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ARIMA (p. d, )

Autoregressive Integration Moving Average
® Check for Stationarity (ADF Test)

® Transform the Series if Needed

® ACF/PACEF Plots to Identify p and g

® Fit the Model

Yyy=CH+ o 1Y—1+ ...+ OplYp—p + 0161+ ...+ 0,61g + &

(Gonzalez-Rivera, 2013)
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Autoregressive Integration Moving Average
® Check for Stationarity (ADF Test)

® Transform the Series if Needed

® ACF/PACEF Plots to Identify p and g

® Fit the Model

Yy = C+ 01601+ ...+ 046t—_q + &
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IMA (p, d, q)

Autoregressive Integration Moving Average
® Check for Stationarity (ADF Test)

® Transform the Series if Needed

® ACF/PACEF Plots to Identify p and g

® Fit the Model

Yy =c+

(Gonzalez-Rivera, 2013)
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What is a VAR (p)
Vector

Autoregression?




VAR (1) Example (N =3)

- M1, Interest Rate; CPI,

|

M1, ; Interest Rate;_; CPI;_1]

| X

* M1 = Currency in Circulation +
Demand Deposits

* CPlis used as an example for

Price Level
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VAR (1) Example (N =3)

= o + P11 + Q127112 + P13 T €41
Ty o= Qg + @21 + @207 1 2 + Pa3 + €49
— (3 + gb31 + ¢32513t—1,2 =+ €b33 T €43

- M1, Interest Rate;
\\I//

CPI,

(STAT 510 - VAR Models, Penn State Online) _M 1t_ 1 IﬂtefeSt Ratet_ 1 CPIt_ ]__



VAR (1) Simplied (N =3)

= o1 + o1 + @12T1—1 2 + @13 + €1
Ty o= Qg + @21 + Qo012 + Po3 + €49

(STAT 510 - VAR Models, Penn State Online) p— &3 —|— ¢31 —|— ¢32$t—1,2 —|— ¢33 _|_ 6'[;,3



VAR (1) Simplied (N =3)

Lt 1 q ¢11 ¢12 ¢13 Lt—1.1 €t,1
Teo | = | Q2| + P21 P22 P23 Ti—192 | T+ | €2
Q3 31 P32 P33 €t,3

= o1 + o1 + @12T1—1 2 + @13 + €1

Ty o= Qg + @21 + Qo012 + Po3 + €49

(STAT 510 - VAR Models, Penn State Online) p— 0{3 —I— ¢31 —I— ¢32$t—1,2 —|— ¢33 _|_ 6'[;,3



VAR (1) Further Simplied (N =3)

Lt 1 q ¢11 ¢12 ¢13 Lt—1.1 €t,1

Tio |l = | aa | + | @21 P22 P23 Ti—12 | + | €2
Qa3 P31 P32 P33 €t,3

xi=a+1'1x 1 +€

(STAT 510 - VAR Models, Penn State Online)
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Lt 1 q ¢11 ¢12 ¢13 Lt—1.1 €t,1
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VAR (1)

xi=a+1'1x1+€




VAR (1) and VAR (2)
xy=a+1'1 X 1+€

xi=a+1'1x 1 +19Xs o+€




VAR (1) and VAR (2) and VAR (p)
xy=a+1'1 X 1+€
xi=a+1'1x 1 +19Xs o+€

Xt:a+F1Xt_1 +F2Xt_2+. .. +FpXt—p+€t

(STAT 510 - VAR Models, Penn State Online)



VAR (1) and VAR (2) and VAR (p)
xy=a+1'1 X 1+€
xi=a+1'1x 1 +19Xs o+€

Xt:a+F1Xt_1 +F2Xt_2+. .. _I_FpXt—p_l_et

N or P can be any Positive Integer!

(STAT 510 - VAR Models, Penn State Online)



Recall Our Papers Example
- M1, Interest Rate; CPIL, |
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P=1TandN=3

# Parameters=P X N4 =9




Imagine This Scenario

P=12and N=5




Imagine This Scenario

L1t Lot I3t Tqt L5 ¢
T1t—1 X2¢—1 X3t—1 Lat—1 Lst—1
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Imagine This Scenario
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Imagine This Scenario
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Imagine This Scenario
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P=12and N=5
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Assuming N is Fixed.
How to Choose P?

TABLE 11.2 Lag Order Selaction in VAR

VAR Lag Order Selection Criteria
Endogenous variables: GLA GRiv
EExogenous variables: C

Sample: 1975Q1 2009Q2
Included observations: 129

NA 2432180 | 8867127 8911465 | 8.885142
487.7585 1605205 7.238637% | 7.655170* 7.788185* | 7.700217*
4872043 1065406 7.636332 | 7708594  7.930285 | 7.798671
4816932 1042418% 7460515 | 7685165 7.995532 | 7.811274
4774558 7.883524 7434806 | 7.681485 8.080528 | 7.843624
4767097 1364911 7.822540 | 7731933 8219653 | 7.930104
4721276 8240713  7.756466 | 7722908  8.299304 | 7.957109
4703528 3136797 8034679 | 7757408  8.422480 | 8.027640
469.6694 1186753 8466835 | 7.808827  8.562576 | 8.115091

(Gonzalez-Rivera, 2013)



Impluse-Response Function

e Quantifies each variable's reaction to a shock
from another variable

e Holds all other endogenous variables
constant

IRF

e Reveals Internal dynamics of VAR model




Impluse-Response Function
0 JAN

862’75 AEQ,t

(Gonzalez-Rivera, 2013)
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Impluse-Response Function
0 JAN

0 JAN

Note the Shock from this Example

(Gonzalez-Rivera, 2013)
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Impluse-Response Function
0 JAN

0 JAN

Note the Shock from this Example

Ty1 o P11 P12
Tio | = oo | + | P21 Pao
(Gonzalez-Rivera, 2013) 3 ¢31 ¢32
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Impluse-Response Function
0 JAN

0 JAN

M1 Ty1 o P11 P12
Interest Rates==»| Lo | = | Q2 | + ¢21 ¢22
(Gonzalez-Rivera, 2013) 3 ¢31 ¢32

P13
P23
P33

I

LTt—1,1
Lt—1,2



Impluse-Response Function
0 JAN

0 JAN

M1 Response to 1 Shocks over Time

M1 Ty1 o P11 P12 P13
Interest Rates==»| Lo | = | Q2 | + ¢21 Q522 ¢23
(Gonzalez-Rivera, 2013) 0] ¢31 ¢32 ¢33
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Impluse-Response Function

Response of M1

Positive 1 Standard Deviation Shock: Impulse Response of M1 to Interest Rate Shock

10
Horizon (quarters)

(Gonzalez-Rivera, 2013)




Impluse-Response Function
0 JAN

862’75 AEQ,t

Interaction Between Every Variable in VAR Model

(Gonzalez-Rivera, 2013)



Impluse-Response Function

0 JAN
862’75 AEQ,t

Interaction Between Every Variable in VAR Model
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What is a
Vector Error
Correction

VECM (p-1)

Model?

D




VECM (p-1)

VECM also known as VEC

Used when your process are Cointegrated with each other
Very similar to VAR models
Includes error correction mechanism

Models in differences, not levels




Do | Have Cointegration?

X X
P
Engle-Granger =

Method Graphically

* Regress Between Two Series

*  ADF Test on Residuals *  Multivariate Test

*  Stationary Results suggest *  Determins the Number of
Cointegration Cointgreation Vectors

*  Not Explicit
*  But Helps to Understand
Cointegration




Graphical Representation

[ X

[ X

Interest Rate

[ x

CPI
(Price Proxy)



(Goldkamp, 2020)

Graphical Representation
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(Goldkamp, 2020)

Graphical Representation

Simulated Economic Series with Cointegration




Graphical Representation
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Graphical Representation




(Goldkamp, 2020)

Error Correction Term
ECT,; :¢1$1,t‘|‘¢2$2,t‘|— — U

First Differ s of Eco e 500-550)
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Recall the VAR (1) N = 3 Example

= o + P11 + Q127112 + P13 T €41
Ty o= Qg + @21 + @207 1 2 + Pa3 + €49
— (3 + qb31 + ¢32513t—1,2 =+ ¢33 T €43

- M1, Interest Rate;
\\I//

CPI,

(STAT 510 - VAR Models, Penn State Online) _M 1t_ 1 IﬂtefeSt Ratet_ 1 CPIt_ ]__



Recall the VAR (1) N = 3 Example

= (1 + gbll + ¢12It—1,2 =+ ¢13 + €1
Tt o= Og + P21 + P20T—1 2 + Pa3 + €9
= a3 + P31 + ¢32It—1,2 + @33 T €4,3

Take Difference l

(STAT 510 - VAR Models, Penn State Online)



Recall the VAR (1) N = 3 Example

= (1 + gbll + ¢12It—1,2 =+ ¢13 + €1
Ty 2= Qg + @2 + P20T—1 2 + Pa3 + €9
= a3 + P31 + ¢32It—1,2 + @33 T €4,3

Take Difference l Add ECT ECT; =p171 1+ P72 4+

(STAT 510 - VAR Models, Penn State Online)



VECM Model

= oy + P11 =+ §b12$t—1,2 + @13 T €1
Ty 2= Qg + @2 + P20T—1 2 + Pa3 + €9
= a3 + P31 + ¢32$t—1,2 + @33 T €4,3

Take Difference l Add ECT

JAN :QT+71( ‘|'/82513t—1,2+ +M1)+¢T1A +¢T2A-’ft—172+¢a{3A
Azy i =ah+7o( +0oy—12+ +a2)+d5 A + 050 AT 1 2t Pa3 A
Az =cz+s( + 5221127+ +u3)+d3, A + @3 AT 1 2+ P33 A

(STAT 510 - VAR Models, Penn State Online)
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VECM Model Simplification

Azy y=0n+m( +B21-1,2+ 1)+ A TP AT 15+ ¢13A +ern
Axy =05+ +Boxs—1 0+ + o)+ 5 A + 5 AT 1 0+ P33 A +e 9
Ay =az+7s( +0at—1,2+ +13)+ P31 A + @30 A; 1 2+ P33A +€¢,3

Recall the Matrix Break Down from the VAR Model

(Gonzalez-Rivera, 2013)



VECM Model Simplification

Azy y=0n+m( +B21-1,2+ 1)+ A TP AT 15+ ¢13A +ern
Axy =05+ +Boxs—1 0+ + o)+ 5 A + 5 AT 1 0+ P33 A +e 9
Ay =az+7s( +0at—1,2+ +13)+ P31 A + @30 A; 1 2+ P33A +€¢,3

Recall the Matrix Break Down from the VAR Model

aj 71 H1 P11 Pl2 i3 €t,1
Avgy | =15 | + | 1 (61 B2 53) Ti—12 | + | K2 + | 931 055 &35 Azi_19 | + | €2
oy Y3 13 P31 P32 P33 €43

(Gonzalez-Rivera, 2013)




VECM Model Simplification

aj 71 M1 P11 P2 Pis €t,1
Azvgy | =[5 | + | 712 (51 B 53) Te—12 | + | K2 + | 931 932 933 Azi_19 | + | &2
a; Y3 M3 P31 P39 Pas €t,3

AXt m— C\{* —+ ’Y(IB/Xt_l —+ l,l,) —+ @*Axt_l —+ €

(Gonzalez-Rivera, 2013)



VECM Model Simplification
\ \\ 1 l)) EF 1 %)(/ )6

Ax; = o +v(B'xi—1 + p) + PTAX_ 1 + €

(Gonzalez-Rivera, 2013)



X

Easiest Model
For Last
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Naive Model (Level)
CP]t—I—h|t — CP[t

X

Assumes the future value
will be the same as the most
recently observed value




Naive Model (Seasonal)

Cpft+h|t = C Pl ph—s+1)

X

Assumes the future value
will be the same as the most
recent observation from the

corresponding point in the

previous cycle




Naive Model (Drift)

d_?/t—?h

y =y +h X d
Yt+h|t = Yt P

Assumes the future value
will be the same as the most
recent observation plus the
drift of the entire series (d)

times the horizon (h)




Thanks, Any
Questions?
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