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Abstract

Many states enhanced benefits in teacher retirement plans during the 1990s. This
paper examines the school staffing effects of one such enhancement in a major urban
school district with mostly high poverty schools. Pension rule changes in 1999 for St.
Louis public school teachers resulted in large increases in pension wealth for active
teachers, as well as a powerful increase in “push” incentives for earlier retirement.
Simple descriptive statistics on retirement patterns before and after the enhancements
suggest much earlier retirement resulted. Shorter teaching spells imply a steady state
with more teaching vacancies and a larger share of novice teachers in classrooms. To
better understand the long run effects of these changes and alternatives policies, the
authors estimate a structural model of teacher retirement. Simulations of retirement
behavior for a representative senior teacher point to shorter completed teaching spells
and earlier retirement age as a result of the enhancements. By contrast, moving from
the post-1999 to a DC-type plan would extend the teaching career of a representative
senior teacher by roughly two years.
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Most public school teachers are covered by traditional, or more precisely, final average salary
defined-benefit (FAS-DB) pension plans that base a teacher’s retirement annuity on the
average of the highest (typically final) several years of earnings. These types of plans are
commonplace for state and local government employees, but DB plans of any sort have
largely disappeared in the private sector, in favor of defined contribution (DC) plans such
as 401k, IRA or 403b plans (Butrica, lams, Smith, and Toder, [2009)). The costs of teacher
pension plans have risen sharply over time and account for a growing share of per pupil
expenditures. In current dollars, employer teacher pension costs (excluding Social Security
and teacher contributions) amounted to $547 per student or 4.8 percent of current per student
expenditures in March, 2004. By June, 2020, these costs had risen to $1510 per student or

11.1 percent of per student expendituresﬂ

The fiscal stress for schools and districts resulting from these rising pension costs has
been widely noted (e.g., Moody and Randazzo| (2020)). There are a variety of factors that
have contributed to these rising costs, most notably a failure of state or local governments to
make actuarially necessary contributions and less than forecast returns on plan investments.
However, one often overlooked factor is the cost of pension enhancements that occurred
during the 1990s. In response to the stock market boom during the 1990’s, many pension
plans enhanced benefits, and educator pensions were among the most actively enhanced.
Between 1999 and 2001 alone, for example, the National Conference of State Legislators
reported that educator pensions were enhanced in more than half the states (Koedel, Ni,
and Podgursky, 2014). Teachers retiring from public schools today and for many years to

come are retiring under those more remunerative formulas.

Our focus in this paper is on one consequence of these rising costs — the effect on labor

supply of senior teachers. In particular, we examine the effect of a substantial pension

Thttp://www.uaedreform.org/downloads/2017/12/employer-contributions-per-pupil-12-20-17.pdf



enhancement on teacher labor supply and school staffing in St. Louis, an urban district
that has difficulty attracting and retaining teachers. In 1999, the pension formula for St.
Louis teachers was changed substantially, with a large increase in the replacement rate
accompanied by a cap on total benefits as percentage of final salary. These major changes
in the pension rules provide an opportunity to study how pension rules influence teacher

retirement decisions and hence school staffing.

A well-known fact is that teachers retire earlier than other comparable professionals (Har-
ris and Adams|, 2007). An emerging literature connects teacher retirement decisions to DB
plan incentives. Studies of senior teachers consistently show a high degree of responsiveness
in retirement timing to pension system incentives (Brown, 2013; |Costrell and McGee, 2010}
Furgeson, Strauss, and Vogtl 2006; Knapp, Brown, Hosek, Mattock, and Asch, [2016; [Ni and
Podgursky, 2016).

In general, pension enhancements, by lowering the price of leisure (retirement) relative
to work, tend to encourage more of the former. Given popular concern with shortages of
experienced teachers, especially in high need schools, the consequences of expensive HR

decisions that have the effect of reducing teacher labor supply deserve careful scrutiny.

In this paper we highlight the strong “push” and “pull” incentives in the St. Louis plan
and show descriptively how changes in pension wealth accrual are associated with changes
in retirement behavior in short panels pre- and post-panels. To explore the longer term
effects and investigate alternative policies, we estimate a structural model of retirement
behavior, with parameters describing underlying teacher preferences that are invariant to
pension rules. There are important advantages to estimating a structural model. First, it
allows us to isolate and unbundle the effects of more complex changes plan rules. Second, it
allows us to predict the effect of the rule changes in retirement beyond the sample period,
since it takes many years for the full effects of pension rule changes on teacher retirement

decisions to materialize. Finally, and perhaps most importantly, structural estimates allow



us to examine the effect of alternative plans. In the context of St. Louis, it allows us to
explore the labor supply and fiscal effects of partial or total conversion from the current

FAS-DB to defined contribution (DC) alternatives. []

In the next section we describe the operation of the St. Louis pension plan and the
manner in which pension wealth accrues over a teacher’s work life, with the ensuing “pull”
and “push” incentives. We show how the 1999 enhancements dramatically increased the
“push” incentives for retirement and report descriptive data for retirement age and experience
of teachers before and after the enhancements. We then specify and estimate our structural
retirement model. The model is found to exhibit good fit within and out-of-sample. Using
the structural model estimates we then simulate the long run effect of the enhancements on
a representative senior teacher. These simulations imply a significant reduction in the length
of teaching careers as a result of the enhancements. We then consider some DC alternatives,
including voluntary DC conversions. In a concluding section we argue that the research
methodology and findings for this particular urban district may be extended to other urban

school districts.
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Teachers in Missouri are in three separate FAS-DB systems. Teachers in the St. Louis and
Kansas City districts are covered by Social Security and are in two separate district plans.
The rest of the public school teachers in the state are in the Public School Retirement System
(PSRS), and are not covered by the Social Security system. There is no reciprocity between

the St. Louis and other plans, meaning that the years of service in the formula below apply

2This is not the first study of the labor supply effects of the Saint Louis teacher pension enhancement.
(Koedel and Xiang), |2017)) examine the teacher retention effects of the 1999 enhancements in a diff-in-diff
study before and after the enhancements occurred. They found no significant effects on retention for younger
teachers who were not retirement eligible. Retirement eligible teachers, aware of forthcoming enhancements,
postponed retirement until the enhancements were in place. Our focus is on how the enhancements affected
the timing of retirement, an issue not explored in their paper.



only to service in the current plan and not to any prior teaching employment.

Table [1] summarizes the St. Louis plan rules before and after 1999. Benefits at retirement

are determined by a standard FAS-DB formula:

Annual Benefit=rf S FAS

where rf stands for replacement factor. S denotes years of teaching experience in the system.
F AS is the average of the highest consecutive three years of salary, which are typically the
three years prior to retirement. There is also a provision for early retirement at age 60 with
a reduced annuity for teachers who do not qualify for regular retirement. St. Louis teachers
become eligible for a regular pension when they reach age 65 with at least five years of service

or when the sum of their years of service and age equals at least 85 (known as “Rule of 85”).

During the 1990’s there were some small pension rule changes. However, the big change
occurred in 1999. Prior to 1999, the annual replacement factor was 1.25 percent. After
1999, the replacement factor increased to 2 percent retroactively. For example, before 1999,
a retired teacher with 30 years teaching experience and a final average salary of $50,000
received an $18,750 annuity (:0125 30 $50 000). After 1999, this same teacher would
receive an annual annuity of $30,000 (:02 30 $50 0000. This is a very large enhancement

awarded to all active teachers, including those who were about to retire.

While the replacement rate increased sharply, the new benefit was capped at 60 percent
of final average salary. Thus a teacher with 31 or more years teaching experience can still
only receive 60 percent of her final average salary, in spite of the fact that she continues to

contribute five percent of salary to the plan. Table [I| summarizes the pension rules before



and after enhancement ]

(T able [T)

One way to assess the retirement incentives arising from these pension plan rules is
to compute pension wealth at different points in a teacher’s work life. Pension wealth is

calculated as the expected present value of pension benefits at retirement age r as follows:

X
PW(r)= (1+b)" ° (sjr)P(sjr);

S r
where b > 0is the annual discount rate, (Sjr) is the conditional probability of survival given
by age-dependent mortality rates, and P (Sjr) is the pension benefit if the teacher retires
at age r. Pension wealth captures the market value of obtaining this stream of annuity

payments over time.

Following |Costrell and Podgursky (2009) and others, pension wealth accumulation can

be calculated as follows:

PW(r) @+inf) PW(r 1)
Salary(r) ’

pw(r) =

where PW (r) is pension wealth if retiring at age r, Iinf is inflation rate, Salary(r) is salary

at age r.

Figure [1| plots total pension wealth before and after pension enhancement for a repre-
sentative teacher in St. Louis who enters the system at age 25 and works continuously

until separation. Figure [2| plots annual pension wealth accrual before and after pension

3There were some subsequent rule changes regarding pension COLAs. Before 2000, “COLA adjustments
were equal to any increase of 1% or greater in the CPI, subject to an annual maximum of 3% and a cumulative
maximum increase of 10%”. Effective July 1, 2000, retired members received a catch-up COLA at least 65%
of CPI. After 2002, COLAs are paid to retired members when such COLAs are approved by both the Board
of Education and the Board of Trustees.
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BMBiB Hb KTH2 T2 'BQ/X h?2 HBF2HB?QQ/ Q7 i?2 b KTH2 + M i?2]
Qmi i?2b2 # b2HBM2 T 272 2M+2 2 °Q'b HQM; rBi? i?2 T 272 2M+2
Pm> TT ' Q +? iQ +Q "2+iBM; i?Bb b KTH2 b2H2+iBQM T Q#H2K Bb /
TT2M/Bt XkX

h?2 /i r2 mb2 7Q° 2biBK iBQM BM+Hm/2b HH i2 +?22°b :2/ 8y@ce
V2 - r?B+? Bb i?2 +Q?Q i Q7 i2 +22°b mM/2  i?2 TQbi@2M? M+2K?2
BM h #H2 kX g2 i’ +F i?Bb +Q?Q i Q7 i2 +?2°b 7Q  i?2 M2ti }p2 v2
GBF2HB?QQ/ 2biBK iBQM UJG1V K2i?Q/b /2b+ B#2/ BM i?2 TT2M/E
Q7 bBtbi'm+im> HT > K2i2 b 2TQ i2/BM h #H2 8X

(Tableb)

HHQ7i?2b2T ° K2i2  2biBK i2b "2 bi iBbiB+ HHv bB;MB}+ Mi- TH
"2 bQM #H2iQ ?B;? T'2+BbBQMX *QKT “2/rBi?i?2 2biBK i2b BM LB
6/22T6 T ° K2i2'b "2 [mBi2 bBKBH ~2p2Mi?Qm;?i?2 aiX GQmBbi2 -
bm#bi MiB HHv /Bz2 2Mi 6 a@." T2MbBQM bvbi2KX AM //BiBQM- ai.
#v aQ+B H a2+m Biv-r?2°2 bi2 +?2°b BMi?2 bi i2@rB/2 TH M "2 M(

h?2 T > K2iX2 bm 2b i?2i2 +?22°6b /Bb+QmMi ~ BAXbIB2 B B}* KRii2v
H2bb i? M mMBiv 7Q  #Qi? 72K H2 M/ K H2b- r?BW/? BRTHBRb@ BbF@
K2i2 b "2H i2/iQ mMQ#b2 p2/ 2iB 2K2Mi T 272 2M+2bX h?2b2 mM
2°'2M+2 b?Q+Fbo6V "2 bm#bi MiB HBK/TRLBIBH2 MM UBBMB}+ MiVX
QTiBQM p Hm2 Bb i?2 F2v p "B #H2 BM i?Bb KQ/2H i? i T 2/B+ib 2]
bi M/ “/ /2pB iBQM 2biBK i2b Q7 9yyRXRy3 M/ jddyX9jk- 7Q" 72K H.
"2 °2 bQM #H2 bBM+2 i?2v + Tim 2 HH Qi?2  QKBii2/ p "B #H2b i?

Rk



+BbBQMbX h?2 K MHRIQDb2i?2° K2 bm 2 i?2 /IBbmiBHBiv Q7 i2 +?BI
"2iB'2K2MiX h?2b2 2biBK i2b BKTHv i? ii?2 ii° +iBp2M2bb Q7 "2iB’
i2 +?BM; Bb2brBi? ;2 ULB M/ SQ/;m bFv- kyReVX

h?2 bi'm+im> HKQ/2H T 'QpB/2b ;QQ/}iiQi?2b2/ i #Qi? BM M/ (
e 2TQ ib 2KTHQVK2Mi bm pBp H i2b BM@b KTH2 7Q i?2 kyyN b2
Q7@b KTH2 7Q  i?2 RNNj +Q?Q iX LQi2i? ii?2 RNNjQmi@Q7@b KT
QmMT Q7 i2 +?22°br?Q 7 +2 p2'v/Bz2'2Mi b2i Q7 T2MbBQM "mH2b>
7Q° #Qi? :'QmTbX JQ 2 2ti2MbBp2 THQib Q7 ;2 M/ 2tT2'B2M+2 "2
"X Pp2° HH-i?2 bi'm+im> HKQ/2H 2t?B#Bib ;QQ/ }i- #Qi? BM M/ Qm

(Figure 6)

8 aBKmH iBM; i?2 1z2+ib Q7 S2MbBQM SH M *

b MQi2/ BM i?2 BMi'Q/m+iBQM-i?2 RNNN 2M? M+2K2Mi Q7 i?2 “2T|
T MB2/ #v + T QM T2MbBQM #2M2}ib Q7 eyW Q7 }M H p2 ;2 b H
bi'm+im> HKQ/2H r2 +QM/m+i +QmMi2 @7 +im HbBKmH iBQMb QM
T2MbBQM mH2 +? M;2bX

AM Q' /2" iQ "2KQp2i?2BM~m2M+2 Q7 i?2 +QKTQbBIiBQM Q7 i2 +?
b KTH2 M/ ?B;?HB;?i i?2 TQHB+v 2z2+i-r2 +?QQb2 2T 2b2Mi iBp
r?Q Bb 8y v2 "b QH/ M/ rBi? k8 v2 "b Q7 2tT2 B2M+2X am+? i2 +7?:
K2Mi rBM/QrX g2 M Hvx2i?2 2z2+ib Q7 i?2 T2MbBQM 2M? M+2K2Mil
T2MbBQM Hi2 M iBp2b Qp2' jyv2 "iBK2?2Q BXQM-#VvVr?2B+? iBK2i-

h #H2 e "2TQ ib i?2 2z2+ib Q7 i?2 /Bz2 2Mi T2MbBQM mH2b QM
g2 12 ii?2 7i22@2M? M+2K2Mi T2MbBQM mH2b b Qm # b2HBM2 +
2M? M+2K2Mi 2z2+ibX *QHmMKM 8 '2TQ ib i?2 2z2+i Q7 2HBKBM iB!

Rj



h?2 2HBKBM iBQM Q7 T2MbBQM + TQ7 eyW- “2/m+iBQM Q7 yXd8Ww
*PG + TH2 /biQ ?B;?2 H2p2H Q7 p2 ;2 2iB'2K2Mi ;2 M/ 2ti2M/
#v kXe v2 'b 7Q 72K H2b M/ RXN v2 'b 7Q K H2bX h?Bb b?Qrb i~
M/ mM+ TT2/ T 2@2M? M+2K2Mi T2MbBQMb 2t2°i2/ r2 F2 60Tmb?¢
HQM;2 i2 +?BM; + 22 bX

(T able6)

h #H2 e HbQ /2+QKTQDb2b i?2 2z2+ib Q7 i?2 T2MbBQM 2M? M+2K
/m2 iQ BM+ 2 bBM; i?2 "2TH +2K2Mi 7 +iQ M/ i?2 2z2+i Q7 #2M?2
+ TQM T2MbBQM #2M2}ib BM+"2 b2bi?2 p2 ;2 + 22  2tT2 B2M+2
72K H2i2 +?2°b M/yX8v2 'b7Q K H2i2 +?22 bX AKTQbBM; i?2*PG
2tT2 ' B2M+2 7°QK yXj@yXe v2 "bX _2/m+BM; i?2 "2TH +2K2Mi 7 +iQ
i?72 p2° ;2 2iB2K2Mi 2tT2 ' B2M+2 #v RXjv2 b 7Q 72K H2 M/ RXR

AMb?Q i-i?2bQK2r? ibm T BbBM; }M/BM; 7" QK h #H2 e Bb i? i r~
? b +H2 " 6Tmb?6 2z2+i-b?Q i2M2/i2 +?BM; + 22 b-i?2H ;2 2z2
BMi?2 "2TH +2K2Mi 7 +iQ 7' QK RXk8W iQ kWX h?2 *PG + T HbQ ?

Pp2 i?2 H bib2p2° H/2+ /2b K Mv T 'Bp i2 b2+iQ" 2KTHQvV2 b ? p:
" TH Mb M/ TmirQ F2'b BMiQ /2}M2/ +QMi'B#miBQM U.*V TH Mb U’
IM H+QHmMKM Q7 h #H2 e bBKmH i2bi?22z2+i Q7 bm+? TQHB+v 7Q
rQmH/ 7°22x2 ++ m H Q7 T2MbBQM r2 Hi? mM/2  i?2 +m "2Mi ." TH
+QMi'B#miBQMb iQr °/ H2bb 2tT2MbBp2 U#mi biBHH ;2M2°Qmb #v
TH MX aT2+B}+ HHv-i?2i2 +?22  rQmH/ "2+2Bp2 i?2 7TmHH p Hm2 Q
q2 bbmK2 9W MMm HMQKBM H “2im M QM i?Bb # H M+2X :QBM; -
+QMi B#mi2 8W Q7?2 b H viQi?2 .*TH MUr?B+? K i+?2b ?2 +QM
TH MV M/ i?2 /Bbi'B+i rQmH/ +QMi'B#mi2 RYyWX h?2 /Bbi'B+i +QMi"
+m "2Mi +Qbi Q7 i?2 ." TH MX

R9



h?2H bi +QHMKM Q7 h #H2 e b?Qrb i?2 #2? pBQ Q7 Qm  "2T 2b2N
bm+? ?2vTQi?2iB+ H.* TH MX h?2 K M/ iQ'v+QMp2'bBQMiQ .*TH
iB HBM+'2 b2 BM //BiBQM Hi2 +?BM; v2 'b M/ 2iB 2K2Mi ;2X b
TH M- +QKTH2i2/ 2tT2 B2M+2 i 2iB 2K2Mi Bb2b #v kX8 M/ RXd v.
"2bT2+iBp2HvX p2° ;2 ;2 i 2iB'2K2Mi "Bb2b 7' QK 8eX9iQ 83XN 7
7Q K H2bX h?2b2 bm#bi MiB HBM+"2 b2b 7°QK .* +QMp2 ' bhBQM
BM mM/2 "HVBM; bbmKTiBQMb “2; “/BM; “2im"Mb Q° +QMi ' B#miBQN
TQi2Mi 2z2+i Q7 i?2 6Tmb?6 BM+2MiBp2b #mBHi BMiQ #Qi? i?2 +m"
TH MbX L +QMp2 bBQM M2mi® HBx2b i?72 6Tmb?6 M/ i?mb bm#bi
+ 22 X

P7+Qm'b2 K M/ iQ'v+QMp2'bBQMiQ .* K v '2/m+2i?2r2H7 "2 C
r7Q 27 S 7°QK "2 +?BM; i?2 T2MbBQM r2 Hi? T2 FX b +QMb2[m
+QMp2'bBQM rQmH/ HKQbi +2°i BMHvV #2 mMM+QMbiBimiBQM H BM
>Qr2p2 - bQK2 bi i2b r?B+? ? p2 BKTH2K2Mi2/ ?v# B/ TH Mb U+QK
M2r ?B 2b ? p2 T2 ' KBii2/ KQ'2 b2MBQ  iQ i2 +?2°biQ pQHMMi "BHv
QH/? #2° M/ . Qmi UKkyReVVX AM mMTm#HBb?2/ bBKmH iBQMb-
POQHMMi v .* +QMp2 ' bBQM QTiBQM U2p2M i i2b Q7 +QMp2'bBQM
T2MbBQM r2 Hi?V-K Mv K H2 M/ 72K H2i2 +?22'b iQ M2 "T2 Fp F
h2 +?2°b 2H iBp2Hv #2HQr i?2 T2 Fp Hm2 BM 2tT2 B2M+2 K v HDbQ
i?2B° T Q# #BHBiv Q7 ++2TiBM; i?2 +QMp2 'bBQM Bb Km+? KQ 2 L
Qz2 bi? Mi? 1iQ71i2 +?2 b M2 "T2 Fp Hm2X i KBMBKmMK-/vM KB+
T'QpB/2 "Qm;? 2KTB B+ H 2biBK i2b Q7 i?2i F2mT " i2b7Q  #mvQnm
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e *QM+HmMbBQM

J Mv bi i2b 2M? M+2/ #2M2}ib BM i2 +?2° "2iB'2K2Mi TH Mb /m " BM;
2t KBM2b i?2222+i Q7 K DQ 2M? M+2K2Mi7Q i2 +?22 b BM aiX GQC
S2MbBQM mH2 +? M;2b BM RNNN "2bmHi2/ BM p2 v H ;2 BM+ 2 b.
i2 +?2°b- br2HH b TQr2'7mH BM+'2 b2 BM 6Tmb?6 BM+2MiBp2b
/2b+ " BTiBp2 bi iBbiB+b QM "2iB"2K2Mi T ii2 " Mb#27Q°2 M/ 7i2 i?2:
"2iBT2K2Mi "2bmHi2/X >Qr2p2°-iQ #2ii2° mM/2 bi M/ i?2 HQM; "mM
r2z 2biBK i2 bi m+im"  H 2iB 2K2Mi KQ/2H mbBM; T M2H /i 7Q i
aBKmH iBQMb # b2/ QM i?2 bi'm+im" H 2biBK i2b BKTHvV b?Q i2" +Q
2 "HB2  "2iB'2K2Mi ;2b 7Q° 2T 2b2Mi iBp2 b2MBQ " i2 +?2° b 2
h?2b2 b?Q i2°i2 +?BM; bT2HHb BKTHv bi2 /vbi i2rBi? KQ 2i2 +?E
b? "2Q7MQpB+2i2 +?2'bBM+H bb"QQKbX h?2H ii2 " rQmH/BKTHV |
g?2M +QK#BM2/ rBi? i?2 UEQ2/2H M/ sB M;- kyRdV }M/BM; i? i 1?2
b22K2/iQ? p2HBIiIiH22z2+iQM "2i BMBM; vQmM;2 i2 +?2°b-i?BbrQ
1?72 2{+ +vQ7bm+? # +tF@HQ /2/ +QKT2Mb iBQM TQHB+VvX

"v +QMi’ bi- +QMp2 bBQM iQ H2bb 2tT2MbBp2 .* ivT2 TH M- r?B
BM+2MiBp2b BMiQ "2iB 2K2Mi- rQmH/ bm#bi MiB HHv H2M;i?2M 2tT:
aiX GQmBb i2 +?2°bX K M/ iQ'v +QMp2'bBQM iQ .* TH M rQmH/ I
T2+i2/i2 +?BM; + 22°b KQM; b2MBQ i2 +?22 bX bim/vQ7 h2MM2bt
M/ g M:- 7Q i?+QKBM:V-r?Q "2 +Qp2°2/#v bBKBH ' ." 2iB 2K2Mi
BKT Qp2K2Mi BM i?2 [m HBiv Q7 i?2 b2MBQ  rQ F7Q +2- HQM; rBi
+ °22°b BM bBKmH i2/ +QMp2'b iBQMb iQ .* ivT2 TH MX Pm  bBKr
K Mvb2MBQ  i2 +?22 b rQmH/ QTi BMiQ pQHMMi v .* TH M b r2HH>

b TQbi@b+ BTiiQi?Bb bim/v- 'BbBM:; T2MbBQM TH M +Qbib M/
? p2H2/ TH M /KBMBbi® iQ'b M/ b+?QQH H2 /2°biQ +mi 2iB 2K2M

Re



i2 +?2° b U?B 2/ BM kyR3 Q" H i2'V M/ Bb2 +QMi B#miBQM "~ i2b
N T2 +2Mi Q7 b H "vX >Qr2p2°- Bi rBHH #2 K Mv v2 ‘b #27Q°2 i?2b:
2HB;B#H2 7Q" "2iB ' 2K2MiX AM i?2 K2 MiBK2-i?2 T2MbBQM BM+2Mi
#2 b? TBM; 2iB'2K2Mi BM+2MiBp2b- M/ b?Q i2MBM; i2 +?BM; + 2.
K Mv v2 'biQ +QK2X h?2 bim+im> H K2i?Q/b mb2/ BM i?Bb T T2 -
#2ii2° mM/2 bi M/ i?2 b?Qi M/ HQM; "'mM bi {M; M/ }b+ H +QMb2[i
+? M;2b BM T2MbBQM TH M /2bB;MX

Rd



h #H2 R, amKK 'v Q7 S2MbBQM _mH2b

"27Q 2 RNNN

7i2° RNNN

LQ K H S2MbREOHEXperience

or Age
1 "Hv S2MbBQM
_2TH +2K2Mi 6 +iQ"
J tBKmK "2M2}i

65 r BiExperience 5
Age 60
RXk8W
LQ

85Ruleof 85V Age+ Experience

or Age

85Rule of 85V
65 rBiExperience 5
Age 60
k W
eyW

h #H2 k, a KTH2 ai iBbiB+b, "27Q°2 M/

7i2° RNNN 1M? M+2K:

62K H2 h2 +22°D O Q7 h2 +22°b 12 1tT2 ' B2M+2

Nj@Nd yN@Rj Nj@Nd yN@Rj Nj@Nd yN@R]j
62K H2 h2 +?2°b BM RNNjUkyyNV eNe eNk 88XkN 88X33 k9Xje
_2iB 2/ BM RNNjUKyyNV jd e9 83Xdy 8eXdy kdXRN k8X
_2iB 2/ BM RNNO9UKyRyV i9 RjR 8NXNd 83XdR jyX33 k8
_2iB 2/ BM RNN8UKyRRYV ik 93 eyXNR 83XNk jRXye k9.
_2iB 2/ BM RNNeUKyRkV iN 8e eyXeN B8NXyN jRXje kjX
_2iB 2/ BM RNNdUKyRjV 9e Nd eyX8N eyXkN jyX93 k8X
LQi _2iB 2/ 8y3 kNe 83Xkd 83X89 keXNN KjXjj
J H2 h2 +22°b O Q7 h2 +22°b ;2 1tT2 ' B2M+2

Nj@Nd yN@Rj Nj@Nd yN@Rj Nj@Nd yN@R]
J H2 h2 +22°b BM RNNjUKyyNV R39 RN3 88Xyy 8eXRN k9X89
_2iB 2/ BM RNNjUKyyNV Re Rd 8dXj3 8eX9R k3Xj3 kjX
_2iB 2/ BM RNN9UKyRyV e j8 8NXed 83X3e jRXed kkX
_2iB 2/ BM RNN8UKyRRYV R3 d 8eX3j 83XdR kdX99 RN
_2iB 2/ BM RNNeUkyRkV Rk kk eyX9k eyXR9 jkXNk kkX
_2iB 2/ BM RNNdUKyRjV Rd i8 eyXdR eyXke jRX8] kjX¢
LQi _2iB 2/ RR 8 3k 83Xyy B8NXRR keX89 kkXek

LQi2, h?2 i #H2 +QKT "2birQ +Q?Q ib Q7 i2 +22 b
i° +Fi?2irQ +Q?Q ib 7Q'r '/ 7Q }p2v2 "bX h?2
- i?Qb2r?Q "2iB 2/ BM 2 +? bm#b2[m2Mi v2 -

i2 +22° b BM i?2 # b2 v2
Q7i?2b KTH2 T2 'BQ/X

R3

2/ 8y@ek BM i?2 RNNK@Nj M

12 M/ 2tT2'B2M+2 +QHmMKMb 2T

M/ r?2Q r2°



h #H2 j, _2;°2bbBQM 1biBK i2b, GBM2 ~ S ' Q# #BHBiv JQ/2F

2T2M/2Mip "B #H2, _2iB 2K2Mi

URV 62K H2 UkV J H2
gBi? S2MbBQM 1M? M+2K2Mi yXjee yXjyy
UyXyjNV UyXyddV
1tT2'B2M+2 yXyRR yXyRy
UyXyyRV UyXyyjVv
;2 yXy93 yXy9y
UyXyyjVv UyXyydV
a H vUOyyyV yXyyij yXyye
UyXyykV UyXyyjVv
*QMbi Mi kX8k9 RX3dk
UyXR39V UyXjdeV
P#b2 p iBQMb R-j33 i3k
2 yXke9 yXReR
IDmbi2®? _ yXkek yXR 8k
_2bB/m Hai/X 1°°Q" yX9k9 U/7 4 Rj3jV yX9eR U/7 4 jddV
6 ai iBbiB+ RKkOX/RRe9c Rj3jV R3XyMNy9c jddV

2, h?2i #H2 b?Qrb i?2 "2bmHib Q7 HBM2 "~ T Q# #BHBiv KQ/2H mbBM; i?2 irQ +
i?72 # b2 v2 X
/2 Retire; = ¢+ Enhancement; + ,Experience; + 3Age + 4Salary;+ c
KKvp 'BRei@ =1 B7 i?2i2 +?2° "2iB 2/ /m"BM; i?2 T M2Hc
KKv p "B WithPensionEnhancement =1 B7 i?2 i2 +?2 " Bb BM i?2 yN@Rj +Q?Q ic
yXRc< yiXy8c <yXKyRX h?2 bi M/ '/ 2°7Q°b "2BMT "2Mi?2b2bX

RN



h #H4H2 9, ai m+im" H JQ/2H S ~ K2i2'b

S~ K2i2'b 1+QMQKB+ AMIi2 T 2i iBQM
2 (0;1) /IBb+QmMi 7 +iQ"
k2 (0;1)&k; >0 &:k@%ﬁh'rz72‘2M+2(Q7i2+?BM;p2‘bmb‘2iBT
2 (0;1] +m'pim 2 BMi?2 miBHKBIivVBMIB+iBROQM Q@M+ pBivV
> 0 K ;MBim/2 Q7 mMQ#b2 p2/ T'272°2M+2 b?Q+F
2( L1 T2 bBbi2M+2 BM mMQ#b2 p2/ T 272 °2M+2 b?C

h #H2 8, 1biBK i2b Q7 ai m+im - H S ~ K2i2'b

62K H2 J H2
yXNe9 yXNej
UyXyR9V UyXykeV
k yXe3k yXe33
UyXyeRV UyXRy3V
ky yXNyy yXd8R
UyXRyyV UyXR3NV
9yyRXRy3 jddy X9jk
Uj33X3d3Vv U38jXNdkV
yXe39 yXeNj
UyXyR8V UyXykdV
yXejd yXe3k
UyXyjyV UyXy8jV
GQ;@GBF2HB?QQ/ @Ry8jXeNd @jR9X3Nd
LmK#2 Q7 h2 +?2°b e Nk RN3

LQi2, S ° K2i2'b 2 2biBK i2/ #Vv TQbi@2M? M+2K2Mi UyN@RjV +Q?C
h?2 bi M/ /2 Qb "2BMT "2Mi?2b2bX



h #H2 e, 1z2+ib Q7 Hi2 M iBp2 S2MbBQM _mH2b QM

2T 2b2Mi iBp

_2T°2b2Mi iBp2 62K H2 h2 +?2°gqBi? 1M? M+2K2Mib SQHB+vVv SQHB+v " LQ 1M? M+2K2Mib Lr S
_2TH +2K2Mi 6 +iQ" kW kW kW RXk8W MX X
S2MbBQM _mH2b eyWw LQ LQ LQ MX X
*PG *mKmH iBp2 J tX LQ* T LQ* T RXR RXR MX X
p2° ;2 _2iB"2/ ;2 8eX9 8dXR 8dXd 8N XR 83 XN
p2' ;2 2iB 2/ 1tT2 'B2M+2 jRX9 jkXR jkXd jOXR JiXN
//IBiBQM Hu2 b Q7 h2 +?BM; eXj dXy dXd N Xy 3X
.Bz2'2M+2 BM //BiBQM H u2 b @ yXd RXj kXe k >
_2T°2b2Mi iBp2 J H2 h2 +?2° gBi? 1M? M+2K2Mib SQHB+vVv SQHB+v " LQ 1M? M+2K2Mib Lr S
_2TH +2K2Mi 6 +iQ" kW kw kW RXk8W MX X
S2MbBQM _mH2b eyw LQ LQ LQ MX X
*PG *mKmH iBp2 J tX LQ* T LQ* T RXR RXR MX X
p2° ;2 _2iB'2/ ;2 8eX8 8dXy 8dX]j 83X9 83 Xk
p2° ;2 _2iB 2/ 1tT2'B2M+2 jRX8 jkXy jkXj jiX9 jiXk
//IBiBQM H u2 b Q7 h2 +?BM; eX9 e XN d Xk 3Xj 3X
.Bz2°'2M+2 BM //BiBQM H u2 "b @ yX8 yX3 RXN R
LQi2, h?2 bBKmH iBQM i® +Fb 2T '2b2Mi iBp2 72K H2 M/ K H2i2 +?2° ;2/ 8y rB

i72 M2ti jy v2 b mM/2° 7Qm’ + b2b,

# b2HBM2 rBi? 2M? M+2K2Mibc SQHB+vVv

2H

eyWc SQHB+vV " 7m’i?2  BKTQDb2b i?2 K tBKmK BM+'2 b2 Q7 RyW QM i?2 “2iB 2K2|
#27Q°2@2M? M+2K2Mi TQHB+vc .2}M2/ *QMi B#miBQM U.*V SQHB+V rBi? BMp2bhi
i2 +?BM; v2 "b Bb i?2 MmK#2 Q7 v2 'bi?2i2 +72  Bb 2tT2+i2/iQ i2 +? #27Q°2 2|
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UkyyN +Q?Q iV M/ Qmi@Q7@b KTH2 URNNj +Q?Q iV i2 +?22°bX J H2 M/ 72K H2 i
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"TQrM- EX JX UkyRjVX h?2 HBMF #2ir22M T2MbBQMb M/ "2iB 2K2
* HB7Q MB i€Gm2MbK Q7 Sm#HB+ R+RMQKB+b N3

"mi B+ - "X- >X A Kb- EX aKBi?- M/ 1X hQ/2 UkyyNVX h?2 /Bb TT
T2MbBQM M/ Bib TQi2MiB H BKT +i QM i?2 “2iB 2K 2aQ+BMH QK 2k
a2+m Biv "mHHY i BRMkSX

*Qbi ' 2HH- X JX M/ CX "X J+:22 UkyRyVX h2 +?2 T2MbBQM BM+2]
M/ TQi2MiB H7Q  "27Q K/BiM iBFQMb6BXl M+2 UMNS QNB B8R 8 X

*Qbi*2HH- _XJX M/JXSQ/;m bFvUKyyNVX S2 Fb-+HBzb- M/p HH2
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+QKT "BbQM rBi? Qi?2 1F @M QIKBB-®Mb7X1/m+ i QW | R BjarXk e
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EM TT- . X-EX " QrM-CX >Qb2F-JX :XJ iiQ+F-_MB"XIC2M b+ 2M2R VIR e
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1/m+ iBQM 6BM M+2 UMNS @ EH B RNN X

EQ2/2H-*X M/"XsB M; UkyRdVX S2MbBQM 2M? M+2K2Mib M/i?2 2
AM/mbi'B H M/ G #Q  _2H UBR@MBRE pBIR Xy
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1+QMQK2i'B8&V8BRR8R RR3yX

qQQH/'B/;2- CX JX Ukyy8VX aBKTH2 bQHmMiBQMb iQ i?2 BMBiB H +
MQMHBM2 ~ T M2H / i KQ/2HDb rBi? mM QCHD@ " pR2 H?Q 72 TT BIE 2 B LX)
K2i'B+bRY- jN 89X
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TT2M/B+2Db

TT2M/Bt ai iBbiB+ H TT2M/Bt

XR LmMK2 B+ H*QKTmi iBQM Q7 _2iB 2K2Mi S Q# #BH

*QMiBMmMBM; rBi? i?2 MQi iBQM 7 QK g2r)&KQM)X- 42MP@b2 v2 * R
Bbi?21} biv2 " Q7Qm b KTH2 T2'BQ/- M/ v2 “LBDbi?2H biv2 Q7
MQY2:t, = ( ;i ) -Fog, = (e u5fl) X h?22 mM+QM/BiBQM H HBF2HB?QQ/ |
T Q# #BHBivV i? ii2 +?2° B +?QQHRHNQ BdiB 2 iv2 "M

prob(Vin 2 Aj) = prod((Vin 1> Fiy )\ (e < 1)) U XRV
h?2 MM+QM/BiBQM H T Q# #BHBivi? ii2 +22° B +?2QQb2b iQ bi v m}
prob(Vin 2 Aj) = prod((Vin > Fiy)l U XkV

h?2b2 T 'Q# #BHBiB2b /2T2M/ QM T2MbBQM mH2b-i2 +?2 b6 ;2 N
T K2i2lgky ;; )X IM/2°i?22MQ K HBiv bbmKTiBQM Q7 T 272 2M+2
1?72 T ' Q# #BHBiB2b 7Q i?2 2iB ' 2K2Mi /2+BbBQM K /2 #v i2 +?2 B
MmK2 B+ H BMi2;  iBQM Q7 i?2 +Q  ¥HQiRZ T2 222BIQ® 2r?B+H

rz mb2i?2 :2r2F2 > DBp bbBHBQmM E2 M2 U:>EV H;Q Bi?KX h?2 :>E
i?72 T'"Q#H2K Q7 ?B:? /IBK2MbBQM H BMi2;  iBQM iQ T Q#H2K Q7
BMi2;  iBQMbX 6Q  KQ'2 TTHB+ iBQMb Q7 i?2 :>E H:Q 'Bi?K b22 "
M/ > DBp bbBHBQmM URNNjVX
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Xk *2MbQ BM; BM i?2 " b2HBM2 a KTH2

h?2 b KTH2 2t+Hm/2b i?Qb2 i2 +?22 b r?Qb2 :2 M/ 2tT2 B2M+2 rQm
b KTH2 #mi r?Q +?2Qb2 iQ "2iB 2 #27Q°2 Qm b KTH2 T2 'BQ/X h?Bb
#B bX a KTH2 b2H2+iBQM #B b Q7 i?Bb bQ i rBHH H2 /iQ Qp2 T 2/B
vQmM; i2 +?2°b ULB M/ SQ/;m bFv- kyReVX (2 +Q "2+i 7Q " b KTt
# b2HBM2 b KTH2 #v mbBM; +QM/BiBQM H T Q# #BHBiv iQ +QMbi n
T Q# #BHBiv Q7 i2 +?2°b "2iB'BM; BM Qm b KTH2 T2 'BQ/Bb # b2/
"2 MQi "2iB 2/ ii?2 #2;BMMBM; Q7 b KTH2 T2 ' BQ/X

amTTQb2BMi?2} biv2 "Q7Qm b KTH2T2'BQ/-i2 +?2 Br b 2HB
QX h?2 T°Q# #BHBivQ7i2 +?2 B "2iB°'BM: iiBK2 MIL +QM/BiBQM

pro(Vi., 2 A; jappearing in sample)

Prob(retiring at n jappearing in sample)

Prob (retiring at n & appearing in sample )
P rob (appearing in sample )

Prob((Vin 1> Fip )V (< 7)) ] Vgo> FTyl

Prob[(V gzn 1> F¥;, MV (va< fn)]
Prob(V 50> F*j )

h?2 +QM/BiBQM H T Q# #BHBivQ7i2 +?22 B +?2QQb2b iQ bi v mMi
Bb,

prob(Vi.n 2 Aj jappearing in sample)

Prob(staying at N jappearing in sample)

Prob (staying at N & appearing in sample )
P rob (appearing in sample )

Pro((Vin > I:1+;|\| NiVgo> F+J;o]

_ Prob[(V sy > F'i0 )]
Prob(V 30> F*J;O)
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Y
L(; k; kq; 55 )= prol(Vin, 2 A jappearing in sample): U XjVv

i=1

g2 mb2 i?2 HBF2HB?QQ/BM 2[m iBQM U XjV iQ 2biBK i2 Qm  bi m+ir

TT2M/Bt" :QQ/M2bb Q7 6B

"XR AM@a KTH2 :QQ/M2bb Q7 6B

6B;m 2 "R "2TQ ibi?2 Q#b2 p2/ M/ T 2/B+i2/ /Bbi'B#miBQMb Q7 ;2
Q7 ;2 M/ 2tT2 ' B2M+2 7Q " "2iB2/i2 +?2°'bX h?2°2Bb b? "TbTBF2
6 MH2 Q7 386 UBX2X- ;2 Y 2tT2'B2M+2 438V QTiBQM 7Q" "2;mH °
2 M/ 2tT2°'B2M+2 /Bbi'B#miBQMb "2 bQK2r? i +?QTTv #2+ mb2Q7
bBx2b UT "iB+mH Hv7Q K H2i2 +?2 b-VQp2 HHi?2v 2BMHBM2
HH i?72 #Qp2 };m 2b b?Qr i? i i?72 KQ/2H MB+2Hv KBKB+b i?2 /Bbi’
2tT2 ' B2M+2-BM T "iB+mH " i?72 6 _mH2 Q7 386X

(Figure B1)
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h?2 QmMi@Q7@b KTH2 bBKmH iBQM T QpB/2b "Q#mbi +?2+F 7Q" i’
/i r2 mb2 7Q° QmMi@Q7@b KTH2 bBKmH iBQM BM+HmM/2b HH i2 +7
b+?QQH v2 "X h?2 # bB+ bi iBbiB+b "2b?QrM BM h #H2 kX h?2 i #H:
"MH2b i?2 T ii2 "Mb Q7 “2iB 2K2Mi " i2b /Bz2 #27Q 2 M/ 7i2 i?2 2\
/IBbi'B#miBQMb Q7 i2 +?2 2tT2 B2M+2 ii?2iBK2 Q7 2iB 2K2MiX Ib

jk



BMh #H2 8-r2 bBKmH i2i?2i2 +?2 b 2iB'2K2Mi#2? pBQ b BMRNN;j
T2 'BQ/-i?2i2 +?2°b "2mM/2 T 2@2M? M+2K2Mi T2MbBQM "mH2b X
HbQ i F2BMiQ ++QmMi Q7 i?27 +ii? ii2 +?2°b BM RNNj "2 bB;MB
BM kyyN BM ;2 M/ 2tT2 B2M+2X 6B;m 2 "k 2TQ ibi?2 Q#b2 p2/ M/
;2-2tT2 ' B2M+2- M/ i?2bmK Q7 ;2 M/ 2tT2 B2M+2 7Q" "2iB 2/i2 +°
bBKmH iBQMX

(Figure B 2)

"Xj Pp2  HH :QQ/M2bb Q7 6B

6B;m 2 "j T °QpB/2b #Qi? i?2 BM@b KTH2 M/ Qmi@Q7@b KTH2 ;QQ/]
6B;m 2 "9 THQib i?2 Q#b2 p2/ M/ T 2/B+i2/ BM@ M/ Qmi@Q7@b K-
Q7 2tT2 B2M+2 i i?2 iBK2 Q7 "2iB'2K2MiX Pp2° HH- i?2 KQ/2H rt
BM i2 +?22° T 272 2M+2 + M+ Tim 2 i?2 /Bz2'2M+2 BM "2iB"2K2Mi 1
/IBz2 ' 2Mi T2MbBQM "mH2bX

(Figure B3 @&4)
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