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An Examination of Profit Inefficiency of Rice farmers in Northern Ghana

Abstract

This paper employs a stochastic frontier modedbtamineprofit inefficiency ofrice farmers in the
Northern Region of Ghana using farm-level surdaya. Theefficiency index, based on half-
normal distribution of the stochasgeror term isrelated tofarm and household characteristics.
The empirical results show that farmersiuman capitarepresented by thkevel of schooling
contributes psitively to productionefficiency, suggesting that investment in farmers’ education
improves their allocative performance. Access to credit grehter specialization in rice
production, are found to be gitively related to productioefficiency. A farmer'sparticipation in
nonfarm employment and beidder, however, reduce productiefficiency. Farmers located in
areas with bettefiacilities like extension servicesd agricultural inputlelivery systemsilso tend

to exhibit greater production efficiency.
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An Examination of Profit Inefficiency of Rice farmers in Northern Ghana

Introduction

Increasing agricultural productivity and employment in Sub-Sah@irgcan countries has
received widespread attention in the literature on economic development and pteeidyion.
Agricultural growth on the othenand, is linked to farrprofits. Over the past yearspnsiderable
researchexamined efficiency iragriculture in the regiofe.g., Moock, 1973; Hopcraftl974;
Lipton, 1988). This issue has gainethore attention in thdight of structural adjustment
program&! involving marketliberalization, fiscalausterity, and currency devaluatiocurrently
under implementation inmany countries in the region, anglobal trade liberalization being
pursued under the World Trade Organizaiidayne et al., 1998avadogo et al., 1994; Udry et
al., 1995; Adesina and Djato, 1996).

In particular, theexperience of structural adjustment prograsimeethe beginning of the
1980s shows how importarfarm householdefficiency is to Africanrural economy. The
fundamentalrole concept of structural adjustments waset@ble privatemarkets to perform
better by eliminatinghe donmnant public sector,encouraging the development of the private
sector,and letting prices perform thesignalingrole for the allocation of factors of production,
good and services. One of theam explanations for previoutailures to intensifyfood crop
production in the regiohas beemoor public policies including subsidizing ceraaiports which
penalizes domestic cereal production.

Under structural adjustments, changes infib@al environment thateducesubsidies on

food itemsare supposed tmake agriculture more profitablelowever, the reduction aemoval



of subsidies on agricultural inputs such as fertilizer, fughachinerytend to increasthe prices
of these inputs to farmergdwvailable evidenceshows that the responses of agriculture to these
policy reforms have been encouragingoagputand productivity have increased in countiiest
pursued the reforms relative to countries with small change in policies (Abdulai and Hazell, 1995).

Although considerable efforts have been directeelxamining efficiency ofarmers in the
region, particularly during thianfolding process of agricultural and economic reforms (Evenson
and Mwake, 1997Bindlish and Evenson, 1993; Adesina abghto, 1996),little attention has
been given tothe relationship between market indicators, household characteristics and
productionefficiency. Thiscontrastsgreatly with theincreasing number of such studiesoimer
developing regions and developed countriesamples of such studies incluttffman (1974,
1977) and Stefanou and Saxena (1988) for the UStates Ali andFlinn (1989) for Pakistan,
Kumbhakar and Bhattacharyya992) for India, and Bravo-Ureta and Evenson for Paraguay
(1994). If we can establish a better understandinghofv market indicators and household
characteristics affect productiafficiency, policy makers can better implement measuest
contribute to enhancing agriculturatficiency. The significance ofsuch policies irthe phase of
increasing competition between domestic and imported agricugitmductsneednot be over-
emphasized.

The primary objective of thipaper is to derive a statistical measure of pnoditficiency
of rice farmers inthe Northern Region oGhana using a stochastic profit frontier and then to
examinethe relationship betweefarm and householdttributes and productianefficiency. The
central hypothesis is that farmers’ schooling, specialization ipraduction, and access to credit

are paitively related to rice farmergfficiency. After a brief description of rice production in



Ghana in section 2, sectiond&/s out the model of efficiency.The results of thestimations and
discussiongire presented in section 4. Tirel section of the papeummarizeshe findings and

discusses their implications.

Rice Production in Ghana

Riceproduction has increassdbstantiallyover the last three decadé@snual production
averaged 80,000 tons in tlest ten years, as compared to an averagdofit 32,000 tons in the
1960s. Increases in totautput aremainly due toland area expansion, witfield gains playing a
minor role. Area expansiotook placemainly inthe Northern region, although irrigation projects
are gradually transforminghe Accra-Keta coastadlain into arice growing area. Importedce
still accounts for a largeroportion of domestic consumption, becala®al productionfalls short
of domestic demand (FAQL996). TheGhana SeedCompany which maintainsontact with
national and international research institutes pas/ed improvedvarieties of Oriza sativa,
originally introduced into the countrjrom Asia. The improved varietiethat are presently
cultivated in Northern Ghan®&R 18 and GRL9) have virtuallythe sameyield potentials (Ghana
Seed Companyi 988).Although considerable efforts have bgmrt intoincreasing riceyields in
the country, adverse weather conditions and low input use still keep average yields low.

As in most countries, the governmeoinsistently regulated agriculturslipply and prices
by intervening inboth input andutputmarketsuntil 1984. Therice sector,which experienced a
relatively freetrade regime duringthe 1950s and 1960s, saw restrictidyesng imposed on
imports in 1970s to encourage domestic production. The Food Distribution Corporation controled

the price of imported rice at distribution centers, affetial prices wereset fordomestic rice



between 1974 and 1983. The overvaluation ofGhanaian currencgontributed to an increase in
protection of the ricesector, between 1974nd 1983. Protection of thsector decreased
substantially in1984 andagain in1985 as theexchangerate wassuccessfully devalued. The
liberalization offood tradeand imports of agricultural inputs such as fertilizers and pesticides
exposed the sector tmmpetition with imported rice. The devaluation of the currency, however,
made imported riceelatively more expensive than domestic ricgiving domestic producers a
competitive edge. Imported rice walsout 10% cheaper thalomestic rice before thedjustment
programs in 1983 and ov26% moreexpensive athe wholesale leveafter 1984(Alderman and

Shively, 1996).

Modeling Efficiency
Defining efficiency

The question of how to measure efficiency has received considerable attertonamic
literature. Following thevork of Farrell (1957),efficiencycan be defined ae ability to produce
a given level obutput atlowest costThe concept oéfficiency has three componentgchnical,
allocative and economic. Technigficiency is defined athe ability to achieve a higher level of
output,given similar levels ofnputs. Allocativeefficiency deals withthe extent tonvhich farmers
make efficient decisions by using inputs upthe level at whichtheir marginal contribution to
productionvalue is equal tahe factor costTechnical and allocativefficienciesare components
of economicefficiency. It is possibléor a firm to exhibit eithertechnical or allocativefficiency
without having economiefficiency. Technicabnd allocativeefficienciesare therefore together

necessary conditions for economic efficiency.



Production functionshave traditionally been used txamine efficiency offarmers in
Africa. Examples ofwork along this lineare Moock (1976) foKenya, Bindlishand Evenson
(1993) forKenya, andsavadogo et a[1994) forBurkina Faso. A production function approach,
however fails to captureinefficienciesassociated with differerfactor endowments andifferent
input and output prices across farms. Under such conditions, therfaynsxhibitdifferent”best-
practicé production functions, andperate atdifferent optimal points. Lau and¥otopoulos
(1971) andYotopoulosand Lau (1973) therefore popularized the use of the piafittion
approach, irwhich farm-specific prices arldvels of fixedfactors are incorporated in tlagalysis
of efficiency. The advantage of using thegproach is that input arautputprices ardreated as
exogenous tdarm household decision making, and they camude toexplaininput use. The
resulting parameter estimateslivin general be statistically consistent. tme profit function
approach, profiefficiency can be defined athe ability of a firm to achieve potentiaaximum
profit, given the level of fixed factors and prices faced by tfiem. Adesinaand Djato (1996)
recently applied this methodology in a study of efficiency of rice farmers in Cote d’lvoire.

Aigner et al.(1977), however, showed that profiinction models donot provide a
numerical measure difm-specific efficiencyand popularized the use of the translog production
frontier approach. The stochastic frontier approach fased popularity infirm-specific
efficiency studies. Examples oécent applicationsiclude Ali and Flinn (1989), Kumbhakar and
Bhattarcharya (1992) and Ali et al. (1994). Profit inefficiency in this framework is defined as profit
loss fromnot operating on the profit frontier, taking into consideratianm-specific prices and
fixed factors.

The Stochastic Profit Frontier



Consider dirm that maximizesrofits subject to perfectly competitive input andtput
markets and a single-output technology that is quasi-concave im thel) vector ofvariable
inputs,X, and the in x 1) vector of fixed factorsZ. The actual normalized profit functiavhich is

assumed to bavell-behaved' can be expressed as
n(p.z)=Y(X, J-3 pXi, X" =g(p 2) (1)
|

whereY(-) is the productioriunction;the asterisk denotexptimized valuesp, = W/P, whereP
andW are the output and input prices, respectively,@imithe normalized price of input
The stochastic profit function can then be expressed as

;= f (P, 2q) [EXpe (2)

where; is normalized profit othe " farm,computed as gross reveness variableost,divided

by farm specifiooutputprice P; p; is thenormalized price of inputfor thej™ farm, calculated as
input price divided by by farm speciftwitputprice P; z; is thelevel of the kth fixed factor for the

j™" farm; andg is an error termThe error term,g, is assumed to behave in a manner consistent
with the frontier concept:

g=V,+U (3

whereV, is thesymmetricerror termandU; is a one-side@rror term.The Vs areassumed to be
independently analentically distributed (i.i.d.) afN(0, &4). We assume thai, has a half-normal
nonnegative distributio\(0, ¢°,). U andV are alsassumed to be independent of each ottgr.
is used to represeitefficiency. Thatis, it represents profit shortfall from itmaximum possible

value given bythe stochastic frontier. Thus,U = 0, thefirm lies onthe profit frontier,obtaining

! This implies the profit function is nonincreasing in input prices and nondecreasing in output prices, homogenous
of degree zero in input and output prices and convex in input and output prices.



potential maximum profit given the prices it faces and the levels of fixed factoys> B, thefirm

is inefficientand loses profit as a result iokefficiency. Anaverage frontier model results if the
frontier model is estimatedithout the one-sided disturbance tefdy, This approach habeen
criticized by Farrell(1957). On the othehand, afull deterministic orfull frontier model, often
estimated by linear programming techniquesults if the randonerror termV, is omitted. If
equation (2) iestimated econometricaltather than anodel consisting of equatiorf2) and(3),
an average, as opposed to the frontier is obtained. It is theesfeeatial to estimatée frontier
function to provide an estimate of industry best-practice profiaugr given level oprices and
fixed factors.

Given the specification df, the population mean and variancdJfis (Maddala, 1973):
E(U) =0uy(2/w) (4)

V(U)=02(w -2)/y (5)

wherey is a constant equal to 3.14. The expected inefficiency in the population is then given as:

H
E(eV)=2e2[1- Roy)] (6)
whereF is the standard normal distribution function.
Following Jondrow etal. (1982), the farm-specific representation of conditional
inefficiency U,Ce) for each observation is derived frdire conditional distribution otJ;, where
U; =g + V,,and it has an expectation of:

E(U |e)_o'uo'v ] f(ej)\/cr) _ED
"7 o @-F(eAlo) o F

(7)



where A =0,/0,, ©°=0’+0? andf andF are the standard normal density and cumulative

distribution functions, respectively, evaluatedesh /o .

The farm-specific profit inefficiency index(PIE) derived usinghe results from equation
(7) is given as:
PIE = (1 - exp[-U]]) (8)

Profit loss due tanefficiency isrepresented as potentiadaximum profit given farm-
specific prices anfixed factors,multiplied by farm-specifigrofit inefficiency index. The second
objective ofthe study is achieved bglatingthe profitinefficiency index to farmand household
attributes.This can be specified &E = g(X), wherePIE is the profitinefficiency indexand X is
a vector offarm householdttributes. The profiinefficiency index igherefore hypothesized to be

related to attributes of the farm household.

Empirical Model

Flexible functional formsfor the profit function include the normalized quadratic,
normalizedtranslog, and generalized Leordtifn this study, we have chosen to usemalized

translog stochastic profit function, assumed tévbell-behavet:

Inl‘lzao+z o In|?+%z Zyi, INnPIn P+
i i |

z 25,(In|:{lnzk +z BKInZk+%z Z%In ZInZ+V+U (9)

2 For example, Stefanou and Saxena (1988) employed a generalized Leontif specification for their study on
allocative efficiency of Pennsylvania dairy farms, while Jayne et al. (1994) used a normalized quadratic in their
productivity study on Zimbabwe.

% See footnote 1. Lopez (1985) shows, however, that the most flexible functional forms do not satisfy the properties
of global monotonicity and convexity.
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wherei, | =k, h = 1,2 1tis normalized profitomputed as gross revenlgss variablecosts,
divided by farm-specific rice pric®, is themoneywage rate ofabor per hounormalized by the
price of rice;P, is themoney priceper kilogram of fertilizer nutrients normalized Ibiye price of
rice. Z, is theland input, measured dsectares of rice growper farm; Z, is the capital input
computed as theum ofcosts ofanimaland mechanicapower; In is naturalogarithm;V andU
are the errotermsdefined inequation (3). The estimate bf is obtained by replacing by its
sample residual, and the unknown parameters given in equation (8).

The empirical measure ahe profitinefficiency index, PIE* is obtained by inserting the
sample residudbr U; in equation (8). The relationship between pro#fficiency and household
attributes is specified as

PIE*=a,+ a, CRED+ a, EDUC+ o;NFARM+ o,SPEG
+ 0sAGE; + asDUMY + a;DUM2Z + og DUMS3 + ¢

whereCRED, EDUC, NFARM, SPE@GndAGE denote access to credit, level of head’s
education, head’s nonfarm employment, level of specialization in rice, and age of the household
head, respectivefDUM1, DUM2, andDUMS3 represent locational dummies, respectively, and

iS an error term.

Data and Empirical Definition of Variables

The data used fahis empirical applicatiomre asubsample of a random sample of 256
farmers in four districts of Northern Ghaoanducted in 1992-93. ThHarms inthe sample are
located in Tamale, Savelugu, Tolon and Gushiegu-Karaga districts. Information fronfathese

households were gathered through repea®ts using questionnaire. Additional survégta was
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obtained fromthe Northern RegiorMinistry of Agriculture in Tamale.The data covered
information on farm and nonfarm activities,asll asdemographic and locational characteristics.
Information on farm activities included fertilizer applications prides, wages, capital assets, and
livestock production. On cash-orientatbnfarm activities, information included weekly or
monthly earnings and detailed individual time allocation.

The Northern Region presently accounts for more Hadinof total rice production in the
country.Until irrigation projects gradually transformethe Accra-coastgblain into a majolarea
of rice production, the region alone accounted for an avera@8%fofrice production between
1977-1987. From theriginal 256 households in the survey, fa@merswho cultivatedricel] the
most important caslerop grown in the aréawere choserfrom the four districts based on
complete availability of needed information orthe household.Table 1 describes selected
characteristics of theample farmsQOutput ismeasured irtons of paddy riceper hectare. The
mean riceyield over thesampled farmsvas 1.5 tons per hectare phddy rice, with a range of
about 0.5 tons per hectare to 2.1 tons per hectareyidié gap between the average and the
lowestfarm yieldwas 1.0ton per hectareand that between the average andhighest was 0.6
tons per hectaresuggesting that there @®nsiderableoom forimproving average ricgields in
the area.

Table 1

The input ofland is measured d®ctares of rice growperfarm inthe year ofthe survey,
total land cropped is measured as tio¢al hectares that were under cgptivation in that year.
As in Sidhu and Baanan(@981), the totalabor expenditure pdarm includeghe imputedcosts

of family labor at the wageate paid to permanent hired labor. Th®neywage rate used in the
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analysis isobtained bydividing the totallabor expenditure for rice productigrer farm by the
quantity of laborincluding both family and hired laborFemaleand child labor is converted into

man equivalents biyeatingtwo women(or children) equal tone nan. Capital input is computed

as thesum ofcosts ofanimaland mechanicapower used imice production. Price dertilizer is
measured adotal expenditure on fertilizerper kilogram of fertilizer nutrients(including
transportation and spreadirgpst). During the period under study, there were neithece
support norinput subsidy schemeé®r rice farmers.Moreover, the imports ofice hadbeen
completely liberalized leaving production and distribution to the forces of supply and demand. The
farm level olserved prices show some variatiomBich seems to bdue to location anather
things. Variation in the price of fertilizer seems to be due largely to location.

Variables representinigrm and household characteristics employeth@analysis of the
determinants of profinefficiency includethe level of specialization imice production, hours of
non-farm employment, and accesstedit. Level of specialization in riceroduction is measured
as the proportion of farm’s landarea used in rice cultivation relativettwial area that was under
cultivation duringthe survey period. It is hypothesized that farmers thpécialize in rice
production would tend to devote more attention and resouneast forcrop production to the
rice sector than other producetbgreby gathering information, making decisions, addpting
technologies that increase efficiency.

The neteffect of nonfarmwork on efficiency is ambiguous, since participation in the
nonfarm labor markemay restrict production andecision making activities, thereby increasing
inefficiency. Onthe otherhand, increasing nonfarwork might reduce financial constraints,

particularly for resource-poofarmers, enabling them tpurchase productivity enhancing inputs
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(Huffman, 1980).Access to formatreditmay permit a farmer to enhance conventional allocative
efficiency by overcoming financial constraints to the purchase cfay, fertilizer or a new
technological package suchlagh yieldingseeds. Credit could therefore incretse net revenue
obtained fromfixed inputs, market conditions anddividual characteristics. A credit constraint
may therefore increasmefficiency of farmers bylimiting the adoption ohigh yielding varieties
and theacquisition of information relevarior increasing productivity (Wozniak, 1993). Credit
may have no effects on production, if it simply displaces another source of finance such as savings.
It could even have negative impacts on profits if itresated as avelfare program, perhaps
because defauttosts argperceived as minor (Binswanger and Deinind®97). In the present
study, individuals who indicated a desire for credit to purcfaseinputs, but couldhot obtain it
areclassified agredit constrained. Faxample, Weisssmai990) reports that credit shortages
in the study areadversely affectedmall farmers’ access to inputs and cooperatsterage
facilities.

Two variables representing characteristicstioé household head, age and education
(number of years of schoolinggare included inthe analysis ofthe determinants of profit
inefficiency. The simplifying assumption is that the household head, whettade or female, is
also theprimary decision maker ae family farm. Educationwhich representfiuman capital of
the household head generallypostulated tchave a positive impact oefficiency (Lockheed,
Jamison, and La@l980). This common view othe role ofhuman capital irproductionstems
from the fact that reallocation of resources in response to changes in economic conditions requires
() perceiving that change hasccurred, (ii) collecting, retrieving, andanalyzing useful

information, (iii) drawingvalid conclusions fronthe available informationand (iv) actingquickly
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and decisively. This human ability tperceive changes in economic conditions and to respond
efficiently is commonlyreferred to as allocativability (Huffman, 1974, 1997)Allocative skill is
(human) capital ithe sense that it is acquired at@stand tends tgield a valuablestream of
servicesover future periods. It is acquired in schooling, d®arching for information, and in
experience from reallocating resourdces.

District level dummiesire alsancluded tocapture thempacts of locational characteristics
on inefficiency. Factors that might contribute to relatively higher efficiency in certain districts may
include (i) easier access to information, becaugbefocation of extension servicesmproved
seed multiplication units, agriculturafinancial institutions, and fertilizer depots ithe more
accessible districts; (ii) better health amdter facilities; and (iii) greater market access ftbreir
products. Farmers in such districts migltherefore be more exposed to "enodernizing
environment where newcrop varieties, innovative planting methods, and capital inputs such as
insecticides and tractors or machines are readily availalgp@articular, Schultz (1973)as argued

that education is likely to be more effective under modernizing conditions.

Results and Discussions

In this section, the results of the estimates of parameters of the stochastic translog profit
function, the profit inefficiency measure, and the estimates of the parameters of the model relating

the index of profit inefficiency to farmers’ and households’ attributes are presented and discussed.

Translog profit frontier results

* The simplifying assumption of perfect information and rationality in the neoclassical economic theory preclude
allocative ability from being a valuable skill to farms and households.
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Maximum-likelihood estimatedor the parameters of theormalized translog profit
function subject to restrictions of homogeneity agthmetryaregiven in Table 2The equation
was estimated by LIMDEP version 7, developed by Gré&885). Thecoefficients ofthe prices
for fertilizer and labor haveéhe expected negativegns, whilethose forland and capital are
positive as expectedambda @), which isthe ratio of the standard errors &f andV is 2.19,
implying thatthe onesidederror termU dominates thesymmetricerror V. This result indicates
that variation in actual profit frormaximumprofit (frontier profit) betweerfarms mainly arose
from differences in farmer practiceather than randonvariability. The average measure of
inefficiency [samplecounterpart to equation (4)] is 27.4%hich suggests that on average, about
27% of potentiamaximumprofit is lost due tanefficiency. This discrepandyetween observed
profit and the frontier profit is due to both technical and allocative inefficiencies.

Table 2

The frequency distribution dhe farm specificprofit inefficiency isreported inTable 3.
The table shows thaample farnprofit inefficiency varies widely.The maximumand minimum
levelsare 95.5 an@.16%,respectively, withover 57% ofsample farms exhibiting jrofit loss of
20% or more as a result mfefficiency. The meanprofit loss was 38,556edisper hectare. The
largestsample farnprofit loss was 134,380edisper hectare. Henceur empirical measure of
farm inefficiency are sizable and vary across farms

Table 3

Determinants of profit Inefficiency
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The parameter estimates of ttedationship between profibefficiency obtained from the
stochastic frontier model ani@rm and household characteristics using ordinary lsqstres
estimator are presented in table 4. The Breusch-Ragtwas employed toest for forpotential
heteroskedasticitygiven the large variation in thievel of specialization imice production. The
computedy?®value (18.92) was above theitical value(15.5) at the 5%evel with 8 degrees of
freedom, suggesting the presence of heteroskedasticityordier to account for the
heterosdasticity, the standard errors reportedcateulated from White’1980) formula that
accounts for nonparametric forms of heteroskedasticity. The joint hypothesad tfwat-intercept
coefficients inthe modelare zero is rejected. Tlsample value othe Wald statistic is 19.78, and
the critical value of?% at the 5 percent significance level is 15.5.

Table 4

The results show that tHevel of education (human capital) die household head tends
to havehighly significantimpacts on profitinefficiency. The negativesign indicates that higher
levels ofeducation reducegefficiency, a finding that isonsistent with the review of Lockheed,
Jamison, and La@1980). It is also in linewith the findings ofother studies such abluffman
(1974) for the United States, Ali and Flinn (1989) for Pakistan, and Kumbhakar and Bhattarcharya
(1992) for India. Thepositive andsignificant coefficient ofthe non-farm employment variable
indicates that farmers engaged in non-farm activigesl toexhibit higher levels oinefficiency.
This finding isconsistent with the resulteported byAli et al. (1994). Thepositive relationship

suggests that increases in non-fasork areaccompanied by a reallocation of time away from
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farm-related activities such as adoption of new technologies and gathering of technical information
that is essential for enhancing production efficiency (Wozniak, 1993).

A negative and statisticallgignificant relationship islso found between access to credit
and profitinefficiency, suggesting that farmers lackirmyedit to purchase fertilizer or engage
additional labotend to experienckigher profitinefficiency.Older farmoperatorsseem to be less
efficient than the younger oneShis suggests that negative effects foiite life weighs more
heavilythan positive experience effects. Wiihite life, young farmers have more years to obtain
benefits from making costly change, and this is an additreaalornwhy older farmers have lower
adoption rates for profitable technologies or seem to be more inefficient.

Farmers located in th&amale, Savelugu and Tolon districts appeaexbibit higher
efficiencies relative to farmers ithe Gishiegu-Karagaarea, although atatistically significant
coefficient was obtaineanly for farmers inthe Tanale district. Themean level ofprofit
inefficiency for farmers inthe Tanale district was24.6% compared to 30% fdarmers in the
Gushieguarea. Thesemply mean per hectare losses of 34,63%®dis and42,213 cedis,
respectively. The joint hypothesis thall coefficients ofthe district dummiesare zero was
rejected. Thesample value ofthe Wald statistic is 9.4Gvhile the critical value (%) is 7.81.This
iS not surprising becausthe regional extension services and fertilizer depots located in the
Tamale districtenabling farmers inthe district tohave bé#er access t@xtension services and
agricultural information tharthose in other districts.This finding lendssupport toSchultz’s
hypothesis thatthe effectiveness of education ogfficiency is enhanced in a modernizing

environment.

Conclusions and Policy Implications
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This paperemploys astochastic translog profit frontier model sxamineproduction
efficiency among rice farmers ithe Northern Region of Ghana. The estimates of the translog
profit frontier indicate that inputs aill important toprofitability of rice farming in Ghana.
Efficiency measures indicate that rice farmense notapplying their inputs in an absolutely
efficient way.The averagenefficiency is27.4%with a wide variationmaximum 0f95.5% and
minimum of 0.16%), suggesting that considerable amount of profit is lost due to inefficiency.

The findings fromthe inefficiency analysisuggest thahigher head’s education, access to
credit and greater specialization, as well as location in districts where extension servinettesind
infrastructure areavailable,are significant variablegdor increasing profitefficiency. Increasing
participation in nonfarm activities by farmers and beaider, however, tend to lower profit
efficiency. These findings have importapblicy implications inpromoting efficiency among
farmers in Ghana and Africa in general.particular, thesignificance ofthe educatiorvariable
implies thatperceiving and respondingfficiently to changes in economic conditions require
allocativeability that isacquired by investing irducation and useful information. This conforms
to Mellor's (1976) argument thahvestment in education in rural areas should be considered as a
central ingredient in a strategy to improve agricultural productiyatincipally through its
complementarity with new inputs such as cluadrfertilizersand pesticides, and effective research
and extension services. Investments in rural education in the curohathging political and
economic environment in Ghana will provide farmers with skills essential in increasing efficiency.

Thefinding of the relationship betweemefficiency and access to credit also suggésit
improving access of farmers to institutionatedit wil improve production efficiency.

Consequently, improvingfficiency ofresources W requirestreamliningthe acquisition of credit
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among small farmers. However, allocating public expenditure to urban areas or large farmers who
arepolitically vocaldoes notelpthe ruralpoor gain access teoredit. It ratherundermines their

ability to operate as family farmers, therefore increasing inequality, ancediscesefficiency and
long-rungrowth. Specialization as measured thy share of totatultivated landdevoted torice
production also tends to lowerefficiency, indicating that channeling relativedgarce resources

(e.g., labor and capital) into rice production will improve efficiency.

The results of the locationdlummiesalso suggest thagiolicy makers need to consider
improving the access ofarmers located imemote areas to extensi@ervices and agricultural
information. As shownempirically by Lockheed, Jamison, and Lal980), theeffects of
education in a modernizing environment availability of capital inputs such fertilizers and
machines, an@éxposure to extension servicdgs are substantiallygreater than undedraditional
conditions.

Compared to previous studies @ifrican agriculturalproductivity, our resultsgenerally
show thatemploying the stochastic profit frontiemodel allows a detaileénalysis of the
determinants of specific-farrmefficiency. Further workis, however, required tecapture the
effects of farm-specific soil conditions and environmefaators whenexamining farm-specific

efficiencies.
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Table 1. Selected Characteristics of the SamplBarms in Northern Region of Ghana,

During 1992-93.

Farm and HouseholdDefinition

characteristics

Minimum Mean Maximum

Total farm area

Household size

Head's age Age of household head

Education level

Nonfarm employment  Hours spent onnonfarm work per

year

Credit constraint

Tamale Dummy: 1 if live in Tamale district
Savelugu Dummy: 1 if live in Savelugu district
Tolon Dummy: 1 if live in Tolon district

Rice Production

Farm size Area in hectares
Fertilizer use Nutrient kg per hectare
Yield Tons per hectare
Paddy price* Cedis per 100 kg
Labor Days per hectare
Wage rate* Cedis per hour

Total land cultivated in hectares

No of persons in household

Years of schooling of head

Dummy: 1 if head is credit constraint

0.8 4.1
3 8.4
20 39.2
0 3.66
0 541.9
0.38
0.24
0.24
0.25
0.7 3.2
90 180
0.5 15
13,800 14,500
116 198
43 57

27.8
14
54

12
1760

19.6

240
2.1
15,100
214
72

*The reigning exchange rate was about 400 Cedis to a US dollar
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Table 2. Maximum Likelihood Estimates of Translog Profit Frontier

Variable Parameter Coefficient Standard Errors
Constant Oto 4.7642 1.6303
In p1 (fertilizer) o -0.6918 0.2281
In p2 (labor) ot -0.1952 0.1393
Inpl xInpl Ot 0.1021 0.2424
In p2 x Inp2 Olzz 0.1003 0.2889
In pl x Inp2 Oz -0.2367 0.8835
In z1 (land) Ba 0.6131 0.2417
In 22 (capital) B2 0.2327 0.1149
Inz1 xInz1 Bu 0.2057 0.5571
In2 xInz2 B2z 0.2040 0.0742
Inz1 x In22 B 0.4095 0.1033
InplxInzl Yu -0.5692 0.1438
InplxIinz2 V12 0.0997 0.3549
Inp2 x Inz1 Va1 0.9391 0.8967
Inp2 x Inz22 Y22 0.3579 0.2020
Lambda 6. /) A 2.1970 0.4400
Sigma o 0.4656 0.0748
ot 0.1796
% 0.0372
Log-likelihood -320.117
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Table 3. Frequency Distribution of Farm Specific Profit Inefficiencies in Stochastic

Translog Profit Frontiers

Inefficiency Number of Percentage Inefficiency Number of Percentage
Index (%) Farmers Index (%) Farmers

0-1 3 2.5 50-55 5 4
1-3 6 5 55-60 2 1.7
3-5 11 9 60-70 3 2.5
57 8 7.5 70-75 3 2.5
7-9 5 4 7579 4 3.3
9-14 7 5.8 80-95 3 2.5
14-20 13 10.8

20-25 13 10.8

25-30 8 7.5 Mean 27.4

31-35 10 8.3 STD 22.6

35-40 6 5 Min 0.16

41-45 3 2.5 Max 95.5

45-50 8 7.5
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Table 4. Relationship of Profit Inefficiency with Farm and Household Characteristics

Variable Coefficient Standard Error
Constant 0.2584*** 0.0483
Non-farm Employment 0.3664*** 0.1238
Education -0.5732%** 0.1225
Credit Availability -0.6061*** 0.0952
Age 0.1136* 0.0631
Rice Share of Total Area -0.1800*** 0.0386
Tamale -0.0337** 0.0134
Savelugu -0.0199 0.0135
Tolon -0.0076 0.0129
Adjusted R 0.647

Breusch-Pagan? 18.92

Wald x*(8) 19.78

Standard errors are calculated from White’s formula that accounts for nonparametric forms of

heteroskedasticity. ***, ** and * are significant at 1% , 5% and 10% level of significance.
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