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Instructions

All questions should be answered to get full points.
Each question is worth 25 points.
Read the instructions in the questions carefully.

Answer the questions as detailed as possible. Use mathematical expressions
when necessary. You can use words when you cannot provide a formal math-

ematical answer to the questions.

If a question is not clear to you, make your own assumptions to clarify the
meaning of the question and then answer the question based on your assump-

tions.

See the back of this page for some standard results that you may make use of

while answering the questions.



Some standard results
Suppose that the scalar process {z;} follows the following data generating process:
Ty = Tp—1 + Uy,

where x¢o = 0 and u; has the following properties:

(@) ur = (L)er = D 72 i€ where 372 j-[1);] < 0o and {e;} is an i.i.d sequence

with mean zero and variance o2, and finite fourth moment;

(b) o? denotes the long run variance of {u;} and o2 denotes the contemporaneous

variance of {u;}.

Let W (r) be a standard Brownian motion process associated with u;. Then the

following results hold:

(1) 7257wy S o2 W(1);

(2) 7! th:1 T Ut G152 [I/V(l)2 — %],

2

(3) T2 X0yt S o {W(1) = [y W(rydr} for j=0,1,...
(4) T30 oy S o [LW(r)dr;

(5) T2 a7, < o [ W(r)%dr;

(6) T ZtT=1 trq 5o fol rW (r)dr;

(7) T30 ta? % o [ rW (r)2dr;

(8) 7=+t 5 1/(v+1) forv=0,1,...



Question 1: Conceptual Questions (25 points out
of 100 points)

Below you will find 3 statements. All these are related to the concepts/techqniques

that have been discussed during the lectures. Some of these statements are correct,

some are wrong, some need further clarification. You need to provide a brief, to the

point answer that would contain (i) short explanations of the concepts mentioned

in the statement, (ii) your judgement about the statement about whether it is cor-

rect /wrong/unclear /incomplete, (iii) a correction of the statement. A formal answer

using mathematics is possible, sometimes very useful but not always necessary.

(a)

(b)

(c)

(5 points) Mixing and stationarity are important properties that a random
sequence might have. About these properties the following is always true: If

a process is mixing then it is stationary.

(10 points) Spurious regression is a phenomena we encounter when we regress
a random walk on a time trend. The resulting estimator from this regression
converges to a random variable and the t—statistic of this regression is consis-

tent.

(10 points) Cross sectional dependence is encountered in panel data models.
Suppose having the panel data variables y;; and z;; for ¢ = 1,..., N and

t=1,...,T with the data generating process
Yitr = BTiz + Wig.

The presence of cross sectional dependence implies correlation along time, such

that
Cov(u;u;s) # 0, for t # s.

One way to eliminate the problems that might be induced by cross sectional

dependence is to consider the regression of y;; on x;, and on the lags of y; ;.



Answer:

Grading of these questions:

(i)

(ii)

(iii)

short explanations of the concepts mentioned in the statement, (40% of total

points for the question)

your judgement about the statement about whether it is correct/wrong/unclear/
incomplete and a discussion on your judgement, (40% of total points for the

question)

a correction of the statement.(20% of total points for the question)

(5 points) If for the Gaussian VAR(p) process {x;}, 6; = 0, then

We see that the Gaussian pair x; and x;_; are tending to independence as j —
oo because E(x;x; ;) = A/, — 0. This characteristic is called “restricted
memory” or mixing and the process x; is an example of a mixing process. So
in general, the realization of the sequence at time ¢ is not informative about
the realization at either ¢ — j or ¢t 4+ j, when j is sufficiently large; the present

is not informative about either the remote past or remote future.

A random sequence {x;} is said to be stationary in the wide sense (covariance
stationary), if the mean, the variance and the sequence of j-th order autoco-
variances for j > 0 are all independent of t. A random sequence {x;} is said
to be stationary in the strict sense, if for every k£ > 0, the joint distributions

of all collections (X, X¢41, - .., X k) do not depend in any way on t.

The statement is incorrect. A stationary process does not have to be mixing. A
mixing process does not have to be stationary. Consider the following counter
example. Let x; be an i.i.d. process with E(x;) = 0, and z is any random
variable not depending on ¢, with F(z) = 0 and independent of x; for all t.

Consider,

Y = Ty + 2.



(b)

We can show that {y;} is a stationary sequence. To check for the mixing

property of {y;}, we consider
Cov(yt, yi—j) — Var(z) > 0,

which implies that 3; is not mixing.

(10 points) Let us again consider two unrelated variables x; and y; such that
Ty = Tp—1 + Uy
Yo = Y1+ Uy

where u; ~ 1.i.d(0,02), v, ~ 1.i.d(0,07), o = 0 and yo = 0. Let’s now run

Yy = P+ e

Theory show that this regression will be a spurious regression. In a spurious
regression of this setup we expect

- B0

- R0

— t5 =t — dist
But instead we have

5 d
- B— f(B)
- R* =% ¢(B)
_ d

- T 1/2153 — h(B),
where f(B), g(B) and h(B) are functions of Brownian motions. So spurious
regression occurs when we regress a random walk on another random walk. In
this case, the resulting estimator indeed converges to a random walk. But the

t-statistic is inconsistent. Because the t-statistic itself diverges under the null

hypothesis, we can see it from the result Tfl/ztg N h(B).

(10 points) First of all the statement in the question states that, cross-sectional

dependence implies

Cov(u;u;s) # 0, for t # s.



This is wrong. Above equation is about being correlated over time. Cross-
sectional dependence is about correlation across cross-section units. The so-
lution proposed to cross-sectional dependence is also wrong. Regression of y;
on z;; and on the lags of y;; might perhaps help with the serial correlation
in the errors. But it will not help to alleviate the problems of cross-sectional

dependence.

If the error term of the model is cross-sectionally correlated we will have
Cov(e;ejt) # 0 for some ¢ and some ¢ # j.

So the error term that belongs to the model of j** cross section unit is corre-
lated with the error term that belongs to the model of i** cross section unit. A
potential solution to this problem is proposed by Pesaran (2006). He suggests
augmenting the regression model with the cross-sectional averages of the vari-
ables. He shows in his paper that this would overcome the problems caused

by cross-sectional dependence, under certain assumptions.



Question 2: Modeling and stationarity (25 points
out of 100 points)

Suppose that we have the following bivariate data generating process for w, =
(ytht)/'

wy =I'iwiy + Dowyg + &4,

where
le — ( rYlyy 71y:r ) 7 112 — ( '72yy '72yx )
Tzy Vizz Voxy V2xx
e, = €1t ~IN 0 : 011 012 :
€t 0 091 02

for t = 1,...,T. This model can be written in a vector error correction model

(VECM) form as

and

AWt = AWt,1 -+ BAWt,1 + &¢.
Answer the following questions.

(a) (10 points) Starting from the VAR(2) model derive the VECM and write A
and B in terms of the parameters of the VAR(2).

(b) (10 points) Now consider the vector error correction model. Suppose that A

can be written as
A=af,

where v is 2 X 1 and 3 is 2 x 1 and has the form

i (05} . 1
=(n)e=()
b1 b
B:( i bz).

Derive the conditional error correction model of y; given x; and the past. How

Furthermore, let

would you test for no-cointegration in this CECM. Under what condition(s) is

x; weakly exogeneous for the parameters of interest ¢ = {ay, 51}.



(c) (5 points) Now let v1,, = 0 and 79, = 0 and consider the model for y; only.
Suppose that 71, = 0.7 and vy, = —0.1. Is y; stationary under these restric-

tions? Show your calculations.

10



Answer:

(a) (10 points) Starting from the VAR(2) model derive the VECM and write A
and B in terms of the parameters of the VAR(2).

W = I‘lwt_l + FQWt_Q + &
=I'wi g +Tow g — Dowy g + Dawy o + &4

=Tywi +Towi g — ToAw,_ | + &,
Now we subtract w;_; from both sides, this yields
Aw, = —wy +Tiywi g + Towy g — DoAwy_q + €.
Rearranging yields
Aw; = (I + Ty — L)w, 1 — ThoAw, g + &
This is the VECM form. So we have

A=T,+T, L,
B = —FQAWt_l.

11



(b) (10 points) We can rewrite the error correction models for y; and x; by imposing

the restrictions given in the question.

Ay = oq(ye—1 — B1xi—1) + b1 Aye—1 + bioAzyq + €14,
Azy = aa(ye—1 — B1%i—1) + b A1 + €2y,

Conditional error correction model of 4, given z; can be obtained by including
contemporaneous value of Az, in the model of Ay,. However, this will affect
the coefficients of the model. In order to see how it effects the coefficients of the
model, we need to acknowledge the fact that the error term of the conditional
model should be independent of the error term of the marginal error correction
model for z;. Let ¢, be the error term of the conditional error correction

model. It should satisfy the following
E[£y.z,t£2,t] =0
We can write €., = €1 — aga;. Now, let’s plug this in the above equation

El(e14 — agay)eay] = Ele1yea,] — aEles ]

— 012 — Q092 = 0.

This means that

012

022

The error term of the conditional model then should be

012
Eyat = €1t — —E2¢-
022
In order to have this error term, we need to multiply the marginal ECM of z,

with Z—;g and subtract it from the ECM of y;. This will give us the CECM of

Y given ;.
012 012 012 012
— Az = —ao(y—1 — f1xi—1) + —beo Az + —e9y,
022 022 022 022
we have
012 012
Ay, = (oq — —a2> (Y1 — Bre—1) + —Axy
022 022

o
+ b Ay + (512 - —12522> Az q +€yat

022

12



This is the conditional error correction model.

The variable x; are weakly exogenous for the parameters of interest ¢ in the
model Ay, if and only if
— ¢ is a function of the parameters of the conditional model only.

— ¢ are variation free of the parameters of the marginal ECM for x;.

This is ensures when oy = 0. In this case the CECM model boils down to

o
Ay = oq(yi—1 — frze—1) + U—HA% + b11 Ay
22
012

+ (b12 - —b22> Az +Eyay

022

13



(c) (5 points) Now we go back to the VAR(2) model and consider the model for

y; only, which can be written as

Yt = NyyYt—1 T VyaTe—1 + VoyyYt—2 + YoyaTr—2 + €1¢-

We can now impose the restrictions of the question, which are 1, = 0, Y2, =

0, Y1yy = 0.7 and s,y = —0.1. These restrictions yield
Ye = 0.7y—1 — 0.1y o + €14

In order to check if y, is stationary we can write the AR(2) model in the lag

polynomial form. This will yield
(1—=0.7L+0.1L%)y; = €14

For stability we need the roots of the polynomial (1 — 0.7z + 0.12%)] to be
outside the unit circle. The roots are z; = 5 and 29 = 2. They are both
outside the unit circle, which means that under these restrictions y; is stable.
In addition to stability, the model for y; does not have any mean shifts and the
error term is identically distributions along t. All these makes y; a wide-sense

stationary process.

14



Question 3: Asymptotic Derivations (25 points out
of 100 points)

Suppose that we have the following data generating process for {y;} and {z;}:

Y=+ Y1+ €1t
Ty = 5t+€27t,

fort =1,...,T. We assume that €, and ey, satisfy the same assumptions as the

error process u; that are indicated in (a) in Page 2. Additionally, we assume:

(i) €1+ and eq; are uncorrelated with each other;
(ii) Long run variances of 1, and &9, are o7 and o3, respectively;
(iii) yo = 0 and zy = 0;
(iv) p and § are non-zero constants.
We consider the least squares estimation of the following model:
Ye = P+ e,
using a sample of T observation pairs. Answer the questions below.

(a) (10 points) Derive and discuss the orders of probability and limiting distribu-

tions of

T T
§ : 2 2 :
xta TYt-
t=1 t=1

(b) (5 points) Derive the limiting distribution of the OLS estimator 3. Interpret

your results.

(c) (10 points) The t—statistic to test for the significance of 5 can be written as

where 62 = & 31 (y,—B,)?. Derive the limiting distribution of this ¢—statistic.
Interpret your result. (Note: use words if you cannot provide a formal math-

ematical answer.)

15



Answer:

(a) (10 points) We need to derive and discuss the orders of probability and limiting

distributions of

T T
§ : 2 § :

Ty, TtYt-
t=1 t=1

We start with ZtT:l x?. We have z; = §t + €9+, then we can write

T T T

Z 22 = Z(5t +e94)2 = 2[52t2 + 20teg,; + €3]

t=1 t=1 t=1
T T T
— RS 2N e+ e,
t=1 t=1 t=1

We need to find the limits of the three sums above. For the first term we can
use the standard result (8). This tells us that the first term is O(7?) and if we
divide it by T3, it will be bounded. Now if we take the limit as T' — oo we get

—62Zt2

The second term is the sum of the multiplication of a time trend and a sta-
tionary random process. We can use the standard result (3) for this. The limit

of this process is given by

T 3/22(5Zt82t — 250'2W( —250'2/ W

t=1

This means that 203, tea;, = O,(T%?). Now we analyze the third term,
sum of squared errors. This is something that we are familiar with for many
years. By law of large numbers we have:

T

T! Z 837,5 S o5

=1
This means that 37, g5, = Op(T). Combining the results for all three terms
yields that the order of ZtT o7 is dominated by the first term, 62 ZtT s
which has an order of O,(T?). This means that Y, 22 has order O,(T?). T
order to find a bounded limit we need to divide it by T’ 3. Then we have

52

T
1 2 P
_3th +o0,(1) = —,
T — 3

16



because the second and third terms are O,(T%/2?) and O,(T), respectively and
asymptotically negligible when we divide them by 7.

Now we need to analyse Z;‘FZI x:y:. We can see that y; is not a random walk.
But we can write it in terms of sum of a linear trend and a random walk

(partial sum). We can write

Y =p+ Y1+ ey
- Mt+St7

where

t
St: E €1,s-
s=1

Here the standard results given in the first page of the exam applies to S, not

to y;. Now we consider the sum we need to evaluate.

T

T
Z Ty = Z(5t + &2.4) (1t + 5)
=1

= T T T T
= (mZtQ + 52 St + uZtag,t + Z Si€ay.
t=1 t=1 t=1 t=1

So we need to find the orders and limits of these four terms by using the
standard results. Let’s start with the first term on the right hand side above.
We can use standard result (8) for this. We have

1 < O
— 2 —
(MT?’ ;lt — T

So the first term has order O,(7%). In order to evaluate the second term we

can use the standard result (6). We have

T T T 1
1 1 1 p
5—T5/2 ; Stt = 5—T5/2 ; St—lt + 5m ; 617tt — 50’1 /0 TW(T’)d’I“,

In order to obtain this result in addition to standard result (8), we used stan-

dard result (3) which suggests that

1 < 11 &
O s ;eut =0 (W ;al,tt> = 0,(1).

17



So the second term has order O,(T°/2), which is smaller than the order of the
first term. Now we analyze the third term ,uZtT:l teg. We can use result

number (3) directly, which implies

T 1
1
W Zt@,t L oy {W(l) — / W(T)d’/’} ,
t=1 0

which implies that the order of 3", tea; = O,(T%/?). For the fourth term,

we can use the standard result (2) which suggests that the sum is order O, (7).
Combining all these will imply that the sum Zthl 2y is dominated by the

first term and the order is T3. We can write

1 < oL
ﬁzﬁt% + 0,(1) 5 3

t=1

This answers the first part of the question.

18



(b) (5 points) The distribution of the OLS estimator can be derived simply by
using the results we obtained in the first part of the questions. OLS estimator
can be written as

23:1 Tt

T
Zt:l 37?

We know from part (a) that both the numerator and the denominator has

B =

I

the order O,(T?) so if we divide both by 7 they will converge to something
bounded. We have

1 T
T3 Doim1 Tt p

1 T 2
T3 Zt:l Ty

This result implies that the OLS estimator of § will converge in probability to

B =

w|ec

H
5

&, a constant. It should have converge in probability to 0. As long as u # 0,
the estimation of this regression will yield false results. We can consider this

regression as a member of the family of spurious regressions.

19



(c) (10 points) The t—statistic to test for the significance of 5 can be written as

where 67 = 7 LS (i — Bx,)2. In order to derive the limiting distribution of
this t—statistic, we need to use the limit results from parts (a) and (b). We
have the limit result for 3, we have the limit result of Zthl z?. We need to
obtain the limit of .. For this we write

T

1 T T 1 1 T
= =D — B = A ) e
thz; l’t ; szt T;ytxt

We need to find the limits of these terms. We know the limits of almost all
of them, we are missing the limit of only the first term. We can obtain is as
follows.

T T

T T T
S =S+ 8= 2> oy s+ se.
=1 t=1 =1

t=1 t=1

Using standard results (8), (6), (3) and (5) yields

T3Zyt_“ Tszt2+op %

Now we go back to analysing d.. If we combine all the limit results we have

T T T
1 o 1 -1
A2 2 2 A2 2 g2
0 =T 73 tél y; + 176 73 ;Zl x; =T 2BT3 ;:1 YiLy.

Then we have

1. wr o p? 6P T
— 5, s KO oHHO
7% 3T e %3
2
Wt
Y R Yl
3+3 3

=0.

We need to rewrite the test statistic now to have bounded limits for all the

components. We have

T 1/2
1 s~ 1
ﬁtﬁ:o = (ﬁzx?> 6 T L}OO,
t=1

because %66 24 0. This means that the t—statistic is not consistent.

20



Question 4: Empirical Application (25 points out

of 100 points)

(a) An econometrics student from the VU wants to analyze money demand in the

Netherlands using annual economic time series for the period 1917 — 2017.

The variables she uses are the log of money stock (denoted by my), the log of
the price index (denoted by p;), the log of real GDP (denoted by ;) and the

central bank discount rate (denoted by 7).

(i) (5 points) She runs Dickey-Fuller tests (based on regression models with

both a constant and a trend: z; = « + 0t + pxry_1 + u;) for the levels
of my, ps, y; and r; and also for the first differences of these series. The

outcomes are as follows

Variables | t—stat | t—stat | 2.5 % t—distribution | 2.5% Dickey-fuller
levels first critical critical
differences values values
my | -2.04 -4.30 -1.98 -3.95
pe | -2.98 -7.23 -1.98 -3.95
ye | -1.45 -4.00 -1.98 -3.95
re | -0.94 -3.97 -1.98 -3.95

Explain why she is doing this analysis. What is being tested? What is
the test regression? What are the null hypothesis and the alternative
hypothesis? How can we draw conclusions from the results in the table?

What are the conclusions?

(ii) (10 points) In her report she reports the following regression result as

well:

Amy = —0.12 (my_1 — 3.12¢-1 — 0.187_1) + 0.68Amy_, + 0.10Ap;_1,
(0.03) (0.56) (0.03) (0.34) (0.20)

R? = 0.56, where the numbers in the parentheses are the associated
standard errors. Explain why she reports this result. What is she in-
vestigating? Interpret the results. Is it correct to estimate this single
equation model? Do you have any suggestions for alternative models and

estimators that would improve the accuracy of the conclusions?

21



(b) Another econometrics student from the VU is analyzing a panel data set on
yearly housing expenses of 434 families over 5 years. Previous research shows
that housing expenses data is dynamic in nature due to the presence of the
lagged version of this variables in its model and it is highly suspected that
an individual specific effect is present in the error term of the model that
represents the heterogeneity among the families. The student realizes these

and assumes the following model, where he denotes the variable by c; ;:
Cipt = ACip—1 + Uiy,

- - T ~
where w;; = p1; + €;4. Then she regresses ¢;; = ¢;p — T 'Y, iy O0 Ciyoq =

Cit—1 — Zle ¢i1—1 and obtains the pooled OLS estimator as

N 27]/11 Zthl CitCit—1

)\FE — N T
Zi:l Zt:l Elz,t—l

She finds that XFE = (0.8. She thinks that she can rely on this result to say

something reliable about the dimension of the dynamic nature of household

consumption.

(i) (5 points) Describe the situation faced by this student. Motivate the use
of /):FE as an estimator. What is the problem with this estimator? When

does it occur? Why does it occur? Explain in detail.

(ii) (5 points) Propose and discuss briefly an alternative estimator that is

more proper/optimal to be used in this setup.

22



Answer:

(a) This is an empirical example of testing for unit roots and estimating the

cointegrating relations.

(1)

(5 points) This part is about Dickey-Fuller tests. The test regression

1S
Ty =+ 0t + pry_1 + uy.

So it is a Dickey-Fuller test regression with a constant and a drift.
The econometrician want to test for unit roots in her variables. This

is to test for the hypothesis

against the alternative
Hy o | p| < 1.

If x; represents the levels of these variables, then it means the econo-
metrician wants to test for the unit root in levels. If x; represents the
first differences of the variables then it means that the econometrician
wants to test for presence of unit roots in the first differences. The
test statistic obtained from running the regression above does not
have a standard distribution. It has nonstandard distribution. And
if the errors of the model are serially uncorrelated this distribution is
nuisance parameter free. And the critical values of this distribution
is tabulated by Dickey-Fuller. The econometrician needs to use the
2.5% critical values of the Dickey-Fuller distribution to draw con-
clusions about the hypothesis. In this case the 2.5% t-distribution
critical values are useless.

By looking at the results in the table, we can conclude that the null
hypothesis of a unit root cannot be rejected for the levels of any of
the variables. When we look at the results of first differences we see
that the for all variables we reject the null of unit root. So we can

conclude that all the series involved are I(1) series.

23



(ii) (10 points) The model she is estimating is the error correction model
for my, the log of the money stock. In part (i) we found that all
the variables are I(1). After this finding, it is natural to investigate
if there is a long-run relation between these variables, whether they
share a common stochastic trend. This can be done by using error
correction models. So the econometrician is interested in the cointe-
grating relation between m;_1, y;_1 and r;_;. Interestingly, she does
not include the log of the price index in her analysis. The results
suggest that the error correction term (mt,l — Bryp—1 — Bgrt,l) is sig-
nificantly in the model. This is implied by the significant coefficient

estimate of o in the model
Am; = a(mt—l — BiYi—1 — 52%—1) + 'YlAmt—l + 2 Api_1 + €.

The results suggest that all coefficients are significantly different than
zero, except 7o, which is the coefficient of the first difference of Ap; .
It is not correct to estimate a single equation error correction model
before testing for certain assumptions. First of all, let’s consider
the case that there is only one (up to a normalization) cointegrating
relation in the system, that is (m;_; — 141 — B2ri—1). Estimating the
ECM for Am, only causes loss of efficiency if the same error correction
term is in the models for y; and r;. In order to alleviate the loss of
efficiency, the econometrician should estimate the conditional error
correction model for m;, conditional on 3; and r;. In this case for
efficiency m,; and r; has to be weakly exogenous for the parameters of
the conditional error correction model. Now let’s move away from the
assumption of a single cointegrating relation. Suppose that there are
more than one cointegrating vectors that are linearly independent
from each other. Then, this single equation estimation will yield
meaningless results. In this case we need to adapt a system estimation
technique. This is provided by Johansen. First, we need to determine
the number of linearly independent cointegrating vectors by using
a Trace test or a maximum eigenvalue test. Then, after imposing
the estimated number of cointegrating vectors, we need to use full
information maximum likelihood estimation technique to estimate

the cointegrating vectors and all other model parameters.
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(b) This is an empirical exercise involving a panel data approach.

(i) (5 points) The student is facing a panel data problem that occurs
when there is a dynamic panel data model with fixed effects. In the

model she is analysing, the error term follows
Ui = Mi + Ejt-

Here, p; is the unobserved fixed effects. In short panels, where one has
a large dimension for the cross-section units but a small dimension for
the time-periods, this setup creates a problem. The dynamic nature
of the panel creates a bias. Because y;; is a function of ;. y;:—1 is
also a function of y;. Hence the regressor y;,; is correlated with the
error term u; ;. The OLS estimator is biased and inconsistent even if
the v;; are serially uncorrelated. For this reason, she decides to use a
fixed effects estimator. The fixed effects transformation of the model
eliminates the p; from the models of individual cross-section units.

Then one can use

N T _ _
S\FE _ 21:1 Zt:1 (yi,t—l - yi,—l)(yi,t —7;)

Zij\il ZtT:1(yi,t—1 —7; 1)?

as an estimator. This estimator is problematic too. It suffers from

the well known Nickell bias problem. This is due to the following

reason. Let

Yig —Y; = A(%’,t—l - yi,—l) + (5i,t - gi),

In the model above

- Yi+—1 is correlated with g by construction: the latter average
contains €; 1, which is correlated with y; ;.
© €y 1s correlated with ; ;.
Nickell (1981), showed that for these reasons the within estimator
(fixed effects estimator) is biased of order O(1/T") and it is inconsis-

tent for NV large and 7" small.
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(i) (5 points) An alternative to the fixed effects estimator is the Anderson-
Hsiao estimator. This estimator is unbiased but it is not the most
optimal estimator. The idea behind this estimator is as follows. The

first difference of the original model such that
Yig = NYig—1 + [ + iz,
can be transformed into
Ay = AAY; 1+ Agyy,

This transformation removes the individual effect but there is still
correlation between the first differenced lagged dependent variables
and the error term of the new model Av;,. But a straightforward
instrumental variables estimator is available: We may construct in-
struments for Ay, ;1 from the second and third lags of v; . 1o
or Ay;—9. Using y;;—2 or Ay, ;o as instruments for Ay, solves
the correlation problem if v;, is ¢.7.d.: the instruments will be highly
correlated with Ay, ;1 and uncorrelated with the error term Awv, ;.
This IV estimator leads to consistent estimates, but these estima-
tors are not necessarily efficient, because it does not make use of all
the available moment conditions and does not take into account the

differenced structure on the residual disturbances.
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