 19,975 1,989,222
Senegal 1,299,867 8229 1286 5005 1095 39,171 1,150,885
Sierra Leone 908,879 3552 1308 962 123 7422 842,194
Togo 843,931 2731 1027 964 112 9598 569,405
Mauritania 567,004 39,652 501 4800 432 1956 453,893
Liberia 402,497 2534 542 192 435 2915 179,885
Guinea-Bissau 317,729 1587 411 687 24 2647 100,070
Gambia 144,488 554 141 455 63 2006 151,611
Cape Verde 44,557 96 28 89 57 366 76,080

East Africa 4,341,104 26,738 8427 18,909 6,564 76,987 3,912,798
Tanzania 7,613,275 37,050 14,584 19,948 23,486 68,635 5,154,796
Kenya 6,600,469 26,439 7833 20,030 15,941 187,776 2,016,946
Uganda 5,344,304 11,854 7913 10,532 5908 35,948 9,706,808
Rwanda 2,088,827 2205 3721 1352 59 9583 99,610
Somalia 1,599,955 43,887 1747 14,661 1292 3688 88,737
Burundi 1,169,086 1755 3266 716 204 6772 6567
Djibouti 5095 1706 156 425 6 64 24,056
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Table 2. Cont.

Region/Country Output Land Labour Livestock Machinery Fertilizer Feed

Southern Africa 2,180,172 27,525 2445 3811 11,801 80,549 3,227,260
South Africa 12,315,956 98,775 915 16,633 81,054 744,165 21,580,756
Madagascar 3,229,538 41,218 7158 8792 859 15,442 1,700,037
Angola 2,904,064 57,815 3555 4510 17,362 21,167 7,438,570
Malawi 2,638,708 5522 4165 1655 1681 19,870 4,931,201
Mozambique 2,524,136 49,853 7731 2233 6286 31,550 2,766,060
Zimbabwe 1,615,577 14,998 4163 5730 28,275 78,024 1,456,726
Zambia 1,580,933 21,847 3157 3165 6756 96,400 951,026
Namibia 415,544 38,379 178 2772 3431 2022 214,543
Botswana 341,706 25,739 161 2313 3452 758 157,662
Eswatini 289,000 1245 37 590 1807 895 155,646
Mauritius 252,234 99 47 139 296 35,188 515,543
Lesotho 165,613 2209 428 944 2153 1086 86,062
Comoros 69,229 120 89 65 6 573 552

Central Africa 1,502,207 12,708 3,158 3,020 823 15,048 637,354
Cameroon 4,587,207 7228 4557 6212 519 45,929 3,317,934
Congo, DR 3,899,340 25,820 15,345 1552 2710 43,158 15,520
Chad 1,916,451 49,036 3343 12,132 221 22,482 1,133,030
Central African Republic 885,987 4112 1174 3817 51 5,048 219,246
Congo, Republic 373,736 10,318 547 284 917 1748 104,805
Gabon 284,606 4,899 155 135 1821 1263 304,985
Equatorial Guinea 43,582 200 135 14 210 515 189
Sao Tome and Principe 26,749 56 12 11 137 242 3125

2.2. Model Specification

According to O’Donnell [43], the FPI which estimates agricultural TFP of country i in
period t relative to country h in period s can be expressed as follows:

TFPhs,it =
TFPit
TFPhs

=
Qit/Xit
Qhs/Xhs

=
Qhs,it

Xhs,it
(1)

where Qhs,it = Qit
Qhs

is an output quantity index and Xhs,it = Xit
Xhs

is an input quantity
index. This implies that TFP is the output index divided by the input index. Consequently,
Equation (1) is re-defined as:

TFPhs,it =

(
TFP∗t
TFP∗s

)(
TFPEit
TFPEhs

)
(2)

The first term on the right-hand side of Equation (2) measures the change in maximum
TFP over time. Thus, it is a measure of technical change. The second term is a measure of
overall efficiency change. The latter further decomposes into three fine measures, which
implies that Equation (2) can be re-written as:

TFPhs,it =

(
TFP∗t
TFP∗s

)(
OTEit
OTEhs

)(
OSEit
OSEhs

)(
RMEit
RMEhs

)
(3)

The study used the output-orientation because maximizing output is one of the most
common objectives in agriculture. Hence OTE signifies a measure of the Farrell output-
orientated technical efficiency, OSE is output-orientated scale efficiency and RME is a
measure of residual mix efficiency. O’Donnell [43] also gives the following expression for
the above Equation (3):

TFPhs,it =

(
TFP∗t
TFP∗s

)(
OTEit
OTEhs

)(
OSMEit
OSMEhs

)
(4)

were OSME is the output-orientated scale-mixed-efficiency.
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2.3. Estimation Procedure

The model specified in Equations (1)–(4) is estimated using the DPIN 3.0 software [43]
and Data Envelopment Analysis (DEA) method. The DEA is defined as a non-parametric
mathematical programming methodology initially proposed by Charnes et al. [47], based on
Farrell’s work on firm performance. This method uses observed input and output quantities
to create a production possibility space against which particular countries’ productivity
growth is measured. According to O’Donnell [43], the fundamental premise underlying
the use of DEA is that the output distance function representing the available technology
in period t takes the form:

D0(xit, qit, t) =
(
q′itα

)
/
(
γ + x′itβ

)
(5)

D0 represents the output distance function while x and q signify the input (land, labour,
livestock, machinery, fertilizer and feed) and output (value of agricultural production) vec-
tors for individual country i in period t. The output-oriented problem entails determining
the unknown parameters in Equation (4) to reduce technical efficiency. This yields the
following equation:

D0(xit, qit, t)−1 = OTE−1 = min
α,γ,β

{
γ + x′itβ : γl + X′β ≥ Q′α; q′itα = 1; α ≥ 0; β ≥ 0

}
(6)

where Q is a J ×Mt matrix of observed values of agricultural production, X is K×Mt matrix
of observed inputs, t is an Mt × 1 unit vector, and Mt denotes the number of observations
used to estimate the frontier in period t [43]. The DPIN 3.0 software computes productivity
and efficiency indices using a variant of this linear programming problem. It begins by
solving the following linear programming problem to obtain the Färe-Primont aggregates:

D0(x0, q0, t0)
−1 = min

α,γ,β

{
γ + x′0β : γl + X′β ≥ Q′α; q′0α = 1; α ≥ 0; β ≥ 0

}
(7)

After which the FPI’s aggregated output and inputs are solved as follows:

Qit =
(
q′itα0

)
/
(
γ0 + x′0β0

)
(8)

Xit =
(
x′itη0

)
/
(
q′0φ0 − δ0

)
(9)

3. Results
3.1. Regional Färe-Primont TFP Estimates for Africa

The FPI results for West Africa are shown in Figure 1. The TFP, technical inefficiency
(dOTE) and scale-mix efficiency (dOSME) are shown using a colour scale for the countries
in the region. The darker the colour on the colour scale the lower the estimated TFP, dOTE
or dOSME. The results show that West Africa (1.14% p.a) was the most productive region
with a positive dTech of 0.91% p.a and a dTFPE of 0.22% p.a (where dTFPE = dOTE ×
dOMSE). As can be seen in Figure 1, OTE (−0.36% p.a) continued to underpin agricultural
productivity growth in this region over the study period. The results further show that 75%
of sampled countries in this region recorded growth in agriculture productivity over the
study period. They were led by Sierra Leone at 5.94% followed by Burkina Faso (4.74%),
Mali (3.64%), Niger (2.92%), Ghana (2.46%), Mauritania (1.88%), Senegal (1.35%) and
Guinea-Bissau (1.29%) where growth was largely driven by dTFPE. Only three countries
(Nigeria, Côte d’Ivoire and Benin) experienced a decline in scale-mix efficiency (dOSME).
More detail on the various components of TFP for the individual countries is given in
Appendix A.
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Figure 1. Agricultural productivity growth in West Africa as shown by TFP and components of
TFPE, 2000–2016. Note: dTFP = Productivity Change, dOTE = Technical Efficiency Change and
dOSME = Scale-Mix Efficiency.

North Africa had the second highest average TFP increase at 0.97% p.a with a relatively
high dTech and low dTFPE (dOTE = −0.52% and dOSME = 0.40%). The TFP, technical
inefficiency (dOTE) and scale-mix efficiency (dOSME) results for North Africa are shown
in Figure 2. Similar to the approached use for West Africa the darker colour shows lower
levels of the estimated TFP, dOTE or dOSME.

Figure 2. Agricultural productivity growth in North Africa as shown by TFP and components of
TFPE, 2000–2016. Note: dTFP = Productivity Change, dOTE = Technical Efficiency Change and
dOSME = Scale-Mix Efficiency.

The results in Figure 2 show that Algeria was the single most productive country
in this particular region, followed by Morocco (1.88%) and Libya (1.33%) while Egypt
witnessed an average decline of 0.53% p.a. The differences in productivity growth estimates
can be ascribed to a number of factors such as technological advancement, support given to
agriculture, institutional capacity and agro-climatic conditions. Nonetheless, this implies
that each country should follow a unique policy intervention. For instance, Egypt should be
given top priority in terms of regional interventions for agriculture. The results in Figure 2
further reveal a sharp decline of dOSME in Morocco (−0.02%) and Egypt (−1.43%). While,
dOTE showed a decline in Libya (−2.31%) and Tunisia (−1.11%). Another important
finding is that OTE remained unchanged in Algeria and Egypt. Overall, the findings
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suggest that productivity growth in North Africa was undermined by dTFPE over the
study period.

The agricultural productivity growth in Central Africa is shown in Figure 3. The
average annual productivity growth for this region was 0.78% with a relatively high dTech
and lower dTFPE. Interestingly the estimated dOTE showed a sharp decline at 0.49% while
dOSME was positive with an average at 0.30%.

Figure 3. Agricultural productivity growth in Central Africa as shown by TFP and components of
TFPE, 2000–2016. Note: dTFP = Productivity Change, dOTE = Technical Efficiency Change and
dOSME = Scale-Mix Efficiency.

The country-specific results shown in Figure 3 show that TFP growth was led by Chad
(4.26%), Cameroon (2.72%) and the Republic of Congo (2.42%). The results show that TFP
in the first two countries was driven by dTFPE while it was influenced by dTech in the
Central African Republic. This implies that applying a single umbrella policy may not yield
the same improvement in productivity for all the countries in this region.

Countries where TFP declined were Equatorial Guinea (−1.30%), and Sao Tome and
Principe (−0.10%), and this was expected due to small land size. The decline in TFP was
very high in the Democratic Republic of Congo (−1.35%), possibly because of political
instability in the country. The results also showed a decline in efficiency components with
OTE at 0.06% and OSME at 2.18% for the Democratic Republic of Congo. Only Cameroon
had an unchanged dOTE for the study period. Cameroon also recorded positive growth
in dOSME at 1.80% along with Chad (3.72%), the Republic of Congo (3.59%) and Gabon
(0.64%). The overall findings show that dTFPE is an inhibitor of growth in the region.

The TFP estimates for East Africa are shown in Figure 4. This region showed an average
annual TFP growth of 0.64% decomposed into dTech (0.91%) and dTFPE (−0.26%). A
possible explanation for this finding is climate change because the regions have undergone
some increases in temperatures, shifting rainfall patterns, and an increased frequency of
extreme weather events. This implies that any effort to improve TFP should also include
climate-smart agriculture policies for the region. The breakdown of dTFPE shows a dOTE
of −0.66% and a dOSME of 0.42%.
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Figure 4. Agricultural productivity growth in East Africa as shown by TFP and components of
TFPE, 2000–2016. Note: dTFP = Productivity Change, dOTE = Technical Efficiency Change and
dOSME = Scale-Mix Efficiency.

The factors of agricultural growth (TFP) vary greatly at the country level in this region.
The most productive countries were Tanzania (2.90%), Djibouti (2.07%), Rwanda (2.06%)
and Kenya (1.03%). The high level of productivity is ascribed to both dTech and dTFPE
progression over the reviewed period. A notable decline in TFP growth was observed in
Burundi (−1.20%) and Uganda (−1.95%) due to low levels of dTFPE. Kenya was the only
country in the region with a positive OTE at 1.02%. On the other hand, Tanzania (2.72%),
Rwanda (2.01%), and Djibouti (1.41%) showed an increase in OSME. The overall results
show that 71% of sampled countries in this region were productive. Fifty-seven percent
(57%) of the countries, showed progress in dTFPE while only 14% had progressed in OTE.
Lastly, only two countries showed a reduction in OSME.

The results for Southern Africa showed an overall TFP growth rate on average of
0.15% per year. The dTFPE showed a decline (−1.05%) due to the decline in both dOTE
(−1.01%) and dOSME (−0.04%). There were 13 countries included in the analysis and 8
(translated as 62%) experience growth in agriculture TFP over the study period. The results
for the country-specific TFP indicators are shown in Figure 5.

Figure 5. Agricultural productivity growth in Southern Africa as shown by TFP and components
of TFPE, 2000–2016. Note: dTFP = Productivity Change, dOTE = Technical Efficiency Change and
dOSME = Scale-Mix Efficiency.
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The countries that showed agricultural growth include Angola (3.83%), Zambia
(3.15%), Mozambique (2.54%), South Africa (1.08%), Eswatini (1.03%), Madagascar (0.52%),
Botswana (0.46%) and Namibia (0.30%). While the other countries (Malawi, Mauritius,
Comoros, Zimbabwe and Lesotho) showed negative growth in agricultural TFP. Nonethe-
less, all the countries had similar dTech at 0.91% suggesting the possibility of similar
production technology. This result can be attributed to the fact that like the other four
regions, it is largely dominated by smallholder farmers who generally face similar produc-
tion constraints such as access to credit, information, markets and using mainly outdated
production technologies. Only five of the countries (Angola, Zambia, Mozambique, South
Africa and Eswatini) showed better resource management (dTFPE) in the production of
output. A significant decline in dTFPE were observed in Malawi (−1.57%), Mauritius
(−2.13%), Comoros (−2.93%), Zimbabwe (−3.17%) and Lesotho (3.54%). Further analysis
of dTFPE reveals that Angola was the only country in this region to report progress in
OTE despite being negligible. Sixty-nine percent (69%) of these countries also revealed
significant progress in OSME.

The findings indicate that Africa’s agricultural productivity growth remains slow.
Over the study period, Africa had an average TFP growth of 0.73% per annum (p.a.), driven
by technical change (dTech) at an average of 0.91%. The downside of the findings is that
dTech was insufficient to offset the decrease in efficiency change (−0.18% p.a). Despite
this, the results showed a significant increase in technology adoption over the study period.
This suggests an inability to make agriculture the primary driver of inclusive growth and
economic development in order to ensure wealth creation, food and nutrition security,
poverty alleviation and prosperity. They suggest that technological adoption must be
matched by significant improvement of managerial capabilities of farmers in order to boost
agricultural productivity growth at the regional level. The results for the efficiency change
(dTFPE) indicate that improving technical inefficiency (dOTE) (−0.60%) is likely to increase
the current annual average productivity growth on the continent. This intervention can
be accomplished by enhancing the agricultural extension programmes, agrarian reform
and financial incentives. However, it might not be enough to develop a single intervention
strategy because the regional results suggest that region-specific interventions are required
based on the individual needs of the regions and countries.

3.2. Impact of Shocks and Policies on Agricultural Productivity Growth in Africa, 2000–2016

The agricultural productivity growth is affected by changes in policies and shocks
such as drought, floods, wars and economic downturns. In Figure 6, we evaluate such an
impact to gain a better understanding of agricultural TFP growth in Africa over the study
period. A yearly agricultural TFP and technology change (dTech) and efficiency change
(dTFPE) were calculated to evaluate how these factors changed over time.

The results in Figure 6 show that TFP growth was relatively low during the first three
years of the twenty-first century with a range from 1.01% to 1.02%. In subsequent years
the dTFP starts to increase to a maximum of 1.15%. This increase in TFP corresponds with
the Maputo Declaration on Agriculture by the African Union member states as well as
the global financial crisis. Even though a reduction in growth was expected as a result of
the financial crisis, it seems as if Africa at large continued to show agricultural growth.
Further analysis of the TFP did, however, show that for the period 2000 to 2008, Africa
had an average TFP of 10% ranging from 0.77% in East Africa and 1.32% in North Africa.
From 2008 to the end of the study period the recorded agricultural growth decreased by
1.6% to an average growth rate of 8.7%. This reduction in TFP was likely because of the
decline in both dTech (−10.2%) and dTFPE (−18.6%). Further analysis of dTFPE estimated
from 2008 to 2016 reveals an increase in OTE (5.0%) and a decrease in OSME (−0.31%).
Towards the end of the study period (around 2014), the TFP seems to move sideways and
even shows a decrease. A result that is in line with the occurrence of Ebola in West Africa
and the establishment of the Malabo Declaration (by the African Union) on Accelerated
Agricultural Growth.
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Figure 6. Yearly agricultural productivity change (dTFP) and technical change (dTech) and efficiency
change (dTFPE) from 2000 to 2016.

4. Discussion

The paper reports an average agricultural TFP of 0.73% over the study period. This
finding is consistent with the results reported by Anik et al. [39] and Le Clech & Fillat-
Casrejon [40] who estimated a TFP at 0.66% and 0.94%. Although these papers also use the
FPI approach to investigate TFP the papers considered different time periods and countries.
Compared to the research conducted by Adeleke et al. [37] and Nkamleu et al. [48], who
used the Malmquist index, our TFP results are significantly lower. However, we are of the
opinion that the estimates reported in this paper are more accurate because the Malmquist
index yields biased estimates [49,50].

The regional results highlighted several main results. Firstly, the TFP estimated for the
five regions of Africa varies. The estimated TFP was highest for West Africa which is in
line with the results of previous research. Nkamleu [8] argued that West Africa has healthy
soils and diverse ecosystems, which result in a high number of food production systems
and thereby high agricultural productivity growth. The results also showed that country
and regional growth differs. All the AU member states have adopted the Maputo decla-
ration and the resulting CAADP, however, the current program must be customized into
regional and country-specific policy interventions to boost agricultural productivity [11].
Nkamleu [8] argued that agro-climatic conditions, the political environment, advances in
technology adoption and institution contribute to variations in TFP estimates. Thirdly, the
result showed that technical change increased growth while efficiency change constrained
growth. This matches Ajao [51] who found technical change to be the main driver of
agricultural productivity for 43 African nations from 1961 to 2003. However, Coelli &
Rao [46] found that technical change and efficiency change increased agricultural TFP
for 26 African Nations. Out of the 49 African countries included in our sample, 26 (48%)
experienced growth in agricultural productivity. These are classified into countries with
an annual average growth of between 1.00% and 1.88% (Morocco, Mauritania, Senegal,
Libya, Guinea-Bissau, South Africa, Eswatini and Kenya), 2.06% and 2.93% (Algeria, Niger,
Tanzania, Cameroon, Mozambique, Ghana, Congo, Djibouti and Rwanda) and over 3.00%
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(Sierra Leone, Burkina Faso, Chad, Angola, Mali and Zambia). The agricultural productiv-
ity growth of these countries was driven by efficiency change indicating increased farm
managerial capacity. However, the level of commercialisation as indicated by technical
change (0.91%) still needs to be strengthened in these countries. An increase in technical
change can be obtained by focusing on increased extension service support and investment
in R&D as the main policy interventions [52].

Several African countries showed negative growth due to a decline in efficiency
change. These countries include Lesotho (−2.66%), Zimbabwe (−2.28%), Comoros (−2.04%),
Uganda (−1.95%), Congo DR (−1.35%), Equatorial Guinea (−1.30%), Mauritius (−1.24%),
Burundi (−1.20%) and Gambia (−1.10%). These countries had a joint input growth av-
eraging 1.70% while agricultural output was declining at 0.22% per year. The results at
country levels are mixed compared to existing literature and this can be attributed to the
use of different methodologies and datasets covering different periods. For instance, Yun
et al. [53] excluded Seychelles, Comoro, Congo DR, and Equatorial Guinea in their analysis
of agricultural productivity in Africa but found that three of our sampled countries (Bu-
rundi, Uganda and Gambia) recorded negative growth over the period 1961 to 1999. The
same study reported positive growth in Lesotho, Zimbabwe and Uganda. While, Fuglie &
Rada [54] reported negative growth in Congo DR, Burundi, Uganda, Lesotho, and Gambia,
but positive growth for Mauritius and Zimbabwe for the period from 1961 to 2008. Recent
studies by Anik et al. [39], Le Clech & Fillat-Castejon [40] and Ogundari & Onyeaghala [41]
also report mixed findings on agricultural productivity growth at the country level in the
African continent. The mixed findings can be attributed to a number of factors ranging
from poor government support to agriculture, variations in agro-climatic conditions, low
literacy rates, lack of institutional capacity and poor technology adoption rates. Overall,
the findings are consistent with Nsiah & Fayissa [55] who found that Lesotho, Gambia, Sao
Toma and Principe and Zimbabwe are the African countries with the lowest agricultural
productivity growth. The negative growth for the above-mentioned countries is because
input growth is greater than output growth. This can be redressed by focusing on reforms
that impact input and output prices, or through economic incentives such as taxes.

The results of cumulative annual agricultural productivity growth exhibit an up-
ward trend in productivity over the study period. This finding corroborates previous
research by Block [56] and Mason et al. [57] in that Africa’s TFP growth rates for agricul-
ture have improved in the twenty-first century due to the increasing levels of technical
progress. The exact estimates of agricultural productivity growth or decline vary in the
literature [26,32,53,58,59], but the studies commonly agree that the pace of productivity
growth has picked up in the last decade or two. During the food and financial crises
that devastated the global economy in 2008–2009, Africa managed to maintain relatively
positive growth. This can be ascribed to increased state-led fertilizer procurement and dis-
tribution to boost productivity arising from the Abuja Declaration on Fertilizer application
rates in the continent [15,60]. The Outbreak of Ebola negatively impacted the agricultural
productivity of four countries in West Africa due to labour disruptions [61], but this did not
affect the overall growth of the continent. Great strides were also made by many African
countries over the study period to increase the adoption of improved inputs through the
Alliance for Green Revolution in Africa [4,62]. Hence the climate crisis seems not to have
affected agricultural productivity growth over the study period.

The increase in technical progress, which led to a 10.3% increase in TFP growth from
2000 to 2008, can be ascribed to the implementation of CAADP. The program encouraged
African countries to allocate 10% of their budget to agriculture to achieve a goal of 6%
annual TFP growth. Benin et al. [63] and Benin [64] maintains that the implementation of
CAADP has a positive and significant impact on government expenditure on agriculture,
and land and labour productivity in Africa. Despite the decrease in both technical change
(−10.2%) and efficiency change (−18.6%), the TFP growth rate showed an increase of 8.7%
due to improved technical (5.0%), scale (12.1%) and mix (20.4%) efficiency. This continued
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increase in agricultural productivity growth in the presence of shocks and policy reforms
implies resilience in the African agricultural sector [65].

The results reported in the paper corroborate two major concerns that have been raised
by literature [66]. First, the current level of agricultural productivity growth in Africa has
not yet matched those recorded in the early 1960s. And secondly, the measured agricultural
productivity is still too low to combat hunger, poverty and food insecurity that arises from
the fast-rising population [66]. For instance, while productivity has remained positive
over the study period, food imports have also increased over the same period [4,62]. The
implication is that more effort is still needed to boost agricultural productivity growth in
Africa to take full advantage of CAADP and AfCFTA, while striving to achieve the SDGs
in terms of ending hunger, poverty alleviation and improving food security.

5. Conclusions

The aim of the paper was to investigate total agricultural productivity growth for
various African regions and countries for 16 years (2000–2016) using the Färe-Primont
Index approach. This approach was applied to panel data consisting of 833 observations
for five sub-regions or 49 countries. Based on the findings the following conclusions are
drawn: first, over the study period the agriculture sector in Africa showed an improvement
in TFP growth due to technological progress. Secondly, technical efficiency was the major
inhibiting factor to TFP growth while scale-mix efficiencies contributed positively. Thirdly,
Southern Africa was the only region exhibiting a decrease in TFP growth. About 48%
of the sampled countries were productive and their annual average growth rates ranged
from 1.01% to 5.94%. Following the Maputo Declaration agricultural growth rose by
10.3% and a further increase of 8.7% was found between 2008 to 2016. Surprisingly, the
continent maintained positive growth during the 2008–2009 food and financial crises that
devastated the global economy. A possible explanation could be the increased state-led
fertilizer procurement and distribution activities to boost productivity in African countries
that was a direct result of the Abuja Declaration on Fertilizer Application Rates on the
African Continent. Due to labour disruptions which were caused by the Ebola outbreak,
agricultural growth for four countries in West Africa was negatively impacted. However,
these disruptions had no effect on the continent’s overall growth.

In general, our findings imply that more effort into the commercialisation of agriculture
at all levels in Africa will help to improve productivity growth rates. The implication is
that increased investment in R&D for innovation purposes is non-negotiable. Furthermore,
relying solely on AU member states’ 10% allocation to CAADP may not be sufficient to
achieve the desired growth to combat the increasing food import, poverty, hunger and food
insecurity. Increased investment in education and training for both farmers and extension
officers are needed to ensure higher adoption rates of R&D-derived technologies. In this
way, the African continent can improve productivity growth rates.

Overall, the findings indicate that policy-makers should focus on investment in R&D,
training and education, agrarian reform and climate-smart agricultural practices. We, there-
fore, recommend that future research extend the period of coverage and adopt the “green
total factor productivity” approach to simultaneously improve agricultural productivity
growth and environmental quality.
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Appendix A

Table A1. Summary of country TFP, 2000–2016.

Country dTFP dTech dTFPE dOTE dOSE dOME dOSME
Algeria 2.93% 0.91% 2.00% 0.00% 2.71% 0.00% 2.00%
Angola 3.83% 0.91% 2.89% −3.48% 1.22% 0.00% 6.60%
Benin −0.29% 0.91% −1.19% −0.05% −0.03% 0.00% −1.15%
Botswana 0.46% 0.91% −0.45% −1.67% −1.56% 0.00% 1.24%
Burkina Faso 4.74% 0.91% 3.79% 2.83% 1.48% 0.00% 0.94%
Burundi −1.20% 0.91% −2.09% −0.14% −0.01% 0.00% −1.96%
Cameroon 2.72% 0.91% 1.80% 0.00% 1.09% 0.00% 1.80%
Cape Verde 0.21% 0.91% −0.69% −1.17% −0.90% 0.00% 0.48%
Central African Republic 0.51% 0.91% −0.39% −0.53% −0.14% 0.00% 0.13%
Chad 4.26% 0.91% 3.32% −0.39% 1.97% 0.00% 3.72%
Comoros −2.04% 0.91% −2.93% −0.62% −0.11% 0.00% −2.32%
Congo, DR −1.35% 0.91% −2.24% −0.06% −0.29% 0.00% −2.18%
Congo, Republic 2.42% 0.91% 1.50% −2.02% −0.07% 0.00% 3.59%
Côte d’Ivoire −0.14% 0.91% −1.04% −0.07% −0.25% 0.00% −0.97%
Djibouti 2.07% 0.91% 1.14% −0.26% −0.38% 0.00% 1.41%
Egypt −0.53% 0.91% −1.43% 0.00% 0.00% 0.00% −1.43%
Equatorial Guinea −1.30% 0.91% −2.19% −0.07% −0.04% −0.03% −2.12%
Gabon 0.89% 0.91% −0.02% −0.66% −0.06% 0.00% 0.64%
Gambia −1.10% 0.91% −1.99% −3.04% 0.00% 0.00% 1.08%
Ghana 2.46% 0.91% 1.53% 0.00% 0.00% 0.00% 1.53%
Guinea 0.88% 0.91% −0.03% −2.86% 0.22% 0.00% 2.91%
Guinea-Bissau 1.29% 0.91% 0.38% −0.52% 0.05% 0.00% 0.90%
Kenya 1.03% 0.91% 0.11% 1.02% −0.45% 0.00% −0.89%
Lesotho −2.66% 0.91% −3.54% −1.72% −0.35% 0.00% −1.85%
Liberia −0.62% 0.91% −1.51% −2.23% −0.09% 0.00% 0.74%
Libya 1.33% 0.91% 0.41% −2.31% 0.16% 0.00% 2.78%
Madagascar 0.52% 0.91% −0.38% −1.01% −1.61% 0.00% 0.63%
Malawi −0.68% 0.91% −1.57% −2.13% −0.57% 0.00% 0.57%
Mali 3.64% 0.91% 2.71% 1.02% −0.04% 0.00% 1.67%
Mauritania 1.88% 0.91% 0.96% −1.18% −0.04% 0.00% 2.16%
Mauritius −1.24% 0.91% −2.13% −0.16% 0.00% 0.00% −1.98%
Morocco 1.88% 0.91% 0.96% 0.98% 0.33% 0.00% -0.02%
Mozambique 2.54% 0.91% 1.61% −0.60% 0.65% 0.00% 2.23%
Namibia 0.30% 0.91% −0.60% −0.98% −0.36% 0.00% 0.38%
Niger 2.92% 0.91% 1.99% 0.11% 1.24% 0.00% 1.88%
Nigeria 0.53% 0.91% −0.38% −0.06% −0.56% 0.00% -0.32%
Rwanda 2.06% 0.91% 1.14% −0.85% −0.04% 0.00% 2.01%
Sao Tome and Principe −0.10% 0.91% −1.00% −0.39% −0.07% 0.00% −0.61%
Senegal 1.35% 0.91% 0.44% 0.25% 0.34% 0.00% 0.19%
Sierra Leone 5.94% 0.91% 4.99% 1.21% 0.01% 0.00% 3.74%
Somalia 0.18% 0.91% −0.72% −0.94% −0.23% 0.00% 0.22%
South Africa 1.08% 0.91% 0.16% −0.16% −0.19% 0.00% 0.33%
Swaziland 1.03% 0.91% 0.12% −0.22% 0.96% 0.00% 0.34%
Tanzania 2.90% 0.91% 1.97% −0.73% −2.23% 0.00% 2.72%
Togo 0.67% 0.91% −0.24% −0.72% −0.15% 0.00% 0.49%
Tunisia 0.58% 0.91% −0.32% −1.11% 0.87% 0.00% 0.79%
Uganda −1.95% 0.91% −2.84% −3.00% −1.42% 0.00% 0.17%
Zambia 3.15% 0.91% 2.22% 0.21% 1.13% 0.00% 2.00%
Zimbabwe −2.28% 0.91% −3.17% −2.08% −0.70% 0.00% −1.11%

Note: Grey to blue colour represents an increase in productivity, pink to red denote a decline in productivity. The
darker the colour the larger the increase or decline.
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