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Prolonging Life Expectancy

= The average life-span of western countries has
being increased significantly since turning to
the 20th century.

->Mortality improvements in Asia are much
faster and greater, and the life expectancies of
many Aslan countries are about the same as
those of Western countries.

—> Population size & Rapid improvement
contribute to the difficulty of mortality study.
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Description of Taiwan Population

= Talwan’s population is about 23 million and
the elderly data (especially the oldest-old) are
not available for early years.

—> Data for ages 85 & beyond are fewer than 40
years.

-> The population for ages 100 & beyond is less
than 2,000.

= It is not easy to model the elderly mortality.
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Small Population & Mortality Model

= [he most obvious way for reducing variance IS
to increase the sample size, or to use reference
groups to modify (i.e., smooth) estimates.

- Accumulating 3 to 5 years of data

—> Graduation or life-table construction
techniques

—> Coherent model (e.g., L1 & Lee, 2005)
-> Bayesian approach



| ee-Carter Mortality Model

= [he Lee-Carter Model (Lee and Carter, 1992),
the central mortality rate should be consistent
with the following equation

9
In(m,,)=a,+pB & +&,

o, describes the average age-specific mortality,
K, represents the general mortality level, and the

decline in mortality at age x Is captured by 2,.



Coherent Mortality Model

= Coherent approach is to use a (larger) reference
group to refine parameter estimation.

—> L1 and Lee (2005) assume that the small
population have same LC parameters (e.g.,x; )
as the large population.

-> Still, the small population has its parameters
with smaller variation.

e.g., K&; =»Random walk; K, =2>AR(1)
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Proposed Approach

= \We propose a method for increasing sample
size, by combining populations with similar
attributes as the small population.

- Using Cluster Analysis to choose countries
with similar attributes

- Using Principal Component Analysis to select
Important variables

Note: Talwan Is the target (small) population.
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Cluster Analysis (CA)

= FIrst, define the mortality improvement
(1) = 3D
0y (1)
whereq, (t) Is the mortality rate of age x at time t.

- Compute the differences of r, (t)'s between
Tailwan and varies countries. If the differences
of a country form only one cluster, it will be
treated as In the same group as Taiwan.
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Criteria for Number of Clusters

s Ward’s minimum variance criterion Is used.

- Distance within a cluster is the variance of all
Individuals to cluster center.

- Distance between clusters are the Euclidean
distance between two cluster centers.

= We shall maximize the average distance
between clusters and minimize the average
distance within clusters.

13



i Criteria for Cluster Number (Cont.)

= AIC (Akaike Information Criterion) or BIC
(Bayesian Information Criterion) to decide the
optimal number of clusters.

= In addition, we can compute the ratio of the
average distance for k clusters to that for k+1
clusters. (4t column: ratio of distance)

—> A larger value indicates that the average
distance between clusters is larger.
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Table 2-1. Optimal Number of Clusters for Mortality Similarity between Taiwan & U.S.

# of Cluster AIC BIC Ratio of distance
measure

1 2131.692 2283.369

) 1925.121 2228.475 1.580
3 1822.094 2277.125 1.750
4 1774.748 2381.456 1.070
5 1873.571 2631.956 1303
6 1529.755 2439.817 1.089
7 1627.571 2689.310 1229
g 1722.177 2935.593 1.082
9 1790.095 3155.188 1.073
10 1895.513 3412.282 939

Note: U.S. and Talwan are not similar in mortality.




Principal Component Analysis (PCA)

= PCA is a popular tool for data reduction and it
IS especially useful in our case since each

country has a lot of g
usually 1, 2, or 3 PC’

. (t) values. Traditionally,
S are chosen.

- Lee-Carter model: 1 PC

—>Yang et al. (2010): 2
—>Heligman and Pollarc

PC’s
(1980): 3 PC’s

Note: More PC’s are ex

nected If a lot of countries

are chosen from the CA.
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Empirical Study

= Consider the data of 30 countries from Human
Mortality Database (HMD) and select countries
share similar mortality attributes as Taiwan.

—> Lee-Carter model is treated as the benchmark.

- Mean absolute percentage error (MAPE) is the
criterion for model performance,
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Step 1. Choose Countries with similar attributes

Table 3-1. Cluster analysis of mortality improvement for single age (1970-1999)

Country Cluster # Country Cluster # Country Cluster #
Australia 2 France 1 Poland 1
Austria 1 Hungary 2 Portugal 2
Belarus 3 [reland 1 Russia 2
Belgium 2 [taly 2 Slovakia 2
Bulgaria 2 Japan 2 Spain 1
Canada 2 Latvia 2 Sweden 3
Czech Republic 2 Lithuania 3 Switzerland 3
Denmark 2 Netherlands 2 UK 2
Estonia 2 New Zealand 2 USA 3
Finland 2 Norway 1 Ukraime 2




Table 3-2. Data Periods for six selected countries

Countries Fitting period | Prediction period

Austria 1970~1999 2000~2008
France 1970~1999 2000~2007
[reland 1970~1999 2000~-2006
Norway 1970~1999 2000~-2007
Spain 1970~1999 2000~-2006
Taiwan 1970~1999 2000~2008




Step 2. Select PC’s from the chosen countries

Table 3-3. Results of PCA for Tatwan male and female

Male Female
Cumulative Trrel Cumulative
Variation (%) Variation (%)
11.399 56.996 14.324 71.619
4.681 80.402 2.730 85.271
1.323 87.016 889 89.714
632 90.177 628 92.855
ATT 92.564 341 94.559
417 94.651 224 95.679
287 96.085 199 96.673
184 97.004 155 97.445
118 97.597 112 98.003
108 98.137 097 98.489

Eigen-value
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Cross-Validation

= The data are divided into two parts:

-> In-sample (fitting period or training data,
1970-1999)

- Out-sample (testing data, 2000-2008)

= The data are mortality rates of 5-age groups,
ranging from 0 to 99 year-old.

Note: Although AIC & BIC can be used, we
suggest using the MAPE for comparison.



Training Errors (Male)

# of Principal Component

Table 3-4. Fitting MAPE of the male for six countries (unit = %)

Country 1 2 R 4 5 0 1 -
Austria 891 | 895 | 573 | 538 | 443 1 400 | 356 | 4.38
France 971 | 6.89 | 461 | 423 | 372 | 276 | 266 | 3.8l
[reland [720 | 839 | 823 | 627 | 600 | 5.10 | 448 | 6.J]
Norway 9.62 | 725 | 6.65 | 583 | 534 | 456 | 443 | 552
Spain 9.62 | 760 | 651 | 582 | 457 | 407 | 3117 | 64]
Taiwan [0 ) 825 | 751 | 677 | 589 | 430 | 341 | 575

Total 1153 | 789 | 6.5 | 572 | 499 | 413 | 3.62 | 540




Training Errors (Female)
Table 3-5. Fittmg MAPE of the female for six countries (unit + %)

# of Principal Component 1

Country 1 2 3 4 N 0 1
Austria 876 | 795 | 595 | 488 | 453 | 436 | 371 | 475
France [1.68 | 575 | 507 | 3.65 | 2838 | 205 | 203 | 285
[reland 1605 | 912 | 750 | 720 | 612 | 543 | 485 | 7.6
Norway 1027 | 811 | 739 | 641 | 596 | 548 | 5.04 | 0.78
Spam 919 | 793 | 702 | 412 | 359 | 281 | 254 | 475
Taiwan 947 | 7352 | S8 | 534 | Al4d | 374 | 333 | 446
Total 1090 | 7.73 | 646 | 527 @ 454 | 400 | 358 | 5.1




Testing Errors (Male)

Table 3-7. MAPE values of forecasting results for males of six countries (unit * %)

# of Principal Component

Country 1 2 3 4 N 0 1 -
Austria 1048 | 999 | 958 | 894 | 762 | 781 | 885 | 9.5
France [427 | 1338 | 1276 | 1031 | 929 | 815 | 829 | 11.6]
[reland 2325 | 2182 | 2112 | 19.02 | 20.09 | 21.22 | 21.29 | 22.72
Norway [3.69 | 14.08 | 14.00 | 13.68 | 13.71 | 13.49 | 12.80 | 13.38
Spain 1057 1 979 | 977 | 862 | 875 | 866 | 9.13 | 14.04
Taiwan 2226 | 1510 ) 1570 | 1513 | 1475 | 1490 | 1486 | 18.13

Total 1573 | 1393 | 1371 | 124 | 12.23 | 1222 | 1240 | 14.72




Testing Errors (Female)

Table 3-8. MAPE values of forecastmg results for females of six countries (unit : %)

# of Principal Component

Country 1 2 3 4 N 0 1 -
Austria [3.03 | 1177 | 1188 | 10.33 | 10.12 | 9.74 | 9.67 | 10.88
France [3.67 | 1434 | 1334 | 10.63 | 826 | 754 | 764 | 10.03
[reland 16.06 | 14.34 | 1435 | 1474 | 13.93 | 14.00 | 13.70 | 15.50
Norway 1495 | 1497 | 1559 | 13.86 | 12.96 | 12.93 | 13.70 | 14.58

Spamn 107 | 658 | 548 | 338 | 5.68 | 590 | 391 | 9.62

Taiwan 1259 | 1452 | 1248 | 1490 | 1478 | 1476 | 15.36 | 15.37

Total 1295 | 12.86 | 12.28 | 11.74 | 11.07 | 1091 | 1111 | 12.69




Conclusion

= Modeling mortality rates for small populations
become more popular and several models were
proposed.

= We propose Cluster Analysis to increase the
sample sizes for small populations and Principal
Component Analysis for data reduction and
mortality prediction.

-> The proposed method has smaller MAPE than
the Lee-Carter model for Taiwan data.
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Discussions

= Reference groups for A & B can be different,
even A & B share similar mortality attributes.

= Mortality improvements are not homogeneous at
all ages for the target and reference populations.

= Other data reduction methods (Functional PCA)
= Other methods for reducing the variance

- Combining the idea of coherent model and
cluster analysis

- Graduation -
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Thank you
for your attention!
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