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Abstract

The main objective of this paper is to estimatendeein the agricultural sector production
efficiency of a cross-section of African countreeger time using panel data and data envelopment
type analysis in order to assess the state ofg$eodrity, or insecurity in the African continent. |
particular, the study employs data for 49 Africaniatries from 1995 to 2012 to estimate the year
to year agricultural efficiency for cereal, cropptl, and non-food sectors against natural inputs
for the agricultural sector. We analyze the debeamis of annual efficiency scores and their
growth rate, and subsequently investigate the itnpgaagriculture efficiency on food security.
We find that the agriculture aid, capital infrastiwre for the agriculture industry, sanitation, and
good governance are the main drivers of agricuktfieiency and its growth. We find that a large
portion Africa’s agriculture sector growth for tperiod under consideration can be attributed to
technical progress as opposed to efficiency chandggsbstantively, we find that agricultural
efficiency has a positive and significant effecpamt on food security in Africa.
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Africa, Data Envelopment Analysis (DEA), Food Siguand Africa
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1. Introduction

Africa has 54 nation states with an estimated patmn of 1.2 billion and the second largest and
populous continent in the world in 2016In the absence of effective and focused measuores t
slow down the rate of population growth through eadion, family planning, delayed marriage,
and abstinence, the population is expected to @onb27 years. According to the World Bank
statistics, five of the fastest population growtiuetries in Africa between 2014 and 2015 are:
Niger (4%), South Sudan (3.5%), Burundi (3.3%), €t&3%), and Uganda (3.3%Y.he young
and the elderly make up more than 50 % of the digrgrpopulation who rely on the middle age
group for their livelihood. With the young andatVely more educated population migrating to
the cities in search of job opportunities and othemenities of life which typically have
concentrated in and around the major cities inoafrthe rapid growth of armies of unemployed
youths in the urban areas poses a ticking time bionthe continent. In the backdrop of these
scenarios, the fragmentation of land among the gr@vural population and the intense pressure
of transnational land transactions (known as lamadblging) expose farmers and urban dwellers to
severe food insecurity and livelihood vulneralekti posing major concerns which African
governments have to address sooner than laterudy sof the changes in the agricultural
production efficiency and their implications forrdestic food security in the African continent is,
therefore, timely and relevant.

The main objective of this paper is to estimatettikads in the agricultural sector production
efficiency of a cross-section of African countrgager time using panel data and data envelopment
type analysisEA) known as thélalmquist Total Factor Productivity IndekPl) model in order to
assess the state of food security, or insecuritigerAfrican continent. In particular, the studylwi
explore the impacts the conventional sources oh@eic growth such as aid for agriculture,
infrastructure investment, and governance on timei@nagricultural production efficiency scores
and its year-to-year rate of growth for a crosgisaaf 49 African countries from 1995-2012.
The rest of the paper is organized as follows. fidw section will highlight the existing literature
pertaining to the recent trends in agriculturaldurctivity during the study period. Section 3 will
discuss the measures of efficiency and productiitthe African agricultural sector in an effort

! (http://worldpopulationreview.com/continents/agripopulation/).
2 http://data.worldbank.org/indicator/SP.POP.GROW



to specify the empirical framework of the studyct8® 4 discusses the main results of the study.
The last section summarizes the findings and dsswge policy implications of the state of food
security in the African continent.

2. A Review of Selected Literature

The Green Revolution was adopted as the second wfatree growth and development strategy in less
developed countries (LDCs) in Africa and throughitwet developing world in the 1950s and the 1960s to
increase agricultural production to meet rural arimhn food supplies. The strategy was aimed a¢asing
agricultural productivity through a minimum packagegram of agricultural inputs such as improved
seeds, fertilizer, and extension service workers démonstrated to farmers on the correct applicatid

the inputs for realizing maximum yield of crops.

By all measures of productivity, the Green Revadlutivas a resounding success in terms of increasing
agricultural productivity, but the strategy uttefailed in terms of providing complementary supuayt
services such as storage facilities, access toatsbly investing in reliable transportation infrasture so
that farmers who took the risk of adopting thetstygg can benefit from the marketing of their susplu
production. Instead, they were exposed to a detagtdask due the spoilage of tons of their agricral
products and also by the backlash of being evibiethndlords who wanted to seize the opportunity to
expand their mechanized commercial farming. Coreseityy the potential benefits of the strategy imts

of improving the standard of living in the agriautil sector and its transformation from agrariamaial
industrial economy, and more importantly, the ptiétrior attaining food security in the African dent
and elsewhere became elusive as the aggressivgtmirthe strategy in developing countries waneero
time.

While scientists have recently raised hopes thetagural productivity can be increased to potaltyi
cope with the problem of food insecurity of feedthg 9 billon people of the world’s population, g@ne
argument cannot be asserted in the case of theafsfdontinent which is the second most populoutecdn
of the world (Godfray et al., 2010). In fact, Figur below shows that nearly two-thirds of Africauntries
rank at the bottom of the Global Food Security infeFSI) owing to political instability, environmental
degradation, climatic changes, the rapid rate ptifiion growth, and the recent frenzy of the traational
land transactions phenomenon (otherwise, knowarasdrabbing) further squeezing, displacing, exppsi
famers to livelihood vulnerabilities.

Figure 1. Global food Security Index Score Map (2015)
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Estimating the total factor productivitf £P) growth in agriculture for a panel of 39 sub-Salmaffrican
countries from 1961 - 2007, Rezek et al. (20114 finat three estimation methods (stochastic frontie
generalized maximum entropy, and Bayesian effigiegenerate relative rankings that are consistéht w
the development outcome measures while the datlapment DEA) analysis approach performs poorly
in this regard. Measuring and comparing the sountégtal factor productivity TFP) growth in African
agriculture under contemporaneous and sequentihhtdogy frontiers over the period 1970-2004 and
using a fixed-effects regression model and a pohmbdistributed lag structure for agricultural R&D
expenditures, Alene (2010) finds that African agiftieral productivity grew at a rate of 1.8% per iyddis
findings further suggest that technical progreathar than efficiency change, was the principale®of
productivity growth. He also finds that agricultuR&D, weather, and trade reforms have significant
effects on the productivity of African agricultutde.a recent study, Mugera (2013) uses data envedap
analysis and bootstrap data envelopment analysisviestigate whether technical efficiency in the
agricultural sector of 33 African countries imprdvgatching up) for the 1966—2001 period and finds
evidence of efficiency catching-up (improving) iis full sample, although countries in the East édri
region exhibit evidence of efficiency catching-up.

Employing a two-stage procedure to investigateithpact of macroeconomic policy reforms on the
agricultural productivity growth of 33 African coties from 1981 to 2001 and measuring agricultural
productivity using a nonparametric Malmquist praility index in the first stage and a generalizeztimod

of moments (GMM) model with a measure of structwdjustment program (SAP) intensity as a key
instrument for macroeconomic policy reform in teeand stage, Ojede et al. (2013) find a strongipes
relation between the SAP intensity and agricultprabuctivity, suggesting that the macroeconomicgo
reforms improved agricultural productivity growtinthe sample countries. This study follows sirskaps

to assess the impact of various factor inputs oicaltural production efficiency during a given gnperiod
and their changes over time to draw inferences weiipect to their implications for food securitytire
African continent in the next section.



3. Mod€

The goals of this study are threefold. First, eeksto measure the trends in African agricultuiféidiency
and the year-over-year efficiency growth rate férican countries over time. The second objectsvii
perform a statistical analysis to determine theadlyics of the major drivers of African agricultural
efficiency and its growth over time. Thirdly, week to analyze and draw inferences with respetiteo
impact of agricultural production efficiency on fbeecurity in Africa. To accomplish the intended
objectives, our analysis is done in two stages. fiv8ewill use the Malmquist Total Factor Prodwity
Index (MPI) statistical routine to figure out the annual @éfncy scores for each country and their
associated related growth rate and use the efigiscores in the second stage of the analysigitukate

its identify their main determinants. Our analysedude data for 49 African countries for the pdriof
1995-2012. The choice of countries and periodsudexd in the study is based on data availability.

3.1 Measuring the Efficiency and Productivity of the African Agriculture Sector

Our study seeks to estimate the efficiency scandsta growth rate for the Agriculture sector itypical
African country in the sample. For this study, specifically focus on the efficiency of the naturgiuts

in the African agriculture production process. Ekenthe input variables include agricultural land
(percentage of land area), land under cereal ptimaughectares) arable land (hectors per perseByage
precipitation in depth (mm per year), rural popioiat(as percent of total population), total ecornzaty
active population in agriculture, and agricultusaéa (1,000 hectares). On the other hand, theubutp
variables considered include cereal production rimebns), cereal yield, crop production index, doo
production index, nonfood production index, andeeérproduction index. We eliminated livestock
production from our analysis because it made outehonstable. All the data for this stage of oualgsis
are from the Food and Agriculture Organizationhaf United Nations (FAO) dataset.

It is common in the efficiency measurement literatio either use parametric and or nonparametiditr
estimation techniques to measure the efficiengeafsion-making units (DMUs). Both types of analys
have their advantages and disadvantages (seebdarski, 2013). For our analysis, however, we employ
a nonparametric efficiency scores estimation maddled the Malmquist Production Indeipl),
popularized by Caves et al. (1982) and improvechupoFare et al. (1994). One of the criticismtaf
model postulated by Caves et al. (1982) is thaaéis not provide a means of estimating inefficiesumyres.
Fare et al. (1994) solved the problem by includimgmeasurement of efficiency to the productivitgiex
provided by the Caves et al. (1982) paper. ltastiwnoting that the Malmquist total productivitydiex
(MPI) estimator is dependent on Data Envelopment Aig(BEA), which itself is a linear programming
based model. The model, not only presents anffficieacy scores similar to wh&EA models, but will
present on a year to year basis for all the coemitri our analysis. It also provides a measurefioerihe
rate of productivity changes between periods fohekecision making unibMU) which in this case refers
to the 49 individual African countries includedtiis study.

Before defining the formula for the Malmquist Protuity Index (MPI), it is appropriate to define two
groups of linear programming distance functiongiaen in equations 1 and 2.

{Di(xf, v} =Maxg @

S.t.
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wherex andy: denote inputs and output for couniryespectively, antidenotes time period one.

tf = (74, ..., 7}) is a vector of weights that forms a convex comiamaof each country’s efficiency
observation relative to the reference country smdhalysis. We can replatwith t+1 to reflect the next
period information. These calculations measuredif&ance of each country’s efficiency score frdma t
reference best practice country for each year. imberse of Equation 1 presents DEA type efficiency
scores for any period and country. It is worthimpft this junction thab}=1 indicates thé" country is
technically efficient and as such will lie on thiigency frontier, wherea®{<1 denotes at technically
inefficient country. The distance between a cousitefficiency score and the frontier value of qi¢
represents the magnitude of the technical inefiimyeof the country in question for that particweatr.
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As one can notice, Equation 2 information abovéuihes data for time t and tintel. We can also switch
the periods in Equation 2 and calculate a secoxeédmeriod distance function denotedpy* (xf, y}).
This set of two equations measures the distantieeafeference technology in peritel relative to time

t. Historically, the estimation of Equations 1 d@htias been done with an assumption of either antst
returns to scale (CRS) or variable return to sQdRS) assumptions. For our purpose, we deploy’iR&

to aid as with our estimation of the distance fiomg which we will use for our Malmaquist Productivi
Index. Further, Grifell-Taje and Lovell (1995b) iodte that the Malmquist Index typically underpenfs

in estimating productivity index when the modelafieation is not CRS. One can model equationsd. an
2 from the perspective of input minimization or mutt maximization. For our analysis, we employ input
minimization orientation.

The Malmquist Total Factor Productivity IndékPl) between period andt+1 is calculated as the
geometric mean of the input-based Malmquist Pradndindices for periods andt+1 is presented in
Equation 3.

MPI(yt+1, xt+1’yt’ xt) — [D

t(yt+1’xt+1) Dt+1(yt+1’xt+1):|1/2
Dt(yf,xf) Dt+1(yf,xt)

®3)

The MPI specifically measures the productivity changes@bwith time variations and this index can be
decomposed into technical efficiency change alsovmnas “catch up effect’HFFCH) and technical
change between the two periods, respectivEEQHCH. Equation 4 breaks down Equation 3 into two
categories described above.

_ D”l(xt“,y”l) Dt(ytﬂ,x”l) Dt(yt,xt) 12
MPI(yt+1’xt+1’ yt’xt) - [ Df(xt,yf) ] [Df"'l(y“'l,xt"'l) D“‘l(yt,xf)] (4)

where the first part of the equation measures fii@emcy change and the second argument meashees t
pure technical change between periods. The pgatenical change essentially measures the shiften t



reference frontier, whereas the efficiency changmsures “catch up” in technical efficiency, i.e. it
measures how much closer, or further away an Afri@untry can get to African countries with thetbes
practice in terms of Agriculture efficiency.

As indicated in Lee et al. (2011), the technicfitiefincy change can be further broken down into pads
including a scale efficiency chang8ECH and a pure efficiency changeECH). These measures are
represented by equations 5 and 6, respectively

_ [DER Ly DE Lyt | D (et Ly Dl Ly )
SECH = t+1 .t At t+1 0t 4t t t yt t tqt (5)
Dyrs (x%y*)/Ders (x5¥°) Dyrs(xy*)/Ders(x-3Y)
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PECH = 2o 6)
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3.2 Analysis of the determinants of African Agriculture Efficiency & Their Impact on Food
Security

The main goals of this paper are to estimate gc®fficiency of the African agriculture sectardathe
growth rate of the agricultural efficiency over &manalyze the determinants of the efficiency dad i
growth, and subsequently explore the impact ofcagtiral efficiency on food security. This is toyghat

in stage 2 of this project, we will conduct twofdient analyses: (1) the determinants of staticcaljure
sector efficiency scores and the year on year drawt (2) the impact of agriculture efficiency be food
security of African countries. To estimate our ¢cafnts in both analyses, we employ a model which
considers the first difference transformation andsiders in its dynamics the lagged levels as agll
lagged differences. Specifically, it is noteworttoy mention that our second stage analysis will be
conducted using STATA's Arellano-Bover/Blundell-Bbn (XTDPSYS) estimator which uses
the xtabond moment conditions and moment conditiorehich lagged first differences of the dependent
variable are instruments for the level equatiore,(&ellano and Bover, 1995; and Blundell and Bond,
1998).

We employ the following GMM equation (7) to condoar analysis of the determinants of the statiaiahn
efficiency scores for Africa’s agriculture sectits, growth rate, and its impact on food securityfrica.

AEFFijy = ¥y — Vt—1 + @AEFF;j¢ 4 + Ax{f + n; + AY; fori=1,..,N andt=3,..T. (7)

whereAEFF; ;. denotes the log difference of tHegfficiency measure for countiyat timet, where the

efficiency measur¢ can either be the annual efficiency scores (EFF}he year- to-year productivity
changes (WI). Note also that; andy, denote the differences in the initial level ofigffncy and the
productivity changes that are common to all coest(also known as the period specific), respegtivel

is a vector of other variables considered as détemts of agricultural efficiency and the year-tay

productivity changes. The explanatory variablesleggul include total agriculture aidFFA), agricultural



research aidAGRAQ, fertilizer usage TFERT), agricultural machinery availability indeMACH), land
with irrigation (RRIG), domestic food price volatility index (DFPVI),fwfial exchange rate5XCH), and
openness to traddRADE. Other variables employed includes inflatiorer@iFLA), real gross domestic
product GDP), governance indexG0OV), access to communication technology proxied wtbphone
technology indexTEL), and access to sanitation faciliti&Af. Please note that thACH, GOV, TEL,
and SAN are all indices generated via factor analysis, (appendix for more information about these
indices).

3.3 Analysis of the Impact of Agriculture Efficiency on Food Security for Africa

To estimate the impact of the static annual aguical efficiency scores on food security in Africag
estimate a variation of Equation 7 above with peexfor food securityOFD;;.) as our dependent
variables.

ADOFD;jt = ¥t — V¢—1 + @ADOFD;j ¢4 + Ax{f + n; + A9, fori=1,..,N andt=3,..T. (8)

It is important to note that there exist myriadinigibns for food security. However, the most widased
definition is the one that came out of the 1996 M/&ood Summit which indicate that “food securiy i
achieved when all people, at all times, have playsi&ocial and economic access to sufficient, aafi
nutritious food to meet their dietary needs andifpeferences for an active and healthy life.” (F2009).

In the same spirit, one can follow FAO and defioed insecurity as “A situation that exists whengeo
lack secure access to sufficient amounts of saflenatritious food for normal growth and development
and an active and healthy life” (FAO, 2002). In2802 food insecurity report, FAO disaggregatedifoo
security into four parts including food availahjlittood accessibility, food utilization, and foogsgem
stability. Availability focuses on food productievhereas accessibility focuses on the ability ofgbedo
obtain food through either production, purchasetramsfers. Food utilization focuses on the nutniil
value of food, the interaction with physiologicalndition and food safety. Food system stabilityufes
on stability of supply and access as well as thilityatp respond to food emergencies. In this ispwe
employ four food security proxies, one for eacht pdrthe food security descriptors including averag
dietary energy supply adequa@®DESA for availability, depth of food deficiQQOFD) for access, number
of people undernourishetNQPUN) for utilization, and per capita food supply véilay (PCFSV for
stability.

Our main explanatory variables in this case inclindeestimated annual static agriculture efficiesmgyres
(EFF) and annual food aidAFFA). Following the existing literature, we contralr fopenness to trade
(TRADB and governance performanced@V). We also include infrastructure development madxoy
telephone linesTEL), financial development proxied with Domestic étguovided by financial sector as

a percent of GDPOCFS, and macroeconomic performance measured withtiofi (NLA). Purchasing
power is proxied with the per capita GDBPPQO, dependency raticADR), and global competitive
positioning proxied with the exchange rate defiasdhe number of African currency units needed to a
dollar ACUPD). The results of thee analyses are presenteeindht section.

4.0 The Estimation Results

4.1 Productivity and Efficiency of the African Agriculture Sector



The DEAtype annual efficiency scores were calculateegémh country. We find that 12 African countries
in including Botswana, Carpe Verde, Congo Demociaép., Egypt, Gabon, Libya, Namibia, Niger, Sao
Tome and Principe, Somalia, South Africa and Zami@ae on the efficiency frontier each year of our
analysis. On the other hand, 17 countries inclydime from West Africa were never efficient in aoly
the period under consideration. These countriekide Benin, Burkina Faso, Burundi, Cote d’lvoire,
Ethiopia, Ghana, Guinea, Guinea Bissau, Kenya, §stzar, Malawi, Morocco, Mozambique, Senegal,
Sierra Leone, Togo, and Uganda. The rest of thatdes were a mixed bag of efficient and ineffitie
years.

Next, we turn our attention to the results of thelrowth rate estimation. Here, we must recait the
MPI can be broken down into technological chang&QHCH and efficiency changeEFFCH),
which itself can be further broken up into scalficefncy change $ECH and pure efficiency change
(PECH. We find that for the period under consideratifrica experienced a 3.9% average growth in
total efficiency (MPI), 0.9% in catch up effe@FFCH), 3.3% in technical chang&d ECHCH), 1.011% in
pure efficiency change (PECH), and 0.5% in scdleieficy change. This result is similar to Ale2810)
finding that technical progress rather than efficie change is the main source of African agriceltur
sector’'s productivity growth. The top 5 highest mge total productivity gains include Cape Verde
(18.2%), Botswana (13.6%), Malawi (11.1%), Moro€Z®%), and Rwanda (7.2%). On the other hand,
the worst growth countries include Sao Tome anddipe (-1.2%), Gambia (-0.9%), Lesotho (-0.9%),
Swaziland (-0.3%), Mauritius (-0.2%). Angola sabrthe highest average growth (5.1%)ERFCH,
whereas Zimbabwe experienced the wBFRECH growth (-2.1%). In terms of technical efficientdyange,
Cape Verde recorded the highest average growth aft#8.2%, whereas Sao Tome and Principe
experienced the worst technical efficiency chanfye0d.2%. In terms of the pure efficiency change,
Malawi recorded the highest average growth rat&.0%, whereas Sudan lagged behind with a -0.6%
growth. Lastly, we find that Angola experienced Highest average growth of 5.2% for the scaleieficy
change, whereas Sudan and Tanzania lagged the gittupn identical negative growth rate of -0.5%.
The table presenting the summary of the averagsthnates in the efficiency scores by country sated

in the appendix.

We combine th®EA type results with th&PI results to differentiate each county’s performafucehe
period under consideration. Presented in the 2a@ixrbelow is the outcome of this analysis.

Table 2. Efficiency Performance Matrix

1995 - 2012 Average MPI Growth Rate

High Growth Low Growth

Botswana, Cabo Verde, Chad, Gak Central African Republic, Comorc
_5 = || South Africa, Sudan, Tanzania, Zambia Congo D.R., Congo R., Egypt, Eritrea,
5 2 Gambia, Lesotho, Libya, Mali, Namibia
= Niger, Nigeria, Sao Tome and Principe,
3 w Somalia, Swaziland
c
18 Angola, Burkina Faso, Cameroon, C | Algeria, Benin, Burundi, Zimbabw:
T g d'lvoire, Ethiopia, Ghana, Guinea, Madagascar, Mauritius, Togo, Tunisia,
e g Guinea-Bissau, Kenya, Liberia, Malawi, Uganda, Zimbabwe
S % || Morocco, Mozambique, Rwanda,

£ | Senegal, Sierra Leone




Table 2 presents a 2x2 matrix of the efficiencyfgrenance of the countries considered in our analysi
The vertical axis measures whether the countryuiestion was efficient in 1995, or not, whereas the
horizontal axis measures whether a country expeggta more than average total growth in efficieocy,
inefficiency over the 1995-2012 period. Thus, tloeintries in the upper left portion of the matrie a
countries which were efficient in 1995 and recordeplowth rate that is higher than the averagéfiocan
countries for the period (we label these counthiestrend settery. The countries in the top right portion
of the matrix are the ones that were efficient984, but experienced below average efficiency dgndot
the period (we label these countri¢sliing stars). The countries located at the bottom left af thatrix
are the ones that were inefficient in 1995, butrdeasrded higher than average growth rates inieffay
(we label these countrieslooting star§. Lastly, the countries at the bottom right bétmatrix are the
ones which were inefficient in 1995 and also reedrbelow average efficiency growth rates over treop

of our study (these countries are labeldak“strugglery).

4.2 Deter minants of African Agriculture Efficiency

We employed STATA’s Arellano-Bover/Blundell-Bond rimic GMM estimator for analyzing the
determinants of agriculture efficiency and its gtioas specified in Equation (7). We run the twinestion
models for the annual static efficiency scores,(seleimns 1 and 2 in Table 2 below) and two foryibar-
to-year agriculture efficiency growth rates (MRBe results of which are presented in columns 34aofl
Table 2. The main difference between models: 12ar&land 4, respectively is the fact that whileddis

1 and 3 employ total agricultural aidKFA) disbursed to the countries as a proxy for foreigriculture
aid, Models 2 and 4 control for agriculture reshaitl AGRAQ.

<<Insert Table 2 here>>

Broadly, the results of the models reveal the etquerelationship between the agriculture efficieaod
growth rates and thexplanatory variables Because we estimated a double-logarithmic modetha
coefficients represent elasticities. We find tinat lag of the annual efficiency scor&$-F) has a positive
impact on the current performance in Models 1 anditds indicates a situation where the “catch figot’

is not present in the sense that countries thé&wmeed well in the previous year are more likelytrform
better in the current period. Specifically, wedfihat a percentage difference in past efficienoyes lead

to between 0.40and 0.44 percent difference in tbetrourrent efficiency scores. In the case ofltota
agriculture aid, we find that while current totéd §AFFA) has a negative relationship with performance,
its lag has a positive impact on efficiency scoMere specifically, we find that a 1% increase imrent
total agriculture aid disbursement leads to a 1324 decrease in current efficiency scores and@B@%
increase in the next period’s scores. This mathbecase because the current aid disbursement nraybe
reaction to a crisis in the African countries (heettee negative sign), it helps to build capacittfe future,
thus, increasing the efficiency scores for the nmedod. Other significant determinants of agtigré
efficiency scores when controlling for total agitave aid include: agriculture machinery index (MAL
governance performance (GOV), and access to imgreaaitation facilities (SAN). Here, we find that a
1% increase in MACH, GOV, and SAN leads to a 0.020%42%, and 1.119% increase in agriculture
efficiency scores, respectively.



For the case where we control for agriculture neteaid AGRAQ, we find that it is the lag AAGRAC
has a positive impact on agriculture productioficefhcy (see Model 2 of Table 1). Specificallyl @
percent increase in agriculture research aid lead$.09% increase in the next period’s efficiescgres.
Other variables that significantly affect efficignecores when controlling for research aid includade,
governance, availability of telephone service, arxkss to improved sanitation. We find that a 18feimse

in GOV, TEL and SAN leads to a 0.25%, 0.49% an@%%0ncrease in the annual agriculture efficiency
performance, respectively. On the other hand, ant¥ease in trade leads to -0.01% decrease imtingsh
agriculture efficiency performance.

Combining Models 2 and 3 of Table 2, we can corehliiht the variables that consistently and sigguifily
impact African country’s annual agricultural efcicy include: past efficiency attainments, agricataid,
governance, and improved access to sanitationtiasil We also find that the variables with thegést
impact on annual agriculture efficiency scores udel access to improved sanitation facilities, past
efficiency performance, and governance.

Models 3 and 4 of Table 2 report the analysis efdtowth rate in total agriculture productivity (WP
Here, we find that previous year's growth rate aasgnificantly negative impact on current yearvgio
rates. This resultis in line with the argumeratttthe growth prospects of worst performers isebettan
good performers. Specifically, we find that a X¥%rease in the previous year's productivity grovetes
lead to between -0.19% and -0.46% decrease inrdugrewth rate depending on the model in question
(see, Models 3 and 4 of Table 2).

Model 3 presents the case where we employ totawdtyre aid as the proxy for agriculture aid. Elene

find that the variables that significantly affebettotal agriculture productivity growth includeettag of
agriculture aid, irrigated landRRIG) and its lag, domestic food price volatilitFPVI) and its lag, and
Trade. Specifically, we find that a 1% increaseoital agricultural aid leads to a 0.012% in adtioal
productivity growth. We find that the current statf irrigation in a country positively affects ogint
agriculture growth, whereas the lag of it has aatigg impact on agricultural productivity growth.
Specifically, we find that a 1% increase in the bemof irrigated lands, leads to 0.373% and -0.367%
growth in agriculture productivity growth in thereent period and the next period, respectively. filve

that a 1% increase in current food price volatifigve a positive impact on current growth but aatigg
impact on the next period’s productivity growth.eWihd that a 1% increase in DFPVI leads to 0.04f%b a
-0.05% increase in the productivity growth in therent and next period, respectively. The negagffect
may be due to the fact that farmers are risk avemgamay choose to underutilize their capacithanface

of more current price volatility. The only otherriable that significantly affects agricultural gribwin
Model 3 is trade for which we find that a 1% in@edn it leads to a -0.09% decrease in agriculture
productivity growth. For the case where we corfimolgricultural research aid, apart from its owg, lthe
only variable that significantly affects agriculliproductivity growth is the lag of agriculturasearch
aid and TEL. We find that a 1% increase in redeaid in the current period and a 1 % increasel@phone
service availability leads to 0.01% and 0.78% iaseein the next period’s agriculture productivitgwgth,
respectively.

4.3 The Impact of Agriculture Efficiency on Food Security in Africa

As mentioned earlier, food security can be brokewrdinto four parts including access, availability,
stability, and utilization. In order to assessithpact of agricultural production efficiency orofbsecurity
in our analysis, we proceed to ran four versiongatfiation (6). Table (3) presents the resultshege
analyses. Specifically, model 1 deals with theéssf access which we proxy with the depth of thedf



deficit (DOFD) and model 2 presents our analysis of availak#isye which is proxied by average dietary
energy supply adequacpDESA. Proxied with per capita food supply variabil[CFSY, model (3)
presents our stability while model (4) presents dkibzation analysis proxied by number of people
undernourishedNOPUN).

<<Insert Table 3 here>>

In the case of access, the variables that significincrease the depth of food deficit includeatsn lag,
the lag of domestic credit provided by the finahsiector DCPFS, exchange rattEXCH), and food aid
(FAID). More specifically, we find that a 1% increaseprevious year’'s depth of food deficit leads to
1.02% increase in the current food deficit. Tlsidd say that the countries that experience hifmt
shortage today are more likely to experience eveatgr food deficits in the future. A 1% increas¢he
lag of DCPFS, EXCH, GDPandFAID leads to a 0.02%, 0.01%, 0.03% and 0.005% incrieabe depth
of food deficit, respectively. The variables thagnificantly help to reduce food deficit includesrrent
values oDCPFS the lag of agricultural efficiency performanégd-¢), real gross domestic producs@P),
governance GOV), telecommunication infrastructure (TEL), and asikility of improved sanitation
facilities (SAN). We find that a 1% increaselPFS EFF, GDP, GOV, TELandSANIleads to 0.02%, -
0.07%, 0.12%, 0.28%, and 0.01% decrease in thér défbod deficit, respectively.

In terms of availability, we find that a 1% differee in prior year’'s average dietary energy supgbgaiacy
leads to a 1.011% difference in current year’s adeg Again, this indicates that the countries Heve

a history of adequacy are the ones that are nkady lio have higher adequacy numbers. The variablds
have a significant positive effect on the averaggady energy supply adequacy includes agricultural
efficiency performancelFF), domestic food price volatility index0FPVI) and its lag, age dependency
ratio (ADR), and telecommunication infrastructuiiee(). Specifically, we find that a 1% increasediRF,
DFPVI, the lag oDFPVI, ADR and TEL leads to a 0.01%, 0.0018%, 0.002%, 0.G%,0.03% change
in the average dietary supply adequacy, respegtiVéle results for the age dependency ratio antbtba:
price volatility are somewhat confusing because witleexpect these variables to have a negativeaithp
on adequacy. The variables that have a significagative impact on availability include the ladshe
EFF andADR, exchange rate&€KCH), income real gross domestic produsDP), and food aidKAID).
Specifically, we find that a 1% increase in the ¢dgFF, the lag ofADR EXCH GDP, andFAID leads

to 0.01%, 0.44%, - 0.001%, 0.004%, and 0.0001%edeer in average dietary energy supply adequacy,
respectively.

We employed per capita food supply variabilBCFSV as our proxy for the stability dimension of food
security. As in the two previous cases, we finat #ountries with high current per capita food $upp
variability are more likely to experience more famtpply variability in the future. Specifically,enfind
that a percent difference in current food supplsialdlity today will lead to 0.70% difference indd
variability in the future. Here, the only variablthat significantly affect the food supply vaiiig&pinclude
agricultural efficiency scores, the lag of domefiad price variability, and access to improveditsaion
facilities. Specifically, we find that a 1% incezain current agricultural efficiency leads to 8106
increase in the next period’s per capita food sppatiability. This indicates that an increasagmicultural
efficiency significantly increases future variatyilin food supply. On the other hand, we find th&t%
increase the previous period’s domestic food praatility leads to a 0.03% increase in currentiqes
food supply volatility. Interestingly, we find tha 1%t increase in the availability of improveaisation
facilities is associated with a 1.172% decreadedd supply volatility.



Model 4 presents our analysis of the determinamsutilization dimension of food security, which we
proxied with the number of undernourished peopimil&r to the three previously discussed food siégur
dimensions, we find that countries with previouklgh portion of their population undernourished are
more likely to have more of their population undmmished in the current period. Specifically, wedf
that a 1% difference in the number of undernoudgbeople in a country will lead to 0.99% differerige
the current period of undernourishment. The ather variables that significantly impact the numbke
undernourished people in a country include domestatit provided by financial sectoDCPF9,
agricultural efficiencyEFF), exchange rateeXCH), and food aidKAID). We find that a 1% increase in
DCPFSandEFF leads to 0.019% and 0.067% decrease in the nushb&lnourished people. On the other
hand, we find that a 1% depreciation of the domesiirency and food aid leads to a 0.01% and 0.004%
increase in the number of malnourished people. ,Miesan conclude the credit availability and inyaa
agriculture performance lead to a significant reiducin the population of malnourished citizenseof
country, while domestic currency depreciation amobfaid exacerbate the malnourishment situatian in
typical African country.

5. Summary and Conclusion

The objectives of this study are threefold. Fivgt, seek to measure the trends in African agricailtu
efficiency and their changes over time. The seajelctive is to perform a statistical analysidébermine
the dynamics of the major drivers of African agliatal efficiency over time. Thirdly, we seekgeek to
draw inferences with respect to the impact of agftcal production efficiency on food security irfriza.
To accomplish the intended objectives, our analgsitone in two stages. We will first use the Malnst
Total Factor Productivity IndefMPI) statistical routine to figure out the annual @#ncy scores for each
country and their related growth rate and use ffigiency scores in the second stage of the aralysi
identify their main causal factors. Our analysigpéys a panel data of 49 African countries overtf95-
2012. The choice of countries and the time pematlided in the study is based on data availability.

In terms of the agriculture efficiency scores, el fthat 27 of the 49 African countries in thisdgtwere

on the efficiency frontier in 1995, given the nafuresources inputs. We also find that the African
agriculture sector experienced average efficiemowth rates of 1.039%, 1.009%, and 1.033%, in total
factor product productivity, technological changed efficiency change, respectively for the petiader
consideration. This finding indicates that thevgiorate of the Agriculture sector for the periandar
consideration was largely championed by technicadjiess as opposed to efficiency changes. Recalling
our earlier argument that the efficiency changelmahroken down into scale efficiency and purecedficy
change, we find that African countries experierae@verage growth of 1.011% in pure efficiency cfean
and 1.005% and in scale efficiency change for théod under consideration. We also find that anihe

out of the 27 countries that were on the efficiefioptier in 1995 remained on the frontier throughthe
period covered by this study. These nine counwigish we refer to astfend settersinclude Botswana,
Cape Verde, Chad, Gabon, South Africa, Sudan, Teszand Zambia. On the other hand, 17 countries
(nine from West Africa and the other eight fromfeli€nt African regions) were never efficient in aofy
the period under consideration. These countriekide Benin, Burkina Faso, Burundi, Cote d'lvoire,
Ethiopia, Ghana, Guinea, Guinea Bissau, Kenya, §&slzar, Malawi, Morocco, Mozambique, Senegal,
Sierra Leone, Togo, and Uganda. These are countgi¢abelled asthe strugglersin terms of agricultural
production efficiency.

With respect to the determinants of the annuatatitiral production efficiency, we find that prevyear
efficiency performance positively impacts curreeay performance largely negating “catch up” effect



similar to a recent study by Mugera (2013). Thyslaf general agricultural aid and agriculturabsesh
aid are found to be positively related with totgtiaulture efficiency, reflecting the importancesafch aid

in boosting the agricultural sector productivity Africa. The other variables that consistently &op
agricultural production efficiency include good gowance and the availability of improved sanitation
facilities. Good governance is important becatigesters the legal and institutional frameworkarfd
holding and other property rights which are critfos improving agriculture production efficiencyzood
sanitation promotes health which increases labmdymtivity. We also analyzed the determinantsotlt
factor productivity growth and found that countrtbat achieving high efficiency growth in the pravs
period less likely leads to high efficiency growiththe future, but agriculture aid consistently amts
agricultural efficiency growth.

Next, we explore the impact of agricultural seatfficiency on food security. Food security has four
components including: food availability proxied byerage dietary energy availabilithPESA, food
accessibility proxied with the depth of food defiiDOFD), food utilization proxied by the number of
people undernourished, and food stabiliNOPUN proxied with per capita food supply variability
(PCFSV. Inthe case of food availability, we find tlzauntries with better current food availability tiis
are more likely to experience better food availabin the future. We also find that food availétlyi
impacted by state of agricultural efficiency, gowaance, and telephone infrastructure. On the dtaed,
HIV infection rates, lag of age dependency, domesirrency depreciation, and food aid are negativel
related to food availability. With respect to foactcessibility, we find that countries with a cutrbistory

of high food deficits are more likely to experiertigh deficits in the future as well. We find thhe lag

of agriculture efficiency, telephone infrastructurdne size of the economy, and financial sector
improvement tend to improve the food deficit sitolain a typical country, whereas the depreciatibthe
domestic currency relative to the dollar and fomblame found to worsen the food deficit situatidn.the
case of per capita food supply variability which wged as a proxy for food supply variability, wedfithat
agricultural efficiency score and domestic foodtcervariability are the two main causes of vari@piln
food supply, whereas improvement in sanitationlifees actually help reduce the variability in food
variability. For food utilization proxied with theumber of undernourished people, we find that tries
with a history of the prevalence of undernourishtnare more likely to exhibit high numbers of
undernourished population in the future. Otherdecthat contribute to worsening the undernourisitme
situation include the depreciation of the domesticency and food aid. On the other hand, acces®tit
and agriculture efficiency tend to reduce the nundfeundernourished people in a country. From the
above discussions, we can draw the conclusion ithptoved agriculture efficiency is a consistent
determinant of food security as it helps to impréwed availability, accessibility, and utilizationt is,
therefore, critical for African governments, theieke holders, and development partners to prothete
factors that positively impact agricultural prodaoaot efficiency and its growth rate (agriculture ,aid
infrastructure, and good governance) to attairabédi food security in the face of ever rising pagioh
growth rate.
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Table 1. Descriptive Statistics of Variablesfor Stage 2 Analysis



Variable Description Source Mean Stdev MIN MAX
Efficiency Analysis Variables

AFFA Agriculture, forestry, fishing aid disbursement [ils $) FAO 26.10 41.26 0.00 404.09
AGRAC  Agricultural research aid disbursement (constationg) FAO 1.77 416 0.00 56.69
Total fertiizer use in thousands of tonnes (Phaspk Potash
TFERT 4 Nitrogen Ferilizers) FAO 8201 22594 0.00 1840.40
MACH Agricultural Machinery Index FAO 55.28 553 52.37 100.00
IRRIG Percentage of arable land equipped for irrigatiéh (3-year
average) FAO 11.25 22.89 0.10 100.00
Both Effiiency and Food Secutity Analysis Variables
DFPVI Domestic food price volatility (index) FAO 13.34 11.12 1.60 89.80
EXCH Official exchange rate (LCU per US$, period aveyage WDI  605.23 1711.51 0.00 19068.42
TRADE  Trade (% of GDP) WDI 78.35 48,59 14.77 531.74
INFLA Inflation, consumer prices (annual %) WDI 20.53 -173.50 9.80 4145.11
GOV Governance Index Multiple 79.52  7.95 58.16 100.00
SAN Sanitation Develoment Index WDl 7848 7.85 63.95 100.00
TEL Telephone Infrastructure Index WDI 67.91 6.79 61.12 100.00
GDP Gross Domestic Product (MILLIONS US$, 2005 prices) WDI 1657.15 2519.71 50.04 15098.62

Food Security Analysis Variables
ADESA  Average dietary energy supply adequacy (%) (3-gearage) FAO  109.38 15.23 77.C0 152.00

DOFD Depth of the food deficit (kilocalories per perguer day) FAO 181.43 122.10 4.00 666.00
PCFSV Per capita food supply variability (kcal/capita/flay FAO 37.75 21.49 3.00 162.00
NOPUN Number of people undernourished (millions) (3-yaegrage) FAO 3.99 598 0.10 40.60
DCPFS Domestic credit provided by financial sector (¥%GiDP) WDI 31.35 40.94 0.00 247.00
Food and Nutrition Assistance, Agriculture and Rura

FAID Development aid disbursemnt (milions$) FAO 61.99 127.88 0.00 1555.67
HIV Adults (ages 15+) newly infected with HIV (in 1,000 WDI 35.30 87.36 0.10 780.00
ADR Age dependency ratio (% of working-age population) WDI 8455 15.49 41.10 112.00

Note: We use a panel data set which covers thegp&om 1995-2012. The data is comprised of 8htes in two regions of the world (51
from Africa and 36 from the Americas).

Table 2. Estimatesfor Analysis of Deter minants of Agricultural Efficiency



Model 1 - EFF Model 2 - EFF Model 3 - MPI Model 4- MPI

Variables Coeff. S. Error Coeff. S. Error Coeff. S. Error Coeff. S. Error
Lag 0.4044 (0.0462) ***  0.4429 (0.0844) *** -0.4622 (0.0388) *** -0.1940 (0.0897) **
AFFA -0.0113 (0.0039) *** 0.0019 (0.0057)
AFF Lag 0.0097 (0.0035) *** 0.0156 (0.0051) ***
AGRAC -0.0027 (0.0054) -0.0032 (0.0060)
AGRAC Lag 0.0087 (0.0052) * 0.0071 (0.0037) *
TFERT 0.0014 (0.0074) 0.0104 (0.0072) -0.0076 (0.0109) 0.0036 (0.0079)
TFERT Lag 0.0049 (0.0071) 0.0002 (0.0072) -0.0011 (0.0105) 0.0047 (0.0081)
MACH 0.2685 (0.1356) * 0.2963 (0.3503) -0.0657 (0.2001) 0.4688 (0.4162)
Mach Lag -0.0589 (0.1354) 0.1185 (0.3590) 0.0866 (0.1971) -0.3708 (0.3959)
IRRIG -0.1107 (0.1034) -0.0139 (0.2453) 0.3725 (0.1470) ** 0.0523 (0.2650)
IRRIG Lag 0.1314 (0.1014) 0.0044 (0.2459) -0.3669 (0.1436) ** -0.0549 (0.2658)
DFPVI 0.0148 (0.0147) -0.0274 (0.0287) 0.0385 (0.0212) * 0.0006 (0.0311)
DFPVILag  -0.0244 (0.0149) -0.0313 (0.0246) -0.0476 (0.0221) ** -0.0375 (0.0268)
EXCH 0.0056 (0.0072) -0.0042 (0.0090) 0.0040 (0.0109) -0.0032 (0.0100)
TRADE -0.0386 (0.0303) -0.0888 (0.0426) ** -0.0846 (0.0454) * -0.0568 (0.0487)
INLFA 0.0017 (0.0012) -0.0006 (0.0025) -0.0021 (0.0019) 0.0028 (0.0027)
PCI 0.0119 (0.0256) -0.0263 (0.0389) -0.0162 (0.0372) -0.0658 (0.0427)
Gov 0.4193 (0.1833) ** 0.2540 (0.1400) * -0.1534 (0.2717) -0.4541 (0.3455)
TEL 0.0821 (0.1352) 0.4899 (0.2706) * 0.2719 (0.2031) 0.7827 (0.3115)  **
SAN 1.1189 (0.1632) ***  1.0747 (0.2144) *** 0.0465 (0.2514) 0.2071 (0.1807)
Constant -5.3329 (1.3940) ***  -6.5048 (2.2086) *** 6.5216 (2.1305) *** 3.6034 (2.2352)

Note: *** *** * denotes significance at the 1%, 5%nd the 10% levels, respectively. Standard emsn parentheses.

Table 3. Estimatesfor Analysis of Deter minants of Food Security



Model 1 - DOFD

Model 2 - ADESA

Model 3 - PCFSV

Model 4 - NOPUN

Variables Coeff. S. Error Coeff. S. Error Coeff. S. Error Coeff. S. Error
Lag 1.0229 (0.0047) *** 1.0107 (0.0069) ***  0.6983 (0.0302) *** 0.9852 (0.0080) ***
HIV 0.0052 (0.0117) -0.0050 (0.0030) * 0.0310 (0.1220) 0.0414 (0.0258)
HIV Lag -0.0033 (0.0117) 0.0037 (0.0030) -0.0523 (0.1225) -0.0318 (0.0260)
DCPFS -0.0215 (0.0056) ***  0.0002 (0.0014) 0.0159 (0.0558) -0.0193 (0.0108) *
DCPFS Lag 0.0195 (0.0055) *** -0.0007 (0.0014) 0.0126 (0.0538) 0.0012 (0.0105)
EFF 0.0014 (0.0135) 0.0112 (0.0033) ***  0.3072 (0.1370) ** -0.0666 (0.0246) ***
EFF Lag -0.0708 (0.0140) *** -0.0110 (0.0035) *** -0.1178 (0.1385) -0.0307 (0.0255)
DFPVI 0.0022 (0.0042) 0.0018 (0.0010) * -0.0344 (0.0424) -0.0007 (0.0084)
DFPVILag 0.0035 (0.0042) 0.0025 (0.0010) ** 0.1040 (0.0426) ** 0.0010 (0.0082)
ADR 0.1466 (0.2310) 0.4371 (0.0583) *** -2.1849 (2.3237) -0.0720 (0.4270)
ADR Lag -0.4194 (0.3350) -0.4357 (0.0594) ***  1.9667 (2.3645) -0.0527 (0.4381)
EXCH 0.0074 (0.0018) *** -0.0013 (0.0004) *** -0.0153 (0.0185) 0.0129 (0.0037) *#**
TRADE -0.0093 (0.0081) -0.0027 (0.0020) -0.0967 (0.0798) -0.0105 (0.0145)
INLFA 0.0000 (0.0000) 0.0000 (0.0000) 0.0000 (0.0001) 0.0000 (0.0000)
PCl -0.0336 (0.0057) *** -0.0044 (0.0014) *** -0.0819 (0.0580) 0.0266 (0.0119) **
GOV -0.1145 (0.0521) 0.0188 (0.0131) -0.1324 (0.5056) -0.1449 (0.1025)
TEL -0.2779 (0.0362) ***  0.0246 (0.0090) *** -0.0788 (0.3746) -0.0400 (0.0744)
SAN -0.0132 (0.0426) -0.0111 (0.0108) -1.1718 (0.4113) *** -0.0848 (0.0755)
FAID 0.0048 (0.0009) *** -0.0005 (0.0002) **  -0.0001 (0.0091) 0.0036 (0.0017) **
Constant 2.8476 (0.4035) *** -0.1350 (0.1040) 8.1027 (4.2190) * 1.9148 (0.8033)

Note: *** *** * denotes significance at the 1%, 5%nd the 10% levels, respectively. Standard emxgsn parentheses.

Appendix

Table Al. Average Efficiency Score Growth



Country

Code MPI EFFCH TECHCH PECH SECH

Cabo Verde CPV 1.182 1.000 1.182 1.000 1.000
Botswana BWA 1.136 1.000 1.136 1.000 1.000
Malawi MWI 1.111 1.036 1.079 1.070 1.007
Morocco MAR 1.079 1.045 1.028 1.012 1.026
Rwanda RWA 1.072 1.046 1.031 1.028 1.031
Angola AGO 1.065 1.051 1.024 1.023 1.052
Liberia LBR 1.063 1.011 1.059 0.9¢6 1.017
Kenya KEN 1.062 1.030 1.038 1.054 1.003
Ghana GHA 1.057 1.018 1.048 1.011 1.008
Zambia ZMB 1.055 1.000 1.055 1.000 1.000
Gabon GAB 1.054 1.000 1.054 1.000 1.C00
Cameroon CMR 1.053 1.027 1.027 1.036 0.999
Senegal SEN 1.053 1.032 1.027 1.033 1.003
Ethiopia ETH 1.048 1.028 1.025 1.040 0.998
Cote d'lvoire CIV 1.047 1.013 1.036 1.010 1.005
Burkina Faso BFA 1.046 1.032 1.017 1.030 1.031
Guinea GIN 1.044 1.003 1.046  0.997 1.007
Sudan SDN 1.044 0.991 1.050 0.994 0.995
Tanzania TZA 1.043 1.017 1.041 1.017 0.995
Mozambique MOZ 1.043 1.027 1.020 1.037 1.013
South Africa ZAF 1.043 1.000 1.043 1.000 1.000
Sierra Leone SLE 1.041 1.023 1.026 1.039 1.018
Chad TCD 1.041 1.000 1.041 1.000 1.000
Guinea-Bissau GNB 1.040 1.020 1.025 1.043 1.005
Average for Africa 1.039 1.009 1.033 1.011 1.005
Tunisia TUN 1.038 1.020 1.014 0.999 1.018
Eritrea ERI 1.037 1.001 1.038 1.001 0.994
Algeria DZA 1.034 1.006 1.026 1.000 1.006
Somalia SOM 1.032 1.000 1.032 1.000 1.000
Mali MLl 1.032 1.002 1.029 1.001 1.001
Uganda UGA 1.031 0.989 1.047 1.010 1.005
Libya LBY 1.028 1.000 1.028 1.000 1.000
Nigeria NGA 1.028 1.001 1.026 1.000 1.001
Benin BEN 1.025 1.004 1.025 1.009 1.005
Madagascar MDG 1.024 1.002 1.029 1.004 1.001
Togo TGO 1.022 1.019 1.012 1.050 1.000
Central African Republic CAF 1.022 1.000 1.022 1.000 0.00
Burundi BDI 1.018 0.995 1.028 1.001 1.006
Namibia NAM 1.017 1.000 1.017 1.000 1.000
Niger NER 1.012 1.000 1.012 1.000 1.000
Congo, Rep. COG 1.011 1.000 1.011 1.000 1.000
Comoros COM 1.011 1.000 1.012 1.000 1.000
Congo, Dem. Rep. ZAR 1.010 1.000 1.010 1.000 1.000
Egypt, Arab Rep. EGY 1.005 1.000 1.005 1.000 1.000
Zimbabwe ZWE 1.004 0.979 1.026 0.996 1.005
Mauritius MUS 0.998 1.000 0.998 1.000 1.000
Swaziland SWZ 0.997 0.991 1.007 0.995 0.996
Lesotho LSO 0.991 1.005 0.997 1.007 0.999
Gambia, The GMB 0.991 0.998 0.997 0.999 1.006
Sao Tome and Principe STP 0.988 1.000 0.988 1.000 1.000

Table A2. Factor Analysis Variables Used to Cré&af/, MACH, TEL and SAN

Variable

Contributing Variablesto Index of Governance (GOV)




VA Voice and Accountability

PS Political Stability and Absence of Violence/Tersm

GE Government Effectiveness

RQ Regulatory Quality

RL Rule of Law

CcC Control of Corruption

EF Economic Freedom Index

Variable Contributing Variablesto | ndex of Availability of Agriculture Machinery (MACH)

TRACCIV Agricultural tractors, total import value (1,0068)

AGMAIV  Agricultural machinery, total import value (1,00(68%)

SMACIV  Soil machinery, total import value (1,000 US$)

ATRACIU Number of agricultural tractors in use

HTRIV Harvester and threshers, import value (1,000 US$)

TRACIN  Number of agricultural tractors, total imports

Variable Contributing Variablesto Index of Telephone Communication Infrastructure (TEL)

TELL Telephone lines (per 100 people)

MCSC Mobile cellular subscriptions (per 100 people)

Variable Contributing Variablesto Index of Improved Accessto Water and Sanitation facilities
(SAN)

IMPSR Improved sanitation facilities, rural (% of ruradgulation with access)

IMPWR Improved water source, rural (% of rural populatwith access)




