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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. It is
shown that the regression estimation strategy is more cost efficient
than the current strategy •
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1. Introduotion

The Statistioal Reporting Servioe (SRS) of the United States Department
of Agrioulture (USDA) is oharged with estimating the produotion levels of raw
agrioultural commodities in the U.S. This has traditionally been carried out
through a strategy of independently analyzed surveys conduoted through out the
year. The Agency is ourrently developing its Integrated Survey Program (ISP).
This program is intended to replace the ourrent series of independent surveys
with a series of ooordinated surveys oonduoted every few months through out
the year. Under the ISP, an initial survey would be oonduoted early in the
season and follow up surveys fielded on a subsample of the initial sample.
For a partioular farm, the data collected at one time point exhibits a strong
relationship to the data colleoted at a previous time point. This suggests the
possibility of using a double sampling regression estimation strategy across
time points to improve the effioiency of the survey design.

This report presents a study which compares two strategies for the list
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 list 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 is 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 + ~ Ch ~
h

(1.1)

•where C is the total survey cost; C is the fixed oost component of the total
cost; Ch is the cost per unit for level-h of the survey strategy; and nh is
the sample 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) = ~ ~ / nh
h

( 1.2)

where Ah is the variance component for level-h of the design and ~ is the
sample size. It can be shown that this variance model can aooommodate 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) = ~ ~ S~ / "h
h

where Wh is the stratum weight and S~ is the stratum-h population variance. In
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this case.

The general design allocation problem can now be stated as:

Find n, ••••• nH that minimize

subject to L variance constraints

H
var(UL) = ~ \h / nh ~ vf .h='

The quantities v~•...• v~ are the maximum allowable variances on the estimates
U~, ••• ,UL. The solution to this problem is called the optimal allocation for
t~e survey strategy described by the cost and variance models. When only a
single constraint is included in the problem. Neyman (1934) showeQ/2hat the
optimal allocation was obtained by taking ~ proportional to [Ah/Ch] • With
multiple constraints. a closed form solutton 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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a. Double SamDli~ Re~ression Estimator

a.~. 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 5 or
Raj (1968) Chapter 7 for further information on either double sampling or
regression estimation.

A regression estimator 1s 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 XJ X is the popula-
tion mean of XJ an1 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 uni t 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.
z.~. SimDle Random SamDlin~ 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 fU~.l 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

-tI n
y = ~ [a + bxi]/n

i=1

= a + bx (2. n
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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

-, -,
a = y - bx

-, -,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

-41 -, -,-
y = y - b(x - x) • (2.2)

The population variance of the double sampling regressiQn 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("t) = S2 / n + (1 - mln) 82 (1 - ~) / m

= 82 ~ / n + 82 (1 - ~ ) / m • (2.3 )

(2.5)

(2.6)

-41Thus, as R approaches one, the variance of y approaches that of a simple ran-
dom sample of size n.
z.~. Stratified SimDle Random SamDli~ ~ ~ First Phase

The sample design that will claim the most attention in this report is a
stratified srs at the first phase followed ~ 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 Nh units. A srs of size ~ is drawn
from stratum-h and then a simple random subsample of size mh is selected from
the ~ previously selected units.

The double sampling regression estimator of the mean for stratum-h is
-.. -, -IYh = Yh - bh(xh - xh) • (2.11)

The Quantities in the equation above are the stratum-h analogues of those in-..equation (2.2). Also. as in equation (2.3), the varianoe of Yh is

var(r:) = S~ R~ / ~ + S~ (1 - ~) / ~ •

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

-41 H -..
Y = ~ Wh Yh

h=1

where Wh is the stratum weight, Nh/N.
populatIon total is

The corresponding estimator of the
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C2.7)

•Henoe. the varianoe of y is
• H.~ ....•VarCy ) = 2 Hh VarCYh) • C2.8)

h=1
Substituting equation C2.5) into equation C2.8) shows the varianoe of the
double sampling regression total estimator to be

• H 2 2 _:> H •.:> _:> _:>farCy ) = 2 [Nh Sh Kh] I ~ + 2 [Nh 8b (1 - Kh)] I ~
h:1 h=1

H H ,
= 2 A-/rk + 2 A-/m.h=1 -11 --n h=1 -11 n

•Again. as Rt' R2 ••••• RH all approaoh one. the varianoe of y
of a stratiried simple random sample with sample sizes n1• ~ •
2..!.. Stratified SamDl1rur:.At jg!h Phases

C2.9)

approaches that
•••• nU·

This design alternative combines stratification at both the first and
seoond 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. oonsider strati tying the nhfull sample members in primary stratum-h into Ie substrata. The number and type
ot substrata within eaoh primary stratum oould be allowed to vary. For clar-
ity. the following exposition will assume a fixed number of substrata per pri-
mary stratum. Let n..k be the n\1llberof full sample members in substratum-hk
and assume that a srs t$r size ~k is drawn trom this substratum.

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

C2.10)

C2.11)

The above quantities are the substratum-hk analogues of those in equation
(2.2). Now. letting Whk be the substratum weight Cnh~'11)' which is oondi-
tional on the ~ first phase sample members. the estimator for the primary
stratum-h mean fs

....• Ie ....•
Yh = 2 Whk Ybkk=1

The variance ot this estimator is
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is the population variance. Rhk is the popula-
x, and fhk (= mhk/nhk) is the subsampling rate.

K 2 2
+ ~ [Whk Shk (1 - Rhk)] / ~ fhkk=1

where, for substratum-hk, S~k
tion correlation between y an~

(2.12)

(2.13)

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

-tI H --tI

Y = ~ Wh Yh
h=1

Hence, the estimator of the population total is

=

•y
-tI= N y

H -4
~ Nh Yh

h=1
(2.14)

with variance

•Var(y ) = (2.15)

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

• H
N2 2 K 2 R~k)JVar(y ) = ~ [S .- ~ Whk Shk (1 - / ~

h=1 h h k:1
H K 2 2 2+ ~ ~ [Nh Whk Shk (1 - Rhk) ] / ~ fhkh=1 k=1

H H K ,
= ~ \ / nh + ~ ~ \tk I rhk • (2.16)

h=1 h=1 k=1

The above model is set up to yield an optimal first phase allocation
(n1, ~, •••, nH) and optimal subsampling rates (f1), f12, •••, fHK). The
latter being obtained from the relationship f k = r k nh• The moijel also
assumes that the substratum weights, Whk, are f~xed. ~n reality, these weights
are random variables which vary dependIng upon the observed full sample. How-
ever, the expected value of Whk = Nhk/Nh, or an estimate, can generally be
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.
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~. 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 independently selected replicates. Follow up surveys of dif-
ferent subsamples of the June sample operators were conducted in 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 is 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 subsampllng rate for substratum-hk.
The subsample weights were then ratio adjusted to reproduce list frame popula-
tion counts by primary strata.
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Table 3-1. Population and Sample Sizes for the 1984
Tennessee !SP by Primary Stratum

Sample Sizes
Stratum Population -----------------

Descri ption Size June Subsample----------- ---------
All Strata 94,257 3.002 2,223

• 12,128 380 229CRD 10, 20
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 1163 80 66
Sheep 1-39 188 40 37
Cattle 500-11199 72 8 8
Hogs 500-1999 303 31 31
Crop land 2000+ 36 36 36
Cattle 1500+ 7 7 7
Dairy 200-1199 97 12 12
Dairy 500+ 11 4 11
Sheep 40+ 65 16 16
Hogs 2000+ 29 29 29
HPLA 3000+ 26 7 7

•Crop Reporting District
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!. Desian StudY
.1•.1. ~.AnSl 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 (srs) 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 : ~ Nh Yhh:1

for a stratified srs. The variance of y is
H

~
S2Var(y) : ~ / ~h:1 h

H
: ~ ~/ nh •

h:1

(4.1>

(4.2)

The variance model for the double sampling regreSSion model is given 1n 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 s1tuation
takes the form:
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Minimize the cost

+ (4.3)

subject to variance constraints of the form
H
~ A1h/~

h:1
(4.4)

(4.5)

The parameters nh and mh are the fir~t phase and second phase sample sizes for
stratum-h, respectively. C and Ch are the co,ts per unit for the first and
second phase samples in stra~um-h' and Ath and ~h are respectively the first
and second phase variance components for stratum-h whose forms are given in
equation (4.2). Inequality (4.4) is a variance constraint placed on an esti2mate 2from the first phase, while (4.5) is one for a second phase estimate. V1and V2 are the maximum allowable variance ~onstraints 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 is:

Hi nimiz e the cost
H H tC : ~ ~Ch + ~ ~Chh:1 h:1

subject to variance constraints of the form
H

~~ A1h/nh ~
h:1

H H ,
~~ '2h/~ + ~ '2hI ~ ~

h:1 h:1

H , ~.~ '3 hI ~ ~
h:1

(4.6)

(4.7)

(4.8)

(4.9)

The cost function (4.6) is of the same form as (4.3). Also, inequalities (4.7)
and (4.4) correspond, as do (4.9) and (4.S). Inequality (4.8) represents a
variance constraint on a double samplins regression estimate from the subsam-
pIe 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 ~ (4.4) 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 ~
Bethel (1985b) and is shown in Table 4-1. This scheme differs from the one
used to select the 1984 Tennessee ISP sample. It was selected because Bethel
had just 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-
pIe 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 desoribed 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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sa,ybean stocks as functions of June data were explored. It was not possible
to identity 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 identity 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), the second to inequality (4.8);
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 4-1. A detailed presentation of these estimates is 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 !SP sur-
vey that the cost per interview of a list frame operator is approximately
$5.50. ,For this analysis, it was assumed that this unit cost would be
appropriate for all strata for both phases and for both design alternatives.
That is, Ch = Ch = $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 use, this will prObably result in a larger fixed cost rather
than an increased variable cost per interview. In addition, the increased
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.

l.Z. ComDarison of Survey Strate~ies

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 satisty 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 logical since it will determine if the alternative double sampling regres-
sion estimation strategy is more efficient than the current expansion estima-
tion strategy. The exact variance constraints were obtained by substituting
the optimal sample allocation determined ~ 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 ~ Bethel in his study.

Table 4-4 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
~ using the double sampling regression estimation strategy rather than the
current expansion estimation approach. This conclusion is at odds with the
expectations raised ~ 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 ~he 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 their subsam-
pIing 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-
pIe (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



(or any other estimate not is this study) are adequate under the rearession
allocation in Table 4-6 t then gains trom using the double sampling regression
estimation strategy can be enjoyed.

The preceding analyses have shownthat tor manyot the Tennessee esti-
•• tes it is possible to obtain as precise ot estimates vi th a subsupling
strategy by using a rearession estimator as can be obtained with two indepen-
dent surveys ot the same size with an expansion estiaator. 'Dle ourrently uaed
designed tor the Tennessee ISP is a subsupling design but an expansion esti-
•• tor is used rather than a regression estimator. Thus, it is possible to
improve the precision ot manyot the Tenneaaee estimates without inoreasing
the ourrent sample size. This is demonstrated in Table "-8 which presents the
lIodel predicted list sample ov' a tor both the expansion estimator and the
regression estimator tor a set ot samples allocated aa the 1984 Tenneasee June
(tirat phase) sample and the combinedDecember/January(second phase) suple.
A markedreduction in the variances ot the estimates in Table "-8 is obtained
by using the regression estillator.
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Table "-1. Tenneaaee Deaign Study Strata and Optimal June
Allooation Obtained b.r Bethel (1985b)

Boundaries
-~------------~--------------I-- June

Stratum Dairy Land Hogs CRD Allooation------- -----------All Strata 25~
1 0-9 0-59 0-9 10.20 251
2 0-9 0-59 0-9 30,"0.50 613
3 0-9 0-59 0-9 60 JJ52
II 0-9 0-59 10-"99 557
5 0-9 60..1199 0-9 189
6 0-9 60-499 10-499 60
7 10-99 0-59 0-9 179
8 10-99 0-59 10-"99 42
9 10-99 60-499 0-9 37

10 10-99 60-499 10-Ji99 11
11 500+ 55
12 100+ 44
13 500+ 58
111 Cattle 1500+ 7
15 Sheep "0+ 16
16 HPLA 3.000+ 7

•Crop Reporting Distriot
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Table 4-2. Percent Squared Multiple Correlation Between
June Data and December/January Data from 1984

Tennessee IS P

Estimate

Corn
Acres Planted
Acres Harvested
Production

Soy beans
Acres Planted
Acres Harvested
Production

Cotton
Acres Planted
Acres Harvested
Production

Tobacco
Acres Pl anted
Production

Hay
Acres Planted
Produ ction

Livestock
Ca t tl e
Dairy
Hogs

Percent

86
79
76

86
86
84

95
95
91

76
73

51
44

19
71
12
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Table 4-3. Estimates and Variance Constraints
Used in the Design Study

Estimate

First Phase
Expansion Estimates

Corn Acres Planted
Soybean Acres Planted
Cotton Acres Planted
Tobacco Acres Planted
Hay Acres Planted
Cat tl e
Dairy
Hogs
Corn Stocks
Soy bean Stocks

Second Phase
Regression Estimates

Corn
Acres Planted
Acres Harvested
Production

Soy beans
Acres Planted
Acres Harvested
Production

Cotton
Acres Planted
Acres Harvested
Production

Tobacco
Acres Planted
Production

Hay
Acres Planted
Production

Livestock
Cat tl e
Dairy
Hogs

Second Phase
Expansion Estimates

Corn Stocks
Soybean Stocks
Winter Wheat Intentions

Percent CV

7.4
9.1

23.1
6.6
4.9
4.4
7.2

12.8
26.8
40.0

7.2
8.3
8.7
9.0
9.1
9.1

20.6
20.6
21.2

6.0
6.3
4.8
5.1

4.4
8.7

11.8

13.9
27.1
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
Allocs tion Allocation-------------- --------------------------

Stratum First Second First Second Percent
Phase Phase Phase Phase Subsample

------- ---------
1 251 254 259 198 76
2 611 587 597 621 104
3 462 453 501 498 99
4 568 584 558 524 94
5 179 165 175 139 79
6 63 77 75 69 92
7 1811 169 186 1119 80
8 40 37 40 41 103
9 44 38 41 44 107

10 15 18 13 13 100
11 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 11 2 2 3 150

Total 2610 2548 2617 2485 95

Total Cost $28,369 $28,061
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Table 4-5. Separate Allocations b.r Commodity Group for
the Regression Strategy

Total Sample Size Combined---------------------- Subsampl1ng
Commodi ty Full Sample Subsample Percent------------------ ----------- ---------- -----------Corn

Acres Planted
Acres Harvested 2392 1363 57
Production

Soybean
Acres Planted
Acres Harvested 1875 974 52
Production

Cotton
Acres Planted
Acres Harvested 816 287 35
Production

Tobacco
Acres Planted 2774 1690 61
Production

Hay
Acres Planted 2316 2575 111
Production

Livestock
Cattle
Dairy 2927 1714 59
Hogs
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Table 11-6. Sample Allocations and Costs for both Strategies
Excluding Five Constraints from Table 4-3

Expansion Regression
Allocation Alloca tion-------------- --------------------------

Stratum First Second First Second Percent
Phase Phase Phase Phase Subsample

------- ---------
1 252 252 307 121 39
2 604 609 722 442 61
3 1484 409 453 370 82
4 566 588 668 387 58
5 180 173 209 87 42
6 63 80 109 49 45
7 187 169 213 147 69
8 40 35 38 26 68
9 44 37 48 25 52

10 14 20 19 15 79
11 61 59 56 33 59
12 54 47 64 29 45
13 53 51 65 46 71
111 3 2 2 2 100
15 2 4 4 1 25
16 3 2 3 2 67

Total 2610 2537 2980 1782 60

Total Cost $28.309 $26 , 191
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Table 4-7. Changes in CV tor the Estimates Excluded
in Table 4-6

Constrained Unoonstrained
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
Ca ttle 7.1 5.2
Dai ry 14.6 12.1
Hogs 17.1 13.0
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~. Conclusion

The analyses presented in section ~.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 198~ Illinois data. These
results were not reported because the sample design for Illinois would not
support the detail 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 in 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 in section
2.~. 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 cammon
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 ~ 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 ~ 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 if
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 eaoh table is the
estimated total (Y) for the variable under consideration for the state of
Tennessee. The tables are broken ~ut by stratum and present the population
Si~e (Nh), the population variance (Sh)' and the squared multiple correlation
(Rh) in 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 oomponent in (4.2). These are explicitly,

Full Sample Component
(A.1)

Subsample Component
(A.2)

(A.3)
Expansion Component

N~ S~ / y2 •

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.



TobIe ~~1. Tennessee 1984 ISP: Second Phose Corn ~res Planted Variance Kadel

Totol= 555633

BoundQries
---------------------- ----~._---- Pop Full Soap SubsQap Expansion

Stratua Doiry Land Hogs CRD Size S-sq %R-sq Coaponl'n t eo.ponent Coaponent
-------- ------ -------

~ll St rota 94257 938.2 86 2.3219£t01 3. 7799EtOO 2.6999£+01
1 0-9 0-59 0-9 10,20 8960 406.9 94 9. 9462E-02 6.3486E~3 1.0581E-Ol
2 0-9 0-59 0-9 3O,40,SO 29959 141.8 42 1. 7314£-01 2.3910E-Ol 4.1224E-Ol
3 0-9 0-59 0-'1 60 25730 25.1 40 2. 1530E-02 3.2294E~2 5.3824E-02
4 0-9 0-59 10-499 17557 1154.7 90 1. 0376£+00 1. 1529E~ 1 1.1529HOO
5 0-9 60-499 0-9 3560 652.0 85 2.2750£ -02 4.0148E~3 2.676SE-02
6 0-9 60-499 10-499 1644 2065.6 67 1.2116£-02 5.9674E-03 1.8083E -02
7 10-99 0-59 0-9 3896 1341.4 88 5.9037E-02 7.9141E~3 6. 5951E-02
8 10-99 0-59 10-499 693 5571.1 95 8,2329£-03 4.3331E-04 8.6663£-03
9 10-99 60-499 0-9 683 3259.7 91 4.4821E-03 4 •4329E~4 4. 9254E-03

10 10-99 60-499 10-499 247 3662.0 86 6.2235£-04 1.0131E-04 7.2366E-04
11 SOOt 488 14283.5 67 7.3820£ -03 3.6359E-03 1.1018E-02
12 100+ 407 22261.1 92 1. 0989E-02 9. 5554E~4 1.1944E-02
13 500+ 335 34929.8 93 1.1808£ -02 8. 8881E-04 1.2697E -02
14 CollIe 1500+ 7 24383.3 60 2. 3220£-06 1. 5480E-06 3. 87ooE-06
15 Sheep 40+ 65 9.4 85 1. 0934E-07 1.9296E-08 1.2864E -07
16 If'L~ 3,GOO+ 26 8903.6 86 1.6766£-05 2. 7294E-06 1.9496E-05

Table ~-2. Tennessee 1984 ISP: Second PhQse Corn ~cres Horvestl'd Variance Model

Totol= 458370

Boundaries
-------------------------------- Pop Full Soap Subsoap Expansion

St rotua Doiry Land Hogs CRD Size S-sq XR-sq Cllaponent eo.ponent CoIponent
-..------- ------- -------

MI Strata 94257 776,9 79 2 •595JE+01 6. 8989EtOO 3. 2852E+01
1 0-9 0-59 0-9 10,20 8960 372.5 94 1,3379E-Ol 8.5401E~3 1.4233E-Ol
2 0-9 0-59 0-9 30,40,50 29959 134.4 38 2 .181aE -01 3.5597E-ol 5.7414E-Ol
3 0-9 0-59 0-9 60 25730 24.0 36 2.7225£-02 4.8399E ~2 7. 5624E-02
4 0-9 0-59 10-499 17557 1147.9 ~ t ,4989£+00 1.8525E-ol 1.6841£+00

5 0-9 60-499 0-9 3560 536.9 79 2.5585£-02 6.8011E ~3 3.2386E-02
6 0-9 60-499 10-499 1644 1724.8 7tl 1•7306£-02 4.8913E -03 2.2188E~2
7 10-99 0-59 0-9 3896 709.0 5~ 2,7660£-02 2.3562E~2 5.1221E-02

8 10-" 0-59 10-499 693 4938.4 94 1.0611E -02 6.7n9E-04 1. 1288E-02
9 10-99 60-499 0-9 68~ 2886 .9 83 5.3201£-03 1.0897E~3 6. 4097E-03

10 10-99 60-499 10-499 247 4025.2 79 9.2337E-04 2. 4545E-04 1.1688E~3
11 SOOt 488 13549.1 70 1.0750£-02 4.6072E-03 1.5357E-02
12 100+ 407 10887.1 65 S.5793E-03 3.0043E~3 8.5836E-03
13 500+ 335 35025.1 93 1. 7399E-02 1.3096E-03 1.8708E -02
14 Cattle 1500+ 7 6833. 7 43 c!,.8531E-07 9.0844E-07 1.5937E-06
15 StI!ep 40+ 65 9.4 79 t •4933E-07 3. 9696E-08 1.8903E -07
16 If'L~ 3,000+ 26 336~.0 79 8 .5506£ -06 2.2n9E-06 1.0824E-05



TallIe "-3. Tennessee 1994 ISPl Second Phose Corn Production Variance Kadel

Total: 4.3E+07

Boundories
-----------.-------------------- Pop Full Soap Subsolp Exponsion

Strttua 8a iry Land Hogs CRD Size S-sq IR-sq tOlponent Coaponent Coaponen t
-------- ----- -------

"11 St rota 94257 7621629 76 2.8413Et01 8.9725E+OO 3.73S5£ +01
1 0-9 0-59 0-9 10,20 8960 3060189 87 1.1801E-01 1.7633E~2 1.3564E-Ol
2 0-9 0-59 0-9 30,40,50 29959 1146503 36 2.0453£-01 3.6361E -01 5.6814£-01
3 0-9 0-59 0-9 60 25730 132388 35 1.6936E-02 3.1453E ~2 4 .8390E -02
4 0-9 0-59 10-499 17557 10201924 88 1.5279E+00 2.0835£-01 1.7362E +00
5 0-9 60-499 0-9 3560 4926010 77 2.6541£-02 7.9277E ~3 3.4468E-02
6 0-9 60-499 10-499 1644 16670159 80 1.9900£-02 4.9751£~3 2.4875£-02
7 10-99 0-59 0-9 3896 9068069 53 4.0277E-02 3.5717E ~2 7.5994E-02
8 10-99 0-59 10-499 693 79844437 88 1 .8630£-02 2.5405E -03 2.1171£-02
9 10-99 60-499 0-9 683 29316892 79 5.9650E-03 1.5856£-03 7.5507£-03

10 10-99 60-499 10-499 247 20668729 68 4.7342£-04 2.2278£ ~4 6.9620£~4
11 500+ 488 190308154 74 1 .8516E-02 6.5057£-03 2.5022E-02
12 100+ 407 110627784 65 6.5765£-03 3.5412£-03 1.0118£-02
13 500+ 335 302793142 8{l 1 .5009£-02 3.7523E-03 1.8761E~2
14 Cottle 1500+ 7 105956620 36 1.0319£-06 1•8346£ -06 2.8665E-06
15 Sheep 40+ 65 131287 76 2.3275£-07 7.3500E-08 3.0625E-07
16 If>Lh 3,000+ 26 27418335 76 7.7773£-06 2.4560£-06 1.0233E~5

TobIe h-4. Tennessee 1994 ISP: Second Phose Soybeon ~res Plonted Variance Hodel

Total: 1156244

Boundories
-------------------------------- Pop Full Soap Subsalp Expansion

St I'Gtua Dairy Lond Hogs CRD Size S-sq %R-sq COlponent Cottponent eo.p onent
-------- ------- -------

1111 Strata 94257 6300.0 86 3.6005£ +01 5.8613£+00 4. 1867E+Ol
1 0-9 0-59 0-9 10,20 8960 18035.0 89 9.6388E-Ol 1.1913E-01 1.0830£+00
2 0-9 0-59 0-9 30,40,50 29959 318.0 53 1.1315£-01 1.0034E~1 2.1349£-01
3 0-9 0-59 0-9 60 25730 69.0 71 2.4260£-02 9.9090E ~3 3.4169£-02
4 0-9 0-59 10-499 17557 3053.0 78 5.4~6£-01 1.5486£-01 7.0393E-ol
5 0-9 60-499 0-9 3560 11820.0 88 9.8606E-02 1.3446E-02 1 .1205E -01
6 0-9 60-499 10-499 1644 3683.0 n 5. 7332£ -03 1.7125£-03 7.4457E-03
7 10-99 0-59 0-9 3896 2723.0 95 2.9370E-02 1.5-458E-03 3.0916E-02
8 10-99 0-59 10-499 693 6508.0 9S 2.2209[-03 1.1689E -04 2. 3378E-03
9 10-99 60-499 0-9 683 25416.0 95 8.4251[-03 4.4342E -04 8 •8685E -03

10 10-99 60-499 10-499 247 40286.0 68 1.2501E-03 5.8830E-04 1.8384[-03
11 500+ 488 223159.0 80 3.J801£ -02 7.9503E-03 3.9752E-02
12 100+ 407 12131.0 93 1.3979[-03 1.0522E -04 1.5r, ',1i -03
13 500t 335 75434.0 82 5.1924E -03 1.1398E-03 6.3322E-03
14 Cottle 1500+ 7 27834.0 86 8.7735£ -07 1.4282E-07 1.0202£-06
15 Sheep 40+ 65 23.0 0 0.0000£+00 7.2687£-08 7 .2687E -08
16 IPL~ 3,000+ 26 78367.0 86 3. 4078E -05 5.5476E-06 3.9626£ -05



TotIle ~-5. Tennessee 1984 ISP: Spcond Phase Soybean ftcr!S Harvested VarIance "odel

Totell= 1143833

Boundaries
-------------------------------- Pop Full Soap Subsollp ExpansIon

St rotu. kiry lond Hocjs CRD Size S-sq lR-sq Coaponent to.ponfllt Coap onent
-------- ------ -------

1111 St rota 94257 6251.0 Il6 3.6505E+Ol 5.9426E+00 4.2447E+Ol
1 0-9 0-59 0-9 10,20 8960 18035.0 89 9.8491E-Ol 1.2173£-01 1.1066Hoo
2 0-9 0-59 0-9 30,40,50 29959 314.0 53 1.1417E-Ol 1.0124E-Ol 2.1541E-Ol
3 0-9 0-59 0-9 60 25730 69.0 71 2.4789E-02 1.0125£-02 3.4914E-02
4 0-9 0-59 10-499 17557 3050,0 78 5.6049[-01 1.5809E -01 7.1858E-ol
5 0-9 60-499 0-9 3560 11829.0 88 1.0083£-01 1.3750£-02 1.1458E -01
6 0-9 60-499 10-499 1644 3515.0 n 5.5911E -03 1.6701E-03 7,;',,~~f..-03
7 10-99 0-59 0-9 3896 2609.0 95 2.8755E-02 1.5134£-03 3 .0268E-02
8 10-99 0-59 10-499 693 6511.0 95 2. 270SE -03 1.1950E -04 2.3900E-03
9 10-99 60-499 0-9 683 25482.0 95 8.6312E-03 4.5428£-04 9 .085SE -03

10 10-99 60-499 10-499 247 40286.0 68 1.2774£-03 6.0114E-04 1.8786[-03
11 SOOt 488 224515.0 80 3 •2693E -02 8. 1732E-03 4,0866E -02
12 100+ 407 12131.0 93 1.4284£ -03 1.0751E-04 1.5359E-03
13 SOOt 335 70066.0 82 4 •9282E -03 1.0818E-03 6.01OOE -03
14 Cottle 1500+ 7 27834.0 B6 B.9649£ -07 1.4594E-07 1.0424E-06
15 Sheep 40t 65 23.0 0 0.0000£+00 7.4273E-08 7 .4273E -08
16 tPllt 3,000+ 26 78367.0 B6 3.4822£ -05 5.6687E-06 4.0491E-05

TobIt ~-6. TeGnessee 1984 ISP: Spcond Phase Soybean Production Variance Kadel

Totell= J£~7

Boundaries
-------------------------------- Pop Full Soap Subsoap Expansion

Strotua Deliry lond Ho9s CRD Size S-sq %R-sq COllponent eo.p onent eo.pon ent
-------- ------ --------

Ml Strata 94257 4670810 84 3.878SEtOI 7.3876E+00 4.6173£+01
1 0-9 0-59 0-9 10,20 8960 11582920 86 8,8981E-01 1.4485£-01 1.0347E+00
2 0-9 0-59 0-9 30,40,50 29959 175213 49 8.5740£-02 8.9240E-02 1.7499E-01
3 0-9 0-59 0-9 60 25730 65~79 64 3.0869E-02 1.7364£ -02 4.8233E-02
4 0-9 0-59 10-499 17557 2007040 73 5.0251£-01 1.8586£-01 6.8837E-ol
5 0-9 60-499 O-~ 3560 9318346 B6 1.1301E-Ol 1.8396£-02 1.3140£-01
6 0-9 60- 499 10-499 1644 2205548 75 4.9745£-03 1.6582E -03 6.6326£-03
7 10-99 0-59 0-9 3896 1515674 95 2.4318£-02 1.2799£-03 2.5598E-02
8 10-99 0-59 10-499 693 3687121 95 1,8717E-03 9.8512E-05 1.970:: -03
9 10-99 60-499 0-9 683 18499184 95 9.1219£-03 4.8010£-04 9. 6020E -03

10 10-99 60-499 10-499 247 25940543 63 1.1094E-03 6.5154E-04 1.7609E-03
11 500+ 488 210775192 76 4.2446[-02 1.3404E-02 5.585OE-02
12 100+ 407 7804184 93 1.3377E -03 1.0069E -04 1.4384£-03
13 500+ 335 52288852 76 4.9623£-03 1.5670£-03 6.5293E-03
14 totUe 1500+ 7 117010511 84 5 ,3588£ -06 1.0207£-06 6.3795E-06
15 Sheep 40+ 65 21094 0 o .0000£tOO 9.9164E-08 9.9164E -oa
16 Ifllll 3,000+ 26 48979592 B4 3.0946£-05 5.8945E-06 3.6841E-05



Tobie fI-7. Tennessee 1~ ISP: Second Phose Cotton ~cres Planted Variance Hodel

Toto I= 227119

Boundaries
-------------------------------- Pop Full Salp SubsQIp ExpansiDn

StrttUI Do iry land Hogs CRD Size S-sq %R-sq COlponent CoIponent Coeponrnt
--------- -------- -------

All St rata 94257 1374.0 95 2.2482Et02 1.1833E+Ol 2.3665Et02
1 0-9 0-59 0-9 10,20 8960 3598.0 95 5. 3198EtOO 2.7999E-ol 5.599&+00
2 0-9 0-59 0-9 3O,~,5O 29959 0.0 0 O.oooO£tOO O.ooooE +00 O.ooooE +00
3 0-9 0-59 0-9 60 25730 0.0 0 0.0000£+00 0.0000£ +00 O.ooOOEtOO
4 0-9 0-59 10-499 17557 133.0 95 7.5504£-01 3.9739E -()2 7.9478£-01
5 0-9 60-499 0-9 3560 6978.0 95 1.6287E tOO 8.5722£-02 1 •7144EtOO
6 0-9 60-499 10-499 1644 336.0 2 3.5210£-04 1.7253E -02 1.7605E -02
7 10-~ 0-59 0-9 3896 0.0 0 O.oooO£tOO 0.0000£ tOO o .0000EtOO
8 10-99 0-59 10-499 693 0.0 0 o .00OOEtoo O.ooooE +00 oo£+00סס.0
9 10-99 60-499 0-9 683 303.0 95 2.6032E-03 1.3701E -()4 2.7402£-03

10 10-99 60-499 10-499 247 0.0 0 O. OOOOE tOO O.oooOEtOO O.ooooE +00
11 500t 488 113472.0 95 4.9767E-Ol 2.6193E-02 5.2387£-01
12 lOOt 407 0.0 0 o •0000£ tOO O.oooOE+OO O.ooooE+OO
13 500t 335 7808.0 95 1.6138E-02 8.4936£-04 1.6987E -02
14 Cattle 1500t 7 0.0 0 O.OOOOEtoo O.OooOEtOO O.ooooHoo
15 Sheep 40+ 65 0.0 0 o •OOOGE tOO O.oooO£tOO o.OOooEtOO
16 ~LA 3,000+ 26 0.0 0 O.oooO£tOO O.OooOE +00 oo£+00סס.0

Table "-8. Tennessee 1984 ISP: Second Phase Cotton flcres Harvested Variance Kodel

Toto I= 226584

Boundaries
-------------------------------- Pop Full Solp Subsalp Expansion

St ratul Doi ry lond Hogs CRD Size S-sq %fl-sq COlponen t eolponent C, .. :,ent
--------- ------- ---------

All St rata 94257 1372.0 95 2.2555£t02 1.1871£+01 2.3742002
1 0-9 0-59 0-9 10,20 8960 3598.0 95 5. 3449EtOO 2.8131£-01 5.6262Hoo
2 0-9 0-59 0-9 30,40,50 29959 0.0 0 o •0000£ tOO O.oooOEtOO O.OOOOE+OO
3 0-9 0-59 0-9 60 25730 0.0 0 O.oooO£tOO o.OOOO£tOO O.ooOO£tOO
4 0-9 0-59 10-499 17557 133.0 95 7.5861[-01 3.9927£-02 7.9853£-01
5 0-9 60-499 0-9 3560 6978.0 95 1.6364EtOO 8.6128£ -()2 1 •n26EtOO
6 0-9 60-499 10-499 1644 336.0 2 3.5376£-04 1.7334£-02 1.7688£-02
7 10-99 0-59 0-9 3896 0.0 0 O.oooOEtOO 0.0000£ tOO O.ooOO£tOO
8 10-99 0-59 10-499 693 0.0 0 o .0000£ tOO O.ooooE +00 O. ooooE +00
9 10-99 60-499 0-9 683 180.0 95 1.5537£-03 8.1776E -OS 1 .6355£ -03

10 10-99 60-499 10-499 247 0.0 0 O.oooO£too oo£+00סס.0 oo£+00סס.0
11 500+ 488 113371.0 95 4. 99S8E -01 2.6294£-02 5.2588£-01
12 lOOt 407 0.0 0 o •0000£+00 O.ooooE+OO O.ooooEtOO
13 500t 335 7808.0 95 1.6214£-02 8.5338[-04 1.7068£-02
14 Cattle 1500t 7 0.0 0 o •0000£ tOO O.OOOOEtOO O.OOOOEtOO
15 ShHp 40+ 65 0.0 0 O.ooOO£too O.OooO£tOO 0.0000£+00
16 IftA 3,OOOt 26 0.0 0 0.0000£ tOO O.ooooE+OO O.ooooE tOO



TobIe ft-9. Tennrssee 1984 ISP: S!(ond Phose Cotton Production Vor1once Model

Toto1= 1. 1H08

Boundories
-------------------------------- Pop Full Saap Subso.p [xpanslOn

Stretu. Doi ry lond Hogs CRII Size S-sq XR-sq Cotponent CotponE'nt CotponPO t
--------- -------- ---------

MI Strato 94257 381424421 91 2.3953£ +02 2.3689E tOl 2.6322£ t02
1 0-9 0-59 0-9 10,20 8960 918890621 85 4 .87OSE+00 8.5950£-01 5.7300£+00
2 0-9 0-59 0-9 30,40,50 29959 0 0 O.OOOOEtOO O.OOOOEtOOO.OOOOEtOO
3 0-9 0-59 0-9 60 25730 0 0 o IOOOOEtOO 0.0000£ +00 0.0000£+00
4 0-9 0-59 10-~99 17557 27986802 95 6.3658£ -01 3.3S<l4£-02 6.7009£-01
5 0-9 60-499 0-9 3560 1734670031 95 1•6222E+00 8.5382£-02 1.7076£+00
6 0-9 60-499 10-499 1644 76327351 1 1. 6024E-04 1.5863£-02 1.6024E-02
7 10-99 0-59 0-9 3896 0 0 o •OOOO[+00 o .0000£ +00 O.OOOO£tOO
8 10-99 0-59 10-499 693 0 0 0.0000£ +00 O.OOOO[tOO O.OOOOEtOO
9 10-99 60-499 0-9 683 34923453 95 1. 20Z2E-0 3 6.3271£-05 1.265~£-03

10 10-99 60-499 10-499 247 0 0 0.0000£+00 O.OOOOEtOo O.OOOOE+OO
11 500+ 488 35244449889 89 5.8023[-01 7.1713[-02 6.5194[-01
12 100+ 407 0 0 o . 0000£+00 O.OOOOEtOO O.OOOO£tOO
13 SOOt 335 1845177272 95 1.5280[-02 8.0422E-04 1 .6084£ -02
14 CottlE' 1500+ 7 0 0 o . 0000£+00 O.OOOOEtOO0.0000£+00
15 StlE'E'p40+ 65 0 0 O.OOOO£tOO o .0000£ +00 0.0000£+00
16 HPl~ 3,OOOt 26 0 0 o •0000£+00 O.OOOOE+OO0.0000£+00

TobIE' ft-l0. TennE'ssE'E'1984 ISP: SE'Cond PhosE' Tobocco Acres Plonted Vat10nce Hodel

Total = 42327

Boundories
-------------------------------- Pop Full Sclap Subsotp Expans lon

StrOtul Dairy lond Hogs CRO Size S-sq %R-sq Cotponent Cotponent CoaponE'nt
-,-------- ------ ---------

MI Stroto 94257 2.130 76 8.0276EtOO 2. 5350£ tOO 1. 0563EtO1
1 0-9 0-59 0-9 10,20 8960 0.710 95 3.0225[-02 1. 5908[ -03 3 .1816£ -02
2 0-9 0-59 0-9 30,40,50 29959 1.349 77 5. 2038E-01 1. 5544[ -01 6. 7582E-Ol
3 0-9 0-59 0-9 60 25730 0.865 51 1. 6302£-01 1.5662E -01 3.1964£-01

••
0-9 0-59 10-499 17557 2.986 81 4.1614£-01 9.7613E-02 5. 1375E-01

5 0-9 60-499 0-'1 3560 5.791 86 3.5230[-02 5. 7352[-03 4 .0966E -02
6 0-9 60-499 10-499 1644 6.308 89 8.4694£ -03 1.04b8E -03 9.5161E-03
7 10-99 0-59 0-9 3896 4.873 76 3.1377£-02 9. 9086[ -03 4 •12B6£-02
8 10-99 0-59 10-499 693 2.417 7 4 .5353£ -05 6.0255[-04 6.4790E-04
9 10-99 60-499 0-9 683 5.873 72 1.1010£-03 4.2818E-04 1.5292[-03

10 10-99 60-499 10-499 247 18.637 76 Ai .8233£ -04 1. 5232E-()4 6.3465£-04
11 SOOt 48B 2.001 52 1.3831£ -04 1. 2767E-04 2.6599£-04
12 100+ 407 27.558 81 ;!.Ob39f-03 4.8412£ -()4 2. 5480E-03
13 SOOt 335 2.316 95 1.3782£-04 7.2538£ -06 1.4508E -04
14 Cottle lSOOt 7 158.694 76 :I. 2986[-()b 1. 0417E-()6 4.3403£-06
15 ShHp 40+ 65 13.004 92 2.8213£ -05 2.4533[-06 3.0667E -05
16 IR~3,000+ 26 7.550 76 2.1651E-06 6.8371E-()7 2. 8488E-06



Tobl, ~-11. Tennessee 1984 ISP: Second Phose Tobatto Produted IJoriont' Hodel

Totd = 8.8E~7

Boundari,s
-------------------------------- Pop Full Solp Subsolp Expansion

St •••tul hiry lond Hogs CRD Size S-sq %R-sq COIponent CoIlponent CoIponen t
-------- ----- -------

All St •••to 94257 10319412 73 8.5931£ tOO 3.1785£+00 1.1772E~1
1 0-9 0-59 0-9 10,20 8960 2811996 95 2.7538£-02 1. 4494E-03 2.8981£-02
2 0-9 0-59 0-9 30,40,50 29959 6063085 76 5.3105£-01 1.6nOE-ol 6.9875£ -0 1
3 0-9 0-59 0-9 60 25730 3889239 50 1.6531£-01 1.6531E -01 3.3061£-01
4 0-9 0-59 10-4~ 17557 15878754 74 4.6508£-01 1.6341£-01 6.2848£-01
5 0-9 60-499 0-9 3560 28748143 84 3.9291£-02 7. 4852E-03 4.678JE-02
6 0-9 60-499 10-499 1644 38209352 92 1.2199E-02 1.0608£-03 1.3260£ -02
7 10-99 0-59 0-9 3896 236617n 73 3.3665£-02 1.2452E-02 4.6117£-02
8 10-99 0-59 10-499 693 15040582 10 9. 2748E-05 8.3474£-04 9. 2748E-04
9 10-99 60-499 0-9 683 302519n 70 1. 2684E-03 5.4362£-04 1.8121E-03

10 10-99 60-499 10-499 247 73976509 73 4. 2304E-04 1.5647£-04 5.7951£-04
11 500+ 488 9472239 46 1.3324£-04 1.5641£-04 2.8965£ -04
12 100+ 407 110123662 81 1.8973£ -03 4.4504£ -04 2.3423£-03
13 500t 335 9571897 95 1.3103£-04 6.8966£-06 1.3793£-04
14 Cottle 1500+ 7 634n5510 73 2.9155£ -06 1.0783£-06 3.9938£-06
15 Sheep 40+ 65 52107773 92 2.6007£ -OS 2.2615£-06 2.8269£-05
16 ~A 3,000+ 26 41837910 73 2.6510£-06 9.8052£-07 3.6315£-06

Tobl, A-12. Tennessee 1984 ISP: Second ""OM Hay Acres Planted Variant' IIodel

Totol= 959208

Boundaries
-------------------------------- Pop Full Soap Subsolp Expansion

Strotul Deiry Lond Hogs CRD Size S-sq D-sq COIponffl t eo.ponent CoaJ ;,~t------- ------ ------
All St •••ta 94257 733.0 51 3.6097£tOO 3. 4682£tOO 7.0779UOO

1 0-9 0-59 0-9 10,20 8960 519.0 29 1.3133£-02 3.2153E-02 4 •5285E-02
2 0-9 0-59 0-9 30,40,50 29959 440.0 42 1.8027£-01 2.4895£-01 4.2922£-01
3 0-9 0-59 0-9 60 25730 366.0 53 1.3958£-01 1.2377£ -01 2.6335£-01
4 0-9 0-59 10-499 17557 623.0 49 1.0227£-01 1.0645£-01 2.0872£-01
5 0-9 60-499 0-9 3560 1661.0 47 1.0753£-02 1.2126£-02 2.2879£-02
6 0-9 60-499 10-499 1644 1675.0 42 2.0665£-03 2.8538£ -03 4.9203l -03
7 10-99 0-59 0-9 3896 1759.0 65 1.8862£-02 1.0157£ -02 2.9019£-02
8 10-99 0-59 10-499 693 721.0 81 3.0483£ -04 7.1504£-05 3.7634£-04
9 10-99 60-499 0-9 683 1393.0 44 3.1076£-04 3.9551£-04 7.0626£-04

10 10-99 60-499 10-499 247 1400.0 23 2.1351£-05 7.1480£-05 9.2832E05
11 SOOt 488 2353.0 43 2.6188E-04 3.4714£-04 6.0903[-04
12 lOOt 407 9005.0 35 5.6743£-04 1.0538£-03 1.6;'"; ,'~"-03
13 500. 335 2911.0 27 9.5867£ -os 2.5920£-04 3.5506£-04
14 Cottle 1500+- 7 111426.0 51 3. 0264E-06 2.9077£-06 5.9341£-06
15 Sheep 40+ 65 1125.0 21 1.0849£ -06 4.0811[-06 5.1660[-06
16 Ift.A 3,000+ 26 5362.0 3J 1.3001£-06 2.6395£-06 3.9396£-06



TGbl, ~-13. Tenn",,, 198~ ISP: Second PhQH Hay Production VariancE' Mod~l

Totalo: 1954818

Boundaries
-------------------------------- Pop Full Sotp Subsalp Expansion

St.I'tt.ua hi I'y Lond Hots CRD Size S-sq XR-sq COlpon~ t CoIpon ent CoIponent
--..----- ------ --------

All Stl'tta 94257 3819.0 44 3. 9068E+00 4.9n2E+OO 8.8790HOO
1 0-9 0-59 0-9 10,20 8960 1156.0 28 6.9002£-03 1.7486E~2 2.4286£-02
2 0-9 0-59 0-9 30,40,50 29959 1~84.0 41 1.4291[-01 2. 0565E-o 1 3.4856£-01
3 0-9 0-59 0-9 60 25730 2362.0 44 1.9005E-Ol 2.2916E~1 4.0921£-01
4 0-9 0-59 10-499 17557 3686.0 45 1. 3380£:-01 1. 6353E-0 1 2.9733£-01
5 0-9 60-499 0-9 3560 4443.0 38 5.5995[-03 9. 136OE-03 1.4735£-02
6 0-9 60-499 10-499 1644 n19.0 43 2 •1955E-03 2.9103£-03 5.1058[-03
7 10-99 0-59 0-9 3896 8453.0 49 1.6453£-02 1.7124E -02 3.3577£-02
8 10-99 0-59 10-499 693 7411.0 82 7.6374£-04 1.6765£ -04 9.3139£-04
9 10-99 60-499 0-9 683 12944.0 47 7.4267[-04 8.3748£-04 1.5801£-03

10 10-99 60-499 10-499 247 5769.0 60 5.5263£-05 3.6842£-05 9.2105£-05
11 SOOt 488 7554.0 51 2 .4009£ -04 2.3067£-04 4.7076£-04
12 lOOt 407 60770.0 51 1 •3435£-OJ 1.2908£-03 2. 6~3E -03
13 500t 335 87704.0 15 3 .8636[-0. 2.1894£ -03 2.5757[-03
14 Cottle 1500t 7 477948.0 44 2. 696bE-06 3.4320£-06 6.12":,; -06
15 Sheep 40+ 65 5589.0 11 6.7974£-07 5.4997£-06 6. 179~£-oi-
16 ~U 3,OOOt 26 14424.0 26 6 .6343£ -07 1.8882£ -06 2.5516E-06

Toblr ~14. TennKs" 1984 ISP: Second Phose Cottle Vorionct Kadel

Totel= 1670105

Boundol'its
-------------------------------- Pop full Sotp Subsalp Expansion

StI'tt.UI Doiry Lond Hots CAD Size S-sq %ft-sq Cotpon~ t CoapOllent CoIponen t
..------- ------ --------

All St rota 94257 2357.0 79 5.9310£+00 1. 5766EtOO 7.5076Etoo
1 0-9 0-59 0-9 10,20 8960 IJ8~.O 82 3.2665£-02 7 •1703E-03 3.9835£-02
2 0-9 0-59 0-9 30,40,50 29959 1125.0 71 2.5703£-01 1,0498£-01 3.6201£-01
3 0-9 0-59 0-9 60 25730 79~.0 76 1.4323£-01 4. 5230E-02 1. 88~6E-01
4 0-9 0-59 10-499 17557 1197.0 7S 9.9213£ -02 3.3071E-02 1.3228£-01
5 0-9 60-499 O-? 3560 4~3,O 88 1.7605[-02 2.~007E-03 2.oo06E-02
6 0-9 60-499 10-499 1644 7371.0 70 4.9997£-03 2. 1427E-03 7. 1424£~3
7 10-99 0-59 0-9 3896 5775.0 66 2.0742£-02 1.0685E ~2 3.1427£-02
8 10-99 0-59 10-499 693 3024.0 78 4.0612£-04 1.1455£-04 5.2007£-04
9 10-99 60-499 0-9 683 6242.0 76 7.9~0E-04 2.5055£ -04 1.0439£-03

10 10-99 60-499 10-499 247 3270.0 2 1.4305£-06 7.0094£-05 7.1524£-05
11 SOOt 488 10781.0 70 6.4433£-04 2.7614£-04 9.2047£~4
12 lOOt 407 48408.0 83 2.3861E-03 4.8873£-04 2.8749£-03
13 SOOt 335 9321,0 ~ 3 •3753E-04 3. 7503E-05 3. 7503E-04
14 tetU, 1500+ 7 461576.0 54 4.3787£ -06 3. 73OOE-06 8.1087£-06
15 Shttp 40+ 65 434.0 68 4.4703£ -lJ7 2.1037E-07 6.5740E-07
16 "U 3 ,000t 26 38256.0 79 7.3246£ -06 1.9471E-06 9.2717E-06



Tob!! ~-15. Ttnnessef 1984 ISP: Setond Phast Dairy Cottle Variantt "odel

Total= 216872

Boundaries
-------------------------------- Pop Full Solp SubH., Expansion

StrttUl lairy Land Hoqs CRD Size S-sq XR-sq COIponent Cotlponetlt CoIponent
-------- ---- ------

All St rata 94257 322.8 77 4.6951HOl 1.4024E+Ol 6.0'<·~.r.01
1 0-9 0-59 0-9 10,20 8960 0.1 31 5.2914E-05 1.1778£-04 1.7069£ -()4
2 0-9 0-59 0-9 30,40,50 29959 23.7 12 5.4272E-02 3.98OOE-ol 4.5227E-ol
3 0-9 0-59 0-9 60 25730 0.5 28 1.9706E-03 5.0673E -03 7.0379E-03
4 0-9 0-59 10-499 17557 2.8 87 1.5965£-02 2.3856E-03 1.8351E-02
5 0-9 60-499 0-9 3560 15.0 49 1.9805£-03 2.0614E -03 4.0419£-03
6 0-9 60-499 10-499 1644 11.4 38 2. 4893E-04 4.0616E-04 6.550"[ 04
7 10-99 0-59 0-9 3896 2566.9 57 4. 7219E-Ol 3.5621E -01 8.2840(-01
8 10-99 0-59 10-499 693 731.6 75 5.6027E-03 1.8676E-03 7.4702E-03
9 10-99 60-499 0-9 683 1294.1 73 9. 3697E-03 3.4655E -03 1.2835E -02

10 10-99 60-499 10-499 247 669.2 86 7.4652E-04 1.2153E-04 8.6805E-04
11 500+ 488 432.2 41 8. 9722E -04 1.2911E-03 2.1884E-03
12 100+ 407 16785.9 83 4.9009£-02 l.oo5OE-02 5.9119E-02
13 500+ 335 1298.0 95 2.9423E -03 1.5486£-04 3.0971E-03
14 Cattle 1500+ 7 843.6 n 6.7673£ -07 2.0214£-07 8.788;'1.-07
15 Sheep 40+ 65 0.5 41 1.8415£-08 2.6500£-08 4.~915E -08
16 ~LII 3,000+ 26 3538.8 77 3.9164£-05 1.1698E-05 5.0862E-05

TobIe 11-16. Tennessee 1984 ISP: Second Phose Hog Variantt "ode I

Totol= 691321

Boundaries
-------------------------------- Pop Full Solp SubsQIf' Expansion

StrttUI hiry lond Hogs CRD Size S-sq XR-sq COIlponent CoIponent CoIponent------- ------ -----
All Strota 94257 7497 n 1.0034£+02 3.9022E+Ol 1.3937E +02

1 0-9 0-59 0-9 10,20 8960 1459 78 1.9116E-Ol 5.3918E-02 2.4508E-Ol
2 0-9 0-59 0-9 30,40,50 29959 65 33 4.0283£-02 8. 1787E -02 1.2207E-ol
3 0-9 0-59 0-9 60 25730 2 49 1.3575£-03 1.4129E -03 2.7704E-03
4 0-9 0-59 10-499 17557 44~9 71 2. 0373E +00 8.3215E-ol 2.8695£ tOO
5 0-9 60-499 0-9 3560 402 3 3.1981£-04 1.0340E-02 1.O66OE -02
6 0-9 60-499 10-499 1644 5525 84 2.6246£ -02 4.9992E-03 3.1245£-02
7 10-99 0-59 0-9 3896 60 20 3.8112£-04 1.5245E-03 1.9056E-03
8 10-99 0-59 10-499 693 40813 95 3.8961E-02 2.0506E-03 4.1011£-02
9 10-99 60-499 0-9 683 17937 95 1.6632£-02 8.7539E-04 1. 750BE -02

10 10-99 60-499 10-499 247 30049 33 1. 2658E -03 2.57ooE-03 3.8359E-03
11 SOOt 488 4943 37 9.1132£-04 1.5517£-03 2.463OE-03
12 100+ 407 36175 95 1.1911£-02 6.2691 £-04 1.2S3BE -02
13 500+ 335 1184064 63 1.7516E-01 1.0287E-0 1 2.7804£-01
14 Cottl~ 1500+ 7 0 n 0.0000E+00 £ooסס,0 tOO O.OOOOE+OO
15 Sh~~p 40+ 65 2462 n 1.5671E-OS 6.0942£-06 2. 1765E-05
16 ~LII 3,000+ 26 1984 60 1.6838(-06 1.1225£-06 2.8063£-06



Tabl~ A-17. T~nnpssee 1984 ISP:
Second Phase Corn Stocks Variance Model

Total=-

St ratlJRI

9903485

[10 i ry Hogs CR[t
Pop
Slze S-sq

£:.: p .)n <; i Cl n
Conlponent

All St rat.) 94257 1321978
1 0-9 0-59 0-9 10,20 8960 92782
2 0-9 0,·59 0-9 30,40,50 29959 130197
3 0-9 0-59 0-9 60 25730 42664
4 0-9 0-59 10-499 17557 519464
5 0,-9 60-499 0-9 3560 126227
6 0-9 60-499 10-499 1644 3513588
7 1.0-99 0-59 0-9 3896 292119
8 10-99 0-59 10-499 693 50986117
9 1.0-99 60-499 0-9 6133 949979

10 10-99 60-499 10-499 247 1356992
11 500+ 488 9319528
12 100+ 40"7 105286843
13 500+ 33~j 42367177
14 Cattle 1500+ 7 27042041
15 Sheep 40t 65 131836
16 HPLA 3,000+ 26 64190612

Table A-lB. Tennessee 1984 ISP:
Second Phase Soybean Stocks Variance Model

1.1975E+02
7.5946[-02
1.1915E+00
2.8798[-01
1.6326E+00
1.6311[-0:'
9.6823E-02
4.5209E··-02
2.4966E-01
4.5183E-03
8.4410E-04
2.2629F.-02
1.7782E-Ol
4.847BF.-02
1.3510E-05
5.6792E-06
4.4243E-04

lot.)l= 1944722

BOlJndQries-------------------------------- Pop E:·:p'lrlS i on
St r'ltun. [ltliry L'lnd Hogs CR[t Size S-sq Conlponent

----- ---------
All St r'lt'l 94257 229138 5.3828E+02

1 0-9 0-59 0-9 10,20 8960 86158 1.8289E+00
"'l 0-9 0-59 0-9 30,40,50 29959 23665 5.6162E+00.•.
3 0--9 0-·59 0-9 60 25730 22751 3.9826EtOO
4 0-9 0-59 10-499 17557 42504 3.4643E+00
5 0-9 60-499 0-9 3560 34301 1.1495E-01
6 0-9 60-499 10-499 1644 35769 2.5562E-02
7 10-99 0-,59 0-9 3896 37108 1.4893E-01
8 10-99 0-59 10-499 693 963587 1.2236E-Ol
9 10-99 60-499 0-9 683 161261 1.9891E-02

10 10-99 60-499 10-499 247 0 O.OOOOE+OO
11 500+ 488 30172234 1.8999E+OO
12 100+ 407 450807 1.9745E-02
13 500+ 33~j 896359 2.6598E-02
14 C,)ttle 1500+ 7 0 O.OOOOEtOC
15 Sheep 40+ 65 21094 2.3565[-05
16 HF'LA 3,000+ 26 48979592 8.7548E-03



Table A-19. Tennessee 1984 ISP:
Second Phase Winter Wheat Intentions Variance Model

Total= 248148

Bound'lries-------------------------------- Pop E:·:pansi onSt ratun. It'liry land Hogs CRIt Size S-sq Contponent-----
All Strata 94257 378.2 5.4567EtOl1 0-9 0-59 0-9 10,20 8960 118.3 1.5423E-Ol2 0-9 0-59 0-9 30,40,50 29959 128.4 1.8715EtOO3 0-9 0-59 0-9 60 25730 39.4 4.2360E-Ol4 0-9 0-59 10-499 17557 311.8 1.5608EtOO

5 0-9 60-499 0-9 3560 569.3 1.1717E-Ol6 0-9 60-499 10-499 1644 449.8 1.9742E-02
7 10-99 0-59 0-9 3896 277.7 6.8453E-028 10-99 0-59 10-499 693 2392.0 1.8655E-029 1()-99 6()-499 0-9 683 2825.0 2.1401E-0210 10-99 60-499 10-499 247 551.3 5.4621E-04

11 500+ 488 12330.6 4.7687E-0212 lOOt 407 14543.3 3.9123E-02
13 500+ 335 4350.1 7.9281E-0314 Cattle 1500t 7 22984.8 1.8290E-05p.- Sheep 40+ 65 43.8 3.0052E-06~J

16 HPLA 3,000+ 26 991.8 1.0888E-05

Table A-20. Tennessee 1984 ISP:
First Phase Corn Acres Planted Variance Model

486453

BOIJndaries-------------------------------- Pop EHpansion
St ratun, Itairy land Hogs CRIt Size S-sq Conlponent

----- ---------
All St r'lt'l 94257 822.3 3.0873Et01

1 0-9 0-59 0-9 10,20 8960 322.2 1.0931E-01
2 0-9 0-59 0-9 30,40,50 29959 98.9 3.7512E-Ol
3 0-9 0--59 0-9 60 25730 14.0 3.9167E-02
4 0-9 0-59 10-499 17557 948. 1 1.2350EtOO
5 0-9 60-499 0-9 3560 608.5 3.2590E-02
6 0-9 60-499 10-499 1644 1049.5 1.1987E-02
7 1()-99 0-59 0-9 3896 1039.0 6.6646E-02
8 10-99 0-59 10-499 693 6399.0 1.2987E-02
9 10-99 60-499 0-9 683 4374.6 8.6238E-03

10 10-99 60-499 10-499 247 4419.5 1.1394E-03
11. 500+ 488 13891.4 1.3980E-02
12 100+ 407 17543.9 1.2281E-02
13 500+ 335 31357.4 1.4871E-02
14 C'lttle 1500+ 7 23554.8 4.8775E-06
15 Sheep 40+ 65 8.4 1.4998E-07
16 HPLA 3,000+ 26 10256.8 2.9301E-05



TQble A-21. T~nne5see 1984 ISP:
First Phase Soybean Acres PIQnted VQriQnce Model

Tot'll= 1054641

Boundaries--------------------------------- Pop E>:p':HlS:i onSt rQtUIT. [II). iry Ll1nd Hogs CRrl Si:::e S-sq Component----- ---------All St r'lta 94257 5910 4.7207EtOl1 0-9 0-59 0-9 :10,20 8960 13004 9.3861£-01
2 0-9 0-59 0-9 30,40,50 29959 272 2.1949E-Ol3 0-9 0,,-59 0-9 60 25730 97 5.7735E-024 0-9 0-59 10-,499 17557 2838 7.8651E-Ol5 0-9 60-49(~ 0-9 3560 13588 1.5483E-Ol6 0-9 60-499 10-499 1644 2517 6.1161E-037 10-99 0-59 0-9 3896 3362 4.5880E-028 10-99 0-59 10-499 693 5860 2.5302E-039 10-99 60,-499 0-9 683 19867 8.3323E-0310 10-99 60-499 10-499 247 3949 2.1661E-·0411 500+ 48B 259386 5.5536E-0212 lOOt 407 10061 1.4984E-0313 500+ 335 90565 9.1378E-0314 C':lttle1500+ 7 61101 2.6918E-0615 Sheep 40+ 6"" 0 O.OOOOEtOO,J

16 HPLA 3,000+ 26 122449 7.4421[-05

TQbl~ A-22. Tenncssee 1984 ISP:
First Phase Cotton Acres Planted VariQnce Model

TotQI= 183339

Boun ell) ries-----------.--------------------- Pop E:·:pQn5 i on
St rQtUIT. II,).iry Land Hogs CRrl Size S-sq Conlponent

----- ---------
All St r'lt.) 94257 1202.0 3.1770Et02

1 0-9 0--59 0-9 10,20 8960 2431.0 5.8062£tOO
2 0-9 0-59 0-9 30,40,50 29959 0.0 O.OOOOEtOO
3 0-9 0,-59 0-9 60 25730 0.0 O.OOOOEtOO
4 0-9 0-59 10-499 17557 117.0 1.0729EtOO
5 0-9 60-499 0-9 3560 6994.0 2.6370£tOO
6 0-9 60-499 10-499 1644 18.0 1.4473E-03
7 10-99 0-59 0-9 3896 0.0 O.OOOOE+OO
8 10-99 0-59 10-499 693 0.0 O.OOOOEtOO
9 1()-99 60-499 0-9 683 21"7.0 3.0116[-'03

10 10-99 60-499 10-499 247 0.0 O.OOOOE+OO
11 500t 488 109657.0 7.7690[-0:1.
12 100+ 407 0.0 O.OOOOEtOO
13 500+ 335 7424.0 2.4787[-02
14 C'lttle 1500+ 7 0.0 O.OOOOEtOO
15 Sheep 40+ 6C' 0.0 O.OOOOE+OO.J

16 HF'LA 3,000+ 26 0.0 O.OOOOE+OO



Table A-23. Tennessee 1984 ISP:
First Phase Tobacco Acres Planted Variance Model

Total= 41439.8

Boundaries-------------------------------- Pop E>:pansion
St ratun. rl';l iry Land Hogs CRn Size S-sq Conlponent----- ---------All Stro:lt.) 94257 2.333 1.2070E+01

1 0,-9 0-·59 0-9 10,20 8960 0.726 3.3940E-02
2 0-9 0-59 0-9 30,40,50 29959 1.417 7.4061E-Ol
3 0-9 0,-59 0-9 60 25730 1.424 5.4898E-01
4 0-9 0-59 10-499 17557 3.136 5.6291E-01
5 0-9 60-499 0-9 3560 5.448 4.0207£-02
6 0-9 60-499 10-499 1644 6.115 9.6242E-03
7 10-99 0-59 0-9 3896 4.784 4.2286£-02
8 10-99 0-59 10-499 693 1.540 4.3068E-04
9 10-99 60-499 0-9 683 8.469 2.3006E-·03

10 10-99 60-4Q~ 10-499 24"7 22.414 7.9630E-04
11 500+ 488 4.762 6.6038E-04
12 100+ 407 25.199 2.4307E-03
L3 500+ 335 2.564 1.6756E-04
14 C·)ttle 1500+ 7 158.694 4.5282E-0615 Sheep 40+ 65 8.499 2.0910E-0~j
16 HPLA 3,000+ 26 11.602 4.5671E-06

TobIe A-24. Tennessee 1984 ISP:
First Phase Hay Acres Planted Variance Model

Totol= 884511

BOIJnd,)ries-------------------------~------ Pop E:·:pansion
St r.)tun. rlt) iry Land Hogs CRD Size S-sq Component----- -------.--.

All St r.)to 94257 691.7 7.8549E+00
1 0-9 0-59 0-9 10,20 8960 285.3 2.9276E-02
2 0-9 0-59 0-9 30,40,50 29959 323.3 3.7090E-Ol
3 0-9 0-59 0-9 60 25730 374.1 3 .16~j6E-·01
4 0-9 0-59 10-499 17557 666.3 2.6252E-01
5 0-9 60-499 0-9 3560 1868.9 3.0275E-02
6 0-9 60-499 10-499 1644 804.0 2.7775E-03
7 10-99 0-59 0-9 3896 2137.1 4.1463E-02
8 10-99 0-59 10-499 693 747.7 4.5897E-04
9 10-,99 60-499 0-9 683 1815.8 1.0827E-03

10 10-99 60-499 10-499 247 1201.4 9.3686E-05
11 500+ 488 4250.5 1.2938[-'03
12 100+ 407 6546.4 1.3861[-03
13 500+ 335 1893.9 2.7167[-04
14 Cottle 1500+ 7 84373.6 5.2844E-06
15 Sheep 40+ 65 556.2 3.0037E-06
16 HPLA 3,000+ 26 9113.0 7.8741E-06



Tobie A-25. T~nnpssee 1984 ISP:
First Phase Cottle Variance Model

Totol= 1634832

BOlJnd,)ries-------------------------------- Pop E>:parision
StratlJlfI [I,) iry L.)nd Hogs CR[I Size S-sq Component

----- ----------
All St r.)t.) 94257 2359 7.8417E+00

1 0-9 0-59 0-9 10,20 8960 1105 3.31,92[-02
2 0-9 0-59 0-9 30,40,50 29959 1218 4.0903E-01
3 0-9 0-59 0-9 60 25730 803 1.9891[--01
4 0-9 0-59 10-499 17557 1071 1.2352E-01
5 0-9 60-499 0-9 3560 6619 3.1387[-02
6 0-9 60-499 10-499 1644 3012 3.0459E-03
7 10-99 0-59 0-9 :3896 5099 2.8959E-0~
8 10-99 0-59 10-499 693 2959 5.3170E-04
9 10-99 60-499 0-9 683 7475 1.3047E-03

10 10-99 60-499 10-499 247 142"7 3.2574E-05
11 500-t 488 6261 5.5?88L --04
12 100+ 407 45771 2.8368E-03
13 500+ 33~j 6672 2.8016[-04
14 C'lttle 1500+ 7 704232 1.2911E-05
15 Sheep 40+ 6~; 665 1.0512E-06
16 HPLA 3,000+ 26 24593 6.2203E-06

Table A-26. Tpnnessee 1984 ISP:
First Phase [lairy Cattle Variance Model

Total= 198946

StratlJlfI

1

3
4

6
7
8
9

10
1:1
12
13
14
15
16

fill 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+
HPLA 3,000+

Hogs

0-9
0-9
0-9

10-499
0-9

10-499
0-9

10-499
0-9

10-499

500+

10,20
30,40,50

60

Pop
Size

94257
8960

29959
25730
17557

3560
1644
3896

693
683
247
488
407
335

7
65
26

S-sq

243.0
0.6

14.9
1.4
3.0
7.9

17.5
1141.6
1177.0
1035.0
815.0
918.0

12214.8
1172.2

195.9
0.2

4145.6

E)-:p 'HI S i on
Component

5.4546E+Ol
1.2170(-03
3.3789(-01
2.3417(-02
2.3364(-02
2.5296(-03
1.1950(-03
4.3781[-01
1.4281(-02
1.2199E-02
1.2563E-03
5.5235[--03
5.1122E-02
3.3237[-03
2.4253E-07
2.1349[-08
7.0805E-05



T(}b1p A-27. lennpssee 1984 ISF':
First Ph'lse Hog V'lri'lnceHrll1I'? 1

lot'll= 70717()

EcolJndaries-------------------------------- Pop E>:pons ion
StratulIl rilliry Land Hogs CF'iIt Size S-sq COlllponent

----- -----.---.-
All Str'lta 94257 9330.0 1.6575Et02

1 0-9 0-59 0-9 10,20 8960 553.0 8.8776F-02
2 0-9 0-59 0-9 30,40,50 29959 64.0 1.1486E-01
3 0-9 0-59 0-9 60 25730 3.0 3.9715E-03
4 0-9 0-59 10-499 17557 6516.0 4.0164EtOO
5 0-9 60-499 0-9 3560 131.0 3.3199E-03
6 0-9 60-499 10-499 1644 4744.0 2.5639E-02
7 1()-99 0-59 0-9 3896 3.0 9.1057E-05
8 10-99 0-59 10-499 693 47531.0 4.5645E-02
9 10-99 60-499 0-9 683 13144.0 1.2261[-02

10 10-99 60-499 10-499 247 5567.0 6.7915E-04
1l 500+ 488 3959.0 1.8853['-03
12 lOOt 407 243676.0 8.0715E-02
13 500t 335 1222132.0 2.7426[-01
14 C'lttle 1500t 7 0.0 O.OOOOEtOO
15 Sheep 40t 65 2129.0 1.7987E-0:"i
16 HF'LA 3,000t 26 341.0 4.6095E-Ol

TobIe A-28. TcnncsseE 1984 ISP:
First Ph'lse Corn Stocks V'lri'lnceHodp.1

Tot,)l=- 3037803

EcolJnd'lries-------------------------------- Pop E:·:p'In5ion
St rotun, rilliry Lond Hogs CRII Size S-sq Conlpon2nt

-----. --------.-
All Strati) 94257 222257 2.1398Et02

1 0-9 0-59 0-9 10,20 8960 73782 6.4187E-01
"l 0-9 0-59 0-9 30,40,50 29959 284502 2.7671F:01
"-3 0-9 0-59 0-9 60 25730 2854 2.047~jE-01
4 0-9 0-59 10-499 17557 17965 6.0008E-01
5 0-9 60-499 0-9 3560 23132 3.1768F-02
6 0-9 60-499 10-499 1644 84366 2.4709E-02
7 10-99 0-59 0-9 3896 1695878 2.7894EtOO
8 10-99 0-59 10-499 693 1300779 6.7694E-02
9 10-99 60-499 0-9 683 139387 7.0460E-03

10 10-99 60-499 10-499 247 4550055 3.0081E-02
1:1 500t 488 457442 1.1805E-02
12 loot 407 2760587 4.9553E-02
13 500t 335 3555984 4.3244E-02
14 Cottle 1500t 7 0 O.OOOOE+OO
15 Sh£.'ep40+ 65 53 2.4265E-08
16 HF'LA 3,000t 26 0 O.OOOOE+OO



Table A-29. Tennessee 1984 ISP:
First Phase Soybean Stocks Variance Hodel

Total= 874331

BOIJndaries-------------------------------- Pop E:-:p,),n5 i on
Stratum Dairy L'lnd Hogs CRD Si;:e S-sq Conlponent

----- ---------
All Strat.), 94257 42611 4.9522Et02

1 0-9 0-59 0-9 :1.0,20 8960 11813 1.2406EtOO
2 0-9 0-59 0-9 30,40,50 29959 515:1.4 6.0482Et01
3 0-9 0-59 0-9 60 25730 13336 1.1549EtO:1
4 0-9 0-59 10-499 17557 14445 5.8246£tOO
5 0-9 60-499 0-,9 3560 98066 1.6258EtOO
6 0-9 60-499 10-499 1644 5084 1.7975£-02
7 10-99 0-59 0-9 3896 0 O.OOOOEtoO
8 10-99 0-59 10-499 693 58783 3.6929E-02
9 1()-99 60-499 0-9 683 183:1.87 1 .1179E->01

10 10-99 60-499 10-499 247 0 O.OOOOEtOO
11 500t 488 498836 1.5540E-Ol
12 lOOt 407 208368 4.5151E-02
13 500t 33~j 39170 5.7503[-03
14 C·),ttle1500t 7 0 O.OOOOEtOO
15 Sheep 40+ 65 0 O.OOOOEtOO
16 HPLA 3,000+ 26 27551020 2.4363E-02
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