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Abstract: 

There is an increasing emphasis in Australia on finding ways to improve retail beef yield, but no current 
way to commercially measure retail yield. However there is a strong link between muscle score of the live 
animal as assessed in live cattle markets and subsequent meat yield measurements. Is there a credible value 
for muscle score in live cattle markets, and does it reflect the implied value of increased retail yield? In this 
paper these questions are investigated using price data from some 550 lots of male cattle sold at Wagga 
Wagga saleyard during the period July 2010 to June 2011. Two different types of hedonic models are 
applied and tested against each other. The premium for muscle score seems to have stayed at around 12-
14 per cent of the base price after the initial jump from 7.5 per cent in 1990, although for particular 
categories of animals, interactions between muscle score, fat score and age are important, and premiums 
and discounts are more like 5-6 per cent of the base price.Premiums and discounts for muscle score evident 
in cattle saleyard prices are over-estimates of the eventual increase in retail value, according to the 
assumptions made in this paper.  
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38 Background 
 

39 Following years of debate, in the early 1970s the Australian cattle industry proposed a beef 
 

40 carcase classification system based on the objectively measured characteristics of sex, age, weight and fat 
 

41 depth. However implementation was slow, partly “because beef is a complex product, with many 
 

42 interrelated characteristics influencing its value.” (Porter and Todd 1985, p.2). Irregular, non-uniform and 
 

43 non-independent market reporting of cattle sales was also an issue in some regions. Prompted by the cattle 
 

44 market crash of 1974, a number of parliamentary and industry inquiries (see for example, Prices 
 

45 Justification Tribunal 1978) recommended the establishment of independent market reporting of live cattle 
 

46 auctions across Australia. These Livestock Market Reporting Services (LMRS) were set up by the various 
 

47 state meat authorities or relevant government departments in the late 1970s and early 1980s. There was 
 

48 considerable debate about which of the potential cattle characteristics to include in the reports and most of 
 

49 the LMRS agencies restricted the number of characteristics to those that were included in the objective 
 

50 classification scheme and which they could be confident were differentially evaluated by buyers – age, sex, 
 

51 weight and fat depth. However it was recognized that a range of other data could be considered potentially 
 

52 relevant in determining cattle prices at auction, such as type of feeding regime, type of breed, area of 
 

53 origin, presence of horns, order of sale, number of head in a lot, etc. 
 

54 A number of research studies were undertaken in the then Bureau of Agricultural Economics and 
 

55 elsewhere (see for example, BAE 1981, Hogan and Todd 1979, Park 1979, Naughtin 1980, Naughtin and 
 

56 Holland 1982, Hall 1981, Todd and Cowell 1981, Porter and Todd 1985) to assist in selecting appropriate 
 

57 cattle and carcase characteristics to report on, in assessing the accuracy of the market reporting staff and in 
 

58 evaluating the overall efficiency of price discovery in cattle and carcase markets. Some of these studies 
 

59 included only the reported characteristics, while others collected and assessed some of the other potential 
 

60 explanatory variables. 
 

61 In an influential series of papers, Christine Williams and colleagues (Williams 1989, Williams, 
 

62 Longworth and Whan 1989, Williams, Rolfe and Longworth 1993) reviewed these past studies and found 
 

63 that the results were often inconsistent (Williams et al. 1993, Table 1, p.171). Following a survey of 
 

64 Queensland wholesalers and processors to determine which characteristics were important to buyers, they 
 

65 designed an experiment at two major Queensland cattle auction centres where data on some 1500 cattle 
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66 sales were collected. These data included those characteristics regularly reported by the LMRS and other 
 
67 characteristics not reported by the LMRS. Based on their interviews with buyers, they hypothesized that 
 
68 muscle score would add considerably to the information content of the LMRS reports. They did indeed find 
 
69 that muscle score, both on its own and interacting with weight and fat score, was a highly significant 
 
70 characteristic in explaining price variation for all classes of cattle at both saleyard centres, and by far the 
 
71 most important additional characteristic explaining price variation to those already reported by the LMRS. 
 
72 Estimated premiums were around 4-9c/kg for a per unit decrease in muscle score, and estimated discounts 
 
73 were about the same value for a per unit increase in muscle score. Based on 1990 average cattle prices of 
 
74 213c/kg dcw (ABARES 2013), or approximately 117c/kg lwt at typical dressing percentages, these 
 
75 premiums and discounts amounted to around 3.5-7.5 per cent. 
 
76 Recent Research Interest 
 
77 Meat yield is a key driver of profitability in beef production and processing under current selling 
 
78 and pricing systems. Across the whole Australian beef industry it is estimated that meat yield contributes 
 
79 around 80 per cent to profit while meat quality contributes only 20 per cent on a per carcase basis (Alford 
 
80 et al. 2009). While R&D on aspects of meat quality has drawn much of the recent attention, in particular 
 
81 the development and implementation of Meat Standards Australia (Griffith and Thompson 2012), there has 
 
82 been ongoing and growing interest in improving meat yield. 
 
83 Meat yield per animal can be increased in the breeding herd by investing in particular breed types 
 
84 known to have higher meat yields or by selecting sires within breeds that have high Estimated Breeding 
 
85 Values (EBVs) for meat yield traits. Much of the research focus has been on these genetics and genomics 
 
86 avenues, for example using breeding stock with the Myostatin deletion (double muscling) gene (Alford et 
 
87 al. 2009, McKiernan et al. 2006). 
 
88 However, processors and retailers want high retail beef yield carcases on their chains today. If the 
 
89 market was efficient producers would offer live animals for slaughter with high retail yields and be paid on 
 
90 this basis. But retail meat yield is a trait that is difficult and costly to assess, and cannot accurately be done 
 
91 on the live animal. Buyers seeking animals that will produce high retail yields after slaughter use muscle 
 
92 score of the live animal as a predictor of retail beef yield. 
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93 Muscle score describes the shape of cattle, after allowing for the influence of fatness. It is the 
 

94 degree of “thickness” or “convexity” of an animal relative to its frame size, after adjusting for fatness. 
 

95 There are five muscle score categories: A, very heavily muscled, to E, lightly muscled. Most British breed 
 

96 slaughter steers would be C, European breed types and their crosses would be B while most dairy breed 
 

97 types would be D or E. McKiernan (2001, 2002, 2007, 2011) provides details on muscle scoring of cattle, 
 

98 including an estimate of the distribution of muscle scores across slaughter steers in NSW. Muscle score is 
 

99 now a well established characteristic in all cattle saleyard auction and beef carcase auction reports (now 
 

100 known as the National Livestock Reporting Service (NLRS) and operated by Meat and Livestock Australia 
 

101 (NLRS 2012)). It should be noted that muscle score is different from other measures of cattle shape such as 
 

102 conformation and butt profile. The latter is reported in over-the-hooks market reports. 
 

103 A number of research studies have examined the relationships between muscle scores on the live 
 

104 animal and meat yield from the carcase. Perry et al. (1993a,b) and Perry and McKiernan (1994) found that 
 

105 in a sample of 156 steers of mixed breeds, at the same liveweight and fat depth, each increase in the live 
 

106 animal muscle score was accompanied by a 1.7 per cent increase in dressing percentage and a 1.5 to 1.7 per 
 

107 cent increase in saleable meat yield when expressed as a percentage of carcase weight. 
 

108 Café et al. (2006) compared two sets of steers, one the progeny of parents selected on the basis of 
 

109 high muscle score and the other the progeny of parents selected on the basis of low muscle score. The high 
 

110 muscling steers produced significantly less fat, greater eye muscle area and a higher dressing percentage 
 

111 than the low muscling steers, and a difference in retail beef yield of 1.2 percentage points, but this 
 

112 difference was not statistically significant. 
 

113 In further work with these same herds selected for high or low muscling, Cafe et al. (2012, Table 
 

114 12) found a significant difference of 0.8 percentage points in dressing percentage and 0.7 percentage points 
 

115 in meat yield between low (67.5 per cent) and high (68.2 per cent) muscle lines. However there was 
 

116 considerable individual variation in muscle score within the three selection lines, and the full muscle score 
 

117 range (A-E) was represented across the 228 steers at feedlot entry. When the carcase yield results were 
 

118 analysed with a muscle score covariate instead of the fixed effect of muscle line, an increase in muscling of 
 

119 one full muscle score led to a 1.2 per cent significant increase in retail meat yield. 
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120 A standard 260 kg domestic carcase has a saleable meat yield of 179 kg (Griffith and Thompson 
 
121 2012, Table 3), or 68.8 per cent. At midrange dressing percentage of 55 per cent (McKiernan 2001, Table 
 
122 3), the implied liveweight is 475kg. The retail value was $9.76/kg in 2011 across all saleable meat (Griffith 
 
123 and Thompson 2012, Table 1f). Therefore a 0.8 per cent increase in dressing percentage plus a 1.2 per cent 
 
124 increase in retail beef yield is worth $42.47 per carcase or 16/kg across all of the 183kgs of saleable meat. 
 
125 McKiernan et al. (2006) used the rule of thumb that one muscle score change between a low 
 
126 muscle herd (D) and a high muscle herd (C) was equivalent to 1.5 percentage points in retail beef yield, or 
 
127 approximately 2.5 per cent. Using the above data, this would again imply an extra $42.26 per carcase or 
 
128 about 16c/kg. 
 
129 In summary, there is an increasing emphasis on finding ways to improve retail beef yield. 
 
130 Currently, there is no way to commercially measure retail yield but there is evidence of a strong link 
 
131 between muscle score of the live animal and subsequent meat yield measurements. A relevant question is 
 
132 whether there is a credible value for muscle score in live cattle markets, and does it reflect the implied 
 
133 value of increased retail yield? Unfortunately, available estimates are dated. In the study referred to above, 
 
134 Williams et al. (1993) suggest that penalties per unit decrease in muscle score could be as high as 9c/kg lwt 
 
135 for steers and average around 4c/kg lwt for other types of cattle based on 1990 Queensland cattle prices. 
 
136 Griffith et al. (1998) using cattle auction data from Wagga Wagga saleyard over the period July 1995-June 
 
137 1997 suggest a discount of around 13c/kg lwt for muscle score D cattle relative to muscle score C cattle. 
 
138 McKiernan (2002) in an analysis of cattle saleyard prices found a 15 to 20c/kg lwt benefit per muscle score, 
 
139 and this premium was linear between scores. With the most recent estimate of the muscle score premium 
 
140 or discount at least 10 years old, it is time to update our knowledge of this important market signal. 
 
141 The above discussion suggests two main research questions: (a) do buyers differentiate between 
 
142 various types of cattle on the basis of a range of quality characteristics? And (b) in particular, do significant 
 
143 premiums and discounts occur for muscle score classes? Following, if such premiums and discounts do 
 
144 occur, are they sufficient for beef producers to meet market demands for different characteristics? The 
 
145 analysis which follows is aimed at answering these questions. 
 
146 Model and Data 
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147 We can consider the research questions raised above using hedonic models as described in several 
 

148 previous studies of the Australian cattle market (Porter and Todd 1985, Williams, Rolfe and Longworth 
 

149 1993, Griffith, Burgess and Davidson 1998). Related studies include Faminow and Gum (1986), Schroeder, 
 

150 Minert, Brazie and Grunewald (1988),Mullen (1995), Walburger (2002) and Hufton, Griffith, Mullen and 
 

151 Farrell (2009). 
 

152 Hedonic Models 
 

153 In this type of analysis we seek to explain differences in prices received for various types of cattle 
 

154 (say between lighter leaner animals and heavier more muscled animals) by observable differences in those 
 

155 characteristics which are expected to influence value in particular end uses (such as age, weight, sex, fat 
 

156 cover, muscle score, etc). Two hedonic price specifications have been proposed in the literature to estimate 
 

157 these sorts of models (reviewed by Mullen 1995). The first is the absolute price model: 
 

158 (1) Pi = αPr + Σ XijDj+ ea 
 

159 where Pi is the price of the ith class or type of cattle; Pr is the price of a reference type of cattle which has a 
 

160 given set of quality characteristics and which is selected to best reflect underlying supply and demand 
 

161 factors; α is the mean price transmission coefficient which reflects the extent to which a one unit change in 
 

162 the reference price is reflected in Pi; Xij is the quantity of the quality characteristic j supplied by cattle type 
 

163 i; and Dj is the set of price differentials, away from the reference type, for a one unit change in the quality 
 

164 characteristic j. These differentials are coefficients estimated in the regression model and they can be 
 

165 positive (premiums, for a more-preferred characteristic) or negative (discounts, for a less-preferred 
 

166 characteristic). If Pi is expressed in c/kg, then the differentials are also expressed in c/kg. The underlying 
 

167 hypothesis of the absolute price model is that the estimated premiums and discounts for quality differences 
 

168 are constant - the differentials are independent of price levels. An error term is added for estimation. 
 

169 The second specification is the relative price model (Waugh 1928): 
 

170 (2) Pi/Pr = β + Σ XijDj + er 
 

171 where the variables are as defined above except that β is the mean value of the relative price ratio, and the 
 

172 error term is different. Here, the differentials are not expressed in c/kg but in terms of percentage change, 
 

173 and the hypothesis is that the quality differentials are proportional to price - as prices rise the differentials 
 

174 expand, and as prices fall the differentials contract. 
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175 These two specifications may be tested against each other using non-nested J and JA tests as 
 
176 reviewed by Doran (1993). 
 
177 Data 
 
178 A number of specific data choices have to be made to implement the two model forms: 
 
179 * Selection of market. The National Livestock Reporting Service reports on prices paid at a number of 
 
180 cattle saleyard auctions in each state and on estimated prices paid over-the-hooks by the major beef 
 
181 processing companies. Reports are provided each week. In this study, Wagga Wagga saleyards are chosen 
 
182 as the indicator market. Wagga is one of the largest New South Wales saleyards, cattle are sourced from a 
 
183 broad area of southern Australia and this market has been used previously as an indicator market for 
 
184 analyses of both cattle and lamb prices (Griffith et al. 1998, Hufton et al. 2009). 
 
185 * Selection of NLRS cattle quality characteristics. The NLRS reports contain a variety of information 
 
186 including: age class, sex, fat score, muscle score, category weight, number of head, price in cents per kg 
 
187 lwt, cents per kg cwt and dollars per head (low, high and average for each), change from previous sale, and 
 
188 a code to indicate whether grainfed, dairy beef or pastoral cattle, and what type of buyer if not for 
 
189 immediate slaughter. 
 
190 From this list a subset of quality characteristics was made available by the NLRS. The 
 
191 characteristics were age class (3 possible classes: vealer, yearling, grown cattle), liveweight weight class (7 
 
192 possible classes: 0-200 kg, 200-280 kg, 280-330 kg, 330-400 kg, 400-500 kg, 500-600 kg and 600-750 kg), 
 
193 muscle score class (3 possible classes : MSB, MSC and MSD), fat score class (4 possible classes: FS2, 
 
194 FS3, FS4 and FS5), price in c/kg lwt (low, high and average for each class reported), and number of head 
 
195 for each sale class reported. All classes were specified to be male and no other codes were provided. 
 
196 * Selection of cattle types. Based on the full set of quality characteristics provided, there are 252 possible 
 
197 cattle classes. However many of the possible cells are empty due to biophysical reasons (for example, a 
 
198 particular age category implies a limited set of weight categories) and many of the classes only have a few 
 
199 observations. It was decided to use all possible data points even if observations were limited. There are a 
 
200 total of over 11,000 cattle represented in this data set. 
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201 * Selection of reference type. One of the possible cattle types has to be chosen as the reference type. 
 

202 Based on examination of sale numbers for each type, the reference type selected was grown steer, 400-500 
 

203 kg lwt, MSC, and FS3. 
 

204 * Selection of time period. To obtain price series which covered different seasons and different market 
 

205 conditions, the time period selected was from 1 July 2010 to 30 June 2011. This resulted in a maximum 
 

206 number of 48 weekly sale observations for each of the cattle types. When the reference price in a particular 
 

207 week was paired with the prices of all other available cattle types in the same week, the total number of 
 

208 observations is 550. 
 

209 Implementing the Model 
 

210 For each of the available non-reference cattle types, the price series for that type (Pi), the reference 
 

211 price series (Pr) and the number of head for each Pi were entered as continuous series and the series for the 
 

212 quality characteristics were entered as dummy variables, where the dummy took the value zero if it was 
 

213 identical to the reference type and one if it was different. Thus there were two dummy variables for age 
 

214 (VEAL, YEARLING), six dummy variables for weight (wt000200, wt200280, wt280330, wt330400, 
 

215 wt500600, wt600750), two dummy variables for muscle score (MSB, MSD) and three dummy variables for 
 

216 fat score (FS2, FS4, FS5). The data set was then organised in panel format with the possible observations 
 

217 on each of the non-reference cattle types stacked vertically. This gave an estimation sample of 550 
 

218 observations. Eleven monthly dummy variables were constructed and added to account for variations in 
 

219 pasture growth patterns, cattle breeding cycles and seasonality in demand for different types of meat, both 
 

220 domestically and in export markets. Interaction terms between the quality characteristics were constructed 
 

221 and added as appropriate. There were 23 potential interaction terms between the non-reference class 
 

222 characteristics. We also include the number of head in each sale lot (HEAD) as a fixed effect to account for 
 

223 the fact that different cattle classes have different numbers of observations. 
 

224 The full specifications of the absolute and relative price models are therefore of the general form: 
 

225 (3) Pi = f (Pr, VEAL, YEARLING, wt000200, wt200280, wt280330, wt330400, wt500600, wt600750, 
 

226 MSB, MSD, FS2, FS4, FS5, monthly seasonal dummies (11), characteristic interactions (23), HEAD), and 
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227 (4) Pi/Pr = f (Constant, VEAL, YEARLING, wt000200, wt200280, wt280330, wt330400, wt500600, 
 
228 wt600750, MSB, MSD, FS2, FS4, FS5, monthly seasonal dummies (11), characteristic interactions (23), 
 
229 HEAD). 
 
230 Seasonal dummy variables and interaction terms that were consistently not significant across 
 
231 various specifications were omitted to conserve degrees of freedom. The omitted variables varied slightly 
 
232 according to whether the absolute or relative price model was estimated. 
 
233 Data Summary Statistics 
 
234 The summary statistics for the final data set are given in Table 1. As expected, the reference price 
 
235 series (ref) has a lower mean and less variability than the Pi series (price), since the latter contains a wider 
 
236 range of cattle types. The ratio variable used in the relative price model therefore has a mean greater than 
 
237 one and quite high variability. The means of the dummy variables reflect the proportions of those 
 
238 characteristics in the final data sets. The data set does not appear to be biased across any of the quality 
 
239 measures, with the exception of the very light weight class and the highest fat score class which each have 
 
240 just one observation. Lot size ranges from 1 to 403, with an average around 20. 
 

241 [Table 1 about here] 
 

242 Figure 1 shows the relationship between the reference price and the other prices at Wagga saleyard 
 
243 over the available 550 observations. These are sorted by sale date, so the reference price is fixed for each 
 
244 sale date and the other prices reflect all of the other cattle types sold on that date. The whole array of prices 
 
245 generally moves together in a broad seasonal pattern, but there is considerable short term variability in all 
 
246 prices. 
 

247 [Figure 1 about here] 
 
 

248 4. Estimation Results 
 
249 The estimation strategy for each of the absolute and relative price models was as follows: 
 
250    The base model was estimated that contained just the price terms and the characteristic dummy 
 
251 variables. 
 
252    Then, the base model was augmented sequentially with the set of seasonal dummy variables, with 
 
253 the set of characteristic interactions, and then with both sets, and F and Chi Square statistics were 
 
254 calculated to test for the inclusions. 
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255    The preferred model was then subjected to specification tests including whether linear or log 
 

256 versions better fitted the data. 
 

257    The preferred absolute price and relative price models were then compared to see which model 
 

258 better fitted the data. 
 

259 The Absolute Price Model 
 

260 The summary data from each of the absolute price models and the test statistics for including the 
 

261 various sets of explanatory variables are shown in Table 2. All 11 seasonal dummy variables and all 23 
 

262 interaction terms were included to begin with, and then those that were consistently non-significant were 
 

263 excluded. Based on these results, the preferred model is the base model plus both the significant 
 

264 characteristic interaction terms and the significant seasonal dummy variables. 
 

265 [Table 2 about here] 
 

266 The RESET test for mis-specification is uniformly non-significant, and the R2 and log likelihood 
 

267 values indicate an increasing level of explained variance as the two sets of additional variables are included 
 

268 with the base model, one by one and then jointly. The preferred absolute price model has the highest 
 

269 adjusted R2, the lowest log likelihood and CHI and F test values which indicate it is superior to all other 
 

270 options. It is shown in Table 3. 
 

271 [Table 3 about here] 
 

272 Here, over 83 per cent of the variation in the price variable can be explained by the chosen 
 

273 variables. This indicates that even at the saleyard level, differentiation between cattle types is based 
 

274 primarily on end uses as predicted by quality attributes and the other factors that influence price are less 
 

275 important, once the overall level of price is accounted for. Further, as shown in Figure 1, the prices of the 
 

276 various characteristic classes all tend to move together. The RESET test shows good specification and 
 

277 while the Durbin Watson test indicates significant autocorrelation, this is expected given the temporally 
 

278 constructed nature of the data set (as also shown in Figure 1). 
 

279 Based on the estimated coefficient of the reference price variable, a 10c/kg change in the price of 
 

280 the reference class is reflected in a 9.8c/kg change in the prices of the other livestock classes on average. 
 

281 Based on the estimated mean values of the two series, this equates to a price transmission elasticity of 
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282 around 0.95. The head variable is significant and positive, indicating an increase of around 0.4c/kg in price 
 
283 for every 10 head increase in lot size, of the non-reference cattle types. 
 
284 Almost all of the quality characteristics are highly significant by themselves. The veal and 
 
285 yearling age dummy variables are both positive and significant and indicate premiums of between 10 and 
 
286 15c/kg for younger cattle, all other attributes the same. All but the heaviest weight dummy variables are 
 
287 significant and surprisingly all positive and this means that if the weight class was to either decrease or 
 
288 increase from that of the reference class, all other attributes the same, there would be a significant premium 
 
289 from doing so of up to 28c/kg. The coefficient for the MSB variable is significant and positive, suggesting 
 
290 a premium of around 33c/kg for a MSB animal relative to a MSC animal, all other attributes the same, 
 
291 while the coefficient for the MSD variable is significant and negative suggesting a discount of around 
 
292 16c/kg on average relative to a MSC animal. All of the fat score coefficients are significant and negative 
 
293 suggesting discounts of around 17c/kg for very lean animals and discounts of almost 30c/kg for very fat 
 
294 animals, all other attributes the same. There is a small discount of around 4c/kg for FS4. 
 
295 The data also suggest significant interactions between some of the carcase quality characteristics, 
 
296 in particular age, muscle score and fat score. While young cattle and highly muscled cattle are shown 
 
297 individually to have premiums in the market, when these characteristics interact the premiums are reduced. 
 
298 For example, there is a premium of 15c/kg for vealers plus a premium of 33c/kg for MSB, but then there is 
 
299 a discount of 24c/kg due to the interaction, so the net premium is 24c/kg for highly muscled vealers. For 
 
300 highly muscled yearlings, the net premium is also 24c/kg. On the other hand, yearlings that also have MSD 
 
301 have a net discount of 16c/kg, so being younger does not overcome light muscling. 
 
302 Low fat cover is discounted against on average by 17c/kg, but in young cattle with FS2 this 
 
303 discount is offset by the interaction terms and a net premium for young age prevails, 16c/kg for vealers and 
 
304 6c/kg for yearlings. Finally, those animals that are both lightly muscled and have low fat cover are further 
 
305 discounted by some 12c/kg, leading to a net discount of 45c/kg, while there is a net premium of around 
 
306 14c/kg for those animals that are lightly muscled but have FS4. 
 
307 Individually the monthly variables that were consistently significant suggest discounts of around 
 
308 5-10c/kg for late summer and late winter relative to December. 
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309 The specification tests for functional form were inconclusive as shown in Table 4, with both linear 
 

310 and log models being rejected in favour of the alternative. The linear model was retained for ease of 
 

311 interpretation. 
 

312 [Table 4 about here] 
 

313 The Relative Price Model 
 

314 The relative price model was estimated using the same procedures as for the absolute price model. 
 

315 Again, both R2 and log likelihood statistics improve as the seasonality and interaction variables are added, 
 

316 and based on the test statistics reported in Table 5, the preferred model included both significant seasonal 
 

317 effects and significant interactions between the various animal characteristics. 
 

318 [Table 5 about here] 
 

319 The preferred relative price model is shown in Table 6. Some 76 per cent of the variation in the 
 

320 ratio of Pi to the reference price is explained by the estimated model. Almost all of the quality 
 

321 characteristics are individually highly significant. The four lighter weight dummy variables are significant 
 

322 and positive, and this means that if the weight class was to decrease from that of the reference class, all 
 

323 other attributes the same, there would be a significant premium from doing so of between 4 and 16 per cent. 
 

324 If the weight class was to increase from that of the reference class, all other attributes the same, there would 
 

325 be a significant premium from doing so of about 4 per cent. The coefficient for the MSB variable is also 
 

326 significant and positive, suggesting a premium of around 12 per cent for a MSB carcase relative to a MSC 
 

327 carcase, all other attributes the same, while the coefficient for the MSD variable is significant and negative 
 

328 indicating a 7 per cent discount for the lighter muscled animals. All the fat score variables indicate 
 

329 discounts for both too fat and too lean, up to 14 per cent. 
 

330 [Table 6 about here] 
 

331 Looking at significant interactions between the carcase quality characteristics, well muscled 
 

332 lighter animals are discounted by between 7 and 9 per cent or around 15c/kg lwt, so the net MSB premium 
 

333 for those classes is around 10c/kg lwt. Further, yearlings that also have MSD are further discounted by over 
 

334 6 per cent or almost 13c/kg lwt, and those animals that are both lightly muscled and have low fat cover are 
 

335 also discounted by some 6 per cent or 12c/kg lwt. The net MSD discount is therefore somewhat larger, near 
 

336 27c/kg lwt, for those types of animals., 
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337 The seasonal dummy variables are highly significant as a group and follow quite a similar pattern 
 
338 as in the absolute price model. All significant coefficients suggest a discount away from the December base 
 
339 value of between 4 and 6 per cent. Finally, the number of head variable is positive and significant and 
 
340 suggests that a 10 head increase in lot size would improve price by 0.2 per cent. 
 
341 The specification tests for functional form were again inconclusive as shown in Table 7, and again 
 
342 the linear model was retained. 
 

343 [Table 7 about here] 
 

344 Comparing the Preferred Absolute and Relative Price Models 
 
345 A cursory comparison of Tables 3 and 6 suggests very similar patterns of significant variables 
 
346 across the two preferred models. The only real difference is in the characteristic interaction terms where 
 
347 some significant interactions evident in Table 3 are not replicated in Table 6, and vice versa. To select 
 
348 which preferred model is the best, they were formally tested against each other using J and JA tests. This 
 
349 involved transforming the preferred relative price model so that it had the same dependent variable as the 
 
350 preferred absolute price model (following Mullen 1995). The results are shown in Table 8. 
 

351 [Table 8 about here] 
 

352 Both test statistics rejected the null hypothesis that the absolute price model is the correct model, and both 
 
353 test statistics failed to reject the null hypothesis that the relative price model is the correct model, so the 
 
354 conclusion is that the relative price model provides a better explanation of premiums and discounts in 
 
355 Wagga Wagga saleyard beef prices due to quality attributes. 
 
356 Summary and Conclusion 
 
357 The linear version of the relative price model (Table 6) appears to best explain price behaviour in 
 
358 relation to quality characteristics in the Wagga Wagga cattle saleyard market. The key results are 
 
359 summarized below in Table 9. 
 

360 [Table 9 about here] 
 

361 The results indicate that different values do apply for different quality characteristics in the Wagga 
 
362 Wagga cattle auction market. All of the broad types of quality characteristics included in the preferred 
 
363 relative price model were important in explaining price variation and all but one of the individual quality 
 
364 characteristics were statistically significant. Further, the magnitude of the effects were in some cases large 
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365 with estimated premiums and discounts of up to 15 per cent or up to 30c/kg lwt at the average reference 
 

366 class price. This is shown further in Figure 1 where for any given sale there is often a large price range in 
 

367 the non-reference classes of cattle, sometimes exceeding 50c/kg lwt. Finally, the preferred model explains 
 

368 around three quarters of all the variation in prices, indicating that the set of included variables in the NLRS 
 

369 reports cover the range of quality characteristics that buyers use to differentiate between various types of 
 

370 cattle on the basis of end use. The results of the preferred alternative absolute price model are also included 
 

371 in Table 9 and it is evident that the magnitude of the estimated premiums and discounts is very similar 
 

372 across the two models. 
 

373 In relation to the specific characteristic of muscle score, there are significant premiums and 
 

374 discounts for the different muscle score classes. The coefficient for the MSB variable suggests a premium 
 

375 of around 12 per cent for a MSB carcase relative to a MSC carcase, all other attributes the same, or almost 
 

376 25c/kg lwt at the average reference class price. However, well muscled lighter animals are discounted by 
 

377 between 7 and 9 per cent or around 15c/kg lwt, so the net muscle score B premium for those classes is 
 

378 around 10c/kg lwt. Alternately, the coefficient for the MSD variable indicates a 7 per cent discount for the 
 

379 lighter muscled animals, all other attributes the same, or around 14c/kg lwt. Further, yearlings that also 
 

380 have MSD are further discounted by over 6 per cent or almost 13c/kg lwt, and those animals that are both 
 

381 lightly muscled and have low fat cover are also discounted by some 6 per cent or 12c/kg lwt. The net 
 

382 muscle score D discount is therefore somewhat larger, near 27c/kg lwt, for those types of animals. Thus 
 

383 MSB animals have a premium of between 10 and 25c/kg, while MSD animals have a discount of between 
 

384 14 and 27c/kg. The impacts are generally similar in the preferred absolute price model although there are 
 

385 no weight interactions evident in that model and the base premium for MSB over MSC is somewhat larger 
 

386 at 33c/kg lwt. 
 

387 Have premiums changed over time? Recall the previous estimates: Williams et al. (1993) found 
 

388 penalties per unit decrease in muscle score could be as high as 9c/kg lwt for steers and average around 
 

389 4c/kg lwt for other types of cattle based on 1990 Queensland cattle prices; Griffith et al. (1998) suggest a 
 

390 discount of around 13c/kg lwt for MSD cattle relative to MSC cattle using 1995/97 prices; and McKiernan 
 

391 (2002) found a 15 to 20c/kg lwt benefit per muscle score using 2001 prices. So in terms of nominal 
 

392 absolute premiums and discounts, without interaction terms, the value of a muscle score seems to have 
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393 increased over the past 20 years from say 9c/kg to 25c/kg lwt for a grown steer; but when underlying price 
 
394 levels over the same period are accounted for, the value seems to have stayed at around 12-14 per cent of 
 
395 the base price after the initial jump up from 7.5 per cent in 1990. For particular categories of animals 
 
396 however, interactions between muscle score, fat score and age are important, and premiums and discounts 
 
397 are more like 5-6 per cent of the base price. 
 
398 Does the c/kg premium for MSB relative to MSC found above relate closely or not to the 
 
399 estimated increase in carcase value due to an increase in retail beef yield? From earlier in the paper we have 
 
400 estimates of the increased value of greater yield and dressing percentage of around 16c/kg on a cwt basis 
 
401 for an increase in one muscle score. From the results above, the c/kg premium for MSB relative to MSC is 
 
402 between 10 and 25c/kg lwt. Converting these values to dcw, we have saleyard estimates of 18 to 45c/kg vs 
 
403 retail estimates of 16 c/kg. Even if the retail value estimate was considered very conservative, it seems the 
 
404 premiums and discounts for muscle score evident in cattle saleyard prices are over-estimates of the eventual 
 
405 increase in retail value, according to the assumptions made in this paper. 
 
406 Whether the estimated premiums and discounts for the various quality characteristics provide 
 
407 sufficient incentives for beef producers to change their production systems to meet market demands for 
 
408 different characteristics will depend on the nature and flexibility of the existing system, the feasible options 
 
409 available and the attitudes of the producer. At least this type of analysis provides an indication of the 
 
410 potential revenue available from making a change that can be set against the expected costs of 
 
411 implementing the change. 
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494 Figure 1. The reference price (grown steer, 400-500kg lwt, msc, fs3) and other prices at Wagga 
 

495 Wagga saleyards, 2010-2011 
 

496  
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499 Table 1.Wagga Wagga saleyard data summary statistics, July 2010-June 2011 
 

500  
 

   Variable Mean Std Dev Minimum Maximum    

           
   PRICE 200.47 23.231 140.00 270.60    

   REF 193.69 14.099 175.90 227.60    

   PRATIO 1.036 0.099 0.702 1.355    

   VEAL 0.291 0.455 0.000 1.000    

   YEARLING 0.369 0.483 0.000 1.000    

   STEER 0.340 0.474 0.000 1.000    

   WT000200 0.002 0.043 0.000 1.000    

   WT200280 0.056 0.231 0.000 1.000    

   WT280330 0.167 0.374 0.000 1.000    

   WT330400 0.270 0.443 0.000 1.000    

   WT400500 0.258 0.438 0.000 1.000    

   WT500600 0.098 0.298 0.000 1.000    

   WT600750 0.149 0.357 0.000 1.000    

   MSB 0. 147 0.355 0.000 1.000    

   MSC 0. 751 0.433 0.000 1.000    

   MSD 0.102 0.303 0.000 1.000    

   FS2 0.362 0.481 0.000 1.000    

   FS3 0.465 0.499 0.000 1.000    

   FS4 0.171 0.377 0.000 1.000    

   FS5 0.002 0.043 0.000 1.000    

   HEAD 20.09 34.35 1.000 403.00    
501           

502    Table 2. Absolute price models     

503           

       

 Model Adj. R2 RESET2 Log F-statistic for Chi Square 
      Likelihood inclusion statistic for 
        inclusion 

 Base model 0.777 1.99 -2090.88 - -   

 Base model plus significant 0.808 0.08 -2045.75 F(6,529)= CHI(6)= 

 seasonality    15.72* 90.26* 

 Base model plus significant 0.803 1.69 -2052.99 F(7,528)= CHI(7)= 

 interactions    11.14* 75.79* 

 Base model plus significant 0.831 0.05 -2006.94 F(7,522)= CHI(7)= 

 seasonality plus significant    11.30* 77.62* 

 interactions    F(6,523)= CHI(6)= 

       15.89* 92.09*  
504 Critical values at 5% are CHI(6)=12.59, CHI(7)=14.07, F(6,529)=F(6,522)=2.12, F(7,528)=F(7,523)=2.03. 
505 * significant at 5%. 
506 
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507 Table 3. Absolute price model with significant seasonal effects and significant interactions between 
 

508   characteristics   
 

     
 

 Estimated Standard   
 

510 Variable Coefficient Error t-statistic P-value 
 

511 REF 0.984 0.008 125.914 [.000] 
 

512 VEAL 14.936 2.553 5.849 [.000] 
 

513 YEARLING 9.996 2.038 4.904 [.000] 
 

514 WT000200 28.134 9.800 2.871 [.004] 
 

515 WT200280 18.774 2.552 7.356 [.000] 
 

516 WT280330 13.981 1.755 7.969 [.000] 
 

517 WT330400 8.731 1.581 5.522 [.000] 
 

518 WT500600 8.972 2.298 3.904 [.000] 
 

519 WT600750 2.237 1.995 1.121 [.263] 
 

520 MSB 32.775 9.972 3.287 [.001] 
 

521 MSD -16.353 2.559 -6.391 [.000] 
 

522 FS2 -16.594 3.035 -5.468 [.000] 
 

523 FS4 -3.832 1.845 -2.076 [.038] 
 

524 FS5 -29.620 9.710 -3.050 [.002] 
 

525 JAN -5.870 1.491 -3.937 [.000] 
 

526 FEB -9.614 1.794 -5.358 [.000] 
 

527 MAR -5.488 1.516 -3.619 [.000] 
 

528 JUL -9.044 1.434 -6.306 [.000] 
 

529 AUG -6.933 1.411 -4.913 [.000] 
 

530 SEP -10.552 1.611 -6.550 [.000] 
 

531 MSB*VEAL -23.967 10.128 -2.366 [.018] 
 

532 MSB*YEAR -19.370 10.766 -1.799 [.073] 
 

533 MSD*YEAR -9.872 3.723 -2.652 [.008] 
 

534 FS2*VEAL 18.116 3.710 4.883 [.000] 
 

535 FS2*YEAR 13.374 3.356 3.985 [.000] 
 

536 FS2*MSD -11.780 4.104 -2.870 [.004] 
 

537 FS4*MSD 6.407 4.047 1. 583 [.114] 
 

538 HEAD 0.041 0.016 2. 589 [.010] 
  

539 Adjusted R-squared = 0.831; Mean of dep. var. = 200.47; Durbin-Watson = 1.53 [<.000]; Ramsey's 
540 RESET2 = 0.05 [.831]. 
541 
 

542 Table 4. Preferred absolute price model, specification tests 

543    

    
 Absolute Price Model JA test J test 

    
 Ho: Linear is true -448.3* 203.0* 
  (reject) (reject) 

 Ho: Log is true 0.0030* 0.0048* 

  (reject) (reject) 

544 See Doran (1993). Critical values are normal t statistic values at 5%. 

545    
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546  Table 5. Relative price models   

547       

       

 Model Adj. R2 RESET2 Log F-statistic for Chi Square 
    Likelihood inclusion statistic for 

      inclusion 

 Base model 0.673 0.212 808.5 - - 

 Base model plus seasonality 0.727 45.27* 860.6 F(6,529)= CHI(6)= 

     18.42* 104.33* 

 Base model plus interactions 0.710 2.01 845.6 F(8,528)= CHI(8)= 

     Very large* 74.24* 

 Base model plus seasonality 0.759 51.52* 898.6 F(6,522)= CHI(6)= 

 plus interactions    18.48* 105.93* 

     F(8,522)= CHI(8)= 

     9.65* 75.84*  
548 Critical values at 5% are CHI(8)=15.51, CHI(6)=12.59, F(8,528)=F(8,522)=1.96, F(6,529)=F(6,522)=2.12. 
549 * significant at 5%. 
550 
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551 Table 6. Relative price model with seasonal effects and interactions between characteristics 
 

552  
 

553  Estimated Standard   
554 Variable Coefficient Error t-statistic P-value 

555 C 0.986 0.008 131.285 [.000] 

556 VEAL 0.073 0.013 5.641 [.000] 

557 YEARLING 0.053 0.010 5.043 [.000] 

558 WT000200 0.164 0.050 3.286 [.001] 

559 WT200280 0.106 0.016 6.518 [.000] 

560 WT280330 0.074 0.009 8.031 [.000] 

561 WT330400 0.045 0.008 5.448 [.000] 

562 WT500600 0.041 0.011 3.641 [.000] 

563 WT600750 0.011 0.010 1.093 [.275] 

564 MSB 0.122 0.029 4.221 [.000] 

565 MSD -0.072 0.010 -7.234 [.000] 

566 FS2 -0.073 0.015 -4.921 [.000] 

567 FS4 -0.015 0.008 -1.756 [.080] 

568 FS5 -0.146 0.049 -2.969 [.003] 

569 JAN -0.036 0.007 -4.755 [.000] 

570 FEB -0.054 0.009 -6.002 [.000] 

571 MAR -0.037 0.007 -4.937 [.000] 

572 JUL -0.048 0.007 -6.521 [.000] 

573 AUG -0.038 0.007 -5.330 [.000] 

574 SEP -0.057 0.008 -7.010 [.000] 

575 YEAR*MSD -0.063 0.017 -3.650 [.000] 

576 VEAL*FS2 0.082 0.019 4.433 [.000] 

577 YEAR*FS2 0.055 0.017 3.308 [.001] 

578 MSB*WT200280 -0.087 0.034 -2.558 [.011] 

579 MSB*WT280330 -0.081 0.032 -2.528 [.012] 

580 MSB*WT330400 -0.067 0. 031 -2.169 [.031] 

581 MSD*FS2 -0.061 0. 021 -2.913 [.004] 

582 HEAD 0.002 0. 001 2.454 [.014]  
583 Adjusted R-squared = 0.759; Mean of dep. var. = 1.036; Durbin-Watson = 1.53 [<.000]; Ramsey's RESET2 
584 = 51.52 [.000]. 
585 
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586 Table 7. Preferred relative price model, specification tests 
 

587    
 

    
 

 Relative Price Model JA test J test 
 

    
 

 Ho: Linear is true -4.64* (reject) 1.04* (reject) 
 

 Ho: Log is true 0.85* (reject) 0.96* (reject) 
 

 
 

See Doran (1993). Critical values are normal t statistic values at 5%. 
 

589    
 

590    
 

 

591 Table 8. Preferred relative price model vs preferred absolute price model 
 

592  
 

  Absolute vs Relative Price JA test J test 

  Model   
     

  Ho: Relative price model is true -0.130 0.023 
   (do not reject) (do not reject) 

  Ho: Absolute price model is true 0.998* 0.996* 

   (reject) (reject) 

593  See Doran (1993). Critical values are normal t statistic values at 5%. 

594     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

25 



 
 
 

 

595 Table 9.The relative price model, with significant seasonal and interaction effects 
 

596  
 

   Variable, relative Estimated Implied c/kg premium Premium or discount 

   to the reference class+ coefficient or discount at the mean from the preferred 
     reference price absolute price model 

     (200.5 c/kg) (Table 3) 

   Vealer 0.073 14.6 14.9 

   Yearling 0.053 10.6 10.0 

   Wt000200 0.164 32.9 28.1 

   Wt200280 0.106 21.3 18.8 

   Wt280330 0.074 14.8 14.0 

   Wt330400 0.045 9.0 8.7 

   Wt500600 0.041 8.2 9.0 

   Wt600750 0.011 (ns) (ns) 

   MSB 0.122 24.4 32.8 

   MSD -0.072 -14.4 -16.4 

   FS2 -0.073 -14.6 -16.6 

   FS4 -0.015 -3.0 -3.8 

   FS5 -0.146 -29.2 -29.6 

   Yearling*MSD -0.063 -12.6 -9.9 

   Vealer*FS2 0.082 16.4 18.1 

   Yearling*FS2 0.055 11.0 13.4 

   MSB*Wt200280 -0.087 -17.4 - 

   MSB*Wt280330 -0.081 -16.2 - 

   MSB*Wt330400 -0.067 -13.4 - 

   MSD*FS2 -0.061 -12.2 -11.8 
   

597 + The reference class is grown steer, 400-500kg lwt, MSC, FS3.  
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