Cvicenie 1: ARMA modely

:: Odhadnutie a testovanie modelu ::

e Dita:
o Zdroj dat: http//www.lboro.ac.uk/departments/ec/cup/data.html (data k uéebnici Mills, Markellos: The Econometric
Modelling of Financial Time Series. Cambridge University Press, 2008.)
Stvrtroéné data, 1952Q1 - 2005Q4
Premenné:
= Kratkodoba urokova miera: RSQ (91 day Treasury Bill rate)
= Dlhodoba trokova miera: R20Q (Yield on 20 Year UK Gilts) Na uvedenej stranke ucebnice si ich mozete
stiahnut’ v txt formate.
o Workfile s datami: [spread.wfl |
Budeme modelovat’ premennu spread - rozdiel dlhodobej a kratkodobej trokovej miery

o

o

o

¢ Priprava dat:
o Vytvorime premennu spread:

%5 Eviews
File Edit ©bject “ew Proc Quick OCpHons Window Help
series spread=r20-rs

B Workfile: SPREAD - (h:Acrieviews\spread.wf1) |:||EHZ|

Wiew [ﬁ]@bject Print |Save | Details+/~ | [Show ||Fetch ||Store |Delete ||Genr

Fange: 185231 200804 - 216 ohs Display Filter: *
Sample: 195201 200504 - 216 obs

[Elc

BA r20
BA resid
BArs

a zobrazime si jej pricbeh:

B Series: SPREAD Workfile: RS::spread\ E||E”Z|

Yiew |Proc |Object |[Properties | [Print [Mame ||Freeze | [Sample |Genr ||[Sheet ||Graph | Stats

SPREAD




¢ Qdhad autokorela¢nej a parcidlnej autokorela¢nej funkcie
o Zobrazime premenni (dvojkliknitim na jej ndzov vo workfile). Klikneme na View - Correlogram

B8 Series: SPREAD Workfile: RS::spread\

F'rn:u: Ohject |Properties | [Print [Name |Freeze iDefauIt

SpreadSheet SPREAD
Graph. | | |

ted: 08/14/09 - 13:02 . A
Descriptive Statistics & Tests  *» 1 200504 4 spread=r20-rs =

One-yWay Tabulation...

Correlogram...
nit oot Test. .
BOS Independence Test..

Label

IH0alta [0 foaa)

a potvrdime, Zze chceme korelacie tejto premennej (nie diferencii):

Correlogram Specification 8|

Correlogram of

() 13t difference
() 2nd difference
Lags to include

o Dostaneme vystup, ktory obsahuje autokorela¢nu a parcialnu autokorelaéni finkciu:



BH Series: SPREAD

=X

Workfile: SPREAD: :spread\

Yiew [|Proc [|Object |Properties | (Print [Mame ||Freeze | [Sample ||Genr |Sheet |Graph ||Stats
Correlogram of SPREAD
Diate: 08/14/09 Time: 13:08 23
Sample: 195201 200504
Included observations: 216
Autocorrelation Fartial Correlation AC PAC (O-Stat Prob
[ E— T/ 1 0914 0814 18282 0.000
[ E— ! 2 0790 -0.270 32017 0D.00O
[ E— ] 3 0A71 0007 41875 0000
[ — il 4 04577 0070 49378 0.000
[ (g & 0493 -0.084 54783 0.000
[ N B 0413 -0026 58618 0.000
[ g 7 0336 -0033 R1164 0000
I il g 0282 0086 B2960 0.000
(| N 8 0240 -0.017 B4272 0.000
o 1A 10 0227 0128 65446 0.000
| L] 11 0221 -0010 68567 0.000 T

o Pozrime sa blizSie, Co vSetko tento vystup obsahuje:

BE Series: SPREAD

Workfile: SPREAD::spread\

Yiew || Proc [|[Object ||Properties | [Print [|Mame ||Freeze | [Sample |[Genr || Sheet [|Graph [ﬂ

Correlogram of SPREAD

Date: 08/14/08 Time: 13:06

Sample; 1895201 200504

Included observations: 216
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Q-Statistika
a prislusna

P hodnota

¢ Vyber modelu:

o Pozrieme sa na pricbeh ACF a PACF:



B Series: SPREAD Workfile: SPREAD: :spread\

Yiew [|Proc || Object |Properties | [Print |Marme ||Fresze Sampleﬁ

| Correlogram of SPREAD

Date: 08/14/09 Time: 13:06
Sample: 195201 20050C4
Included observations: 216
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ACF rychlo klesa

o Porovname ich so znamym priebehom teoretickej ACF a PACF procesov. Na zaklade toho sa rozhodneme pre AR(2)
model.

o Moz sa stat’, 7 takyto jednoznatny zaver nebudeme vediet’ spravit. Mdzeme potom vyskusat’ nickol’ko modelov. Co
sitreba na odhadnutom modeli v§imat’, ako zistit’, ¢i je model vyhovujuci - tomu sa budeme venovat’ o chvil'u.

¢ Odhadnutie modelu v EViews:
oV menu klikneme na Quick - Estimate Equation.

o Zapeme modelovani premennt, konstantu, AR ¢leny (ar(1), ar(2), ... ar(p)) a MA ¢leny (ma(1), ma(2), ... ma(q)). V
tomto pripade odhadujeme AR(2) model, zapiSeme teda:

Equation Estimation

‘Specification | Options

Equation specification

Dependent varisble followed by list of regressars including ARMA
and POL terms, OR an explicit equation like Y=c{1+c(2)* X,

|spread|dr (1) ar(2)]

|
|
konstanta AR cleny  MA cleny v modeli nie si
modelovana premenna

|

Estimation settings

Method: !LS - Least Sguares (MLS and ARMA) b

Sarnple:| 195201 200504




o Vystup, ktory dostaneme:

B Fquation: EQD1 Workfile: SPREAD::spread\ E|@S‘
[View ][F'n:lc ][Ohject] [Print][Na me ][Freeze ] [Estimabe ][Furecast][StatS ][Resids ]

Dependent Wariable: SPREAD

Method: Least Squares

Date: 08/14/08 Time: 13:10

Sample (adjusted): 195203 200504
Included observations: 214 after adjustments
Convergence achieved after 3 iterations

Coefficient Std. Errar t-Statistic Frob.

& 0961125 0442747 2170820 00311
AR 1182326 0065794 17 87027 00000
AR -0.288833 0065714  -4.385208 0.0000
R-zquared 0.824058  Mean dependent var 1.012180
Adjusted R-squared 0852675 5.0 dependent war 1.795553
5.E. of regression 0683185  Akaike info criterion 2107304
Sum squared resid 100.2198  Schwarz criterion 2.154491
Log likelihood -22248168 Hannan-Ciuinn criter. 2126372
F-statistic B17.3939  Durhin-Watson stat 1.890773
FProb{F-statistic) 0.000000
Inverted AR Roots 24 24

® QOverenie podmienok stacionarity a invertovatel’nosti:
o Zopakujme si, ¢o budeme overovat’:
= Podmienka staconarity - pre AR modely a pre ARMA modely (vychadza z AR ¢asti modelu).
= Podmienka nvertovatel'nosti - pre MA modely a pre ARMA modely (vychadza z MA ¢asti modelu)
= Obe podmienky overujeme pomocou prislusného polynomu - prevratené hodnoty koreiiov musia byt® vniitri
jednotkového kruhu.

o V tomto pripade mame AR proces, overyjeme teda iba podmienku stacionarity. Korene su priamo v okne s

odhadnutym modelom:
DU =sudrel resm | R i 2TEAr L LTILET U Ao109E |
Log likelihood -22724816  Hannan-Cuinn criter. 212637
F-statistic 51753939  Dwrbhin-VWWatson stat 1980773
FProb{F-statistic) 0.00o0ao
Inverted AR Foots B4 24

Vidime, Ze ich absolitna hodnota je mensia ako 1, a teda podmienka stacionarity je splnena.

o Ak vyjdu komplexné korene, je praktické pozriet’ si priamo ich absolitne hodnoty (namiesto ich ruéného vypoctu). V
okne s odhadnutou rovnicou klikneme na View, kde vyberieme ARMA Structure:



quatio Q0 0 =: SPREAD::spread ik |
W iewy [ﬁ] Chject m[m Freeze | |Estimate ||Forecast [ﬁ] Resids
Representations
Estimation Quiput
Actual Fitted Residual 4

ARMA Struchre. . 0504
r adjustments
terations

Gradients and Derivatives  *
Covariance Matrix

ent  Std. Error t-Statistic Frab.

Coefficient Tests +
Residual Tests F 25 0442747 2170820 0.0311
Stability Tests v 326 0.065794 1797022 0.0000
333 0065714 -4 395258 0.0000
Label
=S Uaren oozl 20 tean dEpEﬂdEﬂt war 1.012180
Adjusted F-squared 0852675 S.0. dependent var 1.795553
S E. of regression 0689185  Akaike info criterion 2107305
Sum squared resid 1002198 Schwarz criterion 2154491
Log likelihood -222 4816  Hannan-Cuinn criter. 2126372
F-statistic B17.3939  Durhin-YWatson stat 1.8990773
Frob(F-statistic) 0.000000
Inverted AR Roots 84 34

Zobrazi sa okno ARM A Diagnostic View, v ktorom zvolime Roots a zobrazenie vysleku v tabulke (Table):

ARMA Diagnostic Views

Select a diagnostic:

i | Inverse roots of Ll
Torrelogram &R polyromials () Graph
Impulse Response (@) Table:

Dostaneme:



B8 Fquation: EQD01 Workfile: SPREAD::spread\ [:”E|g‘

Yiew [|Proc || Object| [Print||Name ||Freeze | [Estimate |Forecast |Stats |Resids

Inverse Roots of ARMA Polynomial(s)
Specification: SPREEAD C AR(1) AR(Z)
Date: 08/14/09 Time: 13:12

Sample: 195201 200504

Included observations: 214

AR Foot(s) Modulus Cycle
0.837417 0.837417
0344904 0.344909

Mo root lies outside the unit circle.
ARMA model is stationary.

¢ Kontrola rezidui
o Rezidui musia byt bielym $umom, nemodZe v nich zostat’ teda Ziadna autokorelacia.

oV okne s odhadnutou rovnicou klikneme na View a spomedzi Residual Tests vyberieme Correlogram - Q-
Statistics:

B Equation: EQD1 Workfile: SPREAD::spread\ E”E‘g‘

E@Dbject mmame Freeze | |Estimate |Forecast [mmasids
Representations .mial(sj
Estimation Quiput ) AR(2)
Actual Fitted Pesidual v
ARMA Structure...
Gradients and Derivatives  *
Covariance Matrix Hulus Cycle
Coefficient Tests Y 07417
Lesiduial Tests Correlogram - G-stafistics
Stability Tests * Correlogram Squared Residuals
| Histogram - Mormality Test
Label

Serial Correlation LM Test..,
Heteroskedastcity Tests...

Dostaneme:



B Fquation: EQO1 Workfile: SPREAD::spread\ EE‘B|

[View ][Pruc ][Ob jectJ [Print][Name ][Freeze ] lEstimate ][Furecast][Stats ][Resids J

| Correlogram of Residuals

Oate: 0814/09 Time: 13:12 i
Sample: 195233 200604 i
Included ohservations: 214

C-statistic probabilities adjusted for 2 ARMA termi(s)

Autocorrelation Partial Correlation AC PACZ C-Stat Praob

l 1 0.004 0.004 0.0044
I 2 0013 0013 D.O348
g! 3 -0.082 -0.082 18789 0.170
iy 4 0.049 0050 24030 0.307
I & 0033 0035 28381 0451
i B 0070 00681 37315 0444
g! T -0.090 -0.0B4 55353 0.354
| I 8 0044 0049 59734 D428
0! 0! 4 -0127 -0120 9.6004 D212
| [
I |
| [

|
[
g !
|
|
il
g
l 10 -0.006 -0.028 9.6078 0.234

i 11 0078 0036 110068 02475
il 12 0102 0081 154056 DZ20% w

Pozrieme sa na intervaly spolahlivosti, ako aj na Q-Statistiku. Model, ktory sme zostavili, je aj na zdklade tohto testu
vyhovujlci.

o Vypocet Q-Statistiky je rovnaky ako predtym, ked” sme pocitali ACF pre zvoleny ¢asovy rad. Ak ale ¢asovy rad
predstavuje rezidua, pocet stupiiov volnosti zavisi od toho, kol’ko ARMA ¢lenov obsahuje rovnica, z ktorej rezidua
vznikl. Preto je nevyhnutné, aby sme pracovali s oknom s rovnicou a testami z ponuky Residual Tests. Otvorenim radu
rezidui a zobrazenim jeho korelogramu by sme nedostali spravne vysledky - pri vypocéte P hodndt by sa nezobrala do
Uuvahy zmena poctu stuptiov volnosti.

e Ziver
o Na modelovanie rozdiclu dlhodobej a kratkodobej trokovej miery pouzijeme AR(2) model a na ziklade vystupu z
EViews zapiSeme odhadnutl rovnicu, ktorou sa modelovana premenna riadi (postup pre vSeobecny ARMA model v
nasledujicom odstavci).

:: Zapis rovnice z vystupu EViews ::

¢ Predpokladajme, Ze sme odhadli ARMA(2,2) model a dostali nasledovny vystup:

Dependent Variable: SPREAD

Method: Least Squares

Date: 10/02/09 Time: 18:30

Sample (adjusted): 3 216

Included observations: 214 after adjustments
Convergence achieved after 16 iterations
Backcast: 1 2

Variable Coefficient  Std. Error t-Statistic Prob.
C 0.945871 0.481295 1.965263 0.0507
ARM) 0.009916 0117163 0.084634 0.9326
AR(2) 0.745R37 0.110194 6.765656 0.0000
A1 1472727 0.118986 9. 856026 0.0000

)
MA(2) 0327339  0.0689595 4704361  0.0000




+y_t

Dependent Variable:| SPREAD|_0Znacme @:

Method: Least Squares
Date: 10/02/05 Time: 18:30
Sample (adjusted): 3 216

K1 :|0.0099 u_ft-1} + D.7455 u_{t-2}|+ eps t

i i I /-J D Elor
Included observations: 214 after adjustments ol AR cleny _'_‘ 11727 eps_{t-1) + 0.3274 eps {t—2}|
Convergence achieved after 16 iterations £ o
Backecast: 12 -~ IMA Cleny
Variable Coefficient /Eﬁ:l % t-Statistic  Prob.
& [0.945871 |/fﬁ181295 1.96 0.0507
AR(1) 0.009916}" 0117163 84634 09326

AR(2) 0.745537 01 E:?EEEEE 0.0000
MA[1) 172027 118986  9.856026  0.0000

MA(Z) 0.327399 | 0.069595 4.704361  0.0000

Ak chceme y tvyjadrené pomocou predchazajucich hodnét y, eps:;

(1-0.0099 L - 0.7455 L"2) u_t=(1+1.1727 L + 0.3274 L"2) eps_t
(1-0.0099 L - 0.7455 L*2) (y_t-0.9459) = (1 + 11727 L + 0.3274 L*2) eps._t

y 1-00099y {t11-07455y {t2}-c=eps+ 11727 eps {1} + 03274 eps_{t-2}
kde|c =0.9459%(1 - 0.0099 - 0.7455) |

Zaver:

|y_ti=|c+0.0099 y_{t-1}+0.7455y {t-2}+ eps +1.1727 eps_{t-1} + 0.3274 eps_{t-2}

- rovnaké koeficienty, ako vysh pri AR a MA clenoch
konstanta je ina

=(konstanta z vystupuf{1 - siéet AR koeficientov)

:: KonStrukcia predikeii ::

® Dobrym spdsobom, ako otestovat’ model, je odhadnit® ho z menSieho poctu dat, spravit’ predikcie a porovnat’ ich so
skuto¢nymi hodnotami.

e (Qdhadneme predchadzajici model, pricom pouzijeme data iba do konca roku 2000. Zvy$né pouzijeme na porovnanie s
hodnotami predikcii z tohto modelu.



Dependent Variahle: SPREAD

Method: Least Squares

Date: 101811 Time: 12:19

Sample (adjusted): 195233 200024
Included observations: 194 after adjustments
Convergence achieved after 3 iterations

Coefficient Std. Error t-Statistic Frob.

C 0891653 0481859 2016132 0.0452
AR 1179406 0.069253 17 05031 0.0000
AR -0.284676 0089371 -4.103892 0.0001
R-zguared 0852876 Mean dependent var 1.074174
Adjusted R-squared 0851335 5.0 dependentwvar 1.666424
S.E. of regression 0.719638  Akaike info criterion 2.195206
Sum squared resid 98 91483  Schwarz criterion 2245740
Log likelihood -209.8350  Hannan-Cluinn criter. 2 215668
F-statistic 8536124 Durhin-\atson stat 1.990136
Prob(F-statistic) 0.000000
Inverted AR Roots a4 34

¢ KonStrukcia predikcii
oV okne s odhadnutou rovnicou klikneme na Forecast:

B Fquation: EQD2 Workfile: SPREAD::spread\ E|E‘B|

Stats |Resids

[‘v‘iew ][F'rclc ][Ohject] [Print][Na me ][Freeze ] [Estimatel][FDrecast]

Dependent Yariable: SPREAD
Method: Least Sguares

Date: 101811 Time: 12:18
Samnle fadinsteds THR200F 0NN

o ZapiSeme obdobie, pre ktoré chceme pocitat’ predikcie a ndzvy premennych, do ktorych chceme uloZit’ tieto predikcie
a ich standardné odchylky:

Forecast §|

Forecast of

Equation: EQOZ Series: SPEEAD
Series names Method
Forecast name: | spreadf | | (@) Dynamic forecast

| () Static forecast

S.E. (optional): |-spread5E

i [ |structural (ignore ARMA)
|_ | [V| Coef uncertainty in S.E. calc

Forecast sample Ot
| 20':'1':‘1 2':":'5':‘4 | FDrEEaSt graph
: 3 : Forecast evaluation

[V]Insert actuals for out-of-sarmple observations




o Co dostaneme - predikcie, intervaly spol’ahlivosti, tabullku:

B Fquation: EQD2 Workfile: SPREAD::spread\ E|E|g|

[‘v‘iew ][F'rclc ][Ohject] [Print]w[ﬁeeze ] [Estimabe ][F_Drecast][mmesida

e O e S P Forecast. SPREADF
44 g Actual: SPREAD

Forecast sample; 200131 200504
Included obzervations: 20

Roct Mean Sguared Error 0747332

hean Absolute Error 0670560
o4 hean Abs. Percent Errar 2808739
Theil Inequality Coefficient 0545925

14 Biaz Proportion 0000085
2 ariance Proportion 0002104
. Covariance Proportion 0997311

LN S e T
2002 2003 2004

=—=SPREADF"===2302 5:E

Co vyjadrujt hodnoty v tabul’ke:
= Root Mean Squared Error, Mean Absolute Error, Mean Absolute Perc. Error - stredna kvadraticka a
absolttna chyba
= Theil Inequality Coefficient - ¢islo medzi nulou a jednotkou, nula znamena dokonaly fit
= Bias, Variance, Covariance proportion - v sucte davaju jednotku. Prvé dve hodnoty hovoria o tom, ako sa
priemer a variancia predikcif Iiia od priemeru a variancie skutoénych dat. Posledna hdonota meria zvysn,
nesystematicku prediként chybu. Dobry model by mal mat’ nizku hodnotu Bias a Variance proportion, vics§ina
predikénej chyby by mala byt zahrnuta v Covariance proportion.
Konkrétny vypocet tychto hodndt - v helpe.
o Pomocou ulozenych hodndt predikcii a Standarndnych odchylok moézeme nakreslit’ graf, v ktorom porovname predikcie
a intervaly spol’ahlivosti so skuto¢nym vyvojom:

Series List R|

List of series, groups, and/for series expressions

spreadf spreadf-2*spreadSE spreadf+2* spreadSE |
spread |

Dostaneme:



B Graph: UNTITLED Workfile: SPREAD: :spread\

Yiew [Proc [|Object | [Print||Name | |AddText |[Line/Shade |Remove | | Template |[Options | Zoam
]
4
2_
D_
-2 4
-4
-E e L L e L T LR e e S e P S e
80 82 B84 86 88 90 92 594 96 98 00 02 04
— SPREADF
— SPREADF-Z*SPREADSE
— SPREADF+Z*5PREADSE
— SPREAD

:: Cvicenie ::

e Data a model:
o Ben Vogelvang: Econometrics. Theory and Applications with EViews. Pearson Education Limited, 2005.
Chapter 14.7. - The Box-Jenkins Approach in Practice
o Mesacné data, januar 1960 - september 2002.
o Data vo formate xls: na stranke ucebnice, stbor pcoccoftea.xls, zaujimaju nas hodnoty pcocoa; data nacitané do
workfilu: [pcocoa.wfl]. Budeme pracovat’ s logaritmami tychto cien.
o Z prednasky: pre diferencie tychto dat je vhodny MA(1) model.

° ['Ilohy:
o Zopakujete vypocty uvedené na prednaske:
= Zobrazte ACF pre logaritmy a ich diferencie.
= Odhadnite model MA(1), overte stacionaritu a invertovatel'nost’, pozrite sa na autokorelaciu rezidui.
= Odhadnite ARMA(2,1) model a porovnajte ich.
o QOdhadnite model tak, Ze vynechate nejaké posledné pozorovania (rok, par rokov). Spravte predikcie pre logaritmus
cien v tomto obdobi a porovnajte ich so skuto¢nymi hodnotami.
Pozndmky
= KedZe budeme robit’ predikcie pre log(pcocoa), odhadovana rovnica musi obsahovat’ tiito premenni.
Vytvorime teda novil premenni logpcocoa, modelovana premenna (pri zapise do okna so Specifikaciou rovnice)
bude D(logpcocoa).
= Pripredikciach treba vyznacit, Ze chceme predikcie pre pdvodni premennt, nie pre jej diferencie:

Forecast g‘

Forecast equation
EQO1L

Series to forecast

(8)LOGPCOCOA; () D(LOGPCOCOA)
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