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Abstract

The aging problem is becoming increasingly serious in Japan.
The elderly need to have revenue (pension) until death and a
healthy quality of life. As a basic tool for solving such older age
problems, we need to have a multistate life table incorporating
the changes in health conditions. In this paper, we estimate the
transition probability by sex and age using a Markov process
model and longitudinal data for the period 2006–2016. The data
include the historical long-term nursing care insurance data of H
city in Shiga prefecture. Using this estimation, we then create
a multistate life table for H City. In the first half of this paper,
we explain the process of this creation,

and in the second half, we create a multistate life table across
Japan by combining this probability transition matrix with the
reported annual nationwide long-term care insurance by age group.
The development of a method for data fusion is another goal of
this paper.

Finally, we apply the transition probability matrix to predict
the population of each state by 2040 and discuss the appearance
of a super aging society. In view of the future social security
expenses, the growth rate of medical and long-term care insur-
ance expenditure is remarkable. From 2000 onward, the burden
of social security and taxes and the soundness of state finance
have continuously been the most important issues in domestic
policy and will continue to be so in the mid to long term. Ac-
curate health condition estimation of the elderly seems to be an
increasingly important task for policy makers.

∗Professor, Nihon University, College of Humanities and Sciences
†Research Institute for Future Health, CEO

1



1 INTRODUCTION 2

Keywords:　 Long-term care insurance, level of required care, Markov
process model, probability transition matrix, multistate life table

1 Introduction

The long-term care (LTC) insurance established in 2000 has been one of the
three pillars of social security supporting the elderly, the other two being
pension and medical treatment, for over 17 years now.

Figure 1: Change in number of certified participants by level of required
care

LTC insurance is a mechanism that supports the senior citizens’nursing
care of a society as a whole. It has been explained to have the following three
functions.

• Support for independence: The system supports the independence of
the elderly, rather than simply providing personal care.

• User oriented: It enables users to receive integrated services of health,
medicine, and welfare from diverse agents based on the users ’own
choice.

• Social insurance system: LTC is a social insurance system with a clear
relationship between benefits and burdens.

In many countries, private insurance companies are responsible for the LTC
insurance functions, but Japan has a system that provides extensive ben-
efits and well-designed services corresponding to the German system. The
insured are mainly the elderly aged 65 years or older, and they are certi-
fied when they reach a certain LTC level and receive service benefits when
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required. footnote The upper monthly limit is about 50,000 yen (required
support level 1) to 360,000 yen (required care level 5). Many administrative
functions of the system are delegated to local municipalities owing to their
character.

The source of funding consists of the LTC insurance premiums and taxes
(national, prefectural, and municipal) collected from the insured 40 years
and older.

LTC certification is finalized following secondary judgment by the Certi-
fication Committee for required LTC after primary judgment by a computer;
the primary judgment on an application is made by the accredited investi-
gator.

Figure 2: Flow of accreditation for LTC insurance

Also, the transition of the state of nursing care need of each insured
person can be understood from the required care level certification and the
insured person’s degree of activities of daily life (ADL), degree of cognitive
level, etc. The opinion of a doctor is also submitted to the accreditation
panel in writing, giving the names of the causative diseases.

Insured persons who have received the required care level certification
have the right to receive care services based on their needs.
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Figure 3: Flow of LTC insurance services

2 Care State Transition Matrix Estimation

2.1 Estimation based on LTC data insurance

Profile of H city H city is in Shiga prefecture and has a population of
approximately 114,000 people (2015 census). Its characteristics, such as
economic level and population composition, are almost similar to those of
Japan.

Figure 4: Shiga prefecture in
mainland Japan

Figure 5: H city in Shiga pre-
fecture
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Figure 7: Population pyramid of the
elderly over 65 years of age (2010,
2015)

Trend of H City’s population and certified persons over 65 years
of age (2000–2016) The population of the elderly over 65 years of age
is 28,000 (13,000 men; 15,000 women); these comprise the first group of the
insured under LTC insurance. The number of accredited persons out of the
nursing-care insured persons aged 65 or over has been as follows.
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Figure 8: Changes in population of
the elderly over 65 years of age in H
city (by gender and total number)
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Figure 9: Trends in the number of
LTC insurance certified participants
(by gender and total number)

2.2 Estimation method

The transition probability is estimated from the empirical rate with the
number of elapsed cases as the denominator and number of event occurrences
as the numerator. In addition to the nonparametric method (the Nelson-
Aalen estimation method), a parametric method assumes the probability
distribution (hereinafter, maximum likelihood is assumed with piecewise
exponential distribution).

• Distinct probability types in multistate modeling: survival probabili-
ties, S; transition probabilities, P; and state occupation probabilities.
These relate to the state occupied at a given age or ages.

• For two different ages xy, P(x, y) is the matrix of transition probabil-
ities between ages x and y; p(x) is the vector of state probabilities at
x.

• The probability of continuously staying in a state between ages x and
y will be denoted by S (x, y). The survival probability at age x is the
probability of being alive at that age. The interval from x to y may
be partitioned into x, x+ 1, x+ 2, · · · , y.

• The transition probability matrix P(x, y) may be written as a matrix
product:

P(x, y) = P(x, x+ 1)P(x+ 1, x+ 2) · · ·P(y − 1, y) (1)
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• Consequently, state vector p(x) moves to p(y)=P(x,y)p(x) in (y-x)
years. L(x) = (non-applicable(x), RS1(x), RS2(x), RC1(x), · · · , deat(x))
=

(l1(x), l2(x), · · · , l8(x) = 0). State 8 is the absorption state, or “death.”

The population vector Lt+1 of the subsequent year t + 1 is renewed
by the state transition matrix P (x).In general, P(x, y) is the matrix
of transition probabilities between ages x and y.

P(x, y) =



p11(x, y) p12(x, y) · · · p17(x, y) q(1)(x, y)

p21(x, y) q(2)(x, y)

. . . q(3)(x, y)
.
.. · · · p44(x, y) · · ·

.

.. q(4)(x, y)
..
.

. . . q(5)(x, y)

q(6)(x, y)

p71(x, y) · · · p77(x, y) q(7)(x, y)
0 0 0 0 0 0 0 1



Description Transition rates are computed from the transitions and exposures.

Useful graphics and life course indicators are computed. The package struc-

tures the data for multistate statistical and demographic life history model-

ing.

Biograph object Biograph object is the rows of longitudinal data, including
individual ID number, birth date, starting date, end date, state paths, and
their occurrence dates, and various covariates.

Example: Biograph object

ID born start end sex zip home ns path dates. Tr1 dates. Tr2
1 42 -3 1275 1401 2 7 0 4 YCFX 1276 · · ·
2 240 46 1275 1401 2 6 0 3 YFX 1276 · · ·
3 422 61 1275 1401 1 1 0 3 YCX 1276

Linkage with other packages Biograph provides users with data linkage for

the following packages: Survival (survival analysis), eha (transition rate),

etm, t Mvna (Nelson–Aalen, Aalen–Johansen), mstate (illness-death), msm

(multistate)

2.3 Total number/Average age of transition paths between
states

The following results were obtained from the LTC insurance history data: 1

1Here, the required care status is indicated by an alphabet (Y = Non-applicable; A =
Required support 1; B = Required support 2; C = Required care 1; D = Required care 2;
E = Required care 3; F = Required care 4; G = Required care 5; X = Death)
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Y A B C D E F G X

Y 0 741 653 798 528 373 370 231 1201
A 36 0 250 220 66 35 39 17 124
B 10 193 0 201 209 94 63 23 153
C 4 93 196 0 453 238 176 97 318
D 1 22 72 195 0 363 223 110 437
E 2 8 18 56 183 0 283 154 510
F 0 5 5 27 68 138 0 225 698
G 1 0 2 6 12 26 90 0 678
X 0 0 0 0 0 0 0 0 0

Table 1: Total number of transition paths between states (male)

Y A B C D E F G X

Y 80.18 78.45 79.91 78.83 78.08 78.62 78.02 85.08
A 79.25 81.20 81.79 82.30 81.10 83.96 84.79 81.50
B 79.80 78.87 82.29 79.83 82.35 81.48 81.67 81.80
C 88.25 78.95 78.41 81.05 82.44 83.25 84.52 82.47
D 72.50 79.00 77.31 79.76 81.30 82.39 81.88 82.36
E 80.50 79.62 80.56 79.34 80.01 81.11 81.94 83.04
F 80.30 76.90 78.65 80.93 81.27 80.82 83.30
G 90.50 83.50 76.83 76.75 80.77 81.33 82.41
X

Table 2: Average age of transition paths between states (male)

2.4 Probability Transition Matrix

The estimated probability transition matrices (age aggregation) are as fol-
lows:

2.5 Multistate life table

From the above, we show an example of how to create a multistate life table
with state of care degree. The starting point is a non-certified person of
65 years and another person of 75 years requiring care 1 for both male and
female categories.
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Y A B C D E F G X

Y 0 1416 1191 1338 681 433 359 205 1789
A 55 0 615 429 124 53 53 15 121
B 20 467 0 527 391 139 137 51 181
C 7 142 463 0 1088 471 333 185 414
D 1 25 152 414 0 788 500 223 540
E 2 7 32 93 337 0 701 306 572
F 0 4 13 42 114 285 0 595 967
G 0 1 4 14 22 38 199 0 1144
X 0 0 0 0 0 0 0 0 0

Table 3: Total number of transition paths between states (female)

Y A B C D E F G X

Y 81.08 80.80 82.18 82.34 81.91 82.56 81.93 86.72
A 80.97 83.37 83.41 84.27 84.18 84.29 81.43 82.29
B 80.05 81.67 84.53 84.74 84.97 85.51 87.05 85.24
C 81.79 81.13 81.71 84.75 85.17 86.64 86.52 86.16
D 79.50 82.26 82.47 83.35 85.47 86.91 86.44 86.69
E 84.50 79.50 83.12 83.79 83.97 86.11 86.61 87.96
F 83.75 80.42 85.02 85.72 85.04 85.87 88.52
G 91.50 84.00 82.50 85.05 88.63 85.53 87.79
X

Table 4: Average age of transition paths between states (female)
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Figure 10: Non-applicable male of 65
years with survival function
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Figure 11: Non-applicable female of
65 years with survival function
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Y A B C D E F G X

Y 88.66 1.45 1.37 1.62 1.19 0.85 0.83 0.51 3.51
A 1.67 62.74 9.79 8.67 3.69 2.11 2.07 1.00 8.26
B 0.46 6.20 63.00 6.81 7.18 3.68 2.66 1.17 8.85
C 0.14 2.20 4.41 58.88 9.73 5.64 4.36 2.47 12.16
D 0.05 0.69 1.89 4.59 59.39 8.33 5.60 2.95 16.51
E 0.08 0.32 0.68 1.84 5.35 56.86 7.95 4.51 22.41
F 0.01 0.19 0.25 0.96 2.29 4.22 55.48 6.36 30.23
G 0.06 0.02 0.13 0.35 0.71 1.36 4.08 51.19 42.11
X 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100.00

Table 5: Probability transition matrix (male)

Y A B C D E F G X

Y 86.64 2.22 2.03 2.21 1.27 0.83 0.72 0.43 3.64
A 1.16 68.32 11.47 8.28 3.29 1.60 1.52 0.63 3.73
B 0.37 6.54 68.73 7.69 5.99 2.62 2.51 1.15 4.40
C 0.10 1.60 4.70 64.75 10.39 5.24 4.04 2.39 6.79
D 0.03 0.44 2.01 4.93 63.40 9.25 6.56 3.37 10.00
E 0.04 0.16 0.62 1.62 5.07 63.83 10.40 5.27 12.99
F 0.00 0.09 0.27 0.76 1.89 4.31 63.82 8.94 19.91
G 0.00 0.03 0.11 0.32 0.53 0.90 3.91 65.85 28.36
X 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100.00

Table 6: Probability transition matrix (female)
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Figure 12: Required care 1 survival
function (75 years, male)
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function (75 years, female)
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3 Prototype of multistate life table based on Japanese
population

The probabilistic transition matrix of H city is a crude matrix based only on
data; it has no processing, such as compensation and extrapolation, which
are often done for creating life tables. Thus, the “multistate life table”
that can be used at the national level is converted to “calibration” with the
transition rates of H city and the 22nd Life Table as well as age-specific
population statistics of the LTC need by care state in the past. In this
manner, we try to determine the various problems in estimation.

The 21st Life Table is a complete life table released every five years based
on the 2015 national census. Since the LTC insurance data period is 2006–
2016, the population statistics by gender, age group, and change in care
level are based on the annual report on LTC insurance business published
by the Ministry of Health, Labor and Welfare.

We describe the procedure step by step below.

1. First, divide the H City’s LTC insurance data by gender and follow
the procedure below.

2. Aggregation of elapsed contract number and denominator transition
number of the denominator of experience transition rate by age-specific
care level and seven age groups in total, say 65 to 69 years, 70 to 74
years, · · · ,and 90 years and over. The data of transition between all
states are then created.

3. As for the transition of death rate (mortality rate) from each state,
Poisson regression carried out collectively by generalized linear model
clearly showed different tendencies between the group of the non-
applicable and persons requiring support 1 and 2 and the group of
those requiring different care levels. In the former group, the age-
specific mortality rate increased rapidly from the low level, but in the
latter group, it was considerably higher from the beginning and gradu-
ally increased; therefore, Poisson regression was performed separately
for the two groups. The explanatory variables were the quadratic age
equations, with the care levels as categorical variables.
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Figure 14: Mortality rate by required
care level (male)
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Figure 15: Mortality rate by required
care level (female)

Poisson regression was performed as a quadratic age equation because the
ratios of transition between all states except death comprised quite different
movements. The transition matrix obtained after Poisson regression is called
M .

The following figures comparatively show the probability of crude and
smoothed transitions from the non-applicable state to all other states except
death for the 65 to 69 years age group.
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Figure 16: Transition probability
from non-applicable to other states
(male, 65–69)
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Figure 17: Transition probability
from non-applicable to other states
(female, 65–69)
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1. The weighted average of the mortality rate of each state by population
in an age group must agree with that of the 22nd Life Table. Therefore,
the data of population of each state obtained from the LTC insurance
business situation report (annual report) and total age-specific pop-
ulation obtained from the national population statistics were used as
constraint conditions.

2. The population data of each state show continuity only for eight years,
from 2009 to 2016, because of past revisions, and because the data were
taken in fiveyear groups. When taking fiveyear combinations, there are
only three pairs of years: 2009 and 2014, 2010 and 2015, and 2011 and
2016.

3. Therefore, for example, if for the 65–69 years population, the transition
matrix is M , we can obtain the 66-70 years population, that is, the
population one year later, by multiplying this by M ; note that this
is suitable for H city, and does not apply to changes in the national
population.

4. Since the population is separated by age group, we can find the popula-
tion after one year by the integral interpolation method of Matsuyama
and Oyama (2013).

5. The number of deaths will be determined from the death rate of the
22nd Life Table.

6. Estimate each element of the matrix under these constraints using the
Elastic Net method described in the next section.

Using the above procedure, we obtain a probability transition matrix of
nine rows smoothly connecting the five-year age groups and the required care
levels. Since there are seven age groups, if you include the age group, it would
become a three-dimensional array. Given the sex and age group i, the care
levels j, the initial value vector and ej = (0, · · · , 0, 100000(j− th), 0, · · · , 0)′
and the matrix Mi, and the population distribution by required care levels
five years later. If ejM

5
i 10 years later, it becomes ejM

5
i M

5
i+1, and by

extending it every five years, the life table can be completed. Since it would
require a huge amount of paper work to put all this in writing, it would be a
good idea to transfer the file to a PC and create the necessary information as
and when required. The survival curves shown in Figures 10–13 are output
images.
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4 LASSO, Ridge, Elastic Net

4.1 L1 regularization, L2 regularization, and its combination

For variable selection of multiple regression analysis, we require many ex-
planatory variables.

y = Xβ + ϵ (2)

This will become LASSO, Ridge, and Elastic Net, depending on what func-
tion is used for the penalty term applied to the coefficients.

LASSO （L1 regularization）Let ∥β∥1 =
∑

k |βk| be a penalty function,

β̂ = argminβ(∥y−Xβ∥21)− λ∥β∥1). (3)

If λ = 0, simply reduce this to ordinary least squares (OLS) estimation.

Ridge （L2 regularization）Let ∥β∥1 =
∑

k β
2
k be a penalty function,

β̂ = argminβ(∥y−Xβ∥22)− λ∥β∥22). (4)

Elastic Net (L1/L2 regularization) This combines LASSO and Ridge
in the proportion α.

β̂ = argminβα(∥y−Xβ∥21−λ∥β∥1)+(1−α)(∥y−Xβ∥22−λ∥β∥22)) (5)

4.2 Estimation of elements of probability transition matrix

Estimate the probability transition matrix M̃kl of the same gender/age class
by calibrating the probability transition matrix Mkl of H city gender k and
age class l. The requirement for M̃kl is that the population of the same
gender/age class as required by the LTC status will be the population of
the age class one year later (for example, assign the 66–70 age class to the
65–69 age class). The estimate will thus become “as close as possible” to the
population as required by the nursing-care state of the national government.
However, since the population data are published only every five years by
age class, the matching will be accurate every five years, but the number of
samples will decrease.

Therefore, we estimated the population shifted by one year using the al-
gorithm proposed by Matsuyama and Oyama (2017). Official statistics often
give only numerical values based on five-year age groups. This method is
suitable for calculating the numerical values for each age group statistically.

To calculate the numerical value at each age,

1. the sum in the age category of the numerical value at each age must
agree with the original data, and

2. it must be continuous at the boundary point by age classification.

We introduce the following calculation method to satisfy the two constraints,
and we call it integral interpolation.
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Integral interpolation Assume that data {(xi, yi)} for classification i =
1, 2, · · · , n are obtained from official statistics as a premise. xi represents
the age category.

• (Step 1) Obtain cumulative frequency Yi =
∑

i,j=1 yj from the obser-
vation, and obtain data {(xi, Yi)}.

• (Step 2) From the slope of Yi, select the consecutive age classifications
and estimate the smooth cumulative frequency function F (x) by a
three-dimensional spline function. If you select m in the segment,
F (x) will pass through all the selected points of (xi, Yi).

• (Step 3) We can obtain several pieces of F (x) by selecting the age
category, but as for the overlapping portion, adjustment is carried out
by a half-sum, and so on, up to 0 years, and the final age in the data
is adjusted by constant extraction.

• (Step 4) We obtain each year’s value f(x) from

f(x) = F (x+ 1)− F (x) (x = 0, 1, · · ·ω) (6)

.

However, the adjustment in step 3 ensures that f(x) does not become neg-
ative.

4.3 Estimation by Elastic Net

We follow the same procedure here regardless of k, l, and so k, l is omitted.

• First, replace the problem of estimating the coefficients of the error
matrix E = (eij) with M̃ −M = E.

• lt = (ljt )j inC quadC : asetofrequiredcarestates is the required care
state vector in year t. One year later, lt will become lt+1; this can be
obtained by using the integral interpolation method.

• For an exact expression,

lt+1 = M̃lt = (M + E)lt = Mlt + Elt. (7)

• Also, given that the death rate is the mortality rate q, q
∑

j l
j
t =∑

j(M̃lt)
j can be established.

This is estimated by the Elastic Net method as the constraint condition of
the matrix E.
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4.4 Linear regression model of matrix elements

y = Eβ+ϵ,y : vectorwith119(17∗7)components, E : 119×65,β: coefficient
vector

Regression calculations with constraints of intercept = 0, the column
sum

∑n
j=1Eij = 1, and M̃ ≥ 0; that is, E ≥ −M are conducted.

No. of Eqs. y E1 E2 E3 E9 E10 E11 E65

1 15.65 224.24 3.18 3.56 0.00 0.00 0.00 0.00
2 -3.13 0.00 0.00 0.00 224.24 3.18 3.56 0.00
3 -3.36 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4 -2.99 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5 -2.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00
6 -2.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00
7 -0.76 0.00 0.00 0.00 0.00 0.00 0.00 0.00
8 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00
9 0.00 1000.00 1000.00 1000.00 0.00 0.00 0.00 1000.00

10 0.00 0.00 0.00 0.00 1000.00 1000.00 1000.00 1000.00
11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1000.00
12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1000.00
13 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1000.00
14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1000.00
15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1000.00
16 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1000.00
17 -2.14 0.00 0.00 0.00 0.00 0.00 0.00 252.70

Table 7: Response and explanatory variables (partial) of the regression
model

4.5 Transition matrix before and after calibration (male, 75–
79)

　　 NC RS1 RS2 RC1 RC2 RC3 RC4 RC5 D

NC 0.93 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.03
RS1 0.01 0.62 0.12 0.13 0.04 0.02 0.02 0.01 0.03
RS2 0.00 0.09 0.59 0.09 0.11 0.04 0.03 0.01 0.04
RC1 0.00 0.04 0.07 0.53 0.14 0.07 0.05 0.04 0.04
RC2 0.00 0.01 0.03 0.08 0.57 0.14 0.08 0.04 0.06
RC3 0.00 0.00 0.00 0.00 0.09 0.69 0.00 0.00 0.20
RC4 0.00 0.01 0.01 0.04 0.07 0.00 0.46 0.11 0.30
RC5 0.00 0.00 0.00 0.01 0.01 0.02 0.07 0.44 0.45

D 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00

Table 8: M̃ after calibration
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RMSE R2

Origin 190917.1 0.9721

LASSO 92665.7 0.9945

Ridge 121183.4 0.9901

Elastic Net 89821.1 0.9949

Table 10: Precision comparison between LASSO, Ridge, and Elastic Net (α
= 0.95)

NC RS1 RS2 RC1 RC2 RC3 RC4 RC5 D

NC 0.88 0.02 0.02 0.02 0.01 0.01 0.01 0.01 0.03
RS1 0.02 0.62 0.12 0.13 0.03 0.02 0.02 0.00 0.04
RS2 0.01 0.09 0.59 0.08 0.11 0.04 0.03 0.01 0.04
RC1 0.00 0.04 0.07 0.53 0.14 0.07 0.05 0.04 0.04
RC2 0.00 0.01 0.03 0.08 0.57 0.14 0.07 0.04 0.07
RC3 0.00 0.00 0.00 0.00 0.09 0.69 0.00 0.00 0.20
RC4 0.00 0.00 0.01 0.04 0.07 0.00 0.46 0.11 0.30
RC5 0.00 0.00 0.00 0.01 0.01 0.02 0.07 0.44 0.45

D 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00

Table 9: M before calibration

4.6 Outline and accuracy comparison of calibration method

We used the R package “glmnet” for calibration, the function of which can
be applied to various regressions with penalty, say, LASSO when α = 1,
Ridge when α = 0, and Elastic Net otherwise.

glmnet(E, Y, alpha ∈ [0, 1], intercept = FALSE, lower.limits = Lower)
(8)

* Set the lower limit so that the intercept zero, M̃ , is positive. We performed
accuracy comparison between the LASSO, Ridge, and Elastic Net (α = 0.95)
methods. The comparative measures are RMSE and R2.
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Figure 18: Elastic Net’s coefficient
tree diagram
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Figure 19: Variable selection by cross
validation

5 Future population estimate by required care level

The Social Security Population Research Institute forecasts the population’s
mortality rate (high, middle, and low) once every five years, and estimates
the future population based on that prediction. The future population esti-
mate has many applications; for example, it is used for the fiscal prediction
of public pension. However, from a look at how the population pyramid
changes to a pot shape, showing the estimates of the future population, we
can understand the seriousness of the aging problem. Also, it is thought
that if any useful information can be obtained when the details of the el-
derly population ’s health conditions are further understood, it could lead
to concrete measures. Here, we have the application of the multistate life
table.

The procedure to calibrate a probabilistic transition matrix consistent
with the population by age, and the procedure to obtain the distribution by
nursing care state by using the probability of future population estimation,
are as follows.

1. For example, the population vector l67 by required care levels for the
65–69 age group in 2015 shifts to the population vector of the 70–74
age group in 2020 after five years.

2. From the probability transition matrix M67 based on the 2015 life
table, the sum of elements other than death of M5

67l67 will be the
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estimates for the 70―74 age group. It is sufficient if this agrees with
the future population estimate for the 74 years age group.

3. Multiply the mortality rate of the probability transition matrix M67

by a fixed rate and determine a constant rate so as to minimize the
least squared error with the future population estimate of the 70–74
age group in 2020.

4. We obtain the population vector by required care level for the 65–69
age group in 2020 from the population of the 60–64 age group (not
applicable) in 2015. Thereafter, we repeat this for younger age group
populations in 2025 and 2030.

5. For the year 2025, we obtain the 75–79 age group population vector
from the population vector of the 70–74 age group population in 2020.
In this manner, we can obtain the population distribution by required
care level until 2045.

The following figures show this calculation result. The first figure gives the
population distribution by gender and required care levels for 2020, 2030,
and 2040. Although the population not applicable to certification will re-
main almost unchanged for both men and women, the certified population
will increase constantly. Figure 2 and the rest show the population distribu-
tion and required care levels by age group. We find large differences between
the results for males and females. Because of the long life span of females,
the older population shows a remarkable increase in females. Particularly,
the older women population show considerably heavy required care levels.
Although this trend increases sharply until 2030, the increase is gradual
thereafter.
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Figure 20: Population distribution by
required care levels in 2020, 2030, and
2040 (male)
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Figure 21: Population distribution by
required care levels in 2020, 2030, and
2040 (female)
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Figure 22: Population distribution by
age group and required care levels in
2020 (male)
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Figure 23: Population distribution by
age group and required care levels in
2020 (female)
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Figure 24: Population distribution by
age group and required care levels in
2030 (male)

65−69... 75−79... 85−89... 95−...

0
10

00
20

00
30

00
40

00

Figure 25: Population distribution by
age group and required care levels in
2030 (female)
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Figure 26: Population distribution by
age group and required care levels in
2040 (male)
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Figure 27: Population distribution by
age group and required care levels in
2040 (female)
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6 Concluding Remarks

As mentioned at the beginning of section 4, we need to establish a robust
estimation method for the probability transition matrix elements in order to
create a multistate life table. Thus, we presented a systematic methodology
to calibrate the probability transition matrix of H city based on the total
population and LTC insurance data across the country using the Elastic Net
method.

As regards future tasks, there seems to be some relationship between the
mortality rate in a certain care state and the transition probability to a state
other than death from that state. Therefore, by using this relationship, the
Bayesian method and reliability theory may also be effective as estimation
methods.

Also, if the data of other municipalities can be obtained, we can deepen
our understanding of the state transition by incorporating information such
as regional differences.

The future LTC insurance costs can be easily simulated because the
monthly expenses are almost based on the nursing care status. If the care
state population vector can be estimated, the care cost can be estimated.
Since the nursing care insurance premium can be calculated by gender, age,
and nursing care status categories, it can be used for both public and private
nursing care insurance products.

The future population estimates are announced on a national basis and
are also published by prefectures, municipalities, etc. As a future task, the
micro care conditions in the nursing care insurance business are important
and can be estimated. This seems to have great utility value.
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