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Claims reserving methods:
• Deterministic.
• Stochastic.

Stochastic models are too complex and tend
to be overparameterized.

Model historical observations very
accurately, but do not necessarily perform
well when predicting future claims.



Bayesian methods developed for 
forecasting very short series with stable 
(seasonal) patterns. At any given time

,        represents the accumulated value of 
the variable    over the interval       . Series 
of interest is      ,           ;

to the accumulated value of    over the i 
-th year.

Series      , a partial accumulation process
is also available. stands for the
accumulated value of     over the first month        

0tt >

)(tZ
Z ],( 0 tt
{ }iX ni K1=

iX

Z

{ }α
iY

α
iY

Z

)12/1( =α



Given             ,        is obtained as a 
linear transformation of the ratio 

The predictive distribution of    is
obtained as a log – Student distribution
and 
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Estimator for the total of         year given
accumulation up to     
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Compare several methods.

• Chain ladder.

• Log – linear model with a trend.

• Bayesian Log linear model w/trend 
(WinBUGS).

• Bayesian Forecasting.

• De Jong (Kalman Filter).
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16.563.566.436.587.9626.5378.39401.05239.675

7.463.933.534.6315.9327.1585.38337.19304.914
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1.323.945.859.2811.5671.05358.07274.292

87654321Development year
(j)/Accident year (i)

29.76%31.43%64.36%68.15%54.10%65.24%Average

3.18%15.02%11.21%2.36%16.65%11.67%9

25.24%25.14%34.79%42.74%39.71%37.61%8

21.33%21.31%27.36%46.25%53.52%42.46%7

18.47%18.46%22.62%36.16%42.60%29.08%6

35.91%35.91%56.40%56.84%45.75%51.65%5

32.84%32.84%49.16%46.93%29.78%28.78%4

71.34%71.34%248.96%245.80%150.70%255.43%3

De Jong (D)De Jong (H)Chain LadderWinbugsBayesianRegression Accident year

Comparison among different methods



10.89%10.62%11.28%17.64%31.03%12.17%Average

2.88%0.88%2.30%0.72%9.07%2.62%10

0.86%1.00%0.63%8.85%25.54%2.39%9

12.26%12.26%14.17%27.74%41.14%5.81%8

8.30%8.28%9.00%25.93%20.53%12.63%7

7.92%7.92%8.67%15.58%17.28%12.47%6

19.85%19.85%24.70%19.70%53.22%19.15%5

24.15%24.15%19.45%24.92%50.47%30.12%4

De Jong (D)De Jong (H)Chain LadderWinbugsBayesianRegression Accident year

Comparison among different methods

9.12%9.26%8.19%9.04%11.39%8.49%Average

2.07%2.93%4.47%4.18%17.89%4.53%11

6.16%6.24%5.42%1.42%10.99%4.21%10

12.20%12.21%11.03%15.74%8.74%7.97%9

4.07%4.08%4.13%6.16%0.33%9.96%8

1.91%1.92%2.10%0.07%15.13%3.62%7

28.71%28.72%22.18%21.52%9.22%18.63%6

8.72%8.72%8.02%14.18%17.45%10.49%5

De Jong (D)De Jong (H)Chain LadderWinbugsBayesianRegression Accident year

Comparison among different methods



35.67%35.96%25.33%25.24%23.15%26.84%Average

10.27%12.17%9.78%7.52%8.92%9.96%12

43.50%43.60%30.33%30.73%34.88%29.22%11

46.77%46.79%32.21%36.60%32.58%34.19%10

33.77%33.78%25.73%31.39%19.48%27.15%9

46.65%46.65%31.67%32.82%20.38%41.72%8

15.26%15.27%12.75%5.25%8.32%13.52%7

53.48%53.48%34.85%32.35%37.51%32.10%6

De Jong (D)De Jong (H)Chain LadderWinbugsBayesianRegression Accident year

Comparison among different methods

16.09%15.22%19.99%19.69%17.49%20.00%Average

12.73%6.66%7.95%2.77%4.18%8.79%13

15.04%14.95%18.19%20.69%9.56%21.40%12

4.79%4.82%4.72%4.85%2.14%11.59%11

17.11%17.11%14.60%9.19%15.49%6.93%10

15.72%15.74%12.96%15.53%28.65%10.31%9

3.58%3.58%4.03%4.98%19.15%1.35%8

43.67%43.67%77.51%79.80%43.29%79.64%7

De Jong (D)De Jong (H)Chain LadderWinbugsBayesianRegression Accident year

Comparison among different methods



20.03%20.14%17.66%19.17%16.83%14.79%Average

6.77%7.65%8.74%6.57%5.96%9.44%14

4.06%3.95%4.49%7.28%13.21%7.66%13

7.24%7.23%7.50%15.25%12.69%4.57%12

11.97%11.98%11.48%4.03%15.31%0.25%11

18.70%18.71%17.01%16.06%23.05%6.15%10

42.09%42.09%34.80%42.00%28.09%32.59%9

49.38%49.38%39.60%42.97%19.53%42.90%8

De Jong (D)De Jong (H)Chain LadderWinbugsBayesianRegression Accident year

Comparison among different methods

6.07%8.93%9.64%14.95%14.63%15.89%Average

1.07%21.14%24.41%19.43%31.14%25.12%15

7.30%7.21%7.81%18.46%7.40%10.65%14

0.18%0.20%0.23%6.62%15.49%1.10%13

10.61%10.61%10.96%13.71%7.43%6.59%12

16.49%16.49%17.88%25.03%2.93%38.40%11

4.00%3.99%3.38%8.55%13.58%20.57%10

2.86%2.86%2.82%12.86%24.48%8.81%9

De Jong (D)De Jong (H)Chain LadderWinbugsBayesianRegression Accident year

Comparison among different methods



16.90%16.24%14.74%17.43%18.44%18.80%Average

20.49%15.97%17.38%17.92%31.72%18.24%16

3.13%3.03%3.14%3.47%3.81%6.42%15

17.43%17.44%16.14%21.61%23.13%20.43%14

21.14%21.13%19.40%26.13%20.67%25.34%13

5.81%5.82%6.09%13.55%4.10%17.82%12

0.36%0.37%1.05%3.33%4.83%3.10%11

49.94%49.94%39.96%35.96%40.81%40.22%10

De Jong (D)De Jong (H)Chain LadderWinbugsBayesianRegression Accident year

Comparison among different methods

33.71%37.06%50.74%49.36%42.38%54.98%Average

22.15%45.79%59.57%23.45%64.29%61.30%17

48.15%48.04%64.27%78.61%59.36%69.20%16

44.63%44.60%57.89%80.96%63.20%72.83%15

17.12%17.12%18.87%29.23%17.49%27.26%14

2.98%2.97%3.11%3.51%0.03%3.98%13

24.99%24.98%28.98%19.15%19.90%17.89%12

75.95%75.95%122.45%110.59%72.37%132.38%11

De Jong (D)De Jong (H)Chain LadderWinbugsBayesianRegression Accident year

Comparison among different methods



18.07%18.48%24.66%26.74%25.50%26.35%Average

33.71%37.06%50.74%49.36%42.38%54.98%Triangle 10

16.90%16.24%14.74%17.43%18.44%18.80%Triangle 9

6.07%8.93%9.64%14.95%14.63%15.89%Triangle 8

20.03%20.14%17.66%19.17%16.83%14.79%Triangle 7

16.09%15.22%19.99%19.69%17.49%20.00%Triangle 6

35.67%35.96%25.33%25.24%23.15%26.84%Triangle 5

9.12%9.26%8.19%9.04%11.39%8.49%Triangle 4

10.89%10.62%11.28%17.64%31.03%12.17%Triangle 3

29.76%31.43%64.36%68.15%54.10%65.24%Triangle 2

De Jong( D)De Jong (H)Chain ladderWingBUGSBayesianRegression



54.98%18.80%15.89%14.79%20.00%26.84%8.49%12.17%65.24%Average

61.30%18.24%25.12%9.44%8.79%9.96%4.53%2.62%11.67%8

69.20%6.42%10.65%7.66%21.40%29.22%4.21%2.39%37.61%7

72.83%20.43%1.10%4.57%11.59%34.19%7.97%5.81%42.46%6

27.26%25.34%6.59%0.25%6.93%27.15%9.96%12.63%29.08%5

3.98%17.82%38.40%6.15%10.31%41.72%3.62%12.47%51.65%4

17.89%3.10%20.57%32.59%1.35%13.52%18.63%19.15%28.78%3

132.38%40.22%8.81%42.90%79.64%32.10%10.49%30.12%255.43%2

Triangle 10Triangle 9Triangle 8Triangle 7Triangle 6Triangle 5Triangle 4Triangle 3Triangle 2Accident year

Regression Model

42.38%18.44%14.63%16.83%17.49%23.15%11.39%31.03%54.10%Average

64.29%31.72%31.14%5.96%4.18%8.92%17.89%9.07%16.65%8

59.36%3.81%7.40%13.21%9.56%34.88%10.99%25.54%39.71%7

63.20%23.13%15.49%12.69%2.14%32.58%8.74%41.14%53.52%6

17.49%20.67%7.43%15.31%15.49%19.48%0.33%20.53%42.60%5

0.03%4.10%2.93%23.05%28.65%20.38%15.13%17.28%45.75%4

19.90%4.83%13.58%28.09%19.15%8.32%9.22%53.22%29.78%3

72.37%40.81%24.48%19.53%43.29%37.51%17.45%50.47%150.70%2

Triangle 10Triangle 9Triangle 8Triangle 7Triangle 6Triangle 5Triangle 4Triangle 3Triangle 2Accident year

Bayesian



49.36%17.43%14.95%19.17%19.69%25.24%9.04%17.64%68.15%Average

23.45%17.92%19.43%6.57%2.77%7.52%4.18%0.72%2.36%8

78.61%3.47%18.46%7.28%20.69%30.73%1.42%8.85%42.74%7

80.96%21.61%6.62%15.25%4.85%36.60%15.74%27.74%46.25%6

29.23%26.13%13.71%4.03%9.19%31.39%6.16%25.93%36.16%5

3.51%13.55%25.03%16.06%15.53%32.82%0.07%15.58%56.84%4

19.15%3.33%8.55%42.00%4.98%5.25%21.52%19.70%46.93%3

110.59%35.96%12.86%42.97%79.80%32.35%14.18%24.92%245.80%2

Triangle 10Triangle 9Triangle 8Triangle 7Triangle 6Triangle 5Triangle 4Triangle 3Triangle 2Accident year

WinBUGS

50.74%14.74%9.64%17.66%19.99%25.33%8.19%11.28%64.36%Average

59.57%17.38%24.41%8.74%7.95%9.78%4.47%2.30%11.21%8

64.27%3.14%7.81%4.49%18.19%30.33%5.42%0.63%34.79%7

57.89%16.14%0.23%7.50%4.72%32.21%11.03%14.17%27.36%6

18.87%19.40%10.96%11.48%14.60%25.73%4.13%9.00%22.62%5

3.11%6.09%17.88%17.01%12.96%31.67%2.10%8.67%56.40%4

28.98%1.05%3.38%34.80%4.03%12.75%22.18%24.70%49.16%3

122.45%39.96%2.82%39.60%77.51%34.85%8.02%19.45%248.96%2

Triangle 10Triangle 9Triangle 8Triangle 7Triangle 6Triangle 5Triangle 4Triangle 3Triangle 2Accident year

Chain Ladder



37.06%16.24%8.93%20.14%15.22%35.96%9.26%10.62%31.43%Average

45.79%15.97%21.14%7.65%6.66%12.17%2.93%0.88%15.02%8

48.04%3.03%7.21%3.95%14.95%43.60%6.24%1.00%25.14%7

44.60%17.44%0.20%7.23%4.82%46.79%12.21%12.26%21.31%6

17.12%21.13%10.61%11.98%17.11%33.78%4.08%8.28%18.46%5

2.97%5.82%16.49%18.71%15.74%46.65%1.92%7.92%35.91%4

24.98%0.37%3.99%42.09%3.58%15.27%28.72%19.85%32.84%3

75.95%49.94%2.86%49.38%43.67%53.48%8.72%24.15%71.34%2

Triangle 10Triangle 9Triangle 8Triangle 7Triangle 6Triangle 5Triangle 4Triangle 3Triangle 2Accident year

De Jong (Hertig)

33.71%16.90%6.07%20.03%16.09%35.67%9.12%10.89%29.76%Average

22.15%20.49%1.07%6.77%12.73%10.27%2.07%2.88%3.18%8

48.15%3.13%7.30%4.06%15.04%43.50%6.16%0.86%25.24%7

44.63%17.43%0.18%7.24%4.79%46.77%12.20%12.26%21.33%6

17.12%21.14%10.61%11.97%17.11%33.77%4.07%8.30%18.47%5

2.98%5.81%16.49%18.70%15.72%46.65%1.91%7.92%35.91%4

24.99%0.36%4.00%42.09%3.58%15.26%28.71%19.85%32.84%3

75.95%49.94%2.86%49.38%43.67%53.48%8.72%24.15%71.34%2

Triangle 10Triangle 9Triangle 8Triangle 7Triangle 6Triangle 5Triangle 4Triangle 3Triangle 2Accident year

De Jong (Development)
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