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ECONOMIC PARAMETERS OF PUBLIC SECTOR MILK MARKETING IN
NORTH-WESTERN INDIA — AN APPLICATION OF ANALYTICAL,
NUMERICAL AND SIMULATION TECHNIQUES

P.S. Khattra®

Milk market infrastructure represents committed capital meant for maxi-
mizing economic welfare functions of both the producers and consumers of
milk. The investment in this vital area of dairy development is considered
important because in its absence, the desirable integration of production and
consumption activities under the existing milk markets will be negligible.
Economic viability of the public sector milk market which is realisable by
avoiding the welfare waste from all its necessary stages of milk procurement,
processing and distribution is the basic pre-requisite for fulfilment of its
committed objective of economic welfare of the society.

Systems analysis approach based on mathematical model appears to be
of great significance for suggesting ameliorative measures in various sub-
systems of the study plants. The work already done in this direction confined
to the use of models based on ordinary least squares.! However, procurement
and distribution expenses being endogenous variables their inclusion as such
in the set of pre-determined variables is bound to yield biased and inconsis-
tent direct least squares estimators.? The use of two- stage least squares would,
therefore, be more appropriate to get good results in such a situation. The
research work report on numerical approach in pubhc sector milk market did
not go beyond opnmlzauon of productmix and interpretation of MVPs.
An insight into the sensitivity of original optimum solution and optimum
product plan at the full capacity of the study plants could generate useful
information for decision-making. Such information, though useful, often may
not be adequate for decision-making. The decision-maker would also like to
know the likelihood of occurring various values of the chosen criterion.

Probabilistic simulation models are capable of generating such informa-
tion. However, in the past simulation remained conspicuous by its absence in
the analysis of dairy industry. The present study is, therefore, an attempt to
generate useful information on public sector milk marketing.

DATA AND METHODOLOGY

Major components of the methodology employed involve criteria used
for the selection of the study plants, nature of data collected and brief descrip-
tion of the techniques followed.
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Selection of the Study Plants

Commensurate with the objectives of this study three milk plants,* one
representing fluid milk factory and the other two representing multiproduct
milk factories were purposively selected from the public sector of North-
Western India. Among the criteria employed in the selection include
minimum running life of five years, easy access to the records and plants of
the same organization. For the sake of comparison and reference, the selected
plants were denoted as ‘C’, ‘L’ and ‘V’ and these notations have been preserved
throughout this study. The plants ‘C’, ‘V’ and ‘L’ were commissioned in 1961,
1962 and 1974 respectively.

TECHNIQUES OF ANALYSIS

The following three approaches were used to meet the required
objectives.

Analytical Approach

This method is deductive by nature and involves expressions of the
model by graphic solutions or by mathematical computations. Second stage
least squares approach deserves to be one of the analytical methods. In the
first stage procurement expenditure and distribution expenditure were
purged of their stochastic components by regressing them separately on pre- —
determined variables and obtaining their regression values. These regression
values in the second stage were used as independent variables in the struc-
tural model. The form of the mathematical model is presented below:

InY,=Ina + b, InX, + b, InX, + byD
InY,=hnhk+C InX,+C InX, + C; In X; + CD

In Y=Ina+8;InY, +8,InY,+7, nX, +7,In X}

+7sInXy +7,InX, +3D
where

Y,, Y, and Y indicate procurement expenditure, distribution expenditure
and gross returns respectively,

X, stands for milk expenditure,

X,, X', and X", indicate transportation charges of procurement section, of
distribution section and expenditure on fuel of production section
respectively,

- X3 and X'; indicate manufacturing expenses and power charges of manu-
facturing " section,

Xy stands for labour charges of manufacturing section,

D takes value zero for the months of lean season and one for those of
flush season of each year,

a, k and a indicate constants of the respective equations, bis Cis' Bi* ¥i and
¢ indicate regression coefficients of their respective variables.

* The names of the milk plants are kept secret as desired by the authorities of Dairy Development
Corporation.
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This model was used for each study plant. The selection of the form of
the model was made on the basis of its ability tc indicate ‘returns to scale’ of
milk marketing infrastructure.

Nurmerical Approach

In this approach the algorithm is started with a trial (initial) soluuon and
continued with a set of rules for improving it towards optimality. Linear
programming and sensitivity analysis fall well in the purview of this approach,
hence employed in the present study. The general linear programming model
'is given below:

n
Maximize Z= 2 G X

j=1
Subject to

m n
X ¥ A; X < hi
j==1

C; stands for net returns from jth milk product,

X; indicates jth milk product,

Ajj  stands for requirement of ith resource per plant of jth product, and

bi  indicates availability of ith resource.

Optimization of the product-mix was made at the existing levels of
resources as well as at the full capacity for ‘L’ and ‘V’ plants with appropriate
upper and lower bounds for certain milk products.

Further, sensitivity of the original optimum solutions to the changes in
the price vector of the objective function was also attempted.

Simulation Technique

Simulation analysis was used to develop the probability profile for the
profit of each plant by randomly combining the values of variables like expen-
diture of milk, procurement, manufacturing, administrative activities and
distribuiion which have a bearing on the chosen criterion.

From the simulated probability distribution the following values were

calculated.

7 == Xp;m; where T is the expected value of profit =, 7; is the mid-
point of the class interval i and pj is the probability associated with
class interval 1.

a(m) is the standard deviation of the distribution of 7. It is expressed as
[Ip (m—7)* )

Further, probabilities of 7 being equal tc or greater than some specified
vaiues were also obtained.
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v

RESULTS AND DISCUSSION

The reponsiveness of procurement and distribution expenses to varicus
factors was analysed for the selected palnts and the results are presented in
Table 1. The table revealed that a significant reduction in the procurément and
distribution expenses can be made by reducing avoidable waste in their respec-
tive transportation costs. Expenditure of milk showed an inverse significant
relationship with procurement and distribution costs in: the case of plant V.
This paradoxical relation may partly be due to excess capacity in the
‘V’. This paradoxical relation may partly be due to excess capacity in the
procurement and distribution sections of the plant and partly due to an

TABLE I——RESULTS OF FIRST STAGE LEAST SQUARES

Sr. Plants
Parameters
No.
C L v

1. Ina 2.8264 4.2695

2. by 0.0182 0.0042
(0.0229) (©.0569)

3 ba 0.7905 0.6957%% g
(0.0306) (0.0919) (0.0758)

4. by —0.0210% 0.0048 0.0314
0.0114] (0.0694) 0.0377)

5. R¢ 0.9530 0.6225 0.7405

6. Ink 2.6724 5.0472 12.67G9

T (o] —0.0057 0.1377* ~0.2382"2#
(0.0128) {0.0734) (0.0696)

8. C. 0.9067** 0.5259%%
(0.0402) 0.0583)

9. Cy —0.0345% -0.1052 ~0.2715%%*
0.0197) (0.1365) (0.0917)

10. Cy 0.0064 —0.0459 0.1245%
(0.0063) (0.0552) (0.0564)

1l R? 0.9436 ) 0.7611 0.7610

#= Sjgnificant at 1 per cent level of significance.
#* Significant at 5 per cent level of significance.
* Significant at 10 per cent level of significance.
Constant and elasticities are as defined earlier. ,

upward movement in the price of milk procured. However, in the case of
plant ‘L’ milk expenses showed positive and significant relation with the distri-
bution cost. It may be further seen that an increase of one per cent in manu-
facturing expenses would decrease respective distribution expenses of plants
‘C’ and ‘V’ by 0.0345 and 0.2715 per cent. The relation between manufactur-
ing and distribution expenses was also inverse in the case of plant ‘L’ but it
was non-significant. Procurement cost function experienced downward signifi-
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cant shift during the flush season in the case of plant ‘C’. Distribution cost
function, on the other hand, observed upward significant shift in the case of
plant ‘V’ during the flush season. The downward shift in procurement cost
function may be attributed to the marginal transfer of some vehicles to the
distribution section which is quite possible to dispose of surplus milk procured
during flush season to distant places.

Income Responsiveness

Income response in dairy plants to various factors was examined with
the help of a structural model incorporating estimates of endogenous varia-
bles in the set of pre-determined variables. The data of plant ‘V’ did not prove
appropriate for this type of analysis. Hence the results of the plants ‘C’ and L’
are given in the form of equations as foliows:

A —1-1085*** A (0-4296 0-4355%* X" 0-0210

y=12162t Y, ¥, ) :
x:;_o.3377‘ XA_‘OABM‘* € 0-5655D7 vev. Plant ‘L°
R% — 0.6763

y = 1941-86 91'0'0649 g 02009 x1°'°785 X-z.—O- 1223+ Xf.lassm
X40'4360‘ ...... Plant * ©°
R% = 0-6918

(All the variables are previously definedy

+ In the case of constant term of plant L, the decimal is to be shifted eleven places to the right.

Input-output data of both the plants were found to witness constant
returns to scale. In the case of plant ‘L’, an increment in milk expenses would
make positive significant contribution to gross returns. However, negative but
significant elasticities associated with expenses on procurement, electricity and
human labour revealed relatively excessive expenditure. It was further
observed that during the flush season income function of plant ‘L’ could make
scale neutral upward shift. In the case of plant ‘C’, an increase in the expenses
on power and human labour would make positive significant addition to the
gross returns. However, expenditure on fuel appeared to be disproportion-
ately higher. Expenditure on distribution of milk products could witness
positive contribution to gross returns of both the plants but it could not turn
out significantly different from zero.

Normative Types and Size of Product Packets

Elimination of relatively less economical milk products is capable of
generating additional net revenue from the same level of resources which
may well be utilized for the economic welfare of the society. The consumers:
stand to gain from this process in the sense that they are not to pay for



219

CHANGING MARKETING STRUCTURES/MARKETING POLICIES

‘™mq)
yrtz pauo) aresrpus (yoed Ljod) yux pauos aqnop isurede sam3y pue (papioq) yw pauos jo Kinuenb Jredtpur (papioq) Yrw pauos Jqnop isurede A yuerd jo somiy
am83y [rewss £134 10§ spuess
'$321N0521 JO [9A3] paxe[as suesw Jj wnwndo
*$35IN0521 JO 1243 Sunstxa sueswr [ wnumdo

- 99's 800 - - - - - - - - - SO (w3 006) 3B AW ¥2
- - 880 - - - - $9'1 50’8 - - ‘g¥o O (w8 003) 3Te> AT '§3
LLS'S 08z 013 8688 SIS 681 31'88  81'88 81'88 - - - sio0 (prd4jod)yyw pauos signoq 3z
- - 686 - - L6 99 091 091 LL9'0 8L1 8L1 ‘000 (PAPIO) AW pauoa Jqnog 13
- - - - - - $I0°ST 8%8 [F44 88161 9€°1§ ov'is ‘|00  (ped Ljod)ynw prepumg ‘0z
62¥12 oIl 1LL s¥1'zz 699°1 18L S0S'¥1 839 389 SYI'ST €26 636 ‘000 (PoMog) Y[ prepueig 61
- - - - - ¥1°63 - - VLY - - 968y  'NN00 w7 g1
- 98Il 0993 - - 133 89 8H'F9 85'¥9 68§ $8¢ 8¥§ ‘SO0 [ PIINCABY PIUANIMS (]
- - = - - - 214 - L0°0 . 857 100 SHO (w8 00g) 229uvd 91
- - 960 - - - - - LSS - - "G50 SHO (w8 003) 429uvd "SI
S9L'T ¥¥6 6 ¥281 996 99¢ - ¥66 ¥66 060§ 081 6L1 SEO (8 §3) 1opmod Yw winys p1
- - - - - - 0051 LS'ST LS'ST  66%°T 29°08 2908 sPO (w3 ogy) 19pmod ypw winys g1
- - 139 - - - 8%l ¥§ g8 - - - SHO (8%¢'91)33yD 31
- - - - 6L°33 26°S3 0SL Ol 841 - - - SHO (3#) 29y9 ‘11
- - o¥Es  0¥3‘1 - z8°G - 13 Lss - - - SHO (317 249 ‘01

- - 23883 - - 106 - 881 061 826 4 931 SHO (31 29y 6

- - - - - - - 238 33 - - - SHO (3 o1) 39pmod ypru aoym '8

- - - - - - - 60,  09IL - - - sfd (8 1)19pmod ypws ajoym 'z

- - ¥881 - - $0'9 - - £6'9 - 2938 2928  'SPO (w8 og) 1anng AYM "9

- $S1 L1291 - - - 000‘T 901 $L'68 - - - SO (w8 00g) Jannq d|qeL, ‘g

- - 83l I ZA §§°6% 9%v¥ - - - - - - SPO (w8 o5y

(e} OO«J hvuuﬁﬂ U—Q.N.F Av

0031 13y 139 - §€'G ov'81 003  80'8§ 80'88 - £6°68 £6'68  'SPO (w8 00z) 1annq JqeL ‘¢

- - - - - - - 501 g0l §Z'8 69°L¥ 69'L¥  'SHO (w8 go1) 29nnq 3|qelL ‘7

- - - - - - - - - 9871 8%°0 850 SPO (w8 0z) 1omnqajqel ‘1

(21} (81 @D (I (on) (6) (8) () © © W (§) (@) M
i I I I n 1 i 1
umumdo  Sunsng wnundo ~ Sumspg  wnwndo  Sumsy  umumdo  Sunsxy oN
ysnig uea] ysnig ued| mn papolg 1§
Aueld Taueld

6L-8.61 4O SAOIYAd HSN'TA ANV NVITHHL 404 STIATT LONAOYd WNNLLIO ANV ONLLSIXd — 1 ITdV.L



220 INDIAN JCURNAL OF AGRICULTURAL ECONOMICS

inefficiency in the production of milk products. It may be seen from Table 11
that in the case of plant ‘L’, milk products like lassi, paneer (200 gm.) and white
butter (except during lean period at the existing availability of resources)
failed to merit their entry into the optimum product-mix due to their higher
production-cost in relation to their comperitive market prices. In the case of
plant ‘V’, lassi, white butter, ghee (1 kg.) and toned milk (bottled) were identi-
fied as relatively less profitable products on the basis of their rejection from
the optimum productmix both at the existing and relaxed availability of
limited variable resources. None of the ghee lots entered the optimum plan
even in the flush period in the case of plant ‘V’. An unfailing entry of standard
milk in the optimum product pians of plants ‘L’ and ‘V’ at both the existing
and relaxed levels of resources confirmed the hypothesis of profitable sale of
standardised fluid milk.

Sensitivity Analysis

Increments in net returns of slack product activities for which original
optimum solution remained unaffected are presented in Table IIL. It may be
seen from the table in the case of plant ‘L’, a minimum increase of Rs.95.61
in the net returns was observed for lassi at the existing availability of
resources during the lean pericd for which the original solution remained
msensitive. On the other hand, during the flush season lassi witnessed the
highest increment of Rs.309.52 at the existing level of resources for which the
original optimum solution remained valid. At the relaxed levels of resources,
the optimum solution remained highly insensitive to increments in the net
returns of white butter during the lean season. During the flush period, the
original optimum solution remained highly sensitive to increase in the net
returns of table butter {100 gm.) and tht* least sensitive to increment in the
profitability of whole milk powder (1 kg.)

In the case of plant V', during the lean period, the original optimum
solution remained highly sensitive to the increments in the net returns of
toned milk (bottled) at the existing level of rescurces and to increase in the
net recurns of ghee (4 kg.) at the relaxed levels of resources. During the flush
period, a minimum increase of Rs.7.43 per quintal in the net returns was
observed in the case of table butter (400 and 450 gm.) at both the existing and
relaxed levels of resources to which the original opiimum solution remained

valid.

Simulation

Simulated probability distribution of profit of each plant was developed
by randomly combining various values of expenses of milk, procurement,
manufacturing, administration and distribution and deducting their sums
from the randomly chosen gross income figures. The Chi-square test was used
to test the normality of the simulated probablhty distribution of profit. Then

, the expected value of profit 7™ and ¢ (), the standard deviation of the
dlstrlbunon of m were computed and shown in Tabie IV.
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TABLE I — SENSITIVITY OF ORIGINAL OPTIMUM S OLUTION TO INCREMENTS IN
NET RETURNS OF PRODUCTS*

Plant L Plant V
Sr.  Product activity
No. Lean Flush Lean Flush
2 White butter (500 gm‘) = 128.31 95.41 130.48
(190.48) (128.31) (146.84) (180.48)
2. Table butter (100 gm.} - =
(35.65)
3. Table butter (200 gm.) - —
(52.06)
4. Table butter (400 gm.) - - - 7.43
(450 gm.) (7.48)
5. Toned milk (botdled) - - 8.72
(10.02) 7.87
(7.87)
6. Milk cake (200 gm.) 290.10 - - 10.94
(400.99)
7. Milk cake (500 gm.) - - = =
(890.05)
8. Sweetened flavoured milk - - 215.51 -
(268.53) (316.30)
9. Lassi 95.61 309.52 341.94 s
(403.98)
10.  Whole milk powder (1 kg.) - - - =
(248.73)
11.  Whole milk powder (10 kg.) = - - -
(202.72)
12.  Skim milk powder - - - -
18.  Ghee(1kg) - = 87.74 -
(33.53)
14.  Ghee(2kg.) - = = =
15.  Ghee(4kg.) - - - =
(2.88)
16. Pancer (200 gm.) 142.07 268.61 - 166.91
(622.13)
17.  Paneer (500 gm.) = 255.91 - -

* This information pertaias to only those products which failed to merit their entry into optimum plans.
t Upper figures are increments in net returns of products at the existing level of resources. Figures
inbrackets indicate the same at the relaxed level of resources.

Units of measurement. for the products are the same as in Table IL
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The most surprising finding of this analysis is that plant ‘V’, despite
having completed its active life of 20 years, still expected to generate profit
which is more than two times that of plant ‘L’ and sufficiently more than
three times that of plant ‘C’ (Table IV). The probabilities of occurring larger
profits are invariably higher in plant ‘L’ over those of plant ‘C’ but lower than
those of plant ‘V’ (Table V).

TABLE IV — EXPECTED VALUE OF PROFIT, $.D. AND X2

Plant
Sr. Item
No. L v C
1. T 16.19*% 29.52 59.40
2. o(r) 9.66 15.88 27.82
8. x? 0.82 0.74 0.67
* Expected value of profit is in lakhs of rupees.
TABLE V — PROBABILITY OF OCCURRENCE OF DIFFERENT CLASSES OF PROFIT
Sr. Probability in plants
No. Class C T ¥
1. - 12+6 0.0089 0.0081 0.0043
2. - 6-=0 0.0858 0.0182 0.0068
8. 0-6 0.1004 0.0874 0.0112
4, 6-12 0.1867 0.0654 0.0172
5. 12418 0.2417 0.0992 0.0285
6. 1824 0.2157 0.1305 0.0339
7. 24-80 0.1326 0.1488 0.0426
8. 30-36 0.0562 0.1471 0.0559
9. 3642 0.0164 0.1261 0.0638
10. 4248 0.0033 0.0938 0.0766
11. 4864 0.0005 0.0604 0.0838
12. 54-60 * 0.0838 0.0838

» Stands for very small figure.

Class limits of profit are measured in lakhs of rupees.



