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Stochastic volatility analysis of interest rate based on MCMC model

HAN Qi, XIA Xinzhou
(College of Mathematics and Statistics, Northwest Normal University, Lanzhou 730070, Gansu, China)

Abstract. Currently, researches on the interest rate volatility index are constructed on the basis of the interest rate derivative price
model. To further expand the application scope of the implied interest rate volatility index, the properties of the stochastic volatility
implied in the yield data information are studied on the basis of the interest rate volatility model. Based on the yield data of
government bonds from January 2021 to February 2023, the yield data are modeled and analyzed by the Markov chain Monte Carlo
(MCMC) model. The results show that the volatility of the long-term interest rate is significantly lower than that of the short-term
interest rate. Because this paper uses the treasury bond yield as the basic data, compared with the volatility index in the option
market, the model in this paper is not affected by the type and scale of options in the option market and has a greater range of
application.
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TRIRBR S AR E, WA T 0 S8 B AR £ e 5 2 EHYIALEE 5 It ( Chicago Board Op-
tions Exchange, CBOE ) #f i , 1] FH SE W AR A3 i€ v — Bk R B — L1 ( Black—Scholes—Merton, B-S-M) %E fit
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Table 1 Descriptive statistics for yield to maturity of goverment bond

KR A hrifE2E He/IME 25% - 50% 531 5L 75% 53 i FRAE
30d 1.676 9 0.266 8 1.126 6 1.499 6 1.709 3 1.8433 2.787 1
90d 1.897 0 0.2455 1.409 5 1.7527 1.904 2 2.054 8 2.6999
180 d 2.0376 0.2252 1.5300 1.8712 2.063 0 2.207 4 2.5543
la 2.1857 0.250 6 1.690 7 1.998 7 2.1926 2.3473 2.7155
3a 2.5329 0.203 7 2.169 6 2.357 1 2.5311 2.6710 2.970 6
5a 2.708 1 0.1917 2.3527 2.568 0 2.694 1 2.8462 3.1158
10a 2.8975 0.170 5 2.580 0 2.7853 2.851 6 2.978 1 3.283 1
15a 3.1958 0.2235 2.8143 3.040 1 3.1346 3.3358 3.646 3
20 a 3.2699 0.2354 2.901 8 3.116 3 3.1947 3.3762 3.7678
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Fig.1 Trend graph of treasury bond yield

M1 H R LIRS S W AR e T S g R A B R 0 R S



36

TTR

NI

J)

60 35

(bRiEZE U722 ) SR T AP IR AR R I B e, 181 1l DUt AN [ A 30T BR A i 4 5k 4
REAATE BRI FIAR PSR, Sy T BB B RRI AR Z R s A 22 57 161 2 45 1 T s 56 22
BRSO TRt 5 R B Sl A DS R e | A SRR ST S A i R A R P ST BRI

AT 220 A0 B, NP 2 AT U A A R 0 sl ik FE A R A e 3o

0.3
0.2
0.1
& 0 \ A ""’ h!» LU "“‘4 W I *“l h AW \"‘4\" AT "\'u" :!."“\"ﬂ lfl‘li i,
@ | "' r‘\" VYW YT ™ l{' ( :\' ' * ’A‘ ' v"“ i ' ,'l 'r
=
s 0.1
—m_(s
02 ]
-0.3
-0.4
2021-01-04 2021-05-17 2021-09-22 2022-01-30 2022-06-15 2022-10-25 2023-02-28
H 1
B2 Efes R0 8dEnE S E

Fig.2 Trend graph of treasury bond yield difference data

2.2 BEWLEBhES T
K H MCMC BT HAE 34T, 4 591 ol FE 6 100 1) 53 o 08 R 36 R 00 ) o3 % 000 a0 A 7 A I E it

R BERLIEZ R

R 2—4 Splaa i TR PRI AR A SR . B BARSEBA R A 225 3Gk 13-15]
S R (s ) SHUR 45 R

Table 2 Estimated parameter values of short-term interest rate model ( ts)

#2

28 PIE FE XA HE (3% ) XIEAETHE(97%) MCSE_mean MCSE_sd
s_ts 3.811 0.036 3.742 3.878 0.002 0.001
M_ts 2.091 0.148 1.804 2.355 0.008 0.006
o_ts 0.482 0.463 0.001 1.282 0.015 0.011
volatility_process_ts 0.022 0.001 0.021 0.024 0.000 0.000
R ESS_mean ESS_sd ESS_bulk ESS_tail r_hat
s_ts 372 372 374 459 1.01
H_ts 352 349 356 458 1.00
o_ts 926 926 441 387 1.00
volatility_process_ts 371 370 374 459 1.01

2 2—4 f. MCSE_mean MCSE_sd 3/~ 555~ P brifE iR 2 (Monte Carlo standard error, MCSE ) A0
Z%(;ESS_mean , ESS_sd, ESS_bulk, ESS_tail /87 804 it (effective sample size, ESS) YA &S
r_hat/&— MW ik, B R T & S8k THE .
HTR] SRR (of ) AU TS

Table 3 Estimated parameter values of medium-term interest rate model ( tf)

#3

S8 ¥i{E 7 2% XHfETHE (3%) XA (97%) MCSE_mean MCSE_sd
s_tf 4.017 0.032 3.960 4.078 0.002 0.001
p_tf 4.284 0.491 3.450 5.221 0.022 0.016
o_tf 0.520 0.539 0.000 1.504 0.018 0.013
volatility_process_tf 0.018 0.001 0.017 0.019 0.000 0.000
SR ESS_mean ESS_sd ESS_bulk ESS_tail r_hat
s_tf 399 399 401 410 1.01
p_tf 494 494 491 490 1.00
o_tf 918 918 297 172 1.01
volatility_process_tf 402 402 401 410 1.01
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Table 4 Estimated parameter values of long-term interest rate model ( tl)

SR YIE Wik XA E (3% ) IX[E 44 IE(97%) MCSE_mean MCSE_sd
s_tl 4.301 0.029 4.243 4.352 0.001 0.001
p_tl 4.971 0.597 3.913 6.099 0.027 0.020
o_tl 0.539 0.501 0.002 1.489 0.018 0.013
volatility_process_tl 0.014 0.000 0.013 0.014 0.000 0.000

S5 ESS_mean ESS _sd ESS_bulk ESS_tail r_hat
s_tl 510 509 514 682 1.01
w_tl 472 456 502 504 1.01
o_tl 762 715 602 580 1.00
volatility_process_tl 510 510 514 682 1.01
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Fig.4 Parameters density and trace plot of medium-term interest rate model( tf)
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