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SUMMARY

Bovine brucellosis is a highly contagious disease
causing fertility problems in cattle. The disease reduces
productivity in beef and dairy industries and can be
transmitted to humans. The presence of the disease may
also jeopardise exports of beef and dairy products. Whilé
brucellosis eradication campaigns have been completed or are
currently in progress in many developed countries, a signi-
ficant level of infection continues to exist in many devel-

oping countries.

In all eradicaﬁion campaigns a test and slaughter
procedure is required to identify and eliminate infected
cattle. While the precise details of the procedure may
differ from campaign to campaign there are a number of plan-
ning problems associated with the implementation of the
procedure which are likely to be common to all campaigns.
These include problems of uncertainty related to disease
prevalence and epidemiology, constraints on funds and faci-

lities, and on the time available to achieve eradication.

A simulation model is described which was developed
to help campaign planners cope with such problems and thus
allow them to allocate their manpower and resources more
efficiently at the regional or district level. The model

simulates the testing and slaughtering procedure, scheduling



new herds for periodic testing as previously scheduled herds
are found free of brucellosis. Explicit account of uncer-
tainty can be made by specifying probability distributions
about uncertain model parameters, rather than using single

value estimates.

Model output iﬁcludes a listing of the estimated
number and type of herds tested, and the estimated number of
cattle slaughtered, for each period over the course of the
campaign. Model projections can be updated using Bayes'

Theorem as new campaign data become available.

Procedures used to verify and validate the model are
déscribed, and sensitivity analysis is carried out for certain
model parameters. The operation of the model is then
illustrated using campaign data from northern New South Wales,

Australia.

Finally, conclusions are drawn about the usefulness
of the model as an aid to decision making in brucellosis
eradication, and methods of adapting the model for campaigns
outside Australia are discussed. Particular attention is
"given to the problems of adapting the model for use in

developing countries.

Model listings and operating instructions are pre-

sented in Appendices.



Chapter 1

INTRODUCTION

1.1 The Clinical WNature of Brucellosis

Bovine brucellosis is a highly contagious disease of
cattle caused by infection with a bacterium of the Brucella
genus Br. abortus. (Other species of Brucella affect sheep, goats,
pigs and other animals.) Cattle become infected‘by ingestion
of pasture, feed or water which has become contaminated by
Brucella abortus organisms. Infection may occur by other means
such as penetration of the skin, venereal infection, or con-
tamination of the udder during milking, but these are of minor

importance compared to ingestion.

In cattle the main clinical sign of bovine brucellosis
is abortion. Cows which abort once usually do not abort at
subsequent pregnancies, although occasionally up to three

consecutive pregnancies may end in abortion.

Humans may contract brucellosis due to Br. abortusby -
contact with infected cattle or from contaminated products
from these animals. Humans require a large infective dpse of
Br. abortus organisms to contract brucellosis. I£ therefore

tends to be an occupational disease, with the main occupations



at risk being veterinarians, farmers and to a lesser extent,
meatworkers. Symptoms include fever, headaches and muscular

pains.

1.2 The Costs of Brucellosis Infection

In the last twenty years bfucellosis in domesticated
animals, particularly cattle, has been increasingly recognised
as a world disease problem. There are two important aspects
associated with brucellosis as a world problem; the public

~health significance and the economic loss to the animal

industry.
1.2.1 Public health. Brucellosis in humans is not generally
regarded as a major health problem, although individual

cases may be highly distressing and costs due to work-days
lOét and medical expénses do occur. In some countries there
may be substantial costs associated with minimizing the risk
to meat industry workers. Special arrangements are sometimes
ﬁade in meatworks for the slaughter of brucellosis infected

cattle and penalty rates may be paid to slaughtermen.

The Joint FAO/WHO Expert Committee on Brucellosis (FAO,
1964) however points out that ..."the public health significance
of brucellosis includes not only the direct or indirect trans-
mission of the disease from infected animals tc man, and the
consequent illness, physical incapacity, and loss of manpower,

but alsoc the serious diminution of much needed foodstuffs,



especially animal proteins, which are essential to human health
and well-being. This is particularly true in countries with

a developing economy and animal husbandry".

1.2,2 Economic logs toc animal industry. The economic losses

attributable to brucellosis in cattle are caused by abortion

or premature birth,and/or infertility and decreased milk yield.
More specifically the Joint FAO/WHO Expert Committee on
Brucellosis (FAO, 1971) list the following factors as contri-

buting to the economic loss from brucellosis:

a) abortion, causing loss of potential adult livestock both
for replacement in herds and for human consumption in the

form of meat,‘milk and milk products;

b) weakling animals resulting from premature birth, causing

loss of revenue-producing products;

c) lowered prices of animals intended for export from a
brucellosis affected area, and lowered prices of milk ard
milk products as a result of local ordinances prohibiting

the use of products from diseased herds;
d) effects of infertility;
e) 1loss of national and international markets;

f) decreased output of meat and other animal products from

herds that are infected with brucellosis;

g) damage to pasture land through over-grazing, in an attempt

to maintain the level of output of animal products;



h) condemnation of meat.

For countries exporting cattle products the potential
loss of export markets is a major cost factor. Evidence
(I.A.C,, 1975) indicates that the U.S.A. could introduce
import restrictions when brucellosis has been eradicated in
that country. The eradication target in the U.S.A. is 1983.
Similar legislation could be implemented in a number of other
meat importing countries. = Any substantial loss of export
markéts would cause a major disruption to the cattle industries

in countries exporting cattle products.

1.3 Control and Eradication

Prior to the introduction of control and eradication
programmes bovine brucellosis appears to have been present in
all countries where cattle are raised. The disease is also
prevalent in American bison and domesticated water buffalo

(Manthei and Deyoe, 1970).

Endemic infection levels vary from 30 percent to 1
percent, the difference depending on the amount of indigenous
infection and exposure, amount of importation of livestock,
resistance of native cattle, intensity of the cattle industry,
and measures, official or unofficial, taken to control its

spread (Stableforth, 1959).

After World War II improved veterinary knowledge and



an increased recognition of the costs of brucellosis led to
widespread interest in bovine brucellcsis control and aradi-
cation. In 1964 the Joint FAO/WHO Expert Committee on’
Brucellosis reported that "It is felt by the Committee that
there is now sufficient.knowledge and practical experience to
undertake satisfactory programmes of diagnosis, control and

eradication in various areas of the world". (FAO, 1964).

Since 1964 many developed countries have embarked on
Erucellosis eradication schemes. Countries classed as having
completed or virtually completed bovine brucellosis control
or eradication schemes include: Canada, Finland, West Gérmany,
Norway, Denmark, Sweden, Northern Ireland, Ttaly, Luxembourg,
Switzerland, the Netherlands, Republic of Ireland, Czechoslovakia,
Japan, Austria, Hungary, East Germany, New Zealand and some

states of Australia and U.S.A. (M.A.F., 1977; ©FAO, 1979).

Despite progress toward eradication in many developed
countries the disease in many developing countries remains

either unchecked, or at the most, contained by vaccination.

Vaccination of female breeding stock can reduce the
prevalence of brucellosis and can suppress abortion in those
animals which do become infected. However vaccination does
not confer absolute protection against infection by Br. abortus.
Therefore a small proportion of vaccinated animals will become
infected when exposed to the organism, and vaccination alone

will not free a cattle population from brucellosis, With



vaccination alone, £he prevalence of infection (percentage

of susceptible animals infected) will tend to stabilize at

a dynamic equilibrium which represents a balance between the
rate at which additional animals become infected (incidence)
and the natural elimination of infected animals through death

and slaughter.

Eradication of the disease can only be achieved by

the identification and slaughtering of infected cattle.

1.3.1 Test and slaughter procedures. All brucellosis

eradication schemes require a systematic test and slaughter
procedure in order to locate and dispose of infected cattle.
Typical of such procedures are those implemented in New Zealand

and Auetralia.

New Zealand, for example, is divided into 25 veterin-
ary administrative districts and each district is divided into
five zones for brucellosis test and slaughter purpoées. Herds
~are tested-at intervals of not less than 60 days, and at least
30 days after the removal of any reactors to a previous test.
“When a herd test clear of reactors is obtained, the next test
is not carried out for at least 6 months, and if this test is
also clear of reactors, the herd is accredited free of brucell-
o©sis. Herds, once declared free of brucellosis, are maintaincd
under surveillance by bulk milk-ring tests for dairy herds, and
periodic blood sampling in beef herds. If reactors are de-

tected at surveillance tests, the herd reverts to infected



status with regular blood testing (Davidson, 1978).

In Australia the test and slaughter procedure is des-
cribed by the Australian Bureau of Animal Health (1975). All
breediﬁg animals in all herds must be blood tested and all
brucellosis infected animals found must be slaughtered within
21 days of testing. Blood testing of all breeding cattle in
a herd (and the slaughtering of reactors) must continue at 30
to 60 day intervals until the herd is found free of brucellosis
on two consecutive tests. A routine check test is then
carried out on the herd six months after the second clear test.
If the herd remains clear on this test then the herd is clas-
sified provisionally free of brucellosis and is not tested
again during the intensive phase of the campaign. An é{gg
can be declared provisionally free of brucellosis when all
herds have been tested at least once and the prevalence of the

disease is less than 0.2 percent.

The implementation of this test and slaughter programme
in Australia is the responsibility of district veterinary.
officers employed by the State Departments of Agriculture.
Campaign districts are usually divided into a number of field
areas each with a field unit. A field unit comprises office
and accommodation facilities and represents the headquarters
for one or more testing teams. Blood testing teams usually
comprise three men and are capable of testing an average of
about two herds a day. One person is located in each field

unit to co-ordinate and administer the teams.
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In Australia, as a result of abattoir trace-back tests,
some herds in a district are known to have a history of brucel-
ilosis infection and are therefore classified as "suspect".
Other herds are of "unknown status". In order to achieve a
rapid reduction in disease prevalence, testing and slaughtering

is concentrated in suspect herds first.

Regardless of the detail of the test and slaughter
procedure, campaign planners at the local level are generally
faced with a series of decision problems. In the first
instance they must establish an efficient number of testing
areas and allocate teams between these areas. An appropriate
4retest period length must also be established. Associated
with this problem planners must decide whether testing and
sléughtering should begin in all areas at the same time, or
whether testing and slaughtering should be postponed in some
areas while teams are concentrated in others. Subsequent
decisions involve'the re-allocation and/or the forming or
_diébanding of testing team$ to manipulate the intensity of

eradication in particular areas.

1.3.2. Planning problems. As described elsewhers (Beck and

Dillon, 1980), the decision maker may have to cope with uncer-

tainty and constraints in planning the campaign in a district.

(a) Uncertainty
Uncertainty may stem from two sources. Firstly, therec

may be a lack of information about the initial status of the
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disease. Prior to the commencement of the campaign perhaps
only subjective estimates can be made as to the proporti@n of
herds which are infected. It is difficult to predict the
intensity or duration of the campaign required to eradicate
the disease in an area when the initial status of the disease

is uncertain.

The second source of uncertainty relates to the number
of retests that will be required in a herd and the number of
cattle that will be slaughtered as a result. . If a herd is
found to be infected it is generally not known how many re-
tests (and slaughterings) will be necessary to achieve
disease eradication in that herd. Also the rate of rever-
sion to positive status at future check tests is unknown.
Similarly the number of positive reactors that will be found

at each retest is uncertain.

Forward planning is difficult due to this uncertainty.
In the absence of empirical data related to these factors,
district planners must make decisions based on subjective

estimates.

(b) Constraints

Several constraints may also be important in the sche-
duling of testing and other planning in a district.
(i) Finance - Brucellosis eradication campaigns are costly.
Apart from the substantial cost of herd testing, reactor cattle

are usually subject to compensation. Inevitably there is a



- 13 -

limit on the men and equipment that can be employed for the
campaign in a district. This means that blood samples can
only be collected from a small proportion of herds in a dis-
trict in any one period. Consequently, testing and slaughter-
ing cannot commence in many herds until some herds already
'scheduled‘for testing become negative and are re-scheduled for
routine retesting in the future. Care must be taken to ensure
that the number of herds taken on fbr testing in a period will
not overcommit the blood sampling teams to an excessive number
of retests in a future period.

(ii) Analysis of blood samples - Blood samples from all
breeding stock in tested herds must be analysed. In Australia
for example, they are sent to a regional testing labOratory.
The capacity to analyse blood samples in a laboratory or in the
field may be limiting.

(iii) Slaughter limit - Following blood testing, infected
cattle must be destroyed. The capacity of local abattoirs to
slaughter brucellosis-infected cattle may be limited so that
this constraint may have to be considered when planning the
intensity of the test and slaughter campaign in a district.

(iv) Time - Time constraints are often imposed on district
planners by policy or strategic decisions. For countries
"exporting cattle products critical time constraints are imposed
by eradication target dates in importing countries. Failure
to match such target dates could place a substantial proportion

of exported cattle products at risk.
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1.4 Study Objectives

Decision making at the district level is basic to the
progress of an eradication campaign. Tt is at this level that
the major proportion of‘the money allocated to brucellosis
eradication will be spent. Also failure to isolate and elim-
inate infection in one district could jeopardise campaign

progress in other districts.

However, as indicated above tactical decision making
can be difficult because of uncertainty and constraints. The
simulation model described in this report is designed to assist
decision makers at this level by projécting future workloads
and changes in disease status over the course éf the campaign,

for alternative campaign tactics.
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Chapter 2
MODEL DEVELOPMENT

The model described in this report is based on the
Australian test and slaughter procedure. However the
principles, if not the model itself, will be relevant to

‘other intensive test and slaughter campaigns.

For modelling purposes it is convenient to consider
a campaign as two distinct but related processes: firstly,
the testing of herds with the slaughtering of reactors; and
secondly, the scheduling of herds for initial testing. The
model is built of two corresponding sub-models: the first to
project the testing and slaughtering history of herds; and
the second to schedule the herds for initial testing. These

two sub-models are discussed, in turn, below.

2.1 Projecting Testing and Slaughtering Histories

A regular test and slaughter procedure provides a
logical framework for a simulation model because it represents
a well defined time-stepping and event-stepping process.
Time-stepping cccurs because each herd must be retested on a
regular basis With infected animals being slaughtered between
eaéh test. Event-stepping occurs when the herd is found free

of brucellosis at two consecutive tests. When this event
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occurs, the herd is scheduled for check testing six months
after the second clear test, If the herd is tested negative

at the six month test it is declared provisionally free.

A complicating factor in this process i1s the guestion
of reversion of status. When an originally infected herd
gives a negative test result, there is always a small probkabi-
lity that it might revert to positive status on a subseqguent
test due to residual contamination of pasture or other factors.
Reversion is theoretically possible at any stage during the
testing procedure but District Veterinary Officers regard
reversion as potentially significant at two points in the
procedure. The first is reversion to positive status after
the attainment of an initial negative. The second case of
reversion is most likely at the six month check test. When
reversion occurs a further two consecutive negative tests are
required before the herd can progress to the next stage of

eradication.

Reversion at other stages is believed to be extremely
unlikely and thus of minimal importance in the overall progress
of the campaign. Accordingly, the scope of reversion in the
model was limited to temporary reversion on only these two

occasions.

Assuming limited reversion potential, the testing and
slaughtering procedure can be modelled as a Markov process.

The process is represented diagrammatically in Figure 2.1.
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In this figure each circle represents a different possible
state and the states are linked by transitional probabilities.
With each test the herd will move from one possible state to
anothef until the herd finally reaches provisional freedom.
Reactors will be slaughtered whenever the herd is in a posi-

tive state.

Many factors will determine the transitional proba-
bilities in the system and the number of cattle that will be
slaughtered as a result of testing. These factors include
the initial disease status in the herd, the extent of incom-
plete mustering, the delayed development of serological
titres in some animals, and re-infection due to the survival

of Br. abortus in a contaminated environment.

By estimating the transitional probabilities and
slaughtering rates the progress of a herd or herds through

the testing and slaughtering procedure can be simulated.

2.1.1. Estimation of transitional probabilities. Prior to

the commencement of the test and slaughter phase of the cam-
paign there may be no empirical data .related to transitional
probabilities or slaughter rates appropriate to a district.
The only alternative is to elicit subjective probability
distributions from local veterinary éfﬁicers and/or campaign
planners, These subjective estimates must be‘based on local

knowledge and experience from campaigns elsewhere.



The "visual impact" method can be used to facilitate
the elicitation process. This method is described in
Anderson, Dillon and Hardaker (1977): "A chart or form is
prepared on which the discrete values of the random variable
are identified in a systematic manner along with respective
spaces for countérs. A reasonable number of counters (say
50 matches) is then allocated visually over the spaces
according to the degrees of belief. Probabilities are
assessed as the ratios of observed cell frequencies to total

counters."

The transitional probabilities are estimated in four
parts: the probability that a newly scheduled herd is in-
fected; the number of retests required in an infected herd
to get an initial negative result; the probability cof the
herd reverting after an initial negative result and; the
probability of the herd reverting at the six month check
test.

(a) Probability of infection

As mentioned above, there is often a lack of inform-
ation relating to the initial disease prevalence in an area.
Some herds can be classified as suspect if they are known to
have a nistory of infection, but other herds are generally
of unknown status. To take explicit account of the uncer-
tainty associated with initial disease prevalence, subjective
probability distributions can be elicited for the proportion
of suspect and unknown-status herds infected. These distri-

butions relate to the transitional probability labelled a in



Fiéure 2.1. The proportion of herds infected is generally
higher for suspect herds than for unknown-status herds. IE
a herd is tested negative at its initial test it is declared
provisionally free of disease and is not scheduled for
testing again in the model.

(b) Number of retests required in an infected herd

to give an initial negative result

If a herd is found infected at its initial test it
is subjected to regular retesting and slaughtering. The
number of retests required to give an initial negative result
will depend on the transitional probabilities linking conse~

cutive positive states. These are labelled » in Figure 2.1.

Rather than estimate these transitional probabilities
directly, it was found more convenient to estimate and use
the probability P(T=t), that an infected herd would give a
negative result on a given retest ¢. If an originally
infected herd is tested negative at its first retest then
T = 1, otherwise a second slaughtering is performed and the
herd retested again. If it gives a negative result at this
retest then T = 2. If not then slaughtering and retesting

continues.

Thus the following distribution is estimated:
P(T=t) t=1,2,.0., n
where »n is the maximum number of retests required to give an

initial negative result in a herd,



(c) Probability of a herd reverting to positive
status‘aftervone_negative result

An estimate of reversion probability is given by the

district veterinary officer. This transitional probability
is labelled ¢ in Figure 2.1. It is assumed to be independ-
ent of the previous testing history of the herd. If a herd

reverts at this stage, two consecutive negative tests are
assumed to follow, thus allowing the herd to be scheduled
for six monﬁh check testing.

(d) Probability of a herd reverting to positive

status at the six month check test

As with ¢ above an estimate of this reversion proba-
bility is given by the veterinary officer. This probability
is labelled d in Figure 2.1, If a herd reverts to positive
status at this stage two negative tests are assumed to

follow, The herd is then declared provisionally free of

disease, and is not scheduled for testing again in the model.

2.1.2, Determination of slaughter numbers. In practice,

the number of reactors found (and slaughtered) as the result
‘of a test in an infected herd will depend on many factors
including the herd'size, the type of enterprise, disease

history and management practices,

In the model however, only average values are used

for the number of reactors found at any gilven retest.

A possible refinement of the model would be to disag-
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cregate district herds on a size and/or industry basis to
take explicit account of the different management practices
and disease patterns, Given the broad objectives of the
model however, this is probably not justified. Such disag¥
gregation may improve the validity'of the period-to-period
projections but would probably have little impact on the
long-term projection parameters such as the time taken to

reach provisional freedom in a district and the total number

of culls and tests.

The average number of reactors found at each test is

elicited as (¢, where ¢t is the numbef of the retest and ¢t = 0

t
for the initial herd test. These values are applied in the
model as 1f they are known with certainty. For example,

for each herd found positive at a third retest, 03 reactors

are assumed to be culled.

However, the total number of cattle culled from a
particular herd (and in a district) will be a random variable.
This is because the number of retests required is a random

variable,

As described in Section 2.1.1 the following probability
distribution must be elicited with respect to retests in
infected herds: P(T=t), ¢t = 1,2,.. n where P(T=t) is the proba-

bility of getting a negative result on the ¢th retest.

Thus the probability distribution for total cattle



slaughtered from an infected herd will be:
P(T=t) of eulling C,

P(T=2) of culling C, + C

1
P(T=3) of culling 00 + 01 + 02
. ' n-1
- -
P(T=n) of culling E Cp
t=

All herds in the model are assumed to be of average

size. Therefore, the maximum number of reactors which could
n-1

be found, E Ct,is potentially constrained by average herd
t=0

size. In practice, the number of reactors culled from

infected herds is usually substantially less than this theo-
retical limit. This is because vaccination and/or perform-
ance culling has reduced the prevalence of the disease to a

low level before test and slaughter starts.

Estimates of the average number of cattle culled if
an originally infected herd reverts from negative to positive
status are also determined. Two estimates are required:
one relating to reversion after a one negative result; and

the second related to reversion at the six month test.

2.1.3. Testing intensity. To allow the projection of the

campaign history for a given group of herds, the campaign
planner must stipulate a particular intensity of testing and
slaughtering. Testing intensity is determined in the campai...

(and in the model) by the length of the period between retests



(between 30 and 60 days in Australia), and by the number of
herds that can be tested in that period. The length of the
retest periods will determine when a herd should be scheduled

for six month check testing.

Given a particular period length, the number of herd
tests possible in that period will depend mainly on the
number of testing teams that are allocated fto the district.
It will also be affected by team experience, the size of
herds tested, and the distance to be travelled between herds.
In the model the campaign planner must specify the average
number of herds he expects will be tested in a period. He
can specify changes in this number which may occur during
the simulated campaign as a result of a re-allocation of
testing teams, or a change'in other factors affecting tésting

rate.

2.1.4. Deterministic projections. Two versions of the

model are available: a deterministic and avstochastic'version.
In the deterministic version, the transitional probabilities
apply as fixed proportions to all herds scheduled for testing.
Modal or "most likely" values are used for the proportion of
suspect and unknown-status herds infected. The input format
and program listing for this version are presented in Appendix
I. The operation of the deterministic version of the model
is illustrated using data from the Bangalow area of N.S.W.
There are 1613 herds of cattle in this area, with an averaqe

breeding herd size of 81 head. Of these herds, 320 are sus~



pect while the remainder are of unknown status. Local
veterinary officers provided subjective estimates of initial
diseaSe status and expected retesting and culling rates,
They assumed that all suspect herds, and 10 percent of un-
known-status herds, would be infected. The estimated
distributions for the number of retests required in infected
herds, and the number of reactors found at each test are

given in Table 2.1.

It was also estimated that two percent of herds would
revert to positive status after én initial negative result;
but wouid return to negative status following the slaughter
of the reactor involved. For the six month check test it
was estimated that 0.5 percent of herds would be found to
include one infected animal. These herds were assumed to

give a negative result on subsequent tests.

A 35 day testing period was stipulated and it was
estimated that each three-man blood sampling team would be
able to test, on average, 40 herds in each period. In
this example five teams are allocated to the area allowing
200 suspect herds to be scheduled for testing in Period 1.
The procedure for simulating the testing and slaughtering

history of these 200 herds is illustrated in Figure 2.2.

As a result of initial testing in Period 1, herds
can be classified as infected or provisionally free. In

this example all suspect herds are assumed to be infected.
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Table 2.1

Assumed Retest Distribution and Culling Rates for

Infected Herds in the Bangalow Area

Proportion of

Average Number of

Test Herds Giving a Reactors Found

Negative Result and Culled

Initial - 5
Retest 1 0.26 3
" 2 0.22 3

" 3 0,18 2

" 4 0.14 2

" 5 0.10 1

" 6 0.06 1

¥ 7 0.03 1

" 8 0.01 -
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As shown in Table 2.1, local veterinary officers predicted
that, on average, five reactors per infected herd would be
slaughtered as a result of this initial test. This results

in 1000 cattle being slaughtered in Period 1.

In Period 2,all 200 herds are retested. From
Table 2.1, 26 per cent or 52 herds will give a negative
result at this retest. The other 148 herds will remain
infected, averaging three reactors pér herd. This gives

444 head slaughtered in Period 2.

In Period 3, all 200 herds must be tested again.
Of the 52 herds found negative in Period 2, two per cent
or one herd is assumed to revert to positive status by
including one reactor. This herd is scheduled for retest-
ing in Period 4. The other 51 herds remain negative, thus
giving the required two consecutive negative resuits°
These herds are re-scheduled for six month routine testing

in Period 8.

Of the 148 herds which included infected animals in
Period 2, 44 (22 per cent of 200) are assumed to give a

negative result, while 104 remain infected with 312 cattle

slaughtered (three head per herd) as a result. All 148
herds are scheduled for retesting in Period 4.  This process
of simulated retesting continues. It follows the actual

campaign procedure with retesting every period until two

consecutive negative results are achieved, then retesting



/

six months after the second negative test. Retest require-
ments and slaughter numbers are estimated for each successive
period until all of the originally scheduled 200 suspect

herds have achieved provisional disease freedom.

By summing the retests required, and the cattle culled,
for each period, a campaign projection can be derived for
the herds. For the Bangalow example, Figure 2.3 shows the
testing and culling projections for the 200 suspect herds

scheduled for initial testing in Period 1.

The procedure is the same for unknown-status herds
except that a different proportion of herds are assumed to
be found infected at the initial test. In the Bangalow
example it was assumed that 10 per cent would be found
infected, while the remaining 90 per cent would be declared
provisionally free, as a result of the initial test in

Period 1.

2.1.5. Stochastic projections. In the stochastic version
of the model the campaign history of herds is projected

using Monte Carlo procedures. These are applied in two ways:
firstly, to determine the initial disease prevalence for the
area; and then to simulate the path of each individual herd
through the campaign testing procedure. (The input format
and program listing for this version are presented in Appendix

I1).
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As described in Section 2.1, subjective probability
distributions can be elicited for the proportion of suspect
and unknown-status herds infected. In the deterministic
version of the model only the modal or "most likely" values
from these distributions are used. In the Stochastic
version the proportion of suspect and unknown-status herds
infected is determined for each run (replication) by random-

sampling from the elicited distributions.

Proportions selected in this way are then used to
represent the probabilities that a herd will be found in-
fected at its initial test. Fof example, if 80 per cent
is selected from the elicited distribution for the propor-
ticon of suspect hexds infected, then each suspect herd is
assumed to have a 0.8 probability of being found infected
at its initial test. A uniform random number, distributed
between zero and one, is generated for each herd scheduled
for initial testing. If the number is less than or equal
:to the assumed probability of infection, then the herd is
deemed to be infected. If the random number is greater
than the assumed probability of infection, then the herd is
considered to be provisionally free of brucellosis and passes

out of the model projection.

For each infected herd, the number of retests required
to give an initial negative result is then determined. This
is done by sampling from the elicited distribution of retest

requirements. For the Bangalow example this distribution



ig given in Table 2.1,

Similar Monte Carlo procedures are used to determine
if a herd will revert to positive status after an initial

negative or on the six month check test.

For each path simulated in this way, the appropriate
culling history is estimated based on estimated culling
rates elicited from the local veterinary officer. Because
of the random nature of the process, it is likely that the
simulated paths for any two herds will be different. An
example of one of the many possible paths, together with
testing and culling information, is given in Figure 2.4.

The herd represented in Figure 2.4 was originaliy classified
as suspect. It was found to be infected at its initial
test in Period 1. Three retests were required in Periods

2, 3 and 4 before an initial negative result was achieved.

No reversion occured ana a second negative result was recorded
in Period 5, The herd was therefore re-scheduled for six
month check testing in Period 10 (assuming a 35 day retest
period) . On this test the herd reverted to positive status.
Subsequent tests in Periods 11 and 12 were negative, leading
to the herd being classified provisionally free of brucel-
losis. Thus, this particular herd was tested in Periods,

i, 2, 3, 4, 5, 10, 11 and 12, Assuming the culling rates
provided for the Bangalow example (see Table 2.1), 5 cattle
would have been culled in Period 1, 3 in Period 2, 3 in

Period 3, and 1 in Period 10,
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Similar campaign histories are generated for each
herd scheduled for initial testing in Period 1. These
‘histories ége'combinéd to give composite testing and culling-
projections for the herds. These projections will corres-
pend to those derived with the deterministic version of the
model and illustrated in Figure 2.3, However, the stoch-
astic projections will differ to some extent each time they
are generated, depending on the sequence of random numbers

used in the Monte Carlo procedures.

2.2. Scheduling Herds for Initial Testing

In Section 2.1 the sub~model for projecting the
campaign history of a group of herds once they are scheduled
for testing, was described. In practice, only a small
proportion of the total number of herds in an area can be
scheduled for testing in any period. For example, in the
Bangalow area, even with five teams operating, only 200 herds
out of the total of 1613 herds can be tested in Period 1.

To model the campaign effectively, a procedure is required
to simulate the scheduling of new herds for testing when
testing capacity is available. The procedure developed is

shown in flow-chart form in Figure 2.5.

2.2.1. Determining excess testing capacity.. Testing

capacity will become available as previously scheduled herds
progress through the testing and slaughtering procedure.

These herds will eventually give the required two consecutive



- 35 -

Read Inputs:
retesting rates,
culling rates,
disease prevalence,
testing intensity

\
Start in Period 1

Schedule suspect
herds for testing

| period with
excess testing
capacity

“lup to testing capacity
in period

Y
Simulate test
and slaughter

Schedule unknown-
status herds

history for newly
scheduled herds

=z
Aggregate test
and slaughter
projections with
those of previously
scheduled herds

v Are
there Buspect

|
i
|
!
|
[
{
!
{
t
|
!
i
i
1
] Go to next
f
!
!
I
]
I
I
I
l
|
{
|
1
I
|
L

Replicate
(Stochastic madel)

A

Figure 2.5

herds still to be

Yes
tested?

Are
there herds
of unknown status
still to be
~tested?

No

for testing up
to testing capacity
in period

Simulated‘éampaign
completed

1

PRINT TEST
AND SLAUGHTER

PROJECTIONS

)

Go to next
period with
excess testing
capacity
3

Flow Chart of Model Operations




- 36 -

negative tests and will thus be scheduled for check testing
six months hence. In turn these herds will achieve provi-
sional freedom and will pass out of the model. In both
cases excess testing capacity will be created allowing new
herds to be scheduled for testing. In the Bangalow example
where 200 herds are scheduled for testing in Period 1, testing
capacity in the first three periods is fully committed to
retesting this original allocation of herds (see Figure 2.3
(a)). However, as a result of tests in Period 3, 51 herds
are re-scheduled for six month check testing in Period 8.
This leaves an excess of testing capacity in Period 4, allow-
ing the scheduling of 51 more herds for initial testing in

this period.

2.2.2. Aggregating projections. The testing and cuiling

history of these newly scheduled herds is projected in the
same way as described in Section 2.1. This projection is
then aggregated with the projection of the previously sche-

duled herds as illustrated in Figure 2.6.

Using the aggregated projections of previously
scheduled herds, the model again finds the next period when
testing capacity is available, (in the Bangalow example,
this would be Period 5), and schedules new herds for initial
testing up to the available testing capacity. The testing
and culling history of these herds is projected and aggre-
gated with the projections of previously scheduled herds to

give an aggregate testing load and slaughter number in each
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éeriod. This process continues until all suspect herds
have been scheduled and their campaign histories projected.
In the Bangalow area there are 320 suspect herds and in the
deterministic example they would be scheduled as follows:

Period 1l: 200; 4: 51; 5: 43; and 6: 26,

Herds of unknown status are then scheduled as testing
capacity permits, with projections aggregated in the same
way as described above. In this way a complete campaign
projection is built up for the whole area giving total test
and slaughter numbers for each period. The scheduling
procedure is the same for both the deterministic and stoch-

astic versions of the model.

The deterministic version gives one projection for
a given set of area data. This projection will usually
represent the "most likely" or "best bet" projection for that

area. However, it takes no account of uncertainty.

The stochastic version can be used to'replicate the
simulated campaign a number of times to give a "distribution"
of projections.,. The shape of this aistributions reflects
the uncertainty associated with the data and campaign pro-

cedure in an area.

2.3. Bayesian Revision of Prior Probabilities and Updating

Projections

Prior to the commencement of the test and slaughter



campaign in an area several stochastic model parameters may
have to be represented as subjective prior probability dis-
tributions. However, once the campaign starts, data on
disease prevalence and testing rates required soon become
available. Bayes theorem can be used to revise prior

probabilities in the light of actual campaign experience.

2.3.1. Revising prior probabilities. For practical pur-

poses the initial testing of a hetd for brucellosis can
usually be regarded as a Bernoulli process. A Rernoulli
process has three characteristic features:-
(i) There are only two possible types of outcome.

In this case the herd is infected or not-infected. (A very
small number of herd tests may prove inconclusive for
epidemiological reasons but these can usually be disregarded).

(ii) Each type of outcome has a constant chance of
occurrence. This condition is fulfilled because in most
eradication areas the prevalence of the disease has reached
a relatively stable level. Therefore the probability of
finding a herd infected at its initial test will remain fairly
stable over the course of the campaign.

(iii) Each outcome is indepenéent of previous out-
comes. For practical purposes the outcome of a test in
one herd can be regarded as independent of the outcome of

tests in other herds.

For such a Bernoulli process the binomial distribution

is relevant to the process of updating prior probabilities. .



fhe binomial probability distribution gives the probability
P(r|n,p) of having r successes in a series of n outcomes of a
Bernoulli process, where p is the probability of success on
any given trial, Applied to brucellosis testing, the binomial
distribution can give the probability of finding r infected
herds in a sample of herds tested, where p is the proportion
of all herds infected, and therefore the probability of

finding an infected herd.

The general formula for calculating this prokability

is:

P(r|n,p)=[nt/v!(n-r) Np" (1-p)" "
This probability represents a likelihood probability Phﬂ@i)
and can be used to update the prior probabilities P(e.) using
Bayes theorem in the form:

P(Qi[r)=P(Qi)P(r | Qi)/ZP(Qi)P(MQi)
where event Qi corresponds to the occurrence of a particular

proportion p.

Herds tested in the initial periods of a campaign

can be regarded as samples from the ﬁotal herd population.
These samples often involve 200-300 herds. Samples of this
size cause computational difficulties if used with the binomial
probability formula. Fortunately, under certain conditiansg
the binomial distribution approaches the normal distribution
which is easier to ccmpute. The conditions occur when »n is
large ard p is near to 0.5. For practical purposes these

conditions are often satisfied in a campaign, thus the number



of infected herds r found in a sample of n herds tested can
be regarded as being a variable distributed normally with
mean and variance:

Elr)=vp and Var(r)=np(i-p)
The standardized normal variable r* will be:

r* = (p-np)/Vnpld-p)
Finding the ordinate of the standardized normal distribution

at r»* allows the likelihood probabilities to be determined.

The likelibood probabilities can then be combined
with the prior probabilities through Bayes theorem to give
new posterior probabilities. These can be substituted into
the model to give updated campaign projections. An illustration

of this procedure is given in Chapter 4.



Chapter 3
MODEL VERIFICATION AND VALIDATION

3.1. Verification

Both the deterministic and stochastic versions of the
model have been verified to the author's satisfaction.
However, if the model is modified or adapted to another
computer system or eradication campaign it should be re-
verified to ensure that model responses conform with expecta-

tions.

3.1.1. Stochastic generators. The stochastic version of

the model includes a number of routines which generate stoch-
astic variables. To verify fully the stochastic version of
the model, it is important to test that the stochastic gener-
ators in the model are working properly. These can be tested
using statistical tests to determine if there was any reason
to doubt that the generated variates have come from the
specified distributions, Examples of the testing procedure

are given below for two of the model's stochastic generators.

The first example relates to the stochastic generator
which determines the number of retests ¢ required in an
infected herd to achieve an initial negative result. The
probability distribution used in the test was that shown in

Table 2.1. The model was run with a sample of 640 infected
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herds and the observed frequency 0t for each number of tests
was noted. These frequencies are shown in Table 3.1, together
with the expected frequencies, Applying the Chi-square

test a y® value of 11.65 was obtained compared with a critical
value of 14.07 (assuming a five per cent level of significance).
Thus the sample data gave no reason to doubt that the sample

was drawn from the desired distribution. It was therefore
assumed that this stochastic generator was operating as re-

gquired.

Table 3.1

Expected and Observed Frequency of Retests Required
to Achieve an Initial Negative Result

t 1 2 3 4 5 6 7 &
By 166 .4 140.8 115.2 89.6 64.0 38.4 19.2
Ot 176 121 132 97 59 29 16 10

The second example involwes a simple binomial determina-

tion on each herd of unknown status. Based on a specified

probability, each herd of unknown status was classified as

being infected or not infected, The mcdel was run with a

sample of 1293
probability of
mined that 132

infected.

herds of unknown status and a ten per cent

infection was specified. The model deter-

herds were infected and 1161 herds were not
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Using the normal approximation to the binomial distri-
bution the number of herds found infected is a random variable
distributed normally with a mean of 129,30 and a variance of
116.41. Based on this distribution the 95 per cent confi-
dence interval is 129.30 + 21.14, The observed value fell
within this interval, thus the sample data gave no reason to
doubt that the stochastic generator was operating satisfac-

torily (Conover, 1571).

3.2. Sensitivity Analysis

3.2.1. Introduction. The nature of the simulation model

is such that the major assumptions related to any projection
are input as data. It is important to test sensitivity of
nodel responses to variations in these data because they
often cannot be specified with complete accuracy. An illus-
tration of how sensitivity analysis can be carried out is

given below using the deterministic version of the model.

3.2.2. Parameters tested. Sensitivity analysis was carried

out on the feollowing parameters used in the deterministic

model.
(i) The proportion of suspect herds infected.
(ii) The proportion of herds of unknown status
infeéted.
(iii) The proportion of herds that will revert to

positive status after an . initial negative

result.



(iv) The proportion of herds that will revert to

positive status on the six-monthly check list.

The stochastic model requires similar estimates except
they are expressed in probability terms. For example, the
stochastic assumption corresvonding to (iii) above is: the

probability that a herd will revert to positive status after

an initial negative result. The estimates of these parameters
are provided by local veterinarians involved in the adminis-
tration of the campaign. In the case of parameters (i) and
(ii) above, the stochastic model uses a subjective probability

-

Gistribution rather than single value estimates.

3.2.3. Model responses. The question arises as to how

model responses can be adeguately described. This question
is equally relevant to model experimentation which will be

described in Chapter 4.

There are a very large number of parameters which vary
from run to run and which could be regarded as model responses.

For oxample, the number of suspect herds tested in each period,

the nunmber of herds of unknown status tested in each period,

and the number of cattle culled in each period could all be

regarded as model responses, To attempt to analyse model
responses in this detail would be impossible. Instead four
key parameters were isolated which adequately described the
relevant differences between projections. These were as

follows:



(a) Periods required to achieve district provisional

freedom.

In Australia provisional freedom status requires that
all herds have been tested at least cnce and that the number
of known reactors does not exceed 0.2 per cent of breeding
animals in the district. (Australian Bureau of Animal
Health, 1975). The strategy of testing suspect herds first
means that the prevalence of the disease will fall below 0.2
per cent before all herds have been tested at least once.
Therefore in this case the number of periods required to
test all herds at least once can be taken as the number of
periods required to achieve district provisional freedom.

(b) Periods required to complete all testing.

After a district has achieved provisional freedom,
testing will continue uantil all individual herds are provi-
sionally free of the disease. The date at which provisional
freedom is achieved for all herds represents the end of the
intensive phase of the eradication campaign in an area.
Triennial monitoring tests may continue but these are not
considered in the model.

(c) Total herd tests required to complete all testing.

This includes initial testing, 30 to 60 day retesting
and six-monthly check testing.

(d) Total cattle culled over the course of the

campaign,

3.2.4. < Measurement of sensitivity. No unambiguous measure

of model sensitivity can be derived because sensitivity will



vary from one area projection to ancther. For example, in
an area wheare a velatively high proportion of unknown-status
herds are infected, a variation in the number of tests re-

quired per infected herxd will have a large effect on total

herd tests required. Two stepsg were taken to minimize
this problem. First, the sensitivity analysis was carried

out using data from a district which is reasonably typical

£z

of other campaign districis. And second, the dimensionless

"elasticity" of response was used asg the measure of sensitivity.

The elasticity E of model response Y to variations in
parameter ¥ is given by
E= (DY/Y)/(DM/M)

where Y and ¥ are standard values and DY and DM are the

changes induced by sensitivity analvsis. Elasticity is

:

cdimensionless and thus should provide a measure of sensitilvity

which 1s independent of the size of the district.

3.2.5. Results of sensitivity analysis. In this example

sensitivity analysis is carried out using data from the Bangalow

district. To derive "standard"” values for the specified
model responses, the deterministic model was first run with

"best-het"” parameter estimates provided by the local district

vetarinary officer. Sensitivity analysizs was then undertaken
by running the model a& further four times. Wwith each run,

one parameter was altered while all others remained at the
standard settings. To simplify the analysis each parameter

was varied in one direction only. The cost of underestimating



campaign resource requirements is likely to be greater than

the cost of overestimating, Thus, where possible, model
parameters were varied in the "pessimistic" direction. This
was not possible with the proportion of suspect herds infected
because the standard value was set at 1.0, i.e. it was expentad
that all suspect herds would be infected. The proportion

was therefore reduced to test sensitivity.

The results of sensitivity analysis on these parameters
are given in Table 3.2 which shows the following:
(i) The standard settings for the parameters tested.
(i1) The standard values for model responses.
(iii) The variation applied to parameters tested.
(iv) The absolute changes in model responses resulting from
variations in parameters.

(v) The elasticity of model responses.

The results shown in Table 3.2 suggest that in this
case the model was not highly sensitive to changes in the
parameters tested. None of the calculated elasticities was
greater than one. Of the four parameters, the model was
most sensitive to changes in the proportion of suspect herds
infected. Even for the most sensitive model response, i.e.
total cattle culled, the elasticity of response was only
0.71 indicating that a 10 per cent reduction in the proportion
of suspect herds infected led to a 7.1 per cent reduction in
total cattle culled. In absolute terms the total cattle

culled was reduced from a standard level of 4598 to a level



Table 3.2

Results of Sensitivity Analysis on Single Value Parameters

Proportion of Proportion of ‘o e L
Model Standard Suspect Herds Unknown Status gate'oﬁ Initial iate O? Six month
o Infected Herds Infected eversion eversion
Response |Result Standard....1.0 Standard....0.10 Standard....0.02 Standard....0.005

Variation - 0.1 Variaticn + 0.05 Variation + 0.04 Variation + 0.010
Absolute Elast- Absolute Elast~- Absolute Elast~ Absolute Elast-

Change icity Change icity Change icity Change icity
Periods to
Achieve
Provisional
Freedom 22.7 -0,8 0.35 +1.6 0.14 +0.2 0.004 +0.2 0.004
Periods to
Complete
Testing 36.0 ~0.9 0.25 +1.9 0.11 +0.2 0.003 +0.4 0.006

Total Tests 3860 -128 0.33 +323 0.17 + 36 0.005 + 14 0.001

Total Culls 4598 -327 0.71 +662 0.29 + 18 0.002 + 7 0.001

_65_




of 4271. This difference, when considered over the 36

periods (3.45 years) of the campaign is not substantial.

The model responses; periods to achieve provisional
freedom, and periods to complete all testing, were notably

insensitive to variations in the parameters tested.

In a similar manner sensitivity analysis can be
carried out with other aspects of the model such as the
proportions of infected herds requiring a given number of
retests to give a negative result, and the average number
of cattle culled at each test. If model responses prove
very sensitive to changes in a parameter then this should be
pointed out to model users in order to ensure that the para-
meter is specified as accurately as possible. In extreme
cases the model structure may have to be modified to reduce

sensitivity.

3.3 Validation
3.3.1. Introduction. Model validity relates to the ability
of the model to simulate the real-world system. There are

two distinct aspects of this model which determine how closely
the model projections follow actual campaign progress. The
first is the inherent structure of the model. If it is to

be useful in predicting campaign progress, the model structure
must adequately parallel the procedures and decision rules

which occur in the actual campaign.
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The second factor which determines the efficacy of
model projections is the accuracy of the input data. How-—
ever, prior to the commencement of the campaign in an area,
these data may be based largely on the subjectiVe beliefs
of local decision makers. If model projections fail to
match actual campaign progress because input data is inac-
‘curate, does this mean that the model lacks validity? As
Anderson (1974) points out: "Assessment of the aceeptability
of the model must take due account of the purpose of model~
ling...". In this case a prime purpose of the model is to
aild decision making by projecting campaign progress using
available data, subjective or empirical. In this respect
this form of modelling is akin to decision making. Just
as a good risky decision does not guarantee a good outcome,
50 a good projection does not guarantee that it will match
ieality; rather it is a projection consistent with the
planner's beliefs about the factors which will determine the
progress of the campaign. When acﬁual campaign data become
available, model parameter estimates can be revised, and

projectiocns updated.

Thus, while lack of "hard" empirical data may not
render the model invalid, a faulty model structure would.
For this reason model validation should concentrate on model

structure.

3.3.2. Validity of model structure, The validity of the

model structure can only be examined in the context of the



campaign in thch it is to be used. Where sufficient data
exist relating to the operation of the real world system it
may be possible to validate model responses against the
actual campaign performance using statistical tests. In
other cases a subjective appraisal of the model's validity
may be necessary., For a full discussion of wvalidation
principles and procedures see a simulation text such as

Naylor et al. (1966), Mihram (1972), or Dent and Blackie

(1979).

With respect to the validity of the model as a repre-
sentation of the test and slaughter procedure in N,S.W.,
hustralia, some data were available for validation purposes.
These data related to the first eight test periods on the
Richmond-Tweed area of the north coast of N.S.W. Using
these data a subjective evaluation was able to be made of
some of the major components of model structure. For
example:

(a) Retest interval

A retest interval or period of fixed length between
30 and 60 days, must be specified for the model. The model
assumes that the period length will not vary. In the
Richmond-Tweed campaign a 35-day retest interval was ad-
herxed to as closely as possible. Some minor variation
occurred mainly due to the incidence of public holidays and
minor scheduling problems.

(b) Testing in suspect herds first

To conform with the basic eradication strategy adopted



in N.S.W., the model gave strict priority to suspect herds
when scheduling herds for initial testing. No herds of
unknown status were scheduled for initial testing until all
suspect herds had been scheduled. In practice, in the
Richmond-Tweed campaign the priority given to suspect herds
was not as strict as that assumed in the model. This
occurred for two reasons:

(i) on some occasions a number of herds in a
locality were tested on the same day, regardless of status,
to reduce travelling time for testing teams.

(ii) also, in some localities adjacent suspect and
unknown-status herds were tested at the same time to isolate
suspected pockets of infection. To some extent these

practices are likely to occur in other areas.

Despite the lack of validity for the strict "suspect-
herds first" decision rule it was retained in the model forx
several reasons. Firstly, suspect herds still have high
priority although not to the extent assumed in the model.

It would be very difficult to simulate the actual scheduling

D

1

procedure because there is no clearly defined decision ruls
associated with it. The ratio of suspect to unknown-status
herds tested in each period of the campaign does not follow

a systematic pattern.

Secondly, the "suspect herds first" decision rule
is not likely to significantly affect long-term campaign

projections. The important model responses of periods



taken to achieve provisional freedom, periods taken to
complete all testing, total tests, and total culls will not
be affected by the actual sequence of testing suspect and
unknown-status herds, However, the model may gi&e biased
results if used for predicting culling levels on a period-
to~-period basis, especially during the early stages of the
campaign. For example, the model may tend to over-estimate
the number of cattle culled during the early stages of the
campaign projection because culling estimates will be based
on the assumption that all herds tested are suspect when,

in fact, a proportion of them may be of unknown status.
(Suspect herds are more likely to be infected than herds

of unknown status.) Later in the campaign projection,
culling estimates may be underestimated. This will occur
because the model will assume that only unknown-status herds
are left for testing whereas, in practice, some suspect herds

may still be scheduled.

The projection distortions associated with the
assumption that suspect herds will be given strict priority
are mainly short-term disﬁortions. The important long-
term features of the campaign projections will not ke signi-

ficantly affected.

3.3.3. Conclusions, If the model is found to be an inade-
gquate representation of the actual system it will be necessary
to modify the model structure until a valid structure is

achieved.



When the model emerges relatively unscathed from
the sensitivity and validation analyses, it may be regarded
as being realistic enough to be of value to campaign decision

makers. The use of the model as an aid to decision making

is described and illustrated in Chapter 4.



Chapter 4

DECISTON MAKING AND MODEL APPLICATION

4.1 District vecision Making

In general terms, district decision making for tns
brucellosis campaign involves the efficient allocation of
resources at the district level to achieve the government's
stated objectives. More specifically district planners
exercise control over three main factors which largely
determine the progress of the campaign. The first is the
retest interval, the second is the number and size of testing
areas, and the third and most important is the number of
nerd tests that will be performed in each period in each

area, i.e. testing intensity.

To a large extent decisions relating to these factors
must be made before the campaign starts, despite the fact
that information related to disease prevalence and likely
clear-up rates ig limited. The model is particularly use-
ful for aiding decision making related to testing intensify.
Testing intensity can be manipulated by varying the number
of testing teams allocated to an area. It is primarily
testing rate that will determine the progress and cost of

the campaign in an area.

The model has proved useful for making campaign



projections based on alternative testing team allocations
prior to the actual commencement of the campaign. Use of
the model for this purpose is illustrated using data from

the Richmond-Tweed area of N.S.W.

4.2, Deterministic Projections

The deterministic model version was used initially
to simulate the effect of a wide range of alternative test-
ing team allocations in the Richmond-Tweed area. As a
result of this process, several possible team allocations
were selected out and investigated more fully using'the

stochastic version of the model,.

4.2.1. Campailgn parameters. District planners were inter-

ested in determining the effect of testing rate on campaign
progress in the Richmond-Tweed area. A 35-day retest
interval was selected and local planners predicted that each
festing team could maintain an average testing rate of 50
herds per period (retest interval) after two initial settling-
in periods. In Period 1 it was assumed that testing rate
would be half capacity. This was assumed to increase to
three-quarters of capacity in Period 2, with full capacity

being reached in Period 3 and maintained thereafter.

At the commencement of the campaign there were 2800
herds in the Richmond-Tweed area, of which 787 had some history

of brucellosis infection, i.e. 787 herds were classified as



suspect. The remaining 2013 herds were of unknown-status.

Average breeding herd size was 70 head.

Local veterinary officers provided subjective esti-
mates of the initial disease prevalence and expected retest
and culling rates. They estimated "most likely" values of
80 per cent for the proportion of suspect herds infected,
and 15 per cent for the proportion of unknown-status herds
infected. The estimated distributions for the number of
retests required and the number of reactors found with each
test correspond to those used for the nearby Bangalow area
(see Section 291.4.). They are presented again in Table

4.1.

It was also estimated that two per cent of herds
would revert to positive status after an initial negative
result, but would return to negative status following the
slaughter of the one reactor involved.

For the six monthly routine test, reversion to posi-
tive status was expected to involve 0.5 per cent of herds
tested. Again these herds were expected to return to
negative status following the slaughter of the one reactor

involved.

Fourteen campaign projections were generated cor-
responding to the allocation of two to fifteen testing teams

to the area. A summary of the results of these projections
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Table 4.1

Assumed Retest Distribution and Culling Rates for Infected

Herds in the Richmond-Tweed Afea

Proportion of Herds Average Number of
Test Giving a Negative Reactors Found and
Result Culled
Initial - 5
Retest 1 0.26 3
Y 2 0.22 3
" 3 0.18 2
" 4 0.14 2
' 5 0.10 1
‘ 6 0.06 1
' 7 0.03 1
" 8 0.01 -
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is given in Table 4.2

4.,2.2. Results of testing projections, Testing projections

for each team allocation showed a similar pattern. This .
pattern is illustrated in Figure 4.1 for a selection of team
allocations. In each case, after the initial build-up
phase, maximum testing workload was maintained for a number
of periods before dropping off rapidly as the final herds

were scheduled for testing.

The achievement of provisional freedom status is
indicated when testing workload first falls below testing
capacity. This means that all herds have been tested at
least once and no new herds remain to be taken on for testing

to fulfil potential workload capacity.

As shown in Table 4,2 and Figure 4.2, the time taken
to achieve provisional freedom varied from 76 periods (7.3
years) for two teams, to nine periods (0.9 years) for 15
teams. The time taken to complete all testing varied from
88 periods (8.4 years) for two teams to 23 periods (2.2 years)

for 15 teawrs.

The model also predicted that about 7600 herd tests
would be regquired to complete the test and slaughter campaign
in the area. This represents an average of 2.7 tests per
herd for all breeding herds in the area. (In this case the

number of herd tests did not change for alternative team



Table 4.2

Suminary of Projection Results for a Range of Team

Allocations in the Richmond-Tweed Area

Testing iigi23z £O  perieds to
Teams Provisional Complete. Total Tests Tctal Culls
Allocated Freedom All Testing
2 76 88 7615 ' 9534
3 50 63 7615 9534
4 37 50 7615 9534
5 30 43 7615 9534
-6 25 38 7615 9534
7 21 ’ 35 7615 9534
8 12 32 7615 9534
9 16 30 7615 9534
190 15 28 7615 9534
11 13 27 7615 9534
12 12 26 7615 9534
13 11 25 7615 9534
14 10 24 7615 9534
15 9 23 7615 9534
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allocations because both disease status and herd numbers

were assumed static. If there is a significant underlying
trend in disease status and/or herd numbers in an area this
can be allowed for in the model by automatically adjusting
the appropriate parameters at the beginning of each simulated

campaign year.)

Multiplying estimated total tests by the average herd
size of 70 indicates that approximately 533,000 individual
blood samples will be collected and analysed over the course

of the campaign in the Richmond-Tweed area.

4,2.3, Results of culling projections. Figure 4.3 shows

the cumulative total of Brucella infected cattle slaughtered
for each period over the course of the campaign for a selec-
tion of team allocations. Presented in this way the culling
prcjection shows the rate at which the goal of eradication

is approached.

An estimated 9500 head of cattle will 5e slaughtered
in the Richmond-Tweed area as a result of this intensive
phase of the campaign. This represeﬁts 3.4 head per breeding
herd or about 4.8 per cent of all breeding stock in the area.
(As with total test estimates, the estimates of total culls
did not vary with alternative team allocations because herd

numbers and disease status were assumed static.)

4.2.4. Discussion, Deterministic projections such
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as these have been used by campaign planners in Australia
for a number of purposes. They can be used to assist in
the allocation of an appropriate number of testing teams to
an area to achieve a satisfactory rate of eradication.
Fluctuations in testing and laboratory workloads can be
predicted and labour and eqﬁipment organised accordingly.
Campaign workers can be given an indication as to how long
they will be employed, Possible bottle-necks in the cam-
paign such as an over-commitment of retests, or the number
of reactors exceeding abattoir capacity, can be anticipated

and appropriate action taken if necessary.

If a list of cattle owners is prepared in the order
in which their herds will be tested, then the model pro-
jection can provide a means of estimating when those herds
will be first tested, Also, workload and slaughtering
pfojections provide a basis for estimating campaign costs

in an area.
Finally, projections for adjoining areas can be
aggregated to give regional or even national projections.

This facility is illustrated in the following section.

4.3 Aggregated Area Projections

1f required the model program will automatically
aggregate area projections as they are generated. When

aggregating, account must be taken of the fact that the



campaign will start in different areas at different times.
By assigning a value of one to the starting date of the area
where the campaign starts first, the relative starting
periods for the other areas can be specified allowing pro-

jections to be aggregated appropriately.

Deterministic projections similar to that done for
the Richmond-Tweed area were also made for the Grafton,
Port Macquarie and Upper Clarence areas. Together these
four areas make up the North Eastern Veterinary District.
Details of herd numbers, expected disease prevalence, team
allocations and starting dates for the four areas are given

in Table 4,3,

The projections for the four areas were aggregated
to give a District projection. The District projection for
herd tests is shown in Figure 4.4, and for cattle culled in

Figure 4.5, The contribution made by each area to the

aggregated projecticn is also shown.

4.3.1. Results of aggregated projection. The aggregated

testing projection (Figure 4.4) shows a rapid increase [p
testing activity during 1977 {(about 11 periods) to reach a
peak of 1240 herd tests in Period 11. Testing ratsa then
declines mainly due to the fall off of testing in the Richmond-
Tweed and Upper Clarence areas, This decline gradually pla-
teaus te a level of approximately 450 tests per period in mid

1979 (Period 29). A further stage of decline is then pre-



Table 4.3

Campaign Data for Areas Comprising the North Eastern Veterinary District of N.S.W.

Area Suspect Herds Unknown-status Herds  No, of Starting Time
Teams
Number Estimated Number Estimated Date Period
Proportion Proportion
Infected Infected
'orpev Tlarence 60 1.00 330 .08 1 6.12.76 =1
Richmond-Tweed - 787 80 2013 .15 15 3. 5.77 4
Port Macquarie 678 1.00 942 .38 5 2. 8.77 8
Grafton 439 .58 1256 .22 4 8. 9.77 9

89 -
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dicted from Period 30 until all testing is completed in early

1981 (4.3 years afterﬁthe campaign commenced).

The aggregated culling projection (Figure 4.5) shows
that culling rate is low until early 1977 when testing and
slaughtering starts in the Richmond~Tweed area. Culling
rate reaches a peak of about 1790 cattle culled in mid 1977
(Period 6), after which it declines until.the last animal is
slaughtered in mid 1980 about four years after the commence-
ment of the campaign. An estimated total of approximately
17500 head will be culled from the District of which the
Richmond—Tweed area will account for 54 per cent, Port
Macqguarie 29 per cent, Grafton 15 per cent and Upper Clarence

2 per cent.

N4 Stcchastic Projections

While the deterministic model illustrated above is
useful it has shortcominags. No account is taken of the
stochastic nature of the eradication procedure, nor of the
uncertainty associated with the prior estimates of disease
prevalence, Also as Anderson (1976) points out, a non-lineax
model may not yield mean (or modal) responses by merely set-
~ing yparameters and variables at their means (or modes).

For these reasons the stochastic model may be useful to extend
the analyses undertaken with the deterministic model. The
use of tle stochastic model is illustrated below for the

Richmond~Tweed area.



4.4.1. Allowing for uncertainty. The follcwing uncertain

and stochastic aspects of the campaign can be allowed for in
the stochastic projections.

{a) The proportion of suspect and unknown-status

herds infected

The uncertainty associated with the proportion of
herds infected is represented by two probability cistrilbwu-
tions, one for suspect herds infected and the other for
unknown-status herds infected. For the Richmond-Tweed area
these were elicited from local veterinary officers and are .
shown in Table 4.4 and Figure 4.6(a). The modal values
of 80 per cent infected for suspect herds and 15 per cent
infected for unknown-status herds correspond to the values

used in the deterministic model.

For each replication of the stochastic projections
a value representing the proportion of herds infected was
selected from each of the specified distributions using a
Monte Carlo procedure. These values were then used to
represent the probability that a given herd would be found
infected on its first test.

(b) Number of retests needed in infected herds

The distribution of retests used in the stochastic
model was the same as that used for the deterministic pro-
jections (see Table 4.1). However, instead of the distri-
bution being used to represen£ the fixed proporticns of
herds needing a particular number of retests, it was used

as a true probability distribution. In the stochastic
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Table 4.4

Prior and Revised Probabilities Related to the Proportion
of Herds Infected in the Richmond-Tweed Area

(a) Suspect Herds

Proportion Prior First Second

Infected Probability Revision Revision
81 P(81)
0.50 0.026 0.015 0.040
-0.55 0.052 0.462 0.750
0.60 0.078 : - 0.506 0.209
0.65 0.104 0.017 0.001
0.70 0.130 - -
0.75 0.156 - -
0.80 0.182 - -
0.85 0.136 - -
0.90 0.091 - -
0.95 0.045 - -

(b) Unknown-Status Herds

Proportion Prior First Second
Infected Probability Revision Revision

617 P(81)

0.05 0.061 - -
0.10 0.121 - ’ -
0.15 0.182 0.001 -
0.20 0.159 0.055 -
0.25 0.136 - 0.344 0.314
0.30 0.114 0.417 0.663
0.35 0.091 0.159 0.023
0.40 0.068 0.023 -
0.45 0.045 0.001 -

0.50 0.023 - -
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model the number of retests needed in each infected herd
was determined by randomly selecting a value from the retest
distribution.

(c) Reversion

For the deterministic projections the reversion
rates were applied as proportions of all infected herds.
In the stochastic projections they were applied as proba-
bilities. Each infected herd that achieved an initial
negative result, or was due for a six-monthly routine retest
was tested for reversion using a Monte Carlo procedure
based on the same reversion rates used in the deterministic
model, i.e. two per cent after an initial negative, and 0.5

per cent on the six-monthly test.

4.4.2, Results. The stochastic model was used to make
projections based on the allocation of 12, 13, 14 and 15
teams to the Richmond-Tweed area. The projections, based

on each team allocation, were replicated 50 times. Each
replication used a randomly and independently selected seed.
Thus for each team allocation, a sample of fifty independent
observations was generated for each model response. Summary
statistics were calculated for each sample, and the distri-
butions were tested for normality using the Shapiro-Wilk

test.

A summary of results is presented in Table 4.5.
All distributions passed the Shapiro-Wilk test for normality

at the five per cent level of significance or better. The



fact that these distributions were near normal reflected
thhe operation of the Central Limit Theorem. At the five
per cent level of significance the standard deviations of
the distributions were not significantly different but the
means ¢f the distributions were. The means varied from
11.60 periods (1.11 years) for 12 teams, to 8.10 periods
(0.78 years) for 15 teams. These results are presented

as Cumulative Density Functions (C.D.F.s) in Figure 4.7.
Table 4.5

Surmary of Results of Stochastic Projections for the

Richmond-Tweed Area -~ Periods to Achieve Provisional Freedom

Statistic* T¥elve Thirteen Fourteen Fifteen
eams Teams Teams Teams
Mean 11.60 10.22 9.24 8.10
5.D 1.61 1.60 1.21 1.01
Skew, 0.45 0.57 0.45 0.40
Kurt. - 0.32 - 0.72 - 0.33 - 0.17
S.W. 0.9398 0.9486 0.9441 0.9541
*5.D. stands for Standard Deviation
Skew. for Coefficient of Skewness
Rurt. for Coefficient of Kurtosis, and
S.W. for the Shapiro-Wilk statistic.

The probability of achieving provisional freedom

within say, one year of the commencement of the test and
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slaughter campaign can be estimated by referring to a figure
such as Figure 4.7. If a line is drawn vertically from the
horizontal axis at one year (10.4 periods) then the inter-
section of this line with the respective C.D.F.s gives the
probability of achieving provisional disease freedom by one
year. In this example there was a 24 per cent probability
with 12 teams, 60 per cent probability with 13 teams, 85

per cent probability with 14 teams and 96 per cent probabi-

lity with 15 teams.

Similarly the stochastic model can be used to make
rior projections for other campaign variables of particular
interest to campaign organisers, such as (i) the total
number of herd tests required to complete the campaign;
and (ii) the total number of cattle culled over the course
of the campaign. Examples of such projections, based on
15 teams allocated to the Richmond-Tweed area, are shown in

Table 4.6.

4.4.3. Updated projections. In the first period of the

campaign in the Richmond-Tweed area 307 suspect herds, and

96 unknown status herds were tested. Of the 307 suspect
herds, 175 were found to be infected while of the 96 unknown-
status hexrds, 28 were found infected. These data provided

an opportunity to update model projections.

Using the normal approximation to the binomial distri-

bution, likelihood probabilities were calculated for each of
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Table 4.6

Summary of Results of Prior and Updated Stochastic

Projections for the Richmond-Tweed Area

Model Response Statistic* Prior égg;ﬁ; gggzzz
Periods to Achieve Mean 8.10 8.10 8.00
Prov. Freedom S.D. 1.01 0.61 0.51
Skew. 6.40 0.46 0.00
Kurt. - 0.17 0.41 - 1.73
S.W. 0.9541 0.9471 0.9495
Tctal Tests Mean 8060 8328 8217
S.D. 957 416 284
Skew. 0.22 0.91 - 0.61
Kurt. - 0.64 4.41 7.33
S.w. 0.9657 0.9334 0.9483
Total Culls Mean 10092 10431 10185
S.D. 1963 858 607
Skew. 0.19 0.95 - 0.39
Kurt. - 0.67 0.60 - 1.32
S.W. 0.9734 0.9370 0.9584

* S.D.
Skew.
Kurt.
S.W.

stands for
for
for
for

Standard Deviation;

Coefficient of Skewness;

Coefficient of Kurtosis, and
the Shapiro-Wilk statistic.



the proportions of herds infected specified in the prior
probability distributions. Posterior probabilities were
ther determined using Bayes Theorem. These probabilities
are given in Table 4.4 and shown in histogram form ir Figure

4.0(b).

The new posterior probability distributions vere
then subgtituted for the prior distributions in the stoch-
astic model and the mcdel re-run to give updated projecticns

. for the Richmond-Tweed area.

When data from the second period of testing became
available, these were used to further revise the probability
distributions used in the model. Posterior probabilities
calculated using data from the first period's testing became

prior probabilities for the purposes of further revision.

In the second period of testing, 81 suspect herds
and 261 unknown;status herds were given an initial test.
Of tine 81 suspect herds, 40 were found to be infected while
of the 261 unknown-status herds 74 were found infected.
The new posterior probabilities based on these data are shown
1anable 4.4, The resulting distributions are shown in

histogram form in Figure 4.6 (c).

Again the revised probability distributions were
substituted into the stochastic model to give a second update

of model projections. A summary of the results of prior



and updated projections is given in Table 4.6 and Figures
4.8, 4.9 and 4.10. All projections are based on an allo-

cation of 15 testing teams to the area.

For periods to achieve provisional freedom (Figure
4.8), the prior projection generated a distribution with a
mean of 8.10 periods (9.3 months) and a standard deviation
of 1.01 periods (1.2 months). Successive updates of this
projection did not significantly change the mean value of
the distribution but the standard deviation was reduced to
0.61 periods (0.7 months) after the first update, and 0.51
periods (0.6 months), after the second update. Such infor-
mation allows campaign progress to be predicted with greater
confidence. For example the prior projection indicated that
with 15 teams, there was a 96 per cent probability of achiev-
ing provisional freedom by one year. Updated projections
indicated virtually a 100 per cent probability of this

occurring.

For total tests (Figure 4.9) a distribution with a
mean of 8060 herd tests and a standard deviation of 957 tests
was generated by the prior projectionl As with previous
model responses, successive updates dicd not significantly
change the mean of the distribution. The standard deviation
however, was successively reduced to 416 tests, and then to

284 tests.

The prior total culls projection (Figure 4.10) had
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a mean of 10092 head culled with a standard deviation of 1963
head. Updating did not change the mean significantly but
did reduce the standard deviation to 858 head and then to 607

head.

As expected the standard deviations of the response
distributions were reduced with each successive update.
Contrary to expectations however, the means of the response
distributions did not differ significantly between the prior
and updated projections, despite the fact that the posterior
probability distributions differed substantially from the
prior distributions (see Figure 4.6). With closer inspection
cf the results the reason becomes clear. In this case the
subjective prior probabilities over-estimated the proportion
of suspect herds infected and under-estimated the proportion
of unknown-status herds infected. The revised probabilities
overcame these opposite biases but in so doing left the expected
total number of herds infected almost unchanged. (%ased on
the prior probabilities the expected total number of herds
infected was 1060. This was only reduced slightly to 1033
after the first revision and to 1014 after the second revision.)
Thus, the means of the response distributions did not differ

significantly with each update.
4.5 Discussion

The distribution of periods to achieve provisional

freedom can be.useful in district campaign planning. The
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distributions can be used to estimate the probability of
achieving provisional freedom by a particular date for a

particular team allocation.

The total tests and total culls distributions canr
also have important implications for campaign planning, in
particular for estimating the cost of the campaign. The
cost of testing, and compensation for culls, usually repre-
sent the major cost items in a campaign. Estimates of
these items must be made in any benefit-cost analysis of the
campaign. The benefit-cost analyses usually use only single
value estimates and thus take no account of the uncertainty
associated with the cost of the campaign. By studying the
total tests and total culls distributions generated by a
stochastic model, cost estimates and funding decisions cculd

take more explicit account of the uncertainty involved.

.For example to aid short-term funding decisions,
distributions of the likely number of herd tests and cattle
culled in, say, the first year of the campaign, could be
generated. Funds could be allocated to the area according
to some predetermined decision-rule such that there was, say,
’an 85 per cent probability of covering projected campaign

costs. Provision could be made for further funds to be made

available (or campaign tactics modified) if testing and culling

levels proved to be in the upper 15 per cent tails of the

distributions. Funding requirements for subsequent years



could be assessed in the light of previous experience.

Updating leads to more precise projections in which
decision makers can have more confidence. This can then
facilitate more efficient budgeting and resource management.
Funding and labour allocation decisions can be modified in

the light of the new and more accurate projections.
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CHAPTER 5
ADAPTING THE MODEL FOR USE IN OTHER COUNTRIES

While the model‘déscribed in this Report was devel-
oped for the brucellosis éradication campaign in N.S.W.,
Australia, it has potentigi value in campaigns elsewhere.
Varying degrees.of modifiéétion may be necessary depending
'on the actual test and sléﬁghter procedure, and local
planning probléms° Réquired.modifications are likely to
be least for campaigns in developed countries but more

substantial for campaigns in developing countries.

5.1 Adapting the Model

5.1.1. Computing Requirements. For the model programs

to be compiled prior to modification and/or use, a computer
with a FORTRAN compiler and approximately 32K capacity is
required. The model programs are written in non-machine
specific FORTRAN to achieve as wide an application as
possible. The stochastic version however requires a
‘pseudo-random number generating routine. A routine
(SUBROUTINE AGRND) is included in the model listing (see
Appendix II);  however an alternative routine may be neces-
sary because efficient random number generating routines
tend to be machine specific or at least must take account
of the word-size characteristics of the machine. Most

computer facilities have a pseudo-random number generating
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routine available as an intrinsic function. Where such
a function is not available a suitable routine can usually

be adapted (see Naylor et al., 1966).

The stochastic version also uses subroutines for
calculating the moments of distributions and applying the
Shapiro-Wilk test for normality. These subroutines are
listed as part of the full model listing (see Appendix IT).

5.1.2. < Flexibility without model modification. By mani-

pulating the information supplied to the model as data a
significant degree ofvflexibility is possible without any
changes in the program structure. It would be possible
to use this flexibility to model a campaign if that cam-
paign's procedures corresponded reasonly well to those

modelled (see Chapters 2 and 3).

A wide range of herd numbers and infection levels
can be handled in the model. Herds can, if required, be
separated into two priority classifications each with dif-
ferent assumed infection levels. Testing and slaughtering
in the second priority group does not start until all herds
in the first priority group have been tested at least once,
and testing capacity is available. If no such priority
grouping is required all herds can be grouped into the same

priority classification.

In the stochastic model explicit account is taken
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of the uncertainty that may exist about initial disease
prevalence. Varying degrees of uncertainty can be allowed
for by specifying different discrete probability functions.
If the infection level is known with certainty, the pro-

portion infected can be given a probability of 1.0.

A fixed retest interval is assumed but the length
of the interval is specified by the user. Retest intervals
of 30 to 60 days have been used in Australia but longer
intervals (up to six months) can be accommodated in the
imodel. The model can handle a situation where up to ten
retests may be required in some herds., The probability
of a herd requiring a given number of retests is specified
by the user and can allow for a wide range of possible
‘"clean—up" rates. Similarly the user can specify the

expected number of cattle culled at each retest.

Finally, the number of herd tests possible in each
period can be specified to allow for possible changes in

testing intensity or testing efficiency.
If a valid representation of a campaign cannot be
achieved by manipulating the input data some modification

to the model structure may be necessary.

5.1.3. Modifying the model structure. Some eradication

campaigns may use longer retest periods (e.g. 1 year) and

have different check testing procedures. To allow for such
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differences some modification to the model structure would
be necessary. To facilitate this the testing procedure
should be clearly defined using a diagram comparable with
Figure 2.1. Such a diagram shows clearly the possible
changes in the status of herds during eradication, and
indicates the data required to link the states with tran-
‘sitional probabilities. Once the testing procedure has
been clearly defined it would be possible for a FORTRAN

programmer to build that procedure into the model.

Modification of the model structure may also be
necessary if there is a large diversity of herd sizes, types
of management and, consequently, pattern of infection in
a given area. In the U.K., Hugh-Jones et al., (1975) found
that herd size and management had a significant effect on
‘disease epidemiology within the herd. Where there is a
significant diversity of herd sizes and types in an area
the model could be modified to simulate the testing of herds
from a number of different groups. Each group could have
different herd size, retest and culling rate parameters.

In each period the mix of herd types tested could be deter-
mined randomly or according to some decision rule specified

by campaign planners.

Another cause for (slight) modification of the model
‘structure relates to possible changes in herd numbers and
disease prevalence over the course of the campaign. In the

model, as presented, it is implicitly assumed that herd



numbers and disease status are static. As mentioned in
Section 4.2.2., if there is a significant underlying trend
in disease status and/or herd numbers this can be simﬁlated
by a small alteration to the model program to allow for the
éutomatic adjustment of the appropriate parameters at the

beginning of each simulated year.

Other modifications may be necessary to ensure a
valid representation of a campaign procedure. Such modi-
fications should be determined by a close comparison of the
model structure as described in this Report, and the actual
campaign procedures to be modelled.

5.2 Special Considerations for Campaigns in Developing

" Countries

In the past national campaigns to eradicate brucel-
losis have been undertaken mainly in developed countries.
In the future however, developing countries will become
increasingly involved in eradication efforts. Reid (l969f
and Griffiths (1976) have pcinted out some of the problems
of animal disease control in developing countries. These
- may include instability of‘governments, lack of support
from local populations, lack of financial and technical
assistance, a shdrtage of trained peréonnel at both the
professignal and auxiliary levels, with associated inade-
gquacies in laboratory, quarantine and veterinary field

services. There is often a lack of funds for vaccines,
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drugs and equipment and there is generally a serious short-
age of transportation. Many of the countries which suffer
the most serious deficiencies are those with nomadic systems

of husbandry.

Such problems require the formulation of special
disease control strategies and increase the need for efficient
campaign planning. To this end United Nations agencies
such as the Food and Agricultural Organisation (FAO),
the World Health Organisation (WHO) and the International
Office of Epizootics (OIE) are actively involved in assisting
efforts toward animal disease control and eradication in
developing countries. For example, the potential for
disease control in nomadic systems of husbandry was reviewed
at the Symposium on International Traffic in Animals in the
Near East Region, held in Beirut, Lebanon, in 1966 (FAO,

1966) .

For more settled systems of animal husbandry both
the FAO and OIE have been actively promoting the concept
of the disease-free zone (DFZ). The principle is to esta-
blish well-defined zones free from specific diseases in
countries not yet able to achieve nation—widé\eradication.
The objective is to gain access to highly profitable markets
abroad where entry is at present denied because of restric-

tions imposed for animal health reasons (Griffiths, 1976).

The model described in this Report is designed for



regional planning situations and could well play a useful
role in the planning of regional campaigns to achieve
disease-free zone status. In addition to the modifications
suggested in Section 5.1 there is another aspect of the
model which may need to be changed in certain circumstances.
This is the assumption that a regular retest period can be
maintained. In developing countries with personnel and
transportation problems it may be impossible to maintain a
regular retesting interval for herds. This situation could

be modelled in two ways:

Firstly, a realistic average retest period cculd be
used with little change to the model. I1f this period was
longer than the optimum then the increased chances of re-
infection in herds could be reflected by specifying that
there is a high probability thét a large number of herd
retests would be required to achieve eradication. While
model predictions of herds tested and cattle culled in any
one period may be unrealistic, the more aggregated model
projections related to expected time taken to achieve eradi~
cation, expected total tests and total culls would still be
valid. The variances calculated around these expected

values are likely to be underestimates, however.

The second alternative would be to make retest inter-
val a stochastic variable with each herd tested being re-
tested after some randomly selected period. The range of

possible intervals could be presented as a subjective proba-



bility distribution which reflected the planners expectations

about retest intervals.

As a further extension of this approach, the pro-
bability that a herd may required further retesting (due to
the continued presence of infected animals) could be corre-

lated with the length of the previous retest intervals.

Such procedures would require some major modifications
to the model but would more validly represent the actual

operation of the campaign.

Disease eradication campaigns in developing countries
are likely to take longer, and progress is likely to be less
certain, than would be the case in developed countries. The
level of uncertainty, in itself, is likely to become a major
planning factor. A stochastic simulation model can be a
valuable planning aid in such situations because it can
explicitly reflect the uncertainty associated with the cam-

paign, and show its effect on estimated campaign progress.

5.3 Re-assessing the vValidity of the Model

Regardless of the degree of modification undertaken,
if the model is used in another campaign its validity should

be re-assessed in the light of its new "environment".

As mentioned in Chapter 3 the validity of the model



can only be examined in the context of the campaign in which
it is to be used. In some cases sufficient data may exist
relating to the operation of a campaign to allow a statis-
tical compariscon to be made between the model's projections
and actual campaign performance. More often, however,
campaign planners will have to subjectively assess the valid-
ity of the model. For this reason it is highly desirable
that campaign planners and decision makers be closely invol-

ved in the process of adapting the model.

5.4  Conclusions

The planning and implementation of a brucellosis
‘eradication campaign is a complex task, and particularly so
in a developing country. Campaign decision makers are
faced with selecting the most efficient strategy and tactics
to cope with the complex interaction between epidemiological,
environmental and institutional factors many of which are
uncertain or ﬁncontrollable. As such, an eradication cam-
paign represents a fertile field for the use of systematic
planning techniques such as simulation. The high cost of
such campaigns means that the pay-off resulting from more
efficient campaign planning is high. For example, the
test and slaughter phase of the brucellosis eradication
campaign in Australia is estimated to cost $135 million
(1975 value discounted at 10 per cent: I.A.C., 1975).

A reduction of two or three per cent in the cost of the cam-

paign would represent a saving to taxpayers and producers



of the order of $3 to $4 million. Also, if an exporting
country fails to eradicate brucellosis a substantial pro-
portion of their beef and dairy exports could be put at
risk. Systematic planning would minimise this risk. In
a developing country the standard of planning may mean the
difference between the success or failure of eradication

efforts.

The use of systematic planning techniques in disease
control is, however, a poorly developed field of research.
As Morris (1975) points out "Over the last twenty years the
range of control measures available to veterinarians for use
in large scale disease control programmes has expanded con-
siderably, and these measures have improved in efficiency.
Hovever, over the same period relatively little attention
has been paid to the organisational aspects of veterinary
services, and to the development of methods for applying the
physical control measures with maximum efficiency. More-
over, the complexity of management systems and the cross-
links between management systems and disease problems have

increased over the same period.”

Part of the problem limiting the use of systematic
planning techniques in disease control is the fact that mosi
veterinarians lack knowledge and experience of such tech-
nigques. The simulation model described in this Report how-

ever, has been used successfully by veterinarians in Australis
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(see Beck and Valentine, 1980), and should have potential
as a planning aid in brucellosis eradication campaigns

elsewhere.




REFERENCES

Anderson, J.R. (1974). "Simulation: Methodology and
Application in Agricultural Economics",
Review of Marketing and Agricultural
Ecomonics, 42 (1), March, 1974.

Anderson, J.R. (1976). "Essential Probabilistics in

July, 1976.

Anderson, J.R., J.L. Dillon, and J.B. Hardaker (1977).
Agricultural Decision Analysis, Iowa State
University Press, Ames.

Australian Bureau of Animal Health (1975). Bovine
Brucellosis and Tuberculosis National

and Rules, Australian Government Publishing
Service, Canberra.

Beck, A.C. (1978). A Simulation Model of a Campaign to
Eradicate Brucellosis from Cattle, Unpub-
lished M.Ec. dissertation, University of
New England, Armidale, Australia.

Beck, A.C. and J.L. Dillon, (1980Q). "Brucellosis
Eradication Planning : An Application of
Simulation Modelling". Agricultural

Systems, 5 (3), July, 1980.

Beck, A.C. and L.W. Valentine, (1980). "A Simulation
Model to Aid Decision Making in a Campaign
to Eradicate Brucellosis from Cattle".
Interfaces, 10 (1), February, 1980.

Conover, J.W. (1971). Practical Nonparametric Statistics,
Wiley, New York.

Davidson, R.M. (1978). "Field Operation in the Brucellosis
: Eradication Scheme". New Zealand Veterinary
Journal, 26 (3), March, 1978.

Dent, J.B. and M.J. Blackie, (1979). Systems Simulation
in Agriculture, Applied Science Publishers,
London.

FAO, (1964). "Joint FAO/WHO Expert Committee on
Brucellosis : Fourth Report", FAO Agri-
cultural Studies No. 66, Rome.

FAO, (1966). "Sympcsium on International Traffic in
Animals in the Near East Region, FAO
" Meeting Report AN-1966/6, Rome.




- 100 -

FAO, (1971). "Joint FAO/WHO Expert Committee on
Brucellosis : Fifth Report", FAO Agri-
cultural Studies No. 85, Rome.

Fao, (1979). "FAO/WHO/OIE Animal Health Yearbook 1978",
FAO Animal Production and Health Series
No. 13, Rome.

Griffiths, R.B., (1976). "The International Control of
Animal Diseases", In Smith, A.J. (editor),
Beef Cattle Production in Developing
Countries, University of Edinburgh Press.

Hugh-Jones, M.E., P.R. Ellis, and M.R. Felton, (1975).
"An Assessment of the Eradication of
Bovine Brucellosis in England and Wales".

Hort. Study, No. 19.

Industries Assistance Commission (1975). Report on the
Bovine Brucellosis and Tuberculosis Slaughter

Publishing Service, Canberra.

Manthei, C.A. and B.L. Deyoe, (1970). "Brucellosis" In
Gibbons, W.J., E.J. Catcott and J.F. T
Smithcors (editors), Bovine Medicine and
Surgery, American Veterinary Publications,
Weaton, Illinois.

Mihram, G.A., (1972). Simulation - Statistical Foundations
and Methodology, Academic Press, New York.

Ministry of Agriculture and Fisheries, (1977), Brucellosis

A Veterinarian's Guide to the Literature,
Animal Health Division, Wellington, New
Zealand.

Morris, R.S., (1975). "The Integration of Economic and
' Epidemiological Methods in the Study of
Animal Disease", Seminar paper presented
at the meeting of the Scientific Advisory
Committee to the Pan-American Foot and
Mouth Disease Centre, Rio de Janerio,
November, 1975.

Morris, R.S., and R.T. Roe, (1975). "The Use of Computer
Simulation in the Design, Evaluation and
Monitoring of Animal Disease Control
Programs". Paper presented at the
International Symposium on Livestock Disease
Monitoring, Guelph, Canada, July, 1975.

Naylor, T.H., J.L. Balintfy, D.S. Burdick, and K. Chu,
(1966) . Computer Simulation Techniques,
Wiley, New York,




- 101 -

Reid, D., (1969). "General Aspects of Disease Eradication",
Veterinary Record, 84, June, 1969.

Stableforth, A.W. (1959). "Brucellosis™ In Stableforth,
A.W. and I.A. Galloway (editors), Infectious
Diseases of Animals : Diseases due to
Bacteria, Butterworths Scientific Publications
London.




- 102 -

APPENDIX T

INPUT FORMAT AND PROGRAM LISTING FOR

THE DETERMINISTIC VERSION OF THE MODEL

Input Format

Card Type 1l: 2 integer values required (FORMAT 2I3)

TRUNN: No. of projections to be done at this run.
May be different sets of data for the same area,
or different areas, or both.
DISPRO: Does the IRUNN projections comprise a
district or region to be combined into a district
projection? 0 for No

1 for Yes
If Yes the TOTAL TEST and TOTAL CULLS projections

will be aggregated to give a district projection.

Card Type 2 - 6: (IRUNN sets required)

Card Type 2: Alpha~numeric Heading (FORMAT 6A4)

ANAME: Any letters or numbers up to 24
columns including spaces starting in Column 1.

Can include area name, date and run number if

appropriate.

Card Type 3: 7 values required - 5 real, 2 integer (FORMAT
F5.0, 2I5)
KIH: number of infected and suspect herds in the

area.
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B: estimated proportion of KIH herds which.will
include some reactors i.e. will be infected.

HUS : number of not assessed or unknown-status
herds in the area.

Az estimated proportion of HUS herds which will

include some reactors i.e. will be infected.

SIZE: average breeding herd size.

IPLTH: (integer) retest pericd length in days.
ISTART: (integer) period number when campaign
started in area. Required for aggregating area

projections into a district or regional projection.
Assign ISTART = 1 for the first area where testing
and slaughtering started. Calculate ISTART
values for other areas by determining number of
retest periods after first area where campaign
started, (to nearest whole period).

When district projection not required (DISPRO = 0)

set ISTART = 1 for all projections.

Card Type 4: 14 real values (FORMAT 14F5.0)
Array PROB (1)....PROB (14)
For PROB (N) (where N = 1....12): The proportion

of originally infected herds giving an initial
negative result on retest N.

PROB (13): The proportion of originally infected
herds remaining negative after an initial negative
(i.e. 1.0 less the estimated proportion of herds.

reverting to positive status).
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PROB (14): The proportion of herds remaining
negative at 6 month check test (i.e. 1.0 less the

estimated proportion of herds reverting to positive

status) .
Card Type 5: 14 real values (FORMAT 14F5.0)
Array CULL (1)....CULL (14)
For CULL (M) (Where M=1....12): The average

number of reactors found per infected herd at test
M.

CULL (13): Average number of reactors found in
herds giving a positive result after an initial
negative.

CULL (14): Average number of reactors found in
herds giving a positive result at the 6 month check
test.

Card Type 6: 16 integer values (8 sets of 2 values) {FORMAT

1615)
, Values are read in as pairs: PATTN (N) and PATTN
(N + 1) etc.
For PATTN (N), N =1, 3, 5, 7, 9, 11, 13, 15.
- number of tests possible per periocd (testing rate).
For PATTN (N + 1). Number of retest periods the
rate PATTN (N) will be maintained for.
The model allows for the simulated campaign to run
for a maximum of 150 periods. A rate must be
specified for all 150 periods.

i.e. I PATTN (N + 1) = 150
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When a testing rate has been specified for all 150
periods the remaining elements of the array PATTN

should be filled with zeros.



€9 1» ¢34 L3 T3 LY TP CH LPIIL

1% R

ES

2000

000

TN

3an?

- 106 -

Program Listing (FORTRAN IV): Deterministic Version

(Note: To aid readability five dummy columns have been
inserted in this printout between FORTRAN columns
5 and 6)

*eBRUCELLOSIS ERADICATION PLANNING MODEL w%
A MODEL DEVELCPED BY TONY BECK,ECONOMIST,AGRICULTURAL RESEARCH
STATIONSGRAFTCN,NSW.» TO PROJECT DISTRICY WORKLOADS AND SLAUGHT~
FRING RATFS RESULTING FROM THE CAMPAIGN TO ERADICATE BRUCELLOSIS.
REF., A,C.BECK,'THE USE OF SIMULATION MODELLING IN THE MANAGEMENT
CF BRUCELLOSIS ERADICATION',AUST. VET. JOURNALS
VOLe33,N0e1Cs(0OCTA1977)

PROJECT FINANCED BY THE AUSTRALJAN MEAT RESEARCH COMMITTEE,
ANAME 1S PROJECTION HEADING

KIH I8 NO. OF .  SUSPECY . .. HERDS
HIUS 18 NO, OF HERDS OF UNKOWN STATUS

'SIZE 1S AV. BREEDING HERD SIZE

IPLTH 1§ RETEST PERIOD LENGTH IN DAYSe

PROB 1S PROPORYION OF INFECTED WERDS REQUIRING A GIVEN NO, OF
RETESTS

CULL 7§ EXPECTED NOs OF CATTLE CULLED AS A RESULT OF EACH RETESTY

NUTEST 1S NO. OF INFECTED MERDS FIRST TESTED IN A PERIOD

HUSET 1S NOo, CF HUS FIRST TESTED IN A PERIOD

CAP 1S THE AVAILABLE FREE CAPACITY IN TERMS OF TESTS/PERIOD

M 1§ THE PERICD NO,

I 1S A PROGRAMP INDEX

N IS A PROGRAM INDEX

TEST 1S WORKING ARRAY OF TESTS CLASSIFIED ACCORDING TO PERIGD

(VERT.) AND TYPE OF TEST(HORIZ., AXIS)
L IS MAX, NOs OF TESTS POSSIBLE ON ANY +VE HERD TO GIVE A =VE,

REAL KIHsKIHFToHUS HUSFTANUTESTrAsB,CAP

INTEGER Mele ol o ToNePATTN,DISPRO

DIMENSION ANAME(H)

DIMENSION REGIONC150,10,2)

DIMENSION TEST(35,15),PROB(I4)CULLC(T4)PAGTEST(150,8)PATTN(TS)

TRUNN 18 THE NUMRBER OF SEPARATE DISTRICT PROJECLCTIONS TO BE MADE,
READ(S,7000) I1RUNNSDISPRO

FORMAT(213)

p0 2100 IRUN=ET,IRUNN

INETIALIZE ARRAYS AND PARAMETERS

DO 3000 I=1,16

PATIN(I) = [

Do 3001 I=1.14

PROBC(LY = 0,0

cuLL (i) = 0,0

DO 3002 1m1,35

PO 3002 J=1,15

TEST(I-H4) 2 0,0

0O 3003 1=1,950
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M= 1

TEST(1.1) = 1,0

DO 340 I=1eL

TEST(I+1s2) = 1.0 =« PROB(I)

TEST(1+1,1)8TEST(Ie1)=TEST(141452)

TEST(142,3)=TEST(I+1:2)% PRORC(LST)
TEST(1+2,4)=TEST(I%¢102)~TEST(142,3)

TEST(I+3,5)8TEST(1%2s64)

TEST(144,6)3TVEST(143,5)

TEST(I+I8MTP,7)RTEST(1428)4TEST(14246)

TESTCIaI6MTRP+1.8)=sTEST(I®IENTP,7)=TEST(I4I6MTP,7) »* PROR(L*Z)

TEST(I+T16MTR42,9)5TEST(I+14N0TP+1,R)

TO PETERMINE MDD, OF CULLS

TEST(I-146)2TEST(I 10 CULL(L)
CONTINUE
PO 370 1=1,34

TEST(I,94) 2 TEST(I1-14)¢ TESTC1.40% CULLC(L*1)4 TEST(I+1,8)% CULL (L

142)
Do 370 J=1s 12
TESTCI 13)=2TFEST(I,13)¢TEST(1,)
CONTINUE

EINDS FIRST PERIOD(M) WITH EXCESS CAPACITY(CAP)
po 10 NO=Me180
MaNG

DETERMINES SIZE OF CAP
CAP ® AGTEST(MsS5) = AGTEST(VM.4)
TF{ABS(CAP)=,001)10,10,7
1ECCAPRPYT10,10,20
CONTINUE
STOP 1

DETERMINES IF THERE ARE STILL KIM TO BE TESTED
1E(ABS(KIN)=,009)80,805,21
IF(KIHYIZ23,8Cs25
§Y0P 2
HUSFT*@DQO
KOL=9
IF(ARS(CAP=KIH)=o001260+60,30
IE(CAP=KIHYE0,60,40

ALLOCATES NQ., OFf KIH HERDS TC BE TESTED
KIHFT = KIH
KiH = KIH =KIHFY
GO TO 45
KIHET = CAP
KIH 2 KIH=KIHFTY
NUTEST = KIKFT#B
GO 70 380

1F NO KIW LEFT DETERMINES IF THERE ARE STILL HUS T0O BE TESTED
1F(ABS(HUS)=,009)500,500081
IF(HUSIRS,5C0,86
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nRS STOP 3
0ngeé KIHET = 0.0
KOL = 2
noen IF(ABSLNAP=HUEY=,001)1200120591%
npos If (LAP=HMUS3120,129,100
C
¢ ALLGCATES MUS TO PE TESTED
0ion MUSFT=HUS
0103 HUS=HUS=HUSFT
£110 60 T0 150
0120 HUSET=CAR
04128 HUBHHUS=HUSET
048n NUTEST sHUSFT#A
£
€ PROJECTS TEST AMD SLAUGHTER RATES FOR NEWLY SCHEDULED MERDS

0380 DO 460 114,35
AGTEST(14P=1, 4) = AGTEST(14M~=1,4) ¢ TEST(1,713) * NUTEST
0440 EGTESTIIaM=%, 73 = AGTEST(}¢Mate?) ¢+ TEST(I,14) % NUTEST
AGTESTIMab 2 AGTEST M)+ (K IHFT=KIHFT*B) S (HUSFToHUSFT%A)
AGTEST(MeT e 32AGTEST{(M* ol )2 (KIHFT=KIHFT%R)
AGTEST{MoKOL ) oNUTESTA(KIHFTaKIHFTHB) + (HUSFY=HUSFT*A)
AGTEST(128)= AGTEST(1+7)

¢ 137 COL OF AGTEST IS KNOWN INFECTED MERDS FIRST TESTED IN A PERIOD
£ 2MD CCL OF AGTEST 1S HERDS OF UNKNOWN STATUS FIRST TESTED IN A
€ PERIGD
" ATH €0L. OF AGTESY IS8 CUMe TCTAL OF TESTS IN EACH PERIOD
C 7TR COL. OF AGTEST IS TOTAL OF CATTLE CULLED IN EACH PERIOD
€
¢ TESTS IF AGYESY SIZe 1S INADEQUATE AND DETERMINES HUS LEFT
18 {M=49%8)5+470,470
0a70 WRITE(S,4805
048D FORMAT (THI,5X-26H7*AGTEST SI12E INADEQUATEwx//)
0490 WRITE(EALTEIHUS
D698 FORFAT(SX»987,2/4)
C
0s50n DO 590 I=i,Me35
AGTEST(Ie30r AGTEST(Io4)=AGTEST(IF1)=AGTEST(L10s2)
AGTEST(Is,60= AGTEST(leb)* SiZE
AGTEST(1%%+8)= AGTEST(I+1,7)+ AGTEST(1.8)
¢ 3RD (Ol OF AGTESY IS TOTAL NO. OF HERDS RETESTED IN A PERIOD
c 6TH CCL, OF AGTEST IS NOs OF BLOCOD SAMPLES
¢ BTH COL OF AGYEST IS CUMULATIVE CATYLE CULLED
€
¢ PETERMINES TOTALS OF AGTEST CCLUMNS
VaV+AGTESY (1,1)
WeWdAGTESY (1.2)
X=X+AGTEST (1.3)
Y=Y+AGTEST (1.4)
7=24AGTFST (106D
0510 UsU+AGTEST (1.7)
¢
€ WRITES PROJECTION
WRITE(6,520)
0520 FORMAT(// /o4 Xst«uPROJECTION CF HERD TESTS AND CATTLE CULLED®x?,

1770310 s QUSSP H e oS INGAH s X s VHERDS 26X, " TOTALYsS X, IMAX,*s5X,
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2IBLOOD Y2 X s PTCTAL ' 253X eV ClUMa s/ e23Xs 'PERIOD Y 22Xs tYESTED "0k X»s
3 TESTED o XX "RETESTED Yol X s " TESTS A X "TESTS 13X, SAMPLES*,5X,
LYCULLStrbYe?CLLLSTY)

DO S35 1=1,Me22

WRITE(ASIOYITI - (AGTEST(IsJ)sg=1+,8)

0830 FORMAT(P6X,13,F9a107F10,1)

nexs CONTINUE
WRITE(A,550) VaokeXeYerlol

0580 EORMATC/ e23X o sTOTAL' 2 FBa1+3F10.,7210X%Xs2F10,1)
IF(DISPRO)Y 8§55,210Ur555

158% DO 4000 I=1,M$22

REGION(ISTART+1-1sIRUNLTY = AGTEST(Is4)
REGION(CISTART+I=1o RUNE2) = AGTEST(I.7)

4000 CONTINUE
2100 CONTINUE

IF(DISPRO) 560,5652560
ns&0 PO 4010 1=1,150

DO 4010 J=1,9
REGION(CI»10,1) = REGIONCIA1Cs1) ¢ REGION(I,Js1)
REGION(1,1002) = REGION(I,10+2) + REGION(I,U»2)

4010 CONTINUE
WRITE(6,4015) ;
4n1s FORMATCIH14////0s20Xs ' *«DISTRICT HERD TEST PROJECTION#®w*s///)

DO 4020 11,100
WRITE(64403C) 1,(REGION(IAJs1)sd=1oIRUNN),REGIONC(IAT1061)

4030 FORMAT (15X 13,69.1+7F10.1)
4020 CONTINUE
WRITE(6,4035)
43S FORMAT(THTI#////020Xs ' #«DISTRICT CULLING PROJECTIONw#?///)

D0 4040 121,100
WRITE(4,405C) 1, (REGION(I,Js2)rdm101RUNN),REGIONC(CI,10,2)

40580 FORMAT(1SXo13,F%:129F10.1)
4040 CONTINUE
N865% CONTINUE

5T0P

0540 : END
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APPENDIX IT

INPUT FORMAT AND PROGRAM LISTING FOR

THE STOCEASTIC VERSION OF THE MODEL

Input Format

Card 1:

Card 2:

Card 3:

Card 4:

Card 5:

3 integer values required (FORMAT 31I5)
IRUNN: No. of replications.
IPRINT: Determines detail of printout
1 = standard printout (most efficient)
2 = intermediate printout
3 = full detailed printout
ISW: No of observations used in the Shapiro-
Wilk Test for Normality
Must be 10, 20, 30, 40 or 50. Use the
largest &o. possible which is equal to or
less than IRUNN.
1 integer value required (FORMAT I10)
IX: random No. seed. Must have 9 digits
Alpha numeric Heading (FORMAT 10A4)
ANAME: Any letters or numbers up to 40 columns
including spaces, starting in Column 1.
1 integer value (FORMAT 1I5)
DKIH: No. of infected or suspect herds in the
area.
10 real values (FORMAT 10¥5.0)
Array BB(l)....BB(10)

Possible levels of infection in DKIH



Card 6:

Card 7:

Card 8:

Card 9:

Card 10:

Card 11:

10 real values (FORMAT 10F5.0)

Array BP(1l)....BP(10)

Prolb:abilities corresponding to the levels of
infection BB(1l)....BB(10)

Probkabilities must sum to 1.0.

1 integer value (FORMAT I5)

DHUS: ©No. of non-assessed or unknown-status

herds in the area

10 real values (FORMAT 10F5.0)

Array AA(1l)....AA(1D)

Possible levels of infection in DHUS

12 real values (FORMAT 10175.0)

Array AP(1)....AP(10)

Probabilities corresponding to the levels of
infection AA(1l)....AR(1D)

Probabilities must sum to 1.0

(Cards 5,6, 9 and 10 together specify the Probability
Vensity Functions for levels of infection in suspect
or unknown-status herds)

2 integer values (FFORMAT2I5)

SIZE: Average breeding herd size

IPLTH: Re=~test period length in days

14 real values (FORMAT 14F5.90)

Array PR@B(1l)....PR@B(14)

For PR@B (N} where N = 1.,..,12.: Probability of
an originally infected herd giving an initial

(i.e. first) negative result at or before retest N.

PREB(13): Probability of an originally infected



Card

herd remaining negative after an initial negative
(i.e. 1.0 less the estimated probability that a
herd will revert to positive status).
PRZB(14): Probability of herds remaining nega-
tive at 6 months check test (i.e. 1.0 less the
estimated probability that a herd will revert to
positive status)
14 real values (FORMAT 14F5.0)
Array CULL(1l)....CULL(14)
For CULL(M) where M = 1,..,12: The average number
of reactors found per infected herd at test M.
CULL(13) : Average number of reactors found in
herds giving a positive result after an initial
negative
CULL(14): Average number of reactors found in
herd giving a positive result at the & month check
test
16 integer values (8 sets of 2 values) (FORMAT
1615)
Values are read in as pairs: PATTN(N) and PATTN
(N+1), etc.
For PATTN(N), N =1, 3, 5, 7, 9, 11, 13, 15

- number of tests possible per period

(testing rate)
For PATIN(N+1l) - number of retest periods the rate
PATTN(N) will be maintained for

The mcdel allows for the simulated campaign to run

for a maximum of 150 periods. A rate must be
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specified for all 150 periods,

i.e. I PATIN (N + 1) = 150
When a testing date has been specified for all
150 periods the remaining elements of the array

PATIN should be filled with zeros.
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Program Listing {(FORTRAN IV): Stochastic Version

{Jote: To aid readability five dummy columns have been

inserted in this printout betwveen FORTAAN oolumns
5 arnd 6)

w#BRUCELLOSIS ERADICATION PLANNING MODELwe
#n RTOCHASTIC VERSIQON #w
A MODEL DPEVELCPSD BY TONY BECKs ECONOMIST,AGRICULTURAL RESEARCH
STATIONAGRAFTONSNSW,oTO PROJECT AREA WORKLOADS AND SLAUGHTERING
RATES RESULTING FROM THE CAMPAIGN TO ERADICATE BRUCELLOSIS,
REFs AoloBECK  THE USE OF SImLLATION MODELLING IN THE MANAGEMENT
CF BRUCELLOSIS ERADICATION',AUST. VET. JOURNAL.
VOL.33eN0.10,€0CTe58T7)

PROJECT £IMANCED BY THE AUSTRALIAM MEAT RESEARCH COMMITTEE.

ANAME 1S THE TITLE OF A GROU® OF RUNS
DEIH 15 MO, OF SUSPECT. HERDS
PHUS 15 MDa OF HERDS 0F UMKMOWN STATUS
ST1ZE 15 AV. BREEDING MERD SL28
IPLTH 15 RETEST PERIOD LENGTH IN DAYS,
PROB 15 PROBARILITIES OF IMFRCTED MERDS REQUIRING A GIVEN NQe OF
RETESTS
cULL £3 EXPECTED NO, OF CATTLE CULLED AS A RESULT OF EACH RETESTY
NUTEST 15 N0, OF IMFECTED MERDS FIRST TESTED IN A PER!OD
MUSFT 18 NOe CF HUS FIRSY TESTED IN A PERIOD
AP 1S THE AVAILABLE FREE CAPACITY IN TERMS OF TESTS/PERIOD
M 15 THE PERICD NO»
B PROGRAM INDEX
A PROGRAR INDEX
$8 WORKING ARRAY OF TESYTS CLASSIFIED ACCORDING TO PERIOD
(VERT.) AND TYPE OF TEST(HORIZ. AX1S)

s ]
L p P2
3

-4
2]
- I3

L IS MaX, NO, OF TESTS POSSIBLE ON ANY +VE HERD 7O GIVE A ~VE,
IX 1S SEED FOR RANDOM MO, GENERATOR
IRUNM 18 NO. OF REPLICATIONS .

INTEGER AhTFSTfgEK!Hﬁ$1HQS!RETEST!UIV’W'X!Yﬂi

DIMENSION ANAFECI0) o RETEST(14)2PF(I00)aY (100, UCI00d1COMP(I00)
DIMEMSION TEST (335,13),PROBCI4) CULL(TC) AGTEST(150.8),PATTN(16)
DIMENSION 2A{10Y.22(%0),88(010),BP(10)

DIMENSION RUCIONI-RYTI00I,RISF(100),RICOMP(I00)

READ DATA -

READ(52000) IRUNNSIPRINTAISH

“SAD(Daaﬁ?O}EX

READ(S-1)ANAN

READ(Se32END = 20093IDKIH-BB,8P »DHUS,AAsAP,SIZE,IPLTHAPROBACULL
TPATIN .
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FORMAT (3185)

FORMAT (I190)

FORMAT (1044)

PORMATCLS2/+s90F5,05/¢10F5,0,/215,7210F5.0s/,1085, 0;/:215;/;14;5 0.,
1/214F5:.00701413)

WRITES DATA PRIOR 70 CALCULATION

WRITE(662)

WRITE(S24L)ANAVE

WRITE(6,6) IX

WRITE (6,8)DKIHsRB,BPsDHUSIAASAP,SIZTESIPLTH,PROB,CULL,PATTN

FORMAT (THIa/l /11D

FORMAT (55Xe10A4)

FORMAT(//,10X2112) :

FORMAY(//#10Xs " KNOWN INFECTED. HERDS 2'919¢//+146%X0'POSSs LEVELS OF
¥KoloH INFECTION =%0210F6030//0146XsPROBs OF KoleH INFECTION LEVEL =
*'12X510Féu31//I1DX£'HERDS 0F UNKNOWN STATUS =1'519+//+14Xs'P0SSe LEF
*VELS CF HoU-S INFECTIQN 3'!1056;3!//,1AX,QPRQB- OF Hola$ INFECTION
* LEVEL =1,10F6.3+//7,10X
20'AV, BREEDING HERD SIZE ®'219,//,10XetPERIOD LENGTH(DAYS) ®'+13//
3,90Xe"'CeDafFe CLEAN UP 2 ' 14F6,3+//210Xs"CULLING RATE 2 ',214F6,o10/
L/s910X,*TESTING PATTERN =1,1614)

STARY. COMPUTATIONS
50 2100 IRUNE1,IRUNN

INITIALIZE ARRAYS AND PARAMETERS
O 3002 187,35

PO 3002 J=1,15

TEST(Ied) = O

po 3003 121,150

Do 3003 J=1,8

AGTEST(I.J4) = 0

KIH = DKIH

HUS = DHUS

I16MTH = 0

CAP = 0

NUTEST = O

KIHET
HUSFT
SIKIH
SIHUS

2

SSD D0

8 ® B R

~N X OE <
SOOo

z
8
=

STOCHASTICALLY DETERMINE PROB, OF KoI.H AND H,UoS INFECTED
CALL ABDISCI0,10,8B+BPs1XelYeVYELAB)
CALL AGDISCI0,10+AA,APIXsLYsYFLAA)

CALCULATE NQs OF PERIODS TO & MONTHLY CHECK TEST
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Ty

000
1010

1020

40

&0

65

3500
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T6MTP = 79/1PLTH + 3
DETERMEIME PATTERN OF TESTIMNG
ABTESTL21-5) 18 NO, OF TESTS gOSQIBLs PER PERIOD
L]

63 ¢ iﬁﬁ“%iﬁ&

80 6 JmT,PATYR{T¢1)

BGTEST LK, ”}ﬁwé““%ﬁi2
1FL{K=9502 1000-,1020%0490
Kmie

COMNTINUE

1700 4

Lmtg
Ne(
Mg

EINDS FIRSY PERICHIM) WITH EXCESS CAPACITY(CAP)
50 10 NOsM215C

KELT

DETERMINES Si12F

Cﬁ? 2 AGTEST(V
CARYI0s90e7

ﬁQNT??Ux

OF CAP
$3 = AGTEST(M,4)

14
-~
u

DETERMINES IF THERE ARF STILL XKiH TO Bg TESTED
Is{eIni2ie80s259

STOP 2

HUSET = 0

KO =i

TE(CAP=KIHIO0,60040

ALLOCATES NOy OF KIHW HERDS TC BE TESTED
KIWeET = RIH

Ki# = KIH = KIMETY

G0 70 65

KiWET = CAPR

KiH =X IH=KIHFY

SYOCHMASTICALLY DETERMINE NO, CF KIH INFECTED
Sy TH 18 MG, CF KIW FOUND INFECTED
SiKIH = 0

50 3500 JstoKIHFTY

CALL AGRMD{IX,IYoYFL)

R =YFL

IB(RE,G6TRY 6C TO 3500

SIKIM = SIKIH ¢+ 1

CONTINUE

NUTFSYT = SIKIK

GO TG 200

IfF NO KIH LEFT DEVERMINES IF THERE ARE STIL| HUS TO HE TESTED

KINET = (0
SIKIH = 0
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TF(HUS) RS5,87,R4

R7 IPF(IRUN) = M9
GO 70 500
8% sYop 3
gé& KOL=2
91 1F (CAP=HIIS)120,120,100
ALLOCATES HUS 70 BE TESTED
100 HUSFT=HUS
108 HUS=HUS=HUSFT
110 GO TO 150
120 HUSFT=CAP
125 HUS=HUS=HUSFT

STOCHASTICALLY DETERMINES NO, Of HUS INFECTED
STHUS 1S NOe. CF HUS FOUND INFECTED :
1450 SIHUS = D

DO 400D J=,HUSETY
CALL AGRNDC(IX,1YsYFL)
R = YEL
1E(R.GT:A4) GQ TO 4000
SIHUS = SIHUS + 1

4000 CONTINUE
NUTEST = SIHUS

200 NaNeq
po 215 1 8 1.35
po 215 J=21.,158

215 TEST(1.J) = 0
po 217 I=1.,14
217 RETEST(I) = 0

TEST(1-,1) = NUTESTY

STOCHASTICALLY DETERMINE NO.O0F RETESTS REQUIRED ON NEW SCHEDHERDS
1F(NUTEST)R1842200219
8 sSYOP 7 «
Q PO 5000 1=9,NUTEST
CALL AGRND(CIXsIY,YFL)
RN = YEL
DO 5100 J=fol
1F(RN.LE.PROB(JIIGO TO 5200
5100 CONTINUE 4
: RETEST(J) 1S NO, OF HERDS NEEDING J RETESTS
5200 RETEST(J) = RETEST(J) + 1
500N CONTINUE

CALCULATE TESTING HISTORY FOR NEWLY SCHEDULED HERDS
220 DO 340 Isfol
TEST(141,2) = RETESY(I)
240 TEST(I#1,1)2TEST(Ie1)=TEST(149,2)
IF(TEST(1+122)32650260,250
245 STOP §
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250

60000

260

280

290

7000

300

340

370

358
3589

360
365
380

440

L70
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STOCHASTICALLY DETERMINE REVERSION TO +VE AFTER INITIAL NEGATIVF
DO 6000 JmisTESTILI%102)
CALL AGRMDC(IX,5IYaYFL)
ANN=YFL
IFCRNN, me@RGE<L¢1))GO I6 6000
TEST(I+2,3) ® TEST(I%+2:,3) ¢ 1
CONTINUE
YES?(IéE@é)ﬁTFST(I¢1PEJQTEST(Z¢2'3)
TEST(I43,5)aTEST (14204
TEST (144,638 TEST(143658)
TEET{14I4ANMT P@?‘ﬁ?ES?QL?2¢3)$TES?(X#Z:é)
““i? ET(¢3+31687R,7)3280,3000290

TO8 é

STOCHASTICALLY DETERMINE REVERSION TO ¢VE AT 6MTH TEST
80 7000 J212TEST(I¢16MTP.7)
CALL AGRND(IX.IYsYFL)
RMMM2YFL
IF(RNHNGLE,PRAB{LSEIIGO TO 7000
TESTLI+14MTRA9,8) = TEST(I®I6MTP+1,8) ¢ 1§
COMTINUE
TEST (2 ANTR2,9)aTEST(1216MTR+1.8)
TO DETERMINE NO, OF CULLS
TESTC+%408TEST(L 93 cULLCL)
CONTINUE . ,
TESTEM2%) = TESTCIei) ¢ (KIHET =» SIKIH) ¢ (HUSFT = SIHUS)
TEET(2e2) = TEST(2¢2) + (KIHET = SIKIH)
BO 370 1mie34
TEST(10%4) = TEST(1074)% TESTCI,460% CULL(L+1)% TEST(L14108)w CueL L
1423
ho 370 Jd=i, 12
TEST(1+1%)s= ?EQTC3ﬂ73}¢?§§T(ZaJ)
CONTINUE .
IF{IPRINTEG.3) GO TO 358
60 78 Z&0 .
WRITE(AL359)
EORMAT(IHY)
B0 363 is1.21
HRiTE(6£35@){T;ST(I94)5J81914)
FORMAT(Z24Xe1%16)
CONTINUE
DO 640 Is1e38
AGTEST(leMels &) = AGTEST(IeMeo1,4) + TEST(I,13)
AGTEST(IsM=Ts 7) & AGTEST(I4M=1,7) ¢ TEST(I,14)
AGTESTCM,KOL) = TEST(1,1)
AGTESTC1,8)m AGTEST(1.7)
18T COL OF AGYEST IS KNOWN INFECTED WERDS FIRSY TESTED IN A PERIOD
2ND CQLMQ?;AgTES7 1S HERDS OF UNKNOWN STATUS FIRST TESTED IN A
BPERIOD
LYH £O0Le OF AGTEST 1S CUMy TOTAL OF TESTS IN EACHW PERIOD
7TH 0L, OF AGTEST IS TOTAL OF CATTLE CULLED IN EACH PERLIOD

TESTS IF AGTEST SIZE IS INADEGUATE AND DETERMINES HUS LEFT
1F (Me115)85470,470
WRITE(S,480)
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500
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510

505
506

354
355

520

530
535

550
2100
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EORMAT (1HI+5XNs26HexAGTEST S12F INADEQUATE=x%//)
WRITE(H2495)HLS
FORMATCSX»17¢,/7)

po 590 Im1.M+35

AGTEST(1,3)s AG?EST(!@A)@AGTESY(!:1)RAGTEST(!JZ)
AGTEST(l.6) AGTEST(Isl)® S1ZF

AGTEST(I4108)s AGTEST(12+9,7)¢ AGTEST(1.8)

TRD €QL OF AGTESY 1S TOTAL NQ. OF HERDS RETESTED IN A PFRIOD
ATH €CL. OF AGTESY 1S NO, OF RLOOD SAMPLES

BTH CCL OF AGTEST 1S CUMULATIVE CATTLE CULLED

DETERMPINES TOTALS OF AGTEST (CLUMNS
VaV+AGTEST (1.1)

WeWeAGTEST (1:2)

XaX+AGTEST (1.3).

YCIRUNISY CIRUN)®AGTEST (1eé)
IBI1¢AGYEST (1,6)
UCIRUNIZEUCIRUNISAGTEST(I,7)
CONTINUE . .

DO 505 Imr1,M+35
IF(AGTEST(124).EQ,0) GO TO 506
CONTINUE . _

1CO0MP (IRUNY=]

WRITES PROJECTION

TECIPRINTEQ2.0R. IPRINTERL,3) 6O TO 354

G0 T0 535

WRITE(64355)

FORMAT(IH)

WRITE(6,520)

BORMAT(///61Xs ' 2a2PROJECTION CF MERD TESTS AND CATTLE CULLEDw%1/y
132X 'Kl o H oSN ' HalUaSat v Xo "HERDS Y s SXe ' TOTAL' 25 Xs"MAXS'25%2'BLOOD!
28X s TOTAL o8 Xt CUML "0 /23 XatPERIOD ", 2Xs *TESTED "o 46X ' TESTED ! 23X ' RE
AT ESTED p b e Y TESTS S X " TESTS 1 e 3Xo "SAMPLES "o SXs " CULLSYpbXatCULLSY)

PO 535 l=i,Me22

WRITE(6,530)1,C(AGTEST(Ted)rlnt,B)

FORMAT(24%,13,19,7110)

CONTINUE

NRITE(60550)1RUN£V@N5XRY(IRUN)IZ’U(IRUN)llPF(lRUN)iICOMP{IRUN)#BIA

FORMAT(/15%p 13,8 ' TOTAL 2 18,3110010%22110,10Xe215+,2F5.3)

CONTINUE

COMVERT INTEGER ARRAYS UsY2]¥P,1COMP TO REAL MODE
D0 8000 J=1.1C0

RUCHI= UCYD

RYCJ)= YCI)

RIPF(J)= IPFC(J)

RICOMP(J)= ICOMP(J)

CONTINUE

USE SHAPIRO=-WILK STAT, TO TEST FOR NORMALITY
CALL AGSW(100,18WeRY)

CALL AGSW(100,18W,RU)

CALL AGSW(I0Q,1SWeRIPF)
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AGSW(IOT ISHARICONP)

CALCULATE MOMENTS OF DISTRIBUTIONS

CALL
CALL
CALL
CALL

- SORT

CALL
CALL
CALIL

CALL.

BEMOMCIRLUNNABY s EYeBYoBKRYSKY)
AGMOMCIRIURNABULEUSULSKUAKY)
AGHOMC(IRUMNARIPFoEPFsSPFoSKPPKPF)
AGHOM(IRUNNORICOMPLEC,SCoSKEPKE)

RESULTS o
AGSIALIRUNNSYY

AGSTALIRBUNNALD
AGSIACIRUNNGS LFF)
AESIA{IRUNNASICONP)

WRITE RESULTS OF STATISTICAL ANALYSIS

WRITE(G.2500) o
FORMATCINI /777 ,34X%0 ' SUMMARY OF RESULTS®*®¢,//,16XsTOTAL S
*] T Kot TOTAL 619X tPROVEEREE 7 X ' COMPTESTa e/ 216X 1 TESTS
w41 Xe P EULLS 99X, P (PERIOD) * 284, 0 (PERIODI Y2/ /()

O BE00 1s%sIRUNN

WRITE(H-B300) YCIdeUCL o IPF (LY 2CO0MP(])

FORMAY ({16XelTs3(9Xe1T)) .

WRITE(G,8400) o EYsBUsEPF2EC,SYsSUsSPFeSCrSKYPSKUsSKPF
%o SKEsRYoRULKPELKE

PORMATC/ /obY s VMEANT pbF 16020/ /06X0"SeDoebF16,25/ /¢
U o P SUEHL s hF 14,20/ 7 obXp KURTV46FT16.2)

svop

END

 SUBROUTINE AGDIS(NDsNsXoPoIlXslYoYELOV)

SUBROUTINE. FOR GENERATING VARIATES FROM A DISCRETE DISTRIBUTION
METHOD AND PROGRAMMER « JOCK ANDERSON(SEPT., 1976)

AsYECTOR OF VALUES OF RANDOM VARIABLE ARRANGED IN ASCENDING ORDER
PeVECTOR . OF DISCRETE PROBABILITIES ASSOCIATED WITH . X
ND=bIMENSION CF X AND. P IN THE CALLING PROGRAM

NeNO, OF ITEMS IN X AND P

1X=8gED FOR UNIFORM VARIATES

VeRETURNED DISCRETE VARIATE

BIMENSION X(NDJI,P(ND).

CALL AGRND(IX,IYsYFL)

UmYFL

CP=al,

V=0,

DO 10 izfeN
ChreeoeP (1)
IF{U-LELCPIGO TO 20
COMNTINUE

VaX{l}

RETURN

END
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SUBROUTINE AGSW(NTeMeX) . .. '
SHAPIRO=WILK TEST FOR_NORMALITY ON FIRST N ELEMENTS OF X(3)seX(NT)
DATA STORED IN X.DIMENSIONED TO NT. IN CALLING PROGRAM .

ONLY THE FIRSY N ITEMS IN X ARE TESTED

N MUST BE 910,20,30-,40 OR 50 : ‘
THEORY: SHAPIR0,8,8, AND MeB.WILKe*'AN ANALYSIS OF VARIANCE TEST
...FOR NORMALITY(COMPLETE SAMPLES) *BIOMETRIKA'52(3,4)1965,591=611.

DIMENSION XANTILY(SOX+,AT(5),A2C10),A3(15)2A46(20),A5(25)0A(25),
wMT(629)sD(50,3) v

BATA WT/ . 7B10.86882:.9¢:91920980+,,0154806+,88L+.992+.928+.9382,02,
1:8922:908009272,96000%4670:05+4:8690,92¢00939594920955201¢:9380.95%,
2.067:,972009745,50097256:9790,983+0985009852,9¢.978,,983,,98%,,987,
3988009500983, ,9860.988,:.989,509900.98¢,9865,9885,94,9916.991+,99/
DATA AT /e57395032914021610,12264,0399/

DATA A2 /ob7345,32117,25655,2085,,1686,,1334241013,,0711,.0422,
2,014/ o .

DATA A3 /o62540029660,268T70,21680,187+0163001615+,.121942,1036,
#e0B62sc06972e05372.0381,602274+,0076/

DATA AL /a39665.2737¢42368,,2098+.1878,01691+:1526+:1376,,1237,
%, 1908009868, .C870,07592¢06515e05465.0b64020343,,0264s,0746.,0049/
DATA AS /a3759+025762,226¢,2032,a1847+01691,015562.163421317»
1¢9212209113¢0102+,0932,208464+,07664+s0685,,0608,,05320.04590,0386+
2e03145,0246,.0974,.0104,,0038/

WRITEC(A,100)

INEN/90

KsN/2

60 TO. (11,12013,1462913) 01N

PO 119 127K

ACIY=sAad(y)d

GO TO 16

DO 112 Im1.K

Ally=sA2(1)

60 TO 16

PO 113 iIsfs,K

AC1Y=sAR()

60 T0O 16 .

PO . 114 1I=m1sK

ACTy=mpaaL(l)

G0 TO 96

DO 115 I=sisK

A(I¥=a5(1)

CONTINUE

DO 18 i=9.N

YCIdeX (1)

CALL AGSORT(N,Y)

FNeN

Ey=s(Q,

vyz{l,

B =20, .

pO 20 1=9.N

EYBEY+Y (1)

VYysvYeY({dey (D)

VYRBVY=EY®EY/FN
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DO 25 I=m1eK

BeBe+ALI)4{V(NsGa])eY (L))

WaBeB/YY

SLe(d, .

no 35 y=mi,@

Kai0=J

T8l LTWT(INSK)IGO TO 3§

SLBHT(&aKe%3

G0 70 &40

CONTIHUE

IF{H.ER-T)8L=LT(6+1)

HRITEL{E,908) WoSLeN

FPORMAT ISR s 1 THE SHAPIRO=WILK TEST FOR NORMALITY (COMPLETE SAMPLES)?
e fd o

FORMAT(IY o'W 20, Fb,4+5X, "SIGNIF LEVEL 3'0F5,2+,5X,'N0 OBS =1,135/)
RETURN

END

SUBROQUTINE AGMOMINsNIEXsSDoFSKEW, FKURT)

SUBROUTINE FOR COMPUTING SUMPARY STATISTICS OF A VECTOR OF
OBESERVATIONS .

SUPPLIED ARGUPENTSS ,

N = NUmBER OF OBSERVATIONS :

X = VECTOR OF N OBSERVATIONS (DIMENSIONED TO N)

RETURMNED ARGUMENTS:

EY = ARITHMETIC MEAN

8D » EB§T%, STANDARD DEVIATION

F5 s{UMNBIASED) ESTIMATE OF COEFg, OF SKEWNESS

FK = {UUMBIASED=-FISHER) ESTIMATE OF COEFF., OF KURTOSIS

BIMEMSTON XINY.Y¥Y(4)

o 10 J=ieé

Y4320,

00 30 1=9sN

NG 30 Jmled

Y¢JIaY I eX{idawl

FN=N

EXaY(J3)/FN

822Y({23ayY (I %e2/FN

VY2827 ¢FN=Ta)

8p=SARTLVY)

CTaY (33wl e Y {130V (2Y/EN 420V (] ua3/FNux2

SLHBEY (A5 ,0Y (13 aV(EI/FN 4+benY(1)uedeY(2)/FNwe? «3,u0Y (1) nnb/FNeus3

FSKEW 28%32FN/(FN=1,)/ (FN=gs)

ERURT =FNR(S42(8NT) 3o {fN=],i 282282/ FN)/ (EN=Ta)/ (EN=2,)/ (EN=3,
1) B S v o
FOKEWmFSKEW/S0wal
SKURT=2FKURT/SDwuéb
RETURN
END
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SUBROLTINE AGSIA(N,LI
DIMENSION L (N)

f=N=1

PO 42 K=del

JMEN=K

D0 12 J=feJdM
TRPELCIYelL(J212)12,12213
Is = L)

HMUSBLINEE D)

L(J+1) = I8

. CONTINUE

RETURN
END

SUBROUTINE AGRND(IX,IYeYEL)

IBM 340 SCIENTIFIC SUBROUTINE

POWER RESIDUE PSEUDO=RANDOM NUMRER GENERATOR FOR COMPUTER WITH
32 RIT WORD SIZE ‘

REF.: BoJAMES LEYs 'COMPUTER AIDED ANALYSIS AND DESIGN FOR
ELECTRICAL ENGINEERS', HOLTARINEHART AND WINSTON,INC.
{NEW YORK,1970)

ADAPTED BY TONY BECK

{1 = SEED: OpD INTEGER QF NINE (OR. LESS) DECIMAL DIGITS
1Y = RANDOM INTEGER BETWEEN 1 AND 2EXP31si
YEL ® FLOATING POINT RANDOFM NUMBER BETWEEN 0 AND 1 :
MESET SETS MONITOR FLAG TO AVOID 'ARITHMETIC OVERFLOW® ERROR
MESSAGE
CALL MFSETL{11+,4)
1Y = IX%45539
16(1Y)1e242

JY ® 1Y + 2167483647 + 1
YFL = 1Y

YEL = YFL*.46564613E=9
IX .= 1Y

CALL MFSET(11.,0)
RETURN

END
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