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A MATHEMATICAL MODEL AND COMPUTER PROGRAMME FOR THE
ECONOMIC ASSESSMENT OF TRADITIONAL SYSTEMS OF PROD-
UCTION OF MILK AND WEANED CALVES
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A mathematical model of the traditional dual purpose system (production of milk and

weanad calves) is described, Its use to identify limiting factors to the systems pro
ductivicy is discussed.

On the basis of the model a computer programme ia listed and tha use of this progra
me described.

Key words: Cattle, duel purpose sSystems, computer ramme,
nlthun;tical mode] P prog economic evaluation,

1.  Intnoduction:

The purpose of this article is to describe a simple, easily applic-
able mathematical model, designed for the analysis of the technical and
economic parameters that exiat within a determined dual-purpose herd
(production of milk and weaned calves).

For the purpose of this work the definition of the word model is ta
ken to be: a simplified abstraction of the reality under study. The mod
el is described in algebraic terms as this is the only form in which one
can arrive at numerical results that can be evaluated precisely.

The model has been divided into 5 sections that are described seper
ately, but at the same time are interelated one with another and together
form the basis of the model, These sections are as follows:

l. The growth periods and the preductive and non- broductive
periods during the life of a member of the herd.

2. The structure of the herd and stocking rate.
3. The productivity of the herd.
4, TIncome, costs and profitability
In its most gimple form the model has 34 equations which define 34
fundamental variables that exist within the system.
2. Descniplion of the traditional dual-purpose {milk/weaned calves)
production sysiem: :

The model to be described is based on the dual-purpose production
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system widely used in tropical Latin America. For the purposes of the
model the important characteristics of the system are as follows:

1. The production of: milk, weaned calves, cull cows and in-
fertile heifers.

2, The milking of cows with calf at foot which implies the
rearing of calves by restricted suckling and the virtual
coincidence of the weaning of the calf and the end of lac
tation, .

3. The grouping of the animals within the herd is:

(i} suckling calves

(ii) young replacement heifers
(iii) bulling replacement heifers
(iv) lactating cows

{(v) dry cows

4. The use of natural mating.

3. The modef

3.1 The deginition of the growth perdiods and the productive
and nor-productive periods duning the Life of a member
04 the hend

The life of z member of the herd can be divided into a
period of growth followed by alternate - productive and non-
productive periods. ‘

This simple division of the animals adult life into the
periods of lactation and the dry periods is of fundamental im
portance in relation to the productivity and management of the
herd. It is common policy for the care of the cow during her
dry periods to be inadequate without a realisation of the con
sequences of this management in terms of the future develop -
ment of the cows production, The management of the cow during
the dry period has far reaching consequences in terms of the
cows performance during its subsequent lactation. The import
ance of the lengths of lactation and dry periocd and their re-
lation one with another will be manifested in many of. the
equations that follow,

It is necessary to distinguish between the non-produc-
tive period (dry period) in between lactations and the so
called non-productive period from birth to first calving . In
terms of milk production both of these periods are identical
but with regard to the production of meat the non- productive
period between calvings is substantially distinct from the
period between birth and first calving.

The following equations describe the reiatlonshlps bet -
ween the age at first calving, the lactation length and the
length of the drv period, with the growth rates of the non -
adult animals and the level of fertility of the herd.
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3.1.1 Age at finst calving

{1) C4=C2+C3+9

where: C4 = age at first calving (months)
C2 = age of the heifer when it reaches bull
ing weight (months)
€3 = delay in conception after the heifer
has reached bulling weight (months)

Equation 1 describes a well known process within meat and
milk production systems. Distinct recommended bulling
weighta are recommended for the various cattle breeds,the
age at which the animal reaches this weight is one of the
determinants of age at first calving (C4). The other fun
damental variable in determining the age at first calving
is the delay in conception that the heifer exhibits after
reaching the acceptable bulling weight {(C3), the period
of gestation being fixed (approximately 9 months}.

The value of the variable C3 reveals the level of
care and management that is dedicated to the herd replace
ments. The existance of the variable C3 in livestock pro
duction systems distinguishes these from other forms of
production. In the livestock herd each unit of production
requires special individual attention. The importance of
the variable C3 in terms of its effect on the cost of pro
duction and income of the herd is often underestimated.
The loss of a heat, given that the animal has reached
bulling weight, will reduce the lifetime productivity of
the animal. :

For example, the missing of a heat signifies a del-
ay of three weeks in the age of first calving and 3 weeks
delay from then on in all the subsequent processes of re-
production . This gsignifies foregone income equivalent
to the value of the production of milk and meat during
the lost period. Furthermore the extension of the delay
(C3) reduces the length of the useful life of the cow in
relation to her entire life in terms of reproductive cap-
acity of the animal in the herd. Thus in order to be
able to produce the same quantity of calves per year, as
C3 increases, .it will be necessary to increage the number
of adult cows in the herd (an increase in investment) .The
return on this additional investment will be negative as
it will be necessary to carry it out only to recuperate
lost production signified by an increase in the value of
c3.

A prolonged period between bulling weight and concep
tion, increases the length of time the heifers are with
the bull. This in turn means that in order to obtain the
number of calving heifers necessary to replace the cull
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cows and thus to maintain herd size it will be necessary
to have a larger number of bulling heifera. This signi-
fies an increase in the costs associated with the main -
tenance of the herd and furthermore increases the invest
ment that exists in livestock (see Equation 16).

In brief, large values for C3 signify high numbers
of female animals and bulls in the herd (there could be
leas if the value of C3 was smaller). This implies that
the investment necessary to manage the herd and the cost
associated with its maintenance are greater than that re
quired when C3 is small, This excessive investment and
increase in costs must be financed by an increase in the

prices of the farm products. Price increases of milk
and meat reduce the markets' consumption potential of
these products and so generate the critical tension

with regard to subgsequent price increases, and reductions
in levels of productivity. Equation 2 divides the age at
bulling weight (C2) into the age at weaning (C5) and the
subsequent delay in reaching bulling weight after having
been weaned (C6).

(2) C2 = C5 + C6

where: C5 = age of the calf at weaning (months)
C6 = the period of time between weaning
and reaching bulling weight (months)

The age at weaning (C5) depends on the calf's birth
weight and its subsequent liveweight gain, which in turn
depends on the genotype of the animal, its health status,
nutrition and other envirommental factors. This variable
thus reflects the level of management of the pregnant
cow and the subsequent care and msmagement of the calf.
The varisble C6 reflects the level of management that
‘the female calf receives and influences the age at which
she calves down for the first time. _

The variable C6, the delay in reaching . bulling
weight after being weaned, like C3 is a principal deter-
mingnt ‘of the replacement herd size. As the value of C6
increases the number of animals in the young heifer
group will have to increase if the adult herd size is to
be maintained, which again implies inefficiency and an
increase in investment and the costs associated with
the maintenance of the herd,

The group of variables €2, C3, C4, C5 and C6  thus
form a group of varigbles whose management and admini -
stration is fundasental to the efficiency of the product
ivity of -the herd.. .

Equations 3 , 4-and 5 define the variables C2, C5
and C6 in terms of the growth rates achieved by the ani-
mals during these specific periods (TCl, TC2 and TC3}.
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(3) C2 = (PA - PN)/(TC3 % 30.4) Note 3€5/12 = 30.4 days/
month

where: PA = bulling weight (kg)
PN = birth weight (kg)
TC3= liveweight gain from birth to bulling weight
(kg/d)

(4) €5 = (PD - PN)/(TC1 * 30.4)

where: PD = weaning weight (kg) )
TCl = mean liveweight gain from birth to wean-
ing (kg/d)

(5} €6 = (PA - PD)/(TCZ * 30.4)

where: TC2 = mean liveweight gain from weaning to bull-
ing weight (kg/d}

The value for each of these liveweight gains is obtain
ed directly from the production records of the farm. Chanees
in these liveweight gains (TCl. TC2 and TC3), as a result of
changes in farm management, will have a direct influence on
variables C2, C4, C5 and C6 and will thus influence the
herd's efficiency. In simple terms the group of variables
Cl to 6 are fundamental in determining the age at first cal
ving, the size of the replacement herd, the efficiency of
the herd productivity and thus profitability.

3.1.2 The grequency of caluing

It is well established that the lifetime milk produc -
tion of a cow reaches a maximum when the cow calves every
year. This is easy to understand. The daily production of
a cow reaches a maximum a short time after calving and from
then on the daily production decreases until the end of the
lactation. Thus increasing the frequency of calving increa
ses the mean daily production during the cows life, and so
increases the total production during its lifetime . The
equation 6 expresses the two components of the calving in
terval (12)

(6) I, =1+ I,
vhere: I, = calving interval (days)
13 = lactation length (days)
IA = dry period between calvings {days)

The fundamental variable in determining the length of
the calving interval is the interval between calving and
conception (I5), the gestation period being fixed (Equation
7).
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(N I = 15 + 282

where: Ig = the interval between calving and concep-
tion (days)

Obviously this delay in conception in the adult cow
(I5) is synonimous with the corresponding delay in the
heifer {(C3) and the same discussion applies, the variable
15 determining lactation length and calving interval which
in turn determine the relative sizes of the dry cow and
lactating cow groups and thus the efficiency of the herd
{see Equations 9 and 10).

3.2 The size and sthructure of the herd

In order to be able to calculate stocking rate, the prod-
uction of milk, the production of weaned calves that are not
required as herd replacements and the costs associated with the
‘maintenance and production of the herd, the herd size and its'
structure must be known. ‘

3.2.1 The aduft hend

(8) H=CL+CD+ B1 + BZ

where: H = mean size of the adult herd
CL = mean number of cows in production
CD = mean number of dry cows in the herd
B} = number of bulls with the cows in
‘production
BZ = number of bulls with the bulling
heifers

0f course the number of dry cows in relation to
the number in production will depend on the relation
ship between the calving interval (I,) , the length
of lactation (I3) and the length of the dry period
(1,) as follows :

(9) cCL

I3 * (CL + CD)/I,

(10) €D = I4 * (CL + CD) /I,

3.2.2 The non-adult hend
3.2.2.1 SuckLing calves

In the traditional system of meat and milk
production of Latin America the cows are milked
with the calf at foot which implies the rearing
of the calves by restricted suckling and the
virtual coincidence cf the weaning of the calf



150

HERRERO & BERRY

and the end of the lactation. This implies that
the number of suckling calves in the herd is rel
ated to the number of cows in production (CL), al
though the number of still births (N) and the
level of mortality (Ml) will also influence the
mean number of suckling calves that there are omn
the farm, this being estimated by Equation 11,

(11) BL = (CL - (N * CL/P)) * (1 - (0,005 * M1)})

where: BL = mean number of suckling calves

in the herd

Ml = % mortality between birth and
weaning
N = number of still births/year

3.2.2.2 Feplacement heifens

In order to maintain the size of the adult
herd, for each adult cow that leaves the herd a
heifer must calve. The number of heifers that
are required to calve per year (NP) is desribed
as follows:

(12) NP = ((CL + CD) * 12/E) + ({CL + CcD) *M4 /100)

where: NP = number of heifers that must calve/
year
E = the expected life of a cow in
the adult herd (from first calv-
ing until leaving the herd)
{months)
M4 = % mortality in the adult herd

Note. E does not include mortality in the
adult herd.

In order that this number of heifers calve
each year, a larger number of replacement heifers
must reach bulling weight, since not all heifers
reaching bulling weight will necessarily calve ,
due to infertility and mortality.

(13) NR = (NP + BL)/(1 - (M3/100))

where: NR = number of heifers that must

reach bulling weight/year

number of heifers that must be

sold due to infertility/year

M3 = mortality between bulling weight
and first calving (%)

Bl

u
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The loss of animals between weaning and bull-
ing weight will be due to mortality occcurring dur-
ing this period of growth., Thus the number of
weaned calves that must be reared as replacements
can be expressed in the following form:

(14) BR = NR/(1 - (M2/100))

where: BR = number of weaned calves that must
be reared as replacements
mortality between weaning and bull
ing weight (%)

M2

Having established these values it is easy to
estimate the mean size of the replacement animal
groups (NJ and NM).

(15) NJ = BR * C6/12

where NJ = number of young replacement heifers
(16) NM = NR * (C3 + 9)/12

where: NM = number of bulling heifers

It should be noted that in these equations
the variables C3 and C6 play a decisive role in de
termining the size of these two groups of replace-
ment animals.

Having determined the herd structure the stock
ing rate (CA) can be calculated:

(17) CA = UA/AF

where: CA = stocking rate (animal units/ha)
UA = animal units on the farm
AF = area of the farm (ha)

In order to calculate this stocking rate the
number of animal units on the farm must first be
estimated (UA). This estimation is calculated us-
ing Equation 18. The coefficients in this equat-
ion are estimates of the liveweights of the diff -
erent classes of animals relative to the mean live
weight of an adult animal.

(18) UA = H + (0.8 * NM) + (0.5 * NI} + (0.2 * BL)
where H = number of adult animals

3.3 The productivity of the herd
3.3.1 Migk

The total milk production per vear !37) rcan be expressed
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in the following form:
(19) sQ = (CL + €D) * Q

where: Q = mean production of milk/cow/year(qUﬂrtS&year)
5Q = total production of milk from the herd/year
{quarts)
The annual milk production of the cows can be calculated
directly from the herd records, or if lactation yields are
available then this value can be converted to amnual produc-
tion using the following equation:

(20) Q = PL * 365/12
where: PL = production/lactation (quarts/lactation)

3.3.2 Weaned calves

The number of weaned calves that must be retained as
replacements has already been calculated (BR) (see Equation
14). Having estimated this number, the number of calves
that are available for sale can be calculated (BP).

(21) '‘BP = BD - BR

where: BP = number of weaned calves that must be ret
ained as replacements/year '
BD = number of calves weaned/year

The number of calves weaned/year is equal to the number of
calves born alive (BNV) less those that die between birth
and weaning.

(22) BD = BNV * (1 - M1/100))

vhere BNV = mumber of calves born alive/year
Ml = mortality between birth and weaning (%)

Obviously the number of calves born alive per year will
be related to the number of calvings that occur during the
year (P) and to be more precise, will equal the number of
calvings per year less the number of still births.

N

(23) BNV = P

where P = number of calvings/year
N = number of still births/year

In turn, the nuwmber of célvings will depend on the

number of adult cows in the herd and the ' frequency of
calving.

TSes the tast page for altermative use of Litres.
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(24) P = (CD + CL) * 365/12

3.3.3 Culf cows

The following equation estimates the mumber of cows
that leave the herd/year

(25) VD =T * (CL + CD)/100

where: VD
T

number of cull cows sold/year
rate of turnover of the adult herd (%/year)

mn

Obviously the determinant of the rate of turmover of the
adult herd is the length of life of a cow in the adult
herd (E)

(26 T = 1200/E

where E = duration of the period between - ‘first
calving and the culling of the cow {(months)

Now we have deflned the production of the herd,
it's structure and it's size. The next step
is to calculate the value of this production (the 1ncome)
and the cost of the maintenance of the herd and the prod-
uction (the cost), The difference between the income and
the costrepresents the profitability of the herd.

3.4 The caleutation of the economic value of the faum:in
come and cost,

In the previous section all the interelationships exist -
ing between the fundamental variables encountered within the
dual-purpose production system have been discussed and further
more these interelationships have been descr1bed in a precise
mathematical form.

The productivity of the farm will be affected by the rel-
ationship that exists between the productive and non-productive
periods during the life of an adult cow, and by the size of the
groups of replacement animals necessary to maintain the size of
the adult herd.

In this section the economic value of the farm will be es-
timated.

3.4.1 The .income

_The principal sources of income are the following:the
sale of milk, the sale of weaned calves, the sale of cull
cows and infertile heifers.

2010007 Mtk

Witt the knowledge of the total milk produced /
cow/vear and the price received/unit pf productiorn(VQ),
the tezal income from the sale of milk can be easily

czlcuizred
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(27) 18Q = SQ * VQ

where: ISQ = total income from the sale of milk

($/year)

VQ = mean price of a quart of milk ($/quart)

3.4.1.2. Weaned calves

The number of calves available for sale per year is
given by the variable BP. The total income from the sale
of these calves (IBP) will be the product of the number of
calves sold and the mean price received per calf (VBP).As
is appreciated from the group of previous equations,BP is
a residual variable. It is determined by the difference
between the number of weaned calves and the number of fe-
male calves that are required to replace animals in  the
adult herd,

{28) 1IBP = BP * VBP

where IBP = total income from the sale of weaned
calves ($/year)
VBP = mean price of a weaned calf ($/calf)

3.4.1.3 Cull cavs and infertile heifers

From the number of cull cows sold/year (VD) and thelr
value, the total income generated from the sale of these
cows (IVD) can be calculated. In the same way the total
income from the sale of infertile heifers sold per year can

be calculated.
(29) IVD = VD * PV * VPV

(30) IBI = BI * VBI

where: IVD = total income from the sale of cull cows

($/year)

PV = mean liveweight of cull cows (kg)

VPV = price/unit of liveweight of cull cows
($ /kg)

IBI = total income from the sale of infert-
ile heifers ($/year)

VBI = mean price of an infertile heifer (§)

3.4.1.4 The fotal .ncome

The total income is easily derived by summing the in-
come from the various sources.

(31) IT = ISQ + T8P + IVD + IBI

where: IT = total income of the farm ($/vear)
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3.4.2 The costs

For the purposes of this study costg include expenses that
signify an assignation of irrecuperable resources in a ‘direct
form that are destroyed in the process of their transformation
to production., They are thus distinguished from investments or
capitalizable costs, where the resource is not destroyed. This
is the difference between cost and investment. The following
outline is a guide for the calculation of the costs of produc. -
tion. This guide specifies the characteristics that an approp-
riate accounting system should have.

The business has twe types of cost in the short term:costs
that are related to the production (variable costs) and costs
that are independant of the level of production (fixed costs).

3.4.2.1 Variable costs

The variable costs most frequently encountered on a.
farm have been identified and classified. It is not inten
ded that this classification should be exhaustive nor def-
initive. An infinitely long discussiom could be maintained
with relation to which costs should be considered as vari-
able and those which should be regarded as fixed.

The following classification is intended as a -guide
only.

Sataries {SAL)

Foreman

Milkers

Labourers

Miintenance of pasturnes [PAST)

Renovation of old pasture
Repair of fencing
Repair of water troughs

Fentilization (FER)
Supplementary feeding (SUP)

Minerals
Molasses
Concentrates

Animal health [SAN)

Fuel and electricity (ELEC)

Miintenance of builldings and constructions, {(CONST)
Muintenance of machinery and equipment (MAQ)
Replacement of bulls (TORO)

Othens {0TRC;
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3.4.2.4 Fixed costs

As previously stated the fixed costs represent an assig-
nation of resources aimed at the maintenance of the productive
installation. This should not be confused with investment.The
treatment that is given to the land will be included in this

context. Land as an investment is distinct from the rent
which is paid or implied for its use (current cost).
tand (TA)

There must be some way of assessing the annual cost of
the land occupied by the production unit. It is suggested
that the best way of quantifying this value is to use the mar
ket value for the rent of land. Although this cost is inclu-
ded,it is a cost that does not involve expenditure.

Intenest {INT]

The interest paid on loans represents a fixed cost in
the short term. '

Annual depreciation (DEP)

Buildings and constructions
Tractors and vehicles
Equipment and machinery

There are various forms of calculating the depreciation of
buildings and equipment, but the most simple is the one used
in this work and is calculated using the linear depreciation
method: '

Depreciation/year = value new (§) - salvage value (%
expected life (years)

One could start from this point to specify each onme of the
equations necessary to calculate each cost; however all the
equations would have the same form. That is:

Total cost of Factor A _ Cost/unit of * Quantity of Fac-
[year Factor A tor A used/year

In this simple model, the first approximation, the fix~
ed and variable costs are assumed to increase in a linear
fashion with the amount of the commodity used. Obviously, in
the real world and in the dynamic situation, this is not the
case for various reasons, such as the discounts for buying
in quantity, the existance and the necessity to maintain in-
ventories, the covering of risks against increases or decr -
eages in price etc.,

Applying the general equation to all the materials con—
sumed by the production unit, the total coests can be calcu -
lated and thence the profitability of the farm.

The total costs (CT) are calculated in the following
form:
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(32) CT = SAL + PAST + FER + SUP + SAN + ELEC + CONST +
MAQ + TORO + OTRO + TA + INT + DEP

where: CT = total costs of the farm ($/year)

3.4.3. The progitability of the farm and the hate of re-
fwwn on capital invested

Given the total income to be IT and the total cost to be CT
it is easy to calculate the gross profitability (R).

(33) R =1IT - CT
where R = gross profitability of the farm ($/year)

The rate of return on capital invested (TR) is calculted using
the following equation:

(34) TR = (R + DEP) * 100/VI

vwhere: TR = the annual rate of return on capital invested
- (%)

V1 = the total value of the investment in the farm
(%)

In the static model that we are considering this calculat-
ion of the rate of return on capital, provides a good enocugh ést’
imate, although it is realised that it has its limitations, for
the mere fact that in the real world the investment tends to be
a dynamic process,

Having considered the total income and costs of the project
it is necessary to make one or two important clarificatioms. 0Ob
viously the profitability of a project can be favourably affected
by increasing the total income or decreasing the costs or by a
combination of these two actions., There does, however, exist an
other avenue for increasing profitability and that is in the im=
provement in the efficiency with which inputs are converted to
outputs. This model has been develaped specifically with the
latter in mind. Its use. in practice enables one to quantify the
positive effects that improvements in the levels of control and
administration of the herd and its productivity will have on the
profitability of the farm. It is too easy to say that the profit
ability of the farm will increase if the price of milk increases
and the price of feed decreases, In the real world things are
not this simple., A single farmer such as the one considered in
this work is not able to dominate the market and influence its
prices. Obviously if he had this control of the market his life
would be a lot easier although that of his neighbour would mnot
necessarily be so.
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3.5 The application of the model

3.5.1 The use of the model in practise for the identific
ation of Limiting factorns to progitoability.

Up until now the model has been developed comsidering the
parameters that might affect the agricultural business and the
interreactions that exist between these parameters. The basic
solution of the model permits the calculation of profitability
taking into account the productive periods and non—productive
periods of the herd, the level of fertility and the rate of
growth of young animals; it would be very useful to know which
is the first limiting factor to an increase in the profitabil-
ity. Obviously if the model would permit the identification
of the first limiting factor, it could also predict the second
limiting factor, and so on, permitting the ranking of the limit
ing factors in function of their ecomomic importance.

Obviously the use of available resources in the solution
or aleviation of this first limiting factor or any subsequent
limiting factor, will imply the more efficient use of the re-
sources or additional investments. The model can be used to
identify these limiting factors, one by omne and also provides
the information to be able to caleculate the benefits that are
generated as a result of the elimination of a limiting factor
and the costs that are involved in the execution of the improve
ment required. With this information the marginal benefit re-
sulting from the elimination of a limiting factor can be esti -
mated.

Having applied the model to a dual-purpose farm, the prin-
cipal objective is the identification,for this particular case,
of the weaknesses in the system. It might be, for example,that
the calves are growing very slowly after weaning, or the calv -
ing interval is long, or the production of milk is low etc. The
great advantage of this model amongst others, is that it can be
applied to any farm as long as the present productive and repro
ductive parameters are known, which emphasises the essentiality
of an adequate, easily analizable recording system.

The use of the model in question will also help to identify
improvements that imply additional costs and those that only re
quire improved management. )

In summary, the use of the model implies the identification
of management problems of the farm, and the quantitative eval -
uation of the costs, where applicable, and the benefits result-
ing from their soliutiom.

The computen programme

Having developed the model described, the next obvious step was its

sdaptation for use in a computer,

The programme listed in the mext section was written in Basic on a
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SINCLAIR ZX 81 computer with 16 kilobytes of random access memory and
50 can be used with the majority of micro computers on the market.

In order to keep the programme short and simple and keep assump -
tions to a minimum, the computer programme does not include calculat -
ions of costs. The actual costs and any additional maintenance and
production costs must be estimated from the information given by the
computer (relating to herd structure) and the operator's knowledge of
animal production and the probable costs involved in the alternative
methods of improving a particular variable of the system,

The authors publish the details of the programme at this stage so
that it might be tested on a wider scale. It is aimed at technicians,
students, extensionists and advisers working in livestock production in
the tropics and the authors encourage all kinds of feedback relating
to exp:riences in the use of the programme and any modifications made
to it,

4.1 TInputs

The programme will prompt for information relating to:
1. The adult herd size and area of the farm

. The growth rate of young animals

« The level of milk production

The calving interval and lactation length

The weight at which young heifers are put with the bull
+ Mortality

e = AT ¥ B - PR XY
.

The prices obtained for the products of the farm, namely:
milk, weaned calves, cull cows and infertile heifers.

The data entered by the operator should be means relating to the
last year. The following information is calculated and displayed.

4.2 Outputs : Information caloulated and displayed by the
programme :

The programme gives the calculated information in a series
of tables.When one table is displayed, the programme stops and
in order to continue the operator must depress the command "CONT"
to see the next table.

4.2.1 The herd structure and 4dtocking nate

The first table displayed describes the structure of the
herd; that is the number of adult cows (the average number of
lactating and dry animals), the number of bulls and the aver—
age number of suckling calves.

The size of the young heifer group and bulling heifer
group (the herd replacements) required to maintain the size
of the adult herd is also displayed along with the stocking
rate. When there exist in the herd more than 25 cows or bull
ing heifers per bull this fact will be displayed at this
Stage.

Editors nc:e : Please refer o the editarial of this journal for notes on copvright
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4.2.7 The gross Lncome.

The total gross income is displayed and divided into that
generated from the sale of milk, weaned calves, cull cows and
infertile heifers.

4.7.3 Technical coefficients.

Next follow a series of tables that detail the technical
coefficients exhibited during the last year by the farm under
analysis. Some of the technical coefficients were prompted in
itially by the programme, the others have been derived from
the primary data.

These coefficrents are glameified as follows:

(i) LIVEWEIGHT GAINS of the non-adult animal.

(ii) MORTALITY within the distinct animal groups,

{iii) LENGTH OF THE GROWTH PERIODS; that is age at wean-

. ing, age at bulling weight and first calving. The
time spent by a replacement heifer im the young
heifer group and bulling heifer group is also dis-
played, these being the principal determinants of
the size of these two groups of animals.

(iv) CALVING INTERVAL AND ITS COMPONENTS; namely lacta-
tion length, the length of dry period and the calv
ing to conception interval.

{v) THE PRODUCTIVITY of the herd in terms of milk pro-
duction per cow per year and per lactation, prod -
uction of weaned calves not required as replace -
ments and the mmber of cull cows and infertile
heifers sold/year.

(vi) THE RATE OF TURNOVER OF THE ADULT HERD.

4.3 The changing of a single variable

Having displayed all the information relating to the herd per
formance and preductivity during the last year, the operator will
have noticed areas in which deficiencies exist.

In order to assess the eventual effect of the correction of
this deficiency the programme at this stage permits the operator
to change the value of one variable.

To permit this change,the variables have been classified in
the following seven sections:

Mortality and still births

. Liveweights and liveweight gains in the non-adult animals
The calving interval

The level of milk production

The rate of turnover of the adult herd

The stocking rate

The prices obtained for the farm products

BN Y, B O RS I o g
. .
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When the new value for the variable chosen is typed into the compu-
ter the programme is run and the new gross income, herd structure
and technical coefficients are lisplayed.

Changing a variable in Sectioms 1 or 2 will also result in a
change in stocking rate. If the operator wishes to keep the stock-
ing rate at its original level then, having changed a variable in
Section 1 or 2, he must then change the stocking rate back to  its
original value.

When the rate of turnover of the adult herd is changed then the
stocking rate is maintained at its original level. In simple terms,
when the rate of turnover is increased this will increase the number
of animal units represented by the replacement animals in the herd.
The programme thus adjusts the size of the adult herd (reduces it in
this case) to maintain the stocking rate at its original level.

4.3.1. Changing the stocking rate

The stocking rate (animal units/hectare) is calculated on
the basis of whole numbers of animalsj it is thus pessibie
that the new stocking rate chosen ( eg 2.2) animal units/ha
is impossible to obtain on the basis of whole animal numbers,
in this case the nearest possible stocking rate to that chosen
is acceptable by the programme and displayed along with the
appropriate herd structure. In the new herd structure there
will be at least one bull per 25 cows and bulling heifers.

4.3.7. The identification of Limiting factons Lo the pro
fitability of the farm.

It is important to stress that the prograume calculates
total income and herd structure for each situation.

Before variables are changed it is advisable to calcu -
late the fixed and variable costs, the capital invested and
the rate of return of that capital for the present situation.

The process of changing the value of a given variable in
practice, will invariably involve costs. Often there will be
various methods of carrying out the change, each with its own
pattern of costs, and some alternmatives might involve additi-
ional capital investments.

From information calculated by the programme the opera -
tor can deduce the amount of additional income a given improve
ment will eventuallfy generate when the improvement has been
achieved. Against this must be offset the costs of carrying
out the improvement and its subsequent maintenance.

In short, for each situaticn a cost-benefit analysis must
be carried out to identify the most financially rewarding var
iable to change and the most efficient way of changing it.The
model is used to: (1) calculate the progressive benefits spe-
¢ific to the changing of one variable, and (2) calculate cha-
nges in the herd structure during the peried in which the var
iable is being changed, to Facilitate the calculation of the
costs associated with the imcorovement of a part:cular variable
and its eventual maintenance.
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THE COMPUTER PROGRAMME

41 REM “FranRM“

2 PRINT '“HODEL DUAL PURPOSE *
RRH (MILK /HESTY
- . =FIRST RAPPROXNIMATION

8 PRINT

4 PRINT "COPYHIGHT &.BERRY AN
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S PRINT
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® PRINT
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IN ﬂECTﬂRES‘?"
i RINT
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cL

i3 s
Ig._PRINT “HOW MANY COUS ARE TH
R PRINT
2% PRINT "HOU HMANY BULLS GRE T
HERE UITH THE BULLING HEIFERST
38 INPUT B2
J& PRINT
38 PRAINT “HOU MANY BULLS ARE T
HERE UIT! THE HILKING COUHST™
48. INPUT B1
458 LET B=81+82
:E?a c‘ﬂ-g "AT UHRT AGE ARE THE
QHLU 3 HEANEDT"
INPUT CF
37 PRINT
998 PRINT ”UHHT IS THE MEAN CAL
UING RUAL., IN DAYST™
110 INPUT
11 LET FaINT (Ua38S/IR+.5)
119 PRI
128 PRINT “UMAT X% THE MEAN LA
TR N LENGTH,. IMN DRYST™

I3

“WHAT IS THE PERCENTHA
HMORTALITY™

NT .
NT 1. BETUEEN BIRTH &NO

190 INPUT M1

182 Pn:

193 PRINT ~2. BETUEEN UEANTING @
ND nREEnING UEIGHT* )

:95 PRIN

187 PRINT "3. BETUEEN BREEDING
UE I3 AND FIRST CALVINGT

RO INPUT M3

202 PRINT

295 PRINT ~4. IN THE AQULY HERG
R10 INPUT M4

212 CLS .
15 PRINT “HOU HANY STILLEIOTHS
OCCLUR DURING THE YERRT™
220 INRPUT N
ag2 PRI
22SUPRINT “HOW HANY INFERTILE H
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aa- INPUT BI

2 cL .
838 PRINT "AT UHAT UWEISHT (K&} =
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248 INPUT PR
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260 INFUT g

1

265 IF RS‘"’Y ES" THEN GOTO 28%
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SINCLAIR 2X 81 - BASIC

Ineur TC1
297 LET PD=INT (.S+PN+ CSadd. 43
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280 GOTOD 295 .
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R

29@ INPUT PD

RYL PRINT
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PRI ¥YOU KNOW THE RATE
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IPG INPUT RS

/G2 PRINT
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ARG INPUT E

321 CLS

325 LET T=INYV (1200/8+.5)
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332 INEUT T
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A7% INPUT 3@

I?e CLS

377 LET @zINT _ (39-0+.5)

ased LET PL= INT (IR 3BT, 50

83 GOTOD 44
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396 INPUT PL
391 CLS
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4S2 PRINT
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470 INPUT C4

472 ELS

475 LET c3=Ce-c2-9
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Sa7 PRI
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THE COMPUTER PROGRAMME :
B25 INPUT VO
BR7 PRINT
B33 LET H=U+B
B35 LET ISeIz-282
B42 LET Ia=Iz2-I3
’343 LET MNP {12#V) Z7E) + (H4AU,100
BE@ LFT UD=INT (TaU/1004.%1)
B5% LET TCE= (PR-PD) ~ (CE23Q. 43
8@ LET CL=INT (I33U/I2+.5)
588 LET CO=L-CL
E7% LET ENUsP-M
B3 LET NPa(NP+BI) /12~ (H3,100) 3
88 LET ISQuSOsUd
887 LET IEIsBIiUBI
9@ LET IUD=UDsUP
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‘tlg LET BD=INT (BMUSTI-(H1-100)
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; 8@ PRINT “STRUCTONE DF THE NER
=2 PRINT
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%8 PRINT
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ggg PRINT .
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A78 PRINT .
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681 PRINT )
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25 PRINT
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719 PRINT
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527 PRINT "1.LIVEVEIGHTS GND LT
VEUEIGHT GATHNS®
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730 PRINT
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»h2 PRINT
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734 PRINT
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738 PRINT

737 PRINT
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81 ~ BASIC
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|
" DRYS®
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83 PRI
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786 PRINT
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THE COMPUTER PROGRAMME

S 798 PRINT “RRATE OF TUR“QUER o
THE HERD = ":T: PEACENT

786 STORP
rd CL? ) § .
Q99 PRINT “WOULD YOU LINE TO CM
= UVAaLUuE OzoguE orF THE

801 CLS
83’5’.5'5 Il?l% = :.“'i"g; 335 ?!!Eg; nﬂ e 159:
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B
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3
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- THE PRICES OBTAIM
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IN UHICH CATEGORY (2
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$e2°%60 Czant0 ClinkaE Lres-

807 IF A=2 THEN GOTO 217
. 808 IF A= THEN GOTO 1170
809 IF RA=4 THEN GOTO 13130

81l IF A=% THEN GOTO 12232

8131 IF A= THEN GOTD 1323

818 IF A=Y TH oTO 15D

813 PRINT “PLEHSE INDICATE WITH
H NUHBER BETWEEHN 1 AND S UHMIC

aF THE FDLLOUIN VAR IABLES

YOU UISH TO CHANGE:

818 PRINT

:aég PRIMT " 1.MORTALITY TO WERAM
818 FRINT

820 PRINT ™ 2. HOﬂTﬁLITV -t
WEAMING "y PR KR

832 PRIMT
5 PRINT * J3.MORTALITY BETUEEMN
- AMD FIRST CRALUING™

T
83 RINg““ 4. MORTALITY IN THE.

T
@ PRINT " S.THE NUMBER OF 3TI
LIE.B IRTHS FER YEAR"™

INPUT A
LS

THEM GOTO_ 2
882 IF Q=3 THEH GOTO" ST
854 IF H=3 THEN GOTC BE
BSS TF A=d THEN SCTO 8

IF Qaf THEN G5TQ &1

asa =
BESEBPRINT “WHAT IS THE NEW { ST
ANNUAL MORTALITY (FER
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a8y IMNPUT M1
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910 PRINT “UHAT IS THE HEU URLL
NUNBER OF STILLBIRTH
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213 INPUT N
818 GOTOD SIS
ol "UHIBH or THE FﬁLLﬁUI

917 PRINT
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1055 PRINT
1980 PRINT ™ 4.BULLING UFIGHT™
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1095 INPUT PO
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