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INTRODUCTION 
 
A correlation between the floor space requirement and 

production efficiency (livestock productivity, welfare, 
disease incidence, etc.) is necessary to explore the optimal 
floor space allowance (FSA). The Council of the European 
Union (2001) proposed the floor space requirement of pigs 
which was generally categorized by weight. For a pig 
weighing up to 10 kg, for example, a floor space 

requirement of 0.15 m2/head was suggested. The 
recommended floor space requirement that was suggested 
for pigs weighing more than 10 kg and up to 50 kg ranged 
from 0.2 to 0.4 m2/head. The pig weight ranged from 50 to 
85 kg and more than 85 to 110 kg, requiring 0.55 m2 and 
0.65 m2, respectively. In addition to the floor space 
requirement suggested, farmers and policy makers became 
interested in the relationship between FSA and animal 
productivity. The FSA has been extensively studied in terms 
of productivity, including growth performance and animal 
behavior (Weng et al., 1998; Hyun et al., 1998; Gonyou and 
Stricklin, 1998; Turner et al., 2000; Jensen et al., 2012). 
However, the results of the FSA effect on productivity 
varied. According to the studies regarding pig productivity 
and performance, the impact of different space allowances 
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ABSTRACT: A total of 152 pig farms were randomly selected from the five provinces in South Korea. During the experiment, the 
average temperature and relative humidity was 24.7°C and 74% in summer and 2.4°C and 53% in winter, respectively. The correlation 
between floor space allowance (FSA) and productivity index was analyzed, including non-productive sow days (NPD), number of 
weaners (NOW), survival rate (SR), appearance rate of A-grade pork (ARA), and days at a slaughter weight of 110 kg (d-SW) at 
different growth stages. The objectives of the present study were i) to determine the effect of FSA on the pig productivity index and ii) to 
suggest the minimum FSA for pigs based on scientific baseline data. For the pregnant sow, NPD could be decreased if pregnant sows 
were raised with a medium level (M) of FSA (3.10 to 3.67 m2/head) while also keeping the pig house clean which improves hygiene, 
and operating the ventilation system properly. For the farrowing sows, the NOW tended to decrease as the FSA increased. Similarly, a 
high level of FSA (H) is significantly negative with weaner SR of farrowing sows (p-value = 0.017), indicating this FSA tends to depress 
SR. Therefore, a FSA of 2.30 to 6.40 m2/head (very low) could be appropriate for weaners because a limited space can provide a sense 
of security and protection from external interruptions. The opposite trend was observed that an increase in floor space (>1.12 m2/head) 
leads to increase the SR of growing pigs. For the fattening pigs, H level of FSA was negatively correlated with SR, but M level of FSA 
was positively correlated with SR, indicating that SR tended to increase with the FSA of 1.10 to 1.27 m2/head. In contrast, ARA of male 
fattening pigs showed opposite results. H level of FSA (1.27 to 1.47 m2/head) was suggested to increase productivity because ARA was 
most affected by H level of space allowance with positive correlation (R2 = 0.523). The relationship between the FSA and d-SW of 
fattening pigs was hard to identify because of the low R2 value. However, the farms that provided a relatively large floor space (1.27 to 
1.54 m2/head) during the winter period showed d-SW was significantly and negatively affected by FSA. (Key Words: Floor Space 
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ranging from 1.4 m2 to 3.3 m2 on the pregnant sow’s 
performance was evaluated, resulting in a growth of body 
weight and depth of backfat as the floor space increased 
(Salak-Johnson et al., 2007). Other studies reported that the 
average daily gain (ADG) decreased with decreasing FSA 
from 0.78 m2/head to 0.52 m2/head (Street and Gonyou, 
2008). The relationship of FSA and productivity cannot be 
clearly concluded yet because pig welfare and economics 
conflict (Powell and Brumm, 1992; Gonyou et al., 2006). 
From the perspective of the pigs’ welfare, a relatively large 
FSA can produce healthier pigs with high immunity 
because ease of movement and comfort are improved. To 
reflect this trend, the Ministry of Agriculture, Food and 
Rural Affairs (MIFAFF) in South Korea organized a 
subcommittee, which was composed of experts and 
producers, to enforce the livestock industry’s registration 
system. The recommended stocking density or FSA (area 
per animal) for sows and sows in farrow was 1.43 m2/head 
and 3.96 m2/head, respectively (MIFAFF, 2005). Although 
the interplay between FSA and pig productivity is important 
for pig producers and policy makers, it has not been widely 
studied at the field scale. The objectives of the present study 
were i) to determine the effect of FSA on pig production 
efficiency, including productivity and performance based on 
the field analysis, and ii) to suggest the minimum FSA for 
pigs based on scientific baseline data.  

 
MATERIALS AND METHODS 

 
Farm survey 

The National Agricultural Cooperative Federation (NH) 
and Seoul National University (SNU) collaborated in 
designing the survey. The content and questions of the 
survey were determined based on a pre-survey reflecting 
practical field conditions. In 2005, a door-to-door survey 
was conducted to collect information from farmers of pig 
farms belonging to the regional livestock cooperative 
federation, and actual measurements were carried out when 
necessary. The collected raw data were sent to Kyungsung 
University for statistical analysis and were reconstructed 
and interpreted from a teleological perspective. A total of 
152 pig farms were selected randomly from the five 
provinces in South Korea: 32 farms in Chungnam, 28 farms 
in Jeonbuk, 4 farms in Gyongbuk, 36 farms in Gyungnam, 

and 52 farms in Jeonnam were surveyed during the summer 
(June to August) and winter seasons (December to March). 
The average maximum and minimum temperature of the 
summer season was 29.0°C and 21.5°C, respectively. The 
average humidity was 74.2%. The average maximum 
temperature and minimum temperature in the winter season 
was 7.2°C and –1.8°C, respectively and the mean humidity 
was 53.2%. The number of farms based on the growth 
stages of pig is presented in Table 1. 

 
Pig productivity index 

The pig productivity index was determined by reflecting 
the opinions of pig producers and experts from the National 
Agricultural Cooperative Federation (Table 2). The 
correlation between FSA and the productivity index was 
analyzed, including non-productive sow days (NPD), 
number of weaners (NOW), survival rate (SR), appearance 
rate of A-grade pork (ARA), and days at a slaughter weight 
of 110 kg (d-SW).  

 
Statistical analysis 

The correlation between four different levels of FSA 
(very low, VL; low, L; medium, M; high, H) and pig 
productivity index (the dependent variable) was analyzed 
using the multiple regression analysis model within IBM 
SPSS STATISTICS 22. Analysis of variance was conducted 
at the significance level of 0.05.  

 
RESULTS AND DISCUSSION 

 
Non-productive sow days 

The survey found that the range of FSA for pregnant 
sows during summer were from 0.90 m2 to 9.00 m2. The 
average NPD was 41.8 d. The relationship between the FSA 
and the NPD is shown in Figure 1. The highest coefficient 

Table 2. Productivity index of pig with the different growth stages 

 Growth stages 

Pregnant sow Farrowing sow Weaning pig Growing pig Fattening pig 

Productivity 
index 

Non-productive sow days1 - Number of weaners
- Survival rate2 

Survival rate Survival rate - Appearance rate of A grade pork 
- Days of slaughter weight at 110 kg
- Survival rate 

1 Non-productive sow days (NPD) = 365 – [(litter/sow/year)×(gestation days+lactation days)]; adapted from Shaw (2005). 
2 Survival rate (%) = [1 – (number of pigs that died/total number of pigs)]×100. 

Table 1. Number of surveyed farms based on different growth 
stages 

Growth stages Number of farms 

Pregnant sow 37 

Farrowing sow 37 

Weaning pig 39 

Growing pig and fattening pig 39 

Total 152 
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of determination (R2 = 0.648) was obtained with L level of 
FSA ranged from 2.53 to 3.00 m2/head. Approximately 65% 
of dependent variable (NPD) could be explained by L level 
of FSA during the summer season (Table 3). L level of FSA 
is positively correlated with NPD at high significance. The 
high level (H level) of FSA ranged from 3.70 to 9.00 
m2/head was also expected to have higher NPD. Other 
variables such as VL and medium level (M level) of FSA 

were negatively correlated with NPD. Consequently, NPD 
tended to decrease with M and VL level of FSA. The FSA 
variables had no significant effect on NPD in winter season. 
However, the results also showed that L variable tend to 
have relatively higher NPD than other variables. A wide 
variation was observed in the entire NPD dataset such as the 
lowest number of NPD (14 d) allowed in VL range, and the 
highest number of NPD (60 d) was also observed with the 

Table 3. i) The correlation between four different floor space allowances (VL, L, M, H) and pig productivity index 

Dependent variables Season 
Independent variables 

(m2/head) 
R2 B Β t p1 

NPD 
(Pregnant sow) 

Summer VL (0.90 to 2.50) 0.142 –9.653 –0.377 –0.999 0.357 

L (2.53 to 3.00) 0.648 63.893 0.805 3.324 0.016 

M (3.10 to 3.67) 0.163 –11.418 –0.404 –1.081 0.321 

H (3.70 to 9.00) 0.421 3.818 0.649 2.088 0.082 

Winter VL (0.90 to 2.50) 0.165 –11.320 –0.407 –1.091 0.318 

L (2.53 to 3.00) 0.428 45.689 0.654 2.120 0.078 

M (3.10 to 3.67) 0.218 –23.306 –0.467 –1.293 0.244 

H (3.70 to 9.00) 0.058 1.250 0.241 0.609 0.565 

NOW 
(Farrowing pig) 

Summer VL (2.30 to 6.40) 0.255 0.813 0.505 1.548 0.166 

L (6.60 to 7.61) 0.075 –1.191 –0.274 –0.753 0.476 

M (7.92 to 8.82) 0.002 0.177 0.045 0.119 0.908 

H (9.13 to 12.50) 0.103 –0.163 –0.321 –0.895 0.400 

Winter VL (2.30 to 6.40) 0.300 0.850 0.548 1.732 0.127 

L (6.60 to 7.61) 0.189 –2.192 –0.435 –1.277 0.242 

M (7.92 to 8.82) 0.001 –0.125 –0.023 –0.060 0.954 

H (9.13 to 12.50) 0.086 0.010 0.294 0.813 0.443 

SR 
(Farrowing pig) 

Summer VL (2.30 to 6.40) 0.340 1.436 0.583 1.898 0.100 

L (6.60 to 7.92) 0.121 –1.671 –0.348 –0.981 0.359 

M (8.00 to 9.13) 0.002 0.452 0.048 0.127 0.902 

H (10.30 to 14.40) 0.578 –3.444 –0.760 –3.094 0.017 

Winter VL (2.30 to 6.40) 0.240 1.667 0.490 1.487 0.181 

L (6.60 to 7.92) 0.046 –1.506 –0.215 –0.583 0.578 

M (8.00 to 9.13) 0.077 –1.628 –0.277 –0.764 0.470 

H (10.30 to 14.40) 0.335 –2.504 –0.579 –1.879 0.102 

Figure 1. The distribution of non-productive sow days (NPD) for pregnant sows over floor space allowance (FSA) by season: summer
and winter (○: very low, ■: low, ×: medium, Δ: high). 



Lee et al. (2016) Asian Australas. J. Anim. Sci. 29:739-746 

 

742

same FSA group. This result probably indicates that other 
factors, such as feeding, management, and environmental 
control, could affect the NPD. Therefore, productivity could 
be increased if pregnant sows were raised with a floor space 
level of M while also keeping the pig house clean which 
improves hygiene and operating the ventilation system 
properly. Because pregnant sows require absolute emotional 
stability, it is necessary to provide the proper amount of 
space so that the pregnant sow can feel this sense of 
stability. This result agrees with those of previous studies on 
the effect of space allowance on NPD of gilts in a 
commercial swine production system (Young et al., 2008). 
The appropriate level of FSA may play a key role in 
providing improved performance of pregnant sows in terms 
of the sow’s emotional stability, sense of comfort, and 

reproductive efficiency. Subsequently it results in more 
profit and higher income for pig producers (Suwanasopee et 
al., 2005). In contrast, pregnant sows kept in a large space 
may have a sense of fear or insecurity, resulting in low 
productivity. Other than FSA, feeding and management are 
other important factors that could potentially affect the 
productivity of pregnant sows. Therefore, it is necessary to 
quantify the correlation among these factors in further 
studies. 

 
Average number of weaners 

The relationship between the FSA and the NOW of 
farrowing sows is shown in Figure 2. Although the value of 
the coefficient of determination was low, the NOW tended 
to decrease as the FSA increased. The tendency in the 

Table 3. ii) The correlation between four different floor space allowances (VL, L, M, H) and pig productivity index (Continued) 

Dependent variables Season 
Independent variables 

(m2/head) 
R2 B Beta t p1 

SR  
(Growing pig) 

Summer VL (0.40 to 0.80) 0.102 8.576 0.319 0.891 0.402 

L (0.80 to 0.95) 0.240 –45.542 –0.490 –1.488 0.180 

M (0.97 to 1.10) 0.000 0.891 0.021 0.055 0.957 

H (1.12 to 1.90) 0.020 0.754 0.143 0.354 0.736 

Winter VL (0.40 to 0.80) 0.156 9.776 0.395 1.137 0.293 

L (0.80 to 0.95) 0.264 –117.799 –0.514 –1.584 0.157 

M (0.97 to 1.10) 0.157 –19.211 –0.396 –1.142 0.291 

H (1.12 to 1.90) 0.032 –0.923 –0.180 –0.448 0.670 

SR 
(Fattening pig) 

Summer VL (0.90 to 1.05) 0.090 –20.492 –0.299 –0.543 0.625 

L (1.07 to 1.10) 0.095 44.444 0.309 0.459 0.691 

M (1.10 to 1.27) 0.651 29.115 0.807 2.365 0.099 

H (1.30 to 2.80) 0.676 –4.338 –0.822 –2.042 0.178 

Winter VL (0.90 to 1.05) 0.057 –16.393 –0.239 –0.427 0.698 

L (1.07 to 1.10) 0.605 –77.778 –0.778 –1.750 0.222 

M (1.10 to 1.27) 0.860 48.649 0.927 4.294 0.023 

H (1.30 to 2.80) 0.072 –1.323 –0.269 –0.395 0.731 

ARA 
(Fattening pig) 

Summer VL (0.90 to 1.00) 0.120 86.111 0.346 0.521 0.654 

L (1.00 to 1.05) 0.026 –110.448 –0.163 –0.233 0.837 

M (1.10 to 1.18) 0.429 –181.930 –0.655 –1.227 0.345 

H (1.27 to 1.47) 0.523 56.459 0.723 1.480 0.277 

Winter VL (0.90 to 1.00) 0.118 105.556 0.344 0.519 0.656 

L (1.00 to 1.05) 0.019 –97.015 –0.138 –0.196 0.862 

M (1.10 to 1.18) 0.974 –124.893 –0.987 –6.141 0.103 

H (1.27 to 1.47) 0.440 82.204 0.663 1.254 0.337 

d-SW 
(Fattening pig) 

Summer VL (0.90 to 1.00) 0.179 –77.379 –0.423 –0.933 0.403 

L (1.00 to 1.07) 0.161 –92.742 –0.401 –0.876 0.430 

M (1.09 to 1.20) 0.148 –47.552 –0.384 –0.832 0.452 

H (1.27 to 1.54) 0.010 7.549 0.098 0.197 0.854 

Winter VL (0.90 to 1.00) 0.019 –36.111 –0.138 –0.241 0.825 

L (1.00 to 1.07) 0.441 –270.161 –0.664 –1.778 0.150 

M (1.09 to 1.20) 0.026 –24.918 –0.161 –0.326 0.761 

H (1.27 to 1.54) 0.760 –58.168 –0.872 –3.562 0.024 

FSA, floor space allowance; VL, very low FSA; L, low FSA; M, medium FSA; H, high FSA; B, unstandardized coefficients; t, t-value; NPD, non-
productive sow days; NOW, number of weaners; SR, survival rate; ARA, appearance rate of A-grade pork; d-SW, days at a slaughter weight of 110 kg. 
1 The p value for the independent variable (p<0.05). 
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present study agreed with the results found by Salak-
Johnson et al. (2007). This trend can be understood by 
observing the characteristics of the pig. When the pig gives 
birth, the space to raise piglets should be limited to provide 
a sense of security and protection from external 
interruptions. A large space can create anxiety in farrowing 
sows. The FSA that is currently used in South Korea seems 
excessively large. Therefore, a FSA of 2.30 to 6.40 m2/head 
(VL) would be appropriate to have high weaner production. 
The average NOW was 20.6 weaners per year during the 
winter season, which was 0.3 higher than that during the 
summer. A pregnancy disorder caused by the intense heat of 
sun during the summer season could play a key role in the 
decrease of weaner production. More fundamental causes 
should be studied using an in-depth analysis with 
accumulated data.  

 
Survival rate 

The relationship between the FSA and weaner SR of 

farrowing sows is shown in Figure 3. During the summer 
season, the regression analysis showed that the highest 
coefficient of determination was approximately 58% (R2 = 
0.578) with H level of FSA ranged from 10.30 to 14.40 
m2/head (Table 3). H level of FSA was negatively correlated 
with SR at significant level, indicated that those FSAs tend 
to depress SR. Although the value of R2 was low, the SR 
tended to increase as the FSA decreased. Again, limited 
space can give the pig a sense of stability during the initial 
weaning period. A larger space, however, will be required as 
the weaners gain weight and become active. The impact of 
seasonal differences on the weaner SR of farrowing sows 
was not statistically significant. Therefore, a FSA of 2.30 to 
6.40 m2/head (VL) could be suggested to maintain an 
appropriate environmental condition for weaners of 
farrowing pig.  

The relationship between the FSA and SR of growing 
pigs is shown in Figure 4. According to the overall data 
from the summer season, the SR of growing pigs tended to 

Figure 3. The distribution of survival rate (SR) of farrowing sow’s weaner over floor space allowance (FSA) by season: summer and
winter (○: very low, ■: low, ×: medium, Δ: high). 

Figure 2. The distribution of number of weaners per farrowing sow (NOW) over floor space allowance (FSA) by season: summer and
winter (○: very low, ■: low, ×: medium, Δ: high). 
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increase. It indicates that an increase in floor space led to 
increased pig productivity. The SR of growing pigs with the 
VL, L, and M level of FSA (<1.12 m2/head) showed a large 
deviation, ranging from 86% to 99%. The influence of 
farmers’ meticulous feed management on SR may be large, 
such that the drawbacks of high stocking density can be 
compensated for, resulting in a high SR with smaller FSA. 
For the farms that provided a relatively large floor space 
(1.12 to 1.90 m2/head), the SR was stable (greater than 
95%). The SR depends somewhat on the FSA. A regression 
analysis, however, showed that the SR was not significantly 
affected by the FSA during the summer period. During the 
winter season, as was observed in the summer, a H level of 
variation in SR with change in FSA. The average SR of 
growing pigs during the winter season was 94.5%, which 
was 0.9% lower than the summer season result. A severe 
daily temperature difference in winter may have a vital 
influence on lowering the SR due to respiratory disease.  

The highest coefficient of determination (R2 = 0.676) 
was obtained with H level of FSA (1.30 to 2.80 m2/head). 
The negative correlation with SR was observed so those 
FSA tend to have lower SR of fattening pigs (Table 3). M 
level of FSA, however, was positively correlated with SR, 
indicated SR tended to increase with the FSA of 1.10 to 
1.27 m2/head. The SR was also significantly and positively 
affected by the M level of FSA (R2 = 0.651) during the 
winter period. The lowest SR (90%) was obtained in the 
range of 0.90 to 1.10 m2/head, and the highest SR (99%) 
was also observed in the same FSA level. Similar results 
were also obtained in the winter season especially with VL 
level. It is likely that variable feed management caused the 
high variation in the SR of fattening pigs. The average SR 
during the winter season was 92.7%, which is 1.9% lower 

than during the summer season. It is natural to expect 
decrease in SR during the winter period compared with that 
during the summer, due to the large daily temperature 
difference.  

The relationship between the FSA and weaner SR is 
shown in Figure 4. A tendency for the weaner SR to 
increase was observed. A regression analysis, however, 
showed that the weaner SR was not significantly affected 
by the FSA during the both summer and winter period. A 
very low value of R2 was obtained which represented a high 
level of variation in SR with change in the FSA (data not 
shown). The weaner SR with smaller floor spaces (0.10 to 
0.56 m2/head) showed a large deviation, ranging from 80 to 
99%. This deviation can be explained by examining other 
management factors, such as the meticulous weaner 
management of farmers, as a high-quality facility (i.e., 
ventilation) and cleanliness may play key roles in producing 
the large variance. For the farms that provided a relatively 
large floor space (0.57 to 2.75 m2/head), the SR was stable 
(greater than 90%). The results in winter season were 
similar to summer. It seems that the impact of FSA on 
weaner SR was somewhat little, and larger spaces are 
difficult to accommodate economically. Therefore, a FSA of 
0.57 m2/head with high-intensity feed management could 
satisfy such an economic situation for weaner pigs. 

 
Appearance rate of A-grade pork 

The yield grade of pork was investigated. The average 
ARA for the male fattening pig was 53.7% during the 
summer season. The relationship between ARA and FSA is 
shown in Figure 5. H level of FSA (1.27 to 1.47 m2/head) 
was suggested to increase productivity because ARA was 
most affected by H space allowance with positive 

Figure 4. The distribution of weaner, growing, and fattening pig’s survival rate (SR) over floor space allowance (FSA) by season:
summer and winter (●: weaner, □: growing pigs, ×: fattening pigs). 
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correlation (R2 = 0.523). Previous studies, however, showed 
that there was no correlation between FSA and meat quality. 
According to Gentry et al. (2002), an uncrowded FSA (9.45 
m2/head) with increased exercise had no effect on meat 
quality improvement. Morrison et al. (2007) also reported 
that the large group housing system (1.7 m2/head) was not 
evident for pork quality compare to conventional 
confinement pig system. The average ARA for male 
fattening pigs was 53.5% during the winter season, but the 
impact of the seasonal difference on the ARA was not 
statistically significant. Interestingly, the highest coefficient 
of determination (R2 = 0.974) was observed with M level of 
FSA (1.10 to 1.18 m2/head) in winter season and it had 
negative effect on ARA. The M level of FSA could be the 
critical factor at which decrease of ARA begins.  

 
Average days of slaughter weight at 110 kg 

The relationship between the FSA and the d-SW during 
the summer and winter seasons is shown in Figure 6. The 

regression analysis showed that the values of R2 during the 
summer season were low. It is difficult to identify a clear 
relationship between the FSA and d-SW of fattening pigs. 
However, the farms that provided a relatively large floor 
space (1.27 to 1.54 m2/head) during the winter season 
showed d-SW was significantly and negatively affected by 
FSA (Table 3). A relatively large floor space can provide 
healthier pigs with high immunity because they are easier to 
move and more comforted when resting are improved. 
Hyun et al. (1998) reported that a lower ADG with lower 
floor space was obtained due to an increase in the abnormal 
behavior and aggression level. Because pigs do not have 
sweat glands, the higher heat load for pigs, especially 
during the summer, could be the main factor that decreases 
the ADG compared with the large FSA. Another possible 
factor affecting ADG may be feeder space (Jensen et al., 
2012). Consequently, the market day of pigs at the slaughter 
weight of 110 kg should be shortened with the large FSA.  

 

Figure 6. The distribution of days of slaughter weight at 110 kg for the fattening pigs (d-SW) over floor space allowance (FSA) by
season: summer and winter (○: very low, ■: low, ×: medium, Δ: high). 

Figure 5. The distribution of A grade pork appearance rate of male fattening pigs (ARA) over floor space allowance (FSA) by season:
summer and winter (○: very low, ■: low, ×: medium, Δ: high). 
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CONCLUSION 
 
A door-to-door survey and actual measurements were 

conducted to collect information from the farmers at 152 
pig farms. The correlation between the FSA and pig 
productivity index was analyzed, including the NPD, NOW, 
SR, ARA, and d-SW. The minimum FSA of NPD (3.10 to 
3.67 m2/head), NOW (2.30 to 6.40 m2/head), ARA (1.27 to 
1.47 m2 /head), and d-SW (1.27 to 1.54 m2/head) could be 
suggested. For SR, a FSA of 2.30 to 6.40, 1.12 to 1.90, and 
1.10 to 1.27 m2/head could be appropriate minimum space 
requirement for weaner of farrowing sow, growing pigs, and 
fattening pigs to maintain high productivity, respectively. 
However, an in-depth analysis based on big data and long-
term study data may be necessary to more accurately 
determine the floor space requirements in terms of pig’s 
growth stage, welfare, and productivity. 
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