14130 YoAA MJ—@\A\JM\—QJM\JM\:\S\M—‘FQ\)ﬁ\JMLM\M\

) é\,ué)mﬂ\ Jmalaa and 4 ) ekl culBdall A tdas 4
Aldae HAlae daaa /o PRI E NP ENR PRy
e )30 Ggal) S 5a = (2150 dualBY) Gigay agray Caly

"

14l

CYara Joaladd) @l e Gl o g olaa¥) o3 e Luld Je ja pemdll Jualae (<
G Jualadll il a5 ) Gaange Al s Bl (B & ey QS o 5 LSS G
ARl Ay sutl 5 Aali¥) e 5 i) ansy s daglads 8 ) ) (5340 Baclise 3 algd) Lo ool Aleal)
DAt Osel all Aplial el Bad e da (g ol 3ga s o Cus cJaalaall ol s i
Guiatl Gl il et A 5 geal) 8 ellginall claiall Jpay Jeudt ) alaill 5 claadl) 5 e leal
Ay ol Ll oY Ade dbiay jumdl) Jualadd sl dpaal Sa3s 13 el ) Al Cilaal
Y oS I Byl b OIS sedh e Jl Les 5ol ) Ay g cllend ) zlad S ey i)
e SV el sl Gl WD G Jolal sl Gad ey addl Al s D) ol e ey
colalalall & Aliaiall g Al Jealae LedSi A Dl ) ) Slallyy eUas ) 5 gl 5 il
3l hugie A SO Gl el jaddl dalue Mea) Ge ol padd Wealdly (daadl (ulalad)
PoVA 3 YAV il e iy Ao e %980 sad il Ll cpn (Y11= €)
M0 3 e el jumdl L pealdl 5 cduadl ¢ uallad) cablalall (ho JS%Y,00 %V, A€
suanl) ACEa

OSar g e gl (M el il (g b jeadll Jualae led 6 aadl el b AKE) Juws
Sl gl g Jas € dsmanall g saa g Las el g Al g siuall g Lag @ o Jlaudd
A e 53 sall laall) 5 L) (o JSI )yl Aagda Al 50 e &ty Las § Lgple quthal) (ilass )
sl (s dualadl
sduand) Caan

culalladl calalalall Jpalaad Algaia) 456l LSl Jland) Jilad dde dday il Caagy
Lbi gay oSar gin YOV SV OR) s DA sl Gae Jal sl Glsaldl y (Jaad
S gl ) Al ZEY) Gaee s A 5 el o 0h (A D aaa DA (e (S danal 5 A8 s
A el g ¢ paail)
&5 (e s Ad i) all aaai s b ) jEil sae o Copeall Gl g Sl 5 Sl s sall Jpanil) ¢l ja) —
sanal al gisdel ) uelse ns 4an ha i 5 e sall Qi) a8 -
&S e DA QAN o lewdl (Say 53 gaall ol g saad Jualaall Sl L) dagds Gl o -

Ad zoad (s sl paan
(ALPS) ise aladinly el olad) dilad (P (e Algaiad Jualadl il 5 gae e Caggl -
Al Jaa ey el 55,0 o oyl



IER R 282 Gow b yad) Jualas pand 4 md) nasl) clidall Auddad A 40
Jsmndl (€ o caign s Lyl Dl 5585 olad) aand DA (g Gy pedl L lDlal) dud a2 -
D) i Jf L 1Y) e callall LS pae e Cagigl ) ALY LY A adaad) a5yl
el Ay el A3 el DA e
Ll o Ll i oS e iyl Jualaal @l cp LKLY AR dagla 4 50 -
sl ilae
oo sodball 5 sdidl e 5 b sl Gl e el o adlaa] Gian a4 Gal) adicl
3,alll ) saad) (3 sud (280 Jleally Clasledll S ju s el )30 5 ) j50 (ool )30 LB 4, 38 5all 5 laY)
il g s gey Al i Lalad) a5 il 5 Grsad) (may ) ALY 6 sie e L
sAia) A%, )
Univariate Times Series 4e ) Judlll 73l o comgall Gl 6 ja) A ) aaic)
mw «Holt Winter Models M ¥l el zilai 8 aficie (Sl oladl] usj Models
Lans sall ALalSl S paidll cllawgiall ;AN otV z3la () e IS 8 Al Cyaall oladl
T e M\} TRAMO/SEATS plaaiis ARIMA 1 cacliad) o gl CJ}A.\]\( <) <SARIMA
jAj\AS} 3500 & yid gz jall (g sinall maat g 4y yend) LD danda AU jo (e \Laé Airline Model
(ALPS) ,aY) yi5e5 6 s bamall il aiyl
¢OLS Lalall s janall ey jall Coslad e dabiaall 4y peud) 5 40al) D) i b aaief Sl
A (4 Multivariate dsie ) Judiud) Jdail Black Box Model 2531 (5 sanall z3las ) dilayl
s sl 3 XS5 CARMAX z35a3 & Alididll s "The Equation Error models’ dlslad) Uai # 3l
e b Alady) 4y kil i) e AARMAX U z3 08 4 Airline Model z3sai zibiy
) iy J sl
daagdl sl g o padl) UaY)
«Univariate Time Series aia 3l Judidl z3lad J5¥) Al 73l (e oo 58 o Cand) adic
«Explanatory Models lle Glhy L § Multivariate Time Series dsic 31 Judiul zil S
s A i) Glisg) Jlas Y e Univariate 43l doddl e sains ) 23kl of cus
el o) cpal 8 el s UadY) ff cand paiall ad o ADLR) e adied LSl b jallall o gL
& 0S5 el 8 ey 5l o ) i) of Gl 58 e o 55 Multivariate ag il 3l of g
MM\U\M\UAJJS\}\;;\}A
: Univariate 4uia})) Judbud) Julas 4 gl
Juadl UL Jiay @ bl z35adl ) pmasl) s a3l Judlad) Jilad (e cirgd ()
) candl el il s s dgale ol ddbaa) el e Gl DA e oJi
e 3l dudlad) Qi) sl as s cale JS 53l Oy ) S
Gl calall olaty) ey V) Ll e ) ALuludl Jdas 1 e JS Geass 1St olad) —
cCaeliaa)) )’ 48 atiall cllasgiadl 48y~ A sdad il el G sall ol yaal) cdpans gl
Mgl (3 ylay cOLaleall af lial o V)" DED (7 g0 3al cdapad)’ o) dpgadl) A8k a s




VANV YoNA e — ad ) asal — (g pdial g paldl) alaall — el )50 sl A paall Alaa)

Jia g zasadll Jlial Je i Ml sl A Gulie Jo i lee cunad o adin o)
seasonal awsal) DA W) aead (HW)IBI2ID 1 Gl g s edaadl OS5 clld)
Uaddie g Aol Mo 5l migar et s Caagdl OIS Gliaadll ) (exponential smoothing
Charles C. " 3L Gl jelid Va0V Lo g oollaf sl aladl ae JalSiy of oS0y Q8
ma sl G jaiall Jaas il 45l i) Gl el Qlel b dessied) sl 455k o "Holt
P OPRLIWISPRTNES U RvSV N PRISY N FPY - WORIWES SN SN - g POV oV
LeS ¢ g sl —olai¥= s sl Janedl) Jule apgaill il alee &5 e (HW) 48y ks adixi s o5 AV
ausall baill dipa ey "ha A8k W dhewsdl adal HW zised gl dia o
b g 138 (MHW) Gieladdl assall Jaaill ey dgad e 33k g (AHW) ciloadl
pansall 30 O 1Y W cCaclioad) ansall zisalll Jimid CEg e sel Y Culh da sl
A fals HW 73500 zliad (S ¢ b)) oo sall 73 gaill Juadid Cligl) 5 0 pn lidg
Y, = la, + b,) = 5§, = &, — multiplicative method
V.=a, + b, + S, + £, — additive methed

LEVEL, TREND, SEASONALITY AND FORECAST FUNCTIONS OF HOLT
WINTER MODELS

Functions Holt Winter Methods
(MHW) (AHW)
Level [rzﬂi‘- 1= ai(leqg = bp_y) Le=ax (¥p=Sp_p) + (1 =a)(L;_q+ b,
Trend T.=f Lr_}_f-r—‘_"" 1-fiTes Te=Plle— Lyl + (1= BTy
Seasonality Se=Yp *(1-V)Stm S, = Y(¥e=L+ (1= 15m
Forecast Frog=(Le+KTt)Se. gom Feop=Li~kTi+ 5 im

oL puall) e sl Qb gadl S e aldil b aelid (s siall g sisal) vt Aaled) ¢ @
(0= @ = 1) dus dpia 3 AL A (noise
Sl il G B adsy oA ) gl il maa g (BladY) aga dales) 2 P
.(D=:§:;1)&:\; cQJ\ﬂ\)@_ﬁJ\j
U 4 3y 530 ) L) Y A3 oDl iy e pein iRl 2365 Adlad) 1 ¥
.(-D=::}'i:l )Q:\;c D pn ge
ks gl B ) RSl e a1 Sesten
" e ey "k "Aealdl) 5 el gl Aad a Fesx
E=1.m &us 50l 3 8 oo jui b camgall Jgba e i m

aﬂ‘“}‘j\} °\93\>“} L.,ﬁjz““"“j\ (f ‘—‘L’L’J\ ‘J"'G"“" d—‘s ¢ Ly by 5452 S :\:\lji}[\ (":‘5&\ ):QSJ L.)SA:'J
A Y Sl

“ Charles C. HOLT is Professor of Management Emeritus, at the Graduate School of Business, University of Texas at
Austin.



YA A 282 Gow b yad) Jualas pand 4 md) nasl) clidall Auddad A 40

Functions Winter's Three Parameter Exponential Smoothing Model
Multipticative Holt Winter(MHW) Additive Holt Winter(AHW)
Method Method
Level [ = Iry 1= ::_"n.-_.-__
Trend T = el TR :-‘ — or T, =0 T = Sl T ,-‘ — or T.=10
Seasonality 5.=Vi— Ly ¥ i=1..m 5. =¥/l v i=1l...m

Al 5l Jaalaad A1 ghaiall a5 bS5 el Ja giall by e (HW) z35a0 Gaakaiy s
(Gl V) Jisans sl gadll e il ol (Yo VY=Y 03 Y) 5l A gl (3 s JAa
aal (192 jaiall il il 313 JJasiy) - 3las x5 3 "Box and Jenkins g 3le " dusal) slad) -
s i Juadl Ul Sy @3 sl ) z3sall ) Jseash DA e (o Al 23l aal
Ll il e i 3 14V Lle George Box and Gwilym Jenkins jlallall Lgass
Aallal L g pe ) A8l Lol 5 8 A8 A 0 g il 5l LY ((ARIMA) 513 JelSiadl ¢l paiall
2 Airline model z3 g0 XS5 (SARIMA 73503 (o JS Gl &5 085 Agia 30 Judlad) Jidas 8
A e cacliaal) o sall 73 salll oy Aleall il 6 aladill) dailal) Eial) &Ml o
tel e uaall sla) ey (0,1,1)(0,1,1),
Seasonal ARIMA (SARIMA) 41— gall Alalsil) 45 jacial) cildac giall g A3 aa) 7 dlad (§
:model
Jalaa (8 sl U138 edayy daane duie 35 IS andi S ol Lol o Gansal) aya
Ciaa 313 il e ge 3sas o a5 S dua ge U 28l Cum ol ) el 8 3 Lol ,Y)
Aabid) dgie 3l < sl SIAN Ll )Y clelee DA (e Lgale o el (S cdah dpans sall o Alulud)
el m s JE L alad o) (S LS adls calall ol 5 dpan sall (e S Citanl 1Y) (S
Non-"ciildl &l il axe dsa s oo Al Gus 35S0 Lan gl A0 Ll V) e 5S35 el
e gall aat 38 ALl S sy 1A 'stationary
ulhugiay SARIMA(p,d,q)(P,D,Q); i {Z,t =12, .. ki ie) Alu maua 5 (e
: Ul sl e the Box—Jenkins’s model dagia s
¢ (B )e(B)(1—-B8)5(1—- B)?(Y, — u) = 0(B*)8(B)e, ~ SARIMA(p.d,q)(P,D, Q)

AR ¢(B)=1-¢@,B—@,B* == @,B? p Ad ) e sl G i<
Seasonal AR ®(B°)=1-&,8° - ®,B* — - — B P Aany)ll e dgasl)l &l yiS
MA é(B) =1—-6,8—6,8° — - —8_B" g 3 ) e agaall &) LI
Seasonal M4 ©(B°)=1-0,B° - 0,B% — - —0,B% Q A0 ) e dgasl) G IS
sl AR zisaiday: p el e ARzl dd,
(Arangall 3980 220 ) camngal) Jul<ill 1 p (Galad) 3y 8l dae) panngall e Jalill 2 g
gl MA Z300 40,1 g el e MA zleadigy: @
r s dl DA Adadl A 3l AL bl s B Y Ssbuii s amgall Jaail) ) ) S0l Agia ) 5yl 5



1444 Y VA MJ—@\A\JM\—QJM\JMW\M—‘.&U)S\JL&MLM\M\
il da) Y Jale ¢ B 4 el iyl
Allaie  Alise (55 (gl 02, VWN(0,0%) dua b a3 (white noise) slayl daall dlee a2 &
B(Z)=0¢0(Z) =0 o S J3a s ¢ 07 Cplis Zero daw siay oraha I pic S Leay 5 58 b
Bas gl B il Cgllasc)&cigoi nny
G JA1 4w A Jualaad Agaid) il el clild oedl lawgiadl el
(Bl ¥) Jsams i sall gadll o il el (Y Y=Y ) ) 5l DA sual
: TRAMO/SEATS alaiiuly ARIMA — cieliaal) o gall 3 galll (o
Time series Regression with ARIMA noise, Missing values and Outliers" and SEATS
Gobl I s a3 g0 298 G Y e sl ol Ailiad) ORI eyl Sllia
23 {TRAMO/SEATS,X-13ARIMA, X-12 ARIMA,X-11ARIMA z3sa e 4l dasiial
0o S Wold zeas Wary (MA 48l Slutsky J (s VATV Lgisnd &35 V4V Hle AR zilaiYule
J e V908 ale awsad Jiaxill G 85 sha Jl calSy A3l A ) Alude area & AR, MA
s b ) ad V) (X-0) dawoad Adas b sk 23 1900 ale 8y colaxill sasiall il ) e
VAAA ale 5 ¢(x-11) () oski & V40 ale g ¢(X-10:X-3) & o) paghati & 1A 5 i€
el 345k o Cua ARIMA &5k aodiids o(X-11ARIMA) 4 40l clas) 4 Gy
X-) daall asidl LY el b, dBlad) 3Said) clhugidl e 5 e sl
ale Victor Gémez and Agustin MaravallJé (« (TRAMO) (]6)@13 By 6‘;5 A5 ((12ARIMA
ale g A bl el o G dgale slaeY) (Ko ) ARIMA g3l Juadl aail 1996
Box-cuslal s jlme z3sai a5 Airline model z3se 2ty malisl Tays ¢ oanssall Jpaxilly Glas
1 al axs (0,1,1)(0,1,1) 45,0 e ARIMA— Caclias awse zise sa 5 Jenkins
exact " Al abie¥) Jlaa¥l 4k 38 el a6 TRAMO Jd ge byl las) 2y 73 sl
Al sanl ZUas Al il 135 ¢ outliers 4d i) adll maiayy 2l s " maximum likelihood
(Aadiinadl e 3y ) sallelanYI=Apans sall) Aa V) Ll oK ) Aladid) (las 5y @lld amy Y ol 3y jle S0
t A i) o ol i) 23 sail) A pliad (Sass ¢ SEATS DA o
(1-B)(1- B9, =(1+6,B)(1+0,B%)s. -+ ARIMA(0,1,1)(0,1,1); -+ Airline model
Jala Al ol Jualad Aol sl jlan) bl g el hawgiadl ez 3gaill Gaka
(3l ¥) Jisans em sl gadll e il ol (Yo V=Y 03 ¥) 5l DA gal) (3 s
: Multivariate 4da 3 Jedbadl Jalad :Gils
il 50 gl Multivariate i3l Judod Jilasy Black Box Model 25 (3 saiall &3 a 5
Aol JS Lo Qa5 i) dadl 52 (p ADLa)) G ) Qs (3 ka5 Aglany) oz 3Lal)
O Aaliall LdlaY) e glaall Hasind P e lad Gl 38 Gruats Al Cliall agd e o843 )
o la il Al L pe A Al Jay ) S (e Gl 3 sailly Adliaall Gy jpudl < il U
(01N i U 25 (3 saiall g Sl a3 e




14y, 282 Gow b yad) Jualas pand 4 md) nasl) clidall Auddad A 40

18 ey s psiall Aalal ¢ 5SS 53 23 503 Lgia s "The Output Error models'z) ,a¥) Uas oz 3l
sy Sl s 30n5 (i Al )l 28 il e W3A) L ) dag ) bl Jdss e 23 el
el 8 i aal) 38 o (gl gl gl

zis—ai e 5 ke a5 (ARMAX 3 sai lgie s "The Equation Error models’ alabeal) Uai 73l .o
Autoregressive Moving Average With "t jla CAae xae 48 jatal) cllan giall 3 JIA lassy)
o A L o 6l bl & gl Cana o (5 AT @ jiia aadiy Eus (Exogenous Input Model
ARIMA 35 ai gld il s Al ey bl ool puala iy 5 Oy Connd Lenale oy il
O\Sas LpaaY) (e " Transfer function'Jsssall aly alasiuly LAl ¢l jaaiad) Jadl o s O oS
L e e Ay Al 3a0aall & 3ladll Creadtind cdpans gall Jalaty Ciald Al Sl Hall e 202l o
G5 SARIMA e agllaial 73l JA (e o) e sl and sall e e due 55 ) i 3y i)
gans sall Qs die jlae¥) b elld 30 &5 a8 5 cAirline Model g3 s

: AU ”"Dummy Variable” de il & juaiall dalidal) juall ~liad oSays

Y. =a,+a,;D,. +a,D.. = -+ ay;;D,y. + B;,T. + &, —+ Seasonal shift model
Y.=B,+8,D,.T. + B,D.,.T, ++++ By;D4,.T. + &, Seasonal slope model
}’.:- = \{p + Ei: ) F{'].D'l:' + \'.-!:D:: + e ﬁiiﬂiir T 3151:-']'} + B:D:ET:- + v 5111911_.-?-_. + £,

= Full seasonal model

:@‘Uﬂ\ Qb8
Pl ) Jnalaal A glatial) Ay pgdd) cbast g jland) Judad gl oY f

Jiay A zisaill Y Jsaslls ¢ "Non-Stationary’ ) i) axe e &l Judldl  Slas
L il laSl s land) au gidd Seasonal Adjustedm)‘;u sall Jpaanll o) ja) 3 cJfiad Jazdl Ll
ol ((YOIV=Y 1 F)5 gl DA sl o Jala Al glaial) Wsaaldl s Joadl s Gulaladl y alalelall
((MHW)cacliad) s (AHW)ciliad) o sall sl bl 300 s 0 Ex-ante forecast e
dan gal) Zolelill A jatial) Gillasgiall g (SN Jaad) z3a A o« Box and Jenkins e
ilzlidl 215 (TRAMO/SEATS) wsluly ARIMA ) Cacliad) awsall z35all 5 ((SARIMA)
Al sl ()5S AE D Suas )5 "Accuracy Measures'38a) (aplie alaaiuly () @l o
il yay) f Wadll ols ha) 5 (('MAPE'dilhad L) ¢Uadl) das sie) Gpssall all il Uaall
('RMSE' 3 s:ll (5 jlnal

o A s Cpa il il 4 ST ey SARIMA bl o (V) Jsaadl il (e o
L ie ellyy calalalall el dualh %Y€Y ai ol "MAPE" dilladd Ll ¢UadV) lavsic Ll
_% Cua "Seasonal multiplicative'—acliasll 5 " Seasonal additive' badll e gall jiig a0 gy
adny i Ayt 30 Judld) iy of Y e 8 A ) can il e Legia JSE%YT,Y ¢ %YV,
s "Serial Correlation’ JLulull Lis ¥V 4 "Autocorrelation’ Juduidl ) siall Uadl i
O JURY) 13 Jas ) 385 CFirst differences’ 351 sl 3l o PCad sagd dalladll 5k ol
Gl Al e Jasn Jeadl 5 gabladl 5 alibahl) Jualaad @i ) SARIMA 3l 5 i) Ci )
Judbdl ) e 2S5 Les Caclimadl ansall zisall /5 LoVl g sime Ao ol AV daal (e
Lo el G Aals )i ade (e iled S Jaalad) Gl 4l



14Y ) YOVA srannd = a5l dsal) — g il g (el alaal — o) 30 LB 4 paal) Alaal)
U glaial) 4,08l clasl s Jland) Jolas 8 Lasdioiall 73l Adlaay) pulaal) gl (V)J 93
(Y Y=Yy r)E sl DA Al ) Jualaad

Measures RMSE Mean Absolute Percentage Error (MAPE)
Method MHW | AHVW | s4z2:44 | TRAMO MHW AHW SARIMA
Promarc 1.265 0.732 0.37 0.322 36.25 27.55 14.7
84.78 | 91.38 427 52.45 9.361 10.87 49
0.489 | 0.544 0.32 0.145 14.56 18.71 11.19
86.97 87.09 | 47.65 0.096 7.865 7.87 3.99
Pomion, 048 0.491 0.29 0.13 15.051 18.2 9.36
Qonion. 6991 93.17 42.1 57.9 6.03 8.35 3.7
PGBeans. 2.024 | 2492 1.55 0.28 30.64 35.13 18.9
@G Beans, 19.39 17.12 13 0.21 21.11 17.55 12.8
n n P - |
RMSE = \oI = = Yo = Ve MAPE = EZ Yoo 3t -‘!|
Y BeR t=1 B ir=1 ¥i
(k=p+d=q)s clalra) 23 k claliad s [ 7| Laal ols e | O
"aaS/Aia’ ablalal) fe A gliial) 4sagl). o | Qtomato, "aaS/Aia’ ablahall (e Jgldiad aud).a | Ptomato,
"aaS/Ada (ubilhad) cpe Aglaial) Apasl.a | QPOtatO: | aas/Aia’ ubalad) e Jgldial saud).a | Protato,
"aasS/Ada duad) ¢pe Aglaia) dsasl).a | Qonion, aaS/Agia’Gad) (e Jglaial jaudl.a | Ponion,
aaS/Ayia’ L gualdl) (e A g)uial) Apasl).o | QOBeans, " aas/Agia'll gualil) (e Jglaia) jaadl.p | PGBeans,

Sl qglad B Calias ) gz el (e 4 lEall Out-of-Sample 434 (uglia aadind ;40 sale
cgalally (¥ Y o)) dolaa (e G )

Glag pe bassie Hia jleal ded J TRAMO/SEATS sl a2 AY) sl e
D ahallad) 40 (Gudaladl e calaladall e bl Jhal day SY) geb Jallyy " RMSE'Uadll
P o diadl 4aS 5 ahlahall 4aS (5 purtie i Jiady Lt (L) paldll 0aS 5 (Ll ualdll pps (Jicad)
. SARIMA 5 5o

¢ cublad) ¢ alalal) Jualaal Aglaial) 4 gl clpasly Jland) Julas il mua s b Ledy
HY VY DY Y) B DA el (§gm JAI3 An Ul L gualdl) g Juadd)

tphaladal) Jgana—

5l YA suall (3 s Jaa A Ul alalalall ) geanal A glaiall 4y peill uleall Sl A
zisa Oy daaSll Gl VIV, A saiy canSfagia ),V &y el aledl Jasgia) o gl (Y2 )V=Y 0 Y)
ablekll 43S Jiial SARIMA z3sai Jundy Laiy « lans) Jisail 48y j€1 52y TRAMO/SEATS
(Y ¢)) G e ey WS

iy (Y) dsas 2l e Gai (Multiplicative 48,k aladiuly Hleul) dian ge Gl o
¢ 2580 v bl ¢ sle e i) sed e IS amssall Qi (o (O alaleall ) gemnal il 5yl
el i Lee ) Gl et ases Gsb esiST el OIS ol calall Lasiddl e 2 (Lsedss
5l (DA (3 sudly 3l il Jgeanall o Cun g1 Gl DA aadl (3 gaad alalalall (1 53 ) 5l il
sooall Qb Gl (Lobe B s J0 e g L5) Sea) uall 5] A sy sdbey Jad
DAY e bl DA G gl an) il Jgemnall Fally W 650l 5 aiieall dia oy J peanal) b il



YaYY 288) Bow b il Jualas phand 4y ) Al cBall Ldilas dud
S olad) Judail - sBal) 73 salll zilily "abnormally "dmghal & jlanl) <l 38 e RESH " ALPS' jdise ikl <l ghi LY (g
(Yo AV=Y 1 ¥) 5 il DA el (5o Jal dad all Jualaal A glaiall cilasl) § jlandl o gdd) Ja gial)
(A 5Y) 5 shadll) tdu g o) Jualaall 4 pedd) Jland) bl slady) Judadl - Bl 73 gall)

P BIY;, = ag+ ayDy + azDy + -+ gy Dyge + ByT + (1 + 04 Bley —+ Vo= g ¥y, = (g + ) Vo = (wg + @) ¥y = (ag = ayy) step 1

ALPS = TP gten 2

Model: ARMAX, using observations 2013:01-2017:12 (T = 60),Estimated using (exact ML) Jalail 7 el 73 gaill il

olay

(1-0398) ¥, = (1+0 45B)¢,+0039T,+0,32D,,~0 29D;, =0 55D;,+ 122D, +0 72Dy, =0.22Dy, + 0 18D-,+ 0.698D,, = 0 88D;, =1 23Dy, + 0 62Dy, = 0.024

{211y .." 277 @220~ (120 (08 Q4 3 L= 1.8 0.3) 0.46 (1.77)" (235" (3.3™ (257" (0.086)
AR(L)  depvar MATL Trend, ::.=:|:r.'."== Daz

mean ¥, = 1.79 Akaike criterion = 115.2, Schwarz criterion = 148. 7. Hannan — Quinn = 128.3

0; =0.485.D, =104 MAPE=22.2 Theil sU=0.761 -+ allaal jafl)alia

(1-0848 ¥, = (1+-007B),+001T,— 035D, —p 50D, —0.19D;, —0.28D,, = 0 5505, ~ 0 25D, +0.350-, = 0.49D5, = 0 6705, +0 56Dy, = 0.39D,,, = 199

Z{weyrT (045} (0.56y (-2.1) 2.3)°* (-0.79) (-1.07) (-2.0)"(=02°1) (1.28) (A9 28y (2777 &7y (39
AR(D) depver MATL Twr_ LI L

mean¥,;= 2.3 Akaike criterion = 68.9. Schwarz criterion= 102, 5. Hannan — Quinn = 82.0,

T

0; =0.325.5.D; = 0.81. MAPE = 10.5. Theil s U=0.776 - _-lal ja.{2)2lls

1-0.838 ¥, :'1-. 0 668),+003T,-0.0270,, —0.080, — 004D, --ﬂ .:4.0. =1.18D0; -105D~-u-aaa-.-1 04Dy, —0.92D;,,— 0 95,_-.*'3::.0, 2.02

ey (3.390™* (1. 53 (=0.17) (=0.31) (=0.13) (=1.8) (=3.3)"" (=2.8)7" (=28 (=317 (=3.0)™" (=3.1)7" (=3.6)"" (3.1~
TARIL ddpvar NAlL Treng; E:l:,,-,-.-.: D
mean ¥,; = 2.13 Akaike criterion = 59. 5, Schwarz criterion= 93. 1. Hannan — Quinn = 72.7,

0; =0.295.D, =103 MAPE=11.3 TheilsU=0.918 - ) ja.(3)ilis

'I—D_ELTE_ ¥, :'tl-‘_ﬂ 4B, +0 1T=‘-:4D,,‘-.‘rﬁﬂ '-4 49D;, = 104D, + 0580, ‘-U?D L =4 130--‘9669 ‘-? -IID;-'-IJEED,;.,‘UDU#D,,,—G ¥
Z  (1.04) (2.2 (4.3)"(2.5)" (4.6 (3. 6)* (0.82) (0.46) (0.71) (3.3~ (7.6 G99 (1.6) 0.01) (-0.8
TAR(D  depver MALL Trenz, Ti_E I

—m =1 .-.-—-—- =iat

mean ¥, =54 Akaike criterion = 266. 6 Schwarz criterion= 300, 2, Hannan — Quinn = 279.8,

o;:=175D; =4.05 MAPE = 26.9 TheilsU=0.599 - Upad aofd)jali..

ald dae) :laal)




YAYY YA e — ol dsal — g el g cpalil) Alaall = o) 3 SLaBW 4 yaall Alaal
Al Glasy Joanal) Led iyl 5 alia) ddall clel )3 ml sed by Sy gl
s aledl Jlae e 35l o G ) e a3 Y allalall o e pe N ey Laiedl 5 5 ol Gyl
pic ¢ yan b abladall 5 5 del ) 4a) g ) il gmaall 5 JSLED aal e 4 V] gl 5 il aaal
OsSiy die oo i Al Aasdidl gl Aed ) 5 all cila o deat O gl sl asa g
S s A e ) soakidl Laaal cle) 530 A el s il Jsanad) ooy (uSany g2l 5 Ll
Sl A s o g yall Jals o WS o(LasiST Bl ) acias 53V o5 5) il f (sl LAl
23 Y Auald el L ablakall of ) Ayl 1 il ) daadl) ciled )30 e (gl YL Ay
Lo oaa ) Aimdsiall A 5an) (g pal ks cp sl ol J8 e Ll pes Juady das alaall Aay ju Al
phlaball (jsana 3)pa (& Lgmpal ey ahladall (5 3a5 (e BalEY) Sy & ey cJaill Jead Gl
Dlae o sy s Sl gy s 5edY) @l DA alladall e gl G aad) aud S )
el ) sed
Ssas o o(Ydsas s YJSE) (TRAMO/SEATS) alasinly ablehll Jseanad dpa sall dilaiiy
il gia 5 Ak adl) @l Jlain) PR e lemana 51315 8 e o Daamsall @yl of 5 3 ykite ad
o el s sl Jalall gl dass sl (e Liad sl 85 il 5 olad¥) (e paliill Aludud) dea
bl T il e 35S el el cdid 0e IS O seld e

F e ARIMA(1,1,2)x(2,1,1)12 with constant A
REEE PTOMATO_SA by TRAMO A 4-.X
< I
A Actual ptomato B 2

i

% (2017-2013)5 Al J3& Saganliy dadll ) sonli (3 pmn S0 b g A giiiall allalali ApaS Jamu gBa .2 US4
T T P PP ARIMA(1,0,0)x(2,1,2)12
f'-‘_g --------- QTOMATO_SA by TRAMO
- ) ;-'i’ CNPE A A Actual gtomato A
A Ak, Al Re¥ s
y A

Y s A




Vav¢ 282 Gow b yad) Jualas pand 4 md) nasl) clidall Auddad A 40

160 T (2017 s2awws -2013 i) fil PUA abilahall gl oo sall Jalad) 3 JSi

140

= R R

100 | IPRERERP Y | i m_ NI ct H n_h_ ol H ﬂnﬂ n H Hn,ﬂ
o) RN L RN OO AL “H““ I UH

‘?‘ Lo % - LT - . LR LER ) - . ]

,3; gt* ALPS) jdigal s gaell (§oen abladall e Julad .4 (G
1

! (2017 jsawws —2013 Luli)s il J9a

Sl PLA js—all §g—m JAla A glaial) 4 i) clasl g jlaad) Ja gie iy s AeVh daldl dae) ¢ aall
.(Y.W—Y.H‘)

(YoOV =Y aar)s il DA jsad §aw JAN3 ablaal) J ganal A glaiall 4 0al jlaad) Judas ¥ J5aa

s gadgl g g bedl gy osie sl B gule aod
139 200 258 219 198 143 142 188 235 1.63 134 133 i) sl .
65.1 1043 153.5 1104 1083 813 762 1065 1303 96.6 832 843 () ausa Jou

674 995 1271 940 1099 856 887 1122 1391 972 87.6 892 (V) uxighbaugd

The Alert for Price Spikes (ALPS) Indicator

-0.10 [042 [13177-0.85 -0.15 0.06 {135 [0.29 |-033 -0.10 0.17 2013
058 |-0.73 [0.85 |-0.46 -0.87 -0.46 [0.73 [-0.02 -1.16 [0.60 ] 0.02 0.19 2014
20.06 -1.10 021 [2.72 |-1.23 006 -1.79]0.89 [0.35 |-1.06 0.17 -0.58 2015
025 0.19 -1.60 -2.47 133 0.0 -0.44 -037 -1.31 -1.77 -0.44 -0.79 2016
-0.54 148 | -0.81 [1.04 [0.89 023 0.5 -0.79 [245 [ 231 | 0.12 [0.67 2017

1- Seasonal Indices for Seasonal decomposition method: Multiplicative.
2- Geomean (seasonal factor) for PREADJUSTED WITH TRAMO.
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1- Seasonal Indices for Seasonal decomposition method: Multiplicative.
2- Geomean (seasonal factor) for PREADJUSTED WITH TRAMO.
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1- Seasonal Indices for Seasonal decomposition method: Multiplicative.
2- Geomean (seasonal factor) for PREADJUSTED WITH TRAMO.
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1- Seasonal Indices for Seasonal decomposition method: Multiplicative.
2- Geomean (seasonal factor) for PREADJUSTED WITH TRAMO.
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Ptomate. = 5.18 — 0.005Qtomato. = linear OLS
4.15)" (=2.73)" - R*=0.11 , F, 0. = 7 4500.00] 170.61172.3 1 174.8

nPtomate. = 13.0 — 1.92[nQtomato, — log OLS 2097 | 826 | 852
t (3430 (=3.31) = r=0.16 , Fpp = 10.97[0.00] [~ 75, = —0.52¢} ) ) )
nPromaro. = 12,2 + 0.73nFromare._, — 1.84InJromato. —+ log OLS
t (5.19)"" 9.71) " (=5.1) 23.1 | 256 | 294
R=0.68 ,R=0.67 , F..... =60.500.00] .75 =—3:3]

Ftomato, = 4.9 + 0,69 Ptomato._, — 0.004Q0tomate. + 0.353u._, + v, — linear ARMAX

110.7 | 114.8 | 121.2

z [B.22] [6.25]*" [—4.46]" [2.48]"
inPtomate. = 12.4 + 0.71inPromate,_, — 1.B2InQromato, + 0.28u,_. + vy = log ARMAY
z [5.82]* [6.20]** [-5.63]""" [1.86]" {npE. = —0348] 25.5 | 296 36

Ptomato, = 495+ 0.92Ptomato,_, — 0.004Qtomate, + 0.10v,._. +v,

z [5.82]  [14.147" [—4.86]"""  [0.66] ARMAX after 67.8 | 71.9 | 783
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Qporare. = 1022.6 — 45.86Pporato, = linear QLS
t (27.7)=  (-3.25)"" — R*=4,15 , F,pni = 10.56[0.00]
InQpotate, = 6.89—0.113InPpotate, — logOLS

t (222.3 (=313 r™=0.14 , Fsrmr:*;.:gjn.uuj
InQpotato, = 5.97 + 0.13Qpotate, _, — 0.10InPpotate. — log OLS

t (6.2)* (0.96) (=2.56)" R? 0 16 , 8=0.13 , F,, ;. = 15.5(0.00]

Qrotato, = 1032.3 - 0,063 Qpotato, _, —32.75Ppotato, + 0.30u,_. + v, = linear ARMAX

716 | 717.8 | 720.3

101.7 | 100 | 975

-98.3 | -95.8 | -92.0

) 719.2 | 723.3 | 729.7
z [24.2]**  [-0.22] :—3.0;_--- [1.19]

inQpotato, = 6.90 — 0.053InQpotato, _; — 0.12InPpotato, + 0.2%u,_, + Uy — Lz ARMAY
z [191.9]'*  [-0.18] [-2.87]"  [113]
Qpotato, = 1009 + 0.84Qpotate._, —41.14Ppotate, — 0.5%,_. + v,

-98.7 | -94.6 | -88.3

622.8 | 626.9 | 633.3

[26.9]*" 4.05]" [—2.9<] [2.11] " ammasatree taimrman
Qm“m = 875.6 — 47.57 Ponion. = linear OLE
t (42.3)™ (=49 - R*=0.295 , F,; .. = 24.3[0.00]
InQonion, = 6.86 — 0.13InPonion, —+ log OLS
t (308.9)* (—4.69)* - R=0.27 , Fopueic = 21.900.00]
inQonion, = 2.58 + 0, 55‘5'9"-“”‘-:-; - 0.09[nPonion. - log OLS
t (5.39)  (2.68)"" (-2.86)" r=0.36, R=0.33,
Forpeie = 15.5[0.00]
Qonion, = 977.6 + 0.326Qonion, _, — 47.37Ponion, + 0.005v,_, + v, — linear ARMAY
z [32.28]"" [1.22] [—3.79]** [0.013)
inQonion, = 6.86+ 0.37InQonion,_. — 0.14InPonion, + 0.003y, + Iog ARMAT = =
Z _--C'_' ' [1.46] [—, 53 00111175 | 1134
Qonion, = 949.1 - 0.94Qonion,._. — 34.25Ponion, + 0.8dv,._. + v,
s [71.0]* [—14.4]" [-5.95]"" [9.36]™" ammsunater sameraan:
QGBeans, = 93.5 — 2.72PGBeans; — linear OLS
t (21.3)™ (—4.2)" — R=0.23, F,,0e;c = 17.4[0.00]
InQGBeans, = 4.76 — 0.295InPGBeans, — log OLS
t (56.5)" (=5.63) —r=0.35 , F.,0pi- = 31.6[0.00]
“Q{.-‘"u.".ﬂi = 3.59 = 0.25QCzeans, _, — 0.24InPGBeans, —log OLS
t (B.64)" (2.18)" i—-Z..-"é,'"' —0 40 ,, £=0.38, 3.627 | 6.06 | 9.86

rbafad

[

693.7 | 6953 | 697.9

1144 | 112.8 | 110.2

1168 | 1144 | 110.6

692.8 | 696.9 | 703.3

-107

626.6 | 630.7 | 637

533.3 | 534.9 | 537.5

549 | 713 | 9.68

@GBeans, = 96.6 + 0.379QC2eans,_, — 3.267 PC2eans, + 0.30%u,_, +
z [16.68]"" [2.09]* [—4.29] [1.81]" S13.4 | 517515239

MQG2ean: = 4.87 = 0.36In002eane_ — 0.369[nPGReans, = 0.40u,_, = U, — o smny - -
Z [46.87]"" [l 121 [=6.1]" 1.56]"| 17.88 | 13.78

QGBeans, = 91.3+ 0. ?59{:-’" _____ ey — 2.14PGBeans, — 0.27v,_, + v,
z__ [1051]*  [4.29]" (C158]  [~0.94] ssusssmenimmnn: | 11001 | 4772|4836
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el felaleal Model parameters Gogg‘llgsstsicosf fit Best Method
4 B ¥ RMSE MAPE
Ptomato, [(1)888] [00.6)814] [(_)00?85] 1.265 36.25 | Seasonal multiplicative
Oromato, | 00001 | [0001] | 0001 | 9138 | 1087 | Seasonal additive
protato. | [0.0s8] | [006] | [452) | 05 | 1871 |  Seasonal additive
Qpotato. [0%0010] [00.6)010] [8(6)83] 86.97 7.865 | Seasonal multiplicative
Ponion, [01.600001 [8%3] [‘8-995436] 0.491 182 Seasonal additive
Qonion, [0%0010] [09§070] [8:3831 6991 | 6.03 | Seasonal multiplicative
PGBeans, [8(1);‘;] [8(1)82] [83%] 2.024 30.64 | Seasonal multiplicative
QGBeans, [8(3)3% [096)014] [83%] 17.12 17.55 Seasonal additive
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Analytical Study Of Quantitative Price Relationships
For Some Vegetable Crops In EI-Obour Wholesale Market

Mona H. G. Ali Mohamed A. Attala

Agricultural Economics Research Institute - Agriculture Research Center

Summary
The research aims to analyze the price fluctuations and monthly quantities of
omatoes, potatoes, onion, and Green Beans using average month data by Obour Market

Executive Authority in Cairo during (2013-2017), to answer some of the questions: To

what range can prices fluctuate and what are the critical levels? What is the

availability of the crop? Does rising prices cause demand to shrink ? by applying

Univariate Time Series such as "Holt Winter, SARIMA, and Airline Model", as well as

analysis of price quantity relations by applying Black Box Models "The Equation Error

models" such as ARMAX for represent Multivariate Time Series, also the ALPS(Alert
for Price Spikes) thresholds describing the market situation either as normal, stress,
alert, or crisis. the results show that:

- Applied seasonal adjustment for tomato price, potato price, potato quantity, onion
price, beans price by The TRAMO / SEATS method, While tomato quantity and
onion quantity by the SARIMA model, according to the lowest value of RMSE.

- The results of the seasonal analysis of Holt Winter, TRAMO / SEATS, and ALPS
suggest that:

* There was a sharp rise in the prices of tomatoes during (April, May, August,
September and October), potato prices during (July to December), Onion prices
(from November to April of the following year), and bean prices during (February,
March, July, August and September). The ALPS also showed crisis in some months
that may be consistent or not with seasonal trends.

* The critical level of prices is between (0.83 : 2.8 LE/kg) for tomatoes, between (1.7 :
3.0 LE/kg) for potatoes, between (1.6 : 2.75 LE/kg) for onions, (2.0 : 8.8 LE/kg) for
green beans due to the high value of & (1.7 LE/kg) compared to the crops of
tomatoes, potatoes and onions, which is 0.5, 0.33, 0.29 LE/kg each, respectively.

- The relationship between the quantity of each commodity and the most important

variables affecting it, the behavior of the same variable in the past, as well as the
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price of the same crop for tomato, potato, onion and green bean crops according to

Log ARMAX, showed a positive relationship between the quantity variable in the
current period & the same variable with one delay period, There is negative
relationship between quantity & price, and therefore they are low-elastic goods,
which confirms that Can not consumer Dispense with them, and therefore does not
occur a large contraction in demand by increasing prices.

- The relationship between the quantities of these crops, the prices, the seasonality and
the time, shows negative relationship between the quantity traded and the price of
each crop. There is also an integrative relationship between tomatoes & potatoes,

and between tomatoes & beans, while competition between potatoes and green beans.

Recommendations:

1. Benefiting from the results of the seasonality analysis of the study crops to draw plans
and policies that increase the efficiency of utilization of the quantities produced from
those crops During the months of the year, through:

A- Attention to the agricultural manufacturing sector, especially for fast-growing
crops so that it can benefit from their availability in times of peak production in
order to avoid crises and work to balance their prices throughout the year.

B- Drawing up an appropriate export policy to benefit from directing part of the
production during the crop seasons Thus benefiting from foreign exchange
earnings.

2. Necessity benefit from estimated derivatives (elasticity) in draw production,

marketing and pricing policy for those crops.

Keywords: Holt Winter, TRAMO/SEATS, SARIMA, ARMAX, Alert for Price Spikes (ALPS).



