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ORIGINAL: ENGLISH
 

ABSTRACT 

A dynamic and stochastic cattle simulation model iGbriefly described and validated for production con­
ditions in a study area in Botswana using Tswana and Simmer'tal x Tswana cattle. The performances of 
the two genotypes under various milking and supplementation policies are compared, and the economic 
tradp-offs between milk and mcat production presented. An optimum production strateg" is defined, 
and policy options for the development of Botswana's dairying sector are outlined. 
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RESUME 

Le prdsent ouvrage donne une br.ve description d'un mod.le dynamique et stochastique de simulation 
de troupeau de bovins, validd dans les conditions de la production d'une zone d'dtude au Botswana, avec 
des bovins Tswana et Simmental x Tswana Les performances des deux g~notypes g~rds dans des condi­
tions caractdrisdes par des politioues de traite et de complmentation diffdrentcs ainsi que les avantages 
compar~s des productions de lait ct de viande ont dtd prdsentds. Une stratdgie optimale de production a 
W d6finie et des optioins relatives aux politiques de ddveloppement du secteur laitier du Botswana ont 
dtd dd.rites dans les grandes lignes. 
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PREFACE
 

Livestock researchers are often asked to provide 
technical advice to policy makers on issues where 
the data required for appruisal go beyond those 
provided by experimental results. In such cases 
the researchors are usually obliged to depend up-
on inforral concepts or models of the system in 
question to tailor their available data to the par-
ticular questions being posed. This informal ap-
proach makes for particular difficulties when the 
questions concern problems requiring detailed 
projections of the productivity and response of 
livestock systems to a range of different interven-
tions. The application of systems simulation tech-
niques involving the use of an appropriate simula-
tion model or models can often assist by providing 
quantitative estimates of systems performance 
which would not otherwise be obtainable. 

Dairy products are a major import into Bot-
swana. An important policy question recently 
posed to livestock researchers in the country con-
cerned the extent to which these imports could be 
reduced by increasing milk production from in-
digenous and crossbred cattle in the country with-
out impairing beef production. Beef production is 

the principal livestock product in Botswana and a 
major source of export income. A substantial 
body of data was available from research by the 
Animal Production Reseai -h Unit (APRU) in 
Botswana on the productivity of indigenous 
Tswana and Simmental x Tswana crossbred cattle 
kept under ranch conditions for ijeef production. 
Information on milk production from both geno­
types was available through the indirect measure 
of calf growth. APRU researchers considered 
that by combining these data and the collective 
experience of APRU staff and others associated 
with livestock production in Botswana itwould be 
possible to address the complex of issues related 
to dual-purpose beef and milk production 
through the application of a simulation modc. 
The cattle herd dynamics model developed by 
ILCA was considered to be appropriate to the 
problem. Full details of this model are given in 
ILCA Research Report 2. 

This Research Report summarizes the princi­
pal results of the application of the ILCA model 
to this Botswana policy question. 
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1. INTRODUCTION
 

Botswana, with nearly 80% of its total area in nat-
ural rangeland, supports around 3.3 million cattle 
in addition to a sheep and goat population of ap-
proximately 1.8 million (1977 estimates)'. This 
yields a 5 to I ratio between LUs and human pop-
ulation, the highest in Africa. The main emphasis
in livestock research and development in the past
has been on commercially oriented beef cattle 
production systems. As aresult, exports of animal 
products, mainly in the form of fresh meat, ac-
count for 20 to 25% of the country's total exports.
Before the recent expansion of the mining indus-
try, the livestock sector was even more important 
to the economy:, 

Desl tc its high livestock population, Bot-
swana imports relatively large quantities of milk 
products. Dairy imports in value terms increased 
from P 1.3 million in 1975 to P7.6 million in 1979,
reflecting a substantial increase in both the price
and the volume of imports3 . The main sources of 
dairy products are the Republic of South Africa 
and Zimbabwe. The prices of imports from both 
sources are expected .o increase rapidly. 

The high increase in the imporlsof dairyprod-
ucts has resulted mainly from rapid urbanization4 ,
the attractiveness of imported products to urban 
consumers (cost, convenient packaging, hygienic
products) and the difficulties (cest, periah-
ability, product presentation) of getting surplus
milk (if any) from rural areas to urban markets, 
The demand for milk in the towns isgrowing at a 
rate of some 20 to 25% per year. 

Livestock constitute tWe principal agricultural resource, con­
tributing 80% of th, by agriculture (ILCA,1979). value added 

e197. l1972
Before 1974, livestock exports accounted forover 50% ofcx-
port earnings (ILCA, 1979). 
One ['equals approximately US$ 1.20. 
The average annual population growth rate inthe main towns
isabout 8% and that of the major villages about 6%. For Gab-
orone alone the growth rate is 15% (Fielding, 1978a). 

Milk consumption in the rural areas is usually
seasonal. Partial milking of indigenous cow is 
traditionally practised, providing more than ade­
quate milk supplies for household consumption
during the rainy season. Most of the milk sold in 
village areas is in the form of local milk products
(madila). Another important activity has been 
cream production for both domestic and export
markcts. However, the importance of this occu­
pation has declined in most areas, probably due to 
the more favourable price of beef, the recognition
that milk deprivation is responsible for poorer
calf growth and the difficulties of obtaining farm 
labour. 

In view of this situation, there isconsiderable 
interest at the national level in the development
of the dairy industry. Duc to the vastness of the 
country, efforts so far have concentrated on the 
development of small-scale dairies in or near each 
major town to supply local needs. However, be­
cause of the considerable importance attached to 
the viability of the beef vattle industry.an impor­
tant policy question has been the extent to which 
indigenous and crossbred cows can be used for 
dual-purpose production without impairinig their 
performance as beef producers". It is frequently
contended that increasing milk offtake prejudices
calf growth and should be discouraged. However, 
providcd the value of milk obtained exceeds the 
loss of vaiue in calf growth, overall productivity 
may be in favour of milking at some level. Thus,
with the existing and rapidly growing milk 
markets in Gaborone and other towns and in view 

Cream exports from Botswana in 1976 we re only 55% of their 
level in value terms, and in volume terms only 37.7%(Fielding, 1978a). 

Recently. APRU has initiated field experimentation with a 
dual-purpose herd at Broadhurst Fai m. near Gahorone. [he 
purpose of this experimental herd. consisting of about 410 
cows. is to investigate the technical and economic factors in 
the partial milking of T and ST cows. 



of the present deficit in milk production, the for-
mulation of an optimum milking policy based on 
economic considerations is necessary. 

Several studies have examined the economic 
feasibility of dairying and the technical and insti-
tutional constraints in the development of the 
dairy industry (Silichena, 1976; Fielding, 1978a, 
1978b; Rose, 1978; APRU, 1980a). In addition to 
the substantial foreign exchange savings, ex-
panded rural milk production would bring other 
even more important benefits, such as higher in-
comes to livestock producers and the creation of 
jobs in milk production, processing and distribu-
tion. However, these conclusions are reached 
from simple static cash-flow analyses based on 
certain assumptions on livestock productivity and 
potential milk offtake rates. The dynamic effects 
of implementing such alternative production re-
gimes are not elaborated in these studies. ILCA 
(1978) provides an indication of these dynamic ef-
fects and an overall idea of the direction of short-
and long-term costs and benefits. That study sug-
gested that milking can result in short-term gains, 
however, at the expense of a longer term reduc-
tion in the capital value of the herd due to in-
creased calf mortality, deferred female maturity 
and extension of intercalving intervals. The exact 
nature of the economic trade-offs between milk 
and meat production are not elaborated, nor is 
the sensitivity of the results at different milk off­
take rates, supplementation levels, and input and 
output prices. 

The objectives of the present study are to 
evaluate the potential of two genotypes (T and ST 
crosses) as milk producers, to determine the via­
bility of alternaive pr-duction options within a 
dynamic system, and to establish the economic 
trade-offs between milk and meat production tin­
der various levels of feed supplementation. The 
study area is the Masiatilodi and Matllakgang 
ranches, both west of Gaborone, a brief descrip­
tion of which is given in Section 2. The analysis 
employs a dynamic and stochastic cattle simula­
tion model (Konandreas and Anderson, 1982). 
Section 3 provides an overview of this general 
model and its components, and gives complete 
details of the model's driving variables. The val­
idation of the simulation model in the study area 
is presented in Section 4. Section 5 presents the 
response of key production variables to various 
interventions on the input and output sides of the 
herd enterprise and compares the simulated per­
formance of the two genotypes on the basis of 
individual production traits. The overall compari­
son between the two genotypes, for the range of 
interventions and on the basis of the economic 
criteria, is presented in Section 6. Optimum input 
and output levels are estimated as well as the 
sensitivity of the results to different pricing struc­
tures. Finally, Section 7 presents overall conclu­
sions and policy recommendations. 
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2. THE STUDY AREA
 

In its efforts to develop the dairy industry, the 

Government of Botswana decided to concentrate 
on main "dairy development areas", lying within 

2 hours' journey (some 80 km on reasonable 
roads) from a milk market. The farmers outside 
these areas would not be encouraged to shift to 

dairy production but would continue to concen-

trate on beef production (Fielding, 1978a). 
There are two major livestock production sys-

tems in Botswana: a fenced ranching system, and 

the traditional "cattle post" system inwhich cattle 

are grazed on unenclosed communal pastiu;. 

Within the dairy development areas several op-

tions are available, namely to upgrade cattk. post 

fodder production by growing fodder crops, to es-

tablish communal ranches, or to allow a farmer to 

fence his own cattle post. Recognition that dairy 

development must be complemented with paral-

ll improvements in management and the diets of 

either the cow or the calf is explicit in these op-

tions7 . In both beef and dairy systems it is recom-
mended that before increased production 
through improved range management, nutrition 
or crossbreeding is considered, a certain level of 

management must be attained. A "reasonably ac-

ceptable" management level, as practised on the 

network of 18 government ranches in Botswana, 

provides (APRU, 1981): 
- A degree of fencing so that breeding herds 

may be controlled, young stock separated 
and standing hay retained for dry-season 
feeding. 

- Continuous mineral supplementation and 

7Supplying farmers with high yielding cows ofexotic breeds has 
often been regarded as an easy alternative, but unlesssatisfac­

tory levels of inputs are provided to these cows. their milk 

yields, reproductive performance and survival rates are 

severely impaired, 

prophylactic disease control. 
- Adequate year-round water supplies within 

a reasonable distance of the grazing area. 
The system selected for this analysis is that of 

leasehold fenced ranching in the Masiatilodi and 

Matlolakgang ranches west of Gaborone. with 
Kalahari bush and arid, sweet-bushcentral 

savanna on sand veld (see Figure 1). In addition 

to the indigenous T cows, ST cows are considered 
in the analysis. Earlier comparisons by APRU 

showed that ST cows produced significantly 
heaver calves at birth and that the growth of 

these calves to weaning was su:perior to that of 

calves produced by all other cow breeds (Trail et 

al, 1977, APRU, 1980b). These fi:dings reflect 

the superior potential of these cows as milk pro­
ducers. 

APRU has gathered considerable data on 

both primary production and animal productivity 
over the last decade. Research on cattle post sys­

tems has been limited, however, and only incom­
plete data are available. Efforts have concentrat­
ed mainly on the network of research stations 

operated by APRU itself. The Masiatilodi and 

Mat!olakgang ranches are part of this network. 
These locations were chosen for this study merely 

-because the comprehensible and reliable input 

output data essential for model validation were 
available there. However, it should he possible. 

through the experience of the Botswana re­

searchers, to extrapolate the results of this analy­
sis to other locations within the main "'dairy devel­
opment areas". 
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Figum 1. Botswana and the study area. 
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3. THE SIMULATION MODEL AND SPECIFICATION
 
OF ITS DRIVING VARIABLES
 

A general cattle herd simulation model in which a 
herd is simultaneously represented as both a bio-
logical and an economic system is used in the 
study. As the structure and detailed mathematical 
description of this model are presented elsewhere 
(Konandreas and Anderson, 1982), only its es-
sential components and features ar6 outlined 
here. 

The model is time-dynamic, stochastic and 
non-optimizing, and treats simulated animals as 
individual entities. The parameters ofmathemati-
cal repiesentations of the various biological pro-
cesses drawn from the literature are adjusted to 
particular systems under study, based on observa- 
tions from these systems. Thus, the model is data-
based where possible, and adequa ely modular-
ized so that alterations and refinerents can be 
made relatively casily. Another fea'ture of the 
model is that it provides the user with at array of 
policy options so that herd performance can be 
studied under a variety of management regimes. 
These policy options allow for the simulation of 
certain parameters influenced by husbandry prac-
tices, such as breeding season and age of calf 
weaning. Additionally, input and output policy 
options can be specified with an adequate degree 
of detail relating to the management of the herd 
as an economic unit. On the input side, animals 
can be purchased and a range of supplemnents can 
be provided for increasing meat and milk produc-
tion and/or for strategic reasons such as ensuring 
the survival of the breeding herd during drought 
periods. On the output side, milk and meat off. 
take can be regulated as can the sale of surplus fe-
males over and above a planned herd size within 
the constraints of the available resourc- base. 

The simulation of biological systems such as 
cattle herds requires, necessarily, one basic sim-
plification. Although the links between'the differ-

ent interrelated processes of a system are time­
continuous phenomena, they must be specified in 
discrete time steps within a computer-simulated 
environment. The length of the time step used in 
this model is 1calendar month. One month corre­
sponds, in general, to the usual and practicable 
frequency of field data collection at the herd lev­
el. Such a correspondence is a prerequisite for 
model validation. Additionally, a monthly time 
step is within the accuracy required for specifica­
tion of the management regime ot the system in 
terms of breeding season, weaning age, supple­
mentation strategies etc. Thus, the model can 
adequately simulate the impact of alternative 
management policies. 

Within a time-dynamic environment, the var­
ious animal processes which determine the transi­
tion in the status of an animal from one. month 
to the next must be mathematically described. 
These processes are illustrated diagrammatically 
in Figure 2. At the beginning of each month of 
simulation the model de'ermines the quality and 
quantity of forage on offer to the herd and the lev­
el of animal activity for that calendar month. For­
age on offer is simulated independently, based on 
historical time-series data. After the forage on 
offer has been obtained, the model determines 
the changes taking place in the status of each 
animal during the month, based on its genetic 
potential and using the endogenous biological 
processes regulated by exogenous management 
policies. Each animal in the herd is processed 
separately except for cows with suckling calves. 
As suckling calves secure at least some of their 
energy from their dams, their joint energy re­
quirements must be determined simultaneously. 

Six general components in the model account 
for changes in the biological status of animals dur­
ing each month of simulation. These are forage 
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Figure 2. Basic components ofthe simulation model.
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on offer, forage intake, energy requirements, There are two ways in which this variability can b,. 

growth and milk production, mortality and repro- incorporated into a herd simulation model. 
The first way consists of a quantitative, i.e.duction. 

mathematical, description of the biological pro­
3.1 	 FORAGE ON OFFER cesses determining forage productivity, given the 

driving variables of the primary production ,ys-The quantity and quality of forage on offer in the 
study area varies considerably from season to sea- tern (rainfall, soil fertility, solar radiation, grazing 

pressure etc). Mathematical representation of theson within ayear, and from one year to the next. 
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primary production systeuim along these lines is decades, to quantify the separate influences of the 
difficult, as these biological processes are not v ell individual determinants of intake". "his work, al­
understood and data requirements are ver-
whelming (see for example Sullivan et al, 1981; 
van Keulen and de Wit, 1975) 

The second way, which is used in this model, 
bypasses the underlying processes of the primary 
production subsystem and involves a statistical 
description of the quantity and quality of forage 
on offer based on field observations over several 
years, covering a wide spectrum of environmental 
varir.tility. The seasonal level of activity of graz-
inri animals is also associated with the degree of 
onvironmental variability. Animals respond to a 
.situation of low forage density and inferior quality 
o"forage on offer by exercising selective grazing, 
implying an increased level of activity, 

Five year types have been identified to pro-
vide an adequate representation of environ-
mental variability in the production system under 
study. At present with the stocking rates on the 
ranches studied, the quantity of forage on offer is 
not a constraint to animal intake. However, its 
quality varies considerably. Table I presents the 
digestibility, CP and animal activity vectors for 
the five year types identified. Also shown are the 
probabilities of occurrence of eac, year type and 
the corresponding months of t:he beginning of the 
growing season. 

In 80% of all situations, growth starts in 
October and the forage consumed is of adequate 
quality (digestibility above 45% and CP above 
5%) until July. A below average year type implies 
a late start to the growing sea'son in December or 
even January (5% probability), which results in 
an extended period (4 to 5 months) of very low 
quality of forage co-isumed (digestibility at or 
below 40% and CP as low as 3%). During these 
late-start-of-growth years, the onset of rains re-
suits in very high quality forage (digestibility 70% 
and CP as high as 13%), but due to the relatively 
short growing season the total quantity of forage 
produced is below normal. This high quality for-
age lasts for only 4 to 6 months, until April to 
May. In the simulation model, year types are 
drawn at random, based on the probability distri-
bution of Table i. with the further assumption of 
independence between successive draws. 

3.2 FORAGE INTAKE 

The forage intake of extensively grazing cattle is 
influenced by the environment, the age and physi-
ological status of individual animals and the quali­
ty of forage on offer. Considerable experimental 
work has been done. particularly in the last two 

though lacking standardization of measurement 
and, in some cases, adequate definition of the 
experimental animals involved, shows clearly that 
for a given quality of forage on offer, ad libitum 
intake is a function of body liveweight and the 
physiological status of individual animals (Con­
rad et al, 1964; Montgomery and Baumgardt, 
1965; Elliot and Fokkema, 1961; Elliot et al, 
1961; Hodgson, 1968). However, within a given 
functional form, estimated parameters can vary 
considerably between breeds and climatic condi­
tions. 

The general voluntary intake relationship 
used in this model and referred to as physical limit 
is a modified version of the form suggested by 
Conrad et al (1964) and has the form 

I = a W" " (I- d) (3.1) 
where 

I = DM intake in kg/d, 
W = body liveweight in kg, 
d = digestible fraction of the forage on 

offer, and
 
a breed- and= offe,a and system-specific para­

meter whose value is a function of 
age and physiological status of in­
dividual animals. 

At high digestibility levels, intake for mature 
animals is reduced due to chemostatic or thermo­
static mechanisms (Conrad et al. 1964; Mont­
gomery and Baumgardt, 1965; Baile and Forbes, 
1974), implying a constant energy intake for these 
higher digestibility levels. It is therefore assumed 
in the model that for digestibility greater than 
65%, feed intake is of a level such that the result­
ing metabolizable energy isequal to that obtained 
from the above reiationship at the 65% digestibil­
ity level. This assumption implies a relationship 
(refetred to as physiological limit) of the form 

I = b W" *"/d (3.2) 

where 
b = 1.86a 

Intake figures for different breeds and under 
various environmental conditions can vary con­
siderably (see for example Cordova et al, 1978). 
Additionally, within a given breed and environ­
mental regime intake is influerced by the physio­
logical status of animals. For example, estimation 
of equation 3.1 using the data reported by Elliot 
et al(1961) and Elliot and Fokkema (1961) shows 
that cows in the last 3 months of pregnancy and 

See overviews, of experimental work by Balch and Campling 
t 19)2. Baile (1978).and Forbes (1974). and Cordova ctal 
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Table 1. Seasonalforagequalityandunimalactivity levels atMasiatilodiandMatlolakgang ranches(averagesfo;".h, , cations)'. 

Year typesb 

Good Above average Average Below a .. rage Pool 

2 3 1 2 3 1 2 3 1 2 1 2 3 

00 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

65 

60 

55 

50 

50 

48 

45 

43 

40 

55 

60 

65 

10.0 

9.5 

9.0 

7.0 

6.0 

5.0 

4.5 

4.3 

4.0 

5.2 

6.5 

8.8 

5.0 

6.0 

7.5 

8.0 

8.0 

8.5 

8.5 

9.0 

9.0 

7.5 

6.0 

5.0 

65 

69 

55 

50 

50 

46 

45 

40 

40 

55 

60 

65 

10.0 

9.5 

9.0 

7.0 

6.C 

5.0 

4.5 

4.3 

3.8 

5.2 

6.1 

8.8 

5.0 

6.0 

7.5 

8.0 

8.0 

8.5 

8.0 

9.0 

9.0 

7.5 

6.0 

5.0 

60 

57 

50 

49 

47 

46 

45 

40 

40 

55 

58 

65 

8.6 

7.8 

7.3 

5.8 

5.4 

5.0 

4.5 

4.0 

3.8 

5.2 

6.1 

8.8 

6.9 

(.0 

8.0 

8.0 

8.5 

8.5 

8.5 

9.0 

9.0 

7.5 

6.5 

6.0 

, 

55 

50 

50 

45 

43 

40 

35 

30 

30 

30 

70 

11.8 

12.8 

9.0 

7.0 

5.0 

4.0 

3.0 

2.5 

2.5 

2.5 

2.5 

10.0 

5.0 

7.5 

8.0 

8.0 

8.5 

8.5 

9.0 

9.0 

9.0 

8.0 

8.0 

5.0 

70 

60 

50 

45 

43 

40 

40 

30 

30 

30 

30 

0 

13.0 

12.0 

8.0 

6.0 

4.0 

3.0 

2.5 

2.0 

2.0 

2.0 

2.0 

2.0 

5.0 

6.0 

7.5 

8.5 

9.0 

9.t, 

9.0 

8.0 

8.0 

8.0 

8.0 

8.0 

Month ofstart of 
growing season October October October Decemsr January 

Probability of 
occurrence 0.15 0.30 0.35 0.15 0.05 

Data compiled by APRU. 

b Columns 1, 2 and 3 under each year type show: 1) average digestibility of forage cc.sumed (%). 2) average CP in iorage consumed (%), 

distance walked (ki/d). 

md 3) average 



lactatig Lows have a 7% and 15% higher intake 
respectively than dry, non-pregnant cows. The es-
timated coefficients "a" were 0.042, 0.045 and 
0.049 for dry, pregnant and laciating cows respec-
tively. 

Little is known about the voluntary intake of 
young calves. Hodgson (1968) experimented with 
calves from 3 to 6 months of age grazing nn forage 
of digestibility ranging betweer. 65 and 80% and 
observed that physiological limits are not con-
straining for young, fast-growing animals. Esti-
mation of equation 3.1 using his figurt., yields acoin of 0.022,on i. aut 53ofthe co ayieffd-
coefficient of 0.022, i.e. about 53% of the coeffi-
cient for dry cows obtained from the data of Elliot 
et al (1961). 

The relative values of coefficient "a" for the 
different physiological conditionsbe of animalsf mdelingareassued ors aovc urpses 
assumed as above for the purposes of modelling
forage intake. However, the absolute levels of 
these coefficients are obtained from a calibration 
of equation 3.1 to the breeds and system underofudy.equathi 3.toe bmturees andr unr 
study. For this purpose a mature, dry and non-
pregnant reference cow is considered. Field data 
indicate that such a reference animal is in a state 

nethe gaiingnorof lvewigh equlibium(i~e
of liveweight equilibrium (i.e. neither gaining nor 
losing weight) for the month of Juliy during a year 

of average forage quality. Stated alternatively, 
this implies that the daily DM intake during July 
in an average forage year is just sufficient to 

mainainbodweghtat he lvelof ctiityformaintain body weight at the level of activity for 
t malgorithms 

requirements of the known quality forJuly, which 
Are sufficient to cover maintenance and the ani­
mal's level of activity, yields an estimate of the in-
take coefficient "a" for the reference animal. Theetmaed alue tn"or the reference animal alg
estimated value for the reference animal, along 

cussed above, are shown in Appendix Table A. 1. 
The ijtake coefficient for very young calves (3 to 
6 months of age) is taken as 53% of the estimated 
coefficient for the reference animal, and is in. 
creabcd linearly until the level of the reference 
animal is reached at 18 months of tge. Similarly, 
the intake coefficients of pregnant and lacta.ing 
cows are taken as 107% and 115% of the estimat-
ed coefficient of the reference animal. 

In aadition to the above, there are other ad-
justments to the level of voluntary intake. When 
CP content of the forage on offer drops below 
5%, which approximately corresponds to 40% 
digestibility, intake is reduced by the factor 
(d/0.4) 6 . Further, older animals (over 8 years) 
are assumed to have intake reduced by the factor 
[1 - 0.03 (age- 8)]. These correction factors have 
been argued to be appropriate adjustments to 

voluntary intake by Sunders and Cartwright 
(1979). Finally, the gcr:::Fal model allows for 
adjustments to intake due to limitations in the 
quantity of forage on offer and grazing time 
limitatins as a result of long walking distances to 
watering points or seasonal migrations. However, 
for the system under study these two factors are 
not constraining and thus not in effect. 

3.3 ENERGY REQUIREMENTS 
Organic nutrients obtained from the feed con-
Orainuietobiedfmthfedc­
sumed by an animal are used for a variety of func­
tions, namely maintenance, construction of body
tissues, the synthesis of milk and conversion to 
t ical eney o work donversimal. 
mechanical energy for work done by the animal. 

n eneral aeuction f thes e a i malareare in general a function of the size of the animal 

and the level of each activity (MAFF, 1975; t3Iax­

ter, 1969; Webster, 1978). The conversion effi­
ciency of nutrients to net energy for different
body functions is higher the higher the quality of 
the feed consumed, and is also a function of its 
end use (Pigden t al, 1979; MAFF, 1975). Con­
stuiofbdisesorxmehalwr 
struction of body tissues, for example, has a lower 
conversion efficiency than net energy required for 
mechanical work. 

In the modcl, the intake of feed energy is ex­
a t he moed by it of f o r i e x­

actly balanced by its utilization for maintenance 
(plus pregnancy and lactation as appropriate) and
weight gain or loss. The production and growth 

are different for calves and cows and 
weaned males. They determine liveweight change 

both milk production and aiveweightchange for 
bt ikpouto n ieegtcag o 
lactating cows. However, for the model to be able 
to predict the production levels of individual
animals, parameters specifying the potential of 
the breeds under study must be provided. 

3.4 GROWTH AND MILK PRODUCTION 

Liveweight evolution from birth to maturity is a 
function of the genetic potential of the breed, the 
sex of the animal and its nutritional status at the 
different stages of its development. The model re­
quires an age- and breed-specific average growth 
curve to be specified for both males and females. 
These average growth curves are used as a refer­
ence for determining the simulated condition and 
production potential of individual animals. Such 
curves can be estimated from recorded liveweight 
data (by age and sex) incorporating, to the extent 
possible, data acquired for the complete range of 
year types which can occur in the system under 
study. If this can be done then there will be min­



imum bias in the simulation towards higher or 
lower liveweight levels because the data to specify 
the model came from a particular sequence of 
favourable or unfa-,ourable production years. 
When sufficient data are available it is possible to 
estimate no! only averages but also measures of 
the distribution of liveweights -round the means 
at any age. These tatistics can then be used to es-
timate upper and lower limits of il,,eweight fluc-
tuations (defining the boundaries of feasible live-
weights), such that obseived liveweights will :'e diti .n of individual animals in the herd. This con­

within these limits with a specified d-.gree of -on-
fidence. 

Estimation of average growth curves in the 

model requi..,; a minimum of three point esti-

mates of liveweight evolution: weights at birth, at 

the age of growth slowdowrn (inflection point), 

and at the age of maturity. The model then fits a 

coitinuous and monotonically increaF;ng curve 

consistent with these point estimates. Data on 

these three points of the growth curves for both T 

and ST genotypes are presented in Table 2. 

For T cattle under ranching conditions in 

Botswana, average liveweights at birth are 31 kg 

and 28 kg for males and females respectively. The 

trend of the growth curve is almost linear up to 

about 18 months of age. at which time average 

weights are 31t) kg and 280 kg for males and fe-

males respectively. Males reach a mature weight 

of 720 kgat about 72 monthsofagewhile females 

reach a mature weight of 480 kg at about 54 

months of age. The genetic growth potential of ST 

types is marginally higher. Average birth weights 

are 8% higher than for T types (APRU, 1980b), 

i.e. about 34 kg and 31 '.g for males and females 

respecIively. At 18 months of age and at maturity 

ST liveweights are about 11% above T live-
weights. Thus, average 18-month liveweights for 
ST cattle are taken as 340 kg and 310 kg for males
and fatlesresetely.340kgMaturity is assuor ma 

be reached at the same age as in T cattle, with 
mature weights of 800 kg and 516 kg for males and 

females respectively. 
Liveweights of individual animals are as-

sumed to be distributed normally around their 
age-specific means,with acoefficient of variation 


of 0.30 for calves up to weaning age, dropping 
linearly to 0.25 by 18 months of age and remaining 

constant thereafter. This coefficient implies that 
in two thirds of all situations the liveweights of 

mature T females would be between 352 kg and 

607 kg and those of mature ST females between 

379 kg and 653 kg. Similarly. with a 95% confi-

dence level (which is taken as determining the 
limits of permissible liveweights in the model), 

the minima of female liveweights are 244 kg and 
257 kg and the rmaxima are 714 kg and 768 kg for T 
and ST cows respectively. Such upper and lower 
boundaries exist for all ages and both sexes, calcu­
lated on the basis of corresponding mean live­
weights and coefficients of variation, and define 
the feasible sets for liveweignt evolution. 

These It,.-weight boundaries are assumed to 
operate for all animals of each genotype, and are 
used as references for defining the liveweight con­

diti, . index is then used to modify their potentials 
for reproducton and milk production. Addition­
ally, as explained in Section 3.5, the lower live­

weight boundary represents the limit below which 

aninals are assumed unable to survive unless they 

recover their lost weight9 . 
Specification of milk yieids involves three 

components: data on the maximum potential 

yield per lactation of a cow in ideal condition and 

at the age when its reproductive capacity is max­

imal; age-specific milk yields per lactation (ex­

pressed as a fraction of the maximum potential 

yield); and finally, information for specifying the 

lactation curve within a given lactation. 

The maximum potential yield per lactation 

for T cows in the system studied is assumed to be 

1900 kg and that of ST cows 3500 kg1 o . It may be 

achieved by animals between 5and 8years of age. 

For animals older than 8 years maximum poten­

tial milk yield per lactation decreases gradually to 

70% of this level by 12 years of age. For animals 

younger than 5 years maximum potential milk 

yield per lactation decreases gradually to 70% of 

the above level for animals in their first lactation. 

Appendix Table A.2 provides complete details of 

the assumed effect of age on potential lactation 

yields. 

It is recognized that this is a simplification ofthe complex fac­
tors which cause fluctuations in liveweights, as substantial 
differences are observed between individuals of the same 

breed. However, since data are not adequate to ascribe par­

ticular genetic potentials to each animal in the simulated 
herd, it is assumed here that all animals of the breed under 
study are genetically equivalent as regards their potential for 

liveweight growth and their tolerance to liveweight fluctua­
tions. It is also assumed that animals of the same class and 
physiological status have identical constraints on intake and 

identical conversion efficiencies of feed to energy for produc­

tion. 
' The maximum potential milk yield of apure S cow is about 

51() kg per lactation. The maximum potential milk yield of 
an ST F, cross is estimated as midway between the yields of 
the two pure breeds, that is about 3500 kg. Additionally. the 

butter fat content ofT milk isassumu:d to be 52 g/kg. which 
.5 MJfkg. The butter fatcorresponds to an energy content of 

content of pure S milk is assumed to be 40 g/kg and. assuming 
again that the butter fat content of ST milk ismidway be­
tween that of the two breeds, it follows that the energy con­
tent of ST milk is3.3 MJ/kg. 
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Table 2. Summaryofproductionpararetersusedin the modelfor the TandSTgenolypes in the environmentof the 

study area'. 

Attribute 

Growth parameters: 

Liveweight at birth (kg) 

Expected liveweight at 
18 months (kg) 

Expected liveweight at maturity' (kg, 

Coefficient of permissible liveweight variability 

Mortality paramezers': 
Survival rate to 1year (%) 
Survival rate to 2 years (%) 
Mortality rate for 3-to 8-year-olds (%/year) 
Mortality r: .e foi 12+ year-olds (%/year) 

Fertility parameters: 
Reproductive maturity 
- expected age in ronths (and liveweight in kg) 

for animals in normal condition 
- earliest age in m,)nths (and liveweight in kg) 

for animals in very good condition 
- latest age in months (and liveweight in kg) 

for animals in very poor condition 
Expcuted annual calving rates' 

- for 2-year-old cows (%) 

- for 5-to 8-year-old cows (%) 

- for 12+ year-old cows(%) 

Lactation parameters: 
Maximum potential milk yield per lactation 

for 5-to 8-year-old cows (kg) 
Fraction ofmaximum potential milk yield 

for cows in their first lactation (%) 
Fraction of maximum potential milk yield 

for 12+ year-old cows (%) 
Maximum lactation period (months) 

Genotype Males Females 

T 31 28
 
ST 34 31
 

T 310 280
 
ST 340 310
 

T 720 480
 
ST 800 516
 

0.25 0.25 

97 97
 
96 96
 
0 0
 
2 2
 

T 20 (302)
 
ST 20 (328)
 
T 12 (318)
 

ST i2 (332)
 
T 42 (233)
 

ST 42 (251)
 

T 80
 
ST 88
 
T 92
 

ST 97
 
T 80
 

ST 88
 

T 1900
 
ST 3500
 

70
 

70
 
T 9
 

ST 1d
 

All data relating to the genetic potential of the two genotypes in the environment of the study area have b,.'en taken 
or constructed from APRU (1980b, 1981), Buck et al (1976), Pratchett et al (1977), Rennie et al (1977). Trail et al 
(1977) and personal communication with scientists at APRU. See text for additional qualifications or, individual 
parameters reported here. 

b Maturity is reached at 72 months for males and 54 months for females. 

Under adequate nutritional regime. 

The maximum duration of any given lactation 

in this system is assumed to be 9 months and 10 

months for T ard ST cows respectively. Addition-

ally. it is assumed that 33% and 28% of the milk 


yield of a given lactation is produced during the 
first 2 months post-partum for T and ST cows re.­
spectively. On the basis of this information the 
model approximates the shapes of the lactation 
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curves for the two breeds as presented in Appen-
dix Table A.3. Thus, for example, the simulated 
absolute maximum daily milk yield of a T cow be-
tween 5 and 8 yeiars of age, during ;he fiist 2 
months post-parlum, is calculated a-, 10.45 kg/d, 
and that of an ST cow as 16.33 kg/d. The se maxi-
ma may or may not be achieved, depending on the 
feeding regimes of individual animals during their 
lactation period, 

3.5 MORTALITY 

The mortality component of the model deter-
a givenmines whether an animal dies during 

month of simulation. Mortality is modelled as a 

probabilistic process qualified by the age of theanimalrtandtyitsonutritionalidestatus.
animal and its nutritional status. 

Mortality due toosaidemics is miofmal in 
ranching systems in Botswana as a result of effec-
tive disease control measures. Mortality isusually 
accouited for either by nutritional stress due to 
occasio~nally inadequate feed supplies, or by a 
com,-l; - set c. factors not directly related to their 
nutrit'o ial,'tatus. 

The ",wer boundary of liveweights, as ob­
tained tr,,m the assumptions made in Section 3.4, 
corresponds to the poorest condition in which an 
animal can remain in the simulated herd. If an 
animal loses sufficient weight or does not gain 
weight as it should in accordance with its increas-
ing age, it eventually develops an age - !iveweight 
combination below this lower boundary. When 
an animal's liveweight drops below this boundary 
and th, ?-st weight is not recovered within the 
subsequent month of simulation, then it is as-
sumed in the model that death due to nutritional 
stress occurs. This source ofdeath isdeterministic 
in the sense that simulated death inevitably occurs 
when these conditions apply. 

Animal losses not relating to nutritional status 
(referred to as "normal" losses) are dependent on 
age. For animals over 2 and up to 8 years of age 
such losses are insignificant. However, losses of 
younger animals which are not related to nutri-
tional stress can be substantial. Overall mortality 
to 1 and 2 years amounts to 5.5% and 6.5% re-
spectively in the system under study (including 
both nutritional stress and all other causes). 
APRU (1980b) identified nine causes of mortality 
to 2 years of age (stillbirths, accidents, predators 
etc.), which accounted for 50% of all reported 
deaths. The causes of the residual 50% o'deaths 
are unknown. It is assumed here that in the total 
mortality to 2 years causes not associated with au-
tritional stress account for 75% of all reported 
mortalities, with the residual 25% being the result 

of nutritional stress. This implies a "normal" mor­
tality rate of 0.75% (75% of 1%) for inimals be­
tween 1and 2 years of age. 

For animals over 2 and up to 8 years, "nor­
mal" annval mortality isassumed to be zero, with 
all probable mortalities for animals within this age 
interval being the result of nutritional stress. 
Finally, for animals over 8 years of age "normal" 
annual mortality rates are assumed to increase 
g;adu. Ily to 2% by 12 years of age, reflecting 
prob' -isassociated with older age. ihis assunip­
tion .. plies an annual mortality rate of 0.1%,t h age0.5% . 1% an 2%, for aali 
groups8-9,9-10, 10-11 and 11+ years respective-

The mortality information provided to the 

model to account for "normal" losses is used to 
generate monthly probabilities ofmortality which 
are the test values in a binomial distribution trial. 
Death occurs if a randomly selected number be­
tween 0 and 1 is below the appropriate test value 
for the animal under consideration. 

3.6 REPRODUCTION 

The reproduction component of the model deter­
mines whether a non-pregnant cow conceives and 
a nregnant cow gives birtih during a given month. 
Conception is modelled as a probabilistic process 
Lind isfurther qualified depending on whether the 
animal is a heifer or a mature cow. In addition to 
the nutritional status of individual animals, con­
ception may be influenced by exogenous manage­
ment practices, indicated as breeding policy in 
Figure 2, regulating the length of the breeding 
season and specifying a minimum weight and age 
of individual animals before they are first mated. 

The specification of female fertility requires 
firstly information on reproluctive maturity, and 
secondly age-specific expected calving rates for 
mature cows obtained from the system under con­
sideration. The fertility and availability of males 
are assumed not to be limiting factors. 

Onset of puberty is a function of weight and 
age, and on average occurs at about 20 months of 
age for both T and ST animals. For animals with a 
very favourable liveweight growth, puberty can 
be reached by 12 months of age, and at the other 
extreme animals with a very poor liveweight 
growth reach reproductive maturity at 42 months 
of age. Table 2 presents the ages for reproductive 
maturity associated with different liveweight 
growth conditions, and the corresponding live­
weights at maturity. These liveweights have been 
obtained from the expected liveweight evolution 
curves and associated liveweight boundaries for 
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Figure 3. Liveweight - agecombinationsfor reproductivematurity. 

Livoekight (log) 
Case ICoe Expected­/7 
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/1A 
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CaseN 

A 	 / 
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I!. / 	 / 

100 Legend 

• =Tswana MT 
-- Simmental xTswana (ST) 
A BC z Liveweight-age combinatio 

for T reproductive maturity 
A LC'= Liveweight-age combinations 

for ST reproductive maturity 

486 12 18 24 30 36 42 

Age (months) 

the two breeds as shown in Figure 3. Two exem- productive maturity at 30 months weighing about 

plary cases are also demonstrated in this figure. In 270 kg (point 1)I. 

Case I, an ST female with a normal growth pat-
A female reaching reproductive maturity does not necess ri­

tern reaches reproductive maturity at 18 months 
ly conceive. Her probability ofconception is a tunction oftw~e 

weighing 330 kg (pointR'). InCase II,a T female 	 expected calving rate (successful conceptions) for her age. 

with below average growth reaches delayed re-	 class, and addit'onally of the breeding policy ineffect (see 
Section 3.7). 
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The probability of successful conception for 
all animals of reproductive age is assumed to be a 
function of age, and within an age-class a function 
of the liveweight conditions of individual females. 
Maximum reproductive capability is assumed to 
apply for animals between 5 and 8 years of age. 
Before 5 and after 8 years reprcGuetive perfor-
mance is reduced. Table 2 provides data on ex-
pected calving rates by age for T and ST gepr)-
types. The detailed age-specific calving rates and 
corresponding expected monthly probahiiities of 
concLptiop are given in AppeodixTable o.4. Ac-
tual conception rates for cows within a given age 
group can be lower or higher than these expected 
values, depending on the condition of individual 
cows (Buck et al, 1976)12. Thus, if tha model se-
lects a succession of 2 years with favourable pro-
duction conditions simulated then conception 
rates will be ahve the average, and vice-versa for 
a sequence if unfavourable production condi-
tions. 

3.7 HERD MANAGEMENT REGIME 

A well defined management regime is required by
the simulation model. Management options in the
model should, to the extent possible, replicate 
mdctielsh o exystemnthossie rephicatethe 

yield of its dam at that titme. As calvings take 
place from October to December, weaning occurs 
from May to July. However, weaning necessarily 
occurs at an earlier age in the case of death of the 
dam. No milk is removed for human consump­
tion. All the milk produced is consumed by 
calves, and dams cease lactating immediately 
their calves are weaned. 

The sales policy specifies the conditions under 
which males and surplus females are removed 
from the herd. Males ate sold at the end of June 
after they have reached at least 2.5 yeais of age. 
Sales of females take place so that abre,-ditgherd 
size of40 animals is .naintained'3 . Selective dispo­
sal is followed with the objeutive of progressively 
eliminating the most unproductive animals until 
the tirget herc size is achieved. ProCuctivity is 
measured by the simulated reproductive perfor­
mance of individual animals. 

Animals reaching 13 years of age are compul­
sorily sold regardless of their past reproductive 
performance, as their present potential for repro­
duction is considerably reduced. These old cows 

are sold during August so that they can complete 
their current lactation period, if they happen to be
lactating. Second in the order of sale are cows 
with relatively long calving intervals. These sales 

practices in the real system. In the ranching sys-rela­
tem as it is presently managed, specific weaning, 
breeding and sale policies are followed. The 
specification of these policies in the model are 
described in this section and summarized in 
Table 3. 

Breeding is completely controlled in this sys-
tem and occurs only during 3 months of the year, 
from January to March inclusive. This implies 
calvings from October through December. In ad-dition to the season of breeding, management has 

ditin t theseaon bredin, mnageenthaso 
control over the age and weight of animals to be 
bred. Individual animals are bred only if they are 
older than 2, nonths and maintain a liveweight of 
at least 270 kg for T and 290 kg for ST animals dur-ing he beedigseson.starting
ing the breeding season. 

C alf w eaning takes place at 7 m onths of age, 

regardless of the condition of the calf and the milk 

Expected conception probabilities apply to cows of normal 
liveweight for their age. The piobability conception drops 
linearly by 10% for anin..Is 20% below normal weights, and 
by a turther 40% for animals near the lower liveweight boun­
dary. This is closely in line with results reported by APRU 
(1981), whereby animals weighing less than 340 kg had a re-
conception success about 30% below animals weighing over 
450 kg. For animals with liveweights above normal, the prob-
ability of conception is assumed to increase linearly by 10% 
for animals 15% above normal weights, and !o decrease 
thereafter to 90% of the expected probability Nve. for very 
heavy animals (near the upper liveweigh, boundary). 

tivelacndtin , an onyals re ine 
tively good condition, and only if the time since 
their last calving is over 16 months and they have 
noet conceived. As calvings occur at the 
earliest during October and conception takes 
place at the latest during March, this policy im­
plies that cows must miss two complete breeding 
seasons to be sold because of poor reprode hive 
performance. Third in the order for sale are heif­ers which have not yet conceived. Again, the sale 
of females in this category takes place in June.
Fnale if th a ateof ales plae aboe 
Finally, if the aggregate of sales from the above 
categories does not reduce the size of the breed­
ing herd below 40 animals, older animals are sold,with the oldest and progressively lower­
ing the sale age from 13 down to 10 years of age.J u ei ag n th mo h of s l f rf m l sin h s 
June is again the month of sale for females in this 
category. 

.	 The size of the breeding herd, at 40 animals, was arbitrarily 
selected here. It is large enough to reflect the dynamics of the 
herd and small enough not to present serious computational 
problems. It does not necessarily reflect an economically op­
timum herd size. For example, APRU (1980) reports that the 
optimum for a beefcattle production herd issomewhere near 
600 LUs or about 200 breeding cows. 
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Table 3. Summary ofr .anagement pracces 1i.the system under study'. 

Practice 

Weaning: 
Ag? at weaning (months) 

Breeding: 
Minimum orecding age (months) 
Minimum weight for breeding (kg) 

Breeding season (inclusive months) 

Sales: 
Minimum sale age (months) for males and calendar month ofsale 
Minimum sale age (months) for old cows and calendar month of sale 
Target size ofbreeding herd' 
Calendar month for sale of surpius females 
Minimum infertile period for sale of less 

productive females (months) 

See footnote 13 for additional qualifications. 

3.8 	THE SIMULATION PROCESS AND 
INITIAL HERD COMPOSITION 

Experimentation with this herd simulation model 

consists of a quantitative description of the pro-

ductivity of the livestock system under study, 

evolving over a prede.ermined number of years. 

Figure 4 is a schematic representation of this pro-

duction system showing its inputs and outputs. 

The production process starts at the beginning of 

7(both sexes) 

T 
ST 

24 
270 
290 

Jan.-March 

30 (June) 
156 (August) 

40 
June 

16 

dom outcome of the various biological processes 
of conception and mortality, the sex of offspring
etc., embedded in the model. i 

duction system under a given management 

regime involves a series of independent realiza­

tions of the system's outcome over a specified 

time horizon. The time horizon considered here is 
n s ir ed 10 

*A smulatin eme l 

1m yers, nd e t ime 
ms5 each experiment is tbplicated 10years, and 

the simulation period, with an initial herd whichestablish 	 thethe imuatinwth intia hed wich statistical sig:ificance of the simulated results.prio, a 

evolves into the final herd at the end of it. Inter-

mediate inputs and outputs during this period in-

clude the feed consumed and the milk and meat 
eoluionoftheher isa sochs-prouce. Te 

produced. The evolution of the herd is a stochas-
tic process. Starting with the same initial condi-

tions and management regime, there exists an in-
tine ndumangemereimeof thre existaionof 

ite nuberd the of ltvoiremio. othrofgh e 
the herd through txe entire simulation period. 
Thus, in the context of a stochastic simulation 
model, the outcome consists not of a single 

realization but of a probability distribution of 
realizations. Realizations differ from each other 
reatons. ealizaions iffe fromye otheore 
not only because of the variability in the forage 

regime, but also because of the inherently ran­

o 
An initial total herd size of 60 animals is con­

s s 

s i niting of a onl i an 

compositionsshin apendi T a e 
composition as shown in Appendix Table A.5. 
Out of the total herd 40 animals are of reproduc­
tive age (i.e. over 2 years of age). The first month 
tv g ie vr2yaso g) h is ot 
of the simulation is October, at which time 34 out 
of the 40 cows are pregnant and expected to calve 
during October, November and December. In­
itial livewights ar assumed slightly below the 
avrg ieihtcoesndg ohenmls 

average liveweights corresponding o the animals' 
age, to reflect the generally belo v average live­
weights prevailing in the real system at the begin­
ning of October. 
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Figure 4. Summary ofinputs and outputs of the system understudy. 
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4. BASELINE RUN AND MODEL VALIDATION
 

The purpose of the baseline run is to establish the 
validity of the model for the system under study. 
Using the production parameters as described in 
the previous section and applying the manage-
ment practices presently followed in this system, 
10 replications over a 15-year period are made 
and the simulated performance of a herd over this 
period is compared with data obta-'ned from the 
real system. Each replication is assumed to start 
with a "good" year type (see Table 1), and there-
after year types are drawn probabilistically. 
Appendix Table A.6 presents the simulated year 
type sequences for the 10 replications and the 
overall occurrence of each year type. Simulated 
ycar type frequencies correspond closely to the 
assumed probabilities of occurrence in Table 1. 

Validation of the model for this production 
system involves comparison offield data with sim-
ulated results. Real input and output data are 
available for the system under study over a 10-
year period from 1970 to 1980 (APRU, 1980a and 
1981)'". The model is considered to be validated 
for the production system under study if the fol-
lowing criteria are s3tisfied: 

a. 	 the simulated values of key production 
traits correspond closely with values from 
the real system; and 

" On the input side the 10 actual years involved, classified on 
the basis of annual rainfall (although annual rainfall alone 
does not adequately reflect forage quality), correspond to 3 
"good", 2 'above average". 2"average", 1"below average"
and 2 "poor" years. Their corresponding frequencies are 0.1,
0.3, 0.2, 0.1 and 0.2, compared with the simulated frequen,
cies of 0.167, 0.287, 0.33, 0.173 and 0.04, respectively (Ap-
pendix Table A.6). It would have been acoincidence if the 
frequency distribution ofthe short 10-yearperiod had closely
matched that of the longer term. However, acomparison be-
tween the average and expected outcomes ismore favour-
able. The average outcome ofthe actual 10-year period falls 
halfway between an "above average' and an "average" year,
which is very close to the cxpected outcome, based on the
longer term probabilitydistribution, which fallstwo thirds of 
the way between the same year types. 

b. 	 the simulated growth curves for indicator 
classes of livestock correspond closely with 
recorded performance. 

For model validation under criterion (a) five 
key production traits are considered: 

1. 	Th. calving rate, i.e. the number of calves 
born divided by the number of breeding 
females at the end of the breeding season 
(early April), adjusted for interim sales. 

2. 	The survival rate of calves up to 12 months 
of age, i.e. the number of 1-year-old calves 
divided by the number of calves born. 

3. 	 The survival rate of animals up to2 years of 
age, i.e. the number of 2-year-old animals 
divided by the number of calves born. 

4. 	 The weaning weight, i.e. the average 
weight of all calves at 7 months of age. 

5. 	 The 18-month weight, i.e. the average 
weight of all animals at 18 months of age. 

The comparison between simulated and ac­
tual values of the above five production traits is 
presented in Table 4. The simulated values corre­
spond very closely to the actual ones, with a maxi­
mum divergence of 1.5%. 

For model validation under criterion (b), ac­
tual detailed liveweights exist for T animals only, 
and only up to 2.5 years of age, so a comparison of 
actual and simulated figures is possible for that 
genotype only. Figure 5 shows simulated average 
seasonal liveweight fluctuation- of T females
from birth to maturity, together with-correspond.
ing actual values (to the extent available) from the 
real system. Within the extent of available 
data from the real system, simulated liveweights
correspond closely to actual liveweights, in terms 
ooteson al liveweight s n ter­
of both seasonal liveweight changes and the over­
all trends with increasing age.

After weaning (May to July) there is a drop in 
simulated liveweights of about 30 kg d'~nng the 
dry season and animals reattain their weaning 
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Table 4. Comparison between baseline simulation results and actual production for Tand ST herds. 

Production trait 

Calving rate(%) 


Survival rate to I year (%) 


Survival rate to 2 years(%) 


Weaning weight (kg) 


18-month weight (kg) 


T ST 

Actual* Simulat-.d Actual' Simulated 

87.5 

93.5 

92.5 

194 

320 

88.5 

94.3 

92.8 

191 

322 

91.9 

94.8 

93.8 

216 

355 

91.8 

94.5 

93.0 

218 

351 

Actual vajues for T are from APRU (1980h; 1981). 

Actua valhies for ST are inferred from comparisons between iHdigenous and crossbred cows at APRU's experimen­

hese results ind-stte that ST animals perform considerably better thantal stati(n at Musi (APR?! , 1980b; 1981). 

T; calving rates were about 5%higher, survival rates about 1.4% higher, and weaning and 18-month weights about
 

11% high'r. 

weight about 6 months later during November to 

January. Thereafte7 the fluctuation in their live-

weights follows the seasonal variability of forage 

on offer. After maturity, at about 480 kg which is 

reached between 4 and 5 years of age, cows lose 

on average 100 kg during the dry season, which 

they regain during the wet season. In absolute 

terms, simulated liveweights for mature cows 

. 

On the basis of these criteria and the subjec­

tive ev aluation of the simulated results by field 

personaiel familiar with the production system, 

the moteel is considered to replicate the real world 

with an adequate degree of accuracy for practical 

purposes. 

fluctuate on average between 425 and 525 kg'5 

15	Note that the simulated liveweight fluctuations reported in 
Figure 5 derive from simulation including the full range of 
year types. As such they indicate seasonal liveweight ranges 
which should be expected to be wider than would occur in a 
normal forage year, i.e. an average year type. Similarly, the 
seasonal liveweight fluctuations which would occur in the 
real world in avery poor forage year would be likely to cause 
wider ranges in liveweight to occur than those simulated in 
the baseline run. 
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Figure 5. Comparisonbetween simulatedand actualliveweightevolution curvesfor Tswanafemales. 
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5. SIMULATED PERFORMANCE OF TWO GENOTYPES
 
UNDER VARIOUS MILKING AND
 
SUPPLEMENTATION POLICIES
 

The an'ilysis of the previous section was carried 
out under the management regime prevailing in 
the real system with the objective of establishing 
the validity of the model for the system under 
study. This validated model is now used for 
experimentation to investigate the probable 
impact on the real system of sever'l interven-
tions, namely various milking strategies under 
different supplementation regimes for lactating T 
and ST cows. Specifically, the objectives of the 
experimentation are: 

-To compare the simulated performance of 
the two genotypes under alternative produc-
tion strategies. This comparison is done on 
the basis of different meaures of perfor-
mance, as the ranking of strategies might 
vary according to the criteria used. 

-To estimate the response of key performance 
variables to various input levels, 

-To estimate optimum input and output levels 
based on economic criteria. 

5.1 EXPERIMENTAL DESIGN 

The variables in this experiment are the level of 
milk offtake for human consumption and the level 
of supplementation. A 4 x 6 factorial experiment 
is conducted, i.e. four levels of milk offtake and 
six levels of supplementation, the details of which 
are given in Table 5. For example, experiment 
number 15 tests a 40% milk offtake for human 
consumption and a supplementation level of 
1.5 kg/d per lactating cow. Experiment number 
1 is the baseline run described in Section 4. The 
breeding, weaning and sales policies assumed in 
the experimental runs are also identical to those 
used in the baseline run'". In addition to this gen-

20 

eral specification of the experimental runs, two 
other controls over milking are effective in the 
model. 

Firstly, in the absence of suckling calves, both 
for T and to a lesser extent for ST cows, complete 
milk let-down is not possible. A limited experi­
ment by APRU (1981) F1 d that extracted 
milk as a percentage of potential %as about 22% 
and 42% for T and TS cows respeccively' 7 . The 
absolute levels of milk let-down potential for 
both breeds are expected to be higher, and are 
assumed in the model to be 30% and 60% for T 
and ST respectively. Operationally, this implies 
that after weaning only 30% of the potential milk 
yield of a T cow and 60% of an ST cow can be 
extracted. 

Secondly, regardless of the milking policy in 
effect, offtake from cows in their first lactation is 
limited to a maximum of 20% of their yield. This 
provision is designed to allow young lactating 
cows, which have a lower milk potential than 
mature cows, to provide an adequate supply of 
milk to their calves. 

Lactating cows are supplemented for 1month 
before calving and during 7 months post-partum, 

As in the baseline run, the evolution of the herd isexamined 
ovez atime horizon of 15 years, and 10 replications are made 
for each experiment. Again, each replication begins with a 
"good" forage year type (see Table 1). afterwhich year types 

are drawn probabilistically. The sequence of year types 
drawn is the same foreach experimental run (and identical to 
that drawn for the baseline run, see Appendix Table A.6). so 
that there isno bins between runs due to different year type 

sequences applying. 

" Theexperimentconsistedofoxytoxintreatmentofl8cowsof 
each breed prior to milking, which produced milked-out 
yields of 3.7 kg for T and 5.9 kg for ST cows. Milk pro. ,.:ed 
without treatment was about 0.83 kg and 2.5 kg fn T and ST 

respectively. 



Table 5. Combinations ofmilk offtake and supplementation levels for the 24 simulationexperiments". 

Milk offtakeb 	 Supplementation level of lactatingcows (kglhead/d) 
(%of total production) 0 0.5 1.5 2.5 5.0 7.5 

0 1 2 3 4 5 6 

20 7 8 9 10 11 12 

40 13 14 15 16 17 18 

60 19 20 21 22 23 24 

a Experiment I isthe baseline run analysed in Section 4 (i.e. no milk offtake and no supplementation). 

b For human =onsumptior. 

but only when the digestibility of the forage con-
sumed is at 60% or below. Animals that calve dur-
ing October are thus supplemented during that 
month and for 7 months after.:ards until the end 

of May. During an average year type, supple-

ments will be provided fur every month during 

this period except December, when the digesti-

bility of the forage consumed is above 60%. Dairy 

meal concentrate (15% protein, 3% at, 9% fibre, 

1.5% calcium and 0.6% phosphorus) is the sup­
plement considered. It has a metabolized energy 

content of 12.5 MJ/kg of DM, and presently costs 
P 190/t ex-Lobatse. However, this concentrate is 
taken as an example only, and the exact type, 
quality characteristics and availability of supple-
ments in the different locations which might be 
considered for dairy development will have to be 
.ssessed before such projects are implemented. 

5.2 	COMPARATIVE SIMULATED 
PERFORMANCE 

The simulated r erformance of the two genotypes 

under alternatie production regimes can now be 

considered. This comparison is made on the basis 

of individual production traits, before an overall 

comparison .s riade on the basis of energetic 
efficiency. 

5.2.1 Fertility 
The effect of supplementation on herd reproduc­
tive performance, as measured by Fnnual calving 
rates, is presented in Table 6. Figure 6 provides a 
graphical representation of this effect for the two 
extreme milk offtake rates considered. 

The simulated reproductive performance of 
the ST genotype is clearly higher than that of T, 

Table 6. Simulated average annual calving rates (%)under various supplementation levels and milk offtake rates. 

Milk offtake Geno- Supplementation level (kg/head/d) 
rate (%) type 

0.0 0.5 1.5 2.5 5.0 7.5 

0 T 88.48 89.03 89.81 90.00 89.08 87.50 

ST 91.85 92.J7 93.52 93.90 93.75 93.05 

20 T 88.40 88.93 89.76 89.92 89.23 87.60 

ST 90.58 91.63 92.72 93.67 93.78 93.23 

40 T 88.15 88.71 89.62 89.87 89.34 87.72 

ST 90.40 91.47 92.34 93.36 93.84 93.46 

60 T 88.02 88.50 89.36 89.84 89.52 87.75 

ST 90.16 90.76 W.10 93.05 94.05 93.65 

Average T 88.26 88.79 89.64 89.91 89.29 87.64 

ST 90.75 91.60 92.67 93.50 93.86 93.35 
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Figure 6. Simulated effect ofsupplementation on cow reproductive performance for two milk offtake 
rates. 
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by 2 to 6 percentage points depending on the and 2.2 - 15.5% for ST, depending on the milk 
milking policy in effect and the level of supple- offtake rate. The higher the milk offtake rate 
mentation provided. At low levels of supplemen- (putting cows under greater stress), the higher the 
tation, increasing the milk offtake rate from 0 to relative increase in calving rates as aresult ofsup­
60% results in a reduction of calving rates by plementation"g. 
about halfa percentage point for,,'and about one 
and half percentage points for ST'". As supple- The cause of this reduction in reproductive performance is 
mentation of larl~ating cows increases from 0 to the extended lactation period from 7 months to 9and 10 
7.5 kg/head/d, calvingrates increase up to a point, months for T and ST respectively, when milking takes place, 
reaching amaximum at about 2.5 - 3 kg for T and The higher milk potential of ST cows implies higher energy
3 - 5 kg for ST animals, and decline there- demands during this extended lactatioi, period, resulting ingreater weight losses and thuas greater reduction in their re­

after. This increase amounts to 1.7 - 2.3% for T productive performance. 
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Table 7. Simulated average calfsurvival rates and averageannual cow mortality rates for various supplementation 
levels and milk offiake rates. 

Milk offtake Geno- Supplementation level (kg/head/d) 
rate(%) type 

0.0 	 0.5 1.5 2.5 5.0 7.5 

Average calf survival rate to I year (%) 

0 T 94.31 95.08 95.59 95.97 96.08 96.44 

ST 94.46 95.39 96.01 95.86 95,94 96.16 

20 T 94.26 94.95 95.57 95.92 95.95 95.95 

ST 95.33 95.33 95.83 95.97 96.33 96.35 

40 T 92.04 92.01 93.54 94.08 94.68 94.73 

ST 93.83 95.06 95.80 95.84 96.29 96.30 

60 T 68.94 72.16 73.79 74.93 7'28 77.72 

ST 85.12 87.00 91.53 92.52 93.91 94.48 

Average calf survival rate to 2 years (%) 

0 T 92.78 93.72 94.00 94.52 94.60 95.07 

ST 93.00 94.09 94.85 94.92 %.00 95.35 

20 T 92.49 92.94 93.35 93.84 93.77 93.90 

ST 93.71 93.89 94.12 94.67 94.79 95.10 

40 T 89.02 88.66 90.38 90.46 91.10 91.13 

ST 91.17 92.92 S4.08 93.90 94.51 94.25 

60 T 64.59 67.91 69.72 71.18 72.28 73.89 

ST 81.01 83.54 87.28 87.38 88.46 88.96 

Average annual cow mortality rate (%) 

0 T 1.20 0.56 0.53 0.37 0.30 0.36 

ST 2.00 1.34 0.52 0.46 0.31 0.28 

20 T 1.22 0.59 0.40 0.27 0.27 0.27 

ST 3.00 1.87 1.36 0.41 0.39 0.29 

40 T 1.30 0.66 0.43 0.20 0.30 0.34 

ST 3.02 1.81 1.24 0.51 0.49 0.38 

60 ' T 1.46 0.64 0.38 0.24 0.27 0.34 

ST 3.20 2.54 1.30 0.59 0.43 0.43 

Maximum calving rates occur at the optimum liveweight for T and ST cows respectively. The 
liveweights for reproductive performance. The model assumes that cows with liveweights above 
simulated optima are at about 600 kg and 630 kg these levels will have a reduced reproductive per­

formance. The outlet of increased energy intake 
Trials were carried out at Musi to find out the effects of sup- through supplementation is first in increased milk 
plernentary feeding on the reproductive performance of 
breeding females (APRU, 1981). An average improvement yields, but once the milk yield potential is 
inconceptionof 7.1% abov: the control group was reported. achieved the residual energy is absorbed in live-
The results also showed that stressed cows had a much higher weight gains. The lower the milk yield potential 
response in conception to supplementation of 14.4%. The 
simulated effects reported here are, in general terms, in line and milk offtake rate, the higher this residual 
with these results. energy for liveweight gain. Thus, it should be ex­
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----------------------------------------------- 

Figure 7. Simulated effect ofsupplementationon calfsurvivalfor variousmilk offtake rates. 
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pected that, as supplementation levels increase, 
optimum liveweight for reproductive perfor-
mance is reached for T cows before ST cows and, 
within a genotype, at lower milk offtake rates. 
This occurred in the simulati6n and is demon-
strated in Figure 6. 

5.2.2 Mortality 
The simulated effcct ofdifferent supplementation 
levels on mortality is shown in Table 7,and in Fig-
ures 7 and 8 for calves and cows respectively. 
When up to 20% of the milk produced isremoved 
for human consumption, the effect on the survival 
of animals to 2years isrelatively small. However, 
over that level the impact on calf mortality is ex-

5 6 T a 

ponential, reducing the survival rate of calves to 2 
years by about 21 to 28 and 6.4 to 12 percentage 
points for T and ST calves respectively, depend­
ing on the level of supplementation provided. 

Higher milk offtake rates also result in in­
creased cow mortality, particularly for ST cows at 
low supplementation levels. At a supplementa­
tion level below 1.5 kg/head/d, the mortality rate 
of ST cows almost doubles as milk offtake rates 
increase from 0 to 60%. 

The effect of milking on mortality can be 
shown more clearly in marginal terms. For exam­
pie, the survival rate of T calves to 2 years is 
reduced by 0.02 to 0.06 percentage points (de­
pending on the level of supplementation) for each 
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Figure 8. Simulatedeffect of supplementatiorion cow mortalityfor two milk officke.rates. 
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additional percentage point of milk offtake, as 	 pared with 'I cows is reflected in the better survi­
val rates of ST calves to 2 years. For exa!.iple,milk offtake increases ftri 0 to 20%. However, 

as milk offtake increases from 40 to 60%, the when the 60% milk offtake policy applies, the sur­

same rate is reduced by 0.86 to 1.22 percentage vival rate of ST calves is higher than that of T 

points for each additional percentage point of calves by as much as 16 percentage points. How­

milk offtake. Thus the survival rate of T calves to ever, this substantial increase in ST calf survival 

2 years decreases almost 25 times faster when rates is not achieved without cost. As might be ex­

ovei 40% of milk is removed than when milk off- pected, ceterisparibusthe higher milk potential of 

take is from 0 to 20%. ST cows must result in an overall lower body con-

As seen from Figures 7 and 8, supplementa- dition as compared with T cows, and therefore in 

tion substantially improves the simulated survival higher cow mortality rates. The simulation results 

rates of both calves and cows. Almost all this im- support this hypothesis. As shown in Figure 8, the 

provement takes place as supplementation in- mortalities for ST are markedly higher than for T 

creases from 0 to 2.5 kg/head/d. After that level cows at supplementation levels up to 2.5 kglhead/ 

the improvement is minimal. d. Above that level the difference between the 

The much higher milk potential of ST as com- two genotypes is insignificant. 
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Table 8. Simulaedgrowth to 7and 18 month (averageformales andfemales)for varioussupplementationlevelsand 
milk offiake rates. 

Milk offtake Geno-
rat' (%) type 

0.0 

0 T 190.5 

ST 218.2 

20 T I5. 

ST 204.0 

40 T 156.7 

ST 187.1 

60 T 117.8 

ST 153.4 

0 T 322.2 

ST 350.5 

20 T 311.0 

ST 336.7 

40 T 294.8 


ST 323.5 

60 T 268.6 

ST 298.7 

5.2.3 Animal growth 
Average 7-month weaning weights and 18-month 
weights for both males and females are shown in 
Table 8 and Figures 9 and 10. The milk offtake 
rate has a substantial effect on 7-month and 
18-month weights at any level of supplementa-
tion. Weaning weights are reduced by about 70 kg 
and 60 kg for T and ST calves respectively, as milk 
offtake rates increase from 0 to 60%. Similarly, 
18-month weights are reduced by about 53 kg and 
47 kg for T and ST animals respectively, again as 
milk offtake rates increase from 0 to 60%. As ex-
pected, because of the lower milk potential of T 
relative to ST cows, the effect of milking on calf 

.growth is more severe in the case of T calves2 

The marginal effect of milking on calf growth 
increases as higher milk offtake rates apply. As 

2o	Weaning and 18-month weights for T animals at a60% milk 
offtake rate, expressed as a percentage of corresponding 
weights when no milk is removed, amount to about 63% and 
83% respectively. The corresponding figures for ST animals 
are much higher, about 74% and 87% respectively, 

Supplementation level (kg/headld) 

7.50.5 1.5 2.5 5.0 

Average 7-month weaning weight (kg) 

191.1 191.6 191.8 191.!. 192.0 

221.2 223.7 224.5 224.6 224.7 

176.8 177.6 178.2 178.4 178.7 

209.9 214.1 215.4 215.9 216.0 

157.6 158.6 159.6 160.0 160.2 

192.8 197.8 199.8 200.6 201.1 

119.1 120.2 120.9 122.4 123.0 

158.5 164.5 167.0 170.2 171.6 

Average 18-month weight (kg) 

322.4 322.5 322.6 322.8 323.0 

351.7 352.7 353.1 353.1 353.2 

311.0 311.1 311.2 311.2 311.4 

343.0 344.7 345.6 345.6 345.7 

295.0 295.0 295.8 295.8 295.9 

329.1 331.6 332.6 332.9 332.9 

269.4 269.8 269.9 270.0 270.2 

300.5 305.0 305.7 307.8 309.0 

the milk offtake rate increases from 0 to 20%, 
weaning weights decrease by about 0.5 to 0.7 kg 
(depending on the genotype and the supplemen­
tation level) for each additional percentage point 
of milk removed. On theother hand, the marginal 
decreases in weaning weights when the milk off­
take rate increases from 40 to 60% are about 
1.4 kg to 1.9 kg (again depending on'the genotype 
and the supplementation level). On average, 
weaning weights when the milk offtake rate is 
over 40% thus decrease almost three times faster 
than when it is 0 to 20%. 

Supplementation has relatively little effect on 
weaning and 18-month weights, particularly for T 
calves and for both genotypes when a low nilk 
offtake rate applies (below 20%). Supplementa­
tion has a substantial effect at higher milk offtake 

rates, particularly on the growth of ST calves, due 
to the higher milk poteatial of their dams, which 
are capable of realizing a higher fraction of their 
potential at higher supplementation levels. At a 

60% milk offtake rate weaning and 18-month 
weights of ST calves increase by about 18 kg and 
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Figure 9. Simulated effect ofsupplrinentart'non weaning weightsfor variousmilk offiake rates. 
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10 kg, compared with about 5 kg and 2 kg for T alternatives considered. There is some increase in 

calves, as supplementation rises from 0 to 7.5 kg/ the total quantity of forage consumed for higher 
head/d. Again, as was also observed for the effect levels of supplementation and some decrease for 
of supplementation on fertility and mortality, the higher levels of milk offtake. However, these dif­
marginal contribution of supplementation to calf ferences are not the result of different consump­
growth diminishes at higher supplementation tion levels per animal. The explanation lies in the 
levels. size of the whole herd under the various produc­

tion alternatives (see Appendix Table A.7). The 
5.2.4 Feed inputs and milk and meat offtake average forage consumption for the average 
Figure4summarizedtheinputsandoutputsofthe animal in the system studied amounts to about 
livestock production system under study. The 2850 kg/year or about 7.9 kg/d. 
production process started with an initial herd 
which evolves into afinal herd at the end of a 15- The only inputs quantified by the simulation model are those 
year simulation period, with intermediate inputs of feed requirements. The production alternatives consid­
and outputs in the form of the feed consumed and ered here would in addition require fixed expenditures for in­
the milk and meat produced 2t . frastructure (e.g. equipment for feedingand milking), aswe!l 

as variable inputs such as labour. Quantification of theseThese inputs and outputs are presented inTa- other "less variable" inputs does not necessarily require the 
bles 9, 10, 11, 12 and 13 for all the 24 production use of amodel and can be done straightforwardly. 
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Figure 10. 	 Simulated effect of supplementation on 18-month progeny weights for various milk offtake 

rates. 
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Available quantities of supplements per hoad 5.0 and 7.5 kg/head/d. ST consumption levels in­

per day are maximum levels which a lactating cow crease by about 100% as the available quantity of 

has at its disposal for consumption. Whe:ther supplements increases from 2.5 to 5.0 kgfhead/d, 
implying that all available supplements are con­these maximum quantities are totally consumed 

depends on the energy outlets that lactating cows sumed. However, T consumption levels increase 

have. As Table 10 shows, total consumption of by about 66%, implying that T animals reach a 
saturation point at about 4.2 kg/head/d. Similarly,supplements by ST cows ishigher than for T cows, 

reflecting the higher energy outlets of ST cows for ST cows consumption levels increase by about 

duc to their higher milk yield potential. At high 40% as the available quantity of supplements 

supplementation levels T cows, after satisfying increases from 5.0 to 7.5 kglhead/d, implying 

their energy demands for milk production and in- that they reach asaturation point at about 6.9 kg/ 

creasing liveweight to the extent allowed by their head/d 22 . 
The annual total milk and liveweight offtakegenetic potential, do not have any other use for 

under the different production alternatives con­the extra supplements available to them. Thus the 
sidered are presented in Tables 11 and 12. The ef­saturation point for T cows issomewhere between 

2.5 and 5.0 kg/head/d, whereas the corresponding 
saturation 	point for ST cows is somewhere be- 22 Supplementutilizationisnotuniformthroughouttheyear.as 

shown in the example in Appendix Table A.8. The months oftween 5.0 and 7.5 kglhead/d. 
heaviest use are October, November and February to May.

This observation is made on the basis of 'a 
Utilization during December and January is relatively small 

comparison between total annual supplement due to the usually very high quality of forage on offer at that 

consumption of the two genotypes at levels of2.5, 	 time. 
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Table 9. Simulated average annualforage consumption (t) by the herds for various supplementation levels and mik 
offiake rates. 

Milk offtake Herd Supplementation level (kglhead/d) 
rate (%) genotype 

0.0 0.5 1.5 2.5 5.0 7.5 

0 T 344.7 353.7 356.6 359.6 355.1 352.6 

ST 355.7 374.2 385.1 388.2 387.5 385.3 

20 T 333.7 347.4 354.3 355.1 349.9 348.3 

ST 358.9 356.3 380.2 387.8 390.6 390.7 

40 T 316.3 331.6 341.2 343.6 341.4 338.5 

ST 344.0 347.3 367.3 380.1 387.2 384.9 

60 T 265.9 282.0 287.8 294.8 298.4 297.7 

ST 303.6 324.0 342.0 359.7 366.0 368.8 

Table 10. 	 Simulated average annual supplement consumption (kg) by the herdsfor various supplementation levels and 
milk offiake rates. 

Milk offtake Herd Supplementation level (kg/head/d) 
rate (%) genotyp,. 

0.0 0.5 1.5 2.5 5.0 7.5 

0 T 0 3339 10127 16730 25804 29978 

ST 0 3381 10552 16864 34:85 43343 

20 T 0 3379 10377 17067 26556 31 199 

ST 0 3295 10524 17909 35953 49779 

40 T 0 3332 10270 17009 26811 3151(1 

ST 0 3242 10280 17691 36041 50337 

60 T 0 3273 9942 16719 26913 31242 

ST 0 3279 10136 17748 35880 50503 

Table 11. 	 Simulated annual milk offtake (kg) from the herdsfor various supplementation levels and milk offtake rates. 

Milk offtake Herd Supplementation level (kg/head/d) 
rate (%) genotype 

0.0 0.5 1.5 2.5 5.0 7.5 

0 T 0 0 0 0 0 (1 

ST 0 0 0 ( 0 (1 

20 T 13057 13903 14477 14608 1462 ) 14640 

ST 26024 28668 33502 36593 3? il 38483 

40 T 21273 22986 23927 24066 24107 24126 

ST 38156 41 194 47758 52253 55498 55693 

60 T 29839 31735 32813 33083 33187 33197 

ST 48729 55014 62261 68763 72582 72869 
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Table 12. Simulated average annual liveweight aiake (kg)from theherdsfor various supplementationlevelsandmilk 
offtake rates. 

Milk offtake Herd Supplementation level (kglhead/d) 
rate (%) genotype 

0.0 0.5 1.5 2.5 5.0 7.5 

0 T 14485 15046 15327 15582 15620 15650 

ST 15162 15783 16370 17050 17180 17245 

20 T 13902 14471 14869 15012 15097 15137 

ST 14840 14857 15820 16363 16793 16943 

40 T 12878 13438 14048 14317 14384 14410 

ST 13846 14347 15051 15757 16378 16455 

60 T 8831 9809 10331 10735 11094 11218 

ST 11343 12177 13446 14094 14736 15089 

fect of supplementation inincreasing milk yields 
and consequently milk offtake isevident. The in-
, se for T cows is relatively small, reflectingthe 
low milk yield potential of this genotype. How-
ever,for ST cows milk offtake increases by almost 
50% as the quantity of available supplements 
increases from 0 to 7.5 kglhead/d. An overall 
comparison of the two genotypes confirms the 
superiority of ST cows as milk producers. The 
greatest difference between the two genotypes 
occurs at high supplementation levels, when ST 
cows are able to achieve their higher potential 
milk yields. 

Total annual milk offtake figures are not pro-

portional to the corresponding milk offtake rates, 


as might be expected. As noted earlier, higher 

milk offtake rates are associated with lower re-

productive rates, higher mortality rates,and gen-


erally lower liveweights of lactating cows. The
 
combined effect of allthese factors issmaller
 
average breeding herds (see Appendix Table
 

A.7) and lower milk yields per lactating cow at
 
higher milk offtake rates.
 

Higher milk offtake rates are directly reflect­
ed inmuch lower liveweight offtakes,particularly
 
at low ka:vels
of supplementation, as shown inTa­

ble 12. Whoano supplementation isineffect, live­
weight offtake decreases by almost 40% forT and
 
26% for ST animals as the milk offtake rate in­
creases from 0 to 60%. At high supplementation
 
levels, the effect of riliking isstill
high forT(28% 
reduction) but very small (4% reduction) for ST 
animals. This is again the result of the low milk 
yield potential of T cows compared with ST. Re­
gardless of the quantity ofsupplements available, 
when 60% of the milk isremoved the residual 

Table 13. Simulated average annual changes in herd biomass (kg)for various supplementation levels andmilk offtake 
rates'. 

Milk offtake Herd Supplementation level (kg/head/d)
 
rate (%) genotype
 

0.0 0.5 1.5 2.5 5.0 7.5
 

0 T 513 617 752 825 915 928
 

ST 418 637 825 976 1173 1263
 

20 T 402 558 692 776 851 864
 

ST 249 392 621 760 1024 1141
 

40 T 232 407 594 681 760 758
 

ST 128 248 537 684 961 1066
 

60 T 10 78 198 412 536 516
 

ST -179 78 267 498 761 
 894
 

Compared with baseline herd at the beginning of the 15-year simulation.
 

30
 



milk available to calves from T cows is inade-
quate. As seen in Sections 5.2.2 and 5.2.3, this re-
suits in both high calf mortalities and slower 
growth, the combined effects of which are low 
liveweight offtake levels. 

The above results highlight the fact that a 
thorough comparison between the two genotypes 
and between the different production alternatives 
requires the simultaneous consideration of both 
milk and meat output. This simultaneous consid-
eration will be undertaken in Section 5.2.6 in 
terms of energetic efficiency, and finally in Sec-
tion 6, where the economic trade-offs between 
these outputs for the various production alterna-
tives considered are analysed. 

5.2.5 Herd viability 
In addition to the level of outputs from the sys-
tem, reflected in the quantities of milk and meat 
produced, the desirability of different policies 
must be examined within the context of long-term 
herd viability. For example, although a policy of 
high milk offtake might be associated with a 
higher overall income, it may also increase the 
probability of system failure to unacceptable lev-
els. 

In systems where forage on offer varies 
markedly from year to year, there is always a 
probability (however small) of an extended dry 
season occurring for two or more years running. 
Milk yields drop substantially during such periods 
of drought, there is a higher than usual calf mor-
tality and, depending on the length of the drought 
period, the consequences for the whole herd can 
be catastrophic. Management will usually react to 
the prospect of a catastrophe by selectively dis-
posing of the less productive animals and perhaps 
by strategic supplementation of the remaining 
breeding herd. Such a policy ("drought policy") is 
available within the general management options 
of this simulation model, 

The experiments presented so far were con-
ducted without any drought policy in effect, so 
that the impact of nutritional stress is reflected 
directly in the performance of the different pro-
duction alternatives considered. However, the 
accounting part of the model records the inci-
dence of nutritional stress, the occurrence of 
which is determined at the beginning of each 
month of simulation and is defined as a situation 
in which the average liveweight condition of the 
whole herd is very low (e.g. liveweights are below 
300 kg and 323 kg for mature T and ST females 
respectively) and the quality of forage on offer for 
that month is below the level sufficient for live-

weight maintenance. Such situations imply conti­
nuation of liveweight losses for the whole herd for 
that month with, in turn, an expected increase in 
mortality. 

The average intervals between severe nutri­
tional stress situations are presented in Table 14 
and Figure 11. Out of the 24 experiments con­
ducted for each genotype, 3 for T and 5 for ST 
herds proved to be catastrophic: in other words, 
all animals in the herd died of starvation (indicat­
ed by an asterisk in Table 14). These catastro­
phies took place during replication 6, when a 
sequence of 3 consecutive below average years 
occurred (see Appendix Table A.6). 

In general, severe nutritional stress situations, 
as defined earlier, occur more frequently at 
higher milk offtake rates and also more frequent­
ly for the ST genotype. For example, when no 
supplementation is given the frequency of nutri­
tional stress in the T system increases from once 
every 16.5 years to once every 4.5 years as milk 
offtake rates increase from 0 to 60%. The corre­
sponding frequencies for the ST genotype are 
12.5 years and 2.7 years. Although not shown 
here, the severity of nutritional stress, as mea­
sured by the quantities of strategic supplements 
that would have been required to alleviate its con­
sequences, is higher at higher milk offtake rates 
and also higher for the ST genotype. 

Supplementation of lactating cows substan­
tially alleviates nutritional stress by reducing its 
frequency at any one milk offtake rate. At the 
maximum supplementation rate of 7.5 kglhead/d, 
nutritional st ress did not occur at any milk offtake 
level with either genotype. 

The economics of strategic supplementation is 
itself a topic warranting a separate study and is 
not covered here. However, the above analysis 
was undertaken to gain an appreciation of the 
long-term consequences of different intervention 
policies within the context of a viable production 
system. 

5.2.6 Overall comparative performance on the 
basis of energetic efficiency 

So far the performance comparisons of the differ­
ent production alternatives considered in this 
analysis have been based on individual measures 
of perforrmiance, namely herd reproduction, mor­
tality, a:iimal growth, milk and meat output, herd 
viability ond input requirements. Ranking of pro­
duction aternatives on the basis of single mea­
sures of performance is not feasible, as the rank of 
a given alternative depends on the criterion used. 
An overall performance index is thus required. 
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Table 14. 	Simulated average interval (years) between severe nutritional stress situations for various supplementation 
levels and milk offtake rates". 

Milk offtake Geno- Supplementation level (kg/head/d)
 
rate (%) type
 

0.0 0.5 1.5 2.5 5.0 7.5 

0 T 16.5 19.0 45.0 300.0 - -

ST 12.5 14.0 37.0 150.0 - ­

20 T 12.5 13.5 25.0 150.0 - -

ST 6.5* 7.5 13.0 18.0 300.0 ­

40 T 8.0* 9.0 14.0 37.0 - -

ST 5.5* 6.0* 7.5 13.5 75.0 ­

60 T 4.5* 5.5* 9.5 21.0 - -

ST 2.7* 3.0* 4.0 5.5 20.0 -

The cases indicated by an asterisk were catastrophic; that is, an unfavourable sequence of below average years 
occurred, during which all animals in the simulated herd died of starvation. 

In the long term, intermediate measures of 
performance such as fertility, mortality and ani-
mal growth are directly reflected in the overall 
outputs from the system, i.e. milk and meat off-
take and the capital value of the herd at the end of 
the period. For the purposes of constructing an 
overall measure the different production altern2-
tives can be evaluated on the basis of outputs and 
corresponding inputs. Tables 9, 10, 11, 12 and 13 
presented annual inputs and outputs of the pro-
duction process and also the net change in the 
herd biomass (expressed in annual terms) over 
the 15-year simulation period. These figures are 
now used as the basis for an overall comparison 
between the different production alternatives. 

The approach, in the construction of an overall 
performance index, is to compare the total out-
puts from the system with the total inputs. In 
order to sum up the individual components of in-
puts and outputs, these must be expressed in the 
same units of measurement. On the input side the 
quantities of forage and supplements consumed 
annually are expressed in MJ of metabolizable 
energy. Similarly, on the output side the annual 
milk and meat offtakes and the annual change in 
herd biomass are expressed in MJ on the basis of 
their energy content. 

Formally, define: 
f = quantity of forage consumed annually 

in t (Table 9); 
x = quantity-of supplements consumed an-

nually in kg (Table 10); 
er = average metabolizable energy (MJ.'t of 

forage consumed); based on the values 
of Table 1, the average digestibility of 
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the forage of the five year types 
(weighted by their respective proba­
bilities of occurrence) is 0.50; further, 
taking the average energy content of 
forage as 18 MJ/kg and the ratio of 
metabolizable to digestible energy as 
0.82, the average metabolizable 
energy content of forage equals 7380 
MJ/t; 

e, = 	 metabolizable energy of the supple­
ments consumed, which equals 12.5 
MJ/kg; 

q, = annual quantity of milk offtake in kg 
(Table 11); 

q2 = annual quantity of liveweight offtake 
in kg (Table 12); 

AQ = 	 change in total herd biomass (kg) for 
the whole 15-year period expressed 
annually (Table 13); 

e, = 	 net energy content of milk. As dis­
cussed in Section 3.4, this equals 3.5 
MJ/kg and 3.3 MJ/kg for T and ST milk 
respectively; 

e 2 = 	 net energy released from the mobiliza­
tion of body tissues; assuming 20 MJ/ 
kg of body weight and a coefficient of 
efficiency for its utilization in different 
body functions of 0.82, the result is a 
net energy content of 16.4 MJ/kg of 
body weight. 

Based on the above, the energetic efficiency 
of the different production alternatives consid­
ered can be obtained from the relationship 

e.q +e..q,2 +e2 .AQ. 
c = ef.f+e,.x 100 



Figure 11. 	 Simulated effect of supplementation on the incidence ofsevere nutritional stress for various 
milk offtake rates. 
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where c is the energy equivalent of the total out- levels at any given level of supplementation. This 
put expressed as apercentage of the total metab- implies that at higher milk offtake rates the 
olizable energy utilized by the production system. energy loss from lower liveweighLofftake isless 

Table 15 and Figure 12 present the energetic than the increase in energy output in the form of 
efficiencies obtained using the above relationship milk. It isclear from the values of Table 15 that 
for the various production alternatives consid- the increase in total energy output from higher 
ered. For both genotypes energetic efficiency milk offtake rates isin favour of the ST genotype. 
increases monotonically for higher milk offtake At a60% milk offtake rate the energetic efficien­
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Table 15. Simulated herd levelenergetic efficiency (%)for v.rioussupplementation levels and milk offiake rates. 

Milkofftake Geno-
rate(%) type 

0.0 

0 T 9.67 

ST 9.73 

20 T 11.38 

ST 12.59 

40 T 12.40 

ST 13.99 

60 T 12.71 

ST 15.35 

cy of the ST genotype ishigher than that of the T 
genotype by as much as 3 percentage points. At 
the other extreme, ST cows are marginally in-
ferior to T in a beef production system (i.e. no 
milking), 

The energetic efficiency is equally sensitive to 
tne level of supplements provided. Except in the 
case of the 60% milk offtake rate, the maximum 
energetic efficiency for T cows occurs at zero sup-
plementation. Even in this exceptional case, the 
optimum supplementation level on the basis of 
energetic efficiency, is only 0.5 kgfhead/d. For the 
ST genotype maximum energetic efficiencies are 

Supplementation level (kg/head/d) 

7.50.5 1.5 2.5 5.0 

9.65 9.56 9.40 9.21 9.13 

9.60 9.48 9.35 9.14 8.97 

11.33 11.15 10.9o 10.73 10.59 

12.91 12.94 13.01 12.55 12.08 

12.36 12.24 12.01 11.66 11.52 

1,441 14.56 14.61 14.13 13.58 

12.88 12.79 12.52 12.09 11.93 

15.73 16.20 16.21 15.67 14.99 

achieved at a supplementation level of 2.5 kg/ 
head/d23 . Providing supplements above that level 
decre, es energetic efficiency, such that the per­
centage increase in total energy output is less than 
the corresponding percentage increase in the lev­
el of supplements consumed. Whether this ener­
getically efficient supplementation level is also 
economically efficient depends on the prevailing 
relative prices between meat, milk and supple­
ments. A comparison between the different pro­
duction strategies on the basis of economic 
efficiency is the topic of the following section. 

" 	For both genotypes the energetic efficiency optima occur 
well below theirsaturation levels ofsupplement consumption 
(4.2 and 6.9 kg/head/d) as obtained in Section 5.2.4. 
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F'gur 12. Simulated effect ofsupplementationon energeticefficiencyfor variousmilk offlake rates. 
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6. ECONOMIC ANALYSIS
 

6.1 	 TRADE-OFFS BETWEEN MILK AND 
MEAT PRODUCTION 

The. two main outputs (milk and meat) of the sys-
tern under study are technically interdependent, 
Production of milk alone is not possible without 
meat production, and vice-versa. Formally, the 
production process in the case of joint products 
can be represented by an implicit production 
function of the form (Henderson and Quandt, 
1971) 

H(q1 , q2, x) = 0 

where 
q, = quantity of milk produced, 

= quantity of meat produced, and 
x = quantity of feed supplements provided, 

Solving the above relationship explicitly for x 

yields the cost of production as a function of the 
quantities of the two outputs produced, i.e. 

x = h(q,, q2) 
A product transformation curve is defined as 

the locus of output combinations that can be pro-
duced from a given level of inputs. The family of 

product transformation curves for milk and meat 
production for the system under study is shown in 
Figuiu 13, obtained from the milk and liveweight 

offtake valucs given in Tables 11 and 1224. Thus, 

for a given input level there exist infinite numbers 

q2 

of output combinations of milk and meat. The 
rate of product transformation (RPT) is definedaso te qantiy hatmustbe or-P2eneprouct 

as the quantity of orne product that must be for-

gone in order to obtain more of the other without 

varying the input level. The measure of this rate is 


the negative of the slope at any point of the 

product transformation curves. Because the 

curves are concave to the origin, the higher the
 
production level for one of the two products the
 

higher the rate at which the production of the 


other is sacrificed. For example, moving from 

point A to point B on the ST 2 .3kg/head/d curve, 
i.e. increasing milk output by 10 000 kg (from 
20 000 kg to 30 000 kg). results in a reduction of 

meat output by about 100 kg, compared to a re­
duction of about 420 kg when moving from point 
C to point D, i.e. increasing milk output by the 
same amount (from 50 000 kg to 60 000 kg). 

The higher performance of the ST over the T 
genotype is clearly shown in Figure 13. The pro­
duction frontiers for ST are far above those of T 
for any level of supplementation. For c xample, at 

a supplementation level of 1.5 kg/head/d, an 
annual meat offtake of 7000 kg is associatcd with a 
milk offtake of 23 900 kg for the T system, as com­
pared with more than twice as much from the ST 
system, i.e. 56 200 kg. 

Due to the variable RPT along each product 
transformation curve, for a given level of feed 
supplementation the combination of milk and 
meat production that yields the maximum rev­
enue will depend on milk and meat relative pri­
ces. It can easily be shown that revenue is maxi­
mized when the RPT equals the ratio of milk and 
meat prices; i.e. when 

pi 
RPT =_P2where 

= unit of miand = unit priceprice of meat. 
There is only one point on each product trans­

formation curve which satisfies the above condi­
tion, and the loci of such points constitute the out­
put expansion path of the joint milk and meat pro­
duction system. 

6 PIT MAXMIZTION ANRATEOPTIMUM PRODUCTION STRATEGY 

The determination of the optimum production 
,24 Assuming carcass weight is50% of liveweight. strategy must take into consideration, in addition 
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Figure 13. 	 Simulated herd-levelproducttransformation curves between milk endmeat outputforvarious 

supplementationlevels. 
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to the relative prices of milk and meat, the cost of 
inputs to the system. In the short run only the cost 
of intermediate inputs and the revenue from in-
termediate outputs need to be taken into account. 
In the long run the initial and final capital value of 
the herd ano Al other capital holdings must addi-
tionally be taken into account. The optimum 
combination of milk and meat production will be 
that which maximizes annual net revenue (NR), 
i.e. gross revenue from the sale of milk and meat 
minus costs. NR can be expressed by the relation-
ship 

NR=pjqj 	+ p2q2 - rx - sz - w 
where 

r =the unit cost of feed supplements, 
x =the quantity of supplements used, 
s =the unit cost of labour, 

50000 60000 70000 bOO00 

z =the number of labourers employed, 
and 

w =all other fixed costs. 
With respect to supplementation, NR ismax­

imized when the value of the marginal product of 
feed supplements for the production of each out­
put equals the price of supplements. Net revenue 
from supplementation would increase if the re­
turn to its use for the production of either product 
exceeds its cost. Thus, the leve of supplements 
employed would be that at which the returns from 
each product would be equal to the cost of supple­
ments. 

Table 16 piesents current producer prices and 
associated costs. In addition to feed and labour 
costs, other costs related to maintaining a "rea­
sonably acceptable" level of management have 
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been taken into consideration. These include the Based on the presently prevailing price struc­

establishment of fences and boreholes, the provi- ture and the assumptions made in Table 16 about 

sion of water, minerals and routine veterinary other related production costs, the annual net 

care and, in the case of adairy system, extra costs revenue from the different production alterna­

for veterinary care, A[ and dairy equipment. tives is given in Table 17 and in Figure 14. It is 

Table 16. Fixed and variable costs paidand prices received byproducers in ranching enterprises in Botswana (1982)*. 

Item 	 Cost/price (P) 

Fixed costs: 

Maintenance of fencing and borehole (10% of establishment costs)" 2 640 

Water, minerals and routine veterinary care (75 LU G P9.0/LU) 675 

Total fixed costs ofabeef system 3315 

Additional costsof adairy system 

- Extra veterinary costs (40 cows Q P 10.0/cow) 400 

- Al (40cows 0 P5.0/cow)" 200 

- Dairy equipment (10% of purchase cost of P500.0) 50 

Total fixed costs of adairy system 	 3 965 

Variable costs: 

Cost of feed concentrates per kg' 0.22 

Labour per worker/year' 600 

Labour requirements (worker-years) 

- beef system 2 

- dairy system 

(a) annual milk output less than 25 000kg 	 3 

(b) annual milk output betveen 25 000 kg and 50 000 kg 	 4 

(c) annual milk output greater than 50 000 kg 	 5 

Price received by producers: 

Milk per kg' 0.30 

Meat per kg 1.26 

Costs and prices represent mid-1982 levels and were provided by APRU scientists. 

" 	For 75 LU at a recommended stocking rate of 10 ha/LU, 750 ha are required. This area isassumed to be fenced to 
form 7paddocks requiring 19 km of bushwood and wire fencing. At apresent cost of P600/km the initial expendi­
ture on fencing would be P11400. The cost of the borehole isestimated at P15 000, resulting in atotal initial estab­
lishment cost of P26 401). 

Two inseminations per conception are assumed, Q P2.50 per insemination. 
d The cost of supplements to livestock producers depends on their quality and the location of individual producers. 

Dairy meal consisting of 15% protein, 3% fat, 9% fibre, 1.5% calcium and 0.6% phosphorus costs about P200/t 
ex-Lobatse. An additional charge of 10% isassumed for transport and handling, bringing the total cost to the pro­
ducer to P220/t.
 

A monthly wage rate of P50 isassumed here. Although wages for unskilled labour can be substantially lower, it is
 
assumed that for adairy operation to be viable it must be located relatively near aconsumption centre, where labour
 
wages are much higher than in remote area.
 

Current dairy-gate milk prices paid to producers are P0.35/kg. Transportation and handling costs of 15% are sub­
tracted from this price, leaving anet price to the producer of P0.30/kg.
 

Botswana has awell established marketing system for beef cattle. The price paid by the abattoir in Lobatse isabout
 
P1.30/kg of carcass weight for animals of average quality. Additionally, amarketing cost of P 10 per animal isas­
sumed, bringing the net price received by producers to about P1.26/kg of liveweight.
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Table 17. Simulated annual net revenue (P)given current (1982) pricey, forvarioussupplementation levelsand milk 
offtake rates. 

Milk offtake Geno- Supplementation level (kg/head/d) 
rate (%) type 

0.0 0.5 1.5 2.5 5.0 7.5 

0 T 4206 3824 2508 1216 -756 -1656 

ST 4632 4279 3072 2111 -1705 -3591 

20 T 5905 5774 4658 3315 1 284 294 

ST 9186 9265 9732 9377 6 154 3297 

40 T 7725 7859 6999 5727 3 626 2614 

ST 12199 12713 13578 12541 9 868 6830 

60 T 6545 7010 6195 5040 3 054 2183 

ST 13795 14284 15749 16434 13 995 11086 

Based on quantities of supplements used and the milk and meat output values in Table i11 and 12 and the costs and 
prices in Table 16. 

clear that, under the present price structure, feed 
supplementation in a beef-only production 
system is not economical. A sensitivity analysis of 
annual NRs with variable costs of feed concen- 
trates showed that their cost must be be'ow 
P 0.10/kg for them to be used economically in a 
beef-only production system. Although not 
shown here, even in that case the optimum level 
of concentrates used is only 0.5 kg/head/d. 

Before the economic merits of feed supple-
mentation for the mixed beef - dairy production 
alternatives ate discussed, a qualification is neces-
sary on the basis of the findings of Section 5.2. In 
several production alternatives calf mortality was 
excessive and the viability of the herd could be 
threatened. Overall, calf mortality was relatively 
low up to a 40% milk offtake rate, but increased 
dramatically thereafter High milk offtake alter-
natives, although associated with high average 
annual NR, also bear a high risk element which 
generally cautious livestock producers may not be 
willing to undertake. On the basis of these subjec-
tive risk considerations, the production alterna-
tive under which 60% of the milk yield would be 
extracted for human consumption is therefore not 
included in the set of economic alternatives, 

The present annual NR level for a beef-only 

production system (i.e. no milking) without feed 
supplementation is taken as the basis for compari-
son. Simulated NR in this case equals P 4506 for 
the T system and P 4632 for the ST system. Under 
a 40% milk offtake rate, the highest income is ob-
tained with a supplementation rate of 0.5 kg/ 

head/d for T cows and 1.5 kg/head/d for ST cows. 
This optimum production strategy yields an annu-

al NR of P 7859 for the T and P 13 578 for the ST 
system, or 75% and 193% higher. respectively, 
than present incomes. 

The major determinants of profitability in the 
systems under consideration are the cost of con­
centrates and the prices received for meat and 
milk. With changing technological and marketing 
opportunities and constraints, current costs and 
prices must be viewed as temporary. Consequent­
ly, the extent to which the above results apply 
under different prices must be examined. These 
sensitivity analyses are depicted in Figures 15, 16 
and 17 and are partial in the sense that in each 
case only one price is allowed to vary, whereas the 
other two prices are kept at their current (1982) 
levels. Thus, Figure 15 shows the simulated effect 
of the price of concentrates on annual NR,with 
the prices of milk and-meat kept at their present 
levels. For the T system (lactating cows supple­
mented with 0.5 kg/head/d), annual NR is above 
present levels as long as the cost of concentrates is 
below P 0.49/kg, or more than twice their present 
cost. For the ST system (lactating cows supple­
mented with 1.5 kg/hcad/d), the threshold level is 
much higher, at P 1.09/kg or almost five times the 
present level. 

Figures 16 and 17 depict the effects of the milk 

and meat prices received by livestock producers 
on their annual NR. Under present prices of con­
centrates and meat, annual NRs are higher than 
current levels as long as the price of milk is above 
P 0.19/kg for the T system and above P 0.12/kg for 
the ST system, or 63% and 40% respectihely of 

the present net milk price received. Similarly, un­
der present prices for concentrates and milk, an­
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Figure 15. Simulated effect ofconcentrate cost on annual net revenue. 
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Figure 16. Simulated effect ofmilk price on annual net revenue. 
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Figure 17. Simulated effect of meat price on annual net revenue. 
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7. CONCLUSIONS
 

The objectives of this paper were to investigate 
the overall performance of Tswana and Simmen-
tal x Tswana genotypes as milk producers, obtain 
the trade-offs between milk and meat production 
and formulate an optimum production strategy 
based on economic considerations. An array of 
performance measures was used for comparing 
the two genotypes under alternative production 
strategies, starting with conventional measures of 
performance, such as fertility and mortality, con-
tinuing with energetic efficiency and ending with 
economic efficiency. From this array of perfor-
mance measures the rational livestock producer 
will choose firstly on the basis of economic crite-
ria, and secondly, within the economically supe-
rior production alternatives, on the basis of his 
subjective conception of what constitutes an over-
all viable system. 

The choice between the two genotypes as re-
gards their potential for milk production without 
impairing herd viability isclearly in favour of ST. 
At the present cost of feed concentrates, a supple-
mentation level of about 2.5 kglhead/d of ST lac-
tating cows and a milk offtake rate of 60% yields 
the highest economic payoff. However, such a 
strategy is also associated with lower calf growth 
rates, a reduction in calf survival and a higher inci-
dence of nutritional stress compared with the 
present system. The generally cautious 
livestock producer would probably view these 
short-term indicators of herd performance as dan-
gerously low and opt for a lower return at a lower 
risk. Thus, on the basis of both economic effi-
ciency and subjective evaluation of herd viability 
and performance, a milking rate of 40% concur-
rent with a supplementation rate of 1.5 kglheadld 
for lactating ST cows is suggested. For the breed-
ing herd of 40 cows considered in this analysis, 
such a policy results in an annual offtake of about 
48 t of milk and 7.5 t of carcass weight and re-
quires about 10.3 t of feed concentrates per year. 

Under the present pricing structure and the 
assumptions made in this analysis, adopting a 
mixed beef - dairy production strategy with ST 
cows results in a substantial increase of producer 
incomes. This conclusion proves robust to 
changes in the cost of concentrates, and still 
applies even when this triples or quadruples from 
its present level, and equally robust to variations 
in the prices received by livestock producers for 
milk and meat. Consequently, Botswana's pros­
pects of meeting its domestic dairy needs appear 
good. 

Despite the strong economic rationale for 
dairy production systems with crossbred cows, 
the promotion and implementation of a dairy de­
velopment policy based on crossbreds must be 
carefully considered case by case. Consequently, 
the results obtained here should not be extrapo­
lated to other environments without the regard 
for differences between the production systems. 
The extensive nature of Botswana's rangeland 
does not lend itself to dairy production unless the 
dairy enterprise is favoured by relatively good 
feed resources and has easy access to a reliable 
market for its products. This, coupled with the 
relatively small and isolated consumer centres, 
implies that dairy enterprises must be located 
near communal areas and must have security of 
land tenure, which is a precondition for making 
the necessary investments. 

Finally, locally available feed resources are at 
present certainly inadequate to supply the high­
quality feed needs of dairy operations on a large 
scale. These additional feed resources will have to 
be imported. The macro-economic implications 
of this latter option, both in terms of foreign ex­
change costs and security of supplies, need to be 
.contrasted with those of continuing present dairy 
import trLnds. However, these macro-economic 
aspects are beyond the scope of this study. 
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LIST OF ABBREVIATIONS
 

The following acronyms, abbreviations and units MAFF Ministry of Agriculture, Fisheries and 

of measure are used in this report': Food (United Kingdom) 

Al 
APRU 

Artificial insemination 

Animal Production Research Unit 

MJ 

P 

Megajoule 

Pula (Botswana currency) 

(Ministry of Agriculture, Botswana) S Simmental 

CP Crude protein ST Simmental x Tswana 

d Day T Tswana 

DM Dry matter t Metric tonne 

LU Livestock unit (250 kg) 

Mathematical terms and concepts formally defined in the text 

are omitted here. 
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Table A.I. Intake coefficientsfordifferent cattle classes. 

Intake coefficients' 
Animal class 

1 2 

1. Calves under 2months 0 0 
2. Calves3 to5 months 0.0305 0.0305 
3. Calves6to 18 months Interpolation between 

class 2 and class 4 
4. Mature dry, non-pregnant females and mature males (reference class) 0.0575 0.1067 
5. Pregnant females (last 3months ofpregnancy) 	 0.0615 0.1 i42 
6. Lactatingcows 0.0661 0.1228 

Intake coefficients in columns Iand 2 refer to equations (3.1) and (3.2) respectively. See Section 3.2 for estimation 
procedure and qualifications of different animal classes. 

Table A.2. Milk yield potentialby cow agegroups". Table A.3. 	 Fraction of total lactation yield produced 
each month by month of lactation. 

Cow age Fraction ofm iximum 
(years) milk yield Fraction oftotal 

Month lactation yield proO.uced
ot each montL2 0.70 lactation 

3 0.85 Tswana Simmental 
4 0.93 

xTswana 

5 1.00 I 0.165 0.140 
6 1.00 2 0.165 0.140 
7 1.00 3 0.148 0.129 
8 1.00 4 0.130 0.118 
9 0.98 5 0.113 0.107 

10 0.93 6 0.096 0.096 
11 0.83 7 0.078 0.084 
12+ 0.70 8 0.061 0.073 

Assumes the age effect on lactation yield is ti e same 
for both breeds. 

9 

10 

0.044 0.062 

0.051 

Total 1.000 1.000 

The lactation length of Tswana cows isassumed to be 
I month less than in Simmental x Tswanas. 
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Table A.4. Expected annualcalvi'-i rates by age and corresponding monthly probabilitiem ofconceptions. 

Tswana Simmental x Tswana 
Cow age
(years) Expected annual 

calving rate (%) 
Expected monthly

probability of 
conception(%) 

Expected annual 
calving rate (%) 

Expected monthly
probability of 

conception (%) 

2 80.0 41.5 88.0 50.7 
3 80.0 41.5 88.0 50.7 
4 89.0 52.1 94.7 62.5 
5 92.0 56.3 97.0 68.9 
6 92.0 56.9 97.0 68.9 
7 92.0 56.9 97.0 68.9 
8 92.0 56.9 97.0 68.9 
9 91.2 55.4 96.4 67.0 

10 89.0 52.1 94.7 62.5 
11 85.2 47.1 91.9 56.9 
12+ 80.0 41.5 88.0 50.7 

Calving rates and conception rates are assumed equal. Expected values are for animals of normal liveweight. The
expected monthly probabilities of conception have been computed assuming a3-month breeding season. 

Table A.5. Numbers and liveweights ofcows in herds used to initialize each simulation. 

Cow age No. of females Liveweight/head of individuals in age group (kg)
(years) in age groups 

Tswana Simmental xTswana 

(1 12 200 210 
1 8 320 330 
2 8 415 425 
3 7 470 485 
4 5 470 485 
5 5 470 485 
6 4 470 485 
7 4 470 485 
8 4 470 485 
9 3 470 485 

Total 60. 
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s 
Table A.6. Randomsequences ofyear types used in allsimulationrun . 

Yearin Replication number 
simulated 

time 1 2 3 4 5 6 7 9 10 

1 1 1 1 1 1 1 1 1 1 1 

2 3 2 4 5 3 1 2 4 3 3 

3 3 3 4 2 4 4 3 3 3 3 

4 2 2 2 3 2 5. 5 2 2 3 

5 2 4 4 3 2 3 2 3 1 4 

6 i 3 3 3 3 3 3 4 2 2 

7 4 3 2 2 2 4 3 2 3 1 

8 2 3 1 3 3 4 2 3 2 2 

9 3 4 3 5 3 4 1 3 2 4 

10 2 1 3 2 4 3 5 3 4 3 

11 1 4 2 4 2 2 2 1 2 2 

12 1 2 3 3 2 4 3 5 2 2 

13 1 4 3 4 3 2 1 2 2 1 

14 2 4 3 1 2 4 1 3 3 4 

15 2 3 2 3 3 4 3 3 3 2 

Year type 

1 2 3 4 5 

Overall 
frequency of 16.7 28.7 33.3 17.3 4.0 

occurence (%) 

= below average; 5 = * Year type codes are as follows (see 'fable 1): 1 = good; 2 = above average; 3 = average; 4 
poor. 
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Table A.7. Simulated avcPjge total herdsize andbreedingherdsizes over the15-yearperiodforvarioussupplementa­
tion levels andmilk offtake rates. 

Milk offtake 
rate (%) 

Genotype Supplementation level (kg/head/d) 

0.0 0.5 1.5 2.5 5.0 7.5 

Average total herd size 

0 T 122.1 125.5 126.6 127.6 126.0 124.8 

ST 120.4 126.6 130.9 131.6 131.5 130.5 

20 T 118.8 124.1 126.6 127.0 124.5 123.9 

ST 122.2 119.8 127.8 130.A 131.6 131.5 

40 T 114.5 120.3 124.1 124.7 123.7 122.7 

ST 118.1 118.0 125.1 128.8 131.5 130.7 

60 T 100.4 106.3 108.6 111.3 112.2 111.7 

ST 107.3 114.4 119.8 125.7 127.6 128.4 

Average breeding herd size (number of cows) 

0 T 39.45 40.17 40.22 40.27 40.07 40.01 

ST 37.60 39.28 40.15 40.26 40.26 40.07 

20 T 38.40 39.92 40.34 40.21 39.57 39.96 

ST 38.68 37.51 39.90 40.23 40.17 40.29 

40 T 37.60 39.43 39.97 40.18 39.78 40.02 

ST 37.71 37.06 38.75 40.05 40.21 40.11 

40 T 37.19 38.41 38.63 39.46 39.61 39.47 

ST 35.48 37.50 38.17 39.93 39.97 40.10 
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Table A.S. Simulated average monthlysupplementutilizationforSimmentalxTswanacowsfed5kg/headldofsupple­
mentsand milkedat 40% offtake rate. 

Month Monthly supplement 
utilization by hend (kg) 

January 1898 

February 5667 

March 5645 

April 5 638 

May 5 619 

June 1906 

July 531 

August -

September -

October 3 764 

November 5 147 

December 226 

Total 36 041" 

Total usage as per corresponding elemewt of Table 10. 

Monthly supplement 
utilization (%of annual use) 

5.3 

15.7 

15.7 

15.6 

15.6 

5.3 

1.5 
-

-

10.4 

14.3 

0.6 

100.0 
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THE CONSULTATIVE GROUP ON INTERNATIONAL
 
AGRICULTURAL RESEARCH
 

The International Livestock centre for Africa (I LCA) is one of the 13 international agricultural research 
centres funded by the Consultative Group on International Agricultural Research (CGIAR). The 13 
ccntres, located mostly within the tropics. have been set up by the CGIAR over the last decade to pro­
vide long-term support for agricultural development in the Third World. Their names, locations and re­
search responsibilities are as follows 

IFPR I 

I T 

OCIP 

Centro Intemacional de 
Agricultura Tropical (CIAT), 
Colombia: cassava, field beans, 
rice and tropical pastures. 
Centro Internacional de 

-Mejoramiento de Mafz y Trigo 
(CIMMYT), Mexico: maize and 
wheat, 
Centro Intemacional de la Papa 
(CIP), Peru: potato. 
International Centre for 
Agricultural Research in the Dry
Areas (ICARDA), Lebanon: 
farming systems, cereals, food 
legumes (broad bean, lentil, 
chickpea), and forage crops. 
International Board for Plant 
Genetic Resources (IBPGR), 
Italy. 

0 D 

International Crops Research 
Institute for the Semi-Arid 
Tropics (ICRISAT), India: 
chickpea, pigeon pea, pearl 
millet, sorghum, groundnut, 
and farming 5ystems. 
International Livestock Centre 
for Africa (ILCA), Ethiopia: 
African livestock production. 
International Rice Research 
Institute (IRRI), the Philippines: 
rice. 
International Institute of 
Tropical Agriculture (IITA), 
Nigeria: farming systems, maize, 
rice, roots and tubers (sweet 
potatoes, cassava, yams), and 
food legumes (cowpea, lima 
bean, soybean). 

International Laboratory f.'r
 
Research on Animal Disease
 
(ILRAD), Kenya: tryparo­
sosriasis and theileriosis ofcattle.
 
West Africa Rice Dev;elopment
 
Association (WAREA),

Liberia: rice.
 
Internatinnal Service for
 
National Agricultural Research
 
(ISNAR), the Netherlands.
 
International Food Policy
 
Research Institute (IFPRI),
 
USA: analysis ofworld food
 
problems.
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