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TECHNICAL EFFICIENCY AND PRODUCTION RISK OF

MAIZE PRODUCTION: EVIDENCE FROM GHANA
Abstract

The paperperformsan investigationof maize productionefficiency in Ghanaby the
stochastidrontier modelwith flexible risk propertiesusinga crosssectionof 232 farmsfrom
the Brong-AhafoRegion. The findings of the study are the translogmodelis bestfit for the
mean output function, whilst the input variables: seed, herbicide, land, labor and
cost of intermediatenputs positively influence maize output at decreasingeturnsto scale.
Thestudy alsdinds that seedandlaborinputsare negativelyrelatedto productionrisk, whilst
land and cost of intermediate inputs are classified as risk increasing inputs. The
average technical efficiency estimate is 62% and the combinedfarm specific factors
explain the variation in technicalefficiency. The study concludeshat on the average38%
of potentialoutputis lost due to technical inefficiency and production risk in inputs

and the use of the best farm practicegontributeto producemaizeoptimally.
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1.1 INTRODUCTION

World productionof maize amountedto 875, 226,630tons in 2012 mainly from United
States,China and Brazil (Ranumet. al., 2014) whilst Africa contributessmall fraction of
the totalsupply (FAO 2015). But maizeconsumptiorper capitais highestin Africa between
52

to 328 g/person/dayGhana’sPercapitaconsumptiorof mainly white maize,increasedrom
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38.4kg in 1980to 43.8kilogramsin 2011 (MoFA 2012). Thus maizehasgreaterindustrial
usein the major producingcountries.However,the currentaverageyield of maizein Ghana
is estimatedto be 1.9 t/ha (FAO, 2015) againstachievableyields of 6t/ha. Similarly
maize yieldsfor Burkina Faso,Togo, Cote D’'lvoire are 1.59t/ha,1.19t/haand 2.06 t/ha and
over the decadesnaize yields have beenvery erratic (FAO 2015). At the worst yields are
decreasing

in Kenya, Morocco and Rwandawhilst populationis growing meanwhilethe crop constitute
about5-51% of calorie intake. But in Asia and other partsof Africa yields are consistently
increasing that is Ethiopia, Angola, and South Africa. Thus the extent of
deviation of observed maize yields from the achievable yield is worst in some
parts of Africa due to constraintsfrom physical structures,weather,pest and disease
incidenceand socio economic characteristiosf the farmers. If this trend persistsit can
limit supply to mismatchdemand fromgrowing population, meat and dairy consumption
from growing affluencein 2050 (Ray

etal 2013).

Thus technicalefficiency analysisis of paramountimportanceto promotethe role of
the crop towards food security and income generation. But, aside technical
inefficiency, production risk in inputs also influences the production structure
and subsequently the technical efficiency estimates (Just and Pope 1978; Tiedemann
& Latacz-Lohmann2012; Ogundari& Akinbogun 2010; Villano et al 2005; Bokusheva
and Hockmann2006). Thus theconventionalstochastidrontier model neglectsthe role of
the inputs towardsrisk. This area of production risk in input and technical efficiency
of maize production has not been properhyaddressedn Ghana.Meanwhilea numberof
thesestudiesare thought provoking on maizeproduction (Opponget al. 2014; Crenstil &
Essilfie 2014; Al-hassan (2008); Abdulai,

et al 2013; Awunyo-Vitor et al 2013; Al-hassan, 2012; Onumah, et al 2010; Essilfie,
et al.,
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2001). The study then assessedogether technical efficiency and production risk of
maizefarmsin Brong-AhafoRegionof Ghana.

2.0 Materialsand M ethods

2.1 Study Area

The study is basedon farm level dataon maize cultivation in the region. The crops
mainly cultivatedin the region are cocoa,teak, oil palm, maize,yam and cassavaMaize is
grownin two seasondut mostly cultivatedin the first seasorwith the onsetof rains. Major
seasoncultivation usually starts from March to June and a short dry-spell which
occurs in July provides for harvesting and sun-drying. The minor season
follows in  August till November. Nkoranza, Kintampo North and South, Wenchi
Districts as part of the studyarea ardound in the transitionzone of GhanawhereasSunyani
West and BerekumDistricts are locatedn the semi-deciduougorest zone. The study found
that farmersin Nkoranzahave a higherrate of technical efficiency due to their ability to

apply the bestfarm practicesmore effectivelyandefficiently.

2.2 Theoretical Framework

The method of analysis proposed for this studyis consistent with the stochastic
frontier approachwhich was independentlyproposedby Aigner et al. (1977) and Meeusen
and Van DenBroeck (1977). However,this model proposeghe inputs have similar effect
on mean andvarianceof output. Therefore,if an input influencesoutput positively, it is
expectedto influence output variance positively and vice versa. But, Just and Pope
(1978), production function proposes a separate effect of the inputs on the mean
output and the variance of output or output risk whilst Kumbhakar (2002) further

incorporates technical inefficiency modelto explainthe variationin technicalinefficiency.
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Following kumbhakat(2002)the productionprocesss representetielowas;

Y, = (6B)+g(6W )V =A(Z58) Uy @)

Y refers to the observedoutput produced by the i-th f()g;[3) is the deterministic

farm,

output function, g(x ;W )is the output risk function, ¢ are the estimated coefficients
of

productionrisk function, X are theinputvariables, 3 arethe estimatedcoefficientsof the

mean output q(zi;é) represents the technical inefficiency model, & are
function, the

estimated effect of the explanatory variables in the technical inefficiency
model, V

representshe randomnoisein the data,representingroductionrisk and U, representsarm

specifictechnicalinefficiencies.Given the valuesof the inputs,andthe inefficiency effects,

u,  themeanoutputof thei-th farmeris givenby:

)E(Yi Fxouy f (B )= g (W YUy (2)

The technicalefficiency of thei-th farm is given by equation(3) which is consistent

with Kumbhakar(2002)specificationof technicalefficiency.

E(v/x.u) _ f(xB)-a0xw)u_. g(x 9)u
(Y./ 'X,':O) I}SX : f(xl B) .............................

TE =2

u

And technicalefficiencybecomes;

The varianceof outputor productionrisk is givenby,

Var (Y, /% ,U ) = 0% (X5W )i, (6)

The marginaleffectof theinput variableson the productionrisk is givenbelow;
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a\g)EY) _ agza(xx;llJ ) ):(;lejg( ) g;qu )

j j

6 2 : a 2 :
g (le)—<0:> Risk decreasingf thej-th input, M

axj axj

Thus, =0= Riskneutralof

thejth inputand >0 = Riskincreasingf thejth input. Basedonthe distributional

o9’ (xW )
s)

X
assumptionsf therandomerrorsa log likelihood functionfor the observedarm outputis

parameterizeth termsof 6> =0? +0? and A =¢g? /g? = 0(Aigneretal., 1997).

2.3 Empirical M odel Specification

The empiricalapplicationof this studyis consistentvith modelsdevelopedy Aigner
etal. (1977)andMeeuserandVan DenBroeck(1977),JustandPope(1978)andKumbhakar
(2002). Translog model is assumedfor the deterministic part of the production

frontier in equation(1).

5 5 5
Iny, =By + > B Inx; +0.5)" D Bl NXINKG +E oo (8)
j=1 j=1 k=1
denotes the unknown true values of the technology parameter§,, then the
If, =0

translogstochastidrontier modelreducedo the Cobb-Douglasnodelgivenas:

Iny, =, +25:lenxﬂ R TSPV PTUPPURPPRPROPROOS 9)

Thecomposedrrortermis givenas;

€ = 9(XW)V = A(Z30) Ui, (10)
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Table 1 Variable Description of the Input Variablesin the Maize Production Process

Variable Variable Description M easur ement
y Output Kilograms

X, Seed Kilograms

X, Herbicide Liters

X, Land Hectares

X, Labour Mandays

X Cost of Intermediate inputs Cedis

Outputandinput variablesarenormalizedby their respectivameangRyanandWales

2000). The sumtotal of the outputelasticity from the input variablesis the estimatedscale

elasticity (K) whichis definedasthe percentagehangen outputasa resultof 1% changen

all input factors. When (K)>1:>increasing returns to scale (IRS), (K)<1:>
decreasing

returnsto scale(DRS),and (k) =1= Constanteturnsto scale(CRS)Following Batteseand

Broca (1997), the scaleelasticity in this studyis the frontier output elasticity. Man daysfor
labouris calculatedwith the formula; one adult male working for one day (8 hours)equals
onemanday; onefemaleandonechild (< 18yearsyworking for oneday (8 hours)equals0.75
and 0.5 man daysrespectively.The following researchersippliedthe above methodfor the

calculationof man-daysCoelli andBattesg1996)andOnumahet al. (2010).

Thelinearproductionrisk functionis specifiedas;

g(x:w)=y, +Zquxmi ............................................................................. 1)

Where X, 'srepresent the input variables, as describad Tabld 's represent the
1.

unknown true coefficients of the risk modphrameters ang 's are the pure
the noise

effects.
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Where Wn's becomes negative, the respective input reducesibugpiance and vice versa.
(Just and Pope, 1978).

The technical inefficiency effects are given by;

9

q(zj,6)=60 F D B e (12)

=1

Where 5; " denote the unknown true values of the parametetikeofechnical inefficiency
S

model@nd z; ‘s are the exogenous explanatory variables.

Table 2 Variable Description of Exogenous Variables

Variable Variable Description M easur ement
z, Land Size Hectares
A Age Squared Years
A Highest Educational Level Ranked
z, Number of extension visit Number

_ Ploughed field Yes =
% A

i Berekum District Yes =
Z A

z, Nkoranza District Yes =
1

, Kintampo District Yes =
% 1

, Wenchi District Yes =
% 1

Ranking of level of formal schooling for the stufiblows the study of Onumah & Acquah,
(2011) is outlined as: None_0; Primary letel Junior Secondary/Middle School

level_2; Senior Secondary/Vocational level_3; Ratyinic level_4; University (bachelor) level_5

2.4 Statement of Hypothesis

The following hypotheses are consideredr f Ho :Bj =0, the
investigation;

coefficients of the second-order variable in trenstog model are zero to become the Cobb-
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Douglas modelH, :y, =0, =..1p, production risk in inputs is insignificant in
=0, the

production proces$i, :A =0 inefficiency effects are absent from the moddierefore the

variance of the inefficiency term is zero dardeviations of the observed output
from the frontier output are entirely due tpure noise effect. On the other
hand if >0 then
technical inefficiency is present in the data aediations from the frontier output are as a
result of technical inefficiency and pureociseH, :d, =0, =....=d, =0; the

exogenous variables do not explain variation immézal inefficiency.

2.5 Data and Sampling Technique

This study uses cross sectional dataamfr 232 maize farms, which
is a fair representation of the maize farmshim region. Multi-stage sampling procedure
is employed for the farm survey to obtain the damathe relevant variables for the study
including output and input variables as wel the farm specific variables. Within
each district three major communities with vagyiintensity of maize production were
selected from which the maize farm households a&tected randomly. The farmers are
distributed within the districts as 50,
50, 47, 39 and 46 for Sunyani West, Nkoranza Sd(titampo North and South Wenchi and
Berekum districts respectively which occur in thensition zone and semi-deciduous zones

where soil and weather characteristics are faverfsloptimum maize production.

3.0RESULTSAND DISCUSSION

3.1 Summary Statistics of the Output and the Input Variables

The study demonstrated that output ranged betwg®hq — 6750) kg/ha at the mean
of 1957.506 kg/ha and standard deviation of 102kgiha (Table 1). The maize producers

obtained yields within the range of 5.5-6fbas to make the production technology
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represented because the maximum vyield of enak about 5.5-6tons/ha on the
average is

represented for the region. The average yield &7k§/ha of maize means that most of the
farmers produce below the maximum yield per hectdbet considering all the inputs in the
production process the frontier is nkhown and

output this study seeks to

estimate the determinants of technical efficiency

Table 3 Summary Statistics of Output and Input Variables

Variables | Unit Minimum_ ] Mean Maximum | SD
Output Kil ograms/ha | 337.50 1957.51 675(.00 1027.74
Seed Kil ograms/ha | 4.85 21.35 43.13 6.54
Herbicide Liters/ha 0.10 8.57 40 5.82
Land Hectares 0.40 3.23 20 2.59
Labour M an-days/ha 13.06 67.95 23€.86 3511
Cost Cedis/ha 6.54 17C.98 159¢.75 16C.93

Sour ce: field survey, 2012

3.2 Testing of Hypothesis

The translog model is an adequate representatitimeofiata, given the specifications

of it. Production risk in inputs and techalicinefficiency are present and the

estimated lambda is 1.7. Thus the variations inpwiuidue to technical inefficiency are
relatively larger than the deviations in outputnfrgpure noise component of the composed
error term.  The study finds technical inefficigns explained by the exogenous variables
(Table 2).

and Statistical

Table 4 Hypothesis Test for

Assumptions of
Stochastic Frontier M odel with Flexible Risk Properties

Model  Specification

Null Hypothesis Loglikelih | Test Critical | Decison
ood Statistic | Value
value ()
1. H, :Bjk =0 -107.17 71.10 37.70 Reject H
2. H,p, =y, =..1p, =0, -88.80 35.74 20.52 Reject H
3. Hy,:A=0 -06.81 50.38 9.50° Reject H
4, HO :61 :52 :53 :54 :'_59 =0 -03.71 44.78 32.91 RejectH
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%/alue of test of one sided error . The corxésmlue for the hypothesis of the one sided
error is obtained from table 1 of Kodde and Pal88@, p. 1246), whilst the rest are obtained
from chi-square table. All the variables are sigaift at 1% level
3.3 Frontier Estimates

The effects of the inputs conform to expgot on output. Output is
mainly contributed by cost of intermediate inputiaseed.Land contributes to output by
gains in technical efficiency as found in Ngwenyaak (1997). At the scale elasticity of

0.8%, output does not respond proportionally toutnphange. But, Abdulai, et al (2013)

results of maize production in Northern Ghana iathd an increasing return to scale (Table 4

& 5).
Table 5 Maximum likelihood estimates of translog mean output function
Variables Parameter s Estimates Standard Errors
Constant 0.40%** 0.01
Lnseed 0.219*** 0.057
Lnherbicide 0.073** 0.024
Lnland 0.136*** 0.037
Lnlabaour 0.074*** 0.019
L ncost 0.280*** 0.017
0.5Ln(seed)” 1.514%** 0.356
0.5Ln(herbicide)? 0.048* 0.027
0.5Ln(land)? 0.910*** 0.242
0.5Ln(labour)’ 0.452%*+ 0.113
0.5Ln(cost)? 0.00€ 0.034
| Lnse«d* Lnherbicide 0.133* 0.071
| Lnse«d*Lnland -1.045%+* 0.232
Lnse«d* Lnlabour -0.398*** 0.080
Lnse«d* Lncost -0.365*** 0.925
| Lnherbicide* Lnland -0.146*** 0.019
Lnherbicide* Lnlaboul -0.107*** 0.085
L nherbicide* | ncost -0.00€ 0.018
Lnland*Lnlabour -0.115 0.137
Lnland*L ncost 0.357* 013~
L nlabour* L ncost 0.017 0.053
Lambda A 1.67*** 0.087

Source: ** and *** correspond with 5% and 1% lewdlIsignificance respectively.

10
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Table 6 Elasticity of Production and Returnsto Scale

Variables Elasticities
Seed 0.22
Herbicide 0.07
| Land 0.14
| Labour 0.07
Cost 0.28
RTS 0.8

Source: All the input variables are significanflgiercent

3.4 Production Risk

Production risk in inputs has been significam the production process
with the exception of herbicide. Seed andofabeduce risk because seed as an input
factor had the favorable characteristics to psup its growth into maturity. This
contradicts with what Picazo-Tadeo and WalO0O@ found in which seed was a
risk increasing-input in rice production. Labaosirused to perform the best farm practices
to support the farmer to achieve the expectedpututas way of reducing risk in
the production process. This result is coesistwith the findings of Bokusheva
and Hockmann (2006), Picazo-Tadeo and Wall
(2011) and Ogundari and Akinbogun (2010). Riskrs@darmers in pursuit of reducing their
risk are expected to use more of seed and labobetter their situation which can alter the

technical efficiency score.

Land and cost of intermediate inputs are tpedy related to production risk.
Land might increase the risk of exposure dfie crops from unfavorable
weather conditions especially during the dry sea3dedemann & Latacz-Lohmann (2012)
study reveals greater area cultivated led to rem®ed output variability, possibly
suggesting that larger farms are less able t@treaickly to unfavourable weather
conditions at harvest or planting times.On the othand, Picazo-Tadeo and Wall (2011)

found land to be a risk-reducing input because
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the rice farmers had parceled their lando implots such that losses from one
plot are

compensated by gains in another due to differeotegather at the different plots.

Table 7 Maximum Likelihood Estimates of the Linear Production Risk Function

Variables Parameters Estimates Standard Errors
Constant W, -19.46*** 7.02
Seed W, -0.083** 0.395
Herbicide v, 0.067 0.064
Land v, 3.220** 1.405
Labour v, -0.048* 0.027
Cost W, 0.005** 0.002

Source: *** *** indicate 1%, 5% and 10% level significance respectively

3.6 Technical Efficiency Estimates

Maize production in the region is not technicalffjagent. The lowest efficiency score
is 8% which is incomparable to the highest at 9% the average the farmers produce about
62% of the frontier output. Maize productidms also not been efficient in some
areas of Ghana (Essilfie et al. 2011: Abdulailé2(4.3). Quite significant number of farmers

obtains relatively higher efficiency scores (Fige

12
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Figure 1 Technical Efficiency Distribution

3.7 Determinants of Technical I nefficiency

Farmsizedid not tendto influencethe physicalrelationshipwith outputonly but it also
reducednefficiency. The reasonmight be that suchfarmersadoptedthe bestfarm practices
so asto achievethe frontier output (Ahmad,etal. 2002; Nehringet al 2014). Solisetal.,

(2006) study indicated that soil conservation practices result to higher levels of
technical

efficiency amongfarmersbut ploughingaffectedtechnicalinefficiency positively. Location

has been an important factor to determine efficiency becausethe  efficiency in
level of

SunyaniWestis significantlylower thanthe otherdistricts. Similarly the efficiency of cocoa
productionvariedby regionin Ghana(Dzene2010)aswell asrice productionin SouthKorea
(Mohammed& Saghaiar2014).

Table 8 Maximum Likelihood Estimates of the Technical I nefficiency M odel

Variables Parameters Estimates Standard
Errors

Constant 0.23 0.44

L andsize -0.284*** 0.05E

13
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Age2 0.0001 0.0000¢
Education -0.018 0.097
Numvisits 0.046 0.071
Dumglougt 0.668** 0.33C
bkdistrict -0.312** 0.321
Nkoransa -1.054** 0.457
Kintampc -0.749%* 0.384
Wenchi -0.813** 0.37€

Source*** ** indicate1%, and5% level of significancerespectively

3.8 Risk and Technical Efficiency

Technicalefficiency estimatedor the maizefarmswhenproductionrisk componenis
excluded ranged from 13% to 97%, with a sample mean of 76%. However,
when the stochastifrontier modelwith flexible risk propertieswas consideredthe technical
efficiency estimategsangedfrom 8% to 99% with a meanof 62%, which is significantly
different from the 76%. Thus the technicalefficiency estimatesmay be compromisedwhen
the production technology of the maize farms in the study area is modeled
without the flexible risk componen{Tiedemann& Latacz-Lohmanr2012; Ogundariand
Akinbogun2010;Villano et

Al, 2005).

3.9 Conclusions and Policy Recommendations

This study has estimated stochastic frontier model with flexible risk
properties. It revealedthe input factors determinedmaize output as well as production
risk. On average, maizeproduction in the region has been technically inefficient and
is dependent upon the application of best farm practices. It further predicted
technical efficiency to reveal that technical efficiency estimates may be
compromised when the production technology is modeled without the flexible
risk component. Farmers consider their land sizes before applyingbest farm
practices.The studyrecommendgolicy to promotethe applicationof best farmpracticeson

smallland holdingsaswell asbridgingthe gapin district level efficiency.
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Again efficient methods of ploughing to suit the locality are recommended.Lastly,
it is

appropriateto incorporateproductionrisk in technicalefficiency analysisif the inputs have

flexible risk properties.
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