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1. INTRODUCTION

Agricultural production is one of the riskiest adies. In the past few years the degree of
the assumption of risk accompanying decision making agricultural producers has
continued to increase. It can be stated that ptamucs risky because at the time of decision
making the result of production cannot yet be dated, as we do not know the yield or the
price of the products, sometimes not even the adgpsoduction. The uncertainty as well as
the risk affecting the prospective result of praduc can have various causes. In order to
produce a better quality product, it is necessarpdve better quality breeding animals, a
higher standard of feeding and of raising technpldg my dissertation | deal with production
technology in livestock farming. | conducted myeasch in three main branches of livestock
farming: pig, poultry and dairy cow keeping, andhw these | deal with the problems that

primarily affect the farms.

In the case of dairy farms, the improvement of ifp&d a key area. In order for production
to be economic, costs need to be reduced and tityuand quality of products need to be
increased. Although it is advantageous that moceraare of the raw milk produced in our
country is of higher quality, its quality and quantstill need to be increased. The lack of
capital in Hungarian agriculture is well known; ghtan be observed in the state of the
buildings and equipment of dairy farms. The buidgirand equipment of the farms are in
many cases in a bad technical state and that lsinbderachievement of higher quality in the
case of several farms. In order to maintain qualitfk production, it is necessary to renovate
buildings and technologies. That is why it is expat to use existing resources for the

technological modernization of farms, and researckhis topic is absolutely relevant.

In the case of the large-scale pig farm one of rttest severe problems is caused by
culling, with all the circumstances and reasomsviblves. | examine the useful life of animals

with various genetics up to culling, as well as tis& of the various reasons for culling.

The technological risk of raising laying hens lieghe fact that the stocks are raised under
different circumstances on different farms, or edi®n the same farm but at different times.
Therefore the body mass growth, death and egg ptotuof the stocks will also differ.
There is an attempt to regulate these processéstingt various technological elements, for



example culling in order to maintain the uniformitggarding body mass) of birds, or optimal
fodder supply. Taking these into considerationhwiite help of a simulation model set up on
the basis of production data of a given compargndlyze the cost, price income and profit
factors, production value, earnings and profitapitif meat-type laying egg production from
the viewpoint of technological risk, as the goapodduction is to increase earnings as much
as possible.

My goal in writing this dissertation was to examized evaluate the work carried out in
the milking parlours as well as on the pig and pgularms, and the technological factors
affecting quality production, and to use this imi@tion to help the farms in improving their
efficiency, in achieving more profitable productiand in decreasing the risks arising in the
course of production. On the other hand, | woukbdlke to put emphasis on the role of

certain methods in risk analysis not — or rarelised in Hungary.



2. AIMS AND APPLIED METHODS OF THE RESEARCH

The decision making atmosphere of farmers is gdgeramplex. There can be a great
number of various sources of risks, to which theisien maker may respond with different
actions as he or she sees fit. The complex chaiacbbns may influence the result of
production, which in turn reacts upon the serieaations. It is rather difficult to analytically
survey such an intricate system of relations, yes ipossible if we use the appropriate

methods or models.

In the first part of my thesis | introduce the slerpmathematical and statistical methods
that are most relevant to agricultural decision mgktaking risk into consideration. After the
simpler methods, with regard to the complexity loé decision making environment being
analyzed, | apply simulation methods, and examireetéchnological risk in poultry raising

with an entirely self-developed program based spexial mathematical foundation.

In my analyses | focus on the technological rigkduencing an agricultural producer’s
economic and financial situation, costs, earnings the basic operation of the company. My
primary goal beyond the appropriate explanationtted methodology is to pay special
attention to the practical application of the newd®ls presented. In order to achieve that

goal, | apply a number of modern statistical meghod

The following points comprise my aims:

- | present a summary of the concepts of risk usestientific literature, as well as of the
major sources and ways of handling risk in agrunelt

- With the use of national and international sdfentliterature, | present the
characteristics, advantages and disadvantagesofatious methods, at the same time
examining the way in which these methods may beal useHungarian agricultural
practice. In my thesis | put emphasis on the vieat tan be accomplished by simulation
and mathematical and statistical methods.

- | examine and evaluate the risk effect of thehmézal and technological factors (how

many pieces of equipment they operate, for how ldmgy milk, how modern the



equipment is, etc.) affecting quality milk prodwaceti With the results | wish to help farms
in becoming more efficient and achieve more prbfégroduction.

In pig production, with the presentation of thgpkcation of survival analysis | analyze
the risk of the culling reasons.

In the risk analysis of the technological elersewit poultry raising, | define numerically

the technological risk with regard to one breeluild a complex model, based on which
| present the way it is possible to examine thdridistion of earnings as well as the
sensitivity of input variables with the help of aw generation Monte Carlo simulation
combined with Bayes statistics. The estimationhaf distribution of input variables of

the model is carried out on the basis of specifitadrom the farm. | also use special
models to explore the system of relations betwkenrput variables.

Besides numerically defining the risk, | also tse modelling of cost-earnings relations

to present the interdependence of economy andatigke decision maker.

In my thesis, interdisciplinary approach is a gtiorl review the scientific literature for

the methodology of risk analysis in a separate tenaphe scientific literature concerning

livestock farming is connected to the discussiothefrelevant sections in each chapter.

In thefirst chapterof my thesis | briefly introduce the object of mgsearch, in theecond

chapterl outline the aims | wish to achieve with my resba

In the third chapter | review the concept, types and sources of r&sid evaluate the

methods of risk analysis applied domestically artdrnationally.

In the fourth chapterl introduce the methods applied, the mass of fased and the

method of data collection.

In the course of my dissertation | have used tHeviang methods:

- Event history analysis, parametric Cox model

- Event history analysis, non-parametric Kaplan-@i@inalysis
- Event history analysis, log-rate exponential node

- Logistical regression for the development of nrskues.

- Decision trees

- Monte Carlo simulation, combined with Bayes sti#ts



The result of my research is presented infifitie chapterin three sections, one per branch
of animal breeding. For each branch | present gpdicability and significance of the method
| have used, by way of an example. Besides the adethgical importance of the thesis, the
results are rather significant from the aspecivafstock farming as well. In the course of my
work | strived to create proper harmony between fiekls of mathematics and animal
breeding, thereby ensuring that my research apiatepr conforms to the PhD programme of
Ihrig Karoly PhD-School of Management and Businddsinistration, and fits in with the

scientific work carried out at the Department dcdtitics and Economic Analysis.



3. MAJOR FINDINGS OF THE DISSERTATION
3.1. Dairy cattle sector

| collected data from 36 milk farrhdn Hajdu-Bihar county in order to analyse the
technological risk of quality milk production in aiem and large-scale farms. Milk samples
from ten-day cycles were supplied for our analybgsthe Laboratory for Raw Milk
Qualification, Experimental Institute of Hungari&hlk Farming in the period of 2000-2005,
through 162 ten-day cycles. My work was assisted tiy reports prepared by the
Allattenyésztési  Teljesitményvizsgaldo Kft. (Comparfgr the Analysis of Animal
Performance), which included the farms involvedAn type performance evaluations. Study
farms were selected out of these farms by non-ranslmmpling methods, on the basis of the
number of cows from a milk farm with 50 cows taegle-scale one with 1100 cows so that all
categories of magnitude should be represented.n®mrounds of the report on 2004/2005
made by the AT Kift., there are 68 larger farms @jdd-Bihar County included in the “A” type
performance test, accounting for 80% of the totethber of cows in the county. 50% of these
farms were successfully involved in the test. Datkection comprised the collection of milk
production properties, with special regard to tedbgical elements (type of milking machine,
modernity, number of milkers, milking time for on@lker, number of milking machines for
one milker etc.).

During data collection, the method 8kend#-Szijjarto (1979) was used to examine the
conditions of milk production. This is a complex thed which mostly includes factors
influencing organization at the workplace; secondly covers the examination of the
technological elements in the farm as well. Therefi can be fitted into my study excellently.
My study trips in the farm revealed the followirag{ong others):

* What kind of cowsheds can be found in the farmigedf free, with resting boxes,

animals kept on the floor)?

* What is the level of mechanization for certain gpiens (milking, manuring etc.)?

* What is the number of cows and that of milked cows?

* How many milkers perform milking activities, hownlg is milking in a shift?

* What is the applied milking method, the system ting and the way the teat-cup is

removed like?

* What is typical of the daily quantity and qualitiyjpvoduced milk?

! Milking machines are quite modern in 34 farmswo farms milking machines operate on a Bucket oa pipe system



+ How is fodder and mass feed stored?

My analysis is instrumental in the examination awdluation of working activities in the
milking parlour, therefore the technical and tedbgwal characteristics which influence
quality milk production — how many milking machinase used, how long milking is, how
modern the machines are — and in providing infolonato improve the efficiency of farms
and to achieve higher profitability. | applied Cexhodel of event history models to examine
the risk factors of milking machines, the numbemilking machines per milker and the length
of milking time on the quality of milk. | developedquantitative model for the qualification of
the farm by logistic regression which examinesjtit effect of other technological elements
as well.

Milking machines were included into groups basedtlugir modernity and professional
properties. The analysis of data from the countyeated that the carrousel-type milking
machine proved to be the most efficient. Althouth acquisition costs are high, its great
advantage is higher efficiency and better quatisyone milker can handle it efficiently and it
provides constantly good quality. As compared &blet milking house equipment, the risk of
producing non-extra milk is reduced by about hdtilevthis risk is three times higher in the

case of milking machines operating on a buckeesyshan that of carouselEgble ).

Table 1
Odds for the production of non-extra quality milk
depending on the modernity of milking machines
[ parameters of | Relative Odds
Type of milking machine Cox’s risk value | compared to
proportional (e”) carousel
Mobile (carrousel -0.703: 0.495( 1
Stabl¢ -0.062¢ 0.939: 1.89;
Pipe syster 0.255( 1.290¢ 2.60¢
Bucket system 0.5111 1.6672 3.368

Source: Own data
The validity of parameter estimation in Cox’s models tested by Wald’s Chi-square test
(p=0.00), the goodness of the model was testedikslihood ratio and Pearson’s Chi-square
test. On the ground of our results we acceptedrtbdel with the empirical significance of
p=1.00, i.e. the model was different from the zerodel. In the zero model, explanatory
values had 0 values. If analysis is conducted onlyhe basis of milking house equipment,

carousel is also the least risky category. Its dddextra quality are more than double than in



the case of herringbone and index type machines.€fiiciency of carousel is approximated
by the polygon type the best; this equipment presigood chances for producing extra quality
(Table 2).
Table 2
Parameter estimation of the risk functions of varias milking parlour equipment

on the basis of Cox’s model

- . [ parameters | Relative risk Parameters
Milking equipment f Cox’ del lue (e compared to
of Cox’s model| value (€”) carousel
Carousel with 16 stall: -0.478¢ 0.619¢ 1
Polygor -0.001¢ 0.998¢ 1.611
Index 0.254" 1.290( 2.0¢
Herringbons 0.225: 1.252% 2.021

Source: Own data
Parameter estimations by Wald’'s Chi-square testgordo be reliable (p=0.00), the model
was justified by Likelihood ratio and Pearson’s Shuare test, significance was: p=1.00. As
for the herringbone equipment, optimally there $thdae 4-8 machines for one milker, as this
poses low risk factors for the quality of milkable 3. Risk is the highest when a milker handles
ten machines simultaneously. Parameter estimabgn#/ald’s Chi-square test proved to be
reliable (p=0.099).

Table 3
Oddsfor quality deterioration depending on the number of machines per milker*
Number of machines| [ parameters of Cox’s Relative risk value
per milker proportional model (e®)
4 -0.633: 0.530¢
5 -0.981: 0.374¢
8 -0.171:¢ 0.842¢
1C 1.113° 3.045°

* Data refer exclusively to farms where automaticringbone-type teat cup removers are used
Source: Own data

The findings of risk analysis on milking time indtes that if a shift is shorter than four
hours, the odds for quality deterioration are retdy higher Table 4. If a milker spends merely
1-2 hours with milking, this poses a high risk agards the quality of milk. Our analysis
suggests that the recommended milking time is 4héiEr's, as it has the lowest relative risk
values (0.18; 0.45). If the shift takes 5-6 howrsrk efficiency decreases, therefore the risk of

producing non-extra milk risg3 able 4).



Table 4

Odds for the production of non-extra quality milk depending on milking time per milker*

Milking time for 1 P ,parametgrs of Relative risk
milker (hour) Cox’s proportionate value (€°)
model
1 0.932:¢ 2.540¢
1.t 1.347. 3.848.
2 0.713¢ 2.041:
2.5 0.298: 1.341:
3 0.382¢ 1.465¢
3.5 0.360¢ 1.434(
4 -0.792: 0.452¢
4.5 -1.697¢ 0.183:
5 0.353¢ 1.423:
6 0.280¢ 1.323¢
7 -0.006¢ 0.993¢
8 -0.232¢ 0.792¢

* Data refer exclusively to farms where automatictihgbone-type teat cup removers are used
Source: Own data

In those plants where milkers work in longer shiften the average ones, the risk of
quality deterioration is relatively moderate, asha case of 7-8 hour milking time per person
results are more favourable again (0.79; 0.99armater estimations by Wald’'s Chi-square test
proved to be reliable (p=0.00). Our findings areagtordance witlBak’s (2002) conclusions
on milking time, i.e. the performance of milkersntauously decreases until the last hour
before the end of the shift, where their efficiercprobably due to the fact that workers feel
the end of the shift — enhances again. In the @8shof the milking shift, milkers work at 60-
65% of their maximum efficiency.

| applied a logistical regression model for thedmgon of optimal production conditions
and the model predicts the probability of qualitpquced by farmers at the given values of
decision variables. The 1 value (milk quality) dletmodel’s Y two-category dependent
variable means samples of non-extra quality milkekgas a 0 value means extra quality milk.
The explanatory variables of the model were theofohg factors: udder cleaning method,
mass feedstuff and fodder storing system, teatemoving, type of milking machine, number
of milking machine, person hour for producing 1@J imilk, number of cows per milker.

The lowest risk values could be found in the cdseamusel type milking machines, just
like in the case of event history analysis - if myeeedstuff is stored on the threshing floor and
fodder is kept in silage towers in an optimal w#ypne milker handles eight milking
machines simultaneously. This is primarily true hadfrringbone milking machines. If the

production of 100 | of milk requires more than dmaur, the odds for quality deterioration



grows 1.6 times. Where automatic teat cup remase 10t used, the risk of non-extra quality
production is 1.5 times higher. In udder cleaninaglitional methods (water hose, towel with
disinfectant, paper towel) proved to be more eiffean terms of milk quality.

After determining the parameters in the above tdbtalculated the odds for non-quality
milk production for each farm and each ten day ey@h accordance with the methods
described in the technical literature and odds vadeneeloped on the grounds of risk values.
The average of these risk values was taken, sogéegiisk value could characterize the farms.

Figure 1shows that risk values were between 0-100.
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Figure 1: Development of the average values of farms
Source: Own data
Table 5presents the most significant data of the two fawitls extreme values. This table
reveals the joint effects of technological factomsmilk quality.
Table 5
Characteristics of farms with the highest and lowdsaverage risk scores from the

viewpoint of quality

Farm with the highest Farm with the highest
Technological factor average risk score average risk score
Category or value Category or value
Ratio of the extra quality milk 99.3% 72.2%
Working hours per 100 litre milk 1.50 4.08
Number of productive barns 3 1
Milking machine Herringbone Herringbone
Number of units per milker 8 8
Automatic leat cup removers Yes No
Forage storing Silage warehouse Storage building
Udder-cleaning method Water hose Towel with disitefat
Milking time in hours 4 1

Source: Own data



| also tested our findings with the decision tregthod. The strength of this method is that it
examines the essential effect of a variable inetatron with another variable and the method
itself reveals these correlations. Simultaneoitistyeans that increasingly fewer variables remain
in the final model. In certain nodes, code 0 masksa quality milk, and code 1 marks non-extra
quality milk. My analysis applied the CHAID methadt of decision tree techniques, as this
resulted in better interpretation. Altogether, lbasm the decision tree, the findings are in

accordance with the findings of the logistic regi@s model Figure 2).
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Figure 2: Development of milk quality in terms of decisive veables?

Source: Own data

2 34 farms with 162 samples from ten day cycles cavige 5508 samples, the total number of samplé&6iE in the
tree structure, the difference is 170. This is ttuthe fact that there were five recurring ten dggle samples per farm on
average, which was also taken into consideratianyranalysis.



The explanatory variable is milk quality and inte@r nodes of the tree we can see the
percentage of extra and non-extra milk as a redudfiven technological factors. All these
identify the percentage of produced milk in thogerfs where a given technology is applied,
so the confusion about the correlations of decigaréable can be clarified.

Figure 2shows that the decision tree finds carousel thst refficient method in terms of
milk quality. The optimal number of milking machsmper milker was 10-11. Deviation from
the findings of previous methods was due to metloggilcal differences as this statement was
merely true of three milking machines. Storing ilage towers is slightly more effective than
the other storing methods in those farms where ahythe three milking machines
(herringbone, polygon, index) are used. In thewatsdn of udder preparation, the findings of
the decision tree slightly differ from that of Isgcal regression. For example, the use of water
hoses and cloths can be important in the casedekjrerringbone and polygon machines, if
there are 12 equipments for one milker.

The decision tree method differs from logisticajression in that it examines the essential
effect of a variable on the explanatory variableanrelation with another variable. Although
this can be performed by logistical regression al, wignificant effects have to be revealed

and included in the model yet; while for decisioges the methods extrapolates correlations.

3.2. Pig sector

Table 6 represents the codes and the distribution of thieedc sow stock of various
genotypes on the studied farm. The genetic mateniahe farm was gradually modified and
our data come from this transitional period. It b@nconcluded that animals of genotype no. 2
amounted to more than one-third of the culled stdtie lowest number was represented by

animals of genotype no. 6., their stock failedrnteant to 5%.

Table 6
Distribution of sow stock intended for culling accoding to genotype
Genotype code Percentage
1 16.
2 37.¢
3 27.€
4 8.3
5 5.2
6 4.5

Source: Own data
During the collection of data, comparative evaluatwas performed on the basis of more



than 10 000 records of the stock intended for mglliEach fertilization was included in a
separate record by each sofigure 3shows the survival functions calculated on thesbals
the culling period of animals from various benotypby Kaplan-Meier's method. Results
were tested by Gehan’s generalized two-sample Whlcqorocedure, which shows on what
probability level results can be accepted i.e. he®stain the existing difference between
genotypes is. The figure clearly indicates theedéhces; Gehan’s test proved the differences
to a precision of 100% (p=0.00).

Figure 3clearly suggests that in the case of the studegmtypes, the survival curves of
group 3 stayed below the survival curves of theoggres in other groups during the whole
study period. Axis y shows the so-called survivater i.e. in accordance with the above
explanations the proportion of the stock in whibke event had not yet occurred, i.e. these
individuals have not yet been culled. So the figdimdicate that by the increasing number of
days in production the event takes place in the ohgenerally more genotype 3 animals, i.e.
more individuals are culled out of this group tl@rthe same age groups. It is apparent from
survival curves that in this group up to 50% ofividlials had been culled by day 420. This
percentage increased to 90% by day 600 and byd§e1000 almost all of the sows had been
culled.

Analogously, if the studied individuals had not meelled in any “t” point of time after the
onset of birth, then during the next period theviddials from group 3 were culled with higher
probability than their age group of other genotypd®e evaluation of individuals in group 3
needs to take note of the breeding factor thatatesof culling is 50% in the farm, and as this
genotype was present in higher numbers, severalgyanimals were also culled.

20 % of animals in group 5 were culled by day 666 hy day 900. 90% of the stock had
already been culled. The other 10% remained inymtamh until day 1100. After day 600 the steep
shape of the curve indicates that 70% of this tyge likely to be culled in the next 300 days.

The line on the right side of the figure preseh&sgtock coming from genotype 2. It leads us
to conclude that this type of animal possessedlertenothering properties; therefore they are
likely to stay in production for a long time. Anitleavith the longest production cycles also come

from this genotype.
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Figure 3: The comparison of life cycles for sow stocks of venus genotypes
by survival functions
Source: Own data

Such type sows were not culled before day 600 pesmal to other genotypes, of which 15-
90% were culled. 50% of these animals were culldgt by day 1500. There are individuals
who lived up to day 1900 and they were only culeztause they finished their eighth
farrowing. The survival curves of animals in grodpand 4 are “quasi” linear, their shape is
“even”, so the risk of culling for these cows ismabalanced and they can be kept in production
for a relatively long time — even if not as longgasup 2. This brings us to the next point that the
median of survival time (which means a culling rates0%) falls between 700-750 days for
types 4, 5 and 6.

Further examinations were carried out on genefieces and on various culling reasons.
As the number of the culling reasof&able 7)was high — about 16 — in this farm, the
survival functions of the Kaplan-Meier estimatioena presented in two figures. The low
farrowing performance reason is shown on both diagrso that the culling reasons broken
into two groups could be comparable. The old age faw pigs at weaning reasons have
been left out because these were the least riskthefreasons. The curves of survival
functions prepared on the basis of these reasopsaagd in a significant distance to the
right of the other curves. That way the shape efdther curves was less traceable.
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Figure 4. Comparison of the life cycles of sow st&s and survival functions I.
Source: Own data

Figure 4 illustrates the correlation of culling reasons difi@ cycles until culling. The
individuals with low farrowing rate remained in praction with an average of 100-200 days
longer than those animals who were culled for otleasons presented on the figure. The
downward curve on the left shows the riskiest ngllreason, i.e. animals being empty (not
pregnant) on day 110. There is no significant dgfifiee in the other culling reasons in relation
to risk.

The estimation considers time to be a discrete ghitity variable, therefore there is no
estimated value between two points of time. Theicedrgap shows how much the rate of
“survivals” is higher at a given point of time im® group than in the other. The values of the
horizontal distance indicate how much later thepprtion of survivors will become equal in

the certain groups.

Figure 5demonstrates that the curves of culled sows eaterted and fertilized, which
were not in heat for pregnancy test can be fountheteft part of the figure. They are followed
by the animals which were not in heat after weamind of which farrowing performance was
low, and then by the group which could not reaghitidlex value in the RO-FI program. This is
followed by culling for too many empty days. Thedi, least likely culling reason seems to be
teat disorder. It is observable that until abouy 880 the probability of culling for being

empty is lower than that of low farrowing perfornsan
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Figure 5: Comparison of the life cycles of sow st&s and survival functions Il.
Source: Own data
| have performed an estimation by using the log-exponential model on the intensity of
culling as the analogue of mortality intensifyable 7) taking the life cycle in production and
the genotypes and the culling reasons into corsider The relative risk value of about 1
means that the risk of animal death culled for tb@son is average. If this value is below 1
this means a lower than average risk of cullinghi$ is higher than 1, it means that the risk

exceeds the average value in culling.

The likeliest culling reasons arabortion, lack of being heat for pregnancy testpey on day

110.
Culling reasons of which risk potentials are shglitigher than averagee-rutting, lack of

being in heat after weaning, other reasons

Average culling risksemergency slaughter, death, leg problem

Least likely culling reasonsachexia, index, teat disorder, old age, few piggeaning.

Intensity values can be calculated by the relatisie values inTable 7 and the quotients
calculated from them can be considered to be ttie of two probabilities (odds ratios). In
this way it can be calculated that the probabditgulling is 4.66 times higher due to abortion
than to old age. The odds ratio for inseminated,eoopty animals at the time of pregnancy
test and animals with teat disorder is 3.3. Thisamsethat the probability is more than three
times higher for culling a sow which is empty aftesemination at the time of pregnancy test

than for an animal with teat disorder.



Table 7
Relative risk values of parameter estimations prep&@d by Log-rate exponential survival

model, by culling reasons

Denominetion Relative risk value
Abortion 2.4731
Lack of being in heat for pregnancy" 2.211!
Empty on day 11! 1.757:
Re-rutting 1.190:
Lack of being in heat after wean 1.176¢
Other reasot 1.140:
Emergency cullin 1.079¢
Deatt 1.047(
Leg problen 0.964
Empty da 0.910°
Cachexii 0.782:
Low farrowing performanc 0.772¢
Due to inde 0.759¢
Teat disorde 0.672:
Old agt 0.530:
Low weaning performan: 0.401.

Source: Own data

The highest risk difference can be observed ircése of culling reasons for abortion and
for weaning few pigs. In this case the probabitifyabortion as a culling reason is 6.16 times
higher than in the case of culling for weaning feigs. An insignificant difference can be
detected between the influences of emergency slaughd death. The probability of culling
for emergency slaughter is merely 1.03 times highan for death. Finally, we carried out
investigations on the relative risk values of vag@enotypes as wellable 8).

Table 8

Relative risk values of various genotypes

Genotype cod: Relative risk value
0.862¢
0.178(
4.450¢
1.004!
1.080:
1.3487

(OB [WIN|F-

Source: Own data
In the case of genotypes, genotype 3 had outstgigdiigh culling risks (about 4.5 times
higher than the average). The risk value of ger®®pvas less than one-sixth of the average
value 1. The risk values of sows with other genetgpnstructions were about average level.

The highest risk difference was found for sowsrisugs 2 and 3.



3.3. Poultry sector, laying egg production

Primary data were collected from one of the largeshpanies keeping broiler parents in
the North-Great Plain Region in relation to severaars, stocks and various farms. The
company owns building facilities for the breedingaolaying hen stock of 200 000. The
hybrid kept here is a genotype of Ross 308, witlhdgdevelopment vigour and good,
favourable feed conversion. To preserve contingoaduction, birds are kept in a rearing and
two laying farms, which, on the one hand, meanneldyical risks for laying-hen production.
On the other hand, for stocks kept in the same faumin different periods of time, mass
growth, death and egg production develop diffegentl

Survival rates of each week were estimated by #nampetrical method of survival analysis,
the exponential Log-rate model. Within the programcertainties were simulated by gamma
hyperdistribution on the basis of certain inputuesl, and for the percentages of egg production
and fertilization Beta hyperdistribution was used the grounds of theoretical and literary
considerations. The mass growth of the stock gdervieek was calculated from normal
distribution, of which parameters were also takemf this distribution. In the case of forage
doses, elasticity functions were used to identiy tequired volume of excess fodder for the
birds’ mass to reach the required body mass,iéf litelow the standard level. As the required
homogeneity is as significant as the achievemettteplanned body weight, we included this
breeding technological element in our simulationgoam as well. Until the period of egg
production, to preserve homogeneity, the stocktbdse divided into 2-3 groups, when the
relative standard deviation of the body mass wasitab0-14%.

The mass limits of certain groups were calculatedhsit the relative standard deviation
should not exceed 8%. Following selection, the @ogis capable of correcting the dose of
fodder for birds of heavy and light body mass a#l weeachieve the required technological
average weight by the age of nine weeks. In modglicertain cost factors and factors
influencing revenues are taken into consideratoich as different fodder costs, the price of
sold eggs, the price of infertile eggs, the priteay-old chicks and that of birds no longer in
production any more.

The results can be presented in tables and graphddth sexes as well. Specific
production value, cost and revenue indicators clmo @e formed separately, thus the
simulation allows the quantification of farming ks For a given stock, | examined the
development of simulated total costs and revenuesgl62 production weeks, at 2005 prices. In



the first period of production — rearing establigiin— only costs occur, as there is no revenue
from egg production. Some weeks after resettliegstock in the egg-laying farms, as a result of
the light program, production is launched. Aftas tlegg production becomes intensive depending
on stocks, which lasts up to week 60 and thentaopéine stock is sold. The program sells all the
laying hens by week 62. To develop my simulatioehd calculated the following technological
data: the sex ratio is the physiologically optih@il hen-rooster ratio. The length of the produactio
cycle is 20+42 weeks (1-20;20-62. life weeks), thenber of simulation runs is 100. The

production of laying egg is about 142 pc/hen dummg cycle. The specific value of forage
conversion is 1.98 g/grigure 6).
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Figure 6: Results of laying hens’ simulated specdifodder conversion

Source: Own data

The other goal of simulation was to analyse thd,a@yenue and income conditions of
meat type laying egg production by a model strietion the basis of the production data of a
given enterprise. Under given conditions, the mauelulates the production costs of meat

type laying egg production, the distribution of M&riable and constant costs, its production
value, revenue and profitability.



As a result of consultations with experts and ennnananagers, we performed separate
calculations on fodder costs, standard and variatsés. Naturally, these values change in the
course of simulation runs, according to normalrithgtion. In consideration of the above
mentioned, calculating with data in 2005, productiost for one active laying hen is about 5120
HUF/laying hen, cost for one laying egg is 37.65RABying egg.Figure 7 shows that the
probability of the production cost to fall betweghand 39 HUF is 57%.
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Figure 7: Development of production cost for one Ming egg in simulation runs

Source: Own data



4. NEW AND NOVEL SCIENTIFIC FINDINGS

| developed a model specifically for the analysismilk production in dairy
farms, in order to form risk values. | pointed dbe risk related to the
application of various kinds of milking equipmemidaudder cleaning methods,
as well as to methods applied in teat cup remdvalade a recommendation
regarding the number of milking equipments operdtgsne worker and the
optimal shift length.

As regards pig raising, | analyzed the risks\deg from genetics, attributible

to the reasons for culling.

| developed a complex model for the analysiseehhological risks in poultry
raising. | presented the possibility of examinihg distribution of income as
well as of tracing the performance parameters ultpostocks with the help of
new generation Monte-Carlo simulation combined i#tyessian statistics.

| simulated cost-income relations concerning \&egistock, under the given
farm conditions. | concluded that laying egg prdducis a fundamentally
profitable branch and that half of the expendiisramounted to by the cost of
fodder.

Without incubation, the likelihood of income pegg being above the average
value is about 50-60 per cent and production cosixpected to be recovered

at life week 53.



5. THE PRACTICAL USE OF THE RESULTS

In my dissertation | examined the work carried bdaary cow, pig and poultry farms, and on
technological factors affecting quality productid¥ith the help of this information it is possible
for farms to improve their efficiency, to achievena profitable production, and to decrease the
risks arising in the course of production. On thbeo hand, presenting the agricultural
application and the role in risk analysis of vasiamathematical, statistical and simulation
methods, | create the foundation for conductinglamanalyses.

| categorized milking equipments based on their enmity and on professional aspects in
several ways, then | examined the measuremenglofegarding quality milk production. From
my analyses, it is obvious that the caroussel-ggpgpment is the most effective, the polygon
type coming close in effectiveness. Therefore ppse that in the course of designing a milking
parlor, polygon or caroussel-type systems shoulkehyggloyed instead of the herringbone system
so common in Hungary. | suggest milking into a ¢upstead of on the floor. This is also
advantageous in preventing mastitis as sick aniaralscreened. Automatic teat cup removal is
more likely to provide continuous ,extra” milk quglin the short term, and it is milder on the
teats. As the lack of automatic teat cup removatemses the risk of producing ,non-extra”
quality milk by 1.5, it is all the more advisabteuse automatic teat cup removal. With regard to
risk, it is recommended that one worker shouldap&rrate more than 8 equipments unless he or
she is working with polygon or caroussel type emépt. Based on my research, it is not to be
expected that an employee should make such a mistak 7-hour shift that would result in
significant quality deterioration. With regard toadjty risk, the 1 to 3-hour shift is the most
dangerous, the optimum shift length is 4 to 4.5rolihat is why | suggest that the shift should

not extend 4 to 4.5 hours.

In the case of sow culling, with regard to usefetime, | came to the conclusion that there is
a major difference in the performance of sows fiednt genetics even within the same farm.
Excluding extreme cases, sows can be kept in ptioduor an average of 700 to 750 days. The
risk analysis of culling reasons helps the prodpegr attention to certain hazards. The likeliest
culling reasons were abortion, no heat for pregnaest, no heat after weaning, and empty on
day 110. The least likely culling reasons were disarder, old age and few pigs at weaning. It
can be stated that the sows intended for cullirgalee of few pigs at farrowing remained in

production for at least 100-200 days longer.



The highest risk difference can be observed ircse of culling reasons for abortion and
for weaning few pigs. In this case the probabitifyabortion as a culling reason is 6.16 times
higher than in the case of culling for weaning feigs.

When modelling incubated egg production, | usethfdata and included in the simulation
such indispensable factors as for example selectioted out in order to homogenize the stock,
and the regulation of fodder portions in accordanith the target weight. | raised a stock of
1,000 birds by using a self-developed simulatioogpam, and | employed distributions and
mathematical relations for modelling fodder constionp mass increase, egg production and
deaths. Under the circumstances given at the fardh veith regard to the given stock, |
concluded that incubated egg production is a furddally profitable branch, and
approximately half of the production cost is thestcof fodder. Without incubation, the
likelihood of income per egg being above the averaglue is about 50-60 per cent and
production cost is expected to be recovered awdek 53.

The use of simulation technique in production isinitely to be recommended, as the
examination of possible future situations as welbhtheir impact on income becomes feasible.
The performance of the various stocks and the terydef their natural parameters will be
traceable. It is also possible to change the weakfrage, standard deviation parameters of
mass increase. Running the model with differenitbated egg prices and fodder costs, realistic,

pessimistic and optimistic scenarios can be detethin terms of income.
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