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Introduction

The oil and gas industry faces challenges such as
equipment failures, production instability, and rising
operational costs. Traditional linear regression (LR)
models, while interpretable, often fail to capture
nonlinear dynamics in large-scale operational
datasets [1]. Machine learning (ML) techniques,
including Random Forest (RF) and Artificial Neural
Networks (ANN), have been applied to improve
predictive accuracy, but can lack interpretability and
generalization [2].

Recent research shows that hybrid models combining
statistical and ML approaches can overcome these
limitations, providing both interpretability and high
predictive performance [3—7]. For example, Kong et

Table 1 Summary of Related Works.
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al. [3]. demonstrated that hybrid AI models improve
production forecasting accuracy, while Nikitin et al.
[5] showed that hybrid ML pipelines optimize field
development and reservoir parameter estimation.
Chabhar et al. [7]. applied data-driven forecasting with
RF and ANN, outperforming conventional methods.
These studies motivate the development of a hybrid
decision support system for upstream operations.

Literature Review

Several studies have emphasized on the role of Al
in petroleum operations. Table | summarizes key
findings related to hybrid regression and predictive
maintenance approaches in oil and gas production
systems.

Main Findings Method Used Research Focus Reference

. Linear Regression (LR) and Ran- | Hybrid predictive modeling for
Improved forecasting accuracy dom Forest (RF) production forecasting (1]
Application of Al and ML in oil and Review of ML and Al approaches Mach}ne learning and AI applica- 2]
gas tions 1n upstream operations
Enhanced oil production prediction | Hybrid Al-based production | Hybrid ML methods for field de- [3.5]
and well placement optimization model velopment and production planning | '~
Accurate estimation of kerogen type | Ensemble ML and hybrid meth- | Reservoir optimization and subsur- [6.8]
and reservoir characterization ods (ANN-GB-LR) face parameter estimation ’
Data-driven hydrocarbon production Datq—drlven hydrocarbon PrO" | predictive maintenance and opera-
f . duction forecasting ANN, REF, | .. . [7]

orecasting . : tional planning
Gradient Boosting




Petroleum Research, 2025(October-November ), Vol. 35, No. 143

These studies collectively demonstrate that hybrid
models combining regression and ML approaches can
substantially enhance predictive power and operational
decision-making in oil production systems.

Proposed Hybrid Model

The proposed model integrates Linear Regression,
Random Forest, and Artificial Neural Network
components to balance interpretability, nonlinearity
handling, and prediction accuracy. Table 2 compares
the features of these three methods.

The The proposed hybrid model integrates:

Linear Regression (LR): interpretable baseline
relationships between operational features and

Table 2 Comparison of applied algorithms in the hybrid model.

production outputs.

Random Forest (RF): captures nonlinear patterns,
robust to noise and high-dimensional data.

Artificial Neural Network (ANN): models complex
interactions and adapts to dynamic production trends.
The model uses a stacked ensemble approach: LR is
trained first; RF and ANN are trained on LR residuals
to capture nonlinearities. Final predictions are
aggregated through a meta-learner to optimize overall
performance [3-7].

This design balances interpretability (from LR) with
predictive power (from RF and ANN), making it
suitable for operational decision support in the oil and
gas sector.

Feature Linear Regression Random Forest Artificial Neural Network
Interpretability High Medium Low

Prediction Accuracy Moderate High Very High

Nonlinear Modeling No Partial Yes

Noise Resistance Low High Very High

Materials and Methods

Methodology and Data Collection

Data Collection

The dataset contains 9,208 operational records from
the Azadegan oil field, including:

*Historical production rates

*Equipment operational parameters (flow, pressure,
vibration)

*Maintenance logs and sensor readings

Nine operational variables influencing production
stability were identified through semi-structured
expert interviews and thematic analysis [3-7].

Feature Engineering and Model Training

* Data were normalized, and missing values imputed.
* LR was trained on input features to provide baseline
predictions.

* RF and ANN were trained on residuals to capture
nonlinear and dynamic patterns.

* A meta-learner aggregates outputs from all three
components for final prediction.

Evaluation Metrics

* Root Mean Squared Error (RMSE)

* Mean Absolute Error (MAE)

* Production stability variance

» Comparison against standalone LR, RF, and ANN
models

Conclusions

This study presents a hybrid intelligent decision
support system that combines LR, RF, and ANN to
enhance prediction reliability and reduce instability

in oil and gas production. The model demonstrates
strong potential for integrating big data analytics into
operational management and sustainability assessment
frameworks. Future work may extend this approach
to real-time monitoring systems and adaptive control
models for intelligent oilfield management.
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1. Mean Squared Error MSE

2. Mean Absolute Error (MAE)

3. Mean Absolute Percentage Error (MAPE)
4. Analysis of variance (ANOVA)

5. Kolmogorov-Smirnov

S

S Ojp—ots by g k) Jo—e (25—
polie 4 S 0 s Gy Ve o e asls
ol Slg ol o Sl oaimo s lis YL
oAb g i b ol wlul
Ol g aalss asls FF L ol 5 o) Sles
Sloy oile Sy e 0, Shes eaamop s jladis
oa—bools Sldes Lo sin )_..:b S cdnled
sl loe 3l (o cBs ooyl jelateanc
Ot e o g U Sl o Sk 0 ile (5 ,Ls]
e oo lid La b ool .l oad oolaiwl 2AR
sloais, il oo ojlaslas U golpiing Jos oS
J slmin 5 00,5 Sl |, ke

A 4l goloiel

Jue (2l

2 ool oot g anwg ) e (ooloiin Jos
3y Shae syl sl iz SUoles gLoalams

Jolis oolwl 0 )50 (slosls .ol (g5wosly
935 9 o Olpgos 5l aBly slnosloacgasme
Ll o iolel Gl saigjlwans slaosls
=) J—>‘J“° J.al_w LS)LMJOOL.’ d._uT)B A_n)ﬁ.’ e
09—

WDy glmsols B> Laesls (g3l weslel -
A L2oold pndli 5 699,9 ,—olio g3l by
Al plol 41> s

Omrile 553k slmigy JlosliJos (ojsal Y
oyl dne ot 5 (S5l sloosls (5
30 Jo—o 0, Slae gy i i lie] Y
SHyg—o jO A_JL_MIGJJ C)La‘ 9 @M)LJ.C‘ 6L:aoolo
S

756 Ol oy Sl i Sl s Y
(Jos S SBY 5 (69959 (slrosly Ol o
leddos ol jo o sl conlns Jdow SO

69955 Ga—lS slaysie 0 Y 24/ £ Ol s



ol o2 9 b5l 9L

u»L....} $9959 k_J‘)_».w L GQLQA_.M.H Jaeas 23 0
YL s e in Ghogaze jo lizen Lol ol
alold o3l aS g9 ay 0SS o laa> |y 04>
et 0, Shas 35 el (X Lol 5 (s Gl
BUBVYE v SO I [UO- A 1| U S | E W N W
A b8 golpiing Joaw 45 ams oo ol adly ol
5089 Cai doi (5l o NF 5T Jelee oLl
Ui SelS Slilas ol 4y o 3 ol
‘_SJL».LO-C 6Lob 4SS o sdal i su_a‘ — oa)LC RE
e Ll ol Jas 156 0 Shae im0 OO

a8 Lo el 4 caad o] 50

A s e Bt | ol o gl TS
Sz Sl plp yo lanl L8, ol Jos
T9r Sy S Lapiie (B Ll o)l
5tingy 8l 9l e el sl ol
el (S pae Slapenal 3551 g Slides Lyl
ol el ol el 5,8 ), 5 solit ol 5,5
slagbs; L solei—ing Joe oS 5 a5 e o0
Lald o 1) Gt S8 wlg oo (5l

3,8des Judodi 9 (b5, @6
S,Sos oab 53 ol glsylre bl
Ol ol a8 518 ) 99 (s3lity SO
sbasbore Gkl Jooo o8 Jlos ol L3
Sl bl slapyges] ) izman 5 035 alie
L oliiing e 5,Shas s 5 Jsline o
dnlie O Jgaz 0 .l ouds oolaiwl Lo Jow plaw
po—re SLo bsy nlow 5 oliminy Joe o el
ol Jome 98 LS ¢ (6,5, LS oo 4l
odnl e S o blen 00, 5 et s Fa—dgd
O lbee e oS (oleitay Joe 09 se
el 1o Lallas g llae 08 oySilos (Lo Sl o
R?) jloche o YL Csl ogpinn ¥ IS 50 oy izmon
B0 ool 4 S cwlylo golpainy Jua—o |,
O a0 Shas 5 5V
05,8 anl el ly o 5 T slongygo;l
Ln e ol 5 ool Joe ol gl 45

Jome ol iz ol jlolins (s L] Llsd 4y
Clope g Loosly coze Ol s Lo agaloe jo

slodae a Cod o)k 0y Ses (a2
ul-*“ Sl ‘ “.,lz_\" c_aLu el oalo 4_§|)| £ 9w 0

poye S hs, ple g Goliiin oo (o gl anslin & Jguo

MSE

MAE

RZ

MAPE

e

vy

</aY

YANAS

b Hge S5 (oS 5 soling Jae

<[ ¥0

<[+ YY

AN

JARIA

ool a5 )5,

YD

/- ¥A

N

TAY

oYY

-1+ ¥\

<[AA

JALA

<[+ Y0

A

i

sy sl S

N

</AY

JANAY

SVM

e ool s e S,

solas o

mR?

Eeman ar aS b o (Lol o el

R? obol oo Jow plo b solion Jow anslae ¥ S



A=A axio AF+F LT g pt0 IFY oylod -u_)p!",}
7

oy
31

Yy

o Yo Vo Y. Yo

633)5;@.4;:.:_&5“)&

—X1)) ol e alols

X2)) ples )| da

X3)) Slles sl

olid aale VY 0,90 SO b |y adsi g lanl aslale

0dl g i 9 sm—Blg ol ] oA S o a8
Lyadss glanl ol s952 j520 5 (ole) (Lo
S o plis

S ot 3 Jome 9 Sles csaline jlaiedy
9 padly Ly 5ol iy Joe gl oz JL
Jae sy Shae £ IS5 04 S cb S 5
O ygmody o2Slg glmools Ly aolin o) goloainy

Olyedd (s Jogad ol a0 Gimled (g —a

el S A polie

— i)y 2\

ooy Job 5o adss slab st g, B USC

2,8 8 eolaiwl 5,50 58 g s

(5 5 e
Moo B9 (i S (gl 2l 59
s O3S 5 iy e (6 S e
el Cmio )0 0y (gylanl See 6l (S S
O3S 5y S L g0l Jae ol 1) IS
(Fyan omas slaaS b g Solat Szl
Joe e el | 4 bl 5 eols iyl
OS5 w5 5l aS Gaghy ol olei—iy
e —as S g Solas S b s

by

Joe 09— o odaliio Jlogai jo a5 5 bijles
Sy B 0y e s solei—iny
JUT PP SNEIVIUONIL S| LS PR WL S SNE I e
Y ol ol o)ls 092 oud S i 9 (2=l
A gl St o Joe CBo sl

1‘ a

sools o suzen slagsl Sl o ol LUy 4
5o LS“_“"U’“'“" 6l_la> ‘U_" — os)l.c ! @L.:.Lo.c
S cwl ool Sb ol Oyevay oy Job
iz bl by Jae lgedsl c bl oo ) lis
Fae il S plyed w0 oleitiy (S 5
Cxio 5o oy gl S pae 5 G Gl



ol o2 9 b5l 9L

il jadle g o slmosly g gl
a3 omien w38 3l Jose B 1 a8
sloas 3o ailes co Laosls 1 oYL poe> S3lo
i 5 505 Gos ) a3l Sl b
Sl S Gldes Ll 8 o (e S e
o3 Job o Jae (G B0 ials el
& olinon )3 09d oo Sli—iay (il plo 1092
5,5 ol Jud ol e

SIS )8 g Gros (155l (S s NI L Joto (g Lvding
Gos omae slaaSl i Ly ool Jao oSS
8o alg oo SV b uwolisS aladl> ol
s lads; g aes Ll iy
ool al oy aizan S Glalid , te ], oy
Ol=dlyS cmsls 0Dl (gilwarte slpp )55l
I e A il ge S ool g 4,y
il glpanie il 5 Jos bl
DS S8

9 Ll 20l (s S gLpodls (5 —5 5%
L2oaly G Jdoei

il e pnl b X sloosls L Joo S 5
5 03lo DS slas,gld Lo ol oMbl ST sls,— g
Sl 2l i Sl glalad s
5 a2 ol |, ol ey w5 S @8 |,
Sisu 0ge 1y o dgs g lanb

L) St CBo cul aiilgs ooy 0 0,0
N0y oy g)lambl ol g ools roli8lz\Y
sleslaiwl as’ ams o s mals (il o ials
Olimebl LB 2oldl o Lesas oS 5 sle o
sloan e foals o asl ol 55 Lo i
e SLas S peeal (55l 5 (Slwlns
o omlply a8 o Ll (poge B s
Sl a5 0l S lgmicay aslgs oo saladl )|
S St )3 sl gilmaine 5 el S e
(&1 ol gl .0, 5 ) 8 oolat wlo,5 0 55 g
o, Lo ol (hg) 99— o0 Slei—ion
5 Yo b SuwoligS 4 Ladl> o le (5 5as, ds
slogis; 5l g oad S 5 Tad iy (LalS e
el g B il sl La il glwanse
g ol gl 9d esliiul (L35l slaan o
Ailgs oo oa )] S Jae 4 S aes o lid
Sdgi 3lmainge 5 aed 08 5l S lee 4

DS 8 eolaiwl 0550 55 5 s Cmiio (o Sl

& Oliios gl o bdleiby
(oolpp—in Joa—o g5 BB sl oogus 59—>4b
el Ly aslgee (o8ly Ll a0 T sl
Lo G oime 3l S—= 0l ol
e o] J._ALS 9 Cz_,.&:SL’ (_guoé‘») OOF Uy )0

S oA_.i)(_g)jiéae- slosls (22 ol

&y

[1]. SIRCAR, A., Yadav, K., Bist, N., & Oza, H. (2021). Application of machine learning and artificial intelligence
inoil and gas industry. Petroleum Research, 6(10),379-391. doi:https://doi.org/10.1016/].ptlrs.2021.05.009.

[2]. Nikitin, N. O., Revin, 1., Hvatov, A., Vychuzhanin, P., & V. Kalyuzhnaya, A. (2021). Hybrid and automated
machine learning approaches for oil fields development: the case study of volve field, North Sea. Computers &
Geosciences, 161(3), 15. Doi:org/10.1016/j.cageo.2022.105061.

[3]. Wang, J., & Zhang, Y. (2025). A hybrid system with optimized decomposition on random deep learning
model for crude oil futures forecasting. Expert Systems with Applications, 272, 126706. doi: org/10.1016/j.
eswa.2025.126706.

[4]. Raad Z. Homod, G. N.-K.-S. (2023). Crude oil production prediction based on an intelligent hybrid modelling
structure generated by using the clustering algorithm in big data,. Geoenergy Science and Engineering, 340,
127634. doi: org/10.1016/j.geoen.2023.211703.

[5]. Atesongun, A., & Gulsen, M. (2024). A hybrid forecasting structure based on arima and artificial neural

1.Long-Short Term Memory (LSTM)
2. EXtreme Gradient Boosting (XGBoost)



- +? 2 &
A=A axio NP+ L] AFY oylos (- - g o
Yl 9 w0 C3) %4 D9y

network models. Applied Sciences, 14(16), 7122. doi: org/10.3390/app14167122.

[6]. Hanif, H. R. (2024). The role of artificial intelligence in optimizing oil exploration and production. Eurasian

Journal of Chemical, Medicinal and Petroleum Research, 3(5), 176-190. doi: doi.org/EJICMPR/2024124442.

[7]. Al Dwood, R., Meng, Q., Ibrahim, A. W., Yahya, W. A., Alareqi, A. G., & AL-Khulaidi, G. (2024). A novel

hybrid ANN-GB-LR model for predicting oil and gas production rate. Flow Measurement and Instrumentation,

100, 102690. doi: org/10.1016/j.flowmeasinst.2024.102690.

Se g C by b sla il g Lacus 3 .(VFoY) B o o8l g0l 5 e o S pinr Sl [A]
'C)‘)—-’.‘ So—g (_;pr.,_..w" = nr“—’")'w O—edd)9 '}lf P é—’l-“" ° )‘5° Q‘)—*Q’”' 0

.https://icis2024.ir/files_site/files/r 25 241230233104.pdf
SS9k sla Jow 6,5 S (VT Y) . ¢ Slo—ion 9.0 (! el “z st o e ‘Lga_om)g).’a.c.h]

.doi:10.22078/pr.2024.5452.3426 .YY-9) cdi jiagh oS 5 Sledbl SL
[10]. Braun, V., & Clarke, V. (2006). Using thematic analysis in psychology. Qualitative research in psychology,

3(2), 77-101. doi:10.1191/1478088706qp0630a.
6l ool By, tiymeliae a5 5 gandae Jmadow (VYR 4) o gmeid 5o o conln g w5 minm sonle [V ]

NOV-VAA (g0 ]y o oo jo aioail adoxe . 2S5 slaosls )0 05250 slagSl (S
.doi:10.30497/smt.2011.163



