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One of the goals of the Statistical 
Reporting Service in the U.S. Department 
of Agricultural (USDA) is to develop a 
clear, rigorous statistical process for 
small area estimation of agricultural 
values. This paper is an overview of 
research which was conducted at USDA in 
two phases and written in two in-house 
reports [1,2] which give the technical 
details of the material. The first phase 
involved estimators which only relied on 
current survey information. The second 
phase involved estimators which were 
based on simple models that ~ined 
current and historical information. 

Most of the small area estimation at USDA 
centers on counties and small collections 
of counties called districts. The dis- 
cussion in this report focuses on coun- 
ties because they are the "lowest" level 
of interest and because in the USDA 
research the results for districts were 
much the same as counties. Currently, 
USDAmakes county estimates by allowing 
statisticians in their 44 field offices 
to gather information from any available 
source and to determine subjectively the 
level of each county estimate. Examples 
of sources of information are the U.S. 
Census of Agriculture run by the Bureau 
of the Census every five years, state 
censuses of agriculture, and economic and 
weather conditions in each county. How- 
ever, USDA is interested in developing a 
formal statistical procedure to make 
county estimates -- a procedure which 
would also use current information from 
its operational surveys although these 
surveys have been designed to establish 
state and/or national estimates. 

the number of acres in the farming opera- 
tion. The population within each stratum 
was ordered by the county in the mailing 
address, and the sample allocation for 
each stratum was selected systematically 
across the counties. The very large sam- 
ple size guaranteed that at least two 
units were selected from each county in a 
stratum, and in those cases where non- 
response prevented the collection of data 
from less than two units, strata were 
collapsed. 

Data from this survey was used to evalu- 
ate two county estimators. The first was 
the direct estimator. This estimator 
only used whatever sample units fell in 
county i to make estimates for that 
county: 

4 
D= ENx . 

i j=l ij ij 

where i refers to the county, j to the 

stratum, N is the number of population 
ij 

units in county i and stratum j, and 
ij 

is the mean of the sampled units in 

county i and stratum j. 

Although this estimator is mathematically 
unbiased and has "tremendous appeal to 
those ind iv idua l s  r e spons ib l e  for 
r eg iona l ,  s t a t e ,  and local  planning" [5 ] 
i t  u sua l ly  requ i res  a la rge  sample s i ze  
to a t t a i n  s tandard e r ro r s  which are rea-  
sonably ~r~l I .  

The research on which this paper is based 
began in 1979 when the field office in 
North Carolina requested help on making 
county estimates. Until 1979 North Caro- 
lina had a state census of agriculture 
each year which determined the levels of 
agricultural variables in the i00 coun- 
ties of North Carolina. Thus, a sound 
historical series had been established, 
and the field office wanted to continue 
the series by using the best statistical 
procedures possible. 

The second es t ima to r  was the s y n t h e t i c  

e s t i m a t o r .  In each s t ra tum j t h i s  e s t i -  

mator used x the sample mean of dis- 
Gj 

t r i c t  G ( the d i s t r i c t  which conta ined 

county  i )  as the s t ra tum mean of county 

i :  

PHASE ONE: Evaluation of Direct 
and Synthetic Estin~ators 

--.--... 

In order to evaluate estimators which 
depend solely on current survey informa- 
tion, a state survey of agricultural 
acreage and production was expanded to a 
sample size which yielded approximately 
18,000 respondents. The sample was stra- 
tified into four strata which classified 
farmers by an auxiliary variable giving 

4 
S = ~ N x 

i j=l ij Gj 

Thus, the s y n t h e t i c  es t ima to r  used the 
es t imate  f rom a la rge  area in order to 
form es t imates  fo r  a s rml l  area.  Stan-  
dard e r r o r s  fo r  both es t ima to rs  are 
s t r a i g h t f o r w a r d  when the sarrple s izes in 
each county are ass~ned f i x e d .  
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Syn the t i c  est imates have an i n t u i t i v e  
appeal ,  are g e n e r a l l y  easy and inexpen- 
s ive to ob ta in  [ ~ ] ,  and usua l l y  have a 
much smal ler  standard e r ro r  than d i r e c t  
es t imates .  However, the s y n t h e t i c  e s t i -  
mator is a lso b iased.  In the USEIA 
research the bias was the r e s u l t  of how 
much the d i s t r i c t  means d i f f e r e d  from the 
county means. For most surveys i t  is 
d i f f i c u l t  to es t imate  the mean square 
e r ro r  - -  the squared bias plus the 
squared standard e r ro r  - -  fo r  each 
county .  However, an es t imate  of the 
average mean square e r ro r  across a l l  
count ies  is poss ib le  [3], and thus an 
es t imate  of the averase squared bias 
across a l l  count ies  is a lso poss ib le .  

Table I compares the d i r e c t  and s y n t h e t i c  
est imates w i t h  regard to mean square 
e r ro r  (MSE) and i t s  corrponents - -  v a r i -  
ance and squared bias - -  fo r  seven a g r i -  
c u l t u r a l  v a r i a b l e s .  Except fo r  the 
number of hogs, the d i r e c t  es t imator  had 
a much smal ler  MSE than the s y n t h e t i c  
e s t i m a t o r .  A l though the s y n t h e t i c  e s t i -  
mator has a smal ler  var iance ,  i . e .  making 
i t  a more s tab le  es t ima to r ,  i t  a lso had a 
la rger  b ias .  

The l a r g e  SaTple s i z e  of approx ima te ly  
18,000 farmers  had a big impact on the 
r e s u l t s  in Table  1. When the SaTple s i z e  
is ex t r eme ly  l a r g e ,  the  b ias  r a t h e r  than 
the v a r i a n c e  dominates the MSE. For 
sma l l e r  SaTple s i z e s ,  the b ias  w i l l  prob-  
ab ly  remain at  the sanae l e v e l ,  but the 
v a r i a n c e s  of both e s t i m a t o r s  w i l l  
i n c r e a s e .  

The s ta te  sample s izes for  which the 
d i r e c t  and s y n t h e t i c  es t imators  would 
have had the same MSEwere: a l l  land in 
farm - -  5399, hogs - -  26,268, c a t t l e  - -  
4158, corn - -  3654, tobacco - -  2040, soy- 
beans - -  4153, and sorghum - -  8960. 
Across the seven va r i ab les  the sample 
s ize  averaged about 7500 (or about 75 
sample un i t s  per county)  fo r  the MSE of 
the two va r i ab les  to be equal .  Wi thout  
the hog v a r i a b l e  the average would be 
about 5000 (or about 50 sample un i t s  per 
coun ty ) .  

For the sake of comple t enes s ,  i t  should 
be ment ioned tha t  t h e r e  is a CaTpOSite 
e s t i m a t o r  which c a r b i n e s  the d i r e c t  and 
s y n t h e t i c  e s t i m a t o r s  by w e i g h t i n g  thena 
acco rd ing  to the mean square  e r r o r s  E6]. 
When c a T p o s i t e  e s t i m a t e s  were ccmputed 
for  t h i s  s tudy ,  the sample s i z e  was so 
l a r g e  t ha t  the  composi te  e s t i m a t o r s  were 
a lmost  e x a c t l y  the  same as the d i r e c t  
e s t i m a t e s .  Thus, the  cm~posi te  e s t i m a t o r  
o f f e r e d  l i t t l e  improvement as i t  might 
for  smal le r  saxp le  s i z e s .  

Al though Table I shows that  the d i r e c t  
es t imato r  is be t t e r  than the s y n t h e t i c  
es t imato r  in terms of MSE, both est ima- 

t o r s  had v a r i a n c e s  which were too l a r g e  
for  the  uses of U ~ .  These v a r i a n c e s  
t r a n s l a t e d  in to  c o e f f i c i e n t s  of v a r i a t i o n  
(CV) for  the d i r e c t  e s t i m a t o r  which 
ranged from 0.14 to 1.80 and averaged  
about 0 .42 .  Again the e f f e c t  of the hog 
v a r i a b l e  was g r e a t ;  most CV's were in the 
0.14 to 0.24 range .  CV's t h i s  h i g h w o u l d  
make county e s t i m a t e s  f l u c t u a t e  so rnuch 
from year  to year  tha t  time t r ends  and 
r e l a t i o n s h i p s  among c o u n t i e s  would be 
u n r e c o g n i z a b l e .  Thus, USEIA f e l t  t ha t  
county e s t i m a t e s  needed f u r t h e r  s t a b i l i -  
z a t i o n .  Any i n c r e a s e  in the sample s i z e  
beyond 18,000 was imposs ib le  because  of 
time and cos t  c o n s t r a i n t s  - -  in f a c t ,  
North Ca ro l i na  a l ready  planned to 
d e c r e a s e  i t s  sample s i z e  to between 
10,000 and 12,000 because of c o s t s .  
T h e r e f o r e ,  USEIA, planned a second phase to 
i n v e s t i g a t e  the use of models to make 
county e s t i m a t e s .  

FI-V~E 1~tO: Us i ng Mode I s to ~ i ne 
Hist--~rical  and Cur r en t  Data 

to Make County Es t ima te s  

The purpose of t h i s  phase was to overcome 
the i n s t a b i l i t y  of the d i r e c t  and syn- 
t h e t i c  es t imato rs  by c r e a t i n g  a model- 
based procedure. This model used the 
h i s t o r i c a l  data of " o f f i c i a l "  values fo r  
coun t i es  in Nor th  C a r o l i n a  from 1972 to 
1980 in order to measure r e l a t i o n s h i p s  
among the count ies  over t ime.  From 1972 
u n t i l  1978 Nor th  C a r o l i n a  s t i l l  had a 
s ta te  farrn census) but a f t e r  1978 " o f f i -  
c i a l "  values were based on i n fo rma t i on  
from cu r ren t  surveys) con t ro l  data,  op in-  
ions of crop c o n d i t i o n s ,  e tc .  The o f f i -  
c i a l  values a f t e r  1978 should not be con- 
s idered the exact t r u t h  fo r  any t ime 
per iod  but should on ly  be considered as a 
"bes t "  guesses tha t  USEI~ made by using 
the s t a t i s t i c a l ,  economic, me teo ro log i -  
c a l ,  and h i s t o r i c a l  i n fo rma t ion  a v a i l a b l e  
at the t ime.  

Phase Two concent ra ted on data from three 
major crops in Nor th  C a r o l i n a  - -  corn,  
soybeans, and tobacco. For corn and soy- 
beans three va r i ab les  were analyzed - -  
p lan ted acres,  harvested acres,  and pro-  
duced bushels .  For tobacco, two v a r i -  
ables were analyzed - -  harvested acres 
and produced pounds. 

In order tha t  past values for  count ies  
accu ra te l y  p red i c t  f u t u r e  va lues,  r e l a -  
t i onsh ips  over t ime had to be d i s c e r n i -  
b le .  Eva lua t ion  of data in N o r t h C a r o -  
l i n a  showed tha t  a l though some gross t ime 
trends were ev ident  using t o t a l s  (e .g .  
bushels of corn produced, acres of 
tobacco p lan ted ) )  t ime trends becarne rnuch 
more s tab le  when t o t a l s  were t r a n s l a t e d  
i n to  percentages. For example, a l though 
the t o t a l  acres of soybeans p lan ted in a 
p a r t i c u l a r  county f l u c t u a t e d  a great  deal 
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from year to year, the county 's  percen - 
rage of the s ta te  t o t a l  for  p lanted acres 
of soybeans remained r e l a t i v e l y  s tab le  
from year to year. Using the h i s t o r i c a l  
data, simple l i near  regressions for  each 
county were f i t t e d  where the independent 
va r i ab le  was a time va r i ab le  of the years 
1972-1980 and the dependent v a r i a b l e w a s  
percentage of the s tate t o ta l  in that  
county. Although some of the time trends 
were s l i g h t l y  cu rved ,  s imp le  l i n e a r  
r e g r e s s i o n s  were used as a p p r o x i m a t i o n s  
to  c a p t u r e  the  g e n e r a l  n a t u r e  of the  t ime 
t r e n d s .  

The authors decided to change the aim of 
the research from the es t imat ion  of the 
county t o ta l s  to the es t imat ion  of each 
county 's  percentage of the s tate t o ta l  in 
order to take advantage of strong time 
trends in the percentages. This s l i g h t  
change in the aim emphasized that  the 
es t imat ion  of the county values was an 
a l l o c a t i o n  process. Whatever estimates 
were determined for  the s ta te  by using 
cur rent  surveys, e tc .  could be a l loca ted  
to the count ies by using the percentage 
est imates.  

The p e r c e n t  of e x p l a i n e d  v a r i a t i o n  in the  
r e g r e s s i o n s  v a r i e d  f rom 26% to  # ~ o f  the  
t o t a l  v a r i a t i o n  and ave raged  about  3 ~ .  
The p e r c e n t  of e x p l a i n e d  v a r i a t i o n  was 
m o d e r a t e  not  because  of s c a t t e r  in the  
d a t a  but  because  of the  h o r i z o n t a l  n a t u r e  
of many of the  t ime t r e n d s .  The r e s u l t  
of f i t t i n g  s imple  l i n e a r  r e g r e s s i o n s  in 
t h i s  type  of s i t u a t i o n  was to  model the  
d a t a  as an a v e r a g e  p e r c e n t a g e  over  t ime 
- -  an ave rage  p e r c e n t a g e  which u s u a l l y  
had a small  s t a n d a r d  e r r o r .  Thus,  
a l t h o u g h  the  p e r c e n t  of e x p l a i n e d  v a r i a -  
t i o n  was m o d e r a t e ,  the  r e g r e s s i o n  e s t i -  
ma te s  u s u a l l y  had smal l  s t a n d a r d  e r r o r s  
- -  a f a c t  which is  e v i d e n t  in l a t e r  
t a b l e s .  The a u t h o r s  dec ided  to  c o n t i n u e  
u s i n g  the  r e g r e s s i o n  model because  i t  
he lped  some v a r i a b l e s  and d id  no harm for  
o t h e r s .  

Besides the time trends, there were 
strong re la t i onsh ips  among var iab les  in 
the h i s t o r i c a l  data, and these r e l a t i o n -  
ships proved useful  for  the es t imat ion  of 
county values. For example, the har- 
vested acreage of corn was h igh ly  cor re -  
la ted to the planted acreage of corn - -  
expla ined variation was 8 ~  of total 
variation. These relationships anong 
variables were also made part of the 
modeling process. 

For each crop in each county, a three-  
stage process was constructed to est imate 
county values. The f i r s t  stage was to 
est imate the percentage of planted acres 
for  county i by we ight ing  together two 
ccrr�onent es t imators :  

p = u  p + u  p 
i i l  i l  i2 i2 

where for  county i :  p was the 
i l  

est imated percentage based on d i r e c t  

est imates frorn the cur rent  survey, p 
i2 

was the est imated percentage from a sim- 

ple l i nea r  regression on the percentages 

of p lanted acres over 1972-19809 and u , 
i !  

u were optimal weights whose formulas 
i2 

are discussed l a t e r .  Each p was propor-  
i 

t i o n a t e l y  adjusted so that  the t o ta l  of 

the p ' s  across a l l  count ies would equal 
i 

1. 

The second stage was to est imate the per- 

centage of harvested acres in county i by 

we igh t ing  three ccrnponent es t imators :  

h = v  h + v  h + v  h 
i i l  i l  i2 i2 i3 i3 

where for  coun ty  i :  h was the  
i l  

e s t i m a t e d  p e r c e n t a g e  based on d i r e c t  

e s t i m a t e s  f rom the  c u r r e n t  s u r v e y ,  h 

i2 
was the  e s t i m a t e d  p e r c e n t a g e  f rom a sim- 

p l e  l i n e a r  r e g r e s s i o n  on the p e r c e n t a g e s  

of h a r v e s t e d  a c r e s  over 1972-1980,  h 

i3 
was the  e s t i m a t e d  p e r c e n t a g e  based on the  

h i s t o r i c a l  r e l a t i o n s h i p  of p l a n t e d  a c r e s  

to  h a r v e s t e d  a c r e s  over  1972-1980,  and 

v , v , v were op t ima l  w e i g h t s .  The 
i l  i2  i3 

e s t i m a t e  h r e q u i r e d  the  e s t i m a t i o n  of 
i3 

p f rom the  f i r s t  s tage.  Each h was 
i i 

p r o p o r t i o n a t e l y  a d j u s t e d  so t h a t  the  

t o t a l  of the  h ' s  a c r o s s  a l l  c o u n t i e s  
i 

e q u a l e d  1. 
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The t h i r d  stage was to est imate the per- 

centage of produced bushels (or pounds) 

for county i by weight ing three component 

e s t i m a t e s :  

r - w  r + w  r + w  r 

i i l  i l  i2 i2 i3 i3 

where for  coun ty  i :  r was the  
i l  

e s t i m a t e d  p e r c e n t a g e  based on d i r e c t  

estimates from the current  survey, r 
i2 

was the estimated percentage from a sire- 

ple l inear  regression on the percentages 

of product ion over 1972-1980) r was the 
i3 

estimated percentage based on the hi s to r -  

ica l  r e l a t i onsh ip  of harvested acres to 

p r o d u c t i o n  over  1972.-1980, and w , w ) 

i l  i2 
w were op t ima l  w e i g h t s .  The e s t i m a t e  

i3 
r r e q u i r e d  the  e s t i m a t i o n  of h f rom 

i3 i 
the  second s t a g e .  As in the  o t h e r  two 

stages, each r was p ropo r t i ona te l y  
i 

adjusted so that the to ta l  of the r ' s  
i 

across a l l  counties equaled I .  

The op t ima l  w e i g h t s  for  each s t a g e  were a 

combination of the standard errors  of 

each e s t i m a t e d  p e r c e n t a g e .  These w e i g h t s  

were optimal in that  they minimized the 

standard errors of p ) h ) and r . 
i i i 

Evaluat ion of the three-stage procedure 
involved using the h i s t o r i c a l  data from 
1972-1980 to make county estimates for 
1981. Since there were no " t rue "  values 
for comparisons w i th  these est imates) 
they were compared against the o f f i c i a l  
values for 1981. These comparisons 
re f l ec ted  how wel l  the formal s t a t i s t i c a l  
procedure approximated the more unstruc- 
tured and sub jec t ive  process of making 
o f f i c i a l  est imates.  

Table 2 shows the absolute d i f fe rences 
between estimated percentages and o f f i -  
c i a l  percentages for the I00 count ies in 
North Caro l ina .  The absolute d i f fe rences 
are averaged across a l l  I00 counties to 
show general e f fec ts  w i thout  showing a l l  
of the d i f fe rences for each county. The 
absolute d i f fe rences are shown both for 
the component est imators and for the com- 
bined est imator ca lcu la ted by weight ing 
the component est imators together .  At 
the county leve l ,  the d i f fe rences for the 
time model were rnuch smaller than for the 
other components. The time model percen- 
tages and the combined percentages v~re 
very close to the o f f i c i a l  percentages - -  
in f ac t ,  the time trends were s l i g h t l y  
c loser to the o f f i c i a l  values. The f i r s t  
i n c l i n a t i o n  would be to d iscard a l l  other 
est imators and only use the time trends, 
but the authors f e l t  that the current  
data should have some impact because of 
a typ ica l  crop seasons where the current  
data would be useful even i f  the errors 
were large.  

Table 3 shows the standard er rors  of the 
cmlponent percentages and the combined 
percentages as averages across the I00 
count ies.  The r e l a t i v e l y  low standard 
er rors  frma the time rnodels and h i s t o r i -  
cal re la t ionsh ips  cont rast  w i th  the high 
standard errors from the current  survey. 
For planted acreages of corn and soybeans 
and for harvested acreages of tobacco, 
the standard errors show that the time 
model percentages dominate the combined 
es t imator .  For other crop var iab les ,  the 
time model percentages are less impor- 
tan t ,  and the percentages based on h is -  
t o r i c a l  re la t ionsh ips  w i th  other va r i -  
ables are more important.  Thus, trends 
in the h i s t o r i c a l  data were accounting 
for almost a l l  of the s t a b i l i t y  in the 
combined percentages. 

The fact  that percentages based on the 
time models agree so c lose ly  w i th  the 
o f f i c i a l  percentages has two possible 
in te rp re ta t ions= ( I )  the o f f i c i a l  per- 
centages from the time models were close 
to the " t r u t h "  and therefore  the percen- 
tages from the time models were closer to 
the " t r u t h "  than the other components, or 
(2) f i e l d  s t a t i s t i c i a n s  had sub jec t i ve l y  
used time trends to set o f f i c i a l  values. 

I f  the f i r s t  i n t e r p r e t a t i o n  is t rue) then 
the procedure combining the h i s t o r i c a l  
and current  data is indeed a very accu- 
rate procedure. I f  the second in te rp re -  
t a t i on  is t rue) then the procedure is 
approximating in a formal way the process 
that s t a t i s t i c i a n s  use in making o f f i c i a l  
est imates.  The authors adopted the 
second i n t e r p r e t a t i o n  because i t  was less 
s t r ingen t  than the f i r s t  i n t e r p r e t a t i o n  
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and because i t  was h ighly  I i k e l y  to have 
occurred .  Val idat  ion tha t  the e s t ima te s  
were c lo se  to " t r u t h "  must wait  u n t i l  a 
study where the " t rue"  values  are a v a i l -  
ab le .  

However) the o f f i c i a l  values  for tobacco 
in Tables 2 and 3 were based on accura te  
con t ro l  da ta  because of r e g u l a t i o n  of the 
tobacco indus t ry .  Thus) the o f f i c i a l  
e s t ima te s  for tobacco can be regarded as 
" t rue"  va lues .  Resu l t s  for tobacco did 
show tha t  e s t ima tes  from ccrr~ining h i s -  
t o r i c a l  and cu r ren t  data  were c lo se r  to 
the t r u t h  than jus t  using cu r ren t  survey 
da ta .  However, the r e g u l a t i o n  tha t  
enabled USI3~ to have good con t ro l  da ta  
a l so  probably s t a b i l i z e d  the t rends  and 
r e l a t i o n s h i p s  in tobacco values  over 
t ime, perhaps making tobacco an a t y p i c a l  
crop.  Thus, a l though the r e s u l t s  for 
tobacco were encouraging,  they should not 
be accepted as proof tha t  the procedure 
would y i e l d  e s t ima tes  c lose  to " t r u t h "  
for other  crops .  

~ S I C N S  AND FUR_RE R E S ~  

This research showed that for  USE~ data a 
three=stage procedure which combined his= 
t o r i c a l  and current  data gave estimated 
percentages for counties which were 
stable and close to o f f i c i a l  values, 
Plans now ca l l  for comparisons between 
1982 estimates from the procedure and 
values  from the 1982 U.S. Census of Agri= 
c u l t u r e .  USl3/kwould l i ke  to r e f i n e  the 
a l l o c a t i o n  procedure in severa l  ways: 1) 
by i n v e s t i g a t i n g m o r e  s o p h i s t i c a t e d  time 
s e r i e s  models) 2) by inc lud ing  weather 
informat ion into  the a l l o c a t i o n  procedure 

s ince  weather data  is probably a major 
determinant  of crop p roduc t ion ,  and 3) by 
extending the e s t i m a t i o n  to v a r i a b l e s  of 
y i e l d ,  l i v e s t o c k ,  and minor c rops .  

References  
Eli Ford) Barry L. "The D e v e l o ~ n t  of 
County Es t imates  in N o r t h C a r o l i n a . "  Sta= 
t i s t i c a l  Research D i v i s i o n ,  S t a t i s t i c a l  
Repor t ing  Serv ice ,  U.S. Department of 
A g r i c u l t u r e ,  Washington, D.C. 20250. 
1981. 
[2] Ford, Barry L. ;  e t  a l .  " ~ i n i n g  
Current  and H i s t o r i c a l  Data to Make Dis-  
t r i c t  and County Es t imates  In N o r t h C a r o -  
l i n a . "  S t a t i s t i c a l  Research D i v i s i o n ,  
S t a t i s t i c a l  Repor t ing  Se rv ice ,  U.S. 
Department of A g r i c u l t u r e ,  Washington, 
D.C. 20250. 1983. 
[3] Gonzalez,  Maria E. "Use and Evalua- 
t ion  of Syn the t i c  E s t i m a t e s , "  /~nerican 
S t a t i s t i c a l  Assoc i a t i on :  Proceedings  of 
the Social  S t a t i s t i c s  Sec t ion .  1982. 
E ~  S te inbe rg ,  j (ed . )  Syn the t i c  E s t i -  
mates for Small Areas:  S t a t i s t i c a l  
Workshop Papers and Di scuss ion .  Nat ional  
I n s t i t u t e  of Drug Abuse Research Mono- 
graph 24) U.S. Govermaent P r i n t i n g  
O f f i c e .  Washington, D.C. 1979. 
[5]  (Chapter in r e f e r ence  [43).  
Levy, P.S. "Small Area Es t imat ion  Syn- 
t h e t i c  and Other Procedures . "  
[6] . . . .  (Chapter in r e f e rence  [ q ] ) .  
Scha ib le ,  W.A. "A Ccrrposite Es t imator  
for Small Area S t a t i s t i c s . "  

236 



Table 1. Using fou r  s t r a t a ,  a comparison of  the r e l a t i v e  values of  the mean square e r r o r ,  MSE, and 
2 

i t s  components - -  the variancep U, and the squared b ias ,  B - -  f o r  d i r e c t  and s y n t h e t i c  county e s t i -  
2 

mates. By d e f i n i t i o n ,  MSE=U + B . The values in t h i s  t a b l e  are average values across the 100 coun- 

t i e s  in North Caro l ina  and are in r e l a t i v e  terms because they are d iv ided by the average county es- 

t ima te .  

I I 
I Re la t l ve  MSE I~ 

I 
I Var iab le  
I 
I I I I I 
I I D i r e c t  t Synthe t i c  I D i r e c t  I Syn the t i c  

I I I 
I A l l  Land in I 0.02 0.05 I 0.02 <0.01 
I Farm (acres)  I I 
I I I 
I Hogs ( n u m b e r  I 3.24 2.40 I 3.24 0.56 
I o f  h e a d )  I I 
I I I 
I C a t t l e  (num- I 0.05 0.19 I 0.05 0.01 
I b e t  o f  h e a d )  I l 
I I I 
I C o r n  Harvested I 0.05 0.21 I 0.05 0.01 
I (acres)  I I 
I I I 
I Tobacco Her- I 0.04 0.28 I 0.04 <0.01 
I vested (acres)  I I 
I I I 
I Soybeans H e r -  I 0 . 0 6  0 . 2 6  I 0 . 0 6  0.01 
I vested (acres)  I 1 
I I I 

2 
Re la t i ve  B 

I 
D i r e c t  I Syn the t i c  

I 

Re la t i ve  U 

l 

! 

0.05 

1.84 

0.18 

0 . 2 0  

0.28 

0.25 

I Sorghum Her- I 1.25 2.41 I 1.25 0.15 I 2.26 I 
I vested (acres)  l I I I 
I I I I I 

IS~!E 2. Absolute d i f f e r e n c e s  between est imated percentages and o f f i c i a l  percentages as averages 
across the 100 coun t ies  in North Caro l ina  dur ing the 1981 crop year .  A "Z '  i n d i c a t e s  t h a t  a p a r t i c -  

u l a r  component was not  a v a i l a b l e  or not used. 

S o u r c e  o f  
Est imator  

C u r r e n t  
S u r v e y  

Time 
Model 

H i s t o r i c  
Relat ion ' 
With Other 
Uar iab le  

| 

I 
' C o m b i n e d  

Estimate 

T o b a c c o  

H a r v e s t e d  I P r o d u c e d  
A c r e a g e  I P o u n d s  

i . _ _ ~  
I 
I 

0 . 2 5  I 0 . 2 5  
I 
I 

0 . 0 8  I 0 . 1 1  
I 
I 
I 
I 

$ I 0 . 1 3  
1 
I 
I 
I 0 . 1 3  
I 

0 . 0 8  

I I 
Corn I Soybeans I 

I I 

Planted 
Acreage 

0.35 

0.05 

0 . 0 8  

Harvested 
A c r e a g e  

0 . 3 0  

0 . 0 6  

0.08 

I I 
Produced I Planted I Harvested I Produced I 

Bushels I Acreage I Acreage I Bushels I 

: z I : 
I I I I 
I I t I 

0 . 3 0  I 0 . 4 0  I 0 . 3 2  I 0 . 3 4  I 
I 1 I I 
I I I 1 

0 . 1 5  I 0 . 0 9  I 0 . 0 9  I 0 . 1 3  I 
I I I I 
I I I I 
I I I I 
I I I I 

0.18 I ~ I 0.11 ! 0.12 I 
I I I I 
I I I I 
I I 1 I 

0 . 1 6  I 0.1-1 I 0.11 I 0.12 I 
I 1 I I 

0 . 0 8  

! 9 ~ ! ~  3 .  Standard e r r o r s  f o r  est imated percentages i n d i c a t i n g  each c o u n t y ' s  p a r t  o f  the s t a t e  t o -  

t a l .  Standard e r r o r s  are shown Qs averages across the 100 count ies  in North C a r o l i n a .  A "$" i n d i -  

cates t h a t  a component was not  used or  not  a v a i l a b l e .  

I 
I 
I 
I 
I S o u r c e  o f  
I E s t i m a t o r  
I 
I 
I Current  
I Survey 
I 
I Time 
I Model 
I 
I H i s t o r i c  
I Re la t ion  
I With Other 
I Var iab le  
I 
I 
I C o m b i n e d  
I Estimate 
I 

I I 
Tab acc o I Co rn I Soybean s 

[ 
I 

Harvested I Produced I Planted I Harvested 
A c r e a g e  I P o u n d s  I A c r e a g e  I A c r e a g e  

I ............ [ ........... [ 
I I I 
I I I 

0.31 1 0.31 I 0 . 3 3  I 0 . 2 0  
! ! t 
I ! ! 

0 . 0 6  I 0 . 0 9  I 0 . 0 5  I 0 . 0 5  
I 1 I 

' I I I 
I I I 
1 I 1 
I 0 . 0 4  I $ I 0 . 0 2  
] ............ 1 . . . . . . . . . . .  1 

I I I I 
I I I 

0 , 0 6  I 0 . 0 3  I 0 , 0 5  I 0 , 0 2  
L . . . . . . . . . . .  ] . . . . . . . . . . .  1 

I 
Produced I Planted 

Bushels I Acreage 
I 
I 
I 

0 . 2 2  I 0 . 4 4  
I 
I 

0 . 1 1  I 0 . 0 7  
I 
I 
I 
I 

0 . 1 5  I $ 
I 
I 
I 

0 . 0 7  I 
I 

0.08 

Harvested 
Acreage 

0 . 2 6  

0 . 0 6  

0 . 0 2  

0 . 0 1  

Produced 
Bushels 

0 . 2 6  

0 . 1 0  

o.oo 

I 

0.04 
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