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Abstract. First order Space-Time Autoregressive model is one of the models which
involves location and time. STAR(1;1) model stationary can be used to forecast future
observation at a location based on one previous time of its own location and the spatial
neighborhood. STAR(1;1) model on petroleum productivity data in Balongan, Indramayu,
West Java with eigenvalue less than 1. It indicates that STAR (1;1) model on petroleum
productivity data in Balongan, Indramayu, West Java meets the stationary requirement.
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1. Introduction

Space-Time Autoregressive (STAR) model is the development of a univariate time series model
into a multivariate time series model[1-4]. The STAR(1;1) model states that the current time
observation at a particular location is influenced by the observation of previous time at the location
and its spatial neighborhood which are a part of the same group [13]. For the simplicity of the
model, the study will be focused on time lag 1 and spatial lag 1. A simple, stationary time series
model is first order Autoregressive model [5-11] : AR(1). AR(1) model developed into Vector
Autoregressive(l) model: VAR(1), first order Space Time Autoregressive(l) model:
STAR(1;1)[2]. Petroleum production in Balongan, Indramayu, West Java is a time series problem,
which can be modeled by AR(1) model, VAR(1) model, and STAR(1:1) model. [12] Providing
procedures in the form of; identification, parameter estimation, and diagnostic examination.

2. Methods used

Applying STAR (1;1) stationary model on petroleum data in Balongan, Indramayu, West Java.
The STAR(1;1) model states that the current time observation at a particular location is influenced
by the observation of previous time at the location and its spatial neighborhood which are a part
of the same research group, thus STAR(1;1) model is applied on petroleum data, specifically on
well-1 and well-3 petroleum drilling data in Balongan, Indramayu, West Java. For the simplicity
of the model, the study will be focused on time lag 1 and spatial lag 1 on STAR(1;1) model at
several lag locations. And the STAR(1;1) model is examined or assessed. After the assessment
phase, model validation is conducted through error. If the model determined as adequate, then it
can be used to forecast future observation on petroleum data in Balongan, Indramayu, Jawa Barat.
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3. Results and Discussion
Bivariate VAR(1) model is said to be first order stationary, if the mean and covariance are not
dependent on t:

E[z()] = u
Cov[z(t), z(s)] = Elz(t) z(s)] = E[z(0)z(s-1)']
= C(0,5-t)=C(t-s)= C(s-t) 1)

From equation (1) covariance matrix C only depends on time shift or time lag (t-s) [5] in [3]
The theorem of VAR(p) model stationary requirement with u= 1,2, ...N variate, presented [5] in
[3] as follows:
If Xy equation solution

| 1- 3 @ (j) x| =0
located in a unit circle( | Xy | <1), then the VARMA(p,q) process is stationary.
Next [6] provides Hannan stationary requirement equivalence above for VAR(1) model, as follows:
If VBeC, |B|>1 applies |1 -®B|=0, then VAR(1) is stationary. In other words, the B roots of
|1-®B|=0 are outside the unit circle.

STAR(1;1) model by[4] in[3] is stated:
z(t)=z(t-1)+Wz(t)+e(t) 2
W = (2 (1)) equal weight

STAR(1;1) model equation for 2 locations can be presented as follows:

nM)]_, [al-1], , M Ye)l-1), el
[3:(3}] e L’z(t - 1)] " [“':: “'::] L:(f - 1)] ’ L’: '(f)]
zq(t Zy(t—1 0 11[z4(t—1 e, (t
i A o T o v
Equation (1) can be stated in a form:
z(t) = [, 01+ ¢, ,Wlz(t— 1) + e(t)
z(t) = z(t-1) + e(t) 4
z(t) = [¢y ]+ ¢, W]zt — 1) + e(t)

3)
Or

with
® = [¢01I + ¢11W]
Next, validation model is conducted through error. If the model determined as adequate,
then it can be used to forecast future observation by using__linear equation model [17]:
y =X B +e(), e(t) = N(0,6?) (5)
STAR(1;1) model can be written
2(t) = [z(t— 1) Wz(t - 1]]{¢“1]+ e(t)
I"{Jll (6)

and
y = XB+ e
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Thus, STAR (1;1) model parameter estimation is obtained by using the smallest square method

B= <f§°1> =" X)X’y (7)
¢11
with
X = [z(t—=1) Wz(t—1)]
Matrix X above is a 2x2 size matrix contains:
_|lz—=1D70 1 Z1(t—1)
o [zm ol ol 1)” ®)

Theorem: STAR(Z;1) is said to be stationary, if it meets the following condition;
|G, | + 0, =1

(9)

[4] in [2] has proven the stationary requirement as follows:

|xu1_ 'Fjj_uf_ liﬁll Wl =0
(10)
or

‘_';ﬁll w _wm_xum =0

with 7»( Xu ) = e T
and A( Xu ) IS Eigenvalue A= —#.. W

Each Eigenvalue A located in one of closed unit circles, stated by

=1

For STAR (1;1) model case, the application of calculus theorem conducted by taking A= —¢pW

an
Z|aij| = ZWij |p11lx T = |14l
j=1 j=1

Wi]'=0

N

Qi = 'iﬁn
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can be written as :

1A —o0l= |g,]
And because all circles are the same, thus all Eigenvalues need to meet:
1Al < |@,,]

For STAR(1;1) model A(Xu) = ¢o - Xu
therefore
|'?ﬁ1un - xul = |'if]11|
(11)
equation (2) is the same as follows

|'ﬁ1u - xu| = |'-"¢11|

and

Xy — Py = |';ﬁ11|
thus

';ﬁlu_|';ﬁ11| = Xy = '?ﬁ1|}+|';f’11|

because

RJ<1or-1<u<1,
thus

1< ';ﬁ1u_|‘f’11|£ X, 'iﬁ1th-|'|"f’11|"i1

or

Do — |';£'11|>_1
and

P10 — |44 <1
Both conditions combined, so that the STAR (1;1) model will be stationary with
(¢10,P11) parameter meets
60l + 4] <1
(12)
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Table Petroleum Data
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STAR(1;1) model on two petroleum wells production data in Balongan Indramayu West Java

66 |[EKSAKTA :

1st Qu.:449.5 1st Qu.:382.2
Median:516.0 Median:438.0
Mean:478.6
3rd Qu.:579.2 3rd Qu.:544.2
Max.:849.0

Mean:516.9

> Cor

Max.:890.0

Berkala Ilmiah Bidang MIPA

(Science Periods EKSAKTA of MIPA)

S1 S3 S1 S3 S1 S3

1. 635 737 |21. 262 506 |41. 527 486

2. 534 672 |22. 333 454 |42. 478 426

3. 598 717 |23. 288 405 [43. 496 462

4. 541 673 |24. 321 567 |44. 610 513

5. 489 890 [25. 539 518 |45 620 457

6. 455 751 |26. 446 395 |46. 657 476

7. 503 793 |27. 374 361 |47. 573 432

8. 573 662 |28. 420 395 |48. 611 337

9. 571 518 |29. 501 353 [49. 528 383

10. 534 606 [30. 520 318 |50. 484 398
11. 414 557 |31. 512 352 |[51. 606 387
12. 575 551 [32. 471 342 |52. 586 403
13. 635 518 |33. 464 327 [53. 520 421
14. 443 694 |34. 505 328 |54. 568 330
15. 445 654 |35. 577 376 |55. 592 347
16. 448 504 [36. 428 306 |56. 610 402
17. 450 629 |37. 404 332 |[57. 646 409
18. 468 508 |38. 392 386 [58. 702 432
19. 501 380 |39. 494 503 [59. 714 388
20. 443 444 |40. 533 542 |60. 849 306

> Summary
S1 S3
Min.:262.0  Min.:306.0
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S1 S3
S1 1.00000000 -0.06468568
S3 -0.06468568 1.00000000

s1
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Image 1: graphs graphs of Petroleum Wells Production data
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Image 2: Combined graphs of 2 Petroleum Wells Production data

The stationary requirement for STAR(1;1) model is fulfilled, because STAR (1;1) model
parameter estimation which is ¢o1 and ¢11 values as follows:

o1 = 0,91697

¢$11 = 0,07295
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Implying stationary requirement is fulfilled as follows

|I"{JI]1| + |I'f]11| <1

This value indicates that STAR (1;1) model on petroleum production data is stationary. Those
values obtained by using Microsoft Excel.
STAR model (Time Series) (Excel 2003)
matrix phi
phi 01
Phill
Stationary: 0,989916

0,91697
0,072946
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Image 3: Error graph of 2 petroleum wells

4. Conclusion
STAR(1;1) model on two petroleum wells data is stationary and meets the requirement.

|00y + 160, ] = 1

References
[1] Jacob BG, Morris JA, Caamano EX, Griffith DA, Novak RJ. 2011. Geomapping
generalized eigenvalue frequency distributions for predicting prolific Aedes albopictus

68 | EKSAKTA : Berkala Ilmiah Bidang MIPA
(Science Periods EKSAKTA of MIPA)




http://www.eksakta.ppj.unp.ac.id

EKSAKTA Vol. 19 Issue 2/30 October | 2018

[2]
[3]
[4]
[5]
[6]

[7]
[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]
[17]

E-ISSN : 2549-7464, P-ISSN : 1411-3724
and Culex quinquefasciatus habitats based on spatiotemporal field-sampled count data.
Acta tropica 117:61-8
Jin X, Carlin BP. 2005. Multivariate parametric spatiotemporal models for county level
breast cancer survival data. Lifetime data analysis 11:5-27
Li W, Ma X, Zhu Y, Yang J, Hou C. 2008. Detection in reverberation using space time
adaptive prewhiteners. The Journal of the Acoustical Society of America 124:EL236-42
Tang W, Malanson GP, Entwisle B. 2009. Simulated village locations in Thailand: A
multi-scale model including a neural network approach. Landscape ecology 24:557-75
Shim J, Hwang C. 2018. Kernel-based geographically and temporally weighted
autoregressive model for house price estimation. PloS one 13:e0205063
Garthe RC, Sullivan TN, Farrell A. 2018. Dating violence perpetration and perceived
parental support for fighting and nonviolent responses to conflict: An autoregressive
cross-lagged model. Journal of adolescence 68:221-31
Yang Y, Arias G. 2018. Identification of hinging hyperplane autoregressive exogenous
model using efficient mixed-integer programming. ISA transactions 81:18-31
Fu TC, Chen CC, Chang CM, Chang HH, Chu HT. 2018. Analysis of Exercise-Induced
Periodic Breathing Using an Autoregressive Model and the Hilbert-Huang Transform.
Computational and mathematical methods in medicine 2018:4860204
Ebhuoma O, Gebreslasie M, Magubane L. 2018. A Seasonal Autoregressive Integrated
Moving Average (SARIMA) forecasting model to predict monthly malaria cases in
KwaZulu-Natal, South Africa. South African medical journal = Suid-Afrikaanse tydskrif
vir geneeskunde 108:573-8
Wen Y, Shen X, Lu Q. 2018. Genetic risk prediction using a spatial autoregressive model
with adaptive lasso. Statistics in medicine 37:3764-75
Bringmann LF, Ferrer E, Hamaker EL, Borsboom D, Tuerlinckx F. 2018. Modeling
Nonstationary Emotion Dynamics in Dyads using a Time-Varying Vector-Autoregressive
Model. Multivariate behavioral research 53:293-314
Box, G.E.P and Jenkins, G. M. 1976. Time Series Analysis, Forecasting and Control. San
Fransisco: Holden-Day, Inc.

Ruchjana, B. N. 2002. The Stationary of The Space Time Autoregressive Model. Majalah
[Imiah Himpunan Matematika Indonesia (MIHMI), Vol. 8 No. 2, ISSN: 0854-1380, hal.
151-1509.

Ruchjana, B. N, 2002. Suatu Model Generalisasi Space Time Autoregresi (GSTAR) Ordel
dan Aplikasinya pada Data Produksi Minyak Bumi. Disertasi Program S3 Matematika ITB.
Indah Dipublikasikan. Bandung; ITB

Pfeifer, P.E., 1979. Spasial Dynamic Modeling, unpublished Ph.D Dissertation, Georgia
Institute of Technology, Georgia.

Hannan,E.j, 1970. Multiple Time Series. John Wiley and Sons. Inc. New York

Wei, W. W. S, 1994, Time Series Analysis, Addison Wesley Publishing Company, Inc.

69 | EKSAKTA : Berkala Ilmiah Bidang MIPA

(Science Periods EKSAKTA of MIPA)



