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Abstract

This article discusses when it is known that variance models with measurement errors have
change points, a “CUSUM-type estimator” with adjustment parameters is given for the variance
change point. The weak (strong) consistency of variance change point estimator is studied, and the
convergence rate is obtained. It is extended to the estimation of multiple variance change points
by using binary segmentation method. The simulation results show that the accuracy of CUSUM
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type estimator with adjustment parameter y e(0.3,0.7) is better than that of CUSUM type esti-
mator without adjustment parameter y =0. Furthermore, the validity and feasibility of this me-
thod are verified by an empirical analysis of the rise and fall of crude oil prices.
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Figure 1. When o, =1, o, =2, the relationship between the adjustment parameter y and the change point estimator

7 ( /4 ) under the change point position 7, of different true values

Bl o, =1, 0,28, FEASETARE -, FEBEY ) STAGIHE (y) ZEHEER

Table 1. The mean, standard deviation, mode and median of the change point estimator given by (21) when the adjustment
parameter y € (0,0.9) and step size is 0.1

F 1. TSRy (0,09), SKA 01, ACHAENTAMHITENNE,. fEE. REL PUE

7,=0.1
4
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
mean 0.1994  0.1696  0.1427  0.1278 0.1149  0.11500  0.1337  0.1867 0.2786 0.3881
std 0.1187  0.1008  0.0782  0.0633 0.0520  0.0800  0.1577  0.2615 0.3570  0.4209
mode 0.1000  0.1000  0.1000  0.1000  0.1000  0.1000  0.1000  0.1000  0.1000 0.1000
median  0.1530  0.1270  0.1120  0.1080  0.1040  0.1030  0.1020  0.1010  0.1020 0.1010
7,=02
v
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
mean 0.2371 0.2269  0.2176  0.2137 0.2095 0.2088 02192 0.2558 0.3438 0.4537
std 0.0488  0.0431 0.0295 0.0205 0.0152  0.0389  0.1059  0.1975 0.3039 0.3713
mode 0.2000  0.2000  0.2000  0.2000  0.2000  0.2000  0.2000  0.2000  0.2000 0.2000
median ~ 0.2160  0.2100  0.2070  0.2050  0.2040  0.2020  0.2020  0.2020  0.2020 0.2030
7,=0.3
7
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
mean 03168  0.3147  0.3113 0.3087 03076  0.3076  0.3121 0.3445 0.4242 0.5369
std 0.0244  0.0225 0.0179  0.0143 0.0133 0.0329  0.0698  0.1611 0.2629 0.3298
mode 0.3000  0.3000 03000  0.3000  0.3000  0.3000  0.3000  0.3000  0.3000 0.3000
median ~ 0.3070  0.3060  0.3040  0.3040 0.303 0.3030  0.3020  0.3020  0.3030 0.3040
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S
7,=04
v
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
mean 0.4097  0.4086  0.4076  0.4076  0.4068  0.4068 0.4124  0.4378 0.5098 0.6224
std 0.0149  0.0143 0.0112  0.0122 0.0112  0.0222 0.0628  0.1343 0.2267 0.2889
mode 0.4000  0.4000  0.4000  0.4000  0.4000  0.4000  0.4000  0.4000  0.4000 0.9990
median  0.4040  0.4040  0.4030  0.4030  0.4030  0.4020  0.4020  0.4030  0.4030 0.4080
7,=0.5
v
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
mean 0.5060  0.5061 0.5062  0.5067 0.5067  0.5076  0.5126  0.5358 0.603 0.7026
std 0.0093 0.0091 0.0105 0.0104  0.0102  0.0247 0.0533 0.1156  0.1947 0.2462
mode 0.5000  0.5000  0.5000  0.5000  0.5000  0.5000  0.5000  0.5000  0.5000 0.9990
median  0.5030  0.5030  0.5030  0.5030  0.5030  0.5030  0.5030  0.5030  0.5050 0.5160
7,=0.6
v
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
mean 0.6035 0.6035 0.6046  0.6051 0.6056  0.6071 0.6115 0.6350  0.6940  0.7793
std 0.0065 0.0063 0.0082  0.0091 0.0093 0.0203 0.0426  0.0987 0.1589 0.2030
mode 0.6000  0.6000  0.6000  0.6000  0.6000  0.6000  0.6000  0.6000  0.6000 0.9990
median  0.6020  0.6010  0.6020  0.6020  0.6020  0.6030  0.6030  0.6040  0.6070 0.6350
7,=0.7
v
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
mean 0.7020  0.7026  0.7034  0.7040  0.7054  0.7069 0.7123 0.7349  0.7864  0.8568
std 0.0053 0.0062  0.0065 0.0073 0.0088  0.0174  0.0370  0.0798 0.1233 0.1588
mode 0.7000  0.7000  0.7000  0.7000  0.7000  0.7000  0.7000  0.7000  0.7000 0.9990
median  0.7010  0.7010  0.7010  0.7020  0.7020  0.7020  0.7030  0.7055 0.7120 0.9600
7,=0.8
4
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
mean 0.7997  0.8010  0.8022  0.8031 0.8044  0.8074  0.8138  0.8355 0.8744  0.9136
std 0.0070  0.0057  0.0064  0.0066  0.0082  0.0140  0.0320  0.0627 0.0836 0.1267
mode 0.8000  0.8000  0.8000  0.8000  0.8000  0.8000  0.8000  0.8000  0.9990 0.9990
median  0.8000  0.8010  0.8010  0.8010  0.8020  0.8030  0.8040  0.8060  0.8210 0.9780
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Bk

7,=09

4

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

mean  0.8894  0.8983  0.9009  0.9026  0.9042  0.9077  0.9146  0.9300  0.9435  0.9500
std 0.0240  0.0092  0.0059  0.0065  0.0081  0.0143  0.0386  0.0357  0.0718  0.1264
mode  0.900  0.9000  0.9000  0.9000  0.9000  0.9000  0.9000  0.9000  0.9990  0.9990
median ~ 0.899  0.9000  0.9010  0.9010  0.9020  0.9030  0.9040  0.9110  0.9375  0.9835
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Table 2. The first variance change point estimated by CUSUM estimators under different adjustment parameters y and
corresponding actual time
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Table 3. The second variance change point estimated by CUSUM estimators under different adjustment parameters y and
corresponding actual time
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Figure 2. Variance change point of weekly data on the rise and fall of crude oil prices from January 2008 to January 2024
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