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Introduction

Livestock is an important sub-sector of agriculture 
which plays a major role in both subsistence and 

the economic development of Pakistan. It contributes 
11.22% to the national GDP and accounts for 60.54 
% of agricultural value added. Nearly 30-35 million 
people are affiliated with the livestock sector and earn 
30-40% of their income from it (GoP, 2019). The 
gross value addition of the livestock sector at current 
factor costs has increased by 4% - from Rs (Pakistani 
Rupee(s))1384 billion (US$ 8.947 billion) in 2017-
18 to Rs 1440 (US$ 9.306 billion) in 2018-19 (GOP, 
2019). Milk production is the most important com-
ponent of livestock. Its average growth is about 3.12% 
per annum since 2006 while annual demand has in-
creased by 26% (Tahir et al., 2019). Loose milk pen-
etration in food baskets is as high as 93% and almost 

30% of household expenditure is on milk and milk 
products (Wynn et al., 2006). However, Pakistan’s 
population has increased from 65 million to 180 mil-
lion over the past three decades with an estimated 
growth rate of over 2% and is expected to grow to 
234 million by 2025. This has raised the gap between 
milk demand and supply to 3.5 million tons per year 
(FAO, 2003) and it will increase in future. Despite 
being the world’s fifth largest producer of milk with 
an annual production of 59.759 million tonnes (GoP, 
2019). Pakistan spent about US$ 130.83 million out 
of its scarce resources on importing milk and milk 
products in 2017-18 (Sattar, 2020).

The dairy population in Pakistan increased from 
189.5 million in 2017-18 to 194.8 million in 2018-19 
with a growth rate of 2.72%. Meanwhile, milk pro-
duction increased from 58 million tons to 60 million 
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tons, with 3.33% growth rate annually in the same 
period. The cattle population increased at 3.55% per 
annum and buffalo at 3.0%, while the milk growth 
of cattle was 3.63% and buffalo was 2.88% over the 
same period (GoP, 2019). Rural dairy farms contrib-
ute 80% of the total milk marketed, while the re-
maining amount is produced by urban and peri-urban 
farms. More than 90% of milk is sold via informal 
ways (such as the milkman or direct supply to con-
sumer), while less than 10% is delivered to the formal 
processing industry (Aslam and Kamal, 2012). Due 
to lack of proper storage cooling and transport in the 
marketing system, about 15% milk wasted out of to-
tal sale. (Fakhar and Walker, 2006). Nevertheless, the 
dairy industry in Pakistan is based on conventional 
farming which faces problems due to the poor genetic 
potential of animals for milk production, low quality 
feed, improper and traditional marketing channels, 
conventional management practices, and poor exten-
sion services (Sarwar et al., 2002). 

The Pakistani government has implemented policies 
to increase farm competitiveness and milk produc-
tion. In its second five-year plan (1955-60), the gov-
ernment planned to purchase milk from specialised 
dairy farmers and vendors and sell it to consumers 
after pasteurisation. It also suggested making coop-
eratives of vendors to transport milk to cities. In the 
1970s and early 1980s, the government offered incen-
tives to private milk supply channels and encouraged 
investment with the initiation of antiseptic packaging 
material for ultra-high temperature (UHT) treated 
milk by Tetra Pakistan Limited. The milk processing 
industry received massive investment in Pakistan, and 
the private sector launched 23 milk processing plants. 
However, the supply of fresh milk to the processing 
industry did not improve (Anjum et al., 1989). In 
1985, the government imported purebred Holstein 
Freisian and Jersey cattle from the USA and conduct-
ed research until 2001 to evaluate the environmental 
factors affecting productivity of animals and to im-
prove the genetics of local cattle (Lateef et al., 2008). 

However, in all the previous efforts government did 
not focus on extension and veterinary services in 
dairy sector of Pakistan. In 2006, the government 
developed a project called doodh darya (White Rev-
olution) to increase milk production and to fill the 
gap between domestic demand and supply with the 
possibility of being an exporter in the long run. This 
aimed to invest in both dairy infrastructure and hu-

man capital by establishing model dairy farms to in-
troduce modern farm management techniques, mo-
bile milk collection units to enhance the capacity of 
the milk supply chain, improved and imported semen 
to improve herd genetics, free vaccination campaigns, 
vocational and training facilities for dairy technicians 
and extension workers, and training programs for 
farmers. The government provided soft loans to farm-
ers and introduced a zero-rated tax regime for value 
added dairy products to increase investment in the 
milk processing industry (Fakhar and Walker, 2006).

After shift in focus the number of veterinary hospitals 
increased from 527 in 2006 to 566 in 2013 in Punjab 
and number of veterinary dispensaries increased from 
775 in 2006 to 1654 in 2013 (BSP, 2015). The gov-
ernment ensured to provide extension and veterinary 
services to remote dairy farmers through trained staff.

Several studies have assessed the efficiency of produc-
tion in agriculture using the frontier production tech-
nique, most notably (Battese and Coelli, 1995; Bat-
tese et al., 1996; Brümmer, 2001). Several researches 
have also been performed to explore the technical 
productivity of dairy farms in many countries: (Hes-
hmati and Kumbhakar, 1994; Cuesta, 2000; Alvarez 
and Arias, 2004; Bravo-Ureta et al., 2008; Nganga 
et al., 2010; Cabrera et al., 2010; Mor and Sharma, 
2012; Uddin et al., 2014). Mor and Sharma (2012) 
and Nakanwagi and Hyuha (2015) found that the 
possession of crossbred livestock affects the efficiency 
of dairy farmers positively and significantly. O’Neill 
et al. (1999), Ahmed et al. (2012), Saldias and Cra-
mon-taubadel (2012) found that the extension and 
advisory services increased the technical efficiency of 
dairy farms.

Despite the importance of the dairy sector to Paki-
stan’s economy, we are aware of only two studies on 
the technical efficiency of dairy farmers in Pakistan: 
(Burki and Khan, 2011; Sadaf and Riaz, 2012). Both 
of these studies have focused on the effect of modern 
milk supply chains on technical efficiency of farm-
ers. (Burki and Khan, 2011) used stochastic frontier 
analysis to assess the impact of modern milk supply 
chains in the milk districts of Punjab, and found that 
technical efficiency has positive effect with a mean of 
0.79. (Sadaf and Riaz, 2012) assess the allocative and 
technical efficiencies of dairy farmers in the Sargodha 
district by using Data Envelopment Analysis (DEA) 
techniques. They found that technical efficiency is 
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positively influenced by the herd size, and adversely 
affected by the size of the functional land area. They 
observed that the mean technical efficiency of the 
dairy farmers under varying return to scale was 0.89 
while the size efficiency was 0.94. 

Access to extension and veterinary services, on-farm 
training, and improvement in herd breed are critical 
determinants of competitiveness in the dairy sector. 
However, little is known about the impact of access 
to extension and veterinary services and herd breed 
structure on farmers in Pakistan. The purpose of this 
study is to cast a light on the impact of extension and 
veterinary services and herd breed structure on the 
technical efficiency of market oriented dairy farmers 
in Pakistan. Using the cross-sectional data from 2013, 
we address the following questions:

1. Is there evidence that extension and veterinary 
services cause an increase in technical efficiency?

2. Does the herd breed structure influence the tech-
nical efficiency?

This paper gives estimates of technical efficiency 
of market oriented dairy farmers based on a prov-
ince-wide sample of Punjab. It identifies the factors 
influencing the technical efficiency of dairy farm-
ers and is a useful practice to provide further policy 
guidelines/ recommendations.

Materials and Methods

Theoretical framework
Parametric or non-parametric function based meas-
urement techniques of technical efficiency are tracked 
back to the work of Farrell (1957). Later, (Aigner et 
al., 1977) and (Meeusen and Van Den Broeck, 1977) 
developed stochastic production frontiers based on 
the econometric estimation of parametric functions. 
Comprehensive work on the stochastic frontier mod-
el is explained in (Bauer, 1990; Coelli, 1995; Kumb-
hakar and Lovell, 2000; Coelli et al., 2005). Stochastic 
frontier production function (SFPF) identifies output 
variation using a combined error term εi, in which ad-
ditional random error, νi (noise effect), is add up to the 
non-negative random variable, ui (inefficiency effect). 
The following equation expresses the SFA model for 
a cross sectional data.

   

 . . . . .(1)

The level of output for observation (farm, i) denotes 
Υi. f(Xi; β) is a relevant function (Cobb-Douglas 
or translog) of the row vector of inputs Xi, and β is 
a vector of unknown parameters. The error term εi, 
comprised of two independent parts, νi and ui, such 
that εi = (vi −ui). vi is a pure random factor that rep-
resents external shocks and factors which are beyond 
the control of farmers. vi is supposed to be an i.i.d. 
(independently and identically distributed), normal 
random variable with zero mean and continuous vari-
ance σ2

v, [vi ∼ N (0, σ2
v)]. ui ≥ 0 is a systematic, positive 

random variable which accounts for inefficiency and 
is associated with farm-specific factors. Estimation of 
equation (1) hinges upon distributional assumptions 
regarding the two error terms. Various distributional 
assumptions are available in the literature for the ui. 
However, we use the model of (Battese and Coelli, 
1995) which assumes that ui follows a truncated nor-
mal distribution with mean μi, and variance σ2

u,[ui ∼ 
N+(μi, σ2

u)]

  ui = δ0 + δZi  . . .(2)

Zi is a Q×1 vector of explanatory variables that could 
affect the efficiency performance of farmers; this may 
include socioeconomic and farm management attrib-
utes. δ is an associated vector of unknown factor to be 
investigated. 

The frontier of the production function is defined by 
the “best practice” farms which exhibit the highest 
potential output for a given set of inputs. Thus, the 
technical efficiency TEi of the ith farm is expressed as 
a ratio of the observed output to the corresponding 
potential output. This is written as:

 . . .(3)

Where;
Yi is always ≤ Y*

i and TEi = exp( ̶ ui) ∈ [0,1] indicates 
the corresponding output-oriented technical efficien-
cy measure, which shows that if ui = 0, the production 
remains on the frontier and therefore is technically 
efficient. However, if ui > 0, the farm remains below 
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the frontier line and is technically inefficient. 
Battese and Corra (1977) proposed that the sin-
gle-step estimation of the parameters of models (1) 
and (2), and the model of technical efficiency (3), can 
be estimated in terms of the parameterisation: 

by considering a distributional assumption of the ran-
dom errors. The value of the γ parameter lies between 
zero and one. A value of γ = 1 shows that the devia-
tions from the frontier are completely due to techni-
cal inefficiency, whereas a value of γ = 0 indicates that 
the deviations from the frontier are completely due 
to noise effects.

Table 1:  Summary of the variables in the frontier and 
inefficiency models.
Variable Unit Mean Std. Dev. Min Max
Frontier Production function model
Milk (output) Liters 13734 10164.22 1686 76010
Capital Rupees 8063 4584.44 1079 28273
Green fodder Kg 167662 107345.9 25530 774840
Dry fodder and 
Concentrates

Kg 63307 58861.41 5517 617200

Veterinary 
services

Rupees 7346 7565.18 600 85000

Family labour Hour 1681 1492.27 0 7787
Hired labour Hour 1768 1873.20 0 8760
Peak milk cattle Numbers 5.91 4.20 1 38
Total herd Numbers 18.16 12.19 2 62
Technical inefficiency model
Education Levels 2.03 1.42 0 5
Age Years 45.14 11.00 21 75
Experience Years 16 8.78 2 45
Extension visits Numbers 12 8.14 1 60
Neighbours’ 
extension visits

Numbers 38.28 15.63 8 120

Crossbred and 
imported cattle

Percent-
age

27 28.92 0 100

Processor Dummy 0.24 0.44 0 1

Data description
We collected data from two regions of Punjab prov-
ince: South Punjab and North Punjab. These regions 
are based on political and cultural divisions in the 
province. Data were collected through the random se-
lection of farmers from twelve districts of two regions 
(six districts from each region); from each district, 
one union council randomly selected. In the south-
ern region, we collected data from 171 farmers, while 

174 farmers were interviewed in the northern region. 
The respondents were selected based on selling milk 
for more than one year on several variables which are 
described below and summarised in Table 1.

The dependent variable Yi is defined as the gross milk 
production in litres at a farm during the year. The vec-
tor Xi comprises six inputs: green fodder, dry fodder 
and concentrates, veterinary services, capital (cost of 
machinery, vehicles and expenditures on other fixed 
costs adjusted for depreciation and interest rates), la-
bour, milking cattle. We specify a vector Z that in-
cludes several additional variables which represent 
the determinants of technical efficiency. These varia-
bles account for socio-economic characteristics, farm 
management decisions, and milk market infrastruc-
ture based on the characteristics of the production 
system. Age, experience and education represent the 
state of human capital. Number of Exotic and cross-
bred cattle and choice of milk marketing channels 
(processor=1, and 0 otherwise) represent farm and 
market conditions.

Extension services create awareness among farmers 
about new technology and modern farm practices. 
Generally, extension services are considered to have 
positive impact on the technical efficiency of farm-
ers. However, quality and focus of extension servic-
es defines the outcome of such programmes. Lopez 
(1996) argued that extension programmes in Chilian 
agriculture increased the production through greater 
use of inputs rather than better use of inputs to en-
hance productivity. Access to veterinary and exten-
sion services (vetvisit) represents the visits of veter-
inary and extension officers as well as farmers’ visits 
to the veterinary station. To capture the effect of ex-
tension visits paid to neighbouring farmers on the 
technical efficiency of farmers, we construct a varia-
ble (neighbourvisits) by adding the extension visits 
paid to three neighbouring farmers. We trace the 
three neighbouring farmers using GPS locations of 
the nearest farms.

Empirical model
Based on the theoretical discussion in the section 
above, we lay out the following econometric descrip-
tion of the stochastic production frontier (SPF) and 
efficiency model. (Equation 4)

The technical inefficiency model in equation (2) is 
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specified by Equation 5.

Before heading towards final estimation, we have 
tested the following hypotheses by using the general-
ised likelihood ratio test (Table 2).

H0: βij = 0, specifies that the Cobb-Douglas function 
described the statistically significant data.
H0: βρ = 0, states that there are no technological dif-
ferences between the northern and southern regions 
of Punjab.
H0: γ = δ0 = δ1 = ··· = δ7 = 0, identifies that inefficiency 
effects are not present from the model at every level.
H0: δ1 = δ2 = ··· = δ7= 0, states that farm-specific fac-
tors do not influence the inefficiencies.

Table 2: Hypothesis tests for the adopted model and sta-
tistical assumptions.
Null hypothesis L(H0) λ d.f. λ2

0.05 Decision
1. H0 : βij =0 -47.61 22.37 21 24.99 Not rejected
Testing the specification of the technical inefficiency model
2. H0 : βρ = 0 -7.53 5.94 16 26.29 Not rejected
3. H0 : γ = δ0 = δ1 = 
··· = δn = 0

-47.6 2.21 1 1.64* Rejected

4. H0 : δ1 = δ2 = ··· 
= δ7= 0

-47.61 80.17 7 14.06** Rejected

*Critical values are taken from Kodde and Palm (1986). For this 
value, the statistic λ has a mixed χ2

 distribution.

Results and Discussion

As per the results of generalised likelihood ratio test, 
the hired labour and its dummy are not statistical-
ly significant and have the wrong sign; as a result, 
we drop these from the final estimation. The second 
null hypothesis cannot be rejected which is about the 
specification of the functional form. This concludes 
that the Cobb-Douglas function is a sufficient inter-
pretation of the data than the translog frontier. The 
null hypothesis on technological uniformity between 
the two regions cannot be rejected. This implies that 
both regions share the same technology, so we pooled 
the data for further estimation. The test for the lack 
of inefficiency effects from the model is rejected. This 
implies that the technical efficiency effects exist in 
this model. In the end, null hypothesis “firms’ particu-
lar parameters do not affect the technical inefficiency” 

is also rejected. Consequently, the variables specified 
in the technical inefficiency model are crucial to ex-
plain the disparity in the production function of dairy 
farmers in Pakistan, though some of the factors have 
no statistically significant influence.

Stochastic Production Frontier model estimates
Maximum-likelihood estimations (MLE) of the 
production frontier are shown in Table 3. All inputs 
are measured in logarithmic form, so the estimated 
coefficients represent the partial production elastic-
ities. The expected elasticities of the input variables 
are significantly positive, except for the coefficient 
of the dummy for family labour, which is statisti-
cally insignificant. This means that capital, dry fodder 
and concentrates, veterinary expenses, family labour, 
and milk cattle (buffalo and cow) all have an influence 
on the dairy production system in Pakistan.

Table 3: Cobb-Douglas stochastic frontier model esti-
mates.
Variables Parameters Coefficients Standard 

Error
Constant β0 3.60** 0.50
Peak milk cattle/gfod-
der

β 1 0.533** 0.05

Dry fodder and con-
centrates/gfodder

β 2 0.139** 0.03

Veterinary services/
gfodder

β 3 0.062** 0.02

Family labour/gfodder β 4 0.010* 0.00
Dummy family labour β 5 -0.007 0.03
Capital/gfodder β 6 0.032 0.03
Log-likelihood -7.53
Gamma 0.28

† p<0.10, * p<0.05, ** p<0.01

Cattle have the highest impact on production lev-
els, as the estimated elasticity value is 0.53, which 
shows that one percent rise in the number of milk 
cattle gives a rise of 0.53% approximately in milk 
production. Green fodder produces the next high-
est elasticity (0.22), followed by concentrates and 
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dry fodder (0.13), capital (0.03), veterinary expenses 
(0.06), and finally family labour (0.01).
Technical inefficiency model estimates
The findings of the technical inefficiency model are 
shown in the Table 4. The age coefficient is signifi-
cantly positive, showing that older dairy farmers are 
more technically inefficient than younger ones who 
are progressive and interested in the implementation 
of modern techniques and technologies. The dairy 
sector is Pakistan is labour intensive, leaving older 
farmers at a disadvantage as many lack the physical 
ability to manage dairy operations. Coelli and Battese 
(1996) also argue that older farmers are risk averse 
and reluctant to adopt modern practices and tech-
nologies. This finding is consistent with the results 
of Singh and Sharma (2011) which show that old-
er farmers are less efficient in Indian dairy farming; 
Likewise, Nganga et al. (2010) find that age has a pos-
itive relationship with technical inefficiency for milk 
producers in Kenya.

Table 4: Technical inefficiency model estimates.
Variables Parameters Coefficients Standard 

Error
Constant δ0 -1.547** 0.84
Age δ1 0.053** 0.01
Experience δ2 -0.114** 0.03
Education δ3 0.075 0.11
Extension visits δ4 -0.126** 0.03
Share of cross bred and 
exotic cows

δ5 -0.010† 0.00

Processor δ6 -0.459 0.42
Neighbours’ extension 
visits

δ7 -0.018† 0.01

† p<0.10, * p<0.05, ** p<0.01

The coefficient of experience is significantly negative, 
indicating that farmers who possess more dairy expe-
rience are expected to be more efficient as they could 
better manage their enterprises and are anticipated 
to cope better with crisis management. During the 
field survey we noticed that farmers with high dairy 
experience have better social linkages with other pro-
gressive dairy farmers and are up to date with modern 
practices. Similar results are also revealed in studies of 
(Nganga et al., 2010; Mor and Sharma, 2012; Uddin 
et al., 2014).

Exotic and cross-bred cattle are considered to increase 
the potential output of dairy farmers and ensure the 

continuous supply of milk in summer season when 
buffalo milk production drastically drops. The coeffi-
cient value of share of the imported and cross breeds 
cows in the flock is estimated to be statistically neg-
ative. This implies that owners of cross and imported 
breed cows are technically more efficient. Exotic and 
cross-bred cattle also require more care and are sen-
sitive to local conditions which require better man-
agement practices to handle these cattle and press 
farmers to better manage their farms. These findings 
are consistent with the studies of (Mor and Sharma, 
2012) and (Nakanwagi and Hyuha, 2015) who find 
a negative association between the possession of ex-
otic and cross-bred cattle and technical inefficiency, 
indicating that farmers who possess more cross-bred 
livestock tend to have a lower technical inefficiency. 
However, low impact of exotic and cross breeds may 
suggest that farmers are not aware about modern 
breeding practices and they may not be able to select 
suitable breeds for producing improved breeds.

The coefficient of extension and veterinary services 
is statistically negative which shows it reduces the 
technical inefficiencies of farmers. This implies that 
extension services improve the technical efficiency of 
dairy farmers through imparting knowledge on mod-
ern farming practices and disease control measures, as 
well as enhancing the management skills of the farm-
ers. These findings are coherent with the outcomes of 
(Iqbal and Ahmad, 1999) and (O’Neill et al., 1999). 
However, extension and veterinary services in Paki-
stan are mainly focused on awareness about disease 
control measures and enhancing farmers’ knowledge 
regarding breeding techniques. Extension services 
put little focus on efficient use of inputs, and we have 
found no evidence of increase in productivity due to 
extension services.

The coefficient of neighbour’s’ extension visits is esti-
mated to be statistically negative. This suggests that 
extension visits paid to neighbouring farmers play a 
crucial part in improving the technical efficiency of 
farmers as they share their experiences. This might 
also suggest that farmers with more social contacts 
are more efficient as they learn from the experiences 
of neighbouring farmers.

The coefficient of milk sale pattern for the farmers 
is negative, implying that farmers who sell milk to 
formal milk processing units are technically more ef-
ficient than farmers who sell to traditional channels. 
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However, this association is not statistically signifi-
cant. One possible rationale could be that the formal 
milk supply chains have set higher standards for milk 
purchasing and farmers respond to these standards, 
which increasing their efficiency. However, modern 
milk supply chains usually focus on large farmers 
which do not help to increase the efficiency of farm-
ers across the board.

Figure 1: Technical efficiency of dairy farms in Pakistan.

Technical efficiency
The mean technical efficiency of dairy farms in Pa-
kistan is 0.85, with minimum and maximum values 
of 0.47 and 0.99 respectively; the standard deviation 
is 0.11 (Figure 1). About 40.06% of the dairy farm-
ers have technical efficiency indices above 0.90, while 
50.66% of the farmers range between greater than 
0.70 and less than or equal to 0.90. Thus, 88.72% of 
the farmers have 0.71 or above technical efficiency 
scores. Only 11.2% of the farmers have less than 0.71 
technical efficiency score. The 0.85 mean technical ef-
ficiency indicates that, on average, dairy farmers in 
Pakistan produce 85% of their potential yield, given 
the current state of the technology in the dairy sector. 
Therefore, milk production can be increased by 15% 
by adopting the best practices of dairy farming.

Conclusions and Recomandations

This study shows that dairy farmers in Pakistan exhib-
it constant returns to scale and the number of milking 
cows has contributing higher among all the input var-
iables, followed by green fodder, and dry fodder and 
concentrates. The mean technical efficiency is 0.85, 
indicating that the productivity can be enhanced by 
means of 15% with no extra inputs. The joint impacts 
of all the determinants of the technical inefficiency 

model are statistically significant in justifying the in-
tensity and disparities in the efficiency of dairy farm-
ing in Pakistan, though some of the specific variables 
have no significant effect. We have found a significant 
role of extension and veterinary services in decreasing 
the technical inefficiencies of the dairy farmers. Stud-
ies also show that extension visits paid to neighbour-
ing farmers also reduce the technical inefficiency of 
farmers. However, extension and veterinary services 
in Pakistan are mainly focused on awareness about 
disease control measures and enhancing farmers’ 
knowledge regarding breeding techniques. It is quite 
necessary that extension services should also focus on 
educating farmers about efficient and balanced used 
of feed to enhance their productivity and reduce cost 
and create awareness among farmers about modern 
farm technologies. We find that share of exotic and 
cross-bred cattle reduces the technical inefficiency of 
farmers. Exotic and cross-bred cattle are considered 
to increase the potential output of dairy farmers and 
ensure the continuous supply of milk in summer sea-
son when buffalo milk production drastically drops. 
It is quite necessary that farmers should be provided 
with quality semen and also given better training to 
select suitable breeds for crossing.

We have found that variable related to human cap-
ital like experience increases the technical efficiency 
while age and education reduces the technical effi-
ciency of the dairy farmers. We have found no signif-
icant effect of modern milk supply channels on the 
technical efficiency of dairy farmers. This may sug-
gest that although modern milk supply channels have 
strict quality standards and demand continuous sup-
ply of milk, but they do not train farmers for requite 
technical skills or farmers do not have easy access to 
milk selling points. Therefore, it is necessary to in-
vest in rural infrastructure to develop farm to market 
linkages.

Based on these observations, this study advocates for 
the provision of extended extension services and qual-
ity training programmes for dairy farmers to ensure 
proper farm management. We would also suggest that 
farmers should be provided with improved cross-bred 
cattle and buffalo breeds. It is quite necessary to void 
indiscriminate crossbreeding by educating farmers 
about modern breeding practices. To enhance the ef-
ficiency and profitability of the farmers, it is necessary 
to expand milk supply networks to remote areas.

Novelty Statement
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Little is known regarding the influence of access to 
extension and veterinary services and herd breed 
structure on farmers in Pakistan. Therefore, this study 
highlights the impact of extension and veterinary ser-
vices and herd breed structure on the technical effi-
ciency of market oriented dairy farms in Pakistan.

Author's Contribution

Sami Ullah: Idea conception, method development, 
data and analysis and initial draft writing. 
Bernhard Brümmer: Overall supervision, reviewing 
the final draft. 
Umar Ijaz Ahmed: Data collection and entry, review-
ing and editing. 
All authors read and approved the final manuscript.

Conflict of interest
The author(s) declare(s) that there is no conflict of 
interests regarding the publication of this article.

References

Ahmed, H., M.R. Khan, R. Panaderofontan, C.L. 
Sandez and M.F. Iqbal. 2012. Geographical dis-
tribution of hypodermosis (Hypoderma sp.) in 
Northern Punjab, Pakistan. Kafkas Univ. Vet. 
Fak. Derg. ,18: A215–A219.

Aigner, D., C.A.K. Lovell and P. Schmidt. 1977. 
Formulation and estimation of stochastic 
frontier production function models. J. Econ., 
6: 21–37. https://doi.org/10.1016/0304-
4076(77)90052-5

Alvarez, A. and C. Arias. 2004. Technical effi-
ciency and farm size: A conditional analy-
sis. Agric. Econ., 30(3): 241–250. https://doi.
org/10.1111/j.1574-0862.2004.tb00192.x

Anjum, M.S., K. Lodhi, A.A. Raza, F. Walters and 
S. Krause. 1989. Pakistan ’ s dairy industry : Is-
sues and policy alternatives. Islamabad, Paki-
stan.

Aslam, N. and A. Kamal. 2012. Enhancing dairy 
sector export competitiveness in Pakistan. Trade 
Relat. Tech. Assist. (TRTA II) Program. Islam. 
Pakistan.

Battese, G.E. and T.J. Coelli. 1995. A model for 
technical inefficiency effects in a stochastic fron-
tier production function for panel data. Empir. 
Econ., 20: 325–332. https://doi.org/10.1007/
BF01205442

Battese, G.E. and G. Corra. 1977. Estimation of 
a production frontier model: With application 
to the pastoral zone of Eastern Australia. Aust. 
J. Agric. Econ., 21(3): 169–179. https://doi.
org/10.1111/j.1467-8489.1977.tb00204.x

Battese, G.E., S.J. Malik and M.A. Gill. 1996. An 
investigation of technical inefficiencies of pro-
duction of wheat farmers in four districts of Pa-
kistan. J. Agric. Econ., 47(1): 37–49. https://doi.
org/10.1111/j.1477-9552.1996.tb00670.x

Bauer, P.W. 1990. Recent developments in the 
econometric estimation of frontiers. J. Econ., 
46: 39–56. https://doi.org/10.1016/0304-
4076(90)90046-V

Bravo-Ureta, B.E., V.H. Moreira, A.A. Arzubi, 
E.D. Schilder, J. Álvarez. 2008. Technolog-
ical change and technical efficiency for dia-
ry farms in three countries of South America. 
Chil. J. Agric. Res., 68(4): 360–367. https://doi.
org/10.4067/S0718-58392008000400006

Brümmer, B. 2001. Estimating confidence intervals 
for technical efficiency: the case of private farms 
in Slovenia. Eur. Rev. Agric. Econ., 28(3): 285–
306. https://doi.org/10.1093/erae/28.3.285

BSP, 2015. Punjab Development Statistics 2015. 
Lahore, Pakistan.

Burki, A.A. and M.A. Khan. 2011. Formal par-
ticipation in a milk supply chain and technical 
inefficiency of smallholder dairy farms in Paki-
stan. Pak. Dev. Rev., 50(1): 63–81. https://doi.
org/10.30541/v50i1pp.63-81

Cabrera, V.E., D. Solís and J. Corral. 2010. De-
terminants of technical efficiency among dairy 
farms in Wisconsin. J. Dairy Sci., 93(1): 387–93. 
https://doi.org/10.3168/jds.2009-2307

Coelli, T.J. 1995. Recent development in frontier 
modelling and efficiency measurement. Aust. 
J. Agric. Econ., 39(3): 219–245. https://doi.
org/10.1111/j.1467-8489.1995.tb00552.x

Coelli, T.J. and G.E. Battese. 1996. Identifica-
tion of Factors which influence the Techni-
cal Inefficiency of Indian Farmers. Aust. J. 
Agric. Econ., 40(2): 103–128. https://doi.
org/10.1111/j.1467-8489.1996.tb00558.x

Coelli, T.J., D.S.P. Rao, C.J. O’Donnell and G.E. 
Battese. 2005. An introduction to efficiency and 
productivity analysis. 2nd ed. Springer Publish-
ers, New York, New York, USA.

Cuesta, R.A. 2000. A production model with 
firm-specific temporal tariation in technical 
inefficiency: With application to spanish dairy 

https://doi.org/10.1016/0304-4076(77)90052-5
https://doi.org/10.1016/0304-4076(77)90052-5
https://doi.org/10.1111/j.1574-0862.2004.tb00192.x
https://doi.org/10.1111/j.1574-0862.2004.tb00192.x
https://doi.org/10.1007/BF01205442
https://doi.org/10.1007/BF01205442
https://doi.org/10.1111/j.1467-8489.1977.tb00204.x
https://doi.org/10.1111/j.1467-8489.1977.tb00204.x
https://doi.org/10.1111/j.1477-9552.1996.tb00670.x
https://doi.org/10.1111/j.1477-9552.1996.tb00670.x
https://doi.org/10.1016/0304-4076(90)90046-V
https://doi.org/10.1016/0304-4076(90)90046-V
https://doi.org/10.4067/S0718-58392008000400006
https://doi.org/10.4067/S0718-58392008000400006
https://doi.org/10.1093/erae/28.3.285
https://doi.org/10.30541/v50i1pp.63-81
https://doi.org/10.30541/v50i1pp.63-81
https://doi.org/10.3168/jds.2009-2307
https://doi.org/10.1111/j.1467-8489.1995.tb00552.x
https://doi.org/10.1111/j.1467-8489.1995.tb00552.x
https://doi.org/10.1111/j.1467-8489.1996.tb00558.x
https://doi.org/10.1111/j.1467-8489.1996.tb00558.x


December 2021 | Volume 37 | Issue 4 | Page 1322

Sarhad Journal of Agriculture
farms. J. Prod. Anal., 13(2): 139–158. https://
doi.org/10.1023/A:1017297831646

Fakhar, H. and G. Walker. 2006. The white revolu-
tion - “Dhoodh darya”-White paper on Paki-
stan’s dairy sector. Pakistan Dairy Development 
Company, Lahore.

FAO, 2003. Action plan for livestock marketing 
systems in Pakistan.

Farrell, M.J. 1957. The Measurement of Productive 
Efficiency. J. R. Stat. Soc. Ser. A, 120(3): 253–
290. https://doi.org/10.2307/2343100

GOP, 2019. Economic Survey of Pakistan 2018-
19, Economic Advisors’ Wing, Ministry of Fi-
nance, Government of Pakistan.

Heshmati, A. and S.C. Kumbhakar. 1994. Farm 
heterogeneity and technical efficiency: Some 
results from Swedish dairy farms. J. Prod. 
Anal., 5(1): 45–61. https://doi.org/10.1007/
BF01073597

Iqbal, M. and M. Ahmad. 1999. An assessment of 
livestock production potential in Pakistan : Im-
plications for livestock sector policy. Pak. Dev. 
Rev., 38(4): 615–628. https://doi.org/10.30541/
v38i4IIpp.615-628

Kumbhakar, S.C. and C.A.K. Lovell. 2000. Stochas-
tic frontier analysis. https://doi.org/10.1017/
CBO9781139174411

Lateef, M., K.Z. Gondal, R. Zaheer, M. Mustafa 
and M.K. Bashir. 2008. Reproductive perfor-
mance of Holstein Friesian and Jersey cattle in 
Punjab, Pakistan. Pakistan J. Agric. Sci., 45(2): 
245–249.

Lopez, R. 1996. Determinantes de la Pobreza Ru-
ral en Chile: Programas Públicos de Extensión 
y Crédito y Otros Factores. Lat. Am. J. Econ. 
Cuad. Econ., 33(100): 321–343. https://econ-
papers.repec.org/RePEc:ioe:cuadec:v:33:y:199
6:i:100:p:321-343.

Meeusen, W. and J.V.D. Broeck. 1977. Efficien-
cy estimation from Cobb-Douglas production 
functions with composed error. Int. Econ. Rev. 
(Philadelphia), 18(2): 435–444. https://doi.
org/10.2307/2525757

Mor, S. and S. Sharma. 2012. Technical efficiency 
and supply chain practices in dairying : The case 
of India. Agric. Econ. – CZECH, 58(2): 85–91. 
https://doi.org/10.17221/11/2011-AGRICE-
CON

Nakanwagi, T.T. and T.S. Hyuha. 2015. Techni-
cal efficiency of milk producers in cattle cor-

ridor of Uganda : Kiboga district case. Mod. 
Econ., 6: 846–856. https://doi.org/10.4236/
me.2015.67079

Nganga, S.K., J. Kungu, N. De Ridder and M. 
Herrero. 2010. Profit efficiency among Kenyan 
smallholders milk producers : A case study of 
Meru-South district , Kenya. Afr. J. Agric. Res., 
5(4): 332–337.

O’Neill, S., A. Matthews and A. Leavy. 1999. Farm 
technical efficiency and extension. Trinity Econ. 
Pap. 12.

Sadaf, S. and K. Riaz. 2012. Does access to modern 
marketing channels improve dairy enterprises 
’ efficiency? A case study of Punjab, Pakistan. 
Lahore J. Econ., 17(1): 63–82. https://doi.
org/10.35536/lje.2012.v17.i1.a4

Saldias, R. and S. von Cramon-taubadel. 2012. Ac-
cess to credit and the determinants of technical 
tnefficiency among specialized small farmers in 
Chile. Diskuss. Dep. für Agrar. und Rural. En-
twicklung. ISSN 1865-2697.

Sarwar, M., M.A. Khan, M. Nisa and Z. Iqbal. 
2002. Dairy industry in Pakistan : A scenario. 
Int. J. Agric. Biol., 4(3): 420–428.

Sattar, A. 2020. Milk Production in Pakistan. PIDE 
Blog., https://pide.org.pk/blog/milk-produc-
tion-in-pakistan/.

Singh, S. and S. Sharma. 2011. Measurement of 
technical efficiency in dairy sector of India : 
A stochastic frontier production function ap-
proach. TMC Acad. J., 5(2): 51–64.

Tahir, M.N., R. Riaz, M. Bilal and H.M. Nouman. 
2019. Current standing and future challenges 
of dairying in Pakistan: A status update. In: 
Javed, K., editor, Milk Production, Processing 
and MarketingIntechingIntech. Intech Open 
Limited.

Uddin, M.M., B. Brümmer and K.J. Peters. 2014. 
Technical efficiency and metatechnology ratios 
under varying resource endowment in different 
production systems : A stochastic metafron-
tier model in Bangladesh dairy farms. China 
Agric. Econ. Rev., 6(3): 485–505. https://doi.
org/10.1108/CAER-06-2013-0088

Wynn, P., D. Harris, R. Moss, B. Clem and R. Sut-
ton. 2006. Report on dairy mission to Pakistan. 
Mission carried out under the auspices of the 
Australia-Pakistan Agriculture Sector Linkages 
Program.

https://doi.org/10.1023/A:1017297831646
https://doi.org/10.1023/A:1017297831646
https://doi.org/10.2307/2343100
https://doi.org/10.1007/BF01073597
https://doi.org/10.1007/BF01073597
https://doi.org/10.30541/v38i4IIpp.615-628
https://doi.org/10.30541/v38i4IIpp.615-628
https://doi.org/10.1017/CBO9781139174411
https://doi.org/10.1017/CBO9781139174411
https://econpapers.repec.org/RePEc:ioe:cuadec:v:33:y:1996:i:100:p:321-343
https://econpapers.repec.org/RePEc:ioe:cuadec:v:33:y:1996:i:100:p:321-343
https://econpapers.repec.org/RePEc:ioe:cuadec:v:33:y:1996:i:100:p:321-343
https://doi.org/10.2307/2525757
https://doi.org/10.2307/2525757
https://doi.org/10.17221/11/2011-AGRICECON
https://doi.org/10.17221/11/2011-AGRICECON
https://doi.org/10.4236/me.2015.67079
https://doi.org/10.4236/me.2015.67079
https://doi.org/10.35536/lje.2012.v17.i1.a4
https://doi.org/10.35536/lje.2012.v17.i1.a4
https://pide.org.pk/blog/milk-production-in-pakistan/
https://pide.org.pk/blog/milk-production-in-pakistan/
https://doi.org/10.1108/CAER-06-2013-0088
https://doi.org/10.1108/CAER-06-2013-0088

