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ABSTRACT

The Statistical Reporting Service has traditionally carried

out a

system of independent surveys conducted at several time points
through out the year. Much of the data collected from a particular
farm operator at one point in time exhibits a strong relationship to
the data collected at a previous time point. This report presents a
study which investigated the use of a double sampling regression

estimation strategy to take advantage of this relationship.

is

shown that the regression estimation strategy is more cost efficient

than the current strategy.
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1. Introduction

The Statistical Reporting Service (SRS) of the United States Department
of Agriculture (USDA) is charged with estimating the production levels of raw
agricultural commodities in the U.S. This has traditionally been carried out
through a strategy of independently analyzed surveys conducted through out the
year. The Agency is currently developing its Integrated Survey Program (ISP).
This program is intended to replace the current series of independent surveys
with a series of coordinated surveys conducted every few months through out
the year, Under the ISP, an initial survey would be conducted early in the
season and follow up surveys fielded on a subsample of the initial sample.
For a particular farm, the data collected at one time point exhibits a strong
relationship to the data collected at a previous time point. This suggests the
possibility of wusing a double sampling regression estimation strategy across
time points to improve the efficiency of the survey design.

This report presents a study which compares two strategies for the 1list
frame surveys. The first strategy is currently being used by the SRS and uses
an expansion estimator for each survey. The second strategy uses a double sam-
pling regression estimator whenever possible for the follow up surveys. The
1984 Tennessee ISP 1ist sample data were used to study these two strategies.

An important concept used in this report is that of an optimal sample
allocation for a survey strategy. This i1is the allocation of the survey
resources, as measured by the sample sizes, that minimizes the total cost of
the survey while still meeting the precision requirements on the survey esti-
mates. In order to predict the optimal allocation for a survey strategy. a
model for the total cost of the survey as a function of the sample sizes is
required. It is often the case that the following linear cost model provides a
suitable approximation

c=c'+§chnh (1.1)
h

.
where C is the total survey cost; C is the fixed cost component of the total

cost; C= 1s the cost per unit for level-h of the survey strategy; and n, is
the samp?e size for level-h. The levels of the strategy may represent strata,

phases or stages of a sample design.

The determination of an optimal sample allocation also requires models of
the variances for the survey estimates. A general variance model for an esti-
mator U that encompasses most of the common survey designs is

Var(U) = 3 Ah / ny (1.2)
h

where A 1s the variance component for level-h of the design and is the
sample size. It can be shown that this variance model can accommédate most
survey estimators for stratified, multistage and multiphase sample designs.
For example, the variance of the usual estimator of a mean from a stratified
simple random sample is

var(y) = 3 Wﬁ Sﬁ / n
h

where Wh is the stratum weight and Sﬁ is the stratum-h population variance. In




this case,

o= WSS

The general design allocation problem can now be stated as:

. H
C=C + 3 C n
h=1 h "h
subject to L variance constraints
i 2
h=1
H v2
Var(UL) = h§1 ALh / n, < V-

The quantities V2.....V2 are the maximum allowable variances on the estimates
U1,....U . The solution to this problem is called the optimal allocation for
the survey strategy described by the cost and variance models. When only a
single constraint 1s included in the problem, Neyman (1934) showe?lghat the
optimal allocation was obtained by taking proportional to [A,/C,] With
multiple constraints, a closed form solution does not exist. For this study,
an iterative algorithm for solving this problem due to Bethel (1985a) was
used.

Chapter 2 develops a variance model for the double sampling regression
estimator suitable for use in this study. The 1984 ISP data from Tennessee is
discussed in Chapter 3 and the actual design study in Chapter 4. A summary of
the conclusions is presented in Chapter 5.
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2. Double Sampling Regression Estimator
2.1. Introduction

This Chapter develops the double sampling regression estimator and models
for its variance that are consistent with the sample allocation problem
presented in Chapter 1. The variance models are later used to explore the
implications of using such a design and estimator for the ISP. All of the
models are developed assuming either simple random sampling (srs) or strati-
fied srs. The reader is referred to Sukhatme and Sukhatme (1970) Chapter S or
Raj (1968) Chapter 7 for further information on either double sampling or
regression estimation.

A regression estimator is appropriate when the analysis variable y exhi-
bits a relationship with an ancillary variable x which is available for the
entire population. In its simplest form, the regression estimator of the mean
of the y variable is

- — — —_
y =y + b(X - x)

where y and x are the means of the sample values of y and x; X is the popula-
tion mean of x;3; and b is the estimated regression coefficient obtained by
regressing y on x for the sample members. This is an adjusted mean of y which
accounts for the departure of the sample x mean from the population x mean.
When the population x mean is not available it is sometimes fruitful to obtain
an estimate of it from a sample and only collect the y values for a subsample.
This idea motivates the consideration of double sampling designs.

Doubling sampling refers to a class of sample designs in which the sample
of units is drawn in two phases. A first phase sample of units is drawn and
then a smaller second phase sample is drawn from among those units selected in
the first phase. The definition of a sampling unit is the same for both
phases of sampling. This should be distinguished from two stage sampling in
which the definition of a sampling unit changes from stage to stage. In two
stage sampling, clusters of the ultimate sampling units are selected at the
first stage and then, within each cluster, a sample of the ultimate units is
selected,

2.2. Simple Random Sampling at Both Phases

The estimator and its variance will first be developed assuming simple
random sampling (srs) at both phases. That is, assume that a first phase full
sample of size n is selected from a population of size N and the values of a
variate labeled x are measured. From among the n full sample members a simple
random subsample of size m is drawn and the values of another variate, say ¥y,
are measured. Let a and b be the estimated least squares intercept and slope,
respectively, for predicting y as a function of x obtained from the subsample
data. The double sampling regression estimator of the mean of the y variable
is

—8 n

y 3 [a+ bx11/n
1=1

a + bx (2.1)
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where the summation is over all full sample members and X is the full sample
mean of the x variable. Noting that the least squares intercept is

-— —
where y and x are the subsample means of the y and x variables yields the
more standard form of the double sampling regression estimator

¥ =7 -bx - . (2.2)

The population variance of the double sampling regress;gn estimator is a
function of the population variance of the y variable, say » and R the popu-
lation correlation between y and x. Assuming that the full sample finite
population correction factor (n/N) is negligible,

Var(3) =82 /n + (1-wn) 2 (1-8) / n

PR /n + SS(1-F)/no. (2.3)

]
Thus, as R approaches one, the variance of y approaches that of a simple ran-
dom sample of size n.

2.3. Stratified Simple Random Sampling at the First Phase

The sample design that will claim the most attention in this report is a
stratified srs at the first phase followed by a simple random subsample within
each stratum at the second phase. Assume that the population is stratified
into H strata and that stratum-h contains N, units, A srs of size is drawn
from stratum-h and then a simple random subsample of size mh is selected from
the n, previously selected units.

The double sampling regression estimator of the mean for stratum-h i=s

- - - =

The quantities in the equation above are the stratum-h analogues of those in

—l
equation (2.2). Also, as in equation (2.3), the variance of Yy is

-t 2 p2 2
var(y) =SSR/« SO -B)/m . (2.5)

Combining across the strata, the double sampling regression estimator of the
mean is

"
-
y = hz1 W ;; (2.6)

where W, is the stratum weight, Nh/N. The corresponding estimator of the
population total is



Ny . (2.7)

Hence, the variance of y' is
B
] —
Var(y) = h§1 nﬁ var(y,) . (2.8)

Substituting equation (2.5) into equation (2.8) shows the variance of the
double sampling regression total estimator to be

H H
Var(y") = 2 (2 s2 821/ n o k3 22 (1-)1/m
H o,
= 3 / + 2 / . (2.9)
h=1 Ah " h=1 Ah mh

s
Again, as R, Ry» «.os Ry all approach one, the variance of y approaches that
of a strati}ied simple random sample with sample sizes Nys Dor eeer Ny

2.4. Stratified Sampling at Both Phases

This design alternative combines stratification at both the first and
second phases of the sample., Assume the same stratified srs design for the
first phase as was presented in the previous subsection. The strata for the
first phase will be termed primary strata. Next, consider stratifying the n
full sample members in primary stratum-h into K substrata. The number and typg
of substrata within each primary stratum could be allowed to vary. For clar-
ity, the following exposition will assume a fixed number of substrata per pri-
mary stratum, Let nB be the number of full sample members in substratum-hk
and assume that a srs BF size m 18 drawn from this substratum.

The double sampling regression estimator for the mean of substratum-hk is

—& . -t b -— -—
yhk s yhk - hk(xhk - xhk) . (2.10)

The above quantities are the substratum-hk analogues of those in equation

(2.2). Now, letting "hk be the substratum weight (n E/nh). which is condi-

tional on the nE first phase sample members, the estimator for the primary
stratum-h mean 1is

K
S W
k=1 hk

— —
Yy Yk * (2.11)

The variance of this estimator is

2 X 2 g2 2
S, / no+ k§1 (1 - £k’ Yox Shk (1 - th) / mp

Var(;;)

K
2 2 2
[Sh - k§1 whk Syk (1 - th)] / n,
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K
2 2
+ k§1 [whk Shk (1 - th)] / L (2.12)
where, for substratum-hk, 32 is the population variance, R K is the popula-
tion correlation between y and x, and fhk (= mhk/nhk) is the subsampling rate.

The total population mean estimator is formed by multiplying the primary
strata estimates by the strata weights, Wh = Nh/N' and summing to obtain

gw v (2.13)
y = Yy - :
h=1 h 7h

Hence, the estimator of the population total is

& —
y =Ny
H —
= N y (2.14)
h=1 h 7h
with variance
s H -~
Var(y ) = 3 NS Var{y ) . (2.15)
h=1 h h

Substituting equation (2.12) into (2.15) provides the variance model for y.

H K
var(y) = 3 NB (2 - 3 W sE (1 -BR2)D/ n

S
he k=1 hk “hk
H K
2 2 2

+ h§1 k§1 Ny Wik Shk (1 th)] /oy foy

H H K
= 3 /n + 3 3 / r .. (2.16)

he1 Ah h he1 k=1 Ahk hk

The above model is set up to yield an optimal first phase allocation
(n,, Ny» ...» Ny) and optimal subsampling rates (fy4s fy50 eous fpp).  The
lalter being obgained from the relationship f k = T/ Ppe The model also
assumes that the substratum weights, W k' éare f?xed. 9n reality, these weights
are random variables which vary depend?ng upon the observed full sample. How-
ever, the expected value of W.. = N, /N, or an estimate, can generally be

hk hk’ "h

used in equation (2.16).

This model will not be pursued further in this report. It is included to
demonstrate that variance models for more complex situations can be developed.
As plans for the ISP grow, further evaluations may be necessary. Possible
extensions are suggested in the conclusion to this report.



3. Data

The data for the main part of this study were drawn from the 1984 ISP
Tennessee surveys. This series of surveys impanelled a stratified simple ran-
dom sample (srs) of approximately 3,000 list operators for the June 1984 sur-
vey from four 1independently selected replicates. Follow up surveys of dif-
ferent subsamples of the June sample operators were conducted 1in September,
October, December and January 1985. The follow up surveys were stratified
within each of the June primary strata by data obtained in the June survey.
The June survey forms the first phase or full sample of a double sampling
design, while each follow up survey 1is a second phase or subsample.

The December and January surveys both collected the data items used in
this study using similar questionnaires and survey methods. In addition, the
December survey used operators only from sample replicates one and two, while
the January survey used replicates three and four. Thus, the December and
January surveys are two independent samples collecting the same data and were
combined to yield more precise estimates. Table 3-1 displays the list popula-
tion and sample sizes by primary strata.

For this study, attention will be confined to the June survey, the full
sample, and the combined December/January survey, the subsample. This combi-
nation of time points was chosen because they represent the most extreme use
of a double sampling design possible with the current data. The June full
sample provides the earliest data on the number of acres planted for several
crops and the December/January subsample is the source of the acres actually
harvested and the levels of production. Also, for livestock data, where the
relationship between inventories at two points in time is less obvious, these
two extreme time points will provide the most stringent test of using double
sampling for livestock estimation.

Expansion factors or sampling weights were calculated for the full sample
and the subsample farm operators. These are, as usual, the inverse of the
probability that an operator is included in the sample. For the full sample,
the common expansion factor for the members of stratum-h is the population
size for the stratum divided by the stratum sample size, The subsample expan-
sion factor for the members of substratum-hk was obtained by dividing the
full sample factor for stratum-h by the subsampling rate for substratum-hk.
The subsample weights were then ratio adjusted to reproduce 1list frame popula-
tion counts by primary strata.
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Table 3-1. Population and Sample Sizes for the 1984
Tennessee ISP by Primary Stratum

Sample Sizes

Stratum Population -=recrcecrmccnca=-
Description Size June Subsanmple
All Strata 94,257 3,002 2+223
crD® 10, 20 12,128 380 229
CRD 30, 40, 50 37,436 901 613
CRD 60 28,823 560 386
Cattle 50-99 5,972 241 208
Cattle 100-499 2,209 141 122
Dairy 50-199 1,357 89 77
Hogs 50-99 2,969 200 155
Hogs 100-499 2,073 220 180
Crop land 500-1999 463 80 66
Sheep 1-39 188 40 37
Cattle 500-1499 T2 8 8
Hogs 500-1999 303 31 3N
Crop land 2000+ 36 36 36
Cattle 1500+ 7 7 7
Dairy 200-499 97 12 12
Dairy 500+ y y y
Sheep 40+ 65 16 16
Hogs 2000+ 29 29 29
HPLA 3000+ 26 7 7

]
Crop Reporting District



4. Design Study
4.1. Cost and Variance Models

This study is intended to evaluate survey designs that minimize the total
cost of conducting a series of agricultural production surveys. In order to
accomplish this, an integrated set of cost and variance models are required
which explain the cost and precision of a multiple set of surveys., These
models are discussed below.

To simplify the situation to a manageable and interpretable analysis,
assume that two surveys are under consideration -~ one at the beginning of the
survey cycle (the full sample or first phase) and the other at the conclusion
of the cycle (the subsample or second phase). The full sample is assumed to
be a stratified simple random sample (ars) of the list operators followed by a
simple random subsample within each stratum as described in section 1.3. This
design will be compared with a separate stratified srs at both time points.

Two types of estimators will be entertained -- a direct expansion estima-
tor and a double sampling regression estimator. The expansion estimator is the

one currently being used by the SRS and is of the form, using the notation of
section 1.3,

H -

y= 3 Ny (4.1)
h=1 h 7h

for a stratified srs, The variance of y is
i 2
Var(y) = 3 Ni sh / n
h=1
H
= 3 / n_ . (4.2)

h=1 Ah h

The variance model for the double sampling regression model is given in equa-
tion (2.9).

The current SRS strategy is to ignore the double sampling aspects of the
design and to produce direct expansion estimates independently from both the

full sample and the subsample. The sample design problem for this situation
takes the form:
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Minimize the cost

H H .
cC = 3 c + 3 c (4.3)
hey BB e
subject to variance constraints of the form
i 2
3 A1h/nh < v1 (4.4)
h=1
H )
3 A/m < V5. (3.5)
h=1

The parameters n, and m, are the firgt phase and second phase sample sizes for
stratum-h, respectivelys C_ and ch are the copts per unit for the first and
second phase samples in stratum-h; and A h and A%h are respectively the first
and second phase variance components }or stratum-h whose forms are given in
equation (4.2). Inequality (4.4) is a variance constraint placed on an esti:
mate zfrom the first phase, while (4.5) 18 one for a second phase estimate. V

and VS are the maximum allowable variance constraints for these two estimates.
In practice, there would be constraints on several different estimates for
each phase of the form shown.

The above strategy will be compared to an alternative one that will use a
double sampling regression estimator to take advantage of the overlap between
the two samples. The form of the design problem for this situation 1is:

Minimize the cost

5 ; ' (4.6)
C = 3 ncC + 3 mc .
h=1 nh h h=1 mh B
subject to variance constraints of the form

H

2 A/ < vf (4.7)
h=1

H H

Iohuimy ¢ 3 Ay/m < (4.8)
h=1 h=1

§ /im0 W (4.9)
o A3/ ™ 3

The cost function (4.6) is of the same form as (4.3). Also, inequalities (4.7)
and (3.4) correspond, as do (4.9) and (4.5). Inequality (4.8) represents a
variance constraint on a double sampling regression estimate from the subsam-
ple and is of the form given in equation (2.9). Again, in practice there would
be multiple variance constraints of each of the three types.
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The main difference between the design alternatives is the use of the
regression estimator to take advantage of the double sampling. Estimates made
only from the first phase sample at the beginning of the survey cycle would
have the exact same variance models under either alternative. That is, the
variance models in the set represented by (4.U4) are identical to the models in
the set represented by (4.7). The set of estimates made at the end of the
cycle under the current strategy, corresponding to (4.5), is split into two
sets of estimates under the alternative strategy. The first set corresponds
to (4.8) and consists of those estimates for which a regression estimator is
appropriate. The second set corresponds to (4.9) and contains the remaining
end of cycle estimates for which an expansion estimator is used. The variance
models for this latter set of estimates are identical to their counterparts
for the current strategy.

The stratification scheme chosen for use in this study was developed by
Bethel (1985b) and is shown in Table U-1, This scheme differs from the one
used to select the 1984 Tennessee ISP sample. It was selected because Bethel
had Jjust completed a thorough study of the stratification plans for the ISP
samples. Table 4-1 also shows the optimal allocation that Bethel obtained for
the June Tennessee ISP sample.

The selection of the estimates to include as constraints in the design
optimization problem is a key step in the evaluation of the design alterna-
tives., It is important that all the major estimates for which it is necessary
to meet certain reporting requirements are included or that estimates with
variance characteristics representative of all classes of estimates are
included. Thought should be given to selecting variance constraints that will
represent all uses of the data. This will guard against selecting designs that
are inadequate for certain analyses. It is also important that ridiculously
stringent or numerous requirements are not placed on the problem. This will
lead to meaningless designs with unacceptably high total costs.

In order for a regression estimator to be effective, a strong relation-
ship must exist between the data collected in the two phases. By considering
equation2(2.3). it can be seen that the squared multiple correlation coeffi-
cient (R°) must be greater than 0.50 for double sampling to reduce the subsam-
ple size. Experience has shown that a value of at least 0.75 is needed before
double sampling becomes practical. The strength of the relationship for this
application was investigated using the expanded data described in Chapter 3.
The number of acres planted for corn, soybean, cotton, tobacco and hay along
with the number of cattle, dairy cattle and hogs on the farm were collected in
the June survey. These quantities were used as independent variables in sim-
ple linear regression models to predict the December/January values of the
variables shown in Table 4-2 (the obvious dependent variable from above being
used in each model). Table 4-2 also displays the percent squared multiple
correlation coefficient for each model. The December/January data exhibit a
substantial linear relationship with the June data for all the variables
except the two hay variables, which display a neutral level of association.
This indicates that a double sampling regression estimation strategy may be
effective for the situation at hand. More sophisticated models were explored
for the variables in Table 4-2, however, meaningful improvements over the sim-
ple linear models reported could not be found.

In addition, predictive models for December/January corn stocks and
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soybean stocks as functions of June data were explored. It was not possible
to identify models with a percent squared multiple correlation coefficient
greater than 10 percent. For this reason, these two variables will always
be included in the design study as expansion estimates and not as regression
estimates,

The available data from the 1984 Tennessee ISP were reviewed with SRS
staff in the Survey Research Section to identify the estimates that were used
in this design study. The 29 estimates shown in Table 4-3 were selected. These
estimates fall into three groups. The first group is the set of expansion
estimates made from the first phase survey at the beginning of the survey
cycle. The second set consists of the double sampling regression estimates
made from the combined data from both phases. These double sampling regression
estimates replace the expansion estimates made only from the second phase data
under the current SRS strategy. The final group is made up of second phase
expansion estimates for which a regression estimator is not appropriate. The
first group corresponds to inequality (4.7)3 the second to inequality (U4.8):
and the final group to (4.9).

Statistically consistent weighted estimates of the population parameters
in the variance models were obtained using the data described in Chapter 3.
This was done for the 29 variables listed in Table 4-3 for each of the strata
in Table U4-1., A detailed presentation of thesze estimates 1s given in the
Appendix. Some editing of the original estimates was done prior to inclusion
in the Appendix to account for questionable estimates due to small sample
sizes for some strata.

Estimates of the cost per sample unit for use in the cost models were
taken from Bethel (1985b). He determined that for the June Tennessee ISP sur-
vey that the cost per interview of a 1list frame operator is approximately
$5.50. For this analysis, it was assumed that this unit cost would be
appropriate for a}l strata for both phases and for both design alternatives.
That is, C_ = C, = $5.50 for all h in both equations (4.3) and (4.6). While
the double sampling regression estimation alternative is more difficult to
implement and wuse, this will probably result in a larger fixed cost rather
than an increased variable cost per interview. In addition, the 1increased
fixed cost should diminish over time as software and methods for a regression
estimator become established. For these reasons a constant unit cost was used
for all analyses.

4.2. Comparison of Survey Strategies

The efficiency of two different survey strategies are being compared in
this study ~- an expansion estimation strategy with a double sampling regres-
sion estimation strategy. For this study, the efficiency of each strategy will
be measured by the minimum total cost of the strategy needed to satisfy a par-
ticular set of maximum variance constraints on the estimates. Markedly dif-
ferent total costs are obtained as the levels of the variance constraints are
varied. In fact, it is possible for the most efficient strategy to change
between two different sets of variance constraints. This implies that the lev-
els of the variance constraints should be chosen thoughtfully.

The approach taken for this study in setting the variance constraints was
to determine the precision levels that are currently being obtained by the SRS
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in the June Tennessee survey and use these as the constraints. This approach
is 1logical since it will determine if the alternative double sampling regres-
sion estimation strategy 1s more efficient than the current expansion estima-
tion strategy. The exact variance constraints were obtained by substituting
the optimal sample allocation determined by Bethel (1985b), see Table 4-1,
into the expansion estimation variance models for all 29 estimates in Table
4.3, This yielded the variance constraints, expressed as percent coefficients
of variation (cv), also presented in Table 4-3, These constraints are con-
sistent with those used by Bethel in his study.

Table 4-3 compares the sample allocation that minimizes the total cost of
the expansion strategy under the constraints given in Table 4-3 to the minimum
cost allocation for the regression strategy under the same constraints. These
two optimal allocations are very similar with total costs differing by only
$308. This unsatisfying result implies that there is no advantage to be gained
by using the double sampling regression estimation strategy rather than the
current expansion estimation approach. This conclusion is at odds with the
expectations raised by Table 4-2 and is investigated further below.

Separate allocations for the regression estimation strategy were obtained
for each of the six commodity groups listed in Table 4-5, Each allocation
minimizes the cost of the survey when only the variance of the estimates
listed for the commodity group are constrained at the levels shown in Table
4-3. The remaining estimates are not constrained and may not satisfy the vari-
ance requirements in Table 4-3. Table 4-5 only presents the total sample sizes
for the first and second phases and the subsampling percent for all of the
strata combined. It is evident that substantial gains due to regression esti-
mation can be obtained for all of the groups except hay since thelr subsam-
pling percents are at most 61 percent. However, hay requires two samples of
approximately equal total size to satisfy its variance constraints, This indi-
cates that hay may be the dominant constraint in determining the allocation in
Table 4-4, This is consistant with the low squared multiple correlations in
Table 4-2 for the two hay variables.

Two new sets of sample allocations were obtained, see Table 4-6, that
minimize the total cost of each strategy subject to the variance constraints
in Table 4-3 excluding the second phase constraints on hay acres planted, hay
production, corn stocks, soybean stocks and winter wheat intentions. These
sample allocations display a savings of approximately $2,100 (7.5 percent) of
the double sampling regression estimation strategy over the expansion estima-
tion approach. The regression approach calls for a larger first phase sample
than the expansion strategy (2980 versus 2610 operators) but a smaller subsam-
ple (1782 versus 2537 operators). While this savings is not large, four follow
up surveys (September, October, December and January) are currently conducted
in Tennessee. In addition, similar surveys are conducted in several states. A
savings of $2,000 on each survey could accumulate to a sizable total savings.

The effect of deleting the five estimates from the variance constraints
is further explored in Table 4-7. This shows that the increase in cv that
these five estimates incurred was small, particularly for the hay estimates.
The importance of selecting appropriate variance constraints is pointed out by
these five estimates, When these estimates were included, gains from double
sampling regression estimation were not realized. Without them, possible gains
became evident. If it can be argued that the cv's for the excluded estimates
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(or any other estimate not is this study) are adequate under the regression
allocation in Table 4-6, then gains from using the double sampling regression
estimation strategy can be enjoyed.

The preceding analyses have shown that for many of the Tennessee esti-
mates it is possible to obtain as precise of estimates with a subsampling
strategy by using a regression estimator as can be obtained with two indepen-
dent surveys of the same size with an expansion estimator. The currently used
designed for the Tennessee ISP is a subsampling design but an expansion esti-
mator is used rather than a regression estimator. Thus, it is possible to
improve the precision of many of the Tennessee estimates without increasing
the ourrent sample size. This is demonstrated in Table 4-8 which presents the
model predicted list sample cv's for both the expansion estimator and the
regression estimator for a set of samples allocated as the 1984 Tennessee June
(first phase) sample and the combined December/January (second phase) sample,
A wmarked reduction in the variances of the estimates in Table 4~8 is obtained
by using the regression estimator.
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Table 4-1. Tennessee Design Study Strata and Optimal June
Allocation Obtained by Bethel (1985b)

Boundaries
Stratum Dairy Land Hogs CRD'
All Strata
1 0-9 0=-59 0-9 10,20
2 0-9 0-59 0-9 30,40,50
3 0-9 0-59 0-9 60
4 0-9 0-59 10-499
5 0-9 60-499 0-9
6 0-9 60-499 10-499
7 10-99 0-59 0-9
8 10-99 0-59 10-499
9 10-99 60-499 0-9
10 10-99 60-499 10-499
11 500+
12 100+
13 500+
14 Cattle 1500+
15 Sheep 40+
16 HPLA 3,000+
.Crop Reporting District

June
Allocation
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Table 4-2. Percent Squared Multiple Correlation Between
June Data and December/January Data from 1984
Tennessee ISP

Estimate Percent
Corn

Acres Planted 86

Acres Harvested 79

Production 76
Soybeans

Acres Planted 86

Acres Harvested 86

Production 84
Cotton

Acres Planted 95

Acres Harvested 95

Production 91
Tobacco

Acres Planted 76

Production 73
Hay

Acres Planted 51

Production 4y
Livestock

Cattle 79

Dairy 77

Hogs 72
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Table l4-3. Estimates and Variance Constraints
Used in the Design Study

Estimate Percent CV
First Phase
Expansion Estimates

Corn Acres Planted
Soybean Acres Planted
Cotton Acres Planted
Tobacco Acres Planted
Hay Acres Planted
Cattle

Dairy

Hogs

Corn Stocks

Soybean Stocks

o o

n
L]
QO WON WO ar

.

OO N ETTONWO
L]

EN) =

Second Phase
Regression Estimates

Corn

Acres Planted 7.2

Acres Harvested 8.3

Production 8.7
Soybeans

Acres Planted 9.0

Acres Harvested 9.1

Production 9.1
Cotton

Acres Planted 20,6

Acres Harvested 20.6

Production 21.2
Tobacco

Acres Planted 6.0

Production 6.3
Hay

Acres Planted y

Production 5
Livestock

Cattle y,

Dairy 8

Hogs 11

Second Phase
Expansion Estimates

Corn Stocks 13.9
Soybean Stocks 27 .1
Winter Wheat Intentions 10.8
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Table 4-4, Sample Allocations and Costs for both Strategies
under the Constraints in Table 4-3

Expansion Regression
Allocation Allocation
Stratum First Second First Second Percent
Phase Phase Phase Phase Subsample

1 251 254 259 198 76
2 611 587 597 621 104
3 482 453 501 498 99
y 568 584 558 524 9y
5 179 165 175 139 79
6 63 77 75 69 92
7 184 169 186 149 80
8 50 37 4o 41 103
9 yy 38 41 by 107
10 15 18 13 13 100
1 61 60 59 64 109
12 53 48 50 61 122
13 51 51 56 57 102
14 2 2 3 2 67
15 2 3 2 2 100
16 y 2 2 3 150
Total 2610 2548 2617 2485 95

Total Cost 328 p369 328:061
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Table 4-5, Separate Allocations by Commodity Group for

Commodi ty
Corn
Acres Planted
Acres Harvested
Production

Soybean
Acres Planted
Acres Harvested
Production

Cotton
Acres Planted
Acres Harvested
Production

Tobacco
Acres Planted
Production

Hay
Acres Planted
Production

Livestock
Cattle
Dairy
Hogs

the Regression Strategy

Total Sample Size Combined
- ————— Subsampling

Full Sample Subsample Percent
2392 1363 57
1875 974 52
816 287 35
2774 1690 61
2316 2575 111
2927 1714 59
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Table 4-6. Sample Allocations and Costs for both Strategies
Excluding Five Constraints from Table U4-3

Expansion Regression
Allocation Allocation
Stratum First Second First Second Percent
Phase Phase Phase Phase Subsample
1 252 252 307 121 39
2 604 609 722 yy2 61
3 h84 409 453 370 82
4 566 588 668 387 58
5 180 173 209 87 42
6 63 80 109 4g 45
7 187 169 213 147 69
8 10 35 38 26 68
9 4y 37 48 25 52
10 14 20 19 15 79
1 61 59 56 33 59
12 54 y7 64 29 4s
13 53 51 65 1 T1
14 3 2 2 2 100
15 2 Y y 1 25
16 3 2 3 2 67
Total 2610 2537 2980 1782 60

Total Cost 328,309 $26,191
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Table 4-7. Changes in CV for the Estimates Excluded
in Table 4-6

Constrained Unconstrained
Estimate Percent CV Percent CV
Hay
Acres Planted 4.8 5.2
Production 5.1 5.6
Corn Stocks 13.5 17.0
Soybean Stocks 26.8 34.5

Winter Wheat
Intentions 10.8 13.2
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Table 4-8. Comparison of the Expansion Estimator with
the Double Sampling Regression Estimator
for the 1984 Tennessee ISP

Expansion Regression
Estimates Percent CV Percent CV
Corn
Acres Planted 11.3 8.0
Acres Harvested 12.9 9.3
Production 13.7 9.9
Soybean
Acres Planted 15.2 9.9
Acres Harvested 15.4 10.0
Production 15.2 10.2
Cotton
Acres Planted 35.3 21.8
Acres Harvested 35.4 21.8
Production 35.7 23.3
Tobacco
Acres Planted 9.6 7.1
Production 10.1 7.5
Hay
Acres Planted 7.8 6.5
Production 8.2 7.0
Livestock
Cattle T.1 5.2
Dairy 14.6 12.1
Hogs 17.1 13.0
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5. Conclusion

The analyses presented in section 4.2 indicate that a double sampling
regression estimation strategy is more efficient than the expansion estimation
strategy. While the savings are not large for any particular survey, it could
accumulate to a sizable amount across the many surveys that the SRS conducts.
In addition, for the current Tennessee ISP design, a marked reduction in the
variance of certain estimates can be obtained through a regression estimation
approach. Similar results were obtained from the 1984 1Illinois data. These
results were not reported because the sample design for Illinois would not
support the detall of analysis presented for the Tennessee data.

A second result of this study is the presentation of several variance
models which can be used to explore the effects of double sampling and regres-
sion estimation on the precision of SRS estimates. One of the simplest models
was used 1in this first exploration of regression estimation to try to under-
stand the basic processes at play. This model was realistic enough to allow
valid conclusions to be drawn but simple enough to be readily understood.
Future investigations should probably use the substratified model 1n section
2.4, This more complicated model closely resembles the design that SRS is
currently using but incorporates a regression estimator and takes advantage of
substratification.

Another estimator that might be explored is a combined regression estima-
tor. The regression estimator discussed in this report is more specifically
called a separate regression estimator since a separate regression coefficient
is estimated for each strata. The combined regression estimator uses a common
coefficient for all of the strata. This estimator would be of importance for
commodities that are only grown on a few farms in each strata. A better esti-
mate of a common coefficient can be obtained by combining the data across the
strata rather than estimating separate coefficients for each strata. The com-
bined estimator might have a larger bias than the separate estimator but a
smaller mean square error in certain situations.

The regression estimation approach can also be expanded to compensate for
nonsampling survey response errors due to such effects as panel bias or proxy
respondents. This can be accomplished by including effects in the regression
model for the response variables and then producing regression adjusted means.
The adjustment is made to levels of the response variables that are felt to
induce the least bias. For example, assume that a farm operator could be
included in several successive samples. The estimated regression model could
include effects for the number of previous surveys in which the operator was
included. An adjusted (or predicted) estimate could then be produced as if all
the operators were first time respondents. Likewise, by including an effect in
the model for proxy respondents, adjusted estimates could be produced as 1if
all the operators reported for themselves, This approach is being investigated
for the National Crime Survey by LaVange and Folsom (1985).
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Appendix

The tables presented in this appendix contain the estimated variance
models used in this study. The item labeled Total in each table i1s the
estimated total (Y) for the variable under consideration for the atate of
Tennessee. The tables are broken gut by stratum and present the population
siie (Nh). the population variance (sh). and the squared multiple correlation
(RS) 1in percent for the models discussed in section 4.1. The variance com-
ponents, relative to the squared total, used in the design optimizations are
also reported. The full sample and the subsample components are discussed in
equation (2.9) and the expansion component in (4.2). These are explicitly,

Full Sample Component

N2 s2 B2/ Y2 (A.1)

Subsample Component
N2 s2 (1 - R /YR | (A.2)

Expansion Component
I G (A.3)

The models predict the relative variance or the coefficient of variation
squared of an estimate since they have been scaled by the square of the total.
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Table A-2.

Total=

Stratus

Voo NN s

10,20
30,40,50
60

555633
Boundaries
Dairy  Land  Hogs
All Strota
0-9 0-59 0-9
0-9 0-59  0-9
0-9 0-39  0-9
0-9 0-59  10-499
0-9  40-499 0-9
0-9  40-499 10-499
10-99  0-59  0-9
10-99  0-59  10-499
10-99  60-499 0-9
10-99  60-499 10-4%9
500+
100+
5004
Cattle 1500¢
Sheep 40¢
HPLA 3,000t

Size
94257
8940
29959
25730
17557
1560
1644
3894
693
683
247
488
407
335

85

24

Tennessee 1984 ISP Second Phase Corn

458370

Dairy

100+

Boundaries
Lend  Hogs
Q
0-59  0-9
0-59  0-9
0-59  0-9
0-59  10-499
40-499  0-9
60-499  10-499
0-59  0-9
0-59 10-499
60-499 0-9
40-499 10-499
500+
5004

Cattle 15004

Sheep 40+

HPLA 3,000%

CRD
10,20

30,40,50
60

Pop

Size
94257
8960
29999
25730
17357
3560
1644
3896
493
683
247
488
407
335
7
45
26

S-sq
938.2
406,9
141.8
25.1
1154.7
652.0
20654
13414
35711
3259.7
3662,0
14283,5
22261.1
34929.8
24183.3
9'4
8903.4

Tennessee 1984 ISP: Second Phase Corn #Acres Planted Variance Model

Acres Harvested Varicnce Model

S-sq
7769
3725
134.4
24.0
1147.9
934.9
1724.8
709.0
4938.4
2886.9
4025,2
135491
10887.1
350251
4833.7
904
3364,0

Full Semp  Subsamp Expansion

XR-sq  Comsponent Component  Component
B4 2. 3219401 3. 7799E400  2.4999E+0%
9 9.94462E-02 6,34BE-03 1,0581E-01
42 1,73146-01 2,3910E-01 4.1224E-01
40 2,1530E-02  3.2294E-02 5.3824E-(2
90 1.0376E400 1,1529E-01 1.1529E400
85 2.2750E-02 4,014BE-03 2.6765t-02
87 1,2116E-02 5,9474E-03 1,8083E-02
88 5.80376-02 7,9141E-03 6.5951E-02
95 8,2329E-03 A, JIINE-04 B.6663E-03
91 4,4821E-03 4.,4329E-04 4,9254E-03
Bs 8.2235E-04 1,0131E-04 7.2386E-04
67 7.3820E-03 3.6359E-03 1.101BE-02
7! 1.0989E-02 9.5554E-04 1.1944E-02
93 1,1808£-02 8.8881E-04 1.2697E-02
80 2,3220E-06 1,5480E-06 3.8700E-04
85 1.0934E-07 1.9296E-08 1.,2B64E-07
86 1,87686-05 2,7294E-06 1,9496E-05
Full Somp  Subsam Expansion

IR-sq  Cosponent Component  Component
n 2,5953E4+01 4,8987E+00 3.2852E401
94 1,3379E-01 8,5401E-03 1.4233E-01
38 2,18186-01 J.5597E-01 5.7414E-01
R 2.7225E-02 4,8399E-02 7.5624E-02
89 1,4989E400 1,8525E-01 1.6841E+00
79 2.5585€-02 4.B011E-03 3.23B4E-02
78 1.7306E-02 4,8813E-03 2,2188E-02
54 2,76606-02 2,3562E-02 5.1221E-02
94 1,0411E-02 &,7729E-04 1,1288E-02
83 5,3201E-03 1,0897E-03 4.,4097E-03
»” 9,23376-04  2,4545€-04 1,1488E-03
70 1.0750E-02 4,6072E-03 1.5357E-02
85 S.5793E-03  3.0043E-03 8.5836E-03
93 1.7399E-02 1.3096E-03 1.8708E-02
43 4,8531E-07 9,0844E-07 1.5937E-06
79 1.49336-07 3,9696E-08 1.B903E-07
Vsl 8.5506E-06 2,2729E-06 1.0B24E-05



Table A-3,

Tennessee 1984 ISP: Second Phase Corn Production Variance Model

Total=  4,3EH7
Boundaries
Pop Full Sasp  Subsamp Expansion
Stratus  Bairy Land Hogs  CRD Size S-sq  XR-sq  Component Component  Component
All Strata 94257 7621629 7% 2,8413E401 8,9725E400 3,7385E401
1 0-9 0-59 0-9 10,20 8960 3040189 87 1,1B01E-01 1.7633E-02 1.3564E-01
2 0-9 0-5¢9  0-9 30,40,50 29959 1146503 M 2,0453E-01  3,6361E-01 5,6814E-01
3 0-9 0-59 0-9 60 25730 132388 3% 1,6936E-02 3.1453E-02 4.B390E-02
4 0-9 0-59  10-499 17557 10201924 88 1,5279E400 2,0833E-01 1,7382E400
5 0-9  60-499 0-9 3560 4926010 77 2,8541E-02  7,9277E-03 3. 4448E-02
) 0-9  60-499 10-499 1644 16670159 80 1.9900E-02 4.9751E-03 2,4875E-02
7 10-99  0-59 0-9 3896 9048047 53 4,0277€-02 3.5717E-02 7.5994E-02
8 10-99  0-59 10-499 493 79844437 B8 1,8630£-02 2,5405E-03 2.1171E-02
9 10-99  40-499 0-9 6B3 29316892 79 5+9650E-03 1,585%6E-03 7.5507E-03
10 10-99  60-499 10-499 247 2064872% 48 4,73426-04  2,227BE-04 4.9620E-04
11 5004 488 190308154 74 1,8516E-02 6,5057E-03 2,5022E-02
12 100+ 407 110427784 45 4,5765€-03 J,5M12E-03 1.,0118E-02
13 500+ 335 302793142 80 1,5009£-02 3,7523E-03 1.8741£-02
14 Cattle 1500t 7 105956620 3% 1,0319E-06 1,8346E-06 2.86465E-06
15 Sheep 40+ 65 131287 7% 2,3275€-07 7.3500E-08 3.0425E-07
16 HPLA 3,000+ 26 27418335 74 7.77736-06  2,4560E-06 1,0233E-05
Table A-4. Tennessee 1984 ISP! Second Phase Soybean Acres Planted Variance Model
Total= 1156244
Boundaries
Pop Full Samp  Subsamp Expansion
Stratus Dairy Loend Hogs CRD Size S-sq XR-sq  Component Component  Component
All Strata 74257  4300.0 86 J.4005E+01 5.8613EH00 4,1887E401
1 0-9 0-59 0-9 10,20 8940 18035.0 89 9.6388E-01 1,1913E-01 1,0B30E4+00
2 0-9 0-59  0-9  30,40,50 299%9 3.0 N 1,1315€-01 1,0034E-01 2.1349E-01
3 0-9 0-5¢9 0-9 80 25730 8.0 N 2,4260E-02 9,9090E-03 3.4169E-02
4 0-9 0-39  10-499 17557  3053.0 78 5.4906E-01 1,5486E-01 7.0393E-01
5 0-9  60-499 0-9 3560 11820.0 88 9.8506E-02 1,3446E-02 1.,1203€-01
4 0-9  40-499 10-499 1644 3830 77 3.73326-03 1,7125E-03 7.4457E-03
7 10-99 059 0-9 JBgs  2723.0 95 2.9370E-02 1,5438E-03 3.0914E-02
8 10-99  0-39  10-4%9 693 4508.0 95 2,2209€-03  1,1689E-04 2,3378E-03
9 10-99  60-499 0-9 683 25416,0 95 B.4251E-03 4,4342E-04 8,B485E-03
10 10-99  80-499 10-499 247 40286,0 48 1.2501E-03 5.8830E-04 1,8384E-03
11 5004 488 223199.0 80 3.1801E-02 7.9503E-03 3.9752E-02
12 100+ 07 12131,0 93 1,39796-03 1,0522E-04 1,577 -03
13 5004 335 754340 82 S.1924E-03 1,1398E-03 6.3322E-03
14 Cattle 1500+ 7 278340 B4 8.7735E-07 1,4282E-07 1,0202E-06
15 Sheep 40+ 85 23.0 0 0.0000E4+00 7,24876-08 7.24687E-08
16 HPLA 3,000+ 26 78367.0 B J.4078£-05 5,5476E-06 3.9626E-05
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Table A-6.

Total=

Stratus

S OBV U e LR

— s P
Cd A o

14
15
16

1143833
Boundaries
Bairy Land Hogs  CRD
All Strata
0-9 0-5¢ 09 10,20
0-9 0-59 0-9 30,40,%0
0-9 0-59 0-9 80
0-9 0-59  10-499
0-9  60-499 0-9
0-9  60-499 10-499
10-99  0-59 0-9
10-99 0-59  10-499
10-99  40-499 0-9
10-99  60-499 10-499
300+
100+
500+
Cattle 1500+
Sheep 40+
HPLA 3,000¢

Pop

Size
94257
8960
29959
25730
17557
3560
1644
3896
693
683
247
488
407
s
7
45
26

S-sq
§251.0
18035.0
34,0
69.0
3050,0
11829.0
3515.0
2609.0
6511.0
25482.0
40284.0
224515.0
12131.0
70068,0
27834.0
23,0
78367.0

Tennessee 1984 ISP! Second Phase Soybean Acres Harvested Variance Model

Full Somp  Subsomp Expansion

ZIR-sq  Component Component  Component
8 J,6505E401  5.9426EH00  4,2447E404
89 9.8491E-01 1,2173E-01 1.1064E400
3 1.14176-01  1.0124E-01 2.1541E-01
12! 2,4789E-02 1,0120E-02 3.4914E-02
78 3.,6049£-01 1,5809E-01 7,1858E-01
88 1,0083E-01 1.3750E-02 1.1458E-01
7 3.9911E-03  1.6701E-03 7.0.%:0-03
95 2,8755E-02 1,51M4E-03 3,0248E-02
95 2,2705E-03  1,1950E-04 2,1900E-03
95 8.,6312E-03 4,542BE-04 9.0855E-03
8 1.,2774E-03  4,0114E-04 1,8786F -03
80 3.2693E-02 B8,1732E-03 4.0846E-02
93 1,42846-03 1,0751E-04 1,5359E-03
82 4,92826-03 1.0818E-03 6.,0100E-03
84 8.9649E-07 1,4594E-07 1,0424E-06
0 0.0000E400 7,4273E-08 7,4273E-08
84 J 4822605 5.6687E-06 4,0491E-05

Teanessee 1984 ISP! Second Phese Soybean Production Variance Model

JEH7
Boundaries
Dairy Land = Hogs  CRD
All Strate
0-9 0-59 0-9 10,20
0-9 0-39 0-9 30,40,
0-9 0-59 0-9 60
0-9 0-59 10-4%9
0-9  60-499 0-9
0-9  60-499 10-499
10-99  0-59 0-9
10-99  0-59 10-4%9
10~99 60-499 0-9
10-99 60499 10-499
300+
100+
500+
Cattle 15004
Sheep 40+

HPLA 3,000%

Pop
Size
94257
8940
29959
X7
17557
3560
1644
3894
493
683
rlY

S-sq
4470810
11582920
175213
65479
2007040
9318344
2205548
1515674
3687121
18499184
25940543

488 210775192

407

7604184

335 52288852
7 117010511

65
26

21094
48979592

XR-sq

-

84

Full Samp

Component

3.8785£401
B8.8981E-01
8,5740£-02
3,0849E-02
5,0251E-01
1.1301E-01
4,9743%-03
2.4318£-02
1,8717¢-03
9,1219t-03
1,1094E-03
4, 2446E-02
1.3377¢-03
4,9623E-03
5,3588E-06
0.0000E +00
3, 0946£-05

Subsamp Expansion
Component  Component

7.3B76E400  4,6173E401
1,4485E-01 1.0347E400
8.9240E-02 1.7498E-01
1.7364E-02 4.,8233E-02
1,8586E-01 46,8837E-01
1,8396E-02 1.3140E-01
1,6582E-03 6,6326£-03
1,2799E-03  2.5598E-02
9.85126-05 1,970 -03
4.8010E-04 9.6020E-03
4,5154E-04 1, 7609E-03
1,3404E-02 5.5850E-02
1,0069E-04  1,4384E-03
1,5670E-03  6,5293E-03
1,0207€-06 6.3795E-06
9.9164E-08 9.9164E-08
5.89456-06 J.6841E-00



Table A-7,
Total= 227119
Boundaries
Streatus Dairy Lond Hogs  CRD
All Strata
1 0-9 0-59 09 10,20
2 0-9 0-59 0-9 30,40,50
3 0-9 0-59 0-9 60
4 0-9 0-59 10-499
] 0-9  60-499 0-9
[ 0-9  60-499 10-499
7 10-9¢  0-59 09
8 10-99  0-59 10-499
9 10-99  60-499 0-9
10 10-99  60-499 10-499
11 300+
12 100+
13 500+
14 Cattle 15004
15 Sheep 40+
14 HPLA 3,000+
Table A-8,
Jotal= 226584
Boundaries
Strotus DBairy Lend Hogs  CRD
All Strata
1 0-9 0-5¢9 0-9 10,20
2 0-9 0-59 0-9 30,40,50
3 0-9 0-39 0-9 60
4 0-9 0-59  10-499
5 0-9  60-4%9 0-9
é 0-9 60499 10-499
7 10-99  0-59  0-9
8 10-99  0-59 10-499
9 10-99  60-499 0-9
10 10-99  60-499 10-499
11 300+
12 100+
13 500+
14 Cattle 15004
15 Sheep 40+
14 HPLA 3,000+

Tennessee 1984 ISP} Second Phase Cotton Acres Harvested Variance Nodel

Pop

Size
94257
8960
29959
25730
17557
3560
1644
3896
693
683
247
488
47
135
7
85
2

Pop
Size

94257
8940
29959
25730
17557
3560
1644
3896
693
683
247
488
7
335

65
26

§-sq
13740
3598.0

0.0
0.0
133.0
6978.0
33640
0.0
0.0
303.0
0.0
11472.0
0.0
7808.0
0.0
0.0
0.0

§-sq
1372,0
3598.0

0.0
0.0

133.0
6978.0

336.0

0.0

0.0
1800
0.0
1133710
0.0
7808.0
0.0

0.0

0.0

XR-5q

ZR-sq

Tennessee 1984 ISF: Second Phase Cotton Acres Planted Voriance Model

Full Somp

Coaponent

2,2482£402
3+ 3198E100
0.,0000£4+00
0.0000E+00
7,5504£-01
1,6287E+00
3,5210€-04
0. 0000E+00
0,0000€ +00
2.6032E-03
0.0000£+00
4.9767E-01
0.,0000€ +00
1.6138E-02
0.0000£+00
0.0000E +00
0,0000£ 400

Full Semp

Cosponent

242555E+02
5. 3449E400
0.0000E+00
0.0000£400
7.5861€-01
1.6364E400
3,5376E-04
0.0000E400
0.0000£ 400
1,5537e-03
0.0000E +00
4.,9958£-01
0.0000E+00
1.6214E-02
0.0000E+00
0.0000E+00
0. 00008 +00

Subsamp
Component

Expansion

Component

1,1833E401
2,7999E-01
0.0000E $00
0.0000E +00
3,9739€-02
8,5722e-02
1,7253€-02
0,0000E +00
0.0000E+00
1,3701E-04
0.0000E +00
246193E-02
0., 0000E+00
B.4936£-04
0,0000E+00
0.0000E+00
0, 0000E+00

Subsamp
Component

2,3665E+02
5,5998E400
0.0000E+00
0.0000E+00
7.9478E-01
1,71 44E400
1,7605E-02
0.,0000E+00
0.0000E+00
2.7402e-03
0. 0000E +00
9,2387E-01
0,0000E+00
1.,6987£-02
0,0000£+00
0.0000E+00
0.0000E+00

Expansion
¢ . aient

1,1871E401
2,8131E-01
0,0000E+00
0.0000E 400
3.9927E-02
8.6128E-02
1,7334E-02
0.0000E +00
0.0000E +00
B.1776E-05
0, 0000E+00
2:6294E-02
0, 0000E+00
8,5338E-04
0.0000E+00
0. 0000£+00
0,0000E+00

2.3742 102
5+6262E400
0.0000E+00
0.0000E+00
7,9853E-01
1.7226E400
1,7688E-02
0.,0000E400
0.0000E+00
1,6355E-03
0.0000E+00
5. 2588E-01
0, 0000E +00
1,7068E-02
0,0000E +00
0.0000E +00
0,0000E+00



Table A-9,

Total=

Stratua

O 00 NN o)

1,1E408
Boundaries
Dairy Lond  Hogs
All Strata
0-9 0-59  0-9
0-9 0-5¢  0-9
0-9 0-59  0-9
0-9 0-59  10-499
0-9  40-499 0-9
0-9  60-499 10-499
10-9%9  0-39  0-9
10-99  0-5%9  10-499
10-99  60-499 0-9
10-99  60-499 10-499
5004
1004
500+
Caottle 15004
Sheep 40t
HPLA 3,000+

CRB

10,20
30,40,50
60

Pop

Size S-sq
94257 381424421
8960 918890621
29959 0
25730 0
17557 27984802
3560 1734670031
1644 76327351
3896 0
693 0
683 34923453
247 0
488 35244449889
407 0
335 1845177272
7 0
65 ¢
24 0

ZR-sq

~0 ~0 o]
FoomrRdoomn2

w0

~0
S OO N o 0

Tenncssee 1984 ISP: Second Phose Cotton Production Varionce Model

full Samp
Coaponent

Subsosp
Component

Expansion
Component

2,3953E402
4,8705E400
0.0000E +00
0,0000F $00
6. 3658E-04
1,6222E400
1.6024E-04
0.0000E +00
0.0000E+00
1,2022£-03
0,000CE+00
5.8023E-01
0.,0000£400
1,5280E-02
0. 0000t +00
0.0000E+00
00000t +00

Table A-10, Tennessee 1984 ISP) Second Phose Tobacto Acres Planted Variante Model

Total=

Stratus

S VW NN A

— . e
W AY b=

14
15
16

42327
Boundaries
Bairy Land  Hogs
All Strata
0-9 0-59 0-9
0-9 -39 09
0-9 0-59 0-9
0-9 0-39  10-499
0-9  60-499 0-7
0-9  40-499 10-499
10-99  0-59 0-9
10-99  0-59  10-499
10-99  40-49% 0-9
10-99  460-499 10-499
00+
1004
500+
Cattle 15004
Sheep 40+

HPLA 3,000

10,20
30,40,50
60

Size
94257
8940
29959
25730
17557
3560
1644
3896
£93
683
247
488
407
335

65
26

S-sq

2,130
0.710
1,349
0.865
2,986
3.791
46.308
4.873
2,417
5.873
18,437
2,001
27,558
2,316
158,694
13,004
7.550

XR-sq
76
95
n
51
81
86

76

72
76

]
I

81

76

i
[

76

Full Samp

Component

8.0276E400
3.0225€-02
5,2038E-01
1.6302E-01
4.1614£-01
3.5230E-02
8. 4694E-03
3.13778-02
4,5353E-05
1,1010£-03
‘082335”04
1.3831€-04
$,06398-03
1.3782E-04
3.2986E-06
2B213E-05
2.16518-04

Subsawp
Component

2,3689E401 2,6322E402
B.5950E-01 5.7300£400
0,0000E+00  0,0000E+00
0.0000E+00 0,0000E+00
3, 304E-02  6,7009E-01
8.5382E-02 1.7076E400
1.5863E-02 1.6024E-02
0.,0000E400 0.0000E400
0,0000E400  0.0000E400
6.3271E-05  1,2654E-03
0.0000E+00  0.0000E+00
7.07138-02 6,5194E-01
0,0000E+00  0.0000E+00
B.0422E-04 1.6084E-02
0.0000E100 0.0000E+00
0.0000E400  0.,0000£+00
0.0000E100 0.,0000E+00

Expansion
Component

2,5350E400
1.5908E-03
1,5544£-01
1,3662E-01
9.7613E-02
5,7352E-03
1,0448E-03
9.9086E-03
6,0295€-04
4,2B1BE-04
1,5232E-04
1,2767E-04
4.8412E-04
7.253BE-06
1,0417E-046
2,4533E-046
4.8371E-07

1.0563E 401
3. 1B16E-02
6,7582E-01
3.1964E-01
5.1375E-01
4.,0966E-02
9.5161E-03
4,1286E-02
6.4790E-04
1.5292€-03
5,3445E-04
2,6598E-04
2,5480E-03
1,4508E-04
4,3403E-06
3,0667E-05
2.8488E-06



Table A-11.

Tennessee 1984 ISP:

Second Phase Tobacco Produced VYariance Model

Total=  8.8EH07
Roundaries
Pop Full Samp  Subsamp Expansion
Stratus  Bairy Lond Hogs  CRD Size S-sq  XR-sq  Cosponent Component  Component
All Strata 94257 10319412 N 8.99376400 3,1785E400 1.1772£401
1 0-9 0-59 09 10,20 8940 2811996 95 2,7538E-02 1,4494E-03 2,8987E-02
2 0-9 0-59  0-9 30,40,50 29959 4063085 74 S.31056-01 1.4770E-01 4.9875E-01
3 0-9 0-59 0-9 40 6730 3689239 W 1.6531E-01 1,6531E-01 3.3041E-01
4 0-9 0-59 10-499 17557 15878754 M 4,65086-01 1,4341E-01 4.2848E-01
5 0-9  60-499 0-9 3560 28748143 B4 3.9297.-02  7.4852E-03  4.6783E-02
] 0-9  60-499 10-499 1644 38209352 W2 1.21996-02 1,0608E-03 1,32606-02
7 10-99  0-59 ¢-9 3896 23681772 73 3. 3685E-02 1,2452E-02 4.61176-02
8 10-99  0-59 10-4%9 693 15040582 10 9.2748E-05 8,3474E-04 9,2748E-04
9 10-99  40-499 0-9 683 30251972 70 1,2684E-03 5,4362E-04 1,8121E-03
10 10-99  60-499 10-499 07 73976509 73 4,2304-04  1,5647E-04 5,7951E-04
11 500+ 488 72239 4 1,3324E-04  1,5641E-04 2,B945E-04
12 1004 407 110123462 81 1,8973E-03 4,4504E-04 2,3423E-03
13 500+ 335 9571897 95 1.3103E-04 4.8966E-06 1.,3793E-04
14 Cattle 1500+ 7834775510 73 2,91556-06 1,0783E-06 3.9938E-04
15 Sheep 40+ 45 52107773 92 2.6007E-05 2.2619E-06 2,B249E-05
16 HPLA 3,000+ 26 4837910 73 2.6510€-06 9,8052E-07 3.6315E-04
Table A-12. Tennessee 1984 ISP Second Phase Hay Acres Planied Variance Model
Total= 959208
Boundaries

Pop Full Semp  Subsamp Exponsion
Stratus Dairy Lond Hogs CRD Size S-sq XIR-sq Component Cosponent  Com .ient
Al Strata 94257 330 5 J.6097€100 3, 4682E400 7,07790 -00
1 0-9 0-59 09 10,20 8740 N 2 1.31336-02 3,2153E-02 4,5285E-02
2 0-9 0-59 0-9 30,40,50 29959 “.0 & 1.8027€-01 2,4895E-01 4,2922E-01
3 0-9 0-59 0-9 60 %5730 36,0 33 1,3958E-01 1,23776-01 2,4335E-01
4 0-9 0-59 10-499 17557 23,0 & 1,02276-01  1,0645E-01 2.0872E-01
5 0-9  60-499 0-9 3560 16610 &7 1,0753E-02 1,2126E-02 2.2879E-02
3 0-9  60-499 10-499 16 1675,0 42 2,0665€-03 2,8538E-03 4.9203' -03
7 10-99  0-59 0-9 389 17590 &5 1.8842E-02 1,0157E-02 2,9019E-02
8 10-99  0-59 10-499 693 7210 81 3.04836-04  7,1504E-05 3,7434E-04
9 10-99  60-499 0-9 683 13930 4 3. 1076E-04 3.9551E-04 7.0626E-04
10 10-99  60-499 10-499 47 14000 23 2,1351E-05 7,1480E-05 9.2832E 05
11 500+ 88 2353.0 43 2.6188E-04 3,4714E-04 4.0903E-04
12 100+ 407 90050 I 5,67436-04 1,053BE-03 1.67:.1.-03
13 500+ B 9.0 27 9.5867E-05  2,5920E-04 3.5506E-04
14 Cattle 15004 7 11142600 51 3.02646-06 2,9077E-06 5,9341E-06
15 Sheep 40+ 6 1250 A 1.0849€~06 4,0811E-06 5.16460E-06
16 HPLA 3,000+ % 520 B 1.30016-06 2,6395E-06 3.9395E-04



Table A-13, Tennessee 1984 ISP: Second Phase Hay Production Variance Hodel
Total= 1954818
Boundaries
Pop Full Sasp  Subsamp Expansion
Stretus Dairy Lond Hogs CRD Size S-sq XR-sq  Component Component  Cosponent
A1l Strota 94257 3819.0 M J.9068E+00 4,9722E400 8.8790E+00
1 0-9 0-5% 09 10,20 8960 11560 28 6.8002E-03  1.74B6E02 2,4284E-02
2 0-9 0-59 09 30,40,50 29959 14840 41 1.4291E-01  2,0545E-01 3.4856E-01
3 0-9 0-59  0-9 80 65730 232,00 M 1,8005E-01 2.2914E-01 4,0921E-01
4 0-9 0-59 10-499 17557  3486.0 45 1,33806-01 1,4353E-01 2,9733E-01
5 0-9  40-499 0-9 3560 443,00 38 5.5995E-03  9.13460E-03 1.4735E-02
é 0-9  60-499 10-499 164 72190 & 2.19556-03  2,9103E-03 5,1058L -03
7 10-99  0-5¢ 0-9 3896 84530 49 1.6453E-02 1,7124E-02 3.3577E-02
8 10-99  0-59 10-499 93 4110 82 7.6374E-04 1,6765E-04 9.3139E-04
9 10-99  40-499 0-9 681 129440 47 7.4267E~04 8,374BE-04 1.5801E-03
10 10-99  40-499 10-499 207 57490 & 9.9263E-05 3.6842E-05 9.2105E-05
11 500+ 488 75540 51 2.4009E-04 2,3067E-04 4,7076E-04
12 100+ 407 60770.0 5 1,3435E-03 1,2908E-03 2.4343E-03
13 500+ 135 877040 15 3.85634E-04 2,1894E-03 2,5757E-03
14 Cattle 15004 7 477948.0 M 2,6986E-06 3.4320E-06 6,177 06
15 Sheep 40¢ 85  358%.0 11 6. 7974E-07  5,4997E-06 6.1794E-04
14 WPLA 3,000+ 26 14424,0 26 6.6343E-07 1,8882E-06 2.3016E-06
Toble A-14, Tennessee 1984 ISP! Second Phase Cattle Varionce Model
Total= 1670105
Boundaries
Pop Full Samp  Subsamp Expansion
Stratus Bairy Land Hogs  CRD Size S5-sq  XR-sq  Component Component  Component
All Strata 94257 23570 M9 5.9310E4+00 1,5766E400 7,5078E+00
1 0-9 059 09 10,20 8960  1384,0 82 3.2665E-02 7.1703E-03 3.9835E-02
2 0-9 0-59 0-9 30,40,50 290959 1125.0 7N 2:.5703E-01 1,0498E-01 3.6201E-01
3 0-9 0-59 09 ] 25730 1940 76 1,4323E-01 4,5230E-02 1,BB44E-01
4 0-9 0-59  10-499 17557 1970 7% 9.92136-02 3,3071E-02 1,3228E-01
] 0-9  40-499 ¢O-7 31560 44030 B8 1,7605€-02 2,4007€-03 2,0004E-02
é 0-9  60-499 10-499 f6¢4 7371.0 N0 4.9997€-03  2,1427E-03 7.1424E-03
7 10-99  0-%9 09 3896 5775.0 b4 2,0742€-02 1.,0685€-02 3.1427€-02
8 10-99  0-59 10-499 493 2.0 78 4,06126-04 1,1455E-04 5,2067E-04
9 10-99  40-499 0-9 683 42,0 74 7.9340E-04  2,5055E-04 1,0439E-03
10 10-99  60-499 10-499 7 3220.0 2 1.43056-06  7,0004E-05 7.1524E-05
11 500+ 488 107681.0 70 S MATIE-04  2,7614E-04 9,2047E-04
12 100+ A7 48408,0 83 2,1851E-03 4.B873E-04 2.8749E-03
13 500+ 35 93200 %0 3375304 3, 7503E-05  3.7503E-04
14 Cattle 15004 7 M61576,0 54 4,3787e-06 3.7300E-06 8.1087E-04
15 Sheep 40+ 65 434,0 48 4,4703E-07 2.1037E-07 4.5740E-07
16 HPLA 3,000¢ 2 38250 M 7.32446-06 1. 9A71E-06 9.2717E-06



Table A-15.

Total= 216872
Boundaries
Stratus Bairy Lloand Hogs  CRD
All Strata

1 0-9 0-59 0-9 10,20
2 0-9 0-39 0-9 30,40,
3 0-9 0-59 0-9 80
4 0-9 0-39  10-4%9

9 0- 60-499  0-7

é 0-9  40-499 10-499

7 10-99  0-59  0-9

8 10-99  0-59  10-499

9 10-99  460-499 0-9

10 10-99  40-499 10-499
11 3004

12 100+
13 500+

14 Cattle 1500¢
15 Sheep 40+

16 HPLA 3,000+

Tennessee 1984 ISP:

Second Phase Doiry Cattle Veriance Model

Pop
Size

94257
8940
29959
25730
17557
3560
1644
3894
893
483
207
488
407
335

65
26

5-sq
322.8
0.4
28,7
0.5
2.8
15.0
11.4
2566.9
7316
1294.1
669.2
432.2
16785.9
1298.0
843,46
0.5
3538.8

Table A-16, Tennessee 1984 ISP! Second Phase Hog Variance Nodel

Total=

Stratus

gﬁcﬂbmount—

—,— .
i RS bme

14
15
16

891321
Boundaries
Dairy Lland Hogs CRD
Al Strata
0-9 -39 09 10,20
0-9 0-59 0-9 30,40,50
0-9 0-39 0-9 60
0-9 0-59  10-499
0-9  60-499 0-%
0-9  40-499 10-499
10-99  0-59  0-9
10-99  0-59 10-499
10-99  460-499 0-9
10-99  40-499 10-499
300+
100+
500+

Cattle 15004

Sheep 40+

HPLA 3,000+

Pop
Size

94257
8940
29959
5730
17557
3560
1644
3896
693
683
riY)
488
407
335

65
2

5-sq
7497
1459
5

2

4449
402
3525
80
40813
17937
30049
4943
36175
1184064
0

2442
1984

Full Somp  Subsamp Expansion

XR-sq  Cosponent Component  Component
7 4,6951E401 1,4024E401 6.0 T 101
)| 5.2914E-05 1.177BE-04 1.7069E-04
12 5.42726-02 3.9800E-01 4.5227E-01
28 1,9706E-03 5.0673E-03 7.0379E-03
87 1.5965€-02 2,3854E-03 1.8351E-02
49 1,98056-03 2,0614E-03 4.0419E-03
38 2,4893E-04  4,0616E-04 4.550"C 04
LY 4,7219E-01 3.5421€-01 8.2840£-01
7% 5.+6027€-03 1,B676E-03 7.4702E-03
7 9.3697E-03  3.4455E-03 1.2835€-02
) 7.46526-04 1,2153E-04 8,6805E-04
)| 8,97226-04 1,2911E-03 2.1B84E-03
83 4,9069E-02 1,00506-02 5.9119E-02
95 2,9423E-03  1,54B6E-04 3,0971E-03
n 4,76736-07 2,0214E-07 8.7887.-07
41 1.8415€-08 2,6500E-08 4.49156-08
7 3.9164E-05 1,1498E-05 S5.0882£-05
Full Samp  Subsamp Expansion

YR-sq  Cosponent Component  Component
n 1,0034E402 3,9022E401 1.3937E402
78 1,9116E-01 5,39186-02 2.4508E-01
33 4,02836-02 8,1787€-02 1,2207€-01
49 1,3575€-03 1,4129E-03 2.7704E-03
n 2.0373E400 8,3215E-01 2.8595E+00
3 3.1981E-04 §,0340E-02 1.0660E-02
84 2,6246E-02 4,99926-03 3.1245E-02
2 3.81126-04 1,5245E-03 1.9056E-03
95 3.8961E-02 2,0506E-03 4.1011E-02
95 1,6632€-02 8,7539E-04 1.7508E-02
k] 1,26586-03 2,5700E-03 3.8359E-03
k) 9.41326-04 1,5517E-03 2.4630E-03
% 1,1911E-02 4,2691E-04 1,2538E-02
83 1.7516E-01 1,0287E-01 2.7804E-01
72 0,0000E¢00 0,0000E400 0,0000E+00
n 1,5671E-05 4.09426-06 2,1765E-05
40 1,6838E-06 1.12256-06 2.B043E-06



Table A-17.

Total~-

Stratum
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Table A-18.,

Total=

Stratum

VO NOWUM D GR -

14
15

16

Tennessee 1984 ISF:

Second Fhase Corn Stocks Variance Model

Boundaries

92903485

Dairy Land

All Strata
0-2 0-59
0-9 0--59
0-9 0-59
0-9 0-59
0-9 60—-4%9
0-9 60-499
10-99 0-59
10-99 0-5
10-99 60-499
10-99 60-499

500+

100+

Cattle 1500+
Sheep 40+
HFLA 3,000+

Tennessee 1984 ISF?

10,20
30,40,50
60

Fop

Size
P4257
8960
29959
25730

1755
3560
1644
3896
693
6833
247
488
407
335
7
6%
26

Second Fhase Soybean Stocks Variance

ERoundaries

1944722
Dairy Land
All Strata
0-9 0-59
0-9 0-59
0-9 0-59
0-9 0-59
0-9 60-499
0-9 60-499
10-99 0-59
10-99 0-59
10-99 60-499
10-99 60-499
500+
100+

Cattle 1500+
Sheep 40+
HFLA 3,000+

10,20

60

Fop

Size
4257
8940
29959
25730

1755
35460
1644
3896
693
683
247
438
407
335
7
65

26

S-sq
1321978
92782
130197
42664
519464
126227
3513988
292119
50986117
949979
1356992
9319528
105286843
42367177
27042041
131836
64190612

Model

S-sq
229138
86158
23665
22751
42504
34301
35769
37108
963587
161261
0
30172234
450807
894359
0
21094
48979592

Expansion

Component
1.,1975E+402
7+5946E-02
1,1915E+00
2.8798E-01
1,6326E400
1.6311E~02
?.,6823E-02
4,5209E-02
2.4966E-01
4,5183E-03
8.4410E-04
2.2629E-02
1.7782E-01
4,8478E-02
1.3510E-0%
S.6792E-06
4.4243E~-04

Expansion

Component
S5.3828E+02
1.828%9E+00
S5.6162E400
3.9826E+00
3.4643E+00
1.1495%E-01
2.5562E-02
1,4893E-01
1.22346E-01
1.,9891E-02
0.0000E+00
1.8999E+400
1.9745E-02
2.,6598E-02
0,0000E+0C
2.3565E-05
8.,79548E-03



Table A~19,

Total=

Stratum

fury
COVDNOMD PN

[y
Pt

12
13
14
15

16

Table A-20.

Jotal=

Stratum
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14
15

16

Tennessee 1984 ISF

Second FPhase Winter Wheat Intentions Variance Model

10,20

60

248148
Boundaries
Dairy Land
All Strata
0-9 0-59 0~
0-9 0-5¢9 0~
0-9 0-59 0-
0-9 0-59 10~
0-9 60-499 0-
0-9 60-499 10~
10-99 0-59 0-
10-99 0-59
10-99 60-429 09
10-99 60-499
500+
100+
Cattle 1500+
Sheep 40+
HFL.A 3,000+

Tennessee 1984 ISF:
First Fhase Corn Acres Flanted

486453

Boundarvies
‘Dairy  Land  Hogs  CRD
ALL Strata

- 60-499 ~
0-9 60-499 10-
10-99 0-59 -
10-99 0-59 10-499
10-99 60-499 0-9
10-99 60-499 10-499

500+
100+
500+

Cattle 1500+

Sheep 40+

HFLA 3,000+

10,20

Size
4257
8940
29959
25730
17557
3560
1644
3896
693
683
247
488
407
335

65
26

S-sq
378.2
118.3
128.4
39.4
311.8
569.3
449,98
277.7
2392.0
2825.0
551.3
12330.6
14543.3
4350,1
22984.8
43.8
991.8

Variance Model

Fop
Size
94257
8960
29959
28730
17557
3560
1644
3896
693
683
247
488
407
335

65

26

S-sq
822,3

322.2

98.9
14,0
948.1
608.5
1049.5
1039.0
6399.0
4374.6
4419.5
138%91.4
17543.9
31357.4
23554.8
8.4
10256.8

Expansion
Component

5.4567E401
1.5423E-01
1.8715E+400
4,23460E-01
1.5608E+00
1,1717E-01
1.9742E-02
6.8453E-02
1.8655E-02
2.,1401E-02
D.4621E-04
4.7687E-02
3.9123E-02
7.9281E-03
1.8290E-05
3.0052E-06
1.0888E-05

Expansion
Component

3.0873E+01
1.0931E-01
3.7512E-01
3.9167E~02
1,2350E4+00
3.2590E~-02
1,1987E-02
6.6646E-02
1.2987E-02
8.6238BE-03
1.1394E-03
1.3980E-02
1,2281E-02
1.4871E-02
4,8775E-06
1.4998E-07
2.9301E-05



Tahle A-21,

Tennecsee 1984 ISF:
First Fhase Soybean Acres FPlanted Yariance Model

Total= 1054641

Roundaries
—————————————————————————————————— Fop Expansion
Stratum [airy Land Hogs CRD Sirce S-sq Component
All Strata P4257 9910 4,.7207E401
1 0-9 0-59 0-9 10,20 8940 13004 9,38461E-01
2 0-9 0-59 0-9 30,40,50 29959 272 2.1949E-01
3 0-9 0-59 0-9 60 25730 97 5.7735E-~-02
4 0-9 0-59 10--499 17957 2838 7.B&51E-01
S 0-9 60~-499 0-9 3560 13588 1.5483E-01
é 0-9 60-499 10-499 14644 2517 6.1161E-03
7 10-99 0-59 0-9 3896 3362 4,5880E-02
8 10-99 0-5¢9 10-499 693 860 2,5302E-03
9 10-99 b0-499 0-9 4683 19867 B8,3323E-03
10 10-99 60-499 10-499 247 3949 2,1661E-04
11 500+ 484 259386 5,9536E-02
12 100+ 407 10061 1,4984E-03
13 500+ 335 90565 9.1378E-03
i4 Cattle 1500+ 7 61101 2,691BE-06
15 Sheep 40+ 65 0O 0,0000E4+00
16 HFLA 3,000+ 26 122449 7,4421E-05

Table A-22. Tennessee 1984 ISF¢

First Fhose Cotton Acres Flanted Variance Model

Total= 183339
EBoundaries

———————————————————————————————————— Fop Expansion
Stratum Dairy Land Hogs CRD Size S-sq Component
All Strata 94257 1202.0 3.1770E+02

1 0-9 0-59 0-9 10,20 B960 2431.0 5.8062E+400
2 0-9 0-39 0-9 30,40,50 29959 0.0 0.0000E+00
3 0-9 0-59 0-9 60 25730 0.0 0.0000E4+00
4 0-9 0-39 10-49¢9 17557 117.0 1.0729E4+00
] 0-9 60~-499 0-9 3560 6994.0 2.6370E400
6 0-9 60-499 10-499 1644 18.0 1,4473E-03
7 10-99 0-59 0-9 3896 0.0 0.0000E400
8 10-99 0-59 10-49¢9 693 0.0 ©0,0000E+00
9 10-99 60~499 0-9 683 217.0 3,0116E-03
10 10-99 60-499 10-499 247 0.0 0,0000E400
11 500+ 488 109657.0 7,7690E-01
12 100+ 407 0.0 0,0000E+00
13 500+ 335 7424,0 2.4787E-02
14 Cattle 1500+ 7 0.0 0,0000E+00
15 Sheep 40+ 6% 0.0 0.,0000E+00
16 HFLA 3,000+ 26 0,0 0.0000E4+00



First Fhase Tobacco Acres Flaonted Variance Model

Eoundaries

A 2ttt 4o S - t—. = = — o ot s o o St e Aor $As e mare M i " v San

Table A-23. Tennessee 1984 ISF:

Total= 41439,8

Stratum Dairy Land

All Strata

1 0-9 0-59
2 0-9 0-59
3 0-9 0--59
4 0-9 0-59
S 0-9 60-499
é 0-9 60-499
7 10-99 0-59
8 10-99 0-59
£4 10-99 60-499
10 10-99 60-49¢°
11 500+
12 100+
13
14 Cattle 1500+
15 Sheep 40+
16 HFLA 3,000+

Table A-24.

Total=

Stratum

NONOCWUD GHN -

Tennessee 1984 ISk

10,20
30,40,50
60

Fop
Size
94257
8940
29959
25730
17557
3560
1644
3896
693
683
247
488
407
335

65
26

S-sq
2,333
0.726
1.417
1.424
3+136
S+448
6,115
4,784
1,540
8.4469
22.414
4,762
25,199
2.564
158.694
8.499
11,602

First Fhase Hay Acres Flanted Variance Model

Eoundaries

884511
Iniry Land
All Strata
0-9 0-59
0-9 0-59
0-9 0-59
0-9 0-59
0-9 60-499
0- 60-499
10-99 0-59
10-99 0-59
10-99 60-499
10-99 60-499
500+
100+

Cattle 1500+
Sheep 40+
HFLA 3,000+

Size
Q4257
89460
29959
25730
17557
3560
1644
3896
693
683
247
408
407
335

65

26

S-sq
691.7
285.3
323.3
374.1
666.3
1868.9
804.0
2137.1
747 .7
1815.8
1201.4
4250.5
65446 .4
1893.9
84373.6
556.2

?113.,0

Expansion
Component

1,2070E4+01
3.3%240E-02
7.4061E-01
5.4898E-01
5.6291E-01
4,0207E-02
9.6242E-03
4,2286E~-02
4,3058E-04
2.3006E-03
7+.9630E~04
6.6038E-04
2.4307E-03
1.6756E~-04
4,5282E-06
2.0910E-05
4,5671E-06

Expansion
Component

7.8549E+00
2.9276E-02
3.7090E-01
3+.1656E-01
2.6252E-01
3.0275E-02
2.7773E-03
4,1463E-02
4,5897E~-04
1,0827E~03
9.36886E~-03
1,2938E-03
1.3861E-03
2.7167E-04
5,2844E-06
3.0037E-06
7.8741E-06



Table A-295,. Tennessee 1984 ISP

First Fhase Cattle Variance Model

Total= 1634832
EFoundaries
———————————————————————————————— Fop Expansion
Stratum niry Land Hogs CRI Size 8§-sq Component
All Strata 4257 2359 7.8417E+4+00
1 0-9 0-59 0-9 10,20 8960 1105 3,3192E-02
2 0-9 0-59 0-9 30,40,50 29959 1218 4,0903E-01
3 0-9 0-59 0~9 60 259730 803 1.98%91E-01
4 0-9 0-59 10~-499 17557 1071 1.,2352E-01
S 0-9 60-499 0-9 3560 6619 3,1387E-02
é 0-9 60-499 10-499 1644 3012 3.0459E-03
7 10-99 0-59 0-9 3896 5099 2.8959E-02
8 10-99 0-59 10-499 693 2959 5.3170E-04
? 10-99 60-499 0~-9 683 7475 1.3047E-Q3
10 10-99 60-499 10-499 247 1427 3,2574E~05
11 5004 488 6261 5.5788EL-04
12 100+ 407 45771 2.8368E~-03
13 S00+4 335 6672 2.,8016E-04
14 Cattle 1500+ 7 704232 1.2911E-03
15 Sheep 40+ b 665 1.0512E-064
16 HFILLA 3,000+ 26 24593 s 220306
Table A-26. Tennessee 1984 IS5F:
First Phase Dairy Cattle Variance Model
Total= 1989464
Boundaries

———————————————————————————————— Fop Expansion
Stratum Dairy Land Hogs CRD Size S-sq Component
All Stratan 4257 243.,0 S5.4546E401
1 0-9 0-59 0-9 10,20 8960 0.6 1.2170E-03%
2 0-9 0-59 0-9 30,40,50 29959 14.9 3.3789E-01
3 0-9 0-59 0-9 60 25730 i.4 2,3417E-02
4 0-9 0-59 10-499 17557 3,0 2,3364E-02
S 0-9 60-499 0-9 3560 7+9 2.9296E-03
6 0-2 60-499 10-499 1644 17,5 1,1950E-03
7 10~-99 0-59 0-9 3896 1141.6 4.3781E-01
8 10-99 0-59 10-4%¢9 693 1177.0 1,4281E-02
9 10-99 60~-499 0-9 683 1035.0 1.2199E-02
10 10-99 60-499 10-499 247 815.0 1.2563E-03
11 500+ 488 ?18,0 5.523%5E-03
12 100+ 407 12214.8 5.,1122E-02
13 S00+ 335 1172,2 3.3237E-03
14 Cattle 1500+ 7 195.9 2.4253E-07
15 Sheep 40+ 65 0.2 2.1349E-08
16 HFLA 3,000+ 26 4145.6 7.0805E-05



Table A-27.

Total=

Stratum

-
CVDNOCUD N

Table A-28,

Total=-

Stratum

[ury
O/ NDUD W -

11
12
13
14
15

16

Tennessee 1984 ISF:
First Phase Hog Variance Mol

Eoundaries

e e e s o e - i S e A Gy S b o M i e S Sy WE Ts MGv et i mvve S i e

707170

Dairy Land

All Strata
09 0-59
0-9 0-59
0-9 0-59
0-9 0-59
0-9 60-499
0-9 60-499
10-99 0-59
10-99 0-59
10-99 60-499
10-99 60-499

500+

100+

Cattle 1500+4
Sheep 40+
HFLA 3,000+

Tennessee 1984 ISF¢
First Phnse Corn Stocks Variance Model

Eoundaries

o seee et e e e M . e A ms M S A e e T A S W —— " ———

3037803

Dairy Land

All Stratn
0-9 0-59
0-9 0-59
0-9 0-59
0-9 0-59
0~-9 60-499
0-9 60-499
10-99 0-59

10-99 60-499
10-99 60-499

500+
100+

Cattle 1500+
Sheep 40+
HFLA 3,000+

30,440,350
60

Size
94257
8940
29959
25730
17557
3560
1644
3896
693
683
247
488
407
335
7
65

26

Size
94257
89460
29959
25730
17557
3560
1644
3896
693
683
247
488
407
335

65
26

S-sq
?330.,0
9593.0
64.0
3.0
6516.0
131.0
4744,0
3.0
47531.0
13144,0
5567.0
3959.0
243676.0

1222132.0

0.0
2129.,0
341.0

S-sq

22020257

LAy Ay

73782
284502
2854
17965
23132
84366
1695878
1300779
139387
4550055
457442
2760587
3555984
0

53

0

Expansion

Component
1,6575E+4+02
8.8774F-02
1,1486E-01
3.9715E-03
4,0164E400
3.3199E-03
2,5639E-02
?.1057E~-05
4,5645E-02
1,2261E~-02
6.79215E-04
1.8853E-03
8,0715E~-02
2.,7426E-01
0.0000E+00
1.7987E-05
4,6095E6-07

Expansion
Componant

2.1398E+02
6.,4187E-01
2.7671F 01
2.0475E-01
6.0008E-01
3.1768E-02
2.4709E-02
2.7894E+00
b6.7694E-02
7.0460E-03
3.0081E-02
1.1805E-02
4,9553E-02
4,3244E-02
0,0000E+00
2.4265E-08
0.0000E+00



Table A-29,.

Total=

Stratum

NVODNOWL D N -

Tennessee 1984 ISF:

First Fhase Soybean

Houndaries

Stocks Variance

v — - ———t - b o it G . S e S0 TR e S e o e S e -

874331
[airy Land
All Strata
0-9 0-59
0-9 0-59
0-9 0-59
0-9 0-59
0-9 60-499
0- 60~-499
10-99 0~-59
10-99 0~-59
10-99 60499
10-99 60-499
500+
100+

Cattle 1500+
Sheep 40+
HFLA 3,000+

10,20
30,40,50
60

Fop
Size
4257
8260
29959
25730
17557
3560
1644
3896
693
683
247
488
407
335

63

26

Model

S-sq
42611
11813
951514
13336
14445
8066
5084
0
58783
183187
0
498834
208368
39170

Expansion

Component
4,9522E402
1.2406E400
6.0482E4+01
1,1549E+01
5.8246E1+00
1.6258E4+00
1.797SE-02
0,0000E+4+00
J.6929E-02
1.1179E-01
0.0000E+00
1.,5540E-01
4.9151E-02
S5+7503E-03
0.0000E+00
0.0000E4+00
2.43463E-02
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