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This lecture

Previous lecture

Lecture 31: Autocorrelation: concept, measures and causes; the AR(1)

scheme.

@ The first-order autoregressive scheme
@ Moments of the AR(1) disturbances
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Moments of the AR(1) disturbances

Step 1 (successive substitution).

U = Vg + pUr—1

= v + p(vi—1 + pu—2) = v + pvg_1 + PQUth

o0
= v+ pvr_1 + pzvt—Q + p3ut—3 == Z T
§=0

Since |p| < 1, p? — 0 and the effect of old shocks dies out.

Step 2 (mean). ‘
E(u) = Z o’ E(vi—;) = 0.
J
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Moments of the AR(1) disturbances (cont.)

Step 3 (variance). The v's are independent, so

2
g
Var(uy) ZpQJJ =2(1+p?+pt+- )= 1_1)/)2,
7=0
using the geometric series 1 +7+7r2+---=1/(1—7) with r = p? < 1.

Call this o2. It does not depend on .

Step 4 (covariance at lag 1). Multiply (5.1) by u;—; and take
expectations:

E(uui—1) = pE(ui_y) + E(vpu—1) = pog + 0,

since vy is independent of u;_1. So Cov(ug, ug_1) = po2.
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Moments of the AR(1) disturbances (cont.)

Step 5 (lag s). Multiply (5.1) by u;—s (s > 1) and take expectations:
Vs = B(uttr—s) = pE(u—1ui—s) + E(viug—s) = pys—1.

Repeating,
Vs = PVs—1 = PQ'YS—Q = =piyy = pSO'?L.

Hence

Cov(ug, up—s) = p°o2, ps = p°.

So p is the correlation between consecutive disturbances, and correlations
decline geometrically with the lag.
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Moments of the AR(1) disturbances (cont.)

Step 6 (covariance matrix). Collecting these results for

w=(ut,...,up),
T p P!
Var(u) = o2 P ! .,0 o
pt o pn? p 1
where 1 .
=150

This is the GLS model of Chapter 2.
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Example: AR(1) moments

Example 5.1
If p=0.6 and 02 = 4, then 02 = 4/(1 — 0.36) = 6.25.
® The covariance of consecutive disturbances is 0.6(6.25) = 3.75; two
periods apart it is 0.36(6.25) = 2.25.

® The correlations are 0.6 and 0.36.

Remember

2
Ty

1—p2’

AR(1): Var(u;) =

Cov (ug, ug—s) = p°o?.
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After this lecture

® Exercises 5.1 and 5.2 (Exercises and Solutions booklet).

Next lecture

Lecture 33: Consequences of autocorrelated disturbances.
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