-

View metadata, citation and similar papers at core.ac.uk brought to you byf: CORE

provided by Research Papers in Economics

Survival analysis of culling reasons and economixamination of production period
in sow culling

1.1.1 PETER BALOGH - IMRE ERTSEY — SANDOR KOVACS

Agricultural Centre, University of Debrecen, Hungar
Email: baloghp@agr.unideb.hu; ertsey@arg.unidelkbuacss@agr.unideb.hu

Paper prepared for presentation at the 104 (joint) EAAE-IAAE Seminar Agricultural Economics
and Transition:
.What was expected, what we observed,

the lessons learned.”

Corvinus University of Budapest (CUB)
Budapest, Hungary. September 6-8, 2007

Copyright 2007 by Péter Balogh — Imre Ertsey — Sarktbvacs. All rights reserved. Readers may make
verbatim copies of this document for non-commemmigipboses by any means, provided that this
copyright notice appears on all such copies.

" The article has been prepared by the support of ONK. F 62949.


https://core.ac.uk/display/7062637?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

ABSTRACT

The culling of the sows is an important task of bieeders and farmers, besides it is a
determining factor of profitable pork productionufihg our research we have surveyed
the data of 1969 sows in a Hungarian large-scalefgsim. For the calculation of our
results we used one of the non-parametric formsuofival analysis, the Kaplan-Meier
analysis. For the quantification of death intensitg applied another survival analysis
model, the log-rate exponential model. We have doont the risk values of various
culling reasons form the point of view of cullinBesides, we tried to quantify by an
economic model how the production period of sovilsi@mces the average costs of piglets
and the average costs of piglets per kilo at 20f6ep. We calculated that thé"5
farrowing is the minimum cost place.
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2 |INTRODUCTION

Annually, up to 60 % of sows are culled all ovee thorld. Culling for most sows is not
planned in advance and its causes can be gend¢ratlgd back to sow reproduction,
amounting to approximately one third of the totahtber of cases. Findings have shown
that lameness and loco motor diseases accountlf@an% of cullings, and 4-7% of sows
die (Lucia et al. 2000). The rate of planned cullings, actmydo studies by different
authors, can vary from 23 to 41%, due to mosthepkbe and poorer fertility GINONEN

et al. 1998).

Sows are primarily culled as a result of their fastility. 15-20% of culled sows farrows
only once and sows on product-manufacturing farsisally do not live until their %
farrowing cycle (varying between 3.1-4.6)0fEZSERRANO et al. 2000; RINAI et al.
2001). The elimination of young, culled sows fronoguction is mostly not planned in
advance (E CozLER et al. 1999), but the rate of pre-planned cullimgseases along with
the growing number of farrowing cyclesifRHuizeEN et al. 1989). Culling reasons, in the
order of their frequency are the following: stayilireasons of health (disorders in leg
structure), early use for breeding, farrowing anloesa(\MTTMANN 1988; TARRES et al.
2005). Research byr&LDER et al. (2003) has found that sows have to farranimally
three times to meet the requirements of profitalrianal breeding. Other authors claim
that the economically optimal lifetime sows spendproduction is the fifth farrowing
(SCHOLMAN AND DIJKHUIZEN 1989, RASMUSSEN 2004). FAUST et al.'s (1993) simulation
has shown that production systems with lower rafesullings are more profitable than
farms with higher culling rates. In the five yeanterval prognosticated for modern
hybrids, producers can only achieve increased flwaty by +1 weaned pig per sow if
they maintain the culling ratio of sows at a higldl. Long lifetime can also be significant
if animal protection is taken into consideratiorheTlevel of animal protection can be
analysed by the rate of dead and emergency slaeghtows in a given system of
production.

3 MATERIAL AND METHODS

Our investigations were performed in a Hungariaigdascale pig farm in Hajdu-Bihar

County, where pork production, its conditions aeg kndicators were studied. Data were
collected by questionnaires, interviews and mettaddbservations. On average, 51% of
productive sows was culled on the farm. Our findingere evaluated by one of the non-



parametric forms of Survival Analysis, the Kaplarist analysis (NGy et al. 2004).
Mortality intensity was quantified by one of théhet models of Survival Analysis, the
log-rate exponential model.

3.1 Models of Survival analysis

Survival analysis is a relatively new area of stats. Its name and related notions suggest
that it is primarily used to compare various treatits of serious diseases and the studied
event is the patient’'s death or the date of deatbutated from the onset of treatments.
This can be investigated by various statistical edsuch as survival time analysis. This
model differs from regression models as it is fédo treat events which did not occur
during a given time instant @y et al. 2002), or the individual could be followed-
only for a certain period and no information wasikable on the occurrence of the event
after this date. These events are called mutilgBedLA 2005.) or censored 4TMAN et
al. 2003) events.
There are several available methods for the esbmatf the survival function, which
stipulates the probability that the event doesawaur until time instant t. Kaplan-Meier’s
assessment provides a solution for discrete tirs@amts. It can also be used to determine
the median of survival time or a survival rate dertain periods.
Our calculation shall include the product of coiadiiil probabilities:
P(T2t,)=P(T2tT2t_,)=
=P(T 2t[T 2t )P(T 2t,, T2t ) K (P(T 2t,)=

_lil(l dj]
=L where
T is survival time

t, b, ... t refer to those time instants, where the investigjavent occurred

d; shows the number of events occurred in time ingtan

nj shows the number of those individuals in timeanst, where the given event may
still occur.
Censored events shall be taken into considerati@nw values are calculated:

n=n,-d,-c4 where

., refers to the number of censored events in tira&mt i,
Kaplan-Meier curves formed for the survival funatiare shaped stepwise. The primary
conditions to apply the Kaplan-Meier method are fhets that censored and survival
events shall be independent, they must not cohiduen, explanatory factors, the number
of censored events cannot be high and events ashs$or lack of information shall be
independent of time.

Mortality intensity
Another model of survival analyses is the log-reXeonential model, which requires the
clarification of some notions. With mathematicainfwilas: if f(t) is the varying density
function of T (time) and F(t) is the distributiomrfction of T, the correlation is the
following:
£(t) = lim Pt<T<t+At) _ aF(t),
At-0 At ot

F(t) = P(T <t) = j f (u)du



Function F(t) is called mortality probability (®sToN ANDKoOVACs 2000). The survival
function, which gives the probability that the etrenll not occur until time instant t, is the
following:

S(t) =1-F(t) = P(T 21t) = j f (u)du

Mortality intensity is referred to by h(t), whichdicates the risk that the event may occur
in time instant T=t, presuming that it has not ooed before. At this time h(t) takes the
following form (HEINEN et al. 2003):

(o) = fim PE<T <t+AtT 21) _ fO

At-0 At S(t)

where P(ts T <t +At|T 2 t) indicates the probability that the event ocaarsme instant
[t = T < t+At], presuming it has not occurred until time instanf(t) and S(t) can also be
expressed on the basis of function h(Y PR AND ROHVER 1999):

S(t) =exp — Jt' h(u)duj

f(t) = h(t)S(t) = h(t) ex;{— j h(u)du)

Functions f(t), S(t) and h(t) describe the disttidwu of T in a mathematically equivalent
way.

Theoretical bases of the Log-Rate model
Assume that h(t|xi) is mortality intensity for asgn individual in time instant T=t, where
Xi are explanatory variables ..... , as mortality msi¢y values can range from O to infinite.
If the logarithm of mortality intensity is takerhe following regression model can we
formed:

Inh(tx,)=Inh) +3 B,x,

j (1)
This model is not only loglinear, but proportionak well. Time dependence is
multiplicative, and as logarithm transformation &pplied, it becomes additive.
Proportional models are characteristically timeedefent, and correlation is not presumed
among explanatory variables, so they are indeper{@edke 2005).
Some authors have defined loglinear models as étois®dels (HEINEN et al. 2003),
which are called “log-rate models” in specialistdature.
Assume that we have the required information omekestory (which event is focused on
and when it has occurred) and there are two catdgaxplanatory variables: A and B.
Besides this, assume that the time axis is divideda finite number of sub-intervals and
mortality intensity is constant in these intervals.
Assume that time factor T is of unit value. Assuilm&t hy,; is constant mortality intensity
in interval {" for one individual, when the value of variablestai and that of variable B is
b. If the representation of hierarchic log-lineandeals is used, the total saturation model
can be formed as follows:
INhy, =u+ug +uy +u +ug’ +ug’ +uy’ +ul’

where u log-linear parameters can be considerédeamteraction parameters of ANOVA
analysis. The shape of the model shows that tmsti& proportional model, as it includes
interactions containing time factor and explanaiasiable as well (L.
When the appropriate parameters (interactionsjedtreut and limitations are introduced
(VERMUNT AND MOORS2005), the proportional variant similar to modB) is received:



Inh,, =u+ul+u’ +u’
T —
If individual influences do not change with timeetmodel becomes simpl%r:‘o, this is

T
the exponential model. (If no limitations are imweed for' | then the model is a
“piecewise” exponential one ARMUNT 1996).

3.2 Calculating Costs and Incomes

We tried to quantify by an economic model how thedpiction period of sows influences
the average costs of piglets and the average obglglets per kilo (RINAI et al. 2001).
During our examinations we collected the followimasic data: the entrance value of gilt,
costs between the entrance and weaning, totalblar@osts per farrowing, value of the
sow at culling, variable costs of progeny, numbeweaned pigs, weight (kg) of weaned
pigs, costs of the sow between two subsequent wganUsing these data we can show
where the minimum of the average costs of piglets pece and the average costs of
piglets per kilo is with certain input prices.

4 I NTRODUCTION OF RESULTS

In the course of data collection, comparative eastédim was performed on the basis of
more than 10 thousand records of the culled st®ekeral records could be related to one
sow depending on the number of its inseminationfarrdwing.

As the number of culling reasons is significanpwiil4 in the farm, the survival functions
of Kaplan-Meier estimation are presented in twaurfggs, making the run of individual
curves easier to follow.

Figure 1. presents the correlation of culling reasand lifecycles from birth to culling.
Those individuals, whose farrowing performance wasr, remained in production by an
average of 100-200 days more than those animalshwiere culled for other reasons
shown by the figure.

The left hand curve shows the riskiest culling omagresenting sows remaining non-
pregnant on day 110. No significant difference doogé detected among risks related to
other factors presented here.



Figure 1: Comparison of sows’ production days relied to various culling reasons
by survival functions |I.
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The estimation considers time to be a discretegitiby variable, so there is no estimated
value between two points of time. The vertical gapicates the higher rate of “survivors”
in one group as compared to another one.

The horizontal distance on the figure shows howhmater the rate of survivors in one of
the groups becomes equal.

Figure 2. presents that the curves of culled sdvested and inseminated, but not in heat
at pregnancy test are placed on the left sideefiture. This is followed by the curve of
the stock which was not in heat after weaning ahdse farrowing performance was low;
by the curve of those animals, which did not retehindex value calculated in the ROFI
program and then by that of culling due to too mampty days. Finally, the least risky
culling reason seems to be teat disorder. It carobeluded that the probability of culling
due to empty days is lower until day 830. thaniegltue to low farrowing performance.



Figure 2: Comparison of sows’ production days releed to various culling reasons
by survival functions Il.
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Our estimation was prepared by the log-rate expoalemodel, taking the effects of
culling reasons and the lifecycle spent in productinto consideration, to show the
intensity of cullings as the analogue of mortalityensity (Table 1). The relative risk
value of about 1 means the risk of removing animalfied for this reason from
production is of average. If this value is belowclling is less risky than average. If it
exceeds 1, the given factor’s significance in agllis higher than average.

On the basis of the above mentioned, the risk asdire following:

Most significant culling reasons: due to abortitatk of being heat for pregnancy test,
low farrowing performance.

Culling reasons slightly higher than average: téfrg, lack of being heat after weaning,
other reasons.

Average culling reasons: emergency slaughter, deatpty for day 110., empty days.
Least risky culling reasons: cachexia, index, tesarder, old age, few pigs at weaning.

Intensity values can be calculated by thevalues on the table, and the guotients
calculated from them can be considered to be the o&two probabilities (odds ratios).
This way it can be calculated that the probabiifyculling is 4.66 times higher due to
abortion than to old age.

The odds ratio for inseminated, but empty animalsha time of pregnancy test and
animals with teat disorder is 3.3. This means thatprobability is more than three times
higher for culling a sow, which is empty after ingeation at the time of pregnancy test
than for an animal with teat disorder. The highresit difference can be observed in the
case of culling reasons for abortion and for wegew pigs. In this case the probability
of abortion as a culling reason is 6.18 times highan in the case of culling for weaning
few pigs. Insignificant difference can be detechstiween the influences of emergency
slaughter and death. The probability of culling &nergency slaughter is merely 1.03
times higher than for death.



Table 1: Relative risk values of parameter estimatins prepared by Lem
piecewise exponential survive model, by culling resans

Relative
Name risk value
eﬁ
Few pigs at weaning 0.4012
Old age 0.5302
Teat disorder 0.6721
Due to Index 0.7594
Cachexia 0.7827
Due to empty days 0.9107
Day 110. empty 0.9647
Death 1.0470
Emergency slaughter 1.0794
Other reasons 1.1402
Lack of being in heat after weaning 1.1764
Re-rutting 1.1902
Low farrowing performance 1.7571
Lack of being in heat for pregnancy test 2.2115
Abortion 24731

Besides, we tried to quantify by an economic mdael the production period of sows
influences the average costs of piglets and theageecosts of piglets per kilo.

During our examinations we collected the followimasic data: the entrance value of gilt,
costs between the entrance and weaning, totalblar@osts per farrowing, value of the
sow at culling, variable costs of progeny, numbeweaned pigs, weight (kg) of weaned
pigs, costs of the sow between two subsequent wgsini

Using these data we can show where the minimureo&terage costs of piglets per piece
and the average costs of piglets per kilo is wéttain input prices.

Figure 3: The comparison of the average costs darfowings
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The Figure 3. shows big differences among the afstertain cycles. The left side of the
figure presents costs for one 21-day-old pig peof@ng at 2006 prices. It can be clearly
seen that in the case of the first farrowing, tost dor 1 weaned pig is about 8500 HUF,
while in the second cycle this value is about 7BIQF. Average costs do not decrease to
this extent from the third farrowing, but a sligtécline can still be detected. We can see
that the 5th farrowing is the minimum cost placg2® HUF/piece). After this, growth can



be observed again. The same tendency appears oighheide of the figure, where the
production costs of 21-day-old pigs per body welglitgram are presented. Values varied
from 900 to 1200HUF/kg.

5 DISCUSSION

— On the basis of survival functions, the greatestsriare posed by the following culling
reasons: lack of being in heat after inseminatiotna time of pregnancy test, lack of
being in heat after weaning and remaining emptgayn110.

— The survival curves suggest that the lowest rigksralated to the culling reasons of
poor farrowing performance and teat disordersaft be concluded that those sows,
which were culled for these reasons, remainedodysstion with 100-200 days longer.

— On the basis of relative risk values prepared leylty-rate exponential model, the
following can be considered to be the riskiestioglreasons: abortion, lack of being in

heat for pregnancy test, low farrowing performa(ftﬂel.75-2.47).

— The greatest risk differences can be found betwerulling reasons of abortion and
weaning few pigs. In this case abortion accountedctilling 6.18 times higher than
weaning few pigs.

— We quantify by an economic model how the producpenod of sows influences the
average costs of piglets and the average costgyleftp per kilo. The 5th farrowing
was the minimum cost place (6320 HUF/piglet and eMF/kg). Therefore, if we
took into consideration only the economic respectsthe certain farm, it would be
practical to cull afterwards or at least do ourtlre®rder that most of the sows live to
see this point of time.

5 CONCLUSIONS

Our estimation was prepared by one of the non-patirgarforms of Survival Analysis, the
Kaplan-Meier analysis. Mortality intensity was qtiaed by one of the other models of
Survival Analysis, the log-rate exponential modéle find that the most significant
culling reasons: due to abortion, lack of beingthea pregnancy test, low farrowing
performance.

As a conclusion we can state that production efficy can be increased in a fattening pig
farm if the farrowing numbers of sows are takem iobnsideration and the place of cost
minimum is calculated by the input prices of theegi period. By this the optimal point of
time as long as sows are worth keeping in prodacte@an be calculated. Therefore,
considerable cost savings can be attained on fainy
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