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Abstract

The application of traditional statistical analysis methods often requires large datasets,
emphasizing the need for developing new approaches to study systems characterized by limited
information or uncertainty. Such systems frequently face challenges related to data
heterogeneity and unknown statistical distributions, particularly in cases of small samples or
short time series. In this context, grey theory has emerged as a modern tool for studying
uncertain systems, utilizing techniques such as grey generation for data smoothing and grey
modeling for simplifying structures and improving accuracy.
This study compares two key statistical models. The first is the GM(1,N) grey model, which
relies on the first derivative (differential degree) to represent temporal dynamics while
accommodating multiple variables. This model is known for its high predictive accuracy,
especially when dealing with small samples, making it an effective tool for analyzing future
trends in time series. The second model is the traditional ARIMA model which remains one of
the most widely used models for time series forecasting. The study aims to conduct a rigorous
comparison between these two models to identify which one performs better in predicting
future values.
The parameters of both models were estimated using the Ordinary Least Squares (OLS)
method, and their efficiency was evaluated using metrics such as RMSE, MAD, and R?
additionally the Q variance ratio was employed to assess the suitability of the data for grey
modeling and to measure prediction accuracy.
The models were applied to natural gas production data in Irag for the period 1997-2022,
considering influential factors such as gas consumption and gas flaring. A dataset of 26
observations was used for the analysis, and advanced statistical software such as MATLAB (V-
2021),Minitab (V-2021),and Eviewsl2 was utilized for result extraction. The findings
demonstrated that the GM(1,N) grey model outperformed the traditional ARIMA model,
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highlighting its effectiveness in improving predictive accuracy under conditions of limited and
unstable data.

Keywords: gray system, GM(1,N) model, ARIMA model, small data analysis.
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z2sall RMSE MAD R’ el s 383 4y
Q il
GM(1,N) 2.80 1.22 0.91 0.03 Jlias
ARIMA(1,1,1) 19.94 13.49 0.12 Jdase e
ARIMA(2,1,1) 20.39 15.36 0.03 Jdase e

Alad Y 8 GM(L,N) abell 3 sail ol Coniiy 31l (8 emhall ) 2Ly dalal) 45l & 3laill Qs ic
Uasl) Jos sial dadl JBl5 (2.80) sl Cum (RMSE) Uadll il o Jawrgia [3a 2ad ol z35a) 130 (3 88
G (%91) O ine Las (0.91) atls R? ol Jalaad Ao e s ey e Smd (1.22) il (MAD) Gsladll
Ll e el gale )l 23 5ai¥) 5508 il o34 (uSad Cum 2 i) 138 Aol gy o yaaad Sy ULl 8 bl
Ayl 3 alall s e 3 a8l 8 gala ) GAJMJ‘\J\ Gt Al e Laa bl 833 g gall CER) 5 liSaalinall
il st 3 seliS SV Say i) (e alaal) o2 Jie 3 Al g gale )l z35a) o GO 10 jedad Cua
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ol e a0y s el L) LY deeDle SV LAl Jiay GM(L,N) zaseil o gy il o2 e 2l
Juai) & 3 61 48 jae 205 ARIMA z3leis 46 jlie il 853 g sall CilSaalinall agh e Ains s ) 5 42
Gloall G anhall ) £l 5ill GM(L,N) (sabesll z2 s sl

L Lusial) addll (15) Jgan
e Luiall 2l )
333.61 2023
351.64 2024
370.68 2025
389.71 2026
408.75 2027
427.78 2028
446.82 2029
465.86 2030

: Ql@lﬂﬁu‘f\

Uasl) oy o o sie aad dad ol z3 0wl 108 Gia 388 4dlad YV 8 GM(LN) sl ) zasail Of cpy
e el Jaw @y e Slzi (1.22) @il (MAD) Glaall Uadl) Jau il G il 5 (2.80) @il Cus(RMSE)
S a3 sl 138 Al gy 0y ¢Sy L) (8 il (00 (%91) O (i Lae (0.91) ialy R? apandl) Jaladl
Gt el e bl 8 50 s sall 8Dl cilalaa) L&l e Al gale il 23 sal) 508 il o2a
sda Jia 3 Auali 5 gale )l 235 O G 138 jedad Chm A yaal) 5 allall Jias e 50l 8 gale )l 23 sadY)
Dl Jiey GM(LN) zasail of gy giliill sda o 2l lil) 3das 3 5eliS JSY) Say Climll (e alaall
4 )lie il 53 s sall ALY agh o dinuna 5508 5 880 €l jadl pay Can aprhall SR 2 LY LaeDla Y

ARIMA il

Bosaall il alas) Al 8 58S (4 o5 dala ) 2 3l
e Lilss 3l GM(L,N) @abe ) z35a¥) (S olas¥l i 38 dyie 311 ALbiad) olai) () J 53 (5 ) 24 ey sy

Aaie ) ALl ol

el sl i Y ) i) s Jexy GM(L,N) @abe N 23509 o) Gy
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