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Abstract: The aim of the study is to estimate the Azerbaijani natural gas production data between 1950-2021
and the natural gas production between 2022-2024 with the ARIMA method. The ARIMA method is a method
of prediction with the autoregressive integrated moving average method proposed by (Box-Jenkins, 1976). In
the ARIMA method, stagnation is important in series. For this reason, the series with logarithmic transformation
were subjected to unit root test and it was examined from which order they were static. It was seen that there
was no stationary at the serial level and that it was stationary when the first difference was taken. In the next
stage, the most suitable model for our series was determined to be ARIMA (0,1,2) and when the residue
correlogram was drawn, the AC and PAC coefficients were found to be statistically insignificant. In the
continuation of the study, a forecast for the year 2022-2024 was realized to produce natural gas in Azerbaijan.
Keywords: Natural gas production, Time series, ARIMA method, Azerbaijan

Introduction

Natural gas is mainly used as fuel and raw material for production. For domestic stoves, water heaters
and cookers. As an industrial fuel in brick, cement, and tile kilns; in glassmaking; for generating steam in
kettles; and as a source of clean heat for instrument sterilization and food processing. As a raw material for
petrochemical manufacturing, natural gas is used to produce hydrogen, sulfur, soot and ammonia. Ammonia is
used in a range of fertilizers and as a secondary raw material in the manufacture of other chemicals, including
nitric acid and urea. Ethylene, an important petrochemical, is also made from natural gas. Natural gas is
considered an environmentally friendly, clean fuel with significant environmental benefits over other fossil
fuels.Its superior environmental quality is negligible emissions of sulfur dioxide, or lower emissions of nitrogen
oxides and carbon dioxide compared to coal or crude oil. This helps reduce problems caused by acid rain, the
ozone layer or greenhouse gases. Natural gas is also a very safe energy source when transported, stored and used
. Historically, natural gas has been discovered during the exploration for crude oil. Natural gas is often an
unwanted by-product as gas deposits are extracted during drilling and workers are forced to stop drilling and
allow the gas to vent freely into the air. Now, especially after the oil shortages of the 1970s, natural gas is an
important energy source in the world. Throughout the 19th century, natural gas was used almost exclusively as a
light source, and its use remained localized due to the lack of transport structures, which made it difficult to
transport large quantities of gas over long distances. A major change occurred with the invention of the leak-
proof pipe joint in 1890, but it wasn't until the 1920s that delivering natural gas to customers over long distances
became feasible due to advances in pipeline technology. Moreover, it was only after World War |1 that the use
of natural gas grew rapidly because of the development of pipeline networks and storage systems (Mokhatab,
Poe, & Speight, 2006).

When we look at Table 1, the figures in terms of natural gas production (trillion cubic meters) estimated
in the world in 2020-2050 are included. When we look at it, there is an increasing trend in natural gas
production in the world. The amount of natural gas produced in 2020 is estimated to be 141.7 trillion cubic
meters, in 2025 this figure will be 152.4 trillion cubic meters, and in 2050, natural gas production will reach
186.0 trillion cubic meters. The average annual percentage change is 0.9%. When we look at the same table, the
highest production takes place in the United States. The amount of natural gas produced in 2020 is 33.9, this
figure is estimated to reach 43.0 in 2050. In second place, Russia is on the list of the countries that produce the
most natural gas in the world. Natural gas production in 2020 is estimated to be 24.2 and 25.5 trillion cubic
meters in 2050.
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Table 1. World natural gas production by region, reference case

. change,

Region 2020 2025 2030 2035 2040 2045 2050 20202050

United States 33.9 363 379 386 399 415 43 0.8
Canada 6.2 6.1 6.7 75 81 86 89 1.2
Mexico and other OECD Americas 0.9 1 1.2 1.5 1.7 1.9 1.8 2.4
OECD Europe 8.6 84 7.1 6.1 53 5 5 -1.8
OECD Asia 5.6 6.1 6.3 69 72 71 7.2 0.8

Japan 0.1 01 01 01 01 01 01 0.1

South Korea 0 0 0 0 0 0 0 0.1
Australia and New Zealand 5.5 6 6.2 68 71 71 7.1 0.8

Russia 24.2 275 293 305 322 34 35.5 1.3
Other Europe and Eurasia 7.3 82 82 89 98 104 106 1.3
Non-OECD Asia 18.7 204 222 224 223 235 26.2 1.1
China 6.6 74 85 86 83 89 102 15
India 1 1.1 1.6 1.9 2.2 2.9 4 4.7
OtherAsia 111 119 122 119 118 116 12 0.3
Middle East 23 244 265 266 279 284 288 0.8
Africa 7.2 8.1 8.8 9.8 11 114 121 1.7
Non-OECD Americas 6.1 6.2 6 6 6.1 6.2 6.7 0.3
Brazil 1 1.1 1 09 08 08 09 -0.3
OtherNon-OECD Americas 5 5 5 5.1 5.2 54 58 0.4
Total Non-OECD 86.4 94.6 101 104.2 109.3 114 120 1.1
Total World 141.7 152.4 160.2 164.9 1714 178.1 186 0.9

Source: (U.S. Energy Information Administration, 2022)

In Table 2, natural gas consumption figures are given in the world between 2020-2050. While it is 141.7
trillion cubic meters in 2020, this figure increases to 186 trillion cubic meters in 2050. On a yearly basis,
average consumption is projected to occur the most in India with 4.3% and the lowest in Japan with -1.1%.

Table 2. World natural gas consumption by region, reference case

. change,

Region 2020 2025 2030 2035 2040 2045 2050 2020-2050
United States 308 308 31 314 327 341 354 0.5
Canada 43 46 49 54 59 63 6.6 15
Mexico and other OECD Americas 34 42 45 5 5.2 5.4 5.4 15
OECD Europe 19 20 203 20.2 20.2 207 213 0.4
OECD Asia 7.8 1.7 1.7 7.3 7 6.7 6.7 -05
Japan 38 35 35 32 29 28 27 -1.1
South Korea 2.2 2.2 2.3 2.2 2.1 2 2 -0.3
Australia and New Zealand 1.8 1.9 2 2 2 1.9 2 0.3
Russia 176 18 189 194 201 207 21.2 0.6
Other Europe and Eurasia 68 72 74 75 76 78 8 0.6
Non-OECD Asia 23 27.7 315 338 36.6 394 425 2.1
China 11 14 16.2 174 186 199 21 2.2
India 2 27 35 43 51 6 7 4.3
OtherAsia 10.1 11 11.7 122 128 135 145 1.2
Middle East 18.3 20.8 217 217 225 23 23.3 0.8
Africa 54 58 65 72 76 78 87 1.6
Non-OECD Americas 54 57 57 59 61 63 6.8 0.8
Brazil 13 17 16 15 15 14 15 0.6
OtherNon-OECD Americas 42 4 41 44 46 49 53 0.8
Total Non-OECD 76,5 852 91.8 956 1005 105 1105 1.2
Total World 141.7 152.4 160.2 1649 171.4 178.1 186 0.9
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Source: (U.S. Energy Information Administration, 2022)

In the information published in 2021, BP points out that the volume of Azerbaijan's confirmed natural
gas resources is 2.5 trillion cubic meters (Statistical Review of World Energy 2021, 2021).When we look at
Chart 1, data on Azerbaijani natural gas production between 1950-2021 and natural gas exports in 2006-2021
are included. Looking at the chart, it is seen that Azerbaijani natural gas production is gaining an upward trend
and the increase in production is higher with the export of natural gas especially after 2006. The pipeline, which
was inaugurated in 2006 (Baku-Thilisi-Erzurum Natural Gas Pipeline) and opened in 2018 (Trans Anatolian
natural gas pipeline), which exports the natural gas in the Azerbaijani Shah Deniz field to Europe through
Turkey, has an important place in Azerbaijan's natural gas exports. Looking at recent years, especially in 2021,
compared to 2020, Azerbaijan increased its total gas exports by 61% and exported 20 billion cubic meters of
gas, and about 1/3 of this was realized to European countries. The most important reason for this was the
completion of the construction of the Trans-Adriatic pipeline on October 13, 2020. Prior to this, the pipeline had
begun to operate in test mode, but all construction work was completed in October, and natural gas exports to
Europe via the pipeline began from the beginning of 2021 (Azorbaycan Respublikasinin Dévlat Statistika
Komitasi, 2022).

Graph 1: Azerbaijan natural gas production and export
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Source: (Azarbaycan Respublikasinin Dovlat Statistika Komitasi, 2022)

The war that has occurred in recent years, especially between Russia and Ukraine, and the embargo
imposed on Russia by America, Britain, and many western states due to this war and Russia's export of Russian
gas under various conditions by using it as a weapon, especially drag European states to search for alternative
gas. For this reason, Azerbaijan and many Arab states are alternatives. The frequent meetings of Azerbaijani and
European officials in recent times indicate that Azerbaijan's natural gas exports to Europe will increase in the
future.
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1. Data and Method
Graph 2: Azerbaijan natural gas production (LOGGAZ)

S Y

Our series (1950-2021) is obtained annually from the data sheet of the State Statistical Committee of
the Republic of Azerbaijan. Then, the logarithmic value of the series was taken and loaded into the program.
Since it is annual, no seasonality has been seen.

1.1. Augmented Dickey-Fuller test (ADF)

The concept of stagnation is important in time series, if work on non-stationary series takes place, then
false regression is used, even if statistically significant answers are found(Mert & Caglar, 2019).
Vi = @Y1 +&(1.1)
It takes advantage of the first difference of the random gait process given in the standard Dickey-Fuller (DF) test
(equation 1.1) (Dickey & Fuller, 1976). For the first difference of equation (1.2), the equation is y,_; subtracted
from both sides.
Ve = Ve-1= PYe—1 — Y1 T &
Ay, = (o — 1)y,_1 + g.andé = ¢ — 1 the following equation (1.2) is obtained.
Ay, = 8y, +€(1.2)
Model number (1.2) is the unfixed and trendless model. Fixed model (1.3), fixed and trended model (1.4) is
given.
Ay, = p+6y,1+é& (1.3)
Ay, = p+ Bt+ 8y, + & (1.4)
The hypothesis for standard DF testing is given below.
Hy: 6 = 0 ( has a unit root)
Hg: 6 < 0 (no unit root)
However, if there is a high degree of correlation in the series, this time &, will lose its clean series. To solve this
problem, the Augmented Dickey-Fuller (ADF) test uses the AR(p) process rather than the AR (1) process,
adding the terms p delayed difference to the equation (Dickey & Fuller, 1981). Equations (1.5), (1.6), (1.7)

Ay, = 6y;1 + Z?—l Bibye—; + & (1.5)
Ay, = p+6y, 1+ Zf_1 By, + & (1.6)
Ay, = u+ Bt + 6y, + Zf_l Biby,—; + & (1.7)

Table 3:Augmented Dickey-Fuller (ADF)unit root test result

Mull Hypothes is : LOGGEAZ has aunitroct Mull Hypothes is : D{LOGGEAT) has a unitroot
Eonenous : Constant Eopenous : Constant
Lag Length: 1 {Automatic- bas ed on SIC, mesdag=11) Lag Length: 0 {Automsti o- bas ed on SIC, masdag=11)
+Siatistic Prob= +Siatis tic Prob.~
Auormented Didees-Fuller teststatistic -1.503040 04503 Lugmented Dideesye-Fuller test statis tic: -2.388330 00142
Test oritical values: 126 level -3.577045 Testoritical values: 1% level -3.577045
59 level -2902568 526 level -29035868
10% level -2569077 10% level -2588227
Hied<innen (1886) one-sided palues. Fulscinnen (1596) one-s ided pvalues .
Mull Hypothes is : LOGEEAT has 5 unitrod
Emgenous : Constant, Linear Trend Mull Hypo the sis : INLOGGAZ) has a unitroot
Lsg Lergth: 1 {Autormstic- besed on SIC, madsg=11) Exogenous : Constnt, Linear Trend
i — — Lag Length: 0 (Aurtomatc - bssed on SIC, madsg=11)
Fostistic  Fob” tSwmstic  Prob”
Lugmented Dickey-Fuller teststatis fic 29753  0F775  aAugmented DickeyeFuller st statistic _2ASETE2 00859
Test aritical walues: 136 level -4.0584550 Tect critical walues: 1% kel —4 DB 455D
526 level -2. 45205 -3 4TE308
10% level -2.165045 -2 185048
“Madimon {1998) one-s ided pualues . “MacKinnon {1955 ons-cided p-waluss.
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Looking at the results of the increased AugmentedDickey-Fuller test, our absence hypothesis is
established as the absence hypothesis (LOGGAZ contains the root of units) for our LOGGAZ series. The series
was first analyzed at the level value (intercept model) and the optimal delay length was taken as 1 according to
the SIC information criterion. t; = —1.593940 and the absence hypothesis cannot be rejected because the
calculated test statistic is higher than the (Mac Kinnon,1996) critical values. In summary, the serial level value
contains the volume root. The same result applies to the trend and interceptsmodel.

Since the series are not static in their level values, the first difference is calculated by taking I (1). And
since the statistical value calculated for the intercept model is less t; = —3.398330 than the critical values of
5% and 10%, the absence hypothesis cannot be made. Therefore, it is seen that our series is a stationary series
when the difference is taken. In the same way, when the difference between the trend and intercept model is
taken, it is seen that it is a stationary series.

1.2. Ng-Perron unit root test
Ng-Perron (2001) proposed four different test statistics based on the train-free GLS series. These
statistics are Zy¢ ', andZt statistics as modified PP statistics, R ; statistics and ERS test statistics (Mert & Caglar,
2019). Modified test statistics equation (1.8), (1.9), (1.10), (1.11)
—1(,,d2
Mzd :(T (yZTk) fo)
MZzZ¢ = MZ,  MSB
MSB® = (k/fo)'/?

(e%k —

(1.8)

(1.9)
(1.10)
T, -y

MPf

(1.11)

€k +(1—

MNull Hypothesis: LOGGAZ has 3 wnitroot
aenows: Consant

a1 (vhH?)
f

x = {1,t}

Table 4: Ng—Perron unit root test result

Mull Hpothesis: LOGEAZ has s uniroot
Exopoenous: Constent Linasr Trand

Lan length: 1 {Specral GLE-detrended AR based on BIC, madan=11) Lan lenagth: 1(Spedral GLS-detended AR based on 5IC, masdsp=11)
Sample: 1950 204 Sample: 15502021
Induded obseraions: T2 Included obserations: T2
WEs WA MSB MPT WEs Wt MSB WFT
Mp-Femon fect sEfistos S136372 O5IET2 QITESD 11ZMT sz -1 245072 019861
Szympiotic orifical wlues™: -138000 -ZE5BOOD 047400 17800 Aswnpbbcoifcslwadues™: 1% 238000 -342000 014300 403000
B10000 -15B000 023300 317000 : 17 251000 Q18800 548000
10% 570000 -152000 027500 445100 2 -262000 Q18500 GATODD
“No-Permon (2001, Table 1) “Mg-Femon {2001, Table 1)
MNull Hypothesis: DILOGGEAT has aunit root Hull Hypafiesis: IMLOGEAT) has aunil mat
BEogenous: Constnt Emagenaus: Can 14, Linear Trand
Lag length: 0{Specrs| GLS-detrended AR based on SIC, madag=11) Lag length: 0 {Speciml GLE-derended AR based on SIC, madag=11)
Sample (adiusted): 1561 2021 Sample (adjusted): 1951 2021
Induded obsenatons: 71 afer adjistments nduded abseraions: 71 aber adjustments
(Tre] WA MSE WFT MZa M2 M5B MPT
No-Peron Eststefistics JE44R0 28FERY  QIFIAS 1 EMDE  Mg-Perron lesi shistics 173136 291389 016830 S43648
tsympkfc orifcal wales™ 1% 138000 -25B000 Q17400 173000 Heym potic arifical values*: 1% 238000 342000 014300 403000
B B.10000 -138000 Q23300 317000 5% 173000 251000 0.16800  5.48000
i0f. 570000 -1A2000 OI7E00 445000 10% -142000 282000 0.18500 @.67000

“Mg-Pemon {2001, Table 1) *Hy-Perran (2001, Table 1)

In the fixed model of the (Ng-Perron, 2001) unit root test, our absence hypothesis is that it contains serial
unit roots. In the SIC information criterion, the maximum delay length was taken from 11 delays. MZ, =-
1.36372, MZ , =-0.51672, MSB=0.37890, MPT=11.2347. The absence hypothesis cannot be rejected because
each test statistic is greater than the given information criteria. At the serial fixed level value, has a unit root, the
series is not static. The same table applies to the trend and intercepts model.

Taking the first difference in the series, the test statistic obtained in the fixed model was obtained as MZ ,
=-16.4460, MZ ; =-2.85581, MSB= 0.17365, MPT= 1.53405. The series is static because the given test statistic
is smaller than the given test statistic. The same table applies to the fixed and trendy models. In summary, the
series is static when the first difference is taken.
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An ACF chart is a bar chart that shows correlation coefficients between a time series and delayed values.
In short, ACF describes how the present value of a particular time series relates to historical values. In the ACF
drawing, the x-axis represents the correlation coefficient, and the y-axis represents the number of delays. PACF
is a partial autocorrelation function that explains the partial correlation between series and their delays
(Karcioglu, Tamisman&Bulut 2021). The level value of the series | (0) ACF was not static when looking at the
PACEF chart, the first difference is | (1) and the series is static.
Graph 3: Level value ACF, PACF distribution
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The ARIMA method is the autoregressive integrated moving average method proposed by (Box-Jenkins,
1976). The ARIMA method is the method used by many researchers from the past to the present. The concept
of stagnation is important in the model. If the series is stationary at the level value, the integration degree will be
taken as zero, and if it is a series that becomes static by taking the first difference, this time integration degree
will be taken as one.For this reason, the stability of our series has been checked and it has been determined that
our series is static by taking the first difference 1(1) and not 1(0) at the level value.
ARIMA (p, d,q)
d- degree of integration
p- AR latency number
g- Shows the number of MA delays.

1.3. AR (1) model
If a series is affected by its own delayed values, it is an autoregressive AR series. AR (1) is given in the
first-order autoregressive equation (Mert & Caglar, 2019)(1.12).
A-pL)(y: —w) =& (1.12)
L is the latency processor, p is the AR (1) parameter, the u constant term, and the &,~N (0, ¢%) clean array.
The clear version of equation (1.12) is given in (1.13).
Ye —u—plLy, +pu=¢
¥ =u( —p) +py.1 +(1.13)
¢ = u(1 — p) the equation AR (1) is reached as in the open form (1.1 4) equation to be constant.
Ye=Cctpyi—1té& (1.14)

1.4. MA (1) model

The time series can be affected not by its own past values like the AR model, but by random shocks.
These series are called moving average MA series. The equation MA (1) is given in (1.15) (Mert & Caglar,
2019).
ve—u=(1+06L)¢ (1.15)
MA (1) opening equation of closed form (1.16)
Ve — U =¢& +0Lg
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YVe=p+0e 4 +¢ (1.16)
If our series is stable at the level, it will be ARMA (p,0, g) model, and if it is stationary when the first
difference is taken, it will be ARIMA(p,1, g) model.
The closed equation of the ARIMA (p, d,q) model is given in (1.17).
(1= D*A =T~ = A+, 61)e(L17)
(1 — L)%he difference is the polynomial. If the series is stationary at the level, it will be equal to 1 since d
= 0. When this time the model will turn into an ARMA(p,q) model.
Since our series is static in the first difference and not at the level, the closed form of the ARIMA (p,1, q)
model (1.18) is shown in the equation.
A-LDA-Z_ DG —w) =1 +Z]_,6L)e (1.18)
The closed equation given in (1.18) will be opened as the equation given in (1.19).
p p q

A -0 —ZP,-L"yt —u+2p,-u) =& +Zejugt
j=1 j=1 j=1

A =LY =P1Ye-1 = = PpYe—p — M
p
+ ij.u) = b+t 08 g &V~ D1V~ T PpYep —H T iju
j=1 '

14
— Y1+ D1Ye2t ot DYV pa H U — ZP,-M =016 1+ -+ 0,64+ &

j=1
Ay = p1ye1 o+ PpYep = P1Vep —P1Ve2 — "~ PpVe-p-1 T 0161+ + 06 T &
(1.19)
Table 5: Parameters of the ARIMA model
Variable Coefficient Std. Error t-Statistic Prob.
c 0.023633 0.013502 1.750365 0.0846
MA(1) 0.859598 0.105204 8.170753 0.0000
MA(2) 0.341852 0.094742 3.608226 0.0006
) SIGMASO 0.001830 0.000342 5.350960 0.0000
R:0.510212

Adjusted R? : 0.488281

Prob (F-statistic): 0.000000

DW value: 1.85 (a value close to 2 indicates that there is no autocorrelation in the remains)

C/constant 0.0846 <0. 10, MA (1) 0.0000 <0.01, MA(2) 0.0006 < 0.01 are seen to be less than0.01. For this
reason, the ARIMA (0,1,2) model has been selected as the most suitable model for our series.

As another condition, the correlation graph was looked at to see if the remains were in a clean sequence.

Table 6: Residual correlation for ARIMA(O 1,2) model

Autocorrelation Partial Correlation PAC Q-Stat Prob
. 0.049 0.049 0.1754 0.675
- 0.135 0.133 1.5402 0.463
=] 0.123 0.113 2.6918 0.442

1

1

1

! -0.044 -0.072 2.8402 0.585
! -0.040 -0.070 2.9679 0.705
! 0.028 0.035 3.0304 0.805
! -0.018 0.010 3.0555 0.880
! -0.133 -0.137 4.5009 0.809
! 0.072 0.073 4.9389 0.840
! 10 -0.198 -0.174 8.2762 0.602
! 11 0.001 0.034 8.2762 0.688
! 12 0.005 0.021 8.2789 0.763
! 13 0.015 0.054 8.2993 0.824
! 14 -0.070 -0.098 8.7445 0.847
I 15 0.081 0.066 9.3534 0.858
! 16 0.037 0.044 9.4850 0.892
1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

CONOUOAWNE

17 -0.100 -0.090 10.452 0.884
18 -0.005 -0.091 10.454 0.916
19 -0.028 0.032 10.532 0.939
20 -0.058 -0.051 10.876 0.949
21 -0.058 -0.047 11.220 0.958
22 0.043 0.035 11.416 0.968
23 -0.051 0.016 11.693 0.975
24 0.017 -0.024 11.724 0.983
25 -0.036 -0.052 11.872 0.988
26 0.002 0.043 11.872 0.992
27 -0.005 -0.030 11.875 0.995
28 -0.066 -0.118 12.407 0.995
29 0.038 0.067 12.585 0.997
30 -0.062 -0.042 13.066 0.997
31 -0.049 -0.106 13 381 0.998

—.l..l..-......-.-....l.-..l..l..._....-.......-_.-l.......—..-..-..-...."
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Looking at Table 6, it is understood that the remains of the model are clean series. The AC and PAC
coefficients are statistically insignificant.

Graph 5: Graph of ARIMA (0,1,2) model forecast and actual values
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2. Result

In the study, using the data of Azerbaijani natural gas production between 1950-2021, natural gas
production between 2022-2024 was estimated by ARIMA method. Since the data is annual, no seasonality has
been observed. In the second stage of the study, it was checked whether the series was static or not. Therefore,
the series Dickey, Fuller (1981) and Ng-Perron (2001) were checked for unit root by unit root test. As a result of
the test, it was concluded that our series contains unit root at the serial level because the test statistic calculated
at the level value is greater than all critical values. However, when the first difference of the series is taken, it is
seen that the series does not contain unit root because the calculated test statistic is smaller than all critical
values. The Ng-Perron (2001) unit root test gives the same result as the ADF test. In the third stage, the ACF
and PACF graphs were looked at and it was seen that they were static when the difference was taken. In the
continuation of the study, it was determined that the most suitable model for our series was the ARIMA (0,1,2)
model. Then, the residue correlogram of the ARIMA (0,1,2) model prediction was examined, and it was seen
that it was a clean sequence. In Table 7, ARIMA model forecasts and predictions for LOGGAZ series are given.
Looking at the projections for the year 2022-2024, it is seen that Azerbaijani natural gas production is increasing
and increasing trend.
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Table 7: ARIMA model prediction for LOGGAZ series

Coefficient ARIMA (0,1,2)

C 0.023633 / 10% significant

MA (1) 0.859598 / 1% significant

MA(2) 0.341852 / 1% significant

DW 1.85

Residue Clean array

Predictions / 3 terms

2022 4.79250729

2023 4.81613985

2024 4.83977241
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