A R 224 (B2 RR ) 2025 4E 3 H 45 60 % 5 3 0
Journal of Shandong University( Natural Science) , Vol.60, No.3, 2025 http; // Ixbwk.njournal.sdu.edu.cn

XEHS :1671-9352(2025) 03-0049-11 DOI:10.6040/j.issn.1671-9352.0.2023.436

42 HIRE T BiR R B R 2 1T R B & T 46 4 R g

FhAE e, W EET A
(I T KEHCAFR A4, K 300387)

. 4/2 AUk 3 5 T 69 B AR 44T B % 4 (target benefit pension, TBP) 7% L4 £ 3 A A B AR AR R, £ 3R R & g ik
24 B R SR R IRARR AR A P ARBUAR B R A R AROR T 69 AT KR BURE T AWML, BEAFAELETARKTT
— TR T e — AR IR R A AR AR 42 ALK S AR 35 R RUAUL IR AR A2 A 22 36 47 B AR B A AR
Rk 6 K AE, R BAL A A SRR R FTRRE R A AT ARG Hh, BARAMIE SRR T ey Lt g
A G PR R P T S R Al A R e E B A T TR E A e AR AT IR E

KEE: BARLAT R I X 4/2 ALK Z) RAER 1 £ A B AR S 40 LRI H 2 b

hESFS . 0211.67;F830.48 TERERERD A

S A IR T WRBEL 4/2 SO HARG 3R A TR B iR A B LA A SR [ T IR R 2254 (B2 AR ,2025,60(3) :49-59.

Optimal investment and benefit payment adjustment strategy for target benefit
pension plan under 4/2 stochastic volatility model

HAN Jingyi, CHANG Hao*, CHEN Zhen
(School of Mathematical Sciences, Tiangong University, Tianjin 300387, China)

Abstract: The target benefit pension ( TBP) plan under 4/2 stochastic volatility model contains both the active members and the re-
tired members, where the active members pay predetermined contributions to the pension fund and the retired members receive a cor-
responding pension from the fund, and the benefit payment level of the retired members depends on the investment situation. It is as-
sumed that the pension fund can be invested in a risk-free asset and a stock, and the stock price follows the 4/2 stochastic volatility
model. Applying the stochastic optimal control theory, explicit solutions for the optimal investment and benefit payment adjustment
strategy are derived, and a numerical example is given to illustrate the results obtained. Methodological and theoretical support for
solving other complex investment problems in a stochastic volatility environment, and the reference basis for asset allocation and risk
management of fund managers are provided.

Key words . target benefit pension plan; 4/2 stochastic volatility model; deviation-type objective function; stochastic optimal control

theory

0 &%

{4 1 F5 2 B IR FER RIEE tE SR E S & U0 K Ry Tk 2 OCE B /EN] ., BT, R THREE
07 T FOBIF 5 32 B4R PR AL G O 72 Wi 25 584 ( defined benefit, DB) 7% 4RI E 44 28 ! ( defined contri-
bution, DC) FE&E TR, X TR F B RIR T 5, A 24 AT AS % Ck[ 1-7] . X 2 FifE 4
SRR — 7 1 R FRPE . DB AU CRIEZS AN i s M |, SR 5L 445 B3 7R P 23 KU 5 10T #E DC 24t
R HL ARG 52 A IR 25 1t SE S BRI 0 i | 3 30K D8 T 2 R HH 430 () B3 0 UGS , T I SR AR 45 451 K7
IATENE, N T 988X 2 BHRELTHIRA R 2 T ALE M BARg 895 22 4114 ( target bene-

s A HA:2023-10-16; MI4& H ARAT 18] :2024-10-09 15:24:49

EEWA . H 5t SRl 54 5 B B H (21FTYB042)

E—1EE WA (2000— ), &, BWFE A DF5E 07 ) o A A FIAR KRS 52 E-mail : 1367769927@ qq.com

* BISIEE WIS (1979—) , 5, 0% WL AE S0 B P58 05 1) B 4 Rl 5 RIS . E-mail : ch8683897@ 126.com



50 R R % M (B % R 55 60 &

fit pension, TBP) 1%, X &—F ' DB #IFE % 411X Fl DC RIFE & 1HRIFZE G HH AR A R 2 411
%, TBP 1140l 5A [ e i 490 9%, B AR 245 450 K388 52 T9E 52 ), 1 55 R 25 45 Bk T 97 22 4 i BRI L
Chen 45" Fi e L4507 3 S8 T TBP TR A Fc 0 8 31 SR s, AFF 55 2 W TBP 1Rl 28 th A9 R B &%
RS 4H 2R . Wang %% Wang 5" iF 53 4 R 5 P 45 9 0 20 A 0 6 556 s I 008 R 40 35 4 80 0 15 1 I 72
H bR R 55 2% LA TGRAK A 1 SR ms , T A7 30 SE BRAR BRORU: 40 FH . Gollier' " B 58 % R, 4 (4 JRUS: 43P 485 ) -
REREAREE—AR PR A KU A, B30 T A 53 0 2% A DT [l 4, Cui 2512 51 A Z W1 B9 AR 50 S 48
R BFSE IR A M 5 2 A TR ACER XS 23 FH I BE . Rong 251 YE (i 22 %) H AR sR 3R F TSR 1 52 A 6 2B K Fl A=
AR TR TBP 114, Liu 51 78 Rong 55 (3Rl L, InA—Fh 5 55 A HE £4 10 B8 7, W5 ] 5 B
AU J HL 5 R R 9% SR s A B 73 KU

TESEPR A AT vh | IRCEEANAR A0 10 Bl 6 AN P — 8, TR — N BENLIE 2 . Heston FEAIL I 2%
Fi7 (Heston #5228 ML BEAILIE 328 (stochastic volatility, SV) A {H 2 764 Ff Heston #i YA 1 B
SECHE B 38 B 2335 R Peller 25, BCAN, 7811 3% 5 J7 B B, Bl 25 WE A U 3 % Lot IRt &t T8 22, 15
Hestont 1 Gk 72 A4k B i sh ik fOM w42 . b T Se IR 3R R FRYE , Heston' ! HE— 46 Heston #5AY" fi2
) 3/2 BEHLIE SN AR (3/2 KAL) | 3/2 A RIE BRI 8 R BN Cox ~Ingersoll -Ross ( CIR ) i 72 93 4
T, SVFAEAEE I Ik 30 s (0 0 A0 i i A, EL SR ) 372 AR TG i 4005 W5 P2 A IR D Bh A E . 2017 4E,
Grasselli"'* 41 %} Heston 15 8YF1 3,2 FRIAY SR FRME | TR 4/2 BEHLIE S ZRAERY (472 #5802 RERI40 5
Heston BTN 3/2 AAY AT DU A #4005 B 55 ik sl 3 i 1 9 2l A8 78 I AP R AR 4 B8 20 5 G4 213z
F., Cheng %17 fE 4/2 BORLR 5| AR AT E Ve, BF 90 & i AR S E 4L A IR, Cheng %™ ¥R 15 T 765K
P RACHENR 472 A5ERF (e B e 5k M . Lin 451 78 472 BERIAGIERE 15| A BRERERY B 5247 A 22
Hriali, Wang S50 AR -7 2 HEN R OF 78 BEES0 A Fh 472 BT BR Bl (14 4% 95 — PRI (] L, Zhang ' %
JEFEHLA R AEHL 3 20 2% W0 58 A2 448 - 7 22 R B A3 AR i 38 5 X9 7™ — 1 ot A BR G AL Y 52 T, Hata
SRS AE 472 RS AT GE IR ARG 2N 1 A4 e DA A F AR SR

A % TBP R H AR R & 3 AN J7 T, 430 52 45 A KOF 19 78 R (SEBR 4G A5 A B sl T H AR 4h
1) AT RS E P LA RARBR A 4 A H 1Y H b2 S AT Re e i 25 45 5 Tt ise H pm =z 18] (9 R RF- 7 il
P22 , & A] BRI D e o AN L U o AR SCTEAR 25 80 H AR pREL T, B K 4/2 B85 | A7 REFL T %5 1) TBP
T () B 4 il S 6 5 — ol JXURS: 5 7= A — A 0 KU 9 7, o FH AT g A 2 ol DR B, 3 5 1 e AR 48 %
g AHR A SR ) AR . B, 28 Y BUE SR R U B[R] S 5000 e A B0 0% R 25 A5 ] 2 SRS (1) 5

ARSCHFEZETTRA - (1) K Wang 1 MG R R 4/2 B, 20Ok 4/2 BRG] A BEAL
¥R TBP iHRIBFFE s (11) FEMm2E 7 H AR sREC T AR 2 1 SR U1 5% 5 W B A0 26 450 V8 2 SR mes 1) PA =X
(iii) X Heston #5Y 3/2 FLAIHI 4/2 BIRY T (Y B A SR M 2R AT LA, 3 A0k 511 R S H0O0T S5 fI0 5 s 1 el Jale
ST

1 BARRE

5 4 Tl T 47 A2 O EEAEE 1Y), 28 T PR v AN 2 Pk Hh 8 AE— A 8 e MR 25 (8] (,.7,.7,, P) LT )
PR Iz sh 20, 2k W(e)= (W,(8) ,W,(t)), .7 Form— A7 B LR W, #R 378 411 kil
NTE ¢ BZIRTIRAF M5 B, P R UFE Q LI DT R | [0, T] A FREETE
1.1 £/His

5 4 Rl T 60 B — P T XU 5% 7 (RRA TR ) ol IXUBS: 5% 7 (S ) o

TERUES = B M A A B2 S, () R I R idr AR

dS,(1)=S8,(t)rdt, S,(0)=s,=1, (1)
Horfr >0 S Jo XU FI 5
R AR TR S, (1) B 472 BERVIK ) 3RoR A
ds, (1) c,

=(r+/\(clV(t)+cz))dt+(cl V(t) + - )JdW,(r), S,(0)=1s,>0, (2)
t

S,(1)



5 3 1 BRIEAG 45 472 SRR RS BT RLSRE B TR e L1 B A 4 ) SR 51

dV(1)=k(6,-V(t))dt+o,/V(t) dW,(1), V(0)=v,>0, (3)
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