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Abstract

This study employs the Grey System Theory to construct a GM(1,1) predictive model, aiming to
quantitatively analyze the dynamic evolution trends of Shanghai’s pension fund surplus and its key
associated factors. By integrating data from 2013 to 2022 on Shanghai’s pension fund surplus, regional
GDP, and average employee wages, the model was developed and validated. Results indicate: (1) The
model demonstrates high overall accuracy and applicability in forecasting Shanghai’s pension fund
surplus and its associated factors. (2) From 2023 to 2032, the pension fund surplus will decline annu-
ally, highlighting challenges posed by accelerating population aging and increasing expenditure pres-
sures. The reduction in fund surplus reflects not only financial indicators but also underlying societal
issues such as demographic transition, family structure changes, and social equity. Based on this, the
study proposes policy recommendations including optimizing fund revenue and expenditure struc-
tures, advancing a gradual retirement age delay policy, and establishing a multi-tiered pension insur-
ance system to enhance institutional sustainability. It emphasizes that policy design must balance
social acceptability and fairness. This study provides scientific grounds for long-term pension fund
planning, though it requires further refinement in variable selection and enhanced dynamic model
calibration.
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TR, BRZHRRAEEEGEER. KEMZ . AP —. ZoHE. RN Z R IR
A T, B THATRE R %R R A0SO, HAE G S AR OU LR R B FE R REIs AT AT K
AR . BHE RS TN e T R IR I A R R, W T ah SRR G SR )1 DivE SO XU
PACBERRE, FFRvE LW EFR ) “HEd MR TRAFREREEESE” « RS XEA T 52H
BRI AR E RO 4%, B R E BN E O

2T AR TS BE AT L ORI ik < R S AT AL, 20 A SR P 94 50 U0 A 5 9 M R SRR 1]
[4], FIRABATRT SR R GE80 15 07 ik B e 4 Rt AT IS [5] [6] - 2R1, A RIS EE IR RIEAN—
KRR LT /G, WA SR RENE RS ATEE. ZIRRIISEEI, %N
2 (8] (R AE LG 2R B L A Y 1 v B AR 2 A A DL 2 [l B S SR, I HLAR ZR A B A5 S AR LG 2R
ARFEEYIH. FIOREE B QR MG B RR ARG E LNKE RS, KORGHE B LIETOT
ARG AT AL T PR SR R4 ) S AR 1) e BB A% O R AT AT R 2 AT 7E
SE I 2 DX AR A AR (i R, He P BE AL NN ARt . T 14 28 FO 2 K08 S U A v 42 A5 e 1
I —FOMERIL, RS E A AR HEOR, IXEETE P 81 AT DA A it a2 K (B R B Fe 781
PRI, R R G PR A SE B S T _E R 22 A AR e J B AT R, AN DB TR T K B R ST
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fE— MRV IR SEOREE . IR, IRZImE 2 AT RERRR. TAESIRIK
(A TG A DL AR BURF B AT . AL 210 “4580) - Thiae” MMAE, FRERE2 TR 2
PO S i Ak 2 B DR 2L iy DA PP R S8 B BORE A AR IR ) — R BE AL 22, HLmT PV R R B 2 454
MfeE 5. B, R MR EOHRMIAT BT RN, A0EG A0, R HR 122
ETH AR SR AT, WM BN, ERAL S W2 5 AT,

RHFERM T KO RG G5, RET ST ESBHIEATIN, KA FRE 75 54
LERBEVONTER H bR . R b, BB AR . N VAL DA 3 G SR BUE 9 o0 i SR Bk
RE. W EERERER, Wl 7T DR TERESREMCERP KO RGN 2R 5 7R
T EAEAFI (8] P50 b, SEe g R BTSRRI AL, FF it P N AR R R
LE2E 5 A2 AH SR BE B AT R S A R BR R 22 5 5 MISIE SO, IRl I 2 SA A0 A 0] T 25 34T 1 R
AL R, DA SR TR B SR S e AN A

2. ETRaFIERN EEFERERESERETN
21 FERRESESRE GM(L,1)ERIE

GM(1,1) K LB R S B S I AT & 0k — IR B AE 577 (i 1-AGO, Accumulating Generation
Operator), HISSHBENLME, 152G AN AE RS, N8 B 72 M7 AR b g Al . %
T FE%F G S s 2H R B s

(X1} = (X0, X 1), X 4,
XTELBI 1-AGO, BT IR 4G £ 51 #E 4T RN 2
{X(l) (ti )} _ {X(l) (ti)’ X (tz)’... X (tn)} _ {x(l) (tl)' X @ (t1)+ X (©) (tz)’...x(l) (tn—1)+ X (0 (tn)}

st XO(t)=XO(t)

Rt 28 s«
X ()= 20 (1)
k=1
FR A b S — AN 7 A 1 — B 2P B0 25 K TU A Y«
S =
108 GM(L L)Y, FOGE R i o3 i R
LS
+aX"’ =Uu
dt
WRMA D =[a,u] , FRN TR
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Table 1. Criteria for model fit evaluation

= 1 REMSOI R FIRTARAE

a

a
1.

RN A 2 2 C BT £ 2t 2
1 & (4F) C<035 P>0.95 1 ()
2 B(E%) 0.35<C<0.50 0.80 <P <0.95 2 J((F %)
3 J (i) 0.50 < C < 0.65 0.70<P<0.80 3 ()
4 (A EH%) C>0.65 P<0.70 4 F(AEHE)

Cc
C<035
0.35<C<0.50
0.50<C<0.65
C>0.65

KGRI, BTEALE GM(L 1) B Ly :
XU)=XWUQ—XWW—D=[X@0J—ENGw”—e“”ﬁ

T LS PR B T IR L R I S A AR GM(L 1) K TR AL I AT T . GBI #E ) 2013~2022
(BRI SR R B G AR« 2013~2022 4 (P ESTHEXY , WEM SR, (TESET

B 5 LB 51 2 18] (R QIR

JF G AN BAE S 5 17 51 xo- LR TRE DRI R G 45 4% (3 70) A ELE P 81 - X A7 B (G TE) s Xo-
LB TH () xe- 177 MBI (IZT8) s xe-ZRIRTAS(TIN), Rt LA L PRSI N 00 22 57 AN K
EWNEE S . RSN 2 Por.

Table 2. Shanghai municipal pension fund surplus and related factors, 2013~2022
% 2.2013~2022 F LN T2 REEEER R KKERER

P L‘JJE'—EZIK?%%{% i k4 f@[ZéEff)é\{E HRI?}’»JI’%: 7 U!a‘i%ulﬂz)\ ZRIRT N3
“ER(Jion) ({2.75) (7T) (fzt) (FAN)
2013 10,769,978 23204.1 90,908 4109.51 1429.88
2014 12,599,976 25269.8 100,251 4585.55 1457.43
2015 14,509,724 26,887 109,174 5519.5 1493.8
2016 18,724,971 29,887 119,935 6406.13 1527.14
2017 20,687,546 32,925 129,795 6642.26 1548.22
2018 22,423,147 36011.8 140,400 7108.15 1573.37
2019 22,903,106 37987.6 149,377 7165.1 1589.57
2020 12,141,047 38963.3 171,884 7046.3 1616.67
2021 12,250,422 43653.2 191,844 7771.8 1654.36
2022 14,278,223 44809.1 212,476 7608 1659.38
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Table 3. GM(1,1) prediction models for each factor
3. HEEHEM GM(L,1)FuNER

K5 ZHH AT A c P T A S 2
igHARIEE o =0.0093 xW(k + 1) = —1872525646.90510.0093 01414  1.000 1
R egh 4 u=17536717.3296 +1883295624.9050 ' '

. =-0. M(k + 1) = 352444.08156 00712 —
” a=-0.0712 xM(
HREFRE ) 2 234309630 329239.9815 00194 1.000 .
TR T % a=-0.0953 xW(k +1) = 973195.3601e 0% — o o o 1
U 0= 184102.6080 882287.3601 ' '
W5 T ELE N a=-0.0498 xW(k + 1) = 105629.0048 00498 — | o o0 )
' 1 = 5056.6049 101519.5848 ' '
ST a=-0.0160 xW(k + 1) = 91175.9212¢ 00160k —
ZORIA T A% 1 = 1435.7465 89746.0412 0.0198  1.000 1

Table 4. GM(1,1) prediction results for each factor
= 4. HEEEM GM(L, )TN R

FERRIIE S LR b XA BT SP38 T HT A BN ZRIRT A

A WAL WY WY R EE L0 WY
ML  Srmeoe CMED e CMED spmee) CMAD e CMGD e
2013 10769978.00 / 23204.10 / 90908.00 / 4109.51 / 1429.88 /

2014 17483837.16 38.76  26006.74 292 9733366 291 5415.12  18.09 1470.35 0.89
2015 17290819.95 19.17  27925.77 3.86 107068.44 1.93  5689.98 3.09 1494.06 0.02
2016 17099933.60 8.68 29986.40 0.33 117776.84 1.80  5978.81 6.67 1518.16 0.59
2017 1691115459 18.25  32199.09 220 129556.23 0.18  6282.29 5.42 1542.64 0.36
2018 16724459.66 2541  34575.05 3.99 14251373 151 6601.17 7.13 1567.52 0.37
2019 16539825.79 27.78  37126.33 227 156767.18 4.95  6936.24 3.19 1592.80 0.20
2020 16357230.23 34.73  39865.87 232 172446.17 033  7288.32 3.43 1618.48 0.11
2021 16176650.48 32.05  42807.56 194 18969329 1.12 7658.28 1.46 1644.58 0.59
2022 15998064.28 12.05  45966.32 2.58 208665.37 1.79 8047.01 5.77 1671.10 0.71

2023 15821449.64 / 49358.16 / 229534.94 / 8455.47 / 1698.05 /
2024 15646784.77 / 53000.28 / 252491.76 / 8884.66 / 1725.44 /
2025 15474048.16 / 56911.16 / 277744.60 / 9335.64 / 1753.26 /
2026 15303218.52 / 61110.62 / 305523.09 / 9809.52 / 1781.54 /
2027 15134274.80 / 65619.95 / 336079.84 / 10307.44 / 1810.27 /
2028 14967196.18 / 70462.03 / 369692.70 / 10830.64 / 1839.46 /
2029 14801962.06 / 75661.40 / 406667.33 / 11380.40 / 1869.12 /
2030 14638552.08 / 81244.43 / 447339.97 / 11958.07 / 1899.27 /
2031 14476946.11 / 87239.43 / 492080.46 / 12565.05 / 1929.89 /
2032 14317124.23 / 93676.80 / 541295.65 / 13202.85 / 1961.02 /
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IR & gt R BT A A, AR TRKORGHEEWE T LBEAFRZRERIEEEREN
GM(L,1) TR Y o 1A% 70 BR A% B b, o3 AT A B % 5o el DR 38 5 B 4 R i 2 W) (M) B A DR B S b i 3 . il
IEXF 2013~2022 4E 7 A I AR AR LS, 4 SR W 2 B A A B e A A R ) RO A3 b O TR R
B, BARTE, SHAAMUE S B AR, REIRANERSRREEREEREZMNERLR,
W EABERISE N, AR AL S 45 R B 1R R T KA S BUR T B B L RS R AR . BT
SR

(1) GM(L, L) BRI/ TR b3 1 77 2 PR B B 4 25 4 S HORIR R 3 TR DL B @ I v . A&
SE R R ORFEHAREIE S 45 A L I AP R L BT TS A SN T A BU AR R A S R 9 1 ()
(Cf <0.35, P{a >0.95); /7 MBI EER A 2 K (EH) (C=0.0607, P =0.90). Z5itKH
R AR FERR s, RR A A e M A FE s 1 N ZE A

(2) BEAYFROIIZE R R, 2023~2032 4F LT SR ORI L 4 45 A 5 M 1582.15 14t f% %2 1431.71 147,
BERETRES . X—EBNSFMAE, SREESRITEFS . EAURBE T N DFER 251
2, BIRZRHARR T R EEFRE T RESI TS 5 M AL e IR 2 il B e i e S/ P . [E)I, HRTSF3 T
P PR A K (FIE A 2023 4E( 22.95 J5 G % 2032 4E 1) 54.13 J570)1E Al eI S U N F I,
T B RSN 22 BE 7 KT T BRI 77 22 PRI ] BE R0 A PP Bk SN & (R 5 08 Dk -5 A SR AR 388 (R RS B
KIK,  BLAHI BERHMERIINE R RRREE, At BUR BT 7 SR AP A% L o

3.2. BEIRER

T UL BB ESse, BURA OB LA IA T — 2k &S ai LRI R AT 7). 26T
PRSI 25 A PT R S 2 R S D I ACRIOT IR i 28 M it 30 RN RIR S 1R T 5 ek
WURFEAT o S STt 5 A6 P 5 8 S P PTG o BERT R B /R IR N A I S B0 B 43
71, WEHERE BRI BE SR, IRk R I 020 St gt U IR g IRR R IR B, LR g4 9%
FRRIFAEFEAFE GO, AR STl . 7 B RIE e, ERIRREER R — A ZI 2 T
FE, HAEATARENE B 5511, R G O A AT L ANFSRES B 22 I, JF
TEHHEM . KRR HE T RE A A 2 EBUR N . BURRIBIIA BT Z it 23R S 4ait
FURCER I, G el o RS R SR IR R AL L In s ER M e RERE I DASEAS 55 8 2 BRME A i 5 . — 2 I
HZRRIFERBIAR R T T AU ORI 0 A TRZ R R SR T Y, REX R RS
T BESORERRRE AT, NI Rt (B A R, I B AT AR T TR T e R
TR AES AN N FRE S BV, IRBCR AR R & HH, RERTH R e R RIFE & T
MIELEL, MARA B fHIEEATRERG I IS B . W20 “RM 2 et MmE, WEZE
TR REWREER. 1y, X SFEAEFRZTE LRERLE. EidfEd, TEHTiatmrir %
FIREMEI I FREATSE, FREBCRAE EVE 5 AT T R, 8 TR 2 ORI — Rkt 2 B A N ik 4
Tr AL 7 KRR

3.3. BRY

ARIAFAE—E RIRTE, ARARATCLARAUR JU5 R et — &k — DAl A e ik B 5 weoE, /2
KPR RN, WGBS G AR AR FR (I B ;AL ARBR [ B9 55 ) 1HEAT S 70
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