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ABSTRACT

Records of Holstein dairy cows in Hokkaido, Japan, 
were used to study the effects of environmental factors 
on length of productive life and to estimate genetic pa-
rameters for length of productive life. Each record was 
assigned to 1 of 3 data sets depending on the percent-
age of type-scored cows in the herd. This percentage 
was considered to partly reflect the management policy 
in each herd, in particular regarding culling. The A, B, 
and C data sets consisted of herds with none, less than 
60%, and more than 60% of type-scored cows, respec-
tively, and included 158,719, 787,598, and 131,499 re-
cords, respectively. Analyses of length of productive life 
were separately carried out on each data set using the 
Survival Kit software (Version 5.0). Nonparametric haz-
ards estimates and the shape parameters of the baseline 
Weibull distribution differed between the 3 data sets. A 
cow having a sire originating from the United States or 
Canada had a relatively lower risk of being culled than 
a cow having Japanese sire in data set C. However, in 
data set A, a cow having a Canadian sire had a higher 
relative risk than a cow having a Japanese sire. The 
herd-year variance for data set A was about twice as 
large as for data set C. In contrast, the sire variance for 
data set A was about 40% of the one for data set C. As 
a result, heritability varied across data sets from 0.046 
to 0.134. The results of this study suggest that it is im-
portant to consider factors related to herd management 
policy, such as the percentage of type-scored cows, in 
genetic analyses on length of productive life of Holstein 
cows in Hokkaido, Japan.
Key words:  nongenetic effect, genetic parameter, 
length of productive life, Holstein

INTRODUCTION

The average lactation number of Holstein cows in 
Hokkaido, Japan, has been decreasing in recent years 

(Okada, 2001) and was 2.7 in 2006 (LIAJ Inc., 2006). 
Replacing cows at the end of their sixth lactation was 
found to be the most profitable scenario in a Canadian 
study (Mason, 2004). This study indicated that the eco-
nomic differences were minor between the third and the 
tenth lactation, and the loss in profit was very signifi-
cant for cows with only 1 or 2 lactations. The extension 
of length of productive life (LPL) also increases profit 
in Holstein herds in Japan, even though economic con-
ditions in Japan are not the same as in Canada.

To prevent market surpluses and price instability, the 
Japanese dairy industry has been regulated since 1966 
through a mixed system with a production ceiling at 
government level and voluntary planning at dairy coop-
eratives and farmers level (Japan Dairy Council, 2007). 
Dairy farmers had to throw away milk surpluses due 
to overproduction in 2006, and recently, a decrease in 
reproductive performance and an increase of incidence 
of diseases has been observed in Holstein cows in Japan 
(LIAJ Inc., 2006). Thus, strategies other than increase 
of milk production in a dairy cow may be needed for 
increasing net income of dairy farms in Japan. A pos-
sible alternative is to reduce production costs. In Japan, 
replacement costs of heifers represent a large part of 
total production costs. Therefore, LPL influences herd 
profit and genetic improvement of LPL is becoming 
an important aim in Japan. VanRaden (2004) reported 
transition of the selection index for dairy cattle in 
the United States and Miglior et al. (2005) compared 
several selection indices for Holstein cattle in various 
countries. Recently, in many countries, traits other 
than production have been included in selection index. 
Particularly, traits related to fertility and reproduction 
have received strong emphasis in Denmark, France, the 
United States, and Israel (Miglior et al., 2005). More-
over, traits representing longevity have been included 
in some countries, particularly in Europe (VanRaden, 
2004; Miglior et al., 2005).

Many studies about the longevity of Holstein cows 
have been reported in several countries (Röxström et 
al., 2003; Ducrocq, 2005; Sewalem et al., 2005; Garcia-
Peniche et al., 2006; Terawaki et al., 2006; Chirinos et 
al., 2007). Longevity of Holstein cows appears to be 
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influenced by the herd management policy (Buenger et 
al., 2001; Larroque and Ducrocq, 2001; Vukasinovic et 
al., 2001). Terawaki et al. (2006) recently reported that 
the existence of a type score for a cow and the origin 
of its sire significantly influenced its hazard of being 
culled in Hokkaido. This study was performed using a 
data set that only included herds in which more than 
60% of cows had a type score. The percentage of cows 
with a type score in a herd is considered as a criterion 
that reflects the herd’s breeding goals and management 
policy. For an accurate estimation of genetic param-
eters of LPL, it is important to assess the importance 
of potential nongenetic effects on longevity of Holstein 
cows in a broader range of herds in Hokkaido. The 
objective of this study was to estimate the effects of 
nongenetic factors on LPL and genetic parameters for 
LPL in herds with different percentages of type-scored 
cows by survival analysis techniques.

MATERIALS AND METHODS

This study used data from the Hokkaido Dairy Milk 
Recording and Testing Association. The data included 
information on production, calving, reproduction, 
reason for culling, etc., from which LPL records were 
derived. The observation period was from January 1, 
1984 to December 31, 1999. Records of cows still alive 
at the end of the observation period were considered as 
censored at December 31, 1999. Also, records of cows 
sold to other herds for dairy purposes were considered 
as censored at date of sale. Length of productive life 
(longevity) was defined as the number of days from first 
calving to culling or censoring date. Cows having a first 
calving before January 1984 were excluded from the 
analysis. After editing, 1,077,816 records were available 
in total. Depending on the proportion of cows having a 
type score in a herd, records were divided into 3 data 
sets (A, B, and C, see Table 1). Data set A included the 
records in herds for which none of the cows were scored 

for type. The cows reared in herds for which more than 
60% of cows had a type score belonged to data set C. 
All other cows were included in data set B and average 
percentage of type-scored cows was 18.6%.

Terawaki et al. (2006) presented a comparison of dif-
ferent models for survival analysis of LPL of Holstein 
cows in Hokkaido and determined the most suitable 
model to be adopted. Based on those results, the analy-
sis of LPL was performed using the following survival 
model with piecewise Weibull baselines:

h(t) = h0,n(τ) exp [HYi (t’) + Yj (t’) + MILKk (t’’) 

+ SIZEl (t’) + MPm (t’’) + SCo + TSp],

where h(t) is the hazard function of the cow; t is the 
number of days after its first calving; h0,n(τ) is the 
Weibull baseline for the nth subclass of parity by stage 
of lactation; τ denotes the number of days between the 
most recent calving and current time t; HYi (t’) is the 
effect of the ith herd-year interaction, assumed to follow 
a log-gamma distribution with dispersion parameter γ; 
Yj (t’) is the time-dependent fixed effect of the jth year 
(1984, 1985, . . ., 1999); and MILKk (t’’) is the time-
dependent fixed effect of the kth within-herd class of 
305-d milk yield. Each record of milk yield was coded 
from 1 to 7 based on within-herd × year classes. Num-
ber of records of score 1 (the lowest milk yield) were the 
smallest in 3 data sets and the percentage of records 
was 3.0 to 5.1%; SIZEl (t’) is the time-dependent fixed 
effect of the lth class of variation in herd size. The 5 
classes of the SIZE effect reflected the change in herd 
size between the previous year and the current one 
(class 1 is <−15%, 2 is −15% to −5%, 3 is >−5% to 
<+5%, 4 is +5% to +15%, 5 is >+15%). Class 1 (data 
sets B and C) and class 2 (data set A) had the smallest 
proportion of records, and these percentages were 4.6, 
3.4, and 10.0%; MPm(t’’) is the time-dependent fixed 
effect of the mth interaction between within-herd class 
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Table 1. Descriptive statistics of records in 3 data sets 

Item

Data set

A B C

Number (%) of records 158,719 787,598 131,499
(14.7) (73.1) (12.2)

Cows with type score (%) 0.0 18.6 77.4
Number (%) of herds 1,915 5,271 871

(23.8) (65.4) (10.8)
Average number of records per herd 82.9 149.4 151.0
Right-censored records (%) 14.3 25.9 27.7
Average censoring time (d) 1,080.5 1,004.9 1,040.1
Uncensored records (%) 85.7 74.1 72.3
Average failure time (d) 1,100.2 1,159.0 1,220.3



of 305-d milk yield (1, 2, . . ., 7) and parity (1, 2, . . ., 
6 = <); SCo is the time-independent fixed effect of the 
oth group of country origin of the cow’s sire (1 = Japan; 
2 = US; 3 = Canada); and TSp is the time-independent 
fixed effect of presence of type scores for this cow (1 = 
presence; 2 = absence). See Terawaki et al. (2006) for 
details. The factor TSp was excluded from the model 
when analyzing data set A, for which none of the cows 
had a type score. For estimating genetic parameters, 
the data sets were edited for herds having at least 30 
records and sires having at least 20 daughters regard-
less of end code of record, and a sire effect was added to 
the model. Sire effects were assumed to be independent 
and to follow a normal distribution. In total, 95,718, 
385,237, and 117,182 records were used for estimating 
heritability, and 496, 952, and 568 sires were included in 

the pedigree file of data sets A, B, and C, respectively. 
All computations were carried out separately on each 
data set using the Survival Kit (version 5.0) software 
(Ducrocq and Sölkner, 1998).

RESULTS

Table 1 shows basic statistics for the 3 data sets. 
Data set B included about 73% of the total number of 
records over the 3 data sets and 65% of the total num-
ber of herds. Data set C included the smallest number 
of records and the smallest number of herds. However, 
data set C had the largest average number of records 
per herd. Data set A consisted of a large number of 
small herds. The proportion of right-censored records 
of data set C was low (27.7%) and similar to Terawaki 
et al. (2006). The corresponding proportions (14.3 and 
25.9%) in data sets A and B were even lower than in 
data set C. The average failure time was the longest 
(1,220 d) in data set C and the shortest (1,100 d) in 
data set A.

Figure 1 shows the nonparametric (Kaplan-Meier) 
hazards estimated by parity for the 3 data sets. The 
hazards showed similar patterns regardless of parities 
and data sets. The hazard rapidly increased after calv-
ing until 30 or 40 d. Then the hazard was relatively 
stable until about 280 d after calving. Later, the hazard 
showed an abrupt increase. Differences among the haz-
ards of the 3 data sets got larger as parity advanced.

Figure 2 shows the estimates of the Weibull shape 
parameter ρ by lactation stage and parity for the 3 
data sets. Values of ρ less than 1 indicate that risk 
decreases with time, whereas ρ values larger than 1 
reflect an increase in risk over time. The larger ρ is, the 
faster the increase. The changes of the ρ values within 
parity showed similar patterns in the 3 data sets: the 
ρ values decreased for the second lactation stage (60 
to 250 DIM), then dramatically increased for the third 
lactation stage (250 to 350 DIM), and again decreased 
for the fourth stage (>350 DIM). Changes observed 
from the first to the third parity were similar in the 3 
data sets. The amplitude of these changes was largest 
in data set C (Figure 2C) and smallest in data set A 
(Figure 2A). These changes decreased with increasing 
parity. The ρ values in the second stage became larger 
as parity number increased (except for the sixth par-
ity). This reflected a larger hazard in later parities for 
the period from 60 to 250 d after calving. In contrast, 
the later the parity, the smaller the ρ values for the 
third stage. Indeed, the hazard in first parity showed 
the most abrupt increase between 250 and 350 d after 
calving. The ρ value for this late stage was largest for 
data set C (Figure 2C) and smallest for data set A 
(Figure 2A).
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Figure 1. Hazards using the Kaplan-Meier method by lactation for 
the 3 data sets. Cut points used to define lactation stage: 60, 250, and 



Figure 3 shows the relative risk ratios for milk yield 
and country of origin of the cow’s sire. These estimates 
were obtained independently for the 3 data sets, and 
therefore, the reference categories in each data set are 
not directly comparable because they correspond to dif-
ferent animals. However, the change in risk between a 
particular class of animals and the reference class can 
be used to assess differences in culling practices between 
data sets. For example, in data set A, the risk of cull-
ing was 9.0 times higher for the lowest-producing cows 
than for average producers (reference; Figure 3A). The 
corresponding values were much higher (15.1 and 17.3, 
respectively) in data sets B and C. On the other hand, 
the relative risk ratios for the highest-producing class 
were all between 0.5 and 0.6 for the 3 data sets, when 
compared with the average producers. Relative risk 
ratios for country of origin of sire (Figure 3B) showed 
marked differences between data sets. Compared with 
the class of daughters from Japanese sires used as refer-
ence in all data sets, the relative risk ratio for daughters 
of US sires was very low in data set C: the risk of being 
culled for daughters of American sires was 87% that of 
cows from Japanese sires. The relative risk ratio for a 
daughter of a Canadian sire was lower (93%) than for 
cows of Japanese origin. On the other hand, a cow from 
a Canadian sire had a higher risk of being culled than 
a cow from a Japanese sire in data set A. These results 
underline that the effects of the country of origin of 
the sire on risk of being culled strongly differed over 
data sets. A cow having no type score in data set C 
had a 2.43 times higher risk of being culled than a cow 
with type score. The absence of a type score was also 
associated with an increase in risk of being culled in 
data set B (1.41).

Estimates of the gamma parameters, the associated 
herd-year variances, and the genetic parameters are re-
ported in Table 2 for the 3 data sets. Estimates differed 
remarkably between data sets. The herd-year variance 
estimate for data set A was about twice the one of data 
set C. On the other hand, the largest sire variance was 
estimated in data set C. As a result, the heritability for 
data set C was the largest (0.134) and about 3 times as 
large as the one for data set A (0.046).

DISCUSSION

The proportion of right-censored records in the 3 data 
sets considered here was low compared with other stud-
ies (Dürr et al., 1999; Caraviello et al., 2004; Ducrocq, 
2005; Chirinos et al., 2007). This can be explained by 
a longer observation period considered. This is also re-
flected by large average failure times (>1,100 d). Dürr 
et al. (1999) and Caraviello et al. (2004) reported about 
650 to 790 d of average time for censored and failure 
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Figure 2. Weibull parameter (ρ) estimates by lactation stage and 
parity for 3 data sets. Cut points used to define lactation stage: 60, 
250, and 350 DIM.



records, respectively. Chirinos et al. (2007) had an aver-
age censoring time similar to this study, with a value 
of about 1,060 d in a Holstein-Friesian population in 
Basque Country, Spain. The longer observation period 
more clearly highlights differences between data sets.

Length of productive life appears to be largely depen-
dent on the manager’s decision. It is important to con-
sider the management characteristics of each dairy herd 
when analyzing LPL. However, it is difficult to clearly 
categorize the management characteristics of each herd. 
In this study, the percentage of cows having type score 
was assumed to reflect at least partly different types of 
herd management characteristics. The results obtained 
for these 3 data sets suggest that the data set used by 
Terawaki et al. (2006), which was a subset of the data 
set C used here, corresponded to a part of Holstein 
herds in Hokkaido presenting particular (extreme) 
characteristics. Indeed, data set B included the larger 
part of all records, and data set A was representative of 
the other extreme of the range. The percentages of cen-
sored records and means of LPL were clearly different 
among data sets. Our results suggest that the propor-
tion of cows having a type score is a potentially useful 
measure to represent herd management characteristics 
and goals in an analysis of LPL.

Differences in hazards between data sets were ob-
served during the second stage of each lactation (60 
to 250 d after calving). For this period, the hazard for 
cows in data set A was stable in first parity (Figure 
1A) but gradually increased in the second (Figure 1B) 
and third parities (Figure 1C). The hazards during the 
second stage for data set C were stable in first (Figure 
1A) and second parities (Figure 1B) and increased in 
third parity (Figure 1C). On the other hand, hazards 
on data set B were stable for all parities during this 
stage. These features of the hazards link with the fact 
that differences among the hazards of the 3 data sets 
get larger as parity and stage advanced. In a previous 
study (Terawaki et al., 2006), cut points for stage of 
lactation were found to strongly influence goodness of 
fit. The cut points used in this study were considered to 
be suitable regardless of parity and data set.

In the literature, models used for estimating genetic 
parameters of LPL usually do not include any factor 
related to herd management other than herd-year(-sea-
son). Recently, genetic analysis for LPL by region was 
reported. Garcia-Peniche et al. (2006) analyzed data on 
longevity traits collected from different regions over the 
United States and found a significant effect of regions 
on stayability. Caraviello et al. (2004) reported that 
heritability estimates of LPL, as well as estimates of 
the parameters of the Weibull distribution and the log-
gamma distribution of herd-year-season effects, differed 
among geographical regions, and they concluded that 
these differences, as well as differences in mean survival 
time and amount of censoring, were presumably due 
to regional variations in herd size, heat stress, housing 
facilities, and other management practices. Vukasinovic 
et al. (2001) found that Alpine pasturing seemed to have 
an extremely positive effect on longevity of Simmental 
cows. Buenger et al. (2001) indicated a significant effect 
of housing systems on LPL from Northwest Germany. 
Larroque and Ducrocq (2001) reported that effects of 
type traits on LPL were different between herd book 
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Figure 3. Relative risk ratios for milk yield and country of origin 
of the cow’s sire for 3 data sets. An asterisk (*) indicates reference 
group (set to 1).

Table 2. Parameter estimates for the 3 data sets 

Item

Data set

A B C

Gamma parameter 2.273 3.445 4.093
Herd-year variance 0.5504 0.3364 0.2766
Sire variance 0.0181 0.0348 0.0441
h2

eff
1 0.046 0.102 0.134

1Effective heritability (Yazdi et al., 2002).



registered herds (UPRA) and other herds, not herd 
book registered (NON UPRA). The NON UPRA file 
had about 27.2% of cows that were typed. This would 
correspond to our B data set (18.6%). Also, 68.9% of the 
cows in the UPRA file had type information. This file 
would correspond to our C data set (77.4%). Relative 
risks of being culled of cows not scored were 2.15 and 
1.17 in the UPRA and NON UPRA file, respectively. 
Comparing the results in Japan and France, it is clear 
that relationship between the percentage of type-scored 
cows and the effect of presence of a type score on LPL 
is similar in the 2 countries. Here, relative risk ratios 
of milk class, origin of the cow’s sire, and presence of 
a type score were different across the data sets (Figure 
3). It is assumed that at least part of these differences 
in relative risk ratios between data sets reflects differ-
ences of management policy among herds. The results 
suggest important disparities in the Hokkaido Holstein 
population on the relative emphasis given by the farm-
ers to production traits and type traits. For example, 
the existence of dissimilarities in culling risk for cows 
with sires of different geographic origins may be at least 
related to differences in the relative importance of type 
traits in different countries (VanRaden, 2004; Miglior 
et al., 2005; AIPL, 2006; Shook, 2006; Canadian Dairy 
Network, 2008). Because Japan-NTP (Nippon Total 
Profit Index) was introduced in 1995, the relative 
emphasis in the breeding goal has been 75% on pro-
duction and 25% on type (Interbull, 2000; Kawahara, 
2003). This indicates that the emphasis on production 
has been larger in Japan than in the United States 
and Canada for many years. This should be considered 
when interpreting the results on relative risk ratios by 
county of origin of sires.

Estimates of herd-year variances varied between data 
sets. Data set C included the smallest number of herds, 
and these herds were similar in size. The smaller es-
timate of herd-year variance (Table 2) indicates that 
the herds grouping by percentage of type-scored cows 
resulted in a data set C consisting of herds with similar 
management policy. On the other hand, data set A had 
very few records per herd compared with the other 2 
data sets. The larger herd-year variance (Table 2) for 
data set A indicated that this data set might contain 
herds with diverse management policy. Caraviello et al. 
(2004) reported heritability estimates ranging from 0.05 
to 0.13 (on the log scale) in differing geographical re-
gions. Chirinos et al. (2007) estimated LPL heritability 
in 3 different regions representing different systems of 
production. The estimates ranged from 0.031 to 0.042 
(i.e., were all somewhat similar to the one obtained for 
data set A). The heritability of LPL for French Holstein 
(0.108; Ducrocq, 2005) was similar to the one for our 
data set B. Sewalem et al. (2005) estimated the herita-

bility of herd life in Canadian Holstein population on 
a lactation basis to be 0.14 (i.e., a value comparable 
to the highest one obtained in our study). Hence, the 
range of the 3 heritability estimates in this study was 
similar to the one observed over different countries. 
This fact indicates that the herds grouping in this 
study generated remarkably different data structures 
that play a role on genetic parameters and resulted in 
larger differences among genetic parameters than those 
reported by Caraviello et al. (2004) and Chirinos et al. 
(2007) across regions.

Consequently, the percentage of scored cows in each 
herd appears to be important to consider in the model 
for the genetic analysis of LPL of Holstein cows in Hok-
kaido.

CONCLUSIONS

The parameters estimated in this study showed fea-
tures that are specific to each data set and that reveal 
factors related to herd management policy affecting 
LPL. Because each data set consisted of herds with a 
similar percentage of type-scored cows, this percentage 
was considered to at least partly characterize the man-
agement policy of each herd. The genetic parameters 
differed among the 3 data sets. Consequently, the con-
sideration of the percentage of type-scored cows related 
to the herd management policy is important for the 
genetic analysis of LPL in the Holstein population in 
Japan.
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