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In Rudolph Erich Raspe's tale, Baron 
Munchausen had, in one of his many 
adventurous travels, fallen to the bottom 
of a deep lake and just as he was to 
succumb to his fate he thought to pull 
himself up by his own BOOTSTRAP.

The original version of the tale is in 
german, where Munchausen actually 
draws himself up by the hair, not the 
bootstraps. The figure on the left refers to 
german version of the story.

Efron and LePage gave the method they 
developed the name Bootstrap in honour 
of the unbelievable stories that the Baron 
told of his travels.
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Original data set 1 Bootstrap sample

Residual 
Observed Predicted Random value for Bootstrap

Age ln c@a ln c@a obs-pred draw (age) draw ln c@a
6 7.056 6.990 0.066 12 1.117 8.107
7 5.406 6.134 -0.728 9 -0.424 5.710
8 6.143 5.279 0.865 6 0.066 5.344
9 3.999 4.423 -0.424 14 -0.645 3.778

10 3.468 3.567 -0.099 6 0.066 3.633
11 2.622 2.711 -0.090 8 0.865 3.576
12 2.972 1.855 1.117 7 -0.728 1.127
13 0.939 1.000 -0.061 6 0.066 1.065
14 -0.501 0.144 -0.645 11 -0.090 0.054

Intercept -Slope (Z) -Slope (Z)
12.1 0.86 n 9 0.91
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1 Bootstrap sample

Residual 
Random value for Bootstrap
Random draw ln c@a

6 0.066 7.056
8 0.865 6.999

14 -0.645 4.634
12 1.117 5.540
13 -0.061 3.506
11 -0.090 2.622
7 -0.728 1.127
7 -0.728 0.271

11 -0.090 0.054

Slope (-Z)
n 9 0.97

1 Bootstrap sample

Residual 
Random value for Bootstrap
Random draw ln c@a

14 -0.645 6.346
11 -0.090 6.045
8 0.865 6.143

10 -0.099 4.324
12 1.117 4.684
6 0.066 2.777

14 -0.645 1.211
11 -0.090 0.910
11 -0.090 0.054

Slope (-Z)
n 9 0.87

1 Bootstrap sample

Residual 
Random value for Bootstrap
Random draw ln c@a

8 0.865 7.855
9 -0.424 5.710

14 -0.645 4.634
7 -0.728 3.695

11 -0.090 3.477
14 -0.645 2.067
6 0.066 1.921

11 -0.090 0.910
14 -0.645 -0.501

Slope (-Z)
n 9 0.91

1 Bootstrap sample

Residual 
Random value for Bootstrap
Random draw ln c@a

14 -0.645 6.346
6 0.066 6.200
8 0.865 6.143
6 0.066 4.489

10 -0.099 3.468
10 -0.099 2.612
13 -0.061 1.795
14 -0.645 0.355
8 0.865 1.008

Slope (-Z)
n 9 0.82

1 Bootstrap sample

Residual 
Random value for Bootstrap
Random draw ln c@a

9 -0.424 6.566
10 -0.099 6.035
12 1.117 6.395
11 -0.090 4.333
11 -0.090 3.477
14 -0.645 2.067
11 -0.090 1.766
13 -0.061 0.939
8 0.865 1.008

Slope (-Z)
n 9 0.82

1 Bootstrap sample

Residual 
Random value for Bootstrap
Random draw ln c@a

12 1.117 8.107
8 0.865 6.999
8 0.865 6.143

14 -0.645 3.778
10 -0.099 3.468
13 -0.061 2.650
13 -0.061 1.795
8 0.865 1.864

14 -0.645 -0.501

Slope (-Z)
n 9 0.99

….
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Bootstrap
# Z
1 0.896
2 0.858
3 0.809
4 0.986
5 0.967
6 0.920
7 0.885
8 0.858
9 0.891

10 0.918
11 0.932
12 0.898
13 0.865
14 0.906
15 0.973
... ...
... ...

4992 0.817
4993 0.666
4994 0.814
4995 0.840
4996 0.890
4997 0.756
4998 0.887
4999 0.702
5000 0.716
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Z bootstrap distribution
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OPTIMUM MODEL RESAMPLING W. REPLACEMENT BOOTSTRAP SAMPLE

Year U Û # U/Û
Random 
number* (U/U)* Year U*

1973 0.75 0.51 1 1.45 9 1.33 1973 0.68
1974 0.63 0.73 2 0.87 5 1.00 1974 0.73
1975 0.67 0.73 3 0.93 3 0.93 1975 0.67
1976 0.65 0.81 4 0.80 11 1.03 1976 0.83
1977 1.01 1.01 5 1.00 27 1.19 1977 1.21
1978 0.92 1.12 6 0.83 12 0.96 1978 1.07
2000 0.60 0.52 28 1.15 23 0.66 2000 0.34

*ˆ* yeUU yy

ε
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Year     Age -----> Year     Age -----> Year     Age ----->
| | |
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V V V

Year     Age -----> Year     Age -----> Year     Age ----->
| | |
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V V V

Year     Age -----> Year     Age -----> Year     Age ----->
| | |
| | |
V V V

Year     Age -----> Year     Age -----> Year     Age ----->
| | |
| | |
V V V

Year     Age -----> Year     Age -----> Year     Age ----->
| | |
| | |
V V V

Color code
Population model
Observation modelYear     Age -----> Year     Age -----> Year     Age ----->
Measurements | | |
Objectives | | |
Parameters V V V

Year     Age -----> Year     Age -----> Year     Age ----->
| | |
| | |
V V V

Year     Age -----> Year     Age -----> Year     Age ----->
| | |
| | |
V V V

Year     Age -----> Year     Age -----> Year     Age ----->
| | |
| | |
V V V

2. Selection pattern
9.
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3. Fishing mortality Natural mortality

4a. Population numbers 4b. Nay at survey 1 time 4c. Nay at survey 2 time

5. Predicted catch 6a. Predicted survey 1 
indices

6b. Predicted survey 2 
indices

Observed catch at age Observed survey 1 indices Observed survey 2 indices

7. Catch residuals 8a. Survey 1 residuals 8b. Survey 2 residuals

7. Catch residuals squared 8a. Survey 1 residuals 
squared

8b. Survey 2 residuals 
squared

Optimimum catch at age 
values

Optimimum survey 1 
indices

Optimimum survey 2 
indices

Bootstrap Cay residuals 
from the optimum fit

Bootstrap Uay residuals 
from the optimum fit - 
Survey 1

Bootstrap Uay residuals 
from the optimum fit - 
Survey 2

Bootstrap Cay sample Bootstrap Uay sample
Survey 1

Bootstrap Uay sample
Survey 2

Bootstrap in xModel

0) Obtain the optimum fit. Store
the predicted catch at age values
and the residuals.
1) In each bootstrap run a new
bootstrap sample (area 3) is drawn 
randomly from the residuals (area 2)
and applied to the optimum 
catch at age (area 1) 
2) The bootstrap sample (are 3) is
pasted into the data area where the
original observations are
stored (see end of arrow).
3) The optimum parameters for
this particular bootstrap sample
are found by minimizing the
objective function.
4) The parameters, and whatever
else of interest are stored

Steps 1-4 are repeated many
times
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K L M N O P Q R
BOOTSTRAPPING

Optimum predicted Catch-at-Age as values - used to create the bootstrap sample
Year\Age 0 1 2 3 4

1 24.22 67.09 108.35 38.43 87.09
2 24.50 31.12 74.00 101.57 30.53
3 26.39 37.51 40.91 82.75 96.38
4 42.52 43.67 53.07 48.97 83.60
5 60.78 63.47 55.51 56.76 43.94
6 94.98 94.78 83.96 61.51 52.51
7 35.57 146.62 123.48 91.03 55.30
8 70.11 51.19 177.46 123.79 75.28
9 56.14 100.87 61.81 176.99 101.56

10 107.74 86.90 130.37 65.59 153.56
11 31.88 147.17 98.77 121.08 49.52
12 149.14 46.54 178.33 97.51 96.92
13 41.10 173.12 45.01 141.04 62.69
14 68.13 60.22 211.95 45.28 116.07
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K L M N O P Q R S T

Catch-at-age: Bootstrap sample - this will be copied into cells F3:N11 by using the macro
Year\Age 0 1 2 3 4 5 6

1 24.08 54.41 99.46 25.84 57.71 98.52 154.34
2 38.16 23.78 96.62 104.87 36.24 57.34 36.17
3 34.05 52.39 41.15 79.27 101.73 21.62 32.59
4 53.36 65.44 68.82 54.50 31.05 87.66 24.20
5 72.22 71.95 62.93 105.35 39.58 74.77 82.44
6 69.79 71.45 114.87 50.81 47.30 35.20 47.35
7 36.87 216.51 113.98 71.21 99.27 42.70 27.91
8 15.82 53.30 166.42 128.03 62.78 48.40 22.69
9 54.58 83.33 66.31 145.32 111.21 54.37 23.49

10 71.39 130.22 207.74 49.21 285.03 67.94 49.64
11 27.50 106.06 106.34 113.93 110.07 71.81 32.16
12 141.91 46.49 177.05 108.52 110.13 37.79 42.48
13 42.33 138.39 50.20 157.31 53.12 76.01 13.05
14 70.46 54.34 174.71 50.22 88.32 30.36 31.32
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PARAMETERS

Name Ln(parameter)S Parameter
0 Ln Afull 1.8017 6.06
0 Ln sL 2.3535 10.52
0 Ln sR 25.0000 #######
0 LnF 1900 -0.8229 0.44
0 LnF 1901 -0.8697 0.42
0 LnF 1902 -0.8344 0.43
0 LnF 1903 -0.9048 0.40
0 LnF 1904 -0.7820 0.46
0 LnF 1905 -0.7198 0.49
0 LnF 1906 -0.7832 0.46
0 LnF 1907 -0.7380 0.48
0 LnF 1908 -0.7434 0.48
0 LnF 1909 -0.6385 0.53
0 LnF 1910 -0.6751 0.51
0 …. …. ….
0 …. …. ….

PARAMETERS

Name Ln(parameter)S Parameter
0 Ln Afull 1.8153 6.14
0 Ln sL 2.4021 11.05
0 Ln sR 25.7000 ########
0 LnF 1900 -0.8012 0.45
0 LnF 1901 -0.9061 0.40
0 LnF 1902 -0.9013 0.41
0 LnF 1903 -0.9010 0.41
0 LnF 1904 -0.8386 0.43
0 LnF 1905 -0.7549 0.47
0 LnF 1906 -0.7474 0.47
0 LnF 1907 -0.8347 0.43
0 LnF 1908 -0.7046 0.49
0 LnF 1909 -0.6255 0.54
0 LnF 1910 -0.7053 0.49
0 …. …. ….
0 …. …. ….
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Sub Do_Bootstrap()
'
' Do_Bootstrap Macro
' Macro recorded 23/01/2001 by Malcolm Haddon
' Modified by Einar 24/2/2004
' Note: When the Macro ends the values in "The input data"
' area in the Model spreadsheet contains the last bootstap
' sample. Need thus to link again the original measurements
' stored in worksheet CatchAtAge and Survey1 and rerun the
' optimiser (Solver).
'
Dim i As Integer
Application.ScreenUpdating = False

' In the next line one specifies the number of bootstrap runs
For i = 1 To 500

....

....
SolverOk SetCell:="objectives", MaxMinVal:=2, ValueOf:="0",     

ByChange:="E37:E38;E40:E99;E101:E111"
SolverSolve (True)

....
Next i



�5


����

����������������

Fishing Mortality

0.00

0.20

0.40

0.60

0.80

1.00

1.20

1900 1905 1910 1915 1920

Recruitment

0

10000

20000

30000

40000

50000

60000

1900 1905 1910 1915 1920

"SSB" (actually B2+)

0
500

1000
1500
2000
2500
3000
3500
4000
4500
5000

1900 1905 1910 1915 1920 1925



�:


����

F��
��
����
���������G

0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0

0.00 0.25 0.50 0.75 1.00 1.25 1.50

F

p(
F1

92
4<

F)

C

0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0

0 500 1000 1500 2000 2500

SSB

p(
S

S
B

19
25

>S
S

B
)



�;


����

��
��
������������������

Fishing mortality in 1924
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M

ADCAM Autum survey

ADCAM Variable M
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Fishing mortality (F3-7)
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F2000

F2001

F2002

2500 Bootstrapps from xCAM: The results show that the 80th percentile of the fishing mortality in the year 
2000 (F2000,80th=0.48) is below the 20th percentile value of the fishing mortality in 2002 
(F2002,20th=0.55). This suggests that the increase in fishing mortality from 2000 to 2002 reflects very likely 
a true increase in fishing mortality over the period. The analysis indicate that the most sensible value of F to 
use in the assessment year is the terminal year value, not the average of the last three years.

Is F increasing?
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bootstrap residual

Residuals autocorrelated in the original sample, random in the bootstrap
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Spawning stock biomass
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Mean value not the same, XSA point value on the lower tail of the 
distribution profile of the ADAPT bootstrap confidence interval. Both 
models use  the same input data – difference in results are related to 
model assumption.
Sometimes the value from one model does not overlap with the 
confidence distribution of another model, even when using only one 
survey. This indicates that the assumptions  in the model(s) have a larger
Influence on the final results than the noise in the data.

ADAPT model with bootstrap
confidence interval.
Red line: XSA, point estimates.
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