
CHAPTER 4: RESULTS OF THE EMPIRICAL ANALYSIS 

4.1 OVERVIEW OF THE CHAPTER 

Different combinations of profit-, supply- and demand equations, as well as estimation methods were 

employed, within the framework of profit maximising normalised quadratic and translog functions. In 

general, FIML estimation yielded very few significant coefficients. This casts doubt on the overall 

specification of the equations and systems. Consequently, OLS is used to evaluate the goodness of 

fit of each equation that would be included in the system. Although the system methods generally 

yield estimates that are more efficient, the results depend on the correct specification of the 

equations in the system. Thus, OLS results are used as a proxy to determine which equations are 

possibly causing contamination of the system. 

This chapter reports tabulated11 and graphical results of single equation OLS estimation (Section 

4.2.1), of profit system results (Section 4.2.2) and a discussion of the structural tests and elasticity 

results. To avoid unnecessary repetition, the term "not rejected" is used without specification of the 

level of acceptance when the tested hypothesis cannot be rejected at the 1%-, 5%-, 10%- and 15%­

level of acceptance. In all the other circumstances, the level of acceptance will be specified. 

4.2 THE NORMALISED QUADRATIC 

From Chapter 3: Methodology, Equation 20 and the derived input demand and output supply 

equations (Equation 21) were estimated and the results are reported in the following sections. 

11 	Values larger than absolute ten are rounded up to the nearest integer; values less than absolute ten are rounded up to 
the nearest two decimals. Significance of coefficients is regarded up to a 15%-level of acceptance. 
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4.2. 1 SINGLE EQUA TlON OLS RESUL TS 

4.2.1.1 NORMAUSED QUADRATIC PROFIT FUNCTION 

The Normalised Quadratic (NQ) profit function, Equation 20, was estimated with OlS. White's 

Heteroskedastic Consistent Variance Covariance Matrix Estimator (HETCOV) [White, 1980] was 

used to account for possible heteroskedasticity in the residuals (in the absence of heteroskedasticity, 

this estimator reduces to the usual covariance matrix estimator). The results are reported in Table 6. 

Table 6: NQ profit function estimated with OLS and HETCOV 

Line ! Variable I Parameter I Coeflicient i Std. Error I T -etatistic! Prob. I 

1 I Constant ao -2801721 1499411 -1.87 0.071 

2 I P*MLK 0:1 -16008821 2336949 1 -0.69 1 0.501 


1311 -14800221 6262911 -2.36 1 0.031 


1322 -3720121 30098091 -0.121 0.901 


3 I P*FB 22591431 24836721 0.91 1 0.37 1 


-4244341 2931301 -1.45 1 0. 161 


1333 15461 56448 1 0.03 1 0.981 

8 I (P*MLK)(P*FB) 7900091 15288391 0.521 0.61 1 


9 I (P*MLK)(P*FS) 7288271 2345381 3.111 0.001 
10 • (P*FB)(P*FS) -7721651 323170 1 -2.39 1 0.02 1 

(P*MLK)(lMPRx) 131M 15157631 963514 1 1.571 0. 131 
12 I (P*MLK)(Zt..CAP) p1C 0. 08 1 0.64 1 0. 13 1 0. 90 1 
13 I (P*MLK)(Zi.AeR) J31L 0. 10 1 9. 72 1 0. 01 1 0.991 
14 I (P*FB)(lMPRx) fJ2M -16527531 1087730 0. 14 1 
15 I (P*FB)(Zt..CAP) Px: 0.521 0. 73 1 0.72 1 0.48 1 

(P*FB)(It..AeR) P2L 0.10 11.70 1 0. 01 1 0.99 

17 I (P*FS)(lMPRx) 2799871 167750 1.67 1 0.111 
18 I (P*FS)(Zt..CAP) -0.34 1 0.111 -3.10 1 0.001 
19 I (P*FS)(Zi.AeR) 2.03 1 1. 14 1 1.79 1 0.08 1 

Dependent Variable I R<! I 0.93 

21 1Mean 3793391 1R<!-adjusted 
1 0. 89 1 

22 I standard Deviation S.E. of regression 
1 

134947 
1 

23 1 Sample size Akaike info criterion 
1 

26. 75 1 

Error Sum of Squares I 1Schwarz criterion I 27.50 1 

The results in Table 6 are not consistent with the a pt10ri expectations of coefficients' signs and 

magnitudes. For example: it was expected that the I3rcoefficients would be positive for outputs and 

negative for inputs, since a well-behaved profit function is concave in output prices and convex in 

input prices. Apart from the fact that only 1311. 1313 and 1323 are statistically significant (at the 5%-level), 
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the (,311 and (,333 coefficients have unexpected signs. The substantial negative value (and statistical 

significance) of the intercept (ao) as well as the large negative value of 0.1 cast doubt on the 

appropriateness of this equation (see sections 4.2.4 and 4.2.5 for a further discussion). The 

estimated equation apparently explains 89% (R2 -adjusted) of the variation in profits across firms. 

The residual (error) sum of squares, however, is large. 

In Figure 1 observations are ranked according to ascending normalised actual profit. It is evident 

that the specification (fitted values) follows the same trend as the actual values, although the 

specified equation introduces more variation than that of the actual values. The Ho of normality in the 

residuals was not rejected at the 15% -level (Jarque-8era statistic = 4.38, prob = 0.11). 

Figure 1: Normalised Quadratic Profit - result of OLS 

4.2.1.2 NORMALISED QUADRATIC MILK SUPPLY 

Although the specification of milk supply (QMLK) in Equation 21 provides a good fit (Adjusted 

R2 = 0.85), it does not yield expected results. None of the price variables is significant (Table 7) -
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only the livestock capital and labour quasi·fixed variables are statistically significant. The 

management proxy variable, however, indicates that improved management is associated with 

higher levels of milk production. The a priori expectation was that (311 would be significant and 

positive - the sign meets the expectations. In addition, it was expected that (312 (impact of purchased 

feed) and (313 (impact of self produced feed) would be negative - both are insignificant and only (313 is 

negative. 

Table 7: NQ Milk Supply function estimated with OLS and HETCOV 

Line I Variable 


IConstant 


Dependent Variable R:t 

9 Mean R:t-adjusted1 

10 IStandard Deviation 514760 S.E. of regression 

11 I Sample size 48 IAkaike info criterion 
1 

12 1 Error Sum of Squares I 1.60E+12 1 Schwarz criterion 
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Actual versus fitted quantities of milk supplied (~ised QladraIic) 
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Figure 2: Normalised Quadratic - quantity of milk supplied 

Figure 2 shows that although the fitted values follow the pattern of the actual quantities, there are 

much variation and a more erratic movement than the smooth increase in actual values. Due to the 

Jarque-Bera 12 statistic of 3.05 and probability of 0.22, the normality of residuals hypothesis is not 

rejected. 

12 Jarque-Bera is a test statistic for testing whether the series is normally distributed or not. The test statistic measures 
the difference of the skewness and kurtosis of the series with those from the normal distribution. Under the null 
hypothesis of a normal distribution, the Jarque-Bera statistic is distributed as X2 with 2 degrees of freedom. The 
reported Probability is the probability that a Jarque-Bera statistic exceeds (in absolute value) the observed value under 
the null-a small probability value leads to the rejection of the null hypothesis of a normal distribution, 
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4.2.1.3 NORMALISED QUADRATIC PURCHASED FEED DEMAND 

An improvement is seen in the results of the estimated quantity of purchased feed equation (QFB). 

Table 8: NQ Purchued Feed Demand function estimated with OLS and HETCOV 

Une I Variable I Parameter I Coefficient I std. Error IT -statistic I Prob. I 

IConstant 959521 1301031 0.741 0.471 


2 1P*MLK 1592091 581801 2.74 0.01 1
13'2 i 

19262 
1 -0.23 1 0.82 1 


85987 -1.54 1 


Mean 

3 1P*FB 1322 -205936 1 790781 -2.60 1 0.01 1 


1 


0.071 8.90 1 0.001 

0.35 1 1.41· 0. 17 1 


0.86
R;.! 


357580· R;.!-adjusted 0.84 1 


10 standard Deviation 3533501 S.E. of regression 139363
1 

1 1 


11 Sample size 48 Akaike info criterion 26.66·1 

1 


12 Error Sum of Squares 1 7.96E+11 Schwarz criterion 26.93 1
1 


From Table 8 it is clear that the price of milk affects the demand for purchased feed positively and 

the price of purchased feed has a decreasing effect on the demand for the input. The coefficients 

are also significant at a 1 % probability level. The coefficient of the price of self-produced feed does 

not have the expected sign (for substitutes), but is statistically insignificant. The management proxy 

and livestock capital both show significant influences on the demand for purchased feed. In addition 

to this, the adjusted-R2 indicates that 84% of the variation in purchased feed demand is explained by 

the specification. 

From Figure 3, it is evident that the estimated derived demand equation moves with the actual 

values, but models more peaks and troughs than what occurred in the observed quantities of 

purchased feed for the sample. 
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Figure 3: Normalised Quadratic - quantity of purchased feed utilised 

4.2.1.4 NORMALISED QUADRATIC SELF-PRODUCED FEED DEMAND 

In the case of the self produced feed demand (Table 9), only 58% of the between-farm variation is 

explained by the normalised quadratic specification of the demand function. 

Table 9: NQ Self Produced Feed Demand function estimated with OLS and HETCOV 

Line I Variable I Parameter I Coefficient I Std. Error I T -statistic I Prob. I 
1 I Constant I U3 I 59262 1 43680 1' f36 1 0. 181 

2 1 P*MLK 1 ~13 1 -45828 1 49918 1 -0.92 1 0. 36 1 

3 I P*FB I ~23 I· 99760 1 64789 ] 1.54 1 0.13 ] 

4 I P*FS I ~33 ] -29972 1 7684 1 -3.90 1 0.00 1 

5 ZMPRX - " 1' ~3M ] -25732 ] 22768 1 -1. 131 0.27 1' 

6 ZLCAP ] ~3L I ~ 0.18 ] 0.04 1 4. 06 1 0.00 1 

7 ZLABR I ~3C I -0.32 ] 0.31 1 -1.05 0. 30 1 

8 Dependent Variable ] QFs l I R2 0.58 1 

9 Mean I 1-21070 1 I R:l-adjusted 0.52 1, 

10 Standard Deviation I 96245 1 I S.E. of regression 66779 1' 

11 Sample size I 48J I Akaike info criterion 25.191 

12 I Error Sum of Squares I, 1.83E+11 j I Schwarz criterion 25.46 1 
-
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Although the price of milk is not significant in this equation, it does have the expected sign, based on 

the results from Table 8, where purchased feed responded positively to an increase in milk prices. 

An a priori hypothesis was that purchased and self-produced feeds are substitutes. The latter results 

confirm this. Similarly, the significant P23 (at 15%-level) and P33 (at 1%-level) coefficients are 

consistent with the a priori expectations. Self produced feed demand responds positively to an 

increase in the price of purchased feed, and negatively to its own price. 

Figure 4: Observed versus fitted quantities of self-produced feed (Normalised Quadratic) 

Figure 4 shows the poor explanatory power of the normalised quadratic derived demand equation in 

terms of self-produced feed. The fitted values follow an erratic pattern as opposed to the smooth 

pattern of the observed values. Consequently, substantial variation occurs in the residual values. 

In Figure 5 and Figure 6 below, the respective actual and fitted values of the profit and derived 

demand and supply equations are graphed. In both figures (plotted in ascending magnitude of 

normalised profit), the same observations seem to cause deviation from the fitted pattern. There is 

no obvious trend in combinations of milk volume and feed use that indicates increasing profits in 
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either the actual or the fitted series. Similarly, graphical inspection of the movement between 

normalised profit and the quasi-fixed variables yields no clear causational pattems. 
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Figure 5: Actual and fitted normalised profit, and actual milk, purchased and produced feed quantities 

Figure 6: Fitted and actual normalised profit, and fitted milk, purchased and produced feed quantities. 
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The results from the single equation specification of the profit function are compared to those of the 

estimated demand and supply equations (Table 7 to Table 9). Wald 's coefficient test was used to 

establish whether the estimates differ significantly between the t'NO OLS methods. In all cases, the 

null-hypothesis that the demand and supply equations' set of coefficients do not differ significantly 

from that of the profit function is rejected at the 50/0-level. 

4.2.2 NORMALISED QUADRATIC PROFIT SYSTEM ESTIMATION RESULTS 

Application of Zellner s Iterative Seemingly Unrelated Regression method (ISUR) (Section 3.5.2) 

yielded more coefficients (Table 10) that are more signifICant than coefficients from the OLS 

estimations (Table 6 to Table 9). 

The l3ii-coefficients are all significant. However, the I3w coefficient is negative instead of positive. In 

addition, neither the 1312 nor the 1323 coefficients are statistically significant - only 1313 is significant. 

The substantial negative value (and statistical significance) of the intercept (ao) as well as the large 

negative value of (11 is an indication that problems of misspecification, measurement errors, 

exclusion of important variables, data errors, or any combination of these problems influence the 

results. Similar to the OLS estimation results, specification of milk supply (OMLK) does not yield 

expected results. The milk price and self-produced feed price variables, as well as all the quasi-fixed 

variables are significant (Table 10). The management proxy variable indicates that improved 

management is associated with higher levels of milk production. 

From the results of the estimated quantity of purchased feed equation (OFB), it follows that the price 

of milk affects the demand for purchased feed positively and the price of purchased feed has a 

decreasing effect on the demand for the input. The coefficient of the price of self-produced feed has 

the expected sign (for the hypothesis of substitution), but is statistically insignificant. The 

management proxy shows a significant influence on the demand for purchased feed: improved 

management is associated with more intense use of purchased feed. 
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Table 10: NQ Profit System estimated trough Iterative Seemingly Unrelated Regression method 

Unel Variable Parameter Coefficient 1Std. Error 1T -etatistic 1~ 
~ Constant -2010651 591551 -3.401 0.001 

P*MLK -431870 1 841661 -5.13· 0.001 

P*FB a2 137251 648891 0.211 0.831 

4 • P*FS a3 -29039 1 452161 -0.64 1 0.52 

~ (P*MLK)~ ~11 -95679 1 38672 1 -2.47f~ 
~ (P*FB)~ /J22 -1492841 57011 -2.621 0.011 

7 ~(P*FS) \l33 -242871 6592. -3.681 0.001 

8 (P*MLKXP*FB) 61729 1 46178 1 1.341~ 
9 ! -­ (P*MLKXP*FS) 30217 1 9249 1 3.271 0.001 

~ (P*FB)(P*FS) 12619 1 100391 1.261~ 
11 ! (P*MLK)(Zw>RX) 3957161 529071 7.481 0.001 

(PMLK)(Zt.CAP) 0. 07 1 0.04! 1.831 0.07 1 

13 • (P*MLK)(ltAeR) 1. 37 1 0.261 5.281 0.001 

~ (P*FB)(Zw>RX) 59928 1 32276 1 1.861 0.07 1 

~ (P*FB)(Zt.CAP) 0.02 1 0.03 1 0.781 0.441 

~ (P*FBXltAeR) 0. 27 1 0.221 1.22! 0.221 

17 (P*FSXlw>RX) 52454 1 244831 2.141 0.03 1 

(P*FSXZt.CAP) f33C 0.03 1 0.02! 1.29 1 0.20 

~ (P*FSXltABrd f33L -0.40 1 0.2O! -21 0.05 1 

~ Dependent Variables i 1C*, Ow<. QFB, QFS 1Sample size 1 48 I 

In the case of the self-produced feed demand, the price of milk is significant and it has the expected 

sign - purchased feed responds positively to an increase in milk prices. An a priori hypothesis was 

that purchased and self-produced feeds are substitutes. This is confirmed by these results: despite 

the statistical insignificance of the ~fficient, the sign is positive. Self produced feed demand 

responds positively to an increase in the price of purchased feed, and negatively to its own price. 

Higher levels of management is in this case also associated with higher levels of seIf-produced feed 

use - this is contrary to the substitutability findings, because purchased feed responds similarly to 

higher levels of management. According to these results, setf-produced feed demand decreases 

with increased labour expenditure. Purchased feed, however, responds positively to increased 

labour expenditure - it seems that higher quality labour is associated with the use of purchased 

(expensive) feed. 
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Figure 7 shows the levels of milk production and input use associated with the estimated normalised 

profit. Higher profits are not necessarily associated with higher levels of milk production, or with 

specific ratios of input use. Based on these results, it seems that great variation exists in the 

production decisions between fluid milk producing units. 

Figure 7: Estimated levels of milk production, input use and associated estimated normalised profit. 

The results presented in Table 6 to Table 10 indicated that the quasi-fixed variables had a very 

significant relation with restricted normalised profit. Since this could be the cause for the unexpected 

signs of the price variables, it was decided to drop the livestock capital and labour variables, but keep 

the management proxy. The modified supply system was estimated with the SUR estimator [Zellner, 

1962] and the results are presented in Table 11 . More degrees of freedom were available due to the 

reduced number of parameters to be estimated. 
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Table 11: Modified NQ supply system 

Line 1Variable 1Coefficient 1std. Error 1T -Statistic 1Prob. i
--.-!J Constant 908511 327351 2.78 1 0.011 
~ P*MLK <J.1 8332201 3053961 2.73. 0.01 1 

~ <J.2 -7941491 2197571 -3.61 1 0.001 
P*FS -2128791 636901 -3.341 0.001 
(P*MU<):l 2164321 2091801 1.031 0.301 

~ (P*F8):l 451294! 2056231 2.191 0.031 
----.lJ (P*FSr J3ss 33524 79271 4.23 1 0.001 

(P*MLK)(P*F8) -3130581 1880121 -1.671 0.101 
9 (P*MLK)(P*FS) -24741 318941 -0.081 0.94 1 
~ (P*F8)(P*FS) 76351 25711J 0.301 o.nl 
~ (P*MLK)(lMPRx) -104093 1 1907281 -0.551 0.591 
~ (P*F8)(lMPR>c) 132M 2583761 1360371 1.901 0.061 

(P*FS)(lMPRX) 133M 356531 388651 0.921 0.361 
-----.!± Dependent Variables Ix*. QMLK, QF8. QFS ISample size I 48 

1 

The results indicate a substantial improvement: the t-ratios improved and the coefficients of the milk 

price variables have the expected sign. Milk supply responds positively towards its price and 

negatively to increased feed prices. 

4.2.3 DISCUSSION OF THE RESUL TS 

The results from sections 4.2.1 and 4.2.2 indicate that the normalised quadratic system results 

(Table 10) are generally better than the single equation resutts. It is likely that the unexpected resutts 

are caused by the specification of self-produced feed demand and the inherent problems associated 

with aggregation. Compared to the single equation results, more of the supply system variables 

showed significant influences on the normalised profit and on the supply and demand equations. 

The modified system (yielding more realistic results) was subsequently subjected to strudural 

property tests to determine whether it conforms to the undenying economic theory. 
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4.2.4 TESTING THE STRUCTURAL PROPERTIES 

4.2.4.1 NON-NEGATIVITY 

In eight of the cases either negative profits or negative supply or demand quantities were estimated. 

None of these cases reported simultaneous negative profits or quantities. These results are not 

sufficient to classify the particular farms as non-profit maximising - small sample size bias, 

contamination due to aggregation and due to incorrect specification of supply or demand equations 

all contribute to reduced confidence in the estimation outputs. 

4.2.4.2 MONOTONICITV 

Evaluation of the first derivatives of the normalised profit function with respect to normalised input 

and output prices (at the point of approximation, Methodology, section 3.9.2) revealed that profit is 

monotonically increasing in milk plices (a.1 > 0) and monotonically decreasing in purchased feed 

4.2.4.3 CONVEXITY AND CONCAVITY 

For convexity in all prices, it is required that the determinants of the principal minors (of the Hessian 

matrix of normalised profit to prices - Hpp) are non-negative, Le. positive semi-definiteness of the 

Hessian matrix. The elements of the Hessian matrix are the !3ij-coefficients from Table 10: 

H= 


a2 a2
l[ * l[* 

(ap:nx )2 ap:nxap;1J 
a2 a2

l[ * l[* 

apJ;~ap:nx (ap~)2 

a2 a2 
l[ * l[ * 

ap:..sap;LK ap:..sap~ 

a2l[ * 

ap,· ap·
MLK FS 

a2 
l[* 

ap· ap·
J;1J FS 

a2 
l[ * 

(ap;'S )2 

[ 373857 
= -434481 

-37738 

- 434481 -37738] 
533709 38105 


38105 40783 


IH11 =373857 > O,IH21=10E+09 > 0 and IHal =4E+14 > 0, implying that Hpp is positive semi-definite 

(convexity in prices). The latter result is in accordance with the requirements for well-behaving profit 

functions. 
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4.2.4.4 HOMOGENEITY 

Homogeneity in all prices is imposed through the functional fonn. The function is homogenous of 

degree zero in prices, but not in quasi-fixed factors. 

4.2.4.5 SYMMETRY 

Symmetry was imposed during estimation, due to the small sample constraints and symmetry can be 

seen from the Hessian matrix: ~ij = 13;. 

4.2.5 ELASTICITY CALCULA TlONS 

Table 12 reports the Marshallian elasticities (Equation 20) calculated from the different nonnalised 

quadratic estimations. 

Table 12: Marshallian elastIcllea calculated from the dit'lierent estimation results 

alb 
-=__---'1 

~ _O--,-,-=mI,-,---k_----'I -3.141 ~~ Table 6: OLS Nonnalised profit 
~ alb 1 2.94 1 -1.12 -3.111 Table 6: OLS Nonnalised profit 
.-!J 015 1 8.02 -6.85 0.02 1 Table 6: OLS Nonnalised profit 

--.!J Omlk 0.04 ~ Table 7: OLS Milk supply1 ~ 
~ alb 1 0.59 1 -0.621 -0.021 Tct~I~8: OLS Purchased feed demand 1 

~ 015 1 -0.501 0.891 -0.361 Table 9: OLS Self-produced feed demand I 
~ Omlk 1 -0.20 I~ 0.07 ITable 10: ISUR Nonnalised profit system 1 

~ alb 1 0.23 1 -0.451 0.05 1 Table 10: ISUR Nonnalised profit system 1 

015 1 0.33 	1 ~~ Table 10: ISUR Nonnalised profit system I 

~ Omlk 	 1 0.79 1 -0.741 -0.091 Table 11: ISUR Modified supply system 1 

. 1.62 1 -1.601 -0.151 Table 11: ISUR Modified supply system 1 

0.42 1 -0.341 -0.481 Table 11: ISUR Modified supply system 

Line 2 indicates a plausible result: higher milk prices induce higher demand for purchased feed; own-

price response is 	negative and cross-price response indicates that purchased and self-produced 

feed inputs are complements (confinned in Line 5, Table 12). Line 6 also yields plausible results: 

self-produced feed demand decreases when milk prices increase (indicating a possible switch to 
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purchased feeds) and it increases when purchased feed components become more expensive. 


Own-price response is negative. 


From the modified system' results, milk supply elasticities are consistent with a priori expectations. 


The purchased and self-produced feed demand responses indicate complimentarity between the two 


inputs (contrary to the original profit system results), similar to the single equation results (Lines 2 


and 3). Milk supply is consistently more intensive in purchased feed use. 


Using the result from Table 12, with regard to the modified Normalised Quadratic Profit system (lines 


10 to 12) and the Hicksian elasticity formulae from Equation 18 (Methodology chapter), the Hicksian 


input demand elasticities with respect to input prices are calculated as follows. 


=[-1.65 - 0.15] _ [1.62] x [0.79r1 x [- 0.74 - 0.09] 
-0.34 0.48 0.42 

=[-0.09 0.02] = [T/~'FB T/~,FS]
0.05 - 0.44 T/FS,FB T/FS,FS 

The Hicksian responses confirm that both inputs are normal goods (demand decreases when prices 

increase) with highly inelastic compensated elasticities as opposed to the uncompensated (long run) 

elasticities. The inputs are gross complements, but net substitutes in the production process, with 

self-produced feed demand being more sensitive to purchased feed price changes than visa versa. 

This is in line with expectations since the price of purchased feed is determined in the open market, 

where the influence of self-produced feed prices playa comparatively small part. The short run 

(compensated) elasticities are less elastic than the long run elasticities, probably due to higher 

flexibility to change feeding and grazing pattems in the long-run. 

The difference between uncompensated and compensated elasticities indicates the effect of the 

expansion process (movement to new production possibility frontiers) due to price changes and 

subsequent production shifts. The long-term (uncompensated) input demand responses are mainly 

a result of long-term adjustments. 
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Similarly, the Hick.sian output supply elasticity with respect to output prices are as follows. 

~~} = {17th} - {17tl }X {17lk r l 
x {17lt } 

=[0.79]-[-0.74 _0.09]x[-1.60 _0.15]-1 x [1.62] 
- 0.34 - 0.48 0.42 

= [0.04] = [17!LK,MLK] 

The short-run elasticity of milk supply with respect to its own price is positive, yet inelastic. The long-

run response (0.79) is mainly due to contraction in supply (-0.83). 

4.3 THE TRANSLOG 

4.3. 1 SINGLE EQUA nON OLS RESULTS 

4.3.1.1 TRANSLOG PROFIT 

This single equation (Equation 22) specification of the translog profit function succeeds in explaining 

95% of the variation in the observed profits. Table 13 contains the estimation results. The results 

are evaluated as they pertain to the derived demand and supply equations. 

Milk's share of profit is positively related to its own price (1311), and to purchased feed price (1312), but 

negatively to self produced feed prices (1313) and the prices of trade animals (1314). It is also negatively 

related to improved management (YnA) , livestock. capital (Y1C) and labour expenditure (Y1L). These 

results are contrary to the expectations, but they are statistically insignificant. 

Coefficient 1322 - the own price of purchased feed - is statistically Significant and displays the 

expected sign. The share of purchased feed is positively related to milk prices and to self-produced 

feed prices, as expected, but also positively related to the price of traded animals - however, none of 

these are statistically significant. Decreased levels of profit share are associated with higher levels of 

management and labour expenditure. 
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Table 13: Tranalog Profit function estimated through OLS with HETCOV 

Unel Variable 1 Parameter 1 Coetncient1Std. Error 1 T -statistic I prob·1 

~ Constant ao 0.95 1 23 1 0.041 0.97 1 

Ln(PMLK) (11 451 241 1.91 1 0.08 

~ Ln(PFB) (12 -231 30 1 -0.771 0.46 1 

Ln(PFS) (13 2.891 2.971 0.971 0.35 1 

~ Ln(PTRo) <l4 3. 79 1 7. 42 1 0.51 0.621 

~ Ln(PMLK):l Pll 381 271 1.37~ 
Ln(PFB):l ~ -12! 7.76 1 -1.531~ 
Ln(pFS):l P33 1.071 0.57 1 1.881 0.09 1 

~ Ln(PTRO):l P44 -0.031 0.771 -0.041 0. 97 1 

~ Ln(PMLK)Ln(PFB) P12 6.92 28 1 0.251~ 
11 Ln(PMLK)Ln(PFS) P13 -3.041 3.05 1 -1.001 0. 34 1 

~~n(PMLK)Ln(PTRO) -0.851 4.60 1 -0.181 0. 86 1 

~Ln(~) -1.50 1 7.31 1 -0.211 0.841 

~ Ln(Zt.CAP) 1.921 3.71. 0.521~ 
~ Ln(ZLABR) -2.321 1.29 1 -1·801~ 
~Ln(~):l 1MM -7.62 5. 90 1 -1.291 0.221 

17 Ln(ZLCAP):l la; 0.271 0.46 1 0.59, 0.571 

18 ! Ln(lLASR):l 0.661 0.43 1 1.541~ 
19 Ln(~)Ln(Zt.CAP) -1. 161 0. 97 1 -1.201 0. 26 1 

~ Ln(lMPRX)Ln(lLABR) 1.98] 1.38 1 1.441 0.18! 

~ Ln(Zt.CAP)Ln(4ABR) -0.36 1 0.39 1 -0.941 0.371 

.~ Ln(PMLK)Ln(~) -2.331 5.35 1 -0.441 0.671 

Ln(PMLK)Ln(Zt.cAP) -3.781 2.74 -1.381~ 

~ Ln(PMLK)Ln(lLASR) -0.091 1.60 1 -0.05 1 0.96! 

~ Ln(PFB)Ln(ZMPRX) -7.891 8.21 1 -0.961 0. 36 1 

~ Ln(PFB)Ln(ZLCAP) 4.52 1 0.841 0.42 1 

~ Ln(PFB)Ln(lLABR) 'Y2L -2.491 3.36 1 -0.741 0. 47 1 

~ Ln(PFS)Ln(~) 13M -2. 171 1.36 1 -1.61~ 
~ Ln(PFS)Ln(ZLCAP) -0.07 1 0.51 1 -o.131~ 

-0. 071 0.76 1 0.92 1,~ Ln(PFS)Ln(lLABR) -0.11 

I ~ Ln(PFB)Ln(PFS) P23 1.851 2.82 1 

~ Ln(PFB)Ln(PTRO) Il24 2.131 4. 75 1 

~ Ln(PFS)Ln(PTRO) P34 0.421 o.nl 
~ Ln(PTRO)Ln(~) 14M -0. 171 1.60 1 

~ Ln(PTRO)Ln(ZLCAP) -0. 01 1 0.661 

~ Ln(PTRO)Ln(lLABR) -0.281 0.551 

37 ! Dependent Variable Ln(x)I 1R:l 

~Mean 12.461 R:l-adjusted 

~ Standard Deviation 1. 171 S. E. of regression 

~ Sample size 48! Akaike info criterion 

~ Error Sum of Squares I 0. 731 Schwarz criterion 

0.661~ 

0.451 0.661 

0.591 0.57 1 

-0.10 0.921 

-0.021 0.991 

-0.511 0.62 1 

I 0.991 

I 0.95' 

I 0.26 1 

I~ 
I 1.62 1 
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Self-produced feed' share in profit responds (significantly) negatively to its own price (333) and to the 

price of milk (/313). Similarly, increased purchased feed prices (323) and increased prices for traded 

animals (334) would result in an increase in self-produced feed' s share of profit. 

Trade income (STRO) decreases as the aggregate price increases (/344) and when milk prices increase 

(/314). When purchased and self-produced feed prices rise, the share of trade income in profit would 

increase (/324 and /334). The response to increased levels of the specified quasi-fixed variables is 

negative in all cases (Y4M, Y4C and Y4L). 

Figure 8 shows the accuracy of the fitted equation. The fitted line follows the actual data very 

closely, but does introduce more peaks and troughs than what is actually observed. The errors (on a 

secondary scale) vary within a narrow range (0.6 and 1.3). The Jarque-Bera statistiC, calculated for 

the Ho of normality in the residuals, equals 3.41 at a 0.18-probability level. Thus, it is reasonable to 

assume normally distributed errors. 

Figure 8: Actual and fitted values of profit from the OLS estimation of the translog profit function. 
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4.3.1.2 TRANSLOG MILK SHARE 

The milk share equation, with an explanatory power of 78%, does not yield expected results. Firstly, 

the price of milk is negatively related to the supply of milk and increases in purchased and produced 

feed prices would cause increases in milk supply (although the coefficients are insignificant). 

Improved management and increased labour expenditure would decrease milk supply, while 

increases in livestock capital would increase milk supply. These results are summarised in Table 14 

and Figure 9, below. 

Table 14: Translog Milk Share fundion estimated through OLS with HETCOV 

I Line I Variable I Parameter I CoefficientI Std. Error I T -statistic I prob·1 

~ Constant __U..:-1----' __0_.8-...191 0.961 __o_.93-,1 . 0.361 

~Ln(PMLK) /311 -1.22j 0.551 __-2_.2-,11 0.031 

~ Ln{PFB) 1_-,,-131=2___0_.2-...171 0.58 1__°_.46-,1 0.651 

~ Ln(PFS) I Ih~ __ 0.131 __ °'1 0_.1-...1°1 °_.8__ 0.431 


~ Ln(PrRo) I 1314 I 0.111 0. 161__°_.6-,91 0.501 


Ln(ZMPRX) 111M I -3.741 0.361 -10.331~ 

~ Ln(4CAP) . I 11C I 0.541 0. 131__ 4_.1-,4\ 0.001 

~ Ln(ZLABR) ~ 11L 1 -0.411 _____-3_.5--'91 0.001 

~ Dependent Variable S_MLK-...1I __---' ______-'I~1 __ 

~ Mean 1__2_.1-...131 __---' _______----'1 0.78 1 

~ Standard Deviation 1__0_.86-...11 1S.E. of regression 0.41 1 

~ Sample size ___4-...181 __---' Akaike info criterion i~ 

~ Error Sum of Squares __6_.44-...11 ISchwarz criterion 1~ 

The fitted values follow the trend in the actual observations, but in most cases over or under estimate 

the actual values. The calculated Jarque-Bera statistic under the Ho of normal residuals is 1.55 ­

which is significantly different from zero only at a 0.46- probability level. The null-hypothesis of 

normal residuals is not rejected. 
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Figure 9: The actual and fitted shares of milk in restricted profit - OLS results 

4.3. 1.3 TRANSLOG PURCHASED FEED SHARE 

In Table 15, the results of the purchased feed share equation is presented. 

Table 15: Translog Purchased Feed Share function estimated ,through OLS with HETCOV 

Line ! Variable ! Parameter ! Coefficient ! Std. Error ! T -statistic ! Prob. ! 

---.!.J Ln(PFB) 1 U2 1 0. 76 1 1.25 / 0.61 1 0.551 

~ Ln(PFB) /' ~22 1 -0.41 1 0.73 / -0 . 56 /~ 
~ Ln(P~LK) 1 ~12 / 

0.29 / 0.79 / 0. 37 /~ 
. --4 I Ln(ZMPRX) 1 12M 1 2.82 1 0.48 1 5. 91 1~ 
~ Ln(ZLCAP) / 12C / -0.44 / 0.12 / -3.64 ]~ 

~ Ln(ZLABR) ] 12L 1 0.29 / -0.13 / 2.17] 0.041 

~ Ln(PFS) / ~23 1 0.02 / 0.14 / 0. 17 /~ 
~ Ln(PTRD) / ~24 I' -0.34 1 0.20 1 -1 . 72 1~ 
~ Dependent Variable . I SFBj I R2 I O.66J 

~ Mean I -0.941 I R:l-adjusted I~ 
~ Standard Deviation I 0.771 I S-.E. of regression I 0.491 

~. Sample size I 481 1 Akaike info criterion I~ 
~ Error Sum of Squares I 9.291 1 Schwarz criterion I~ 
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Coefficient-Jh2 indicates the own-price response of the purchased feed share equation is negative, as 

would be expected. Milk price and self-produced price increases would increase the purchased feed 

share (1312 and (323). Improved management and labour practices would increase the use of 

purchased feed, whilst increased expenditure on livestock capital would reduce the share of 

purchased feed. Figure 1013 displays the actual versus fitted values from the estimated equation 

(Table 15). It is clear that observation to observation matching of fitted and actual values are quite 

poor, as is confirmed by the low adjusted-R2 of 0.6. 

Figure 10: Actual and fitted purchased feed shares derived from the OLS single equation estimations. 

13 For theoretical accuracy, the input profit shares (negative shares of profit) are plotted as negative values - "increases 
in shares" refer to increases in absolute values. 
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4.3.1A TRANSLOG SELF-PRODUCED FEED SHARE 

Self-produced feed' s share equation results are summarised in Table 16. Increased milk prices 

induce increased expenditure on self-produced feed and the latter increases when its own price 

rises. Increased purchased feed prices stimulate a decrease in expenditure on self-produced feeds. 

These results are not consistent with a priori expectations or with the results from the previous 

estimations. Management and labour is positively and significanUy related to this input, while none of 

the price variables are significant In addition, the adjusted-R2 indicates that only 44% of the 

variation is explained by the estimated equation. 

Table 16: Translog Self Produced Feed Share function estimated through OLS with HETCOV 

Line 1 Variable Parameter 1 Coefficient 1SId. Error IT-statistic I Prob.!i 

~ Constant -2.81J 1.441 -1.961 0.061 

Ln(PFS) [333 o.09i 0. 151 0.621 0.54! 

~ Ln(PMLK) 1.301 1.021 1.281~ 
~ Ln(ZMPRX) 1.831 0.551 3.351 0.001 

Ln(ZLCAP) y&; -0. 151 0. 121 -1.21 0.24 1 

~ Ln(ZLABR) "(3L 0.321 0. 131 2.361 0.021 

Ln(PFB) [323 -0.801 0.74 1 -1.091 0.281 
~ Ln(Pmo) [334 0.001 1 0. 12 1 0.01 1 0.99' 

~ Dependent Variable SFSj I R:l 1 0.53 1 

10 Mean -O.51j j R:l·adjusted j O.44j 

~ Standard Deviation 0.63j I S.E. of regresSion 1 0.47j 

~ Sample size 48! Akaike info criterion I~ 
~ Error Sum of Squares 8.48j Schwarz criterion I~ 

Figure 11 portrays the goodness of fit. Clearly. the fitted values do not match the trend in the data 

over even a subset of the data range. 
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Figure 11: Actual and fitted self-produced feed shares resulting from OLS single equation estimation. 

4.3.1.5 TRANSLOG TRADE INCOME SHARE 

From the results in Table 17, it is clear that the trade income share equation does not provide an 

adequate explanation of the across-firm variation in trade income. 

Table 17: Translog Trade Income Share function estimated through OLS with HETCOV 

Line ' Variable , Parameter , "Coefficient , Std. Error , T -statistic ' prob· 1 

---.!.J Constant 1 U4 1 13.581 9. 70 1 1.401 0. 171 

~ Ln(PTRO) 1 (344 I 0.541. 0.83 1 0.661 0. 52 1 

~ Ln(PMLK) 1 (314 I -7.57 1 5.52 1 -1 .37 1 0.181 

~· Ln(PFB) I (324 1 5. 901 5.78 1 1.021 0. 31 1 

~ Ln(PFS) 1 (334 I -1. 121 1.131 -0.99 1 0.331 

~ Ln(ZMPRX) I 14M I -5.551 4.44 1 -1.25 / 0.22 1 

-.-2J Ln(ZLCAP) 1 14C 1 0.241 0.51 1 0.47 1 0.64 1 

~ Ln(Z~R) I 14L I -1 .17 0.96 1 -1.22 0.231 

~. Dependent Variable 1 STRo l R:.! 0. 31 / 

~ Mean 1 0. 81 / R:.!-adjusted 0. 19 / 

~ Standard Deviation 1 3. 591 S.E. of regression 3.221 

~ Sample size 1 
-

48
1 5:33 1 Akaike info criterion 

~ Error Sum of Squares 1 405.341 Schwarz criterion 5.65 1 
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None of the variables is statistically significant. The price variables show acceptable signs: own-

price response is positive; response towards increased milk prices is negative and positive toward 

increased purchased feed prices. Improved management and increased expenditure on labour 

would reduce trade income, while increased investment in livestock would increase trade income. 

Figure 12 confirms the poor fit. The equation severely over or under estimates the actual data. In 

addition, there is not much variation in the actual values, thus reducing the estimation results. 

aSr-------------------------------------·-----------------------·------
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Figure 12: Actual and fitted values oftrade income shares in restricted profit (OLS). 

4.3.2 PROFIT SYSTEM ESTIMATION RESULTS 

Various combinations of the derived demand and supply equations, with or without inclusion of the 

profit function were estimated. The most meaningful results were obtained from the system 

containing the profit function, the shares of milk, purchased and self-produced feed equations -

estimated using Zellner's iterative seemingly unrelated regression method (ISUR). The trade 

income share equation was omitted. The results are summarised in Table 18, and discussed based 

on the share equation implications. 
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Table 18: Translog Profit System estimated with the Iterative Seemingly Unrelated Regression method 

~ Variable 1 Parameter 1Coefficient I Std. Error 1T -statistic 1 prob.1 

1 • Constant 1 a.o I 4. 59 1 8.09 1 0.571 0.571
--' 
~ Ln(PMLK) I 1.31 1 0.881 1.491 0.14 

~ Ln(PFB) I 1.001 0.471 0.641 

Ln(PFS) 1 <l.3 -3.31 0.93 1 -3.551 0.001 

~ Ln(Pmo) 1 Il.4 0.91 2. 34 1 0.391 0. 70 1 

~ Ln(PMLK)L 1 P11 -0.761 0.57 1 -1.351~ 
~ Ln(PFB)L 1 P22 -0.07 0.58 1 -0.121 0. 90 1 

~ Ln(PFS):l P33 -0.21 1 0.111 -1.821 0. 07 1 

Ln(PTROr -0.57 1 0. 35 1 -1.651~ 
-'!QJ Ln(PMLK)Ln(PFB) -0.02 1 -0.04 0.971 

~ Ln(PMLK)Ln(pFS) 1313 0.27 1 0. 101 2.771~ 
~ Ln(PMLK)Ln(PTRO) 0. 14 1 0. 14 1 0.991 0.331 

~ Ln(ZMPRx) 2.67 1 3.43 1 0.77 0.441 

~ Ln(Zt.CAP) -0.69 1 1.51 1 -0.461 0.65 1 

~ Ln(4AeR) 0. 86 1 1.04 1 0.821~ 
~ Ln(lMPRX):l 'YMM -6.63 1 1.59, -4.16 1 0.001 

~ Ln(Zt.CAP)L '(cc 0.161 0. 15 1 1.071 0.29 1 

~ Ln(ZlABR):l 0. 101 0. 17 1 0.571 0.571 

,~ Ln(ZMPRX)Ln(Zt.CAP) 0. 36 1 0.60 1 0.601 0.551 

! ~ Ln(ZMPRx)Ln(ZLABR) 'YML -0.261 0. 54 1 -0.471 0.641 

_!!J Ln(ZLCAP)Ln(ZtABR) I ,(a. -0.09 1 0. 13 1 -0.711 0.481 

~ Ln(PMLK)Ln(ZMPRX) '(1M -3. 36 1 0.27 1 -12.571 0.001 

~ Ln(PMLK)Ln(Zt.cAP) 0.481 0.111 4.421 0.001 

~ Ln(PMLK)Ln(ZlABR) -0.411 0. 10 1 -4.031 0.001 

Ln(PFB)Ln(Zt.f>RX) 2.56 1 0. 32 1 8.061 0.001 

~ Ln(PFB)Ln(Zt.cAP) -0.401 -3.111 0.001 

.~ Ln(PFB)Ln(ZlABR) '(a 0.29 1 0. 12 1 2.401 0. 02 1 

1 ~ Ln(PFS)Ln(ZMPRX) 13M O.95 i 0. 27 1 3.561 0.001 

~ Ln(PFS)Ln(Zt.CAP) '(3C -0.03 1 0. 12 1 -0.291 0.771 

~ Ln(PFS)Ln(ZLABR) '(3L 0.29 1 0. 121 2.471~ 
~ Ln(PFB)Ln(PFS) -0. 14 1 0. 12 1 -1.24 1 O.22i 

~ Ln(PFB)Ln(Pmo) -0. 34 1 0. 17 1 -2.051 0. 04 1 

~ Ln(PFS)Ln(PTRD) P34 -0.09 1 0. 151 -0.591 0.56 1 

~ Ln(PTRO)Ln(Zt.f>RX) '(4M 0. 51 1 0. 51 1 1.001 0.32 1 
~ Ln(Pmo)Ln(ZLCAP) I '(4C 0. 07 1 0.261 0.251 0.801 

~ Ln(PTRD)Ln(ZLABR) 1 '(4L 1 -0.231' 0.20 1 -1.151 0. 251

I~ Dependent Variable 1 Ln(:n:), SMU<. Sm SFS I Sample size I 48 I 

Mixed results were obtained. While «1 enters as a significant variable with the expected sign, the 

sign o'f 1311 is contrary to expectations and the coefficient is insignificant. Both feed variables have 

Significant (3.-coefflCients and their signs correspond to a priori expectations of own-price responses. 
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In the derived milk share equation, purchased feed prices induce negative supply responses, while 

self-produced feed price increases would lead to increased milk supply. Higher livestock trade prices 

would surprisingly cause increased milk supply. Management improvement and higher labour 

investments would reduce milk supply, while supply responds positively to increased livestock 

investment. 

Evaluating the purchased feed share equation reveals that increased milk prices would reduce the 

demand for purchased feed inputs. Increases in self-produced feed prices and the trade prices of 

livestock would also reduce the demand for purchased feed. Conversely, improved management 

practices and higher labour expenses are associated with higher demand for purchased feed inputs. 

Increased livestock outlays would have a negative effect on the demand for purchased feed. 

Self-produced feed shares would increase with increases in milk prices and with improved 

management practices and higher labour outlays. Increased livestock capital would reduce the 

demand for self-produced feed. Higher purchased feed prices would reduce the demand for self­

produced feed - implying complementarities, not substitution between the two input groups. Higher 

livestock trade prices would force self-produced feed demand downwards. 

Similar to the Normalised Quadratic, the highly significant quasi-fIXed variables' coefficients together 

with unexpected signs for the price variables, prompted alternative specification of the system. 

Livestock capital and labour was dropped and homogeneity was imposed through normalisation of 

the profit function with the price of traded animals. The results of this process are presented in Table 

19. 
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Table 19: Modified Normalised Tranllog profit Iystem 

Line I Variable 1 Parameter 1 Coefficient Std. Error I T-statistic Prob. I 
1 • Constant 

-~' 1 11 0.251 441 0.001 
~ Ln(PMlKiPlRo) 1 2.02 0.201 10i 0.001 

Ln(PFBlPlRo) 1 -0.68 1 0.181 -3.72 1 0.001 
Ln(PFslPlRO) 1 .0.151 0.101 -1.511 0.131 

~ Ln(PMLKlPTRO):l 0.96 1 0.521 1.85 0.07. 
~ Ln(PFslPTRO):l 1.16 0.571 0.041 
~ Ln(PFslPTRO):l 0.28 1 0.111 0.02 1 
~ Ln(PMLKlPTRD)Ln(PFslPlRo) I 0.51J -1.981 0.051 
~ Ln(PMlKIPTRO)Ln(PFSlPmo) 1 0.161 -2.741 0.01J 

~ 0.761 0.001 

-.!!J 0.581 0.001 
12 -- Ln(PMlKIPlRo)Ln(lMPRX) 0.301 0.351 
13 • Ln(PFsIPlRO)Ln(lMPRX) 0.271 0.701 
~ Ln(PFslPTRO)Ln(lMPRX) 0.181 -3.821 0.001 
~ Ln(PFslPTRD)Ln(PFslPmo) 0.141 0.011 
~ Dependent Variable I Ln{7tlP-mo), SMlK, SF'S. SFSI I Sample size I 481 

The a1-coefficient enters as a significant variable with the expected sign; 1311 is statistically significant. 

whilst alsQ corresponding to a priori expectations. Both feed variables have significant 13.­

coefficients. In the derived milk share equation. purchased and self-produced feed prices induce 

negative supply responses. The management proxy is negatively related to milk supply. 

In the derived purchased feed share equation reveals that increased milk prices would reduce the 

demand for purchased feed inputs. Increases in self-produced feed prices would increase the 

demand for purchased feed. Conversely. improved management practices and higher labour 

expenses are associated with decreased demand for purchased feed inputs. Self-produced feed 

shares would decrease with increases in milk prices and with improved management. Higher 

purchased feed prices would increase the demand for self-produced feed - implying substitution 

between the two input groups. 
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4.3.3 DISCUSSION OF THE RESUL TS 

Despite the high adjusted-R2 (0.95) of the OLS estimation of the profit function (Table 13), the single 

equation OLS results for the share equations yielded coefficients with improved t-ratios. This 

improvement was downplayed by emergence of unexpected signs from the OLS estimation of the 

individual share equations. System estimation of the profit function and share equations produced 

overall improvements in variables' significance levels. However, it must be noted that the poor fit on 

the share of self-produced feed and on the share of trade income, casts doubt on the reliability of the 

system results. Yet, since the quantity of milk supplied and the level of feed administered are 

detennined simultaneously with profit, it is believed that the system results should represent a more 

realistic scenario. The results from system estimation will be used to evaluate the structural 

properties of the profit system. 

4.3.4 TESTING THE STRUCTURAL PROPERTIES 

4.3.4.1 NON-NEGA T/VITY 

In four (out of forty-eight) cases, negative input quantities were estimated. None of these cases 

reported simultaneous negative profits or quantities and these results are not sufficient to classify the 

particular fanns as non-profit maximising - small sample size bias, contamination due to aggregation 

and due to incorrect specification of supply or demand equations all contribute to reduced confidence 

in the estimation outputs. 

4.3.4.2 MONOTONICITY 

From the original translog supply system (Table 18), the first derivatives of the profit function with 

respect to input and output prices (at the point of approximation, section 3.9.2) were evaluated. 

Profit is monotonically increasing in milk and livestock trade prices (a1. U4 > 0). Profit strictly 

decreases in self-produced feed prices, but not in purchased feed prices. The latter is thus a 

violation of profit maximisation requirements. 
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The nonnalised translog supply system yielded more theoretically accurate results. Evaluation of the 

first derivatives of the nonnalised translog profit function revealed that profit is monotonically 

increasing in milk prices (0.1 > 0) and monotonically decreasing in purchased and self-produced feed 

4.3.4.3 CONVEXITY AND CONCAVITY 

For convexity of the non-nonnalised profit function in all prices, the modified
14 

Hessian matrix of 

second order derivatives of nonnalised profit with respect to prices (H*pp) should have non-negative 

detenninants for the principal minors. The elements of the modified Hessian matrix are (ru+al-a,) for 

the jlh·diagonal element, and (}1rrat~) for the off-diagonal elements [Capalbo, et a/., 1988]. The 

detenninants IH11. IH21 and IH41 are negative, while IH31 is positive. The profit function is thus neither 

globally concave nor globally convex in prices. The latter result is contrary to the requirements for 

well-behaving profit functions. It is ascribed to the overall problems found in the data, such as small 

sample properties, aggregation bias and the cross-sectional nature of the data. 

Stated algebraically: 

02Jr 02Jr 02Jr 02Jr 

(OPMLK )2 
02Jr 

OPMLKOPFB 
02Jr 

OPMLKOPFS 
02Jr 

OPMLKOPTRD 
02Jr 

H= 
OPFBOPMLK 

02Jr 
(OPFB )2 

02Jr 
OPFBOPFS 

02Jr 
oPFBoPTRD 

02Jr 

oPFSoPMLK 

02Jr 
OPFSOPFB 

02Jr 
(OPFS )2 

02Jr 
OPFSOPTRD 

02Jr 

OPTRDOPMLK oPTRDoPFB oPTRDoPFS (OPTRD )2 

14 The Hessian matrix is modified by dividing it through the vector of (7tlPiPj) 
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fill +al
Z -al filZ +alaZ fi13 +ala 3 fil4 +ala 4 

fiZI +aZal fizz +a; -aZ fiZ3 +aZa 3 fiZ4 +aZa 4:.H;p 
fi31 +a3a l fi32 +a3a Z fi33 +a; -a3 fi34 +a3a 4 
fi41 +a4a l fi4Z +a4a Z fi43 +a4a3 fi44 +a; -a4 

0.60 -4.07[_035 1.33]
0.60 -0.32 -1.70 0.09 

= 
-4.07 -1.70 14.06 -3.10 

1.33 0.09 3.10 0.65 

The Hessian matrix of the normalised translog profit function is as follows: 

ap~LKap~ 
aZ

1C
H= 

(ap~)z ap* ap* 
FB FS 

aZ aZ 
1C 1C 

ap· ap· (ap:.s )zFS FB 

filZ +a1aZ 
fizz +a; -az 

fi3Z +a3a Z 

- 0.69]
0.46 

0.48 

These results show that the determinants IH,I, IH21 and IH31 are positive. The profit fundion is thus 

globally convex in prices (i.e. positive semi-definite). The latter result conforms to the requirements 

for a well-behaving profit fundion. 

4.3.4.4 HOMOGENEITY 

In the non-normalised translog supply system, homogeneity in all prices was not imposed, a priori, 

but tested for afterwards. The test results are reported in Table 20, below. The results are 

contradictory to such an extent that neither homogeneity in aU prices, nor homogeneity in quasi-fixed 

factors could be established. 
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Table 20: Results of Wald Coefficient tests for homogeneity in the tranaiog profit system 

Hypothesis I Specification X2
-stat I p-value ResultI 


Ho: Li <Xi = 0 c(2)+c(3)+c(4)+c(5)=0 0.47 I 0.49 
 Fail to reject HoI 
C(6)+C(10)+C(11)+C(12)=0 

C(7)+C(10)+C(31)+C(32)=0 


Reject Ho at all levels Ho: Li (3ij = 0 C(S)+C(11)+C(31)+C(33)=0 

C(9)+C(12)+C(32)+C(33)=0 
~~ 

Ho: LmYm = 1 C(13)+C(14)+C(15)=1 0.75 0.39 Fail to reject HoI I I 
C(22)+C(25)+C(2S)+C(34)=0 


Ho: Li Yim = 0 C(23)+C(26)+C(29)+C(35)=0 
 Fail to reject Ho 
C(24)+C(27)+C(30)+C(36)=0 ! ~ 

C(22)+C(23)+C(24)=0 

C(2S)+C(26)+C(27)=0 
 Reject Ho at all levels Ho: LmYim =0 C(2S)+C(29)+C(30)=0 

C(34)+C(35)+C(36)=0
I ~~ 

IC(16)+C(19)+C(20)=0 

Ho: LmYmn =0 C(17)+C(19)+C(21 )=0 
 ~~ Reject Ho at all levels 

C(1S)+C(20)+C(21 )=0 I 

The problem of homogeneity in prices was solved through the normalisation procedure performed on 

the translog profit function. Homogeneity was thus imposed in the normalised translog supply 

system. 

4.3.4.5 SYMMETRY 

Symmetry was imposed during estimation, due to sample size constraints. The symmetry can be 

seen from the Hessian matrix: p. =Pi' 

4.3.5 ELASTICITY CALCULATIONS 

Table 21 reports the Marshallian elasticities (Equation 12) calculated from the various translog profit, 

share and system estimations. Single equation OLS estimation of the profit function produces 

system responses to price changes that are as follows (Table 21, lines 1 - 4). When milk prices rise, 

milk supply increases; purchased feed demand decreases and self-produced feed demand 

increases; the volume of traded livestock also increases. An upward shift in purchased feed prices 
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increases milk supply, livestock supply for trade and purchased feed demand, but lowers self-

produced feed demand. 

Table 21: Elasticities calculated from the various estimation results for the Translog specification. 

Line I E(qi/wl~~~~ Source 

~ Q m1k 1 18.85 1 2.28 I -1.941~ Table 13: OLS Profit 

~ QIb I -5.18110.751 -0.45 1 -1.45 1 Table 13: OLS Profit 

~ Q15 7.92 I -4.46 1-3.561~ Table 13: OLS Profit 

~ Qtrd ~~ -0.00 I -0.231_T_ab_le_13_:0_L_s_p_r_Ofi_it_____----' 

~ Qmlk 0.58 I -0.82 I -0.48 1 0.85 I Table 14: OLS Milk share 

~ QIb 1.84 I -2.75 1-0.09 1~ Table 15: OLS Purchased feed share 

~ Q15 -0.32 1 0.57 I -1.70 I 0.80 I Table 16: OLS Self-produced feed share 

~ Qtrd -7.28 1 6.40 I -1.92 1 0.48 1 Table 17: OLS Trade income share 

~ Q m1k ~ -0.95 1 -0.40 I 0.87 1 Table 18: ISUR Profit system 

~ QIb 2.17 I -1.87 1-0.381~ Table 18: ISUR Profit system 

~ Q15 ~ -0.68 1-1.13 1 0.97 1 Table 18: ISUR Profit system 

~ Qtrd I 2.32·1 -1.37 1 -0.64 1-0.91 ITable 18: ISUR Profit system 

~ Q mlk I~ -1.53 1 -0.731~ Table 19: ISUR Normalised profit system I 
~ QIb I 3.46 I -3.41 I -0.931~ Table 19: ISUR Normalised profit system I 

~ Q15 I 2.98 I -1.661 -2.161~ Table 19: ISUR Normalised profit system I 

Milk supply responds negatively towards increased self-produced feed prices and both purchased 

feed and self-produced feed demand dedines when the price increases. Higher livestock prices 

increase milk supply and self-produced feed demand, but decrease purchased feed demand and 

volume of livestock traded. The results in line 3 seem plausible. In the other cases (except for milk' 

s own-price response, which is highly elastic), the own- and cross-price responses are contrary to 

economic theory. This response system indicates complementarities between purchased and self-

produced feed inputs. Furthermore, increases in milk supply (stimulated by milk price increases) 

favour the use of self-produced feed inputs above purchased feed inputs. 

When the results from the OLS regression on the single profit share equations are evaluated as a 

system (Table 21, lines 5 - 8), quite different condusions are drawn. Milk still features as a normal 

- 81 ­

 
 
 



good (positive own-price elasticity), but is much more inelastic in this system. Milk supply expansion, 

however, favours the use of purchased feeds in this case. Purchased feed inputs treat self-produced 


feed as a complement, but self-produced feed inputs treat purchased feed inputs as substitutes in 


the production process. 


The system estimation results (Table 18) indicate that milk (line 9) is an inelastic normal good, which 


is intensive in the use of purchased and self-produced feed inputs in the production process. Both 


inputs have negative price elasticities of demand. The demand for purchased feed inputs is more 


elastic with respect to milk price changes than the demand for self-produced feeds (lines 10 and 11}­


probably due to the commitment of land and other factors of production into the production process 


of the latter input. Milk supply response is inelastic towards input price changes, more so with 


respect to self-produced feed (line 9). While purchased feed's response (line 10) is elastic towards 


its own price, it is inelastic with respect to self-produced feed prices - the same holds for self­


produced feed response (line 11). The volume of traded animals' increase when milk prices rise 


(gross complements}- the response is highly elastic. Higher feed prices induce contractions in the 


supply of livestock - these results are consistent with the complimentarity between milk production 


and livestock trade. However, the negative price elasticity of livestock supply is contrary to 


expectations. 


From lines 13 to 15, the normalised supply system poses milk as a normal good with an elastic long­


run own-price response. Milk supply responds negatively to input price increases, especially towards 


purchased feed prices. Milk production is more intensive in the use of purchased feed: higher milk 


prices would induce larger demand increases for purchased feed than for self-produced feed inputs. 


All the own-price responses adhere to theoretical requirements for normal goods. The feed inputs 


are gross complements (long-run). 


To compute the Hicksian input demand elasticities with respect to input prices, Table 21' s results (of 


the profit system, lines 9 to 12) are used in the formulae from Equation 18 (Chapter 3: Methodology). 
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{t,~} = {l1ucl- fult}X {11th r l 
X {l1tl} 

=[-1.87 -0.38] [2.17 1.16]X[0.79 0.87]-1 X[-0.95 -0.40] 
- 0.68 - 1.13 1.63 0.97 2.32 - 0.91 - 1.37 - 0.64 

=[0.24 
0.95 

The highly elastic long-run price elasticity of purchased feed demand (-1.87) is caused by a 

substantial expansion effect (2.11) - the change in input use due to a movement to a new production 

frontier - as opposed to the inelastic short-run response (0.24). Self-produced feed displays a 

similar pattern (expansion effect of 0.7). While the two inputs are gross complements, they are net 

substitutes. This is probably due to their simultaneous importance in the milk production process. 

Higher purchased feed prices induce a short-run switch to self-produced feeds, but this in 

counteracted by the long-run expansion of purchased feed use due to milk supply increases. In the 

same way, increased self-produced feed prices would cause purchased feed to replace self-

produced feed inputs in the short-run, but this is then balanced by the expansion effect, albeit 

smaller than the expansion effect of purchased feed. Milk production is clearly more intensive in the 

use of purchased feeds. None of the inputs are regressive in the sense that the demands for them 

decrease as output prices increase. 

The normalised trans log supply system yields the following Hicksian input demand elasticities; 

l{t,~ }= fulk }- fult }x futh r x futl} 

=[-3.41 -0.93]_[3.46] x [1.70r1 x [-1.53 0.73]
-1.66 -2.16 2.98 

= [- 0.31 0.56] = [11~.,FB l1~1J'FS]
1.00 - 0.89 l1FS,FB l1FS,J<i) 

Long-run responses are dominated by expansion effects. The feed inputs are net substitutes in the 

production process. According to these results, the substitution effect is stronger when increases in 

purchased feed prices occur. In the long-run expansion in both inputs occur and the demand for the 

two components moves together. 
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Similarly, Hicksian output supply elasticities for the non-normalised profit function with respect to 

output prices are calculated as follows. 

~t~ }= {17th} - {17tl }X {171k rl 
x {171t } 

=[0.79 0.87 ]_[-0.95 -0.40]x[-1.87 _0.38]-1 x[2.17 1.16] 
2.32 - 0.91 -1.37 - 0.64 - 0.68 -1.13 1.63 0.97 

=[-0.49 
0.43 

0.16] 
- 1.96 

= [17~LK,MLK
171RD,MLK 

17~LK'TRD]
171RD,TRD 

Milk price elasticity of supply (0.79) indicates that price changes induce short-run contraction in milk 

supply (-0.49), followed by contraction effect (-1.28). Livestock trade is a complimentary process that 

exhibits short-run substitution for milk production (0.43), but this is countered by a substantial 

contraction effect (-1.89). In the same way, milk production substitutes for trade in the short run (due 

to trade price increases), but its long-run contraction effect overshadows the substitution effect. 

The normalised translog supply system produces a Hicksian output supply elasticity of -0.08 

(calculated as follows). 

~~ }={17th} - {17tl }X {171k r l 
x {171t } 

=[1.70]-[-1.53 _0.73]X[-3.41 _0.93]-1 X[3.46] 
-1.66 - 2.16 2.98 

= [- 0.08] = [17tLK,MLK] 

This implies that short-run response to milk price increases is supply reducing, albeit a very in-elastic 

response. The highly elastic long-run response (1.70) is a result of the substantial contraction in 

supply (-1.78) following the short-run response. 

4.4 CHOICE OF MOST APPROPRIATE FUNCTIONAL FORM 

Before introduction of the modi'fled supply systems, the results of sections 4.2.4 and 4.3.4 favoured 

the translog profit system (as estimated using Zellner's Iterative Seemingly Unrelated method). 

However, the results of both systems led to rejection of the essential monotonicity and convexity 

properties and both systems suffer from aggregation, small sample and missing data problems. 
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