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Motivation

The Agricultural Resource Management Study (ARMS)
was developed to provide mutually exclusive samples for
multiple surveys . These surveys were used to collect
cropping practices, cost of production (through three
separate surveys), farm operator resources, and cattle
health. Becauseall of these surveys were considered to
be highly burdensometo the respondent, it was necessary
to limit to one the number of surveys that any farm
operation would receive.  Samples were drawn
individually by state, and the number of applicable
surveys varied by state. Data were collected in three
phases- a screening phase, a cropping practice and cost
of production phase, and a economic phase. This paper
will outline the derivation of the estimation weights for
Nebraska in which there were five applicable survey
modules.

Developing Estimation Weights for the ARMS Survey
Nebraska in 1996 has two cost of production (COP)
commodities, corn for grain - hereafter called “grain
corn” - and beef, and three cropping practices’ “multi-
crops” (MC’s), corn, wheat, and soybeans. It also has
animal health (NAHMS) cattle survey.

We will use the term module to refer to one of the
following sets:

FOR (Farm Operator Resources) farm-level variables;
NAHMS farm-level variables; grain corn COP farm-
level variables; beef COP farm-level variables; combined
FOR and COP farm-level variables; grain corn COP
field-level variables (includes some pro-rated farm-level
variables); beef COP enterprise-level variables;
combined beef COP and NAHMS farm/enterprise-level
variables; corn MC field-level variables; soybean MC
field-level variables; wheat MC field-level variables; and
combined corn COP and corn MC field-level variables.

The sample that applies to each module will have its own
set of weights. There are two samples for the corn COP
field-level module - a fall sample and a spring sample.
The latter, which includes only fields on farms
completing the spring economic questionnaire, is a
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subset of the former. The samples may not coincide due
to nonresponse. Analogously, there will be fall and
spring samples for the Beef COP enterprise-level
module.

The Screening Sample

A stratified simple random sample of farms has been
taken within each state for screening. Let i denote a farm
in the Nebraska screening sample, and ngcrg/Nscrg)
denote the sampling fraction of the screening stratum
containing i. This unusual notation simplifies the
exposition, which remains complicated enough. For
now, we will assume that each sampling unit - hereafter
called a "farm" ~ is a single operation. We relax this
assumption in a later section.

The screening weight for farm i is

NSCR(i)

tg
Wser) = > H

Uscrg)
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where t, denotes the control total farm value of sales for
farm g, and ugcg;, are the screener usables in the same
screening stratum as i. All summations in this note are
indexed by the farm variable g (i denotes the farm of
interest; g a farm like i). The set over which the sum is

taken is implied by the limit of summation on top of the

“Z ’

Equation (1) assumes that we do not know whether a
non-respondent is in business or what its Data
Adjustment Factor (DAF) is. More complex and
accurate weights can - and will - be derived when
addition information is known about screener non-
respondents. Moreover, an addition weight adjustment
will occur in modules with a NOL component.

The FOR Sample

The usables from the screening sampled are subsampled
for the FOR sample. Let Tgorsy = Nrorg)/ Neorg denote
the sampling fraction of the FOR stratum containing i.
In Nebraska, the FOR strata are virtually the same as the
screening strata. The major difference is that farms
with DAF=0 will be removed from the FOR strata.



The FOR weight for farm i is
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The form is equation (2) will prove useful when we
allow sampled farms to be multiple operations.

t,Wscreg)

Other Farm Samples

Samples of farms for the NAHMS and the two COP
surveys - beef then grain corn - are drawn sequentially
using systematic “probability proportional to size (pps)”
sampling. The term “pps” is in quotes because the
measures of size described below have little to do with
size.

To draw the NAHMS sample, all farms from the screener
who are judged to be in-scope for NAHMS (i.e., are in
business with DAF#0 and have cattle) and have not been
selected for the FOR survey are given the following
measure of size:

MnarMsE) — min{2, 1/( l_nFOR(i))}’

where the bounding value 2 in the above equation may
be increased upon further study and may be different in
other states than Nebraska. We then sort available farms
by their screener cattle inventories and draw a systematic
pps sample with unit i receiving conditional (on it being
available for sampling) selection probability:

N

TinAHMSG) = INarvsTNAHMS() ) MyAHMS(g) -

This can be written more generally as

Ng
Ty = DMy 73, mK(g), (3)
where the subscript K equals NAHMS.

To draw the beef COP sample, all farms not yet selected
and in-scope are given the measure of size:
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Mgrcopi) = mNAHMS(i)/ (I_TENHAMS(i)) >

which leads to a conditional selection probability
expressed by equation (3) with K equal to BFCOP.

Similarly, to draw a grain corn COP sample, all farms not
yet selected and in-scope are given the measure of size:

Mgecopa™ MIN{2, 1/(1-Tpore) H(1-Tpcopa)(1-Tonanmsy) ]

This measure of size leads to a conditional selection
probability expressed by equation (3) with K equal to
GCCOP. Note that Tgpcop; = 0 if farm i was not
eligible for the beef COP.

To draw the three multi-crop farm samples, we can first
assign each in-scope farm the measure of size:

M)~
min {2, 1/(1-Teorgy) /[ 1 ~Tegecoray)(1-Tprcor) (1 -Tonarmvsi) |,

where K denotes either corn, soy beans, or wheat.

Each available farm is assigned a permanent random
number prn(i) from 0 to 1. For the crop K sample, we
calculate a(i) = pm(i) / myg for each available farm
having crop K and then select the ny farms with the
smallest a(i) values.

The conditional selection probability of farm i for the
crop K sample has approximately the same form as
equation (3) when all m; <.7. When that is not the
case, conditional selection probabilities can be estimated
via simulation (i.e., draw 100 multi-crop samples and
compute the fraction of times farm i is selected for the
crop K sample). A practical alternative is to simply use
my, = 1 as the measure of size in the first place. We
plan to do that in most states.

If an operation is selected for all three MC samples, we
randomly delete it from one, given each crop an equal
probability of being the one excluded one. This causes
Tikg, in equation (3) to be multiplied by 2/3.

Farm Weights for the NAHMS and COP Modules
Let us call
*)

WNAMHSG) . = Wscrgy/ [(1‘7‘F0R(i))nNAHMS(i)]

the screener-adjusted sampling weight for a NAHMS
farm i. Similarly, we call

Warcop(y = WSCR(i)/ [(I‘WFOR(i))(I‘WNAHMS(i))nBFcop(i)] , (M



and

Wencory . =
Wscre) / [(l_nFOR(i))(l”nNAHMS(i))(l_nBFCOP(i))TEGCCOP(i)] , (M)

the screener-adjusted sampling weight for farm i in the
beef and grain corn COP, respectively.

Before proceeding we need to focus on a variable of
interest from the screener survey, either cattle inventory
or grain corn acres as appropriate. Let x;° be the
screener variable value of interest for farm i times the
farm’s DAF. Unfortunately, this value is known to be
positive but is not reported for some screener farms.
When that happens for farm i, we impute a value using
the following formula:

*
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where ugegp* are the usables in the same screener

stratum as i that are in business with DAF#0 and have

positive and known x-values. For farms where x;° is

known, we define x; to be x.°.

The fully-adjusted weight for farm i in module K
(NAHMS, BFCOP, or GCCOP) can be expressed as

SK(i)
XgWscrog)
Wk = Wiay™ ()
Uk
XgWp)™

where S, is the set of farms in the screener sample that
are also in the same post-stratum as farm i for module K,
and ugg, is the set of usables in module K in the sample
post-stratum as i.

Equation (5) applies no matter what rule we use to define
the post-strata for module K. A major purpose of post-
strata is to serve as model groups for non-response
adjustment.  One way to define post-strata for this
purpose is to divide the sample for module K into three
post-strata based on the relative size of the farms' x-
values; that is, create one post-stratum consisting of
farms with the highest x-values, one containing farms
with the lowest x-values, and one with the rest of the in-
scope screener farm sample.

774

Multi-Operation Farms

When a sampled farm for any module has more than one
operation, we do the following: select one in-scope
operation at random allowing each operation an equal
probability of selection. = We can treat this as an
additional stage of sampling. Let o, be the
conditional probability of selecting operation i given that
the multi-operation farm containing i has been selected
for module K (i.e., Tymoka =

1 / [the number of in-scope operations in i]).

This value can be multiplied by  ngorg) / Neorgy 10
determine Tgorg, which in turn can be plugged into
equation (2) to determine the FOR farm weight for i.

Similarly, Tyokq can be multiplied by the right-hand-
side of equation (3) to determine a new 7. This leads
to a new set of screener-adjusted sampling weights,
Wi’ Where only the 7y, (not n-values from previous
phases) is multiplied by Tiyoke, The final farm operation
weights for module K are then calculated with equation

).

Some care may be needed to impute a missing value for
X; using equation (4) when i is an operation on a multi-
operation farm. It may require that the farm total value
of sales for a sampling unit be divided among its
component operations.

Field Weights for Grain Corn COP and MC Modules
Let ij denote field j on farm operation i. If Fy, is the
number of grain corn fields on a farm operation sampled
for the grain com COP, then 1/Fy is the field’s
conditional selection probability. Here K denotes grain
corn, but we leave it in general form for future use.

Let z; be the grain corn acres reported for all (of the
operation selected from) farm i on the grain corn COP
and z; be the grain corn acres on field j. The weights for
the grain corn COP field-level module have the form:

SK(i) Uk @)
sa
Y XWscre L W@ Z

e Yy Fya > 6)
) Uk
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Y XgWxe Y Wik Zy Frg

where ugg is the usable field sample in the same post-
stratum as the fields in operation i (this assumes that the
same post-stratum definitions are used for the farm and
field samples). Note that ugg; - and the corresponding
gy~ in equation (6) may be different for the fall sample



of grain corn fields and the spring sample of such fields
because the latter is restricted to fields in farm operations
for which economic data is also available.

Equation (6) can not be used to determine weights for the
three MC modules because we do not have the
appropriate z,.-values. One approach appropriate for
corn and soybeans is to set z, = X,, and let equation (6)
collapses to

SK(i)
XgWscre)
Wiy ™ Wiar® Fxgy - (6"
Uk
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Wi Zg Fi

Alternatively, for wheat (because of planted acres versus
harvested acres issues), we can set x, =z, = 1 and z; =
1/Fy, and collapse (6) to

SK(i)
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We define wyg;,* (K = corn, wheat, or soy beans) in (6")
and (6") as

Wiy =

*

Wcra)

k]

[(I-Terora)(1=Tonarmsp(1 ~Tearcor)(1 ~Taccori) T i

where 7 is scaled by 2/3 and/or the inverse of the
number of operations in farm i as appropriate.

Farm Operation Weights for the Economic (Joint
FOR/COP) Module

Let us now consider the farm (operation) weight for the
economic module that combines data from the FOR and
spring COP. Those operations in the usable FOR sample
without either grain corn or at least 10 weaned calves on
the screener get their FOR weight from equation (1); that

is WeconG) =~ WFoRG)

For those spring usable farm operations in one of the two
COP samples, compute:
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Weopiy ™ = *
Wercopgy®  if farm i is eligible for beef
COP but not grain corn COP,
Wencorgy™ i farm i is eligible for grain corn
COP but not beef COP,
Wgrcorgy 72 if farm i is eligible for both COP’s
and chosen for Beef COP,
Wencoriy' 72 if farm i is eligible for both COP’s
but chosen for grain corn,
and then use equation (5) with K=COP, x, =t,. We

restrict S0 to farm operationsthat are eligible for one
of the two COPS's.

Let ucrog be the number of usable FOR operations that
have either grain corn or at least 10 weaned calves on the
screener. The economic weight for such operations has
the form:

Q)

WEecong) = A'WFOR(i) >

while the economic weight for a operation from one of
the COP samples has the form:

®

WEeconG = (1- A)Wcop(i) .

The value of A has yet to be determined. One obvious
choice for A is Ucror/{(Ucror + Ucop).  Other possibilities
that do not require a count of usables may be more
practical. The techique of setting a single A for all
operations in both the COP and FOR domains is called
composite weighting.

Other Composite Weights

For the combined NAHMS and Beef COP module, all
NAHMS farm operations with less than 10 weaned
calves on the screener get a combined cattle weight equal
to their NAHMS weight. Other operations in the
NAHMS sample receive a weight equal to A times their
NAHMS weight, while operations in the beef COP
receive a weight of (1-A) times their beef COP weight.

For the cropping practices module combining the field-
level corn COP and MC samples, the weight for each
usable non-grain field equals its MC weight:.  Other
fields in the MC sample recieve a weight equal to A times
their MC weight, while fields in the grain corn COP



receive a weight of (1-A) times their grain corn COP
weight.

Other Issues

Surprises - If a farm operation selected for a COP or MC
survey reports no quantity of the commodity during the
fall survey in contrast to information provided on the
screener, NASS will determine whether the operation is
better treated as a nonrespondent or a valid zero for the
module. An operation with valid zeroes is treated as a
usable in the weight equations. Moreover, all fall
sampled COP farm operations remain eligible for the
spring economic module.

Vegetable Farms - Suppose a farm operation is selected
for a module of the ARMS and is also selected for the
Vegetable Chemical Use Survey (VCUS). Such an
operation may be randomly assigned to one or the other
survey. If that happens then the relevant value of

will be multiplied by 2.

Variance Estimation - When computing a delete-a-group
jackknife (Kott 1997), the screening sample is first
divided into 15 groups (treating a multi-operation farm
as a single sample unit). Jackknife replicate r is defined
as the screening sample minus the r’'th group. A
replicate-specific screener weight, wgeryyy is calculated
thusly:
Niscra)

ty

Wseriyn = —— (1r)
Uscryr)

tg

when farm i is in jackknife replicate r; 0, otherwise;

where Ugcgy is the number of screening sample usables

in jackknife replicate r.

This has a ripple effect when calculating jackknife-
replicate weights. In particular, the replicate version of
equation (2) is

WEORG)T]

NFOR(i)
Y LWscr@in
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L GWscri/Trore

For the screener-adjusted replicate weights (the original
equations are denoted by (*), we have
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Wscrgr)
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Weora =

Wercopg”  if farm i is eligible for beef COP
but not grain corn COP,

Wencorayt  if farm i is eligible for grain corn COP but

not beef COP,

Warcopy"/ 2 if farm i is eligible for both COP’s
and chosen for Beef COP,

Wencorqpr™/ 2 if farm i is eligible for both COP’s but

chosen for grain corn.

The replicate version of equation (5) is
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Similarly, we have
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WEecoNG)n = )"WFOR(i)[r] > (7r)
and
WecoNG)n ™ (1- A’)WCOP(i)[r] . (8r)

The variants of equation (6) are handled analogously.

Observe that what are not changed in these equations are
the conditional selection probabilities for farm i (or the
operation selected within it) and field j,  the
determination of which stratum and post-stratum farm i
is in, and the value of A in composite estimation. For
simplicity, we will also employ the same x; (see equation
(4)) when computing jackknife-replicate weights. This
shortcut is not strictly speaking correct, but it will save a
considerable amount of work and is not likely to have a
meaningful effect on the results.

The NRI Sample - The composite estimation principles
underlying equations (7) and (8) will be used to combine
that portion of the NRI sample that can be aggregated
with the MC sample for a particular crop. Farms in the
NRI sample that have also been sampled for another
ARMS module may not be enumerated in some
instances. When that happens, they will be treated as
NRI non-respondents. When the selected field in the
NRI farm sample is also selected for the grain corn COP
or a MC module that field will be enumerated for both
modules using the COP or MC instrument. The value
Fy; in equation (6) or (6") or (6") may be replaced by the
relevant farm operation acres divided by the field acres
- (fall farm operation grain corn acres for the COP,
screener crop acres for the MC. (The same replacement
is appropriate for MC fields samples that coincide with
Objective Yield samples.)

Data Adjustment Factors - For the 1996 ARMS, it is
most expedient to simply multiply all final weights (and
corresponding jackknife-replicate weights) by the final
data adjustment factor (DAF). In the future, we may
scale Wgcgg) by the first-phase DAF for farm i and then
the final weight for i by its final DAF divided by its
first-phase DAF.

Non-Screening States - For states, unlike Nebraska, that
have an FOR sample but no screening sample. We can
treat the FOR sample of farms as the screening sample.
In those states, t, has been etfectively set to 1 in
equations (1) and (Ir). Equations(2) and (2r) collapse to
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WEeoR@) = WSCR(i)/ TUMOFOR()

and

Wrorgy = Wscra ! Tporor) »

where Tiyororg) is the probability of selecting a particular
operation from sample farm i.

Results

The main objective of the ARMS design was to control
overlap across several survey modules within each state
rather than to increase precision of estimates obtained
from the previous designs. In fact, we anticipate that
CVS for many of the estimates will be somewhat higher
than the same estimates produced from previous designs.

We feel that the 1996 ARMS design has performed well
with resulting estimates falling into line with what was
expected. Estimated CVS and the performance of the
jackknife as a variance estimator for all the estimates
produced under the ARMS design are still being
reviewed. As of the date of this publication we
unfortunately cannot give any final results with regard to
CVS obtained by this design.
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