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l. I n t r o d u c t i o n  

In small a r ea  e s t i m a t i o n ,  samples  des igned  -~o 

p r o v i d e  e s t i m a t e s  fo r  l a rge  g e o g r a p h i c  a r e a s  a r e  

o f t e n  osed to p r o v i d e  e s t i m a t e s  fo r  small  a r e a s  as  

well. In s u c h  c a s e s  t h e  sample  in a small a r ea  may 

be u n r e p r e s e n t a t i v e  or  too small to p r o d u c e  r e l i ab l e  

e s t i m a t e s .  T h e  c o m p o s i t e  e s t i m a t o r ,  a w e i g h t e d  sum 

of  two componen~ e s t i m a t o r s ,  can h a v e  a mean-  

s q u a r e d - e r r o r  (MSE) wh ich  is sma l l e r  t h a n  t h a t  o f  

e~ ther  c o m p o n e n t  e s t i m a t o r  when an a p p r o p r i a t e  

we igh t ing  s c h e m e  is u s e d  (Scha ib l e  1979). T h i s  

t e c h n i q u e  has  been f r e q u e n t l y  appl ied  to combine  

t he  s imple  d i r e c t  and t h e  s y n t h e t i c  e s t i m a t o r s  

(Scha ib le ,  Brock ,  and S c h n a c k  1977, and Roya l l  1973). 

H o w e v e r ,  f ind ing  t h e  opt imal  we igh t  h a s  g e n e r a l l y  

been  an i n s o l v a b l e  p rob lem in small a r e a  e s t i m a t i o n .  

A l t h o u g h  S c h a i b l e  (1979) men t ioned  two c o n d i t i o n s  

t h a t  migh t  he lp  in f ind ing  t h e  op t imal  weigh t ,  t h o s e  

c o n d i t i o n s  t u r n e d  o u t  to be u n r e a l i s t i c .  S c h a i b l e  

s t a t e d  t h a t  t h e  op t imal  w e i g h t  cou ld  be f o u n d  when  

t h e  two c o m p o n e n t s  were  i n d e p e n d e n t  and u n b i a s e d  

e s t i m a t o r s  of  t he  domain t o t a l .  T h e s e  a s s u m p l i o n s  

a r e  d i f f i c u l t  to  e v a l u a t e  w i t h  r e s p e c t  to a sampl ing  

plan when  one of  t h e  two c o m p o n e n t s  is t h e  

s y n t h e t i c  e s t i m a t o r  and t h e  o t h e r  is t h e  s imple  

e x p a n s i o n  e s t i m a t o r .  T h e  s e c o n d  c o n d i t i o n  S c h a i b l e  

men t ioned  t h a t  would  allow t h e  op t imal  we igh t  to be 

f o u n d  a p p r o x i m a t e l y  was to  a s s u m e  t h a t  t h e  

c o v a r i a n c e  (wi th  r e s p e c t  to  t h e  sampl ing  plan) o f  

t h e  e x p a n s i o n  and t h e  s y n t h e t i c  e s t i m a t o r s  was 

small  r e l a t i v e  to  t h e  MSE of  e i t h e r  o f  t h e s e  

c o m p o n e n t s .  Again,  t h i s  c o n d i t i o n  is d i f f i c u l t  to 

e v a l u a t e .  

In t h i s  paper ,  we d i s c u s s  t h e  c o m p o s i t e  e s t i m a t e  

o f  t h e  u n i f o r m  minimum v a r i a n c e  u n b i a s e d  (UMVU) 

e s t i m a t o r s  u n d e r  some B a y e s i a n  c o v a r i a t e  models  

(Lui and C u m b e r l a n d  1987), and d e r i v e  t h e  

c o r r e s p o n d i n g  opt imal  w e i g h t  in e x p l i c i t  fo rm 

w i t h o u t  making t h e  a s s u m p t i o n s  m e n t i o n e d  

p r e v i o u s l y .  We will t h e n  show how to e s t i m a t e  t im 

op t imal  we igh t  and s u g g e s t  a t e s t  to he lp  in dec id ing  

how to b e s t  app ly  t h e  r e s u l t s  to  small  domain 

e s t i m a t i o n .  F ina l l y ,  a d i s c u s s i o n  of  t h e  c o m p o s i t e  

of  the  s imple  d i r e c t  e s t i m a t o r  and t he  modi f ied  

s y n t h e t i c  e s t i m a t o r  will be p r o v i d e d .  

2. C o m p o s i t e  E s t i m a t o r s  

We s u p p o s e  t h a t  t h e  f i n i t e  p o p u l a t i o n  is d i v i d e d  

in to  I m u t u a l l y  e x c l u s i v e  s u b - a r e a s  l abe led  i =:= l, . . 

., 1 f o r  wh ich  we wish to p r o d u c e  e s t i m a t e s .  W i t h i n  

e a c h  subdomain ,  u n i t s  a r e  f u r t h e r  c l a s s i f i e d  in to  J 

s u b g r o u p s  ( fo r  example ,  s o c i o e c o n o m i c  c lass ,  age, 

etc.) ;  t h e s e  a r e  labe led  j = l, . . . ,  J. T h e  cel l  s i z e s  

N~j r e s u l t i n g  f rom t h i s  c r o s s - c l a s s i f i c a t i o n  a re  

a s s u m e d  to be known. Le t  y~j~ (k ~1, 2 . . . .  , Ni3) be 

t h e  m e a s u r e m e n t  on t i le  k,~. i n d i v i d u a l  in t h e  i j ,h  

cel l  and 

j N~ 

T , = E  E y,.~, 
3==1 k = l  

t h e  t o t a l  f o r  t h e  ien subdomain .  T i le  p r i m a r y  f o c u s  

is to  e s t i m a t e  t h e  T~ 's. 

L e t t i n g  s~  d e n o t e  t h e  n w sampled  u n i t s  in t he  

ijth cell ,  we use  ~ ]  Yi~k to  d e n o t e  t h e  sample  sum 
/c~ s i t j  

and Yi~. to  r e p r e s e n ~  t h e  a v e r a g e  f o r  t h e  sampled  

u n i t s  in cel l  ij. S imi l a r ly ,  l e t  9.3. = ~ ]  ~ ]  y~3~/n.3, 

w h e r e  n.~ = E n t j .  
i 

T h e  c o m p o s i t e  e s t i m a t o r  of  a n y  two e s t i m a t o r s  

"i and f o r  T~ is d e f i n e d  as  

T~')  + (1-~/) T~::) w h e r e  0 ~ ~ <  1 

T h e  opt imal  w e i g h t  ~/~ f o r  t h e  c o m p o s i t e  

e s t i m a t o r  to  h a v e  t h e  minimal MSE is g iven  b y  

qt~i" = [ E ( ~  2) _ Tt)  2 - E(T~ ')  - Ti)(T~ 2) - T t ) ] /  

[E(T~ ' ) -  q't) 2 + E(q'~ 2)- T~) 2 -  2E(q'~ 0 -  Ti)(T~ 2 ) -  T~)], 
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if  0 < .~-k~ 1, o t h e r w i s e  t h e  op t imal  w e i g h t  is equa l  

to  6 ~ , w h e r e  6 is an i n d i c a t o r  v a r i a b l e .  (1) 
{~/ >1} ~/ ~.~) + ~.~) 

T h e  c o m p o s i t e  e s t i m a t o r ,  (1-~/) , h a s  

T~ ~) 3 '* .  MSE sma l l e r  t h a n  . if  ~/ < 2 By  s y m m e t r y ,  

if  (1- "~) < 2 (1 - ~r'~r), t h e n  t h e  c o m p o s i t e  e s t i m a t o r  

has  MSE sma l l e r  t h a n  T~ 1)." 

T r a d i t i o n a l l y ,  w i th  r e s p e c t  to  t h e  d i s t r i b u t i o n  

d e r i v e d  f rom t h e  sampl ing  plan, an a t t e m p t  to  f ind  

t h e  op t imal  we igh t  f o r  t h e  c o m p o s i t e  e s t i m a t o r  is 

u s u a l l y  u n s u c c e s s f u l .  T h i s  is b e c a u s e  t h e  f o r m u l a  

fo r  t he  op t imal  we igh t  i n v o l v e s  t e rms ,  s u c h  as 

M S E ' s  o f  t h e  e s t i m a t o r s ,  ~hat  a r e  d i f f i c u l t  ~o 

e v a l u a t e  witt~ r e s p e c t  to t he  sampl ing  plan. In t h e  

fo l lowing  d i s c u s s i o n ,  on t h e  bas i s  o f  t h e  s u p e r -  

p o p u l a t i o n  mode l -based  a p p r o a c h  (Roya l l  1970), 

e x p e c t a t i o n  is t aken  wi th  r e s p e c t  to t he  d i s t r i b u t i o n  

g i v e n  in a model r a t h e r  t h a n  the  sampl ing  plan. 

3. B a y e s i a n  C o v a r i a t e  Model  

C o n s i d e r  lhe  model t h a t  is t he  iml)licit  a s s u m p t i o n  

of  t h e  mos t  common e s t i m a t o r ,  the  s y n t h e t i c  

e s t i m a t o r ,  fo r  small  a rea  e s t ima t ion -  

y ~  .... b~ + e~z (2), 

w h e r e  ¢'.u a r e  i n d e p e n d e n t ,  no rma l ly  d i s t r i b u t e d  wi th  

mean 0 and v a r i a n c e  (r e . F ' u r t h e r m o r e ,  a s suming  

t h a t  we h a v e  some p r io r  knowledge ,  le t  b~ be 

i n d e p e n d e n t l y  d i s t r i b u t e d  wi th  N(fl0, cry) and be 

i n d e p e n d e n t  of  e 's .  Note  t h a t  if  cr~ = 0, t h e n  we ge t  

one of  t h e  s imple l e a s ; t - squa re s  models: ~hat h a v e  

been  c o n s i d e r e d  b y  Holt ,  Smi th ,  and T o m b e r l i n  1979). 

In t h e  fo l lowing  d i s c u s s i o n ,  we a s s u m e  t h a t  t he  

r a t i o  of  K ..... (r~ / ¢r ~, wh ich  can be i n t e r p r e t e d  as  

the  r e l a t i v e  c o n f i d e n c e  of  t h e  p r io r  knowledge  to 

the  c u r r e n t  i n f o r m a t i o n ,  can be a s s igned  by  

i n v e s t i g a t o r s ,  ()r i~ known. M e t h o d s  to e s t i m a t e  

t h i s  p a r a m e t e r  can be f o u n d  e l s e w h e r e  ( G h o s h  and 

M e e d e n  19:36, D e m p s t e r  and R a g h u n a t h a n  1986). 

W h e n  ,30 in k n o w n ,  t he  B a y e s i a n  e s t i m a t o r  f o r  T~ 

iaas been p r e s e n t e d  in o u r  p r e v i o u s  r e p o r t  (Lui and 

C u m b e r l a n d  1987) and i t  can be e a s i l y  p r o v e d  t h a t  

B a y e s i a n  e s t i m a t o r  a l w a y s  ha s  a sma l l e r  mean-  

s q u a r e d - e r r o r  t h a n  t h e  c o r r e s p o n d i n g  l e a s t - s q u a r e s  

e s t i m a t o r .  [ I o w e v e r ,  if 130 is unknown,  t h e  

c o r r e s p o n d i n g  empi r i ca l  B a y e s  e s t i m a t o r  does  no t  

n e c e s s a r i l y  o u t p e r f o r m  t h e  c o r r e s p o n d i n g  l e a s t -  

s q u a r e s  e s t i m a t o r  (Lui and C u m b e r l a n d  1987). 

W h e n  130 is unknown ,  t h e  UMVU e s t i m a t o r  o f  T t  

is g i v e n  by  

- ,  = ~  ~ y , ~  + [(1-X~) 9~ + x~ 9.~.1, (3) 
J k ~ s i j  ~ j 

where 9 ~  = ~ x~ 9 . ~ . / ~  h~ 
d 

h a --- n.j ~ / (  n.~ K + 1). 

T h e  p r e d i c t i o n  v a r i a n c e  of  "Fg~ is g i v e n  by  

V('I'~ '~- "F~)= ~ ( N ~ -  n ~ ) ~ +  

(N~ - n~)?-k.FrZ/n.~ + ( ~  (Ntj - n~)Cl -h~) )2~ /C~hs ) .  

Assuming  we h a v e  some p r i o r  c o v a r i a t e  i n f o r m a t i o n  

r e l a t e d  to bj and a s suming  t h a t  b~ is n o r m a l l y  

d i s t r i b u t e d  as N (/30 + BI x~, (r2b), i t  is e a s y  to s h o w  

t h a t  t he  UMVU e s t i m a t o r  o f  T~ u n d e r  t h i s  

c o v a r i a t e  model when  /3o and B1 a r e  u n k n o w n  is 

gl yen  by  

w h e r e  ~o :: 9 ~ . -  ~,x,~, 

J j 

and ~,,,, = ~ k~ x.~ / ~ k~ . 
J J 

T h e  p r e d i c t i o n  v a r i a n c e  of  T~ is g iven  by 

v('i '? ~: -"~:~)= v(T~ ~ - T J  + 
( ~ ( N .  n ~ ) (  " - 2 2 - 2 - 1-X~;(x,-x~)) ( r b / ~ h ~ ( x T x ~ )  . 

J j 

.[~sl,  t h o u g h  b iased  u n d e r  t he  c o v a r i a t e  model,  can 

be a b e t t e r  e s t i m a t o r  w i th  r e s p e c t  to  t h e  MSE t h a n  

t i le  UMVU e s t i m a t o r  ~.._.-:t. T h i s  o c c u r s  when t he  

c o e f f i c i e n t  o f  v a r i a t i o n  f o r  31 is large .  D e t e r m i n i n g  

t h e  c h o i c e  b e t w e e n  ~:.gsl and F~ l eads  us  to 

c o n s i d e r  a w e i g h t e d  a v e r a g e  o f  t h e s e  two e s t i m a t o r s  

t h a t  cou ld  ) lave  a MSE sma l l e r  t h a n  e i t h e r  --i or  

T~ ~'l.  F rom t h e  f o r m u l a  (1), we h a v e  t h e  opt ima[  
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weigh t  ~/~ equa l  to  CV2(B~)/(CV2(~) + 1), w h e r e  

CV2(/~t) = V(/~t)/(E(/~t)) 2. Note  t h a t  t h e  cond i t ion  

< 2~/~ is a u t o m a t i c a l l y  s a t i s f i e d  if CVZ(/~0 > 1. 
• ~T~g~l ~O~1 T h e r e f o r e ,  q¢ --~ + (1-~) T~ a l w a y s  has  a MSE 

smal le r  than  T ~ t ,  i f  t h e  c o e f f i c i e n t  o f  v a r i a t i o n  of  

B, is g r e a t e r  t han  1. C o n v e r s e l y ,  if  CV2(~0 < 1, 

then  t he  compos i t e  e s t i m a t o r  a l w a y s  has  a MSE 

smal le r  t h a n  "Fg~' . F u r t h e r m o r e ,  we can ea s i l y  

show t h a t  t he  compos i t e  e s t i m a t o r  a l w a y s  has  a 

MSE smal le r  t h a n  e i t h e r  o f  i t s  componen t s  if  

a. C V 2 ( ~ )  > 1 and ~/ >_ (CV2(/~) - l)/(CV2(/~,) +1), 

or  i f  

b. CV2(/3,) < 1 and q¢ ~ 2CV2(/~)/(CV2(/3,) +1), 

or  if  

c. CV2(~,) = I .  

Note  t h a t  i f  CV2(~:) --~ ~ ,  then t h e  compos i t e  

e s t i m a t o r  wi th  t h e  opt imal  we igh t  con v e r g e s  to  

~.~st. "Fhis impl ica t ion  is qu i t e  r easonab le ,  b e c a u s e  

if t h e  c o e f f i c i e n t  o f  v a r i a t i o n  CV(/~)  is v e r y  large,  

t hen  using t he  i n f o r m a t i o n  a b o u t  fJ, in the  

e s t i m a t o r  T T:::~ might  lead to a worse  e s t i m a t o r  

t han  t h e  e s t i m a t o r  Tg~' ,  which  does  not  use  t h i s  

i n fo rma t ion .  

F ina l ly ,  t he  MSE of  t he  compos i t e  e s t i m a t o r  with 

t h e  opt imal  weight  ~/~ i.~ g iven  by 

whe re  V(Y~t -T~) ,  V(~,), B,, and t h e  bias E(;i'g~'-q'~) 

can be eas i ly  e s t i m a t e d  if  /~, t h e  r e l a t i v e  s ize  a~ to 

¢r 2, is a s sumed  to be known. 

We can g e n e r a l i z e  the  above  r e s u l t s  to inc lude  

_ _ ~ ' -"  _ O ' b ) ,  any  p -cow~r ia te  (p~:J -1). Let b~ N(/3o + f~ 'x ,  

w h e r e  /3' = ( ~ ,  /32 . . . . .  fly), and 

x ~ .  .... (x~,  x~2 . . . . .  x~rJ. In th i s  p - c o v a r i a t e  model, 

t h e  UMVU e s t i m a t o r  T ~ "  of  T~ is g iven  by 

T;:~" : Z  E y,, .  + ~ E I(,%)(5o + #,x~, + . . .  + 
j ~ s ~ j  J ~:~.~ij 

~3.x~p) + Xo~ 9.~.1, 

p 
whe re  /~o = 9 , , , -  ~fltR~.,t and ~ = (.,_YD'A_ XD)-'~XD'A _9 

_X D = ( x ~ t -  "2,~t)jx P, x~t = ~ ]  h~x3t / ~_, k3 
J J 

_A = (diag(k~))jxj,  ~ '  = (9.1., 9.2 . . . . . .  Y.j.). 

c~p 
T h e  p r e d i c t i o n  v a r i a n c e  o f  V(T~ -T~) = 

V(q'~ ~x- T,)  + [_L;(_X D' A _XD)-X_L ~] cry,, 

whe re  _L'i = ( ~  (N u - nu)(1-h~)(xtl-9.~a) . . . .  , 
J 

(~]  ( N u -  nu)(1-k~)(x~p-~0p)). 
J 

In f ac t ,  e v e r y  a r g u m e n t  in t h e  u n i v a r i a t e  case  can 

be c a r r i e d  t h r o u g h  s imply  rep lac ing  CV2(/~t) in t h e  

u n i v a r i a t e  case  wi th  CV2(_L]/~). 

L e a s t - S q u a r e s  Model  Re la t ed  to T h e  Simp_l_e 

D i r e c t  And T h e  S y n t h e t i c  E s t i m a t o r s  

Cons ide r ing  t he  most  commonly  used  compos i t e  

e s t i m a t o r  in small a rea  es t ima t ion ,  a we igh ted  sum 

of  a s imple d i r e c t  and a s y n t h e t i c  e s t i m a t o r  leads  to 

t he  e s t i m a t o r  7 q P  + (1-7) ~ M S ,  a l inear  

combina t ion  of  the  simple d i r e c t  e s t i m a t o r  and t h e  

modif ied s y n t h e t i c  e s t i m a t o r  (Holt ,  Smith ,  and 

Tomber l i n  1979). 

T h e  s imple d i r e c t  e s t i m a t o r ,  

-~p =~ N~ ~,.~., 
J 

is t he  UMVU e s t i m a t o r  of  T~ unde r  t h e  model 

Y~M¢ = /did + c~d~ 

whe re  o's a re  independen t ,  no rma l ly  d i s t r i b u t e d  wi th  

mean 0 and v a r i a n c e  (r 2 and # u  a re  f ixed  unknown 

c o n s t a n t s .  

T h e  modif ied  s y n t h e t i c  e s t i m a t o r ,  

is the  UMVU e s t i m a t o r  o f  T~ u n d e r  the  a b o v e  model 

when ~zt~ = /z2j = . . . == #I~ " It is easy  to  show 

t h a t  E(T D - T~)(T M s  - X~)---- V(T M s  - q ' ~ ) u n d e r  t h e  

n o n - r e s t r i c t e d  model. T h e r e f o r e ,  we f ind the  

opt imal  we igh t  f rom f o r m u l a  (1) is 
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~* .... l~x--~ (N U - n , S ( I / n -  ~ - ! / n  . j ) ~ t /  
.i. z 

[ ~  (N~s- ~ .~ ) ( I /n : - : -  I ln  .,~)cr 2 + 
J 

(~__~, ( N u -  nu)(lZ U -- fz.~))2], 
d 

w h e r e  h-~ = ~ n ~ j / z ~ J n . ,  . 

A r e a s o n a b l e  e s t i m a t e  --~/*of ~]]trcan be o b t a i n e d  by  

• s u b s t i t u t i n g  the  UMVU e s t i m a t o r s  

))'u = Y,J', ~'~ == ~ n~jg~./n.~ and 
i 

~ =  E ~E . E  ( y , ~ -  9 , , Y / ( , .  • - J) 
j i ka.~id 

f o r  I z~j, h.~, and (r:: in ~/~ r e s p e c t i v e l y .  

y p  + (~_ ~) ~,Ms o. .  b~ obtained from easi ly  

~ o ~ , b ~ o  o.~Um~t~ or 8 ( ~  - r , f ,  a(~ Ms - T,F, 

and E(' i~ ) - F , ) ( £ p  S - "F,), which  can be d e r i v e d  

f rom t h e  mode l -based  a p p r o a c h  (Holt ,  Smi th ,  and 

T o m b e r l i n  1979). 

5. T e s t i n g  of CV2(~:) 

We h a v e  shown t h a t  CV2(f~,) > t  (CV2(/~) < I) 

impl ies  t h a t  t h e  c o m p o s i t e  e s t i m a t o r  

~/ ,F~.l+ (1 ~/) ;~s~, a l w a y s  has  a MSE s m a l l e r  t h a n  

. ~ t  (~]~1). We mus t ,  h o w e v e r ,  dec ide  w h e t h e r  

CV2(/~]) > l  or  CV2(/~I) < 1, b e c a u s e  u s u a l l y  t h e  
2 v a l u e s  of  31 and crb a r e  unknown.  One m e t h o d  f o r  

dec id ing  w h e t h e r  CV2(~1) >1 is h y p o t h e s i s  t e s t i ng ,  

wh ich  r e q u i r e s  t h a t  we f ind  t h e  d i s t r i b u t i o n  of  t h e  

e s t i m a t o r  of  CV:(13I). We can e a s i l y  r e w r i t e  t h e  

model  a s s u m p t i o n  g i ven  in s e c t i o n  3, w i th  

bj ~-. N (30 + /3~ x~, cry), in to  t h e  m a t r i x  fo rm:  

13 + , w h e r e  

is d i s t r i b u t e d  wi th  N(0, or2!), B _ -  (b, . . . . .  b j ) '  is 

d i s t r i b u t e d  wi th  N(A ~ o~I), and is indepen~lent  of  

[e~] } /3 ' =  (B0, 31), and 1 • • @ 

' - -  ~ x J ,  X2, . . . x j  

w h e r e  s and ~ d e n o t e  t h e  sampled  and non- sampled  

u n i t s  r e s p e c t i v e l y .  

A p p l y i n g  t h e  s t a n d a r d  r e s u l t s  f o r  t h e  g e n e r a l  

l i nea r  model ( G r a y b i l l  1976), we ge t  t h e  UMVU 

e s t i m a t o r  of  cr 2, 

^~ , -1 - ,  X(~)( -(~ ' ) ' -~ (2 ) - ,  (?)' -1 

w h e r e  Y~ is lxn. .  v e c t o r  of  m e a s u r e m e n t s  on t h e  

sampled  i n d i v i d u a l s ,  V,~ = (diag(K !_ + I )~.~x~,.~)~..x~.. 

is a b lock  d iagona l  ma t r ix ,  and )((2 ) = X_~ A. It  is 

e a s y  to  show t h a t  ( n . . -  2)  ^2 2 a ¢ ~ , ] / c r  ~ X r- ( n . . - 2 )  

wh ich  impl ies  t h a t  ( n . . -  2) K 6 ~ l / a ~  ~ X 2 (n . . -  2). 

Also,  t i le  UMVU e s t i m a t o r  /~1 of  31 is 

~ ,  - (o,~) (_x(~)'v_: ' x ~ ) )  -~ ,(£-)'E;' y~,  

and /~1 and ~,-:1 a r e  i n d e p e n d e n t .  T h u s  we h a v e  

( c - v ~ ( ~ ) )  -~ = ~1~ ( ~ / ( E  x~ (xj - ~ ) ~ ) - ' ,  wh ,ch  ~s 

d i s t r i b u t e d  as F(1/[2CV~/~L)I; 1, n . . -  2), a n o n c e n t r a l  
^ 2  P - d i s t r i b u t i o n ,  w h e r e  ~r~ = ~ eros ,. 

We can use  t h i s  r e s u l t i n g  d i s t r i b u t i o n  to t e s t  t h e  

h y p o t h e s i s  H0 : CV2(~1) = 1 v e r s u s  (CV2(/~1)) -1 > 1. 

Unde r  t h e  nul l  h y p o t h e s i s ,  t h e  d i s t r i b u t i o n  o f  t h e  

t e s t  s t a t i s t i c  is a F - d i s t r i b u t i o n  wi th  n o n c e n t r a l i t y  

p a r a m e t e r  0.5, leading to  a s imple  t e s t  o f  t i le  nul l  

h y p o t h e s i s .  W h e n  we r e j e c t  t h e  null  h y p o t h e s i s ,  

we p r e f e r  us ing  ~ T~g'~ + (1-~)  "~ . . . .  1 I t (or  in 
1 

~ p a r t i c u l a r ,  .~:~1) to  us ing  .~.~s~. T h i s  r e s u l t  is 

c o n s i s t e n t  wi th  t h e  f a c t  t h a t  when  (CV2(/~1)) -1 is 

v e r y  l a rge ,  ( imply ing  t h a t  t i le  p r i o r  knowledge  a b o u t  
+ a ~ l  3~ is v e r y  p rec i se ) ,  t h e  e s t i m a t o r  _~ us ing  t h e  

c o v a r i a t e  i n f o r m a t i o n  will be more  a c c u r a t e  t h a n  

t h e  e s t i m a t o r  ~.~1 w h i c h  i gno re s  it .  T h i s  t e s t  

s t a t i s t i c  can  be e a s i l y  g e n e r a l i z e d  fo r  t h e  P - v a r i a t e  

case .  T h e  t e s t  s t a t i s t i c  f o r  t e s t i n g  h y p o t h e s i s  

CVe(L~]~) = 1 h a s  a n o n c e n t r a l  F - d i s t r i b u t i o n  wi th  

p a r a m e t e r  equa l  to  0.5 and d e g r e e s  of  f r e e d o m  1 and 

n . . -  P -  1. 

6. D i s c u s s i o n  

F r o m  t h e  t r a d i t i o n a l  po in t  of  v iew,  S c h a i b l e  

(1979) po in t ed  o u t  two ma jo r  p r o b l e m s  in us ing  t h e  

c o m p o s i t e  e s t i m a t o r .  T h e  f i r s t  p rob l em c o n c e r n s  

how to e s t i m a t e  t h e  op t imal  we igh t ,  g ive n  two 

e s t i m a t o r s .  T h e  d i f f i c u l t y  s t e m s  f r o m  t h e  n e a r  

i m p o s s i b i l i t y  o f  c a l c u l a t i n g ,  w i th  r e s p e c t  to  sampl ing  

plan,  t h e  MSE of  smal l  a r e a  e s t i m a t o r s  s u c h  as  t h e  

s y n t h e t i c  e s t i m a t o r .  A l t h o u g h  S c h a i b l e  (1979) 

s u g g e s t e d  s e v e r a l  d i f f e r e n t  m e t h o d s  to  e s t i m a t e  t h e  

op t imal  we igh t  c o r r e s p o n d i n g  to  d i f f e r e n t  pos s ib l e  
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MSE's  a s sumed  fo r  the  popula t ion ,  t h e s e  :nethods  

all depend on ~he t r u e  va lue  T~, and hence  canno t  

be appl ied to e s t ima t e  T~ in p rac t i ce .  T h e  second 

problem, common to all small  a rea  e s t i m a t o r s ,  is how 

to p r o v i d e  a m e a s u r e  of  e r r o r  of  a compos i t e  

e s t i m a t o r  fo r  a g iven  small area .  Using t he  model-  

based app roach ,  howeve r ,  we can e s t ima t e  the  

opt imal  weight  exp l i c i t l y  and p r o v i d e  the  m e a s u r e  

of e r r o r  of  the  compos i te  e s t i m a t o r  fo r  each  small 

area .  "Fherfore ,  the  r e s u l t s  p r e s e n t e d  h e r e  shou ld  

be u s e f u l  fo r  s u r v e y  s t a t i s t i c i a n s  or  ep idemio log is t s  

in e s t ima t ing  the  local a rea  c h a r a c t e r i s t i c s .  
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