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Actual values Predicted values LCL UCL
12405000 11774624 10878541 12670706
12821000 12320602 11424519 13216684
13238000 12866579 11970497 13762662
13669000 13412557 12516475 14308640
14110000 13958535 13062453 14854618
14586000 14504513 13608430 15400595
15077000 15050491 14154408 15946573
15585000 15596468 14700386 16492551
16110000 16142446 15246364 17038529
16335000 16688424 15792341 17584506
16882000 17234402 16338319 18130484
17428000 17780379 16884297 18676462
17890000 18326357 17430275 19222440
18419000 18872335 17976253 19768418
18949000 19418313 18522230 20314395
19478000 19964291 19068208 20860373
20007000 20510268 19614186 21406351
20536000 21056246 20160164 21952329
21124000 21602224 20706141 22498306
22046000 22148202 21252119 23044284
22702000 22694179 21798097 23590262
23382000 23240157 22344075 24136240
24086000 23786135 22890053 24682218
24813000 24332113 23436030 25228195
25565000 24878091 23982008 25774173
26340000 25424068 24527986 26320151

8a0aall Aguanll Gl 23 gail AaiDle apal 2023 Alals 2004 Aiw e A8L Glaalia (20) A Gudad &

axe ekl Al s (RuN test) s, Hboa) Cuus dyie 31 Alududl by e (eS¢ Sall axy (5215 Al il
LaS Claaliiall e (%70) waady A sinall (5 siue (e S8 (0.00000) 43l s Sig. dad Y At 3 Aludid) ddas
e apad ol ) Al A 5 Apkad dapdi Ao Jlasinly ddde Glids (5) paad a3 3 L) die Lgie (30) 5 G
33 a3 3 Sl dae Y Agie 1 AL e o8l e gl Al 5 Lie ) 21 3e e JS e W) ks 3AVL JAaY)
1sh @iVl Ol g (1,2, .., 12) (s A sinall Sl Y
,Zi_12) = HNN(1,2,...,12,5)

Zt = f(Zt_l, Zt—Z’ e

TIMIE =201 % 00

TIMB =201 1 00

I = 2021 .00

TIME = 2022 00

I =S 028 0

(21)

Gl A ) dae) dadad 4p8d clish (5) = HNN duidaal) Lanl) dSua) 45 lara 1(4) JS&
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T
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Date

Gl (B sl dae) ddad HNN Al dpaal) cilSadd) i gadl 3(5) Jsi
HNN o sa3 3adl A Glad) das) dadad AaY) aall g Aoy aad) g3 jalal) g 488a0) addl) 3(2) Jgsa

Actual values Predicted values LCL UCL
24125513 20418088 27832939 1013487
25095886 21388460 28803311 -132886-
26066258 22358832 29773684 -1256258-
27036630 23329205 30744056 -1354630-
28007003 24299577 31714428 -2112003-
28977375 25269949 32684800 -2313375-
29947747 26240321 33655173 2542253
30918119 27210694 34625545 2419881
31888492 28181066 35595917 2319508
32858864 29151438 36566290 -1858464-
33829236 30121811 37536662 2175312
34799609 31092183 38507034 412991
35769981 32062555 39477407 399142
36740353 33032928 40447779 399166
37710726 34003300 41418151 413456
38681098 34973672 42388524 446802
39651470 35944045 43358896 -1501296-
40621842 36914417 44329268 -3431184-
41592215 37884789 45299640 656685
42562587 38855161 46270013 761413

Gl 3 G slae | UL gl 73 51 G (5) IS5 (3) Jsaal s
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Date

Gl A olsd) dae) dudad Gaagdl zisal) 1 (5) Jsd
Cpagd) Zasal) g (1) A Gl e Aadad A3y aadlg e ) aad) g 3 akall g Ad8ad) addll 1(3) Jga

Year Actual values Predicted values LCL UCL

1978 12405000 12417701 6584197 14251204
1979 12821000 12742320 9656239 15228400
1980 13238000 13154591 10148510 15720671
1981 13669000 13527549 10641468 16213629
1982 14110000 13990123 11144043 16716203
1983 14586000 14469566 11653486 17225646
1984 15077000 14973050 12186970 17759130
1985 15585000 15556837 12730757 18302917
1986 16110000 16072301 13286221 18858381
1987 16335000 16639442 13853362 19425522
1988 16882000 17008519 14214439 19786600
1989 17428000 17512772 14796691 20368852
1990 17890000 18164337 15378257 20950417
1991 18419000 18688205 15902124 21474285
1992 18949000 19258093 16472013 22044173
1993 19478000 19828668 17042588 22614749
1994 20007000 20398557 17612477 23184637
1995 20536000 20968445 18182365 23754526
1996 21124000 21538334 18752254 24324414
1997 22046000 22148748 19362668 24934829
1998 22702000 22988580 20202500 25774661
1999 23382000 23645703 20859622 26431783
2000 24086000 24319310 21533229 27105390
2001 24813000 25009402 22223322 27795483
2002 25565000 25715293 22929212 28501373
2003 26340000 26438355 23652275 29224436
2004 25139000 27177216 24391136 29963297
2005 24963000 26558803 23772723 29344884
2006 24810000 26644442 23858361 29430522
2007 25682000 26745878 23959798 29531959
2008 25895000 27551367 24765286 30337447
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2009 26664000 27904201 25118121 30690282
2010 32490000 28638941 25852860 31425021
2011 33338000 32847230 30061149 35633310
2012 34208000 33636233 30850152 36422313
2013 31000400 34440347 31654267 37226428
2014 36004548 32443642 29657562 35229722
2015 35212600 36087418 33301337 38873498
2016 36169123 35749974 32963894 38536054
2017 37139519 36613519 33827439 39399600
2018 38124182 37486594 34700513 40272674
2019 39127900 38369468 35583387 41155548
2020 38150174 39265430 36479350 42051511
2021 37190658 38800380 36014299 41586460
2022 42248900 38347837 35561757 41133917
2023 43324000 42028769 39242688 44814849
gkl A e yulaa 1(4) Jy2a
Model RMSE BIC
FARIMA 5.668291 33.657888
HNN 4.178965 31.378953
Hybrid 0.02123 28.550127

t ) sl 8 LS 5 el ol g el (gl 23 5ai¥) Jlaridy il &5 ¢ gadil
2028 45 2024 (e ) gheall (§)al A GlSud) 30 ) Al 55 a8 5(5) Jg2a

Year Hybrid Forecast
2024 43787896
2025 44565688
2026 45679031
2027 47459066
2028 50264432
~ Observed
£0000000] — Fit
For
ucL
50000000 LCL

40000000

30000000

Number

20000000

10000000+

% 3 8 B & -§ B P-oF- B 0 F R 8 8 8 3= Bl
1 35 7 911131517 1921 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51
Date
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The Integrated mixed model (ARIMA) is a popular model for forecasting
unstationary linear time series that combines the autoregressive (AR)
model and the moving average (MA) model by including the integral part
that changes the time series to make it stable. At the same time, prediction
with hidden artificial neural networks (HANNS) is an alternative to linear
methods. But often we encounter complex data, which means that there
are two or more main components in the data, a linear component and a
non-linear component, and these components can be interwoven together
so that the overall effect is a mixture of the two effects, with each
component having its own effect on the data. Also, we may find time
series observations in the real world that suffer from inaccuracy in their
measurements, and one of these phenomena is the population numbers in
Irag from 1978 to 2023, the majority of which depends on estimation and
no accurate measurements are available. In this research, a fuzzy hybrid
time series forecasting method (FHHAA) was proposed, a mixture of the
(FARIMA) model and the (HANNs) model, then forecasting the
population numbers in lIraq and comparing the proposed model with the
(FARIMA) model, the (HANNs) model, (HANNs) and the non-fuzzy
hybrid model using comparison criteria, Root Mean Square Error
(RMSE), Bayesian Akaike Information Criterion (BIC). It was concluded
that the proposed Fuzzy Hybrid Model (FHHAA) is better than the basic
models because it recorded the lowest criteria's. The estimated values of
population numbers were more consistent according to the (FHHAA)
model. The population numbers in Irag were predicted for the years
(2024-2028), and it was shows an increase in the population from the
year (2023) by approximately (6,940,432) people by the year (2028).
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