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Abstract 

Ethiopian coffee production and its productivity level are unsatisfactory to uphold the country' s 

comparative advantage. The stud y intends to examine poss ible reasons for low productive 

performance of coffee using cross sect ional data gathered from Jimma zone. An attempt to 

measure technical efficiency of coffee producers, analysis of its determinants and the impact of 

various di stributional ass umptions on technica l effi ciency estimates is made. Accordingly, both 

error component model and technica l ineffic iency effects mode l have been cstimated in one step 

approach after data have been transformed. Max imum like lihood est imate of technical effi ciency 

was obtained from truncated normal model which was supposed to describe the data adequate ly. 

The result revea led that various distributional assumptio ns of technica l ineffic iency have 

approximately similar impact of on TE estimates. On average, coffee producers are 72% 

effic ient, implying that there is ample opportunity for these farm ers to ra ise output level at 

present technology. There is also advantage of scale economies linked to increas ing returns to 

boost output. Except ferti li zer, overutilization of other inputs leads to inefficiency. 

Technica l ineffic iency effects are modeled as a function of farmer spec ific socio-economic 

factors. Education, distance, fami ly press ure and poor so il fertility tends to increase technica l 

inefficien cy of farmers whereas off farm income, prox imity to market, cereal crop production, 

sex and good soil fert il ity improves their technical efficiency. Farmers can still produce higher 

output under available technology, indeed. Therefore, government should target at development 

of rural infrastructure, wo rk diversifi cation, rural employment creation, promotion of rural female 

management through awareness creation and so il conservation to overturn output loss by 

technica l inefficiency of coffee producers in Jimma zone. 
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Chapter One: Introduction 

1.1. Background of the Study 

Ethiopia remains one of the poorest countries in the wo rld in spite of its productive land , labor 

and natural resource. Human deve lopment indicators reveal that almost half of its popu lation 

lives be low poverty line. Agriculture whi ch dominate Eth iopian economy, accou nts for about half 

of GOP, 90% of exports, 85% of total employment. Consequently, Ethiopia stood thi rd in the 

world and first in Sub-Saharan Africa in terms of the share of GOP that stems from agricu ltu re 

Jema (2008). 

Peasant farming is the most important in Ethiopian agricu ltu re. Based on MARD (2008) report, 

more than 95 percent of the tota l viable agr icultural land is cul tivated by small holder peasant 

farmers that produce 97.6% of the agricu ltural output. In relative to most of A frican countries, 

except for oil and mineral s, Ethiopia is ta ken as resource endowed country; fal ling in the top ten 

levels in A fr ica. Therefore, proper uti li zation of these resources might considerabl y improve th e 

livel ih ood of the most populous smallholder resource-poor farm ers Jema (2008). 

To overturn poverty situations, the country set out a seri es of economic reform programs since 

199 1. The structural adj ustment programme was introduced in 1991 with the aim of economic 

growth and poverty reduction. Following thi s the country has adopted agricu ltural deve lopment 

led industriali zation (A DU) strategy in 1993, Interim Poverty Reduction Strategy Paper (lpRSP) 

in 2000, Sustainab le Development and Poverty Red uct ion Program (SDPRp) in 2002. All these 

strategies in co llaboration with SAP were intended to bring about economic growth through 



increase 111 agric ultural productivity. The above strateg ies were primary focused up on the 

poverty reducti on. 

In 2005 a plan for Accele rated and Susta ined Deve lop ment to End Poverty (PASDEP) was 

introduced. Thi s strategy primary a ims in the promot ion of small sca le market oriented 

agriculture which goes beyo nd poverty reduction. The country adopted such strategies to br ing 

about improvement in agricultural sector, wh ich is back bone of the economy; in fact, very little 

has been observed towards prod uctivity improvement over past decades Author ca lculation based 

on EASS ( 1990-2008). As a result, to improve economi c growth of the country, productivity 

growth of agricu lture is inevitable. Despite substantial attempt on part of governm ent to 

commence techno logical im provement in agriculture, the reason why the productivity of the 

agricultural sector is so low rema ins a challen ge in the road toward s agricu lture based economic 

growth . 

Econo mists argue that the ach ievement o f (greate r) efficiency from scarce reso urces should be a 

major criterion for priority setting espec ia ll y in developing agricu ltura l economies. In line with 

this, for the short run , many researchers have proposed technica l effic iency imp rovement as a 

so lution for the productivity prob lem through better information, credit pro vis ion, extens ion visit 

and education. Some of those studies inc lude Alemu et a l. (2009) ; Tsegaye et a l. (2004); Wei r 

and Kni ght (2004) ; Tassew et a l. (2004) ; Getu et al. (2005) ; Seyoum et al. (1998); lema (2008). 

To them, farmers can stil l produce maxi mum poss ible output from fixed set of inputs und er the 

present technol ogy. Given the above arguments, the overa ll obj ecti ve o f thi s technica l efficiency 

measu rement here is to create a sectora l atmosphere likel y to imp rove coffee farm productivity, 

one of very important crop in Eth iop ia . 
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1.2. Statement of the Problem 

Coffee and Khat (chat) are Ethi opia 's most important export crops. Currently, Coffee in Ethiopia 

accounts fo r more than 25% of GN P, 40% of the total ex port earnin g, 60% of agricul tural ex port, 

10% of the tota l govern ment revenue and about 25% of the total population of the country are 

depend ent on prod ucti on, process ing, d istrib ution, and ex port of coffee MARD (2008). 

Moreover, the eva luat ion of th e comparative ad vanta ge of coffee export crops among African 

countries revealed low domestic reso urce cost (ORC) fo r Ethi opian coffee re lat ive to other 

Afr ican countr ies Pearson et al. (2007). T he low ORC va lue of Ethiopian coffee re lat ive to other 

ind icates that Ethi opia has a more significant comparati ve ad va ntage in co ffee prod uction. 

Co nsequently, coffee is a very important crop deserving particular attention in the context o f 

deve lopment po li c ies concernin g agricultural exports and domestic reso urces allocation. 

Nevertheless, Ethiopia n has not yet ex ploited its comparative advantage in coffee prod uction 

a lthough coffee plays s ignificant role in Eth iopian economy N ico las Petit (2007). 

Yet, Ethi op ian coffee produ ction and its productivity level are not satisfactory that co uld uphold 

the country's comparative advantage. A lthough both nu mber of co ffee producers and area under 

coffee product ion have been inc reas ing from time to t ime, the average prod uctivity of coffee 

production in J imm a zone is below average productivity o f coffee in Eth iopia EASS (2003-

2008). Moreover, co ffee production in J imma zone is further showing high fl uctuat ions than any 

other co ffee producing zo nes in Ethi opia EASS (2003-2008). Hence, number of empirica l studies 

is needed in Ethiopian co ntext in order to im prove the produ ctivity of this very important crop in 

one way or another. 
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Followin g Schul tz ( 1964) po li cy conclus io ns on tradit iona l agr iculture that no prod ucti vity co uld 

be achieved by real locating resource at farmers ' d isposal , Eth iopian government can enhance 

produ ction and its product iv ity leve l through tech nolog ica l innova tio n' . However, Ethiopian 

govern ment in attempt to increase agricultural prod uct ivity through increased use of im proved 

techno logies has proved not to brin g abo ut the expected productivity gai ns in short run. This 

might be due to lack of the necessa ry techni cal skills and knowledge in us ing these technologies, 

poor extens ion and credit services, low rate of tec hnologica l adoption and poor infrastructure and 

its rela ti ve cost among others Seyoum (1998); Tsegaye (2004). In fact, productiv ity increases not 

only depend on technological adoption only but also farmers ' techn ical efficiency improvement. 

In a country where reso urce co nstrai nt is the main problem of econom ic deve lopment and the rate 

of techno log ical adoption is low, techn ica l efficiency improvements in co ffee prod uctio n seems 

to be more advantageous. T herefore, measuring the resource use inefficiency, identifyi ng factors 

that affect it and des igning approp riate Jlo li cies fo r mit igatin g the imped iments may be more 

impoltant and less costly than trying to introd uce improved technologies. Furthermore, fanners' 

technical effici e ncy improvement fac ilitates long run rate of techno logical adoption and its 

effectiveness. So, techni ca l efficiency stud y may be given pr iority before launchi ng the 

techno log ica l advancement. Technical effi ciency improvements as a so lution can only be rea lized 

if the sources of ineffic iency are identified we ll Coe ll i ( 1995), however. 

A large number of stud ies on fa rm productivity in Ethiopia from different regions and sectors 

found that in efficiency ex ists (A lemu et a l. (2009) ; Tsegaye (2004); Weir and Knight (2000); 

Getu (2005); Seyoum, Sattese & Fleming ( 1998); Jema (2008); Nega et al. (2006)). Moreover, 

I Technological adoption in coffee production could be in forl1/ of introduction of new plantations by 
removing the old co/fee frees, introduction afnew, improved machineries and instruments used;n coffee 
production and the like. 
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evidence from Seyoum et al. (1998); Getu (2005); Jema (2008), Tsegaye (2002) show that 

significant gain could be achieved in short run through resource reall ocat ion at fa rm ers' disposal. 

Nevertheless, these prev ious studies focused on the study of technica l effi ciency of other ce real 

crops and thus with little attention to thc ana lysis of technica l efficiency of co ffee producers in 

Ethiop ia. Therefore, in th is stud y an attempt will be made to consider if co ffee productivity in the 

Southwestern part of Eth iopia, Jimma zone, can be increased through creati on of sectoral 

atm os phere likely to improve the technica l efficiency of coffee produce rs and thereby imp rove 

coffee productivi ty. 

1.3. Ob.jcctive of the Study 

The ma in objective of the stud y is to identify facto rs affecting the leve l of technica l efficiency of 

coffee producers and its implication for increased productiv ity of coffee producers in Jimma 

zone. The spec ific objectives are: 

I. Estimate the leve l of fa rmer-spec ific technica l effic iency of coffee producers in Jimma 

zone 

2. Identify and analyze the soc io-economic vari ab les affect ing technica l efficiencies of 

coffee prod ucers in Jimma zone 

3. Assess the im pact of vari ous di stributional ass umptions on technical effic iency leve l of 

each fa rm er and compare estimati on results for the technica l efficiency. 

1.4. Hypothesis of the study 

On the basis of the literature reviewed, thc fo llow ing null hypotheses were formulated for the 

above objectives so as to gui de the stu dy: -
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s ignificant ga in cou ld be achieved in short run through resource reall ocati on at farmers ' d isposal. 

Nevertheless, these previous studi es focused on the study of tech ni ca l effi ciency of other cerea l 

crops and thus with little attention to the ana lys is of technica l effi c iency of co ffee prod ucers in 

Ethiopia. Therefore, in thi s study an attempt will be made to co ns ider if co ffee prod ucti vity in the 

Southwestern pa rt o f Ethiopia, J imma zone, ca n be increased through creati on of sectoral 

atmosphere like ly to improve the technica l effi ciency of co ffee producers and thereby improve 

co ffee productivi ty. 

1.3. Objective of the Study 

The main objective of the study is to identify factors affectin g the leve l o f technica l effi ciency of 

co ffee producers and its im pl ication for increased producti vity o f co ffee producers in J imma 

zo ne. The spec ific object ives are: 

I . Estimate the leve l o f fa rmer-specifi c techni ca l effi c iency of co ffee prod ucers in Jimma 

zone 

2. Ident ify and ana lyze the soc lo-economl c va riab les affecti ng techni cal e ffi ciencies of 

co ffee producers in Jimma zone 

3. Assess the impact of various d istr ibutional ass umptions on techni cal effi c iency leve l of 

each farme r and compare est imation results for the technical effic iency. 

1.4. Hypothesis of the study 

On the bas is o f the li terature reviewed, the following null hypotheses were fo rm ulated for the 
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Hypothesis 1: The first hypothesis is concern ed with se lection of approp ri ate functional fo rm 

that descri bes the data set adequate ly. So, in this study it is hypothesized that Cob-Douglas 

production fun ct ion describes the data adeq uate ly or Trans log prod uction function is not an 

adequate rep resentati on of the data. 

Hypoth esis 2: Coffee prod ucers in Ji mma zone are techn ica lly effic ient and no production loss 

is attached to technica l inefficiency of coffee producers. 

Hypothesis 3: The third null hypothesis fo r th is study states that variab les included under the 

ineffi ciency effects model are not jointly affecting techn ica l ineffi ciency of the farmers in Jimma 

zone. Meaning that; age, educat ional level and experience of fa nners, gender of house hold head, 

prox imity to market, distance, number of livestock owned, membership in a soc ial orga ni zation, 

population pressure, agri cultural extension wo rkers' contact with coffee producers, accessibili ty 

to credit, use of the coffee im proved variety, and the practice of mono crop ping do not 

significantly influence the fanner's technical ineffi ciency. 

1.5. The Scope of the Study 

The most important mot ivati on for production improvement in most developing co untri es is need 

to rai se productiv ity through technical effic iency, where resource constraints is of major problem, 

that also increases effecti veness of technolog ica l adoption in long run . Therefore, to atta in such 

objective an empirical study is required to analyze technical effic iency of fa rm ers. Hav ing such 

insight, the foc us is being placed on matured coffee owners of J imma zone, the third most 

producers of coffee in Eth iopia. The focu s on J imma zone is being motivated fro m the fact that 

production of coffee is subjected to high fluctuations in relati ve to other zones of Ethiopia 

produ cing coffee crop EASS (2003-2008). Moreover, ev idence from many empiri ca l fi nding 
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shows that effic iency study may be given pri or ity setti ng in case where production reveals hi gh 

nuctuations provided that productivity is relat ively lower. Given resource at hand and reasons 

stated, therefore, the study is delimited to sample size of 150 matured coffee owners in Jimma 

zone during the peri od of2008/9 coffee season. 

1.6. Significance of the Study 

Ethiopian agri cul ture is characterized by obso lete technology. This is ex pected to worsen 

productivity of the agricul tu ral sector. In fact, technica l ineffi ciency improvements can convey 

productivity ga in at least for the short run. Thus, the country can benefit much from ineffi ciency 

stud ies that imply the poss ibility of developing the new technologies and prompt adoption of new 

technologica l innovation towards agricultural secto r and consequentl y improve the level of 

productivity of farme rs especia ll y in short run . Identifying sources o f ineffi cicncy indicate which 

aspects of farm characteri sti cs can be addressed by publi c in ves tment to improve effic iency. Thus 

the results of thi s study are expected to give app ropr iate implications designed to increase 

agri cultural producti vity by identifying key so urces of ineffi ciencies. The important implications 

are expected to capture an important environmental issue. Better flexibi li ty in model specificat ion 

under different assumptions of inefficiency (Truncated normal , exponential and half normal ) and 

production function (Cobb-Doulas and/or Trans log) enable analyzing a given data using 

statistica lly sound techniques. 

From micro economic point of view, technica l efficiency im provements of farmers do have both 

long run and short run effect. If sources of inefficiencies are wel l identifi ed, the government 

could improve the leve l of product ivity of the zone and hence the profitability of the fa rmers 

given information dri ve n fro m thi s study. The leve l of technica l efficiency and the rate of 
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technologica l ado ption have direct relationships. Short run technica l effic iency improvement 

could lead to long run productiv ity improvement of the zone since it faci li tate for technological 

adopt ion and its effectiveness . Government could implement long run project when the producers 

of the zone are tech nica lly efficient. In fact, very little attention has been given to eva luate the 

technica l effic iency level of coffee producers in Jimma and Ethiop ia as well. The results of this 

study may fill thi s ga p. 

1.7 Organization of the Study 

The rest of the thesis is organi zed in to four chapters. The analytica l foundation of theoretical and 

empiri ca l li terature of effic iency measurements are wel l di scussed in the chapter two. Following 

this, chapte r three discusses about data and methodology. Whereas, chapters four is being 

devoted to results and discuss ions based on the theoretica l and emp iri cal foundations di scussed in 

the chapter two and three. Finally, the last chapter concludes and stressed the policy implications 

based on the find ings. 
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Chaptel' Two: Literature Review 

2.1. Theoretical Literature 

2.1.1. Definitions of Efficiency 

Decision makers are increas ingly faced with the challenge of reconciling growing demand fo r 

agricultura l output and low agricu ltu ral production in developing countri es. Effi ciency 

measures whether resources (in the fo rm of labo r, capital , or equipment, etc) are being used to 

get the greater output. Adopting the cri terion of economic effi ciency implies that soc iety makes 

choices which maximize the outcomes gained fro m the resources allocated. Ineffi ciency exists 

when resources could be rea llocated in a way which woul d increase the outcome produced. 

Technical efficiency refers to the ph ys ica l re lation between resources and outcome. A 

technica ll y effic ient position is ach ieved when the maximum poss ible improvement in outcome 

is obtained from a set of inputs. An intervention is technica ll y ineffic ient if the same (or 

greater) outcome could be produced with less of one type of in put. Technica l efficiency cannot, 

however, directly compare alternative interventions, where one intervention produces the same 

(or better) outcome with less (or more) of one resource and more of another. 

Torgerson and Palmer (1999) . 

The concept of all ocative effi ciency takes account not only of the productive effi ciency with 

wh ich resources are used to produce outcomes but al so the effi ciency with whi ch these 

outcomes are di stributed among the community. Such a soc ieta l perspecti ve is rooted in 

we lfare economics and has im pli cations for the definition of opportun ity costs. In theory, the 

effic ient pattern of resource use is such that any altern ative pattern makes at least one person 
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wo rse off. In practice, strict adherence to thi s criterion has proved impossible. Further, this 

criterion wou ld eliminate as ineffic ient changes that resulted in many people becoming much 

better off at the expense of a few being made slightly wo rse off. I bid (1999) 

The first analyses of efficiency measures were in itiated by Farrell (1957). He proposed a 

division of effic iency into two components: tech nica l efficiency, wh ich represents a firm 's 

ability to produce a maximum leve l of output from a given leve l of inputs, and all ocative 

effic iency (termed as price efficiency in work of Farrell), which is the abi li ty of a firm to use 

inputs in optimal proportions, given their respective prices and available technology. The 

comb ination of these measures yields the leve l of econom ic effic iency (which was given a 

name of ove rall efficiency by Fa rre ll ). 

Graphi ca ll y based on Farrell (1957), measure of technical effic iency can be obta ined by using 

input and output qua ntity without introducing prices of these in puts and outputs. He illustrated 

thc mcaning of effic iencies using fi gure I. Accord ingly, observation P utilizes two input factors to 

produce a single output. SS' is the efficient isoquant estimated with an avai lab le techn ique. Now 

point Q on the isoquant represents the effic ient reference of observation P. The tech ni cal 

efficiency of a production unit operating at P is most commonly measured by the ratio 

Farre ll (1957) 

TE= OQ/O P (2. I ) 

Techn ica l efficiency va lue will take a va lue between zero and one, and hence an indicator of the 

degree of techn ical inefficiency of the producti on unit. A value of one indicates the finn is full y 

tech ni ca lly effic ient. For instance, the point Q is technically efficient because it lies on the 

efficient isoquant. 
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If the inpu t pri ce ratio, represented by the slope of the isocost line, AA' in fi gure I, is also known, 

allocative efficiency may also be calcul ated. The al locat ive effi ciency (PQ ' ) of a Production unit 

operating at P is defined to be the ratio Farrell (1957) 

PQ '=ORJOQ (2.2) 

The di stance RQ represents the reduction in producti ons costs that wo uld occur if production 

were to occur at the allocatively (and technically) efficient point Q' instead of the technicall y 

efficient but al locatively inefficient point Q. The tota l economic efficiency (EE) is defined to be 

the ratio (Fa rrell , 1957) 

EE=ORJOP 

yj 

A 

o 

5 

a 

p 

s' ~:::::---

Figure I Technical , Allocative and Economic efficiencies Farrell ( 1957) 

II 

(2 .3) 



The di stan ce RP ca n al so be interpreted in terms of cost reduct ion. The prod uct of techn ical 

effic iency and allocat ive effic iency measu res prov id es the measurc of overa ll eco nomic 

efficiency (whi ch was termed as overall effic iency by Fa rrel l) 

2.1.2. Techniques of Effici ency Measurement 

Efficient fro ntier represents set of maxi mum output (potentia l output) for a given set of scarce 

resource and ri sk associated with it Farrell (1957). In order to measure technica l efficiency we 

must construct effi cient fronti er. Two ma in approaches are used to co nstruct effi c iency frontiers, 

pa rametri c and non parametric app roaches. 1n non parametric approach, estimation methods are 

based on envelopment tech niques, free d isposal hull which IS deve loped by 

Deprins et al. (1984) and data enve lopment ana lys is which is deve loped by Farrell (1957). In 

both methods the estimation of techni ca l effi c iency is based on linear programming and cons ists 

of esti mating a production fronti er through a convex envelope curve formed by li ne segments 

joining observed efficient production units. No fu nctional fo rm is im posed on the product ion 

fro nti er and nO assumption is made on the error term . However, thi s method has d isadvantage 

over: firstly, one cannot test fo r the best spec ification; second ly, it does not take measurement 

errors and random effects into account ( it supposes that every deviation from the frontier is due to 

the firm 's ineffic iency); thirdl y, the num ber of effic ient firms on the fronti er tends to increase 

with the number of inputs and output va riab les and fourthly, results are sens itive to the se lecti on 

of inputs and outputs. 

The seco nd approach , on the other hand, is ca ll ed parametr ic ap proach. The stochastic fronti er 

production funct ion estimation wo uld depend on thi s approac h. It was independently and 

s imultaneously proposed by Aigner et al. (1977)and Meeusen and Van dan Broeck (1977). 
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Unlike envelope analys is, the stochastic frontier approach enab les us: one, we can test for the best 

spec ificat ion; two, it takes meas urement errors and random effects in to account (composed error 

ap proach). T hus dev iation fro m effi cient frontier is not only meas urement erro r but also 

management inefficiency. In co ntrast to the envelop analys is, this approach depend s on 

econometri c esti mat ion procedure. 

The stochastic frontiers meth od is used in this study. Thi s cho ice was made on the bas is of the 

va riab ility of agri cultura l production, wh ich is attri butab le to climatic hazards, plant pathology 

and insect pests, on the one hand, and, management ineffic ienc ies on the other. In fact, the 

stochast ic f rontiers method makes it poss ible to estimate a front ier fu nct ion that s imul taneously 

takes into account the random error and the ineffi ciency component specific to every 

plantation Amad u Nchare (2007). Criti ca l review of parametri c approach to effi ciency 

measurement will be discussed in the sections 2. 1.4 with var ious d istribut iona l assumptions of Ui 

that he lps us to segregate technical efficiency indicato r from composed error term. 

2.1.3. Approaches for Identifying and Ana lyzi ng Determ in ants of Technical Efficiency 

There are two main approaches that he lp to exa mine determ inants of techn ica l efficiency from 

stochastic productio n function. Namely, one step approach and two step approach. In the two step 

approach, we first estimate the error component mode l from stochasti c frontier function to 

determine technica l effi c iency indicato rs. Subsequently, techn ica l ineffi ciency thus obtained are 

regressed on explanatory variab les that usuall y represent the f irms ' specific characteristics 

(Tech ni ca l efficiency effect model), using the ordi nary least square (OLS) method. In this 

approach, the value of techn ica l effi ciency estimate is predicted usi ng Jondrow et at. (1982) 

proced ure. 
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However, thi s app roach has majo r shortcoming emanate from inconsistency that could be created 

from the assumptions re lated in the distri bution of Ui in the estimation of technica l ineffi ciency 

effect model and error component mode l. In the estimati on of error component model , technica l 

ineffi ciency of farm er i (Ui) are ass umed to be normall y, independently and identica ll y 

distributed. However, the technica l ineffi ciency indicators thus obtained are assumed to have one 

side distri bution (i.e. u 2: 0) Coe ll i ( 1995) un less all the coeffi cients of the factors considered 

happen to be simultaneously zero. 

The second approach called one step approach come to ex ist after independent and simultaneous 

wo rk of Kum bhakar et al. (199 1) and Reifschneider and Stevenson (1991). To them 

inconsistency is be ing created between error component model and techn ica l effic iency effec t 

model of stochastic fronti er estimati on and in identifying fac tors affecting technical efficiency 

indicators. They deve loped a procedure in which all para meters are est imated us ing max imum 

likelihood procedure. In similar to two step approach, one step approach fo llows si mi lar step in 

identify ing fac tors affecting technical efficiency of fa rmers. Neverthe less, unl ike the OLS 

method , Maximum li ke lihood would ass ume the same assumptions fo r di stribution of Ui in 

est imation of stochastic product ion fro ntier and ui which will be regressed up on the 

determinants of technica l effi ciency. Yet, from the characteri sti c of likelihood function it is 

difficult to identify local maximum as long as there are many ups and downs Coelli and Battese 

(1996). 

In the one-step ap proach, the error component model and Technica l efficient effect models are 

estimated in one step max imum li ke lihood estimation approach. Technical effi ciency effect 

model according to Caelli and Bat tesse (1996) is specified as (Ui = 8zj + Wi). Where Ui is 
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vector of fanner spec ific technica l effi ciency ca lculated using MLE, Zj is the vector of factors 

affecti ng tech ni cal effi ciency of specifi c fa rm er i, Ii is a vector of parameters to be estimated, and 

Wi is the random terms assumed to be independently and identically distributed. It is defined by 

the tru ncation of the norm al di stribution with zero mean and unknown va ri ance Ii~ such that Hi is 

one sided di str ibu tion (non negati ve) Coelli (1995). 

This study used the one-step approach prov ided that one step approach has an ad vantage of being 

less open to cri ticism at the stastica l leve l that would have been occurred if two step approach is 

being under taken. Moreover, this approach enab les us to test hypothes is on structure of 

production function and output of fina l effi ciency score without add itional programming 

simu ltaneously. The following section reviews methods of efficiency measurement, compa ri son, 

strength and weakness 

2. 1.4. The Eco nometric Approach to Effic iency Meas urement 

It is parametric app roach used to measure techn ica l effi ciency fro m th e stochastic production 

frontier. The assumptio n here in estimat ing production fro ntier is that all farmers in the sample 

use the same technology. The data under lying the study consist of observations on the qu ant ities 

of in puts employed and the output provided by each farmer fo r the maintenance of matured 

coffee trees onl y. Since coffee is of long gestat ion period, factors of production emp loyed capture 

of those that fa nners appl ied for the maintenance of matured coffee trees during the last coffee 

season. 

Moreover, output oriented measure of technical efficiency was app li ed in thi s study. Based on the 

speci fi cat ion of Jondrow et al. (1982) the stochastic producti on function for the cross-sectional 

data can be written as fo llows 
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Yi [(Xi; {J). TEi .. . ......... .. ...................................................................... ....... 2.4 

Where Yj is the sca lar outp ut of producer i. i = 1, ... , N, Xi is a vector of K inp uts used by 

producer i,f(Xi; {J) is the stochasti c production frontie r, {J is the parameters to be estimated, and 

TEi is th e output-oriented techni ca l e ffic iency of producer i. Hence based on the eq uati on 2.4 

tec hni cal effic iency, which is a lso supposed to have stochastic dist ribution, o f spec ific far mer 

can be derived as Aigner et al. (1977) 

Yi 
TE i = 

[(Xi;{J) 
............... ........................... , .... . ......... ................................... 2.5 

The eq uat ion 2.5 revea ls that techni ca l effi ciency is the ratio of observed output to fro ntier outp ut 

(max imum output feas ib le und er the current techno logy used). Yi achi eves ' its maxi mum value if 

and onl y ifTEj = 1. Technical ineffi ciency occu rs when TEi < 1. Frontier fu nction in an 

eco nometri c mode l is class ifi ed as either delerminislicjronlier model or slochaslicjrol7lier model 

accord ing to assumptions about the co mposed error term and the way that inefficiency is de fined 

Coelli (1995). In eq uat ion (2.4) the production front ier [(xi; {J) is deterministic. Thi s is so 

because the determini sti c fron t ier would take factors outs ide the contro l of the un it, such as bad 

weather, un certainti es in the market situat ion and so on as ineffic iency, any error or imperfectio n 

in the spec ification of the model is indicat ion of technical ineffi c iency. Neverthe less, th e 

stoc has ti c prod uction frontier compri sed composed error term (technical ineffi c iency and random 

shock outs ide contro l of fa rmers) . According to Aigner et al. (1982) the stochastic fronti er can 

be wr itten as 

yi [(xi; {J) . exp{vi ). TEi .. ........................................... ...... .. . ..... .................... (2 .6) 
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With th is spec ifi cat ion TE for the spec ifi c fanner, which a lso expected to take stochastic 

di str ibution, can be deri ved based on the wo rk of AigneT et al. (1982) and C oelli (1995) as 

Yi 
TE 

{(Xi ;p).exp EWi }' 
........... . ... .... ... .. ............... ...... ... ... ... . (2.7) 

Th is is output oriented techni ca l effic iency meas ure that is the ratio of observed output (Y i) to 

maximum feas ible output. Even though both determini sti c and a stoc hastic production frontie r 

fun ction he lps to esti mate techni ca l effic iency sco re for each fanner under consideration, 

determini st ic front ier Aigner et al. (1982) is less flexi bl e and the inefficiency score resulted is 

entire outcom e of deviation from frontier production fun cti on and it does not recognize composed 

error term . Having understood this in literature, an attempt was mad e to spec ify prod uction 

fronti er in form of stochasti c function. T hi s is more flexib le than determini stic approach 

Aigner et al. (1977). Therefore this paper uses the stochastic product ion frontier specification , 

in which erro r term is expected to have stochastic di stributi on, id entica lly and independently 

di stributed to each other, and the mean of inefficiency indicato r is derived at truncati on of zero 

mean and o~ variance JondTow et al. (1982) and Coelli (1995). 

2.1.5. The Stochastic Prociuction Frontiers Approach 

The stochasti c produ ction frontier is motivated by the id ea that deviati ons from the prod ucti on 

frontier may not be entirely under the contro l of the producti on unit und er study. These mode ls 

al low for technical ineffic iency, but they also acknowledge the fact that random shock outside the 

control of producers suc h as effects of weather, luck, etc. The main v irtue of stochastic frontier 

mode ls is that at least in principle these effects can be separated from the co ntributi on of 

va ri at ion in technica l efficien cy AigneT, Lovell and Schmidt (1977). 
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Following the specification by Aigner et al. (1977) and Coelli (1995) the stochastic 

production fro ntier model fo r i'h production unit can be speci fi ed as 

Yi = [(xi, (3) + Vi - Vi; f(xi, (3) + Ei .. . .... ... .. .......... ......................... . ........ 2.8 

Here the stochastic product ion functi on has composed error. Where Vi is noise component wh ich 

captures dev iation fro m stochastic production front ier due to outside control of farmers, and Vi is 

th e non negative technica l ineffic iency component of the error tenn. The no ise component Vi is 

assumed to be independently and identically normally distributed (iid) and distributed 

independently of u. Thus the error term Ei = Vi - Vi is not symmetric, since u ~ O. Assuming 

that Vi and Vi are distributed independently of xi, estimation of (2.8) by Ordinary Least Square 

(OLS) prov ides consistent est imates of the parameters except (30, since £( E) = -feu) :s; 

o since by defintion E(V) = o. 

In estimati ng stochastic product ion fro ntier, technica l ineffic iency indicator, u for each farmer 

must be identified. To achieve thi s objecti ve separation ofv and u are required from est imates of 

Ei for each producer. However, in order to separate this composed error term from each other, it 

requ ires one distributional assumption on the two error components besides the estimation 

techniques and too ls like Limped 8.0 and Frontier 4. 1. Though corrected OLS and discrete choice 

variable model can estimate technical effic iency, the resul t could be inconsistent due to violation 

of assum pt ion of composed error term. In order to separate the v and u from stochasti c production 

fun ction model, a distr ibutiona l assumption has to be made fo r Ui Jondrow et al. (1982). Based 

on literature review, we have fo ur assu mptions fo r the distributions of techn ical inefficiency 

indicato r (u,), namely, half normal, tru ncated norma l, exponentia l and gamma. 
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There are no a priori reasons for choos ing one di stri butional form over the other, and all have 

advantages and disadva ntages FAO (2 00 3). For example, the exponential and half-normal 

di stributions have a mode at zero, implying that a hi gh proport ion of the firm s being exam ined 

are perfect ly effi cient. The truncated normal and two-parameter gamma distri bution both all ow 

for a wider range of di stributional shapes, inc luding non-zero modes. However, these are 

computat ionally more complex FAO (2 003). Empirica l analyses suggest that the use of the 

ga mma di stribution and exponential distri but io n is more or less simi la r and thus one can use 

either of the two with minor difference Tewodros (2001 ). Different li terature propose that 

distributional ass umpt ions which allows hi gher propor ti on of the sample operating at higher level 

of effi ciency leve ls are exponentia l, hal f normal and truncated norm al respecti ve ly 

Coe lli (1995). Nevertheless, half normal and truncated normal di stribution for technica l 

effi ciency indicato r is preferab le for empirical analysis. 

2.1.5.1. TIl e Normal-Half Stoc/wstic Frolltier Model 

Normal half stochasti c fronti er model was fi rst discussed by Jondrow et al. (1982). Thus in thi s 

secti on di scuss ion is entirely based on their work . According to Jondrow et al. (1982) half 

normal distri bution has mode at zero implying that hi gh proportions of farmers be ing examined 

are technicall y effi cient. The proportion of low technica ll y effi cient fa nners is low relati ve to 

other two di stributions although case of exponenti al di stribution is too low. Based on 

Jondrow et al. (1982) half no rm al stochasti c fro ntier model, we make the fo ll owing 

ass um pti ons for composed erro r term . One, Vi -iid N (0, o~) ; two, ui- iid N+ (0, 0,7), that is 

nonnegati ve half normal; three, Vi and Ui are di stributed independentl y of each other and of the 

regresso rs. 
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TE = e- uj 

Figure 2 No rmal- half di stri but ions FAO (2003) 

The separation of composed erro r term is done based on their density functio n. The density 

fu nction of II 2: 0 for the case of half normal fo llow ing j ondrow et al. (1982) is given by 

f(u)=~exp {- 2UO'2a } ........ . . ... ..... . .. . ... .... .. ... ............ .. . ......... ... 2.9 

The density functi on of v fo llowing (Jondrow et ai, 1982) is 

f(v) ~exp{-2VO'2~} ... ............. .. .... ........... ... . ..................... 2. 10 

Given u and v are independently di stributed, the joint dens ity fu nct ion of 11 and v follow ing 

jondrow et al. (1982) is the product of their individ ual density functions and is given as 

feu. v)= 20 :" 8 v exp { - ;~2ft - 2v:~ } ........ ... ........ .. ....... ............................... 2.11 

Since 0 v - u. the joint density function ofu and 0 is 

f(u,o) = v'2TI ~UO'V exp { - ;~:~ - (o:O'
u
{ } .. . ........... .. .. . ... .......... .. .. ...... .. ..... . . 2.12 

The marginal density fu nct ion of Efol/Oll'ingjondrow et a l. (1982): is obtained by integrating u 

out of feu, 0) which yields 
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feE) = fo'" feu, E) du 

= ~ 0 [(1 - (ll (~A) ) ] exp { - 2
E;2} ........ .. .. ........ ................................. 2.13 

Where 0 = (oa + o~ )1 /2 ,If = ~~ and <P [.] and (Il [.] are the standa rd normal cumu lative 

di stribution and dens ity funct ions. The marg inal density function f (E) is asymmetrica lly 

distri buted, with mean and va riance based on the work of Jondrow et al. (1982). 

E(E) = -E(u) = -ou~ 

n -2 2 2 
VeE) =nOu + 0v ..................................................................... .......... 2.14 

The norma l-ha lf norma l distribution contains two pa rameters, ouand oy 

Aignel-, Lovell and Schmidt (1977) suggested [1- E(u)] as an estimator of the mean 

technica l efficiency of al l producers. However, Jondrow et al. (1982) proposed mean tech ni cal 

efficiency to be 

E(exp{ - u}) = 2 [1 - <p(au)]. exp {of} .. ... ....... .. ........... ... .. . ... .... ... ...... 2. 15 

Moreover, un like [1 - E(u)], E(exp{-u}) is consistent with the defi nition of techni cal 

effic iency given in equation (2.7). The log li ke lihood funct ion for a sample of N producers 

Jondrow et al. (1982) is 
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LnL = - G) (In2I1 + In[/ ) I i [In<p [ -Ei ~] - ~(~)2 ] ....... ... ........ 2. 16 

Log likelihood and likelihood funct ion is sim ilar. Given the above, the frontier parameters would 

be obtained by tak ing first order condition. These est imates are consistent as samp le size tends to 

infin itive. However mean of (u;) is summary measure and it is not an indicatio n of techn ical 

effi ciency of each fa rmers. Thus, we must decompose the technical inefficiency conditional up on 

composed error term (ei) londl'ow, Lovell and Schmidt (1982). Fo ll owing simi lar work, the 

dens ity function of Ui conditional up on the e for the normal half distrib ution showed that if ui -

[(u/ c) =/(u, f)!f(f) 

= ~ . exp {- (U;;/ }/[ 1 - <P ( - ~: )] .. .... .. ...... . , ..... ' ... , ..... ... , ... ... 2. 17 

62 62 62 

Where 11 * = - G 8 AU2 and o' = - £ ~2 v . Since [(u (c)) is di stributes as N+ (u *,8;), the mean 

of thi s distribution can serve as a point estimator ofui. Fo ll ow ing (Jondrow et ai , 1982) thi s is 

given by 

= 8 * [ :I~:;~) -( C~A) ] ............ , .... " ........... ... ...... , .................. .. 2.18 

Estimates of ui can be obtained from 

rfi exp{ -ui = exp{ -f(ui/ci} ................... , ........... , ........... , .. "" ' '' ' '' '''''''''' .... 2. 19 
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Based on the above formula , we can estimate technical effic iency of each far mer using Stata, 

Limdep and Fronti er tho ugh frontier 4.lc can estimate th is value without requiring add itional 

programm ing. 

2. 1. 5.2. The Expollelltial alld Trullcated-Normal Stochastic Frolltier Models 

Exponential and truncated normal stochast ic frontier models are proposed by 

Meuseen Van dan Broeck (1977) and Aigner, Lovell and Schmidt (1977) respectively. 

Exponential di stribution gives large proportion of firms as they are technica lly efficient. Turning 

to the stochastic production frontier model given in equation (2.8) two additional di stributional 

assumpt ions, exponential and truncated-norm al, can be made as; one, ui - iid exponential; 

two, ui - iidN + (fI., oJ ) truncated normal ; three, u and v are independently distributed. Even 

though the truncated normal and two-parameter gamma di stribution both allow for a wider range 

of distributional shapes including non-zero modes, exponentia l di stribution al lows zero mode. 

lndicati ng large proportion of farmers are operating at efficient leve l. 

Maximum likelihood est imation technique can be applied on the log likeli hood functions of the 

jo int di stribution of v and u for both the exponential and truncated norma l distributional 

assumpt ions. Reference on the functional properties of these mode ls can be made on the recent 

literature by Meuseen Van dan Broeck (1977). Fo ll owing the work of 

Meuseen Van dan Broeck (1977) for the case of exponent ial model technical efficiency of 

spec ifi c fanners can be ca lculated based on the following: 

E(uijEi) = DV [~I;~~) - A] 
~ ' 8' 

Where A = -- and fl. ' = -E - (2.) 
DV Ou 

(2 .20) 
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For the truncated normal mode l, fo ll owing the wo rk of Aigner, Lovell and Schmidt (1977) the 

esti mate of mean tech ni ca l effi c iency o f specifi c farmers can be obta ined us ing the fo ll owing 

form ula spec ifi ed by Aigner, Lovell and Schmidt (1977) as 

f(ui/EO 

2- 8~83 
and 8, - 8 2 ............................ . ........... . ............... ... ... 2.21 

The fo llow ing graphs show di str ibutions of U i under the ass umpti on of Truncated norma l and 

exponentia I. 

u , 

Figure 3 Truncated normal Figure 4 Exponential Distribution 

Accord in g to Greene (2000) normal gam ma and exponentia l fun ction has s imilar effect on 

techni ca l e fficiency estimation. 

2.2. The Empirical Literature 

By app lying stochast ic frontier one step app roach Battese and Coe lli (1996) try to examine 

fa cto rs that in fluence the tech ni cal ineffi ciency of Indian fa rmers us in g panel data. The stud y 

estimated error component mode l and technical efficiency effect mode l using the soft ware ca lled 

fro nti er 4.1 c. Techni cal effic iency effect mod el shows that farm s ize, farmer 's age and 

ed ucati onal level of farmers the mai n important determin ants of tech ni cal effic iency of Indian 

24 



fa rm ers. The mean techni ca l effic iency of those farmers were 0.73, 0.74 and 0.7 1 respecti ve ly, 

for the villages of Aurell e, Ka nzara and Shirapur. 

S imilarly, the study on the factors affecting techni ca l effic iency of Indian Paddy 

Battese and Coelli (1995) found a pos iti ve relat ionship between the degree of inefficiency and 

the producer 's age, and a negative relationsh ip between the degree of inefficiency and the 

ed ucationa l leve l of the producer. Fo ll owi ng the ir work they conc luded that gove rn ment must 

give prior ity settings towards ed ucat ional investment. However, their work is limited in 

exc luding so me important va riables used in output and technica l effi ciency mode li ng like ra in fa ll , 

access to cred it, and agricu ltura l extension serv ice . The ma in advantage of their work is that they 

co ntributed s ign ificant work towa rd s efficiency study as they are the first fo r technica l effi ciency 

study us in g one step approach using Frontier 4 . 1c developed by Coelli (1996). 

By using a stochastic frontier approach wh ich is used to est imate an in put di stance fu nction and 

eval uate production efficiency during the period 2005 Cardena (20 05 ) tr ies to estimate 

technica l effi c iency of co ffee producers in Mex ico. Factors such as coffee qua li ty and access to 

markets are tested in terms of their effects on technica l efficiency. Results show that the 

prod uction process in these municipios, as measured by technica l efficiency, appears to be stable 

over time despite price fluctuations in the global market. Production of staple crops (corn) along 

wi th coffee resulted in lower effic iency. Factors contributing to higher effi ciency included hi gher 

population densi ty, producti on of spec ia lty crops other than co ffee or staple crops, and hi gher 

a lt itude, which is typica ll y associated with production of higher quality coffee. These findings 

can be then considered part of an effort that can be extended to co ntri bute to creati on o f suitable 

polic ies focused at a regiona l or dist ri ct level. 
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The study by Amadu Nchare (2007) tr ies to ana lyses of factors in fluenc ing the tech nica l 

effi c iency of Arabica coffee fa rm ers in Cameroo n. To carry out thi s analys is a Trans log 

stochasti c prod uction fronti er functi on, in which tec hn ica l effi c iency e ffect model and error 

component mode ls, is estim ated usi ng the one step maxi mum -li kelihood method. The data used 

were co ll ected from a samp le of 140 farm ers durin g the 2004 crop year. The results obtained 

show so me in creas ing returns to scale in coffee prod uction. The mean techni ca l efficiency in dex 

is estimated at 0.896, and 32% of the farm ers surveyed have technical effi c iency indexes of less 

than 0.91. The ana lys is also revea ls that the ed ucati onal leve l of the far mer and access to cred it 

are the major socioeconomic variables infl uenci ng the fa rmers' technical efficiency. The find ings 

prove a lso that further product ivity ga ins li nked to the improve ment of techni ca l effi c iency may 

st ill be rea lized in coffee prod uction in Cameroo n. 

The paper by Nyemeck et al. (2003) presents measures of technica l effic iency fo r a sam ple of 

81 peasant farmers in the low- income region of Cote d ' Ivoire prod ucing Robusta coffee. DEA 

techn iques were used to com pute farm- leve l technical effic iency (TE) measures. The ana lys is 

revea ls average levels of techni ca l effi c iency eq ual to 36 per cent and 47 per cent respective ly fo r 

the Charnes and Banker mode ls. T hese results suggest that substantia l gains in output andlo r 

decreases in cost can be attain ed g iven ex isting techno logy. In a second step analys is, two -lim it 

Tobi t regress ion techniques we re used to examine the re lationship betwee n T E and various farml 

fanner characteri st ics. The ana lys is suggests that poli cymakers shoul d foste r the develop ment of 

the fo rmal farm ers' club or association by build ing the capac ity o f the farmers. Their analysis 

also supports the argume nt fo r public sector in vo lvement in the prov ision of info rmat ion on labor 

fo rce management to peasant far mers as a means to improve effi ciency levels, and thus 

househo ld inco mes . 
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The paper by Seyoum et al. (1998) investigates the technica l effi c iency of two sampl es of 

maize producers in eastern Ethiop ia, one in volving fa rmers with in the Sasakawa-Global 2000 

project and th e other involving fa rm ers outs ide thi s program. The study uses stochastic frontier 

production functions in w hich the technical inefficiency effects are ass umed to be fu nct ions of 

the age and ed ucation of th e farm ers, together with the time spent by extensio n advisers in 

ass istin g far mers in thei r agricultural production operations. The empirica l results indicate that 

far mers within the Sasakawa-Global 2000 project are more techn ica ll y efficient than fa rmers 

outs id e the project, relat ive to thei r respective tech nologies. Fo r farme rs still using traditional 

production methods, however, the leve l of education did not s ignificantly affect tech nical 

effi ciency. The mea n fronti er output of maize for far mers within the Sasakawa-G loba l 2000 

project is s ign ificantly greater than that for the farmers outs ide the project. 

The study by Tassew et al. (2004) on techni ca l efficiency of peasant fa rm ers in northern 

Ethiopia, have chosen for the output-ori ented or primal ap proach, where the centra l issue is by 

how much output co uld be expanded fro m a given leve l of inputs. The stud y applied one step 

approach of maxim um li kel ihood estimation procedure in order to estimate error component 

mode l and technical e ffi c iency effect model. Fa rm ers in the sample are located particularly in 

Enderta and Hintalo-Wajerat districts of the Tigray region. A pre liminary analys is showed that 

product ivity d ifferences am ong farmers are rather small (co mpared to other studies) . Thus there 

is little room for the e ffi c iency im provement as long as peasants are more effic ient support in g 

Schultz's popular 'poor-but-effic ient hypothes is'. There appears to be increasin g emphasis by 

po licy-makers on investments in new techno logies and inputs rather than efforts aimed at 

improv ing the effi ciency of less effi cient farmers. 
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Study by Alemu and et al. (2009) tries to fi ll the ga p by investi gating efficiency variations and 

factors causing (in) efficiency across agro-ecological zones in East Gojjam, Ethiopia. Data were 

co llected from 254 randomly se lected households. Stochastic frontier production functi on was 

estimated and the results of the ana lysis revealed a mean technical effic iency of 75.68% (rangi ng 

from 32.15% to 92.66%). F-test al so showed a stati stica lly signi ficant difference in technical 

effic iency amo ng agro-ecolog ical zones with hi ghland zones scoring the hi ghest lead ing to a 

rejection of the hypothesis of no signifi cant efficiency diffe rence. On the other hand, maximum 

likelihood estimates indicated positive and significant elasticities for inputs such as land , labor, 

draft power and fertilizer. Besides, educati on, proximity to markets, and access to cred it were 

found to reduce ineffi ciency leve ls signi ficant ly. However, neither ex tension visits nor trainings 

on farmland management brought positive impacts in affecting the effi ciency level of farmers. 

Thus, future endeavors may need to find ways to envisage better extension serv ices provisions 

that are tailored to the peculiarities of the agro-ecological zones. Last but not least, improved 

market outl ets and reduced liquidity constraints should be considered to change things for the 

better. 

Accordi ng to the study made by Weir and Knight (2000) on the educati onal external ity in 

rural Ethiopia in terms of potential size and source of benefits, education will have externali ty 

effects in agriculture if in the course of conducting their own private economic activiti es, 

educated farmers raise the producti vity of uneducated farm ers wi th whom they come into contact. 

Average and stochasti c fronti er producti on functi on methodologies are employed to measure 

productivity and effi ciency of farmers using one step maximum likelihood procedure. In each 

case, internal and ex ternal returns to schooling are compared. They find that there are substantial 

and signifi cant externa li ty benefits of educati on in terms of hi gher average farm output and a 
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shifting outward s of the production fro ntier. Exte rnal benefits of schooling may be several times 

as high as internal benefits in thi s rega rd . However, they are un able to find any evidence of 

externality benefits to schooling in terms of im provements in technological effi ciency in the use 

of a given technology. Thi s suggests that th e source of extern al iti es (0 schoo ling is in the 

adoption and spread of innovations, which shift out the production fronti er. 
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Chapter Three: Data and Methodology 

3.1. Background of the Study Area 

Jimma is one of the oldest zones in Ethiopia. It is bordered on the south by the so uthern nation, 

nationality and peoples reg ion, northwest by IIlu babor, on north by east Welega and in northeas t 

by west shoa. Co ffee and Khat is the main importa nt cash crop of the zone. Based on EASS 

(2008) 55 129529kg of coffee were produced in thi s zone in the year ending in 2008. This 

represents 23 .2% of the Region's output and 11 .8% of Ethiopia's tota l output, and makes Jimma 

one of the three top producers of thi s crop, along with the Sidama and Gedeo Zones. In fact, most 

ke beles found Jimma zone has potential of producing coffee crop. 

Among seventeen wo redas fou nd in Jimma zone, Gomma, Limmu Kosa, Manna, limmu saqa and 

Gera produces altogether around 68 percent of coffee produced in zone. Large portion of these 

woredas are located in semi arid climatic conditions with altitude mnging betwee n 133 8 to 

3000m above sea leve l. Plantation coffee and Ga rden coffee have large coverage in the zone, 

hav ing 6 1.8% and 14.6% share respectively. Beside thi s, fo rest tree, semi- forest coffee and 

stumped coffee are also essenti al types of coffee in the zone. Moreover, the producti vity of 

plantation co ffee is the highest with stumped coffee foll owin g. However, forest coffee trees have 

lowest productiv ity among all types of coffee trees fo und in Jimma zone. 

Based on fig ures from the CSA in 2007, thi s zone has an estimated total population of2,773,730, 

of whom 1,3 82,460 are men and 1,391 ,270 are women; 2,432,562 or 87.7% of its population are 

rural dwell ers. With an estimated area of 18,4 12.54 square kilometers, Jimma has an estimated 

pop ulation density o f 150.64 peo ple per square ki lometer. Evidence from l ZA RD shows us that 

fi ve largest ethnic groups reported in Jimma were the Oromo (81 .57%), the Yem (5.28%), the 
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Amhara (4.95%), the Kullo (2.9%), and the Kaffi cho (1.78%); all other ethnic groups made up 

3.52% of the population. The majority of the in hab itants were Muslim, with 82.57% of the 

popu lation having reported they practi ced that belief, while 15.78% of the popu lations are 

orthodox, and 1.47% fo ll ows protestant. 

Evidence from JZA RD further shows that the average ru ra l household has 0.9 hectare of land 

(compared to the national average of 1.0 I hectare of land and an average of 1.14 fo r the Orom iya 

Region) and the equivalent of 0.5 heads of livestock. 25 .1 % of the populati on is in non-farm 

related jobs, compared to the national average of 25% and a Regional average of 24%. 

Concern ing education 57% of all eligible children are enrolled in primary school, and 12% in 

secondary schools. 

3.2. Data source and Sampling Design 

3.2. I. Sources of Data 

In order to analyze facto rs affecting technica l effi ciency of coffee producers in Jimma zone both 

primary and secondary sources of data were used. To attain the stated objecti ves, both data on the 

techn ica l coeffi cients (inputs-outputs) of coffee production and soc ioeconomic characteri sti cs of 

fanners were co llected. The data co llected include all factors of producti on (i.e. land, labor, 

fertili zers, capital and age of coffee trees) used in coffee production, coffee yield , output so ld, 

transport and marketing costs. The inputs enumerated are those type of inputs used in producti on 

and maintenance of matured co ffee trees in Jimma zone. In fact, the appli cation of chemical 

fertilizer, pesticides and herbicides to matured coffee trees was prohi bited since Derg regime in 

Ethiopia. As a result, the observed technical input coeffi cient exc ludes these inputs. All data on 
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technical coeffi c ients were gathered usi ng stru ctured questionna ire th at is filled by we ll trained 

enumerators. 

The soc io-economi c characteri stics, which are supposed to exp la in technical inefficiency of 

coffee producers, were gathered from farmers who owned matured coffee trees in Jimma zone. 

The socio economic factors included in expla ining technical inefficiency of coffee producers in 

this study are: produ cer age, leve l of ed ucat ion of househo ld head , experience of househo ld in 

coffee production , population pressure, extens ion contact, prox im ity to market, d istance fro m 

home to coffee plot, system of cropping, access to credit, sex of household head , soi l ferti lity, 

membersh ip in local organi zati ons and the slope of the plot. 

Those household head who owned matured coffee trees du ring the period 2008/9 in Jimma zone 

are cons ide red as the sampling unit of the stud y. The data were gathered the moment co ffee 

harvesting is over so that the fa rmers are able to memorize a ll information they are asked during 

survey. As far as seco nd ary sources o f data is concerned , the data were co llected from Central 

Stastical Authori ty, Ministry of Agricul ture and rural deve lopment of Ethi opia, and Agr icultu re 

and Rural development of J imma zone. 

3.2.2. Sam piing Design 

Jimma zone has seventeen woredas. Namely, Dedo, Gera, Gomma, Kersa, Limmu Sakka, Limmu 

Kosa, Manna, Omo Nada, Saka Chekorsa, Setema, Sigmo, Sokoru, C/Batar, Sanxama, NI Benja, 

Guma and T iro Afeta. Coffee is very important cash crop in all Woredas of the zone except 

Sigmo woreda. Given the reso urces, five wo redas of the zone namely; Gera, Gomma, Lim111u 

Saka, Limmu Kosa and Manna, were se lected through purpos ive sa mpling. These wo redas were 
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se lected based on their importance (the ir contr ibution) in co ffee produ cti on to the zo ne. As a 

whole, these fi ve wo redas co ntr ib uted 68 per cent of tota l coffee producti on of the zone. 

Accordin gly, the tota l samp le s ize used for th is stud y was 150 farmers that own matured coffee 

trees. In th is respect, non proportional samp li ng technique has been adopted to distrib ute thi s 

sample s ize across five woredas be ing se lected. The sample s ize allotment across each woredas 

se lected was do ne based on the data from J imma zone agriculture and rura l deve lopment. Data on 

the level of total co ffee producti on for each woredas over time and the number of co ffee owners 

were used for the computation. The detai l of sample se lection procedure is given in table I . Once 

the woredas are se lected, the selection of kebe les2 for the survey was done usin g the convenience 

sa mpl ing method. This is because of the fact that all kebe les in these woredas produce coffee and 

co ntribute s ignificant figures in tota l Wo reda coffee production. As a result, th e se lections were 

carried out in co llaboration with Jimm a zone coffee production expert and DA 's of respective 

woredas who sett led aro un d production area. 

After the kebeles are drawn based on convent ence samp ling they have been merged to get 

samp li ng frame for each woredas. Then final samp le units were se lected by app lyin g systematic 

random sa mp ling to the sampling fram e of respect ive woredas unt il the required nu mber of 

sample size a ll ocated to each woredas fi ll up. In case the samp le drawn beco mes household head 

who own unmatured co ffee , the samp le wi ll be repeated to get target household s with matured 

2 For the p lllpose oj this study particular kebeles considered Jar this study are Hundo Toli and Bu/ure 

ji-OI1l Manna Woredo;Ceesoo kebele ji-Olll Gero Woredo; Keelaa Gobisa, Acoa al1d Arangallla ji-Olll 

Limmu Koso \\Ioreda; Koomaa and Saqqaa f rom Limmu Saqa and Koyee Seja, beeroo and lup/wan f rom 

Gamma worec/o 
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coffee. Th is is d ue to the fac t that the objective of this paper is to analyze the technical efficiency 

of farmers with matured coffee trees. 

However, woredas d iffe r not onl y in size but also in var iab ili ty of coffee output. In th is case it is 

reasonab le to take larger samples fro m wo redas with higher vari ability of coffee outp ut and 

sma ller samp le from the less va ri ab le woreda. Th is is because by considering var iabil ity of coffee 

output yo u can accou nt for both differe nces in size and woreda's coffee output variabi lity In 

view of that, disproportionate samp ling des ign has been adopted for this study provided that 

Jimma zo ne is characterized with high va riab ility in co ffee productio n. Although the design does 

not give attention fo r s ize of the po pulat ion of the woreda, it may he lps to study the mai n cause 

behind coffee output va ri ab ility as it attaches larger size to places where coffee output fl uctuat ion 

is high. 

To get the final samp le size for the survey the formu la deve loped by Snedecor and Coch rane 

( 1980) was used. Acco rd ingly, 

................. . ................. . ....... . ... .... ... .. ............ .. ..... .. .. ..... . ........ 3.1 

Where; nil is the samp le size per wo reda and n = 150 is the total sample s ize planned to be 

covered. Nh is the number of coffee producers in woreda h, and Sh is the sta ndard dev iat ion of 

coffee output per fa rm in woreda h. See the deta il s of the d istri but ion of sample coffee prod ucers 

per woreda h in the table 1. 

34 



Table I Distribution of Sample households per Woreda 

Zone Woreda name NQ. of coffee Standa rd NhSh Sample size per 
owners deviat ion woreda (nh) 

Ma nna 30540 2109.32 6441851 1 39 
Limmu Saka 14804 1485.43 21990365 13 

J imma Limmu Kosa 24893 2629.22 65449149 40 
Gera 16229 1039.8 16874979 10 
Gamma 30000 2644.07 79322190 48 
Tota l 11 6466 9907.85 248055193 150 

Source: Author compilatIOn based on/he data from Agriculture and rural development oj JI/llma 

zone using equation 3.1 

3.2.3. Data Q ua lity Co nt rol and Q uestionna ire O rga niza tion 

Effort have been put in each act ivity of the sample to assure data quali ty. Ample time has been 

given in order to prepare questionna ire very well in such way that the enumerators can easily 

understand it. The questionnaire were designed in advance of commencement of survey in order 

to have ample time fo r pre-test ing, under taking pi lot survey and under taki ng tra in ing to 

enumerators. Attempt has been made in ord er to fo rmulate questions in clarity and logical order. 

Especial attentions have been given towards simplifying technica l terms, definitions, concepts 

and so on to avo id poss ible bias that could emanate from it. 

Concerni ng tra ining and supervision, DA 's were selected as an enumerators for the researcher 

from the view po int of; firstly, they are we ll Known to the loca l fa rm ers and have acceptance 

from local farmers; secondl y, they could have experience in data collection and thus they Know 

techniques of interviewing, their duties and obligation. The training was supp lemented with 

practica l demonstrat ion and close supervision of enumerators to enhance qua lity of the data . In 

fact, data quali ty is also contingent on the cooperation and will ingness of the fa nners to prov ide 

the des ired information. The object ive of the study was clea rly explained to the coffee producers 
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in order to avoid poss ible response and non response error. To avo id inconsistency that co uld be 

raised from man y enumerators; two enumerators have been employed for the data collection. 

3.3 Methodology of the study 

3.3. 1. Model Sllccifi cation 

A large body of theoretica l and empiri ca l literature has investigated the measurement of 

effic iency of farm enterprises, using various methods. Many studies have emphasized that the 

focus in ana lyz ing economic effic iency should be the performance of the who le production 

system, including farmers and institut ional support systems. These results can be used to pinpoint 

the factors that impede the capacity of farmers to reach their producti vity potential. Technica l 

effic iency (TE) can be estimated using one- or two-step app roaches. Taking the drawbacks of two 

step approach in to consideration, as di scussed in chapter two, one step app roach is used in th is 

study. 

The stochastic production function can be spec ifi ed as Cobb-Douglas, consta nt elastic ity of 

substitution, Trans log, and other functiona l for ms. Even though Cobb- Douglas has the 

advantage of ease of est imation and interpretation of coeffi cients, it assumes constant elasticity of 

scale and unitary elasticity of substitution and thus variation the elastic ity of scale or substitution 

may be erroneously attributed to inefficiency. Hence fu nctional form is a relevant consideration 

when esti mating the production frontier Aigner et al. (1977). Moreove r, evidence fro m Kr ishna 

and Sahota (199 1) shows that if the interest rests in techn ical efficiency measurement not the 

ana lysis of general structu re of stochastic fronti er, then functional form would ha ve a very small 

impact on measurement of efficiency. Given the above arguments the stud y used li ke li hood rat io 

test to se lect among the different functiona l form which could fit the data well. In this stud y we 
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assume that the frontier technology of matured coffee production of the sample can be 

represented by Trans log producti on functi on and tested against restricti ve Cobb-Douglas 

productio n function. 

With the aim of address ing research question raised in the introductory part of thi s study and in 

light of the designed analytica l framework , the appropriate empirica l model spec ifi cati ons are 

made in the fo ll owing two sections. 

3.3. 1. 1. The Empirical stochastic fro lltier model 

Fo llowing Coelli (1995) and Aigner et al. (1977) technica l efficiency and their determ inants 

used in this stud y fo r analyti ca l purpose were estimated using a one step max imum likelihood 

estimate (MLE) procedure. Basica ll y, the choice of fun ctional fo rm is of prime im portance in the 

stochastic producti on frontier estimation. The more flexib le fu ncti onal form (Trans log 

spec ificati on) is genera lly preferred over (Cobb-Douglas spec ifi cati on), since it does not im pose 

general restrictions on the parameters nor the technica l relat ionshi ps among inputs. 

Consequently, Trans log fu nct iona l form is supposed to fi t the data under the study adequately. 

This is done by incorporating the model fo r technical effic iency effects in the Trans log 

production function which is specifi ed by relat ing yield as a functi on of fa rm input as fo llows. 

Lnlj = (10 + I i=l (1i LnXij + 1/ 2 I i=l I k=l (1ik LnXij LnXkj + 1.] - Uj .............. ........ .... .... .. (12) 

Where In des ignates a natural logari thm and subscripts i and) , respecti ve ly, represent the inputs i 

used by farm) 

y= is the observed output of the it" far mer on the j'h farm in kg 

X,= Area under matured coffee trees (ha) 
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X2= human labor used in total hours of work 

X3= amo unt of deprecation of agricu ltural equ ipments used in coffee production or capital (in 

birr) 

X4= ferti lizer (quantity offert ili zer used in Kg) 

X,= age of coffee trees 

P = is a (Kx I) vector of unknown parameter to be estimated 

In the equat ion 12, the composed error term is represented by v-u. Where Vi , represents the 

random variable of indi vidual i, is assumed to be ident ica ll y and independently distributed as 

Vi - iid (0,8;), independent of Ui that measure technica l efficiency relative to stochastic 

fronti er model. Based on the assu mpt io n that U i and vi are independent ly distributed , the 

parameter of the above stochastic production function wo uld be estimated using the MLE 

approach. 

Four di stributional assu mptions for the distriblltion of Ui ex ists; half norma l, truncated normal , 

exponential and gamma. As one of the object ive of this stud y the effect of all except gam ma 

di stributional assumption of Ui , on the level of technical efficiency of each farmer, are compared 

empir ically with the help of Stata 9 software package. Farm specific technical efficiency will be 

obtained, as di scussed in chapter two, using the followi ng equation (formula) 

TE = exp (-Ui) ......•.. . .. .. . ...• ....•.. . .. . ...•.....•.... . .................................•.... . ............ (13) 
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3.3.1.2. SOllrces of Technical In~{ficiency 

With the he lp of one step approach the va lue of techn ica l inefficiency component woul d be 

derived either via E(u/e) or m(u/e) given the assum ptions zero mean , unknown variance 03 and 

non negative rando m te rm, Uj. The tech nica l ineffi ciency component is assumed to be 

independently and identicall y distributed between observat ions, and is obta ined by truncation at 

po int zero of the norma l di stribution with mean j.l j (under truncated norma l di stribution) and 

variance oJ. Where the mean of Uc j.l j is defined by the equat ion of the socioeconomic factor 

(Coe lli , 1995) hypothes ized as determ inants ofTE, can be stated as:-

j.lj 00 + 01 2 1 + °2 22 + 0323 + 0424 + 0525 + 0626 + 0727 + 0028 + 0929 + 010 210 

+ 011 2 11 + 012 Z12 + 013 213 + 014 214 + 0IS 21S + 016 216 

+ w, ......... .. . ............... ........ . ... ...................... . .. ... . ...... ..... ............... (14) 

Where; Il j is the mean of error term under truncated normal distribution, Z's represents 

soc ioeconomic factors supposed to be the determ inants of technical inefficiency component. 

ZI= Age of household head (in years) 

Z,= Leve l of educati on of far mer (years spend in school) 

Z3= Farm ing experience; years of act ive farming 

Z4= Extension vi sits; A dummy variable having the va lue of I if the fa rmer had extension visit 

and 0 otherw ise 

Z,= off fa rm income; is a binary variable having the va lue of I if off fa rm income > 3000 birr and 

o other wise 

Z6= Cred it received; A dummy variable having the value of I if the far mer has access to cred it 

and 0 otherwise 
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Z7= Gender of house hold head; dummy var iable having a value of I for fema le and 0 otherwi se 

Z8= Distance; the distance of coffee plot from home in km 

Z9= Prox imity to ma rket; the di stance of plot from the nearest market in kilo meter (km) 

ZIO=Variety of coffee planted; A dummy var iab le having the va lue of I if the fann er has used 

improved coffee trees (Java) and 0 otherwise 

ZIl =Family pressure; Expressed as fami ly size per total land owned by household head 

Zl2=Slope of the land ; A du mm y variab le having the va lue of I if the land has steep slope and 0 

otherwise 

ZIJ=Soil fert ility; A categorical variable having the value of I, 2 and 3 if the so il fe rtil ity is 

reported to be good, medium and poor respectively. 

Zl 4=Membership in loca l orga nizati on; A dummy variable having the va lue of I if the household 

head is the member of loca l organization and 0 otherwise 

Z15= Livestock ownership; the number of li vestock owned in (TLU) 

Z16 = Amount of cerea l crop production; captured by the total quantity of output produced by the 

farmer in kuntal 

(; i = is a (Mx I) vector of unknown parameter to be estimated 

The two step approach is used for the half normal and exponent ial distri butions to see impact of 

various distributiona l assumpt ions on the facto rs affecting techn ical ineffic iency estimate. For 

th is particular object ive, technical inefficiency effects has been mode led using tech ni cal 

inefficiency var iance fu nction derived from error component model. In step one of thi s approach, 

stochastic frontier model expressed under eq uation (12) is estimated under the assumptions that 

hold with no Z var iables (variables determin ing technica l ineffic iency) included and, then, 

tech nical inefficiency var iance (I nsig2u) is used to obta in fa rmer spec ific estimates, fl. In the 
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second step, Insig2u obta ined in step one of this approach is regressed on the vecto r of Z 

variab les to obtain estimates of y. Accordi ngly, technica l ineffic iency variance fu nction that 

should be spec ifi ed for the half- normal and exponential models would be mode led as:-

linsig2u 00 + 0l Zl + 02Z2 + 03 Z3 + 04 Z4 + 05 Z5 + 06 Z6 + 07Z7 + osZo + 09Z9 

+ 01O ZlO + 0l1 Zl1 + 012 Z12 + 013 Z13 + 014 Z14 + 015 Z15 + °16Z16 

+ w, .. ................ ........................ .............................. ..................... (IS) 

Where; Insig2u is tech ni ca l inefficiency variance fu nction and 0i is parametres to be estimated. 

3.3.2. Method of data a nalysis 

The mode l represented by the equati on by ( 12), (13) and ( 14), and their respective coefficients ~o, 

~, ... ~7; and 00. 0, 0, 6 are simu ltaneous ly estimated by Slala 9 usi ng one step approach. The 

variab les, Z, to Z' 6, in the equations 14 and 15 are sought to affect the level of technical 

inefficiency as represented in eq uation (13). Evidence from various literature shows that the two 

step approach have serious draw backs. In order to get unbiased and consistent est imates of (P, 

0,;, oJ) from eq uat ion of stochastic frontier mode l, we need to be sure of that elements of Z 

(vari ab les determining techn ica l inefficiency effects) are uncorre lated with the elements of X 

(variables in the error component model). This needs X and Z va riab les are true orthogonal. The 

Orthogona li ty condition has been undertaken by runn ing (regressing) each var iab le in the 

technica l inefficiency effects over exp lanatory variables of stochasti c production front ier. If the 

va lue of R2 from above regress ion is very high , it is an indication of the presence of non­

Orthogonality conditions between explanatory vari ables of stochastic prod uction front ier and 

ineffic iency effects mode l. The stochastic fro ntier and inefficiency models estimatio n, moreover, 
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is based on the values of vari ance paramete rs such as gamma (y =l2/1 + l2 ), lamda (1\= ou/ov), 

sigma2 u (o~); sigma2 v (O~) and sigma (0 2 = o~ + o~) which are simultaneously estimated 

using stata9. If the variance pa rameter f., which implies total variation in output fro m the frontier 

due to technica l ineffi ciency, is sta ti stica lly signifi cant it clearl y revea ls the presence of technica l 

ineffi ciency. Simi larly, the value of gamma tells us percentage of total variati on caused by 

technica l ineffi ciency of fanners concerned under the study. 

To stud y returns to scale in co ffee producti on, the scale coeffi cient (a) has been ca lculated. By 

definition, returns to sca le are measured by the stlln of partial output elasticiti es with respect to 

each input. In thi s study, the mean va lue of the farm 's output elasticity with respect to cach input 

is estimated using the following formu la wh ich is deri ved from Trans log model: 

alnE CYj) 
-a I-n -[;~~'-'k'-'-) = P k + 2Pkk Ln (X ld) + Lj*k pkj ln(Xji) ... ... ... . " .. .... ... .... .. . . .. , ....... .. . (16) 

Thus, the scale coeffi cient (l is given by: 

n ( alnE CY) ) a = 2: k = l a ln i;~Xk .. .. ....... ... . ... .. . .. . ..... . ..... ...... . ........ ... ... .. ...... ...... .. . ... .. . .. (17) 

The magnitude of ex (retllrn /0 scale) measures the proportional change in output resulting from a 

unit proporti onal in crease in all inputs. The industry ex hibits increasing returns to sca le if ex is 

greater than one, constant returns to sca le if ex equals one, and decreasing returns to scale if ex is 

less than one. In order to veri fy the hypotheses of thi s study and to choose between the Cobb-

Douglas and Trans log funct ional forms the one that best rep resents the data, we carry out the 

general ized likelihood-rat io test (LR). The LR test stati sti c (d) is calcul ated as follows: 

l = - 2In [l(Ho)/l (H1 ) ] .. ..... .. .. . ....... .............. ... ..... . ...... , .. .. . ... ... ... .. . .. . .. . . ... ... . (18) 
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where L(HO) and L(HI) are, respecti vely, the values of the li ke lihood functions derived with and 

without constra ints imposed by the null hypothes is (Ho), H, being the a lternati ve hypothes is . If 

the null hypothesis is accepted , ,( has a Chi -sq uare (o r mi xed Chi-square) d istribution with a 

number o f degrees of freedom equal to the d ifference between the number of est imated 

parameters under H, and Ho. 

3.4, Definitions and MeasUl'cmcnt (Indicator) of variables used in stochastic and 

technical inefficiency effects models 

Output: Since fann ers considered und er survey practi ce mono cropping system, phys ica l 

quantity of coffee output is take n instead of the val ue of output harvested from the farm . Th is is 

because the va lue of output may be subjected to fluctuation across farmers due to variation in 

co ffee price. When the farmer se ll s products on the market, transpo rt and other marketing costs 

are subtracted from the market pri ce to find the farm-gate price, Thus in thi s study the qua ntity of 

co Ffee output produced in kil ogram is used for the ana lys is. 

Land: It is measured by the area under matured coffee trees in hectare. During survey the data on 

s ize of land was co ll ected in terms of facasa (o ne forth of a hectare) which later converted to 

hectare. Basically, land is the ma in factor of production and thus pos itive coeffi cient is expected . 

Labor: It is measured by th e tota l hours applied for the ma intenance of matured coffee trees . In 

order to arrive at the amount of fa mily labor app lied for coffee mai ntenance, heterogeneous 

potentia l labor suppl y shoul d be converted to homogeneo us man-labor equiva lent. This is 

necess itated due to the fact that working capacity differs acco rding to age and gender. 

According ly, the convers ion factor is adopted from the Food and Agri culture O rganizati on 

(FAO) method. For a woman, wo rking hours are multiplied by 0.75 and for a child below 15 
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years, the coefficient is multipl ied by 0.5 . Finally, the total working hours is summed up to reach 

at tota l labor needed for the maintenance of matured coffee trees for the last season (2008/9). 

Capital : - The va lue of agricultural equipment is used if its economic life is less than one year. 

But, fo r equipment whose economic li fe is more than one year, the deprec iation charges are 

calculated according to the rate of stra ight-line depreciation recorded in the course of time. Ln this 

respect, the cost of agricu ltu ra l eq uipment is div ided by its economic life to obta in its an nual use 

cost that is used to proxy cap ital. The va lue these agri cultural equipments are expressed in terms 

of birr. 

Fertilizer: This variab le is measured by adding quantiti es of natural fertilizer (traditional 

man ure) applied per household in kilogram during 2008/9 on matured coffee tree in order to 

maintain coffee tree. Ev idence from fi eld survey shows us that coffee producers have not ap plied 

chemica l fertil izer and hence organic ferti lizer has been used instead. Therefore, quantity of 

organic fertilizer reg istered corresponds to the one that was applied on the matured coffee trees in 

the course of the last coffee season, since the impact of th is in put on production is onl y felt one 

year after its applicati on. Appl ication of fertili zer is expected to increase the leve l of production 

and thus influence effi ciency pos it ive ly. 

Age of coffee tree : The introducti on of the coffee tree 's age in the production function permits us 

to capture its biolog ica l cycle: The young coffee plant grows for three to fo ur years before 

bearing fruit. Fu ll producti on starts in the ninth year and lasts until the sixty years, when a 

progress ive dec line beg ins. Thi s indicates that after reaching maturity at certain age, the 

productive capacity of coffee trees decl ine. It further reflects the farmers' investment in 

renovation of plantation. 
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The household hcad age: Th is is measu red by the age of househo ld head in years. Various 

literatures have shown that as age of household increases, farmers tend s to adapt the 

environments, get more experienced and chall enge the probl em he/she faced in the past. The 

degrees of ineffic iency are supposed to declines as age of househo ld increases . Therefore 

negat ive coefficient is expected to ine ffi ciency effect. 

The level of education of household head: is determ ined by the number of years spent in school 

wh ich proxy the level of education of farmer. Educated farmers are expected to acqui re, analyze 

and evaluate information on different inputs, outputs and market opportun ities much faster than 

illiterate fanners. In this study ed ucation leve l of househo ld head is taken in to account, on the 

ass umption that th e most farm management deci s ions for which education is deci sive are made 

by the household head. The coeffi cient of thi s va riable is ex pected to have positive impact on the 

technical efficiency of coffee producers. 

The household hcad experience: the effect of this variable is captured by the leve l of yea rs the 

household head spend in co ffee act ive farming, whi ch may accumu late over time due to learnin g 

by doi ng. The more experienced the farmer is the more effic ient he/she mi ght be. Thus, pos iti ve 

coefficient is expected. 

Family pressure is measured by the ratio of famil y size to farm size. Fami ly size is determined 

by the number o f people living in the househo ld in cluding the household head durin g the 2008/9 

coffee season and farm size is the total hectares of land owned by the farmer durin g 2008/9 

coffee season. Thi s variable is expected to have negative coeffi c ient as the high pressure is 

expected to increase dependency rat io and co uld increase ine ffic iency. O n the other hand , 
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however, it might also have positive sign si nce high popu lation cou ld he lp the farmer in better 

maintenance of matured coffee trees. 

Agricultural cxtcnsion workcrs' contact: this refers to the number of visits pa id to household 

coffee plot during the 2008/9 crop season. Workers extension visit helps the farmer to get 

informat ion on the mai ntenance of matured coffee trees and how to improve its productiv ity 

there in. If the farmers have manyl continuous contact with agricu ltu ral extens ion workers, 

farmers efficiency will be expected to increase. Thus the sign of thi s var iable is expected to be 

posit ive. 

Gcnder of household head : is a binary va ri ab le that is included to estimate the im pact of gender 

on technical effic iency level of fa rm ers. Household in the stud y area become female headed fo r 

two reasons. The first one is if the husband is not ali ve and the other reason is if the husband has 

migrated. In case of migrat ion, we expect remittances to facilitate the production possibi lities as 

the house hold head can now employ more labo r due to ava ilab il ity of cash from remittances. 

Female headed household would have better opportunity to carry out frequent fo llow up and 

superv isions of the farm activity on their plot. In oppos ite, ma le headed household head might be 

effi cient as he can cha llenge the problem free of cultural interference. 

Distance is the average time the far mer must travel from the res idence to the plots. Thi s is 

measured in ki lometer. We expect that the more di stant the plot is from the res idence, the less 

productive the fa rm operation is. Thus, negative coeffic ient is expected. For analytica l purpose, 

the di stance variab le was co ll ected in hours it took the ad ul t fa rm er on foot. Moreover, the 
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conversion factor coated from the work of Pavermon (2006) is taken as standard conversion of 

on foot waking hours of adu lt to ki lometer' . 

Prox imity to the market: This var iab le is proxied by the average distance between the most 

nearest market center and coffee plot. It is hypoth es ized that farm ers who are near to market 

center are more technically efficient than fa rmers far away from the nearest market center and 

vice versa. This variab le is measured by the di stance between the most nearest market and coffee 

farm plot in kilomete r4 

Access to credit: The effect of thi s variable would be examined by binary variab le; I if 

househo ld had access to cred it du ring last coffee season, and 0 otherwise. As ava ilability of loans 

reduces capital constra ints and fac ilitates the timely application of inputs, it is ex pected to 

positively in flu ence techn ica l efficiency. I-Ience the sign of the coefficient of thi s va riab le in the 

efficiency model is expected to be pos itive. 

Off farm income : it is binary va ri able hav ing va lue of I if household got off farm income above 

3000 birr, and 0, otherwise. The effect on the production of farm er be ing invo lved in off farm 

activities may be of two fold. First, if farmer spends more time on off farm activiti es relative to 

fa rm acti vi ties, this may negative ly affect agricu ltura l activities. Second, income generated from 

off farm activities may be used to acqu ire purchased inputs and hence positively complement 

farm activit ies. 

3 The average walking speed/or an adult traveling at a normal pace is roughly 5 kmlh. This would thus 
translate into one:fifth of an hour, or 12 minutes;for distance Pavermon (2006) 

' The average walking speedfor an adult traveling at a norlllal pace is roughly 5 kmlh. This would thus 
translate into one:fifth of an hour, or 12 lIIinutes; for proxilllity to lIIarket Pavermon (2006) 
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Variety of coffee planted : Is also captured by binary var iab le having va lue of I if farmer used 

hi gh yielding variety which could resi st bad environmental conditions (natural or manmade) 

called Java variety, and 0, otherwise. The high yielding variety not only productive but also can 

resist difficulties. Thus, farmers with Java variety are more productive and effi cient than others. 

Livestock ownership: This var iable stands for the num ber of livestock owned by the household 

in tropical livestock uni t (TLU)5 It is assumed to reflect the wea lth of household, and could he lp 

the farmer in diversifying the leve l of ri sk associated with coffee farmin g. The money from thi s 

he lps the farmer to secure hi s/her li ve lihood and enable them to purchase more inputs which 

helps them to maintain matured coffee production. As a resu lt it is expected to have positive 

impact on effic iency, as a farmer with more livestock will be ab le to purchase inputs and help the 

farmer to conduct the agri cultura l activ ity in better manner and hence improves hi s/her 

effi ciency. 

Cereal crop prodnction: This variable captures the Kg of crop production exc luding coffee 

production during the last coffee season. It cou ld help the farmer in di versifying the level of risk 

associated with coffee farming. The more the fanner produces this crop the less ri sk assoc iated to 

the coffee farming. It might be considered as the source of sav ing as money from coffee sa le is 

not used for purchase of crop used fo r the consumptio n pu rpose. Similarly, the money from this 

helps the farmer to secure his/her live lihood and enab le them to purchase more inputs which 

helps them to maintain matured coffee production. As a resu lt it is expected to positively affect 

technica l effic iency. 

5The following conversion factors were used to oggregale the different types of livestock available 10 
household in 10 COlll 1110n slandard unil (TLU) : calf =0.25; Heifer=0.75; Young bulls =0. 34; sheep and 
goals=O.13; cow and ox= 1; chicken=O. OJ 3; Donkey=0. 70; hoarse and lIlule=!. 10 (FAG. 1998; Storck, 
el ai, 1991ciled in Gelll, 2005) 
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Soil fertility : Plot of land differs in fert ility and thi s, co nseq uentl y, has an effect on production . 

A farme r may produce below the frontie r due to low leve l of ferti lity of land. Thus, here the 

variabl e is expected to pos iti vely influence technical inefficiency. But negative coeffic ient of thi s 

variab le is expected in case of good so il fertility. So il ferti lity 6measure is constructed as an index 

based on respond ents perceptions o f the qua lity of the ir plot with respect to the extent to whi ch 

th e plot is fertile, medium fertil e and infert ile. 

Slope of the land : S lope of the land may affect leve l of production. For instance steep plots are 

usua ll y subject to water eros ion. As a resu lt, they are like ly to be of lower productivity. To take 

the e ffect of efficiency of diffe rent topograp hy of the plot, an in dex is constructed based on the 

respondents' judgments. The indices for the slope of the land ' is constructed based on the 

respondents response on whether the slope of the ir plot is flat (medda), semi -flat (dagetama) and 

steep (geddelamma) 

Membership in local organization: Thi s va riab le is captured by binary variable havi ng the 

va lue of I if the household head is part icipating in one of local orga ni zation found around 

him/her. If the household head is a member of local organ ization , he/she can get labor assistance 

in case where the farm er is in difficulty and financ ia l ass istance as wel l. The degree of soc ia l life 

increases as long as the farm er is the member of that organi zation. Thi s could help the farmer in 

improv in g the leve l of productivity and technica l efficiency too. Thus positive coeffic ient is 

expected. 

6 land quality or so il fertility and topography of the coffee plot are encoded in the data set as best 

quality (ferli/e) andjlat=l , mediulllfertile and semijlal=2 and inferlile and steep =3 

, The measure for the slope of the land is indexed as 1 =jlat; 2=semi-jlat and 3=steep based on 
the response of the respondents (coffee producers) 
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Chapter FoUl'; Results and Discussion 

This chapter di scusses the results of the estimation of the Stochastic Fronti er Ap proach (SFA) 

spec ifi ed in chapter three. Both error component model and techn ica l inefficiency effects mode l 

were deve loped usin g the one ste p approach. The estimate of technical efficiency and the va lue 

of techni cal ine ffi c iency component were also pred icted, without vio lati ng different di st ri butiona l 

ass umpti ons attached to U b us ing the maximum Likelihood method in Stata 9.0. In thi s chapter 

Trans log production fun ction and Co b, Douglas product ion function were estab lished and the 

model which describes the data set adequate ly was selected among th e two mode l spec ifi cation 

using hypothes is testin g. Three different di stributional assumptions, ha lf-norm al, truncated 

norma l and exponent ial were made on di stribution of error term, Ui' The effect these 

di stributiona l ass umptions on tec hni ca l effi ciency leve ls of each farm er was investi gated and 

co mpared. Nonethe less, ana lys is was made using trun cated norm a l d istributi on of stochast ic 

fronti er model. 

The chapter presents resu lts after the data have been transfo rmed . In order to see the impacts of 

va ri ous di stributio ns on the estim ates of techni cal effi c iency, the mode l co mparison in referen ce 

to ha lf norma l, truncated normal and ex ponential ass umptions al1ached to U i have been 

performed. Moreover, indi vidua l fanner technical effi ciency and e lasti c ities are a lso estim ated. 

The stochasti c and ineffi c iency mode ls estimated before the data are transformed show that most 

variab les in error co mponent mode l and techni ca l ineffic iency effects model are stati stical ly 

ins igni fi ca nt (see Appendix I). However, lamda f. (the variance parameter show ing the ratio 

between the norma l error term and hal f norma l positi ve error term) is statist ica ll y signifi cant. 

Thi s verifi es the fact that there are measurable ineffic ienc ies in coffee prod ucti on probab ly 
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caused by differences in soc io-economic characteristic of the households and the ir management 

practices. The va lue of ga mma, furthermore, s ignifies us that around 89% of variatio n in the 

model are ca used by technica l inefficiency. The result fro m this ori gi nal model a lso illuminate 

that the mean technica l efficiency of fa rmers in Jimma zone is around 64%. In fact, in 

co mpari so n to co rrected mode l these fi gures are small. 

4.1. Descriptive analysis 

4.1.1 Su 111111 a ry stll listies of Ihe va riables 

Tab le 2 shows summary stati stics and mean d iffe rence across technica ll y effic ienl and inefficient 

coffee producers gathered from sa mp le of 149 coffee producers living in Jimma zo ne. 

Table 2 Summ ary stati stics and mean difference across technically effi cient and ineffi c ient 

househo lds 

Variable Overall In efficient Efficient 

mean Stdev mean Stdev mean Stdev 

Output ' 794.63 34. 19 670.55 36.026 883 32.57 

Land ' 0.55 0.6312 0.6635 0.7228 0.470 0.54 

Labor' 2664.9 4097.3 3900.60 471 0.86 1784 3356.4 
Capital ' 446.04 9 10. 135 744.33 1307.05 233.4 322.33 

F erti I izer' 199.37 5 10.397 180.9 1 475.47 2 12.41 536.2 

Age of coffee trees' 35 14 .5372 25.87 13. 13 40.58 12.25 
Age of house ho ld head 48 . 17 11.24 44.43 10.2 1 50.8 11 .23 

Sex 0.9261 0.26 0 .959 0.2 163 0.908 0.290 
Ed ucation 2.69 3.7 8 4.41 4.038 1.45 2.99 

Ex perience 20. 18 8.179 19. 12 8.952 20.94 7.54 

Extension vis it 0.7 1 0.45 1.83 2.23 1.04 0.86 
off farm inco me 3052 5434 3689 5636 331 1 5272 
Cred it 308 689 451 775 206 60 1 
Proxi mity to market 4.509 4.02 3.65 2. 130 5. 11 1.73 
Distance 4.59 2.03 3.043 4.4 15 5.69 3.32 
Variety of co ffee plant 0.12 0.33 0.25 0.441 0.03 0.18 
Fam i Iy pressure 4.64 2.436 4 .93 2.4701 4.42 2.40 
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slope of the land 0.34 OA78 0.54 0.501 0.20 OAO 
Livestock 3.0 1 3.562 3.99 4.204 2.308 2.84 

Cereal crop 19.02 40. 19 30. 17 43.84 35.54 11.08 

Membership in loca l 0.89 0.31 0.93 0.247 0.862 0.34 
Source: Study result 

'Stands/or the variables that are statistically signijicantllnder kurtosis and skewness at one 

percent/evel 0/ signijicance. 

The table 2 shows us that the average coffee output is 794.63 kg (approx imately aro und 7. 96 

kuntal) per hecta re pi cked from matured coffee trees (i.e. 35 years on average) during the last 

coffee production season. T he output, moreover, has large standard deviati on. This may renect 

income inequality among farme rs. The average coffee plot per farmer is 0.5 hectare (compared 

to the nati onal average of 1.0 I hectare of land). The mean labor hours appl ied for th e 

maintenance of matured coffee trees, on average, during th e last coffee seaso n was 2664.956 

hours. This indicates us that th e maintenance of matured co ffee trees are quite labor consuming; 

indeed, th e product ivity of coffee trees are largely intluenced by the leve l of labo r being devoted 

for the maintenance of matured coffee trees. 

O ne of the key assumptions to be sati sfi ed in o rd er to proven the re liability of the stastical tests 

li ke t-test, correlati on coeffici e nt etc is normality test. The significance test for Kurtosis and 

Skewness of variables of stochasti c production frontier shown in the table 2 reveal that all 

variables of stoc hast ic fronti er mode l are statisticall y s ignifi cant. For that reaso n, all variables are 

not norm ally distributed . In order not to affect the normal ity of stast ical tests, thi s confirms that 

the data should be tra nsformed . 

Tab le 2 fu rther shows the mean var iation across effic ient and ineffi c ient coffee producers. The 

analys is of va riance illustrated that membership in loca l orga nization, slope of the land and 

52 



variety of coffee planted do not significantly explaining the mean variat ion across technicall y 

effi cient and ineffi cient coffee producers. Difference between groups of samples may be 

observed due to chance rather than actual variation in the treatment of variab les. As a result, these 

va riables may be exc luded from the discuss ion of technical inefficiency effects model analysis 

provided that they remain at edge without creating rea l change on the welfare of fanners. 

However, all the remaining va riables are sign ifi cantly expla in ing the mean var iation across 

technica lly efficient and ineffic ient groups of samples. 

Analysis of variance further shows the presence of significant difference between mean score of 

output produced by technicall y efficient and inefficient coffee producers. The difference between 

the two groups of sample (technically efficient and ineffic ient) is due to difference in actual 

managerial practice not by chance. The mean levels of effic iency (0.72) of fanners are taken as 

demarcation between inefficient and effi cient coffee producers once the data have been sorted in 

ascending order. On average, effic ient producers are produc ing 2 13kg more coffee output than 

ineffi cient farmers who are producing 670.5kg. 

Results from ANOYA further show significant difference over input utilization across the two 

groups. Except for fertilizer, more techn ica lly effic ient farmers are found to use lower units of 

land, labo r and capita l compared to inefficient producers. As a result of thi s, the actual output 

difference across farmers' technica l efficiency category could be due to the actual input 

utili zation by farm ers. The analys is of variance further elucidate that there is significant 

di stinction between age of coffee trees owned by technica lly efficient and inefficient coffee 

producers. On average, a farmer who owned co ffee trees of age between 30 to 40 years old tends 

to be more efficient than household who owned coffee trees of age 25, the average coffee trees of 
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technical ly inefficient fa rm ers. Accordi ngly, co ffee trees co uld yie ld more output when it is at 

age between 30 to 40 years. Thi s may signi fy the biolog ical cycle of coffee prod uction. 

Both age and experience of household head are also ca us ing signifi cant va riation across technica l 

effi ciency categories of coffee prod ucers. Based on descr iptive stati stics shown in th e tab le 2, 

those coffee producers who are more experien ced are more effic ient th an farmers with lower age 

and experience. Output var iation across technica lly efficient farmers co uld be as a result of 

d iffe ren ce in age and ex perie nce of coffee prod ucers. O n average, those fa nners who are 

technically ineffic ient are 10 years younger than technically effici ent far mers. In additi on, the 

difference in the level of education signifi cantl y expla in s variation in coffee output across 

tec hni ca l efficiency categori es. 

Var iat ion of output from its respective frontier leve l co uld be further ex plai ned due to the 

d iffe rence of family pressure ac ross technical efficiency of farmers. In this case, househo ld with 

lower family pressure are tending to be more effic ient. There are around 4 people per hectare fo r 

effic ient gro ups w hile 5 peop le per hectare fo r inefficient gro ups. Moreover, livestock owners hip, 

on average, was 3.0 I in TLU per household; the lowest li vestoc k is owned by ineffic ient 

catego ry. On the other hand , there are about 350 and 300kg pe r household owned by effic ient 

fa rmers and inefficient farm ers respectively. As a result, variati on of coffee output cou ld be 

explained further throu gh difference in the leve l o f cerea l crop prod ucti on and livestock 

ownership. 

4.2. Econometrics A nalys is 

In the analysi s of the o ri gi nal stochast ic frontier mode l, hete roscedast ic ity co ndition revea ls the 

presence of double heteroscedasticity (see Appendi x 2). Thi s is found by running variance of 
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idiosyncratic error term or var iance of the normal erro r term (v) represented by Insig2v over 

variab les in the stochastic producti on fronti er and inefficiency effects model. However, in order 

to be sure of the leve l of heteroscedasti city, the Breusch Pagan test is used (See appendix 2). 

Some of the meth ods used to correct for hete roscedastic ity are tran sformation of data into natural 

logarithms, the genera lized least squares (GLS) whi ch is also know n as the weighted least 

squares (WLS), and data resampling techniques such as Jackk nifing and Boot strapping. 

Mo reover, wei ghted least sq uare estim ation technique is used as ex plained in eq uation 4. 1 (see 

append ix 2). 

Based on the result from table 10 presented in the appendix 2, we can co nclude that alm ost all 

va ri ab les in inefficiency model have low covariance with variab les in stochast ic production 

front ier mode l. The presence o f re lat ively lower cova riance between the ineffic iency variab les 

and stochastic prod uction fronti er model ind icates the ex istence o f independence between 

independent variables of stochast ic fro ntier variab les and erro r term, e,. Therefore, there is no 

problem of non-O rthogo nal ity between an error term and exp lanatory var iab le, x (see tab le lOin 

appendi x 2). 

The mode ls specified in chapter three und er the eq uat ion ( 12), ( 13) and (14) are anal yzed after 

the models are co rrected for heteroscedast icity. In add iti on, norm ality test shou ld be carri ed out 

before anal ys is is done. If res idual from se lected specification has shown non normality, 

significance tests are inva lid . However, the central limit theorem ass ures that inferences are 

approxi mate ly valid in large sampl e. Norma l probability plot of residua ls shows that an error 

term is normall y distributed after the variables have been transformed (see appendix 4) . 

A lthough, Trans log production function is more flex ible than cob-Douglas production function, 

it mi ght be subj ected to multi co ll inarity problem that could result in unexpected sign of Beta 's 
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coefficients. However, when the purpose of the mode l is for predicti on, as the case of effi ciency 

predi cti on, Multi co llinarity wi ll not be serious prob lem Madall a (1992:pp280). Thus some degree 

of multi co llinarity can be tolerated. 

4.2.1. Hypothesis testing 

To veri fy the null hypothesis of the study, a generali zed log- likel ihood rat io test was applied after 

the model has been corrected for the problems of cross-sectional data. If we are using max imum 

li ke lihood estimation and wish to test whether certai n parameter restrictions are supported by the 

data, one use ful and very convenient test is likelihood rat io test. In a large sample we know that 

Ii fo llows the ch i-square distribution. Table 3 shows nested likelihood ratio test fo r stochasti c 

(error component mode l) and technical ineffi ciency effect model. 

Based on table 3, the first hypothes is is concerned about th e se lect ion of appropriate functional 

fo rm that adequate ly fit the data. In ord er to se lect fro ntier model that fits the data well, two 

functional forms cob-Douglas and Trans log specifications are considered. Acco rdingly, the nu ll 

hypothesis of the study is cob-Douglas production functi on is the appropriate functional fo rm that 

fits the data set (HO: ~ik = 0) adequate ly. For this stud y, likel ihood ratio test was used to select the 

best specification, among the two, that describes the data well. The likelihood ratio test here is 

calculated based on the formu la stated under the equation (18) in chapter three. This value was 

compared with tabu lated chi-square which is given by Kodde and Palm ( 1986: 1246, Table I). 

The null hypothesis is rejected fo r all the three di stributional assumptions attached to U j even at 

I % level of significance. Hence, Trans log production function is used for the analytica l purpose 

in thi s study. 
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Table 3: Like lihood rati o test 

Test crit ica l 
Null hypothesis stat istic (fi: ) D.F# va lue P-Value Dec ision 

1. HO: Pi. = 0 
Ha lfnormal 187. 18 15 24 .384 0.0000'" Reject HO 
Truncated No rmal 255.99 15 24.3 84 0.0000'*' Reject HO 
Exponential 255.92 15 24 .3 84 0.0000 '" Reject HO 

i nefficiency Model 

2. HO:I' =0 
Ha lfnorm al 33.49 2.706' 0.000"- Reject HO 
Truncated No rmal -3.547 2.7068 0.000-'- Reject HO 
Ex ponenti al 50.79 2.7068 0.000"* Reject HO 

3. HO: A= 00=0, = .. . 017=0 
Half norm al 45.40 17 26.983 0.0002*' Reject HO 
Tru ncated Normal 49.90 17 26.983 0.000'*' Reject HO 
Ex ponentia l 26.43 17 26.983 0.0670- Rej ect HO 
' D. F stands Jar degrees oJfreedom wluch IS equal to number oj parallleters equated to zero 

*, ** and *** represents significance at 10%, 5% Clnd 1% respectively 

Source: study result 

Hav ing se lected Trans log prod ucti on function spec ifi cation for a ll the three d istribu tional 

assumpti ons ex plai nin g inefficiency term (u,), the second nu ll hypothes is for thi s study state that 

fa rmers are techni call y effic ient and no ine ffi c iency is attached to productio n level and that is to 

mean fa rm ers are operating on techn ica lly effi cient frontier. Putting this in simp le term, J imm a 

coffee prod ucers a re techni ca ll y effi cient (HO: ~l =0). However, the test sta ti stic given by chibar29 

strongly rejects th is hypothes is at I % leve l of signi fi cance in favor of ine ffi ciency e ffects . 

8 If the null hYPolhesis HO: I' =0 is true. Ihis illlplies that the explanatOlY variables of the technical 
inefficiency effects lIIodel are not idenlified. Consequently, the critical value of the tesl slatistic is 
obtained FOIII Kodde and Palm (1986: 1246, Table I) al q+ I degrees oj F eedom (the sum of equalilY 
and non equality restriction parameter p), and 01 the 5% level oj significance. 

9 chibar2: when Iwo models being compared only with respecllo (he variance component in qllestion or 
when lVe test one sided distribution, the likelihood ratio tesl stalistic will be displayed as chibar2. It has 
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The third nu ll hypothesis fo r thi s stud y states that var iab les included under the inefficiency effect 

model are not significant ly explai ning inefficiency of the farmers in J imma zo ne that is to say 

algebraica ll y (HO: !\= 80=8, = .. 817=0). The null hypothesis which states that age, educati ona l 

leve l of farmer, sex , experience in coffee fanning, off farm income, access to credit, so il fe rti lity, 

cereal crop production, li vestock ownership, slope of the land , variety of coffee planted, di sta nce, 

prox imity to market, and extension visit do not significantly influence fa rmer's technical 

effic iency level is also rejected. 

4.2.2 Effects of Distri butional Assu mptions on Technical Efficiency Estim ates (Model Compariso n 

and Selectio n) 

The effects of di str ibutiona l assumptions of the ineffic iency erro r term on technica l effi ciency of 

farmers will be compared and one wi ll be se lected fo r ana lytica l purpose based on the 

characteristics they are having with the data set. Actua lly, from the li teratures there are four 

distrib utional ass umptions attached to ineffi ciency effects error term namely, half-normal, 

truncated normal, exponential and gamma. However, in thi s study all except gam ma Hilton is 

di scussed. The tab le 4 presents the estimates of stochastic product ion frontier for the Trans log 

production function spec ification under three distrib utional assumptions attached to ineffic iency 

effect error term. 

The values of log li kelihood fun ct ion of both tru ncated normal and exponentia l mode ls are better 

than that of half no rma l, show ing the best spec ifi cation. Most of the variables are stat istica lly 

significant for the exponential and truncated norm al di stributiona l assumption than the half-

normal assumptions of error term, U i. All except the interaction va riab les land ' fertilizer, 

lIIixed chi-square distribution with no degrees of freedom alld I degree of freedom. The p-value displayed 
takes this condition in to account. 
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labor'capita l and cap ita l'age of coffee trees on the rest of variables the three models have sim il ar 

s ig nificant variab les. T hese three interactio n variab les a re statist ica lly s ignificant fo r both 

tru ncated no rm al and expo nenti al mode ls, however. T hi s co uld re fl ect the approp ri ateness of 

truncated no rm al and exponenti a l d istributiona l assum ption fo r the data set under the stud y. 

Tab le 4: Max imum Li ke lihood estimates of Trans log Stochasti c Productio n functio n under 

different d istr ib utio na l ass um ptio ns 

Pa rameters Truncated 
Variables I-Ialf-normal normal Ex ponentia l 

-6.4960 17** -4.4393 ** -4.436526** 
Constant Po (2.926385) (2.280247) (2.279 192) 

P, .2972177 .9 109686 .9114629 
Ln(land) (.894 16 14) (.6235984) (.6236032) 

pz .7659336 .3065716 .30597 15 
Ln(labor) (.61 10456) (.4 796555) (.4 794287) 

.0878729 -.1 729883 -. 1733829 
Ln(capita l) P3 (.4677334) (.3 88 1412) (.3879373) 

-. 109754 1 -.0647146 -.0646 137 
Ln(fertilizer) B. (. 1772869) (.1 423926) (.1423373) 

6.538035*** 6.293294 *** 6.292967*** 
Ln(age of coffee) B, ( 1.028521 ) (.8229354) (.8226543) 

-.0757894 -.0612436 -.0612288 
(Ln land)' B" (.059476 1 ) (.0409786) (.0409535) 

-.0687291 ** -.0565884 ** -.0565807* * 
(Inlabor)' P7 (.0263589) (.023606) (.0236 149) 

-.0 157568 -.0083242 -.0083 151 
(Lncapita l)' PR (.0 130946) (.01 13 1) (.0113136) 

.0054735 .0035527 .0035504 
(I nferti lzer)' pg (.00826 15) (.0068252) (.0068272) 

-.747 1336*** -.7726404 *** -.772685 1*** 
(Inage of coffee)' PlO (.083 9874 ) (.0742566) (.0742707) 

-. 1787284 ** -.1752932 ** -. 1752948** 
Lnlancl *lnlabor P" (.060050 1) (.0576442) (.0576658) 

.1150482 .0165479 .0164592 
Lnland *1 ncapita l PIZ (.1054185) (.0862078) (.0862 196) 

.0223308 .0428243 * .0428492* 
Ln landferti li zer Pn (.028 1237) (.0234229) (.0234272) 

.323345** .2798965 ** .2798845** 
Lnland*lnage of coffee P,. (. 130592 1) (.1027262) (.1027427) 

.0726895 .09 18211 * .09 18449* 
Lnl abor*lncapital P, s (.0492825) (.0475767) (.0475924 ) 

Lnl abor* ln fert i I izer PI" .0164887 .0150291 .0150294 
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(.0 18 1379) (.0 136295) (.0136325) 

-.1202023 -.0648268 -.0647908 
Lnl abor* lnage of coffee (it 7 (.1026967) (.0825078) (.0825293) 

.0 105 127 .0079285 .0079 19 
Lncapital*lnfertil izer (itR (.0 17613 1) (.014 1776) (.0 141824) 

-.0792858 -.0888406 * -.088836* 
Lncapital*lnage of ceffee {itO (.074568) (.0532628) (.0532639) 
Lnferti li zer*lnage of -.02 18028 -.0 186245 -.0 186272 

coffee {i,o (.02 13659) (.01 482 11 ) (.0 148241 ) 

Variance parameters 

Lall/daG: ) 7.754229 4.574677 
,( (.0476061) 8.346554 (.04 12502) 

.2453407 .1328 14 .1075784 
Sigma2 I)' (.033585) (.03 12477) (.01 98645) 

.49 12506 .1 309353 .3204253 
Sigma u 0" (.035 1925) (.03 18332) (.032 1742) 

.0633526 .00 18795 .0700433 
Sigma v D. (.020723 1 ) (.00 14924) (.0 163622) 

Gamma(i:-2 1) . y 0.983641 .9858453 0.954396 
-1.421602 -2 .276212 

Lnsighl (. 1432772) (.20082 19) 
-5.518079 -5.3 17284 

Lnsif(2v (6542 159) (.46720 14) 

Log Iikelihoodfllnclion -16.565944 -7.9225945 -7.9 1580 15 
4.984066 

Lnsigma2 ( 1.6785 17) 
4 .2436*" 

Il gtgamma (.92 12478) 

Chibar2 (I) 33.49 z ~ -3.547 50.79 

TE (mean) 72% 72% 76% 
-*, **, .. * is significant at 10%, ) % and 1% respectively 

Note: - Figure in parenthesis indicates the standard error 

Source: study result 

However, th e estimated va lue of va riance parameters among the three assumptions va ri es 

s ign ifi cantl y amo ng th e three models. Th is may poss ib ly due to the spec ificat ion of e rro r term 

that should be suitable to the data set under the stud y which is estimated (a pprox imated) by the 

te rm Eeu /e)) . The estimates o f gamma (y) parameter, whi ch indi cates percentage o f tota l 

va ri at ion caused by techni ca l ineffi c iency of fa rm ers, is a lm ost s imil a r w ith s li ght di fference. In 
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the ha lf-no rma l model, 98% of total variation is caused by technica l inefficiency. For truncated 

norma l di stribution and exponenti al on the other hand , about 98% and 95% of total va ri at ion is 

due to inefficiency respectivel y. The result from table 5 further shows both truncated norma l and 

ex ponenti a l models have similar characteri sti cs to each other for the data set und er the study. 

Table 5: Summary stati sti c of techni ca l effi ciency d istribution based on different assu mptions 

Distribution of ineffi ciency term 

Half-Normal Truncated normal Expo nential 
Mean .7253024 .7247132 .76 10335 

Med ian .76725 .8255533 .825552 
Standard Deviation .1857207 .23 80949 . 1948844 
Max imum .9777239 .985293 .9798859 
Minimum .2347724 .190005 .2221133 

Source; study result 

The result from table 5 shows that the mea n variati on of technical effi ciency across various 

di stributiona l assumpti ons is app rox imate ly s imilar to eac h oth er. The descriptive statist ics from 

half norma l, truncated norma l and exponen ti al on average reveals about 27%, 28% and 24% of 

outp ut is lost due to technica l inefficiency of fa rmers respect ive ly . 

Figure 5 further shows the estimated error term, U i estimated through feu/e)). The fi gure is 

drawn after the error term predicted has been arranged in ascendin g order. The estimate of 

ine ffi ciency term from half norma l, ex ponential and truncated normal distributi onal assu mptions 

mode l are predicted based up on the formul a stated in the li terature rev iew secti on under eq uation 

(2. 18), (2.20) and (2.21) respectively. Figure 5 depicts that if the data set is analyzed us ing 

truncated normal distribution of error term u i> most of coffee producers tend to be ineffic ient. On 

the other hand , however, taking half-normal assum ption of Ui for the di str ibut ion of error term 

causes most of the fanners considered under the stud y to operate c lose ly to effic ient stochastic 
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frontie r model which implies the fact that farmers are using available technology more efficiently 

and consequently there is no or litt le output lost due to ineffic iency (mismanagement of farm ers). 
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Figure 5: Estimated error term u from three models with different di stributional assumptions 

Source: household survey study result, 2010 

The rational issue here is selection of appropriate model. The select ion shall depend up on 

appropriateness of distribution assumed for the data under the study. Acco rdi ng to ava ilable data 

set, truncated normal and ha lf- normal ass umptions of ineffi ciency term coul d result in extreme 

va lue that is hi gh effic iency and high ineffic iency. 

Though figu re 5 takes us to use the moderate one (ex ponenti al), the very reason to use one step 

approach (Truncated normal) is to come by aforementio ned drawbacks of the two step approach. 

In fac t, exponent ial and truncated norm al results in almost similar output in thi s study. Finall y, 

what one should note here is that di stributiona l assumptions have approximate ly similar impact 

on technical efficiency estimates apa rt from parameters of technica l inefficiency effects and 

stochastic frontier models. Consequently, for analyt ica l purpose discussed in the following 

sections tru ncated no rm al shall be used therein. 
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4.2.3. Kernel density estimation for th e trunellted normal distr ibution a l ass umption 

In order to separate error component (stochastic) and ineffic iency effects in the model , a 

di stributiona l assumption has to be made for U j Coelli (1995). Among many empirica l works on 

technica l effi ciency study, some of them like Battese and Coelli ( 1996); Coe lli (1995); Aigner et 

al. (1977) show us that technica l efficiency can only be estimated if ineffi ciency effects error 

term, Uj are stochastic and has a non negative truncation with truncated normal di stributional 

speci fi cati on. Accordingly, in order to confirm the assumed assumption, a kernel density functi on 

is plotted in the stata9 as foll ows in the Figure 6. 

Figure 6 Kernel density estimation of error term, Uj under truncated normal di stri bution 

= '---.------------------.-------------------.------------------.----
o .5 1 1.5 

Source: stud y result 

The above fi gure 6 fo r the kerne l density estimation of error term Uj proves (an indicati on of) the 

assu mption that inefficiency effect error term, U j is non-negatively distributed with trun cated 

norma ll y distr ibution is probab ly correct. 
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4.2.4 Technical Efficiency: Resnlt from Truncated normal Model 

The maximum likel ihood est imation result of Trans log stochastic production fun ction from 

truncated normal model is di scussed under tab le 4. The estimate of lamda (8.346554) is greater 

than one and sigma (. 364408) is large and stati stical ly different from zero, indi cating good fit and 

correctness of spec ified mode l for the given data set und er the study. The value of gamma 

(.9858487) shows that abo ut 98 percent of tota l variat ion is ca used by techni ca l inefficiency of 

farmers. The mean technica l efficicncy of farmers in Jimma zone ( i.e. 0.72) ind icates us that on 

average about 28 percent of output is lost due to coffee producers technica l ineffi ciency that 

could be emanated from farmer 's mismanagement practice rather than rand om variability. Based 

on the result from tab le 4, the cocffic ients of the model sha ll be discussed unde r partial 

elastic ities and return to sca le secti on. 

4.2.5 Partial Elasticities and Return to Scale 

Once Trans log production function is supposed to describe the data set under the study, the 

coeffi c ients of inputs wou ld have elastic ity interpretation prov ided that the stochasti c producti on 

funct ion is spec ified in loga lizm fo rm . Moreover, the coeffic ient of Trans log stochast ic 

production frontier is not directly interpretable due to presences of second order coeffici ents 

(cross products) of var iables of Trans log stochastic frontier prod uct ion function. G iven this fact, 

therefore, partial elasticity of output with respect to inputs is estimated as th ey permit the 

eva luation of the effect of cha nges in the amount of in put on the output. 

Based on equation (16) stated in th e chapter three, the output elasticities with respect to th e 

inputs Xi is derived fro m equation 4.3 (see appendix 5) as fo ll ows: 
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ooutput 1 
----::-:-'-----0_* __ _ 

o land output 
.A. + 2fh +!!E.... + rit2 + fJ13 + fJH 
land land land land land land 

This expression can be re expressed as 

ooutput output/ 
aland = (fJI + 2fJ6 + fJl1 + fJ12 + fJ13 + fJ14) * land 

Following thi s expression, elasticity of output with respect to its input can be written as 

Following the spec ifi cations under equat ion (16) and ( 17) discussed in the chapter three, partial 

elastic ity and return to sca le are given in the table 6 as. 

Table 6: Partial elasticity and return to the sca le 

Input va riable Partial elasticity 

Land 0.95 
Labor 0.06 
Capi tal 0.16 
Ferti l izer .0 183 

Return to scale 1. 1883 
Source: Study result 

Here partia l elasti city ind icates the relative importance of every factor in coffee production. From 

the table 6 we can see that land is the main important facto r of production followed by capita l and 

labor inputs in coffee prod uction . Acco rdingly, one percent increase in land input will cause 

coffee output to increase by 0.95 percent. In add ition one percent increase in labor input increase 

output by 0.06 percent. Contrary to many studi es, outpu t has lower responsiveness to labor, 

showing labor is less product ive factor of production in the maintenance of coffee farming in the 

zone. This may be due to either labor is not intensively utilized by fanners or labor is not 

all ocativil yefficient . 
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Furthermore, one percent increase in capital input increase coffee outp ut by 0.16 percent, 

implyin g that capita l pl ays s ignificant ro le in the maintenance of matured coffee trees. Fertilizer 

is very cruc ia l in maintenance of matured coffee trees and productivity of coffee output as 

ind icated by N ichare (2007) but; in this study, fertil izer is not very importa nt in the mai ntenance 

of matured coffee tree in the Ji mma zone. This may be du e to; one, fa rmers in the Jim ma zo ne 

does not app ly chem ical ferti lizer (in organ ic ferti li zer) in the matured coffee tree ma intenance. 

T he app li catio n of chemica l fe rtili zer mi ght have been im po rtant for augmenting prod uctivity of 

coffee, however. Two, app li ed manure in the maintenance of matured co ffee trees may not be 

a llocativ il y efficient to improve productio n and prod uctivity of coffee output; thee, the low level 

of fertili zer input app licat ion might be from a few number of li vestock ownershi p. All var iables 

have inelastic response, indeed. 

Based on the resu lt shown, farmers cou ld benefit from economies of scale associated with 

increasing returns to sca le in the co ffee production in order to increase the level of product ion. 

Co rrespo ndingly, one pe rcent increase in all factors of production cou ld cause output to increase 

more than one percent. Moreover, both age of coffee tree and age of coffee tree square are 

s ignificant even at one percent level of signi ficance. Th is confirms coffee tree's biological cyc le. 

Dur ing young per iod, after bearing fru it, coffee is more productive enough and its prod uct ivity 

grad uall y dec reases as the age of coffee tree increases over t ime. Thi s may a lso signi fy the 

imporlance of farmers' investment in renovation of plantation . 
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4.2.6 Technical efficie ncy of Jimma zo ne by wo reda 

T he predi cted effic iency leve ls for five wo redas in Jimma zone are shown in the tab le 7. The 

mean technica l effic iency, 0.72 is taken as separation between effi c ient and ineffi cient coffee 

prod ucers after the data are be ing sorted in the ascending order. G iven the data set under the 

stud y, the efficiency leve l ranges from 0. 19 ( in manna woreda) to 0.98 (in Gomma woreda). The 

majority o f farme rs in Jim ma zone have effic iency leve l rang in g from 0.19 to 0.75, implying that 

there is still a roo m for producti vity improvement, at least for the short run, through farmers' 

technical effic iency improvements. Before launching new technology, priority may be given for 

farmers' techni ca l effi ciency improvements as it further facilitates the tec hno logical innovations 

towards coffee production in the long run . 

From tab le 7 one ca n see that technica l effi c iency is highest in Limmu Saqa and lowest in the 

manna woredas. About 88 percent of the farmers operat in g in Limmu Saga woreda are 

technica ll y effic ienr than other woredas in the sample . O n the other hand, farme rs operating in the 

manna and Gera wo redas are techni ca lly ineffi cient (abo ut 84 percent of farme rs in these woredas 

are techn ica ll y inefficient); refl ecting significant output loss due to farmer's technical inefficacy_ 

Other than farmers in the Manna and Gera woredas, most of fa rm ers operatin g in th e Limmu 

Saqa, Go mma, and Limmu Kosa have stab le (less flu ctuati ng) leve l of tech nica l effi c iency levels; 

impl yin g that farm ers are performing approx im ately s imilar pract ice fo r the ma intenance of 

matured co ffee trees. 

Bas icall y, the dev iation of outpu t from its fronti er leve l co uld also be due to location difference in 

which fa rmers are operating the ir agricultural operation. The reasons for the effi ciency variati on 

across these areas mi ght also be due to lack of resources and poor so il fe rtility. Us in g one way 
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ANOYA the null hypothes is that location difference has no effect on the coffee producers' 

performance is rejected at I % sign ificant leve l (see Table 7). Therefore, locat ion diffe rence has 

an effect on the performance of coffee producers in the Jimma zo ne. The location difference 

among coffee producers appears, in fact, due to variation of so il fertil ity, temperature, climate, 

etc . So, woreda du mmy is need ed to take in to account the effect of locatio n difference on 

performance o f fa rm ers. However, because of existence of so il fertil ity index wh ich was 

supposed to proxy location var iat ion, woreda dumm y is excluded from analysi s. The difference 

in land productivity (captured by so il fertil ity) reveals that soi l fertility differences can a lso be the 

cause fo r productivity va riation across woredas. Fu rth er research would be needed to segregate 

which impact is more significant for the prod uctivity var iat ion at the woreda leve l, however. 

Tab le 7 ANOYA test for efficiency sco re variation across five woredas of Jimma zone (Locatio n 
difference) 

Mean 
Woreda technical Standard 

name efr; ~ i ency deviat ion Max Min F(4, 144) sig 

Man na 47.29 186 22.4509 0.961323 0.190005 
Gera 45.42506 17.3599 0.671 102 0. 192283 

Gomma 82.09084 13.7 126 0.982452 0.493965 49383 0.000 

Llkosa 87.46172 10.35 13 0.985293 0.59265 1 
Llsaqa 88.32508 7.1334 0.952687 0.746096 
Tota l 72. 1123 14.20 162 0.985293 0.190005 

Source: Siudy reslIll 

The value in bracket shows calculated F vallie for Ihe /Ullnera/ar and denominalor degrees of 

ji-eedoll1 
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4.2.7. Input Uti lization, Technical efficiency, Actual and Potential Yie ld of coffee prod ucers in the 

Jimma zone 

The stochastic production frontier approach is also used to estimate capacity utilization. Full 

efficiency capacity output (potential yie ld) can be est imated by sca ling up actual output by the 

efficiency score generated from th is estimation process (i.e. by divid ing current outp ut or actual 

output by the effic iency score). According to Kiba ra (2005) potential yie ld would be estimated 

through the fo llowing formu la 

100 
Potential yield = Technical efficiency * Actual output ....... .... . .. . ......... ... .... . .. ... . 4.4 

Based on th is form ula the estimated potentia l yield predicts that there is large gap between actua l 

and potential yield especially for those who have lowest techn ica l efficiency score. According ly, 

the most inefficient coffee producers (0- 19) are producing actual output of 83kg per hectare 

although the potential yield goes up to 433kg per hectare on average. On the other hand, the most 

efficient fanners (90- 100) are producing actual output of 994.6kg per hectare even if the 

potentia l yield goes up to 1045. 7kg per hectare. These mean that they can produce more if they 

could exp loit their potential. 

One important find ing based on tab le 8 is that, except for the fertilize r in puts, farmers with hi gh 

tec hn ical efficiency are using lower factors of product ion (i.e. be low average). [n contrary, 

farmers applyi ng more fert il izer fo r the mai ntenance of matured coffee trees are technically 

effic ient. Technical ly inefficient farmers are using land, labor and cap ital above average, 

implying; one, the way inputs used may not be allocativily efficient and leading them to 

inefficiency; two , farmers with lower tec hnica l efficiency can improve their manageri al 
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inefficiency through rea llocati on of factors of production for further diversificat ion like animal 

rearin g, cerea l c rop production, etc . 

Table 8 Input ut ilizat ion and Potential Yie ld by Technical Effic iency Catego ri es, on Average 

Catego ry of Capita l fert il izer Actu al Potentia l 
Technica l Frequenc T E Land Labo r ( deprec iati (kg/ha) yield in Yield in 
Effic iency y (%) (%) (ha) (hrs/ha on cost/ha kg/ha kg/ha 

0-1 9 2 19 0.2 1264 350.29 0 83 433 

20-29 5 25 0.44 4290 432.6 2.5 153 585.5 

30-39 8.7 35 0.62 4417.2 503.2 115.3 334.6 933 .7 

40-49 5.3 44 0.53 2139.8 367.5 50 346.8 766.6 

50-59 5.3 56 0.58 3432.1 362.7 150 612.5 1084.8 

60-69 10 64 1.09 5713.5 1477.9 533.3 145 1.6 2268 

70-79 10.7 74 0.50 1726.1 418.9 143.7 837.5 1136 

80-89 18 84 0.39 1987.4 209.8 174.7 703.7 832.7 
90- 100 34 94 0.50 1764.3 252.5 227.9 994.6 1045.7 

Over a ll 
mean 100 72 0. 55 2665 446 11 9 794.5 1080 

Source: Study result 

As the leve l o f techni ca l e ffic iency increases, the gap between actua l and potentia l output 

decreases. Outp ut loss due to technical ineffi c iency is being m inim ized across technicall y 

effic ient coffee producers ( inputs are be in g used to their utmost ca pac ity) therein . About 34 

percent of fa rme rs are technicall y most effic ient (90- 100). Evid ent ly, farmers rangin g in the 

category o f (60-69) ca n prod uce the highest actual yie ld ( 145 1.6kg per hecta re) and potentia l 

yie ld ( i. e. 2268kg per hectare on average). The input uti lization o f these farmers mi ght have 

he lped them to produce such hi gh output and even these fa rmers should have to ex ploit the ir 

potentia l by further im provi ng the way they were fo llowing over in put util izat ion. Farmers fa ll ing 

in the technical effic iency category of 50s, 60s and 90s have high potent ia l of coffee production 

in the zone. T hi s clearly shows as they can produce more by improving the ir techn ica l effi c iency. 

Reco nsider the tab le 8 fo r more 
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4.2.8 Analysis of Factors Affecting Tec hnica l Inefficiency 

In the anal ys is of tec hni ca l ineffic iency effects mode l, the s ign of coefficients of the mode l is 

taken in to account based on the ana lys is of (Coe lli, 1996). If the coefficient of the parameter in 

the model is pos itive, it means that the variable is increasin g th e leve l of technica l inefficiency of 

the farmer and whereas, if the sign of the coefficient of the parameter is negative, it shows that 

the variable under cons ideration is decreas in g the level of techn ica l inefficiency or increasing the 

leve l of techn ica l effic iency of fa rmers. 

Table 9 shows variab les that explain tech nica l ineffici ency of coffee producers in the Jimma 

zone. Among the variab les that are supposed to explain techn ica l inefficiency, education level of 

farmers , off farm inco me, distance, family pressure, gender, proximity to market, cereal crop 

productio n, and so il fertil ity of the farm are significantly influencing tech nical ine ffi ciency of 

coffee producers. The other rema ining variables such as age, credit, extension vi sit , livestock 

ownership, experience, and variety of coffee planted are in signitl cant, however. 

Off farm income is s ignificantly expla ining technical in efficiency of coffee producers in Jimma 

zone. It has negat ive coeffic ient; indicatin g that coffee producers who have more off farm income 

are tendi ng to be mo re efficient. Th is is due to the fact that income generated from off far m 

activit ies may be used to acqu ire purchased agricultural inputs like labor, capital , fe rtilizer and 

othe r. By nature, productivity of coffee tree is highly influenced by the degree of maintenance 

being a llotted fo r the matured coffee trees. The cost of maintenance is so high that it entails 

effect ive and efficient ut ilization of factors of productio n. Hence, the ava il ab ility of off farm 

income posi tive ly complements farm activities. This fi nding is also cons istent with the result of 

Getu (2005). 
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Co ntrary to the res ult reported in N icha re (2007), the va riab le cred it becomes insign ificant. This 

may be du e to avai lab ili ty of off fa rm income, which becomes s ign ifi ca nt, as an alternative to 

credi t. Most of the fanners considered in the sample have off far m inco me generated from 

various activit ies. Taking thi s in to co ns ideration, in th is study, farmers are categorized in to two 

as those farmers who are earn ing off farm income above and below 3000 birr per yea r. In peasant 

farming, if the farmers are earning more income, the des ire for credit requ isite won ' t be so strong. 

T hi s cou ld be due to: firs t, peasant fa rm ers are risk averse; second, low income peasant farmers 

do not give priority to speculative motive and etc. 

Table 9 Technical inefficiency effects mode l estimation based on truncated no rmal di stri butio n 

Standard 
Inefficiency model Parameter Coefticient error t-ratio p-value 

constant 00 .8051226* .4856537 1. 66 0.097 

Age 01 -.0085573 .0092094 -0.93 0353 
Sex 02 -.5244475** .2248854 -2.33 0.020 
experience 03 -.0108294 .0 12593 1 -0.86 0390 
educati on O. .0482628* .025382 1.90 0.057 
off farm income Os -.574535*** .1397599 -4.11 0.000 

Credit 06 .0345781 .1293868 0.27 0.789 
prox imity to market 07 -.1 156005 ** .0467886 -2.47 0.013 
Distance 08 .056 1252** .0209799 2.68 0.007 

s lope of the land 09 .0957778 . 11 59954 0.83 0.409 

Livestock 010 -.063555 .1743779 -036 0.7 16 

Cereal crop 011 -.75782*** .208 1896 -3.64 0.000 

variety of coffee planted 012 -. 0552876 .1780938 -0.3 1 0.756 
fami Iy pressure 013 .0689658** .0342 117 2.02 0.044 

Good so il 014 -.4472661 ** .1405494 -3. 18 0.001 

Poor so il 015 .437561 *** .1 107055 3.95 0.000 
Extens ion vi sit 0, ~ .0 17907 1 .1245728 0. 14 0.886 

Source: sflldy Result 

*, **, *** significance aI10%, 5% and 1% respectively 
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Education is expected to enhance manageria l and technica l sk ill s of fa rmers. Evidence fro m 

many empiri ca l findings proves that the variab le has shown mi xed result. Acco rding to resul t 

repo rted in Alemu et al. (2009) ed ucation decreases effic iency. Thc argument is as the level of 

farmer 's education increases, he or she may get better opportunity outs ide farm ing sector. 

Ultimate ly, thi s reduces labor ava ilability for coffee production in the household thereby 

lowering effi ciency. Contrary to this arguments, evidence from Battesse and Coelli (1995) shows 

that education enhances abi lity to utili ze ava il ab le technology and increases effic iency of farmers 

thereby. 

Educati on leve ls of farmers are signi fi cantly and pos iti ve ly affect the leve l of technica l effic iency 

of fa rmers operating in Jimma zone, supporting the first argument. This may be due to the fact 

that fa rm ers with better education could join non farm sector provided th at most fanners want to 

leave fa rming sector if they do have an opportun ity. Thi s probab ly wi ll reduce labor allocation 

towards coffee farm maintenance inc luding supervision and productivity enhancing activities. 

Basically, lower education might be in terms of providing basic education service which is 

related to actual coffee farm operation in view of the fact that farmers with lower education leve l 

have less opportunity to leave farmin g sector. 

Another factor affecting technical inefficiency of farmers produc ing coffee in Jimma zone is 

proximi ty to the market. It was proxied by the di stance between plot and the most nearest market 

center in ki lometer. There are several arguments attached to the sign of coeffic ient of this 

variable . On one hand , it is hypothesized that farmers nearer to market centers are more efficient 

than fa rmers away fro m the centre. Consequently, fa rm ers near market center cou ld get more hot 

and vita l market information and may also participate in other income generating activities that 

could ease resource used in the maintenance o f matured coffee trees and thereby enhance 
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technical effi ciency. On the other hand , fa rm ers near market center could get an opportunity to 

wo rk on non farming acti vities that can reduce labor allotted fo r maintenance of matu red coffee 

trees. Prox imi ty to the market negatively explai ning the ineffic iency of farmers, refl ecting that 

those farmers who are close to market centers are technica lly more effi cient than fa rm ers away 

from nearest market center. These fanners may invest time through income they cou ld get away 

from coffee farm ing given that farmers near market may part icipate on vari ous income generating 

activities. 

Distance is also another variab le affecti ng technical inefficiency of farmers. In man y empirical 

studies it is hypothesized that di stance between plot and home increases the leve l of ineffi ciency 

of fa rmers. In line with thi s hypothesis, the coefficient of the variable is found to be positive and 

statistica lly significant at 10 percent level of significance. The more distant the fa rm er plot is 

from home, the more technically ineffic ient the farmer is. Thi s could be due to the fact that; one, 

the level of close supervi sion may not be so strong when the plots are far away from home; two, 

coffee farm plot which is out lyi ng from home could be affected by negative externa li ties like 

theft, pest and wild an imals; three, disease like coffee berry could attack the coffee fru it. 

Cerea l crop prod uction is another factor affect ing technical inefficiency of producers. Moreover, 

the variable is significan t at 5 percent with negative coeffi cient. The more the fa rm er produces 

thi s crop the less ri sk assoc iated to the coffee farmin g. This wo uld mean that farm ers producing 

more ce rea l crop are techn ica lly effic ient than farmers producing less of cerea l crops. This could 

minimize ri sk assoc iated with coffee crop production as income generated from thi s cou ld 

subsidize coffee loss and live lihood of farme rs. Beside thi s, it could also subs idize resources used 

fo r coffee maintenance. This encourages effic ient utili zation of resources as labor all ocation 
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between coffee and cerea l crop production might reduce id le resources and also income gene rated 

may help to hire labor in case of scarcity. 

The other important vari ab le affecti ng technica l ine ffi ciency of coffee prod ucers is soi l fe rt ility. 

The measure of so il fe rtili ty is constructed by fo rming indices based on fa rm er's perception about 

the productiv ity of so il (the quality of the soil ). Accordingly, fa rm er 's percept ion has been 

organi zed into three groups as good fe rtility soi l, mediu m fert il ity so il and poor fe rtil ity so il. 

Accordingly, fertili ty of so il s igni fica ntl y influences tec hnica l ineffi ciency of fa nners. Farmers' 

operati ng on poor so il fe rt ili ty seems to be more technica lly ineffi cient than others wh ile those 

farm ers operating on good so il fertility is technically efficient than others who are producing on 

poor and mediu m quality so il ferti lity type. Moreover, the result from one way ANOYA shows 

that location diffe rence which is further prox ied by so il ferti lity has significant effect on the 

perfo rmance of coffee prod ucers. So, land prod uctivity could be taken as cause fo r sign ificant 

output loss . 

Gender of household head is fou nd to be negatively in fluence technica l inefficiency. Actuall y, 

female would be a fa rm household head for three reaso ns: when her husband died (w idowed), 

when her husband migrated, when she is unmarri ed. In case of migrati on we expect remittance 

that could fac ilitate and finance production poss ib ili ties and poss ible ris k assoc iated to coffee 

production. In the other two cases, it opens good opportunity for female headed farmers to carry 

out frequent foll ow up and supervision of their farm . This could be highl y influenced by the 

environment in whi ch these households li ve. Observation during survey also justifi es the above 

arguments. Acco rdingly, it is hypothesized that female headed ho usehold head is more 

technica lly effi cient than male. 
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The other important variab le exp laining techn ica l inefficiency of farmer is famil y pressure. It is 

measured as the ratio of family size per household farm size. This variable is expected to have 

positi ve coeffici ent as the high pressure is expected to create dependency rati o and 

ineffectiveness. On the other hand, it might also have negative coeffic ient as high population 

could he lp the family as source of labor for coffee maintenance and harvest the coffee on time. 

The result of the stud y justifies that as fami ly pressure increase, the leve l of technica l inefficiency 

increases and vice versa. For family with large family pressure we would expect: interna l clash 

that is supposed to decrease production and prod uctivity of coffee prod ucers, hi gh dependency 

rat io resulting in less product ion and productivity. High fam ily pressure cou ld also bring high 

cost of living and hence lead ing to less or no family leve l investment, which may lead to 

ineffic iency in face of scarce resource. 

Another important factor considered in this analys is was access to extension services. The results 

of the analysis in Table 9 revea l that neither extension visits nor visits and trainings have brought 

significant impact on efficiency levels of farmers. This cou ld be due to the fact that development 

agents remain at the edge, never reaching the farmer and that the training packages may not fit 

the agro-ecological settings (location difference). Moreover, the type of training provided may 

not be output or iented. 
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Chapter Five 

5.1 Conclusions and Policy implications 

5.1.1 Summary and conclusions 

Coffee is very important cash crop deserving particular attention in Ethiop ia. The evaluation of 

the comparative adva ntage of coffee export crops among African co un tri es revea led low 

domestic resource cost (ORC) for Ethiopian coffee relative to other Afr ican countr ies Pea rson et 

al. (2007), implying the country's significant comparati ve advantage in coffee production. 

Nevertheless, Ethiopian has not yet exp loited its comparat ive advantage in coffee production and 

Ethiopian coffee production and its productivity leve l are not sat isfacto ry that cou ld uphold the 

country's comparative advantage Nicolas Petit (2007). 

Ev idence from va ri ous literature shows that effi ciency stud y should be given priori ty down to 

productivity studics, even when one wants to launch new technology, that imply the poss ibili ty of 

develop ing new technology and prompt adopt ion of new technologica l innovat ions towards 

agricu ltural sector on the way to improve prod uction and producti vity. Moreover, empiri ca l 

studies suggest that fa nners in deve lop ing countries fa il to exp loit fu lly the potcntial of a 

technology maki ng inefficient decisions. Hence, po licy makers have started to recogni ze that one 

important source of growth For agricultural sector is effi ciency ga in th rough greater technica l 

effi ciency in the short ru n which compliments production and prod uctivity growth through 

technologica l adoption in long run . 

This study attempts to measure technica l efficiency of coffee producers in J imma zone, examine 

potential to increase output without addit ional inputs, ident ifying its determinants and compare 
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the impacts of various dist ri butiona l assumptions on the techn ica l effic iency estimates. To this 

end, a cross sectiona l household survey have been conducted on sample of 150 coffec produce rs 

selected randomly from fi ve wo redas of the Jimma zone. The stochasti c frontier model was 

estimated under Trans log model specification. In order to see the impacts of distributional 

assumptions of ineffi ciency effects on the technical effic iency estimates, the three di stributional 

assumptions that have been considered in thi s stud y are half normal , truncated normal and 

ex ponential models. The result of thi s models shows that various di stribut ional assumptions of 

technical inefficiency effects have low impacts on the techn ica l effic iency and parameters 

estimates. Among the three di stributional assumptions, truncated norm al model was se lected for 

analytical purpose. 

In order to avoid biased results, the model is co rrected for heteroscedast icity. In add ition the 

Orthogona li ty condi tion (a zero covariance between independent vari ables and the error term) is 

imposed. Resu lts show that the overall mean technica l effic iency is estimated at 72 percent. The 

fact that the average effi ciency leve l is relative ly lower, pe rhaps compared to studies in other 

countries, suggests that there is slight room fo r effi ciency im provement, given current 

technology, refuting Schultz's hypothesis at least for short run . Therefo re, there is a 28 percent 

scope fo r increas ing coffee producti on by using the present technology (or in other word s, on 

average, about 28% of coffee output is lost yea rly due to technica l inefficiency of farmers). 

Ho wever, TE ranges between 19 to 98 percent among the co ffee producers in the Jimma zone. 

The analys is of partial elasticity of coffee output with respect to inputs reveals that land is very 

important inputs in coffee production with cap ital and labo r followin g. One pe rcent change in 

land, cap ital, labor and fertili zer inpu ts causes output to change by 0.95, 0.16, 0.06 and 0.0 183 

percent respecti vely. All inputs have inelastic response to output. In fact, the sum of partial 
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elastic ity of inputs is 1.1883; implying fa rm ers can enjoy economies of scale re lated to coffee 

prod uction. A proporti onal change in in puts causes output to increase by more than proporti onal 

change. All except fertilizer all other inputs are being utilized in lower quantities by fanners who 

have higher technica l effi ciency and vice versa. Bas ica lly, the gap between actual and potential 

output leve l is being minimized across technica lly effi cient catego ries of fa nners. Farm ers with 

lower technical effi ciency have hi gher potenti al to ex ploit through technica l effi ciency 

im provements. 

Furtherm ore, the estimated va lue of the variance parameter gamma (y) for the stochasti c frontier 

production function is not only close to one, but also significantly different from zero. This 

resu lts show the ex istence of technica l inefficiencies in coffee producti on. In fact, thi s is also 

further verified by rejection of null hypothesis stating joint impacts of technica l ineffi ciency 

effects are null. Mo reover, the va lue of lamda (A) is greater than one and sigma (0) is large and 

significantly diffe rent fro m zero indicating good fit and co rrectness of spec ifi ed distri but io nal 

assum ptions. 

Analys is of techn ica l ineffic iency indicated which aspects of the far ms, human and phys ical 

resources might be targeted by public investment to improve fanners ' techn ical efficiency. 

Technical ineffi ciency effects model shows that gender is signifi cantly influence techn ical 

efficiency. Female household is more tec hnicall y effi cient than male household head , 

demonstrating their management capacity. Thi s underl ies their important contributions in 

addition to household chores. This shows that females have strong commitment over 

coordinati on, supervision of coffee farm ing and other managerial practices if they would have an 

opportuni ty to manage. 
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Moreover, as the educat ion level of farmers increase coffee producers tend s to be technically 

inefficient, im plyi ng that bas ic education is more important for the farmers than higher education. 

Thi s could be due to the fact that those fa rmers with hi gher ed ucation level have an opportu ni ty 

to join non farm sector that have high probabi li ty to decrease labor allotted to farmin g sector. 

Env ironmenta l factors co uld be another factors affecting technical effic iency of fa rmers. The 

inherent nature of land might a lso affect the prod uctivity of co ffee producers. Here in thi s stud y 

too, fa rm ers who are operating on poor so il quality are tend ing to be more technica lly inefficient 

tha n farmers who are operating on medium and good so il fe rtility and vice versa. Location 

difference has s ignificant impact on the perfo rmance of coffee producers. This furt her poses the 

questi on whether Fa rmers who are tech nica lly efficient might furthe r im prove the ir technical 

effi ciency by better maintenance of the so il. In fact, stochastic frontier approach fail s to take in to 

acco unt environm enta l facto rs that a lso influence techn ica l efficiency measures. 

Divers ifi cation of activity, in terms of parti cipat ing in off fa rm income generating and cerea l cro p 

production, can improve techni cal efficiency of coffee producers. The income from 

diversification might help the fa rmer to secure da ily livelihood, savin g that help the fanne r for 

fam ily leve l investment or more, to purchase necessary inputs that helps co ffee mai ntena nce, and 

insurance agai nst coffee loss. T hi s encourage effic ient uti lization of resources as labor division 

between coffee and other might reduce id le reso urces and also income ge nerated from such work 

enco urage hired Labor in case of scarcity. In this study, credit becomes insign ificant. The 

avai lability of off fa rm income might take ove r the importance of credit; impl ying availabi li ty of 

off farm income m ight act as th e ro le of substituti on effect. 
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Furtherm ore, farmers who are far from their plot is technica ll y ineffi cient than those of fa rm ers 

who are near their plot. The main implicati on here is that government can improve far mers' 

technica l effi ciency by expanding rural road project in side rural areas. Apart from government, 

the soc iety itse lf could playa great role in construction of their loca l road at least to bring short 

run output effect. Bes ides, farm ers who are near market center are more technicall y effic ient. 

The result of the study j ustifies that as fa mily pressure increase, the level of techn ica l ineffi ciency 

increases and vice versa. For fa mi ly with large famil y pressure we wo uld expect: one, internal 

clash that is supposed to decrease prod uction and producti vity of coffee producers; two, lead ing 

to hi gh dependency ratio which results in less production and productivity; three, high family 

pressure could bring high cost and ex travagancy leading to less or no fa mily leve l investment, 

leading to ineffi ciency in face of scarce resource. The estimated value of thi s variable is pos itive 

and significant at 5 percent. 

5.1 .2 Policy Implications 

Based on the resul ts of the analys is, the study has got some poli cy impl ications. In fact, 

conclusive poli cy recommendations may require a more detail ed anal ys is, poss ibly a more 

extensive set of data set with large sample size than th is study. Moreover, the use of data from a 

single season to measure effi ciency may resu lt in some farm ers being labeled as ineffi cient 

because of low stocking rates, when a longer time they may be shown to be more effi cient 

because of more conservative approach Coelli (1996). Accordingly, the following po licy 

implicati ons can be highlighted. 

Firstly; on average the wide va ri ation in the level of technical effic iency from full capacity 

(potential) technical effi ciency discloses the fact that there IS ample opportunity for coffee 
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producers to increase coffee output at ex isting leve ls of inputs and present technology at the hand 

of coFfee producers. Actua lly, some productivity ga ins linked to improvements in technica l 

effic iency can stil l be rea lized in the co fFee subsector in Jimma zone. Moreover, producers can 

sti ll take adva ntage of increasing returns to sca le to boost coffee productions at least for the short 

run . When there is no output lost due to techni cal inefficiency of farmers, in troduction of new 

technology in the coffee production wo uld be feasible. Therefore, in troduction of new technology 

in the cofFee sub secto r of Jimma zone, in short run, may results in unsatisfactory outcome. 

Technica l efficiency improvement should be given priority sett ing therein . 

Secondly; in the effort to improve productivity and effici ency of coFfee producers in the Jimma 

zone public investment over rural in frastructures should be advocated. The study has shown that 

technica l eFfi ciency of farmers could be improved if the di stance between home and plot is 

improved. Moreover, this could be done if inter wored as of Jimma zone can be networked 

through improved road facility. These probabl y faci li tate close supervision, monitoring and 

maintenance of matured coffee trees. Besides the road net work in the rural areas ; deve lopment of 

te lecommunication facilities, rura l market centers (institutions) should have to be advocated 

nearby farmers. Doing so may increase technica l effi ciency of producers and thereby red uces 

output lost as a result of technical ineFfi ciency. In fact, the variab le proximity to market is 

advocat ing thi s second issue . Fu rthermore, apa rt from road and te lecommunicat ion net wo rk ; 

basic education shou ld be targeted to household coffee producers. Here in this case po li cy makers 

must aware of leve l of ed ucati on should be given priority in ord er to avert output lost due to 

technica l inefficiency of co fFee producers. In th is study, it has been verified that fanners with 

hi gher education have ample opportunity to join non farming sector which probably reduces time 

allotted for coffee producti on. 
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Th ird ly; based on the result fro m the vari ab le off farm income and cerea l crop production; 

di ve rsification of acti vit ies should have to take place to enact technica l effi ciency of coffee 

producers. Those farmers with high off farm income are te ndi ng to be technicall y effic ient. One 

im portant policy imp lication here is that government should have to create job opportuni ty in the 

rural areas. Farmers' spec ific technical efficiency coul d also be improved if the farmers 

participate in se lf emp loyment opportunity, indeed. However, the resul t of the study further 

illum inated that those farm ers who are add itionall y producing cerea l crop are technicall y 

effi cient. In fact, th is could be taken as an insurance aga inst probab le risk assoc iated with coffee 

prod uction. It can insure the li ve lihood of the farm ers besides coffee loss in the face of 

uncerta inty. Consequently, government should advocate dive rsi fi cati on (or and integration) in the 

coffee production in the Ji mma zone who have habit of producing single crop, coffee. 

Fourthly; the res ul t from the study further ill ustrate that environmental facto rs can also affect 

technical ineffic iency of the producers. Fo llowing thi s conclusion, what government might do 

includes: so il fert ility maintenance program, init iati on of mitigation and adaptation measures to 

cl imate change and research and deve lopment to coffee variety which cou ld adapt the location 

var iation across wo redas. Moreover, coffee produce rs can further promote their outp ut by 

applyi ng organic fert ilization on the matured coffee trees. 

Fifthly; fe males should be given an opportu nity in the management pos ition in the coffee farming 

sector too. The res ul t of the stud y shows those female head ed households are technica lly more 

efficient than male headed household, demonstrati ng fe males' management capacity. This 

underlies that fema les ' play great role in agri cultural production apart from their burden in 

household chores. Actually fe males ' leadership (and or headship) might come fro m educating 
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fema les, creation of job opportunity for females and public awareness on the females ' ability to 

manage and etc. 

Six th ly; the stud y has shown that those coffee producers with hi gh fami ly pressure are tech nica lly 

ineffic ient. What governm ent should do here that; one, eco nomi c empowerment through creation 

of job opportuni ty by creating poss ib le in vestment oppo rtunity there; two, fa mily planning 

programme intended to create proportiona l cha nge between economy of househo ld and its fa mily 

s ize. 

As it has already been observed, there is a potentia l to increase prod uction through improvi ng 

tech nica l effici ency of coffee producers. T hi s does not mean however, that increas in g package of 

new techno logy and improving traditiona l pract ices and instruments shou ld be neglected . Output 

augmenting though improvement of technica l effi c iency of farmers at ex ist ing techno logy is of 

short run so lution. Moreover, introduc in g of new techno logy for augmenting production is of 

long rUIl so lution. Thus, policy makers shoul d pursue the way to ut ilize both effective ly but 

priority may be given to techn ica l effic iency improvements. 

Fina lly, the resul ts obtained in thi s stu dy should be considered in relative sense magni tudes. 

Moreover, the mode l used, w hich is cross sectiona l in natu re, is li mited in the sense that it does 

not co nsider othe r factors such as ri sks, market imperfectio ns. Theoretica ll y, a ll except gamma 

distrib uti on is di sc ussed. Moreover, it may be interesting to look at techni ca l and all ocati ve 

effic ie ncy us ing panel data co llected from coffee producers to see and eva luate how techn ica l 

effic iency has changed over time. 
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List of Appendices 

Appendix I : The resul t of orig inal stochastic and inefficiency model 

Standard 
Variable Parameter Coefficient error Z-ratio p- va lue 

Stochastic frontier model 

Lnoutput 

Constant f30 -6.90193 3.779169 -1.83 0.068 

f3, 
Lnland 0.297205 0.89417 0.33 0.74 

f32 
Lnlabor 0.7659595 0.611051 1.25 0.21 

Lncapital f33 0.087904 0.467733 0.19 0.851 

Lnfertilizer f34 -0.10975 0.177289 -0.62 0.536 

Inage of coffee f35 6.538109 1.02853 6.36 0.000 

Lnlnadsqr f36 -.1014729 .0412047 -2.46 0.014 

Lnlaborsqr f37 -.0063093 .0236806 -0.27 0.790 

Lncapitalsqr f38 .023319 .0184595 1.26 0.206 

Lnfertil2ersqr f39 -.0018719 .0073961 -0.25 0.800 

Inage of coffeesqr f310 -.69 75859 .1034666 -6 .74 0.000 

Lnlandlabor f311 -.0376901 .0702898 -0.54 0.592 

Lnlandcapital f312 -.0351294 .0901383 -0.39 0.697 

Lnlandferti li2er f313 .0365716 .0192564 1.90 0.058 

Inlandage of coffee f3H .1355556 .152812 0.89 0.375 

Lnlaborcapital f3' 5 -.0510413 .0607504 -0.84 0.401 

Lnlaborfertil izer f3'6 .004434 .01394 0.32 0.750 

Inlaborage of coffee f317 -. 1240149 .0924838 -1.34 0.180 

Lnca pita Iferti I ize r f3' 8 .0231877 .0138805 1.67 0.095 

Incapitalage of ceffee f3'9 -.0131235 .1130781 -0.12 0.908 

Inferti lizerage of coffee f320 -.0098556 .0137044 -0.72 0.472 

Inefficiency model 

Constant 80 -.6011201 1.196726 -0.50 0.615 

Age 81 -.02787 .0196821 -1.42 0.157 

Sex 82 -.2958395 .6246268 -0.47 0.636 

Experience 83 .0357618 .0257238 1.39 0.164 

Education 84 .0825882 .0497176 1.66 0.097 

off farm income 85 -1.396268 .3410709 -4.09 0.000 

Credit 86 .0730891 .4075466 0.18 0.858 

Distance 87 -.3170325 .0951288 -3 .33 0.001 

proximity to market 88 .0306807 .0309202 0.99 0.321 

membership in local org 89 .4365721 .4764644 0.92 0.360 

slope of the land 810 .6618969 .323342 2.05 0.041 
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Livestock 011 .0187671 .074147 0.25 0.800 

cereal crop 0,2 .0200013 .0084174 2.38 0.017 

varie ty of coffee pl anted on .1727451 .603456 0.29 0.775 

family pressure 0,4 .1238187 .0752975 1.64 0.100 

variance parameter 

Lall/da /\ 2.784691 .0684677 113.25 

Sigma 6 .5074693 .0694681 2.7027 

8' u .7065184 .050614 

82 
v .0911107 .0298044 

Gamma y 0.885773 

LI1sig211 -.6948122 .1432771 -4.85 0.000 

LI1sig2v -4.791361 .6542468 -7.32 0.000 

Log likelihoodjill7cliol1 -26.58658 

Chibar2 (1) 33.49 0.000 

TE 64% 

Source: result from field survey 

Appendix 2 Heteroscedastic ity test 

Standard 
Variable Parameter Coefficient error l-ratio p- value 

insig2u (Variance of inefficiency/hfu) 
Lnoutput 

Constant Po -103.7871 29.83163 -3.48" 0.001 

P, 
Lnland .1900857 5.69065 0.03 0.973 

p, 
Lnlabor 5.869324 4.517644 1.30 0.194 

Lncapital P3 12.80874 3.090947 4.14*** 0.000 

Lnfertilizer P4 2.436951 1.271201 1.92' 0.055 

Inage of co ffee Ps 24.26586 9.314278 2.61** 0.009 

Lnlnadsqr P6 -1.437405 .8053548 -1.78* 0.074 

Lnlaborsqr P7 -.6013765 .2602831 -2.31** 0.021 

Lncapitalsq r Ps -.52 22927 .197669 -2.64** 0.008 

Lnfertilzersqr P9 -.1305133 .084293 6 -1.55 0.122 

Inage of coffeesq r P,O -2 .968496 .8024093 -3.70··· 0.000 

Lnlandlabor Pl1 .5682658 .4623353 1.23 0.219 

Lnlandca pital P12 .1940248 .596649 0.33 0.745 

Lnla ndferti li zer P13 .774223 .3206071 2.41** 0.016 

In landage of coffee P14 -1.968872 .85 16247 -2.31** 0.021 

Ln laborcapital P,S .2025144 .3011195 0.67 0.501 

Lnl aborferti lizer P'6 -. 232942 .1197492 -1.95* 0.052 

Inlaborage of coffee P17 .9091076 .6425335 1.41 0.157 
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Lnca pi ta Ife rti I izer P18 -.0532601 .1150392 -0.46 0.643 

Incapitalage of ceffee P19 -2 .437887 .7490371 -3.25** 0.001 

Inferti lizerage of coffee 87n .1173533 .2703303 0.43 0.664 

Insig2v (variance of idiosyncratic error term/hfv) 
Constant 00 
Age 01 .2492087 .3163979 0.79 0.431 

Sex 0, -1.078708 2.119984 -0.5 1 0.611 

Experience 03 .0582736 .0710856 0.82 0.412 

Education 04 .0058878 .1576465 0.04 0.970 

off farm income Os .1045267 .9974332 0.10 0.917 

Credit 06 .5767554 .9855053 0.59 0.558 

Distance 07 -.2779156 .2417243 -1.15 0.250 

proxim ity to market 08 .2549488 .096209 2.65** 0.008 

membership in local org 09 .6304792 1.767738 0.36 0.721 

slope of the land 010 -.5268133 1.17635 -0.45 0.654 

Livestock 011 .4421414 1.076093 0.41 0.681 

ce real crop 012 1.01916 1.48323 0.69 0.492 

variety of coffee planted 013 -1.084071 2.055884 -0.53 0.598 

family pressure 014 -.234033 .1965735 -1.19 0.234 

Inlabor p, -. 226984 4.064509 -0.06 0.955 

Incap ital P3 .3470968 4.719297 0.07 0.941 

Infertilizer P. .0353371 8.570047 0.00 0.997 

Inage of coffee Ps 
Inlnadsq r 86 -.8059366 1.617182 -0.50 0.618 

Inlaborsqr P7 -.4996341 .3879305 -1.29 0.198 

Incapitalsqr P8 -. 6731139 .35 15821 

Infertilzersqr P9 -.243019 .3030492 -0.80 0.423 

Inage of coffeesqr PlO -1.155619 1.73235 -0 .67 0.505 

In land labor Pll .2 145934 .7167069 0.30 0.765 

Inlandcapita l P1Z -.3090533 1.824737 -0.17 0.866 

Inlandfert il ize r P13 .2689868 .8815046 0.31 0.760 

Inlandage of coffee P14 -.4594677 1.762715 -0.26 0.794 

Inlaborcapital P1S .9233769 .5072103 1.82* 0.069 

Inlaborfertilizer P16 .670671 .547039 1.23 0.220 

Inlaborage of coffee P17 .6324153 .8556496 0.74 0.460 

I ncapita Ifertilizer P18 -.1843202 .9088325 -0.20 0.839 

Incapitalage of ceffee P19 .2344352 1.253109 0.19 0.852 

Infertilizerage of coffee 8," -1.145197 .884311 -1.30 0.195 

*, ** and *** stands for significance of variables at 10%, 5% and 1% respectively 

Source: survey result, 2010 
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Breusc h Pagan , Godfrey test for hete rosccd asticity 

I . Run O LS over stochasti c prod ucti on functi on and obta in res idual s. 

-2 L" 2. Calcul ate the mean error term as 15 =,;-

2 .' 3. Construct Pi = 8' 

4. Regress Pi
2 over Z vari ab les (dependent var iables! variab les in tech nical effic iency effects 

mode l) 

5. Obta in R2 

Based on thi s test eN - P) * R2 - xi distribution for large sample and where the va ri ab le P is 

the num ber of independent variables in step four above. T he null hypothes is stating 

homoskedast icity is rejected 5% s igni fica nce leve l and 18 degrees of freedom si nce computed 

X2 (44.54) is greater than crit ica l va lue of28.87. 

Corrcction of hetcl'oscedasticity 

We ighted least square est imation technique is used as fol lowing . 

... ... , .. .. . ...... , ........... , .... . ....... .... .. .. , .. ... .... .. ..... . ... ... , .... , .. . .. ... .... ... . 4.1 

The we ighting variable 1/15 is obta ined fro m standard dev iat ion of the equati on spec ified in the 

step four of the Brcusch pagan test (refer appendix 2). 

Orthogona lity Condit ion 

Orthogo nality tes t can be perfo rmed as fo ll ows for a ll Z va riab les: -

93 



Table 10 O rthogona li ty Test 

Dependent variab le R2 Dependent variab le R2 

Age 0.20 Cereal c rop 0.59 

Sex 0.42 Variety of coffee planted 0.67 
Ed ucat ion 0.21 Membership in local o rg 0.1 2 

Experience 0.49 S lope of the land 0.3 2 

Di stance 0. 22 Family pressu re 0.32 

Prox imity to market 0.3 1 Credit 0.1 5 

Livestock ownersh ip 0.58 Off farm inco me 0.3 5 

medi um So il 0 .43 Good so il 0.37 

Extension v isit 0.23 

Source: Author compilation from the result of rural ho usehold survey, 20 I 0 

Appendix 3 Mu lti co ll inarity test 

Explanatory variables of technical 
ineffi ciency effects Cob-Douglas production specification 

variab les Tolerance VIF vari ables Tolerance VIF 

age 0.493773 2.03 Inl and 0.53 1635 1.88 

t:Juc 0.542034 1.84 Inlabor 0.614309 1.63 

sex 0.779372 1.28 Incapital 0.569639 1.76 

li vestock 0.474623 2. 11 Infert ilizer 0.812693 1.23 

cerea lcrop 0.420957 2.38 Inage of coffee tree 0.848641 1.1 8 

pOOl'so il 0.377786 2.65 

goodso il 0.5753 17 1.74 

expriance 0.584529 1.7 1 

Vari etyofcoffee planted 0.6059 17 1.65 

accesstocred it 0.639620 1.56 

distance 0.651299 1.54 

prox imity 0.673322 1.49 

offl 2700 0.720578 1.39 

fami Iypressure 0.778604 1.28 

extentionvisit 0.795 166 1.26 

slopeo fth eland 0.808364 1.24 

Mean (VIF) 1.70 1.53 
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Appendix 4 Normal Pro bability plot for res idual T rans lg 

N orilla I Probability plo t fo r Res iduals 
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Appendix 5 Stochastic production function based on the truncated normal distribution 

Partial elastic ity of inputs is calcu lated based on thi s follow ing equation; 

lnoutput = /30 + /31lnland + /32lnlabor + /33lncapital + /34lnf ertilize 

+ /3slnage of coffee tree + /36lnland * Inland + /37lnlabor * lnlabor 

+ /3slncapital * lncapital + /39 lnfertilizer * lnfertilizer 

+ /3lOlnage of coffee * lnage of coffee + /311 Inland * lnlabor 

+ /312lnlnland * lncapital + /313 Inland * lnf ertilizer + /314 Inland 

* lnage of coffee + /31s lnlabor * lncapital + /316lnlabor * lnlnfertilizer 

+ /317lnlabor * lnage of co f fee + /31S lncapital * lnf ert ilizer 

+ /31 9lncapital * lnage of coffe + /32olnfertilizer 
* lnage of coffee ... ...... ....... ....... . ....... ... ...... ... ...... . , .. . .................... 4.3 

Appendix 6 Technical efficiency estimates by Farmer 

Technical Farmer 's Technical 
Fanner's TE 

Farmer's 
TE 

Farmer 's Code 
Code effi ciency Code efficiency Code 

I 0.605152 4 1 0.192283 81 0.870187 121 0.803533 
2 0.644093 42 0.63 1696 82 0.95 1507 122 0.847746 

3 0.376076 43 0.608728 83 0.927703 123 0.874826 

4 0.272596 44 0.328488 84 0.97 1685 124 0.803533 

5 0.377412 45 0.454504 85 0.721846 125 0.847746 

6 0.802305 46 0.276409 86 0.819977 126 0.874826 

7 0.543261 47 0.671102 87 0.590897 127 0.93175 

8 0.428449 48 0.6442 18 88 0.935706 128 0.959317 

9 0.4 18394 49 0.396346 89 0.837393 129 0.951778 

10 0.220757 50 0.940567 90 0.966841 130 0.945738 

II 0.252604 51 0.7 146 16 91 0.7872 13 13 1 0.878057 

12 0.705422 52 0.815043 92 0.733735 132 0.95311 1 

13 0.961323 53 0.493965 93 0.923503 133 0.754863 

14 0.910189 54 0.716269 94 0.943856 134 0.89511 

15 0.85763 1 55 0.761016 95 0.97 1203 135 0.688243 

16 0.355359 56 0. 71041 96 0.8866 16 136 0.930442 

17 0.370846 57 0.982452 97 0.953 105 137 0.871728 

18 0.245093 58 0.970752 98 0.924254 138 0.945761 

19 0.377807 59 0.639886 99 0.904398 139 0.746096 

20 0.556442 60 0.957388 100 0.840262 140 0.944594 

21 0.544507 61 0.827143 101 0.96782 1 141 0.823627 

22 0.504486 62 0.825653 102 0.902372 142 0.83849 
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23 0.193617 63 0.941167 103 0.970887 143 0.777559 

24 0.312299 64 0.947183 104 0.592651 144 0.904856 

25 0.190005 65 0.954396 105 0.823782 145 0.845967 

26 0 .34 1716 66 0.933757 106 0.634814 146 0.9418 18 

27 0.252207 67 0.96 1384 107 0.88 547 147 0.952687 

28 0.345823 68 0.694949 108 0.804547 148 0 .937551 

29 0.4 11 75 1 69 0.880008 109 0.94644 1 149 0.95 1527 

30 0.33856 70 0.945883 11 0 0.9775 59 

3 1 0.29203 7 1 0.786672 I I I 0.952222 

32 0.94 1369 72 0.937497 112 0.819946 

33 0.474335 73 0.602304 113 0.722066 

34 0. 2 16594 74 0.5553 14 114 0.87946 1 

35 0.415526 75 0.6 17133 115 0.674825 

36 0.632537 76 0.614132 116 0.973 142 

37 0.91797 1 77 0.83164 117 0 .959707 

38 0.49282 1 78 0 .7383 11 118 0.770245 

39 0.344462 79 0.952223 11 9 0.985293 

40 0.338732 80 0.897682 120 0.972467 

Source: Study Result 
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Appendi x 7 Enum eration Questi onnaire 

Ana lysis of factors affectin g the Tech nical efficiency of coffee producers in Jim ilia zo ne: A 

Stochastic Frontier Ana lysis 

Farlller Code ___ _____ _ 

Woreda nallle ________ _ _ 

Kebele na lII e _________ _ 

Farmer lIame -----------------

Enumerator Harne ----------------

General Direction 

The enumerators are requ ired to fill the questionna ire according to the d irection and trai ning 

given to thelll fur the last co ffee season onl y fo r the ma intenance of matured co ffee trees 

The questionnaire has the following three lIIain sections which are categorized in to eleven 

sub sections; 

• secti on I covers in for mat ion regard ing inputs and determinants o f techni cal ineffi ciencies 

• section 2 covers inform ation regardin g output 

• section 3 covers other related inform ati on 
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S.NQ. 

I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

II 

12 

Section 1: Information regarding inputs and determinants of technical inefficiencies 

1. Demographic information and other household characteristics 

I. I. Please spec ify the number of yo ur family size includ ing the house hold head of the 

family ______ _ 

1.2. Please ask the household head regarding th eir house hold composition including the head of 

the family and fiJI in the foJlowing table 

Name of Sex Age Years Experie Ma rital " occupatio 'voff " Relation 
household of nce In status n farm ships with 
member schoo l coffee income household 

ing fa rming 

Where; 

IOA mount of off/arm income in birr during (he lasl coffee season only. 

IJ refer to (/ = hollsel1o/d head); (2=spollse); (3=50n); (4=daughle/); (5 =any biolog ical Relationships they have 1II;(h 

hOllse hold) and (6 =no11 biological relationships). 

J] refer 10 (/ =sing /e); (2 =married); (3 =widowed) and (4=divo/'ced) 
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IJthe main job thaI each household had during Ihe last coffee season: Ihis refers 10 farming: trading; service 

provider; and other 

2. Information regarding livestock ownership 

2.1 . Please fi ll the following based on the response given by household head regarding the 

livestock ownership of the farmer 

S.No Livestock number ownership 
name private rented contract other 

I Oxen 
2 Bull s 
3 Cows 
4 Heifer 
5 Calf 
6 Donkey 
7 Horse 
8 Mule 
9 Goat 
10 Sheep 
I I Chicken 
13 

Total 

2.2. Did you use an imal power for the transportation of coffee outp ut from home to market and 

from plot to home? 

a) Yes b) No 

2.3. If yes, fill the fo llowing based on the last coffee season if app li ed on matured coffee tree? 

Name of an imal No. of animal used for NQ. of an imal used for Cost if hired for only 
transp0l1ing from plot to home Iransp0l1ing fro m home during 2008/9 in birr 

10 market 
Horse 
Mu le 
Donkey 
camel 
Total 
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3. Information regarding land ownership 

3. 1. Please fill the follow ing based on the response given by household head du ring the last 

coffee season. 

S. no Type of plot all ocated Quantity (in Timad) Ownership(rented, private) 
I Total land owned 
2 Coffee plot 
2. 1 Matured coffee plot 
3 Cereal crop plot 
4 Tropical fru it plot 
5 Spice plot 
6 Forage cul tivation plot 
7 Grazing/ jlasture land 
8 Fallow land 
9 Natural wood land 
10 Man made wood land 
I I Pulse land 
12 Oil seeds 
13 Vegetab les 
14 Root crops 

total 

4. Use of labor input 

4.1. What were the major farm ing operat ions you perfo rm ed in the cultivation of your matu red 

coffee last coffee year? 

a) Stumping b) shade regulation c) ferti I izi ng 

d) Infilling with self sown seedling e) spraying t) frequent slashing 

g) Pruning h) Mu lchi ng i) frequent hoeing 

j) Harvesting K) other _______________ _ 

4.2. How many of yo ur family members were participated on the matured coffee maintenance the 

last 12 months? ________ _ 
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4.3. Fill the fo ll owing table regard ing family labor invo lved on the maintenance of matured 

coffee tree during the last coffee season for each operation you did for the last 12 months. 

(Based on type of operation stated under questi on 4.1 from a to i) 

Fam ily labor Type of Frequency for No. of man HI's per day Tow! day worked 

operation each operation used per wcck( on 
average 

stumping 
Shade regno 

Adu lt fertil izing 
male( 15-60) IWSS(d) 

spraying 
Freq. slashing 
pruning 
mulching 
Freq. hoeing 
Harvesting 
stumping 

Adult Shade regno 
fema le( 15-60) ferti lizing 

IWSS(d) 
spraying 
Freq. slashing 
pruning 
Illulching 
Freq. hoeing 
Harvesting 
stumping 
Shade regno 

Child (be low fert ilizing 
15years) IWSS(d) 

spraying 
Freq. slashing 
pruning 
mulching 
Freq . hoe ing 
Harvesting 
stulllPi ng 
Shade regno 

Old people fertil izing 
(above 60) IWSS(d) 

spraying 
Freq. slashing 
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prun ing 
mulching 
Frea. hoeing 
Harvesting 

total 

4.4. Did yo u use hired labor for ma intenance of matured coffee tree during the last coffee season 

(the last 12 months)? 

a) Yes b) no 

4. S. If yes, how many labor did yo u hired? ________ and fill the following table (onl y 

applicab le fo r the last 12 months if the farmer used hired labor fo r the maintenance of 

matured coffee trees only) 

Hired labor Type of Frequency for No. of man Hrs per day Total day worked 

operation each operation used per wcek( on 
aver<H!.c 

stumoing 
Shade regno 

Ad ult fertili zin !! 
ma le( I S-60) IWSS(d) 

spraying 
Frea. slashing 
pruning 
mulching 
Frea. hoein g 
Harvesting 
stumoing 

Adult Shade regno 
female( IS -60) fertili zing 

lWSS(d) 
spray ll1 g 
FreD. slashing 
pruning 
mulching 
Frea . hoeing 
Harvesting 
stumoing 
Shade regno 

Child (below ferti lizing 
ISyears) lWSS(d) 
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spraying 
Freq. slashing 
pruning 
mulching 
Freq. hoeing 
Harvesting 
stumping 
Shade regno 

Old people fe rtil izing 
(above 60) IWSS(d) 

spraying 
Freq. slashing 
pruning 
mulching 
Freq . hoeing 
Harvesting 

total 

4.6. Did you exchange labor with others for any form of work in coffee cul tivation in last coffee 

season on matured coffee trees? 

a) Yes b) no 

4.7. If yes, for which jobs did you exchange labor last season? 

No. Type of operation Hrs worked per day Total day worked 
I 
2 
3 
4 

4.8. How many days of the month, on average, did you work outside you r own coffee farm? 

______ Days 

4.9. I-low many days of the month , on average, other than Sundays, you ce lebrated religious holy 

days? _______ .d ays 

104 



5. Information regarding use of farm tools and implements (ag ricultural capital) 

Please fill the fo llowing tab le by ask in g the coffee fa rme r which cou ld be used fo r maintenance 

of matured coffee trees ( if they owned it)? 

quantity expected unit cost quantity expected unit cost 

agricultural (in life of of agricu ltural (in life of of 
equipment number) equipment equipment equipment number) equipment equipment 

Plough sickle 

sprayer bucket 

cars car 

water 

carts pump 

sack bicycle 

hoe big plastic 

table for 
draying 

big sieve coffee 

basket 

mat 

Total 
-). 1. Old any gove rn menta l or nongovernmenta l organ izat ion provide yo u with any form of fa rm 

tool s and implements? 

a) Yes b) no 

5.2. If yes, fi ll the follow ing (on ly if the farmer took for the la st coffee season for the 

maintenance of matured coffee tree) 

agricultural quantity (in If it has cost how much did it cos t 
equipment number) expected life of equipment you during last coffee season 
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6. Information regarding fertilizer and pesticide (usc ofmodcl'll agricultural inputs) 

6.1. What do th ink are the major problems of your coffee farms? 

a) diseases(CBD) prob lem c) damage by wild animals 

b) hi gh tree deaths d) pests 

e) Other _____ ___ ___________ . ______ _ 

6.2. Please ask the farmers rega rding the fo llowing input and fill the followin g table for the 

information respo nded during the period of 2008/9 that is used for the maintenance of 

matured coffee trees? 

Quantity used in Unit cost in Total cost requ ired in 
Types of inputs Kg birr birr for the last year 
DAP 
Urea 
Herbicide 
Pesticides 
Fungicides 
Manure which is traditional 
tota l 

7. Information regarding off farm income and access to credit 

7. 1. Please fill the following for those fanne rs who owns matured coffee trees based on the last 

coffee season status 

source Yesl Amount For what pu rpose is it used amount used Effccl(illcreasc, decrease, 

No if yes 
no change) on production 

Amount I.purchase food item 
& 2. purchase other consumer 

cred it interest goods 
rate 3.purchase mode rn input III --

& coffee production (fertilizer, - --

- improved seeds) 
respectiv 4.purchase farm too ls( for 
ely coffee improvement 
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5. purchase of fu ngic ides, 
herbicide,etc 
I. 

rem i ttance 2. 
3. 

Self I. 
employment 2. 

3. 
Aid/do natio 
n 
Family help 
tota l 

Section two: Information regard ing output 

8. Output information pcr plot (production) 

8. 1. Please ask household head inform ation regarding the following and fill their response in the 

plot 
num 
ber 

1 

2 

3 

4 

5 

6 

total 

fo ll owing table based last coffee seaso n (output information covers on ly for the last 12 

months the fa rmer got from matured coffee tree) for each coffee plot if the fa nner owned 

more than one plot at d ifferent site 

Tota l Distanc Di stanc 
outpu Gross The e of e of System 

Area ti n outp nu mb coffee coffee of Fe rtil i 
in fe resu ut (in e r plot plot croppin tyof 
ti mad la bi rr) eWE1' FHl' mre 6 g17 so il lS 

Where; 

14 The num ber of coffee workers extension visit 

" refer to the distance of coffee plot from home (total hou rs it takes) 

16 refer to the distan ce of coffee plot from market (total hours it takes) 

17 refers to system of coffee fa rm ing; mono cropping and mixed cropping 

18 fertili ty of the soil: good, med ium and poor 
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" refers to slope of the land steep which could be steep, medium; nat 

20 fi ll as " if the plot is privatc; rcnted/coll tract; or other 

8.2. Which Type of coffee var iety was planted? 

a) Tradi tional coffee vari ety b) Modern (Java) coffee vari ety 

8.3. Please ask in fo rm ation regarding major crops you were growing last crop season 

No. Type of Area Product ion Was production How much of kg How much of kg 
crop 111 in kunta l productive is expected to be is produced last 

timad produced last coffee season 
season 

I coffee fe resul a feresul a fe resul a 
2 teff 
3. wheat 
4 maize 
5 Pulse &oil 

seeds 

6 burley 
7 Vegetable 

&fruits 
8 tota l 

8.4. Fo r what purpose yo u cul tivate coffee? (Rank them) 

I. Income source 2. for consumption at home 

3. Sav ing (insurance) 4. Socia l/cul tu ral function 5. Sacrifice/ ritua ls 

6. Ri sk/ benefit distribu tion with other animals 6. other ____ _ 

Section three: Other related information 

9. Information regarding environment 

9. 1. What are environ mental factors affecting your matured coffee farming? 

a) Drought b) flood c) Hurricane 

d) Temperature e) hail storm e) other _______ _ 

9.2. Would you pay for any innovation that could reduce so il da mage even if it does not 
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increase your income? 

a) strongly agree b) strongly disagree 

c) Ne ither agree nor disagree 

9.3. Would yo u contribute more labor for any innovation th at co ul d reduce so il damage even if 

it does not increase yo ur income? 

a) Strongly agree b) Ne ither agrees nor disagrees 

c) Disagree 

9.4. Wouldn ' t you adopt any innovation that could causc soil damage even if it cou ld increase my 

income? 

a) Strongl y agree b) Ne ither agrees nor disagrees 

c) Disagree 

10. Information regarding transaction cost 

Fill the fol lowing table rega rdin g inform ation about transaction cost for the matu red coffee tree 

during the last coffee season 

Number of feresula 
Type of cost Unit cost of feresula produced Tota l 

Transportati on cost from fie ld to home 
Transportation cost from home to market 
Loading cost from the field to home 
Loading cost from the home to market 
Un load ing cost from field to home 
Un load ing cost from home to market 
M idd Ie men cost 
Tota l cost in birr 
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II. Information regarding social organization 

I. Do you have a membership in loca l organ izati on like Equib, Idi r and the li ke? 

b) Yes b) yes 

2. If the response to the above question is yes fil l the fo ll ow ing table 

Have you collected Amount co llected Amount 
Name of What is your money during last coffee in cash if yes collected in kind 
institution contri bution(birr) season? Yes/No if yes 

Iddir 

Ikub 

Mahber 

NGO 

other 

Total 

total 

Thank you very much for your cooperation!!!! 
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