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ABSTRACT 

When crop acreage estimates for  large areas are 
made, several factors  may a f fec t  t h e i r  accuracy. 
I f  one or a few smal l -s ize area segments are sam- 
pled from a stratum and i f  the crop acreage deter-  
mination in a sample segment is subject  to meas- 
urement e r ro r ,  the stratum crop acreage estimate 
may deviate considerably from the actual crop 
acreage. This paper presents a screening proce- 
dure that  evaluates the stratum crop acreage e s t i -  
mates and detects the s t ra ta  fo r  which s i g n i f i c a n t  
deviat ions from the expected acreages in the 
s t ra ta  are o'bserved. A s ign i f i cance  tes t  based 
on the extreme student ized deviate s t a t i s t i c s  
is used to detect potent ia l  mu l t i p le  o u t l i e r s .  
The procedure is appl ied to evaluate the stratum 
crop acreage estimates obtained fo r  a crop sur- 
vey conducted by the National Aeronautics and 
Space Admin is t ra t ion using s a t e l l i t e  data. 

I .  INTRODUCTION 

In ag r i cu l t u ra l  sample surveys, i t  is f a i r l y  
common to experience nonsampling errors because of 
nonresponse and measurement er rors .  The measure- 
ment errors are of ten due to a f a l l i b l e  measuring 
method, i nco r rec t  repor t ing ,  or mistakes in 
recording the in format ion.  

When the survey data are subject  to both meas- 
urement and sampling e r ro rs ,  the stratum crop 
acreage estimates may become qui te unre l iab le .  
There fo re ,  i t  is des i rable to screen the data 
before they are u t i l i z e d  in making stratum e s t i -  
mates and then, in tu rn ,  in obta in ing a large 
area crop acreage est imate. Stratum estimates 
a f f l i c t e d  wi th r e l a t i v e l y  higher measurement and 
sampling errors can be given lesser weights than 
others in obta in ing the estimate for  the en t i re  
area of i n t e res t .  

Most o f ten ,  survey data screening has been used 
when the observat ion fo r  a sample un i t  is p a r t i a l l y  
or completely lacking or when the repor t ing  of 
data is unre l iab le  and can be v e r i f i e d  from other 
sources of in format ion [Hocking et a l .  (1974), 
Pregibon (1977), Freund and Hart ley (1967)].  In 
these s tud ies,  among others,  screeninghas been 
at the level of the smal l -s ize area segment used 
as the sampling un i t .  However, when the measure- 
ment e r ro r  fo r  the sample segment is random and 
the w i th in -s t ra tum variance cannot be r e l i a b l y  
est imated, a va l id  evaluat ion at the segment level 
may not be feas ib le .  

Present ly ,  we consider the evaluat ion of s t ra -  
tum crop acreage estimates when the number of 
s t ra ta  is large and the crop acreage in a sample 
segment is estimated and therefore subject  to 
measurement e r ro r .  The informat ion on crop acre- 
age in the past is genera l ly  ava i lab le  at the 
stratum level (when the stratum is f a i r l y  l a rge) ,  
and a s i g n i f i c a n t  co r re la t i on  between the crop 
acreage during the current  year and the crop 
acreage in a previous year can be expected at 
th is  leve l .  Based on these assumptions, a s t a t i s -  
t i ca l  procedure has been developed to evaluate 
the stratum crop acreage estimates against  t h e i r  

h i s t o r i c a l  crop acreages and to detect  the s t ra ta  
fo r  which s i g n i f i c a n t  deviat ions from the expected 
ra t i o  of the stratum acreage estimate to the his-  
t o r i c a l  acreage across the s t ra ta  are observed. 
The procedure is described in the next sect ion. 
I t  is  applied to screen the stratum wheat acreage 
estimates obtained in a crop survey conducted by 
the National Aeronautics and Space Admin is t ra t ion 
(NASA) using s a t e l l i t e  data. 

2. PROCEDURE 

2.1 Approach 

Let L be the number of  s t ra ta  and n. be the 
l 

number of ( f i xed -s i ze )  area segments randomly sam- 
pled from the i t h  stratum, i = I ,  2, - - - ,  L. For 
stratum i ,  l e t  Y i be the average crop acreage and 2 

X i be the corresponding value in a previous year.  

Suppose Y i j  is the actual crop acreage and Y i j  

is i t s  estimate fo r  the j t h  sample segment of 
stratum i .  The sample mean 

n .  

- -  1 1 
= ~ Y i j  (2 I )  Yi ~ .= " 

m 

is an unbiased estimate of Y i '  and i t s  prec is ion 

is inf luenced by the rate of sampling alone; 
whereas 

n i 

Yi = Y i j  
i "= 

(2.2) 

as an estimate of  Y. is subject  to both sampling i 
and measurement er rors .  In p rac t i ce ,  the y ~  are 

i V 

unknown, and thus Yi cannot be computed. 

Consider the r a t i o  
A 

Yi 
2 . -  _ , i = 1 , 2 , - - . , L  (2.3) 

i X. 
1 

A 

Then, zi can be w r i t t en  as 

zi = Zi + (zi - Z i ) +  (zi - z i )  (2.4) 

w 

Y" Yi 
where Z. = ~ and z. - _ 

i X i  i Xi 

The f i r s t  e r ro r  component, ~i = (zi - Z i ) '  is due 

to sampling and the second er ro r  component, 
6 i = (2 i - z i ) ,  is due to measurement er ror .  

Considering that  the measurement e r ro r  m__ay cause 
bias in the stratum est imate, l e t  E(6iIX i )  = B i .  
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• and 6 are uncorre- I t  w i l l  be assumed t h a t  el i 

la ted;  and, given X i '  these errors do not depend 

upon Z i .  Acco rd ing ly ,  the  c o n d i t i o n a l  mean and 

variance of z. are 
1 

E(z i lX i )  = Zi + Bi 1 

2 2 
and Var(z i IX i )  a i + aOi 

(2 .5 )  

where a 2 : Var(c ilX i )  and a~i 
1 : Var(6 i lY i ) ,  

i = 1,2,-  -,L 

When the s t r a t i f i c a t i o n  is based p r imar i l y  on 
the crop size in the past and i f  a l l  s t ra ta  that  
had about the same crop size in the past are 
homogeneous and have quite s im i la r  cropping prac- 
t i ces ,  the bias and variance in equation (2.5) for  
the group of s t rata are l i k e l y  to be the same. 
Therefore, i t  is possible to divide the s t ra ta  
into a set of groups and assume equal i ty  for  the 
stratum variances and biases wi th in  each group of 
s t rata.  Accordingly, 

2 = a2 
ai s 

2 2 
OOi = a c (2.6) 

B i = B 

for  a l l  s t rata in a group. 
Assume that Y i is proport ional to X i ,  so that  

Z i = Z for  a l l  i and Var(Z i )  = O. Thus, the 

uncondit ional mean and variance are 

E(zi) = Z + B 1 
( 2. 7) 

and Var(z i )  a 2 + a 2 
s c 

for  the group of s t rata.  I t  should be noted that 
the mean and variance in equation (2.7) are s t i l l  
condit ional on the year of  X i .  The year- to-year  
variance componento of zi is assumed to be much 

smaller than a~ + a 2 and hence is igno red 
C ' ' " 

I f  the assumption of Y. being proport ional to 
1 

X i does not hold and Z i varies across s t ra ta ,  the 

mean and variance of zi are (Z + B) and a~ 

+ ~, a s (  2 + a2}c" in place of those giveno in equation 

(2.7) ,  where 0 < >, < 1 and Zand a~ are the mean 

and variance of Z i for  s t rata in a group. How- 

ever, >~(a2 + ~  s a2) c a n c  be expected to dominate a~ 

whenever the groups are jud ic ious ly  chosen, with 
X i varying as l i t t l e  as possible wi th in  a group. 

The ~i for  a group are examined for any sig- 

n i f i c a n t  deviat ions from the i r  mean. I t  w i l l  be 
assumed tha t ,  for  each group, the var iable 2 i is 

normally d i s t r i bu ted ,  with mean and variance of 
the form discussed above. The parameters, of 
course, are unknown and w i l l  be estimated from the 
observed data. A s ign i f icance test  based on the 
extreme studentized deviate (ESD) s t a t i s t i c s  and 
discussed below is applied to detect mul t ip le  out- 
ly ing observations (ou t l i e r s )  in the data. The 
st rata fo r  which the observed values of 2 i are 

declared ou t l i e rs  are flagged as having unre l iab le 
crop acreage estimates. 

2.2 Screening of Stratum Estimates 

Consider a group of h s t rata with observations 
21 , 2 2 , . - - ,  2 h f o r  the  v a r i a b l e  2 i as d e f i n e d  in 

equation (2.3) for  the screening of stratum es t i -  
mates. There is no f ixed rule to decide the 
possible number of  ou t l i e r s  in the data. However, 
a cer ta in  percentage of the data can be considered 
for  potent ia l  ou t l i e r s .  The f ixed percentage rule 
seems impract ica l ,  inasmuch as i t  w i l l  lead to 
test ing fo r  too many ou t l i e rs  when the number of 
observations is large. A more sui table rule may 

be to consider~/h-( to the nearest integer)  for  
the number of possible ou t l i e r s ,  as i t  w i l l  resu l t  
in test ing for  a reasonable number of o u t l i e r s ;  
e .g . ,  not more than I0 for  I00 data points.  

Consider the sequence of data sets 
A O, A I ,  . - . ,  A k, where A 0 is the f u l l  set of data 

and the set A i is formed by delet ing from Ai_ 1 the 

data point  fa r thes t  away from the mean of Ai_ I ,  

i = I ,  2, - . . ,  k (k denotes the number of poten- 
t i a l  ou t l i e r s ) .  Then, consider the absolute value 
of the maximum studentized deviate for  test  sta- 
t i s t i c s  in each set. I f  one of these test  s t a t i s -  
t ics  exceeds i t s  c r i t i c a l  value, the data are 
declared to have ou t l i e rs .  The ou t l i e rs  are those 
data points excluded from the set fo l lowing the 
las t  set for  which the test  s t a t i s t i c s  exceed 
the i r  c r i t i c a l  values. For deta i ls  of the mu l t i -  
ple o u t l i e r  detection tes t ,  see Rosner (1975). 
However, see Chhikara and Feiveson (1980) i f  the 
number of ou t l i e rs  to be tested is between 3 and 
I0, since Rosner gives c r i t i c a l  values of the ESD 
test  s t a t i s t i c s  only for  the cases of k = 1 and 
k = 2. These c r i t i c a l  values are for  the 
5-percent level of  s ign i f icance.  

2.3 Improving the Acreage Estimation 

The st rata flagged as having out ly ing observa- 
t ions need to be treated d i f f e r e n t l y  from other 
s t ra ta  in the group. Although i t  is desirable to 
make use of the f u l l  sample data and thereby to 
u t i l i z e  the estimates of the flagged s t ra ta ,  i t  is 
equal ly important to improve upon the i r  estimates 
as well as those for  the ent i re  area of in te res t .  

One approach to prevent "bad" estimates for  
s t ra ta  is to discard the i r  sample estimates and, 
instead, to obtain t he i r  estimates using a ra t io  
est imation technique. A ra t io  estimate for  a 
flagged stratum, derived by mul t ip ly ing  the acre- 
age estimate of a l l  the unflagged s t ra ta  in the 
group by the ra t io  of the h i s to r i ca l  acreage for  
the flagged stratum to that for  the unflagged 
s t ra ta ,  w i l l  be an improvement over the d i rec t  
estimate obtained from the sample data, provided 
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w w 

that X i is proport ional to Yi" I f  the grouping 
m 

of strata is done jud ic ious ly ,  so that X. is 
1 

approximately proport ional to Y i '  a bet ter  set of 

estimates of flagged strata w i l l  be obtained by 
replacing the i r  d i rec t  estimates by the ra t io  
estimates. 

The screening of a l l  s t rata estimates requires 
the above procedure to be repeated for  each group 
of s t rata.  When the improved estimates for  a l l  
the flagged strata are used in computing the 
s t r a t i f i e d  estimate for a large area, an improved 
crop acreage estimate is obtained for the ent i re 
area of in te res t .  

3. AN APPLICATION 

To i l l u s t r a t e  th is technique, a real survey 
data appl icat ion is described here. A large area 
crop survey experiment was conducted by NASA in 
cooperation with the U.S. Department of Agr icu l -  
ture (USDA) and the National Oceanic and Atmos- 
pheric Administrat ion (NOAA) fo r  est imating the 

1977 wheat production in the U.S. Great Plains 3 
using s a t e l l i t e  data. The sampling uni t  was a 5- 
by 6-naut ica l -mi le  area segment. Sample segments 
were selected using a s t r a t i f i e d  random sampling 
technique. The counties were considered as s t rata.  
None to a few segments were al located to a county. 
The wheat acreage determination for  a sample 
segment was a f f l i c t e d  with a measurement error  
resu l t ing from a f a l l i b l e  c l ass i f i ca t i on  method. 
Under th is  method, an image analyst labeled the 
spectral classes, and a s t a t i s t i c a l  d iscr iminant 
analysis of the spectral data was performed to 
c lass i fy  each data point as wheat or nonwheat 
and thereby to estimate the proport ion of wheat 
acreage in the segment. For de ta i l s ,  see 
Chhikara and Feiveson (1978). 

Large sampling and measurement errors were 
experienced in strata where wheat cu l t i va t ion  was 
sparse. These phenomena occurred because, at 
most, one sample segment was al located to a county 
with low wheat density and because of the higher 
uncertainty involved in c lass i fy ing data for  a 
segment with a low wheat acreage proport ion. 

For the winter wheat region, the observed data 
for  2 i j  are given in Figure I .  ( z i j  is the_ ra t io  

of the segment wheat acreage estimate to X i for  

the county in which the segment l i es ,  where the 
1974 county wheat acreages from the Agr icu l tu ra l  
Census reports were used in determining X i . )  

Clear ly,  when the proport ion of wheat in a county, 

Pi '  is very small, 2 i is highly var iable 4 and the 
A 

stratum acreage estimate 7i may be quite unre l i -  
5 able and inaccurate. Figure 1 also indicates 

that the d i s t r i bu t i on  of 2 i depends upon P i" How- 

ever, i f  counties are grouped on the basis of P i '  

such dependence can be el iminated for  the strata 
wi th in a group. 

Counties were divided into four groups: low, 
marginal, medium, and high wheat density,  as 
given, respect ively,  by the fo l lowing.  

GI : l i "  o <p <o.o51 

= • <0151  G 2 { i "  0.05 < Pl - " 

= . < 0 3 0 }  G 3 l i "  0.15 < Pl - " 

= • < I  } h /i" o . 3 o < p  _ 

Table 1 l i s t s  the number of counties in each group. 
The d i s t r i bu t i on  of z. for  each group was 

I 
skewed. A p lo t  of data using a logar i thmic  scale 
made the d i s t r i bu t i on  f a i r l y  symmetrical. Thus, 
the logar i thmic  transformation was applied to the 
observed data of zi to obtain the normal approxi- 

mation for  the primary d i s t r i bu t i on .  The tranS- 
formed data ( that is ,  the logarithm of 2 from 

1 
each group) were evaluated using the screening 
procedure given in section 2.2. The counties f o r  
which observations were detected as out l ie rs  were 
flagged. The number of counties flagged in each 
group is also l i s ted  in Table I. 

The group G 1 contained 33 counties, of which 

4 counties were flagged to have unrel iable acre- 
age estimates. Table 2 l i s t s  the detai ls  showing 
how the o u t l i e r  t e s t  procedure was carr ied out. 
The fact  that the computed test  s t a t i s t i c  T .  

I 
exceeds i ts  c r i t i c a l  value h. for  the last  time 

I 
for  set A 3 indicates the presence of four ou t l i e rs .  

The wheat acreage estimates for the flagged 
counties were obtained by the ra t io  estimation 
technique discussed in sect ion 2.3. When the 
large area estimates obtained using these ra t io  
estimates and those obtained using the correspond- 
ing d i rec t  estimates were compared with the USDA 
wheat acreage estimates for  the year, the use of 
ra t io  estimates led to a s l i g h t l y  better wheat 
acreage estimate f o r  the U.S. Great Plains. 
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FOOTNOTES 

1 Under Contract NAS 9-15800 to the National 
Aeronautics and Space Administ rat ion,  Lyndon B. 
Johnson Space Center, Houston, Texas 77058• 

2 Instead of h i s to r i ca l  crop acreage, i f  another 
aux i l i a r y  var iable that  is s i g n i f i c a n t l y  corre- 
lated with the crop acreage is considered, the 
approach and the subsequent screening procedure 
w i l l  s t i l l  be appl icable. Preferably,  consider 
the aux i l i a r y  var iable that is used in s t r a t i f y -  
ing the area. 

3Although estimates were made for  the 1975, 
1976, and 1977 crop years, only 1977 is considered 
here. 

4When n. = I ,  z. = z . . .  
1 1 l J  

X. 
5Since P. = ] segmentl s ize '  and the segment size 

m 
is f ixed,  e i ther  Pi or X i can be used in the 

discussion• 

TABLE I .  DISTRIBUTION OF COUNTIES BY 

GROUPS FOR THE WINTER WHEAT REGION 

Group 

Number of counties 

Flagged To ta I as ou t l i e rs  

G i 33 4 

G 2 80 2 

G 3 82 7 

G 4 44 1 

Total 239 14 
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FIGURE I .  PLOT OF 2 i j  VERSUS Pi" 

TABLE 2. DETECTION OF OUTLIERS IN THE DATA SET FROM GROUP G 1 

Wheat Estimated 
State County acreage wheat 
code code in 1974, acreage, 

% % 

Log. 2 i 

Ex t r  eme 
Data Mean Standard out ly ing 
set deviat ion observation 

h i 

31 123 4.69 0.00 

46 '71 4.50 0.00 

31 1 57 3.92 O. O0 

31 175 2.94 0.00 

46 53 0.76 O. O0 

31 141 3.11 0.58 

A -0.298 1.521 -3.848 0 
A 1 -0.187 1.404 -3.806 

A 2 -0.071 1.259 -3.670 

A 3 0.049 1.085 -3.382 

A 4 O. 1 68 O. 886 -2.025 

A 5 O. 246 O. 794 - I .  600 

2.333 3.33 

2. 578 2.84 

2.859 2.67 

3.161 2.57 

2.475 2.51 

2.426 2.45 
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