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Pairs Trading under Model Uncertainty
Name Daisuke Yoshikawa (Hokkai Gakuen University) !

[Summary]

The long history of the pairs trading has to be date back to 80’s,
when Nunzio Tartaglia’s trading group at Morgan Stanley developed
this trading method. This method has undergone considerable
development since its introduction due to the attractive feature,
called “market neutrality”. The market neutrality is the stable
property of the asset price; e.g., even if the market drastically moves,
the price of the market neutral stock is less dependent of the high
volatility of the market and stably moves. The essence of the method
of pairs trading is to search a pair of two stocks which has market
neutrality; i.e., we have to find the pair with mean-reversion which
assures the market neutrality of the pairs trading.

If we could find the mean-reverted point of the pair value, then we
have an opportunity for making profit by taking a position selling
one stock of the pair and purchasing another stock of the pair. Since
the pair value will move around the mean-reverted point, we can fix
the profit by liquidating the pair when the pair value touches the
mean-reverted point, if we took the position when the pairs value
diverts from the mean-reverted point. On the other hand, we can
also fix the profit by liquidating the pair when the pair value diverts
from the mean-reverted point, if we took the position when the pair
value touches the mean-reverted point.

Therefore, mathematical formulation of the pairs trading requires
that the pair value should have the mean-reversion. The Ornstein-
Uhlenbeck process (OU process) is a good candidate for describing
the pair value (see Elliott et al. (2005)). Of course, the more
complicated process like OU process with jumps may be available
(see Larsson et al. (2013)). Once we assume the stochastic process of

the pair value, the mean-reverted point is also given. Thus, as the

1 This research will be presented at Robust Techniques in Quantitative
Finance Conference on September 2018 as a joint work with Mark H.A.
Davis at Imperial College London.



execution of the pairs trading, the next thing we have to do is to find
the point further most from the mean-reverted point.

However, even if we could have the mean-reverted point and the
point further most from the mean-reverted point, one problem is left.
Indeed, the mean-reverted point and the furthest point is based on
the assumption of the specific model of stochastic processes and the
specific statistical estimation of the model parameters. Hence, if we
incorrectly specify the model parameters, it may leads the big loss.
This possibility is called “model uncertainty” or “model risk”.

The simplest method for avoiding the model uncertainty is to set
the loss cut line, as Ekstrom et al. (2011) suggested. However, the
loss cut line may often set by the investors, ad hoc. Alternative
solution is to introduce the model uncertainty into the problem for
deriving the optimal pairs trading strategy. Yoshikawa (2017) uses
the relative entropy as a penalty function for the model
misspecification and derived the boundary (the point further most
from the mean-reverted point) for the optimal pairs trading.

However, the trial of Yoshikawa (2017) assumes that the horizon
of the pairs trading is infinite. If we consider the investors who have
to report their returns on their trading strategy, the infinite horizon
1s not appropriate. Indeed, the fund manager of the pension fund or
the insurance company may have to quarterly report their returns.
In this sense, the derivation of the optimal boundary for the finite
horizon is necessary. We tackle this trial in this paper.

This paper has the following construction: Section 2 is devoted to
show the model setting and the basic method to derive the point
further most from the mean-reverted point, not taking into account
the model uncertainty. We derive the furthest point taking into
account the model uncertainty in Section 3. In Section 4, we apply
the result derived in Section 3 for the numerical examples including
market data. All detailed proofs related to the main results shown

in Section 3 are shown in Appendix.



RREBEFREDOBERICOLTOD
g A EEETILICEATI/OEESHT

ARVRE KB WREAEF (REEBRRFXRFREFFHAER H2)
KEABIEE K4 ERE (EMXZERESRRZER H£HIR)

a7 4= (WFEARERE)

1993 4 RUAR R P8 A AR 2, 1997 4R RBR 5 K7 Bead i F it 7 B 1% 1R
PR, 44 B R R A B T, 1998 E[RIFERT, 1999 -4 i B R SR
SFHERRERD, 2006 SR B RS R EBERR G SFESER B B, 2013 R [RIZER, BIfEIC
5, ERFmXIZ Ly, C. and M. Yanagihara (2013) “Life Insurance, Human Capital
Accumulation and Economic Growth,” Australian Economic Papers 52-1, pp.52-60,
Hamada, K., Kaneko, A. and M. Yanagihara, (2018) “Oligopolistic Competition in the
Banking Market and Economic Growth,” Economic Modelling, 68, pp.239-248 72&°,

[£F]

ABFGEIE, FEIMIEIG RN D O DI ELEL, A IRRAEIET 558
12, ZNHOHBR RO RERNE DI TERINDIMIONT, HREHE
ETNVERW TN ZITOZEE BET LD THD, FrIZ, TRBROIN S A 4 Hill ¢
PSS AL, MR CHALIZE TS S48 LOlBREI TV, EaEh
BRI OLETORBIEBE OHVD IO TE 2D,

HARENIZEBWT, HAVITIHRMIZ AT, M O & Z IOV TZIET
HEHINAZEHFEAE D) o7, HARIZBWTEIA QDL ST, BTt E s
HTOHE), BRORMIENTFEET ETHE TR, FRCHT I AR FTEE)
DIEFIIFER I TS, —, HRICB 2T 5L, JelEE~O & OEF 3L
IERL, & EEICE W T EDORF R EHLNNTZDIRL BER TELLDOD, Joit
[Elig EEEDOR O ZAEITIER T 5~ Tho,

DI FEDHY T, IR, R EOY RS & AT D RN E
DIVTHEAL TWDEDD, N EHLNITHIEN, AR O BRI THD, D=
b, ARFFECIEENFHR I ST 7 a—F, ko BiRpici, —E M EE
BT NVERWE, MG ARERD RS R OPFIR LR DA T D, K HIR7R8% 3



JEA ST BT,

ZOE—EHM M EHEET VX, Diamond (1965)% 147 O —[E AL EEE
TNV T EORSRAZHEIE LT Buiter (198DIZIFXUF51, —[EH—#RF A EHET
TIIHEBENTR NS DO, BARBENZTFAL TWDH28, BIEO ERSREG & i
BFHOIZHRIEL CWD 1 ODET LV ThIEE 2D, £, ZOET V& HAREH
NIZBWTEHT2281%, HUIRO N D ERSY, BB EN D BHE 2B LIV T
EREMIZITEHLWS DD, ZO—KEEEZX5 ETIIAHATHLEB ZbID, FEE,
FATHRRICEB N T, 20 ZEET MICLORFZRR T2 LFIR I T 5
R, HOVIIRF R ARG EA~DRZBICEH T AMERE N R T&
TUWD, Bz, BBV TIE Buiter (1981)Dfh Osler (1991)72 X3, 7=, ##
IZEBWTCIZ, Galor and Polemarchakis (19871213 U %Y, Haaparanta (1989),
Yanagihara (1998,2006), Cremers and Sen (2008) , Hamada, K. and
Yanagihara, M. (2014, 2016) , Hamada, Kaneko and Yanagihara (2016, 2017)
RENFET NS,

oI TEMHREEETAOISADISELT, EMRREE AL, ORI
JEANCE- 2 D535 B 2 HZ LI, B REICH T HRMIRREIRICONWT—ED
IRWEE G52 5 RIS ND, FEMHDOWIIEE EORMEIEIEIZHOWT, B
BEOLZOEBEM AR LI-HOEL T Yaari (1965) (21U FEY, 2D, Barro
and Friedman (1977)X° Fuster (1999)72L 2305, L, ZOREFE E R HESEM:
ZERESE D7D OEMR RIS OWTEERI R EBLENG, FrIcEEET V2
WEBFZEIXIZE A E 72, 2D Tbb D572 &E Y Lu and Yanagihara
(2013) DA TH 5, 7=72L, Z? Lu and Yanagihara (2013)iZ— [E A EHET L
W, NIEARERBIZEIDNAEMNREAT = A LEHE L2 O THY, ERAL
GrDR—RA 7L, HHMENTHOWTHIEDIEE LIEROTEE DT DEHHRE D
FETENTWD, D70, HEDIVF—ANIDOWTORMEEEEZELZ TUTNWDHD
D, M EREREDOHFIEITERL CWDHIEND, (WN) EATTS 2B U T2l
WTIEEB ESI TR, 20 X912, Lu and Yanagihara (2013) ClIMHI& A
GMFAELIRNZ D, ZIEASOYEREZIT 128, ZRODORTHELLFE A O
BIZOWTIBLIVRWZ LT, ZOIERO B EZENDH DL/ ->TLED,

FZTARMIZE T, W E ARERZ B U IR O B O BE2Z [E 5720,
Buiter (1981)® —[E#REHET L2 HWT, & FH (M) O8I0 E 53357
L5600, IRBRDIFLE, HONTZERF R R A~DEBIZ OV TR TN, FFIZ, &%
s CIRBRBHINA & A A I S B 256 L, MM R TS558 L0k
RRIZOWTHEEIT), ZOER, [HADZHIZHOWTIfER T THDHZE 2R

VR EETT L OEAEEB L OFOPLRIC O W TR AT T > CWVDH D EL T
1%, Azariadis (1993)<° de la Croix and Michel (2002)73&% 5,

2



ET D, ZOIIREEELZENE, [HADYVAZ IR HREE 2O HMALL TLE
IHDD, BUELFERD, T bR R THLBMEE NIt R Th ok
DM O REF S OEIREL I HONWTUIE ZDIENTE, FZOREOHLERY
HL CERN TELEVIOYEFINH S, 20X AR A I EL, EmiRRoiE A
IZ LA E IR B K YE~DERICHOWTEREIT). 77, MIRREEE~DIE
W72 AT L DN IR E BDICHT=0, £ g O A\ 23 FE E oo RRE IR i L 72 BRIC
EUHEK, BT 5MEEE 25,

ARAFFE TN ERFERIILL FO@Y Thd, 7, IRRNTFELRWE AT,
2HIUI AR DR I B3I, & HUB 0O RF [ 88 43 (AR IV B IS 32841 )
IMERET2D, WIZ, REPTFELTZSEITIE, 2/ 2RO/ R R 1T, 4 Hilk
DR BRIFREOIMEMEIVES KE2LDE7eD, AL, TRBEFDIN S % ] ek 4= /&
THM 2 SETUEIN, £ IR TS5/ T, BRIFRERDELRD,

ABFFEDORERIILL T DB Th D, FTIRO2FIZBW T, fEF EORED IS
BT DHEODENZELEET D TFEOLRWNEETORFREICOWVWTHEL, TDLE
OE MBS fRzE L, ShHAKHEEZRDD, SEIZBWTUL, DX M@HE EDYR
7 &ML > TR CE D58 ORFREICOWTHIE T 5, [FkIZ, £2T
ORI, ZIHAKEEIZOWTR S, 4T T, 2B XUBE TROTZNHKESL
EERL, EDIH 75D T CIXAE MR AKHEE B DL REL B LMD
W TR TV, ZOR, R EORBENECTBEOBR KD ZEI OV THRIZE KT 5,
5EFETIL, —HEDEATHRICAOLNDINC, RFEORIEICOWTE, AR
WD T TIEE DI BENHNDLNNTHOW TR TV, H& % D6 I i T D,

[(HREEAX]IB R

T

FEARTT L 1

FEARTT L 2

1 HulE £ 7 /LS BT DIRRRE A
QHIIE T T AT I T D ARFRE A

2% LR

S Otk o



[English Summary]

A dynamic macroeconomic analysis on the relationship
between life insurance and economic growth

in a two—region overlapping generations model

Mitsuyoshi Yanagihara

Professor, Graduate School of Economics, Nagoya University, Japan

Chen Lu

Associate Professor, Tan Kah Kee College, Xiamen University, China

We show the economic growth rate for whole areas in which a utility
function is given by a log—linear type, subjective discount rates differ
and there exists a life insurance in a two—region overlapping generations
model. In special, under integrated capital market between two regions,
we compare the economic growth rate when the insurance budget is balanced
in each region and that when it is balanced in two regions as a whole.

Our main results are as follows. First, when there does not exist
insurance, the economic growth rate of whole areas can be expressed by
a weighted average of subjective discount rates of both regions. Second,
when there exists insurance, the economic growth rate of whole areas is
expressed by the value more than a weighted average of subjective
discount rates of both regions. Third, the economic growth rate when
insurance budget is balanced in two regions as a whole is higher than
that when insurance budget is balanced in each region. These results
imply that life insurance has a growth promoting effect and insurance
organization should be integrated over regions when economic growth is

to be accelerated.
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In population diminished society
A study on emotion and behavioral characteristics
of modern people

—Focusing on popularization of smartphone and SNS—

Hiroko KANOH (Yamagata University Associate Professor)

[ Summary]

Background to the progress of loneliness in both the elderly
generation and the young generation is not only the influence of the
declining birthrate and the aging population but also the behavioral
characteristics accompanying the spread of information devices such
as smartphones and personal computers.

Therefore, focusing on the spread of smartphones and SNS (social
networking service), we clarified the behavioral characteristics of

modern people and proposed a safety network for not isolating.

1. Introduction

According to a survey by UNICEF, 30% of Japan's 15-year-olds who
answered "I am lonely" are top notch among the world's countries.
Japan is not in a state of civil war, not a lot of orphans. When 1
observe youth 's SNS online, they have over 100 friends. Even though
they have families and friends (on the surface) they seem to be lonely.
As one of the factors, focusing on the spread of smartphones and SNS,

we aimed to clarify the behavioral characteristics of modern people.

2. Method of research

We conducted a questionnaire survey method. The surveyed
persons are 824 people (412 men, 412 females) by random sampling

for those who are registered in Macromill Co., Ltd.



3. Results and discussion

There is a tendency for females to use smartphones more than men,
but with regard to personal computers, men were more likely to use
it than females. In addition, in terms of generation, smartphones
tend to be used as much as younger generations, and personal
computers tend to be used at a higher age. Further, 60% to 70% of
people recognized the convenience of Internet dissemination. On the
other hand, it was found that 60% have experiences of hurting
through the Internet and experiences of hurting other people. And
90% of people were feeling somewhat disorder of the body such as
shoulder stiffness.

4. Results and discussion

A virtual village society on the Internet can also feel embarrassed
and empathize with people who are far away, and today's young
generation has a lot of connections on SNS. But the bond is fragile,
human relationship collapses due to trivial accident.

In the SNS age, even if there is a sudden accident, how to build a
close human relationship and build a safety network that does not

become 1solated, it 1s the mission of those who live in the future.
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Study on the Living Environment and Mixed Treatment
of the Residents in the Relief Facilities

Emiko KAMEYA
(Associate Prof. , Dept. of Architecture, National Institute of Technology,
Toyota College, Dr. Eng)

[Abstract]

1. Introduction

The relief facility is a type of protection facility and is one of the first social welfare
projects under the Social Welfare Law Article 38th of the Life Protection Act, "Putting a
requisite guardian who is difficult to manage daily life due to physical or mental
disabilities.” In addition, relief facility is based on the relief method that was established
before the WW2 and accepted many kinds of people such as socially vulnerable, person
with a disability, homeless and DV victim.

In recent years there is a number of relief facilities in tendency to slight increase and
there are 183 facilities, approximately 17,000 people is living in there while the other
protective facility in tendency to decrease.

On the other hand, the elderly aged 65 or over account for approximately half of the age
composition of facilities users, and the aging of users is proceeding.

In addition, the aging of the facilities constructed during the period of high growth is
remarkable.

Especially the building standards are only Ministry of Health and Welfare Ordinance
No. 18 published on 1964, no revisions have been seen since then, the old-fashioned
facility environment is regarded as a problem.

Design guideline that can become facilities standard at the present will be necessary in
future as we need to consider that many facilities need to be upgraded.

Therefore, this study was intended that we arranged construction plan of relief facility
which existed from temporal axes such as foundation time or age, environment axes such
as the obstacle situation or living environment of user, administration axes such as

facilities administration or maintenance.

2. Summary of the survey

This study is comprised of general survey about relief facility and visit-investigation to



17 facilities. We carried out survey for all 183 relief facilities which join national relief
facility meeting in 2016 (valid answer 59/183 facilities, response rate 32.2%). The
contents of the survey were general contents on facility operation, building plan, user
situation, etc. after observing the relief facilities in Aichi prefecture and neighboring

prefecture.

Visit-investigation went from conditions such as facilities administration, construction
plan, the user situation based on survey result cyclopedically for 17 facilities. In addition,
in visit-investigation, we did hearing investigation for staff of facilities, collection of
various design drawings and observing the facilities from inside/outside to investigate

the use situation and facilities environment.

3. Characteristics of users and living room environment
1) Characteristics of users

The gender composition of users was 57.1% for men and slight bias was observed in
men. In addition, the average entry rate is 96.9%, and the ratio of the number of
residents in the past 10 years to a number of retired people is also comparable, so the
demand for relief facility is still high. Regarding disability situations of users, there are
also relief facilities opened as emergency relief facilities (Chapter 1), so users with
mental disorders (including overlapping obstacles with other obstacles) are 54.9 %. So,
they occupies the majority of the whole.
With respect to the commonality and universality of such relief facilities, in addition to
the male only at 6 facilities out of all 183 facilities, only females were found at one facility,
as well as the visually impaired There were also relief facilities mainly targeted for sight
disability, so we could see diversity and individuality.
2) living room environment at relief facility

About living room environment in relief facility, more than floor space 3.3m2(storage
facilities exclusion / average 7.6m2), living room capacity almost meet lower than four
principles that is setting standard.
On the other hand, it was living room 11.5m2 in area in one capacity, but five capacity
was 5.1m2, and, about living room area, area differences more than double were seen for
living room 7.6m2 in area of all living rooms per person. About living room capacity,
difference between facilities such as existing was seen living room of eight capacity.
Similarly, regarding the room style and bedding style, Western-style beds accounted for
about 60%, but Japanese rooms and futon's rooms were also found in about 40 % of the

facilities.



3) Entire facility plan at relief facility

About facilities master plan in relief facility, there are the most facilities of capacity of
51-100 people as scale, and as for facilities number of floors, low-rise building facilities
such as one-story house or 2 stories occupy the majority.
In addition, in facilities of approximately 60%, setting of medical facilities and support
facility is accomplished other than relief facility, and relief facility and juxtaposition
facilities take role as middle positioning with community in those facilities. For
commonality and universality of such as relief facility, facilities of scale ranging from
small facilities of 30 people to large-scale facilities of 240 people is living in, and, variety
including presence of setting point and severeness ridge and taking in of dining room

and the individual nature were indicated.

4. Lifestyle time and how to spend of users as seen in case

1) About rebuilding business, any facilities are carried out in approximately 40 years
old and living room style adopts Western-style room and bed (a part, Japanese-style
room), and we can see tendency to decrease about living room people’s capacity. On the
other hand, it became large scale of the whole facilities, and product stratification of
facilities’ number of floors was seen because living room areas per room increased to
approximately 1.5 times - approximately 2.0 times. On high stratification of facilities, it
is assumed in future that immobilization of detachment with community and community
by hierarchy, importance of more than before sectional zoning including consideration to
man and woman mixture floor by deflection of gender increase because perpendicular
movement of user increases.

2) Characteristic of life time of user in relief facility

About life time of user in relief facility, we classified eight kinds of activity in three

items in bathing day and non-bathing day. €) basics time (D sleep / @ meal / @
bathing) and @ facilities program time (they clean @ work, activity / & shape, and
exercises / ©® club activities / @ rehabilitation, individual support), the mean at life
time of user in @ free time (8 spare time /free time). Bathing day were approximately
four hours in @ free time, approximately five and a half hours at @ facilities program
time and approximately 15 hours at @) basics time.
About @) basics time and €) free time, time lag is established in facilities, but all of the
facilities have these activities due to confirm a minimum life quality.
On the other hand, in @ facilities program time, facilities which did not arrange clear
time were seen.

Particularly, it shaped & bathing (only on bathing day), @ work, training, &



cleaning, and, as for the exercises, in every facilities, unevenness at life time of user was
big item of / freedom in spare time, and they were caused by diversification of age
group and the obstacle situation of user, and it was confirmed to bring increase in free
time as a result of increase of user who had aging and overlap disorder in reduction of

training time.

5. Conclusion

This study was intended that we arranged construction plan of relief facility which
existed from temporal axes such as foundation time or age, environment axes in the
obstacle situation or living environment of user, administration axes such as facilities
administration or maintenance.
These are the result that this study provided is as follows.

(DAs for facilities user, 60 or older occupied 70%, and 62.2% with single obstacle,
overlap obstacle were 20.2%. In addition, we are guessed average entrance rate is 96.9%,
and the ratio of the number of the people of exit is at the same level as a number of the
people of entrance for the past 10 years, so we can say demanding for relief facility is
still high.

@As a result of having classified life time of user in free time at basic time for meal,
sleep and facilities program time such as work or rehabilitation, facilities where there
was no facilities program time were seen by drop of ability for life accompanied with
diversification and aging of the obstacle situation of user. Free time increased at the
same time in facilities without interval, it became clear that difference of life time was
caused by diversification of age group and the obstacle situation of user.

(@There are the most facilities of capacity of 51-100 people as scale, and as for facilities
number of floors, low-rise building facilities such as one-story house or 2 stories occupy
the majority.

About living room environment in relief facility, for living room 7.6m2 in area of all living
rooms per person and Western-style beds accounted for about 60%, but Japanese rooms
and futon's rooms were also found in about 40 % of the facilities.

@These facilities are carried out in approximately 40 years old, and there is rebuilding
business in tendency to decrease about living room capacity. As architecture, hierarchy
tended to become laminating at the same time, and it was predicted that importance of
section zoning increased more than before such as immobilization of detachment with
community and community by hierarchy, consideration to man and woman mixture floor
by deflection of sex because perpendicular movement of user increased.

(® The zoning points in the rescue facilities are gender differences and ADL. Gender



zoning has not been implemented in hospitals and welfare facilities. The nature of
mental hospital is inherited. A characteristic room arrangement was that the employed

person on the first floor.
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Observation on the Approaching Society of
Centenarians

Observation on Healthy Life Expectancy and
Projection of Future Nursing-Care Population

Tadayoshi Otsuka (Professor, Graduate School of Accountancy)

[Summary]

The purpose of this study is to demonstrate how our country will
look like after 50 years later when the aging population advances to
a degree that no society has ever experienced, focusing especially on
situations of people in their 80's or even over 100 of age and their
implications.

According to the 22nd Life Tables published in March 2017, the
life expectancy at birth for male and for female are 80.75 and 86.99
respectively, which are longer by 1.20 years for male and 0.69 years
for female than the last life table. As Japan is confronted by a super-
aging society, the question of whether people live to complete their
life expectancy with good health or merely survive as they suffer
poor health is getting more and more relevant in the light of social
security financing. There is an indicator proposed by the WHO to
show the state of maintaining health, i.e. the healthy life expectancy
(HALE).

On the other hand, as an indicator for the unhealthy status, the
unhealthy period is defined as the difference between the life
expectancy and HALE at birth. According to the

“Reference Materials for the Promotion of the Health Japan 217,
while the life expectancy at birth is 79.55 years for male and 86.30
years for female, HALE at birth is 70.42 years for male and 73.62
years for female. The unhealthy period is 9.13 years for male and
12.68 years for female.

With the life expectancy extending and the aging population
growing, it is important to correctly measure the HALE which is the
average period for people to stay healthy. However, there are no

unified standards for the measurement, but multiple indicators exist
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concurrently. The "Guidelines of Method of Calculating the Healthy
Life Expectancy" published by MHLW gives three definitions of
being healthy: the state where one 1s not restricted in daily
activities; the state where one feels healthy; and, the state where
one is independent in performing daily activities.

When the HALE is used as the base assumption for projection
of healthy population in the future or calculating social security
finances, the definition of health must be highly objective. Also, the
HALE needs to be calculated based on statistic data collected
according to the definition over a continuous period of time.

Still, I don’t believe that any significant discussions or studies
have been made regarding the projection method of future HALE,
nor on the feasibility of the calculation method based on a
recognition that statistic data will expand and/or change in the
future. As a result, we don't know how much of the population will
be under the nursing-care situation in the super-advanced aging
society after 25 years or 50 years. Neither are we able to estimate
the development of nursing-care population or the nursing-care
status advancement with certain accuracy.

In accordance with what I stated as the purpose of the study, this
year I conducted two initiatives: to reveal the meaning of the
difference between the indicators through comparing and analyzing
the calculation methods and calculation results for HALE and
unhealthy period, under the restriction of limited data currently
available; and, to conduct the projection of HALE and nursing -care
population in the future. In the following I summarize what I
learned through this study.

In calculating the average nursing care period, the static method
and the dynamic method show a vast difference in the result.
Moreover, under the static method, even if the ratio of nursing-care
population stays unchanged, the longer the life expectancy grows,
the greater the difference between life expectancy and HALE
becomes, which results in worsened health conditions of the overall
Japanese population.

The term "average nursing-care period" is generally regarded as
"the average nursing-care period of those who fell under the nursing-
care status at a certain age". However, the average nursing-care
period calculated by the static method represents "the weighted

2



average of survival periods of those who fell under the nursing-care
status based on the number of births (healthy zero years old’s) as
the denominator". Due to the difference in the denominator, the
average nursing-care period by the static calculation is always
shorter than that by the dynamic calculation.

In order to determine the nursing-care life expectancy or the
average nursing-care period, the dynamic method where the average
nursing-care period 1s calculated based on mortality rate and
recovery rate of those who becomes the nursing-care status at a
specific age is more desirable. Only it is necessary to understand
that the nursing-care life expectancy determined by the dynamic
calculation does not add up to the life expectancy when it is added
with HALE.

Despite of various initiatives by the government in its effort to
extend HALE, the estimation under this study shows that HALE will
not grow as much as the growth of the life expectancy either for male
or female. Between 2015 and 2065, the gap between the life
expectancy and HALE expands by 5.0 years for male and 4.7 years
for female. The result also indicates that HALE will start shrinking
at a certain point in the future. Male and female have different
reasons for the gap between life expectancy and HALE. The
increased nursing-care population impacts the male’s result, and the
growth of life expectancy impacts the female’s.

Based on the above result, the growth rate of nursing care
population between 2015 and 2065 1s projected to be approximately
triple for male and double for female. The assumed factor of this
increased nursing-care population is a large growth in age 85 or
older population.

Looking at the by-age breakdown of nursing care population, the
nursing-care ratio in the age group under 75 does not show a major
change in trend. Between 75 and 84, while the growth in overall
population slows down and becomes flat, the male nursing-care ratio
increases and the healthy rate decreases. On the contrary, the
female nursing-care ratio increases only slightly in this age group.
In the group of age 85 or older, however, both the overall population
and the nursing-care ratio increases considerably. Especially for age
90 and above, the nursing-care ratio shows a huge increase. While

the female population of age 90 or above is assumed to grow by a
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large number, almost all of them are assumed to be under the
nursing-care status.

In other words, the upcoming super-advanced aging society will be
a place where there are more people under the nursing-care status
than healthy ones. However, many of those nursing-care people are
those certified as the nursing-care Level 1 or Pre- Nursing-Care
Level which are less serious. The number of those who are certified
as the Nursing-Care Level 2 or severer status is assumed to stay flat.

Still, since the projections used as the base of these analyses are
performed under the restriction of limited availability of data, it
should be noted that the result can be different if the assumptions
are incorrect. As nursing-care-related data only for seven years
between 2009 and 2015 i1s available, the projection model with
extrapolation of these data is not accurate enough to confirm the
cohort effect. I will need to execute the verification when the
necessary data are accumulated.

Also, many of these data categorize age 80 plus or age 90 plus into
one age group and don’t offer smaller breakdowns. In the past, it
wasn’t a problem because the population over age 100 was negligible.
In the face of the approaching world where there are many people
above 100, the old categorization 1is quite 1inconvenient in
investigating and analyzing demographics and lives of centenarians.

In order to provide appropriate data used for making decisions on
the government’s nursing-care insurance financials, verifying the
feasibility of the nursing-care leave system, and calculating the
annuity amount paid to nursing-care-state annuitants by private
insurance firms, urgent actions are required to collect data
regarding development of the nursing-care status among oldest-old
people with appropriate age-grouping. For the purpose of exploring
the social security system and desirable state of nursing-care leave
system, I believe building a platform that can provide the projections

with an acceptable level of reliability.



