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Abstract

The research aims to build a suitable model for forecasting in the data of the Iraqi
economy based on the State Space Model (SSM) with the exponential smoothing
methodology. Therefore, two types of prediction methods were addressed, namely,
the traditional exponential smoothing methods and the exponential smoothing under
State Space Models, which laid its foundation (Hyndman, et al, 2002). The Time
Series Automatic Forecast algorithm, which was suggested by Hyndman &
Khandakar, 2008, was used as one of the useful statistical tools in forecasting.

On the practical side, the time series that represents the annual production index of
livestock in Iraq was used, and it includes meat and milk from all sources, and dairy
products such as cheese, eggs, honey, raw silk, wool and leather. And then the
comparison between the two methods in estimating efficiency using the two criteria
(AIC, BIC), and the comparison in the efficiency of predictive performance using
standards (RMSE, MAP, MAPE, MASE), within and outside the sample for the
method and the model using prediction accuracy measures. Where the time series was
broken up and then forecasted outside the training group that constituted 80% of the
observations and compared with the test group values. It was concluded that the
simple exponential smoothing model with multiplying errors ETS (M, N, N) was the
most efficient in estimating and the simple exponential smoothing method (N, N) was
the most efficient in performing the prediction. The two researchers recommended
that the Ministry of Agriculture and Irrigation should approve the results that were
reached in order to formulate a policy for livestock in Irag.

Keywords:Model (ETS), Method (N, N), Automatic Prediction, Estimation
Efficiency And Prediction PerFormance.
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= nlog2m + nlogé? + 2 Y, loglr(X_1)|
= cp tnlog X, &® + 2 XL loglr(Xe_,)|
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el ) 2limimis g0 ¥ snsdoil) o Sloil il paadiflGelids 69
| dadaslemm’ dgli) dyaaalaiil)



2020 Qe /3 a3 sl / osiandly swsloud) adatt /5 g Qo Aidt /A aluaiB N aglald At sl Ao
Iraqi Journal For Economic Sciences/ ISSN:1812-8742/https://doi.org/10.31272/1JES2020.65.3

labaall aae¥) YT @b b adee (X ) 5 (0) o ain ¥y (1) Lo i culiccy
DAl ey Lgle Jgeandl (S
L"(8,Xo) = nlog(XiL; &) + 2 Xi loglr(Xe_ )| -ovove (32)
Model Selection &3 g ybcisi. 9
Laaal ¢ cuiin ) Al ard o ULl Culiall zasal) 5Lasy Tolaas) delull dalll ¢
alatinly 3gall s Ly . Al FEY) Z3saill ladly 45 daa (e il AV 2 3sall) LD
- i) A gana b B3sasall willy Lgilies Auall )ld il Gl o 5 oY) giall by
Cun ) z3saill HaaY Glagledll julee alasiul (Ko asl (ETS) 2 3gaill 5,08l Uil (1
Aextiasa) Laia)l) bl oY) (( ETS) zilaill (e (6 aaml ¢ BIC 5 AIC uladll alatiad oK
B 1 sl e olonal) Caapes g
AC-L*(8,X,)+2m ... (33)
BIC = AIC + m(log(n) —2) ... (34)
: o))
Xo 50 00 ISzl 8 cladad) sae: m ¢ z3sall koY) G Jlais) 50 L7(8,X)
Xo 50 s ) ni: 0,Xg s«
Assessing Forecast ACCUIracCy 13uccll| dB) gl jmtilae 10
e 058 (93 Aga (e Al 8 lgalatinds dga e 5l ela) i) Ailas) uledl aa) o ¢
@72 2y el
Mean absolute error (MAE) : (slaall Uasl) Jacsgia . 1

H
1 ~
MAE = — E h—1|yT+h - yT+h/T| =mean(|e;]]). ... (35)
Mean squared error (MSE) : lUaill cilasye acigia .2

H
1 -~
MSE = Ezh_l(ym - yT+h/T)2 = mean(e;?). ... (36)

Root mean squared error( RMSE) adll Clasye Jagia H3a .3

H
RMSE = \/%zhl(YT+h — Vrenr)? = /mean(eiz) --------- (37)

: (Mean absolute percentage error) sl Uasl) il e aegia 4

100 H |J’T+h—37T+h/T|
MAPE = — E —————— =mean(|p;|) = ... (38)
H h=1 |yT+h|

: (Mean absolute percentage error) il Uasl) e ye bacegia .5
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MASE = mean(fqthy (39)

— €t
= T vl
cUball i) 3l e US G (AIC) lonall e 81 a3 z3sadl lad) S

Automatic Forecasting . Alatid can 11

padling . AUl gl 4. lsa (- Hyndman, Koehler, & Snyder, 2008) ¢sisbill a8

67 A, LS Lyl
G'J}qﬂ\ Gilalea (el ¢ ( ETS) ALl o3gl dlual) CJL&.\E\@\A}&:\.\E?:\:QS @A)MLE |
Al U< 8

CAIC jleall g 2 3laill Juadl sl .2
Al U clhaall (e dae <Y 23 Juadl aladials Ll el alay) 3
sl alatid 3k e ol il (st aladials W Jead) z3saill gall il e Jsanll 4
) 5 (o) 2) sl sl dlad &5 a5 { Vg1 5 - - 0 Ynaht bl Al Gl 3lSlas
,&Mjﬁ&@i&&d\ab@oﬁ(l—a/z
: (lmedallll G lowt 4
Gulally asalll Jadiy ghall 3 dulsaall 85 All (gind) ZWY) Hdige Jiad (Al dpiajll Al Jlasiad o
S Aludadleaglally Cagaally alad) yually dually aadly guad) Jie QLY Cilatiag ¢ aladll gaas 0
Saylie & g« (2016/ S 05lS) Llaly (1961 SE G51S) 5aall Ligin 530 Lia (56) (sa &
8 (R) el il 5. Aol V) agadll Gihky s cliagy (ETS ) gl o ol 56

P LSl o ail fuw SV Jaally . Al Culall s o
CUkY) YL (2016-1961) 32all (31l b 4 gaad) 59 A L) cilzaS (3) Jg2a

gl b)) &l i) il <l gl cilas]) & i) il
1961 92.94 1975 103.92 1989 188.82 2003 81.86
1962 93.42 1976 114.25 1990 167.5 2004 92.78
1963 93.00 1977 115.02 1991 67.65 2005 108.73
1964 92.73 1978 116.15 1992 75.17 2006 98.49
1965 90.12 1979 118.30 1993 86.35 2007 101.27
1966 92.32 1980 121.19 1994 87.48 2008 107.52
1967 94.84 1981 120.16 1995 77.99 2009 104.2
1968 98.52 1982 145.01 1996 76.85 2010 112.01
1969 101.86 1983 131.33 1997 86.56 2011 121.72
1970 106.69 1984 144.62 1998 89.41 2012 127.05
1971 106.97 1985 152.72 1999 98.35 2013 126.68
1972 107.98 1986 160.82 2000 113.67 2014 126.04
1973 106.78 1987 160.11 2001 124 2015 124.72
1974 105.51 1988 161.34 2002 129.47 2016 124,93

Uads ) Glial ehal &3 ey e Slad . (1) JSEIL mange WS Aludud) caalie puy o3 2
- all el Gailas ae Laa) seb SN Ll ¢ claaliall aplall ajgll laa)
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58I 45 (P=0.0646) Jlialy (BP = 3.4147) I Lisbse culS Zputinall HLaaY) sslian] 1as o)

128 S5 Lag «aiate Cplil) pulad (i Oly adal) dacasd Jod 2 1A ¢(0.05) Lsinall (gsinne daid (1o
hd¥) Jlie il lalid) awy DA e Baady Cus gpaia) Laall (3) JSall £ o)
(X axis) Juall Hoaall (530 PIA sl aliiia ye Jlgde ajsh dllia of (Residuals vs Fitted)

cUady) 4 gdic uj\ o 1
3 il cilaaliall dapanil) g Adlaial) ALK Als 2a (Q-Q Plot) Jias (3) Js&

Residusls

IStandardized residuald

_un
Residuals vs Fitted = Mormal Q-G
= _| SR @ — et BB O
[ _(;\__\e@‘f-_@)o OOC’:’%O P _E o T M
= 3 - o sovT D g =3
= e R
o T T T T T T T T
24 26 28 20 32 A 1 2
Fitted values Theoretical CQuantiles
o
Scale-Location = Residuals ws Leverage
™ B L5 ‘@ T )
o ] et = ] ﬁo‘{s ST o o
= o = = A A =
= | @
= ] = -—= ook's distance
= T T T T T = o T i T T T T T
24 26 28 30 32 5] a.oo 0.o4 0.05 a1z
Fitted values Leverage

¢ Y| Ll B3 plag 3L 2
ETS State Space models At el s Suw ddaidiziled 1.2
5 Aol Audad) Uiy Andatl SR ) ool 4l deastll &5 3 2 3saill o

ETS(M, 24l e (Simple exponential smoothing with multiplicative error)
d &Y Ayl Al 336G 63 ¢ NON)
Ve =4t1(1+¢)
‘gt = ’gt_l(l + 0.9156 St)
Aal) plads ETS(M,N,N) shall gigalll yulaa Jias (4) dssa
l, RMSE MAE MAPE MPE MASE AIC BIC
91.5996 17.1154 | 8.26631 8.460166 | -1.00291 | 0.97115 518.049 | 524.125

P ) S Llaay (Ala) Alilee iaiey Aaadlal) dlslee inie) okl gz sl ciligSe (bhas 5.2
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43 gaadl 3 9 A i) Abeadid sl Aslaa daia g Aradlal) Aalea Aaie sy Jias (4) JS&
Componants of ETS(M,.MN, N method

obsened

j

x
Pg
i

S

\J

Dkial selian) aladiuls ETS(M,N,N) z3saill ((lsall) UadV) dlides jlidly pand 23.3
gigaill elbdl (A8 Glali)l agag are o gaii Al adall duajd jlasY ¢ Ljung - Box )
ou( p-value = 0.1363 ) Jlasly(Q* = 18.547) . dusluse sliaal) dai culS Gam ¢ 3kl

S(df=8)nnsds
Al oDle (ETS) ok zasaill oy ddlgiie ol duls o)) ) uda elld Gl ( P>0.05) o5 Hlaig
GUSI zyaly (ACF) (313 Ll ) Alls e sl Alisbas aasy sy V1 ISy Al Al

ETS(M,N,N) zisaill 51 _Sil z jdall g S030 Jalsi ¥ Ad1a g B gad) Abeabead ALl ana ) Jiay (5) JSi
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3l ey ol UL inie any e (6) S5 (1) Galall 8 Lo e o508 (ETS)
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i) aial A5 s gan g sl daday salal) clilud) sk awy ey (6) JS4

Forecasts from ETS(M,N,N)
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T
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€
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1EIIBD 1EIISD EDIDD EDIED
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ALY clad calae K ETS(M, N, N) zga Jia .5
Ve = WX¢ + & daadl) dalas Observation(measurement) equation

Xe =FXi 1+ 9g& )l dalee - State(transition) equation
w=(1),F=(),9=a=0.9156

Xy = X¢—1(14+0.9156 &) ¥y =91.5996
Traditional Exponential Smoothing A datill w el G yka -2.2
zasall DBy Ealgal) 55 53 S Al 2D ((ES) o) apgaill 3503 o) -1
."Simple exponential smoothi "(N,N) zsalll ga ETS(M,N,N)
Y il e il il jubeag (NN) zasaill dupsial) dagall oy .2
Vranr = Le Forecast equation

£ =0.9999 y, + (1 —0.9999 )¥,_, Level equation

el ) 2limimis g0 ¥ snsroil o Sloil il paadilldelids 75
| dadaslemm’ dgli) dyaaalaiil)



2020 Qe /3 a3 sl / osiandly swsloud) adatt /5 g Qo Aidt /A aluaiB N aglald At sl Ao
Iraqi Journal For Economic Sciences/ ISSN:1812-8742/https://doi.org/10.31272/1JES2020.65.3

@& (NN )dall 73 gail) julea Sy (5) Jo
l, RMSE MAE MAPE MPE MASE AIC BIC
92.9144 17.0644 8.36010 8.57236 -0.95584 0.98217 549.163 555.239

wap JAY ¢ (Ljung — Box ) lad) selias] aladiuls (N,N) #3geill cUadV) Al jasd 5.3
3 JLEAY) sl Ao il Cum oz dsall sUadl (o &5 Clbli)) 35a5 pe e aB ) sl &
P>0.) s Dlaig . (df = 8) Lja day ( p-value = 0.1332) Jasls (Q* = 12.426) sl
33l Aludud) Jial 2Dl (ES) sl z3sadl ol Aladfia st sl dludus o) ) a3 la (05

:(ACF) 130 Tl ;¥ alls e o) e mimgy (V) IS5 4y
(N,N) zasaill o1 Sil g saall g A3 Tl 31 Ad1s a (B) gall Al sy Jiag (7) JS

Residuals from Simple exponential smoothing
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Forecasts from Simple exponential smoothing
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Laph o) cardly « (ETS ) zigatd cilaleal) oo cabian (N,N) dayhy colaed) clpais of Jaadl
O tgadll Gladas 3B 23 (ag 44V <L ( heuristic values) daliiuy) aall axai ((N,N)
O gl Cilalasg A0Y) eV (e US iy (ETS) z3sai asiy Lain . (MSE ) (pwad 3oyha
Juzdl (ETS) z3gai aladinly padil) i saga of Laad Jaadlg (ML) Jlaia¥) &l ceas Dla
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(ETS) gisais (N,N) a8k cilibl) i ) 3oliS 4 e il Jiay (6) J2a

Method/Measure AIC BIC RMSE MAE MAPE MASE
ETS(M,N,N)/Estimate 518.049 524.125 17.1154 8.26631 8.46016 0.97115
ES(N,N)/ Estimate 549.163 555.239 17.0644 8.36010 8.57236 | 0.98217

(N,N1d%y 3509 ETS1Z 3 908 5t olal Ayla0 3.2

2 Ay (%80) Jiais (45) ledaalia 2305 canyill desena ¢ Gficsena I Ariesl) Al d55a3

Andai gy QLEAYly oyl Jiegane Cilaalie Gt dag . B2alie (11) Lglaalie 2aeg HLEAY) dega
L Bl V) seall 3k G ETS zila e cull degans cilily ((4DW)

ETS State Space models : dfloutl ¢ bty w dbidalti Zoled 1.3.2
ETS(M\NN ) z3gaill 8 casyaill de gane il aDlall z3gaill o cililadl dnda zilis cipelil . 1

Al slady ETS(M,N N ) o8l zigaill julaa Jiay (7) Jo2a
I, a AlC BIC
91.3468 0.9225 414.8686 420.2885

cLjung — Box sl seleas! alasiuls ETS(M,N,N) z3saill cUad¥) Al jlad) 5 (and 5.2
ad culS kel zigalll ellad) o A3 Gl 35 pde e al U paall e jlasY
i +( df=7) L ds)n (p-value = 0.1984 ) Jlasl (Q* = 9.8301) (gslear HLadl) clasy)

ddadiie jee sl Al o) ) i b Gl (P>0.05) ol bl
ETS(M,N,N) zisaill 51l 7 stall g (ACF) g i) de ganal (B gl Aleads Jiay (9) JS&

Residuals from ETS(M,N.N)
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Gl e ganal guiil) daial 4B 3 gan g i) dada g8 alal) cilibudl Adade sy Jiay (10) JS&

Forecasts from ET SN D
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Residuals from Simple exponential smoothing
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LAY Ao ganeal puiil) dadial AR 3 gaa g el dada g daba) cilibdl dade sy Jiay (12) J8&

Forecasts from Simple exponential smoothing
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Method/Measure AIC BIC RMSE MAE MAPE MASE
ETS(M,N,N)/train | 414.8686 | 420.2885 | 18.88940 9.24226 9.58628 0.96785
ETS(M,N,N)/test - - | 13.67406 | 1.76901 9.76119 1.23244
SES/train | 441.4981 | 446.9181 | 18.83161 9.33724 9.70508 0.97779
SES/test - - 12.92575 1.40771 9.54093 1.19461
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Point Forecast Lo 80 Hi 80 Lo 95 Hi 95

2017 124.9221 105.5773  144.2667 95.3369  154.507
2018 124.9221 98.6063  151.2377 84.6757 165.168
2019 124.9221 93.0675 156.7765 76.2048 173.639
2020 124.9221 88.3044 1615396 68.9203 180.923
2021 124.9221 84.0444 165.7996 62.4052 187.438
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Point Forecast Lo 80 Hi 80 Lo 95 Hi 95

2017 12493 102.6596  147.2003 90.8704  158.989
2018 124.93 93.4365 156.4234 76.7650 173.095
2019 12493  86.3592 163.5007 65.9411 183.918
2020 12493  80.3927 169.4672 56.8161 193.043
2021 12493  75.1360 1747239 48.7767 201.083
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