
Quantitative Methods of Carcass Evaluation 

Carcass evaluation has a relatively long history in the 
animal and meat science scientific literature and one of the 
first studies to cover the composition of farm animals was 
reported by Lawes and Gilbert (1860) almost 130 years ago. 
These workers completed a large number of chemical analy- 
ses and found a relationship between fat and maturity (age 
and weight); a finding that has been repeated by many 
others. In the early 1920’s, Moulton (1 923) defined the term 
“chemical maturity” to define the age at which the concentra- 
tion of water, protein and mineral matter in the fat-free mass 
became constant. The 1930’s became the time for measur- 
ing growth and development in animals and providing meth- 
ods to model it (Hammond 1932; Huxley 1932). In the last 30 
years, work in the field of animal growth and carcass evalua- 
tion has centered on the growth of the carcass tissues and 
the prediction of the carcass tissues from various measure- 
ments (Berg and Butterfield 1976). 

Carcass evaluation probably has at least two important 
functions which includes an evaluation of carcass composi- 
tion at the end of scientific experiments, and the provision of 
a system to evaluate commercial carcasses for value based 
on lean meat content. The requirements for both of these 
functions are often quite different. For example, it might be 
the objective of a nutritional experiment to assess fat or 
protein gains over a range in weight which would necessitate 
the use of a serial slaughter technique combined with chemi- 
cal analysis of the carcass tissues. In the commercial evalua- 
tion of carcasses for lean meat content, the measurement&) 
chosen must be simple, easily and quickly recorded and 
have a relationship with carcass lean content. However, both 
have a common requirement that the baseline techniques 
used must be standardized. 

Choice of Baseline Technique 
It has been fairly common for animal and meat scientists 

to be divided in opinion over the two main techniques (chemi- 
cal analysis of carcass tissues or physical separation of 
carcass tissues) for providing precise information on carcass 
composition. Both techniques are valid, but answer different 
questions for the investigator. Chemical analysis of the whole 
carcass is extremely time consuming, is highly demanding to 
get relatively small homogeneous samples, but, conducted in 
a professional way, provides accurate information on the 
protein, water and fat content of the carcass. On the other 
hand, chemical analysis does not give much information on 
the value of lean meat produced or on the yield of meat in 
each cut. Physical separation of the carcass tissues provides 
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information on the lean meat content of the cuts, which can 
be understood by the commercial industry. The most com- 
plete analysis to be done, therefore, would combine both 
chemical analysis of the carcass along with physical separa- 
tion of the carcass tissues, but this is seldom done because 
of the cost. Therefore, the choice of a baseline technique 
should be made in reference to the question or goal of an 
experiment. 

In experiments that relate to commercial assessment of 
carcasses (grading), physical separation of the carcass tis- 
sues is probably the most useful technique, whereas experi- 
ments examining the rate of protein accretion would obvious- 
ly use chemical analysis of the carcass tissues. Not only is 
the choice of a baseline technique important, but having a 
standardized method for the technique is of equal or greater 
importance. The range in lean content in pork carcasses 
found in the literature can vary from 40% to 60%. A signifi- 
cant proportion of this variation is generally due to the 
methodology employed, how the cuts are separated, which 
cuts are separated and against which dimension the resulting 
lean content is expressed (e.g. weight of four lean cuts, cold 
side weight, warm carcass weight). Unless there is a national 
procedure, each small study conducted in a single laboratory 
cannot be directly compared with any other study, and the 
progress made is often limited. 

In contrast, the Europeans have developed standardized 
national procedures for the evaluation of meat animal car- 
casses (EAAP, 1976; CEC 1979). Although each country is 
allowed to develop its own carcass classification system, it 
must meet certain criteria (e.g. size of experiment, standard- 
ized cut-out of carcasses and a maximum residual standard 
deviation for the predicted variable) to have an approved 
EEC method. In Canada, a standardized procedure has been 
developed (Agriculture Canada 1986) for the evaluation of 
pork carcasses for carcass grading purposes, but nothing 
has been completed for beef or lamb carcasses. In the U.S., 
the AMSA published procedures for pig carcass evaluation in 
1952, which are currently under revision by an AMSA com- 
mittee. 

Prediction of Carcass Composition 
The most common method to predict carcass lean content 

is to use regression analysis, and there are probably hun- 
dreds of correlations in the scientific literature which relate 
linear or other measurements to carcass composition. Many 
authors make the mistake of comparing different experi- 
ments for their relative accuracy in predicting lean content 
using the correlation coefficient (r), or the coefficient of 
determination (R2). Both rand R2 are influenced by the range 
of values within the sample and are therefore not appropriate 
statistics to use for comparing the results of different experi- 
ments. Kempster et al. (1982) suggested the use of the 
residual standard deviation (RSD) for comparing the predic- 
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tive accuracy of different variables across several experi- 
ments. Table 1 shows an example of 2 samples of carcass 
data and the resulting R2 and RSD values. The data shows 
clearly that carcass lean content shows more variation in 
sample 1 and that fat thickness appears to be a good 
predictor. In sample 2, there is less variation in carcass lean 
and a lower correlation. However, accuracy of fat thickness to 
predict lean content would be similar in both samples. 

Table 1. Comparison of R2 and RSD values 
in two samples of carcass data. 

Item Sample 1 Sample 2 
Variation in x (SD) 5.10 2.99 
Variation in y (SD) 4.10 2.29 
R2 .75 .21 
RSD% 2.05 2.05 
x = fat thickness, y = carcass lean%, SD = standard deviation. 
Source: Kempster et at. 1982. 

Another source of error in prediction equations is general- 
ly referred to as bias. This often occurs when prediction 
equations are used from data collected in one experiment 
and applied to a different set of conditions. For example, in a 
recent experiment by Sather et al. (1989) where predicted 
lean was compared to actual lean in several lines of pigs, 
considerable bias was found (Table 2). From either an ex- 
perimental point of view or in the commercial assessment of 
carcasses, using equations derived from a particular group of 
animals reared under certain conditions may not be directly 
applicable to another set of circumstances. 

Table 2. Difference of predicted lean yield(%) 
minus actual lean yield(%) 

for two electronic grade probes. 

Genetic line HGP DGP 
1 -3.81 -4.16 
2 -1.45 -1.50 
3 +1.14 +1.09 

Genetic line 1 =heavy muscle, 2 =average muscle and 3 =light 
muscle. 
HGP = Hennessy Grading Probe, DGP = Destron PG 100. 
Source: Sather et al. 1989. 

A second example of bias is provided from an experiment 
conducted to evaluate the effects of a repartitioning agent on 
carcass grade in Canada (Table 3). There was a 3.1% 
difference in actual lean content that could be attributed to 
treatment, but the probe system was only able to predict an 
increase of 0.9% or roughly one-third of the total. Also, in this 
particular case, the probe overestimated the lean content of 
the control pigs. The conclusion of this work to date is that the 
complete economic value of repartitioning agents will not be 
assessed by a probe grading system unless a new prediction 
equation is generated for treated pigs. 

Table 3. Effects of a repartitioning agent 
on carcass lean as estimated by grading probe 

and carcass dissection. 

Control Treated 
carcasses carcasses 

Probe lean Yo 48.6 49.5 
Dissected lean YO 47.1 50.2 
Probe = Hennessy Grading Probe 
Unpublished data. 

Source: Jones et al. 

Predictors of Composition 
for Use in Research 

The discussion in this section is confined to techniques 
that are used on the carcass (rather than the live animal) to 
predict carcass composition. The main research techniques, 
such as physical separation of the carcass tissues and 
chemical analysis of the tissues, give a direct assessment of 
carcass composition. 

Commercial Cutting 
This refers to techniques based on fat trimming and 

deboning similar to those used in commercial practice. They 
have been widely used in the US.  in beef carcass evaluation 
to estimate commercial carcass meat yields. Some would 
regard these techniques as base-line, but the meat yields are 
often made difficult to interpret by varying amounts of fat and 
muscle in the total saleable meat yield. Providing the com- 
mercial cutting test is standardized, it can relate very highly 
to full tissue separation (Kempster et al. 1980). 

Sample Cuts 
In the US., the 9-1 0-1 1 th rib cut has been widely used in 

many studies to predict beef carcass composition, as de- 
scribed by Hankins and Howe (1 946). Although this particular 
cut has been the subject of many experiments, the large 
proportion of them have contained 50 animals or less, and 
only simple correlations have been cited (Hankins and Howe, 
1946; Crown and Damon (1960); Brackelsberg et al. (1968); 
Powell and Huffman (1 968), which have averaged 0.9 for the 
prediction of carcass muscle or lean content. More recently, 
several studies have shown the 9-10-11th rib cut to be a 
useful and accurate predictor of beef carcass lean (R2 of 85 
and RSD 1.5%; Lunt et al. 1985) and carcass fat (R2 of 92 
and RSD of 1.54%; Lunt et al. 1985 and R2 of 0.69-0.86 and 
RSD of 2.24-3.31%; Miller et al. 1988), but again the studies 
were small and contained cattle of various type, weight and 
fatness. Miller et al. (1988) considered that the 9-10-1 l th  rib 
was useful for cattle ranging in age from calves to mature 
cows, whereas other measurements such as specific gravity 
and deuterium oxide dilution were not particularly useful to 
predict beef carcass composition. A study based on 552 beef 
carcasses from various breed combinations conducted at 
Lacombe Research Station (Jones, unpublished data) 
showed that the dissected tissues of the whole rib (5-12th 
ribs) predicted total carcass muscle and fat with a RSD of 
1.7%. Considerable work on sample cuts has been conduct- 
ed in the UK (Kempster and Jones 1977) and the rib was 
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suggested as providing a useful compromise between cost 
and precision for the prediction of carcass composition 
(Kempster et al. 1982). 

There has been less interest in the use of sample cuts for 
the prediction of swine and lamb carcass composition, prob- 
ably as the cost of physical separation or chemical analysis 
of the whole carcass or side is considerably less than with 
beef cattle. The lean in the loin and ham predict pork carcass 
lean content with an RSD of about 1.7% (Smith and Carpen- 
ter 1973; Evans and Kempster 1979) as compared to a SD 
for carcass lean of about 3.5%. In the case of lambs, the lean 
in the ribs or loin predict carcass lean content with an RSD 
ranging from 1.2% to 1.8%, depending on the study (Field et 
ai. 1963; Timon and Bichard 1965; Kempster et al. 1976). 

Sample cuts such as the rib can be used to predict 
carcass composition and provide much more precise esti- 
mates than those possible from simple carcass measure- 
ments. It would be useful to standardize these techniques, 
particularly for lamb and pork carcasses. 

Specific Gravity 
This method of predicting carcass composition is low cost 

and has been reviewed by Garrett (1968) and Jones et al. 
(1 978). Although the correlations of specific gravity with beef 
chemical composition have often been quite high (e.g. > 0.8) 
the RSD have also been quite high. In a recent study, Miller 
et al. (1988) found that specific gravity predicted carcass fat 
with an RSD of 3.35% compared to carcass fat thickness with 
an RSD of 3.31%. The same study also found that specific 
gravity was a poor predictor of carcass fatness in groups of 
animals with similar composition. The reasons are probably 
largely due to the accuracy at which the weight of a carcass 
can be measured completely submersed in water. Carcass 
specific gravity is therefore not recommended as a technique 
to predict the physical composition of the carcass. 

Predictors of Composition 
for Use in Carcass Grading 

Over the last 20 years, there has been a strong interest in 
developing grading schemes that measure both the lean 
yield and meat quality in a carcass. With consumer demand 

concentrating on lean red meat, there has been growing 
interest in the livestock industry to identify carcasses with 
high meat yields. Generally, the range of measurements that 
can be taken under commercial conditions has been some- 
what limited and includes: carcass weight, fat thickness, 
muscle thickness and area, estimated weights of kidney fat 
and subjective appraisal of subcutaneous fat cover and 
muscle thickness. Development of objective grading systems 
has proceeded at different rates for the different species. 

Pigs 
Pork carcasses have been graded objectively in some 

countries (e.g. Denmark) for over 60 years. The pork carcass 
has a markedly different partition of the fat depots compared 
to beef and lamb carcasses and about 80°h of the total fat in 
the carcass is in the subcutaneous depot. This probably 
explains the value of fat measurements, which are generally 
considered to be good predictors of carcass lean content in 
pork carcasses. The results of several studies are summa- 
rized in Table 4 which shows the effect of location of fat 
measurement on the prediction of carcass lean content. 

The results show in the four studies that are reviewed that 
the most precise prediction of pork carcass lean content is 
provided by a fat measurement in the area of the 3/4th last 
ribs (in most cases 12/13th rib) using a distance of 65-70 mm 
off the carcass mid-line. In addition, the fat measurements 
made over the m. longissimus were more precise predictors 
of lean content than those made on the mid-line. The best fat 
measurement on the carcass mid-line for predicting composi- 
tion is given by the minimum fat thickness over the loin 
(minimum thickness over m. gluteus medius) as reported in 
several studies (Fortin et al. 1981; Fortin et al. 1984). 

Over the last 8 to 10 years, probes based on light 
reflectance have been developed which can measure fat and 
lean thickness in order to predict carcass lean content. The 
use of the lean thickness measurement generally results in a 
small improvement in precision over that given by fat thick- 
ness measurements alone (Fortin et al. 1984; Kempster et al. 
1985). Canadian research has shown the three main probes 
(Fat-0-Meater [FOM]; Hennessy Grading Probe [HGP]; 
Destron PG-100 [DGP]) to have similar precision for the 

Table 4. RSD% for the prediction of pork carcass lean content 
using fat measurements from various locations. 

Trial 7 2 3 4 
Number of carcasses 
RSD% for 

Mid-line measurements: 
Shoulder 
Loin 

5/6th last rib 
3/4th last rib 

Probe measurements: 

427 224 130 204 

3.32 2.67 
2.89 2.60 

2.68 2.28 
2.20 2.24 3.14 1.71 

Last rib 2.36 2.37 3.71 
5/6th lumbar 2.76 2.60 

Trial 1 Kernpster and Evans 1979, Trial 2 Fortin et al. 1984, Trial 3 Kernpster et al. 1985, Trial 4 Usborne et al. 1987. 
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prediction of carcass lean content (Fortin et al. 1984; 
Usborne et al. 1987, Sather et al. 1989); whereas other trials 
(Kempster et al. 1985) have shown the FOM to be superior in 
precision to the HGP. Electronic pork carcass grading was 
introduced in Canada in 1986, and has been functioning on a 
national basis in all plants slaughtering in excess of 1000 
pigs a week. The HGP and DGP are in equal use across 
Canada. The current prediction equations only use 314th last 
rib fat thickness and muscle depth to predict carcass lean. 
Recent work by Sather et al. (1989) has shown that carcass 
weight can result in a small but significant improvement in the 
precision of predicting carcass lean content. Since carcass 
weight is usually measured for payment purposes, it is a 
cheap variable to collect and should be the first variable used 
in any commercial grading studies for the prediction of car- 
cass lean content as outlined by Kempster et al. (1982). 

The most ambitious project on pork grading has been 
undertaken in Denmark. The pork carcass classification cen- 
ter (CCC) has recently been installed in several commercial 
plants and will be introduced to all slaughter plants over the 
next few years. The CCC consists of a length measuring 
station, an IN station (where the carcass is moved from the 
rail to a frame), an anatomical measurement station (where 
front leg and pubic bone positions are measured), a probe 
measurement station (where 17 optical probes are inserted 
into the left carcass side), a branding station and an OUT 
station (where the carcass is placed back on the rail). In total, 
the 17 optical probes record 25 measurements (fat depth, 
muscle depth, total thickness), but not all of the measure- 
ments are used. Danish research has shown that 7 measure- 
ments are necessary to reach maximum significance for the 
prediction of carcass lean, but further measurements are 
necessary to predict cut yields and for sorting carcasses for 
specialized markets. The equations developed (a series of 
10 different equations) all have an average R2 value of 0.8 
and a RSD% for lean of 1.3% to 1.5%. The CCC is without 
doubt the most accurate grading technique available in the 
world. 

Beef 
Beef carcass grading has proceeded in quite different 

directions in North America as compared to Europe and 
Oceania. The philosophy in North America has been to use 
fat thickness (and muscle thickness) at the cut surface of the 

12113th ribs to assist in the placement of a carcass into a 
yield grade. In the UK by contrast, the carcass is visually 
assessed for fat cover and muscle thickness or conformation 
using photographic scales as reference points. 

The results of several studies are shown in Table 5 for the 
prediction of beef carcass lean content from various mea- 
surements. 

The results show that visual scores of fatness can give a 
similar precision for predicting carcass lean content to fat 
measurements. However, most studies seem to indicate that 
fat measurements made at the 12113th rib are the best 
predictors of carcass lean content. 

Several studies have examined the use of probes to 
predict carcass lean content in beef (Kutsky et al. 1982; 
Chadwick and Kempster 1983; Kirton et al. 1987; Jones et al. 
1988). Subcutaneous fat only makes up about 30% of the fat 
in beef carcasses and fat thickness is generally very much 
less than in hog carcasses, which probably explains why 
efforts to use probes to predict carcass lean content have not 
been very successful. As subcutaneous fat accumulates in a 
beef carcass, it gets deeper and spreads over more of the 
carcass until the spreading of fat is limited by anatomical 
constraints and fat depth becomes a better predictor of fat 
volume (Swatland 1984). Therefore the relationship of fat 
thickness with total carcass fat would not be expected to be 
linear, but most researchers have not looked beyond simple 
linear relationships. Data in Table 5 from trials 3 and 4 are 
generated by a probe (HGP) and show that there is little 
advantage in moving towards a probe-based system for beef 
carcass grading purposes. Probes are, however, in use in 
Australia in some abattoirs where fat is measured at the 
sacral crest (P8) site to estimate carcass lean content. The 
P8 site was chosen over a rib site to avoid potential damage 
caused at the rib site by hide pullers. 

Lambs 
Lamb grading in most countries has continued to be a 

subjective procedure involving visual estimates of fatness 
and muscle thickness. Kempster et al. (1982) showed that 
visual fat scores accounted for a useful proportion of carcass 
lean content in lambs. Fat thickness measurements taken 
over the m. longissimus were also found to be useful for 
predicting lean content. In New Zealand, the GR site (1 1 cms 
off carcass mid-line over 12th rib) has been used to classify 

Table 5. RSD% for the prediction of beef carcass lean content 
using various measurements from probes. 

Trial 1 2 3 4 
Visual fat score 2.40 3.03 
6th rib fat thickness 
10th rib fat thickness 
13th rib fat thickness 
3rd lumbar fat thickness 
P8 fat thickness 
m. Longissimus area 

2.27 3.39 
2.47 3.30 

2.76 2.25 3.15 2.57 
2.40 3.23 2.84 

3.47 2.47 

(13th rib) 3.54 2.55 3.49 
Trial 1 Crouse and Dikernan 1976; Trial 2 Kempster et al. 1982; Trial 3 Jones et al. 1988; Trial 4 Kirton et al. 1987. 
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lamb carcasses for export into different groups based on 
expected carcass lean content (Kirton et al. 1984). 

A study was recently completed at the Lacombe Research 
Station (Jones 1988) involving over 1500 lambs which were 
probed using a lamb HGP at several locations. All carcasses 
were dissected into fat, lean and bone. The results showed 
that grade had a low accuracy for the prediction of lean yield 
(RSD 4.20%), whereas moderate accuracy was achieved for 
probe measurements made at the GR site (RSD 3.38%), or 
over the m. longissimus at the 12th rib (RSD 3.52%). A ruler 
measurement over the m. longissimus at the 12th rib was 
more accurate in predicting lean content than the corre- 
sponding probe value (RSD for ruler 3.30%). Since the HGP 
can be used on the warm carcass and does not require the 
carcass to be ribbed, it appears likely that the GR site will be 
recommended for the prediction of carcass lean in lambs in 
Canada. 

Future Developments in Carcass Evaluation 
There are several carcass evaluation techniques which 

are approaching a point in their development where potential 
commercial testing over the next few years is possible, 
whereas others (e.g. nuclear magnetic resonance, computed 
tomography) are likely to remain research techniques for 
quite some time. The techniques which show the most prom- 
ise for carcass evaluation in the next decade include the 
following. 

U It rasou nd 
There has been a growing interest in ultrasound (RTU) 

with the development of real time machines that can mea- 
sure both fat depth and rib eye area. Cross et al. (1988) 
reported that RTU could be used to assess fat thickness on 
the slaughter floor immediately prior to hide removal and so 
provide a yield grade assessment. However, the same au- 
thors considered that the medical instrument used (Johnson 
and Johnson 210 DX) would need to be modified for use in 
industrial conditions. Forrest et al. (1988) compared RTU and 
a probe system (DGP) for predicting carcass lean yield in 
pigs from measurements made on warm carcasses. Probe 
measurements (10th rib fat and lean depth and carcass 
weight) had greater accuracy in predicting lean content than 
similar measurements recorded by RTU. However, a com- 
mercial system of grading pork carcasses by RTU is currently 
under development (Stouffer, J.R. personal communication). 

Velocity of ultrasound (VOS) is also under development in 
the UK as a predictor of composition in both live animals and 
carcasses (Miles et al. 1983). Initial trials (Miles et al. 1987) 
showed that VOS was equivalent or superior to a fat score of 
fat thickness measurement for assessing carcass lean con- 

ing equipment (EMME). Work in pigs (Domeruth et al. 1976; 
Fredeen et al. 1979) showed that EMME reading had a 
relationship with carcass lean mass, but the results tended to 
be too variable for this equipment to be used in commercial 
agriculture. This conclusion was supported in other studies 
(Jones and Haworth. 1983; Mersmann et al. 1984; Joyal et 
al. 1987). More recently a new model, the HA-2 (TOBEC), 
has been introduced and is currently under evaluation at 
Purdue University. Preliminary results (Forrest et al. 1988) 
showed that TOBEC predicted kgs of pork carcass lean with 
an R2 of 0.91 and a RSD of 0.69 kg, which was superior to 
actual carcass measurements (combination of carcass 
weight, fat depth and loin muscle area). More recently 
(Forrest, J.C. personal communication), TOBEC has not only 
been shown to be an accurate predictor of pork carcass lean, 
but also predicts the lean weight in the major cuts. If these 
results can be repeated under industrial conditions and the 
instrument proven to be operative at existing line speeds, 
then the future of TOBEC appears one of considerable 
promise. 

Video Image Analysis (VIA) 
The history of the development of VIA in the U.S. was 

recently reviewed by Cross et al. (1988). Briefly, after an in- 
depth analysis of available technology, VIA was chosen for 
further development. Published results on the US. equip- 
ment are limited but suggested that VIA had excellent poten- 
tial to predict fat and lean areas on ribbed carcasses (Cross 
et al. 1983). In a follow-up study (Wassenberg et al. 1986), 
VIA was found to predict carcass lean content with an 
accuracy that was equivalent to a committee of three expert 
graders. However, as reported by Cross et al. (1988), a 
decision was reached by industry and the USDA to research 
grading technology that would not involve ribbing the car- 
cass, and VIA was essentially abandoned as a grading 
technique. VIA was under development in the UK during the 
same period of time and commercial equipment is now in 
industrial use to measure the composition of meat cuts and 
blocks of meat (Newman 1984 ab). In Denmark, a classifica- 
tion center has been developed for beef carcasses 
(Sorenson et al. 1988) which uses VIA combined with an 
optical probe system. The system operates at up to 75 
carcasses per hour by making the VIA measurements in an 
enclosed cabinet, followed by probing the carcass in the 
rump and adjacent to the 13th rib for fat thickness. This 
procedure has been shown in initial studies to be similar in 
accuracy to the visual scores used in the European beef 
classification system. Additional work is also under way in the 
UK to develop a VIA system to assess muscle thickness and 
fatness in whole carcass sides. 

Conclusions tent. VOS also showed excellent potential to predict inter- 
muscular or seam fat. A prototype system has been devel- 
oped in cooperation with industry (Wells-Krautkramer, UK) 
and is currently being evaluated under commercial condi- 
tions. 

The short review of carcass evaluation procedures has 
highlighted the apparent lack of baseline techniques in North 
America to allow the comparison of different studies. Since 
manv carcass evaluation studies involve relativelv few ani- 

Total Body Electrical Conductivity (TOBEC) mals- as the work is expensive to conduct, it would be highly 
desirable to have some common techniques. The correlation 

The initial work in this area took place in the mid to late 
19703, using a machine called the electronic meat measur- 

coefficient is often used for comparing the accuracy of pre- 
diction equations from different studies without reference to 
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the range of data in a particular experiment, which in turn 
influences the magnitude of the correlation. The residual 
standard deviation is a much more useful statistic for describ- 
ing accuracy in prediction equations. While there have been 
some important developments in grading systems in North 

America, such as the introduction of probe-based systems 
for pork carcasses, the technology of the 1990’s (RTU, VOS, 
VIA, TOBEC) will likely have an impact on red meat carcass 
grading by the end of the decade. 
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