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A b s t r a c t  

A multiple frame consisting of both a list and an 
area frame is used in most agricultural surveys con- 
ducted by the National Agricultural Statistics Ser- 
vice of the U.S. Department of Agriculture. The 
area frame sampling is used to account for the lack 
of coverage by the list frame sampling. Typically, 
the area frame estimate of the portion not on the 
list (NOL) has low precision. To improve upon its 
precision, certain alternative approaches were inves- 
tigated. This study of the Agricultural Labor Survey 
involved post-stratification of all list sample respon- 
dents and all NOL sample respondents in California 
and Florida for the 1991-92 surveys based on some 
auxiliary data available from the 1991 June Enumer- 
ative Survey. A difference estimator was also devel- 
oped for the NOL portion using the auxiliary vari- 
ables. No improvement in the precision of the mul- 
tiple frame estimate was realized under the straight- 
forward application of post-stratification. On the 
other hand, the difference estimation in conjunction 
with post-stratification led to some gain in precision 
and hence proved to be a better approach. 
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I n t r o d u c t i o n  

The National Agricultural Statistics Service (NASS) 
of the U.S. Department of Agriculture (USDA) con- 
ducts quarterly Agricultural Labor Surveys to esti- 
mate the number of hired, self-employed and unpaid 
workers and associated hours per week and wage 
rates. Both a list frame and an area frame are used 
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to sample agricultural operations or area segments 
and a multiple frame estimate is obtained by sum- 
ming the estimates for the list and area frame com- 
ponents. The area frame component estimate is for 
the area not overlapped with the list and is labeled 
as NOL. The estimates are developed at the state or 
regional level. 

The area frame sampling for the NOL is used pri- 
marily to compensate for the noncoverage of a target 
population in the list frame. The NOL sample is a 
subset of the June Enumerative area frame survey 
sample. All area frame sample farms are checked 
against the list frame to determine the nonoverlap- 
ping (NOL) sample units. A subsample of these base 
NOL farms is then used for the quarterly labor sur- 
veys. The NOL estimate accounts for a smaller por- 
tion (less than 30 percent) of a survey estimate than 
the list frame. However, it accounts for a substan- 
tially larger portion of the variance of a multiple 
frame estimate. Among other factors, the NOL has 
relatively a much smaller sample size than the list 
and this would make the NOL estimator less reliable. 

Certain alternative methods have been investi- 
gated to improve upon the reliability of the NOL 
estimator or to develop estimates based only on the 
list frame. The basic approach is to post-stratify 
both the list and the NOL sample data by farm 
type or other available auxiliary information and 
then obtain a post-stratified estimate for the list 
and NOL. Since the current list estimator is viewed 
to be reliable, we only considered developing a new 
estimator for the NOL component. For details on 
post-stratification, one may refer to Rumburg, et al. 
( 993). 

Besides the post-stratified estimator, a differ- 
ence estimator is developed using additional auxil- 
iary variables in conjunction with post-stratification 
based on farm type. The estimators investigated 
are described in their general form in the next sec- 
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tion and in their applied form in Section 3. The 
1991-92 agricultural survey data from California and 
Florida are used to compute and evaluate these es- 
timators. The numerical results are given in Section 
4 and show that  the precision of the post-stratified 
NOL estimate in the two largest agricultural labor 
states is less reliable than the current estimator un- 
less the difference estimator is used in conjunction 
with post-stratification. 

2 Est imators  

The estimation approach in its most generic form 
can be formulated as follows: Let a population of N 
units consist of H strata with Nh units in s t ratum 
h, h = 1, 2 , . . . ,H.  Suppose nh  sample units are 
selected in s t ra tum h and n -  ~hH__i nh is the total 
sample size for the survey. Next, let the sample units 
be post-stratified into K post-strata determined us- 
ing some auxiliary information obtained for the sam- 
ple units during the survey. Suppose nhk is the num- 
ber of sample units that  correspond to s t ratum h and 
post-stratum k, and n.k = E h  nhk,  k = 1, 2, . . . ,K .  
If Yhi is the sample response of interest for the ith 
sample unit in s t ra tum h, then the population total, 
Y, can be estimated in two ways" 

(a) Stratified Estimator 

H 

Ys -- E Nhflh (i) 
h=l 

? i h  where Yh -- Y]4=i 
? I t ,  

(b) Post-Stratified Estimator 

K 

k--1 

where/Y.k is the estimated size of post-stratum 

k and ]~k is an estimator of mean response for 

post-stratum k. Both N.k and ]~k should be 
determined using an approach that  would yield 
]~psto be an efficient estimator. 

In the present study, we obtain/~r.k by summing 
the weights associated with the nhk sample units for 
h - 1, 2, . . . ,H,  that  correspond to post-stratum k. 
A sample unit weight is inversely proportional to its 

probability of being selected. The estimator Yk is 
obtained either by the post-stratum sample mean or 
prediction mean using certain regressors as follows" 

- y h ~  - 9.k 
n.k i 

where Uk represents the set of all sample units falling 
in the kth post-stratum. Accordingly, the post- 
stratified estimator of Y is given by 

K 

k = l  

Suppose there are additional auxiliary variables, 
say mi, m2, ..., xm, which are expected to be linearly 
correlated to the response variable y. Based on a 
prior or non-overlapping data set, one can estimate 
the regression equation given by 9 - b'm, where b 
is the column vector of estimated regression coeffi- 
cients and x is the column vector of values of the 

auxiliary variables. 
tained by 

^ 

The estimator Y k can be ob- 

Yk = n.k i 

and the corresponding post-stratified estimator is 

K 

]~P~ - E/~r 'k~.k (4) 
k--1 

3 Est imation In the Agricul- 
tural Labor Survey 

The stratified and post-stratified estimators defined 
in the previous section are investigated and evalu- 
ated using the 1991-92 Agricultural Labor Survey 
data from California and Florida. Auxiliary data  
available from the 1991 June Enumerative Survey 
(JES) for the farm value of sales in 1990 (mi) and 
the peak number of workers in 1991 (m2) are used in 
addition to the farm type information for developing 
post-stratification. Farm type refers to the largest 
source of gross income for the operation, such as cash 
grains, fruits, livestock, dairy, etc. The data  for the 
variables z i and m2 are used in two different ways: 
(i) Post-stratification based on farm type was fur- 
ther refined using the data for auxiliary variables x i 
and z2 and (ii) a least-squares regression fit for the 
number of hired workers (y) was made in terms of mi 
and m2 as regressors using the list sample data  corre- 
sponding to each original post-stratum. Thus, when 
the two estimators defined in Equations (3) and (4) 
were computed corresponding to cases (i) and (ii), 
they would utilize equivalent auxiliary information 
and be comparable. Specifically, the following three 
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estimators were evaluated and compared for their 
bias and precision. 

3.1 Direct Expansion Estimates  

The stratified estimates and their cv's were com- 
puted separately for the list and NOL components 
for each of the four quarters ending in July 1991, Oc- 
tober 1991, January 1992 and April 1992. In each 
case, this estimate is simply an aggregation of the 
expanded strata sample means as described in Equa- 
tion (1) and is called the direct expansion estimate. 
The variance of the direct expansion estimate is that 
of the usual stratified estimator which is straightfor- 
ward to estimate. Next, a multiple frame estimate 
is obtained by adding the list and NOL component 
estimates. 

3 .2  Post-Stratif ied Estimates  

A multiple frame post-stratified estimate is obtained 
by combining the list and NOL sample data for 
each post-stratum and expanding directly the post- 
stratum sample means. Here, the combined (i.e., di- 
rect post-stratified multiple frame) estimate makes 
use of the sample observations obtained from both 
NOL respondents and list respondents in each post- 
stratum to estimate its mean. (A list-only post- 
stratified estimate is obtained by using only list 
frame data to estimate the post-stratum means, but 
it is not included in the present discussion.) These 
estimates use a weighted estimator of Y given by 

K 

k - 1  

where/~r.k is estimated from the June Enumerative 
Survey and 

Yk,wt = ~-]~iEU~ wi  ; 

where wi is the weight of the ith sample reporting 
unit that falls in post-stratum k. 

The variance of this estimator is not easily 
tractable as it involves estimates of post-strata 
weights and their mean responses. A large sample 
variance formula can be derived using a Taylor series 
approximation as described in Perry, et al. (1993). 
We made use of the approximate variance formula 
given there to compute the standard error of a post- 
stratified estimate. 

3 .3  Difference Est imates  

The least-square regression fits were obtained using 
the list sample data in each original post-stratum 
as stated in case (ii) in the introduction of this sec- 
tion. The linear regression equations for the differ- 
ent post-strata were then used to predict the mean 
response for all NOL sample units identified in the 
base June Enumerative Survey. The total number 
of hired workers for the NOL component was pre- 
dicted by appropriately expanding each sample unit 
prediction and aggregating the expanded predictions 
across all NOL sample units. This NOL prediction 
is denoted by 

?o- (6) 
iEUj  

where Uj denotes the set of all NOL sample units in 
JES, and ej, i denotes the expansion associated with 
the ith NO L sample unit in JES. 

Clearly, Yo is expected to be a biased estimator of 
Y since the regression fits based on the list sample 
data may not appropriately represent the NOL. An 

^ 

adjustment to Yo is made based on the differences 
between the observed and predicted responses for 
the NOL sample units acquired in a quarterly survey 
(which are a subsample of the NOL units identified 
in June). This adjustment is an estimate of the bias 
and is obtained by 

b -  - ( 7 )  

iEUz, 

where UL is the set of NOL samples observed in 
a quarterly labor survey and eL,i is the expansion 
for the ith observed sample unit of the survey. The 
NOL component estimate is obtained by adjusting 
the NOL estimate Yo by the estimated bias D so 
that the estimate is given by 

- ?0 + b .  (8) 

Obviously, the correction for bias makes 
YNoLunbiased. 

A multiple frame estimate of Y is obtained by 
summing the list and NOL component estimates" 

Since the current list component estimate is reli- 
able, the estimate Y~.~.t was computed using the strat- 
ified estimator as defined in Equation 1. The vari- 
ance of YD was approximated for the large sample 
case by considering Y~.~.and Y~o~.to be independent. 
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4 Empirical  Resul ts  

All three estimates and their standard errors were 
computed using the 1991-92 survey data as discussed 
in Section 3. These estimates were compared with 
the published Agricultural Board estimates. 

Table 1 lists the estimated NOL total number of 
hired workers and the corresponding cv's for the dif- 
ference estimator and direct expansion estimator for 
California and Florida. Except for California in Jan- 
uary and April of 1992 and Florida in July of 1991, 
the cv of the difference estimate is smaller than that 
of the direct expansion estimate. 

In general, the difference estimator outperformed 
both the direct expansion and the multiple frame 
post-stratified estimates. Specifically, Rumburg et 
al. (1993) showed that the direct expansion estima- 
tor provides higher precision than the post-stratified 
estimator using data from 12 monthly 1991-92 sur- 
veys. This study shows the difference estimator 
performs favorably with the Board estimates and 
had substantially higher precision than the post- 
stratified estimates. Table 2 lists the estimated rel- 
ative efficiency for each of the two alternative es- 
timators. These numerical results clearly indicate 
that the difference estimator significantly outper- 
forms the post-stratified estimator, and that it is 
more efficient than the current direct expansion es- 
timator. 

Although we used the same auxiliary information 
in the development of the post-stratified and differ- 
ence estimators, the two estimates performed quite 
differently. Apparently, the use of variables x l and 
x2 when categorized do not improve upon the post- 
stratification made based on the farm type, whereas 
• 1 and x2 as regressors seem to be well correlated 
with the response variable within each farm type 
post-stratum. This was verified when we examined 
the results of regression analysis performed for each 
of the response variables, (i) number of hired work- 
ers, (ii)wages paid and (iii) number of hours worked, 
using the list samples in each state. Table 3 lists the 
R 2 values obtained for California. In most cases, the 
values of R 2 are significantly high and are indicative 
of the usefulness of variables xl and ~2 as predictors. 

The results in Table 3 show that seasonality is an 
important factor in prediction of the response vari- 
able as a linear function of the farm value sales and 
the peak number of hired workers. In each case, the 
R 2 values are fairly consistent with that expected 
for a farm type in season. For example, the corre- 
lation is high in July, moderate in October and low 
in January for vegetable and fruit operations as one 
would expect. 

5 Further Research 

The post-stratified and difference estimators are be- 
ing further investigated using the 1993-94 and 1994- 
95 agricultural labor survey data. An initial evalua- 
tion basically confirms the previous conclusion show- 
ing a poor performance of the post-stratified estima- 
tor, but the difference estimator providing estimates 
that are slightly better than the direct expansion es- 
timates. As a result, the difference estimation proce- 
dure is being utilized to develop list-only estimates 
whereby one does not need to observe for the NOL 
samples. The results of this evaluation study will be 
reported at a later date. 
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Table 1: Total Number of Hired Workers for NOL 

Direct Expansion 
Estimator 

Period i Estimate CV CV 

Jul 1991 
Oct 1991 
Jan 1992 
Apt 199.2 

Jul 1991 
Oct 1991 
Jan 1992 
Apt 1992 

Difference 
Estimator 

Estimate 

43128 
38988 
34694 
27006 

California: 

33.2 
40.4 
45.3 
32.8 

Florida: 

4072 34.4 
17900 77.3 
13201 70.2 
14404 63.0 

48244 27.4 
33156 38.1 
15486 47.2 
29078 58.4 

9802 81.4 
14002 42.0 
10934 34.2 
12308 29.7 

Table 2: Est imated Relative Efficiency$ of Multiple Frame Post-stratified and Difference Estimators 
Relative to Direct Expansion Estimator for Estimation of Total Number of Hired Workers 

State 
California 
Florida 

Post-stratified 
Estimator 

0.67 
0.32 

Difference 
Estimator 

1.07 
1.20 

S For the post-stratified estimator, the estimated relative efficiency is computed by squaring the 

ratio of the average cv's obtained from the twelve monthly surveys, whereas for the difference 

estimator, the average cv's are based on the four quarterly surveys during 1991-92. 

Table 3: R 2 for List Samples in California Using Farm Value of Sales (xl) and Peak Number of 
Workers (z2) as Independent Regressors 

July 1991 October 1991 January 1992 
Farm Hired Wages Hours Hired Wages Hours Hired Wages Hours 
type Workers Paid Worked Workers Paid Worked Workers Paid Worked 

0.84 ..... Grain 
Cotton 
Other 
Vegetables 
Fruits 
Nuts 
Nursery 
Livestock 
Poultry 
Dairy 

0.96 0.91 0.96 
0.91 0.93 0.90 
0.82 0.80 0.79 
0.83 0.72 0.76 
0.86 0.90 0.90 
0.37 0.40 0.44 
0.96 0.92 0.86 
0.81 0.74 0.89 
0.87 0.88 0.89 
0.88 0.85 0.75 

0.67 0.51 0.70 
0.84 0.79 0.80 
0.69 0.68 0.62 
0.53 0.48 0.47 
0.66 0.71 0.69 
0.93 0.71 0.75 
0.91 0.77 0.76 
0.50 0.46 0.51 
0.97 0.97 0.97 
0.98 0.95 0.91 

0.84 0.83 
0.59 0.36 0.29 
0.79 0.75 0.75 
0.22 0.18 0.26 
0.32 0.24 0.23 
0.86 0.79 0.71 
0.53 0.34 0.35 
0.42 0.40 0.35 
0.98 0.99 0.99 
0.72 0.74 0.70 

577 


