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Abstract 

 

The  paper aimed  to establish a corresponding regression model  reflecting the relationship between profit, as the 

main barometer of  economic efficiency  and milk yield in dairy farming using a sample of  8 farms operating in the 

Southern Romania. Two regression models were compared: the linear regression  and the quadratic fit. Average 

milk yield registered  6,088.57 kg/cow  and had  just 9.24 % variation among farms. Profit per cow recorded Lei 

2,096.57 in average with a very high variation from a farm to another ( 46.20%). The correlation coefficient 

between milk yield and profit per cow, rxy= 0.921, reflected a strong positive link between the two economic 

indicators. The regression model had the form Y=1.584x - 7,508.66 with the standard error Sest= 407.370428 and 

the parabolic fit was Y=0.006x
2
 -5.7649 + 14,250 having a higher standard error Sest= 18,786.96. From this 

comparison, the linear regression model  proved to be the most suitable one to reflect  the relationship between 

profit per cow and milk yield with the highest accuracy. According to this model,  it was estimated that for an 

annual 500 kg gain in milk yield, profit per cow could be higher by Lei 792 per year with a deep impact on farm 

profitability.  
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INTRODUCTION  
 

Milk yield has a deep impact on the economic 

results in dairy farming being in its turn 

influenced by technological aspects, mainly 

regarding cow feeding, but also breeding herd 

structure, reproduction and natural conditions. 

Miron and Lup (2013) affirmed how 

important is dairy farm size in determining 

economic efficiency . [8] 

Kopecek in 2002, using the cost function, 

noticed that the costs for marketed milk for 

one feeding day of a cow have a lower growth 

compared to milk yield and using the expense 

function he determined the maximum profit 

per litre of marketed milk, maximum profit 

per cow and year and the interval of 

profitability for milk production. [6] 

Grigoroiu (2008) proposed a new method for 

establishing the threshold average marketed 

milk production for assuring profitability in 

dairy farms in Romania. [4] 

Between milk yield, variable cost and gross 

margin per cow is a close relationship with 

major results for farm profitability as 

mentioned by Pirvutoiu and Popescu Agatha 

in 2012. [10] 

The correlation between milk yield and profit 

per cow is a strong positive one, as found by 

Popescu Agatha and Gyeresi Stefan in 1989 

[15] 

Economic performance in terms of milk yield 

and the financial performance in terms of 

gross margin are closely related to farm size 

as affirmed by Popescu Agatha in 2009 and 

2010. [11,12] 

Profit variation depends on marketed milk and 

production cost as mentioned by Kopecek in 

2002 and Popescu Agatha in 2014. [6,14] A 

gain of 100 kg in milk production could 

increase milk cost by Lei 0.02 per milk 

kilogram and farmers profit by Lei 118.9 per 

cow and year as obtained by Popescu Agatha 

in 2014 in Romania. [14] 

The relationship between milk cost, return and 

profitability in dairy farming was put into 

evidence by Popescu Agatha (2014b) [15] 
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The relationship between milk yield and 

economic indicators in dairy farming was 

studied using various modeling techniques. 

Popescu Agatha in 2010 used linear 

regression function in gross margin forecast 

based on milk yield.[12,13] 

Murphy et al. in 2014 used nonlinear auto-

regressive model with exogenous input, a 

static neural network and a multiple linear 

regression model for predicting daily milk 

yield per herd over various forecast horizons. 

He concluded that the non linear auto-

regressive model with exogenous input is the 

more accurate solution to conventional 

regression techniques for short-term 

prediction of milk yield. [8] 

Ramsbottom et al. in 2011 used linear and 

quadratic models to determine the correlation 

between dairy cow genetic merit in terms of 

economic breeding index, milk yield, fat and 

protein content, calving interval  and financial 

indicators: income per cow, cost per cow, and 

profit in commercial spring calving dairy 

farms. [18] 

Hansen et al. in 2005 measured the financial 

performance in dairy farms in close 

relationship with milk production. [5] 

The correlation coefficient is largely used to 

reflect the relationship between various 

variables as affirmed by Colton in 1974, [2], 

Pearson in 1985, [9], Sponaugle et al. in 2014, 

[20]. 

Linear regression is used to reflect the 

relationship and evolution trend between 

different variables which depend one to 

another as affirmed by Murphy et al. in 2014 

[6], Popescu Agatha in 2010 [12], Sokal et al. 

in 1995 [19]. 

Quadratic models are also used to characterize 

the link between different variables and their 

dependence one to another as mentioned by 

Popescu Agatha and Gyeresi Stefan in 1989 

[16], Ramsbottom et al. in 2011 [18]. 

Standard error of linear regression, quadratic 

fit and other mathematical models assures the 

highest accuracy of the prediction [19]. 

For this reason, it is commonly used in the 

decision what mathematical model should be 

chosen to reflect the best way the link 

between various indicators or variables and to 

predict their future evolution with the highest 

precision.  

Also, the determination coefficient or R 

squared is used to explain how much of the 

total variation of the dependent variable is 

given by the independent variable as 

mentioned by Bolboaca [1], Dufour et al. in 

2011 [3]. 

In this context, the present paper aimed to test 

two mathematical models: linear regression 

and quadratic fit in the analysis of milk yield 

impact on profit in dairy farming in Romania 

in order to establish the most suitable 

modeling technique in profit prediction based 

on average milk production. 

 

MATERIALS AND METHODS  

 

In order to set up this paper, the primary data 

were collected from a sample of 8 dairy farms 

situated in the Southern Romania in the year 

2013.  

The economic indicators taken into 

consideration were divided into two 

categories of variables: (i) independent 

variables, in this case X-milk yield/cow/year, 

and (ii) dependent variables symbolized Y, as 

follows: Y1-milk production/farm, Y2-

production expenses/cow/year, Y3-milk cost, 

Y4-profit/cow/year, and Y5-profit/farm.  

For each economic indicators,  the following 

statistical parameters have been determined: 

(a)Average of the variable,  X , using the well 

known formula: 

 

n

XXX
X n...21 
                      (1) 

(b)Variance of variable, 
2S , according to the 

formula: 
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(c)Standard Deviation, S, based on the 

formula: 
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(d)Variation Coefficient, V%, using the 

formula: 

 

X

S
V %  x 100                            (4) 

The correlation coefficients between milk 

yield and each of the other economic 

indicators: milk production/farm, production 

expenses/cow/year, milk cost, profit/cow/year 

and profit/farm  were determined using 

Pearson product-moment correlation 

coefficient, rxy, whose mathematical formula 

is: 
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The economic optimization was based on the 

estimation of profit per cow/year, the 

dependent variable, Y4, reflecting the best 

manner the results of the activity in dairy 

farming, related to milk yield, X, considered 

the independent variable. 

In order to establish which mathematical 

model is suitable to the evolution of this pair 

of indicators, two regression functions were 

tested: 

- Linear regression, whose formula is: 

y = ax +b,                                    (6) 

where y = the dependent variable and x = the 

independent variable,  

Least Square Method of Regression Analysis 

allowed to calculate the values of the 

coefficients a and b, solving the system of the  

two normal  equations given below: 

   y a x nb      

         
2xy a x b x        (7) 

and using the formulas: 
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The standard error of the estimate, Sest,  was 

also required to be determined as a measure of 

the accuracy of predictions, using the formula 

given below: 

Sest =   

2( )

2
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where Y is the actual value, Yical is a predicted 

value, and N is the number of pairs of values.  

Also, the determination coefficient or R 

squared, R
2
, was calculated using the 

formula:  
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-Quadratic or  Parabolic Fit, whose formula 

is: 

y = ax
2
 +bx + c,                        (12) 

where y = the dependent variable and x = the 

independent variable.  

Least Square Method of Regression Analysis 

allowed to calculate the values of the 

coefficients   a, b and c solving the system of  

the normal  equations given below: 
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a
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The formulas for the parameters a, b and c are 

given below: (15)
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Also, the standard error and R squared were 

calculated for the parabolic function. 

The most adequate regression function was 

chosen to forecast profit per cow using the 

regression model having the lowest standard 

error for assuring the highest prediction and a 

500 kg/cow gain interval for milk yield. 
  

 

 

RESULTS AND DISCUSSIONS 

 

The economic indicators characterizing each 

farm are presented in Table 1. 

 

 

 

Table 1.The economic indicators by farm in the year 2013 

Farm Number of 

dairy cows 

Milk yield 

kg/cow 

Milk 

production 

per farm  

Kg/farm 

Production 

Expenses 

per cow 

Lei/cow 

Milk cost 

Lei/kg 

Profit/cow 

Lei/cow 

Profit per 

farm 

Lei/farm 

F1 25 5,840 146,000 7,030 1,20 1,135 28,375 

F2 30 5,950 178,500 6,696 1,13 1,505 45,150 

F3 18 6,370 114,660 6,762 1,06 3,062 55,116 

F4 22 6,600 145,200 7,096 1,08 3,089 67,958 

F5 28 6,730 188,440 7,235 1,08 3,079 86,212 

F6 34 5,500 187,000 7,034 1,28 1,089 37,026 

F8 50 5,630 268,000 7,198 1,34 1,717 85,850 

F9 20 5,115 102,300 7,129 1,40 900 18,000 

Source: Farm bookkeeping in the Southern Romania, 2013 [22] 

 

The average, variance, standard deviation 

and variation coefficient. 

Milk yield registered an average of  6,088.57 

kg/cow with a variation from the minimum 

5,115 kg/cow in case of F8 and 6,730 kg/cow 

in case F5. The variation coefficient  was 9.24 

% reflecting a low variation from a farm to 

another.(Table 2). 
 

Table 2. Average and variation coefficient  of each economic indicator 

Indicator MU X  

 

S
2
 

 

S V% 

Milk yield Kg/cow/year 6,088.57 317,035.27 563.06 9.24 

Milk production per farm Kg/farm 175,400 2,718,625,421.63 52,140.44 29.72 

Production expenses per 

cow 

Lei/cow 7,007.29 38,193.14 195.43 2.78 

Milk production cost Lei/kg 1.19 0.02 0.13 11.07 

Profit per cow Lei/cow 2,096.57 938,399.14 968.71 46.20 

Profit per farm Lei/farm 57,955.29 651,221,174.13 25,519.04 44.03 

Source: Own calculations 

 

Milk production per farm recorded  175,400 

kg in average, varying from the lowest level 

in case of F5,  102,300 kg, and the highest 

level in case of  F8, 268,000 kg. The variation 

of this indicator among farms was very high, 
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29.72 %, being determined by the number of 

cows raised in farms and their milk yield. 

Production expenses per cow accounted for  

Lei 7,007.29 per dairy cow, ranging between 

Lei 6,696 in case of F2, the minimum level, 

and Lei 7,198 in case of F8. The variation 

coefficient reflected a small variation among 

farms regarding this economic indicator, 2.78 

%. 

Milk production cost  was Lei 1.19 per milk 

kilogram, varying between  Lei 1.06 in case 

of F3, the lowest level and  Lei 1.40 in case of 

F8, the highest level. The variation of milk 

cost among farms was a middle one, as the 

variation coefficient indicated, 11.07 %. 

Profit per cow recorded Lei 2,096.57 in 

average with a variation between Lei 900, the 

lowest level registered by F9, and Lei 3,089, 

the highest value registered by F4. This 

indicator had a very high variation from a 

farm to another, as the variation coefficicient 

confirmed, 46.20%. 

Profit per farm coming from milk  was Lei 

57,955.29 in average, varying between Lei 

18,000 in case of F9, the lowest value, and 

Lei 86,212 in case of F5, the highest value. 

The variation regarding this indicator was 

very large, the coefficient of variation being 

44.03 %.(Table 2) 

The the correlation coefficients between 

milk yield and the other five economic 

indicators taken into consideration are 

presented in Table 3. 

 
 Table 3. Pearson product-moment correlation 

coefficients between milk yield and the other  

economic indicators 

Pairs of economic indicators 

taken into account 

PPMCC, correlation 

coefficient, rxy 

Milk yield x Milk 

production per farm 

-0.020999472 

Milk yield x Production 

expenses per cow 

-0.060981647 

Milk yield x Milk 

production cost 

-0.92375365 

Milk yield x Profit per cow 0.921096492 

Milk yield x Profit per farm 

coming from milk 

0.6475586 

Source: Own calculations 

 

A negative weak correlation, rxy= -0.020 was 

found between milk yield and milk production 

per farm.  

This could be explained by the fact that milk 

production is influenced by the number of 

dairy cows which varied from a farm to 

another and also by milk consumption for 

calves up to weaning. 

Between milk yield and production expenses 

is was found a negative low correlation, rxy= -

0.060, reflecting a large variety of factors 

influencing  production costs per cow,  

besides average milk production. 

The correlation coefficient between milk yield 

and profit per cow, rxy= 0.921, reflected a 

strong positive link between the two 

economic indicators. Therefore, the higher 

milk yield, the higher profit per cow.   

Also, between milk yield and profit per farm 

coming from milk, it was found a positive 

high correlation, rxy= 0.647, showing that  a 

higher milk yield could lead to a higher profit. 

Taking into account that the strongest positive 

correlation was found betwen milk yield and 

profit per cow, rxy= 0.921096492, it was 

considered that profit per cow is the main 

economic indicator which should be 

optimized in close relation to average milk 

production per cow. 

Comparative results for the linear 

regression and quadratic fit regarding the 

formulas, the values  for the parameters a, b 

and c and, the standard error and the R 

squared in case of profit per cow related to 

milk yield are presented in  Table 4. 
 

Table 4.Comparative analysis between linear regression  

and quadratic fit  

 Linear 

regression 

y = ax +b 

Quadratic Fit 

y = ax
2
 +bx + c 

Regression 

Model 

Y=1.584x - 

7,508.66 

Y=0.006x
2
 -

5.7649 + 14,250 

Standard error 407.370428 18,786.96 

Pearson 

product-

moment 

correlation 

coefficient 

0.921086315 

 

0.936589558 

 

R
2
 ( R 

squared) 

0.84841848 0.8772 

a coefficient 1.584693005 0.0006 

b coefficient -7,508.665076 -5.7649 

c coefficient  14,250 

Source: Own calculations 
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As one can easily see, the lowest standard 

error was registered in case of the linear 

regression model, Sest =407.370428 compared 

to Sest = 18,786.96 recorded in case of the 

quadratic fit.  

Therefore, only the linear regression model 

assures the highest accuracy in predicting the 

profit related to milk yield. 

The graphical representation of the two 

regression models is shown in Fig.1. and, 

respectively, Fig.2. 

Forecast of profit per cow based on milk 

yield for a 500 kg gain. 

Taking into account the linear regression 

model, Y=1.584x - 7,508.66, assuring the 

lowest standard error, that is the highest 

precision, it was estimated profit per cow  for 

an interval of milk yield gain of 500 kg/cow. 

The results are presented in Table 5 and 

showed that for an increased milk yield by 

500 kg per year, profit per cow will  grow by 

Lei 792/year. 
 

 
Fig.1.Linear regression between milk yield and profit per cow 

 

 
Fig.2. Parabolic fit  between milk yield and profit per cow 
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Table 5.Estimated profit per cow based on milk yield 

using the linear regression model Y=1.584x - 7,508.66 

Milk yield, X Estimated Profit per cow, 

Yest 

5.500 1,203.34 

6,000 1,995.34 

6,500 2,787.34 

7,000 3,579.34 

7,500 4,371.34 

8,000 5,163.34 

8,500 5,955.34 

9,000 6,747.34 

9,500 7,539.34 

10,000 8,331.34 

Source: Own calculations 

 

CONCLUSIONS 

 

Average milk yield registered  6,088.57 

kg/cow  and had  a reduced variation among 

farms ( 9.24 %).  

Profit per cow recorded Lei 2,096.57 in 

average with a very high variation from a 

farm to another (46.20%). 

Profit per cow is deeply influenced by milk 

yield as Pearson product-moment correlation 

coefficient proved ( rxy = 0.921), existing a 

strong positive relationship between these two 

economic indicators. 

The comparison between the two regression 

models: the linear regression  and the 

quadratic fit had the following mathematical 

representation: Y=1.584x - 7,508.66 with the 

standard error Sest= 407.370428 and the 

parabolic fit was Y=0.006x
2
 - 5.7649 + 

14,250 with the standard error Sest= 

18,786.96.  

The linear regression model  proved to be the 

most suitable one to reflect  the relationship 

between profit per cow and milk yield with 

the highest accuracy as its standard error was 

the lowest one. 

For this reason, based on the linear regression  

model,  it was estimated that for an increase 

of  500 kg in milk yield, profit per cow could 

grow by Lei 792 per year. 

As a conclusion, the most important indicators 

with a deep impact on farm profitability in 

dairy farming are milk yield and profit per 

cow and the most adequate mathematical 

model for reflecting the link between them is 

the linear regression. 
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