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ABSTRACT

[t has been traditionally suggesfed that mosg sectors of the »
agricultural economy are comprised ofvhighly.COmpetTtive'businesses,
3

. . ) . [ . =
where even a narrow margin of cost can mean the- difference between suc-

cess or fai]ure. The Alberta hog industry is no excegtion, and the

r

.entire industry can potent1a1]y benefit from any reduction im the pro-

ducer's cost marg1n

One of the areas which has not rece1ved full attent1on in
Alberta has been that of tissue shrinkage 1n hog de]1ver1es, which can
be considered as a function of operational efficiency. If hogs are not

-

sent to slaughter in the shortest possible time, using the smoothest ,i
possible handling techniques, and subJected to optimal feed1ng or water;%
ing methods, hogs may lose several pounds of carcass weight by the t1ne
they are graded. Because producers are paid on a carcass weight basis,
they stand to lose money through tissue shrink which might possibly have

been avoided. : '

The work reported in this thesis attempted to determine 1f and

how a number of operational variables affect carcass yield and presumably h

tissue shrink, and transform these effects into dollar values using econ- ;

ometric analysis techhiques. In one part of the study several factors

were shown to significantly affect carcass yields. The most significant

factor was time from arrival at the plant to time of slaughter. Compar-
ing hogs subjected to immédiafe slaughter with hogs subjected to 24 and
- 48 hour delayed kills, carcasses lost an}estimated 1.6 and 3.0 percent
of their weight during the first and second days, respéctive]y. Other

significant factors found to affect carcass yield were the amount of

iv

. v
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' sgbaected dur1ng hand11ng, tﬁe air temperature, and whether or not water

was ava11ab]e to the hogs up to the tlme
effects of each variable were quant1f1ed
equation was.der1ved.

.Byiminfhfzfng tisSue shrTnkage

5

ktinishv(fatness) on hogs, the degree of stress to. whlch.the hogs were

of s]aughter F1na11y, cost

, and a cost—approximating'

s the potent1a1 for ga1n tothe

A]berta hog 1ndust§y may reach into the m1111on doHlar per year range.

.
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CHAPTER I

INTRODUCTION

L‘/'/
Background of the Problem :
Efficiency in marketing is considered to be a function of two
contributing entities, one being the concept of operational efficiency,

and the other being that of pricing eff1c19ncy 1

Williams and Stout
clarify this distinction, by de§cr1b1nq-operat1ona1 efficiency as "all
~of the adjustments that might be made by individual #frms, both in the
short run and the long fun, to reduce per unit costs“z, and pribﬁng
efficiency as a neasurevof l:'performance of the marketing system in estab-
lishing equitable prices and values and in providing services that prices
.in’a free society are‘expec;ed to suppﬂy.”3

It is the intent of this study toufnyestigate as many faceig
of operational efficiency in Alberta hoglde1iveries,as pessible, to
deﬁermine whethér or ﬁot losses _are minimized throughoUt all systems of
‘hqg‘marketing in Alberta. In particular, place utility and time vtility

3

will be considered, because of-their inherent relationship to the deli-

4

~o%

‘ Richard L. Kohls and W. David Downey, Marketing of.Agri-
cultural Products, 4th ed. (Toronto: Collier-Macmillan Canada, Ltd.,
19777, p. 17T,

2 Willard F. Williams and Thomas T. Stout, Economics of the
Livestock-Meat Industry (New York: The Macmillan Companv. 19647, p. 139.

3 Ibid.. p. 121,



very system and their influence upon cpsts.]

If costs of inefficient hog deliveries and hand1ing me thods
can be isolated and quantified, producers will benefit from this know-
Tedge because they would subsequently have a'bésis upon which they could
make adjustments in their marketing programs to accomodate-the situation.

This study will concentrate on the problems of tissue shrink
and related losses in Alberta hog detiveries. Tissue shrink in hogs is
a physio]ogica] function which progresses at various rates when hogs
are subjected to confinement from feed and water. In a marketing con- .
text, "tissue shrink is-the loss in weight of the hog's carcass between
the time it is Toaded and the time it is s]augh;cered.“2

Two other types of weight loss in marketing of livestock are
acknowledged in ‘various sfﬁdies. Oﬁe fypevis excretory shrink which
"is due to the elimination of waste materials from the animal's body
while it is in'transit."3 A third type ié cooler shrink, which is the
weight loss incurred by a carcass during ﬁhe post-s]aﬁghtem refrigera-
tion period. | _ -

Currently, A]berté hog producers sell their hogs on a carcass

P —v———— vttt et——

Richard L. Kohls and W. David Downey, Marketing of Agri-
cultural Products, p. 5; Theodore N. Beckman, William R, Davidson and
W. Wayne TaTaryzk, Marketing, 9th ed. (New York: The Ronald Press
Company, 1973), p. 38. 4

Richard D. Gibb, "Hog Shrinkage", Research in Agriculture,
vol. 40 (October 1961), p. 2.

3

Ibid., p. 1.



grade.basis, using an index of weight, backfat, and quality demerits
to adjust prices.1 The grad{ﬁg is done on a hot carcass weight basis,
. at the end of the kill ]ine'prior to entering the cooler. Therefore,
when it loses weight through tissue shrink, a carcass returns less to
its producer than an unshrunk carcass. Thus, "it is therefore the pro-
ducer, rather than the packer, who becomes concerned about the time and
distance involved in delivering livestock to the killing floor, about
weekend holdovers, and about assorted other considerations fe]ated to
transportation df'h’vestock."2
) Presently, a delayed ki1l penalty is impesed upon packing

plants which do not slaughter hogs by the day after delivery. However,
this means that hogs may theoretically be he]d for as Tong as two days
(i.e. day of delivery, next day until slaughter) without any compensa-
tion to producer for shrink losses. Furthermore the amount of compen-
sation paid out for shrink on hogs held longer than this period may not
reflect the amount of losses actually incurred by a peoducer. '

Some of the oVera11 shrink loss will be unavoidable due to
the essential functions of assembling, shipping and holding of hogs.
However, if the time spent in performing these functions of marketing

is not minimized (within limits of cost) shrinkage due to excessive

Murray H. Hawkins, et al., Development and Operation of the.
Alberta Hog Producers Marketing Board, Rural Sociology BulTetin 12,
3rd ed. rev, (Edmonton: The University of Alberta, Department of
Extension, March 1977).; Canadian Pork Council, The Canadian Hog Carcass
Grading/Settlement System (Ottawa: The Canadian Pork Council, 1977).

2 Willard F. Williams and Thomas T. Stout, Economics of the
Livestock-Meat Industry, p. 702,

4
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delays or mishandling of hogs will lead to unwarranted producer losses.
Williams and Stout suggested that_time in transit from farmm to slaughter —_ -
is the single most important factor in Tlivestock shrinkage. Because of
the effeqts of this time factor, in conjunction with “excitement and
cohfinement off feed and water, it obviously is desirable to minimize .
the total time involved and, to the extent possible, avoid abnormal

marketing conditions."1

Objectives of the Study

- The objectives of this s}udy were:

(1) to quantify the extent of the influence of vArious ex-
ternal or environmental factors upon rates of shrfnk, by means of a
detailed investigation under controlled conditions. (The specific
factors, or variables, are detailed in the hypotheses);

(2) to determine what the effects of these factors mean to
hdg producers in economic terms:

(3) to isolate specific problem areas in hog deliveries by
examining a cross section of large scale, long-distance hog shipments |
in the province, and comparing the results of these shipments with the
results of‘the controlled experiment;

(4) to provide an empirical basis upon which producers would
be able to make decision betWeen alternative delivery methods ot hand-

1ling techniques;

1

1bid., p. 655.



(5) to provide an empirical baSis on which policy recommen-
~dations could be made and to provide the tools for future policy deci-
sions in the area of handling and delivery of hogs.

The objectives as listed ébove gain. increased importance to
the producer under the current carcass weight/index settlement system.
Since the producer bears much of the risk involved in the handling and
delivery of hogs, "his responéibi]ity and his concerntextend over a
much greater portion of the marketing process."] Thus, under the given
Cohstraints for pricing efficiency, the opportunity for gain shifts to
the area of operational efficiency, which is the principal area of con-

cern in this study.

H;%otheses

QD) Hy = There is no significant relationship between tissue shrink
and the time span from arrival at the plant to slaughter.

) H1 = There is a significant relationship between tissue shrink and
the time span from arrival at the plant to slaughter.

~

(2) Hy = There is no significant relationship between tissue shrink
and transit time (or distance shipped).

There is a significanf relationship between tissue shrink and

x
—
I

transit time (or distance shipped). -

(3) Hy = There is no significant change in the rate of shrink over time.
H] = Tissue shrink increases with a non-linear relationship to time.

;
/

bid., p. 702



(4)

(5)

(6)

(7)

(8)

(9)

The rate of shrink is not significantly different for lighter

weight hogs than for heavier hogs.
' ~

There is a significant relationship between the weight of hogs
and the rate of shrink.

There is no significant relationship between rates of shrink
and the fatness of hogs.

There is a significant relationship between rates of shrink
and the fatness of hogs.

Rates of tissue shrink are not significantly related to air
temperatures.

Rates of shrink are significantly related to air temperatures.

Rates of tissue shrink are not significantly different for hogs
fed just prior to shipment than for hogs which have been con-
fined from feed for some time period prior to shipment.

There is a significant relationship between rates of tissue
shrink and the amount of time hogs are off feed prior to ship-
ment.

There is no significant're1étionship between rates of shrink
for densely loaded hogs on a truck and less densely loaded
hogs on a truck.

There is a significant relationship between the rate of shrink
and the on-truck density of a load of hogs.

2

There is no significant relationship between rates of shrink
?ﬁh levels of handling stress.

There is a significant relationship“hetween rates of shrink
and 1eye1s of handling stress.



Sources of Data

— . 2
Data collected in the course of this study was of a primary

nature. First, liveweights of hogs were obtained at A.H.P.M.B.T ‘assem-
b]y\yard scales. Producer information was obtained either through inter-
views over the telephone prior to producer de11ver1es or d1rect1y from
the producers as 1oads of hogs were delivered to the assembly yards\

The carcass weights and backfat measures were subsequently taken from
grader's reports. Daily air temperatures for Red Deer were taken from

~
records kept by the Department of Meteorology at The University of e

-,

Alberta.

Procedure

\

This study was carried out in two main phases. The f{rst

assembly station at Red Deer, A1berta. Hand]ing methods were c1qse]y
observed,- and hogs were held over for varying time periods to simulate
at-p]ant,ho1ding. These hogs were subsequently slaughtered at Fletcher's
p]antfwhich is Tocated next to the assembly yard. .

)In the second phase of th1s study, records were kept for

K

]arger assembled lots of hogs which were shipped from Lethbridge and
Calgary to Edmonton and Red Deer. Liveweights were recorded as hogs
arrived at the assembly yards and“éh the plants. .Carcess weights,
backfat meSsurEs, and indexes were taken from hog board records, in
order to determine yields which could be’compared with those in phase 1.

! A.H.P.M.B. is the Alberta Hoa Pradiicerc Manbot+ina Daawd



>

A11 recorded data were analysed to determine effects of specific variables
upon shrink. Comparisons were made among di fferent producers and di ffer-

ent shipments.

Outline of Chapters

Chapter IT, A Review of Related Studies, examines some previousA
studies of shrinkage 1in hog and 1ivestock transportation. A discussion
of hodologies and variables studied is provided.

gﬁz Chapter III, Current Marketing Practices and Their Relevance
to Shrinkage, discusses the possib]e-marketing a]tefnatives currently
a&ailgb]é to hog producers in Alberta. The potential effects of various
practices upon shrink are described.

Chapter 1V, MetHodo]ogy, explains how the Study was structured,
how data were collected, and methods for treatment of the data. Sone.of
the problems enéountered in the course of the study are reviewed at the

end of the &hapter.

Chapter v, Analysis, provides details of the analytical pro-
Cedures used to test the hypotheses, and results of the regression analysis.
_ Finally, Chapter vI, Conclusions and Recommendations, draws
coné?usions on the hypotheses, Provides a quantitative description of
how;shriqkage factors can affect returns to producers, and makes some
recommé;égtighs as to how losses can be reduced through modi fications
in market%ng programs .

o i3



CHAPTER II
A REVIEW OF RELATED STUDIES

A number of previous studies have been conducted to examine_
'shrinkage in marketing of hogs and ofher']ivestock. The basic objective
%n most of these studies has been to determine the degree of relation-
ship between shrinkage énd an assortment of variables agsociated with
shrinkad®. Tota] Tiveweight shrink was investigated iﬁ some of the
research, whi]e.other studies Tlooked at tissue shrink by using compa-
risons with carcass yields.

A 1938 U.S.D.A. study conducted by Bjorka] attempted to dis-

tinguish tissue shrink from .excretory shrink, byvaSSUming that "loss

purchased weight.fz So for two simi]arvhogs‘subjected to similar féeding
metﬁods but handled under différent conditions, it could be assumed that
any difference in yield cén be equated to the dffference in tissue shrink
created by the Va;yiﬁg condi tions.

Exogenous varfab]es in Bjorka's study were: time in transit,
Tiveweight, seasonality, and the source of purchase ( i.e. direct pur-

chases versys public markets). Conclusions of this research showed that:

1 Knute Bjorka, Shrinkage and Dressing Yields of Hogs ,
Technical Bulletin No. 621 (Washington, D.C.: U.S. Department of
Agriculture, June 1938).

2 Ibid., p. 1.

———
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tissue shrink was co?§inuous ihroughout theé entire period of ttansit,
heavy hogs tended to have higher yields than lighter hogs, and shrinkage
- Was less in'winter than in summer‘.1 - ’

“Mos t qf the subsequent research on livestock shrinkage has

: cbncentraged on the problem of Tiveweight shrink (the sum of excretory
énd tissue,shrinkage). Such research was justified at the time it was
gone becayse mogt producers were paid for their hogs dh a liveweight
basis, and thus Hveweight shrink was the producers’ primary concern
(whéreas tissye shrink was of more importance to the packers).

For example, a 1954 study by'b]ifton, Jessen and Jacobs2 was
concerned with total weight cﬁghges in hogs using different grades,
different cbmmission firms (i.e. effects of different feeding methods )
and different days, as variables. Regression and other statistical
tests were used in the analysis, but no statistically significant
relationships were found to exist with those particular variables,

| In ]9%0,ﬁa study by Stout and Armstrong of Purdue Universjty
provided an analysis of both total shrink and t%ssue shrink, and dis-
cussed the relationship between these measurements.3 Long distance
shipments (100, 200 and 600 miles) were examined and various feeding

methods were analysed to determine the effects on total shrink and yield,

e ————

' Ibid., p. 1.

2 £, Clifton, R.J. Jessen and E.M, Jacobs, "Amount and
Source of Shrink and-Fil1 in Marketed Hogs", Journal of Farm Economics,
Vol, 36, No. 4 (November 1954}, pp. 688-692. -

_ : Thomas T. Stout and Jack H, Armstrong,,Shrink and Yield. in
Market-Fed Ho S» Research Bulletin No, 710 (Lafayette, Ind: Purdue
Un1ver51ty, Department of Agricultural Economics, December 1960),
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e
A number of other variables were closely controlled in this study be-
cause it was assumed that they would have some effects upon shrinkage.
In addition to control o? distances shipped, methods Qf transportation,
time in transit, percenF load capacity, liveweights of animals, time
last fed, air temperatufes, and ratios of barrows to gilts were main-
tained at constant levels.

Several conclusions were draQn from the effects of different
feed diets andvfeeding times upon shrinkage. In addition, it was con-
cluded that in that particular study, "tissue shrink is always inversefy
related to yield, fising as yield decreases, and falling to negative
values as yield increases over distance."l 1In summary, the major impli-
cation of this study is that a strong relationship exists between yield
and tissue shrink.

= In April, 1959, the Western Livestock Marketing Research
Technical Coﬁm1ttee pub1ished several articles on shrinkqge-.2 AlthougH
these studies gxamined sh;inkage in cattle, some of the research and
the recommendations might be applied to hog marketing. - Several of the
conclusions reflect the results of studies which tested hogs. For'ex—’
ample, it was concluded that time in transit\has the greatest effect on

: 4
shrink, and that air temperatures affect rates of shrink.>

o

1 Ibid., p. 5.

2 Clive R. Harston, Shrinkage is Important, Circular 220:
Shrinkage Depends on Where, When and What You Market, Circular 221:
shrinkage Depends on How You Market, Circular 222 (Bozeman: Montana
State ColTege, April I959).

3 1bid., No. 221.
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Other conclusions of this study were that:
(1) A]though there are'differences in_shrink rates according
to sex of cattle, these d1fferences become veny difficult to predict

1
under var1ab]e cond1t1ons

(2) There is very little difference in rates of shrink be-
tween different breeds of catt]e.]

(3) Shrinkage occurs at sTower rates.for fatter cattle,
and finish will have a greater 1nf]uence upon shrinkage than abso]ute
we1ght 1

(4) Different handling methods wfiT\vary the amount of
shrink. Conditions to be avoided include overcrowding on trucks, un-
usual (or extreme) weather conditions, and "overfeeding" prior to ship-
ment.2 It was suggested that it is not unusual for cattle on short ~
diétance hauls to shrink more than cattle on Tong distance hauls because
on long hauls many of these adverse conditions are avoided by careful
handling methodsA.3

weigﬁt-1oss in beef cattle, hégs and lambs from farm to the -

first market was examxned by Henning and Thomas in a 1962 study. 4

Livestock were we1ghed at the farm us1ng portable scales, then weighed

Ibid., No. 221.

——

Ibid., No. 220.
3 Ibid., No. 221, p. 5

4 G. F. Henning and P.R. Thomas, Some of the Factdrs Influ-
encing the Shrinkage of Livestock From the Farm to the First Market,

Research Bulletin 925 {(Wooster: Ohio Agr1cu1tura1 Experiment Stat1on,
October 1962). o

12
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upon érrival'at the market. 'Dgta regarding env%ronmental conditions,
handling methods, feedfng methods, distance; sex, and time in transit
were also collected. | |

Ana]ysié was done using régression and corré]ation techniques.
Appendix A shows some grap;s of the resultant linear regressions.

Henning and Thomas also discussed the effects of tranquilizing
cattle, and the use of sprinkler systems on truckloads of hogs in hot
weather.] The results from tranquilizing catt]é proved to be inconcly-
sive. Any differences in results were attribyted to "the individual
variations inherent among animals."2 When tested dhring temperatures
over 779F (25°C), spriﬁk]er systems on trucks were found to siénificant]y
reduce deaths and shrinkage for hogs on 11 and 27 hour shipments, but
not on 5 hour (or less) shipments. : .

Richard D. Gibb studied the effects of six variables on hog
shrinkage: feeding sugar in water prior to_shipmentf feeding of high and
Tow protein diets, dfstaﬁce'shipped; temperature, truck speed, and weight of
'animals.3 Results of Gibb's study are summarized in Appendix B.

In studying tissue shrink, Gibb made an assumption which is

part of the basis for the methodology of this thesis: If a random

sample of tWoilarge groups of (say 1,000 each) hogs is obtained and if

Henning and THomas, Factors Influencing Shrinkage, p. 39,
citing Russell H. Hinds and Robert F. Guilfoy, Jr., Sprinkling Hogs in
Trucks to Reduce Losses From Heat, 4-5S. Agricultural Marketing Research
Report No. 374 (Washington: U.S.D.A., November 1959) .

Henning and Thomas, Factors Influencing Shrinkage, p. 13.

o Richard D. Gibb, "Hog Shrinkage", Research in Agriculture,
Bulletin 40, No. 5 (Macombe: Western I1linois University, October 1961).




these two groups average 210 1bs. live at the beginning of the test, one
could logically assume that their carcasses also weighed the éame at the‘
beginning.of the test. If the carcaéses do- not weigh thé same atvs1éugh—
tef time, we can safely assume that one groub has experienced more tissue
,shrinkage than the other.

Under Gibb's restrictivé.conditions, the assumptions appear
to be valid. However,'if condition; vary from the restrictions stated,
the assumptions would have to be modified. Yields may change from car-
cass to carcass, and as number of hogs tested become smaller and less
random, the factors inf]uehcing yields must be accounted for.

Onevfactor whiéﬁ could influence yield is the Tiveweight of
the animal. Righmond and Berg showed thaf a linear relationship exfsts‘
between carcass weight and Hveweight,2 as did D.M. Smi th in 1954.3
This implies that there wou]drbe a relationship between yield and weight
of the animal. Richmond and Berg showed weight to have é direct influ-
ence on fatness; for 73 hogs studied, "bone grew re]ative]y‘s1oW]y while
muscle had a relatively high growth rate. The decline in musc]engfowth
after 91 kg Tiveweight was offset by the increase in fat deposition.”2
From these results, it might be concluded that Tiveweight 1nf1uehces

fatness, which in tum influences yield.

Ibid., p. 2.

.2 . Richmond and R.T. Berg, "Tissue Development in Swine
as Influenced by Liveweight, Breed, Sex and Ration", Canadian Journal

of Animal Science, Vol. 51, No. 1 (April 1971), p. 33.

: 3 D.M. Smith, "The Ré]ationship Between Liveweight and Carcass
Weight Increments of Pigs", New Zealand Journal of Science and Technology,
Agrieu1ture,‘V01: 38 (1957), pp. 803 - 806. : '
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Feeding can have significant effects upon‘carcéss yie1ds, al-
though a distinction must be drawﬁ be tween féeding methods (feed restric-
tion 1eve]s)\and feed diets. Flipot and Roy showed that the type of feed
restriction ysed does signi%icant]y affect dressing Berggntage, primar-
ily because pf effects on fatnes's.1 _

.P. Bowland and R.T. Berg studied effects of feed rations
(1ow—ené;gy versus high-energy) and found that this factor significantly
affects dressing percentages, once again because of the effects on
fatness. _ |

Bow]and and Berg also found that.in some cases, breed of hog
‘affected dressing percentage, while in other cases it did not.S However,
Flipot and;qu’showed that in their Study breed did significantly affect
dressing percentage.1 Although these results appear to be in conflict,
diﬁferences may have been due to similarities among specific breeds or
'mixtures of breeds. '

Sex of hog;/aéﬁﬁ?EEE}K does not significantly affect dressing
percentages, according ipot and Roy1 as well as Bowland and Bergz.
And, in addition to not affe ting yield, sex does ndg\qffect shrink
rates, according to Henning and Thomas >

——————— L

P. Flipot and G.L. Roy, "Effets des Methodes de Rationnement
sur les Performances et al Qualite des Carcasses des porcs de Marche",
Canadiadn Journal of Animal Science, Vol. 56, No. 2 (June 1976), p. 347.

2 J.P. Bowland and R.T. Berg, "Influence of Strain and Sex on
the Relationship of Protein to Energy in the Rations of Growing and Fin-
ishing Bacon Pigs", Canadian Journal of Animal Science, Vol. 39, No. 1
(June 1959) . ‘

Henning and Thomas, Factors Influencing Shrinkage, p. 31.

15
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From the preceding literature, Table 2-1 was derived. It shows

factors which affect both yield and/or shrinkage, and their significance.

Table 2-1

FACTORS INFLUENCING YIELD AND/OR SHRINKAGE

Factors Yield Shrink
Feed Restriction Sig. Sig.
Feed Ration ‘Sig. Not Sig.
Sex Not Sigq. Not Sig.
Breed - Sig. Not Sig.
Finish Sig. Sig.
Liveweight Not Sig Sig.

The following list summarizes the variables which have been

found to have statistically §1gnifjcant effects on shrinkage in a vari-

ety of previous
(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)

sthdies:
Time (from farm to slaughter),
Liveweight of hogs,
Seasonality,”
Temperature and/or climatic cbnditions,v
Distance shipped,
Feeding methods,
Conditions on truck,
Methods of handling,

Finish, -

Spurce'ofvpurchase'(e;g.“di?ect deliveries as

.assembled lots).

compared to
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In studying source of purchase as a variable differences in
shrink Qere found to exist; however, feeding practices tended.td differ
between sources of purchase, which may héve been the actual reasons for
these differences.

0f all the variables in the preceding list, time from farm to
slaughter is generally considered to have fhe strongest éffect on shrink.
However, the time variable is closely associated with time off feed and
water, with some amplification due to the added levels of stress and
excitement.

In this study, all fhese variables were considered, with the
exception of seasonality. Variables found to be non-significant in pre-

vious studies were not included in this study.



CHAPTER III

CURRENT MARKETING PRACTICES AND
THEIR RELEVANCE TO SHRINKAGE

Marketing Alternatives and Operational Efficiency

‘In understanding the economic ramifications of tissue shrink-
age, a discussion of its relationship with operational efficiency may
provide some insight. For examp]e,iHaro1d Breimyer has stated that
operational gfficiency is-a consideration of "how well the physical
part of marketing is done - the quantity and quality of services per-
formed relative to resources used."! In the conteit of the marketing
alternatives discussed in this chapter, Warrack Earries the definition
a bit further: "The fchs'[Of oﬁefatioha] efficiency] is on ;Hehphys;b.
ical marketing functions of assembly, processing, sforage, and trans-
portation."2 Shrinkage is also a cost factor.in processjng when one
considers costs of cooler shrink to the meat packer. |

If costs of shrinkage ére'émbbdfédvﬁﬁ'thesé'functibns, it
becomes the producer s respons1b111ty when des1gn1ng a market1ng pro- -
gram, to not only provide an optimum flow between functions, but to
consider shrinkage as a factor within the framework of these functions.

oY
Ny
¥

1 Harold F. Breimyer, Economics bf the Product Markets of
Agriculture (Ames: Iowa State UnYVersﬁty Press, 1976), p. 125,

2 Allan A:’Warraék' "A Conceptual Framework for. Analys1s of
Marketing Efficiency"”, Canad1an Journa] of Agr1cu1tura1 Economics,
Yol. 20, No. 3, November 1972 p. . -

18
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Transport Alternatives

~

In Alberta, hog producers have several potential alternatives
for moving hogs to market. The producers may deliver hogs directly to
packers or Board marketing termina]s] using their own trucks, or by
H?Fiég a trucker. (Some truckers Ectua11y work as trucker-assemblers,
by picking up several groups of hogs at different farms to form a sin-
gle large 1oad).‘ Alternatively, hogs could be delivered to local
assembly yards where larger lots are subsequently shipped to Board -
terminals or directly to packers.2 Thus, producers do Have some degree
‘of'flexibiTity in planning how to ship their hogs. "Board marketing
terminal location, convenience and 1ot size will be coﬁsidered by hog
producers in choosing the flow that will give‘them tﬁe most efficient

mechanism fbr moving their hogs."3 Alternative patterns of‘moving-
hogs from farm to slaughter are shown 1n“Figure 3-1.

_ 1 ] ~The term "marketing terminal™ is used by the A.H.P.M.B.

in reference to.the Board-operated-assembly yards. There are currently
six A.H.P.M.B, markeéting terminals in Alberta.  These serve as major
assembly points fdr both export and domestic hogs. Terminals are
Tocated at Lethbridge, Calgary, Red Deer, Edmonton, Vermilion and

“Grdnde Prairie. 3

Y

.2. Alberta Hog Producers Marketing Board, "Proposed Changes

to Aiberta's'Hog Marketing System", Alberta Hog Journal, Vol, 4, No. 1
(Winter, 1975), p. 33.

3 Ibid., p. 35.

19
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Figure 3-1

HOG FLOW AND COMMUNICATION FLOW PATTERNS

AN
7

A
>~

HOG FLOW - -|FARM ASSEMBLER |_|  TRUCKER A.H.P.MB.l _JPACKING
) TERMINAL PLANT

COMMUNICATION FLOW . (\\ Tl

AH.P.M.B.

Source: Lloyd Unterschultz, "New Hog Market1ng System”, Alberta Hog
: Journal, Vol. 4, No. 1 (Winter 1975), p. 30.

»

" Given other cost criteria for shipping hogs, shrink losses
should also be considered by producers when comparing the costs of
these altermnatives. This study exam1nes two of the more commonly used
alternatives: shipments direct to plant, and sh%pments assembled at

several of the Board terminals.
Alternative Handling Methods

A number of different tefhn1ques are used in the handling of

- hogs from the farm gate to the packing plant. For example, there are
several ways in which hogs can be loaded onto a truck, and each method
will affect the levels of stress and excitement experienced by the hogs.
Some producers might use electric prods‘to move hogs, while others use
s]apPers,'dr a large board to push hogs along when toading. Some hogs

are forced up an inclined ramp while others might be loaded bsing a level

loading chute.



@
In d discussion of death Josses of Alberta hogs in fréﬁsit
(due to PSS)], Strokappe makes a number of recommendations to producers
in order that stfess—indhcing situations are minimized, According to
Strokappe, some of the handling practices to be avgided are: use of
electric prods, shipments during hot weather, forcing of hogs through
narrow openings or onto strange flooring, and moving indoor hogs into
bright sunlight, becaute such practices tend to increase levels of

stress and excitement.2

J.R. Thompson makes similar recommendations in a study of
" PSE or DFD pork.3 He warns against crowding of animals, feeding ‘high
~ sugar rations prior t0‘shipping, and marketing during hot weather.

He also says that "excessive ante mortam exercise or handling may induce
y
n

rapid rates of carcass metabolism . .
Because these handling methods tend to increase levels of
stress and metabolism in animals, rates of £issﬁe shrink shouTd conse-
quent]y‘increasé. Harston supports this concept: ‘"lLoading, unloading,
jostling about in a moving truck or rail car, change of environment,
and different hand]ers‘produce nervous distprbances [or stress] in thé

—_————

PSS is Porcine Stress Syndrome: see John H. Strokappe,
“Transport Loss Research Report No. 1", Alberta Ho Journal Vol. 7,
No. 1 (Winter 1978), p. 24. 5 John H. Strokappe, "Transport Losses in
Alberta", Alberta Hog Journal Vol. 7, No. 3 (Summer ]978?,"pp. 31, 32.

2» Stroképpe, "Transport Losses in Alberta", p. 32.

PSE is Pale, Soft, Exudative pork, DFD is Dark, Firmand . _

21

Dry pork. These conditions are associated with levels of.stress, accor- .

ding to Thompson. . see:- -J.R. Thompson,."Making'ReSéafchJWOrk";‘ATbertai

Hog Journal, Vol. 7, No. 1 (Winter 1978), p. 30

- e
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animais-whichvcause;not only be]]yrshrink‘[and_excretory shrink] but tissue
shrink as we]] w1 Figure 3-2 shows how different handling methods might
affect stress | | ’ 4d '

‘ ce Many d1fferent s1zes of trucks are used to sh1p hogs 1n A]berta,‘ |
vary1ng from ha]f ton trucks to 11ners w1th a capac1ty of 220 or more
hogs. Cond1t10ns on board the trucks vary cons1derab1y among hand]ers
Ideally, trucks should not be overloaded, hogs should have clean, dry
straw on the f]oor, adequate vent11at1on should be prov1ded 1arge »&?1ﬁu L
truckloads shou]d be- part1t1oned trucks shou]d be covered and dr1v1ng i
should be done as smooth]y and carefu]]y as poss1b1e Dens1ty of hogs .
lToaded on trucks tends to be var1ab1e among producers and _shipments »

but can ‘have effects on stress and shrink. 2
Alternative Feeding Methods

Severa] possibilities exist for selection of- feeding methods
in preparation for shipping hogs. Some producers will take hogs off
feed well in advance of shipment (i.e. the night before shipment)
while others keep hogs on feed untql shipping time. Different feed
d1ets have been experimented with (see Chapter IT) but none of the
previous studies cited found Preshipment variations in feed diets to
have statistically significant effects upon tissue shrink.

e ——— e

rinka e Deperds on Where';. When and

Clive R. Harston, Sh AT
zeman Montana .tate Go ;ege .'pr’J."T]_, \

What You Market C1rcu]ar 221 ( 0

T Thomas T Stout and Jack H Armstrong, Shr1nk and Yield im -
- »’Market-Fed Ho S+ Research Bu]]etJn No. 710 (Lafayette: Purdue Un1ver- S
81 y _gr1cu tura1 Experxment Stat1on, December 1Q60) p 3. . ot

o.
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Time last fed nas found to be an important shrink factor in
most previous studies; however, the etfects vary considerab]y given.
different conditions. For example, Harston suggested that."overfilled"
an1ma]s often become "uncomfortable" when sh1pped 1ead1ng to "nervous-
ness, excess1ve pushlng, and crowding. nl Even a nonna] fi11 may not

prov1de any advantages for shorter shipments. Stout and Armstrong

) diate s]aughter oa e y1e1ds of fed hogs compare unfavorab]y to those

- of unfed hogs’ when the hogs are sh1pped 100 m11es and presumab]y,'

shorter d1stances or when s1aughtered 1mmed1ate1y w2 Yet for longer

‘ ,shlpments‘(well over 100 miles in the1r test) Stout and Armstrong

‘observed that y1e1ds of hogs fed just prior to sh1pment tend to be

h1gher as d1stance 1ncreased than for hogs taken off feed for some
time before sh1pmen-t.2 As such, it becomes difficult to recommend any
one feeding program for all producers, because each one of them faces

» .

. . . O
a unique marketing situation,
The Detision Process

In conclusion, it becomes apparent that producers face a

series of decisions when choosing among marketing alternatives. Each

decision can result in different Tevels of costs and benefits to the

1 Clive R. Harston, Shr1nkage Depends on How You Market,
C1rcu1ar 222 (Bozeman: Montana State ColTege, April 19597, p. 3.

"Thomas T. Stout and Jack H, Armstrong, Shrink and Yield

-in Market-Fed Hogs, Research Bulletin No. 710 (Lafayette: Purdue
Universify AgricuTtural Exper1ment Stat1on, December 1960) p. 3.

24

'showed that “there is no advantage 1n feed1ng hogs intended for imme~. .. .-
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producer, but no 1dea] so]ut1on can be app11ed to a]] producers in
genera] D1fferent feedIng, sh1pp1ng, and hand]1ng programs will
interact w1th one another to produce var1ab1e consequences.-under.
different constra1nts. Hopefu]ly the  concepts d1scussed in this
study W111 serve as an aid to producers in the course of their de-

<

cision mak1ug.



CHAPTER IV

- METHODOLOGY
PHASE 1: DIRECT BELIVERIES

Scope of the Study |

The first part of the Study involved hogs delivered directly-

N .

to;F]etcher's méat'paéking'plént at Red Deer.l Thisg Tocation was chosen
- for the following reasons: (1) Hogs shipped to Fletcher's for slaughter

_ére held at the A.H.P.M:Q._assemb]y yard; thereforg, tests could be run

¢

at\a Board superQised Tocation, while at the same time closely simulating
actual plant holding-yard conditions. (2) Many'of the hogé arriving at
the RedlDeer terminal are delivered directly to the pTént rather thaﬁ/
through various assemblers. Direct de]fvéries were preferred ovef assem-
bled lots sipce the prior treqtmehf.of'éhe hoés‘could be.more‘éési]yw
;tracéd with"the'diféct deliveries. (3) Thé total number of hogs produced
in the Red Deer area (C.D. 8) is the highest forvany;census diétrfct.iﬁ"
’AIBerfa,z Whibﬁ heéht tha} a larger; mbre conqéntréted»popu1ation was
available frbmnﬁhich to draw bérticipants. ) _

' The siée of the study was pértly 1imited by cost constraints. L
A payment éf $1.50 per hog uséd in the study was made directly to pro- \\

ducers, as compensatipﬁwfqr shrink losses incurred in the s tudy.
v t .

N4 \.

—_—

This Study consists of two major phases which are closely
related byt which«haye'separate procedures and analyses. The two parts
are later brought together in the examination of the results, but in
this chapter_they are discussed Separately as phase 1 and phase 2.

: Alberta Agricu]ture, Agriculture Statistics Yearbook 1977
(Edmonton: Alberta Agriculture, 1978}, p. 52 B i
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Time was/also\a constra1nt on the size of the study Manage-

ment of F]etcher s andpzbe A.H. P M.B. assembly yard agreed to permit

testing of a maximum of 200 hogs per week for up to 10 weeks. The dura—

tion of this study was from September 12, 1978 to_November 9, 1978, under

.fa]1,weather‘condttiohs.

Twenty-seven different producers part1c1pated in the study.
Some of the criteria for participation were that d1rect deliveries could
be made to F]etcher's (either by the producer or his trucker, but not in
assembled lots), delivery could be made on Tuesdays, and that $1.50 per
hog was acceptable as payment to compensate for shrinkage during the test.

A total of 57 shipments was received for the test from the 27 producers.

. The-average size of each shipment was-25.6 hogs, although Tot sizes ranged

from 8 to 65 hogs. No required load size was specified for the sample.

The number of de1iyeries per producer ranged from 1 to 9 loads.

. . ty

“Variable Selection -

As d1scussed 1n Chapter II, a]l 'variables found to significantly

| affect shr1nkage in previous studies were also examined in this study,

with the exception of seasonality.

In some previous studies’, breed of hog was found to signifi-

“cantly affect'yield but not shrink. In this study an attempt was made

’\

* to collect information on breeds. However, some produoers did not know

what the breeds of the1r hogs were, some on]y had a rough 1dea¢9f what N
the breeds were, and others did not know the rat1os of breed crosses. From
the producers who were .able to supply precise 1nformat1on on breeds, it
was apparent that a very heterogeneous mixture of hog breeds was involved

in this sample.



Because pretise information on breeds was not available:for most of the
hogs in this sample, breed was not‘inc1uded as a variable.

Feed }estriction was found.to be significant for both yield
and shrink. While the type of feed restriction dufing the actual finish-
ing period was not recorded as a variahle, the time of last feeding (A.M.
or P.M.) was recorded, and used as an estimator for the amount of fil1l in
a load of hogs.

Finish of hogs was shown to have significant effects on both
yield and shrink in previous studies. Feed diets and 1iveweight Weré
also shown to affect finish. Because breed affects carcass con%iguration,
it consequently results in ygrigbijity”oftffnish between .breeds. Since J
Ffinish afféét§_}1éjd,}it fs used in this study as a control variable to
compensate for its contribution to yield. Carcass gradeﬂéndex was used

as an estimate of fatness;'or‘finish.
Test Procedure. and Pata Collection

As a ﬁarticipétihg producer arrived at the Red Deer terminal,
hiﬁ'hogs would be checked‘to determine whether or not they had been tat-
tooed prior to arrival.' A load of tattooedihogs would then be divided
into three groups of equal (plus or minus one hog) size just before they
entered the scale. Each of the three groups was weighed,‘then moved‘Tnto~‘
one of three holding pens: pen A for immediate slaughter, pen B for a
24 hour .delayed slaughter, and pen C for a 48 hour delayed slaughter. .

As a result, each of pens A, B, and C contained approximately one third

Each producer's hogs are tattooed with a unique series of
alpha-numeric combinations, in order to identify the carcass.



of all the hogs tested each week. [f the hogs had not previously been
tattooed, each group from each producer was tattooed with a unique
identification, to faéi1itate the collection of carcass data.

Hogsbin pen A were slaughtered Tuesdays] shortly after noon.
Pen B hogs were sent to the plant Wednesdays just after noon, and the
pen C hogs were slaughtered Thursdayé Just after_noon. For most of
“the study, water was available ad 1¢b to the hdgs w{fh the exception
of the final twdeeeks due to freezing conditions. No feed wa; given
to the test hogs at the Red Deer terminal. The purpose of this proce-
dure was to estimate what effects holding of hog§ for 24 and 48 hours
"would have on yie]ds,‘compared to immediate slaughter under simulated
plant-holding conditions. By splitting a particular producer's load
of hogs‘into the three groups, characteristics of the hogs (i.e. those
“i7=cted by breed, hand1ing mefhods, and feeding nethods) are held con-
stant among the ‘groups and time bé%omes the major-exogenous variable
actﬁng upon yield.

Because every hog was not indivfdua]]y weighed (due to time
constraints at the yards) an average carcass yield for each group was
ca1cu]ated.2 Because each of a producer's three groups were weighed
at nearly the same time (within mihﬁtes of each other) any differences

in yield from one greup to another would therefore be attributable to

~

Tuesdays were selected for test deliveries with subse-
quent groups slaughtered on Wednesdays and Thursdays. This was done
to avoid weekend hold-overs, backlogs on Mondays, and Tong weekend
holidays.

Total group carcass weigﬁ;,x 100
Total group liveweight

Average group yield =

-

e
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either: (a) the differences in average liveweight among the groups]
and/or (b) the differences in the times held prior to s]aughter,2 ana
(c) any random error. | |

As each delivery of hogs arrived at the terminal, producer
data were also collected. Appendix C is a copy of the data list
co]]ectedvfor each shipment. These data were collected in order to
make comparisons among producers by using individual handling, truck-
ing and feeding methods as the criteria for‘any'resu1tant differences
in tissue shrink.

[t should be noted that in the first three weeks of the
study, the three test groups were not weighed individually as they
arrived at the terminal with the exception of the very first load of
13 hogs. (A total of 418 hogs was tested over the first three weeks).
Instead, they were weighed 55 one load, then sp]if randomly into three
groups. This meant that only an average liveweight .could be assigned
to each of the three groups, because they were not re-weighed indivi-
dually. In some cases, the average of.a load might be very close to
the true average weight of a group, particularly for larger groups of
hogs, or with more unifgrm]y sized hogs. However, as the range of hog
weights within a load increases, the likelihood of the estimated group
weight being close to the true group weight may have diminished, espe~

cially for smaller groups. In the forthcoming analysis, the potential

: ’
Richard D. Gibb, "Hog Shrinkage", Research in Agriculture, .=

Lo
e

Bulletin 40, No. 5 (Macombe: Western I1linois University, October
1961), p. 12. :

Knute Bjorka, Shrinkage and Dféssing Yields of Hogs,
Technical Bulletin No. 62]:(Washing;oﬁi D.C.: _U.S. Department of
Agriculture, June 1938}, pie3.- = + ¥ ’

V'l
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Aisgfépéncy due to this procedural flaw was duly.noted and subsequently

those data were rejected.
.Treatment of the Data

Mu1t1p1e regress1on ana]ys1s waslused to test the hypotheses,
primarily because th1s techn1que is usefu] “to control for other con-
Hfounded factors in order to eva]uate the contribution of a specific
variable or set of var1ab]es."] By using yield as a dependent ‘variable,
effects of the independent vériab]gs upon yield were interpreted to be
analogous to the effects'they have upon tissue shrink. More precisely,
if different groups of hogs exhibit different yields from day 1 to day 3,
some external factors must be affecting rates of shrink.

The time from weighing hogs upon arrival at the terminal to
time of slaughter (hereinafter referred to as time) was one of the in-

. dependent variables used in the regression, to test for effects of time
on yield. , ' -

Since it was hypothesized that shrink rates were a non-linear
function of -time, a regression using the 1ogarithm10 of time was com-
pared to a linear regression, to determjne the validity of that hypo-

thesis.

o

The distance from farm to plant was entered as the distance
variable.

The carcass index was also used as a vdriab]e in the regres-
sion to test the relationship between fatness and yield. The average

| Norman H. Nie, et al. » Statistical Package for the Social
Sciences, 2nd- ed. (New York McGraw ~Hi1] Book Company, 1975), p. 32T.
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indéx.of‘a]l Héés in each group was used as a single variable (fatness)
to represent that particular group.

In addition to fatness, average group liveweight was used as
an independent vafiab]e, to test the hypothesis that heavier hogs shrink
- at different rates than lighter hogs. (i.e. To.test the.reiationship-
betwéen‘weight and shrink rates). This variable was denoted as Zive-
weight.

The air temperature variable was the mean ki1l day temperature
for pen A hogs, the average of the mean day 1 and day 2 temperatures
for pen B hogs, and the average of the mean day 1, 2, and 3 temperatures
for pen C hogs.]

~The time of the last feeding was represented by a dummy vari-
able“gince‘a11 hogs tested were last fed either the morning of shipment
(A.M.) or the evening before shipment (P.M.). This vafiab]e was called
time last fed.

‘Another dummy variable was used to represent the availability
of water to hogs held in the yards. As previously discussed, the water-
ing system was shut off for the final two weeks of the test. The po-
tential effects of this change were tested using a dummy variable termed
water availability to represent wafer off or water on. It must be
realized that the effectsvof not watering hogs were confounded wi th
effects of low temperatures, and as such, are inseparable.

Density of a load of hogs on a truck was suggested to have

an impact upon levels of stress. This varié?)e, density of load, was

»

This method of deriving the air temperature variable was
developed in consultation with Dr. B.A. Young, Department of Animal
Science, The University of Alberta.
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represented by taking the size of the truck bed (m2) and dividing by
the number of hogs on board to determine the number of square meters of
space per hog. Once again, this variable was tested as an independent
variable acting upon yTe]d. ) -

- F%na]iy, hypothesis number 9 (see Chapter I),\Whicﬁ,sﬁggeétéd‘“
that rougher handling methods may affect shrink rates, was tested using
.dummy variables to represent the level of stress. Stress levels of 0
or 1 (Tow or high) were established by combining effects of various
moving and loading methods (as described in Figure 3-2). Basicai]y,
three factors were considered in determining the stréss Tevels. ' The
method of moving hogs (e.g. electric prod, slapper, push board), the
type of loading facility (e.g. level chute, inclined ramp) and the
location of the loading facility (e.g. indoor or outdoor) were consi-
dered. If two or'hore high stress factors were involved in a particular

producer's handling methods, the variable fbr stress was assigned a one.
If two or more medium and/or low stress factors were present, the vari-
able-was assigned a zero. The limited number of dummy variable cases‘
created for handling stress level was because of the intangib]e‘nature
of this factor. JStress is present in varying degﬁges, and to attempt
to delineate it into a more detai]éd ordinal scale would oniy serve to
reduce the degrees of freedom in the regression without adding to the
significance of the relationship.

The variables discussed were entered in a stepwise multiple
regression in an SPSS (Statistical Package for the Social Sciences)
computer program. The purpose of this regression was to determine which

variables were significant. (and thereby accept the a]ternateAhypotheses)



and fheﬁ to empirically determine the relationship between yZeld and
the significant independent variab]es.] Figure 4-2 shows the functions

tested in the regression, and summarizes the variable list., _

.

e general form of the (unstandardized) regression ﬁsv

Yt AA+ ByXy + BoX o+ . . Lt By X, where Y! represents the estimated
valueifor Y, A is the'Y intercept and the Bi are regression coefficients.
and B; coefficients are selected in such a way that the sum of
sdquared residuals (Y - Y')2 is again minimized . . . The actual cal-
culation of A and B; requires aset of simultaneous equations derived

By differentiating (Y - Y')2 and equating the partial derivatives to
Zero." : see Norman H. Nie, et al., Statistical Package for the Social

Sciences, 2nd ed. (New York: The McGraw-Hi11 Book Company, 1975), p. 328.
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Figure 4-2'
REGRESSION FUNCTION AND VARIABLE LIST - o

T Yield s f (timg, fatress,. livewveight, air temperatire, ‘distaice, -~
density of load, time last fed, water avat labi lity,
handling stress level).

tal hot carcass weight 6f a group
total Tiveweight 6f a group

Yield = O x 100 (%).

Time = Ttme from weighing in at yards to time of slaughter (min.)
‘Log Time = Logam‘thm]0 of time.

. Fatness = Average carcass grade index.of a group.

Liveweight = Average liveweight of.a group taken upon arrival at
. the yards (kg/hog).

I3

Alr Temperature = Mean kill day temperature for pen A hogs, average

of mean day 1 and day 2 temperatures for pen B hogs,
and Ferage of -mean day 1, 2.and 3 temperatures for
pen C hogs. o

Distance = Distance shipped from farm to A.H.P.M.B. terminal (km).

&

Density of Load = Truck bed area/No. of hogs (m2/hog).
Time Last Fed = Dummy variable: 0 = A.M. Tast fed, 1 = P.M. last fed.
Handling Stress Levels = Dummy variable: 0 = low, 1= high.

Water Availability = Dummy variable: 0 = water on, 1 = water off.



METHODOLOGY
PHASE 2: ASSEMBLED LOADS

Scopeeof‘the Study

The second nhase»of the study sampled.thirteen.liner 1oedshf
Vof hogs shlpped from: Lethbr1dge and Ca1gary to Edmonton and Red Deer,
Points of origin and points of dest1nat1on, as we]] as the number ofﬁ
loads sampled, were selected after discussion and specified terms of
»egreement with AH.P.M.B. representatives.

| The purpose of this phase nes to examine several variables

_affécting'1argetloadsﬂof'assembled'hogs.shipped over varying distances, \
and re]éte theh to yie]d'figures The samples included e1ght shipments
from Lethbridge to Edmonton'(515 km - two to each of the four major , | e
Edmonton meat packing plants: Burns, Swift Canad1an, Canada Packers,
and Ga1ners), one shipment to each of ‘the Edmonton plants from Calgary
(300 km), and three shipments from Calgary to F]etcher s at Red Deer |
(140 km). A total of 2694 hogs were sampled in phase 2.

The shipments studied took place between December Q, 1978
and February 7, 1979. Loads were selected at the discretion of the
personnel working at the assembly yards, in order to avoid busy ship-

ping periods, since additional time and 1abor were required for col-

lection of the additional data.
Test Procedure and Data Co]Jection

Pert1nent data were collected by cooperat1ng personnel at the
two BoarJ assembly yards, and at the various pack1ng p]ants involved.

As each individual producer s load arrived for assembly, the tattoo
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‘number,’ d1stance sh1pped the nunber of hogs, load ]1vewe1ght and t1ne ‘
of we1gh1ng were-all recorded.

Once an entire liner load was assemb]ed the fo]]ow1no trucker
data were co]]ected name of sh1pper, dest1nat1on (nane of p]ant), the
~ number of hogs un]oaded (and the number of dead hogs, if any) A samp]e
of the form used for col]ect1on of data in phase 2 is shown 1n'Append1x D.

Time of kill, hot carcass we1ghts backfat measures and 1ndexes were )

all available from the producer cheques.
' Tfeatmenthof the Data

By calculating an average carcass weight for each producer's
1oad of hogs, the average yield was obtained by dividing the tota]
carcass weight by the total 11vewe1ght of the load (recorded upon
arrival at the terminal). Thjs method provided a yield figure for
each producer's hogs within a particular lot. Yields weke regressed
With time from assembly to slaughter, the distance from farm to p]ant
the average 11vewe1ght of a load of hogs, and the average index measure
.of a load of hogs. Multiple regress1on was used to determineﬂthe fol-
Towing relationship: ) |
Yield = f.(time, cfistance, liveweight, fatness).

carcass weight of a load
I1veweight of a Toad

Yield = x 100 (%).
Time = Time from assembly to slaughter (hours).
Distance = Distance from farm to s]aughtér (km). .

| Liveweight = Average 11vewe1ght of a 1oad (kg).

Fatness = Average carcass grade index of 4 load.

A
*
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In addition, an aggrégate yie]&TQés‘compi1éd:f6E each lot of

hoés, which allowed for comparisons to be made among lots shipped to

the variddé p]éhts in the test from the three assembly yard locations.
Procedural Problems

This section reviews some of the unanticipated problems and
delays entountered;during the course of this study, since some of these
problems led to subsequent changes in the research forhaé.'

The project was initially set up to test hogs over theAHot
summer months’of July and August 1978, but Tabor disputes in two of
the major meat packing p]éntskéommencéd.iﬁ‘thé weék %n'which the project
was to have ﬁtqrted.,vThe dispute led to undue pressure on hog marketing
facilities (particu]ar]y-at‘Red Deer) which precluded any use of these
facilities for research until termination of the dispute. Unfortunately,

’this unforseen de]ay‘e1tﬂpnated the opporfunity to collect shrinkage
data during the hq} weather.

When the study began in early September 1978, the initial
flow of hogs was slow due to a backlog effect from the plant closures.
By the time a substantial number of shipments began to flow in, the grafn
harvest season was rapidly approaching. This led to a decline in the
volume of hogs being shipped to market and some of the producers pre-
viously committing hogs for the study ended up holding back s;ipnéntsv

during the test périod, due to the harvest season.



CHAPTER. V
. ANALYSIS - '

This chapter discusses the analyfiﬁal procedures applied to
the data in this study. First, it shows some of the descriptive tests
which were run on the data, to determine general characteristics of some
of 'the variables. Then aﬁ exposition is provided on how the final model
was se1e§ted from sévera] alternative solutions. The regression ana1ysis
is shown, and then a statistical interpretation of the regression is

provided. The discussion is then repeated for the phase 2 data.
Préliminary Ana]ysis of Yields

Yields, by Load. - Yields were calculated for each individual group of

hogs. Appendix E lists all yield figures for every group of hogs in the
test. Yield changes betweén day 1, day 2 and day 3 have also been 1ist-
ed, and are used as estimators of shrink losses. An aggregate mean yie1d
was talculated for each kill day; Ehese figures are shown at the end cf
the lists in Appendix E. As shown, yields on the second and third days
averaged 1.3 and 2.4 percent less than the first day’, respectivé]y.

Yields, by Week. - Appendix F breaks down the means of él] yields on each

ki1l day into weeks of the program. Day to day di fferences are averaced
and summarized in the final colum, Yield Change From Day 1. This table
facilitates comparison among weeks, for averages of all producers.' The
only variable directly affected by changes from week to week was water

availability during the final two weeks of the study.

Variance of Yields. - To test the homogeneity of the data from week to
week, variances of the 1iVeweights were compared, using F-tests of

———
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bvariance ratios to determine the accuracy of the sampling methods in>
weeké‘l, 2, and 3 (where liveweights were not taken fdr individual
groups,‘but weré'aVeragéd ovéf a load of hogs). Table 5-1 shows the
variances of the means of the groups of liveweights over the nine week
period, for each kill day. There was a general increase in the vari-
ance of the Viveweights after the first three weeks. At a 0.05 leve]
of significance, several variances proved to be significantly differ-
enf;from ohé another (between the first three weeks and the remainéng

data), indicafing that the data were not homogeneous .

Tahle 5-1

YARIANCE OF MEAN GROUP LIVEWEIGHT-BY WEEK OF TEST

 Week Mean of  Variance Mean of Varisance Mean of Variance

Group ~ Group Group
Liveweights Liveweights Liveweights
(kg) . (’kg? ' (kg?
1 1101.5 147.0 100.2 81.0 .  100.2 81.0
2 9.0 " 59.4 96.0 59. 4P 96.0 59.44
3 95.3  93.0 95.3 93.0° 95,3 93.0°
T 98.7 273.5 9%9.0 w0.7 g7y T 250.3
5 94.6 385.3°  94.1 394. 3 95.2 303.19
6 102.3 83.6 100.6 85.9  101.6 211.8
7 102. 79.1% 1031 535.1bsc 30309 491.19-e
8 8.3 248.2 9.3 341.  e5.8 23
9 97.6 ~  241.2 99.8 289.5 97.7 107.8

* Up to week 3, group~liveWeights were derived by averaging load weight
' over the three groups, except for the first load in week 1.

a, b, ¢, d, e: Denote significant differences among variances within

the first three weeks and variances within the final 6 weeks (F-ratio
for 95% probability). -



Hahd]ing Stress. - Initially a series of dummy variables was used to

represent the components of haﬁdling stress levels. However, ‘the nature
of the dummy var1ab]es created prob]ems of multicollinearity, which
‘showed up as high values (up to 0.89) for the simp]eyCorreTation.coef—
ficients between these dummy variables.

Because of _the :ntang1b1e nature of these variables, a com-
posite scale was developed to give an overall 1nd1cat10n of the stress
levels to which the hogs were subjected during handling. A zero was ™

assigned for low stress, and a value of one was assigned to high stress.
Se]ection,of the Best Model

To further test the data collected in the first three weeks,
two regressions were compared; one used a]]_ﬂata,}and the other deleted
the first three weeks. First, coefficients of determination were com-
pared to test. for goodness of fit, then the confidence 1imits were com-
pared to deterwine which had the better ¢onfidence of predictability.

Coefficients of Determination. - The mu]tip]e R2 values of the two re-

- gressions were compared. Regression 1 for all variables had a multiple
R of 0.322, and regression 2 with the first three weeks .deleted had a
multiple R2 of 0.478. Thus, on the basis of these values, regression 2
proved to have a better fit.

Confidence Limits. - For the 95% significance level selected, the z value

was 1.96. Then, as suggested by'Orr,1 the standard error of the estimate

4

! Dale Orr, Applied Econometrics (Toronto: University of
Toronto Institute for Policy Analysis, 1977) p. 43.




was compared to Yﬂ] For regression 1, confidence limits were 82.8 and
76.2 (an interval of 6.6% yield) and for regression 2, limits were 81.7
a;d 77.2 (an§interva1 of 4.5% yield). Because of its smaller confidence
interval, the cbnfidence of prediction proved to be superior for re-
gression 2. ~
On the basis K;Uii? preceding tests, regression 2 proved to
have a better fit, with e variables .contributing, and had a greater
level of confgfence of predfction. Thesexresu1ts led-to a decision to

eliminate the first three weeks of data from further use in the analysis.

Linearity of the Time Variable. - The regression was then run using the

t
last 6 weeks of data and compared to a regression which substituted the

logarithm of time for the time variable. Goodness of fit was compared,

using F-tests for the ¢ime variables and the eqdationsh The §2 change ,—-

for the Zog time (base 10) variable waa,0;307 as compared to 0.374 for:
the time variab]e.//Iﬁ;\ﬁt;tip]e R&\for the regression including log
time Wwas 0.407 and 0.478 for the regression using time. :

Thus, the model. selected was the regression using time with

the first three weeks of data omitted. (See Appendixes G and H).

Interpretation of the Regression Equation

-

F-tests. - Five variables had significant coefficients of détermination

-

~in the regression. Time (from:weighing in at yards to s]aughter) showed

the highest R2 change. The other variables with significant R2 change

1

. n
standard error of the e®timate, Y the mean of the yield, and n the number
of observations; See Robert D. Mason, Statistical Techniques in Business
and Economics, 4th ed., (Georgetown Irw1n4Dbrsey Lim ted, 1978),

p. 484.

The formula used was Y + z ° S, DL, where 5, was the

42
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were, in order of their entry into the stepwise regression: fatness,
air temperature, water availability, and handling stress levels. The
next variable (entered on step 6) was distanéé, which showed a signi-
ficant decrease in the R2 change‘aﬁd sequential F value. At a 95%
level of s{gnificance, tﬁe distance variable made a non-significant
improvement to the R2 value. F(5,111) tests for the variables entered

~on-step 5 (aﬁd for distance, entered on step 6) are shown in Table 5-2.

Table 5-2

F-TESTS FOR COEFFICIENTS OF DETERMINATION
IN THE PHASE I REGRESSION

T ? —
/Var1ap]e Name R™ Change F(5,]1]) Tab}e F(5,]]])

" o , (95%)

i me ) ~0.374 83.34 2.31

Fatness 70.045 7.32 bo2.3]

Air Temperature 0.023 7.01 2.3]

Water Avallability 0.018 4.44 2.31
" Handling Stress Levels 0.013 2.65 2.31
*Distance 0.003 0.57 2.19
*Tested on step number 6 - not sigﬁtficant.

t-Tests. - Next, t-tests were applied to determine significance levels

of individual parameters. The B coefficients from step 5 were tested
using a z distribution as an estimate of the t-values. In addition
the probability of Type I error was determined for the five variables.
Handling stress levels showed the ﬁighest probability of Type I error
(0.103) as shown in Table 5-3.



Table 5-3 | '

* t-TESTS OF B COEFFICIENTS AND -PROBABILITY OF TYPE I ERROR
IN THE PHASE- I .REGRESSION

. '
T
’ 1]

Variable Name B Coefficient tiVa1ue " Area Under Prob. of
Curve Type I Error
Tire | -0.0489 9.1 0.999 0.001
Fatness -0.1145 2.7 0.993 £ 0.007
Ailr Tenmperature - =0.1102 . 2.6 0.991 0.009 .
Water Availability ~0.5310 2.1’ 0.964 0.035
Handling Stress Levels -0.3871 1.6 - 0.897 0.103
- Constant 93.70

Confidence Limits. - Confidence 1fmits for the regression equation were

calculated at several levels of significance. These are shown in Table

5-4,

Table 5-4

CONFIDENCE LIMITS OF THE PHASE I REGRESSION
AT SELECTED LEVELS OF PROBABILITY

Significance z Std. Error Y Upper  Lower  Confidence

Level (%) Value (Step 5) Limit Limit Interval
99 2.58 1.13 79.41 82.3 76.5 5.9
95 1.96 1.13 79.41 81.6 77.2 . ~ 4.4
90 1.64 1.13 79. 41 '81.3 77.5 3.7

Analysis of Assembled Lots - Phase 2

As in phase 1, a multiple regression was used to analyse

effects of the exogenous variables upon yield. Tests similar +o .nose
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run in phase 1 were applied to phase 2. The list of data used in the
phase 2 regression is shown in Appendix I.

None of the variab1e§‘in the phase 2 regression showed‘sig—
nificant coefficients of determ%nafion wheﬁ tested with F—testé. In
addition, none of the B-coefficients were significant when tested with
t-tests. Possible reasons for non-significance of these variables are

discussed in Chapter VI. A summary table of this regression is shown

in Appendix J.



CHAPTER VI
CONCLUSIONS AND RECOMMENDATIONS

This chapter first evaluates the hypotheses, then quantifies
- some of the results of the*analysis into costs. Some recommendations are
also suggested, to aid in the marketing programs of producers and in some

potential policy modifications.

Hypotheéis Test Results

Hypothesis 1. - Accept Hl' There is a significant relationship between
tissue shrink and the time span from aprrival at the plant to slaughter.

The results of the phase 1 analysis showed #ime to be the most significant
variable. The sign 0% the coef%icient was negative, indicating that as
time from arrival at plant to time of s]aughter increased, yie]d decreased.
‘This implies that tis§ue shrinkage increased over the time period studied.

For phase 2, the time variable was not significant. ..On this basis, H0

wéu]d bé'accepted. However, there is a possibi]ity that the &ata in phase
2 were too restrictive for the time variable, and that the results were
actua]]y inconclusive rather than non-significant. (While time in phase 1
ranged from 1 to 48 hours, the mean of time in phase 2 was 25.0 hours with
a standard deviation of only 2.2 hours.)

Hypothesis 2. - Accept HO' There is no significant re]ationship be tween

]

tissue shrink and transit time (distance shipped) ~ Both phase 1 and
phase 2 showed non- -significant results for the distance var1ab]e While
phase 1 was generally comprised of short distance sh1pments, phase 2
included shipments ranging from 150 to 590 km. The d1st1nct1on be tween

distance and transit time was not made in this study (distance was an
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estimate of transit time), but the confounding of digtance and time from
assembly to slaughter for the variables in phase 2 is discussed later.

Hypothesis 3. - Accept HO' There is no significant change in the rate

. 0f shrink over time. The validity of this hypothesis was tested using
- a logarithmic function (base ;0) of time to determine if a curvilinear
function had a better fit than a linear function of time. The R2 value
for the 1ogarithmic]0 function was Jower,‘indicating that the‘function
approximated linearity (at least up to 48 hours - the effect beyond
48 hours was not determined in this study). This hypothesis was not
tested in phase 2 due to the limited range of the time variable.

Hypothesis 4. - Accept HO' The rate of shrink is not significantly

different for lighter than for relatively heavier hogs. The Tiveweight
a \ ' -
variable was not significant in phase 1 or phase 2.

Hypothesis 5. - Inconclusive results. The study was unable to show sig-

nificance in the relationship between rates ofvshrink and the relative
fatness of hogs. The fatness variable waé significant in phase 1, but
not significant in phase 2. However, the carcass yield of a hog per se
ié affected by fatness as discussed in Chapter II. Because of this
effect, it.becomes difficult to distinguish between effects of fatness
on yield as opposed to shrink, and the primary reason for inclusion of
this variable was to remove the effects of fatness on initial yield
from the regression. ’

i

Hypothesis 6. - Accept H]. Rates of tissue shrink are significantly

related to air temperatures. This variable was only tested in phase 1,
.and was significant in the regression. However, an unforeseen cir-
cumstance led to confounding of this variable with the effects of

wgter gvailability. Because the occurrence of low temperatures was

47



|

o - 48

T

coincidental with the closure of the watering facilities, the_effects

" of these variables should not be considered separately. "However, the

\

. effects of the variables on yields were in opposite directions. The

\azr tempe rature coeff1c1ent had a negative sign, indicating that as
tenperatures 1ncreased yields decreased. water avatlability also had
a negative coeff1c1ent meaning that with a dummy variable of 1 (no
Water available), yields decreased. -The implications of these results
w%u]d 1nd1cate that both temperature and watering will have s1gn1f1cant
effects on shr1nkage but that the effe€¥s as descr1bed in this study
Aou]d not be separated for purposes of quantification.
Hy othes1s 7. - Insuff1c1ent evidence. (H was: rates of tissue shrink
are not significantly d1fferent for hogs fed JUSt prior to sh1pment than
for hogs which have been confined. from feed for some time period prior
to sh1pment ) The time last fed variable was not used in.phase 2, and
1n{phase 1, five loads had hogs taken off feed the evening prior to
shipment. Had the variab1e/been significant, it would have been dif-
f1cu1t to separate effects of ¢ime last fed (used as an estimator of
f111) on yield as opposed to shr1nkage. because it is a factor pre-
viously showh to-affect both yield and shrinkage. 1Its inclusion was

therefore to account for its effects on intial yield in the regression.

Hypothesis 8. - Accept'Ho. There is no significant relationship be-

tween rates of shrink for densely loaded hogs on a truck and less densely
loaded hogs on a truck. This variable was tested in phase 1, using the'
area of the truck bed divided by the number of hogs on the truck (m /hog). .
The density variable was not significant for th1s exper1ment Its ef-
fects were not tested for the long~term situations (long distance ship-

ments) in phase 2, although most liners run filled to capacity with



hogs, which would make the load density constant among the large ship-

ments.

Hypothesis. 9. - Accept H]. There is a significant relationship be tween

rates of shrink and levels of‘handTing stress. The phase 1 results
“Showed ‘that levels of handling stress did significantly affect shrink.
The coefficient of the B variable was negative indicating that a; stress
increased (i.e. a value of 1), yields tendgd to decrease; The specific
factor@g;pnsidered in desigping the handling‘stress level variable were
the methods of loading hogs (i.e. electric prod, slapper) and the type

of loading facility the hogs were subjected to.
Cost Evaluation of Shrinkage Factors

Five of the variables discussed in this study were shown to
have significant effects on.shrinkage or yield: time (from arrival at

'fhe plant to time of slaughter), fatness, air temperature, water avail-

ability, and handling stress levels. Because the effects of fatness on

initial yield versus shrinkage rates were inseparable, and the effects
of air temperature and water availability were confounded, these vari-
ables will not be discussed in the cost evaluation, but will be dis-
cussed in the recommendations.’ Because the handling stress variable
was a composite of various *handling factors which were not separated

in the calculations, these are not considered in the cost evaluation.

Time Effects on Cost. - The B coefficient for time was calculated to
be 0.049 %/hour after conversion to hours. To determine the percentage
yield 1oss, the coefficient is multiplied by the time span under con-
sfderation (in hours). For example, a 24 hour delay would result in

0.049 %/hour x 24 hours = 1.18‘% yield weight loss. To convert yield
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weight loss to carcass wefght loss, the coefficient was multiplied by
' 100 % divided by the average yield in the teét (79.4 %) or 1.26, giving
a new coefficient of 0.061 % carcass weight loss per hour.

| ' The prpduct of the percent carcass weight loss and the car-
cass weight will give an estimate of the carcass weight Toss. For
example, using an 80 kg carcass held for 24 hours:

-061 %/hour x 24 hours x (80 kg/100 %) = 1.17 kq.

To derive the cost; the product of carcass weight loss and price is
calculated. Thus, the cost of time estimating equat1on is

061 x time he]d X carcass weight/100 x price per kg =
cost/carcass. , e

This equation is an est1mate of cost, but on]y under average
cond1t1ons as specified in the test. However, the confidence interval
for the time coefficient was calculated to be £ 0.011 %/hour at the 95%

level of confidence, and #0.015 %/hour at a 99% level of confidence.
- Aggregate Effects of Shrinkage

_Shrinkagelcosts-becone even more significénp when put into
a larger perspective“than an;fndividual hog basis. For example, {eok
at a producer marketing‘looo hogs a year. If his hogs average 80 kg
carcass weight, thelprice averages $1.%4/k "and~the average delay on
a load is 10 hours (which might have been avoided) the producer could

be losing: 0.061 %/hour x 10 hours X 80 kg/100 % x $1.75/kg x 1000 hogs
= $850 per year on shrinkage alone. o

Or, if all hogs in the province average a delay of 12 hours,

under conditidns-as defined in the test, for 80 kg hogs at $1.75/kg,
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and using the 1977 provincial hog s]aughter], the total loss to the
industry would be:

W

0.061 %/hour x 12 hours X 80 kg/100 % x $1. 75/kg X ]]72488 hogs
= $1201566 or approximately 1.2 mi1lion dollars.

Liveweight Shrink Losses

In addition to tissue shrink and yield analysis, some generall'
data were collected for pu;pbses of estimating liveweight losses. MA11
pen B and pen C hogs were rewe1ghed (each as a pen) prior to .Slaughter
SO that an average welght loss per pen could be determined. First, the
initial Tiveweights of all hogs were averaged out for eac ek (and |
for each group during the final six weeks). The pre-kill iiveweight

of each pen was then averaged over the number of test hogs we1ghed that

day. Table 5-5 shows the total liveweight loss per: hog by wee'“'y
ki1l day. The. percentage loss is the average weight ]oss per hog as a
percentage of the initial 11Vewelght.

On the average, Day 2 Hogs lTost 4.8 kg (5%) while Day 3 hogs
averaged an additional 2.2 kg loss (2.5%) for a total 1oss‘of 7.2 kg
(-7.5%). 1t appears that live shrink occured at almost double the'rate
dur1ng the first 24 hours than during the following 24 hours. This
suggests that a much higher proportion of shrinkage during the ear]y

stages might have bBeen excretory shr1nk assuming that the effects of

time on tissue shrink were linear as indicated by the lower R? for

~log time versus time in the two regressions. For example, Appendix E

sl
v

: Alberta Agriculture, Agricultural Statistics Yearbook 1977
(Edmonton: Alberta Agr1cu1ture, 1978), p. 55. ° §

o

'
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e the loss was carcass yield loss. ‘Dur1ng gfe second 24 hour perlod 34-5;53

52

showed that the mean change in carcass yield of first day hogs was -1.3%,

.and for second day hogs %%g an add1t1ona1 -1.1%. Since the percentage

e

Tiveweight loss and the percentage y1e1d loss were both based upon ini-

SN

tial liveweight, they can be. proport1onate1y compared with one another.

‘ Of the 5% ]1vewelght loss dur1ng&$§§ f1rst 24 hours, 1.3/5y or 26% of

T

Ry

though the average carcass y1e1d loss was on]y O 2%-4lass than the‘$1Yst

the yield loss as a proportion of the total loss was h1gher, at 1.1/2.5,
or 46%. e

C>It might therefore be concluded that total shr1nka§? increases
at a decreasing rate ,over time. Most of the decrease in rates can be

attributed to excretory shrinkage because tissue shrinkage rates remained

faﬁi]y constant over the two time periods.

Table 6 -5 o . @
AVERAGE LIVEWEIGHTISHRINK OF EACH PEN OVER 24 AND 48 HOURS
’Pen B (24 hours) . Pen C (48 hours)

Average Average Percent Average Average Percent -'Change
Week Initial Weight . Weight Initial Weight Weight From

Livewt. Loss Loss Livewt. Loss Loss Day 2

(kg) (kg) (%) (kg) (kq) (%) (%)
1 97.0 2.7 2.8 97.0 8.2 8.4 5.6
2 96.2 4.5 4.7 96.2 7.7 8.0 3.3
3 - 94.3 5.4 5.7 94.3 6.4 6.8 0.9
4 97.1 5.4 5.6 95.7 7.7 8.0 2.4
5 94.3 4.5 4.8 96.2 6.4 6.6 1.8
6  100.2 5.4 5.4 101.2 - 6.8 6.7 1.3
7 103.0 5.9 5.7 103.4 7.3 7.0 1.8
8 93.9 5.0 5.3 93.9 7.7 8.2 2.9
9 984 45 4.6 97.5 6.8 7.0 2.4
MEAN: 4.8 5.0 7.2 7.5 2.5
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Other Conclusions

When conpar1ng results of phase 1 w1th phase 2, the time
variable provedsto be highly significant for the phase 1 study but was
not slgn1f1cant for phase 2. As d1scussed in the hypothesis, while the
distances sh1pped in phase 2 ranged from 120 to almost 600 km, the times
from assembly to s]aughter in phase 2 had a very limited range. Com-
blnlng the results, 1t may be suggested that time from farm to slaughter
is the most important factor in shrinkage, rather than distance, although
dlstance is related to time in transit, and may have some marginal con-

trlbutory effects which did not show in this s tudy.

Recommendations to Producers

«

W To avoid u51ng the specific conc]us1ons drawn from the assunp—
tlons in this study as a basis for decision making, the recommendations
of thlS study are made for the general case rather than for specific

- situations. " If g producer does happen to face a marketing situation

in this study, the given cost equations could provide a more accurate
assessment of the costs, as compared to a producer whose market1ng pro-
gram differs from those tested here.

Minimize Time. - A 24 hour time span between the farm gate and s]aughter

can result in losses in the range of 1 to 2 k1lograms of carcass weight
per hog, even under ideal marketing conditions. Furthermore, shrink
losses pPogressed at a contlnuous rate for at 1east the following 24
hours and did not appear to dec]1ne which had been prev1ous]y hypothe- °

Sized. Under adverse cond1t1ons, costs of tissue shrink can become even
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[
greater, and these costs are usually proportionately related to the time
factor. Thus, the most critical factor is time, and in order to prov1de
the. 1owest poss1b1e shrink costs, market1ng time must be minimized.

M1n1m1ze Stress. - Minimization of stress in the handling of hogs can

be useful in deterring shrink rates. By placing additional stress on

hogs through rough or careless handling methods, shrink rates were in-

creased in this study.

Air Temperature and Watering Hogs. - Cooler temperatures appeared to

decrease shrink rates, while shutting of f water supplies in the yards °

~appeared to increase shrink rates. Producers shou]d attempt to market

hogs during cooler weather, whenever a choice is avai]ab1e7 Producers
should also attempt to ensure that tﬁéir hogs receive drinking water
while they are held over at any paint during marketing. Having water
available to the test hogs inhibited rates ofgshrink, and since this
shou]d be a relatively low cost means of deterring shrink, producers

should be certain that %itering facilities are in use.

N

Policy Recommendations

Orn. - ngiﬁ, a general overview of the results points out that

Qherever possible, ths marketing systém must function to minimize hold-
overs and delays in shipments of hogs. This objective has been constantly
pursued by the A.H.P.M.B. and during the period of their existence, \
many improvements in the marketing system have been made toward this ob-
jective. - |

. Monitorihg ¢’ time from assembly (or time in at the plant)
until slaughter has at times proven to be difficult, and this study was

no exception. ", ensure an accurate assessment of the holdover time,
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the grader's scales (which automatically r;gister weights onto the kill
tickets) should be equipped with automatic fine clocks to register the
time of kill, in order that all partiés involved would be aware of any’
delays in the system. Such a sysgem would permit a reassessment of the
current shrink penalty system, by {ncorporating a system in whfch shrink
Penalties gradually increase after a certain minimum standard of time
held is excer'~d.

N F marketing policy should ensure that water is always avail- )
ag?g to hogs, both at assembly yards and ?t plant holding facilities. ///];
If facilities to water hogs are available, they should be inspected [
frequently to see that they are fUnctioning properly.

Finally, it is important that all sectors of the pork indistry
realize that the industry "has the potential fo mak e substantia]'savings
by taking a positivé attitude toward efficientilin marketing. There are
certainly: costs involved in taking steps to alleviate the shrinkagé
problem, but when costs of shrinkage reach a mi]]iqn dollars or moré in

a year, there is likely to be considerable potential for improvement.

(
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Appendix A

TRANSIT SHRINKAGE ON 62 LOTS OF
FIRST MARKET, OHIO, JULY 15,

MARKET HOGS

Figure 1-By Distance
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Appendix A (Continued)

Figure 3-By Temperature
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Source: G.F. Henning and P.R. Thomas, Some of the Factors Influencing
Shrinkace of Livestcck From Farm tc the First Market, Research
Bulletin 925 (Wooster: Ohio Agricultural Experimemt Station,
October 1962). - i e

4

s

60



61

£6° 651 L'z Sv6le | 95122 £8°022 LEL- 1043u0)
: . : . . § uo L3 ey
bS"GSL LL-e 8°812 - 967022 _ 8v°022 SEL ei50ds
("sg1) "IM (’sa1) —  ("sa1) LIwvw (*s81) 30¥07 ("s87) a3L90S ]
SSYoUYD ANTYHS 1y " LM NIHM NIHM S90H
F9YY IAY IAIT sad IAIT 3DYYIAY - LM FOVEINY UM IDVHINY 40 CON  gnows
-
S0H 40 3DYINIAHS INSSIL aMh_
FVAINIYHS 3AIT NOdN NOTLWY TYIDIdS 40 13§43 ‘2 3lqey
}
96°G. v9°691 £0°9 le-slz be €22 GZ9  [043uo0)
Lo s 88691 9" 85°L12 b0'€z2 €9 sefing
% ("$87) SLH9IIM  ("Sg1) JINTIHS (*sq7) (7S97) LH9I3M
INISSTa SSYIUY) NI LINVA LY ININNID3g S90H
39VY Y F9VY IAY 39V INY “LM_39WYIAY - BYHINY 40 "ON di0%9
(SLNIWAIHS 3LY¥VdIS Ol) SITIW 082 AT3LYWIX04ddY 40 3ONVLISIQ ¥ Q3L¥0dShyyL ,
SI0H 0 3IOVAINIYHS INSSIL ANV IDYNNTHHS IAIT NOAN 4v9ns 40 193443 ‘L aLqey

(1961 ‘SIONITII) €819 Q'Y Ag AINLS JOVANIYHS V.40 SLINSHY

P+
g Xlpuaddy

I



62

"L9A3L %5 3@ JuRdLLLUBLS S| BdUBUBLiq,

AR 9°G 1221 £0°922 6L°2€2 £l ,Loom
18"/ v8 Y T LL°69] 60°222 £6°922 . gL 4,56 -
08"/ 26°¢ 002491 | G€°6l2 12°€22 06~ 3052
INI¥3Id  (*S87) JINTUAS ("Se7) 1HO13N (*sg1) LoIamM ("sS91) 1M1
INISSTNQ * SSY2UY) © OLIMYW  9ONINNIDIg S90H *dW3l
PYYIAY © PYYINY PYYIAY VY IAY — PRIV J0 CON vy
SI0H 40 ANI¥HS 3NSSIL any INIYHS 3AIT NOAN FUNLvYIdWIL 40 123443 th 9lqey
€62 gy 19°€22 o "0gz " pop 082
0g" L 162 517627 60°822 882 05
€0°1 g€ 2 ©ovlUsez 0§° /22 ove 02
INIYHS (*S97) JANTYHS RESDITGIET ("sS87) 1Hd13M . (SITIN)~
IN30¥3d RN Y LW ONINNIDIg S90H - A3ddIHS
JOVIAY - FVAINY - PYYIAY BYIIAY - 40 "oN JONYLSIg
S90H 40 JOYNNIYHS IATT NOdN 3ONVLSIQ 40 1934473 o E 3l qey

'

.

("P,3u03) g X1ipuaddy :



63

(L96L 4340300 A1 LSudALUN SLOUL||] UAB}SaN

:9quodey )
§ "ON "0y ui3aLLng ‘aun3{nd LBy ul yodessay ©,abeyuldys Boy, €qqi9 *q paeyo Ly 1324nog
86"t/ - sz 911 02'% G8°0€2 10" G€2 G2
1976/ £2°991 51" 9 LLoELle 26°612 20€
FIYINIYId (S81) LH9I3M (sa7) (*S91) LWIIM  ('SE1) SLA9IIN
ONISSRA SSYIYY) ANTYHS LYW . - 9NINNI93g . S90H
39Y4 INY 39YY IAY JOVYINY OVIIAY 3OV INY 40 "ON
) /
SI0H 40 MNI¥HS 3NSSIL ANY MNI¥HS 3AIT NOdN LHOIIM 40 123443 .19 3LqeL
L9°2 2l 122 . 617622 . ool Sb-0p 6€L
sz'¢ Sz'c22 05" 922 06 05 6l
(sa7). (*Sg7) IH913IM (7S87) LHOIaM ("NIW) 3R1L CH W)
ANTYHS . LINYYW ONINNI93E® 1 ISNWYL a33ds S90H
39Y43AY I PYYIAY BYYINY Y I 40 "ON = -
(SNOILYAYISH0 OL) S9OH 40 WNINHS IATT NOdN @33dS INYL 40 123443 {g slqeL

("P,3U03) g xtpuaddy



- Appendix C

SAMPLE QUESTIONNAIRE FOR CO
PRODUCER DATA IN PHAS

LLECTION OF

£ 1

1. Producer name

2. Producer address

3. 'Date of shipment

4. Loadinq faci]ity - Ram§ “ Level

Enclosed Open

5. Method of Toading -.E]ectéic prod___ Slapper  Ppush Board =

6. Distance in transit '

7. Size of truck box ]

8. No. of hogs ,this 1oad

9. Tdttoo numbers-----——.__ GROUP A GROUP B GROUP E
10. - Liveweight in at‘yafds—-GROUP A GROUP B GﬁOUP C
,11' No.Aof hogs: per g}oup-;-GROUP A QROUP B GROUP ¢
12. Time of weiéhing

64



Apbendix D

v SAMPLE DATA SHEET-PHASE 2
(SHIPPER AND ASSEMBLER DATA)

&

B I.SHIPPER DATA

1. Date
2. ﬁTrupker
3. Lot number
4. Terminal Jocation
5. Time out
6. Destination Zp]ant name)
7. Time in at plant |
8. No. of hogs unloaded ' Vi
]
f
\
T ASSENBLIEI\QATA |
1. Date
2. Producer - |

® N OO ;s W

Lot number

Distance shipped

. - Number of hogs

Tattoo

Time weighed

Weight of load
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Appendix F

A

WEEKLY AVERAGE YIELDS, BY KILL DAY

Week Kill- No. of Mean Mean Mean . Yield

No. Date Loads Carcass Civewt. Yield - Change
. Wt. (kg) (kg) (%) From Day. 1
1 1978-09-12 3 80.9 101.0 80.0
1978-09-13 3 77.6 100.2 77.3 -2.7
1978-09-14 3 78.7 100.2 78.5 -1.5
2 1978-09-19 8 76.9 - 96.0 80.1
1978-09-20 8 75.7 96.0 78.8 -1.3
1978-09-21 8 75.2 96.0 78.0 -2.1
3 1978-09-26 7 78.7 95.3 82.6
1978-09-27 7 76.7 95.3 80.6 -2.0
1978-09-28 7 75.6 95.3 79.4 -3.2
4 1978-10-03 ¢ 79.3 98.7  80.4
1978-10-04. & 1 79.3 99.0 80.1 -0.3
1978-10-05 6 75.7 97.7 77.5 -2.9
5 1978-10-10 7 75.7 94.6 79.9
1978-10,11 7 74.8 94,1 79.5 -0.4
11978-10-12 7 ' 74.6 95.2 78.4  -1.5
6.  1978-10-17 7 8.4 . 102.3  g0.6 ‘
1978-10-18 7 79.4 100.6 79.0° -1.6
1978-10-19 7 £ 79.3 101.6 78.1 -2.5
7 1978-10-24 8 83.4 102.7 81.2
1978-10-25 8 8.0 “ 103.1 . 79.6 -1.6
1978-10-26 8 82.1 103.9 79.1 -2.1
8 1978-10-31 6 76.7 96.3 79.9 .
1978-11-01 6 76.2 96.3 79.2 Q) -0.7
11978-11-02 6 74.0 95.8 7.2 2.7
9  1978-11-07 5. 79.2 97.6  81.2
1978-11-08 - 5 79.6 99.8  79.8 -1.4
. 1978-11-09 5 .1 97.7 78.9 -2.3
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Appendix G

LIST OF DATA USED IN THE PHASE 1 REGRESSION

A = Date of kill
B = Number of hogs in group

C.- = Average carcass weight of a group (kg)

1= Time from arrival to time of s]aughter

o = Distance from farm to yard (km)

3 = Time last fed (dummy variable)

4 = Air temperature (°c) S
5 = Water availability (dummy variable)

6 = Density of load (mz/hog) |

7 = Fatness (index of group)
g = Liveweight (average of ,each group, kg)
= Yield (average group carcass weight/average group Tiveweight)xlOO

~ >

A X,

1 x2 X3 X4 X5 X6 B X7 X8 C X9 Y
912 87 43 @ € 0 0.3 4102 1 Eu4.1 107 78.6
913 1527 43 0 7 6 0.3 105 1 85.6 104 g1
914 2967 43 0 8 0 0.3 4102 1 83.9 104 go.y4
912 117 14e 0 & 0 0.3 9 108 ¢ EK‘T 100 80.9
*913 1557 14¢ ¢ 7 0 0.3 9 163 0 72.6 100 72.4
914 2997 146 0 8 C 0.3 S 106 0 74.0 100 3.8
512 220 38 1 6 0 0.4 12 105 1 77.% 5¢ 80.¢
'913 1660 38 1 70 0.4 12 103 1 74.5 36 77.4
914 3100 38 1 8 0 0.4 117108 1 78.1 S6 81.3
919 165 146 ¢ 7 0 0.3 3 99 0 82.9 102 81.2
920 1605 146 ¢ 9 0 0.3 9 104" 0 79.6 102 78.0
8271 3045 148 2 0 0.3 9 104- ¢ 78.6 102 77.0
913 285 35 0 70 0.3 6 106 1 77.1 96 79.8
920 1725 35 0 9 0 0.3 5 107 1 76.9 9¢ 79.6
921 3165 35 0 9 0 0.3 5 108 1 75.6 96 7.2
919 2490 56 0 70 0.3 15 100 ¢ 71.4 $2 77.5
920 1680 56 0 9 0 0.3 14 101 0 74.6 52 81.0
921 3120 56 0 9 0 0.3 14 g9 ¢ 79.7 92 76.8
916 225 40 0 7 0 0.6 5 98 1 79.4 99 79,9
920 1665 40 ¢ S 0 0.6 5 102 1 4.3 99 74.8
921 3105 4¢ o S 0 0.6 5 98 1 75.6 59 76.1
919 223 43 1 7 0 0.3 4 103 1 76.9 . 56 80.0
920 1663 43 1 9 0 0.3 4 108 1 78.6 96 81,7
921 3103 43 1 9 0 0.3 4 105 1 €eo.7 96 84.0
919 135 115 ¢ 7 0 0.6 5101 1 77.5 95 89.9
920 1575 115 9 9 0 0.6 5 102 1 76.0 95 79.4
921 3015 115 ¢ 9 0 0.6 5102 1 74.0 95 77.3



Appendix G (cont'd)

A Xpm X% X3 X4 X5 Xe B X, Xg C X Y
919 195 32 0 7 0 0.9 4§ 105 0 77.3 94 82.0
920 1635 32 0 9 0 0.9 4 106 0 74.3 g4 78,7
921 3075 32 ¢ 9 0 0.9 4 105 0 74.2 g4y  78.6
919 155 25 ¢ 7 0 0.3 4 99 0 73.0 91 79.7
920 1595 25 0 9 0 0.3 4 103 0 71.0 91 77.5
921 3035 25 © g 0 0.3 4 100 0 69.7 - 91 76.1°
926 85 146 ¢ 8 0 0.3 9 103 0 7%.0 94  83.8
927 1525 W6 0 -9 0 0.3 9 101 0 75.5 34 80.0
928 2965 146 0 9 0 0.3 9 103 © 76.4 . 94 31.U
926 350 43 1 8 0 0.3 5 100 1 83.9 97 B6.4
927 1790 43 1 9 0 0.3 4 103 1 83.1 S7 85.6
928 3230 43 9 0 0.3 4 104 1 82.0 97 84,5
926 16Q° 41 0 8 0 0.3 15 104 1 72.9 86 8U.1
927 160 41 0 9 0 0.3 14 101 1 68.2 86 78.7
928 3040 41 © 9 0 0.3 14 103 1 67.1 €6  77.4
326 175 ° 25 0 8 0 0.3 5 103 0 7u4.7 93 79.9
927 1615 25 0 9 0 0.3 5 1C4 0 76.0 93 81.4
928 3055 25 0 9 ¢ 0.3 5.103 0 71.38 S3 76.8
926 281 40 0 8 0 0.3 16 102 1 79.8 G7 82.2
27 1721 40 0 9 0 0.3 16 103 1 77.1 .97 179.5
928 3161 40 0 3 0 0.3 16 101 1 75.5 S7 77.:8
926 185 35 ¢ 8 0 0.3 6 103 1 80.4 98 81.3
927 1625 35 0 9 0 0.3, 5105 1 78-.0 9€ 78.9
928 3065 35 0 9 0 C.3 5 106 1 76.9 98 77.8
926 200 28 0 8 0 0.2 10 165 1 79.8 99 80.73
927 1640 28 0 9 0 0.2 10 104 1 -79.3 96  79.8
928 3080 28 0 9 0 0.2 10 107 1 79.9 96 8C.u
1003 180 128 0 9 0 0.4 13 105 1 74.4 92 30.0
1004 1620 128 0 8 0 0.4 11 105 1 74.0 93  79.2
1005 3060 128 0 7,0 0.4 11 103 1 73.4 93 78.6
1003 150 32 0 9( 0 0.2 9 105 0 76.¢€ S€ 75.3
1004 1590 32 0 .8 0 0.2 9 105 0 78.9 98 80.1
1005 3030 32 0 7 0 0.2 8 107 0 76.5 1C1 75.7
1003 215 38 0 9 0 0.3 12 102 -1 78.5 37 80.5
1004 1655 38 0 8 0 0.3 12 104 1 76.7 97 78.7
¥ 1005 3095 38 0 7 0 0.3 12101 1 75.3 97 77.6
10603 262 25 0 9 0 0.3 15 104 0 73.4 g3 31.8
1004 1702 25 0 8 0 0.3: 15 103 0~ 70.1 86 81.3
1005 3142 25 0 7 G 0.3 151017 0 -67.7 .86 78.5
1003 220 40 0 9 0 0G.4 10 98 1 87.7 108 80.9
1004 1660 40 0 8 0 0.4 g 95 1 8%.6 110 81.3
&05 3100 “ 40 o0 7 0 0.4 9 99 1 80.7 102 76.8"
1003. 190 43 o0 9 0 0.3 5 103 1 85.5 167 79.3
1004 1630 43 0 8 0 0.3 5 100 1 86.7 108 80.0
1005 3070 . 43 0 7 0 0.3 - 4 101 1 €0.4- 106 75.7
1010 55 35 0 € 0 0.3 5109 1 79.4 . 98 80.3"
1011 1435 35 0 7 0 0.3 5 104 1 73.8 -93 78.6
1012 2875 35 0 6 0 0.3 5 105 1 '

75.4 - 96 78.0



Appendix G (cont'd)

A )(1 X5

<
><
=~
><
(8]
><
()]
(9o

X;  Xg C Xq Y

o9

6C.9 101 8C.0

1010 252 19 0 8 0 0.5 10 104 1.
1011 1€92 19 0 7 0 0.5 10 105 1 77.0 97 °79.7
1012 3132 19 0 6 0 0.5 11 104 1 78.1 .9e 79.¢
1010 235 96 0 8 0 0.3 13 103 1 70.86 88 480.0
1011 1675 96 0 7 0 0.3 1z 162 1 71.3 8% 79.3
1012 3115 %% 0 6 0 "0.3 12 102 1 70.7 -89 78.7
1010 180 43 -1 8 0 0.3 5105 1 81.2 1C1 80.3
1011 1620 43 1 7 0 0.3 4 101 1 83.8 106 79.0
1012 3060 43 1 6 0 0.3 4 1C6 1 78.1 100 77.9
1010 165 28 0 8 0 0.3 10 106 1 61.%5 101 86.5
10171 1605 28 0 7 06 0.3 10 105 .1 81.0 100 80.4
1012 3045 28 0 6 0 0.3 11 103 *1 80.6 102 78.3
10100 180 25 0 8 0 0.3 4 100 0 61.2 7 78.9 ',
10171 1620 25 0 7 0 0.3 4 103 0 62.1 77 30.1
1012°3060 25 0 6 0 0.3 4 95 0 62.6 79 8.4
1010 180  9¢ 0 8 0 0.3 13 103 1 74.6 93 79.5
1011 162C 96 0 7 0 0.3 13 103 ¥ 74.6 93 79.4
1012 3060 96 0 6 0 0.3 13.101 1 76.9 97 78.5
1017 165 24 0 8 0 0.4 9 105 1 79.0 §g 79.2
1018 1605 24 0 11 0 0.4 8 106 1 75.5 7 37.4
1019 3045 24 0 11 0 0.4 8 105 1 77.6 98 78.4.
1017 170 40 0 8 0 0.3 22 102 1 81.2 99 81.7
1078 1550 40 0 11 0 ‘0.3 22 103 1 89.1 100 79.9
1015 2990 40 0 11 0 0.3 20 102 1 80.2 100 30.0
1017 153 43 0 8 0 0.3 5102 1 85.7 107 79.7
1018 1593 42 0 11-0 0.3 4 107 1 84.3 108 77.7
1019 3033 43 0 11 0 0.3 .4 105 1 80.5 104 7T7.2
1017 160 40 0 8 0 0.6 6 101 C 83.8 101 82.5
1018 1600 40 0 11 0 0.6 6 104 0 "79.2 98 80.0
1019 3048  4C 0 11 0 0.6 6 103 0- 82.6 103 99.9
1017 145 128 .0 8 0 0.6 10 103. 1 87.8 103 80.7
1018 1585 128 0 11 0 0.6 9 106 1 82.4 103 5.7
1019 3025 128 0 11 0 0.6 9 104 1 87.9 113 77.2
1017 1300 32 0 8 0 0.7 5103 0 77.7 98 79.0
1018 1570 32 0 11 0 0.7 5 104 0 75.7 95 79.1
1419 3010 32 0 11 0 0.7 5 162 0 70.3 93 75,2
1017 180 38 0 8.0 0.3 12 103 1 §€1.8 100 81.2
1018 1620 38 0 11 0 0.3 12 103 1 78.9 95 79.1
101973060 ~ 38 .0 11V 0 0.3 12 104 1 76.0 96 78.7
1024 165 43 0 A 0 0.3 S5 99 1 83.8 104 80.0
1025 1605 43, 0+ S -0 0.3 4 102 1 3.7 104, 80.2
1026 3045 43 0 /4 0 0.3 4 103 ‘1 83.1 106 78.0
1024 875 32 0 /4 0 0.6 7 167 0 74.9 94 7T9.4
10251695 32 0. 5 0 0.6 6 106 0 71.7 92 717.9
1026 3055 32 0 4 0 0.6 ‘6106 0 73.4 S2 79.7
1024, 280 28 1 4 0 0.4 8 102 1 g6.5 1C6 81.5
1025 1720 28 A4 5 0 0.4 38 104" 1 83.3 103 80.2
1026 3160 28 1 4 0 0.4 7104 1 81.9 104 78.5-



Appendix G (cont'd)

A Xy X X3 Xy X5 X B X7 Xg € Xg .Y
1024 220 51 4 0 0.4 10 105 o 75.3. 93 80.¢
1025 1660 51 5 0 0.4 10 10¢ 75.7 95 79.5
1026 3100 51 4 0 0.4 10 104 73.3 93  78.0
1024 2590 45 4 0 0.5 3 93 161.7 121 83.7
1025 1690 45 5 0 0.5 9 9y, 101.5 " 126 g0.2
1026 3130 45 4 0 0.5 8 97 99.9 124 g0.y4
1024 260 24 4 0 0.3 9 102 83.4 101 g2.1
1025 1700 24 5 0 0.3 9 99 84.0 103 80.s8
1026 3140 24 4 0 0.3 8 102 86.8 108 80.1
1024 195 51 0 0.3 12 103 79.8 100 79.¢
1025 1635 51 5 0 0.3 11 103 79.1 101 7822
1026 3075 51 0 0.3 11 102 79.9 102 78.3
1024 265 25 0 0.3 15 103 81.9 99 8z.u4
1025 1705 25 0 0. 15 105 77.4 <7 79.4
1026 3145 25 0 0. 14 104 78.9 "g¢. 74,5
1031 150 25 1 0. 15 102 71.6 86 83.3
1101 1590 25 1 . 15 103 71.2 88 80.1
1102 3030 25 1 . 15 102 69.9 88 - 79.1
1031 155 28 ] . 12 105 79.4 98 80.3
1101 1595 2 1 . 10 105 80.1 100 79.5
1102 3035 28 1 . 10 103 78.6 101 77.3
1031 1890 32 1 7 104 . S4 7¢9.a
1101 1620 32 1 7 104 93, 78.6
1102 3060 32 1 6 103 -S4 76.2
1031 165 43 1 5 98 107 77.5
1101 1605 43 1 4 100 109 78.7
1102 3045 43 1 4 106 104 76.5 .
1031 180 g6 1 14 100 92 78.9
1101 1620 96 1 13 103 86 78.3
1102 3060 96 1 13 101 87 76.¢
1031 160" 128 1 9 106 97 - 79.4
1101 1600 128 1 9 104 96 79.%6
1102 3040 128 1 8 104 $7 77.4
1107 120 48 1 7 100 , 104 80.8
1108 1560 48 1 7 98 104 76.1
11¢9 3000. 48 1 7 100 97 80.0
1107 100 u4s 1 12 101 87 80.2
1108 1540 48 1 11 101 92  80.¢6
1109 2980. 48 i 11 100 94 7H.2
1107 145 43 1 4 105 103 80.3
1108 1585 43 1 4 101 110° 78.3
11C9 3025 43 1 5 102 105  78.3
1107 195 2% 1 3 101 95 82.9
1108 1635 25 1 3 101. 93 80.4
1109 3075 25 1’ 2 102 94 77.9
1107 190 51 1 5 104 %6 81.8-
1108 1630 S1 1 5 107 87 B80.9
1109 3070. 51 1 5 105 96 80.1

£
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Appendix I
LIST OF DATA USED IN THE PHASE 2 REGRESSION

Number of hogs in each load

Time from assembly to slaughter (hours)

Distance from farm to plant (km)

Fatness (index average of a load) A

Liveweight (average liveweight of a load, kg/hog)

Yield (avekage load carcass weight/average load 1iveweight)x100

Xl Xy A Y X3 - X

4
26 571 12 78.44 10G. 67 109.58
26 587 12 £0.05 99, 25 102.75
Z€ 595 z28 83.21 97.93 104.79
27 555 65 82.03 104.06 90.57
27 563 10 73.49 103.00 1060. €0
27 531 16 7€.79 10 1. 56 101444
27 555 75 80.67 102. 35 S4,35
27 612 7 ¥ i . 97.71
25 555 10 wn-99.70
2% 563 10 - $59.30
26 571 12 113.00.
26 531 S , 110.78
"27 531 7 77.39 96,71 99,14
27 620 33 - 89.48 100.06 93.03 "
Z27 531 S 77 .43 102,33 50.67
27 563 31 85.51 103.52 . 94 .94
27 563 4y 79.09 105. 43 94,52
28 528 9 6§1.23 166. 00 $8.78
- Z€ 571 16 78.37 98. 10 83.40
26 563 26 75.92 103.35 99.23
26 531 3 78.29 98.00 93.567
26 579 1718 73.34 101.95 111.18
26 531 30 - 80.77 102.53 88.90
26 620 ™ 63 82.61  102.27 101.22
2€ 555 35 79.27 104,83 104,71
26 603 6 . 73.66 . . 99.83 79.33
2€ 571 1 75.46€ . 101.27 - 89,45
26 547 39 7Y 34 103.49 102.79
2¢ 571 12 80.65 99.50 113.33
27 563 5. 76.24 106.60 85.20
27 555 g9 77.47 103.67  .108.78 .
27 620 5 76. 20 1CCab0 90.60
27 563 10 79.85 -+ 100.10 104,70
27 571 2 7902  102.00 95.00
27 531 14 77.82 103. 36 100. 43
27 555 22 81.49 103.64 99, 36

27 531 12 77.80 104.83 . 98.58



Appendix I (cont'd)

77.50

)(1 v X2 A Y )_(3 X4
28 539 T2 76.66 97.50 106.50
28 53¢ 3 72.98 103.33 .98.00
28 536 6 78.00 9¢.33 105.83
Z& 531 11 77.80 103. 36 94 .82
2€ 531 3 80.69 102.00 104 .00
28 555 21 73.01 1064.57 96,52
2 571 4 7662 102.75 99.7%
21 547 21 79.70 102.52 99,76
21 571 2 78.22 102.5¢C 92.50
2z 603 13 78.70 95,77 87.92
22 587 5 79.77 161.380 105.20
Zz 528 12 80.09 99,50 102.42
23 563 30 80. 10 101.97 $52.67
23 547 2€. 84.00 $7.27 105. 88
23 547 5 78.43 103.80 101.60
23 531 14 77.56 93.71 99\ 43
22 636 3% 82.12 100. 51 103.66
23 555 1 83.85 107.00 96,00
23 563 4y 82.72 103.23 98.43
24 53y 4 77.85 102.00 107.50
24 523 3 82.09 92.33 110.33
21 666 8 81.96 102,25 © 85,75
26 63b 6 79. 30 1C4.50 96. 900
2€ 525 5 77.21 96,40 108.80
27 612 71 86.21 102.08 98.18
27 620 33 86.31 101.58 93.45
27 563 28 8C. 65 103.39 . 94,93
27 571 - 50 78, 24 101.60 85.26
2€ 563 35 79.68 102,23 S4 .60
27 555 4 78.17 - 99.75.° 107.50
26 563 . 10 "78. 86 162.00 101.60
26 S47 43 79.08 101. 86 98,09
26 517 2 75.60 . 102.00 111.00
25 587 6 77.82 93.00 99,67
25 612 2 81.52 {55.50 108.50
25 563 10 81.53 €2.20 94,30
25 612 10 74.81 99. 40 107.50
25 555 10 80.34 100.60 98. 80
25 547 15 80. 27 2101.13 95. 80-
25 620 4 76.46 100.00 96.25
25 563 n 81.49 101. 25 100.75
25 587 12 79.23 - 99,75 96,75
24 518 15 80.75 1€1.00 92.2C
24 547 11 76.48 59. 18 92.36
24 - 531 8 77.55 97.63 . 109.38
24 —555 © 31 83.78 161.39 95, €8
24 518 15. - 80.72 100.47 . 94,93
24 563 10" 76.59 104,20 105.60
27 628 33 84.15 104.52 £9.33
28 563 10 103.00 91.60

—~
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T 84.37
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g

t
)

X, X, A Y X3 X,
28 555 4y 20.73 1C4.36 $9.57
28 571 35 79.32 104.77 95.37
29 531 7 80.95 S 103.71 95. 86
29 555 40 80.08 105.07 95.57
24 346 44 79.60 107.05 96 . 64
23 335 14 79.08 105.07 95.71
23 515 3 79.72 103.26 87.68
zz 378 30 79.75 102.93 105. 17
21 330 9 79.10 - 104.22 95-.78
21 362 20 78.79 103. 10 92.95
20 3¢2 18 78.38 104. 41 96. 33
21 338 15 79.52 104.00 92.33
22 327 12" 78.08 101.75 ~ 87.33
21 327 12 -79.0°% 100.17 86.17
21 351. 8 78.35 102.13 35.38
20 515 - 37 79.83 102.00 91.41
z2C 410 26 80.56 103. 81 83.96
15 362 19 8G.89 100.79 95.47
18 381 30 75.01 104. 6 102.50
2€ 475 2 €4.71 92.07 91.70
26 370 14 78.45 "102.07 95.57
z€ 330 29 78.73 102. 38 97.34
26 426 52 80.66 104. 50 93.56
27 386 12 75 . LG 100.83 96. 50,
27 459 33 €0.53 102.82 89.55
25 354 7 76.20 101.71 90.57
25 348 30 78.28 1032.73 S%. 60
26 451 41 79.28. 102.78 98.93
25 354 18 77.65 102.78 87.72
25 393 3 77.01 104.67 103.67,
25 351 8 80. 74 105. 13 . 97.13
24 34¢ 3 81.01 88.67 4 137,00
23 426 >3 76.90 102.23 96 .61
24 201 23 78.04 96. 35 ; 88. 04
24 257 10 ~80.05 99,80 107.60:

. 24 185 14 8G.98 99.93 99,79
25 241 10 76. 32 $7.20 . 98.90
23 180 g 77.83 103.88 104 .25
24 233 4% 80.31 1032 35 ©97.78
24 238 36 79.39 - 99.94 . 84,19
24 188 . 25 79.12 100.20 97.72
27 193 1 g2.78 91.0d 128,00
27 185 7 78.33 101.71 83.14
26 257 30, 82.51 ., 102.53 92.03
25 266 32 £€2.33 104.88°  ° 95,16
24 249 21 80.15 100,29 87.u48
24 180 . 31 78.36 102,42 87.32
z4 190 21. 79.39 102,10 - ' 92,43 "
24 217 30 78.98 102.80
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