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Topics covered

• Survival and hazard

• Censoring

• Instantaneous hazard
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Date of onset of clinical signs of holding's first confirmed BSE case
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Lets you know how many didn’t experience the 

event at the end of the study period

Days to index BSE case - British cattle holdings.

Lets you know when the event occurred and 

how quickly the event occurred
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Stratification helps to identify risk groups

Days to index BSE case - British cattle holdings.



Frequency histogram showing the number of deaths as a function of time.

0 5 10 15

0
5

0
1

0
0

1
5

0
2

0
0

2
5

0

Days

N
u

m
b

e
r 

o
f 
d

e
a

th
s



Frequency histogram showing the relative frequency of deaths as a function of time.
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f(t) = death density function.
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f(t) = death density function.



F(t) = the failure function = the proportion not surviving past time 𝑡.
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𝑆(𝑡) = survival function = the proportion of the group that survive up to time 𝑡 = 1 − 𝐹(𝑡).
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S(t) = 1 - F(t)
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𝑆(𝑡) = survival function = the proportion of the group that survive up to time 𝑡 = 1 − 𝐹(𝑡).
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Censoring

• Censoring

− in a follow-up study, the exact survival time is only known for those 
individuals that show the event of interest during the study period

− other individuals (that were observed until the end of the study) 
might have shown the event of interest after the study finished

− these individuals are said to have censored observations

− types  right, left, interval

− usual to code censored observations as ‘0’ and events as ‘1’



Event of interest on day 7.

Right censored on day 12.

Right censored on day 10.

Interval censored on day 6.5.

Left censored on day 1.

Interval truncated data.

Left truncated data.

 = event of interest; o = censored; ? = absent from data set



Censoring

id days status

001 11 1

002 12 0

003 21 1

004 10 1

005 41 0

006 2 1



Topics covered

• Survival and hazard

• Censoring

• Instantaneous hazard



0

5

10

15

0 50 100 150 200 250

Number of days from 1-Feb-2001

C
o
u
n
t 
o
f 
c
a
s
e
s

Frequency histogram of FMD date of onset of clinical signs for herds in Cumbria, 1 Feb 2001 to 30 Sep 2001.



0.00

0.25

0.50

0.75

1.00

0 50 100 150 200 250

Number of days from 1-Feb-2001

C
u
m

u
la

tiv
e
 p

ro
p
o
rt

io
n
 t
o
 e

x
p
e
ri
e
n
c
e
 e

v
e
n
t

Kaplan-Meier survival curve showing the cumulative proportion of herds to show signs of FMD, Cumbria, 1 

Feb 2001 to 30 Sep 2001.
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Line plot showing the instantaneous hazard of FMD, Cumbria, 1 Feb 2001 to 30 Sep 2001.
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Frequency histogram of FMD date of onset of clinical signs for herds in Cumbria, 1 Feb 2001 to 30 Sep 2001.



Materials and methods

Lot Market Avg wgt n Date in Date out Censor

1 20 293 109 52 165 0

1 20 293 1 52 75 1

1 20 293 1 52 81 0

2 13 450 142 53 199 0

2 13 450 1 53 60 1

3 12 500 267 59 180 0
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