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1 England & Wales population: POP(B)

Parameter estimates for POP(f) and POP(B).
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Figure 1: Parameter estimates for αx, βx, κt, δ and σ2
ε using the England & Wales population.

(Colored versions of the figures can be found online.)
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Convergence diagnostics for αx in POP(B).

0 500 1000 1500 2000

−5.42

−5.41

−5.40

−5.39

−5.38

Trace plot from final sample

α45

0 10 20 30 40 50

0.0

0.2

0.4

0.6

0.8

ACF

−5.42 −5.41 −5.40 −5.39 −5.38 −5.37

0

10

20

30

40

50

60

70

Posterior density

0 500 1000 1500 2000

1.00

1.02

1.04

1.06

1.08

1.10
median
97.5%

Gelman−Rubin statistic

0 500 1000 1500 2000

−3.755

−3.750

−3.745

−3.740

−3.735

α60

0 10 20 30 40 50

0.0

0.2

0.4

0.6

0.8

−3.760 −3.755 −3.750 −3.745 −3.740 −3.735 −3.730

0

20

40

60

80

100

120

0 500 1000 1500 2000

1.00

1.02

1.04

1.06

1.08

1.10
median
97.5%

0 500 1000 1500 2000

−2.400

−2.395

−2.390

−2.385

−2.380

α75

0 10 20 30 40 50

0.0

0.2

0.4

0.6

0.8

−2.400 −2.395 −2.390 −2.385 −2.380

0

50

100

150

0 500 1000 1500 2000

1.00

1.02

1.04

1.06

1.08

1.10
median
97.5%

0 500 1000 1500 2000

−1.215

−1.210

−1.205

−1.200

−1.195

−1.190

−1.185

α90

Iteration

0 10 20 30 40 50

0.0

0.2

0.4

0.6

0.8

Lag

−1.22 −1.21 −1.20 −1.19

0

20

40

60

80

100

0 500 1000 1500 2000

1.00

1.02

1.04

1.06

1.08

1.10
median
97.5%

last iteration in chain

Figure 2: Convergence diagnostics for αx for selected x. First column: traceplot for the final sample from the MCMC procedure. Second
column: autocorrelation function for the final sample from the first chain. Third column: density plots from the final sample for all
four chains. Fourth column: Gelman-Rubin statistic showing the convergence between the different chains, see Gelman and Rubin
(1992) for more information.
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Convergence diagnostics for βx in POP(B).
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Figure 3: For comments: see Figure 2.
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Convergence diagnostics for κt in POP(B).
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Figure 4: For comments: see Figure 2.

5



Convergence diagnostics for δ and σ2
ε in POP(B).
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Figure 5: For comments: see Figure 2.
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MH-sampling variances and acceptance probabilities in POP(B).
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Figure 6: Metropolis(-Hastings) sampling variances used during the final sample phase and
the acceptance probabilities from the last sample.
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2 CMI original dataset: PF(B-G) and PF(B-logN)

Parameter estimates for PF(B-G) and PF(B-logN) (original portfolio size).

40 50 60 70 80 90

−6

−5

−4

−3

−2

−1

αx

Age(x)

POP(f)
POP(B)
PF(B−G)
PF(B−logN)

40 50 60 70 80 90

0.06

0.08

0.10

0.12

0.14

0.16

0.18

0.20

βx

Age(x)

1950 1960 1970 1980 1990 2000

−5

−4

−3

−2

−1

0

κt

Year(t)

−0.25 −0.20 −0.15 −0.10 −0.05 0.00 0.05

0

2

4

6

8

10

12

f(δ)

0.02 0.04 0.06 0.08 0.10 0.12 0.14

0

10

20

30

40

f(σε
2)

Figure 7: Parameter estimates for αx, βx, κt, δ and σ2
ε using the original CMI portfolio.
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Figure 8: Parameter estimates for Θpf
x and Θrest

x using the original CMI portfolio.
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Convergence diagnostics for αx in PF(B-G) (original portfolio size).

0 500 1000 1500 2000

−5.40

−5.39

−5.38

−5.37

−5.36

Trace plot from final sample

α45

0 10 20 30 40 50

0.0

0.2

0.4

0.6

0.8

ACF

−5.41 −5.40 −5.39 −5.38 −5.37 −5.36 −5.35

0

10

20

30

40

50

60

Posterior density

0 500 1000 1500 2000

1.00

1.02

1.04

1.06

1.08

1.10
median
97.5%

Gelman−Rubin statistic

0 500 1000 1500 2000

−3.760

−3.755

−3.750

−3.745

−3.740

−3.735

α60

0 10 20 30 40 50

0.0

0.2

0.4

0.6

0.8

−3.765 −3.755 −3.745 −3.735

0

20

40

60

80

100

120

0 500 1000 1500 2000

1.00

1.02

1.04

1.06

1.08

1.10
median
97.5%

0 500 1000 1500 2000

−2.400

−2.395

−2.390

−2.385

α75

0 10 20 30 40 50

0.0

0.2

0.4

0.6

0.8

−2.405 −2.400 −2.395 −2.390 −2.385

0

50

100

150

0 500 1000 1500 2000

1.00

1.02

1.04

1.06

1.08

1.10
median
97.5%

0 500 1000 1500 2000

−1.21

−1.20

−1.19

−1.18

α90

Iteration

0 10 20 30 40 50

0.0

0.2

0.4

0.6

0.8

Lag

−1.21 −1.20 −1.19 −1.18 −1.17

0

20

40

60

80

0 500 1000 1500 2000

1.00

1.02

1.04

1.06

1.08

1.10
median
97.5%

last iteration in chain

Figure 9: For comments: see Figure 2.
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Convergence diagnostics for βx in PF(B-G) (original portfolio size).
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Figure 10: For comments: see Figure 2.
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Convergence diagnostics for κt in PF(B-G) (original portfolio size).
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Figure 11: For comments: see Figure 2.
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Convergence diagnostics for δ and σ2
ε in PF(B-G) (original portfolio size).

0 500 1000 1500 2000

−0.20

−0.15

−0.10

−0.05

0.00

Trace plot from final sample

δ

0 10 20 30 40 50

0.0

0.2

0.4

0.6

0.8

ACF

−0.25 −0.20 −0.15 −0.10 −0.05 0.00 0.05

0

2

4

6

8

10

12

Posterior density

0 500 1000 1500 2000

1.00

1.02

1.04

1.06

1.08

1.10
median
97.5%

Gelman−Rubin statistic

0 500 1000 1500 2000

0.04

0.06

0.08

0.10

0.12

0.14

σε
2

Iteration

0 10 20 30 40 50

0.0

0.2

0.4

0.6

0.8

Lag

0.02 0.04 0.06 0.08 0.10 0.12 0.14

0

5

10

15

20

25

30

35

0 500 1000 1500 2000

1.00

1.02

1.04

1.06

1.08

1.10
median
97.5%

last iteration in chain

Figure 12: For comments: see Figure 2.
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Convergence diagnostics for Θpf
x in PF(B-G) (original portfolio size).

0 500 1000 1500 2000

0.48

0.50

0.52

0.54

0.56

0.58

0.60

Trace plot from final sample

Θ45
pf

0 10 20 30 40 50

0.0

0.2

0.4

0.6

0.8

ACF

0.48 0.50 0.52 0.54 0.56 0.58 0.60

0

5

10

15

20

25

Posterior density

0 500 1000 1500 2000

1.00

1.02

1.04

1.06

1.08

1.10
median
97.5%

Gelman−Rubin statistic

0 500 1000 1500 2000

0.47

0.48

0.49

0.50

0.51

0.52

Θ60
pf

0 10 20 30 40 50

0.0

0.2

0.4

0.6

0.8

0.46 0.47 0.48 0.49 0.50 0.51 0.52 0.53

0

10

20

30

40

50

0 500 1000 1500 2000

1.00

1.02

1.04

1.06

1.08

1.10
median
97.5%

0 500 1000 1500 2000

0.56

0.58

0.60

0.62

0.64

Θ75
pf

0 10 20 30 40 50

0.0

0.2

0.4

0.6

0.8

0.56 0.58 0.60 0.62 0.64

0

5

10

15

20

25

30

35

0 500 1000 1500 2000

1.00

1.02

1.04

1.06

1.08

1.10
median
97.5%

0 500 1000 1500 2000

0.65

0.70

0.75

0.80

Θ90
pf

Iteration

0 10 20 30 40 50

0.0

0.2

0.4

0.6

0.8

Lag

0.65 0.70 0.75 0.80

0

5

10

15

0 500 1000 1500 2000

1.00

1.02

1.04

1.06

1.08

1.10
median
97.5%

last iteration in chain

Figure 13: For comments: see Figure 2.
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Convergence diagnostics for Θrest
x in PF(B-G) (original portfolio size).
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Figure 14: For comments: see Figure 2.
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MH-sampling variances and acceptance probabilities in PF(B-G) (original port-
folio size).
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Figure 15: Metropolis(-Hastings) sampling variances used during the final sample phase and
the acceptance probabilities from the last sample.
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Convergence diagnostics for αx in PF(B-logN) (original portfolio size).
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Figure 16: For comments: see Figure 2.
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Convergence diagnostics for βx in PF(B-logN) (original portfolio size).
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Figure 17: For comments: see Figure 2.
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Convergence diagnostics for κt in PF(B-logN) (original portfolio size).
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Figure 18: For comments: see Figure 2.
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Convergence diagnostics for δ and σ2
ε in PF(B-logN) (original portfolio size).
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Figure 19: For comments: see Figure 2.
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Convergence diagnostics for Θpf
x in PF(B-logN) (original portfolio size).

0 500 1000 1500 2000

0.50

0.52

0.54

0.56

Trace plot from final sample

Θ45
pf

0 10 20 30 40 50

0.0

0.2

0.4

0.6

0.8

ACF

0.50 0.52 0.54 0.56

0

10

20

30

40

Posterior density

0 500 1000 1500 2000

1.00

1.02

1.04

1.06

1.08

1.10
median
97.5%

Gelman−Rubin statistic

0 500 1000 1500 2000

0.48

0.49

0.50

0.51

0.52

Θ60
pf

0 10 20 30 40 50

0.0

0.2

0.4

0.6

0.8

0.48 0.49 0.50 0.51 0.52 0.53

0

10

20

30

40

50

60

70

0 500 1000 1500 2000

1.00

1.02

1.04

1.06

1.08

1.10
median
97.5%

0 500 1000 1500 2000

0.57

0.58

0.59

0.60

0.61

0.62

0.63

Θ75
pf

0 10 20 30 40 50

0.0

0.2

0.4

0.6

0.8

0.58 0.60 0.62 0.64

0

10

20

30

40

50

0 500 1000 1500 2000

1.00

1.02

1.04

1.06

1.08

1.10
median
97.5%

0 500 1000 1500 2000

0.66

0.68

0.70

0.72

0.74

0.76

0.78

Θ90
pf

Iteration

0 10 20 30 40 50

0.0

0.2

0.4

0.6

0.8

Lag

0.66 0.68 0.70 0.72 0.74 0.76 0.78

0

5

10

15

20

25

0 500 1000 1500 2000

1.00

1.02

1.04

1.06

1.08

1.10
median
97.5%

last iteration in chain

Figure 20: For comments: see Figure 2.
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Convergence diagnostics for Θrest
x in PF(B-logN) (original portfolio size).
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Figure 21: For comments: see Figure 2.
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Convergence diagnostics for σ2
Θi and ρΘiin PF(B-logN) (original portfolio size).
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Figure 22: For comments: see Figure 2.
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MH-sampling variances and acceptance probabilities in PF(B-logN) (original
portfolio size).
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Figure 23: Metropolis(-Hastings) sampling variances used during the final sample phase and
the acceptance probabilities from the last sample.

23



3 CMI reduced portfolio size: PF(B-G) and PF(B-
logN)

Parameter estimates for PF(B-G) and PF(B-logN) (reduced portfolio size).
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Figure 24: Parameter estimates for Θpf
x and Θrest

x using the reduced CMI portfolio.

40 50 60 70 80 90

0.3

0.4

0.5

0.6

0.7

0.8

0.9

Θx
pf

Age(x)
40 50 60 70 80 90

0.8

0.9

1.0

1.1

1.2

1.3

1.4

1.5

Θx
rest

Age(x)

GLM using fitted LC mxt

PF(B−G)
PF(B−logN)

Figure 25: Parameter estimates for αx, βx, κt, δ and σ2
ε using the reduced CMI portfolio.
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Convergence diagnostics for αx in PF(B-G) (reduced portfolio size).
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Figure 26: For comments: see Figure 2.
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Convergence diagnostics for βx in PF(B-G) (reduced portfolio size).
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Figure 27: For comments: see Figure 2.
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Convergence diagnostics for κt in PF(B-G) (reduced portfolio size).
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Figure 28: For comments: see Figure 2.
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Convergence diagnostics for δ and σ2
ε in PF(B-G) (reduced portfolio size).
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Figure 29: For comments: see Figure 2.
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Convergence diagnostics for Θpf
x in PF(B-G) (reduced portfolio size).
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Figure 30: For comments: see Figure 2.
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Convergence diagnostics for Θrest
x in PF(B-G) (reduced portfolio size).

0 500 1000 1500 2000

0.94

0.96

0.98

1.00

1.02

1.04

1.06

1.08

Trace plot from final sample

Θ45
rest

0 10 20 30 40 50

0.0

0.2

0.4

0.6

0.8

ACF

0.95 1.00 1.05

0

5

10

15

20

Posterior density

0 500 1000 1500 2000

1.00

1.02

1.04

1.06

1.08

1.10
median
97.5%

Gelman−Rubin statistic

0 500 1000 1500 2000

0.87

0.88

0.89

0.90

0.91

0.92

0.93

0.94

Θ60
rest

0 10 20 30 40 50

0.0

0.2

0.4

0.6

0.8

0.88 0.90 0.92 0.94

0

10

20

30

40

50

0 500 1000 1500 2000

1.00

1.02

1.04

1.06

1.08

1.10
median
97.5%

0 500 1000 1500 2000

0.93

0.94

0.95

0.96

0.97

Θ75
rest

0 10 20 30 40 50

0.0

0.2

0.4

0.6

0.8

0.93 0.94 0.95 0.96 0.97

0

10

20

30

40

50

60

70

0 500 1000 1500 2000

1.00

1.02

1.04

1.06

1.08

1.10
median
97.5%

0 500 1000 1500 2000

1.00

1.02

1.04

1.06

1.08

Θ90
rest

Iteration

0 10 20 30 40 50

0.0

0.2

0.4

0.6

0.8

Lag

1.00 1.02 1.04 1.06 1.08 1.10

0

5

10

15

20

25

30

0 500 1000 1500 2000

1.00

1.02

1.04

1.06

1.08

1.10
median
97.5%

last iteration in chain

Figure 31: For comments: see Figure 2.
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MH-sampling variances and acceptance probabilities in PF(B-G) (reduced port-
folio size).
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Figure 32: Metropolis(-Hastings) sampling variances used during the final sample phase and
the acceptance probabilities from the last sample.
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Convergence diagnostics for αx in PF(B-logN) (reduced portfolio size).
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Figure 33: For comments: see Figure 2.
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Convergence diagnostics for βx in PF(B-logN) (reduced portfolio size).
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Figure 34: For comments: see Figure 2.

33



Convergence diagnostics for κt in PF(B-logN) (reduced portfolio size).
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Figure 35: For comments: see Figure 2.
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Convergence diagnostics for δ and σ2
ε in PF(B-logN) (reduced portfolio size).

0 500 1000 1500 2000

−0.20

−0.15

−0.10

−0.05

0.00

Trace plot from final sample

δ

0 10 20 30 40 50

0.0

0.2

0.4

0.6

0.8

ACF

−0.25 −0.20 −0.15 −0.10 −0.05 0.00 0.05

0

2

4

6

8

10

12

Posterior density

0 500 1000 1500 2000

1.00

1.02

1.04

1.06

1.08

1.10
median
97.5%

Gelman−Rubin statistic

0 500 1000 1500 2000

0.04

0.06

0.08

0.10

0.12

σε
2

Iteration

0 10 20 30 40 50

0.0

0.2

0.4

0.6

0.8

Lag

0.02 0.04 0.06 0.08 0.10 0.12

0

10

20

30

40

0 500 1000 1500 2000

1.00

1.02

1.04

1.06

1.08

1.10
median
97.5%

last iteration in chain

Figure 36: For comments: see Figure 2.
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Convergence diagnostics for Θpf
x in PF(B-logN) (reduced portfolio size).
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Figure 37: For comments: see Figure 2.
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Convergence diagnostics for Θrest
x in PF(B-logN) (reduced portfolio size).

0 500 1000 1500 2000

0.98

1.00

1.02

1.04

1.06

Trace plot from final sample

Θ45
rest

0 10 20 30 40 50

0.0

0.2

0.4

0.6

0.8

ACF

0.96 0.98 1.00 1.02 1.04 1.06

0

5

10

15

20

25

30

Posterior density

0 500 1000 1500 2000

1.00

1.02

1.04

1.06

1.08

1.10
median
97.5%

Gelman−Rubin statistic

0 500 1000 1500 2000

0.89

0.90

0.91

0.92

0.93

Θ60
rest

0 10 20 30 40 50

0.0

0.2

0.4

0.6

0.8

0.88 0.89 0.90 0.91 0.92 0.93

0

10

20

30

40

50

0 500 1000 1500 2000

1.00

1.02

1.04

1.06

1.08

1.10
median
97.5%

0 500 1000 1500 2000

0.93

0.94

0.95

0.96

0.97

Θ75
rest

0 10 20 30 40 50

0.0

0.2

0.4

0.6

0.8

0.93 0.94 0.95 0.96 0.97

0

20

40

60

0 500 1000 1500 2000

1.00

1.02

1.04

1.06

1.08

1.10
median
97.5%

0 500 1000 1500 2000

1.02

1.04

1.06

1.08

Θ90
rest

Iteration

0 10 20 30 40 50

0.0

0.2

0.4

0.6

0.8

Lag

1.00 1.02 1.04 1.06 1.08

0

10

20

30

40

0 500 1000 1500 2000

1.00

1.02

1.04

1.06

1.08

1.10
median
97.5%

last iteration in chain

Figure 38: For comments: see Figure 2.
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Convergence diagnostics for σ2
Θi and ρΘiin PF(B-logN) (reduced portfolio size).
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Figure 39: For comments: see Figure 2.

38



MH-sampling variances and acceptance probabilities in PF(B-logN) (reduced
portfolio size).

1950 1960 1970 1980 1990 2000

0.05

0.06

0.07

0.08

0.09

●
●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●
● ●

●

●

●
●

●

●

●

●

●

●

●

● ●
●

●

●

●

●

● ● ●

● ●

● ●

●

●

●
●

●

●

●

●

●

●

● ●
●

● ●
●

●
●

●

●

●

●

●

●

●

●

●
●

●
●

●

●

●

●

● ●

●

●

● ●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●
●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●
●

●

●
●

●

●
●

●

●

●

●

●

●

●
●

●

●

●

●

● ●
●

●

●

●

●

●

● ●

●

●

●

●
●

Year

MH−sampling st.dev. s2

κt

1950 1960 1970 1980 1990 2000

0.0

0.2

0.4

0.6

0.8

1.0

● ●
●

●
●

●

●

●

●

●

●

●
● ●

● ●

●
●

●

●

●

●

●

●
●

●
● ●

●
●

●
●

●

●

● ●

●

●

●

●
●

●

●
●

● ●

●

●

●

●

● ●
●

●

●

●
●

●
●

● ●
●

●

●

●
●

●
●

●
●

●

●

●
●

●

●
●

●
●

●
●

●
●

●
●

●

● ●
●

●
●

● ●
● ●

●
●

●
●

● ●
●

●

●

●
●

● ●
●

●

●

●

●
●

●

●

●

●
● ● ●

● ●

●

●
●

●

●

●
●

●
●

●
●

●

●

●
●

●
●

●

●

● ● ●

●

●
●

● ●

●

●
●

●
●

●
●

● ●

●

●

● ●
●

●

●

●

●

●

●
●

●

●

●

●
● ● ●

●

●

●
●

●
●

●

●

●

●
●

●

●
●

● ●
●

●

Acceptance probability φ

Year

40 50 60 70 80 90

0.05

0.06

0.07

0.08

●

● ●

●

●

●

●

●

●
●

●
●

●

●

●

●

●

● ●
●

●

●

●

● ● ●
●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

● ●

●

●

●

● ●

●

●

●
●

●

●
●

●
●

●

●

●

● ●

●

●

●
●

●

● ●

●

●

● ●

●

●

● ●

●

●

●

●

●
●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

● ●

● ●
●

●

● ●

●

●
● ●

●

●

● ●
●

●

●

●

●

●
●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●
●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

● ●
●

●

●

●
●

●

●

●

● ●

●

●

●

●
●

●

●

●

●

●
●

●

●

● ●
●

●

●

●

Age

Θx
pf

40 50 60 70 80 90

0.0

0.2

0.4

0.6

0.8

1.0

●
●

● ●

●

●

● ●

●

●
●

●

●
●

● ●

●

● ●

●

●
●

●

●

●

●
● ●

●
● ●

●
●

●

●
●

●

●

●

●

●
●

● ●
●

●
●

●

●

● ●
●

●

●

●
●

●
● ● ●

●
●

●

●

●
●

● ●

● ●

● ●

●

●

● ●

●
● ●

●

●

●
●

●

●

●

●

●

●
●

●

●

●
●

●
●

●

●

● ●
●

●

●

●

●

●
● ●

●

●

●

● ● ●

●
●

●
●

●
●

●

●
● ●

●

●
●

●

●

● ●

●

●
● ●

● ● ●

●

●

●

●
● ● ●

● ●

●
●

●

●
●

●

●

●

●

● ●

●
●

●
●

●
●

●

●

● ●
●

●
●

●
●

●

●
●

●

●
●

●
●

●
●

●
●

●
●

●

●
●

● ●
●

● ● ●
●

●

● ●

●
●

●

●

Age

40 50 60 70 80 90

0.02

0.03

0.04

●

●

●

●

●
● ●

● ●
●

● ● ●
●

● ● ●

● ● ●

●

●
●

●
●

●
●

●

● ●
●

●
●

● ● ● ● ●

●

● ●
● ● ●

●

●

●

●
●

●

●

●

●

●

●

●

●
●

● ●
● ●

●
●

●
● ●

●
●

●

●

● ●
●

●

●

●
●

●
● ●

●
● ●

● ●
●

●

●

●
● ●

●
● ●

●

●
● ●

●
●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●

● ●

● ●

●
●

●
●

●

● ● ● ● ●

● ●
●

● ● ● ●
●

●
●

●

●
● ●

●

● ● ●

●

●
● ●

●

●

●

●

●

●

●
●

●

●

●

●
●

● ●

●

●
●

●

●

●

●

● ●

●

●

●

●
●

●

●
● ●

● ●

●
●

● ● ●

●
●

● ●

● ● ● ● ● ●

●
●

Age

Θx
rest

40 50 60 70 80 90

0.0

0.2

0.4

0.6

0.8

1.0

●

●
●

●

●

●

●

●

●
●

●
●

●

●

● ●

● ●
●

●
●

●

●

●

●
●

●

●

●

●

●
●

●
●

●

●
●

●
●

●

●

●
● ●

●
●

●
●

● ●
●

●

● ●
●

●

●

●

●
●

●

●
● ●

●
●

●
●

●
●

●

● ● ●

●

●

● ●
●

● ●
●

●
●

●

● ●

●

●

●
● ●

●

●

● ●
●

● ●

●

●

●
●

●

●

●

● ● ●

● ●

●
●

●

●

●
●

● ●
●

●
●

● ●
●

●
●

● ●
● ●

●

●

● ●
●

●
●

●
●

●

●

●

●
● ●

●
●

●
●

● ●
●

●

●
●

●

●
●

●

●

● ●
●

●
●

●

●
●

●
●

●

● ●
●

●

● ●

●

●

●

●

●

●
●

●

●

●
● ●

●

● ●
● ●

● ●
●

● ●
●

●

●

●

Age

Figure 40: Metropolis(-Hastings) sampling variances used during the final sample phase and
the acceptance probabilities from the last sample.
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