KIPS Trans. Softw. and Data Eng.
Vol.8, No.7 pp.289~302 pISSN: 2287-5905

Unit Root TestE 7[Eto=

S -
St T

71 ANAIZ HIOIE 2] Non-Stationary &4501| (-2

~ u19} 747(% E'\ /\|7F§), Oj_?

289

https://doi.org/10.3745/KTSDE.2019.8.7.289

A Study on the Test and Visualization of Change in Structures Associated
with the Occurrence of Non-Stationary of Long-Term Time Series Data

Based on Unit Root Test
Jaeseong Yoo' - Jaegul Choo™

ABSTRACT

Structural change of time series means that the distribution of observations is relatively stable in the period of constituting the entire

time series data, but shows a sudden change of the distribution characteristic at a specific time point. Within a non-stationary long-term

time series, it is important to determine in a timely manner whether the change in short-term trends is transient or structurally changed.

This is because it is necessary to always detect the change of the time series trend and to take appropriate measures to cope with the

change. In this paper, we propose a method for decision makers to easily grasp the structural changes of time series by visualizing the

test results based on the unit root test. Particularly, it is possible to grasp the short-term structural changes even in the long-term time

series through the method of dividing the time series and testing it.
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Fig. 3. Changes due to Variation Elements of Time Series Data,
(A) Long-term trend, (B) (A) with Cyclical Variations, (C) (B)
and Seasonal Variations, (D) (C) with Random Variations
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Stationary time series

Stationary time series with 10
P L

Stationary time series with LSO

Stationary time series with TCO

Stationary time series with VC

Stationary time series with A0

Fig. 9. An Example of Type 1 Synthetic Data
(n =35,040, &= 1000)

=

)y, = pnte, Et“‘N(0,0'z), p=0 =1
B) (A) with 10. o® ~ Unif (0,3) where t > IDX,,
B) with LSO. 1~ Unif(—3,3) where t = IDX, ¢,
C) with TCO. y, = y, + Unif(—3,3)
where IDX ., =t <IDX;
3—1

n—IDX,.+1

where t = IDX
(F) (E) with AQ. y, =y, + 10 X Unif(—5,5)

where t = IDX,,, (=10

(B) (D) with VC. o7 = o7 +

Fig. 9, Fig. 102 42 Type 1, Type 2041 57}A] o] 4]
7F A g R FoHE BES veERlE ol 7 o] A9
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Fig. 10. An Example of Type 2 Synthetic Data
(n =35,040, &= 1000)

A) y, =1000, 4 =0, 0 =1
B) (A) with 10. o ~ Unif(0,3) where t = IDX,,

C) (B with LSO. .~ Unif(—3,3) where t = IDX, g,
D) (C) with TCO. y, = y, + Unif(—3,3)
where IDX,., <t <IDX;.,
. s o 3—1
(E) (D) with VC. o7 = o7 + A DX, 11

where ¢ > IDX
(F) (E) with AQ. y, =y, + 10 X Unif(—5,5)
where t = IDX,,, (=10

DX, ~ [ Onif(0,n) 1, £=1,2, -, C

3) Al (trend)2] W3}
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gk Zlojtt,

©:

il



Unit Root TestS 7[2to=

St
ot

Table 2. Parameters for analysis of Type 1, Type 27 and
Type 3® (CV is critical value)

Partial data length

Step size

96x14=1,344

96%3.5=336

Parameters of Unit Root Test for Type 1%

CV | Lag CV | Lag
Trend | -3.13| 96 Trend | 257 | 48
ADF ERS
Drift |-257| 9% | DG | Const. | -162| 9
Trend |-314| 4 ERS | Trend | 6389 | 12
RE
Const. | -257| 4 P | Const. | 448 | 12
Tau |.0001| 12
SP KPSS | Tau 018 | 12
Rho |.0001 | 12
Parameters of Unit Root Test for Type 2%
CV | Lag CV | Lag
Trend | -3.13| 96 Trend | -348 | 12
ADF ERS
Drift |-257| 9% | DG | Const. | -257| 12
Trend | -399| 12 | grg | Trend | 396 | 12
RE
Const. |-345| 12 Pl Const. | 19 | 12
Tau |.0001| 12
SP KPSS | Tau 0.12 12
Rho |.0001 | 12
Parameters of Unit Root Test for Type 3™
CV | Lag CV | Lag
Trend | -3.42| 96 Trend | 289 | 12
ADF ERS
Drift |-287| 9% | DG | Const. | -194| 12
Trend | -342| 12 | grg | Trend | 562 | 12
RE
Const. | -2.87| 12 P | Const. | 326 | 12
Tau |.0001| 12
SP KPSS | Tau 015 | 12
Rho |.0001 | 12

Significance Probability of Cox-Stuart Trend Test

.001

Fig. 11.

IDXY), ~{ (

[ Unif(0,¢) ]
Unif(IDX .V +1,n—¢) |

c=12 -

€2 IDX[ 7t n3t ZopAE AS
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Power Consumption Data of Montenegro by ENTSO-E
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2
T
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4) % 7Hevaluation)

AR} partial data length, step size, & A A o]
3} critical value(significance probability), lagsS 273 3t
T2 W3 AFe] B dlojgd x3E A, T FiE
olEo] gt w9 HA Ay v 434 (non-stationary) Al

Ageletes 485 W4 71 Aelrh & A4 +x 9
s7h et ’\] 15 DX, B9 1A S B8 v AAE
olgta vhekgl RE dlolH o] A M-S mxeta & o, thg3t
2ol ﬂg]i]i IDX Gape] 0o] vt HA el geivgE 4

4 Aoleba & & ek

IDX Gap: min Y, [|pDx— Dx|]

max (/DX)

42. 2°| HolHE 0|88 M

) AlZrst

olo] "ol Type 1(F)(Fig. 9. (F)), Type 2(F)(Fig. 10.
(F)), Type 3(B)(Fig. 11. (B))°l thste] e}l E Table 2
of o] M3 & AZEE APsom 1 A} Fig. 12
oF Zo] Yehyt

zt A3te]l gig IDX Gaps 574 ¢ A= Table 39 [A]
9} 2 Fig 139} A AH B Type 1(F), Type 2(F),
Type 3( FolA FEAR o7 SP A4, KPSSE 10, LSO,
TCO, && coﬂ g FRWstE 7%?4%1 il & HA =

< 2low, ADF A4 PP 71742 LSO TCO, ERS
DG AL VColl @& Fx Wstg nlud & &X3e =
B 5 9 D}UP Type 1(F)e] %% ADF 774
ERS DF-GLS trend #A4-2 Fx¥zlela 2 5 gl A7

jd

A FEHsE fdste BG5S & 5 doH, Type 2(F)9
B¢ o A4 wRol AOE & Wt Addte B
TS & 5 %0t A0 sl Type 1(F)3F Type 2(F)¢]
W3t g4 dsol Az & A % Type 1(F)9] 74-¢ FA
7b flenz o] A WA o] %] - WEE "= Jlo|
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Table 3. [A] IDX Gap of Results by Analysis and
[B] Sum of IDX Gap of Results by 100 Times Analysis (right) for Type 1, Type 27 and Type 3®

[A] IDX Gap [B] Sum of IDX Gap of results by 100 times
Unit Root Test S -
10 ‘ LSO ‘ TCOY ‘ TCO? VC 10 ‘ LSO ‘ TCOY ‘ TCO? ‘ VC
Type l(F)
Trend 1 20 0 10 19 1490 1000 1217 1266 1201
ADF
Drift 0 19 0 0 9 616 453 473 554 680
Trend 0 0 0 0 0 0 0 3 2 1
PP
Const. 0 0 0 0 0 1490 1000 1217 1266 1201
Trend 10 31 18 4 7 0 0 3 1 1
ERS DG
Const. 0 2 22 4 0 1670 1424 1597 1351 1346
Trend 0 0 0 0 0 0 16 23 10 1
ERS P
Const. 0 0 0 0 0 13 20 17 1
Tau 0 0 0 0 0 7 2 6 ® 4
SP
Rho 0 0 0 0 0 7 2 6 ® 4
KPSS Tau 0 0 0 0 0 0 19 26 20 2
Type 2(F)
Trend 2 1 11 0 0 1235 804 867 879 851
ADF
Drift 0 1 11 0 3 741 624 623 713 1056
Trend 32 2 4 3 0 1106 1089 1018 1161 1211
BE
Const. 52 4 4 6 7 1235 804 867 879 851
Trend 33 26 10 11 7 1347 991 1035 1281 1778
ERS DG
Const. 53 0 17 7 11 3258 2769 2940 3811 5659
Trend 4 29 11 63 59 3909 2005 2934 3249 4324
ERS P
Const. 39 0 1 7 11 2092 1561 1983 2795 4019
Tau 3 0 3 4 0 591 626 644 735 821
SP
Rho 3 0 3 4 0 592 625 639 735 821
KPSS Tau 18 0 2 1 &) 745 655 714 703 963
Type 3®
c of IDX) 1 2 3 4 ) 6 7 8 9 1 2 3 4 ) 6 7 8 9
Trend | 54 | 38 | 14 | 10 | 10 7 13 15 0 [|2217 |2014 |1614 |1673 {2069 |1924 |2164 |2396 |2268
ADF
Drift 4 2 0 45 | 45 | 50 | 27 | 26 6 (2424 |1788 |1671 |1881 |1999 [2196 |2065 [2093 |2464
Trend 1 3 19 | 23 | 23 4 0 0 0 804 |717 | 702 | 778 | 918 |[901 | 757 | 809 |1052
PP
Const. | 80 | 64 0 3 3 15 0 0 11 [[2217 2014 {1614 [1673 |2069 1924 (2164 |2396 |2268
Trend | 15 | 32 7 3 3 7 0 0 0 [1484 {1107 |1139 |1184 |1336 [1177 |1219 [1195 |1670
ERS DG
Const. | 19 3 2 36 | 36 |21 0 0 11 3152 2634 2334 [2524 |2447 |2150 2513 |2582 |3358
Trend | 15 3 5 3 3 7 0 0 0 (1705 {1259 |1195 |1127 |1178 | 972 |1098 [1116 |1088
ERS P
Const. | 19 3 2 4 4 14 0 0 11 ||1727 (1324 |1247 1335 [1214 {1000 (1092 |1362 |1796
Tau 11 3 9 &) &) 13 0 0 0 [|1396 1046 |1274 (1221 |1377 |1146 |1043 |1177 (1473
SP
Rho 11 3 9 ) ) 13 0 0 0 [1416 |1053 |1281 1221 |1380 [1142 |1046 [1194 |1475
KPSS Tau 1 18 ® &) &) 11 0 0 2 514 [ 471 | 536 |496 | 468 |485 | 417 | 450 | 399
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Fig. 12. Visualizations of Analysis of [A] Type 1(F),
[B] Type 2(F) and [C] Type 3(B)

a) Line Graph  (b) (@) with ADF Trend

c) (@) with ADF Drift  (d) (a) with PP Trend

e) (a) with PP Const.  (f) (a) with ERS DF-GLS Trend
) (a) with ERS DF-GLS Const.  (h) (@) with ERS P Trend
i) (@ with ERS P Const.  (j) (a) with SP Tau

kK (a) with SP Rho  (I) (a) with KPSS Tau

Fig. 13. Power Consumption Data of Montenegro by ENTSO-E
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Table 4. Parameters for Power Consumption of Montenegro
by ENTSO-E (CV is critical value)

Partial data length Step size

24 x 7 = 268 24

Parameters of Unit Root Test

CV | Lag CV | Lag
Trend | -343| 24 ERS Trend | -3.46 4
ADF DG
Drift | -346| 24 Const. | -2.58 4
Trend | -4.02| 24 ERS Trend | 4.05 24
RE P

Const. | 347 | 24 Const. | 191 24

Tau 0001 | 12
SIP KPSS | Tau 0.12 24
Rho |.0001 | 12

Significance Probability of Cox-Stuart Trend Test

.001
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M : Innovational Outliers

Fig. 14. Outliers and Structure Breaks Intuitively Confirmed
from Power Consumption(kWh) Data of Montenegro by
ENTSO-E
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Fig. 15. Visualizations of Analysis of Power Consumption(kWh)
Data of Montenegro by ENTSO-E
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