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(NTRODUCTION

e commodity as is evident from Indj,

nt tradabl

d steps need to be taken for productivity
pital in certain factors which affect

productivity. The problem is a complex systems problem. Hence, it firsts needs to
be recognised whether the problem is due to efficiency of the farm or due to lack of
This will enable us to focus on the scarce capital and get

technology or input use. |
better results in a short time. The present study seeks to measure how efficient the

small holder dairy farms are.
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is important t

enhancement g scarce Ca

u one of the most m?l) ch;zf‘ accounting for about .13 picr EER of total worlg
Milk lworl s top milk prodt Jitile experience in the international trade of dairy
| be_il}l(g t:;d ction. BY India viit mtemational agricultural policy arena is on the
| ‘ rg dlfCt . The potentil'ill reeo()rganisaﬁ on policy initiati-ves on the.agendg will serve tg
P rdsand e World * (o the markets of developing countries. This can have 5
il mcrease the world acces e, of ~illions of dairy farmers. Hence, assessing the
_: very big impact 01 ¥ dairy farms in developing countries cquld be an important
H technical efflCleﬂCyn he competitiveness of smallholder dairying.
i measure to underStant o a major problem of Indian dairying for a long time. It
i

i 11
DESCRIPTION OF STUDY AREA

The sta

importae ;cetz;ggaryam}f has been selected for the present study considering both the

| serve 2s 2 model glélgr:rl_‘Haryar}a’s economy and the significance of this study ©

i into three major agro-cli plicated in other regions of the country. Haryana is divid

| fropical to sub-tropical mla'tlc zones, namely, arid, semi-arid and dry sub-humid ¥

Yamunanagar, Bhiwan climatic conditions (Gupta et al 1989). The districts 0
» Dliwant and Gurgaon b o e pased

were purposively selected for this study
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ariations in agro-climatic fcatu‘res, cmppipg pattern, irr
onthe va livestock enterprises and socio-economic characterig
and othc: the three selected districts of Yamunanagar, B
Er.(’gf Radaur, Dadri and Sohna, respectively, were pu
bIO: ;f the selected block, two villages were selected in such a way that one village is
ca’:l:in the periphery of the town/city and the other away from it in the same block.
-‘]“;15 villages selected near and away from town were Bendi and Antaws from
yamunanagar, Mehra and Dokhaharia from Bhiwani, and Alipur and Berka from
Gurgaon district. !
A complete enumeration of all the househg
to identify the dairy farming systems existing i
cluster analysis of all the househo.lds from ,
separately, was done on selected varlables,' viz., total milk production in the farm/day
in the month of survey (most frequent yield), '

animals species wise, operational holdings and

igation intens;
tics,

wani and Gurgaon, the
Tposively selected: From

ty, dairy

1ds in the selected villages were done
n the region. After removing outliers;

TABLE 1 SELECTION OF SAMPLE HOUSEHOLDS FROM THE STUDY AREA.

Sr.No. District Block Village Number of Number of sample
. households households
() ) ©) “) (5) (6)
Bendi 203 . 28
L Yamunanagar Radaur Farnn, 158 32
Nty ; Mehra 350 34
2. Bhiwani Dads Dokhaharia 472 28
' Alipur 340 29
3. Gurgaon Sohna Berks 178 29

This included 35 households from the irrigated landless dairy farming system

(IL-2), 8 from the irrigated marginal (IM-2), 12 from the small irrigated (IS-3) and 5
from large irrigated (IL-4) systems in the irrigated zone. From the rainfed zone, 23
households were selected from the landless rainfed system (RLL-2), 37 from the
marginal rainfed (RM-2), 51 from the small rainfed (RS-3) and 9 households from
the large rainfed system (RL-3). Thus the total number of sample households was 1'80
from the three selected districts. The detailed data on parameters relatin-g to the socio-
tConomic characteristics and input-output parameters of crop and dairy enterprises
Was collected from the selected 180 sample households for the year 2000-01 using a
well structured and field tested schedule. The data was collected through househo!d
Surveys, personal interviews and group discussion for three seasons, namely, kharif,
rabi and summer. The information on prices, infrastructural facilities and demo-‘
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tudy area was collected throygh various Secondary

sources: 11

METHODOLOGY

to understand milk production relationships has

Functional anal)’sisce use efficiency, technical and technolq

Ostly
on resour

: _ gical Change S
ivity. Studies to evaluate efficiency of dairy farming SYstemg hay
ductivity.

dies carried out by Srivastayg 1 ¢
xcept a few studies _ 2 (1995
been mostly neglected t;ey ised deterministic approach to efficiency esﬁmationnodf

Chand (1999) whereinS They fitted different functions Separately for phegt Practiceg

commercial dairy fzgnfz;rms- The causative factors responsible for the 8aPS were
y ag
and poorly man

ical efficiency and differ;nce.s in inpu.t use. Dixit (1999
suggested as tezhmt)(l)oglstimate the technical efficiencies of dairy farming Ystems
conductlecli a sgnﬁiﬁons using Corrected Ordinary Least Square (COLS) m
under village

T, : : ethod of
.. frontier analysis. However, determination of efficiency using maximyp,.
stochastic

; d of stochastic frontier analysis, which ..
s imation (MLE) metho . Which gin.
:;k;hhggg rz?ittllﬁz estimates than COLS method has not been attempted under Indiarsl
etter
| conditions.

ic frontier model permits the estimation of standard errorg
hThe t;;i?:izggi(;ditional maximum-likelihood methods, which wag N0t Possibe
of ﬂ]yfge earlier deterministic models because of the violation of certain Maximyp,

| ;:rll(ehhood regularity conditions .(SChnﬁdt, 1976). Thus, th.e various identifieq daj
farming systems were evaluated in terms gf efﬁc1ency_ of mlllg production by
households across each one of them using stochastic fronti

ach. _
appl;-)[ence, in the present analysis, the technical efficiency wag determineq by
considering the stochastic frontier translog and Cobb Douglas production function
approach. The input variables specified for the frontier milk product

ion function at
the farm household level were green fodder, dry fodder, concentrates, machinery,

impro\'e pro

and tegtg

the farm
€r production function

bl

correlation matrices suggested that some variables (various forms of feeds arig
de‘_iers and forms of labour) tended ¢, move together rather significantly, hen%eour
sz’tld the pr Obéelfn of multi-correlation, the indexes of feed and fodder agd.» lamm

1S were used for specification of t ‘was considered 11
days and depreciyg: he model. The labour wa

on on Machinery apq building, veterinary expenses, misce ,
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able. The output

was avail :
al unit per

i .
oduction Per standard anim

. l
nires . wfat in %*0.1 5)+(milk product10n*0.4) e (1)
ctation of milch

milk = (M . e
1 importan variables such as herd s1Z ) liminated a$ the
som¢ © e tion of :\ch animals have been purp : e fobm

g of 1actt ation of efficiency of mi , .
nformation at an

- nalS, estim :
i e the model Was =% . incorporating these 1
¢ 0 the difficulty 11 e that the eliminated

pold ™ i Hence it was assumed : :
N ted milk PIOC ing between farm nouseholds in the dairy
d along

Ly y not Si )
ables * o Though there were a number of outputs, which are produce .
tify them in 2 specific scale of measure O

%mmg']iysitf Tvis very difficult to quan . .
- mtlim; in the production function analysis approach. Hence only milk production
C
pﬂd:onsidered as the output of the farm. | il
;:;b pouglas form of function was estimated with the specification
8
LogYu = a+z By log Xixi T €iki .. (2)
i=l
.. (3)

g = Ui T Viks US 0

1 of translog milk production function for stochastic frontier

The specificatio
appl'OaCh can be stated as under

8 8 8
Log Yi =BO+Z Bi log Xic + 72 Z Z vi log XuXik T Eik e (4)
(5

i=] i:l j:]

gy = Uit Vi ; Uk S 0
The description of various variables used in the models is stated as under:

ij = independent input variables used in the model (1, 2,...8);
Ei{.k = ;a:npled 180 farms of the study area (1, 2, ..., 180);
1 a stochasti isti ' : ,
— ‘vs ic tz:ali'ror term consisting of two independent elements. The symmetric
o Outsﬂi(dc thes care of measurement error and random variation in output due
& trtis v:i tchon}tlrol of one farm, such as weather, unexpected incidences and
e S Ait e combined effects of unspecified input variables in the
il distn‘butéd (iginé:r) ito al. §197’£) assumed that v;’s were independent and
1.d.) normal rando ' i
m variables with mean zero and constant

Variance, g2

y VYV, lndcpend

£ ent of the uy,’, whi

nomal random variablog ik, Which were assumed to be i.i.d. exponential or

Y, = total
Xk =tIot:;I milk produced in k-
ik Ndex for green fodder u

X, Index f
»01' d[y f
Xy Index for °0nc2:der use
trate u

::dfiii;nll( -szlrfstandard animal unit per annum,

di b o rré:lrm per standard animal unit per annum,

ot farrnPer standard animal unit per ahnum,
per standard animal unit per annum,

ittt
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used in k-th farm for dairy management activitieg
d animal unit per annum,
an-days) per standar : .
X = lr:]npaid yfamily labour used in k-th farm for dairy management
Sk (number of man days) per standard animal unit per annum,
ot i d assets (Rs.) per standard an;
= tion and interest on fixe ard animg )
X,,= deprecia 1 unit .
annum, _ .
X_. = variable cost of veterinary expenses (Rs.) per standard anima] unit

X7k= variable cost of miscellaneous expenses (Rs.) per standard ani
8k

annum, . . . .
. = total variations in output from the frontier which is attributable to t
1] ¢

inefficiencies, 1.€., Y = (& /852)', 0<y<l, .
B; = Parameters of regression coefficients of the i-th variable.

X,,= hired labour (Mumbe, ot

activities

per annum
mal unit pe;

e ¥

Y Chnicg

The standard animal unit’ was derived to standardise output of g
with different species of dairy animals.

The total milk produced per annum per standard animal unit wag derived ¢
basis of data collected for three seasons (summer, rainy, winter) for each OT; the
species of dairy animal per day multiplied by the number of days Per se the
(summer: 125 days; rainy: 120 days; winter: 120 days). ason

The quantity of feeds and fodder per standard animal unit wag derived on
basis of data collected for three seasons based on the quantity of feed ang fodder fez
to each of the milch unit per day multiplied by the number of days per season,

The family and hired labour per standard animal unit was derived on the basis of
data collected on labour used per day for all the dairy operations multiplied by the
number of days in a year.

The quantity of feeds and fodder fed were converted to DCP and TDN
equivalents using the standardised conversion units of different types of Indian feed
and fodder as per the standards given by Sen and Ray (1971). The estimates of feed
index were worked out for the feeds and fodder for the individual farms using e
formulae DCP.+ (TDN/7.5) given by Kumar and Singh (1980). _
The mathematical expectation of the technical efficiency of the i-th farm is given®

TE; = exp (-u) 0

This involves the technical nefficiency effect, u;, which is unobserv
the true value of the parameter vector, B, in the stochastic frontier mode
known, only the difference, €; = v;— u; could be observed. The best predict

the conditional €Xpectation of u;, given the value of Vi — U;.

1fferent farmg

able. prni
| ()7
or foru®
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! Frontier Output, exp ((xip + Vi), ifvi>0 ' -
] L
o
y l._._._._.-.-.-.-._.-.-.-.-.-.-._.-._.-.' i
R
@ ----------- :_.—-——f':::-:: ........
/ l Production function, -g = --4'
i Y=exp((xp) i
¥; x o T
T T e v i
v / e : Frontier output, exp ((xiB+v;),ifv;<0 i =i
e i
Xi Xj x

Figure 1. Diagram Depicting Stochastic Frontier and Observed Output.

The model defined by equation

(2) and (4) is called the stochastic frontier
production function because the outp

ut values are bounded above by the stochastic
). The random error Vi can be positive or negative and
S may vary about the deterministic part of the frontier
model, exp (x,B). The basic features of the stochastic frontier model are illustrated
through two-dimensional diagram given in above figure,

The inputs are represented on the horizontal axis and the outputs on the vertical
axis. The deterministic component of the frontier model, Yy = exp(xP), is drawn
assuming diminishing returns to scale apply. The observed input-output valpe is
idicated by the point marked with % above the value of X; representing x; input
required to produce yi output. The value of the stochastic frontier output, y;*= exp (y;
) =exp(x + vi) is marked by the point ® above the production functiog because .

¢ random error v; is positive. Similarly, the j-th farm uses the levels of inputs, X;
and produces the output, y;. However, the frontier output, yi*= exp (y; + y) = exp (x;B
V) is below the production function because the random error, Vj 1s negative. Of
course the stochastic frontier outputs, y;* and y;* are not obse_rv.ed' because the
fandom errors vi and v; are not observable, However, the d'etermm.lstxc part of the
tochastic frontier model is seen to lie between the stochastic frontier outputs. T}l:e
Observed outputs may be greater than the deterministic par.t of the fronher f1ff ttse
.°0!Tesp0nding random errors are greater than the correspondmg mefﬁsnency g Ctglon,
L,y > €Xp (xiB) if v; > ui. The parameters of the StOCl’.laSth' frontlher pro ilrl:um-

Unction, defined by the equation (7) can be estimated using either t e1 maxs g
likelihoog method (ML) method or using COLS method. The result wa
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w el al., (1¢
rochastic frontier model by Jondrow ¢ (1 98)
. " hc s (1 bt
hcd int
od and app

' OA ) , e (1)
!\‘\*\\F“‘s?t ¢ |‘C$\l" _ . / (l . (I)(YCg /i . 3 inction of a st
who dml\Cd] 111\- o, O Ns(}'t‘..( ;‘;) i and () 18 the density fi standay q
Elw & ,‘ )6 is In(yi
N oncy Of i-th farm was obtaine

\\.hnr.mnl‘:\“:, variable: o (cchmcnl efficiency of lhgtl i b c'"“l.b
mm;;\;a" cstimator 107 :ors' for the relevant parametets Quatiqy,

M ML estimators e 004),
uh\hhl“ng ‘;11‘. i r ol (cr.l" (CnC“‘. l) )
using the $0 N

RESULTS AND DISCUSSION

_ olicy implications beqause_the study not onl
The rcsul}s of this Sﬂ:lciyo}f}z\tigc?e“c; indices, bu? also lde.ntlfles the Potentia| of
provides cmpxpcal mea . across variOt_ls .dalry.farmmg systems based on
jmprovement 1 M Iso provides insights into the sustainable methodg
cfficiencies. The pre { without any additional resources unlike Productivi,

e 8 en . .
of productivity improverm inputs or technological change, which Tequires

, ) h change in . » :
"Z;g.“."cn;?;sgg:sg The results have been presented in two sections: fitting of
addihona '

: chnical efficiencies have been estimated.
frontier mc:dsa?:i‘:?rtzigsircz efficiency and its interprc;tatior} has been done on the
basi;nc:fc’ ;fclcstimation of the stochastic prOdUCtion' frontier using Cqbb-Douglas and
translog models as specified in methodology. In this Fegard 1t 1S pertinent to mention
that only a few studies in agriculture have been carried out using stochastic frontier
functions under Indian conditions, e.g., Kalirajan and Flinn (1984) for crop farming
and Sharma and Sharma (2002) for dairying. A few deterministic frontier estimation
studies have been carried out for commercial herds by Srivastava (1995) and Chand
(1998). An attempt has, therefore, been made in this section to analyse the
efficiencies of dairy farming systems using stochastic frontier function.

4.1 Frontier Functional Analysis for Milk Production

The objective of the present investigation was to estimate the efficiencies of the
farm household in milk production: therefore, it was very important to consider the
effect of various species of bovine animals kept by the farm households. Thu
standard animal units of the bovine stock were derived for each of the fam
2352820}35 as per the methodology stated earlier. The milk production by ‘hf’,fﬁ
. n::c t(})) od\:laos gz;l.so standardised to fat corrected milk as per the equation (1) 8¢
maxli;x:izi ?3(“;(}:] model (‘iiscu.ssed in methodology, ordinary least squares (QLaSt ihe
Parameters 0; lh 0od estimation (MLE) techniques were employed {0 ?Snmronticr
version 4,1 oy CObb-Douglas and Translog production function uSl-ng'o'd ot

* software package, Based on the caloulated value of Likeli®

ol

e
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:ARMS IN DEVE
TECHNICAL EFFICIENCY OF DAIRY | ARMS |

2 sentation of the data.
be an adequate representa |
B Dougles ron fou?:n::(:ion was used for further calculation and

Cobb-Douglas frontier ,
tt:::‘i:ons. The results of the same have been presented in Table 2.

smnsti

interPre

LE ESTIMATES OF STOCHASTIC COBB-DOUGLAS FRONTIER

ON FUNCTION OF STANDARD ANIMAL UNIT OF FARM
HOUSEHOLDS IN THE STUDY AREA

ABLE 2. OLS ANDM
: MILK PRODUCTI

P e OLS estimates Standard errors MLE estimates Standard errors
Vanables (2) (3) (4) B)
P 1.563%F 0.262 T.726%F 0.257
Consant e 0.172% 0.086 0.186* 0.081
en foddet 0.127 0.095 0.106 0.093
Larleni 0.218** 0.076 0.193%* 0.073
Concentae 0012 0019 0.013 0.018
Hied O 0.103** 0.043 0.078* 0.043
Family S 0.039 0053 0.047 0.050
Dy CXpenses 10,039 0.065 -0.002 0.064
\fcellaneous costs 0.045 0.053 0.028 0.050
Jard rameter
e 0012 0.021%* 0.004
6: duls’s 0.723%* 0.113
LR test of the one-sided error 4810
Log-likelihood function 149.203 151.608

+ Significant (P < 0.05) and ** Significant (P < 0.01).

The generalised likelihood ratio statistic for testing the null hypothesis for the
absence of inefficiency effects in the Cobb-Douglas stochastic frontier production
was estimated to be 4.81. If the null hypothesis is true, the generalised likelihood-
ratio statistic has a mixed chi-square distribution with 7 degrees of freedom. Using a
probability of type 1 error of 0.05, the critical value for the test statistic is 6.35, which
was obtained from table of percentage points of the chi-square distribution. The
calculated value of the LR test statistic of 4.81 was not found to be statistically
significant at 5 per cent level. Though the tests of significance are frequently
cond}lctgd at a much smaller value of a type 1 error, there is some basis for
considering a higher probability level for a preliminary testing procedure. Therefore
the null hypothesis that there were no technical inefficiency effects in the Cobb:
Dougla_s' stochastic frontier production function was rejected at 10 per cent
probability level for the sample data in the present study. Accordingly, the Cobb-
Douglas OLS model or the average response function was not considered to be an
adequate representation of data.
CemTl'he estimate of the gamma values .of 0.723 was fgund to be significant at 1 per
evel, which showed that the frontier model was significantly different from the
progum(')dd or thf: determini'stic frontl:er, in which there were no random errors in the
inefﬁc'tlon functlol}. Thus, it can be inferred that there are random errors as well as

eiency errors in the model.
Wil ﬁl OLS function proyided the estimates of the ‘average’ production function
€ ML model provided estimates of the stochastic production frontier, The;

Scanned by CamScanner



(\} l
.

ers across equations confirm th
‘ . soefficient parameters ACross eqt a_tt mmi
dissimilarities of the coe t a neutral upward shift of the average prOductxon f Nc; N
W . . " -\scn a . v " : 10ve 1 . 0
function does not M)::luc in the case of MLE clearly indicated hxgher frontie, outpun'
The higher constant ?“\rqluC of the significant input parameters ip the Case o t,
The relatively lml\' tliom" and higher significant value of green fodder cocfﬁciems n.
centrates, t.?nnlyq‘n be interpreted as the Increasing role of green foq der thm
the case of MLE ﬂ;ay] ibour in determining the efficiency of the farm, an
e family s : - hi
concentrates 9’_( N o)f milk production for dry fodder; hired labour ang CPreciy,
The c]abt!c.l e both the OLS and MLE models Suggesting that these ari blon
were not mgﬂlﬁca_‘t’f ]annt impact on average or frontier levels of milk productiona leg
did Wt-havc ~Slgl-]|lklc roduction with respect to concentrates and family labgy, . 1€
elasiticites of L ignificant at 1 per cent leve] of significang Were
d to be positive and significan P ©angd g
foun it could be concluded that concent tn
fodder at 5 per cent level. Thus, i e : o S, fa
labour management and green fodder has a significant Impact in mcreasing mi]i
productivity at the overall farm household leve].

4.2 Estimation of Technical Efficiency

An important component of frontier production function 1s t
technical efficiency of individual farms (Annexure D). In or
efficient are the dairy farms in the study area, technica] efficien
by the farm households were determined to assess
To determine the technica] efficiency of the 1dentified Systems, the
technical efficiency indices of the milk production for different sample
each dairy farming System were obtained. The indices of Mean technicgy] effici
farm households are presented in Table 3.

he estim
der to an

€Y of milk progy H
the efficiency of indivi o

& §
|
|

i

TABLE 3. MEAN TECHNICAL EFFICIENCY E§

TIMATES AND INCREASING EFFICIENCY
: POTENTIAL OF DAIRY FARMING SYSTEMS IN THE STUDY AREA

_ (per cent)
Dairy farming system Mean technica Mean potential to

Potential of Teast
efficiency increase efficiency efficient farmg
; (1) 2) 3) (4)
Irigated dairy farming systems 91.2 5.2 16.9

’ Imigated land]ess (ILL-2) 92.5+3.9

o

4.6
Imrigated marginal (IM-2)

14.4
86.8+6.2 7.7 18.1
: Imigated small (15.3) 92.246.0 4.9 227
; Imigated large (1L_-q) 86.626.8 59 18.5
: Rainfed dairy farming systems 91.1 3.7 203
Rainfed landless (R ..y 90.5+4.8 5.7 24.0
Rainfed margina) (R 90.5+0.] 5.7 18.8
Rainfed smal] (s.3) 91.74.3 5.5 196
Rainfeq large (R1 .3 91.145.7 7.0 al
Overall 91,1447 7.1 222

A close perygg) of Table 3 shows that in the irrigated zone, the mean efficiency
Cstimateg ranged from g¢

2.5 per
) 5 ‘O PEr cent in the irrigated large systems (IL-4) to ti of It)he
Cent in the Migated land]esg Systems (ILL-2). The mean efficiency estima

4 P RS St e i
T it 4D
ke

r

s
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