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Research on Recursive Trend Adjustment and Power Enhancement for Unit
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Abstract: Two new recursive trend adjustment methods were proposed, and the lemma was constructed. The limit
distributions of the unit root test statistics under the 4 recursive trend adjustment modes were deduced with the
inferences from the lemma, and the quantiles of the test statistics were obtained with Monte Carlo simulation. An
empirical study was conducted on the trend adjustment test using a total of 1 000 observations of the closing price of
the Shanghai composite index from January 2, 2019 to February 16, 2023. The theoretical research shows that as
with existing adjustment methods, the newly adjusted variables no longer contain unknown parameters, and can be
used to construct unit root test statistics. The recursive trend-based adjustment of the test statistics converges to the
generalised function of the Wiener process for large samples. But unlike the pre-existing distribution, the quantiles
should be obtained through Monte Carlo simulation method. The simulation shows that though the first and third test
statistics increase while the second and fourth test statistics decrease when the sample size increases, but all quantiles
show a convergence trend. Compared with the classical DF test, the recursive trend adjustment method can not only
significantly reduce the estimation bias, but also improve the test power while having a satisfactory test size. The
empirical results indicate that the recursive trend adjustment test model can obtain correct test conclusions for both

the logarithmic closing price series and the yield series of the Shanghai composite index.
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Tab.1 Simulation results of pseudo z-test with 3 quantiles under 6 sample sizes

AR R 1% 5% 10%
z] 53 z3 z4 z1 z z3 z4 z] 53 z3 z4

25 248 -3.69 233 -3.63 -1.74 296 -159 292 -137 -2.60 -122 258

50 —-243  -3.64 227 3.67 -1.74 -3.00 -1.57 -3.06 -138 -2.69 -121 277

100 -2.39 -3.62 —2.22 -3.73 -1.72 -3.03 -1.53 -3.17 -1.38 —2.74 —1.18 -2.90

250 -238 -3.65 221 —3.80 -1.72  -3.07 -1.52 —3.28 -1.37 =279 -115 -3.01

500 236 —3.67 221 -3.87 -1.71 -3.11 -1.51 334 -138 283 -1.15 -3.07
1000 235 3,69 216 393 -1.71 =313 -1.48 340 -1.37 283 -1.14 -3.10
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Tab.2 Estimation results and testing level of autoregressive coefficient under five sample sizes Unit: %
FEA 5 Plre Pore P3re Pare PoF 71 2 z3 z4 ZDF
25 91.80 73.40 95.40 72.50 62.20 4.99 491 5.02 4.89 4.92
50 95.90 85.00 98.10 83.80 80.40 4.89 4.96 4.92 5.00 4.90
100 97.90 91.90 99.20 91.00 89.90 5.10 5.17 5.15 5.09 5.19
250 99.20 96.50 99.70 96.10 95.90 5.02 5.07 5.00 5.00 4.94
500 99.60 98.20 99.90 98.00 97.90 5.01 4.90 5.08 4.85 4.84

R 27 F 8 pfli i1, H por < Pare <P <
Prre < Prre 2 BN 326 U5 2 B 8] S RS HRY i) 7 7 25 5%,
{EXS B 34— T DF A, HAEREAR R AR
iF 100 B B8 R 28, s #a O SRR AR S5 T
75 1 EL A B O B B 56 K 7, Al DF 6 56— 4,
4 TFofr 328 I s A R A A 3 K P AR AR A T Wk 3 MK R
5% ZiAq, M4 Godfrey 261" g i ME /K SF X [a] A 12y
3, BOHER ol 1.96 15 21 IX [RIAk 1145 50 (4.809%,
5.191%). WU, BT R g K 40 e X R P,
DR IHE, 326 U 8 A O] A TR B i LA T O R 0
KA

354 p ok 0.95, 0.90 1 0.85, 52K B0 ThAL,
PALERANEE 3. 3 Wom: MEEARZE A R T pi 2
1 5% p A [F] IR AR 25 5 3 KB, R 30 Th Akt i 3, 5
K1 T0 G, X5 CLA G518 AT AN )i U ke 4 4
TR ] P A6x 36 DI UAEAE 22 5, (R Y p R/ T 0.90 T
FEAAN B L 250 B, 366 U1 8 4 S TR0 Ay 56 T 2550
T4 DF /50258 Mp5 1 FHZEHE (Wp = 0.85)
HREARZS AR (A0 250) 1], 5 R 50 R 36
Disoe A A0 S, BAE T SRR (W p = 0.95) B, B
FEAR 500, 328 U1 2 A5 AR Y 1) 61 36 T R ATH 458 15 o
PRIt 386 U S R R A B ARG 30 EL A DAk I 35



348 LR R 224 (A AR 2024 4F
*3 SHMEAFTETH zRIRERBINY B %
Tab.3 Test efficacy for pseudo z-test under five sample sizes Unit: %
REA p=095 p=0.90 =085
HE g z z3 z4 ZDF ] z z3 z4 ZDF zy z z3 Z4 ZDF

25 517 512 518 511 5.09 6.23 6.18  6.25 6.21 5.75 7.45 738 748 737  6.75

50 6.09 6.19 6.12 621 5.78 9.51 9.70  9.58 9.62 834 1559 16.07 1562 1576 13.08
100 9.89 10.12 10.04 9.70 849 2433 25.17 2450 2395 19.66 48.72 50.73 49.02 48.12 40.25
250 3433 35.83 3470 3348 27.50 89.68 92.01 89.63 89.51 8&4.32 100.00 100.00 100.00 100.00 100.00

500 88.91 91.37 88.96 88.65 83.28 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
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Fig.1 Time series chart of the logarithmic closing price of

Shanghai composite index
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Tab. 4 Unit root test results of the closing price of Shanghai composite index and its return rate
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