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Abstract

After the marketization of interest rates, the flexible market regulation requires commercial banks
to accelerate the improvement of operation and management, to prevent risks and optimize the
allocation of funds while achieving profit growth. According to the characteristics of China’s lend-
ing market where short-term yield fluctuations are greater than long-term ones, a second slope
factor is introduced to the dynamic Nelson-Siegel model and extended to the LSSC model, and the
parameters of the four dimensional factors constituting the LSSC model are introduced into the
DNS duration vector, which is derived to construct a duration vector of the LSSC model, which
takes the maximisation of the bank’s monthly return as the goal, has a zero duration gap in the
four dimensions and an asset-liability portfolio optimisation model conditional on liquidity con-
straints. The empirical results show that compared with the traditional Nelson-Siegel model, the
improved LSSC model has an obvious advantage in its proximal fitting effect, the short-term inter-
est rate prediction error is smaller, and it is found that the optimization of asset-liability portfo-
lios based on the LSSC model is more effective against interest rate risk through the application of
examples.

Keywords

Commercial Banks, Asset-Liability Management, Interest Rate Risk Immunity

Copyright © 2024 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 518

SEIBRAE NN B 5 R REAS BRAT B I PR A, SURAANT 2 5008, X 56 [ AR e < i e LB DL ) [0 e
TR ARAT 3] P AOARAS B DAL 2L B0 AN G G AT P SRR G 587 D (50 TC A2 B R LA A7 6 ) T R
Wiz —, RIURER T AR BALMF LR 2, 15 ML ARAT U A 877 i (5 e ) S AR

P MV ERAT 1y L IR 55 SEAR 22 B ) B D08, AR 2R G et B A FRR o RO < i % 0 e 2P L ) ) X
WEPE L HTBEPERO DR, AT AN g b, RS AR RS, RS [ 5K SR AR MIBOR K DRI 2 . T4
K, SEHUEENE . WEBOARMR . EEREE S MBI B e Rl R K RS 2 IR, 3K
TE] g Ml ER AT T s B K A A A B AT 5 4 T ATk, Ak 00 “ e Wit ML, FblkAe” . S5k
W S DI B S, A DEORI ZZ N R SRR o RDARAT AE ARV S B WL PO . 5% SR 2 B 0
[, 5 Eomfe R MOV B, SER AT R AAUE EAR, S E I T RS K

B U B D RAT IRAR A A M R BEA S AR B R SRR AR RN, DN B
R A A (] T B8 7 5 AT & e, AT SEIUE FIME . 22atk. WhErgE—, ZrkRrd
FERUR R AR, , th o HSEBLME Q3 5 U B — DU 2 TR B9 S Aot i 2 A R MRSy A
M, BRORBILA . 7 il A1 2% 2R 55 10 Ja) R 2 0 AR MR AT BE AR 2, A I B8 7 D it 5 2 8 A BRI sh 2 22
PABGE RS 3 7], JEE AL 5 WIS, B R AT 55 dh M C B RO R R 3 AR B, SeEliR
P A AR E

ETBiiE RGeS, SRRV ARAT B UGTE B, A SCRTREGET . B ISR ZBE IR, Y

DOI: 10.12677/0rf.2024.141010 104 18 %5 S 2


https://doi.org/10.12677/orf.2024.141010
http://creativecommons.org/licenses/by/4.0/

MR, REBER

AR, L RAT B A A B S BT BN LSSC MR, 2R AR AR AT B 11
T B P B AR SR AR i AR, B S otk DTS SE R HE, e A T2 R 5 KUK o
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R ARAT AT B8 G0 T B AR 2 2 AR R T R /D B e M R XU i SR K451 0% o R RN 22 [ AT
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BT BT U B AR B0 7 A 2 BEHL YO A A AR A e B AR AR AL . BT AL A AR B A
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EI R DRI, I HIAE B A ORAE J7 T A RSCR AL T AR P D7 [19] . Wi 96 1 1 77 24 (2014) 14 2 LA
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4. SEHIRN A
4.1. LSSC HES¥IHH

4.1.1. BiEKiE

AT HUARAT (8] 457 27 22 5 1wl L £ 380 3L 2 238 (H AR B0 A REAS, FEARIX ]y 2013 42 3 H 29 H =
2023 4= 3 H 31 H, EHAMGFHFEIHE M 0.08 45, 0.17 F. 0.25 £, 0.5, 0.75 . 1 F. 3F. 5
fEL T AL 10 4F 15 4F 20 4. 30 4, —3t 13 Fh, EEANTHAREOE L 1573 AALIIME, BRI TN
A1 9 o

4.1.2. fEiktEge vt

A 1 55(6) R, e [ 5 77 T 7 A AL Bk R b v 22 K T3], SIS BB RS, AL =R R R 21
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Table 1. Descriptive statistics of CSI treasury bond yields for 13 different maturities

% 1. 13 MAFEZ AR A FIEE U s R AV iR 43t

) O] ®) 4)
FIIREE)  HME(%) HALE(%)  E/ME(%)

0.08 2.3942 2.1747 0.8848
0.17 2.4601 2.2457 0.9436
0.25 2.5031 2.2976 0.8923
0.5 2.5956 24791 0.9978
0.75 2.6333 2.542 1.1409
1 2.6789 2.6036 1.1465
3 2.9657 2.8945 1.4395
5 3.1132 3.0375 1.7886
7 3.2859 3.2126 2.3639
10 3.3010 3.2254 2.5380
15 3.6003 3.5497 2.8145
20 3.7084 3.6712 2.9018
30 3.8517 3.8074 3.0653

()
KAE (%)

4.7710
4.6202
4.6113
41741
4.1648
4.2189
4.4162
4.4583
4.5824
45518
4.7883
5.0115
5.1135

(6) (")
PRIEZE (%) i P
0.7935 0.8121
0.7179 0.6712
0.6784 0.6429
0.6307 0.4387
0.6110 0.4004
0.6060 0.3444
0.5439 0.3689
0.5105 0.4557
0.4728 0.6295
0.4824 0.7135
0.4588 0.5898
0.4889 0.6693
0.4773 0.6661

(®)

e J3E
0.3716
0.0242
0.1339

—0.3349
—0.4549
—0.4734
—-0.1124
—0.2369
—0.2472
—0.1632
—0.1950
0.0526
0.0614

4.1.3. A LSSC, Nelson-Siegel EE S ¥l &

S L EHF(2013) P S L& sh A A 7734 [23], LA LSSC # AU R, BAREREL RN,

W, JFIRHHE LA 1573 41, BHE 1 121 NI A, FH ARSI /s 3R Atl S A I TR AR A
BRI (7, 500 Bus Boxs Pus Bay» 1=12,--121), T 121 WIS HI 5 550 .

B X ERKRM oz, EBCPFEAENEEE, AR LSSC A, HE DL/ R
H(Bs Pour Boo Bo) A5 BEBITHREHE RIS LSSC AL,

T2 A LSSC 1A 6 NS HUIHU A 25 R IR M Ge it Hhe 2 55(L) 5156 5.6 47 W] &1, Bl 7, = 2.7679

7, =0.0195 735 3{(25).

Table 2. Descriptive statistics of £ and r values for static LSSC models (%)

% 2. B%7S LSSC %A g #1 r [EAYEIR M ST (%)

(1) #Ha (2) g (3) WmAKMH (4) f/ME (5) trHEE
@ B 3.3215 3.4022 5.6000 1.3860 1.0226
2 B, —-0.8610 -0.6144 0.791 —2.8910 0.7155
3 B 0.2653 0.7349 5.6352 —27.4090 3.2087
4 B, 0.6746 0.0003 5.1895 -3.3222 1.5997
5) 1, 2.7679 1.0303 15.9866 0.2679 3.0410
6) , 0.0195 0.0536 0.5436 0.0000 0.0727
l_e(_z.;iem] 1_4“@] 1_e(_2.7tzia79] ot
O e _ - Py ¢ 27679 (25)
2.7679 0.0195 2.7679
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Table 3. Descriptive statistics of £ and r values for dynamic LSSC models (%)

%2 3. T7S LSSC fRE B # + [ERIIEIA ST (%)

1 A 2 b, Q) 5 “4) B,
B 4.2855 -1.2134 —0.679 -0.954
EREIA S 4.2827 -1.1378 -0.7565 -1.0233
ISIN -] 5.4741 -0.0326 3.4151 3.9714
w/ME 3.3451 -3.422 -2.9157 -3.611
FrifEZE 0.5182 0.6371 0.9964 1.3936

4.2. PEBRELE:

X+ Nelson-Siegel #7145 LSSC B FL A 250K 1 LR BCE 34 26 5% 1% 22 (MAE) A1) 75 HR 1% 22 (RMSE)
PR e bR R AT &, W05k 4 BoR, AR b, PRV EL I A BR ZE BB AR, U PR BT S R T
FESFRBHAIARRBUE T, LSSC HAL 40l & 5k 72 JL-F-#5 /N T4 4t Nelson-Siegel #5748, LSSC 8 (40L& 11
A A ity R ity 5 M B 4

Table 4. Comparison of LSSC model and Nelson-Siegel model fit under MAE and RMS Ecriteria (%)

%= 4. LSSC # &30 Nelson-Siegel #AI#E MAE #1 RMSE #7:f T A 3R EL 5 (%)

FHIIR MAE RMSE
(%) Nelson-Siegel LSSC Nelson-Siegel LSSC
0.08 0.1870 0.0407 0.2388 0.0513
0.17 0.0950 0.0760 0.1217 0.0981
0.25 0.0683 0.0662 0.0916 0.0886
0.5 0.0819 0.0370 0.1061 0.0495
0.75 0.0963 0.0475 0.1289 0.0667
1 0.1000 0.0553 0.1281 0.0739
3 0.0874 0.0609 0.1063 0.0714
5 0.0397 0.0276 0.0488 0.0357
7 0.0423 0.0368 0.0522 0.0462
10 0.1245 0.1282 0.1370 0.1360
15 0.0525 0.0471 0.0664 0.0564
20 0.0449 0.0363 0.0524 0.0426
30 0.0569 0.0568 0.0712 0.0673

4.3. LSSC {#ERpIH&
PL 2023 4F 3 H 31 H 8 IE FE 5 2 HAN 25 R B8 AbrvE, #iE LSSC B B A THE, 1ZA A8 A
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Table 5. Yields on CSI Treasuries with different maturities on March 31, 2023
%% 5.2023 £ 3 A 31 HAREZEAEABR A P IEE R s

(1) )

SR (4F) SR 7 (%)
0.08 1.8294
0.17 1.9296
0.25 1.9006
0.50 2.1097
0.75 21771
1.00 2.2328
3.00 2.5089
5.00 2.6837
7.00 2.8304
10.00 2.8528
15.00 2.9989
20.00 3.0754
30.00 3.2332

K@) 7, MECERE, 55 PEQ). QFERARANXES), HE/hZREMEHRR 440
fliHE, Z5RW%E 6 Fias, ME@)FIATAL RN 99.04%, BRI ALBAK LA R R AT

Table 6. LSSC model parameter estimation results (%)
Fz 6. LSSC A S H It 4E R (%)

(1) A& () fhiHE () FrHEz (4) R?
ﬁl 3.279 0.0569
5, -1.2567 0.0609
99.04
ﬂ3 —0.9948 0.3509
B, —0.0531 0.2208

3L 6 QISR B AL THEACARR R (25) 15 3 R AR K (26):

G g 1

_ @ 27679 _ @ 00105 _ @ 27679
1-e —0.9948| 128 —0.0531 1=°
i i i

2.7679 0.0195 2.7679

__

—_g 27679 (26)

y, =3.279-1.2567

4.4. SRITEAER

N TAUEB LSSC A M SRR A 24, A SCBREIEHRATI A G T E SRS Bk 7 s, 28
(1)7) 1~9 47 R HnI, RS RAGTHHE K HIHNE, 28 10 17 8 ffi B4 45,500 1276, 28 114780
HHEM G 14,500 1470, 5 12 /7N M6S BT &R G AR 60,000 127G 2B(2)F1 N AT, AR AFI 1 1
TIEHN R HRZ FEE)FI 8T AL, ARG 6750 3 B BAEAR . 28 (4)~7) 51 R A4
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WAL, Dt R -
L9 NZMUTE T T I H AR AMFREFEL, Kb A (=12, 9)FRAKEE. BLLEE(2)~(5)F1
AR SREAR -

4.4.1. AREIARNITE

TEH I BRI R L, BRSO G T o 2.4 N H L SN T FE(B) I 117,

HT L1~L8 J& T 2 — e A B R A Mt B DL A 53 1 i S0 (6)~20(9) « B A A2 «
F53 7 55(3)41 1~8 471, 5 A(6), 135 D) (MR 7 H(4)F1 1~8 47): #4577 55(3)F1 1~8 471, HAI(T),
3% D, (MR 7 #(5)5 1~817): [, 3%/ DJ/M D) (j=12,8).

BT L9 =W R T AR . BIIEAS G EERME 0 374 3 RELE, Frid
IR TS F TR S0 (10)~ 2 (13) AR 22 - 4 36 8 BB (1) B t, Al A3R(26), 43 A3 BRI R (L) (WL
%8 (291 1-3 7). FHEE 8 BTG . HQFIIR(L) . % 7 HRIIF 947 1, =3.12%(0.26%x12) # A
K(10), #35)Dy =1.9817 , AL 7 H(4)FI55 9 17. [AE, B3/ D2, Dg. Dy (W& 7H(5). (6)- (7)
FIEH 9 17).

Table 7. Liabilities, owners’ equity and duration of a bank
F7.KRITAKR. IBENGRABRER

- n ) @ ©) ] ;
}?75‘ ﬁ m*ﬂﬁﬁﬁﬁjﬂfﬁ ﬂiiﬁﬁl\{a({aﬁ) H%U% r| (%) %Uﬁﬂgﬁ[&ﬁ(tn) (4) Dﬁl (5) Dpz (6) Dﬁ3 (7) Dp4

1 TEHIAER(LL) 3000 0.032 0.24 024 02299 0.0195 0.0098
2 1 AAER(L2) 1600 0.12 0.16 0.16 0.1555 0.0195 0.0044
3 3 AAEF(LI) 1800 0.123 0.25 025 0239 0.0195 0.0106
4 6 ™ A 175K (L4) 4200 0.146 0.5 05 04574 0.0195 0.0401
5 1 WK (L5) 14,000 0.168 1 1 0.8393  0.0195 0.1425
6 2 S (L6) 5000 0.236 2 2 1.4241  0.0195 0.4531
7 3 FWIAFR(LT) 10,000 0.309 3 3 1.8316  0.0195 0.8167
8 1 EHAFR R (LS) 5100 0.203 1 1 0.8393  0.0195 0.1425
9 3 FEHAMIF(L9) 800 0.26 3 1.9817 17896 0.0195 0.7856
10 fufst S Ai(L) 45,500

11 IR & () 14,500

12 SffRS5HTAE N S0 60,000

Table 8. 3-year bond duration calculation

% 8. I FHIRHAMTE

¥ t, (?i) R((Zt)i)
1 1 0.0220
2 2 0.0236
3 3 0.0249

4.4.2. BIFERARNTE
R4 (AL) TR AT HME# 42 (A2) s RBHTHE £ 4 (A3) JL T AN AL B, KR8 R 58 4 i, T A
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K2 9 H(©2). (3). (4) (551 1~3 /THUE M 0.
T R ARAT 1Y HoAh Bk A4~AQ — A 4 BAAT B BIIHIE A, Bt DA A R 1 5@ FH - 50(20)~ 3 (13)
SR CNE 8L AR . TFER RS R BB 9 A (2)~(5) 5 E 4~9 17 .

Table 9. Asset, interest rate and duration information of a bank

0. FIRITH~ FRRAHER

s B o @
AFIZ (%) D,
1 W4 (AL) 0 0
2 R TE A E% 4 (A2) 0.135 0
3 AT % 42 (A3) 0.06 0
4 1A H S (AY) 0.28 0.0833
5 3N H 5T (AD) 0.3 0.2493
6 6 > H ¥ (AB) 0.363 0.4955
7 1 EBER(AT) 0.37 0.9802
8 2 FELTEK(A8) 0.396 1.9139
9 3 ELTH(A9) 0.408 2.8029

©)
Dy

0

0

0
0.0821
0.2383
0.4535
0.8237
1.3703

1.7329

@)
DA

0.0192
0.0195
0.0195
0.0195
0.0195
0.0195

)

Aj
DﬂA

0.0012
0.0106
0.0396
0.1388
0.4285
0.7518

45. HFEGHRESHARERREL
45.1. B¥rEH

PAZ R ARAT H RSN Bz, 42 9 B8 (1) 41 1~9 /78d v, (1=1,2,---,9)3 Ax((21),

BEILLT H b i ik 2

max.Z, =0A +0.135%A, +0.06%A, + 0.28%A, +0.3%A, +0.363% A +0.37%A, +0.396% A, +0.408% A, (27)

452. REH

1) 2T LSSC A A M B T804 R &4
B2 9 H(Q)~G)HIH 1~9 17+ £ 7 FH@)~(T)5% 1~9 47« A=60000. L =45500 7357 AR (15)~
(18), 19-2Z A ER 11 KUK H095% 2% 14 20(28) ~ 2 (31)

(0.0833A4 +0.2493A; +0.4955A, +0.9802A, +1.9139A, +2.8029A, - 64954.5876) +60000=0 (28)
(0.0821A, +0.2383A, +0.4535A, +0.8237A, +1.3703A, +1.7329A, - 46187.9592) +60000=0  (29)
(0.0192A, +0.0195A, +0.0195A, +0.0195A, +0.0195A, +0.0195A, —887.2411) + 60000 = 0 (30)
(0.0012A, +0.0106 A, +0.0396A, +0.1388A, +0.4285A, +0.7518A, —~14006.6115)+60000=0  (31)
2) WhELAR KA
O TSR
SAMESE “BET = it + IrEENG” , BT R 7 EQ)F 100 1117, WIE:
st.Y" A =60000 (32)
@ FeT A EE A I LA
st.A <15%xY" L, =15%x39600 = 594 (33)
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@ FTHBh LR P A7 I <5 b A5«

StA 20.6%x> " L =0.6%x39600 = 237.6 (34)

@ EAT AR L
st.A, >20%x )" L =20%x 39600 = 7920 (35)

© B S LL:
StA+A25%xY" L =5%x39600 =1980 (36)

© BEEn I (AT WAL B AT N A RS 25%):

SLA + A, + A, >25%x L, =25%x 3000 = 750 (37)
@ FRIIGER LS
SLA > A (38)
AEFLR
st.A >0(i=12,-,9) (39)

4.6. BEIFFEE 53R MR

46.1. HREKR
F Python 3R i 20(27)~20(39) 4 R 1 2 1 R RIS, R 45428 1l 1) 23 JXURS: R 20 M XU P i 2 e K Ak
TEECE TR, HAREE R LR 10 ()5,

4.6.2. EF Nelson-Siegel #E&I%FEE

P fr 6 LS 2 5 T~ Nelson-Siegel i (1 7= AL AR, fioda: © ERREL 5
ASCHRIAHIE, QTR @ FIZ R G, H430(28)~3(31)He sk DNS A5k LIRS, TE 3
MRADFR: © FEEI AT B, B 5 A SRR, R0 (32)~X(39)FiR .

4.6.3. MLELRRPMIULEGR

FREETIHHE A (1=12,--+,9), RALgE R ILE 10 25(2)%1 1~9 17,

BUTIH R AY , THEARX N (20), AAREE:

@© AR

W2 10 Q)P 19 TR RCES R A (1=12,--,9) AN (28)~X(31) /e, 193] 4 MYEE AWk
M: D =D} =D = DJ* =0 . st A ARAE 4 MEEEIM ETH 1%, Bl d g =d B, =d B, =df, =0.01,
¥ ERZHHIMHE LU A= 60000 FAA K (20), fEIASCRERE) AV =0, S5FREAGEL 10 H(1)F)% 10 17.
AV =0 FoR L ARAT R R 2 KR 576 42 e, ANSZRN AR F) T 0] 5 K/NHIFEIR ;. ARG EA A 4 DNYERE |
7t 30%", iz HlfE

@ XA

W42 10 ()5 1~9 TR ICESE R A (1=12,--,9) AN (28)~(31) /i, 193] 4 DMEEAW
BIT: DEP=0.0292% . DEP=0.0339%. DJ®=0.0975% . DE® =-0.049% . ULUFIHLE 4 NMYEFZSY
A BT 1%, Bldp =dB,=dB,=dB, =0.01. ¥ RS HM{E LK A=60000 fEA(20), 7354 TR
AV =-0.6682 , 45 SR 10 Z5(2)515 10 17 o R B A ZAE 4 DMERE I L TF 30%, iz S FE R 2,
Lifi[E 2013 4 6 A 20 H FHERATINN 7% KB HR AR % 13.444%, Jitid 30%, BLHL d B, = d B, = d §, = d 3, = 0.3 {E MLt it it
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AV =-20.0469, RN 10 HQ)FIH 11 17, BB Z L= Efmaa, wRmEEZ, &
Nelson-Siegel 574 il Al o B4k B AGERER, SR BT A SAHE . R, ASCRA L
T B RY B I A SRR R KU

Table 10. Optimal allocation of each asset in a commercial bank under the objective of maximizing monthly returns
= 10. BMASRITEAWESE AN BER TENETNRENTRAR

7S B B TSN W

1 Al 237.6 237.6

2 A2 12520.456 9516.4988

3 A3 17424 17424

4 A4 0 0

5 A5 0 0

6 A6 17571557 25822.238

7 A7 7039.3041 967.0884

8 A8 10444.341 10857.087

9 A9 10444.341 10857.087

10 FIZRAE 4 ANYEFE LT 1%RF BRAT I HE = 2% 0 -0.6682

11 FIRAE 4 ADYEFE LT+ 30%6RTHERAT 15 B P i ok 0 —20.0469
5. &g

ASCAEALSE DNS A B 2EAE B 51N LSSC Al m &, #igiRAT H i s KA Hbr, 4 DYEE
TSGR RIS LA S AR B i L A A . SEAESS R W 1) AHEL Nelson-Siegel #5271,
LSSC A i il & AR HA W R AL . 2) F&T LSSC BAL Sil 557 i 28 & AL B e A R R 2
PR o

AL AR A G R THAEE “ AATE 07 DT OB RR T HUEER) E KR [F]
IS th 7% 5y R A ARATAEAT RN AL N DR, SRR AT R E— 2B W FORE X A IR O 4 RO AR ik, 3T

BN ANy TR, AT 2R EE LS.
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