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Introduction

The official population projection for Japan is prepared by the National Institute of Population

and Social Security Research (NIPSSR) based on the results of the Population Census every five

years. The most recent projection was released in Dec. 2006 based on the 2005 Census (NIPSSR

2007). The cohort component method was used in the projection. To make an assumption for

the survivorship ratio in the projection, use of the mortality projection model to obtain future life

tables is necessary.

The mortality projection model should be selected in terms of detailed observations for trends

of life expectancy and the available data set. Japanese life expectancy has increased rapidly over

time and is still increasing with top class values in the world. This unique trend is one of the

factors that makes it difficult to project future mortality situations for Japan.

In the latest projection, a new mortality projection model was studied and developed. The

model is basically based on the Lee-Carter model, which is regarded as the standard method

internationally, but was modified by adding new features to suit the characteristics of mortality

trends in Japan.

In this paper, first we observe recent trends in Japanese mortality. Next, we review the Lee-

Carter model and its application to Japan, and explore aspects to improve the mortality projection

model for Japan. Then we discuss the new model, the age-shifting model, and compare with the

Lee-Carter model.
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1 Recent Trends in Japanese Mortality

In this section, we observe recent trends in Japanese mortality.

Figure 1 shows the Japanese life expectancy from 1955 to 2005. The life expectancy values

in 1955 are 63.60 for male and 67.75 for female, and 78.56 for male 85.52 for female in 2005.

During this period, they are prolonged 14.96 for male and 17.77 for female. Figure 1 shows

that the prolonging rate has been tapering recently. However, increases since 1980 are 5.21 for

male and 6.76 for female which shows life expectancy has still been increasing in recent years.

It is characteristic for the Japanese mortality situation that life expectancy is increasing steadily,

maintaining top levels in the world.

Figure 1 Life Expectancy for Japan from 1955 to 2005

Source: MHLW (Ministry of Health, Labour and Welfare), ”Life Tables”

It is also an important feature in the recent Japanese mortality trend that the improvements in

older age had a larger impact on the prolonging in life expectancy in both sexes. Figure 2 shows

the indices of life expectancy at age 0, 65 and 70 compared with the 1980’s. We can observe that

the increase in life expectancy at age 65 and 70 are much greater than those at age 0. This shows

that improvements are remarkable in older age.
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Moreover, we can also observe these facts from the change in the shape of the mortality curves.

Figure 3 shows that Japanese mortality improved first in the young age bracket, and then recently

in the old age bracket. In addition, we can also recognize these changes as the shifting of curves

in the direction of older people, that is, delays in the timing of death. Therefore, the feature where

the improvement in the older age bracket is remarkable is related to the age-shifting of mortality

curve, which illustrates an important point in construction of mortality projection models for

Japan.

Figure 2 Improvement of Life
Expectancy at Age 0, 65 and 70
(as 1980’s = 100), from 1970 to
2005

Source: MHLW(Ministry of Health, Labor and Wel-

fare), ”Life Tables”

Figure 3 Age Specific Mortal-
ity Rate for Japanese female,
from 1955 to 2005

Source: MHLW(Ministry of Health, Labor and Wel-

fare), ”Life Tables”

2 The Lee-Carter Model and its Application to Japan

There are various models for mortality projection. Among them, the Lee-Carter model(Lee and

Carter 1992) is now regarded as the standard method internationally. Tuljapurkar et al. (2000)

applied this model to the mortality in G7 countries and demonstrated its effectivness.

We first review this model here. Let ln(mx,t) be the natural logarithm of central death rates.

Then, the Lee-Carter model is expressed as follows.

ln(mx,t) = ax + ktbx + εx,t
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where ax is the average mortality age pattern and εx,t represents error terms. To estimate the

parameters bx, kt, applying singular value decomposition(SVD) to the matrix ln(mx,t) − ax

ln(mx,t)− ax = ∑
i

uxiqivti (q1 ≥ q2 ≥ · · · )

Then we observe the term relating q1 (the first singular value), and set

kt = q1vt1

bx = ux1

The future values of kt are projected using time series analysis, and then the future mortality

rates are projected using the projected kt values.

There are also many studies that applied the Lee-Carter model to Japanese mortality. Wilmoth

(1996) applied this model to Japanese total mortality(Method I), and compared the projection by

forcing its future trend to match the projected Swedish trend (Method II) and the projections by

cause-specific mortality (Methods III and IV).

Komatsu (2002) studied and developed the projection model applying the Lee-Carter method

for the previous Japanese official population projection in 2002 (NIPSSR 2002), which will be

described later (we call this ”the Komatsu model” in this paper). Moreover, Ogawa et al. (2002),

Nanjo and Yoshinaga (2003), Kogure and Hasegawa (2005), Ozeki (2005), Oikawa (2006) also

studied the application of the Lee-Carter model to Japanese mortality.

The Komatsu model, which was used in the previous projection in 2002, applied a Lee-Carter

model that is slightly modified to suit Japanese mortality projection. The main differences are:

(1) ax is the average of the most recent two years in the Komatsu model, which is the average of

the whole term in the original Lee-Carter model, (2) kt is projected by non-linear curve fitting in

the Komatsu model*1, not by time series analysis as in the original Lee-Carter model.

However, from the observation comparing the projected mortality rates in the previous projec-

tion to the actual ones, the projected mortality rates for older ages have turned out to be higher

than actual ones.

In Lee and Miller (2001), the performance of the Lee-Carter model in mortality projections was

evaluated using the data in the U.S., Canada, Sweden, France and Japan. The study showed

that the projected life expectancy using the Lee-Carter model tends to be lower, especially if the

projected period is getting longer. It also pointed out that this tendency would be related to

*1 The fitted function is the average of the exponential and the logarithm function, which is supposed to fit well with
the recent trend in Japanese mortality.
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the changing age pattern of decline in some way. Relating to this point, we have seen in the

previous section that we can recognize the recent changes in the Japanese mortality age pattern

as a shifting of curves in the direction of older people. Therefore, seeking a model that could

express an age-shifting structure would improve the mortality projection.

As such a mortality model that has an age-shifting structure, Bongaarts (2005) proposed ”the

shifting logistic model,” noticing that the slope parameter in the three parameter logistic curve,

which is fitted to the mortality data in each country, is almost constant over time.

Ishii (2006) studied the Lee-Carter model with an age-shifting structure, and discussed that

the model has an advantage in fitting with Japanese old-age mortality. In this study, we moved

further and developed a new mortality projection model with an age-shifting structure used in

the 2006 official projection, which is a Lee-Carter model applied with the shift amount in the

shifting logistic model.

3 Mortality Projection Model with Age-shifting Structure

In this section, we describe the mortality projection model with age-shifting structure (we call

this ”the age-shifting model” in this paper). The age-shifting model is constructed as follows.

Figure 4 Estimated St and βt,
from 1970 to 2005

Figure 5 Estimated ax and bx

5



First, we fit the three parameter logistic curve

µx,t =
αt exp(βtx)

1 + αt exp(βtx)
+ γt

to the actual Japanese life tables*2. Then we obtain a parameter St = − ln(αt)
βt

, which is used to

express the shift amount in the shifting logistic model (Bongaarts 2005), and another parameter

βt, which express the slope of the curve（Figure 4）.

We now consider the linear transformation setting the intercept (amount of age-shifting) as

the difference St0 − St, where t = t0(= 2005) is the base point year, and the slope as the ratio

of βt to the base point. We apply this transformation to the central death rate mx,t to basically

obtain the age-shifted mortality set. However, in detail we didn’t apply this transformation to

the age bracket less than age x = 25(= B1) at the base point year or completely apply more than

x = 50(= B2). We used linear interpolation for the other age bracket.

The transformation is precisely accomplished by the following formula. Let x be the original

age and y be the transformed one, and define the relation x = f (y) as follows.

f (y) =
def


y (y ≤ B1){

βt0
βt

(B2 − St0) + St − B1

}
y−B1

B2−B1
+ B1 (B1 ≤ y ≤ B2)

βt0
βt

(y − St0) + St (B2 ≤ y ≤ St0)
y − St0 + St (St0 ≤ y)

Then set

m̂y,t =
def

m f (y),t

and apply the Lee-Carter method to the natural logarithm of m̂y,t, which represents the age-

shifted mortality rates. We used ax in the Lee-Carter method as the average in the most recent

five years and estimated the parameters bx and kt applying the SVD to the matrix ln(m̂y,t) − ax

（Figure 5）.

Projecting the parameter kt, we applied nonlinear curve fitting (Figure 6), using the same func-

tion as the Komatsu model. We projected the parameter St using linear regression with kt and

fixed the parameter βt with the averages in recent figures (Figure 7).

*2 We recalculated the actual Japanese life tables from population census, population estimates (Bureau of Statistics)
and vital statistics (MHLW). However, the life expectancies by the recalculated tables are almost the same values
as the official life tables for Japan (MHLW)
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Figure 6 Actual and Projected
kt, from 1970 to 2055

Figure 7 Actual and Projected
St, from 1970 to 2055

We made three variants of mortality levels. For this purpose, we estimated 99% confidence

intervals for the parameter kt using the bootstrap method. Then we set ”high mortality variant”

as the upper limit of the confidence intervals and ”low mortality variant” as the lower (Figure 8).

Figure 9 shows the projected life expectancy at birth with this model. In the medium mortality

variant, which is considered as the standard case, the life expectancy at birth will reach 83.67 for

males and 90.34 for females in 2055, which were 78.53 and 85.49 in 2005. In the high variant,

the life expectancy will reach 82.41 and 89.17 in 2055, and 84.93 and 91.51 in the low mortality

variant.

4 Comparison the age-shifting model with the Lee-Carter model

In this section, we compare the age-shifting model with the Lee-Carter model (we simply call

the Lee-Carter model without age-shifting structure the ”Lee-Carter model” here).

Figure 10 - 13 show the relative level of age specific mortality rates (natural logarithm) for

females, that is, the difference of mortality rates in each year and the average rates from 2001 to

2005.
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Figure 8 Actual and Projected
kt (high, medium and low vari-
ant), from 1970 to 2055

Figure 9 Actual and Projected
Life expectancy at Birth, from
1955 to 2055

Figure 10 shows the actual data. This figure presents the relative change in the mortality pattern

to the average mortality pattern. The mortality rates have decreased during this period, therefore

the curves are moving downward over time.

Figure 11 shows the relative change by the Lee-Carter model for the estimated and projected

values. We can observe that this model expresses the motion of the mortality curve only in the

vertical direction.

The original Lee-Carter model uses the first singular value only. If we use the first and second

singular values, we can obtain better estimates as in Figure 12. We can observe from this plot

that the relative change of the mortality pattern shows some age-shifting effect. On the other

hand, Figure 13 shows the estimated and projected mortality by age-shifting model. We can see

a similar pattern as in the estimated part in Figure 12. This observation suggests that the age-

shifting model could have a higher performance in ability to express mortality pattern change.

Next, we will compare qx and lx functions in both models. Here, we compared life table func-

tions in 2050, whose e0s are around 90 years, and another two cases assuming unrealistically low

kt values on condition that both models have almost the same level of life expectancy (about 94

and 97 years), only for the purpose of evaluating the impact of model selection.
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Figure 10 Relative Change of
Age Specific Mortality Rates (ac-
tual, female), from 1970 to 2005

Figure 11 Relative Change of
Age Specific Mortality Rates
(Lee-Carter model, female),
from 1970 to 2055

Figure 14 shows the projected qx functions. The qx curves by the Lee-Carter model are lower

than those by the age-shifting model in ages from 60 to 80, and then they increase rapidly and

are higher in ages over 80. This means that the slopes of the qx curves by the Lee-Carter model in

older-age brackets are higher than those by the age-shifting model.

Figure 15 shows the projected lx functions. Due to the differences of the slopes of the qx func-

tions in older-age brackets, the lx curves by the Lee-Carter model seem to be more ”rectangular-

ized,” corresponding to mortality decline, than those by the age-shifting model. In contrast, we

can observe from the graph that mortality decline is expressed as a right-hand shifting of lx curve

in the age-shifting model.

We confirm this point in more quantitative analysis. Wilmoth and Horiuchi (1999) discussed

rectangularization of human survival curves, and compared some measures of the variability of

the age distribution of deaths or the rectangularity of the survival curve. In the article, they chose

the interquartile range (IQR) to compare survival curves for Sweden, Japan and the United States.

IQR is defined as follows:

IQR = x2 − x1

where x1 and x2 are ages such that lx1 = 0.75 and lx2 = 0.25.

IQR is the distance between the lower and upper quartiles of the distribution of ages at death.
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Figure 12 Relative Change of
Age Specific mortality rates (us-
ing second singular value, fe-
male), from 1970 to 2005

Figure 13 relative change of
age specific mortality rates (age
shifting model, female)

Figure 14 Comparison of qx, female Figure 15 Comparison of lx, female

IQR decreases as the survival curve becomes more rectangular.

Table 1 shows the IQR for both models. From this table, we can see that the level of IQR in the

age-shifting model is greater than the Lee-Carter model, and the difference of the IQR between

e0 level 90 and 97 in the age-shifting model is smaller.

These observations show that the age-shifting model corresponds to the fact that the recent
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Table 1 IQR for Age-shifting Model and Lee-Carter Model

e0 Level 90 94 97

Age-shifting Model 12.5 12.0 11.6

Lee-Carter Model 12.1 11.4 10.8

mortality decline in Japan is explained as delaying the timing of death.

Thus, we could confirm that the projected age pattern of mortality by the age-shifting model is

more plausible for the Japanese mortality situation, comparing qx and lx functions and evaluating

IQR values. This would be another advantage of this model.

Concluding Remarks

In this paper, we studied and developed the age-shifting model for Japanese mortality projec-

tion. The main findings are summarized as follows.

• The improvements in older age had a larger impact on the prolonging in life expectancy in

the recent Japanese mortality trend. We can recognize this as the shifting of curves in the

direction of older people, that is, delays in the timing of death.

• Applying the shift amount and the slope parameters in the shifting logistic model, we de-

veloped the age-shifting model, which is a Lee-Carter model with an age-shifting structure.

• In comparison with the Lee-Carter model, the age-shifting model could produce a more

plausible age pattern of mortality based on the observation of qx and lx functions and IQR

values.

As we have seen, the age-shifting model had succeeded in improving the Japanese mortality

projection to some extent. However,there would still remain some points that could be improved

in this model. First, we should further explore the parameters and the functions used in this

model. For example, we used the parameter St in the shifting logistic model as the shift amount.

However, there might be a better function to evaluate the amount. Second, we should further

examine the universality of this model. This includes the application to other countries’ data

and/or other time periods. Further study would be needed on these points.
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