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Abstract

This paper is based on a study conducted in niitg dattle keeping villages of Njombe district
in Tanzania with the overall objective of estimgtifiechnical Efficiency (TE) and analyzing
factors influencing Technical Inefficiency (Tl) afmallholder dairy farmers. Cobb-Douglas
stochastic frontier production function in whichetparameters for the production frontier and
for the inefficiency model were estimated jointlging the maximum likelihood technique on
cross section data of 81 smallholder dairy farménsdings reveal thahajority of respondents
(61.7%) had TE below 50%. The implication of th&edings is that majority of the respondents
were technically inefficient and that the valuedairy production could be increased by 54.54%
through better allocation and use of available wesss. The inefficiency model showed that
age, gender, education level, experience of thedaiand selling to processor are major factors
having a significant and positive influence on thamers’ technical inefficiency while marital
status and use of hired labor are the major fa¢tavéing a significant and negative influence on
the farmers’ technical inefficiency.
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1.0 Introduction

Smallholder dairy farming is one of the fast grogvianterprises in the livestock industry in

Tanzania. Smallholder dairy production though leditin size, has been receiving more
emphasis in investment and improvement becauseuofiiain reasons namely: improvement of
nutritional status of the society through increaselk consumption, increased cash income for
dairy farmers, saving in terms of reduced dairy oamipand contribution to market oriented

economy (National Livestock Policy, 2006).

Despite government and donor efforts to improvekpibduction, production of milk and other
dairy products has not kept pace with populatiod arbanization growth, (Sumberg 1997).
Total milk production from indigenous cattle andproved cattle is currently estimated at 1.6
billion liters (Budget Speech, 2009). The overallr capita milk availability is low (42
liters/annum) compared with Kenya (80 liters/annuthg¢ average for Africa (35 liters/annum)
and the world average (105 liters/annum) Kurwij{te995).

According to the MoAC/SUA/ILRI (1998) milk demandggpections to the year 2010 (based on
consumption level of 22 litres per-capita per annumbanization level of 5% per annum, a
population growth rate of 2.3% per annum, an ovémabme elasticity of dairy products of 0.8
and modest real GDP growth of 1% per annum) demsanekstimated to increase by 60%
annually or per-capita consumption of 44 and 3@dipper annum respectively in urban and peri-
urban areas. On the other hand, milk productioméurmassumptions that: no change in cattle
herd productivity and structure, an increase ingedous cattle population of 1.7% per annum
and dairy herd expansion of 46% per annum) wouldegse by 43% resulting in a short fall of
some 17%. These observations suggest that withabstantial effort to improve the
performance of dairy sector, Tanzania will faceeseshortage of milk and dairy products.

Inadequate production of milk and dairy products/patentially be explained by the fact that
most smallholder farmers practice subsistence fagnwith low and varied productivity. This
may be attributed to both high technical and aliveainefficiencies. Although some of the
factors that lead to low productivity have beenniffeed, socio-economic and institutional
factors that are expected to have significant erite on technical efficiency of smallholder
dairy farmers are still not well empirically estsbled. This paper focuses on estimating
technical efficiency and factors influencing tedatiinefficiency of smallholder dairy farmers in
Njombe district, Tanzania.

The Cobb-Douglas stochastic frontier productioncfiom in which the parameters for the
production frontier and for the inefficiency modeére estimated jointly using the maximum
likelihood technique on cross section data of 8aldmlder dairy farmers. Findings reveal that
majority of respondents (61.7%) had TE below 50%. The icagibn of these findings is that
majority of the respondents were technically ireééint and that the value of dairy production
could be increased by 54.54% through better allmcaand use of available resources. The
inefficiency model showed that age, gender, edocdével, experience of the farmer and selling
to processor are major factors having a significamtl positive influence on the farmers’
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technical inefficiency while marital status and wéehired labor are the major factors having a
significant and negative influence on the farmézshnical inefficiency.

The remainder of this study is organized as follo®sction two provides the methodology.
Section three reports the estimated coefficient$ discusses the results. Section four gives
conclusions and policy implications.

2.0 Methodology

2.1. Data collection methods

A sample of 81 smallholder dairy farmers was sekkdétom the population of the smallholder
dairy farmers in the nine selected villages of NpemDistrict. Sample representatives were
selected from each village using random samplicgrigue.Data was collected using a semi
structured questionnaire containing both closed apen ended questions in a face to face
interview. Secondary data was collected throughudwntary review.

2.2. Analytical Framework and model specification

The stochastic frontier production function anaysias used to estimate the coefficients of the
parameters of the production function and alsorgalipt the technical efficiencies of the dairy

farms. The production technology of the farmer vaasumed to be specified by the Cobb
Douglas frontier production function which is sged as follows:

InY; =5, + B In X, + B,In X, + B;In X;+ B, In X, + B In Xy +V, U, (1)

Wherei andLn are theith farmer and the logarithm to bagerespectivelyY denotes the value
of dairy outputs in Tanzania Shillings,; ¥ veterinary costs, Xis concentrate feed costs in
Tanzania Shillings, Xother costs in, Xlactating in numbers; Xdaily hours spent on dairy
Activities in hours; Viis random errors which covers random effects omlygchion outside the
control of the decision unit and; ¥ technical inefficiency effect which is the résaf behavior

of factors which could be controlled by an effidiemanagement (Xu and Jeffrey, 1998). V's are
random errors which are assumed to be independehticentically distributed having zero
means and unknown variance N. (&2). U's are technical inefficiency effects, whiche ar
assumed to be independent of V's. Where Ui is ddfby:

U, =3, +9,(Age)+d,(gendery d,(Marital status) 6,(Educationlevel)}+ d.(Experiene)+
d¢(Householdsize )+ 5, (GroupMembership+ &, (Off farmincome)+§,(Herdsize )+ @
d,,(Dairy traning)+d,,(contact wh extensiomgentj 5,,(Hiredlabour} 3, ,(saleoncredit)+
d,,(Sellingtoprocessor W,

Where w; is a (id) random error term, which is defined by the trdisa of the normal

distribution with zero mean and varianeé,. Socio -economic characteristics were included in
the model to indicate their possible influence ba Technical efficiencies of the dairy farms.
The method of the maximum likelihood was used &imeating the parameters of the stochastic
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frontier equation. The parameters estimated inwbp/and variance parameters suchraso?,
+0%, andy = o/ 6%, (Battese and Corra, 1977).Whes2js the sum of the error variance, while
vy measures the total variation of output from thenfier attributed to the existence of random
noise or inefficiency.

It should be noted that both the frontier modely&tpn 1) and the inefficiency model (Equation
2) may include intercept parameters if the inediindy effects are stochastic and have particular
distributional properties (Coelli and Battese, 19%ence it was necessary to test the following
null hypothesis:
) Ho: v =60 = 81 = 02.... =014 = 0 which specifies inefficiency is absent frore thodel.
i) Ho 1y = 0, which specifies that the inefficiency effeate not stochastic,
i) Ho: 8o = 61 = d2.... = 814 = 0 which stipulates that, the coefficients of éxplanatory
variables in the inefficiency models are simultarsyp zero,
iv) HO: 81 = ... =314 = 0, which state, that the coefficients of theiaales in the model
for inefficiency effects are zero.
The tests of these hypotheses for the parametetbeofrontier were conducted using the
generalized likelihood ratio statistics (Coelli dBattese, 1996), defined as;

LR=-ZIn[ L(HO)] = In[L(H]} 3)
Where In{L(Ho)} and In{L(H1)} are the values of the log-likelihood function wndhe null(Ho)
and alternative(H1) hypotheses, respectively. The restrictions form basis of the null
hypothesis, while the unrestricted model beingaternative hypothesis. LR has a Chi-squared
(x 2) distribution with the number of degrees of ffem provided by the number of restrictions
imposed except cases where the null hypothesisimlsdves the restrictions agf = 0. In such
cases, the asymptotic distribution of the likelidlaatio test statistic is a mixed?2 distribution
and therefore the appropriate critical values asavd from Kodde and Palm (1986) at g + 1
degrees of freedom, where q is the number of paeamt be estimated.

Based on the model estimations, the output for éacher could be compared with the frontier
level of output that is known as the best outpwegithe level of inputs employed, and this
deviation indicates the level of inefficiency okthrm. Therefore, the technical efficiency score
for theith farmer in the samplél'E) under equations (1) and (2) that would be defiagdhe
ratio of observed output to the corresponding begiut is given by (Coelkt al, 2005):

TE =g /exp(InBx+v,) =exp(Ingx+v, —u;)/exp(InBx+V;) = exp(-u,) (-2 —w) (4)

whereTE is relative technical efficiency of the firm (0€<1). Note that, wheny; = 0 then the
ith farmer lies on the stochastic frontier and kn@srtechnically efficiency. i >0, the farm
lies below the frontier, which means that the fasnmefficient.

3.0. Results and Discussion

3.1. Hypothesis Testing

Tests of various null hypotheses associated wighntledels were carried out using likelihood-
ratio (LR) statistics which have approximatefy distribution , except cases where the null
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hypothesis also involves the restrictiong &f 0. In such cases, the asymptotic distributiothef
likelihood ratio test statistic is a mixeg? distribution and therefore the appropriate critica
values were drawn from Kodde and Palm (1986). Tahpeesents the results of the hypothesis
tested with generalized likelihood ratio tests.

Table 1: Generalized Likelihood Ratio Hypothesis Tsts

Null Hypothesis Test Calculated Critical Degree of Decision ato. = 1%
Statistic ~ Value Value freedom

Hoy=00=0=  y2-test 105.097 31.353 16 Rejected

62.... :614 =0

Ho:y=0 y2-test 42970 39.664 22 Rejected

Ho: 80 =01=0.... y2-test 62.127 30.578 15 Rejected

= 614 =0

Ho:=061=10,...= y2-test 38.314 29.141 14 Rejected

614 =0

Source: survey data 2012

The first null hypothesis test that technical ir@éincy effects are not present in the model i.e.
smallholder dairy farmers are efficient and haveawm for efficiency growth. H: y =60 =6:=
d2.... =014 = 0, The LR test statistic is asymptotically daited as a mixture of chi-square
distributions. This test statistic exceeds the I#écal value X% oo (16) 105.09% =, which is
taken from Table 1 in Kodde and Palm (1986), soLiRdest leads to reject the null hypothesis
and concluded that technical inefficiency are pmes€his implies that, the traditional average
(OLS) function is not suitable for this study. Thecond null hypothesis,oHy = 0, which
specifies that the inefficiency effects are notchastic, is again strongly rejected at 1%
significant level and concluded that systematituerices that are unexplained by the production
function are the dominant sources of random error.

The third null hypothesis considered in the mo#igl,d9 = 81 = 65.... = 814 = 0 which stipulates
that, the coefficients of the explanatory variakiteshe inefficiency models are simultaneously
zero, is also rejected. It indicates that the combieffects of factors involved in the technical
inefficiency model are responsible for explainihg tevel and variations in Technical Efficiency
of smallholder dairy farmers although individualfeets of some variables may not be
statistically significant. The last null hypothesisnsidered, H03; = ... =814 = 0, which state,
that the coefficients of the variables in the ire@éincy model effects are zero, is also rejected. |
reflects that all the coefficients of the explamgtonodel are significantly influenced by the
hypothesized socio-economic, institutional and retnk) variables in the inefficiency model.

3.2. Partial Elasticities

Because all input variables are measured in |dgar@ form, the estimated coefficient values
represent the partial output elasticitid$ie production elasticity measures the proportional
change in output resulting from proportional chamgeth input level, with all other input level
held constant. Presented in Table 2 are elas#sitiynates and return to scale value.
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Table 2: Elasticity of Smallholder Dairy Farmers

Inputs Elasticity
Veterinary Cost (TSHS) -0.1939
Purchased Feed Costs (TSH) 0.4923
Other Costs (TSHS) 0.2269
Number of lactating cows 0.4692
Daily hours Spent on Dairy Activities (HOURS) 0.443
Return to Scale (RTS) 1.4379

Source: Analyzed survey data 2012

All elasticities are positive and statistically mificant at 1% level with the exception of
veterinary cost which is negative and statisticalynificant at 5% level. This implies that the
use and allocation of these variables are stilleamilized and as such a unit increase in these
inputs will eventually results in an increase ie thalue of dairy outputs of the producers. Of all
input variable, purchased feed (concentrates) lkastthe highest impact on dairy production
with elasticity equal to 0.4923 that is 100% inse@ concentrate feed purchased results in an
estimated increase in dairy output of 49.23%. Tke&t rhighest elasticity is for number of
lactating cows in the herd (0.4692) followed bylgaiours spent on dairy activities (0.4434) and
other costs (0.2269). The negative sign of veteyimast variable indicates an out of optimal
usage of this input. The Return to Scale coefficier1.4379. This suggest that smallholder dairy
farmers in Njombe district exhibit increasing retuio scale and they are operating in the
irrational zone of production (Stage 1) functiorthmhe implication that the resources are not
efficiently allocated and used on their dairy farms

3.3 Technical Efficiency Analysis

The maximum likelihood (ML) estimates of the par&éene of the stochastic production frontier
are presented in Table 3 below. The sigma squar8dw(th value of 0.0964 is statistically
significant and different from zero at= 0.01. This indicates a good fit and the corressnof the
distributional form assumed for the composite eteom. The estimated gamma parameggo{
frontier model is 0.9989 and significant (P < 0.0mhis indicates that systematic influences that
are unexplained by the production function aredbminant sources of random error meaning
that 99.89% of the variation in output among thekimolder dairy farmers was due to disparities
in technical efficiency.
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Table 3: Maximum Likelihood Estimate (MLE) of the Stochastic Frontier Production Function

Variables Parameter OLS Model MLE Frontier Model

Coefficients Standard- t-ratio Coefficients  Standard t-ratio

error -error

Intercept R 7.708 1.2749 6.0419 7.6252 0.7881  9.6758
Veterinary Cost (TSHS) R 0.2776 0.0756 3.6702 -0.1939 0.0855  -2.2680
Purchased Feed Costs (TSH) » B 0.2630" 0.0846 3.1087 0.4923 0.0564  8.7205
Other Costs (TSHSs) 3R 0.0209 0.0393 0.5306  0.2269 0.0749  3.0318
Lactating cows (Number) R 0.1858 0.1194 1.5551 0.4652 0.1615  2.9053
Daily hours Spent on Dairy Activities (HOURS) 5 R -0.0669 0.1204  -0.5556 0.4434 0.1438  3.0839
Variance Parameters and Diagnostic
Sigma Square 62 0.1362 0.0964 0.0227  4.2502
Gamma y 0.4600 0.9989 0.0031 323.353
log likelihood function A -31.0633 -9.5783
LR test of the one-sided error 42.9700

" Significant at 10% level, Significant at 5% level and Significant at 1%
Source: Survey Data
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Table 4 shows that the predicted farm specific nexi efficiencies ranged from 13% to 99%

with a mean of 45.46% and standard deviation af 23%6. The table further shows that majority
of respondents (61.7%) had technical efficiencypWweb0%, indicating that more than half of the

respondent farmers were relatively inefficient. Tiheplication of the average TE of 45.46%

from the analysis is that dairy production couldim@eased by 54.54% through better allocation
and use of available resources.

Table 4: Frequency Distribution of Technical Efficiency Score (N = 81)

Efficiency Scores Frequency Percentage
10-19 8 9.9
20 - 29 21 25.9
30-39 13 16.0
40 - 49 8 9.9
50 - 59 7 8.6
60 - 69 8 9.9
70-79 8 9.9
80 - 89 3 3.7
90+ 5 6.2
Mean 45.46

Minimum 13

Maximum 99

Standard deviation 24.113

Source:survey data 2012

3.4. Determinants of Technical Inefficiency of Sméholder Dairy Producers

Sources of inefficiency were examined by usingdblegmated-coefficients of the variables in
inefficient model. The coefficients have either positive or negativgns. A positive sign
indicates that the variable has an increasing etfiednefficiency while a negative sign indicates
a reducing effect on inefficiencyhe results of the inefficiency model are givemable 5.

Results in Table 5 indicate that the coefficientsage, gender, marital status, hired labor and
selling to processowere statistically significant at 1% level whileefficients of education level
and experience were statistically significant atl8¥el. On other hand the coefficients of family
size, membership in dairy production and marketingup, dairy herd size, off farm income,
dairy herd size, dairy training, contact with exdéiem agent and sale on credit were statistically
insignificant. All coefficients had expected sigxcept the coefficients for membership in dairy
production/marketing group and selling to processor

The estimated coefficient for age variable has sitpe sign and statistically significant at 1%
level which indicates that older farmers tend to haveemoefficiencies than younger ones. This
could be explained in terms of adoption of modexhhology. As the age increases, the farmers
tend to be more risk averse and hesitate to adept technologies making the production
process inefficient. Ogunniyi and Ajao, (2010) ab¢a similar findings and concluded that
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older farmers tend to be more conservative andressptive to modern technologies. Another
reason might be thakairy production is very strenuous giving younfggmers an advantage.

Table 5: Maximum Likelihood Estimates for the Paraneters of the Inefficiency Model

Variables Parameter  Coefficients Standard- t-ratio
Estimate error

Age 81 0.0190" 0.0061 3.0974
Gender Sz 0.0155" 0.0042 3.6712
Marital Status 3 -0.0147" 0.0045 -3.2542
Education Level 84 0.5788 0.2964 1.9525
Experience 85 0.1464 0.0696 2.1023
Household Size 56 -0.0034 0.0029 -1.1806
Membership in Dairy Group o7 0.0001 0.0004 0.31534
Off farm Income Og 0.0073 0.0076 0.9519
Dairy Herd Size 89 0.0582 0.1380 0.4217
Dairy Training d10 -0.0051 0.0305 -0.1684
Contact with Extension Agent d11 -0.0133 0.0261 -0.5102
Hired Labor 812 -0.0650" 0.0203 -3.1964
Sale on credit 013 -0.0885 0.0764 -1.1589
Selling to Processor 814 0.0008" 0.0003 3.1197

" Significant at 10% level, Significant at 5% level and Significant at 1%
Source: Survey data 2012

The gender coefficient measured as dummy varialile value of one for male and zero for
women was found to be positive and highly significat 1% levelThis suggests that men were
less technically efficient than women in dairy puotion. Women are key actors in the business
of farming, both in terms of labor supply (Eneteal 2002) and as decision makers (Enete and
Amusa 2010). In many cases, farming is dispropoately their responsibility. They may
therefore have acquired relatively more technioal managerial expertise on the job than men.

The coefficient for marital status alseeasured as dummy variable with value of one farriedh
and zero otherwiswas negative and statistically significant at scpat level. This implies that
smallholder dairy farmers who are married are nedfieient than those who are either single,
divorced, widowed or widowers. This might be duehe fact that marital status in most cases is
considered important in household decision makinger@ married people have always
succeeded in decision-making (Kibirige, 2008). Aisarried farmers tend to be more technically
efficient, probably reflecting more availability &dbor, which is consistent with larger families
having more labor at their disposal, thus contimiimuto higher TE (Oleke and lIsinika, 2011).
The education coefficient was found to be positaral statistically significant at 5 percent
probability level. This implies that there is inased level of technical inefficiency as level of
education increases.

These findings might be due to the fact that higédercation opens up higher opportunities for
livelihoods such as off-farm employment and, henoeates lower incentives to pay much
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attention to the performance of the dairy farm. Eumad-Lawakt al., 2009 obtained similar
results and concluded that farmers with lower etioigaare more likely to be limited in such
opportunities and hence depend more on primary adsttior their livelihoods and therefore
have acquired relatively more technical and manalgexpertise on the job than higher educated
ones with alternative livelihood options.

Unexpectedly, the coefficient of dairy productiotperience was found positive and statistically
significant at 5% indicating that farmers with héghexperience in dairy production tended to
have higher technical inefficiencies. This showat tthe experience the farmers had, was not
geared towards the competency or skills neededekmellence in handling the available
technologies required in smallholder dairy productiThis could be due to fact that experience
correlates with age, which would always associdtk reduced energy and optimism necessary
in dairy production. Age in this study was foundipiwely related to inefficiency.

The coefficient of family size is negative but ratétistically significant. The negative sign of
this inefficiency parameter establishes the faet thefficiency of smallholder dairy farmers
decreases with increase in household size. Thisbaajue to the fact that increased household
size means more labour force for dairy productictivaies. Inability to find a significant
relationship could be attributed to fact that ager&ousehold size of 5.49 people means that
household sizes were not large enough to have eguigable labour distribution among farming
and dairy production activities. Improved farm labdlistribution will lead to concentration on
the given task and thus improving technical efficig (Kibirige, 2008).

Membership in dairy production and marketing growps expected to increase farmer’s
interactions with fellow farmers, extension agemtl ather entrepreneurs in his locality. It was
hoped that such interactions would help them teivecand synthesize new information on dairy
production and marketing activities in his localignd even beyond leading to improved
technical efficiency. Contrary to a priori expewatthe coefficient for membership in dairy
production and marketing group was positive andissigally insignificant implying that
membership in dairy production and marketing grdwgs no relationship with technical
inefficiency. As majority of the respondents (8®)2were members of dairy production and
marketing groups and were selling milk to dairygassors. This could be accounted to low
price paid by processor and delay in effecting paryimas farmers complained. As result dairy
farmers may regard membership in dairy productimhmarketing group as a “public good” and
not a “social good” where they fraternize not nseei$y for production motives.

The coefficient for off farm income variable wasspive and not statistically significant.

Although not statistically significant, the posgisign of the coefficient indicates that farmers
engaged in off-farm income earning activities témebxhibit higher levels of inefficiency. This

was probably due to fact that involvement in nomrfavork are accompanied by reallocation of
time away from farm related activities, such aspidm of new technologies and gathering of
technical information that is essential for enhaggroduction efficiency. Also due to the lower
socioeconomic conditions that prevail in rural aresanallholder farmers tend to look for a non-
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agricultural employment in order to complement agtural income rather than obtain
additional resources to be invested in the activity

The coefficient for dairy herd size variable wasigige but not statistically significant. Although
not statistically significant the positive signtbg coefficient indicates that technical inefficign
increases as dairy herd size increases. This cbeldttributed to the fact that resources
allocation and management in large herd size are cmmplex than in small herd size and thus
require advance farm management knowledge whichddmilacking among smallholder dairy
farmers.

Dairy training and contact with an extension offidering the past year were positively related
to efficiency but statistically insignificant. Theedindings are consistent with the findings of
Feederret al.(2004); Binamet al. (2004); Rahman (2003). Each of these studies imebfarmers

in developing countries. The inability to find sstital significance has been attributed to
bureaucratic inefficiency, poor program designeferet al, 2004; Binanet al, 2004) and the
use of a “top-down” instead of participatory apmtoa(Braunet al, 2002). Tanzanian's
extension program has been characterized by a ¢t dapproach. Thus, the lack of a
participatory approach may explain the insignificaef Tanzanian’s extension program in terms
of its impact on the efficiency of these Tanzarsarallholder dairy farms.

The coefficient of the dummy variable for use ofeli labor is negative and statistically
significant at the 10 percent level implying thatadlholder dairy farms on which hired labor is
used to supplement family are less inefficient ttiayse that exclusively use family labor. This
finding may reflect the economic use of hired lalbesources for farm households that are
constrained in terms of family labor.The coeffidief the dummy variable for sale on credit is
negative and statistically insignificant. Althougtatistically insignificant the negative sign of
the coefficient shows those smallholder dairy fasneho sell milk on credit and after two
weeks or one month receive payments in lump sunteagetechnically inefficient than farmers
who receive daily payments. These findings may fodably due to fact that smallholder milk
marketing is associated with sales of small quantiarketable milk surplus which limit the
ability of the farmer to afford daily essential daiproduction expenses for efficient
management. Lump-sum payments may be intrinsieallyable where liquidity flow is required
in lumps to match lumpy expenditures (Ngigi et 2000). The inability to find significant
relationship may be due to delay in payments agptaimed by majority of farmers who sell on
credit to dairy processor. On the other hand theffioeent for selling to dairy processor was
positive and statistically significant at 1% lev@&hese results indicate that smallholder dairy
farmers who sell to dairy processor are more tegttlyiinefficient than those who sell to other
outlets. This is contrary to a priori expectatiorolmbly because of the low price paid by
processor and delay in effecting payment as farcargplained.

4.0. Conclusion and policy implications

This paper has estimated Technical efficiency adilBrolder dairy farmers and analyzed factors
affecting their technical efficiency in Njombe dlist using a stochastic production frontier (SPF)
methodology under Cobb-Douglas functional form. diigs from the study show that
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smallholder dairy production in Njombe District Gmil can still benefit from economies of
scale linked to increasing returns to boost pradacas depicted by return to scale of 1.4379
which indicates stage 1l of the productivity sudashowing an inefficient allocation and
utilization of available resources.

The Technical Efficiency (TE) measurement showeak tthere were technical inefficiency
effects in smallholder dairy production. The predikc T E ranged between 13% to 99% with a
mean 45.5% and standard deviation of 24.113%. $hmated value of the variance parameter
(y) of 0.9989 for the stochastic frontier productioimction was not only close to one but also
significantly different from zero at probabilityMel1% indicating that 99.89% of the variation in
the value dairy output among the smallholder dé&armners was due to disparities in technical
efficiency.

The inefficiency model showed that age, gendercatiion level, experience of the farmer and
selling to processor are major factors having aigant and positive influence on the farmers’
technical inefficiency while marital status and wéehired labor are the major factors having a
significant and negative influence on the farmeexhnical inefficiency. Other factors which
were found to have positive influence on techninpefficiency but not statistically significant
included membership in dairy production and marigtroup, off farm income and dairy herd
size. Dairy training, contact with extension agant selling on credit are factors which were
found to have negative impact on technical inefficly but were also not statistically significant.
Some productivity gains linked to improvementsanhnical efficient can still be realized in the
smallholder dairy production sector in Njombe dcstrMoreover, smallholder dairy producers
can still take advantage of scale economies lin@adcreasing returns to increase value of dairy
output.

Technical efficiency can be improved by attractyoging and married people to enter or remain
into dairy production business. Likewise, improvemef market prices and timely effecting
payment may also be paramount. More action mayeleéed in terms of improving rural roads
to facilitate milk collection; creating reliable w@e of power; review of dairy import policies;
and conducting a dairy value chain analysis. HBmnallanzanian’s extension and training
programme need to be revamped with the view of ntali participatory and client based in
nature.

26|Page



African Journal of Economic Review, Volume 1, Isauguly 2013

References
Adepoju, A. A. (2008) “Technical Efficiency of Eggroduction in Osun Statelhternational
Journal of Agricultural Economics and Rural Deveaiognt- 1 (1)

Aigner, D. J., Lovell, C., and Schmidt, P. (197 RHofmulation and Estimation of Stochastic
Frontier Production ModelsJournal of Econometri¢$, 21-37.

Ajibefun, 1.A, (2002) “Analysis of Policy Issues ifechnical Efficiency of Small Scale Farmers
Using the Stochastic Frontier Production Functiwvith Application to Nigerian Farmers,”
Paper presented at the 13th International Farm Mgeraent CongressWageningen, The
Netherlands, and July 7-12, 2002.

Battese, G. E. and Coelli, T. J. (1995) “A modeltechnical inefficiency effects in a stochastic
frontier production function for panel dat&impirical Economicf0: 325-332.

Ben-Belhassen, B. (2000). Measurement and Exptamati Technical Efficiency in Missouri
hog Production. Selected Paper, American Agricalttconomics Association (AAEA), Annual
Meeting. Tampa, Florida, 30 July — 2 August.

Burhan O. R., Figen C. and Hatice K, (2009) “A Rsviof Literature on Productive Efficiency
in Agricultural ProductionJournal of Applied Sciences Resears{v): 796-801,

Burki, A. A and Khan, M.A (2007) “Milk Districts ah Efficiency of Smallholder Dairy
Producers in Pakistan” Lahore University of Managet&ciences (LUMS)

Cabrera, V. E., Daniel Solis, D. and Julio Del @hrd. (2010) The Effect of Traditional
Practices in the Efficiency of Dairy Farms in Wisst Selected Paper Presented at the Southern
Agricultural Economics Association Annual Meeti@yjando, FL, February 6-9, 2010.

Coelli, T. J. (1996) “A Guide To Frontier Version14A Computer Program For Stochastic
Frontier Production And Cost Function EstimatioBEPA Working Papers, 96/0University
of New England, Australia. 135pp.

Debreu, G. (1951) “The coefficients of resourcéization,” Econometrical9 (3): 273-92

FAO. (2005). Livestock Sector Brief: United Repgbbf Tanzania. Livestock Information,
Sector Analysis and Policy Branch AGAL.

Haghiri, M. (2003). Stochastic Non-Parametric FremtAnalysis in Measuring Technical
Efficiency. A Case Study of the North American Dalndustry: A Thesis Submitted to the
College of Graduate Studies and Research In Pd&ilillment of the Requirements For the
Degree of Ph.D. in the Department of AgriculturabBomics University of Saskatchewan

27|Page



African Journal of Economic Review, Volume 1, Isauguly 2013

Jaforullah, M., and Whiteman, J. (1999) “Scalecs#icy in the New Zealand dairy industry: A
non-parametric approach&ustralian Journalof Agricultural andResource Economic$3:523—
541.

Kibaara, B. W. (2005). Technical Efficiency in Kemys Maize Production: An Application of
the Stochastic Frontier Approach. Thesis SubmitbeDepartment of Agricultural and Resource
Economics in partial fulfillment of the requiremenEor the Degree of Master of Science
Colorado State University. Fort Collins, Colorado

Kolawole, O and Ojo, S.0O, (2007) “Economic Effiadgnof Small Scale Food Crop Production
in Nigeria: A Stochastic Frontier ApproachiKamla-Raj J. Soc. S¢il4(2): 123-130.

Kumbhakar, S. and Lovell, C. (2008)ochastic Frontier Analysi€ambridge University Press.

Kumbhakar, S.C., Ghosh, S. and McGuckin J.T. (19@l)Generalized Production Frontier
Approach for Estimating Determinants of Inefficigno U.S. dairy farms,Journal of Business
and Economic Statistic9: 279-86.

Kurwijila, L.R (1995) An overview of dairy develognt in Tanzania. Strategies for market
orientation of small scale milk producers and tleiganizations. Proceedings of a Workshop
Held at Morogoro Hotel, Morogoro, Tanzania, 20 tH2#March, 1995 Food and Agriculture
Organization of the United Nations Rome and Sokalna&ersity of Agriculture.

Lwelamira, J.L., Binamungu, H K and Njau, F B (2DXContribution of small scale dairy
farming under zero-grazing in improving househoklfare in Kayanga ward, Karagwe District,
Tanzanid’ Livestock Research for Rural Developm&2(2)

Meeusen, W., and van den Broeck, J. (1977) “Efficie Estimation from Cobb-Douglas
Production Functions with Composed Errdnternational Economics Revied8:2, 435-44.

Msuya, E. E. and Ashimogo, G. C. (2006) “An estigratof technical efficiency in Tanzanian
sugarcane production: A case study of Mtibwa seganpany out grower’'s schemg&tonomic
and Development Papersilzumbe University , Vol. 1, No. 1

Msuya, Elibariki and Ashimogo, Gasper. (2005) “Ewsttion of Technical Efficiency in
Tanzanian Sugarcane Production: A Case Study diwWétiSugar Estate Out growers Scheme”
MPRA Paper No. 3747

Mwakalile 1 F N, Bachmann F, Mshana Y and Mgittu F/ (2002). Improved livestock
management and rural livelihood: Twenty years opegience of southern highlands dairy
development project in Mbeya and Iringa region, ZEama. In: Proceedings of the joint
Scientific Conference of the 17Scientific Conference of Tanzania Society of Anima
Production and the 3DScientific Conference of Tanzania Veterinary Asation, 3— 5,
December 2002, Arusha, Tanzania, pp 35-51

28|Page



African Journal of Economic Review, Volume 1, |sausuly 2013

Nchare, A. (2007) “Analysis of Factors Affectingetffechnical Efficiency of Arabica coffee
Producers in Cameroon African Economic Researchs@timm, Nairobi” AERC Research
Paper 163

Nguyen, N.B (2010). Estimation of Technical Effioay in Stochastic Frontier Analysis: A
Dissertation Submitted to the Graduate College oWlBig Green State University in partial
fulfillment of the requirements for the degree obdbor of Philosophy. College of Bowling
Green State University

Njombe. A.P and Msanga. Y. N , (2008). Livestocld adairy Industry Development in
Tanzania. Department of Livestock Production andrkéiéng Infrastructure Development.
Ministry of Livestock Development.

Nkya, R., Kessy, B. M., Lyimo, Z. C., Msangi, B. J., Turuka, T., and Mtenga, K. (2007).
“Constraints on Smallholder Market Oriented Dairyst&ms in the North Eastern Coastal
Region of TanzaniaTropical Animal Health and Productiprvolume 39, Issue 8, pp 627-636

Sesabo, Jennifer K and Tol, Richard S J (2007) Himeal efficiency of small-scale fishing
households in Tanzanian coastal villages: An emgliranalysis” African Journal of Aquatic
Science32 (1). pp. 51-61

Sumberg J.E. 1997. Policy, milk and the Dar es&alperi-urban zone: A new future or an old
development themd?and Policy14(4):277-293.

Technical Wubeneh, N and Ehui, S. (2006). Efficieof Smallholder Dairy Farmers in the
Central Ethiopian Highlands. Paper presented atlritexnational Association of Agricultural
Economists Conference, Gold Coast, Australia, anguat 12-18, 2006.

Tyler William G. and Lee Lung-Fei. (1979) “On Estting Stochastic Frontier Production

Functions and Average Efficiency: An Empirical Aysis with Columbian Micro Data,The
Review of Economics and Statistigsl. 61, No. 3, pp. 436-438

29|Page



