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ABSTRACT

This study investigated the suitability of the avail able
nodels in representing the pattern of mlk production of
Bunaj i, Friesian and Friesian-Bunaji crossbred cows in
Ni geria. The nodels evaluated were Gamma, Modified Ganma and
the Inverse Pol ynomal functions.

Five hundred and eighty-four |actations were used. These
conprised of 205, 111 and 268 records fromBunaji, Friesian
and Friesian-Bunaji crossbreds. The |actation records covered
a period of 18 years and the records were fromcows 1in the
first five parities. Each lactation was fitted to each of the
nodel s. The curve and production indicators nanmely initia
week average daily production (initprd), peak week (pwk),
peak production (Mprod), persistency (S) and t ot al
production per lactation (Tprod) were obtained for each
nmodel . These paraneters were subjected to |east squares
anal ysis considering parity, |actation |length, season and
year of calving as factors. A conbined analysis was al so
undertaken for the breeds incorporated as additional factor
to evaluate the effects of the curve and production
par anmet ers.

Multiplicative factors were devel oped for estimating 44 week
(305-day) production for each breed.

Results showed the average lactation lengths for Bunaji,

Friesian and Friesian-Bunaji crossbreds were 32, 50 and 36

weeks, respectively. The average mlk production per



|actation varied between 928-1010 kg for Bunaji, 3800-4300 kg
for Fri esi ans and 1860- 2000 kg for Friesi an-Bunaj i
crossbreds. The average initial week daily productions were
4. 69, 8.39 and 8.69 kg while the corresponding peak
productions were 6.4, 18.9 and 11.4 kg, respectively.

The observation showed that Gamma function was the nost
sui tabl e when conpared to other functions. The function had
t he | east deviations conparing the observed wth t he
estimated for each breed. Also, the function estimated the
production paraneters wth a higher precision conpared to
others. The Co-efficient of determnation (R?) was highest
under the Gamma function. The values were 84% for Bunaji, 74%
for Friesian-Bunaji and 68% for Friesian cows. The values
obt ai ned using the Inverse polynomal functions were 70% for
Bunaji, 61%for Friesian-Bunaji and 52% for Friesians. Val ues
under the Mddified Gamma function were relatively closer to
those of Gamma function. Miltiplicative factors obtained
using the Gamma function were found to be nore precise than
t hose based on the other two functions.

Bunaj i and Fri esi an-Bunaj i crossbred cows had
significantly (P<0.05) higher persistency than the Friesian
COWs. This is due to the higher adaptability to the
environnment by the two relatively nore indegenous breeds.

Sone factors were found to have effects on t he
production pattern of the cattle in Nigeria. These included
breed, parity, lactation |ength,season and year of calving of

the cows. Fur t her nor e, all the factors enunerated above had

viii



effects on the persistency of mlk production.

Prom this study, the phenotypic correlation between the
curve and the production paraneters showed that the initial
week average daily production and the peak producti on
correlated very highly (P<0.001) with the total production
This therefore could be a useful and readily available tool
to be wused in culling low mlk producing aninmal from the
her d.

Finally, as a result of the relatively short [lactation
length observed in Bunaji and Friesian-Bunaji crossbred cows,
it is possible and practicable to enbark on early re-breeding
of these breeds of cattle to boost the mlk production as
well as increasing the herd size provided there is a

correspondi ng inprovenent in the nanagenent.
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CHAPTER 1 w_,»u:;,u
INTRODUCTION

The study of milk production and the pattern of
production has been of great interest to many people
particularly the animal production specialists or scientist
as well as dairy farmers. Several efforts have been made
towards studying production pattern in ruminants especially
cows and this entailed representing the pattern of milk
production using some mathematical formulae (Brody et al
(1923), Wood (1967) and Yadav et al (1977))

Models can be defined in different ways. To the
Mathematician, a model is defined as simply the
representation of some phenomenon using mathematical
equations. The factors in the phenomenon or process are
represented in the equations. A model could also be defined
as a formular that can be used in obtaining the value of some
quantity given that some known values are to be used in the
calculation. For example, given the age and the weight of an
animal from birth to puberty taken at monthly intervals, one
might want to estimate the relationship between the weight
and the age. Such a mathematical representation of the
relationship between the weight of an animal and the age will
be regarded as a model. Furthermore, a Scientist or a farmer
may want to know the change in the amount of milk produced by
a cow as the days in milk increased. A mathematical way of
representing such a relationship is generally referred to as

modelling.



The rate of milk production of a cow has been observed
to follow some pattern. For instance, Sturtevant (1886)
observed that the fall in milk yield with time decreased from
month to month. Generally, once a cow's milk yield starts, it
gquickly attains an optimum and then diminishes gradually as
the lactation progresses. The pattern of milk flow 1s also
unique to each cow. In other words no two cows have the same
pattern of milk production in their lactation. There 1is
usually some element of individuality in the production
pattern as well as between parity. Because of this
individual differences observed in the pattern of production,
efforts have been made to obtain a mathematical expression
that can be used to express the relationship of milk
production with time for different situations that the cows
may be subjected to, for example changes in management. This
mathematical expression has been found to be a valuable tool
in both nutritional, breeding as well as physiological
studies. For example, it has been possible to compare the
pattern of production before the application of a given
treatment with the pattern of production after the
application of same treatment. Under such experiment, the
animal becomes its own control implying that any difference
noticed in the pattern of production can comfortably be
attributed to the effect of the treatments imposed on the
animal .

Models can also be used to predict the production for

partial or entire lactations. The principal uses of extended



records are to rank all cows in a herd on the estimated
producing ability by placing all lactations on a common basis
of 305-day production. They are useful in the evaluation of
sires by all daughters that started a lactation.This helps to
quicken the genetic evaluation of the breeding animals.
Generally, extended incomplete records can be used to project
what a cow will produce in a lactation while that lactation
is still in progress. Early information would facilitate
selection prior to the completion of a lactation. Presently,
selection of a bull on the performance of his offspring 1is
delayed until several of his daughters have completed at
least one lactation. Projections of records still in
progress could reduce the time needed to prove a sire,
Examples of wuse of part lactations for development of
multiplication factors to estimate full lactation yield
includes the works of Madden (1955), Wood (1969, 1974),
Kellog et al (1977), Schaeffer et al (1977), Keown and Van
Vleck (1973) and Abubakar and Buvanendran (1981).

Wood (1968) successfully used the curve parameters to
compare the sire-daughter groups for persistency. The use of
lactation models for extension in dairy management has become
of great wvalue in well established dairy industries. For
example, the Milk Marketing Board of Great Britain used a
modified version of Wood (1969) method of extension. Their
technique used a curve resulting from predetermined parameter
estimates to compute the total production for the cows after

correcting for seasonality of production. Furthermore, Wood



(1974) suggested a technique wusing the Gamma curve to
estimate total production from a single days yield after
obtaining some predetermined parameters for the function. The
parameters from the model, have been found to have some
biological interpretations. Wood (1969) gave the full
interpretation of how the persistency is calculated from the
curve parameter, evaluation of peak production and the week
at which the peak is attained. He explained that, the first
parameter "a" measured the general level of production
whereas the other parameters of the Gamma function measure

the rate of rise to the peak b, and rate of decline from the

peak ¢ of the curve.

PURPOSE OF STUDY
The objectives of this study are:

B The evaluation of the available models using the milk
production records for the indigenous breeds of cattle
(Bunaiji), exotic breed (Friesian) and the
Friesian-Bunaji crosses 1in order to assess the
suitability of the models on daily milk yield and other
productivity parameters such as; initial week average
daily production, peak week which is
an indicator of peak production and peak production,

ii. Estimate total milk yield from part records (early
lactation) by development of factors for each breed,

iii. Determine the most suitable model that can be used for

the indigenous cattle for milk production prediction



iv.

using one day's yield taken at weekly, monthly intervals
and bi-monthly

Determine the factors that affect the curve
characteristics and production indicator wviz, initial
week production per day, peak production, total
production per lactation for the three categories of

cattle.



CHAPTER 2
2.1 LITERATURE
The study of the pattern of milk production in cattle 1s
as old as the dairy research itself. Interest and research on
the subject was first recorded by Sturtevant(1886). He
expressed the falling of the milk yield with time as a
percentage decrease from month to month. His work and
results became the foundation for more ideas in the study of

milk production pattern.

2.11 Grady (1917) and Mclandish (1924) used this idea
but introduced a modification. They considered the first
month production as the standard. They went further to
express the succeeding months yield as a percentage

difference from the first as the lactation progressed.

2.12 Sanders (1923) however used the ratio of the total
lactation yield to maximum daily yield. Correcting for the
differences in month of calving, he got what he called "shape
figure" and defined it as the pattern of production. This was
considered as the first representation of milk production
graphically or pictorially. The advantage of this approach
was that it made it possible to describe each lactation by a
simple mathematical expression which was found to be high if
the vyield was maintained near the maximum and low when the

yield dropped rapidly.



2.13 Ellinger (1923) used the ratio between gross
production 1in the second week to that in the first 10 weeks
sections of the lactation period.

2.14 Brody et al. (1923 a,b) are generally considered as
the first to describe the pattern of production
mathematically using an exponential equation given by :-

My = Mo Exp [ -kt]

where Mt 1s the production during any month t and My is
considered as the theoretical value of the milk flow at time
of parturition. k was defined as persistency. Brody and his
colleagues applied this equation to average yield records
obtained from several animals and for several breeds to
obtain a representation for the herd. This model had several
criticism, the first of which was that it did not take into
consideration the inclining and declining phases as observed
in milk production. This made the biological interpretation

of the parameters difficult to explain.

2.15 Brody et al. (1924) suggested a modification to
their earlier model as a result of the criticisms. The
modified model was;

Ye = A exp [kat] -B exp [-kat]

Where A, B, Ki, K are parameters to be evaluated and yt
is the yield at time t. The modified model now has the
inclining as well as the declining phases represented by the

parameters ki and ka2 respectively while A-B measured the



production at time of parturition. Despite the modification,
not much has been done with the model using real data.

2.16 Turner (1926) proposed an exponential model similar
to that described by Brody et al (1923, a,b). He described
the rate of decline in production as a percentage of the
preceeding months in production. Not much was done further

using the idea because no model was given.

2.17 Gooch (1934) suggested another exponential model

given by: Yr = a exp [bt]

where Yy is the milk production at time t, parameter 'a
was considered as the initial production at parturition
(theoretical), whereas exp [b] is a rate factor measuring
persistency which is a measure of the maintenance of the peak
production. The larger the value of b, the higher the
persistency. Not many people seemed to have used Gooch's

mode]l because of similar criticisms as for Brody's models

discussed above,

2.18 Robb (1940) introduced another model which 1is a
modification of Gooch (1934) by the introduction of term
that is quadratic in time t to give:

Yt = A exp [Bt + Cct?2]

Where Y¢ is the yield at time t and A is the yield at
time of parturition while B and C are parameters indicating
the inclining and declining phases of the model. Not much was

done with the model until the re-introduction of the model by



Sikka in 1950, The model is referred to as “Parabolic"
exponential model. The model tco has not been used
extensively and perhaps may be because there is no

biolaogical interpretation for the parameters toc be estimated.

2.19 Vujic and Bacic (1961) proposed another exponential
mode]l defined as | | |

Yy = tn 8 exp [-nt]

Where yt is yield at time t and with parameters n and a.
n is a function of initial production while a measures rate
of change. A major short coming of the model is that at any
particular time t, the estimates of n and a are required tc
be evaluated thus making the evaluation more cumbersome and
unreliable and hence made it less attrative than the
ealier proposed models. ;

ﬁ.éﬁ Nelder (1966) decided to deviate from the
exponential families by proposing a useful group of
multifactor response functions this time from the polynomial
family. The quadratic form of the model has been applied to
lactation data. This model is called Inverse polynomial and
is defined as; |

Yiv= t[Bo + Bat + Bzat2}-12

Where the parameters are Bo, By and B2 and ¥y 1is the
production in time period t. The parameters Bo describes the
constants for the rising phase, Bi as the average slope of

the curve and B:; describes the declining extremes. This model



has been used more extensively by researchers than other
models. The week o©f peak production was computed as
[Bo/B2]'/2 while the production at that week was estimated as
[2(BoB2)1/2 +By] 1.

S8ingh (1973), Yadav et al. (1977) used the model to
compare lactation production of different classes of animals.
Yadav et al. wused the inverse polynomials to compare the
lacation curves of Harianna and its Friesian crosses. They
defined Both found that Nelder's inverse polynomial model

was superior to Wood(1967) in the R?2 values.

2.21 Wood (1967) proposed a model from the exponential
family generally referred to as Gamma distribution. The
model is defined as;

Yt = A t®P Exp [-ct]
where,

A, B and C are parameters and Yt is the yield in the tth
week. At parturition, the milk production is theoretically A
while B and C measure the rate of rise and decline from the
peak,respectively. He further proposed that the total vyield
is represented by

Y = AC (Btl) T(b+l)
and the yield to week t is given by

Ye = A Sot tB exp [-ct] dt which can be evaluated
where 8 is an intergral for t between zero and infinity
using the tables of incomplete Gamma function. He also

provided biological interpretaion to the parameters. This
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included: the week of peak production which was defined as
the ratio of the two parameters given by
tpeax = [B/C] while the maximum production at that week

was defined as

Yeeak = A [B/C]® exp [-B]

Froh this %cdellhe bbtaineﬁ anothér parameter which he called

"persistency” S which he defined as the extent to which the

peak is maintained. The parameter is represented by
S = - (b+l) logs C.

For simplicity, the proposed model can be transformed by

logarithmic transformation into a form represented by

loge {Yt) = loge (A) + loge (t) - ct

The form makes it possible to perform a straight forward
multipie regression analysis. The estimates of thL
parameters were obtained by least squares procedure which
is another important feature of the model. Furthermore, Woo
(1977) gave details of the model's capability for biologicaf
Interpretation. The model has been used with other models to
fit lactation curves in different breeds of cattle (Kellog et
al, 1977;:; Cobby and Le Du, 1978; Rao and Sundaresan, 1979h
Abubakar and Buvanendran, 1981, Rowlands et al, 1982 and
Mechana and Ruiz (1987). Madsen (1975) used the model's
computational procedure for measuring persistency so that he

could compare with other methods of measuring persistency of

milk production. He found that the other methods compared

11



favourably with that of Wood.

2.22 Kuck et al. (1976) proposed another model which was
a modification of Wood (1967). The difference is that the
new model had taken account of the effect of season on
lactation curves.
The new model was defined as,

loge (Yt) = Loge (A) + B loge (t) + ct + D
The parameters A,B and C represent same parameters as for
2.21 where D = U 8in (x) + V Cos (x) and Sin (%) and Cos
() are trigonometric functions to account for the c¢ylic
effects of season. The day of the year expressed in radians
is denoted by x. Not many researchers have used the model:
The general comment about the model is that there may be no

differences between Kuck's and Wood's models.

2.23 Schaeffer et al. (1977), proposed another
non-linear model which requires the estimation of six
parameters.The model is defined as

Yij = A exp (-bi(i-to)) [1 - exp (-B(i-te))] / B exp (Eij)
The parameters are A, B, b1, to
Where Yij is the amount of milk given on the ith day of the
lactation of the jtb cow. A 1is associated with general
production. B is the slope of the lactation curve during the
increasing production state, b1 is the slope during the
decline in production after peak, to is a "lag time"

parameter and may indicate when a cow's udder begins to
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lactate prior to calving. Eij is a residual effect which 1is
defined as exp (ri 8in (ip)) where r represent the amount of
periodic effect in a particular set of records. i Sin (ip) is
a periodic effect observed in the initial analyses and also
by EKuck et al(1976) and corresponded biologically to a
seasonal effect 1in the curve. The p is 2n divided by the
length of the period which could differ among lactations
groups.

The above model was applied to Holstein and Jersey cows
in Canada. The range of the R? was observed to be 62-99% for
animals with greater than 3 lactations. The conclusion from
the study showed that the non-linear model is as good as the
Wood's or Kuck's model. The only difficulty in the wide
acceptability of the model was that there were two many
parameters required for estimation. Furthermore, in an
environment where the facilities for computation are lacking,
it might be difficult to use. That perhaps might be the

explanation why many researchers have not used 1it.

2.24 Cobby and Le Du (1978) introduced another model
defined as;

Y¢r = A (1-Exp(-kt)) -Bt
where

Yy is the yield at time t. The yield at parturition is
A (theoretical). They used the model and compared it with
twe other models which were variants of Wood (1967) meodel.

They argued that Wood's model gave unsatisfactory estimates

13



of the parameters. They further recommended a weighted least
squares estimation of the parameters. Their study showed that
their model was as good as Wood (1967). They attempted
giving the equivalent curve characteristics to the model.
The peak was estimated as:

tp = -loge (B/BRk)/k and the production tended to be a
straight 1line Yt = A - Bt after peak, giving B kg/week at
the rate of decline of milk yield and A/B weeks as the length
of the lactation. They also observed that their estimate of

peak week was consistently less than that from Wood (1967).

2.25 Dhanoa and Le Du (1982) made a break away from
exponential models for a new model which has been an 1idea
suggested earlier by Grady (1917). Grady stated that milk
yield at a given stage of lactation is largely determined by
the vyield in the preceeding stage. The authors built up on
the idea to suggest a time series model which was given as

Yo = n (Mo - Mit) + (1-n) Ye-1 t >1, and 0 < n <1
where Y¢ and Y¢-1 are the current and preceeding milk yield
in kg/week and the constant n estimates the fraction by which
the milk yield adjusts to the level at the next stage. The
fraction (1-n) by which the yield persists at the preceeding
level was used to define the measure of persistency which was
given as;

P = (1-n) Mo /M1
where My is the rate of decline in kg/week and Mo is a

constant. Dhanoca and Le Du (1982) compared the time series
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model with Wood (1967) and Cobby and Le Du (1978) models.
They used the model for the representation of milk production
and to evaluate the liveweight changes and dry matter intake
of lactating cows as Wood (19789). Their result had a very

good agreement in the coefficient of determination (RZ).

2.26 Rowlands et al. (1982) used a combination of Cobby
and Le Du (1978) and other models with the variants of Wood
(1969) models. They used the following four models to
compare the milk yield of some cows.

(i) loge (Yr) = loge (A) + B loge (t) - Ct Transformed

Wood(1967)
(1i) Ye = A tB Exp (-Ct) - Wood(1967) (Untransformed)
(iii) Y¢ = A Exp [-pt] - A Exp [-qt] variants of Brody
et al.(1924)
(iv) Yo = A - Pt - A Exp (-q't] variant of Cobby and

Le Du(1978).

In their study, they concluded that the untransformed
model (1i) fitted the data slightly better than models (iii)
and (iv) while model (1) was worst than either of the other
three listed above. Discussing the advantages of each, they
stated that models (i), (ii) and (iv) were found to have
under-estimated the peak production while (iii)
over-estimated and model (ii) provided the best estimate of
the peak week. None of the models provided the best overall

estimation of the curve characteristics.
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2.27 Badner and Anderson (1985) used variants of Wood
(1967) and Nelder (1966) models. They compared five
different models defined below by Marquardt's method of

non-linear regression procedures, The models are

Yt = a tP» exp (-ct) + et - Wood's
Ye = a td exp [~t + dt0-3] + et

Yo = a tP exp [ -ct + 5ct0.3]

Yt = t/[a+bt + ct2] - Nelder's
Yv = t/{atbt + ct2 + dt?]

Where a, b, ¢ and d are parameters that have interpretation
as for the original models. Model 1-3 are variants of Wood
(1967) model while 4 and 5 are variants of Nelder's (1966)
model , No significant improvement was observed over Wood's

model from their result.

2.28 Hayashi et al (1986) proposed the use of
Oscillation models in the representation of lactation curves.
They stated that milk production can be compared to the
pattern of motion of a particle subjected to a transient
acceleration. The proposed model was thus defined as;

Yi = b [exp(-t/c) - exp [-t/ac]

Where Yt is the milk production at t and the parameters to be
estimated are a, b, ¢ where 'a' was defined as the initial
rising phase,b is the theoretical production at parturitien
and '¢' rate of decline from peak. They attempted to compute

some of the curve characteristics as Wood did. Days to peak

is defined as
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toenk = -a¢ loge (a)/(1-a) while the production at the
peak was given as b(l-a)a*/(1-a) : '
They obtained a range of coefficient of determination (R?)} of
c.68 ~ 0.96. Their resuit was said tc have compared
favourably with other proposed models, Wood's inclusive,.
Just like in Schaeffer (1977), not much has been done with

this model.

2.29 Kasonta (1988) proposed another model which is a
variant of previous exponential models, particularly Wood
{1969). This model is also from the exponential family. The
model was defined as;

T a tr exp (~ct) + d exp [-gt] + B

1

where B Z sin ({t+m))}/k

- Ye¢ presents the yield of tthk week of lactation, a, b, ¢, d,
g, m, Kk and =z are parameters which are required to be
estimated. The first term a tP exp (-ct) in the model 1is
basically Wood (1967) model. The other two terms d exp (-gt)
and Z sin ({t+m}/k)} have been introduced to give better fit.
The observation made on this model c¢an be compared teo that
made on the Schaeffer et al. {(1977) model. The model
requires too many parameters to be estimated. Results shqwed
that there was no significant difference between the R2Z vJ]ue

cbtained for this model and the values obtained from Woods

model .
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2.30 Deluyker et al (1990) proposed another Time series
model for predicting the milk production for Holstein cows.
This model used a running average. Here the newly recorded
milk production xt was compared with the forecast value based
on the average of the last few days.

et-2 = 170l B3 ® povws vvamaas se on + Xt-p]

Where Xt 1! denotes the forecast of X at time t based on the
milk yield values Xe-1, Xt-2...... The running average model
is a Stochastic model belonging to the class of
autoregressive integrated, moving average (ARIMA) models
described by Box and Jenkins (1976). The model was found to
be a suitable stochastic model to forcast milk production
which provided a useful alternative to c¢lassical linear
models for analysis of serially correlated data. It 1is
however doubtful if the parameters can be useful in terms of

biological interpretation as observed for previocus models.

USE OF FACTORS IN ESTIMATING TOTAL LACTATION FROM PART

One of the objectives 1is to estimate the total
production from part records. In literature, two methods have
been prominent in the development of factors for extending
lactation records. The two methods prominently used are the
Ratio and Regression methods. The ratio method involves the
computation of ratio of part production to total production.
This ratio when multiplied by actual production equals
estimated 305 days production. The other method is to obtain

the regression of total production on partial production.
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Both Linear and quadratic regression equations have been used
widely. Harvey (1966 ) found that the curvi-linear part of
cumulative production did not have significant effect. This
implies that the linear equation will provide a satisfactory
means of extending part production. Principal uses of the
factors are in ranking the producing ability of cows in a
herd by planning all lactations on a common basis corrected
to a 305 days. Factors can be used to project what a cow
will produce in a lactation while the lactation is still in
progress. Such early information would facilitate selection
prior to the completion of a lactation.

A second use of extended record is that it is a useful
tool in the evaluation of sires by all daughters that started
a lactation. The use of part record can gquicken the genetic
evaluation of breeding animals. Until recently, selection of
a bull on performance of his offspring was delayed until
several of his daughters had completed at least one
lactation. By the use of factors, projection of records
still 1in progress could reduce the time needed to prove a
sire by up te 9 menths if not more, Madsen (1955), Lamb
(1960, 61) and Searle (1961) have used the factors to assess
the producing ability of in order to carry out performance
testing.

The comparison of the two methods by Lamb (1960) showed
Ratio method is simple to use although from their data it
appeared to under-estimate the total production of low cows

and over-estimate that of high producing cows since it takes
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into account only the incompleteness of lactations.
Furthermore, the use of cummulative records have been found
to be more useful and widely applicable. Abubakar and
Buvanendran (1981) have also computed multiplicative factors
to assess crossbred cows producing ability,

In conclusion, the models enumerated above can be
categorised in three Dbreocad classes namely; Polynomial,
Exponential functions and Time series based models. Most of
the work done used models based on the exponential functions
while 1little has been done on lactation curves using
Polynomials and Time Series models. This might be as a result
of lack of biclogical interpretation that could be assigned

to the coefficients obtained for the Time series models.
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CHAPTER 3
3.0 MATERIALS AND METHODS
3.1 Source of data and description of analysis

The National Animal Production Research Institute which
was formerly the Shika Research Station was established in
1928 by the then Ministry of Agriculture for the Northern
Provinces of Nigeria. Shika Station is located at latitude
11 15" N, longitude 7° 32' E at an altitude of about 667 M
above the =sea level and found within the Northern Guinea
Savana ecological zone of Nigeria.

The climate is relatively dry, the rains occuring during
the months of May to September with an average rainfall
ranging between about 736- 1377 mm per year. The dry season
commences with a period of dry cool weather called Harmattan
lasting from about mid-october to February. This is followed
by hot dry weather from March to April. The mean annual
minimum and maximum daily temperature ranged between 14°C to
320C during the Harmattan and from 19°C to 36°C during the
hot season. The relative humidity varies between 17 and 35
during the dry season. The corresponding figures for the wet
season ranged between 63 - 80. Table 1 is a summary cf the
average monthly weather conditions in Shika from 1960 - 1978

the period of data collection.
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Table 1: Summary of Meteorological data for Shika from

1960-1978
Temperature(°C) Average Humidity Average Rainfall
Month Mini Maxi. [ % ] mm
January p i W j 29 7 16.8 0.56
February 16.1 32.8 15.2 0.00
March 19.4 35.0 24.2 270
April 21.3 35.3 46.8 43,60
May 2).2 33.2 62.7 101,40
June 19.8 30.5 71.3 164.80
July 19.4 28.4 78.9 231.20
August 19.3 27.6 80.5 282.70
September 19.1 29,1 75.8 194.00
October 18.2 31.2 60.3 35.50
November 15.0 30.6 27 .3 0.30
December 13.4 29.9 205 Q.05

e e O
i it e e e R

One of the major objective of the station was to produce
superior Bunaji (White Fulani) bulls to be issued to local
livestock men (Guide to Shika 1968-69). In 1962, the Station
was transferred. from the Ministry of Agriculture to the
Ministry of Animal and Forest Resources. In October 1962, it
was assigned to Ahmadu Bello University and subsequently
became part of the department of Animal Science and Institute
for Agricultural Research. It was formally upgraded to a full
fledged Institute in 1976.

The Institute has records of milk production for Bunaji
(White Fulani) and Bokoloji (Sokoto Gudali) cows dating as
far back as 1928. In 1964, the first Friesian was brought to
Shika from Vom Station in Jos. This was the beginning of
cross-breeding to - produce Friesian-Bunaji COWS . The
Institute therefore has milk production records for Bunaiji,
Bokoloji, Friesian-Bunaji and Friesian Cows.
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This study used some of these records for the period of
1960 to 1978. Records of animals wused included only those
that were not being subjected to any experiment. Furthermore,
animals that were sick during the course of the lactation
were excluded from the study.

Also, records beyond 5 lactation were not included. This
was because there were very few cows ( less than 2% ) that
had records beyond the fifth lactation because most of the
cows beyond the 5tk parity were usually disposed off. Below

is a brief description of Bunaji breed of cattle.

3.11 Bunaji Cattle

Bunaji cattle is the most common breed in Nigeria and 1is
distributed throughout the Northern States particularly 1in
the Guinea and Sudan savannah of the country within the
elevation of about 647m above sea-level. They also inhabit
the plateau areas where the ranges are up to 800m above sea
levels (Gates, 1952). Gates (1952) reported that the Bunaiji
is suspected to be from the Hamitic Longhorn cattle from
Egypt. They are believed to have migrated south from Egypt
and have spread along the North and West coast of Africa
sometime in 2000 BC. They are mostly characterised by a skin
that is white with black patches though some have black skins
with white patches. They are classfied as medium sized
because of their even temperament. They are chiefly owned by
the nomadic Fulanis and are of medium production 1in milk

yield. The production ranged between 789 - 1069 kg (Knudsen
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and Sohael(1970) and Johnson et al.(1984))

3.12 Friegians

These are well documented European breeds of cattle.
They are large sized animals and have high production in milk
yield. Their production ranged between 2000-4500 kg per

lactation Udedibie et al.(1983).

3.13 Friesian-Bunaji Crosses

These are cows obtained by either natural mating or by
artificial mating where the male is always the Friesian.
Their characteristics include their ability to produce higher
milk than the Bunaji which is of bigger size. All their
features and production patterns are between the pure Bunaji

and Pure Friesian cows.

3.2 Management of Herd

The animals were kept in fenced paddocks during the day
except time of grazing when they were out. They were brought
into the open sided roofed enclosures at night throughout the
period. Cows were milked twice per day. Cows in milk were fed
with concetrate rations composed of sorghum and bran, cotton
seed, groundnut cake, dried blood, soyabean and palm kernel
meals while sweet potatoe vines and tubers, mucuna hay,
sunflower and maize silage and dried sorghum leaves were fed

as roughage in the dry season.
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In the wet season, rotational grazing on sSown mucuna
pastures supplemented with concentrate rations was provided.
Routine treaments were carried out on the animals to ensure
the health of the animals. Finally, cows that produced less
than 2kg/day were dried off. Milk records were taken daily
for each animal. Further information on management and
performance of the three breeds of cattle has been documented

by Knudsen and Sohael (1970) and Olayiwole et al.(1973).

3.3 Assessment of models

The objectives of this study is to examine in detail the
use of three models in describing lactation curves, The
three models were compared in terms of their suitability in
describing the lactation curves from three breeds of cattle
under the tropical environments. The parameters used 1in
assessing the suitability included: the general goodness of
fit test of the models. The common yardstick was the
coefficient of determinations viz R2? (Seber, 1977). This
measures the amount of variability accounted for by the
fitted model. High R? values indicate adequacy while low
values indicate inadequacy of the model. Generally, an R? of
about 70% or above is considered to indicate a good measure
of fitness.

Another measure 1is use of the Residuals at each week
along the curve. Any observed trend in the residuals along
the curve indicates bias and subsequently could be

interpreted as inadequacy of the model (Draper and Smith,
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1966 and Seber, 1977). Apart from these general measures,
the models were also assessed by their ability to correctly
predict the location of some vital indicators observed on the

actual data. These included:

3.31 Initial Production

Initial production is the initial observed average daily
production for first week production after parturition. A
good model is expected to have high correlation between the
observed and the predicted initial week production.In other
words, irrespective of the other factors (parity, season or
year of calving of the cow) the difference between the
predicted initial production using the model and the observed

should be close to zero.

3.32 Peak Week

The peak week 1s the week at which the production of a
cow 15 highest before it declines 1in production. The
importance of peak week has been established by Wood (1969},
Schneeberger (1979) and several others. The ability of a
farmer to make accurate prediction as to the week an animal
will attain the maximum production will assist him 1in
assessing the performance of an animal in a herd and possibly
the general production pattern in the herd. If a farmer 1is
able to predict correctly, he can make forcasts about the
profitability of any given management system he may have on

his farm. If an animal is found not to be suitable such an
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animal can either be culled or disposed of. The model that
makes the most accurate prediction closest to the observed
will be assessed as the best. In other words, the
relationship between the observed peak week and the predicted
peak week should be close to unity i.e. (1.0). A bad model

will have values close to zero.

3.33 Peak Production

This 1s considered as the highest production in a week
during the entire lactation curve. It is also wuseful in
assessing the performance of an animal. It has been
established that there is a positive significant <correlation
between the initial production and peak production {(Rae and
Sundaresan;1979). Similarly, the same holds for total
production and peak production. Using this parameter and
assuming there is the possibility that the performance of an
animal can be correctly assessed then those found not meeting
up to any cut off point can be culled from the herd. The
model that provides a prediction with the least deviation

from the observed is considered the most adequate.

3.34 Total Production per Lactation

A dairy farmer's primary consideration is to be able to
get high production from his animals. The model that is able
tc make the most accurate prediction when compared to the

actual production will be more reliable, Part records can

thus be used to predict the total production of the animal.
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A model that will serve this purpose will be an asset to tﬂe
farmer or researcher. This is because the primary objective
cf ‘the development of lactation curves is to be able to
obtain a tool that will reduce the cost of regular visits to
the farmers who at times are difficult to reach. The
difficulty arises because the normads are constantly on the
move 1in search of pastures to graze their animals, Other
parameters to be used include the persistency which Wood
(1969} defined as the extent to which the peak yield 1is
maintained. Comparison of persistency between the models gan
only be made between Gamma function and Modified Gamma
models. Inverse function does not indicate how this
persistency is to be evaluated.

.

3.35 Persistency

This 15 another measure that has been found to be a
useful tool in assessing the productivity of a CoW.
Persistency, according to Wood (1967), is a measure of how
consistent a cow 15 able to maintain its level of peak
production during the entire lactation period. This parameter
was estimated for each lactation wusing the Wood (1967)
computational formula of -(b+l)loge ¢ which is a function of

the rate of rise and decline from the peak.

3.36 Coefficient of Determination {(R2)

In assessing or evaluating any model, it is necessary to

know how good the model 1is. Some measures of degree of
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adequacy of a model is achieved with the use of the above
named statistic. The statistic measures the amount of
variability that the model is able to account for. Draper
and Smith (1966) and Seber (1977) described the properties
and emphasised the danger in the arbitrary use of the
statistic. Rather the adjusted R? ie recommended since that
takes into account the number of terms fitted into the model.
Generally, a good model is expected to have an adjusted
coefficient of determination closer to (100%). The statistic
has been used in this work to evaluate the adequacy of the
models for comparison.

After computing the statistics described earlier and
corrected for differences in factors (parity,
season,lactation length) comparison between the observed and
the predicted were made to check for differences.
Correlations were also computed between the predicted and

observed for each model. These coefficients were compared.

3.4 Choice of model

As reviewed earlier, several models have been proposed.
The models were chosen not necessarily on mathematical
simplicity. The models were chosen on the basis of their
practical applicability. Models chosen must not just provide
parameter estimates but must provide estimates that have
bicloegical or practical interpretations to the users. The
second condition of choice of model is ease of wuse. For

example Seber (1977) stated categorically that there 1is no
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use fitting a model that requires estimation of several
parameters when it is possible tc fit a model that requires
fewer parameters that can equally provide precise measure of
fitness. Finally, what is being sought is a model that can
be used by Researchers with minimum problems and difficulties
in the use of such a tool and such a model must contain the
minimum  biological interpretation required for field
application.

On the basis of these criteria enumerated above, three
models given below were chosen trom the range of models

described earlier. The models chosen are:

3.41 GAMMA FUNCTION
1. Wood (1967) model which is defined as
Yo = A tB exp [-ct]

which has been tranformed to become

loge (Yt) = loge (A) + B loge (t) - ct

3.42 MODIFIED GAMMA FUNCTION
2. Kuck et al (1976) defined as
loge(Yt) = loge(A) *+ B loge(t) + ¢t + U Sin(x) + V Cos(x)
The additional parameters U and V are used 1in conjunction
with trigonometric functions to account for the cyclic effect
of season while the week of the year expressed in radians is

given by x.
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denoted 8 for persistency, initprd for initial week
production/day; pwk, for week of peak production; Mxprod for

Peak production; Tprod, total production/lactation.

3.5 Data collection and analytical procedures

Records of 584 lactations satisfying the conditions
stated earlier (i.e sick animals or those under experiments
were exempted and not more than 5 lactations) were used.
These comprised of 205 lactations from 60 Bunajli cows, 268
lactations from 69 Friesian-Bunajl cows and 111 lactations
from 39 Friesian cows.

Milk production was recorded daily while weekly
production was computed from the daily production. Average
daily production per week for Bunaji, Friesian-Bunaji and
Pure Friesian were computed from the weekly total production
for the entire lactation period.

The three models were fitted to each of the 584
lactations individually. The estimates of the parameters for
each model and predicted curve characteristics were computed
using multiple regression analysis, The residuals from each
lactation record were tested for lack of £it wusing the
standard procedures described by Draper and Smith (1966).
Furthermore, the average curve was computed by obtaining the
production of all the lactations at each week and for each
breed to obtain the average curve for each breed. The total
predicted production was computed from the sum of the

predicted daily production per week multiplied by seven for
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the entire period of lactation for each cow for each breed.
The predicted peak week and peak production were computed as
indicated for each model from the literature. The predicted
initial production for each of the models was the fitted
value at week one. Persistency was computed for Gamma based
models according to the relation described in section 3.34.

For each model, <correlation coefficients were calculated
between predicted and observed curve characteristics - such
as total production, week of peak procduction, peak production
and initial week average daily production. Furthermore, the
overall percentages of number of times the predicted week of
peak production coincided with the observed were computed for
each model and compared. This was repeated for each parity
to assess the effectiveness of each model within parity.

Finally, for each of the three breeds, namely Bunaji,
Friesian-Bunaiji and Pure Friesian, the curve characteristics
were compared loocking at the predicting ability of each
model . For instance, considering peak week, the comparison
was done by computing the proportion of data for which the
predicted is equal to the observed, less or greater than the
observed. The assessment was done generally and subsequently
by parity.

Other comparisons done included paired t-test to compare
the predicted with actual observed curve characteristics
between models and within breeds. The next stage considered
each model and evaluated or assessed the factors affecting

the curve characteristics. The factors included for each

.
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breed were effects of season and year of calving, parity or
stage of lactation, lactation length.

The curve characteristics from each model and for each
breed were subjected to least squares analysis by
considering the factors enumerated above. The GCeneralised
Linear Models subroutine of SAS (1987) package was used for
the least square analysis.

Seasons of calving were categorised as follows:

Seasons Months

Cocl Dry Harmattan December - February
Hot Dry Hamattan March - May

Wet Season June - August
Post Raining Season September- November

Similarly, the lacation length were c¢lassified into four

categories. These are:

I8 Below 26 weeks duration
2. 26-35 weeks

= T 36-45 weeks

4. Over 45 weeks.

The data included all parities up to the b5th and years
considered were from 1960 - 1978,

To assess the factors affecting the parameters of the
lactation curve under each model, an individual breed least
squares analysis was carried out. This was done by
subjecting the estimates of the predicted lactation curve
parameters obtained from fitting regression analysis to each

lactation record for each model. The same was repeated for
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the production characteristics evaluated earlier (viz, the
predicted initial week production/day, peak week, peﬂk
production, total production as well as the coefficient of
determination RZ ).

3.51 Statistical Model:

Yijxtwm = W + Si+ Lij+ Pt Q1+ eijrinm

Yij;xilm = predicted lactation curve or production parameters

on the mtd animal of the 1tb year in the kth parity in the

jt® lactation class and itk seasan.
u = Overal mean
Si = effect of the itb season where i = 1,2,3.4
Lj = effect of the jtt lactation length where 3=1,2,3,4
Px = effect of the ktd parity where k = 1 to 5
‘Ql = _effect of the 1th year where 1 = 1 n; (varied)."
eiixtm = random error assumed normally distributed witﬁ
mean 0 and variance 02,

Where Y;ikim 13 the curve characteristics {the parameters foé
each model and the predicted c¢urve characteristics fro&
models). This model was fitted for each data set, 1i.e

Bunaji, Friesian-Bunaj)i and Friesian data. Each was evaluatel
separately to assess factors affecting the curve and

production indicators.

3.52 Multiplicative factors
Multiplicative factors were developed for each model

using the method of Abubakar and Buvanendran (1981). They
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used the ratio method. This ratio was computed froﬁ. the

fitted model. The factor MF was computed as:

MF = Estimated Total . Yield
Estimated part yield during n weeks

From the curve parameters, data was generated to develop
some multiplicative factors (MF) for estimating total yields
from actual part yields during the first 4, 6, 8, ..........

44 weeks of lactations for each of the models.
|

Furthermore, the deviations between the predicted using the
factors and the observed yield were computed for the three
models. The values for different models were compared with
the actual data for each breed of cattle to assess tLe
adequacy.

Finally, a joint least squares analysis was carried out
in oder to assess the effects of breeds and other factors on
the curve characteristics notakbly the varicus parameters
from each curve, This was done by pulling the curve
characteristics together for all breeds. The model used w;s
same as before except that the breed effect was incorporated
into the model. Alsc, the year eftect was categorised into
four production periods of Pre 1966, 1966 - 1970, 1971 - 19;5

and post 1975.
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CHAPTER 4

4.0 RESULTS

4.1 Evaluation of the models using Bunaji Data

Two hundred and five lactation records were analysed and
the summary for the parameters for Bunaji data is given in

table 2 below.

Table 2?: Observed average productivity parameters for Bunaji

data

Parameter N Mean S5.E
Initprd/day (kg) 205 4.69 0.130
pwk(week) 205 4.84 0.258
Mxprod/day (kg) 205 6.39 0.815
Tprod/lact. (kg) 205 928.38 15.687
Lact length (week) 205 32.10 0.720
Daily production (kg) 205 4.13 0.282

e T e e S SR S —

?ﬁi:prd=lnitial week average daily production

pwk- peak week

Mxprod- peak production/day at peak week

Tprod-total production/lactation

The results from the table indicated that the average
total production/lactation for a Bunaji cow varied from 913 -
1007kg per lactation. The corresponding lactation length -
averaged 32.10 weeks with an average initial week
production/day of about 4.69 kg. The peak was attained after
about 4.84 weeks of parturition. This implied that the
Bunaji cow peaked between 4 - 6 weeks after parturition and
the production during that week is about 6.39%g/day.

The results for the observed production data with
respect to the total production and lactation length agreed

with the findings of Foster (1960), Knudsen and Sohael (1970)
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and recently the findings of Johnson et al (1984) who, in a
study to examine the production of Bunaji cows, found that
the production of Bunaji cows vary between 789 and 1060kg
while the lactation length varies between 31-36 weeks in
production.

The average daily production of about 4.13kg per day
agrees with that of Johnson et al (1984). However, this did
not agree with the study of Knudsen and Sohael (1970) who
obtained a value of 2,29 kg/for Bunaji cattle,

Results €from table 3 below showed that two models, Gamma
and Modified Gamma have significantly higher adjusted
coefficient of determination (R?2) than Inverse function.
Considering each of the curve characteristics 1t is observed
that the predicted average initial week production per day
for the Gamma and Modified Gamma models were closer to the
observed than the corresponding value from the Inverse
function (4.69 Vs 4.58 and 4.59 as against 4.69 Vs 3.90).

The two model 's (Gamma and Modified Gamma )
under-estimated the initial week production/day for Bunaji
Cattle. This under estimation was also observed tc a larger
extent 1in Inverse function. The under-estimation was about
17% for 1Inverse function against 2% recorded for Gamma
function or Modified Gamma model.

For peak week, the prediction from Gamma function and
Modified Gamma models over-estimated the actual average from
table 2 while Inverse under-estimated. The corresponding

deviations from the actual average are for Gamma function,
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Modified Gamma and Inverse function, respectively.

Table 3: Predicted average curve and production characterist

by functions

ica

Curve GRAMMA MODIFIED GAMMA INVERSE
Characteristics Mean S5.E. Mean S.E. Mean S.E.
Initprd/day (kg) 4.58 0.14 4.59 0.13 3.90 0.12
pwk (week) : 5.42 0.19 5.41 0.20 4.31  0.12
Mxprod/day (kg) 6.11 0.14 6.56 0.13 9.03 0.41
Tprod/lact{kg) 933,17 28,498 930.00 28.92 1006.29 35,67
Persistency ( s )} 2.93 0.036 3.66 0.05 N/A N/A
Adjusted R2 0.839 0.009 0.840 ©.009 0.70 0.013

[a/by ] 2.900 0.029 2.3000 0.033 -0.00174 +0.003

[b/bo ] 0.3902 0.Q16 0.3879 €.01¢6 0,1520 0.0131

[e/b2] 0.0729 0.002 0.0726 0.002 0.00882 0.0005
Note

Initprd=Initial week average daily preoduction

pwk~ peak week

Mxprod- peak production/day at peak week

Tprod-teotal production/lactation

a-general level of production under Gamma basedfuntions.
b-rate of rise to the peak under Gamma based functions.
c-rate of decline from the peak under Gamma based
functions. _ '

b: .bo and b2 are the corresponding parameters under the
Inverse functions parameters. : :

. . . - - |
Figure 1 is the graph of the observed and the fitted foj

the models, after correcting for the differences due to th

effects of parity, lactation length, season and year.
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figure 1
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of calvings for the Bunaji data. General level of production
for the observed was under-estimated by all the models. A
close look at the graph showed that between 4tb and 16th
week, there is an obvious over-estimation of the actual by
Gamma and Modified Gamma models. The percenltdge
over-estimation between these two periods varied from 3.1-8.4
(table 3). This was highest between 7th and 12tbh weeks for
Gamma and Modified Gamma. The variation dropped between 16th
and 24'b weeks to about 3% on average and then increased
rapidly from 8% to almost 61% in the 44*d week. Recall that
the average number of weeks in production per lactation was
about 32 weeks for Bunaiji data (table 2). Beyond the 33:d
week, the animals in milk constituted the exceptionally good
ones that could be considered as top 5% producers 1in the
Bunaji group., For the Inverse function, the pattern was
different as can be seen from figure 1. The figure revealed
that there was an over-estimation between 3trd and 8tb week
(region of peak for all curves) and then an under-estimation

between weeks 9 and 31.

41



TABLE 4:0bserved daily, fitted and deviations of models from observed for Bunaji data

MODIFIED
WEEK OBSERVED  GAMMA % DEVIATION GAMMA % DEVIATION  INVERSE % DEVIATION
FITTED  FROM OBSERVED FITTED FROM OBSERVED FITTED FROM OBSERVED

1 4.74 4.163 12.2 4,206 11.3 2,854 39.8
2 5.1 5.072 11,2 5.118 10.4 4.956 13.2
3 5.78 5.523 4.4 5.570 3.6 6.064 -4.9
4 5.73 5.745 -4.4 5.791 5 T b.411 -12.1

5 5.69 5.827 3.1 5.873 -3.9 6.319 -11.8

b 5.51 5.816 =b.6 5.862 -6.4 6.021 9.3
7 5.36 5.742 “Tuk 5.187 -8.0 5.64¢6 #5.3
8 5.21 5.624 -7.9 5.668 -8.8 5.260 -1.0

9 5.11 5.474 -7.1 5,517 -8.0 4.89¢ 4.3
10 4.9 5,303 -8.2 5.345 4.1 4,550 T:1
11 4.72 5.11%6 -8.4 5.157 9.3 4.242 10.1
12 4.60 4,921 7.0 4,961 -7.8 3.965 13.8
13 .47 §.720 5.6 4,753 -6.5 3.711 16.8
14 4.31 4.517 -4.8 4,555 “5,7 3.494 18.9
15 4.16 4,313 “3.7 4,350 -4.6 3,293 20.8
16 3.96 4,112 -3.8 4,148 -4.17 3.113 21.4
17 3.19 3.915 -3.3 3.945 -4.2 2.950 22.2
18 3.83 3.121 2,3 3,755 -3.4 2.802 22.8
19 3.45 3,533 24 3,566 “3.4 2,667 22.1
20 3.1 3.351 ~3i4 3,383 -4.4 2.544 21.5
21 3.08 3.125 5.1 3,206 -4.1 2,431 2.1
22 2,92 3.006 2.4 3.036 -4.0 2.328 20.3
23 2.76 2,844 -3.0 2.872 -4.1 2.232 19.1
24 2,60 2.688 -3.4 2,716 -4.5 2.144 17.5
25 2,36 2,539 =1.6 2,566 -8.7 2.063 12,6
2% .13 2,397 ~1.5 2,423 -8.7 1.987 10.9
21 2.11 2,261 =7.2 2,286 -8.3 1.916 9.2
28 1.94 2.132 9.9 2.156 =13.1 1.851 4.6
29 1.79 2,010 o 7 8 2,033 -13.6 1.789 0.1
30 1.61 1,893 -17.6 1.91% -18.9 1.731 -1.5
1 1.54 1.783 -15.8 1.804 -17.1 1.677 -8.9
32 1.36 1.678 -23.4 1.698 -24.9 1.626 «14.%
33 1.30 1.579 =21.% 1.598 =23.% 1.578 =21.4
34 1.22 1,485 =21.1 1.504 ~23.3 1.533 =257
35 1,14 1.396 =229 1.414 -24.0 1.49%0 -30.7
36 1.09 1,312 -20.4 1.330 ~22.0 1.450 -33.0
37 1.01 1.233 =221 1.250 -23.8 1.411 =377
38 0.93 1.158 =24.5 1.174 -26,2 1.375 -47.8
39 0.85% 1,088 -28.0 1.103 -29.8 1.340 -57.6
40 0.78 1,021 -30.9 1.036 -32.8 1.307 “67.6
1 0.65 0.959 -47.5 0.973 -49.2 1.276 -96.3
42 0.62 0.900 -45.2 0.913 -47.3 1.246  -100.0
43 0.517 0.844 -48.1 0.857 -50.4 1,218 -113.6
44 0.49 0.792 -61.6 0.804 -64.1 1.190  -142.9
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Within this period the under-estimation was highest between
16th and 20tb week with a deviation of about 21% compared to
about 3% over-estimation for Gamma and Modified Gamma models.
This was followed by a gradual drop in deviation wuntil the
30th  yeek when there was a general over-estimation of the
actual. Beyond 34th week of lactation, Nelder's
over-estimation was significantly higher than the
corresponding deviations for Gamma or Modified Gamma. From
figure 1, there 1is the indication to prefer Gamma, or
Modified Gamma model to the Inverse function ., This 1is
further enhanced when we consider the rate at which the
peak is maintained. In other words, by measure of
persistency, Gamma and Modified Gamma have higher level
combined with higher wvalue of adjusted coefficient
determination of about 0.84,

Table 5 gives the summary for the Observed, predicted
cumulative production, and the multiplicative factors for
computing total production from part records for each of the
models as well as the percentage deviations of the predicted
from the actual Observed cumulative production. From the
table, columns 6,7 and 8 give the percentage deviations of
the predicted from the Observed. Negative values indicated
that the predicted was greater than the observed indicating
over-estimation other wise, there was under-estimation.

Pattern of deviations of the models have
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TABLE 5: Observed and predicted cummulative production, % deviation and multiplicative factors for

functions
PREDICTED PRODUCTION % DEVIATION FROM MULTIPLICAYTIVE FACTORS
OBSERVED AVE. PRODUCTION FOR PREDICTING
PART YIELD MODIFIED MODIFIED MODIFIED

WEEK  OBSERVED  GAMMA GAMMA  INVERSE GAMMA  GAMMA  INVERSE GAMMA GAMMA  INVERSE

10 374,35 380,02 383.16  370.80 -1.,51 -2.40
12 439,38 450.28 453,99 428,25 -2.48 -3.33

14 500.64 514.94 519.18  478.72 -2.86 -3.70 1

16 557.27 573.92 578.%6 523,87 -2.99 -3.84 05 1,691  1.693 1.684
18 609.01 627,37 632.59 563,83 -3.01 -3.87 {2 1.547 1.549 1.564
20 655.70 675.56 681,23  600.31 -3,03 -3.89 45 1,437 1,438 1.469
22 697.55 718.82 724.93 633.61 -3.05 -3:%3 L1 1.351  1.352 1.3%1

0
2
4
b
7
8
3
24 734.89 757.55 764.04 664.25 -3.08 -3:97 9
26 766.95 792,10 798.97  692.60 -3.28 -4,17 9.
28 795,23 822,85 830,06  718.97 -3.47 -4,38 9.59 1.180 1.181 1.226
30 819,00 850.17 857.70  743.61 -3.81 -4,73 9
32 839.23 874.40 882.21 766,74 -4.19 -5.12 8
34 856.83 895.85 903.92 788.52 -4.55 -5.50 1
36 872.38 914.80 923.13  809.10 -4.86 -5.82 1
38 885.92 931.54 940.10  828.60 -5.15 -6.12 b
40 897.24 946.30  955.07 847,13 -5.47 -6.45 5
42 906.13 959.32 968.28  864.77 -5.87 -6.86 4
44 916.79 970.77 875.%0  88l1.64 -5.8% -6.88 3
- Over-prediction of the observed production by model
+ Under-prediction of the observed production by model
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already been described above for weekly average daily
production. For the cummulative production, results showed
that there was an over-prediction of the first 4 week
production with the values of 6.2, 5.4 and 5.2 respectively
for Gamma, Modified Gamma and Inverse, respectively. The
level of over-prediction dropped to almost a constant level
of about 3% for Gamma and Modified Gamma up to 3279 week of
rroduction and then a gradual increase, to a maximum of 6%
and 7% respectively. For Inverse function, the pattern was
different. This was because, there were some degree of
under-prediction of the observed. The range increased
steadily from 1% in the 10'bt week to about 10% in the 28tb
week and gradually dropped again. Generally, between the 12t&
week and 36th, the cummulative predicted for Gamma and
Modified Gamma significantly (P < 0.01) differed from that
obtained for Inverse. Factors on table 5 have been used to
compute predicted part yield. Table 6 gives the corresponding
predicted cumulative production for these periods.
Furthermore, the correlation analyses have been computed

between observed and predicted.
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TABLE 6: Observed, predicted cumulative production and deviations from factors

DEVIATIONY
PART MODIPIRD MODIFIED
WEEK OBSERVED GAMMA  GAMMA INVERSE GAMMA GAMMA  INVERSK

4 153.01 135,54 135.45 147,63 1l1.4 11.5 3.5

6 230.81 212,52 212,31 23751 1.9 8.0 -2.9
8 304.55  287.63 287.35 316,89 5.5 5.6 -4.1
19 374.35  385.8% 358.47 385.506 4.1 4.2 -3
12 439.38 425,25 424.79 445.3¢ 3.2 3.3 -1.4
14 500.64 486,29 485.73 497.84 2.9 3.0 0.0
113 557.27 542.01 541.38 544.46 2.7 2.9 2.3
13 609.01 592,48 591.85 585,33 2.7 2.8 3.1
20 655.70 637.98 637.35 624.26 2.1 2.8 4.8
22 £97.55  678.86 678,23 e58.91 2.7 2.8 2.9
24 734.89  T15.40 7i4.84  6%0.70¢ 2.7 2.1 6.0
28 166.95  748.02 747,53 720.23 2.5 2.5 6.1
28 795,23 777.07 176.58  T47.67 2.3 2.3 6.0
30 819.00 802.90 802.48 773.29 2.0 2.0 5.6
32 839.23 825.79 825.317 797.30 1.6 1.7 5.0
34 856,83 846,02 845,74 819.98 1.3 1.3 4.3
36 872.38  B863.94 bBe3.66 B41.33 1.0 1.0 3.6
38 885.92  879.76 879.5% B863.83 0.7 0.7 2.8
10 897.24  893.59 893.55 880.88 0.4 0.4 1.3
42 906.13 905,94 905.94 899.29 0.0 0.0 0.8

----------------------------------------------------------------
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