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COINTEGRATION VECTOR ESTIMATION BY DOLS FOR A THREE-DIMENSIONAL
PANEL

LUIS F. MELO
JOHN J. LEON
DAGOBERTO SABOYA

ABSTRACT. This paper extends the asymptotic results of the dynamic ordinary least squares (DOLS) cointe-
gration vector estimator of Mark and Sul (2003) to a three-dimensional panel. We use a balanced Nanel of
andM lengths observed ovér time periods. The cointegration vector is homogenous across individuals but

we allow for individual heterogeneity using different short-run dynamics, individual-specific fixed effects and
individual-specific time trends. Both individual effects are considered for the first two dimensions. We also
model some degree of cross-sectional dependence using time-specific effects.The estimator has a Gaussian se-
quential limit distribution that is obtained first lettifig— oo and then letting\ — co, M — 0.

This paper was motivated by the three-dimensional panel cointegration analysis used to estimate the total factor
productivity for Colombian regions and sectors during 1975-2000 by Iregui, Melo ané&a(2007). They

used the methodology proposed by Marrocu, Paci and Pala (2000); however, hypothesis testing is not valid un-
der this technique. The methodology we are currently proposing allows us to estimate the long-run relationship
and to construct asymptotically valid test statistics in the 3D-panel context.

Key words and phrase€ointegration, Dynamic OLS estimation, panel data in three dimensions.
JEL clasification C13, C33.

1. INTRODUCTION

This paper proposes an extension of the dynamic ordinary least squares (DOLS) cointegration panel esti-
mators of Mark and Sul (2003) to a three-dimensional panel. The single equation DOLS for estimating and
testing hypothesis about cointegration was proposed by Phillips and Loretan (1991), Saikkonen (1991) and
generalized by Stock and Watson (1993).

DOLS is a single equation cointegration technique that overcome the common problems of the static and
modified OLS. The static OLS finite sample estimates of long-run relationships are potentially biased and
inferences cannot be drawn using t-statistics (Banerjee et al, 1986, Kremers et al, 1992). DOLS methodol-
ogy is based on an equation that includes lags and leads of right-hand side variables which eliminates the
effect of the endogeneity of these variables. Therefore, it is possible to construct asymptotically valid test
statistics and also to estimate the long-run relationships.

Panel DOLS (PDOLS) has been analyzed by Kao and Chiang (2000) and Mark and Sul (2003). Kao and
Chiang (2000) studies the properties of panel DOLS when there are fixed effects in the cointegration re-
gressions. Mark and Sul (2003) allow for individual heterogeneity through different short-run dynamics,
individual-specific fixed effects and individual-specific time trends. They also permit a limited degree of
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cross-sectional dependence through the presence of time-specific effects.

For extending the results of Mark and Sul (2003), we use a balanced panel of three dimensions with lengths
N, M andT. The cointegration vector is homogenous across individuals but we allow for individual het-
erogeneity using different short-run dynamics, individual-specific fixed effects and individual-specific time
trends. Both individual effects are considered in the first two dimensions. As in Mark and Sul (2003), we
also model some degree of cross-sectional dependence using time-specific effects. After obtaining the Panel
DOLS estimator in three dimensions, PDOLS-3D, we present the sequential limit distribution of the esti-
mator by first lettingl — o then lettingN — o0, M — oo,

The remainder of the paper is organized as follows. Section 2 describes the cointegration representation for
a three-dimensional panel. Section 3 describes the PDOLS-3D estimator. Finally, the asymptotic distribu-
tion of the PDOLS-3D estimator is presented in Section 4.

2. REPRESENTATION OF A COINTEGRATED MODEL IN PANEL DATA IN THREE DIMENSIONS

Consider the following triangular representation of a cointegrated system for a panel with individuals in-
dexedbyi =1,....Nandj=1,....,M* over time period$ =1,..., T

yir = o™ +a™ 1 2Nt Mt 4 6+ 7%+ uig

Xijt = Xijt—1 1 Vijt

where{yijt } is the dependent variable integrated of order dmg, } is ak-dimensional vector of integrated
series of order one anfljt ,yi’jt } is a covariance stationary error process independent aicesssj but

possibly dependent acrosdn this case, the variables are said to be cointegrated for each member of the
panel, with cointegrated vectgr Individual heterogeneity is considered through different short-run dynam-

@)

ics, individual-specific fixed effects of the first two dimensioaxi@,‘) andocj(M), and individual-specific time

trends in those dimension?q‘fN> and/lj(w. A limited degree of cross-sectional dependence is also permitted
by the presence of time-specific effedis,

3. PANEL DOLSESTIMATOR IN THREE DIMENSIONS
PDOLS methodology is based on the estimation of the following equation
) Vi = o™ L AN M 6+ Y+ 8y i

wherez; = (AXj;_p, .., &, ... MXji, p)" is a(2p+ 1)k-dimensional vector of leads and lags of the first
differences of the variables;; . The inclusion of lags and leads eliminates the effect of the endogeneity of

M)

these variables. To avoid perfect coIIinearit)&M) = A,\(,,* =0.
Equation (2) can be expressed as follows,
3) vie = o™ o™ 1 2M e Mt 1 o+ v+ uig

whereyi‘tjt and>jjt represent the linear projection of the dependent variable and the varigbieish respect
to the short run componentz; .
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Taking average of (3) in the time dimension gives

_ M) (5N, ) [(T+D) 1|18, 1<,
(4) Zy*jt o™ +a +(7L, + 2 )[ 5 +7 T2 Xijt +Tt: 9t+.|_t: Uijt
Subtracting (4) from (3) eIiminataxq(N) andaj(M) and gives
)
Lot (N oy [ T+ ;13 4 1 1
yfj-t—?s; ijs_()“i +)~j ){— > ]-H/ Xijt_fg\xijs + 6(—?;65 + U|Jt—?;uus

Taking double average of equation (5) in the first two dimensions gives the following result

i 2, 5.0 s 2, 5, e~ [ e, 3, (W + >+VNM*zz[m Sxd
(6) + Gt—_lj: S NM*iMz* Uijt — szlu”'s

Subtracting (6) from (5) eliminates the common time effects, then the model can be rewritten as

7 yfj’{ = (l +7L ) + Vx,]t + Ui

Where the superscripts<” and “ ~ " denote the following deviations

y‘i'* = (yi¢jt -1 ETS;lyiijs) - (ﬁ TN I Vet~ T She1 Sy EsTclyﬁms)
let = ( it — T Z;ﬁ(iijs) - (NT%A* St St Xt — NFT The1 e Z_I;lxﬁms),
Ui = (Uijt — F 3auq Uijs) — (T%/I* Tho1 Y e Unmt— N SN SM ST, Unms>,
Z(N) _ /li<N) 1 Zn 17LnN ,

ij(M) _ AJ(M) M* Zmllm ,

T+1
t— L

t

Let us define the grand coefficient vector of the mod@’as (l/,Z;\],Z;\A) whereZ;\, = (Ail(N)jZ(N% ...,I,S,N)) ) Z;\/I =
(Il(M),IéM), ...,71,\(,,'\/')), M = M* —1, and the following matrices
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!
ot = (xﬁl, f,O,...,O,tN,O,..‘,O)

a5 = (xda ©0...,00%....0)
a = (e f,o,...,o,o,o,...,f)/
®) a, = (. 0f...0t0....0)

~ /
q2Mt (ngllta Oat7~~~7,070,07...,t)

!
qNMt (Xil*Mtv 0,0,...,£,0,0,... ,f)

Then, the model can finally be expressed as

©) vii = B+ uf
And the PDOLS-3D estimator (ﬁ is

-

. N M T fe g Y
(10) Bymr = l qlltqlit] l Z q'ltyj[Jt

i=1]=1t=

4. ASYMPTOTIC DISTRIBUTION OF THEPDOLS-3DESTIMATOR

Taking into account that elements/i’n have different rates of convergence, we can rewrite (10) as

NMT

GaMT(Bypyr — B) = Mnmt] Myt

Where
VNMTI o of

GruT = 0 VMT3 Iy o |,

0 0 VNT3 Iy

NI . Miinmt  Moinwr  M3inwt
MnmT = |Gyt (@5 g5 )Gamr | = [Mainmr Maanmt Moyt |

iZ1j=1es M M M
3LNMT  Maonmt  MasnmT

1 NM, T o
M11nmT TAZ Zl T2 El(ut Xt
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/ [ 1 M T 1 M T“’i*
M = tX Z ztx .
2LNMT 5 X1jt 5 XNijt |
' VAMT3 jZ1t51 VNMT?2 j:lt:l !
/ r NOT
M3inmT = Yoyt e Z th
. o Mt
N\/T2|1t1|t N\/T2|1t1|
T
1«72
MazonmT = ﬁtzlt IN,

.l:
Mionmt = | Jrngrs 2. 02| (Dnwms Where (1), is a matrix of ones,

I t£1
S
M33nmT = ?13 s 2] 1Im,
L t=1 |
SN, }
mlzljz 13- 1XIjt |jt
L MT
tu
JMIT2 letzl Lt
LN MT M NmT LM T
mNMT:GNMTiZ”Z Z IJ[ Uit = |MonmT | = T3 thzltuﬁjt
B M NMT JN T
t
szlzltZ
tu;
sz |zltzl Mt

The asymptotic distribution of the PDOLS-3D estimator is presented in the proposmon 1 part (b). The
following lemmas are required to prove this proposition. The proofs of the lemmas follow from simple ex-
tensions of the results of Mark and Sul (2002). However, for easiness of the explanation they are presented
in the Appendixes A, B and C.

Following the results of Mark and Sul (2003), the null hypoth&gis=r can be tested using a regular Wald
statistics. a

Lemma 1. For eachiand jas T— o,

1 T

14 P
a. *2{_ 7|thut T2 Zl)iijt)iijt —0.

T
Z |Jt7m ztﬁjtﬂo'

p
K 1 pk
Z |jt |jt7thl)f(ijtuith0'

—HI—‘

This lemma demonstrates the equivalence in probability of the projected seriesan $mace and the
series which are not projected. This gives an asymptotic justification for ignoring the fact that we are using
projection errors instead of the original observations.

Lemma 2. As T — o and then N— oo, M — oo,
a MiinmT — g S Y11 Quij 2 0.
b. M5 2LNMT L)
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(9]

p
: Mél,NMT -0
d. Maanmr = N

p
e. Maymr — 0
f. MasnmT L Slm
This lemma shows the convergence of each elemedt\gr matrix.
Lemma 3.
a. For N and M fixed, with T— oo, my; yut LA m, yw Where

NM—1] 1 N M ~ 1

m = — — Quuii i dWii — ——Onm (1
Moo= MRt 2, 2, V[ B Ot

1

b. As T— wthen N— o0, M — o0, VZm yy D N(O,1) where V= am 2 1 Quuij Qui -
c. AsT—oand N— oo, M — oo, My Nt is independent OLQ‘NMT andﬂ&,\,,\,IT

This lemma shows the convergence in distributiomgj.

Proposition 1. For the PDOLS-3D estimator in (2) , as-F c and then N— oo, M — oo,
a. VNMT(,,,; —7) is independent Of/MT 2 (Ay — Ay) andvNT2(Ay — Ay).
1 R
b. CuiVNMT (7,7 —7) AN, Ik).
Where
3 A A T =1
Cnm = <C§M) (Crguw> =My nmVienmMainm
M1inM = g D1 3t Qi

g 1 <N M
V1iINM = g 21 2 =1 Quuij Quyij

c. Dnmt —Cam _p) 0.
Where
S -1 Y, -1
Dnmt = Mll.NMTvll-,NMTMlLNMT
_ 1 <N M 1 T ol
M1INMT = gm 2i=12 =1 [ﬁ 2t=1%jt Xijt }

Y _ LN oM /8 [T et
VIINMT = [ 2iz1 X j=1\/ Quuij {ﬁ Y1 %t Xijt }

andQuy;j is a consistent estimator 6.

This proposition presents the sequential limit distribution of the PDOLS-3D estimator. The proof of part
(a) follows from lemma 2 and lemmag the proof of par{b) follows from lemma 2 and lemmal® The

proof of part(c) is straightforward.
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APPENDIXA. PROOF OFLEMMA 1

Proof. Following previous definitions,

N M T

)7(14‘]: = l(ljt leijs - NM lekfljt NMT le Zf”s

andxﬁt = Xijt — CDij;ijt, is the linear projection of eaQtajt into Zjts with ®;; a matrix of projections coeffi-
cients. Then

+ 1g
Xjt = |Xie — PiiZp — 7 Z (Xijs—q’ijZijt)
S=1

1 N M 1 N M T
1 T 1 N M 1 N M T
= | Xijt — Tr-; Xis = NM nzlmzlxnmﬁ NMT nzlngly Xams
1 T 1 N M 1 T
i |Z =7 2 50| w2, 2, P | Bm T 2 Zms
. 1 XM
1) =Xt — | PijZ — NM > D Prmdume
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a. Using (11) we obtain the following expression

1 < i 1 il 1 N M . , 1 N M N )
ﬁt;lﬁjtlﬁjt = T2 2 Xijt — | PijZj — NM Z n; X”t 2 ¥ — Wn;nglgnmt@nm
1T 1T 1 N M
-T2 ZX”tX”t T2 Z q)”z‘lt NM Z Z mZnmt XI]t
= n=1m=1
1 N

J\’l -
?M =z
INL
3
hcd
3
N———

>
Il
st

IJt (let

1 _ W 1 N M 5
i ﬁt; (‘D”Z”t 7|V| 1¢nm2nmt> <Zijt q)ilj “NM Z z antq):1m>

LV | 1 1 1
= ﬁt;&jt&jt — 720p(T) = 750p(T) + £ Op(T 2

=
<

||Mz g

3
I

)

then

b. Based on (11) we also find

1 T . 1 N M -
-|-5/2 thut T5/2 t;t [Xijt - (q’uzut NM Z rT;‘pnmznmtﬂ
_ 1y [ LS Op(T2)
T5/2 t; St 1572 t; p
1 J (T+1)\ .. 1 2
~T52 ZL (t 2 )Xijt 152 ;Op(T )

(T+1) <1T .

T5/2 thut oT3/2 ?t; J) T5/2 Zop

NI

NIw

where
1T 1T 1T 1 N M N M T
T 2N =7 2 (X 2% Xomt + T %
T2 T2 (u T is NMHZN; m NMTnZM;S; nms
1T T N M T 1 1 N M T
- X T =T X
TH™M T2 2\)7(IJS NMT nzann Xom T NMT nZln;lﬁ e
=0
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Then
1 2y 1 4 1 J 3
—— VJitx: ——= Y tx, =——= Y Oy(T?2
-|-5/2t; Sijt -|-5/2tzl Sijt -|-5/2gl P( )
TOD(TZ)

c. Again, from equation (11) we get

Neadt fTX.u_*._ET
T Z i jt Ijt T Zrljt ijt Tt;
1

N 1 N M N .
®iiZj — v 2. 2. P | Ui

n=1m=1
T 1 T _ 1 N M T _
= Xijt Uijt — Zlq)iizi't N NTY Zlanmzn Uit
t= o T t= e NM nzlngl t= me

Then

1
-|- Zfljtuljt -|- lejt uljt P(Tz)

&o
APPENDIXB. PROOF OFLEMMA 2

Proof. a. First, we need to analyze the following term
T

1 ;1 M
_ )7(.*.t)7(.*.t Z Xiit — Z X '[+ Z\)*(
th; AT T2 ( IJ T I]S NM zlnzl nm NM ra 1%]- ms

f
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1 1T 1 N M T N M T
3ol s 3 ) (e g 5l

n=1lm=1s=

i
il
f
0

(Vi)

1 T [ 1 N M 1 N M

=5 Xit | v Xomt | T o Xomt | Xijt

™22, [ (WM 2,2, ) (NMZN; ) %)

(V1)

1T i 1T 1 N M T 1 N M T 17T
e = ) Xj NTVE S X + | —= X =V X
T2t: _<T& IJS) <NMTnzln21& nms NMTnzlngls; nms Ts; S

asT — o, we have the following results for the ten factors of the previous expression

0]
(i)
(iii)
(iv)

v)

(vi)

5 Y1 %k Xt 4 JBuyijByij

1 [+ Y eaXs) {% z;lxgjs} L (B (/f B;;) (propositions 18.1g and 17.3f, Hamilton, 1994)
T2 Zt 1[ M Zn lZm—anmt} [ MZn 1Zm_1xnmt] N2M2 Zn lZm_lvan anm

7 [n SN2 IM1 31 Xomd [T Shet Sh1 341 Xnm

= [ oNa s (B 3T aXomg) | [ Sa sy (32 5L 0%0ms) |

E [NM Sh St S Bunm [’k Sht Smei J Binm (proposition 18.1g, Hamilton, 1994)

% Z [ i jt (W Zn=1 Zr'rhl z$lxnms) + (W anl Zm:l Ztll(nms) Xijt}

= [m Zt:lxijt} [ﬁ Sho1dme1 (TTl/z z;l&wmsﬂ + {ﬁ Sho1dme1 (TTl/z Z-sr;lxnms)} [TTl/z ZLl)iiljt}

[ By [k SN X1/ Bln] + [ 52 M1/ B | /Bl | (proposition 16.1g, Hamil-
ton, 1994)

301 [(% S e1%ijs) (Nig Shet Ime1 Xhme) + (R Zhet 3 met Xomt) (% Zl:ll({js)}
= [ s Loxss] | 2N s (e Sakim) |+ | e Zhoa S (2 S %om) | | 72 5L
E’ UBVIJ [ﬁ szlzm:lf&nm] [NM Zn lZm:lvanm} {f vu}
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(Vi) 25 ¥y [Xijt (% sz;l)(i',js,) + (F 381 %) ),(i/jt}
= [Feslaxi] [Beslakis] + [B2 sTaxis) [7he 5La%]
4 2 [Byij [ Bij
(Vi) 7 51 [Xiit (A 2ot Zm=1Xnme) + (R Zhot Zm-1%m) xi,jt}
= i |2 20 (E S %K) | + i |2 20 (N0 Zha Kot )|
N {TZ 1 Xjt Ijt:| + wik [72 1 Xt Ijt:|
i J BuiiBlij + i J Buij Bl
Si1 [(T Sa1Xijs) (Nt Shet Ime1 341 %ms) + (R Zne1 Y me1 Y &1 %ms) (T S us)}
{m Zs:1l(ijs} [ﬁ She1¥m-1 (m Zs:ll('nmsﬂ + {W She1Ym-1 (m Zs:l’inmsﬂ [m Zl:llﬂ"js}
[/ Byij] [ Shet Stea S Binm] + [ Zhe1 S=1./ Bunml [fg(,ij} (proposition 17.3f, Hamil-
ton, 1994)
() 72 31 [N Nt St Xmt) (o Ehet St Se1 %me) + (T Ehet St Z-1%me) (Rig Enet Em-1Xnms)]
= [ 2N 5Ms (2 sk | [ S0 5 (72 50 Koo
+ [ s 2hs (7 S oms) | [ A s (2 S aXom) |
%2 [t 21 Zm=1J Bunn [ Zh-1 Xm=1./ Blnn

d
—
1

T2

(ix)

la

Using the definition oM11nmT, the result of lemma 1 pad, and the previous results of the terms of

T !/ .
=5 3 XXy, for fixedN andM asT — e,
1

d
MizNmT — M1inm

where
1 N M "
MiinmT = W|le=l (TZ leljtxijt >
Lﬁ N M () + (i) + (i ) + (iv) + (v) + (Vi) — (vii ) — (viii ) = (iX) — (X)]
"
i=1j=1
NM— 1 N M 1 N M -
Miinm = —MZZ/BV”B\”J NMZl /Evij/ﬁvij

wi2 3 /o |35 )

As N — o andM — o we have the following result

p
NMZ. 12] lfBVIj Dij ﬁzg\ilzljwleW,ij_)O
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o w2l 3t S Buij S Bl — s 2 ¥ ) Quuii 20
. (W Zi:le:lfﬁvij) (w ZiNzlzlf/':lfB(/ij) 20
then
1 N M D
M1iNMm — ENM i;JZle,ij =0
b. Analyzing thei —th column ofM5, \t, defined in section 4, and using the result of lemma 1lpart

1 1
M\/;T5/2 Z th*”t M Z (fTS/z Ztllt>

(i)

Examining(xi) for fixed j

1 T l T N M 1 N M T
Wtz Ajjt = fT5/2 th Xijt — P Xijs — Z n; Xnmt + mnzlnglﬁ Xams
1 T T T T N M

1

M T
+ T Z b3 é SZ
1T 10T 1 N M 1 T
3] Gu(53) (e B -mie B 5, ()
1 T 1 N M 1 T
+ <T2t;t> <N3/2|V| z 21 (mszlxnms>>
N M
f/ =i 2\F/BV” N3/2 Z z/rBV”m+ <N3/12M nzm;/BV”m>
N M
- [ bS] s 23 [ B 2B

then
T

M T
fMT%ZZ M \FM ggnzl X

where[M5; yy ], is thei-th column of the matrixV 5; y and

R [(EXS TR S (T ]

d
!/ !
M2inmT = = Mainm

=1
ASN — o, [M5q ), % 0for alli and fixedM, then
P
M,Zl,NM -0

c. Similar to the proof of lemma 2 palt
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d. From previous definitionsyl ;o nmt = (T—la ZthltNZ) In, with

1 14 [t_(TH)r
T3 2 T3t; 2

1y t2_2t(T+1)+(T+l)2
_Tth\ 2 4
T
1l 0+ & (T +1)2
T3 2 T3 Zi 4T2
_(T+1@T+1)  (T+1)*  (TH1)7?
B 6T2 212 4T2
1111
then
p 1
M22NMT—>1*2|N
e. From section 4
1 LIS
M = |——=51t?% 1
32NMT \/WT3; ]( INxM
1 1

m 7‘/NM172(1)NXM
P.0 asN — o andM — «

f. Using lemma 2 pard

1
MaznmT L TZ'M

APPENDIXC. PROOF OFLEMMA 3

Proof. a. First, we analyze the following term

1 T 1 T 1 M T
- § X5 U, =— E X: - E R X R X
T & St Mgt T & At — XIJS M Z Zlfnmt"’ N MT zl Zl ~nms

M m=1 n=1m=
1 T 1 N M 1 N M
f Z ijt Uijt +ft; _W nzlnglxnmt Nanlnzlunmt]
(i) (it)
T 1 T 1 T 1 N M T 1

13

(iii) (iv)



14 L.F. MELO, J.J. LEXN AND D. SABOYA

1 Ll 1 N M T T 1 N M T
T 25 Nm Unmt Z\Xit T Z ijs = Z NTVES Unms

TG NMn:erZl T L T NMTanZ1$1

) (vi) (vii)

1 T 1 N M T 1 N M 1 T
_= — Xpmt | Uijt + Z — Xnmt 7Z\u”s

Tt: NMnZIngl " T = NM Zr’rg n T&

(viii) (ix)

1l[1 N 1 N M T LT g T
T NM Xomt| | T Unms| — == =) Xis| Uijt

T4 _Nanln; Mt NMT nZlngls; T £ _T& ijs

() (xi)

1717 1 N M 17177 (1 N M T

T T25 NM Unmt | — = T 2. % NMT Unms
(xii) (xiii)

17T 1 NMT ] 1T 1 N M T 1 N M
T NMT % Uit — 3 NMT X N Unmt

F&a WM &d=s nms_ T & [NMT n=1mzls; e NMn:lmZ1

(xiv) (xv)

1 T[] 1 NMT 171 T
T X = ) Uijs

T & NMT n:anlZ\ nms_ Ts;

(i)
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() F XX i < v/ Quuij J BuijdWij
(@) 31 (Wi 2ot I Xomd] [ Zn 1Yt Unmt] NM A S et v/ Quunm [ Bynm@Winm
(i) + 3 [ 55-0%s] [7 STauis] & [/ Buij] v/QuuijWaij (1)
) 257 [ SN S ST Xomd [ S SM 1 5T Unmd & [k SN 5™ 1 [ By
[ Shet St v/ QuunmMinm(1)]
v 1 T 1% [ She 1Zm_1unmt] v v/ Quuij S BuijdWGij
(V') T Etzll(ijt [T Ztl Ul]s} vaij \/mwuu
(Vi) £ 31 Xije [T Shet Smet Y o1 Unmg 4 [/ Buij] [Ri o1 Tt v/ QuunmWanm(1)]
iil) 2575 [k SN 1 SM 3 Yo Uit % ik v/ @iy S By WG
() F 51 [ Sha ShaXomd [+ 50 is] - [ S-S0 S B /it Wi (1)
09 5T [sdha 2R 50 Xom] [y Sh1 3000 380t [y S0 51/ B
[ g 2n-1 S M1 v/ QuunmWinm(1)]
() T30 [ 381%s] Ui 4 [/ Buijlv/QuuijWaij (1)
0di) 3 50 [F 58 0%s] [ St S o] - [ Bui] [y Shoa M1 v/ o1
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[f Bvu] [NM 2n 1Zr'¥L1 V4 Quu,anunm(l)]

COINTEGRATION VECTOR ESTIMATION BY DOLS FOR A THREE-DIMENSIONAL PANEL
1 N

(xiii) £ Y [T Ya-1Xijs) [fonr Zho1 Xm-1 Y a1 Unmd
(xiv) T 21 [NMT 2n=12m=1 zylxnmsj Uijt - [N]f\ﬂ Zr':l 1Zm:lvanm] \/mvvuu
[NM Zn 1Zm:l [anm]
[N 2ot T et v/ QuunmManm(1)]
Wi (1)

I
1T 1 N
V) 3501 [rir Shet St T o1 Xomd (R She 1Zm:luﬂmt]
(Vi) £ 51 [ St Sme1 Y s-1Xnmg [T a1 Uijs] 4 [~k She St [ Bynm] /QuuiWij
NM nzlngl vV Quu,an\/unm(l)‘|
m {\/ Quu,iquij(l)}

Usmg the previous results and lemma 1 art

W nzlmzl/ﬁvnm
ﬁ nglmﬁl/an

no1 T_ 1 N, M T_
NM—2
T lejtuljt [ } Quuu /BV|Jd\NJ|] + 55 N2|V|2 Z z V Quunm/B\,nmd\/\(mm

- UBVU} v/ QuuijWeij (1)
1 N M
+ {/BV|J:| NM Z Z RV Quu,anVunm(l) +
n=1m=1
Summing over and j and dividing the result by/NM, we obtain
1
Pl S \/Guarm T
1>]

N M
Quuij | B i'd i 3
;]Zlﬁ/BV] \MJ+<N )2 2.2
LI5S Ny
Z zl/Evnm [nzlngl uu,nm Unm(

{NMZ] N
NM
o) i

ey

ZJ"'Z

fea] | 2,
1

n \/;W >
+®i§/4¢iﬂ%m”]
— {N'\NAM 1} oI ZZM(/BV”d\Mn/B\m/dV\GH) NM3/2 ;Z/B\,.,\/m\/\/u.,
z v/ QuunmWonm(1)

v mz;/ 122,

= {W} JNM Ziz m</8vijdV\bij —/B\,ij/dV\bij)
NM 3/2 ZJZ/ Buij (mvvuua)—nié/m nm(1)>
N M :

le \/ml/gvijd\/\bij - NMONM( )

Therefore
NM — 1}

M N = [

whereByij = By;j — [ By
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-1
b. First, we need to establish the asymptotic normalit{/ﬁﬁ PRED Y] Uij} [ﬁ SN, 5 e, where

Uij = [ ByijBlij andg; = /Quujj J ByijdWij-
Working with {eL,J e J _oandL = NM, we have

&) = TP le 18j
i. i = (Q.l]) E{E(eLulULii)}:E{Q}ZO
ii. NL,J TP 121 1.“,_” =0
iv. Viij =Var(eyj) = E(eyij &) = E{E(eLij&i;|ULij)} = E{QuuijULij } = §Quuvij Quutij
V. E|ejjl 249 = Ellyv/ QuuLIJJBvLudWJLIJ||2+5
= E[l\/Quu LlJQWLlj J W AW [[2F0
||\/QUTL.,Q$V3., O] W5V 272 < A< oo
vi. V= g S S Vi = i S S Var(en;) = eiwm Sibs 31 Quutii Qudi

SinceQ,yjj is positive definite for all, j, V| is O(1) and uniformly positive definite. Using theorem
5.11 of White (2001) follows that 86 — c0, N — o0 andM — oo

N M
ik =3 S & £ N(O.I)
vNM iZ\leiJ

whereVyy = Var (ﬁ s z'jwzlgj) = om 21e1 3t Quuij Qui -

c. Analyzing part of the —th element ofm, \, for fixedN, M asT — o

1 I 1 T
T

1;2 uunm[\/\/unm /wunm dr] lei im (1)

m(/rdwunm) 7 2, 3 g

=1m=1
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1 1 N M
Quu,ij (/ I'quij — éwuu ) NM Z HZ Quunm (/ rdWynm— 2Wunm(1))

Then

T om0 THEYRPIE BRE SR g7 AW Wi 1
T3/2 Z u.,t uuij (/I’ V\AJIJ_EV\‘JIJ( )) “NM Z z uu,nm(/r unm— > funm( ))

n=1m=1

from lemma 3 parg, my yyt L my v, and

ml-,NM:{NM 1}mZZM/BWdV\(HJ NMONM(]-)

Using these results and an extension of proposition 4(pafrom Mark and Sul (2002), we have that
asT — o, N — o andM — o, m; \ is independent oy -

The proof of the asymptotic independencengfyy andm;  follows in a similar way.

E-mail addresslmelovel@banrep.gov.co



	portada 2007.pdf
	Untitled
	Sin titulo

	COINTEGRATION VECTOR ESTIMATION BY DOLS FOR A THREE-DIMENSIONALPANEL
	Borrador_474_Melo_León_Saboyá.pdf

	1. INTRODUCTION
	2. REPRESENTATION OF A COINTEGRATED MODEL IN PANEL DATA IN THREE DIMENSIONS
	3. PANEL DOLS ESTIMATOR IN THREE DIMENSIONS
	4. ASYMPTOTIC DISTRIBUTION OF THE PDOLS-3D ESTIMATOR
	REFERENCES
	APPENDIX A. PROOF OF LEMMA 1
	APPENDIX B. PROOF OF LEMMA 2
	APPENDIX C. PROOF OF LEMMA 3



