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Sales forecasting using Box Jenkins methodology - Case study of The Livestock Feed Unit in Djelfa-
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Abstract:

This research paper aims to forcast sales of livestock feed unit in Djelfa, In this context, the monthly data
of the establishment’s sales is studied and analyzed during the period from January 2016 to December 2021,
with 72 views, Where we applied the Box-Jenkins methodology to the sales chain for the purpose of obtaining a
predictable econometrics model.

The results of the research, after comparison between several models, concluded that the appropriate and
efficient model for representing the data of the series under study is the ARIMA model (10.1.1), and According to
these results, this model was estimated and then the Unit's sales forecast process for the period January 2022-
June 2022, and the result of the forecasting process showed that unit sales will record a noticeable decrease
during the first half of 2022
Keywords: sales forecast, Box-Jenkins methodology, ARIMA models, livestock feed unit.
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Date: 05/25/22 Time: 18:23
Testfor Equalityof Means of UNT Sample: 2016M01 2021M12
Categorized byvalues of @MONTH Included obsenvations: 72
Date: 05/25/22 Time: 18:25 Autocorrelation Partial Correlation AC PAC Q-Stat Prob
Sample: 2016M01 2021M12
Included obsenvations: 72 | [ — | | | 1 0839 0.839 52768 0.000
| i 2 0736 0.109 93.952 0.000
| C 3 0681 0.135 129.71 0.000
Method df Value  Probability (N | C) 4 0621 0.012 159.93 0.000
(N | i 5 0553 -0.03.. 184.21 0.000
frow s BRI | I — s e o
Welch F-est’ (11,235648) 0362993  0.9583 ) X 8 0391 0.080 22894 0.000
(| g 9 0.328-0.09.. 238.06 0.000
, , [ | s 1.. 0224 -0.19.. 242.39 0.000
Test allows for unequal cell variances = = 1. 0230 0.240 247.00 0.000
| : .:. 1.. 0231 0.043 251.74 0.000
. : | | I I 1.. 0.188 -0.08... 254.92 0.000
Analyss of Varance | =t 1.. 0196 0170 258.44 0.000
= Ch 1.. 0205 0.045 262.38 0.000
Source of Variation df SumofSq.  MeanSq. ¢ g 1.. 0193 -0.12... 265.94 0.000
. :. .q_. 1.. 0142 -0.15.. 267.89 0.000
| | I I 1.. 0120 0.136 269.32 0.000
Between 11 184EH15  167E+14 D VR 1.. 0434 0.050 271.11 0.000
Within 60 260E+16  4.33E+14 Cm g 2.. 0.139 -0.10.. 273.09 0.000
. lhl .ql . 2. 0.075-0.10.. 273.68 0.000
| | I I 2. 0025 0.005 273.74 0.000
Total 11 278E+16 3.92E+14 Vo N 2. 0027 -0.02.. 273.82 0000
C g 2..-0.01..-0.08.. 273.84 0.000
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-0.38 (0.54) -1.94 (0.30) -3.02 (0.133) ADF EIEony
0.02 (0.68) -1.76 (0.39) -2.80 (0.199) PP
41044 (0.000) 41041 (0.0001) -8.03 (0.000) ADF | Js¥ &4l

-10.82 (0.000) -10.82 (0.0001) -10.88 (0.000) PP
(291 3=l JLasl) Eviews9 golizy &ilaiadly il slae] (e 2 iall

Lyl Asbasdll 288111 Jlersyt dias: ()
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Date: OS5/26/22 Time: 13:23
Sample: 2016MO1 2021M12
INcluded observa tions: 71

Autocorrelation Partial Correlation A mAacC D-Stat Prob

' ' 1 —0.23... —0.23 3. o252 o.oas

' ' =2 —Oo.15... —O.=21 s5.626a o . o0

' ' = o.0o99 o.0cos &6.3710 o . o9os

' ' 4 -0.00... —O.00 &6.3720 o.1 73

' ' s o.0o63 o.091 . eaas5a o.zas

' ' 6 —o0.26... —O.25 1=z 16e=2 o oss

' ' 7 —0.03... —O.16 1=2. 236 o . ooz

' ' = O.130 -0.01 13.630 o .oo=

' ' =] oc.o7s o.1a6 14a.139 o.117

' ' 1... —O.33... —O.29 =23 . as5s5 o .coo

' ' a ... 0.069 -O0.06 =23 .865 oc.o13

' ' a ... o.1830 oc.o1s =26 .700 [SeY=T=)

' ' ... —O.19... —O.17 ... 3O0.=217 o .cooa

' ' a . 0.022 -0.06... 30 .26=2 o .07

' ' a. o.0as o.o79 30 .asa o. o010

' ' a . o.19=2 o.130 z3z3.9=21 o .cos

' ' a. —0.08... —O.11 ... 3a . 663 o . o077

' ' a . —O.12... —0O.05... 36.1aa o . co7

' ' a . o.0o9= oc.0o14a 36 .991 o .ocos

' ' = o.1830 o.1=28 ao0.z2s8s o .ocos

' ' = —0.09... oc.o1a “a1.176 o . ocos

' ' = —O.13 ... oc.os55 a3.14a0 o .ocos

' ' = o.1 78 o.0oa7 a6 .570 o .0co=

' ' = o.0os0 o.109 a7.aso0 o . ooz

' ' = —O.13... —O.0O1 ... as.306 o . ooz

' ' = —0.05 ... o. 123 a0 . 735 o . co=

' ' = 0.017 -O.00 aos. 763 o . ocos

' ' = 0.06=2 -0.01 s0.228 o .cos

' ' = —O.10... —O.0= 51 .a60 o .coe6e

' ' 3. —O.10... o.017 s=2.831 o . oo

' ' 3. 0.0O33 -~O0.1=2 52 . 970 o .ocos

‘I ' ' = 0.065 -0.05 53 .523 oO. 010
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ARIMA(10.1.10).ARIMA(10.1.6)
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Dependent VVariable: DVVNT
Method: ARMA Maximum Likelihood (OPG - BHHH)
Date: O5/26/22 Time: 14:44
Sample: 2016M0O2 2021M12
Included observations: 71
Convergence achieved after 19 iterations
Coefficient covariance computed using outer product of gradients
Variable Coefficient Std. Error t-Statistic Prob.
C 665835.3 601721.6 1.106551 0.2724
AR(10) -0.480480 0.123546 -3.889081 O0.0002
MA(T) -0.262628 o0.108716 2415721 O0.0184
SIGMASQ 8.08E+13 1.63E+13 4.955957 O.0000
R-squared 0.247845 Mean dependent var 633224 .2
Adjusted R-squared o214166 S.D. dependent var 10440518
S.E. of regression 9255234. Akaike info criterion 35.01194
Sum squared resid 5 74E+15 Schwarz= criterion 35.13942
Log likelihood -1238.9249 Hannan-Quinn criter. 35.06263
F-statistic 7.359121 Durbin-Watson stat 1.953530
Prob (F-statistic) O0.000246
Inverted AR Roots .88+.29i .88-.29i 55+.75i 55-.75i
.00+.93i -.00-.93i -.55+.75i -.55-.75i
-.88-.29i -.88+.29i
Inverted MA Roots 26
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Inverse Roots of AR/MA Polynomial(s)
1.5
1.0 4
0.5 |
= AR roots 0.0 | -
« MA roots
-0.5 |
-1.0 s
_1'5 T T T T T
-1.5 -1.0 -0.5 0.0 0.5 1.0 1.7
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Included observations: 71
Q-statistic probabilities adjusted for 2 ARMA terms

Autocorrelation Partial Correlation AC PAC Q-Stat Prob

0.020 0.020 0.0296

' ' 1
' ' 2 -0.06... -O.06... 0.3178
' ' 3 -0.05... -0.05... 0.5233 0.469
' ' 4 -0.08... -0.09... 1.1133 0.573
' ' S 0.037 0.034 1.2206 o0. 748
' 6 -0.21... -O0.23... “4.9905 o.288
' ' 7 -0.08... -O0.08... 5.5897 0.348
' ' 8 0.035 -0.00... 5.6928 o0.458
' ' o o. 112 0.086 6.7386 0.457
' ' 1... 0.050 -0.00... 6.9523 o0.542
' ' 1... -0.00... 0.015 6.9525 o0.642
1 1 1., 0.079 0.058 7.5047 0.677
' ' 1... -0.06... -O.08... 7.8239 0.729
' ' 1., 0.096 o.117 8.6538 0.732
1 1 1., 0.073 0.127 9.1533 0. 761
' ' 1., o.117 o.188 10.450 0.729
' ' 1... -0.12... -0.13... 11.977 0.681
' ' 1... -0.09... -O0.02... 12.904 o0.680
' ' 1., 0.056 0.046 13.217 o0.722
' ' 2., 0.063 o.114 13.616 0.754
' ' 2... -0.06... -0.06... 14.039 o. 781
1 1 2... -0.05... 0.052 14.315 o.814
' ' 2. 0.139 0.118 16.403 0.747
1 1 2., o.134 0.053 18.370 o.684
' ' 2... -O0.10... -O0.15... 19.538 o0.670
1 1 2... -0.03... 0.051 19.653 0. 716
' ' 2... -0.05... -O0.02... 20.053 oO. 744
' ' 2... -0.03... -O.11... 20.190 0.782
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Mean
Median
Maximum
Minimum
Std. Dev.
Skewness
Kurtosis

T Jarque-Bera
Probability

Series: Residuals
Sample 2016M02 2021M12
Observations 71

3.211926
0.200696

-24490.17
390548.8
17249817

-26977623
9054702.

-0.512911
3.182791

——
-2.0e+07

-9999975 25.0000 1.0e+07
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Heteroskedasficity Test ARCH

Date: 05/26/22 Time: 17:36
Sample: 2016M01 2021M12

Included observations: 71

F-stafistic 1581800

Prob. F2.6)

Obs'R-squared 3156117 Prob. Chi-Square(2) 0.2064

02133 Autocorrelation  Partial Correlation

AC

PAC

Q-Stat

Prob

TestEquation;

Dependent Variable: RESID2
Method: Least Squares

Date; 0512622 Time: 17:38

Sample (adjusted): 2016004 2021612
Included obsenvatons: 69 after adjustments

\ariable Coeficient

Std. Error

+Statistic — Prob.

C T60E+13
RESDOM) 040444
RESDOY) 0120586

1.94E+13
012219
0.121901

1063042 02916

3972000 00002
1590933 0.1164

T OoONOOOAWN

NNONNNNNNDNNMNNNN-ASA A A A aaaaaa

0.173

-0.09

0.056
0.134
0.063

-0.00...
-0.08...
-0.00...
-0.02...

0.108

.. -0.04...
.. -0.05...
. 0.012
. 0.001
.. -0.09...
. 0.109
. 0.060
. 0.063
.-0.09...
.-0.09...
. 0.018
.-0.06...
.-0.11..
. 0.043
.-0.08...
. 0.010
.-0.03...
.-0.03...

0.173

-0.12...

0.102
0.096
0.038
0.001

-0.09...

0.009

-0.05...

0.144

-0.09

0.018

-0.00...
-0.03...
-0.08...

0.159
0.010
0.091

-0.12...
-0.09...

0.013

-0.12...
-0.01...

0.086

-0.06

0.028

-0.06...
-0.02...

2.2203
2.8993
3.1422
45395
4.8549
4.8551
54174
54199
54675
6.4664
6.6576
6.9097
6.9235
6.9236
7.8026
8.9298
9.2755
9.6639
10.512
11.464
11.496
11.945
13.258
13459
14.184
14.195
14.343
14.501

0.136
0.235
0.370
0.338
0.434
0.563
0.609
0.712
0.792
0.775
0.826
0.864
0.906
0.938
0.931
0.916
0.931
0.942
0.939
0.933
0.952
0.958
0.946
0.958
0.958
0.970
0.978
0.983
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5 2

Y, et/ JZ’,; Ye+k=Vi+k

MAPE = 2%y x 100 Th = ()

z:]]§=1y2t+k+ z:£=15\,2f:+k
k k
ZQﬁ)L]_J.L‘ u._»..ua doyd E“aﬁ 10 Mb
3l Baga ylae 10 A
160,000,000

/| | Forecast WTF
/ Actual: VNT
120,000,000
Forecastsample:2016M012022M06
Adjustedsample: 2016M112022M06

80,000,000 1 Included observations: 62
Root Mean Squared Error 13913170
40,000,000 Mean Absolute Error 11059990
Mean Abs. PercentError  35.45745
ot Theil Inequality Coefficient 0.161671
Bias Proportion 0.000176
Variance Proportion ~ 0.456725
40,000,000 \ Covariance Proportion  0.543100
80,000,000 S e
2 T 1 Y V2 Y T 1 Y VAN
2017 2018 2019 2020 2021 2022
— UNTF — £2SE.
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Null Hypothesis: VNT has a unit root Null Hypothesis: WNT has a unit root
Exogenous: Constant, Linear Trend Exogenous: Constant
Lag Length: 0 (Automatic- based on SIC, maxlag=11) Lag Length: 0 (Automatic - based on SIC, maxag=11)
ttafisic — Prob.* tStatisic ~ Prob.
Augmented Dickey-Fuller test statisic -3.024702 0.1330 Augmented Dickey-Fuller test stafistic -1.947609 03091
Testcritical values: 1% lewel 4092547 Testcritical values: 1% el -3.525618
5% level 3474363 5% level 2902953
10% level -3.164499 10% level 2588902
*Mackinnon (1996) one-sided p-values. *MacKinnon (1996) one-sided p-values.
Null Hypothesis: WNT has a unit oot Null Hypothesis: WT has a unitroot
Lag Length: 0 (Automatic -based on S|C] max|ag:1 1) Bandwidth: 2 (NGWGY‘WQStaUtomaﬁC) USing Barllett kemel
tStatstc  Prob? A ket Prob
Augmented Dickey-Fuler st safstc 0387457 05411 | | Philis-Peron eststatst 2008465 01992
Testorfcal lves: 1% level 2507939 Testcrtcalvaues: 1 leve 4092341
5% level 1. 945456 5 el S4T4363
10% level 1613799 10%evel -3.164499
“MacKinnon (1996) one-sided p-values. “MacKinnon (1996) one:sided p-values.
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Null Hypothesis: WNT has a unit root
Exogenous: None
Bandwidth: 3 (Newey-West automatic) using Bartlett kemel

Null Hypothesis: WNT has a unit root
Exogenous: Constant
Bandwidth: 1 (Newey-West automatic) using Bartet kemel

Adj.tStat  Prob”

Adj.t-Stat  Prob.*

Phillips-Perron test statistic 0024553 06873 | [Phillips-Perron test statistic -1.760195 03971
Test critical values: 1% level -2.597939 Testcrtical valugs: 1% level -3.525618

5% level -1.945456 5%level -2.902953

10% level -1613799 10% level -2.588902

*MacKinnon (1996) one-sided p-values.

*MacKinnon (1996) one-sided p-values.
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Null Hypothesis: D(VNT) has a unitroot
Exogenous: Constant, Linear Trend
Lag Length: 1 (Automatic- based on SIC, maxag=11)

Null Hypothesis: D{VNT) has & unit oot
Exogenous: Constant
Lag Length: 0 (Automatic - based on SIC, manage 1)

+tatistic — Prob.*

tStatsic  Prob

Augmented Dickey-Fuller test stafistic 3032218 00000

Augmented DickeyFuler test statistc 041933 0.0001

Testerfical vlues: 1% level 4096614
5% level -3 476275
10% lewel -3.165610

Testcrtcal values: 1% level 3521045
5 level 2903566
10%level 2589227

“MacKinnon (1996) one-sided p-values.

Null Hypothesis: D(VNT) has a unitroot
Exogenous: Constant, Linear Trend
Bandwicth: 4 (Newey-West automatic) using Barlet kemel

Adj.kStat Prob!

Phillips-Perron test stafistic 1088390 0.0000

Testorifical values: 1% lewel 4094550
5% level -3 475305
10% level -3.165046

“NecKinnon (1996 one-sided p-alues.

Null Hypotess: D(VNT) has a unt oot
Exogenous: None
Lag Length: 0 (Automatic- based on SIC, maxtag=11)

tStatsic  Prob.

Augmented DickeyFuller test statistc 104464400000
Testertcal values: 1% level - 506416

N level 1 945525

0% level 1613760

“MacKinnon (1996) one-sided p-elues.

“NacKinnon (1996) one-sided p-alues.
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Null Hypothesis: D(VNT) has a unitroot Null Hypothesis: D(VNT) has a unitroot
Exogenous: None Exogenous: Constant
Banawidth: 3 (Newey-West automatic) using Bartiett kemel Bandwidth: 3 (Newey-West automatic) using Bartett kemel
Ad.tStat  Prob. Ad tStat Prob!

Phillips-Perron test staistic -10.82438  0.0000 | [Phillips-Perron teststatistc 1082105 00001
Testcriical values: 1% level -2.598416 Testerficalvalues: 1% level 3521045

5%level -1.945525 8% level 903566

10% level -1.613760 10% level 2580201
*MacKinnon (1996) one-sided p-values. *MacKinnon (1996) one-sided p-values.
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MAPE values for Model selection:3 3=\|

MAPE (%) Evaluation
MAPE < 10% High accuracy forecasting
10% < MAPE < 20% Good forecasting
20% < MAPE < 50% Reasonable forecasting
MAPE > 50% Inaccurate forecasting

Source: H. Rangika Iroshani Peiris, A Seasonal ARIMA Model of Tourism Forecasting: The Case of Sri Lanka, Journal of Tourism,

Hospitality and Sports,2016, p103
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