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Some Monte Carlo simulations (the stuff we couldn’t do last time)
Data sets and batch files

Parameter stability

Models of the VAR

Single equation typology: special cases of ARDL (if time)

Weak exogeneity (if time)
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Outline ata Parameter stability Models of the VAR

What is Monte Carlo simulation? |

Say that the process that has generated the data (the data generating
process, or the DGP) takes the following form:

yt = Bo + Bixt + et (1)

where ¢; is WN. Now, assume that we had some data for the period
t=1,..., T on yt and x¢, and that we want to pin down Bp and B
(our parameters of interest)

As long as Cov(x¢, €¢) = 0, you know that the OLS estimator is BLUE!
How could we confirm this by simulation?
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Outline ata Parameter stability Models of the VAR

What is Monte Carlo simulation? I

1. Fix Bo and By in (1) at some values, e.g. Bo =2 and B = 1.5

2. Generate some numbers for the time series x; on a sample
t=1...,T

3. Assume e.g. that €; ~ N(O, 1), and draw T numbers from the
standard normal distribution

4. Then, the time series y; for the sample t = 1,... T will follow by
definition from the DGP!

5. Estimate an equation of the form (1) by OLS and collect your g
and fB; estimates; call them B(l) and ﬁ%

N h -5 M ti lcul MC_ZM:U%H
6. Now, repeat the steps 1-5 M times, and calculate fy'~ = =2,

M aom
and ‘BQ/’C = %!
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Outline Parameter stability Models of the VAR Typology Weak exogeneity

What is Monte Carlo simulation? |l

As we have seen, S/IC and ‘BQ/’C are nothing but the mean estimates

obtained by repeating 1-5 M times. From the law of large numbers, we
know that BMC and B¢ converge to E(Bo) and E(B1) as M — co.

But then, we know that a measure of the biases of these estimates would
be: ﬁgﬂc — Bo and ,BQ/’C — B1. What we can also do is to consider a
recursive Monte Carlo, where we e.g. vary the sample size from say

T =20 to T =500 in increments of 20 to check the bias of the OLS
estimator for different samples!
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The three experiments from last time:
1. The DGP is:
yt =2+ 1.5x; + e
and the estimated equation is:
yt = Bo+ Pixt + et
2. The DGP is:
Yt =2+ 1.5xt — 2zt + ut
and the estimated equation is:
Yt =70+ Y1Xe + Ut
3. The DGP is:
ye =2+006y;-1+ v,
and the estimated equation is:
yt = ¢o+ P1xe + vt
In each of the cases, what are the properties of the OLS estimator?
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Outline MC Parameter stability Models of the VAR Weak exogeneity

Data sets for today:
» KonsDataSim.zip (same as we used at CC #1 and CC #2)
» KonsDataSim2.zip
> konsdata2nor_old.zip (from Seminar # 3)

Batch (!) files for today:

» Conditional consumption equation.fl
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Outline e Parameter stability Models of the VAR Weak exogeneity

Recursive stability

Consider the model:
yt:ﬁ1+ﬁ2Xt+£t,t:1,2,...,T, (2)

Last time, we looked at recursive graphs of the parameters to investigate
parameter stability. We shall now consider some formal tests for
structural breaks
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Outline MC ata Parameter stability Models of the VAR

Chow-tests of parameter stability

» If we have a hypothesis about when a structural break occurs, we
can test that hypothesis

» Let T7 denote the last period with the “old” regime and let 771 +1
denote the first period of the “new” regime:

yt = B1+ Baxt + €, t=1,2,..., Ty and
Ys =71+ Yoxs+€s, s=T1+1,2,..., T.

then
Ho: B1 = 71, B2 = 72 vs Hi: B1 # 71, B2 # 2.

» There are two well known statistics for these cases, both due to
Chow (1960) and referred to as Chow tests.
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Outline MC ata Parameter stability Models of the VAR

2-sample Chow-test

Let SSE be the Sum of Squared Errors (which of course corresponds to
RSS or SSR):

© SSEj is for the first sample (t =1,2,.., T1)

© SSE; is for the second sample (t = T1+ 1,2, .., T1)

© SSEy = SSE; + SSE;

o SSEgR is the SSE when the whole sample is used, i.e. under Hy
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Outline e Parameter stability Models of the VAR Weak exogeneity

The test statistic in our example is:

SSEp — SSEy (T —4)

~F(2, T —4).

In general, it is:

SSEr — SSEy T —2K

Fchowa = SSE, N F(K, T —2K).

where K is the number of parameters
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Outline e Parameter stability Models of the VAR Weak exogeneity

Insufficient observations Chow-test

» Consider T — T1 < K (the sample for the second period), where we
remember that K is the number of parameters in the model. In this
case we have:

© The same SSEg as for the 2-sample Chow-test (i.e. based on the full
sample)
o But SSEy is only based on the first T observations

This “predictive” Chow-test is given as

-  SSEp—SSEy Ti—K
ChowP = """SSE, T-T1

F(T—Ty, T1—K)
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Parameter stability

Insufficient observations Chow-test

» If we have no clear idea about the dating of a regime shift, a graph
with the whole sequence of predictive Chow tests is useful

» Chow tests rely on constant and equal variances of the disturbances.
Hence, it is good practice to plot the recursively estimated &
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Outline e Parameter stability Models of the VAR Typology Weak exogeneity

Recursive Chow-test: 1-step test
The Test-Menu Graphics in PcGive contains three version of the Feponp
test!

> I-step test: Both T1 and T is increased by one observation
sequentially, so that N = T — T3 is always 1. Naturally, the test

statistic is:
E _ SSER—SSEy Ti—K
ChowP = ""5SE,, T-T1
SSER —SSEy; T1—K
= : ~F(1,Ti—K
SSEy 1 (1L T = K)
Example:

1. Estimate (2) on the sample t =1,....,10and t =1, ....,11 and
calculate Fepowp

2. Estimate (2) on the sample t =1,....,11 and t = 1,....,,12 and
calculate Fepowp

3. Continue like this! The graph plots the sequence of Fcpowp
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Weak exogeneity

Outline e Parameter stability Models of the VAR Typology

Recursive Chow-test: Break-point Chow test

» Break-point Chow test, called N-dn CHOWS (N down Chow
Statistic) in PcGive Here T7 is increased by one observation, then by
2 and so on until Ty = T (T is always fixed!). Hence, N=T — T
is decreasing (N down) through the sequence of tests. The test

statistic is:
SSEpr —SSEy T1—K
F = . ~F(T—-T,T1—K
ChowP SSE, T ( 1. T1—K)
Example

1. Estimate (2) on the sample t =1, ....,10 and t =1, ...., 200 and

calculate Fcponwp
2. Estimate (2) on the sample t =1,....,11 and t =1, ....,200 and

calculate Fcpowp
3. Continue like this! The graph plots the sequence of Fcponp
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Outline e Parameter stability Models of the VAR Typology Weak exogeneity

Recursive Chow-test: Forecast Chow test
The final version is the:
> Forecast Chow test, called N-up CHOWS (N up Statistic): Here Ty
is kept fixed and T — T7 is first 1, then 2, and so on. Hence,
N = T — Ty is increasing through the sequence of tests (N up).
The test statistic is:

.  SSER—SSEy T1—K
ChowP = ""7SSE, T-T1

~F(T—-T1, T1 —K)

Example
1. Estimate (2) on the sample t =1,....,10 and t =1, ....,199 and

calculate Fcpowp
2. Estimate (2) on the sample t =1,....,10 and t = 1, ...., 200 and

calculate Fcponwp
3. Continue like this! The graph plots the sequence of Fcponp
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Outline e Parameter stability Models of the VAR Typology Weak exogeneity

> All the Recursive Chows are scaled by (1-off) critical values. A 1%
significance level is the default, so that the critical values becomes a
straight line at unity

You can easily calculate the different recursive Chow test statistics
yourself “by hand" by using OLS, and then compare what you get to what
the program tells you (choose Write results instead of graphing). This is
a nice way to become familiar with the tests!
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Outline Parameter stability Models of the VAR Weak exogeneity

Open KonsDataSim.in7, and we shall see how to perform these tests in
PcGive!
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Models of the VAR

A conditional model of the VAR

As economists we will typically be interested in building econometric
models of the VAR system

Today, we will consider some alternative models of the VAR!
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Outline MC ata Parameter stability Models of the VAR

From VAR to ARDL |

Consider a bi-variate VAR model of first order, i.e.:

_ 3
<Y1,t>:<l/l1>+(311 312><}’1,t1>+( 1,r> (3)
Yot H2 a1 a2 Y2,t-1 €t
A more compact notation gives:

Ye =p#+Ay_1+eér (4)

Let us now assume that &y ~ MVN(0241,X), i.e.

2
€1t 0 012
' ~ MVN { 0r41,X = 1 5
( €2t > ( 2 ( o1 03 >) )
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Models of the VAR

From VAR to ARDL Il

It follows from (3) and (5) that y;|y;—1 ~ MVN (E(y:|y;—1),X), where
it is easy to show that:

Elyelyes) -2 (( 2 )

_ ( Hitayie-1+ a12y2,t-1 ) (6)
B2+ a21y1,6-1 + a22y2,t-1

yl,t11y2,t1)
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Outline MC Parameter stability Models of the VAR Weak exogeneity

From VAR to ARDL [l

Since y¢|yi—1 ~ MVN (E(y¢|ys—1),Z), we know from the properties of
the MVN distribution that:

(%1
yiely2e ~ N[ E(yrelyre-1,y2,6-1) “Pr (E(y2,tlyre=1.y2,6-1) — yo.t)

=E(y1tly2e.71,6-1.y2,6-1)

v (1—pi)of (7)
~———r

N—

=Var(yitlyat.y1e-1.y2,6-1)

. 0
with p12 = ?1022
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Outline MC Parameter stability Models of the VAR Typology Weak exogeneity

From VAR to ARDL IV

Using the expressions for E(y;|y;_1) as derived in (6) in combination
with the expression for E(y1 ¢|y2.t, ¥1.t—1,¥2.t—1) in (7), we get that:

E(yitly2,t. y1,6-1.¥2,6-1) = p1 + atiy1,e—1 + a2y2,e-1

E(y1ely1,t-1.y2,6-1)

01
- 012(72 M2+ a21y1,t-1+any2t-1 — Y2t

E(y2,¢ly1,t-1.y2,t-1)

(8)

just collecting some terms, we get:

E(yrely2t.¥e-1) = ¢o  + Boyar+ ¢1 yie1+ B yae1 (9)
—~— ~— ~— ~—
:Vl_%F’Q :%} :«911—%}821 :312—%1%322
2 2 2 2
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Outline MC ata Parameter stability Models of the VAR

From VAR to ARDL V

Define the stochastic variable €¢ in the following way:
e =yt — E(yrely2,e.¥t-1) (10)
Combining (9) and (10) yields
yit = ¢o+ Poy2e + Pry1,e-1+ Pryze-1 € (11)

which is nothing but a conditional model for y; ¢, and now you see how
this may be derived from the VAR
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Outline MC Parameter stability Models of the VAR Typology Weak exogeneity

S
The ARDL disturbance |

Consider the expression for the ARDL disturbance:

et = y1,t — E(y1.ely2,t, ¥e-1)

Substitute in for E(y1 ¢|y2,¢,¥¢—1) from (8) to get (after some simple
re-arrangements):

€t = (y1,t — M1 — a11Y1,6-1 — a12Y2,¢—1)

01
- P12(72 (yo,6 — P2 — @1Y1,t-1 — @22Y2,t—1)

If you have a quick look at where we started out (equation (3)), you will
recognize that the terms in the parentheses are nothing but the two VAR
disturbances! Hence: o1
€t = €1t — P12 €2 ¢ (12)
02
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Outline MC ata Parameter stability Models of the VAR

The ARDL disturbance Il

The expression in (12) can be used to show:
E(er) = 0, E(etept) =0
Var(et) = Var(e1:)+ Vaf(PlZ(%Ez,t) — 2Cov (El,t'912252,t>
= of +p30% — 2P12ﬁ0'12

= of +p307 — 2P12 P12(71<72 =07 (1—p12)
=012

E(yscer) = 0V (forall) t
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Outline MC ata Parameter stability Models of the VAR

The statistical system described by (3) and (5) can now be expressed in
model form:

yie = ¢o+Poy2t+Piyee-1+P1y1e-1+€r (13)
yar = Hot+aniyie1+anyst1+en: (14)
E(et) ovt
Var(et) = 0’% (1 — p12) Vit
E(yQ’tEt) = 0Vt
E(Egytet) = 0Vt
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Outline MC Parameter stability Models of the VAR Typology Weak exogeneity

Regressions models |

1. When estimating a linear regression model, we are estimating a
conditional expectation that is derived from a system of equations,
e.g. a simple bivariate VAR

> We are therefore estimating a partial system!

2. The full econometric model of the system consists of the conditional
model (13), the marginal model (14), and the disturbances € and
€t

3. When Cov(et, y2.¢) =0, ya.+ is exogenous in the conditional model

4. OLS estimation is efficient for Gaussian (i.e., normal) disturbances
and gives the Maximum Likelihood estimators for ¢g, Bo, ¢1 and B1
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Outline MC Parameter stability Models of the VAR Weak exogeneity

Regressions models |l

5. This means that there is no information in the marginal model that
can help us improve on the estimates of ¢g, Bo, ¢1 and B1 that we
get from the conditional model

6. We say that y» ; is a weakly exogenous variable for the parameters
of interest. In our case: ¢g, Bo, ¢1 and By and Var[et]
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Outline MC ata Parameter stability Models of the VAR

Let's see if we can confirm the results we just derived! |

Load in the in7 file contained in the KonsDataSim2.zip (on the web).
Now, let us do the following:

1. Back rows: Estimate a bi-variate VAR of first order in consumption
(C) and income (I), where y1 t = Cr and yo + = /¢
2. First rows: Estimate an ARDL(1,1) model for a conditional
consumption equation, i.e. Ce|ly, Ce—1, lt—1
Both groups use the full sample (1959-2007)!
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Outline MC ata Parameter stability Models of the VAR

Let's see if we can confirm the results we just derived! Il

| have cheated, and calculated the empirical variance-covariance matrix
of the VAR residuals to save some time. It is given by:

10290.0736  4655.303596
4655.303596 4310.579025

Can we by combining the VAR estimates obtained by the guys at the
back rows and the cov-matrix above guess what results the guys at the
front row got?
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Outline MC ata Parameter stability Models of the VAR

Let's see if we can confirm the results we just derived! Il

Again, | have cheated and calculated in advance, but | guess the front
rows got the following:

do = fi1 — ‘;122?;22 = 72.0087 — %22.0776 — 48.25551557

Bo = ‘;1; = % = 1.079971755

$r =311 — ‘;1222 401 = 0.702311 — %0.120492 = 0.572183043
Br =2y — ‘21222322 = 0.351689 — %0.7&1072 = —0.49508661
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Outline MC Parameter stability Models of the VAR Typology Weak exogeneity

Generalizations
» The results 1-3 above do — in general — not depend on normality (it
is just a simplification)
> In particular: Normality of y» ; is not required for E[e:] = 0 and
Eletyst] =0
> The results E[et] = 0 and E[etys.+] = 0 do not depend on linearity.
More generally, we have

yi,t = Elyie | y2.6.¥1,6-1, y2,6-1) + €t

with E[et] = 0 and E[erys | = O for a non-linear conditional
expectation function E[y1 ¢ | y2.+,¥1,6-1. ¥2,t—1]

> Generalizations from one to k explanatory variables and p lags are
straight-forward. We get:

it =Eie | Yie—1,  Yit—p Y2,t0 - Y2,—pr oo Vit - - Yh41,t—p) T €t

and the linear multiple regression is a special case.
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Outline MC ata Parameter stability Models of the VAR

The ecm as a model of the VAR

In a similar way as for the VAR(1) model, we can represent a VAR(2) on
model form:

yi,t = ¢o+ Boy2,t + Biy2,t—1 + P1y1,t-1

+Bay2,t—2 + Pay1,e-2 + €t (15)
Yot = M2+ a21,1¥1,t-1 + a22,1¥2 t-1
+a212y1,t-2 + a2yt 2+ €2 (16)
E(er) oVt
Var(et) = 0’12 (1 — p12) Vit
E(ygytet) = 0Vt
E(eper) = 0Vt
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Models of the VAR

The equilibrium correction model (ECM) as a

reparameterization of the ARDL model
The conditional model for y; ; in (15) is called an ARDL(2,2) model:

it = ¢o+P1y1,e—1 + Payit—2 + Boyz,t + Biy2,t—1 + Boyo,t—2 +€r
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Models of the VAR

The equilibrium correction model (ECM) as a

reparameterization of the ARDL model
The conditional model for y; ; in (15) is called an ARDL(2,2) model:

it = ¢o+P1y1,e—1 + Payit—2 + Boyz,t + Biy2,t—1 + Boyo,t—2 +€r

Subtract and add ¢oy1 +—1 and Bays +—1 on the RHS. We then get:
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Models of the VAR

The equilibrium correction model (ECM) as a

reparameterization of the ARDL model
The conditional model for y; ; in (15) is called an ARDL(2,2) model:

it = ¢o+P1y1,e—1 + Payit—2 + Boyz,t + Biy2,t—1 + Boyo,t—2 +€r

Subtract and add ¢oy1 +—1 and Bays +—1 on the RHS. We then get:

it = ¢o+P1y1,e-1 + Payie—2 + Poya,t + Biye,t—1 + Bay,t—2
+ Poy1,e—1 — Pay1,e—1 + Bay2,t—1 — Pay2,t—1 + €t
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Models of the VAR

The equilibrium correction model (ECM) as a

reparameterization of the ARDL model
The conditional model for y; ; in (15) is called an ARDL(2,2) model:

it = ¢o+P1y1,e—1 + Payit—2 + Boyz,t + Biy2,t—1 + Boyo,t—2 +€r

Subtract and add ¢oy1,+—1 and Boyo ;-1 on the RHS. We then get:

it = ¢o+P1y1,e-1 + Payie—2 + Poya,t + Biye,t—1 + Bay,t—2
+ Poy1,e—1 — Pay1,e—1 + Bay2,t—1 — Pay2,t—1 + €t

Collecting some terms, we have:
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Models of the VAR

The equilibrium correction model (ECM) as a

reparameterization of the ARDL model
The conditional model for y; ; in (15) is called an ARDL(2,2) model:

yi,e = ¢o+P1y1e—1+ Payie—2 + Poye,r + Pryet—1 + Paya,t-2 T €t
Subtract and add ¢oy1,+—1 and Boyo ;-1 on the RHS. We then get:

it = ¢o+P1y1,e-1 + Payie—2 + Poya,t + Biye,t—1 + Bay,t—2
+ Poy1,e—1 — Pay1,e—1 + Bay2,t—1 — Pay2,t—1 + €t

Collecting some terms, we have:

yi,t = o+ (1 + P2)y1,e-1 — P2(y1,e-1 — y1,6-2) + Boya,¢
+ (B1+B2)y2,t—1 — B2(y2,t-1 — y2.t—2) + €t
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Outline MC Parameter stability Models of the VAR Weak exogeneity

ECM cont'd

Let Azy j== Lz — L"lzg = /(1 — L)z = z,_j — z,_j_1 for any
variable z (in our case y; and y»). We can then write the above
expression as:

yi,e = ¢o+ (P1 +P2)y1,e-1 — P2Ay1.e—1+ Poya,t + (B1+ B2)y2.t-1
—BaAyrt-1+ €t

ECON 4160: Computer Class Norges Bank



Models of the VAR

ECM cont'd

Now, subtract and add Bgy2 +—1 on the RHS and also subtract y; ;1 on
both the RHS and the LHS side. We then get:
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Outline MC ata Parameter stability Models of the VAR

ECM cont'd

Now, subtract and add Bgy2 +—1 on the RHS and also subtract y; ;1 on
both the RHS and the LHS side. We then get:

it —Yit-1=¢o+ (¢1 + P2)y1,6-1 — P2Ay1,t—1 + Boyo,t + (B1+ B2)y2t-1
— BoAy>t—1 — y1,t-1 + Boy2,t—1 — Boy2,t—1 + €t
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Models of the VAR

ECM cont'd

Now, subtract and add Bgy2 +—1 on the RHS and also subtract y; ;1 on
both the RHS and the LHS side. We then get:

it —Yit-1=¢o+ (¢1 + P2)y1,6-1 — P2Ay1,t—1 + Boyo,t + (B1+ B2)y2t-1
— BoAy>t—1 — y1,t-1 + Boy2,t—1 — Boy2,t—1 + €t

Again, just collecting terms and using Az;_; = zy_; — z;_;j_1, we have:
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Models of the VAR

ECM cont'd

Now, subtract and add Bgy2 +—1 on the RHS and also subtract y; ;1 on
both the RHS and the LHS side. We then get:

it —Yit-1=¢o+ (¢1 + P2)y1,6-1 — P2Ay1,t—1 + Boyo,t + (B1+ B2)y2t-1
— BoAy>t—1 — y1,t-1 + Boy2,t—1 — Boy2,t—1 + €t

Again, just collecting terms and using Az;_; = zy_; — z;_;j_1, we have:

Ayte =¢o+ (p1+ P2 — L)y1,e—1 — P2Ay1t-1 + Boly2,t — B2Ay2,t—1
+ (Bo+B1+ B2)y2,t-1 + €t
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Outline MC ata Parameter stability Models of the VAR

ECM cont'd
Now, subtract and add Bgy2 +—1 on the RHS and also subtract y; ;1 on
both the RHS and the LHS side. We then get:

it —Yit-1=¢o+ (¢1 + P2)y1,6-1 — P2Ay1,t—1 + Boyo,t + (B1+ B2)y2t-1
— BoAy>t—1 — y1,t-1 + Boy2,t—1 — Boy2,t—1 + €t

Again, just collecting terms and using Az;_; = z;_; — z;_;j_1, we have:

Ayte =¢o+ (p1+ P2 — L)y1,e—1 — P2Ay1t-1 + Boly2,t — B2Ay2,t—1
+ (Bo+B1+ B2)y2,t-1 + €t

But then, we can also write this as:
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Outline MC ata Parameter stability Models of the VAR

ECM cont'd
Now, subtract and add Bgy2 +—1 on the RHS and also subtract y; ;1 on
both the RHS and the LHS side. We then get:

it —Yit-1=¢o+ (¢1 + P2)y1,6-1 — P2Ay1,t—1 + Boyo,t + (B1+ B2)y2t-1
— BoAy>t—1 — y1,t-1 + Boy2,t—1 — Boy2,t—1 + €t

Again, just collecting terms and using Az;_; = z;_; — z;_;j_1, we have:

Ayte =¢o+ (p1+ P2 — L)y1,e—1 — P2Ay1t-1 + Boly2,t — B2Ay2,t—1
+ (Bo+B1+ B2)y2,t-1 + €t

But then, we can also write this as:

M=o+ (192 - 1) (e - BEPLER, )

— PoAy1,t—1 + PoAyot — BoAyo r—1 + €x
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Models of the VAR

ECM cont'd

Now, let us define:

¥=¢1+¢2—1
_PotBitBa _ PotPitpo
L «
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Models of the VAR

ECM cont'd

Now, let us define:

¥=¢1+¢2—1
_PotBitBa _ PotPitpo
L «

But then, we have:

Ayt =¢o+a(yie—1—1y2,e-1) — P2Ay1,t-1 + BoAyat — B2Ayr t—1+ €t
(17)
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Outline MC ata Parameter stability Models of the VAR

ECM cont'd
Now, let us define:
¥=¢1+¢2—1
_PotBitBa _ PotPitpo
(A «

But then, we have:

Ayt =¢o+a(yie—1—1y2,e-1) — P2Ay1,t-1 + BoAyat — B2Ayr t—1+ €t
(17)

Which is nothing but the equilibrium/error correction model!

ECON 4160: Computer Class Norges Bank



Models of the VAR

Estimation of Long-run multipliers by NLS

Note that the ecm in (??) is non-linear in parameters! In this case, we
could estimate the equation using NLS, which uses numerical
optimization methods (See also Lecture # 3)
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Outline MC ata Parameter stability Models of the VAR

Estimation of long-run multipliers by OLS

An alternative is to rewrite the model into a model that is linear in
parameters and use OLS:

Ayr,e = Po +ayr -1 +1y2:-1— P2Ay1,e—1 + PoAy2,t — BoAyr t—1 + €t

where | just defined # = —ay. What would be your estimate of - in this
case? How would you calculate the standard error of gamma?
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Outline MC ata Parameter stability Models of the VAR

Calculating long-run multipliers based on the ARDL

We have shown that the mapping from the ARDL parameters to the
long-run multiplier is:

_BotpBit+pBa _ Potp1tpo
1—¢1+¢2 o

with

x=¢1+¢2—1

Hence, we could back out the long-run multiplier from the estimated
parameters of the ARDL model (fortunately, PcGive has a nice command
that does the calculation (using the delta method) for us!!)
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Models of the VAR

An example: The conditional consumption model from
Seminar # 3

Consider the following ARDL(4,4) model for consumption in Norway:

4 4 4
LCPy =+ ) acc,iLCPr_j+ ) acrilRCa;_j+ ) acr iLF:_j
i=1 i=0 i=0

Seasonals + ¢;
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Outline MC ata Parameter stability Models of the VAR

An example: The conditional consumption model from
Seminar # 3

Consider the following ARDL(4,4) model for consumption in Norway:

4 4 4
LCPy =+ ) acciLCPr_j+ Y acrilRCa;_j+ Y acr iLF_j
i=1 i=0 i=0

Seasonals + ¢

Ignoring the dummies for simplicity, we can rewrite the conditional
consumption model as:

3 3 3
ALCPy =+ Y ¢iALCPy_;+ Y 7iALRCar_j+ Y 1iALF;_;
i=1 i=0 i=0

+ Dé(LCPt_l — ,BlLRCat_l — ﬁgLFt_l) —+ &t

where the ¢'s, ¢'s and 7's are functions of the parameters in the
conditional consumption function.
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Outline MC Parameter stability Models of the VAR Weak exogeneity

ECM cont'd

«, B1 and By are defined in the following way:

®=acc1+taccataccatacca—1

By = —2CRL tacrotacrztacra _ _acritacretacrstacra
1 —acc1+acca2+aces+acca o

By = acritacratacrstacra  _ _acrkitacra+acr3 t acra
1 —acc1+acca+accs+acca w
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Outline MC ata Parameter stability Models of the VAR

where we also know that:

3 3 3
ALCPy =+ Y ¢iALCPy ;i + Y 7iALRCar_j+ Y 1iALF;_;
i=1 i=0 i=0

+a(LCPy 1 — B1LRCar 1 — BolFy 1) + et

can be written as:

3 3 3
ALCPy =+ Y ¢iALCPy_;j+ Y 7iALRCar_j+ Y 1iALF;_;
i=1 i=0 i=0
+alCPy_1 +¢Y1LRCay_1 + ol Fr_1 + &4

where 11 = —af1 and P = —afo.
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Outline v Parameter stability Models of the VAR Typology Weak exogeneity

Using what we have just learnt, calculate the long-run multipliers for the
conditional consumption model using the KonsDataNor2.in7 data set
on the sample 1985q1-2004q4! Estimate the ARDL and calculate the
static long-run solution, estimate the restricted equilibrium correction
model by NLS and the unrestricted equilibrium correction model by OLS.
Show that you get exactly the same answer regarding the long-run
multipliers!!! To increase efficiency, you can also use the batch file
Conditional consumption equation.fl.
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Models of the VAR

Why do we call this model an ECM?

Remember that the conditional model for y; ¢ is:

yi,t = o+ P1y1,e—1 + Payit—2 + Boyz,t + Biy2,t—1 + Boyo,t—2 + €r
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Models of the VAR

Why do we call this model an ECM?

Remember that the conditional model for y; ¢ is:
yi,t = ¢o + P1y1,e-1+ Pay1,e-2 + Poy2,t + Pry2,t—1 + Payo,t—2 + €
In a static long-run equilibrium, we have:

Vit =Ylt-1=Y1,t-2 = ¥1
Vot =Yot-1=Y2t-2=Y>
er=¢€¢"=0
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Models of the VAR

Why do we call this model an ECM?

Remember that the conditional model for y; ¢ is:
yi,t = ¢o + P1y1,e-1+ Pay1,e-2 + Poy2,t + Pry2,t—1 + Payo,t—2 + €
In a static long-run equilibrium, we have:

Vit =Ylt-1=Y1,t-2 = ¥1
Vot =Yot-1=Y2t-2=Y>
er=¢€¢"=0

Thus, we find that:

yi = ¢o+P1y1 + Poyi + Boys + Brys + Bays

ECON 4160: Computer Class Norges Bank



Solving for y; , we get:

+B1+ +B1+Br .
yvi= Po yPoth ﬂzy*__@_ﬁo /11 ﬁ2y§=—%+w§

T 11— 1—pr—¢n "’ o
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Outline Parameter stability Models of the VAR Typology Weak exogeneity

Solving for y; , we get:

. _ (Po +,30+151+,32y*=_@_W}/E:—@+7y§

NI —¢n  1—gr— 2 « «

But this means that yyy = yi + %! Substituting this back into (17), we
find:
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Solving for y; , we get:

= +7v;

$o BotbritpBr . ¢o  PotPitBo . o
—1_¢1_¢2+1_¢1_¢1}’2 x . »

N o

But this means that yyy = yi + %! Substituting this back into (17), we
find:

Ayie=¢o+alyre1— Y1 — %) — P28y1,e-1 + BolAyz, — PoAyr -1+ €
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Outline Parameter stability Models of the VAR Weak exogeneity

Solving for y; , we get:

. _ $o +/30+l31+/32y*:_@_ﬁo+i1+ﬁ2y; Po

= =4 *
N I—¢g1—¢2 1—¢1—¢1 > o w2

But this means that yyy = yi + %! Substituting this back into (17), we
find:
$o

Ayie=¢o+alyre1— Y1 — I) — P28y1,e-1 + BolAyz, — PoAyr -1+ €

which also can be written as:
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Weak exogeneity

Models of the VAR

Qutline Parameter stability

Solving for y; , we get:

c__ % BothritpBr o ¢o PotPitBo . ¢o x
y1—1_¢1_¢2+1_¢1_¢1y2— " " o=t

But this means that yyy = yi + %! Substituting this back into (17), we
find:

Ayie=¢o+alyre1— Y1 — %) — P28y1,e-1 + BolAyz, — PoAyr -1+ €

which also can be written as:

Ayie = ¢o — a% Falye1 —Yie 1) — @28y1e1+ BoAya: — B2Ayr—1 + €
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Outline MC Parameter stability Models of the VAR Typology Weak exogeneity

Solving for y; , we get:

+7y3

yi— o +50+ﬁ1+/32y*:_@_ﬁoJr/ilHSzy;:_%

T 11— 1—pr—¢n "’ o

But this means that yyy = yi + %! Substituting this back into (17), we
find:

Ayie=¢o+alyre1— Y1 — %) — P28y1,e-1 + BolAyz, — PoAyr -1+ €
which also can be written as:
_ $o .
Ayie = ¢o — a - Falye1 —Yie 1) — @28y1e1+ BoAya: — B2Ayr—1 + €

Thus, we see that, aslong as . = ¢1 + ¢ — 1 < 0= ¢p1 + ¢ < |1],
Ayp will fall (equilibrium correct) when y; > y; in the previous
period!!

ECON 4160: Computer Class Norges Bank



Typology

Remember the ARDL model in its general form:

ye = Po+Prye—1+ Pixe + Poxe—1 +er (18)
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Outline MC ata Parameter stability Models of the VAR Typology

Distributed lag (DL

$1=0 yt = Bo + Bixt + Poxe—1 + €t
Growth rate (GR)
=1
‘81({7:'82:0 Ayt:ﬁ0+ﬁlet+£t-
Random Walk (RW)
=1
ﬁ1252:0 }’t:ﬁ0+}’t71+€t-
Static model
=0
4’3);:0 yt = Po+ Pixe +ee.
ECM
91| < 1 Ayt = Bo + B1Axt + (¢1 — 1)yt—1

+(ﬁ1 + ,B2>Xt_18t.

And many more, including polynomial lag distributions and geometric lag
distribution, see EB note DL which can be used to represent longer lags
by a small number of parameters

ECON 4160: Computer Class Norges Bank



Outline MC Parameter stability Models of the VAR Typology Weak exogeneity

> Note in particular that the ECM representation does not impose any
restrictions on the ARDL model, except |¢1]| < 1 (dynamic stability).
> The partial derivatives
dyt
aXt,j

also called dynamic multipliers, or lag-weights, are easy to obtain in
PcGive after estimation, as are the long-run multipliers, as we have
seen

> As all parameters of an econometric model, also dynamic and
long-run multipliers can become badly biased if a mis-specified
model is estimated
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Outline Parameter stability Models of the VAR

Weak exogeneity

Weak exogeneity of y» ; in the conditional model

OLS gives ML estimates of the parameters of the ARDL model

y1,t = o + Boy,t + P1y1,e-1B1y2,t-1 + €t (19)

y2.t is therefore weakly exogenous in (19) despite the fact that y» ; is an
endogenous variable in the VAR:

Yit = auyii-1-+awy2—1+ei: (20)
Yot = ayit—1-+taxnyrt-1+ex: (21)

2
€1,t oy 012
~ MVN ( 0241, 22
( €2t ) ( 2 ( 021 (722 )) 22)
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Outline v Parameter stability Models of the VAR Typology Weak exogeneity

» There is a difference between a variable being endogenous in a
statistical system like (20)-(22) and being endogenous in a mode/ of
the statistical system, such as (19)

> yo t is weakly exogenous for the parameters in (19) because we do
not gain anything in terms of efficiency by estimating (19) jointly
with the marginal equation (21).

Again, this is a consequence of the conditioning, which also gives
E(eteat) =0= E(erynt) =0

SO Yot is exogenous in the econometric sense that is used in most
textbooks (sometimes referred to as the condition of strict exogeneity.)
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Outline MC Parameter stability Models of the VAR Typology Weak exogeneity

Parameters of interest and weak exogeneity

» How helpful and relevant is the weak exogeneity of a variable in a
conditional (regression) model?

> It is relevant if the parameters that we want to estimate, the
parameters of interest, are the parameters of the conditional model!

> If the parameters of interest are not the conditional model, then the
weak exogeneity of y» ; is not very helpful

» The solution is to change to a different econometric model of the
system

» The other model is estimated by other methods than OLS
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Outline MC ata Parameter stability Models of the VAR Weak exogeneity

Predeterminedness

Consider again the two-variable ARDL model that we have derived from
the bivariate VAR(1) model

yie = o+ Boya,e + Pry1e—1+ P1yoe-1 t €t (23)
we have that
E(y1,t-1€t4j) = 0,and E(y2,¢—1€¢4j) =0V >0
by conditioning on history of the system, and
E(y2,t€t1j) =0V j>0

by conditioning on y» ;
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Outline v Parameter stability Models of the VAR Typology Weak exogeneity

Heuristically, we cannot claim strict exogeneity

E(y1,t-1€¢+j) =0V (24)

Intuitively, this is because y7 ;1 must be correlated with €;_1,6+_2 and
older disturbances through the solution of the equation for y1 ;
> (24) defines y; +—1 as a pre-determined variable.

> yot and yo +_1 are either exogenous or predetermined (depending on
Granger causality, which we will discuss in more detail the next time)

» With pre-determinedness OLS estimators are biased in small
samples, but they remain consistent estimators in stationary systems

> The size of the bias is seldom very large (as we have already seen),
and it declines with ¢y
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