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I .  I  n t  rod  uc t  i  on

Use  o f  economet r i c  mode ls  wh ich  poo l  m ic rosamp les  has  become more

f requen t .  w i t h  t he  i nc reas ing  ava j l ab i l i t y  o f  economic  da ta  i n  bo th  t imes

se r ies  and  c ross -sec t i ona l  f o rm.  One  common approach  to  poo l i ng  i s  t o

assume  tha t  a l l  coe f f i c i en t s  a re  cons tan t ,  w j t h  va r i a t i ons  ' i  n  i nd i v j dua l

and  t ime  se r j es  obse rva t i ons  mode led  i n  t he  spec j f i ca t i on  o f  t he

d is tu rbance  te rm.  The  van iance -cova r iance  s t ruc tu re  o f  t he  d i s tu rbance  i n

th i s  mode l  t yp i ca l  l y  i nc ludes  d i f f e ren t  va r i ances  fo r  each  c ross -sec t j ona l

un i t  and  f i r s t -o rde r  au to reg ress i ve  d i s tu rbances  w j th in  each

c ross -sec t i ona l  un i t .  The  con temporaneous  cova r iances  o f  t he  d i s tu rbance

be tween  pa i r s  o f  c ross -secL iona l  un i t s  a re  t yp i ca l  l y  assumed  e i the r  t o  be

nonzero  and  d i f f enen t  f o r  each  pa i r  o r  un i fo rm ly  equa l  t o  ze ro .  The  mode l

i nc ' l  ud ing  a l l  t he  cova r iance  te rms  w i l l  be  conven ien t l y  re fe r red  to  as  the

r r fu l l r r  mode l  and  the  mode l  exc lud ing  them as  the  r rd iagona l r r  mode l .

I n  t h i s  pape r ,  we  compare  t he  e f f i c i ency  o f  poo led  es t ima t i on  us jng

a l te rna t i ve  res t r i c t i ons  on  the  d i s tu rbance  va  r i  an  ce -covan i  a  nce  ma t r i x .  I n

add i t i on  to  the  fu l l  and  d iagona ' l  mode ls ,  we  examine  the  p rope r t j es  o f

es t ima to rs  emp loy ing  b lock  cova r iance  s t ruc tu res ,  i n  wh ich  on l y  some

con temporaneous  d j s tu rbance  co r re la t i ons  a re  assumed  to  equa l  ze ro .

B lock  cova r iance  s t ruc tu res  o f fe r  seve ra l  po ten t ' i a l  advan tages  ove r  t he

o the r  mode ls .  F ins t ,  i n  da ta  se ts  where  the  number  o f  c ross -sec t i ona l

un j t s  exceeds  the  number  o f  t jme  se r ies  obse rva t i ons ,  es t jma t ion  canno t

p roceed  us ing  the  fu l I  mode l  because  the  d i s tu rbance  va r iance -cova r iance
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mat r i x  i s  s i ngu la r .  I n  such  cases ,  t he  d i agona l  mode l  wou ld  no rma l l y  be

app i  i ed .  However ,  b lock  cova r iance  s t ruc tu res  can  be  dev i sed  wh ich

p rese rve  the  nons ingu la r i t y  o f  t he  d i s tu rbance  va r jance -cova r iance  ma l r i x

wh i l e  i nco rpo ra t i ng  more  i n fo rma t ion  i n to  the  es t ima t ion  than  the  d iagona l

mode l  ,  t he reby  po ten t i a l  l y  i nc reas ing  e f f i c i ency .

Second ,  l 4on te  Car lo  resu l t s  p resen ted  he re  i nd i ca te  tha t  i n  cases  where

the  d i s tu rbances  a re  h igh l y  co r re la ted  fo r  on l y  some o f  t he  cnoss -sec t i ona l

un i t s  and  t he  number  o f  t ime  se r j es  obse rva t j ons  i s  r e l a t i ve l y  sma l l ,

es t ima to rs  emp loy ing  b lock  cova r jance  s t ruc tu res  a re  subs tan t i a l l y  more

e f f i c j en t  t han  t hose  us ing  e i t he r  t he  f u l l  o r  d i agona l  mode1 .

These  resu l  t s ,  wh i  I  e  genera l  1y  app l  i  cab1e ,  may  have  spec i  a l

s i gn . i f i cance  i n  ana l yz i ng  reg iona l  da ta .  Because  c ross -sec t i ona l  un i t s ,

pa r t i cu l a r l y  s t a te - l eve l  obse rva t i ons ,  may  have  geog raph i ca l  s im j  l a r j t i e s

no t  eas i l y  cap tu red  i n  r i gh t  hand  s i de  va r i ab les ,  t he  d i s t u rbance  i s  l i ke l y

to  exh ib i t  s t rong  con re la t i ons  be tween  ce r ta in  s ta tes  and  re la t i ve l y  m jno r

co r re la t i ons  be tv r ' een  o the rs .  Fu r the rmore ,  where  obse rva t i ons  a re  reco rded

annua l l y ,  i t  i s  un l i ke l y  t ha t  t he  number  o f  L jme  se r j es  obse rva t i ons  wou ld

equa l  o r  exceed  t he  number  o f  ava i l ab le  c ross -sec t i ona l  obse rva t i ons .

Consequen t l y ,  deve lopmen t  o f  a  b lock  cova r iance  s t ruc tu re  may  o f fe r  more

e f f i c i en t  es t ima t i on  i n  many  cases .

Th i s  pape r  i s  o rgan i zed  as  f o l l ows .  I n  Sec t i on  I I ,  we  desc r i be  t he

genera l  mode l  and  p resen t  t he  compu ta t i ona l  d i f f i cu l t y  wh ich  an i ses  when

the  numben  o f  c ross -sec t i ona l  un i t s  i s  g rea te r  t han  the  number  o f  t ime

se r i es  obse rva t i ons .  A l t hough  t h i s  r esu l t  has  been  asse r ted  i n  pass ing

e l sewhe re ,  a  b r i e f  de r j va t i on  j s  i ns t r uc t i ve . l /  I n  Sec t i on  I I I .  we  p resen t
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a  feas ib le  GLS es t ima to r  us ing  a  b lock  cova r iance  s t ruc tu re  and  desc r ibe

i t s  p rope r t i es .  Mon te  Car lo  resu l t s  a re  then  desc r ibed  i n  Sec t j on  IV ,  w i th

conc l  us i ons  p resen ted  i n  Sec t i on  V .

I I .  Compu ta t i ona l  L im i t a t i ons  o f  t he  Fu l l  Mode l

Con  s i  de r  t he  mode l

1 \  V  = Y  R + G  m  =  1  ,  .  .  .  M  ,  t  =  1  ,  .  .  .  ,  T  ,'m ,  t  "m ,  t "  -m ,  t '

whe re  Y  i s  t he  dependen t  va r i ab le ,  X  j s  a  l xK  vec to r  o f  i ndependen t

va r i ab les ,  B  i s  a  Kx l  vec to r  o f  coe f f i c i en t s ,  e  i s  t he  d i s t u rbance  t e rm ,  m

re fe rs  to  the  c ross -sec t j ona l  un i t ,  and  t  deno tes  the  t ime  pe r iod .

The  fu l l  d i s tu rbance  va r iance -cova r iance  s t ruc tu re  fo r  equa t i on  1  o f ten

' i  nco rpo ra tes  c ross -sec t j  ona l  he te roskedas t i  c i  t y ,  con temporaneous

co r re l a t i on  o f  d i s t u rbances  ove r  c ross -sec t i ona l  un i t s ,  and  f i r s t - o rde r

au to reg ress i ve  d i s tu rbances  w i th in  c ross -sec t i ona l  un j t s .  Fo r  oun

pu rposes ,  i t  i s  poss ib l e  t o  s imp l i f y  t he  d i scuss ion  \ , / j t hou t  a l t e r i ng  t he

resu l t s  by  d ropp ing  t he  cons ide ra t i on  o f  au toco r re l a t i on .  The  f u l l

d i s tu rbance  va r iance -cova f l i ance  s t ruc tu re  can  then  be  wr i t t en  as

,
2 )  E (e . ,  - e . ,  - )  =  o l  f o r  j = j  and  s= t ;

r , 5  J , L  I

=o . , - f o r i # j , s= t ;

=0 fo r s l t ,

where  i  and  j  r e fe r  t o  i nd j v idua ls ,  and  s  and  t  deno te  t ime  pe r iods .
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t r / i t h  known  va r iance  ma t r i x ,  t he  GLS es t ima to r  o f  g  can  be  wr i t t en

-  - t  - 1  - 1
3)  S  =  (X ' (s l@I - ) 'X ) 'X ' (n0 I - ) 'Y .'  t '  t '

where  Y  i s  t he  t ime  se r i es  f o r  t he  dependen t  va r i ab le  f o r  a l l  M  i nd i v i dua l s

s tacked  i n to  a  MTx l  vec to r ,  X  i s  o f  d imens ions  l 4TxK  and  con ta ins  the

comespond ing  s tacked  t ime  se r ies  obse rva t i ons  fo r  t he  K  i ndependen t

va r i ab les ,  Q  i s  t he  cova r i ance  ma t r i x  o f  s j ze  M ,  and  I ,  i s  t he  TxT  j den t j t y

ma t r i  x .

When  Q i s  unknown ,  the  es t jma to r  i n  equa t i on  3  mus t  be  rep iaced  by  the

feas ib l e  GLS  es t ima to r  o f  g ,

Fo l l ow ing  Ze l l ne r  ( 1962 ) ,  e l emen ts  o f  t he  f eas ib l e  GLS  va r i ance -cova r i ance

mat r i x  a re  es t ima ted  us ing  the  res idua l  vec to r  f rom 0LS es t ima t ion  o f

equa t j on  1 . .  Asympto t i ca l l y  e f f i c i en t  es t ima tes  o f  each  e lemen t  o f  Q  a re

ob ta ined  by  tak ing  the  c ross  p roduc t  o f  t he  d i s tu rbance  subvec to rs  f rom

cross -sec t i ona l  un i t s  i  and  j  and  d i v id ing  by  the  number  o f  t ime  se r ies

obse rva t i ons .  I n  ma t r i x  no ta t i on .  f i  can  be  wr i t t en  as

4  / \  - 1  - 1  l  - 1
4)  B =  (X ' (nOIT) ' ) t ) ' x ' (aOIT) 'Y .

.  5)  f i  =  E 'EIT,  where E = [e1 e2 . . .  9U]

and  e .  i s  t he  Tx1  subvec to r  o f  t he  0LS  res idua l  vec to r  co r respond ing  to- l

c ross  sec t i  on  i .
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A  necessa ry  cond i t i on  f o r  t he  f eas jb i l i t y  o f  compu t j ng  equa t i on  4  i s

apparen t  i n  equa t i on  5 .  The  ma t r i x  E  j s  o f  d imens ion  Tx lY .  Consequen t l y ,

t he  max imum rank  o f  E  - -  and  the re fo re  f r  - -  i ,  t he  m in ' imum o f  T  o r  M .

C lea r l y ,  t he  number  o f  t ime  se r ies  obse rva t i ons  mus t  be  g rea te r  t han  o r

equa l  t o  t he  number  o f  c ross -sec t j ona l  un i t s  f o r  f i  t o  have  fu l l  r ank .  I f

t h i s  cond i t i on  i s  v i o l a ted ,  f i  i s  s ' i ngu la r  and  equa t i on  4  canno t  be

ca l cu la ted .

A l though  th i s  p rob lem wou ld  no t  t yp i ca l  l y  a r i se  j n  t he  case  o f

seeming ly  un re la ted  reg ress ion  mode ls ,  a round  wh ich  much  o f  t he  theo re t i ca l

and  emp i r i ca l  wo rk  on  the  fu l l  d i s tunbance  va r iance -cova r iance  s t ruc tu re

has  been  cen te red  p rev ious l y ,  da ta  se ts  used  i n  poo led  es t ima t ion  may  o f ten

v io la te  th i s  cond i t i on .  Pane l  da ta  se ts  o f ten  have  fewer  t ime  se r ies

obse rva t i ons  t han  c ross -sec t i ona l  un i t s .  mak inq  t he  f u l l  mode l
t /

i  napp rop r i  a te . : '

I I L  B l  ock  Covar i  ance  S  tnuc t  u  re  s

In  cases  h ,he re  es t ima t i on  us ing  t he  f u l l  mode l  i s  i n f eas ib l e ,  t he  usua l

p rac t i ce  has  been  to  use  the  d iagona l  d i s tu rbance  va r iance -cova r iance

s t ruc tu re ,  t he reby  i nsu r ing  nons ingu la r i tV  o f  f i .  However ,  t he  d iagona l

mode l  sac r i f i ces  po ten t i a l  e f f i c i ency  ga ins  j n  cases  where  con temporaneous

d i  s tu rbance  cova r iances  a re  nonze ro .

A  l ess  res t r i c t i ve  app roach  i s  t o  i nc lude  nonze ro  o f f  d iagona l  e lemen ts

j n  0  i nso fa r  as  t he  s i ngu la r j t y  cond j t i on  j s  no t  v i o l a ted .  I n  some  cases

i t  m igh t  be  d i f f i cu l t  t o  de te rm ine  wh ich  d j s tu rbance  cova r iance  te rms

shou ld  be  es t ima ted  and  wh ich  shou ld  be  assumed  to  eoua l  ze ro .  I n  mos t
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app l i ca t i ons ,  howeve r ,  p r i o r s  a re  1 i ke1y  t o  ex i s t  r ega rd ing  t he

co r re la t i ons  o f  d i s tu rbances  ove r  c ross -sec t i ona l  un i t s  t ha t  l ead  to

na tu ra l  g roup ings .  P resumab ly ,  a  h ie ra rchy  i n  co r re la t i ons  o f  d i s tu rbances

among  c ross -sec t i  ona l  un i  t s  i  s  1  i  ke l y  t o  ex i  s t .  By  g roup i  ng

c ross -sec t j ona l  un i t s  t oge the r  whose  d i s tu rbances  a re  l i ke l y  t o  be  h . i gh l y
i

co r re la ted ,  0  can  be  fo rmed  as  a  b lock  d iagona l  ma t r i x  de f i ned  by

. ?
b)  t (e ' '  .  _e . ,  *  - )  =  o l  f o r  i = j  and  s= t ;

r r ) ! A  J , L , 4  |

=  o_ . .  f o r  i  +  j ,  s  =  t ,  x  =  z ;' l J

=  0  f o r  s  I  t  o r  x  *  z ,

where  i  and  j  r e fe r  t o  i nd i v idua ls ,  s  and  t  deno te  t ime  pe r iods ,  and  x  and

z  deno te  b locks .  Assuming  the  c ross -sec t i ons  have  been  p rea r ranged  by

b locks ,  t he  resu l t i ng  es t ima to r  o f  Q  can  then  be  wr i t t en  as

7) a =
A

0 fi,
K

t
where  k  b locks  a re  es t ima ted .  No te  tha t  when  k=M,  equa t i on  7  co l  l apses  to

the  d iagona l  s t ruc tu re ,  wh i l e  se t t i ng  k= l  y i e lds  the  fu l l  mode l  .

The  cho ice  o f  k  requ i res  j udgemen t .  Se t t i ng  k  to  the  sma l l es t  number

o f  b locks  cons i s ten t  h , i t h  t he  nons ingu la r i t y  o f  f f  wou ld  max im ize  the  number

o f  nonze ro  pa ramete rs  i n  $ .  Us ing  tha t  s t ra tegy  wou ld  ' imp ly  es t ima t ing  the

al  o
fr?
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f u l l  mode l  whenever  T  exceeds  M.  As  demons t ra ted  be low .  however .  t he re  a re

cond i t i ons  under  wh ich  g roup ing  the  c ross  sec t i ons  by  b locks  i s  p re fe r red

to  t he  f u l l  spec i f i ca t i on .  A l t hough  esL ima t i on  us ing  t he  max imum b lock

s i ze  i s  mo re  e f f j c i en t  i n  l a rge  samp les ,  i t  i s  no t  necessa r i l y  e f f i c j en t  i n

sma11  samp les .  Fo r  sma l l  samp les ,  es t ima t i on  o f  t he  max imum feas jb l e

number  o f  con temporaneous  d i s tu rbance  cova r iances  can  reduce  the  e f f i c i ency

o f  t he  es t ima te .  I n  pa r t j cu l a r ,  when  t he  co r re l a t i on  o f  t he  d i s t u rbance

among  c ross -sec t i ona l  un i t s  i s  l ow ,  l im i ted  deg rees  o f  f reedom may  y ie ld

imprec i se  es t ima tes  o f  t hose  pa ramete rs .  I n  such  cases ,  more  e f f i c i en t

es t ima t ion  o f ten  can  be  ach ieved  by  assuming  g  pn io r i  t ha t  t he  cova r iances

a re  equa l  t o  ze ro . l '

IV . Monte  Car l  o  Resu l t s

,To  exam ine  t he  e f f ec t  o f  choos ing  va r i ous  b l ock  s i zes  on  t he  e f f i c i ency

o f  poo led  es t jma t ion ,  a  se r ies  o f  Mon te  Car lo  expe r imen ts  were  pe r fo rmed .

Mon te  Car ' l o  expe r imen ts  were  used  because  o f  t he  d j f f i cu l t y  i nvo l ved  j n

de r i v i ng  re l a t j ve  e f f i c i ency  measu res  ana l y t j ca l l y  unde r  t he  gene ra l

cond i t i ons  be ing  eva lua ted .  The  mode l  used  i s  o f  t he  fo rm{ /

8 )  Y  =  l  +  ? Y .  +  5 X ^  +  E'm , t  '  - " 1 ,m , t  - ' 2m , t  *m , t '

The  i ndependen t  va r i ab les  X1 , r , t  
"nd  

X2 ,m,L  were  randomly  d rawn  f rom

the  un i fo rm d i  s t r i bu t i on  on  the  i n te rva l  ze ro  to  one .  The  co lumns  o f  t he

mat r i x  a re  the re fo re  assumed  to  be  unco r re ta ted .9 /  The  same X  ma t r i x  was

used  f o r  a l l  o f  t he  expe r imen ts .
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A  des ign  mat r i x  fo r  Q  was  spec i f i ed  as

t ,
9a) o!  = co!- . ,  ,  where c,2 1;'  1  t - l '

.  . ^ | t - l l9b )  o i j  =  Lo io . j . l 6 ' "  " ,  whe re  0<6<1  .

I n  equa t i on  9a ,  t he  va lue  o f  a  de te rm jnes  the  deg ree  o f  c ross -sec t j ona l

he te  ro  s  keda  s t  i  c  i  t y  . : '  Equa t i on  9b  spec i f i es  a  decay  i n  d i s tu rbance

co r re la t i ons  among  cnoss -sec t i ona l  un i t s  as  the  d i s tance  f rom the  d iagona l

i nc reases ,  h / i t h  t he  deg ree  o f  decay  de te rm ined  by  6 .  I f  6=1 ,  a l l  t he

d j s t ,u rbance  co r re la t i ons  a re  equa l  t o  one ,  whereas ,  i f  6=0  ,  a l l  t he

d j s fu rbance  co r re la t i ons  a re  equa l  t o  , " ro . l /  The  d i s tu rbance  va r iances

were  sca led  by  a  cons tan t  t o  ma in ta in  a  reasonab le  s igna l  t o  no i se  ra t i o .9 /

By  va ry i ng  6 ,  t he  expec ted  e f f i c i ency  ga ins  t o  es t ima t i on  us ing  a  b l ock

d iagona l  va r i ance -cova r iance  s t ruc tu re  can  be  i l l us t ra ted .  As  6  fa ' l  1s ,  we

wou ld  expec t  es t ima t i on  us ing  b l ock  spec i f i ca t i ons  t o  become  more  e f f i c i en t

re l a t i ve  t o  es t ima t j on  us ing  t he  f u l I  mode l  because  o f  t he  expense  i nvo l ved

in  es t ima t ing  the  re la t i ve l y  l ow  d i s tu rbance  cova r iance  tenms  fa r  o f f  t he

d iagona l  w i th  a  sma l l  number  o f  t ime  se r ies  obse rva t i ons .

The  e f fec ts  o f  d  on  e f f i c i ency  ga ins  were  ana lyzed  us ing  24

c ross -sec t i ona l  un i t s  w i t h  12  t ime  se r i es  obse rva t i ons  and  12

c ross -sec t i ona l  un i t s  w i th  24  t ime  se r ies  obse rva t i ons .9 /  Fo "  * " ch  case

cons ide red ,  a  se r ies  d rawn  f rom the  no rma l  d i s t r i bu t i on  w i th  mean  ze ro  and

va r iance  l  was  f i  l t e red  th rough  a  t rans fo rma t ion  ma t r i x  t o  resu l t  i n  a

d j s tu rbance  vec to r  randomly  d rawn  f rom a  no rma l  popu la t i on  w i th  the

charac te r i  s t i cs  spec i f i ed  i n  equa t i ons  9  fo r  t ha t  case .  The  resu l t i ng
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d i s tu rbance  vec to r  was  then  added  to  XB  to  ob ta in  a  Y  vec to r .  Es t ima t ion

o f  t he  coe f f i c i en t  vec to r  was  then  ca r r i ed  ou t  us ing  OLS and  GLS w i th

va r ious  b lock  s i zes .  The  Drocess  was  reDea ted  1000  t imes .4 /

The  re l a t i ve  e f f i c i enc ies  o f  GLS  es t ima t i on  us ing  d j f f e ren t  b l ock  s j zes

a re  p resen ted  i n  the  tab le .  Re la t i ve  e f f i c i ency  i s  de f i ned  he re  as  the

ra t i o  o f  t he  t race  o f  t he  es t ima ted  mean  square  en ro r  ma t r i ces  f rom a  GLS

procedure  to  tha t  o f  t he  OLS p "oc "du"e .1 ] /  The  sma l l e r  t h i s  ra t i o ,  t he

g rea te r  t he  e f f i  c i  ency  ga in .

Seve ra l  i n te res t i  ng  resu l  t s  appear  i  n  t he  tab l  e .  F j  r s t ,  GLS methods

un i f o rm ly  r eg j s te r  g rea te r  e f f i c i ency  ga ins  i n  t he  cases  us ing  12

c ross -sec t j ona l  un i t s  and  24  t ime  se r j es  obse rva t j ons  t han  i n  t hose  us ing

24  c ross -sec t j ona l  un i t s  and  12  t ime  se r i es  obse rva t i ons .  Th i s  f i nd ing  i s

cons i s ten t  w i th  p rev ious  ana ly t i ca l  resu l t s  de r i ved  i n  the  f ramework  o f  2

c ross -sec t i ona l  un i t s  wh i ch  demons t ra te  t ha t  t he  re l a t i ve  e f f i c j ency  j n

sma11  samp les  o f  t he  seeming ly  un re la ted  reg ress ions  app roach  ove r

s ing le -equa t ion  es t ima t ion  i nc reases  as  deg rees  o f  f reedom inc rease  IMeh ta

and Swamy ( 1976)l  .

More  impor tan t l y ,  t he  resu l t s  show tha t  b lock  d iagona l

va r iance -cova r iance  s t ruc tu res  can  o f fe r  g rea te r  e f f i c i ency  ga ins  than  the

d iagona l  mode l  when  es t ima t i on  o f  t he  f u l l  mode l  i s  i n f eas ib l e .  Es t ima t i on

o f  t he  f u l l  mode l  was  i n feas jb l e  f o r  t he  3  cases  us ing  24  c ross -sec t i ona l

un i t s  and  12  t ime  se r i es  obse rva t j ons .  As  shown  i n  t he  t ab le ,  w i t h  6  se t

t o  . 55  o r  . 9 ,  a  b l ock  s i ze  o f  4  o f f e r s  subs tan t i a l  l y  g rea te r  e f f i c i ency

ga ins  t han  t hose  ach jeved  us ing  t he  d i agona l  mode l  i n  t hese  cases .  0n l y

when  the  con temporaneous  co r re la t i on  o f  t he  d i s tu rbance  d rops  o f f  rap jd l y ,
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when  6  equa ls  .2 ,  does  the  d iagona l  mode l  shown  in  the  f i ns t  co lumn o f  t he

tab le  o f f e r  t he  mos t  e f f i c i en t  es t ima t i on .

Fu r the rmore ,  t he  resu l t s  i nd i ca te  tha t  use  o f  l ess  than  the  fu l l

spec i f i ca t i on  - -  even  when  the  fu l l  mode l  can  be  es t ima ted  - -  l eads  to

g rea te r  e f f i c i ency  ga ins  i n  a  va r i e t y  o f  cases .  Es t ima t i on  us ing  t he  f u l l

mode l  was  f eas ib l e  j n  t he  3  cases  us ing  12  c ross -sec t i ona i  un i t s  and  24

t ime  se r i es  obse rva t i ons .  The  re l a t i ve  e f f i c i ency  o f  t he  f u l l  mode l  i n

these  cases  i s  shown  in  the  l as t  co lumn o f  t he  tab le .  I n  none  o f  t he  cases

does  t he  f u l l  mode l  show  the  h i ghes t  e f f j c i ency  ga ins .  Even  w i t h  6  se t  a t

.9 ,  res t r i c t i ng  some o f  t he  cova r iances  to  equa l  ze ro  improves  the

e f f i c i ency  o f  t he  es t ima to r .  A  b lock  d iagona l  va r i ance -cova r iance

s t ruc tu re  o f fe rs  the  mos t  e f f i c i en t  es t ima t ion  w i th  6  se t  t o  . 55  o r  . 9 .

V .  Conc l  us i ons

When  es t ima t ing  a  poo led  reg ress ion  mode l  w i th  a  l a rge  number  o f

c ross -sec t i ona l  un i t s  and  a  re l a t i ve l y  sma l l  number  o f  t ime  se r i es

obse rva t i ons ,  res t r j c t i ons  p laced  on  the  d i s tu rbance  va r iance -cova r iance

s t ruc tu re  may  y ie ld  subs tan t i a l  e f f i c i ency  ga ins .  As  shown  in  th ' i  s  paper ,

es t ima t ion  o f  t he  fu l l  mode l  i s  no t  poss ib le  when  the  number  o f

c ross -sec t i ona l  un i t s  exceeds  the  number  o f  t ime  se r ies  obse rva t i ons .  I n

such  cases ,  however ,  i t  i s  no t  necessa ry  to  to ta l1y  neg lec l  i n fo rma t ion  on

the  d i s tu rbance  cova r iances .  Ra the r ,  s t rong  e f f i c i ency  ga ins  can  be

rea l  j zed  ove r  oLS  o r  t he  es t ima to r  i nco rpo ra t i ng  c ross -sec t i ona l

he te roskedas t i c i t y  a lone  by  us jng  a  b lock  d iagona l  va r i ance -cova r iance

s t ruc tu re  wh ich  i nc ludes  on l y  those  d i s tu rbance  cova r iances  wh ich  a re  mos t

1 i ke1y  t o  be  s i gn i f i can t l y  d i f f e ren t  f r om ze ro .
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Fur the rmore ,  b ias  toward  es t ima t ing  the  fu l l  GLS spec i f i ca t i on  where

such  an  es t ima to r  ex j s t s  r esu l t s  j n  subs tan t i a i  e f f i c i ency  l osses  i n  a

va r ie t y  o f  se t t i ngs ,  I f  t he  d i s tu rbances  o f  on l y  some o f  t he

c ross -sec t j ona l  un i t s  a re  h i gh i y  co r re l a ted  and  t he  number  o f  t ime  se r i es

obse rva t i ons  i s  no t  1a rge ,  a  b lock  va r jance -cova r iance  s t ruc tu re  o f fe rs

g rea te r  e f f i c i ency  ga ins  as  l ong  as  p r i o r  i n f o rma t i on  can  be  used  t o  g roup

c ross -sec t i ona l  un j t s  acco rd ing  to  the  magn i tude  o f  t he  co r re la t i ons

be tween  the i  r  d i  s tunbances .
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Footn ote s

1.  See  The i  I  (  1971)  ,  310 .

2 .  Compu ta t i on  o f  t he  f u l l  mode l  i n  t hese  cases  shou ld  be  i n feas ib l e .

However ,  we  found  tha t  t he  p rocedure  TSCSREG,  ava i  l ab le  i n  SAS,  s t i l I

p roduces  coe f f i c i en t  es t ima tes  and  t - s ta t i s t i cs .  By  con t ras t ,  SHAZAM

does  no t  p rov ide  es t ima tes  i n  t hese  cases .

3 .  See  Fomby ,  H j l l ,  and  Johnson  (1984 ) ,  164 -66 ,  f o r  a  gene ra l  d i scuss ion

o f  t h i  s  i  s sue .

4 .  Cho ice  o f  va lues  fo r  t he  B  vec to r  was  a rb i t ra ry .  p rev ious  s tud ies  have

used  t he  spec i f i ca t i on  p resen ted  i n  Kmen ta  and  G i l be r t  ( 1968 ,1970 ) ,  bu t

as  shown  by  B reusch  (1980) ,  p rope r t i es  o f  t he  es t ima to rs  a re  i nva r ian t

w i th  respec t  t o  t he  E  vec to r .

5 .  As  demons t ra ted  by  Ze l l ne r  (1962) ,  t he  e f f i c i ency  ga ins  o f  es t ima to rs

' i nco rpo ra t j ng  con temporaneous  d i s tu rbance  cova r iances  a re  g rea tes t  when

the  d i s tu rbances  a re  h igh l y  co r re la ted  and  the  exp lana to ry  va r jab les

a re  no t .  The  co r re l a t i on  coe f f i c i en t  o f  X ,  and  X ,  i s  - . 009 .  Th i s  l ow

deg ree  o f  mu l t i co l l i nea r i t y  h i gh l i gh t s  e f f i c i ency  ga ins .

6 .  The  deg ree  o f  c ross -sec t i ona l  he te roskedas t i c i t y  was  kep t  cons tan t

ac ross  d i f f e ren t  d i  s tu rbance  va r iance -cova r iance  ma t r i x  d imens ions  bv



choos jng  d  such  tha t  t he  ra t i o

i  nc rea sed .

Th i  s  pa r t i cu l a r  spec i f i ca t i on

pos j  t i  ve  de f i  n i  t e  ma t r i  x .
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was  he ld  equa l  t o  9  as  14

o f  t he  des i  qn  cova r i  ancemat r i x  y  i e l  ds  a

se t  t o  y ie ld  an  ave rage  R2

or ol w oln

7.

. J . The  ove ra l  I  va r i ance  o f  t he  d i s tu rbance  was

o f  0 .8 .

The  genera l  pa t te rn  o f

se t t i  ngs  on  the  number

resu l  t s  p roved  i nva [ i an t  t o

o f  c ross -sec t  i ona I  and  t ime

a  va r ie t y  o f

se r i  es  obse rva t i  on  s .

10 .  I n  add  i t i  on

(  12x24x  1000

11 .  The  e  s t  i  ma ted

spec j f i ca t i on

to

i n

ho ld ing  the  X  ma t r j x  cons tan t ,  t he  same raw e r ro r  s t ream

s ize )  was  used  j n  eve ry  expe r imen t .

cova  r  i  ance

as  the  d i  f f e rence

re l  a t j ve  e f f i c i ency

Othe r  measures  cou l  d

o f  t hese  ma  t r i  ce  s .

1,/ n

h l

h l

h l
_ J

mean  square  e r ro r  ma t r i x  f o r  a  g i ven

i s  de f i  ned  as -t
b ,  b . ' b ^  b . r b^ lI  - I - {  - ' - r l

b .  b ^ ' b ^  b^  |  b ^  |. - t  - L - L  - ' - t l

! r  ! . ' ! ,  ! . ' ! .  I" l
nx1  vec to r  w i th  each  e lemen t  de f i ned

8 . ,  i n  each  expe r imen t  (n=1000) .  The

ra t i o  o f  t r aces  o f  t hese  ma t r i ces .

such  as  the  ra t i o  o f  t he  de te rm inan ts

S
'Iwnere  D .- l

between A., and

measure  is  the

a l  so  be  used,

an



TABLE:  Mon te  Car lo  Es t ima tes  o f  t he

Covar i  ance  S t ruc tu  re  s

Re la t j ve  E f f i c i ency  o f  Va r i  ous

Cro ss  T i  me
Sect i  ons  Ser ies 1x 1

Bl  ock  S i  ze

4x4 6x6 72x7?

Number  o f  B l  ocks :

Number  o f b l ocks :

1Z24

.2

q (

. 9

24

.727

.771

.848

I2

.  o J 5

.  656

.  708

o

.821

.644

.407

3

.  b b Y

.490

. t 7 A

4

.865

.695

.503

2

. t t J

.516

.256

2

.988

.977

.958

1

.843

.644

.392

24L2

t

Re la t i ve  e f f i c i ency  =  t race (EMSEi ) / t race (E l lSEO15) ,  where  EMSE i s  t he

es t i  ma ted  mean  square
s t ruc tu re .  Number  o f

e r ro r  ma t r i x  us ing  the  pa r t i cu la r  cova r iance
t r i a i s :  1000 .
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