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From an industry perspective, if pork is to be competitive with other protein sources (i.e., besf,
poultry, and fish), then it isimperative that the industry produces a high quality product at the
lowest cost possible. Furthermore, because average long-run profits are zero in a competitive
indugtry, from an individua producer’s perspectiveit is critica to be alow cost producer. While
producing a high quality product isimportant, this paper focuses gtrictly on costs of production.
There are numerous factors that ultimately impact the cost of production and many of these
factors are interrelated. However, to quantify the impact of a specific factor that producers have
to make management decisions about, requires an economic andysis that focuses on this key
factor. Specificdly, this paper examines the impact sow étrition rate has on the cost and returns
of producing aweaned pig. Thisinformation is ussful for producers as they identify Srategies
for culling sows that best fit into their operations.

The effect parity has on sow productivity has been widdly researched and based on this research
optimal parity distributions have been suggested.>* However, the economic consequences of
varying from this optimd digtribution have not been quantified. In other words, the following
guestion has not been answered, How does the cost of production and the resulting economic
returns vary as the parity distribution within a herd varies? In order for producers to make
informed decisons they need quantitative information; thus, an economic andyss that quantifies
the costs and returns associated with parity distribution (i.e., sow dtrition) is warranted.
Quantifying the economic costs and returns associated with sow attrition is complicated because
of the numerous interacting factors. This may be one reason that optimal parity distributions
have not been quantified in terms of costs and returns. Because of dl the factors impacting
optima parity distribution, any economic analysis will require anumber of assumptions and the
vdidity of these assumptions must be tested over time. Thus, a sengtivity andysis around some
of these key factorsis dso an important part of an economic anadysis.

Method of Economic Analysis

There are anumber of methods that can be used to anayze the economic returns of an
investment or enterprise, e.g., net present value, internd rate of return, partial budget, whole-
farm analyss, benefit/cogt retio. Inthisandysis, projected budgets are used to compare returns
for various parity didtributions (i.e., sow culling strategies). Thisis an gppropriate method of
analysis because this research considers an operation that isin “ steady-state,” or on-going, not
onethat is starting up. Costsin the budgets reflect full “economic codts’ rather than cash flow
costs.

Projected budgets were developed for sow operations that cull sows after their firgt through their
tenth parities to identify the optima parity distribution. Each of these 10 budgets or scenarios
represents a different parity distribution. For example, an operation that culls sows after their
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fird parity would essentidly be a gilt farm with 100 percent of Sows as one-parity sows.
Similarly, an operation that culls al sows after their second parity would be comprised of only
one- and two- parity sows. On the other hand, an operation that does not cull sows until after
their tenth parity will have adigtribution of firg-parity through tenth parity sows. While it may
seem unredligtic to consider operations that cull dl sows after one or two parities, these scenarios
areincluded in the analysis for comparison purposes.

Assumptionsin Economic Analysis

Numerous assumptions were made in order to construct budgets for the ten different Srategies
for culling sows (i.e., parity distributions) previoudy discussed. The following are some of the
key assumptions made that impact costs and returns.

The sdlling price of aweaned pig is congtant across dl parities and is based on the K- State
formulafor SEW pigs® In other words, it is assumed that parity has no impact on progeny
value.

Regardless of parity digtribution, there are 220 sows farrowing every four weeks.

Investment in facilities (buildings and equipment) averages $5,776 per farrowing crate
($1,115 per sow in inventory).

Annua costs of buildings and equipment are based on a 15-year life for buildings, a 10-year
life for equipment, and an interest rate of 10 percent.

Codt of areplacement gilt is $200/head.

Sow cull income varies based on the weight of the sow. Cull sow prices ($/cwt) are held
congtant across weights with the exception of gilts sold that did not conceive, which are
vaued a higher prices.

Sow desath lossis calculated as a percent of each gilt purchased, as opposed to a percent of
inventory on an annua basis. Based on values reported by Dean and Xue® death lossis
assumed to be four percent for first parity sows and increases linearly by 0.33 percent for
each successve parity (resultsin a death loss of seven percent for tenth parity sows).

Breeding/genetic chargeis based on the cost of areplacement gilt, the sdlvage vaue of culll
sow, and the replacement rate. Semen cost is based on two matings and is assumed equal for
al scenarios.

Feed cost is based on 5-year average prices and is $142.51/ton and $133.65/ton for lactation
and gestation diets, respectively.

Feed consumption varies by parity. Gestation intake ranges linearly from 5.15 to 6.00
Ibs’/head/day for parities 1 through 10. Lactation intake ranges nonlinearly from 10.25 to
12.55 Ibs’head/day for parities 1 through 10.



Tota costsfor labor, repairs, utilities, and professond fees al are held congtant across
scenarios. However, these costs on a per-weaned- pig basis do vary based on production.

Costs for marketing and transportation and veterinary, drugs, and supplies are assumed to be
constant on a per-weaned-pig basis.

In addition to the assumptions listed above, there are two other mgor assumptions affecting the
costs and returns — conception rates and pigs weaned per litter. Assumed conception rates for
gilts and sows at the various parity levels are shown in figure 1. These relationships were
estimated based on reasonable expectations as well as information from the National Pork
Producers Council (NPPC) Materna Line Genetic Evaluation Program.” The conception rate as
apercent of origind gilt numbersis dightly below 80 percent for first parity sows and then
decreases to approximately 20 percent by the tenth parity. The conception rate as a percent of
the previous parity isbascaly constant a 86 percent. Clearly, the ability to get sows bred back
will play asgnificant rolein the optima parity digribution. Therefore, the senstivity of cods

and returns to the conception rate assumption is examined as well.
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Figure 1. Conception Rate by Parity

Another mgjor assumption impacting the optima parity distribution is pigs weaned per sow by
parity. Pigs weaned per sow isafunction of both pigs born dive aswdll as preweaning

mortality. Figure 2 shows the pigs born dive and preweaning mortaity by parity assumed here.
Pigs born dive are maximized a parity Sx. Thisinformation is based on alarge number of
previous studies that reported pigs born dive by parity.%° The studies covered numerous
countries and spanned multiple decades. The quadratic equation for pigs born aive per sow was
estimated from 270 observations, where each observation is an average value representing



numerous sows reported in aresearch study. Preweaning mortdity is based on severd reported
studies®®?! Because only two studies were located and neither of these studies reported
preweaning mortality out to ten parities, the information shown in figure 2 does nat fit any
particular functiona form. Rather, it was estimated using the information from the studies while
attempting to maintain consstency with biologic principles. Together the valuesin figure 2 give
pigs weaned per litter by parity which is used to calculate costs and returns for each of theten
parity distributions examined. Similar to conception rate, the relationship of pigs weaned per
litter and parity will impact the optimad parity distribution so the sengtivity of costs and returns
to this rlationship is examined.
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Figure2. Sow Production per Litter by Parity

Given the assumptions listed, the production and cost and returns were estimated for each of the
ten different strategies for culling sows. All analyses are based on steady state production. That
IS, the swine operation is assumed to be operating at a point where its sow herd size is constant
from month to month (i.e,, gilts purchased is exactly equa to sows culled and sow degth [0ss).

Results

Table 1 reports the production informetion for the different sow culling strategies. Based on the
assumptions used here, in order for producers to achieve a parity distribution with less than 20
percent gilts, they need to keep sows that breed back for at least eight parities. Thetotd pigs
weaned/sow/year is maximized when sows are kept for eight parities, however, differences
between culling sows after 5 through 10 parities are quite small. Actudly, pigs/sow/year (p/sly)
isonly noticeably lower when sows are culled after parity 1 (i.e., gilt farm) or parity 2. Given
the production information presented in table 1, costs and returns can be estimated dlowing for
the most profitable sow culling strategy (i.e., parity distribution) to be identified.



Table 1. Parity Distribution and Production from Sow Herd

Parity prior to culling® 1 2 3 4 5 6 7 8 9 10
Percent of farrowings from each parity (steady-state parity distribution)
Parity 1 100.0 53.6 38.2 30.7 26.4 23.3 214 19.7 185 17.7
Parity 2 46.4 33.2 26.6 22.7 20.2 18.6 17.0 16.2 155
Parity 3 28.6 23.0 195 174 159 14.7 139 13.2
Parity 4 19.8 16.8 15.2 13.6 12.7 121 114
Parity 5 145 129 11.8 109 10.3 10.0
Parity 6 111 10.0 9.5 8.9 8.6
Parity 7 8.6 8.2 7.6 7.3
Parity 8 7.3 6.7 6.4
Parity 9 5.8 55
Parity 10 4.5
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Average parity” 1.00 1.46 1.90 2.32 2.70 3.07 3.40 3.76 4.05 4.32
Sow inventory 1,220 1,196 1,188 1,184 1,184 1,182 1,182 1,179 1,179 1,180
Annua purchases 3,640 1,950 1,391 1112 962 849 780 719 672 650
Replacement rate 298% 163% 117% 94% 81% 2% 66% 61% 57% 55%
Totd litterslyear 2,860 2,860 2,860 2,360 2,860 2,860 2,360 2,860 2,860 2,360
Litters/sow/year 2.34 2.39 241 242 242 242 242 243 243 242
Pigs born divellitter 9.25 9.49 9.68 9.83 9.93 10.01 10.04 10.06 10.05 10.03
Pigs weaned/litter 7.96 8.25 8.42 853 8.61 8.66 8.68 8.68 8.67 8.64
Pigs weaned/sow/year 18.7 19.7 20.3 20.6 20.8 20.9 21.0 21.1 21.0 20.9
Total pigs sold/year 22,756 23,599 24,078 24,399 24,614 24,758 24,823 24,839 24,792 24,704

* Represents the sow culling strategy. For example, “3” would indicate sows are kept for three parities at which time they are culled. Sows that
do not breed back prior to their fina parity are culled at the time they are open.

® Average parity is smply the weighted average parity. For example, the average parity for sows culled after their third parity is calculated in the
following manner: (38.2% x 1 + 33.2% x 2 + 28.6% x 3) = 1.90.

¢ Based on farrowing 220 sows every four weeks.



Table 2. Cost-Return Budget for a Farrow-to-Weaned Pig Operation

Parity prior to culling® 1 2 3 4 5 6 7 8 9 10
VARIABLE COSTS PER PIG SOLD:
1. Grain $.09 $399 $398 $39 $02 $M05 0 $410 M5 #4211 429
2. Protein 1.89 1.86 1.86 187 1.88 1.90 192 194 197 2.00
3. Base mix: vitamins, minerds, €c. 0.98 0.96 0.96 0.96 0.97 0.97 0.98 1.00 1.01 1.03
4. Pig starter 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5. Feed processing 0.56 054 054 054 0.55 0.55 0.56 0.56 057 0.58
6. Labor 7.25 6.99 6.85 6.76 6.70 6.66 6.65 6.64 6.66 6.68
7. Veterinary, drugs, and supplies 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
8. Utilities, fud, and ail 1.32 1.27 1.25 123 1.22 121 121 121 121 121
9. Transportation and marketing costs 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
10. Building and equipment repairs 118 113 110 1.08 1.07 107 1.06 1.06 1.06 107
11. Breeding/genetic charge
a. Depreciation 16.83 754 4.87 3.67 3.06 2.63 2.38 2.18 2.02 197
b. Semen 201 1.9 1.90 1.88 1.86 185 184 184 185 185
c. Interest 0.80 0.80 0.79 0.79 0.79 0.79 0.79 0.78 0.79 0.79
d. Insurance 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08
12. Professional fees (legdl, accounting, etc.) 0.53 051 0.50 0.49 0.49 0.48 0.48 0.48 0.48 0.49
13. Interest on 1/2 variable costs 0.82 0.60 0.53 0.50 0.49 0.48 0.48 0.47 0.47 0.48
A. TOTAL VARIABLE COSTS $4034 $30.20 $27.21 $2583 $2517 $24.72 $2453 $2439 $2438 $2451
FIXED COSTS PER PIG SOLD:
14. Depreciation on bldgs and equip 4.21 4.02 3.92 3.87 3.83 381 3.80 3.79 3.80 381
15. Interest on bldgs and equip 3.16 3.02 295 290 2.88 2.86 2.85 2.85 2.85 2.86
16. Insurance and taxes on bldgs and equip 0.78 0.74 0.73 0.72 0.71 0.71 0.70 0.70 0.70 0.71
B. TOTAL FIXED COSTS $14 $7.78 $760 $749 $742 $71.37 $1.35  $71.34  $7.35  $7.38
C. TOTAL COSTS PER PIG SOLD $4848 $37.98 $3481 $3332 $3260 $3210 $31.88 $31.73 $31.73 $31.90
D. GROSS RETURNS PER PIG SOLD $34.77  $3AT7T  $3AT7T $3477 83477 $3477 $3477 3477 3477 $34.77
E. RETURNS OVER VC (D-A),%hd -$557 $457  $756 $893  $.59 $1005 $1024 $10.37 $1039 $10.25
F. RETURNS OVER TC (D-C), $hd -$1371  -$321 -$004  $145 $217 267 $283 $3.03 $3.03  $287
G. NET RETURN ON INVESTMENT -12.8% 1.8% 65% 88% 100% 108% 11.1% 114% 114% 11.1%

& Represents the sow culling strategy (sows are culled after the parity number listed).



Aswould be expected, a culling srategy of sdling dl sows after the firgt parity (i.e., agilt farm)

is extremey unprafitable due to the high sow depreciation cost. The cost of producing a weaned

pig decreases at a decreasing rate as sows are kept for additional parities. Thetota cost of
producing aweaned pig is minimized when sows are kept through eight or nine parities before

culling. However, for sows kept between 6-10 parities there isless than 40¢ per head difference

incost. Based on the assumptions used here, returns per head are approximately twice as high
when sows are kept for 7-10 parities before culling (average of $2.95/head) compared to a
srategy of culling after four parities ($1.45/head).

Senditivity Analysisfor Costs

A sengtivity andysis was conducted to determine how changing various cost assumptions

impacted returns over total costs (i.e, line Fintable 2). Because differencesin breeding herd

depreciation cost isthe mgjor cost difference, severd gilt replacement costs were considered. I

replacement gilts are valued at $150 per head (origina assumption was $200), returns are il

maximized when sows are kept for eight parities (table 3). However, with these lower gilt prices
the advantage in returns for sows kept 7-10 parities (average of $4.54/head) compared to sows
kept four parities ($3.91) is cut by more than haf of what it was when gilts were valued at $200

per head. On the other hand, if gilts are valued at $250 per head, returns are maximized by

keeping sows for nine parities. At this higher gilt price, the advantage in returns for sows kept 7-

10 parities (average of $1.37/head) compared to sows kept four parities (-$1.02) increases amost
adollar per head compared to when gilts were valued at $200 per head. While returns are
maximized in dl cases with sows kept for 8-9 parities, the advantage of doing so increases

(decreases) as the price of replacement gilts increases (decreases).

Costs for both the gestation and lactation diets were varied by +/- 25 percent to determine how

sengitive returns are to feed costs (table 3). While increasing or decreasing feed costs impacts
thelevd of returns, it has dmost no impact on relaive differences between parity distributions.
As feed costs increase the optimd culling strategy is to sall sows dightly quicker and when feed

costs decrease the optima Strategy isto keep sows alittle longer, however, the changes are quite

amal. Therefore, based on the assumptions used in thisanalys's, from a management
perspective the optima sow culling strategy is basicaly invariant to feed codts.

Table 3. Sensitivity of Returnsover Total Coststo Various Cost Assumptions

Parity prior to culling

1 2 3 4 5 6 7 8 9 10
Return over Tota Costs, $'hd

Cost of Replacement Gilt, $hd
$150 (-25%) $539 $115 $305 $391 $430 $456 $4.62 $464 $455 $4.35
$200 (base) -$13.71 -$3.21 -$0.04 $145 $2.17 $267 $283 $3.03 $3.03 $2.87
$250 (+25%) -$22.03 -$757 -$3.13 -$1.02 $0.04 $0.79 $115 $142 $152 $1.39
Cost of Gestation/Lactation Diets, $/ton
$100/$107 (-25%) -$11.79 -$1.33 $1.84 $333 $4.07 $58 $482 $99 $5.02 $4.89
$134/$143 (base) -$13.71 -$321 -$0.04 $1.45 $217 3$267 $283 $3.03 $3.03 $2.87
$167/$178 (+25%) -$15.64 -$5.090 -$1.92 -$044 $0.28 3$0.76 $0.95 $1.08 $1.05 $0.85




Senditivity Analysis of Reproductive Traits

All cost and return results presented in tables 2 and 3 were based on the pigs weaned per litter
and conception rate relationships with parity displayed in figures 1 and 2. Because these factors
have a mgor impact on economic returns, alogicd question is, How sengtive isthe optimd
parity distribution to these factors? To answer this question, the conception rate and the pigs
weaned per litter relaionships displayed in figures 1 and 2 were modified to see what impact this
has on optimd parity for culling sows.

Severd dternative relationships between conception rate and parity were considered. Figure 3
shows the base conception rate (i.e., that shown in figure 1) as well as conception rates that are
+/- 10 percent. In other words this answers the following question. What is the impact if the
conception rate is higher or lower at every parity by ten percent compared to the initid
assumption? Another scenario considered was, What is the impact of sarting at the same
conception rate as the base scenario but decreasing a afaster or dower rate? Figure 4 showsthis
scenario when conception rates are equal at parity 1, but then decrease to aleve at parity 10 that
is+/- 40 percent of the base scenario. Given these dternative scenarios there are atota of five
different conception rate-parity relationships that are considered (base, base +10%, base —10%,
+40% at P10, and -40% at P10). The steady state number of gilts purchased every month and
the resulting parity distribution for each culling strategy had to be recaculated for each of these
five scenarios.
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Figure4. Alternative Conception Rates by Parity (Case 2)

In addition to considering dternative conception rates, an dternative litter Sze by parity
relationship was consdered. Figure 5 showstheinitid pigs born dive by parity data used (base)
aswell asamodified series of this data (hypothetica). The data shown by the “hypothetica”
line represent sows that reach their pesk litter Sze at an earlier parity as compared to the
relationship that was estimated from historica sudies. The areaunder the curves is essentidly
identical which means that over ten parities the average litter Szeis held constant but the
digtribution is changed. It isimportant to note that the “hypothetica” lineis smply that — this
information was estimated Smply to answer the “what if” question and is not based on any actua
production. The reason for “shifting” the peek litter Szeto thel€ft (i.e., at an earlier parity) was
to seeif this pattern in litter Sze by parity would result in sows optimaly being culled after

fewer paiities. Clearly, shifting the maximum litter Sze to higher parities will not decrease the
age at when sows should be culled and thus is not considered here.
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Figure5. Alternative Litter Sizesby Parity

The net returns per head for the various conception rate and litter size assumptions for the ten
different sow culling strategies are given intable 4. All cost and price assumptions are held
constant & their origind vaues. In the base scenario for both conception rate and litter Sze,
returns are maximized when sows are culled after eight or nine parities (these are the same
numbersasLine F intable 2). At the dternative conception rates, returns are maximized when
sows are culled after either eight or nine parities. Additiondly, it can be seen that when
conception rates increase (base +10% and +40% at P10), the level of returnsincrease
consderably. For example, with astrategy of culling sows after eight parities, returns incresse

by 76¢ per head when conception rates increase 10 percent ($3.79 vs $3.03). For an operation
producing 24,000 pigs per year that would equate to an increase in returns of $18,240. Similarly,
by decreasing the rate of decline in conception rates between parities (i.e., +40% at P10), returns
increase by 50¢ per head ($3.53 vs $3.03). Likewise, when conception rates decrease (i.e., base
—10% and —40% at P10), returns decrease considerably. Furthermore, the increases and
decreases are not symmetric. That is, a 10 percent decrease in conception rates has a much
greater negative impact on returns than the positive impact from a 10 percent increasein
conception rates.

When the litter Sze assumption is changed to the hypothetica relationship shown in figure 5, net
returns are maximized with sows being culled after their eighth parity for al conception rate
scenarios. With the exception of sows culled after thelr firgt parity, the leve of returnsincreases
with the hypothetica litter Sze by parity relationship compared to the base scenario because
larger litter Szes occur at the lower preweaning mortdity rates. Based on theinformation in
table 4, it can be seen that the levd of returns vary with productivity but the optimal parity
distribution is quite robust over the conception rate and litter Size scenarios consdered.



Table 4. Sensitivity of Returnsover Total Coststo Productivity Assumptions

Parity prior to culling
1 2 3 4 5 6 7 8 9 10

Return over Total Costs, $/hd
Conception rate scenario --- Litter size by parity relationship — “Base”

Base -$1371 -$321 -$0.04 $145 $217 $267 $283 $3.03 $3.03 $2.87
Base + 10% -$11.36 -$1.85 $094 $226 $3.04 $354 $366 $3.79 $3.63 $359
Base —10% -$16.84 -$5.02 -$1.51 $0.27 $1.15 $161 $L77 $190 $1.87 $1.87
+40% at P10 -$1371 -$296 $0.35 $1.80 $267 $319 $342 3$353 B354 $343
-40% at P10 -$1371 -$366 -$0.62 $0.73 $143 $1.79 211 218 $217 $1.HA
Conception rate scenario --- Litter size by parity relationship — “Hypothetical”
Base -$13.72 -$280 $050 $195 $259 $300 $312 $318 $314 $2.98
Base + 10% -$11.37 -$145 $147 $276 $345 $385 $386 $391 $3.71 $366
Base —10% -$16.85 -$459 -$095 $0.79 $159 $196 $2.03 $210 $203 $202
+40% at P10 -$1372 -$255 $0.89 $231 $308 $350 $3.63 $3.64 $360 $3.49
-40% at P10 -$13.72 -$3.26 -$0.09 $1.24 $1.87 $214 $236 $238 $233 $211

Discussion/Practical Implications

In a competitive industry, such as the swineindudtry, it isimportant to be alow cost producer.
Being alow cost producer in the swine industry starts with producing aweaned pig at the lowest
cost possible. This paper examines the impact various sow-culling strategies have on costs and
returns in a farrow-to-wean operation. The optima parity distribution is a complex issue
because it is related to conception rates, litter Sze, feed intake, as well as other factors. The
results of this andyssindicate that the most economica time to cull asow is after her eighth or
ninth parity. However, the additiona benefits of keeping a sow beyond about six parities are
relaively small. Aswould be expected, the optimal time to cull a sow decreases as the cost of
replacement giltsincreases and vice versa. Feed costs impact the level of costs and returns but
have very little impact on the optimd parity digribution. Similarly, over arange of conception
rates and litter Szes, the optimal time to cull asow isrdatively congant. The information in this
andysis can be useful for producers as they develop strategies for when sows should be culled.
Additiondly, thisinformation can help producers quantify the impact conception rates have on
returns.
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