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Search results Total n= 3,275
Database, n= 3,192

Hand, n= 82
Author requests, n= 1

Primary screen
by 1 reviewer

Excluded at primary screen, n = 3,157
Not related, n = 3,098

Not primary data, n = 222
Not a main objective, n =2,938

Note− Some articles excluded for >1 reason

Secondary screen
by 2 reviewers
Total n = 118

2 reviewers agree
 to include

n = 51

2 reviewers disagree
on eligibility

n= 27

2 reviewers agree
 to exclude

n = 40

Appraisal by
3rd reviewer

Preliminary final article set, n = 63
2 reviewers agreed, n = 51

Majority reviewers agreed, n = 12

Excluded at secondary screen, n = 55
2 reviewers agree to exclude, n = 40

Majority reviewers agreed to exclude, n = 15

Additional data
required
n = 14

No additional
data required

n = 49

Excluded at additional data request, n = 12
No reply or not contactable, n = 6

Data not available or did not supply, n = 6

Final article set, n = 51
No data required, n = 49

Additional data supplied, n = 2
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Original data set
n = 298,255

Not seasonal−calving
n = 24,279 (8.1%)

n = 273,976 Changed calving system
n = 3,501 (1.3%)

n = 270,475 Last season operated
n = 23,490 (8.7%)

n = 246,985 Herd size <= 50 cows
n = 8,771 (3.6%)

n = 238,214 Herd location error
n = 607 (0.3%)

n = 237,607 > 5% herd LFU
n = 64,447 (27.1%)

n = 173,160 Implausible records
n = 1,750 (1.0%)

n = 171,410 2013 season records
n = 3,019 (1.7%)

Final data set
n = 168,391
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ηij = β0j + β1Seasonij + β2Milkpricej + log (TAR)

ηij = Negative binomial(λij , θij) β0j β1

i j β2

log (TAR)

β0j = b0 + v0j b0j

v0j

z1...zT zt

zt−1 zt zt|zt−1 ∼ Normal(zt−1, σ2)

IDMij = β0j + β1Seasonij HLij =

β0j + β1Seasonij

HLij = Normal(μij , σ2) β1 i j



ηi = β0 + β1Herd size + β2Change herd size + β3Herd breed + β4First season + log (TAR) + ui + vi

yi ∼ NB(λi, θi)

λi = Eiρi log(ρi) = ηi β0 β1

β4 log (TAR)

ui



vi

vi ∼ Normal(0, σ2
v)

τu τv

τu τv

ζi



τu

τv



0

2

4

6

8

Number of herds (x 1,000)

0

1

2

3

Mean herd size (x 100 cows)

0

5

10

15

Proportion of herds in first season (%)

0

5

10

15

20

25

Proportion of herds in South Island (%)

0

20

40

60

1990 1995 2000 2005 2010

Holstein−Friesian Jersey Other

Proportion of herd breeds (%)

15.0

17.5

20.0

22.5

25.0

1990 1995 2000 2005 2010

Mean replacement rate (%)



10

15

20

25

ID
C

S

5
6
7
8
9

M
ilk

 p
ric

e

1.0
1.5
2.0
2.5
3.0

ID
M

3.0
3.5
4.0
4.5
5.0

1990 1995 2000 2005 2010
Season

H
er

d 
lif

e 
(y

r)

� �





100
150
200200

400

1,000

2,000
3,000
5,000

H
er

d 
si

ze

Quintile
5

4

3

2

1

Min

−10

−5

0

5

10

1990 1995 2000 2005 2010
Season

C
ha

ng
e 

he
rd

 s
iz

e 
(%

)

Quintile
4

3

2

1

ζi

ζi ≥ 1



Culling Mortality

0.9

1.0

1.1

1.2

ID
R

Herd size Q. 1

Herd size Q. 2

Herd size Q. 4

Herd size Q. 5

Culling Mortality

0.8

0.9

1.0

1.1

1.2

1.3

ID
R

Change herd
size Q. 1
Change herd
size Q. 2
Change herd
size Q. 4
Change herd
size Q. 5

Culling Mortality

1990 1995 2000 2005 2010 1990 1995 2000 2005 2010

0.9

1.0

1.1

1.2

Season

ID
R

First season
Herd breed
Jersey
Herd breed
Other



Auckland

Bay of Plenty

Canterbury

Gisborne
Hawke's Bay

Manawatu−Wanganui

Marlborough

Nelson

Northland

Otago

Southland

Taranaki

Waikato

Wellington

West Coast

0km 100km 200km

−48

−44

−40

−36

165 170 175 180
Longitude

La
tit

ud
e



EB−smoothed ID, 1990

[14,17]
(17,21]
(21,24]
(24,27]

ζi, 1990

[0.5,0.8]
(0.8,1]
(1,1.2]
(1.2,3]

ζi

EB−smoothed ID, 1996

[10,14]
(14,17]
(17,21]
(21,24]

ζi, 1996

[0.5,0.8]
(0.8,1]
(1,1.2]
(1.2,3]

ζi



EB−smoothed ID, 2005

[9.7,13]
(13,17]
(17,20]
(20,24]

ζi, 2005

[0.5,0.8]
(0.8,1]
(1,1.2]
(1.2,3]

ζi

EB−smoothed ID, 2012

[10,18]
(18,27]
(27,35]
(35,44]

ζi, 2012

[0.5,0.8]
(0.8,1]
(1,1.2]
(1.2,3]

ζi



EB−smoothed ID, 1990

[1.4,2.3]
(2.3,3.1]
(3.1,3.9]
(3.9,4.7]

ζi, 1990

[0.5,0.8]
(0.8,1]
(1,1.2]
(1.2,3]

ζi

ζi > 1.2

p(ζi) > 1.25



EB−smoothed ID, 1996

[1.5,2.2]
(2.2,2.9]
(2.9,3.6]
(3.6,4.3]

ζi, 1996

[0.5,0.8]
(0.8,1]
(1,1.2]
(1.2,3]

ζi

EB−smoothed ID, 2005

[1.1,2]
(2,2.8]
(2.8,3.7]
(3.7,4.5]

ζi, 2005

[0.5,0.8]
(0.8,1]
(1,1.2]
(1.2,3]

ζi



EB−smoothed ID, 2012

[1.3,2.9]
(2.9,4.4]
(4.4,5.9]
(5.9,7.5]

ζi, 2012

[0.5,0.8]
(0.8,1]
(1,1.2]
(1.2,3]

ζi











>



>







>

< ≥







>

>

>

< ≥



Original data set: n herds =  120 
 n herd−seasons =  239 , n lactations =  144,414

No production test in current or prior season,
 last season operating 

 n herd−seasons =  96 , n lactations =  59,062

n herd−seasons =  143 , n lactations =  85,352 No records of treatments or culled cows
n herd−seasons = 20, n lactations = 9,491

n herd−seasons = 123, n lactations = 75,861
Errors in dates, missing

calving date or breed information
n lactations = 607

n herd−seasons = 123, n lactations = 75,254
Didn't calve in study herd or in spring,
no production record in prior season

n lactations = 4,290

Final data set: n herds =  65 
 n herd−seasons =  123 , n lactations =  70,964
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ompletenessF ate = No. removed cows in EDB also in OFR × 100
No. cows removed in OFR

ompletenessCause = No. removed cows in EDB with a recorded cause also in OFR × 100
No. cows removed in OFR with recorded cause



orrectnessF ate = No. in EDB with fate discrepancy vs. OFR × 100
No. cows removed in OFR

orrectnessCause = No. in EDB with cause discrepancy vs. OFR × 100
No. cows removed in OFR with recorded cause

≥

< >



IRSC =
∑

∑ ×
(

100
1

)



Sold

Died

Culled

[  0, 30) [ 30, 60) [ 60, 90) [ 90,120) [120,150)[150,180)[180,210)[210,240)[240,270)[270,300)[300,330)[330,360)[360,389]

0

500

1000

1500

0

100

200

300

0

200

400

Interval after season start (d)

N
um

be
r o

f c
ow

s

Source

EDB

OFR



Culled

Sold

Died

Overall

0 20 40 60 80 100
Completeness of fate (%)

Fa
te

 a
t r

em
ov

al

Culled

Sold

Died

Overall

0 20 40 60 80100
Correctness of fate (%)

Fa
te

 a
t r

em
ov

al Discrepancy
Major

Moderate

Minor

None

Culled

Sold

Died

Overall

0 20 40 60 80 100
Completeness of cause (%)

Fa
te

 a
t r

em
ov

al

Culled

Sold

Died

Overall

0 20 40 60 80100
Correctness of cause (%)

Fa
te

 a
t r

em
ov

al Discrepancy
Major

Minor

None

> ≤



0

10

20

30

Culled Sold Died
Fate of cows at removal

Se
as

on
al

 in
ci

de
nc

e 
ris

k 
(%

)

Estimate

Crude

Adjusted

a)

0

2

4

6

8

Culled Sold Died
Fate of cows at removal

Se
as

on
al

 in
ci

de
nc

e 
ris

k 
di

ffe
re

nc
e 

(%
)

b)



<



























Mmp(MJ/d) = CL(Em/km + El/kl + Eg/kg + Ec/kc)

Mmp CL

CL
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