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EXECUTIVE SUMMARY

The National Agricultural Statistics Service (NASS) obtains annual estimates of farm numbers
from its annual June Area Survey (JAS). Every five years, the annual numbers of farms
estimates are compared to the one obtained from the quinquennial census of agriculture
(conducted during years ending in 2 and 7). The JAS annual numbers have been declining
steadily between censuses, especially between the 2002 and 2007 Censuses. Furthermore, in
2002 and 2007, the JAS farm numbers indications® were considerably lower than farm numbers
from the census and, in 2007, the difference could not be attributed to sampling error alone.
Additionally, results from a 2007 qualitative study revealed that agricultural operations were
being incorrectly classified as non-agricultural during the screening procedures of the JAS.

In an attempt to get a better understanding of the misclassification leading to this undercount in
the JAS number of farms indications, a post-JAS intensive screening called the Farm Numbers
Research Project (FNRP) was undertaken in the fall of 2009 (Abreu, McCarthy and Colburn,
2010). The design of the JAS includes rotating in new segments each year, while rotating out the
oldest segments. Segments stay in the JAS sample for five years. Each year’s sample is
comprised of segments from each of five rotations. Thus, the 2009 JAS contained segments that
were rotated into the sample in 2009, 2008, 2007, 2006 and 2005. The sampling design of the
FNRP targeted the 20-percent of JAS segments that were newly rotated in 2009. It targeted three
types of tracts in these segments: 1) non-agricultural tracts; 2) agricultural tracts that refused to
participate in the JAS and were estimated; and 3) agricultural tracts that were inaccessible in
June and were estimated. The FNRP results suggest misclassification may be reduced through
improvements in the screening questionnaire and by enhanced enumerator training guidelines.

To fully address this concern, NASS and the National Institute of Statistical Sciences (NISS)
formed a research team to review methodology associated with the design of the JAS and to
suggest improvements. This team was one of the three academic-government teams of the two-
year collaborative research program between NASS and NISS called Cross-Sector Research in
Residence Program. This research report documents the design and methodology of the Annual
Land Utilization Survey (ALUS), which is a follow-on survey to the JAS. ALUS builds upon
the experience gained in the FNRP. From a methodological perspective, the two primary
differences between the ALUS and the FNRP are the following: (1) All estimated and non-
agricultural JAS tracts have a probability for inclusion in ALUS, but only the 20-percent newly
rotated in estimated and non-agricultural JAS tracts were included in the FNRP; and (2) All of
the FNRP-eligible tracts were included in the FNRP sample, but only a sample of the ALUS-
eligible tracts will be included in the ALUS. Because a sample of all estimated and non-
agricultural JAS tracts will be collected, ALUS represents the second phase of a two-phase
sample with the first phase being the traditional JAS.

As in the JAS, ALUS will be a stratified sample of segments, using JAS strata and sampling
across rotations. Segments that are eligible for inclusion in ALUS must have at least one tract
that was pre-screened as non-agricultural (regardless of potential) or that was estimated in the
JAS (as either farm or non-farm). The sample allocation of ALUS segments to each state-stratum

! Indications refer to point estimates derived from the survey results and could differ from official published
estimates.



combination considers two factors: the proportion of the ALUS population in the stratum and the
proportion of the FNRP adjustment from non-agricultural tracts in the stratum. For a selected
segment, all tracts satisfying one of these criteria will be re-evaluated using a modified combined
JAS-FNRP questionnaire. In the 2009 and 2010 JAS, over 90-percent of all segments would
have been considered eligible for ALUS. The collection of eligible segments in a particular year
will be called the ALUS population. The 2010 ALUS-eligible population is used to demonstrate
the sampling design.

As stated earlier, the combination of JAS and ALUS can be considered as a two-phase sample-
JAS being the first phase and ALUS the second. The two-phase JAS-ALUS stratified design,
can be applied to any estimate produced by the JAS. Given that each phase makes use of a
probability sampling design with known inclusion probabilities, standard results can be used to
construct a design-based estimator (Sarndal and Swensson, 1987). However, non-response is also
expected to occur in ALUS. In this report, methodology for a three-phase sampling design is
developed by extending the methodology of Sarndal and Swensson (1987). A general sampling
design is assumed in each phase. The estimator and its estimated variance are unbiased. Here we
use this methodology for the two-phase JAS-ALUS, with the third phase being non-response.
This methodology can be applied not only to estimates of the number of farms but to all
variables collected in the ALUS. Thus, although the primary impetus for this work is to improve
the estimates for the number of farms, it can also be used to improve estimates of other important
variables.



RECOMMENDATIONS

1) A follow-on survey to the JAS, called ALUS, should be conducted so that the farm number
indications (as well as any included commodities) from the JAS can be adjusted for
misclassification.

2) The ALUS questionnaire should be a modified version of the JAS-FNRP questionnaire.
While essentially a shortened version of the JAS questionnaire, the FNRP questionnaire was also
designed to target misclassification of farms and capture data on the type of farms that were
believed to have been misclassified via multiple modes of data collection (face-to-face, phone, or
mail). Additional JAS variables added to this questionnaire would allow the ability to adjust
these variables as well.

3) The methodology for a two-phase study with nonresponse (considered as a third phase), as
developed in this report, should be used for the analysis of the JAS-ALUS.

Note: The recommendations above were discussed at the January 2011 Senior Executive Team
meeting where the decision was made to not conduct the ALUS in 2011 due to budget
constraints.
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Abstract

Each year, the National Agricultural Statistics Service (NASS) publishes an estimate of the
number of farms in the United States based on the June Area Survey (JAS). Independent studies
showed that the JAS number of farm indications have significant undercount due to
misclassification. To adjust for this undercount, a follow-on survey to the JAS called the Annual
Land Utilization Survey (ALUS) has been proposed. ALUS is designed and developed based on
the Farm Numbers Research Project (FNRP). NASS conducted the FNRP in the fall of 2009
(Abreu, McCarthy and Colburn, 2010). ALUS samples from all JAS segments containing any
estimated or non-agricultural JAS tracts. For a selected segment, all estimated and non-
agricultural JAS tracts will be re-evaluated. The collection of eligible segments in a particular
year will be called the ALUS population. The sample allocation of ALUS segments to each state-
stratum combination considers two factors: the proportion of the ALUS population in the stratum
and the proportion of the FNRP adjustment from non-agricultural tracts in the stratum. ALUS
can be treated as a second phase to the JAS. The two-phase stratified design, JAS-ALUS, can be
applied to any estimate produced by the JAS. However, ALUS has non-response. In this paper,
methodology for a three-phase sampling design is developed by extending the two-phase
sampling design methodology proposed by Sarndal and Swensson (1987). A general sampling
design is allowed in each phase; that is, the inclusion probabilities in each phase are arbitrary.
The estimator is unbiased, and an unbiased estimator for the variance is provided. Here, this
method is applied to the two-phase JAS-ALUS with the third phase being response/non-
response.
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1. INTRODUCTION

The National Agricultural Statistics Service (NASS) uses its annual June Area Survey (JAS) as
the vehicle to generate annual estimates of the number of farms. Every five years, the annual
numbers of farms estimates are compared to the one obtained from the quinquennial census of
agriculture (conducted during years ending in 2 and 7). The annual numbers have been declining
steadily between censuses, especially between the 2002 and 2007 Censuses. Furthermore, in
2002 and 2007, the JAS farm numbers indications were considerably lower than farm numbers
from the census and, in 2007, the difference could not be attributed to sampling error alone.
Additionally, results from a 2007 qualitative study revealed that agricultural operations were
being incorrectly classified as non-agricultural during the screening procedures of the JAS.

In an attempt to get a better understanding of the misclassification leading to this undercount in
the JAS number of farms indication, the NISS/NASS farm numbers research team® proposes a
yearly follow-on survey to the JAS called the Annual Land Utilization Survey (ALUS). The
purpose of ALUS is to provide information about misclassification of farms and non-farms,
focusing on tracts that are a) determined to be non-agricultural in June or b) are estimated in
June. ALUS results could be used to directly augment the JAS indications of farm numbers. In
addition, data collection will include several other variables, allowing indications of other
commodities to be adjusted using ALUS.

ALUS is modeled on the 2009 Farm Numbers Research Project (FNRP). FNRP was a one-time
follow-on survey to the JAS segments (Abreu, McCarthy and Colburn, 2010). The design of the
JAS includes rotating in new segments each year. Segments stay in the JAS sample for five
years. Each year’s sample is comprised of segments from each of five rotations. Thus, the 2009
JAS contained segments that were rotated into the sample in 2009, 2008, 2007, 2006 and 2005.
The sampling design of the FNRP targeted the 20-percent of JAS segments that were newly
rotated in for 2009 (“2009 segments”). All tracts in 2009 segments that were non-agricultural or
estimated in JAS were selected for FNRP.

Current NASS procedures define a tract as a unique land operating arrangement. However, for
densely populated tracts, it is possible that multiple operations (places of interest) may be
present. For a selected tract, all places of interest are considered subtracts. Subtracts are
subsampled if there are 8 or more per tract. The FNRP sample consisted of 10,204 tracts, which
resulted in a total of 17,191 subtracts.

The FNRP recommended changes to the screening procedures to improve the quality of
information obtained in the JAS, based on analysis of the misclassification of tracts as
farms/non-farms. The results of those recommendations may first be seen in the 2010 JAS, but
misclassification will certainly persist. An annual follow-up like ALUS will allow researchers to

® NASS had a two year collaborative research program with the National Institute of Statistical Sciences (NI1SS)
called the Cross-Sector Research in Residence Program. This program was composed of three academic-
government teams focusing on important NASS research issues. One of the teams was entrusted to work on
potential improvements to the methodology and design of the June Area Survey.



monitor misclassification rates for farms/non-farms, as well as measurement error for additional
variables.

There are two primary differences between the ALUS and the FNRP: (1) FNRP only included
the 20-percent newly rotated in estimated and non-agricultural JAS tracts while ALUS will have
a positive probability of inclusion of all estimated and non-agricultural JAS tracts and (2) all
FNRP-eligible tracts were included in the FNRP sample, but only a sample of the ALUS-eligible
tracts will be included in the ALUS. Therefore, ALUS represents the second phase of a two-
phase sample with the first phase being the traditional JAS.

Although non-response was not allowed in FNRP, the second-phase ALUS sample will have
non-response. A design-based approach to estimation is to use methodology for a three-phase
sampling design, with the third phase addressing the non-response in the second phase. The
three-phase design-based estimator developed here is general in the sense that the inclusion
probabilities in each phase are arbitrary. The estimator is shown to be unbiased. The variance of
the estimator is derived and an unbiased estimator of it is developed. At the end, this
methodology is applied to JAS-ALUS, with the third phase design addressing non-response in
ALUS. We also provide an estimator and its variance estimation in the JAS terminologies. This
methodology can be applied not only to estimates of the number of farms but to all variables
collected in the ALUS.

2. THE DESIGN OF ALUS
2.1 Major Findings From FNRP

An analysis of the impact of JAS screening procedures used in FNRP was completed by Abreu,
McCarthy and Colburn (2010). A major finding of this work is that, assuming misclassification
rates are the same for all rotations, the JAS indication of number of farms would increase by
approximately 580,000 farms using FNRP data. We will refer to this as the “FNRP adjustment”
to the JAS indication (see Table 1). The bulk of these farms were “found” in tracts that had been
identified as non-agricultural with no potential in the JAS. On the order of 45-percent of tracts
are pre-screened into this category in a typical JAS. In FNRP, 6-percent of the sampled subtracts
selected from this category were determined to be farms, resulting in 500,000 of the FNRP
adjustment. Another 75,000 of the FNRP adjustment came from tracts pre-screened as non-
agricultural with either potential for agriculture or unknown potential. The remaining FNRP
adjustment came from tracts that had to be estimated in JAS. Although most tracts (92-percent)
that had been estimated as farms in JAS were confirmed as such in FNRP, approximately 30-
percent of those that had been estimated as non-farms were identified as farms in FNRP. The net
FNRP adjustment from estimated tracts was about 5,000 farms.



Table 1: FNRP Results by type of tract

FNRP Net Expanded
Sample Size | Number of Number of
Type of Tract (subtracts) FNRP Farms | Farms
Estimated as farm 1,591 1,466 (7,822)
Estimated as non-farm 121 37 13,032
Non-agricultural with potential 487 95 38,346
Non-agrlcultural with unknown 364 56 37.479
potential
Non-agricultural with no potential | 14,628 905 500,338
FNRP Total 17,191 2,559 581,373

Rates of “conversion” (subtracts that were identified as non-farms in JAS and as farms in FNRP)
varied by state and strata. Nationally, tracts that had agricultural potential or unknown potential
in the JAS had conversion rates of about 20-percent and 15-percent, respectively. However,
within a state, sample sizes were typically less than 10 tracts per stratum, making estimates of
conversion rates unreliable at the state level. The conversion rate for tracts that were identified
as having no agricultural potential in JAS was 6-percent overall. About 95-percent of the strata
had conversion rates of less than 17-percent for tracts with no-potential. However, tracts with no
potential from strata in the 40’s (low rates of cultivation) contributed over half of the FNRP
adjustment.

FNRP results are used as guidelines for the ALUS design, but ALUS will be able to detect
different types of trends as well. Due to the experience the enumerators gained in conducting
FNRP, the changes in JAS protocols made following FNRP and, the fact that FNRP included
only 2009 segments, results from ALUS may be quite different.

2.2 Overall Sampling Design

As in the JAS, ALUS will be a stratified sample of segments, using JAS strata and sampling
across rotations. Segments that are eligible for inclusion in ALUS must have at least one tract
that was pre-screened as non-agricultural (regardless of potential) or that was estimated in JAS
(as either a farm or non-farm). For a selected segment, all tracts satisfying one of these criteria
will be re-evaluated using the FNRP questionnaire (see Appendix A). In the 2009 and 2010 JAS,
over 90-percent of all segments would have been considered eligible for ALUS. The collection
of eligible segments in a particular year will be called the ALUS population.

The sample allocation of segments to each state-stratum combination considers two factors: the
proportion of the ALUS population in the stratum and the proportion of the FNRP adjustment
from non-agricultural tracts in the stratum. The latter simultaneously accounts for the number of
converted non-agricultural tracts and the expansion factors associated with them, allowing states
and strata that contributed most to the FNRP adjustment to be targeted. Tracts that were
estimated as farms or non-farms in JAS contributed little to the FNRP adjustment, so this
information is not included in choosing allocations to the strata in the ALUS sample.



Table 2: Guidelines for ALUS allocation scheme

Proportion of
FNRP
adjustment Proportion of Proportion of Suggested
from non- ALUS-eligible | ALUS-eligible | Proportion
agricultural segments in segments in of ALUS
Strata tracts 2009 JAS 2010 JAS sample
10s 16% 53% 52% 27%
20s 34% 26% 27% 30%
30s <1% 3% 3% 3%
40s 50% 17% 17% 40%
50s <1% <1% <1% 0%
Total 576,000 farms 10,168 segments | 10,121 segments

In the JAS, the sampling scheme favors cultivated areas. For ALUS, the sampling will lean more
heavily on moderately and less cultivated strata where the largest portion of the FNRP
adjustment originates. For example, strata 10s (10, 11, ...) are highly cultivated areas. The exact
stratum definition varies from state to state, but this may be more than 50-percent cultivated
land. In the JAS, over half of the selected segments are from these strata. However, 10s made
up only 16-percent of the FNRP adjustment arising from non-agricultural tracts so only about 27-
percent of the ALUS sample will come from these strata. The sample will be evenly distributed
over the five rotations, with approximately 20-percent of the ALUS sample selected from each.
This will allow modeling of the effect of the number of years a segment has been in the survey
on misclassification rates.

Within each stratum of the ALUS population, segments will be selected with probability
proportionate to size (pps) sampling where the size measure of a segment is defined as

number of tracts
estimated as non-farm

number of tracts pre-screened

| +0.1* number of tracts
as non-agricultural :

size= estimated as farm -

The rationale for the size measure comes from FNRP, but does not depend heavily on the
specific results of that study. As noted previously, non-agricultural tracts/subtracts made up the
vast majority of the FNRP adjustment. Estimated tracts had less impact on the FNRP adjustment.
These tracts do not affect allocation (sample size) in each stratum, but are used in helping to
select segments once allocations are determined. In a typical JAS, few tracts are estimated as
non-farms (around 400 in 2009), but one-third of these estimated tracts converted to farms in
FNRP. Thus, estimated tracts will be over-sampled relative to their contribution to the FNRP
adjustment. Because most tracts (92-percent) estimated as farms in the JAS were confirmed as
farms in FNRP, ALUS will not target segments that have only JAS tracts from estimated farms.
This is reflected in the multiplier of 0.1 on the number of tracts estimated as farms in the size
measure. If a segment is selected, all ALUS-eligible tracts within that segment will be in the
sample, including those estimated as farms.



Within selected tracts, sampling rates of subtracts will be the same as FNRP. That is, if the tract
contains 7 dwellings or less, then all are sampled. If the tract contains 8-20 dwellings, half are
sampled. If there are more than 20 dwellings, one-sixth are sampled.

2.3  Example Allocations

Both the standard error and the cost of the proposed ALUS were investigated using FNRP data.
This required development of specific example allocations for each state and stratum. In practice,
ALUS allocations will need to be determined each year after the JAS data are collected because a
segment’s weight for the probability proportionate to size (pps) sampling will depend on its JAS
classification.

For different national sample sizes, a proposed stratified allocation of segments was developed
using strata that are combinations of state and JAS strata. National sample sizes ranging from
500 to 5000 segments were considered. Note that the approximate size of the FNRP sample was
about 2200 segments. The numbers of segments allocated to each stratum (across the nation) are
summarized in Table 3.

Table 3: Example (approximate) allocation of segments to strata

Sample size JAS stratum

(segments) [10s  POs  30s |40s  |50s
5000 1350 (1500 [150 2000 [0
4500 1215 1350 [135 (1800 [0
4000 1080 (1200 [120 (1600 [0
3500 845 1050 (105 (1400 [0
3000 810 900 90 [1200 0
2500 675 750 75 (1000 0
2000 540 600 60 800 0
1000 270 300 30 1400 0
500 135 150 15 200 0

The design attempts to maintain a minimum number of segments (between 1 and 4 depending on
the total sample size) in each state and stratum combination. The JAS 2010 data were used to
approximate the number of segments in the ALUS population for a particular stratum in a typical
JAS. If the stratum allocation was larger than the ALUS population in the 2010 JAS for that
stratum, then the allocation was reduced. The example allocations considered are presented in
Appendix B. In practice, these allocations would need to be adjusted at least slightly each year
based on the JAS data and resulting ALUS population sizes. In addition, any stratum that had a
sample size of zero in FNRP was not included in the example allocations. This was done for
estimation purposes and is not recommended for actual ALUS allocations.

Table 4 summarizes the anticipated results and costs of each sample size. The anticipated
national-level coefficient of variation (CV) and standard error on the number of farms
adjustment are calculated following the method used for FNRP. That is, the appropriate formulae
for follow-on surveys were used (Kott, 1990).
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Table 4: Summary of proposed ALUS allocations

Anticipated

Standard
Approximate | Anticipated | Error of Anticipated
Sample Size | CV of ALUS | ALUS Cost to
(segments) adjustment | adjustment | States
5000 6.5 37,000 $897,000
4500 6.8 39,000 $806,000
4000 7.1 41,000 $725,000
3500 7.7 44,000 $647,000
3000 8.2 47,000 $545,000
2500 9.0 52,000 $459,000
FNRP: 2200 | 10.9 63,000 $412,000
2000 10.0 58,000 $373,000
1000 13.8 80,000 $181,000
500 18.8 108,000 $100,000

The JAS 2008 cost data are available for each state on a per segment basis. These costs are based
on an enumerator visiting every tract within a selected segment. For ALUS, we assume that 56-
percent of tracts in a selected segment will be ALUS-eligible. The value of 56-percent is derived
from calibrating the cost of a FNRP size sample (2200 segments) to match the actual cost of
FNRP ($412,000). Anticipated costs are summarized in Table 4. Cost data are only available at
the state level, not at the stratum level. The anticipated cost assumes that segments in all strata
have the same cost. Although this calculation is quite rough, more sophisticated methods would
probably not result in marked improvement of the cost approximations. Appendix C contains
anticipated costs for each state. Note that these estimates only include approximate costs to the
states. In FNRP, real estate parcel data, which cost an additional $92,000 for a one-year license,
were used to improve the quality of the names and addresses for non-agricultural tracts. This cost
is not reflected in the estimates presented in Appendix C.

2.4 Using ALUS Results to Adjust JAS Indications

The FNRP questionnaire (Appendix A) was designed to target misclassification of farms and
capture data on the type of farms that were believed to have been misclassified via multiple
modes of data collection (face-to-face, phone, or mail). It was essentially a shortened version of
the JAS questionnaire. NASS should consider re-designing this questionnaire for ALUS to
collect data on as many JAS variables as possible for farms newly identified in ALUS. This will
allow ALUS results to be used to adjust more than just farm number indications. In particular,
use of the full JAS questionnaire, the Agricultural Coverage Evaluation Survey (ACES)’
questionnaire, or an extended version of the FNRP questionnaire should be considered.

" ACES is conducted during census years and is designed to improve coverage through targeted sampling of small
and minority owned farms.
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The combination of JAS and ALUS can be considered a two-phase sample. JAS is the first phase
of the sample; then a sub-sample of JAS segments are selected for ALUS. Provided that each
phase makes use of a probability sampling design for which the inclusion probabilities are
known, standard results can be used to construct a design-based estimator (Sarndal and
Swensson, 1987). It is expected that misclassification and non-response will still occur in ALUS.
However, this follow-up survey will provide valuable information for adjusting estimates and
should reduce the amount of non-response.

This methodology can be applied not only to estimates of number of farms but to all variables
collected in the ALUS. Thus, although the primary impetus for this work is to improve estimates
of the number of farms, it can improve estimates of other important variables. In particular,
farms that are “missed” in JAS will not have values for many JAS variables. Those that are
newly identified in ALUS will have accompanying data that can be used to adjust any variables
common to both ALUS and JAS. For this reason, the FNRP questionnaire should be reviewed
within NASS to determine whether other information should be gathered during ALUS.

3 ALUS METHODOLOGY

Each JAS tract may be classified into one of seven categories (see Table 5). If an enumerator
completed an interview during the JAS, then the agricultural tract is in category 6 (farm) or 7
(non-farm). It is assumed that all completed interviews result in an accurate classification of farm
status, so no error is associated with these two categories. Further, because these tracts are
associated with completed JAS interviews, they are not ALUS-eligible. The remaining categories
(1-5) represent ALUS-eligible tracts. A tract for which the JAS farm status was estimated is in
category 1 (farm) or 2 (non-farm). A tract determined to be non-agricultural during JAS pre-
screening is in category 3 (non-agricultural tract with potential), 4 (non-agricultural tract without
potential), or 5 (non-agricultural tract with unknown potential). No JAS questionnaire was
completed for a non-agricultural tract and these tracts were assigned a non-farm status in JAS.
Based on the FNRP results, a tract in one of the first five categories may be misclassified for
farm/non-farm JAS status. The primary purpose of the ALUS is to obtain revised JAS
indications by adjusting for JAS misclassification.

Table 5: JAS tract category

Category | JAS Type of Agricultural Tract Farm Status
1 Agricultural tract-estimated Farm

2 Agricultural tract-estimated Non-Farm

3 Non-agricultural tract-with potential Non-Farm

4 Non-agricultural tract-without potential Non-Farm

5 Non-agricultural tract-with unknown potential Non-Farm

6 Agricultural tract-completed interview Farm

7 Agricultural tract-completed interview Non-Farm

12



3.1 JAS Estimation

First, consider the annual JAS indication of the number of farms, and then the indication
incorporating the information obtained during the ALUS (second-phase sample) will be
developed. Under stratified simple random sampling, the JAS estimator is

iy

L L ]
=) e ), ten @
m=1

i=1 j=1 k=1

where
i is the index of stratum, [ is the number of land-use strata;
j is the index of substratum, s, is the number of substrata in stratum i;
k is the index of segment, n;; is the number of segments in substratum j within stratum ¢;
e;; Is the expansion factor or the inverse of the probability of the selection for each
segment in substratum j in land-use stratum i;
m is the index of tract;
Xy 1S the number of farm tracts in the segment;

tract acres forthe mﬁ" tract

t; iem 1S the tract-to-farm ratio, which is

farm acres forthe mt™ tract

For the JAS estimator, only agricultural tracts in categories 1 (JAS farm) and 6 (JAS estimated
farm) are included in the summation. Tracts within the same segment have the same expansion
factor because the JAS design is based on segments. The unbiasedness of this estimator can be
seen by first rewriting it as

T, =XL,Zet,.

Here, N is the total number of tracts in the population;

7 = { 1 if the i™™ tractis in some JAS selected segment,
' 0 otherwise;

t. is the tract-to-farm ratio of the i " tract (t; = O for non-farm tracts); e is the expansion factor or
the inverse of the probability of selection of the i*" tract, i.e.,

g = 1,’F‘(Zi =1).
Under the assumption that JAS provides accurate information for all tracts, Ty is unbiased

because E(Ty) = E(ZL, Z,e;t;) = L, t; = T which is the total number of farms (the quantity
being estimated).
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The variance is

Var(r,) = ZZ — ::: Z( ) 2)

i=1 ;=1

' L_|h!' ' ] c!
where Ciji = €i;Cijk , E Lijiem » Cij. = nj Zk =1 Cijie -

However, the JAS indication is biased because some tracts from categories 2 to 5 are
misclassified as non-farms.

3.2  JAS-ALUS Estimation without Non-response

Before presenting the estimation methodology that allows non-response in ALUS, we discuss the
estimation methodology without non-response. The combined JAS-ALUS represents a two-
phase design using stratified simple random subsampling at each phase. First, assume all ALUS
tracts have an associated completed interview; that is, non-response is not present in ALUS.
Then, the JAS-ALUS two-phase sampling design-based estimator for the number of farms is

Sk

T2:T£+ZZZ z_;l z_;lZ ijkm T +T" (EJ

i=1 j=1 k=1
where

n;; is the number of ALUS segments in substratum j within stratum ; a;; is the expansion factor
or the inverse of the probability of selection in the second phase for each segment in substratum
J, land-use stratum i; z ;. is the number of farm tracts in the given ALUS selected segment.

Here, the first term T, has the same form as the JAS estimator (1), but the tracts in T, are from
JAS category 6 only. Unlike Ty T; does not include JAS category 1 tracts because these tracts
are part of the second-phase ALUS population. The tracts in the second term are from JAS
categories 1 to 5. Category 7 tracts are excluded from the estimator because they have clear non-
farm status from the JAS (i.e., not eligible for ALUS). All tracts within the same ALUS segment
have the same expansion factor a;; because the segment is the primary sampling unit for ALUS.
The two expansion factors, e;; and a;;, are known from the JAS-ALUS two phase design.

Again, to verify the unbiasedness of this two-phase estimator, the estimator T; may be rewritten
in the following form

14



where

p. = { 1 tract i is in a selected ALUS segment or a JAS tract in category 6,
' 0 otherwise;

=(Z,.Z,,.Z,)" is the vector of random variables Z;, i.e., the JAS selection
information;

and a; is the expansion factor or the inverse of the probability of selection of the i" tract

in ALUS, i.e.,
1 if the i*® tract is in JAS category 6,
— 1 3 —_
a; = 21l ifZ, =1,
0 otherwise .

Under the assumption that JAS provides accurate information for the tracts from categories 6 and
7 and ALUS provides accurate information for the tracts from categories 1 to 5, T; is an unbiased
estimator because

N

E(T;) = E[E(T:12)] = E[E()_ZDeat|D)]=E[) Zet]=) t,=T.

i=1 i=1
Assuming that tracts from different segments are independent, the variance is
Var(T,) = Var(T,) + Var(T;) = Var(Ty) + Var(E[T;|Z]) + E(Var[T;|Z]) .
An unbiased estimator of the variance of T, is
Var(T,) = Var(T,) —|-Var[E[T |Z]) + E(Var[T! AZ]) .

The first term is

Var(T,) = ZZl—:::EUZ(C”k_c”j (4)

i=1 ;=1

Coe = T b s €L = —Z:”lcu,{ Notice that the values of these

nij

where ¢ =e;ciq

quantities, n;; , ¢;;, and ¢;; are different from (2) although the same notation is used.

E_;I’
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The second term is

1S Zijk Zijp
T —
Var(E[Tz|Z]) = 2 E E e;;a; (a; — 1) E L jrem tijpm
i=1 j=1 lik{'pinsj m=1 m=1
! L]
Po= M i <
+ E E lE?z'_;l' (ei_;l' - 1ja'i_:l' E E 1:-z'_;l'J-cm
i=1 j=1 =1 Ym=1

This can be calculated from the first term of (4.4) in Sarndal and Swensson (1987). See
Appendix D for details.

The third term is
E(Vﬁlz]j = Eg:j_zjl::i[:ﬂ’i}' - 1]N;}5HEJ ! (5:]

where N{; is the total number of qualified ALUS segments within stratum £, substratum j (ALUS

population), §U is the ALUS sample variance within stratum £, substratum j. Formula (5) can be

calculated from the second term of (4.4) in Sarndal and Swensson (1987). See Appendix D for
details.

3.3  JAS-ALUS Estimation with Non-Response

Although no non-response was assumed above, ALUS would have non-response. We have
studied three-phase sampling design estimation and put the general result in Appendix E. The
results derived in Appendix E are now applied to the JAS-ALUS two phase estimator with non-
response adjustment within the second phase. Under the assumption of the probability of
response being well modeled by the Bernoulli distribution within each stratum, the two-phase
estimator of the number of farms with non-response adjustment, is

¢
iji

)
P LT
J— ! J— ¢ ¢
I;=T, +ZZZ Ei;; Fijembijem — 11 T 13-
m=1

i=1 j=1 k=1

Here ., is the expansion factor or the inverse of the response probability of tract min
segment &, substratum j, land-use stratum i . 7;;.,, is unknown from the two-phase design

but it can be estimated by modeling. As in T, , the tracts in the first term are from JAS category
6 only. The tracts in the second term are from JAS categories 1 to 5. Another way to write this
estimator is

N
i=1
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1 if the i*® tract is in JAS category 6,
Ri=91 if the i*® tract is in selected ALUS segment and has response ,
0 otherwise .
D= (D,D,,,Dy)" is the vector of random variables D. , i.e., the ALUS selection

information; r; is the response expansion factor or the inverse of the probability of response, i.e.,

1 if the i*® tract is in JAS category 6,
1
=y ifD, =1,
‘ P(R, =1|D) :
0 ifD,= 0.

T5 is an unbiased estimator because

E(T;) = E{E[E(T5|D)|Z]}

:E(izﬂﬂearﬂﬂ)mn

i=1

- J"-'-
=£’{E Z.’Eiﬂieicxitiw]
N
_ (Zzieiti)ﬂ_

Assuming that tracts from different segments are independent, the variance is

Var(T,) = Var(T{)+ Var(T;). (6)

Again, the first term is given by (4) . Let myz be the probability of response of the tracts in
segment k and m,, z be the probability that two tracts have response in segments k, p. We
assume that all tracts in a same segment have same response mechanism. As shown in Appendix
F, one design unbiased estimator of the second term Var (T3 ) in (6) is

Ez 1E ; =1 %ij ;5 [:ez} Qs — 1)2 [Zzw z_;l'km)‘

Trr

var(Ty) =

Ef 12 : =1 %ij f}'[ai}'-l_e 1)Eldk€¢:dn [:E l-”{ :_:lkmE lJF tz_;l*pm)

Tyn|r
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+E§:12j[:1 e%‘“fj(l - ﬂkmj E (E w z_;l'km)

TR

Zijk Eij
E 12_;. =1 :_;l ij[ﬂk'ﬂlﬂ HklRﬂ*le)zlﬁki*pﬁn [E ; :_;lkmZ i t:_;l*pm)

T g p kT e R

3.4 Estimation of Any Farm-Level Items

Although the methodology presented here has focused on the estimation of farm numbers, it can
also be used to estimate farm-level items of interest (i.e., commodity total or presence/absence of
agricultural items). To estimate farm-level items, two additional variables, u; ., and u;, must
be defined. Their definitions depend on whether the farm-level item being estimated is the
proportion of farms with a specific agricultural commodity or a total for an agricultural
commodity.

Case 1: Proportion of Farms

First suppose that the proportion of farms with a specific agricultural commodity is to be
estimated. Define u;;.,, = 1 if that agricultural commodity is present on the farm associated
with the m®™® tract in segment k within j** substratum of i*® stratum; otherwise, u;;,,, = 0.
Similarly,

= {1 if the commoedity is present on the farm associated with the i*® tract,
0 otherwise.

Case 2: Commodity Total

Now suppose that the item to be estimated is an inventory. Define u;;.,, as the farm-level

quantity of the agricultural commodity from the m®" tract in segment k within j* substratum of
" stratum. Similarly, u; is the farm-level quantity of that item from the i*" tract.

Now, for the farm-level items, all estimators previously considered are revised by using
£ em Wi iem AN t;u; instead of the respective tract-to-farm ratios t;;,.,,, and t; considered earlier.

For example, the farm numbers estimator T, for the JAS-ALUS, assuming full response (see
(3)), becomes

1o R Tk Bijk

T2: e'}'z :_;lkm :}km+zzz z_;l :_;IZ ijkm :_;lkm_T +T"'

i=1 j=1k=1 m=1 i=1j=1 k=1
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And the sum ¢, ;. of the tract-to-farm ratios of tracts in segment k in substratum j of stratum i as
in (4) becomes ¢, = %ty Ui -

If a quantity does not involve the tract-to-farm ratio, such as x;;. or z;; . the definition remains
unchanged.

35 Alternative Method

An alternative, less costly approach to adjusting JAS for misclassification error by matching JAS
records to the annual sampling list frame has also been proposed. See Lopiano et al. (2011) and
Abreu et al. (2011) for details of this methodology. However, as compared to this proposed
approach, the results of ALUS would likely provide lower CVs for indications of the number of
farms, would provide annual monitoring of classification error that may inform the data
collection process, and would provide a means for producing improved indications for other
variables. However, the cost of conducting ALUS is non-trivial. Researchers intend to pursue
further comparisons of these two approaches.

4. DISCUSSION & CONCLUSIONS

We have discussed the sampling design of the proposed ALUS. ALUS can be treated as a second
phase to the JAS. All segments that have estimated or non-agricultural JAS tracts in the JAS
sample are ALUS-eligible. The ALUS sample allocation of segments to each state-stratum
combination considers two factors: the proportion of the ALUS population in the stratum and the
proportion of the FNRP adjustment from non-agricultural tracts in the stratum. The ALUS
sample design has been demonstrated using a sample allocation.

If there is full response in ALUS, an unbiased estimator of the number of farms based on the
two-phase survey design (JAS-ALUS) has been developed. An unbiased estimator for the
variance has also been developed. In reality, ALUS will have non-response. Thus, a general
three-phase design-based unbiased estimator with an unbiased estimator of its variance has been
developed. Then we applied this method to the JAS-ALUS, with the third phase addressing non-
response in ALUS.

5. RECOMMENDATIONS

1) A follow-on survey to the JAS, called ALUS, should be conducted so that the farm number
indications (as well as any included commodities) from the JAS can be adjusted for
misclassification.

2) The ALUS questionnaire should be a modified version of the JAS-FNRP questionnaire.
While essentially a shortened version of the JAS questionnaire, the FNRP questionnaire was also
designed to target misclassification of farms and capture data on the type of farms that were
believed to have been misclassified via multiple modes of data collection (face-to-face, phone, or
mail). Additional JAS variables added to this questionnaire would allow the ability to adjust
these variables as well.
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3). The methodology for a two-phase study with nonresponse considered to be a third phase, as
developed in this report, should be used for the analysis of the JAS-ALUS.

Note: The recommendations above were discussed at the January 2011 Senior Executive Team
meeting where the decision was made to not conduct the ALUS in 2011 due to budget
constraints.
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APPENDIX A -- FNRP Questionnaire

Project 132 QID OMB MNo. 0535-0213  Approval Expires 12/31/2010

\CULr,  NATIONAL
7 AGRICULTURAL
STATISTICS

ﬂﬁ, SERVICE

oyn®

National Field Office

U.S. Department of Agriculture,
Rm 5030, South Building

1400 Independence Ave., S WY
Washington, DC 20250-2000
Phone: 1-800-727-9540

Fax: 202-690-2090

Email: nass@nass .usda.gov

LAND UTILIZATION SURVEY

<,

Please make corrections to name, address and Zip Code, if necessary.

PLEASE RETURN THIS FORM REGARDLESS OF YOUR AGRICULTURAL ACTIVITY

You have been selected for a nationwide land utilization survey. The purpose of the survey is to determine if you are
involved in agriculture in any way. We need your completed form even though you may not be involved with agriculture, or
have only a limited amount of agriculture. All information collected is confidential and used only in combination with similar
reports from others. Response is voluntary. Thank you!

If you have any questions, call our toll-free humber at 1-800-833-0867, and we will be happy to assist you.

Since January 2009...

0001

Did you own, rent or operate land with potential for agricultural production?. ..... ;] Yes adNo.......
0002

Did you own or operate cropland? . .. ... ... .. ... 1 Yes s dNo.......
Did you receive any federal or state agricultural payments (Include Federal 0003

Farm Program, CRP, WRP, FWP, and CREP payments) . .. .. ............. 1 Yes adNo.......
0004

Did you have any hay or pasture? . .. .. ... .. ... i O Yes S INo.......
0005

Did you produce or raise any type of livestock? . . .. ............... .. ... .. .. .. [ Yes adNo.......
0006

Did you have any equUINe? .. ... ... ... e 1 Yes s INo.......
0007

Did you grow any type of poultry orbirds? . .. ... ... ... 1 Yes A dNo.......
0008

Did you own any colonies of bees regardless of location? .. ................... 1] Yes sdNo.......
0009

Did you have any aquaculture? . ... .. ... ... e 1 Yes aLCdINo.......
0010

Did you have any agricultural sales? . .. .. ...ttt 1 Yes adNo.......

{Exclude cash rent received or share of crops received for rented out land. )

{Include value from Field Crops, Hay, Silage and Forage Crops, Christmas Trees, Short Rotation Woody Crops, Seed Crops, Nursery, Greenhouse,
Floriculture, Sod, Mushrooms, Seeds, Bulbs, Vegetables, Melons, Fruits, Nuts, Berries, Other Crops, Maple Syrup, Hogs and Pigs, Cattle and Calves,
Sheep and Lambs, Goats, Poultry, Horses, Bees and Honey, Eggs, Dairy Products, Other Animals, Livestock and Animal Products, Fish and Other
Aquaculture )

If “NO” to all of these questions, please return the questionnaire in the envelope provided. You do not need to
answer the rest of the questions. You may comment on the last page.

If “YES” to any question, please complete the rest of the survey as it applies to your operation.

According to the Paperwork Reduction Act of 1995, an agency may not conduct or sponsor, and a person is not required to respond to, a collection of information unless it displays a valid OMB control
number. The valid OMB control number for this information collection is 0535-0213. The time required to complete this information collection is estimated to average 10 minutes per response, including the
time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and completing and reviewing the collection of information.
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APPENDIX A -- FNRP Questionnaire

Acres Operated
Include the farmstead, all cropland, ponds, woodland, pastureland, wasteland, and land that is in government programs.

MARK
1. Asof June 1, 2009, how many acres does this operation: NONE ACRES
0011
A, OWINT?. O +
0012
b. Rent or Lease from Others, oruse RentFree?. . . . ... ... ... .. ... .. ... ........ O =+
0013
C. Rentto Others?. . . .. .. .. . O -
0014
2. Total Acres Operated: [ltems1a+1b—1C]?2. ... .. .. ... ... . . . . .. . O =
Cropland
MARK
3. Of the total acres operated [item 2], how many acres are considered Cropland? NONE ACRES
(Include planted cropland, land in hay, summer fallow, cropland idle, cropland used 0015
for pasture and cropland in government programs.). . . ........... . O
4. Of the total cropland acres [item 3], how many are used to produce: ACRES
a. Any hay or forage crops on this operation? (Count each acre only once, 0016
regardless of the number of cuttings or differentuses.). ............. ... . ... ... |:]
ACRES TENTHS
0017
b. Any short rotation woody crops on this operation?. . .. ....... ... ... ... ... .. ..., |
0018
c. Any cut Christmas trees on this operation?. . . .......... ... ... . ... ... ... . ... .. O
0019
d. Any berrycropsonthisoperation?. . ......... ... i O
0020
e. Any fruit or nut crops on this operation? (Excluding berries). .. ................... O _
0021
f.  Any potato crops onthis operation?. . . ... ... . | _
0022
g. Any vegetable or melon crops on this operation? (Excluding potatoes)............ |:| _
SQUARE FEET UNDER| ACRES IN THE OPEN
MARK GLASS or OTHER
NONE PROTECTION ACRES TENTHS
h.  Any nursery, greenhouse, or floriculture crops, 0023 0024
or aquatic plants on this operation?. . ................. 300 -
) MARK
5. Of the total acres operated [ltem 2], how many acres are in the Conservation NONE TOTAL ACRES
Reserve Program (CRP), Wetland Reserve Program (WRP), Farmable Wetland 0025
Program (FWP), or Conservation Reserve Enhancement Program (CREP)? . . .. . .. O
ACRES
6. Of the total acres operated [ltem 2], how many acres are in Permanent Pasture, 0026
Woodland Pasture, and Rangeland®?. . . ... ... ... ... ... .. ... ... ... . ... . ... .... |
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APPENDIX A -- FNRP Questionnaire

Livestock

7. As of June 1, 2009, how many of the following livestock species were
on hand? (Include animals of any age, including newborns.)

a. All Cattle and Calves, regardless of ownership?. . ............ .. ... .. .....
b. All Goats and Kids, regardless of ownership?. .. .........................
c. All Horses, Ponies, Mules, Donkeys or Burros, regardless of ownership?. .
d. All Sheep and Lambs owned by this operation, regardless of location?. . . . ..
e. All Hogs and Pigs owned by this operation, regardless of location?. ... ... ..

f.  All Other Animals (Include Alpacas, Bison, Deer, Rabbits, Mink, etc.)?......

Poultry

8. Report any poultry on the total acres operated as of June 1, 2009, regardless of ownership.

a. What was the number of layers, pullets, and roosters for laying flock?. . ... ...

b.  What was the number of broilers, fryers, capons, roasters, and other

chickens raised for meat production? (Exclude chickens reported in 8a.). . . ..

9. As of June 1, 2009, how many turkeys were on the total acres operated,

regardlesSsioFOWNEISHIPT? = o« o s w ruve » suw o 70w 5 25 6 5 50 6 maw @ rvaws @ T w 4 @ % 24 & S 2

MARK
Bees NONE
10. How many colonies of bees did this operation own,
regardless of location, onJune 1, 20097. ... ....... ... ... ....... |

Sales of Agricultural Products

MARK
NONE

..... O

..... O

NUMBER OWNED

NUMBER OF HEAD

0027

0028

0029

0030

0031

0032

NUMBER

0033

0034

0035

HONEY
COLLECTED
in 2009 (Pounds)

0036

0037

11. What was the total gross value of sales of agricultural products in 2008, including landlord’s share and value of

product, for all crops, livestock, and poultry?
(Exclude cash rent received or share of crops received for rented out land.)

(Include value from Field Crops, Hay, Silage and Forage Crops, Christmas Trees, Short Rotation Woody Crops, Seed Crops,
Nursery, Greenhouse, Floriculture, Sod, Mushrooms, Seeds, Bulbs, Vegetables, Melons, Fruits, Nuts, Berries, Other Crops, Maple
Syrup, Hogs and Pigs, Cattle and Calves, Sheep and Lambs, Goats, Poultry, Horses, Bees and Honey, Eggs, Dairy Products, Other

Animals, Livestock and Animal Products, Fish and Other Aquaculture.)

None 99 [
$ 1-—-  $ 999 ... .. 13
$ 1,000 - $ 2499 ...... 20
$ 2,500--- §% 4999 ... .. 30 >
$ 5,000 --- $ 9999 ...... 40
$ 10,000 - $ 24999 ...... 50
$ 25000--- $ 49999 ...... 6 [
$ 50,000 - $ 99,999 ...... 70
$ 100,000 -- $ 249,999 ...... s[d
$ 250,000 --- $ 499999 ...... o
$ 500,000 --- $ 999,999 ..... 100
$ 1,000,000~ $2499999 .. ... 110
$ 2,500,000~ $4,999,999 ..... 120
$ 5,000,000 andover . .......... 1304
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APPENDIX A -- FNRP Questionnaire

Final Comments:

12. If you have any additional comments, please write them on the lines below.

A wide variety of agricultural statistics is available from the National Agricultural Statistics Service (NASS).

Thank you for your cooperation.

NASS reports, data products, and services are also available on the Internet at www.nass.usda.qov

9910
Completed by: Area Code and Phone Number: Date:
For Office Use Only

Response Respondent Mode R Unit Enum. Eval.
1-Comp 9901 1-Op/Mgr 9902 1-Mail 9903 0921 098 100
5K 2-Sp il:lce to-Face
3-Inac 3-Acct/Bkpr LCATI
g:ngcEeslt-IoId 4-Partner gWeb |
6-Inac — Est 9-Oth 7 P
7-Off Hold — Est 8-CAPI
8-Known Zero 19-Other

Number of Number
State Segment Tract Subtract Dwellings Sampled Tract Acres
039 040 041 042
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APPENDIX B

Example allocations by state and stratum using 2010 JAS data

State Approximate Total Sample Size (segments)
Stratum | 5000 4500 4000 3500 3000 2500 2000 1000 500
AL 145 132 120 106 89 76 63 29 15
13 24 20 17 14 12 10 9 4 2
20 61 52 43 37 31 27 22 10 5
40 60 60 60 55 46 39 32 15 8
AZ 48 46 45 42 35 28 22 12 9
13 10 8 7 6 5 4 4 2 1
14 4 4 4 4 3 2 1 1 1
18 4 4 4 4 3 2 2 1 1
28 4 4 4 4 3 2 2 1 1
38 4 4 4 4 3 2 1 1 1
42 11 11 11 10 9 8 6 3 2
43 11 11 11 10 9 8 6 3 2
AR 162 150 140 124 105 89 73 34 18
11 52 44 37 32 27 23 19 9 5
21 26 22 19 16 14 12 10 5 3
42 84 84 84 76 64 54 44 20 10
CA 65 59 53 49 41 35 27 14 9
11 4 4 4 4 3 2 1 1 1
21 40 34 28 25 21 18 14 7 4
41 19 19 19 18 15 13 10 5 3
45 2 2 2 2 2 2 2 1 1
CO 117 101 86 76 64 52 43 22 14
13 4 4 4 4 3 2 2 1 1
15 28 24 20 17 15 12 10 5 3
20 4 4 4 4 3 2 2 1 1
25 47 39 33 28 24 20 17 8 4
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APPENDIX B

State Approximate Total Sample Size (segments)

Stratum | 5000 4500 4000 3500 3000 2500 2000 1000 500
28 17 15 12 11 9 8 6 3 2
34 7 6 5 4 4 3 3 2 1
35 6 5 4 4 3 3 2 1 1
38 4 4 4 4 3 2 1 1 1
49 0 0 0 0 0 0 0 0 0

CT 1 1 1 1 1 1 1 1 1
40 1 1 1 1 1 1 1 1 1

DE 85 72 60 51 43 37 31 14 7
13 24 20 17 14 12 10 9 4 2
20 61 52 43 37 31 27 22 10 5

FL 66 62 59 54 45 37 30 15 9
13 24 20 17 14 12 10 9 4 2
21 4 4 4 4 3 2 2 1 1
31 4 4 4 4 3 2 1 1 1
40 15 15 15 14 12 10 8 4 2
42 19 19 19 18 15 13 10 5 3

GA 169 156 144 127 107 91 75 34 17
13 24 20 17 14 12 10 9 4 2
20 61 52 43 37 31 27 22 10 5
40 84 84 84 76 64 54 44 20 10

ID 44 38 33 29 24 22 18 9 5
10 10 9 7 6 5 5 4 2 1
15 18 15 13 11 9 8 7 3 2
22 11 9 8 7 6 5 4 2 1
43 5 5 5 5 4 4 3 2 1

IL 157 135 116 102 86 72 58 28 15
11 80 67 56 48 41 35 28 13 7
12 23 19 16 14 12 10 8 4 2
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State Approximate Total Sample Size (segments)

Stratum | 5000 4500 4000 3500 3000 2500 2000 1000 500
20 35 30 25 22 18 15 13 6 3
31 4 4 4 4 3 2 1 1 1
40 15 15 15 14 12 10 8 4 2

IN 111 97 83 75 63 53 42 21 12
11 40 34 28 25 21 18 14 7 4
12 13 11 9 8 7 6 5 2 1
20 39 33 27 24 20 17 14 7 4
31 4 4 4 4 3 2 1 1 1
40 15 15 15 14 12 10 8 4 2

1A 64 54 45 39 33 28 23 11 6
13 24 20 17 14 12 10 9 4 2
20 40 34 28 25 21 18 14 7 4

KS 157 135 114 99 85 71 59 28 15
11 58 49 41 35 30 25 21 10 5
12 28 24 20 17 15 12 10 5 3
20 59 50 41 36 30 26 21 10 5
40 12 12 12 11 10 8 7 3 2

KY 107 95 85 76 63 53 43 21 11
13 24 20 17 14 12 10 9 4 2
20 49 41 34 30 25 21 17 8 4
31 4 4 4 4 3 2 1 1 1
40 30 30 30 28 23 20 16 8 4

LA 74 67 61 54 45 39 32 16 8
13 24 20 17 14 12 10 9 4 2
20 20 17 14 12 10 9 7 4 2
40 30 30 30 28 23 20 16 8 4

ME 40 40 40 37 31 26 21 10 5
40 40 40 40 37 31 26 21 10 5
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State Approximate Total Sample Size (segments)
Stratum | 5000 4500 4000 3500 3000 2500 2000 1000 500
MD 36 33 29 27 22 19 16 8 5
13 5 5 4 4 3 3 2 1 1
20 21 18 15 13 11 9 8 4 2
40 10 10 10 10 8 7 6 3 2
MA 28 28 28 26 23 19 15 7 4
31 3 3 3 3 3 2 1 1 1
40 25 25 25 23 20 17 14 6 3
Ml 80 70 62 56 47 39 32 16 9
11 20 17 14 13 11 9 7 4 2
20 40 33 28 24 20 17 14 7 4
40 20 20 20 19 16 13 11 5 3
MN 163 144 127 112 94 79 65 30 15
11 63 53 44 38 32 27 22 10 5
12 25 21 18 15 13 11 9 4 2
20 35 30 25 22 18 15 13 6 3
40 40 40 40 37 31 26 21 10 5
MS 172 157 144 128 109 91 76 35 19
11 27 23 19 16 14 12 10 5 3
12 10 8 7 6 5 4 4 2 1
20 56 47 39 34 29 24 20 9 5
40 79 79 79 72 61 51 42 19 10
MO 175 154 135 119 100 84 69 32 16
11 63 53 44 38 32 27 22 10 5
12 23 19 16 14 12 10 8 4 2
20 49 42 35 30 25 21 18 8 4
40 40 40 40 37 31 26 21 10 5
MT 100 89 78 70 59 51 41 21 11
13 33 28 23 20 17 14 12 6 3
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State Approximate Total Sample Size (segments)

Stratum | 5000 4500 4000 3500 3000 2500 2000 1000 500
20 40 34 28 25 21 18 14 7 4
43 5 5 5 5 4 4 3 2 1
44 22 22 22 20 17 15 12 6 3

NE 174 152 131 116 98 83 68 32 17
11 82 69 58 50 42 36 29 14 7
12 24 21 17 15 13 11 9 4 2
20 39 33 27 24 20 17 14 7 4
40 29 29 29 27 23 19 16 7 4

NV 8 7 6 6 5 5 3 2 2
28 2 2 2 2 2 2 1 1 1
38 6 5 4 4 3 3 2 1 1

NH 12 12 12 12 10 8 7 4 3
14 4 4 4 4 3 2 2 1 1
31 2 2 2 2 2 2 1 1 1
40 6 6 6 6 5 4 4 2 1

NJ 36 32 28 25 21 16 12 7 5
13 4 4 4 4 3 2 1 1 1
20 28 24 20 17 15 12 10 5 3
31 4 4 4 4 3 2 1 1 1

NM 31 30 29 28 22 19 15 10 7
13 8 7 6 5 4 4 3 2 1
18 4 4 4 4 3 2 2 1 1
19 1 1 1 1 1 1 1 1 1
28 4 4 4 4 3 2 2 1 1
38 4 4 4 4 3 2 1 1 1
40 5 5 5 5 4 4 3 2 1
48 5 5 5 5 4 4 3 2 1

NY 44 37 31 27 23 19 16 8 4
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State Approximate Total Sample Size (segments)

Stratum | 5000 4500 4000 3500 3000 2500 2000 1000 500
13 9 7 6 5 5 4 3 2 1
20 35 30 25 22 18 15 13 6 3

NC 232 208 188 166 139 117 96 45 23
13 10 8 7 6 5 4 4 2 1
20 138 116 97 83 70 59 49 22 11
31 4 4 4 4 3 2 1 1 1
40 80 80 80 73 61 52 42 20 10

ND 162 138 113 99 83 71 57 27 14
11 74 63 52 45 38 32 26 12 6
12 29 25 20 18 15 13 10 5 3
20 59 50 41 36 30 26 21 10 5

OH 116 101 89 79 68 57 46 23 13
11 35 29 24 21 18 15 12 6 3
12 12 10 8 7 6 5 4 2 1
20 30 25 21 18 15 13 11 5 3
31 9 7 6 5 5 4 3 2 1
32 2 2 2 2 2 2 1 1 1
40 28 28 28 26 22 18 15 7 4

OK 131 115 101 88 75 63 53 25 13
11 40 34 28 24 20 17 14 7 4
12 13 11 9 8 7 6 5 2 1
20 47 39 33 28 24 20 17 8 4
40 31 31 31 28 24 20 17 8 4

OR 70 63 57 51 43 37 30 14 8
13 11 9 8 7 6 5 4 2 1
20 32 27 22 19 16 14 11 5 3
43 27 27 27 25 21 18 15 7 4

PA 120 108 97 87 73 61 49 24 13
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State Approximate Total Sample Size (segments)

Stratum | 5000 4500 4000 3500 3000 2500 2000 1000 500
13 7 6 5 4 4 3 3 2 1
20 69 58 48 42 35 30 24 11 6
31 4 4 4 4 3 2 1 1 1
40 40 40 40 37 31 26 21 10 5

RI 12 12 12 12 10 8 6 4 3
14 4 4 4 4 3 2 1 1 1
31 2 2 2 2 2 2 1 1 1
40 6 6 6 6 5 4 4 2 1

SC 104 95 87 79 66 56 45 21 11
13 6 5 4 4 3 3 2 1 1
20 49 41 34 30 25 21 17 8 4
40 49 49 49 45 38 32 26 12 6

SD 135 119 105 92 79 67 55 25 13
11 52 44 37 32 27 23 19 9 5
12 13 11 9 8 7 6 5 2 1
20 37 31 26 22 19 16 13 6 3
40 33 33 33 30 26 22 18 8 4

TN 211 190 172 153 129 109 89 42 22
13 30 25 21 18 16 13 11 5 3
20 95 80 67 58 49 41 34 16 8
31 6 5 4 4 3 3 2 1 1
40 80 80 80 73 61 52 42 20 10

X 363 324 291 259 219 185 149 74 44
10 27 22 19 16 14 12 10 5 3
13 13 11 9 8 7 6 5 2 1
14 4 4 4 4 3 2 1 1 1
15 28 24 20 17 15 12 10 5 3
16 6 5 4 4 3 3 2 1 1
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State Approximate Total Sample Size (segments)

Stratum | 5000 4500 4000 3500 3000 2500 2000 1000 500
18 10 8 7 6 5 4 4 2 1
20 40 33 28 24 20 17 14 7 4
21 2 2 2 2 2 2 1 1 1
24 41 35 29 25 21 18 15 7 4
25 47 39 33 28 24 20 17 8 4
26 4 4 4 4 3 2 1 1 1
27 7 6 5 5 4 3 3 2 1
28 17 15 12 11 9 8 6 3 2
31 6 5 4 4 3 3 2 1 1
32 4 4 4 4 3 2 1 1 1
40 52 52 52 47 40 34 28 13 7
41 44 44 44 40 34 29 23 11 6
42 11 11 11 10 9 8 6 3 2

uT 29 26 24 22 19 17 13 8 6
13 8 7 6 5 4 4 3 2 1
20 11 9 8 7 6 5 4 2 1
31 4 4 4 4 3 2 1 1 1
32 2 2 2 2 2 2 1 1 1
46 2 2 2 2 2 2 2 1 1
48 2 2 2 2 2 2 2 1 1

VT 20 20 20 19 16 13 11 5 3
40 20 20 20 19 16 13 11 5 3

VA 131 119 107 97 81 69 56 26 14
13 5 5 4 4 3 3 2 1 1
20 70 59 49 43 36 30 25 12 6
31 6 5 4 4 3 3 2 1 1
40 50 50 50 46 39 33 27 12 6

WA 137 126 116 103 88 74 61 30 17
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State Approximate Total Sample Size (segments)

Stratum | 5000 4500 4000 3500 3000 2500 2000 1000 500
10 32 27 23 20 17 14 12 6 3
11 15 13 11 9 8 7 6 3 2
20 28 24 20 17 15 12 10 5 3
41 19 19 19 18 15 13 10 5 3
43 43 43 43 39 33 28 23 11 6

WV 71 70 68 63 52 44 35 18 11
13 4 4 4 4 3 2 2 1 1
20 10 9 7 6 5 5 4 2 1
31 4 4 4 4 3 2 1 1 1
32 2 2 2 2 2 2 1 1 1
40 51 51 51 47 39 33 27 13 7

WI 115 102 90 79 67 56 45 22 12
11 23 19 16 14 12 10 8 4 2
12 8 7 6 5 4 4 3 2 1
20 56 48 40 34 29 24 20 9 5
31 4 4 4 4 3 2 1 1 1
40 24 24 24 22 19 16 13 6 3

WY 103 103 103 95 80 67 53 27 17
11 4 4 4 4 3 2 1 1 1
12 4 4 4 4 3 2 1 1 1
20 4 4 4 4 3 2 2 1 1
31 2 2 2 2 2 2 1 1 1
32 2 2 2 2 2 2 1 1 1
42 84 84 84 76 64 54 44 20 10
44 1 1 1 1 1 1 1 1 1
45 2 2 2 2 2 2 2 1 1

Total 4933 4424 3965 3536 2980 2513 2045 991 550

Actual Total Sample Size (segments)
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Anticipated cost by state for each example allocation

Approximate Total Sample Size (segments)

State | 5000 4500 4000 3500 3000 2500 2000 1000 500
AL | $23,629 | $21511 | $19,555 | $17,274 | $14,503 | $12,385 | $10,266 | $4,726 $2,444
AZ | $3548 | $3,400 $3,326 $3,105 $2,587 $2,070 $1,626 $887 $665
AR | $32,931 | $30492 | $28,459 | $25207 | $21,344 | $18,092 | $14,839 | $6,912 $3,659
CA | $14524 |$13183 | $11,842 | $10949 | $9,161 $7,820 $6,033 $3,128 $2,011
CO | $13,694 | $11,821 | $10,065 | $8,895 $7,491 $6,086 $5,033 $2,575 $1,639
CT | $244 $244 $244 $244 $244 $244 $244 $244 $244
DE | $20,706 | $17,539 | $14,616 | $12.424 | $10,475 | $9,013 $7,552 $3,410 $1,705
FL | $18887 | $17,742 | $16,883 | $15453 | $12,877 | $10,588 | $8,585 $4,292 $2,575
GA | $31,137 | $28741 | $26531 | $23,398 | $19,714 | $16,766 | $13,818 | $6,264 $3,132
ID $3,080 | $2,660 $2,310 $2,030 $1,680 $1,540 $1,260 $630 $350
IL $37,014 | $31,828 | $27,348 | $24,048 | $20,275 | $16,975 | $13,674 | $6,601 $3,536
IN $18,897 | $16,513 | $14,130 | $12,768 | $10,725 | $9,023 $7,150 $3,575 $2,043
IA $12,580 | $10,614 | $8,845 $7,666 $6,486 $5,504 $4,521 $2,162 $1,179
KS | $20925 | $17,993 | $15194 | $13,195 | $11,329 | $9,463 $7,864 $3,732 $1,999
KY | $19,474 | $17200 | $15470 | $13,832 | $11,466 | $9,646 $7,826 $3,822 $2,002
LA | $9,034 | $8,179 $7,447 $6,592 $5,494 $4,761 $3,907 $1,953 $977
ME | $9,744 | $9,744 $9,744 $9,013 $7,552 $6,334 $5,116 $2,436 $1,218
MD | $8,770 | $8,039 $7,064 $6,577 $5,359 $4,628 $3,898 $1,949 $1,218
MA | $6,821 | $6,821 $6,821 $6,334 $5,603 $4,628 $3,654 $1,705 $974
MI | $16,397 | $14,347 | $12,708 | $11,478 | $9,633 $7,993 $6,559 $3,279 $1,845
MN | $31,218 | $27,579 | $24,323 | $21,450 | $18,003 | $15,130 | $12,449 | $5,746 $2,873
MS | $33423 | $30,508 | $27,982 | $24.873 | $21,181 | $17,683 | $14,768 | $6,801 $3,692
MO | $34,888 | $30,701 | $26,914 | $23,724 | $19,936 | $16,746 | $13,756 | $6,380 $3,190
MT | $11,760 | $10,466 | $9,173 $8,232 $6,938 $5,998 $4,822 $2,470 $1,294
NE | $27,088 | $23,663 | $20,394 | $18,059 | $15257 | $12,921 | $10,586 | $4,982 $2,647
NV | $502 $439 $376 $376 $314 $314 $188 $125 $125
NH | $2,675 | $2,675 $2,675 $2,675 $2,229 $1,783 $1,560 $892 $669
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Approximate Total Sample Size (segments)

State | 5000 4500 4000 3500 3000 2500 2000 1000 500
NJ $7,741 $6,881 $6,021 $5,376 $4,516 $3,441 $2,580 $1,505 $1,075
NM $4,184 $4,049 $3,914 $3,779 $2,969 $2,564 $2,024 $1,350 $945
NY $7,589 $6,382 $5,347 $4,657 $3,967 $3,277 $2,760 $1,380 $690
NC $45,992 $41,234 $37,269 $32,908 $27,555 $23,194 $19,031 $8,921 $4,560
ND $22,861 $19,475 $15,947 $13,971 $11,713 $10,020 $8,044 $3,810 $1,976
OH $16,045 $13,970 $12,310 $10,927 $9,406 $7,884 $6,363 $3,181 $1,798
OK $29,197 $25,631 $22,511 $19,613 $16,716 $14,041 $11,813 $5,572 $2,897
OR $10,466 $9,420 $8,523 $7,626 $6,429 $5,532 $4,486 $2,093 $1,196
PA $26,208 $23,587 $21,185 $19,001 $15,943 $13,322 $10,702 $5,242 $2,839
RI $2,923 $2,923 $2,923 $2,923 $2,436 $1,949 $1,462 $974 $731
SC $13,395 $12,236 $11,206 $10,175 $8,501 $7,213 $5,796 $2,705 $1,417
SD $15,498 $13,661 $12,054 $10,562 $9,069 $7,692 $6,314 $2,870 $1,492
TN $33,557 $30,218 $27,355 $24,333 $20,516 $17,335 $14,155 $6,680 $3,499
X $85,174 $76,023 $68,280 $60,772 $51,386 $43,408 $34,961 $17,363 $10,324
uT $3,995 $3,582 $3,306 $3,031 $2,617 $2,342 $1,791 $1,102 $827
VT $4,872 $4,872 $4,872 $4,628 $3,898 $3,167 $2,680 $1,218 $731
VA $19,294 $17,526 $15,759 $14,286 $11,930 $10,162 $8,248 $3,829 $2,062
WA | $19,180 $17,640 $16,240 $14,420 $12,320 $10,360 $8,540 $4,200 $2,380
WV | $15,984 $15,758 $15,308 $14,183 $11,706 $9,905 $7,879 $4,052 $2,476
WI $26,404 $23,419 $20,664 $18,138 $15,383 $12,858 $10,332 $5,051 $2,755
WY $23,187 $23,187 $23,187 $21,386 $18,010 $15,083 $11,931 $6,078 $3,827
Total | $897,335 | $806,408 $724,620 $646,563 $544,842 $458,884 $373,442 $180,855 $100,402
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APPENDIX D Variance Estimation of JAS-ALUS without Non-response

The first term in Sarndal and Swensson (1987) is XX, A, ¥, ¥,/7ys . For JAS-ALUS,

_ - ra i in H
T = €5 Vi =:T"k=ei}-2nf§1 tiem - | k=1lbut they are in a same substratum,
1 1 -2 % Ao _ sijleg-y) Y -1
= = L — = g2 ﬁ = awl — J.J’) =e 1,
T ap 5[_.":9[_.‘_1:' ) ﬁﬂk; T okt TopTa 9[_."':9[_."_1:' ez_;u * aki Tanl *—_\ i}
E'L_.'I_E'L_."—,'
1 - -
Tils = 7oy If k,Lare from different substratum, &, ., =0.1f k=1, m = T = ei}-l,
ajj (ay=
— -1 -2 % — Dakr _ -1 — — -1
d"n'z}'d-c_ Eij T Ei E"Ekk_ .‘TZ:: =1- €ij +Toxnls = Ty|s = Gij -

The second term in Sarndal and Swensson (1987) is =, n2(1 — f2)Ssr, /My, . For JAS-ALUS,

m i 1 2 o
ny =Nj, my =n; . fr, = n_: = \_Ej = Therefore, n;, (1 — fi,)/my, = N;;(a; —1) .



APPENDIX E Variance of a General Three-Phase Sampling Design Estimation

Sarndal and Swensson (1987) studied the estimation from a two-phase sampling design. Their
method can be applied to two-phase sampling design estimation without considering
response/non-response in the second phase. It can also be used to adjust for non-response in a
one-phase survey. Here we extend their work to a general three-phase survey design.

To be consistent and complete, we state the notations in the first two phases as in Sarndal and
Swensson (1987). Then we continue to the third-phase.

Let N be the cardinality of the finite population U and ¥ be the value of study. v, is the value of
y for the k*" unit. The population total is T = X v, . We allow a general sampling design in
each phase.

(a) The first-phase sample S(ScU) of size ns . not necessarily fixed, is drawn according to a
sampling design Z,(-).such that P,(5)is the probability of choosing5. The inclusion
probabilities are defined by

T ok =ZPE(5]’ Tarr = Z P.(5)

keXR k.leXR
With Tap = Tap . St Agp,= Moy — T Tay - We assume that m,, =0for all k.

e = 0 forall k # p in variance estimation. 7, is the probability of selection of the k" unit
in the first phase sampling. ., is the probability of selection both the k*" unit and the p** unit
in the first phase sampling.

(b) Given 5, the second-phase sample R(R=S) of size mg, not necessarily fixed, is drawn
according to a sampling design A(- |5), such that P(R|S), is the conditional probability of
choosing R. The inclusion probabilities given 5 are defined by

s =Z P(RIS), Typjs= Z P(R|S) .

KER kpER

Trpls = g5 - S€t Ay 5™ Tppys — Ty 5Ty 5 - We assume that for any 5, my s > 0 for all & .
e s = 0forall k #p €5 in variance estimation. m, s is the probability of selection of the
k** unit in the second phase sampling given the result of the first phase sampling. 7, s is the

probability of selection both the k** unit and the ®* unit in the second phase sampling given the
result of the first phase sampling.

(c) Given R, the third-phase sample F(Fc—R) of size gz, not necessarily fixed, is drawn
according to a sampling design A(- [R), such that P(FIR), is the conditional probability of
choosingF. F is the set of response for the second phase in a two-phase sampling design. The
inclusion probabilities given R are defined by
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Tyn = Z PFIR), yps = Z P(FIR) .

KEF kpEF

Tanlr = Trg - St App|a™ Trplr — Tx|rTalr - Txjr 1S the probability when the k** unit has
response for the second phase in a two-phase sampling design. ., is the probability when

both the £** unit and the p** unit have response for the second phase in a two-phase sampling
design.

Now forall k,» €5 and any 5, define m; = 7 s . Ty, = Moy, Topis - Tik = Ti - Ty iSthe
probability of selection of the k™ unit in a two-phase sampling design. Ty, 1S the probability of
selection both the k™ wunit and the »®™ unit in a two-phase sampling design. Set

Ayp= Ty, — e, . Next, define

g _ = —_ g _ = —_
T =T Me = TMaw s Tyjg s Top ™ TipTieple = Tarp Trp|s Tip|r -

Forall k,p € R andany R, 75 =7, wp is the probability such that the k" unit is chosen in a
two-phase sampling design and has response. ?r,’;, is probability such that both the k** unit and
the ™ unit are chosen in a two-phase sampling design and have response.

Set A, = mg, — mymy. Then the first-phase expanded y-value is ¥, = :—"’ . The second-phase

tar

o

expanded v-value is ¥; =

"k =2k The third-phase expanded y-value is

Tps Ty

e o
wis _ 3 RY. i ¥ A Sakp
}:r+ = L a—— L = r = —'f_, . The eXpandEd A Values are EI'rzi'{-;:l: ¥
TR Ty |5TH|R Tk Ty|ST|R T Takp
X+ —fBakp _ _ Bakp oz _ Sipls
Bppls= = = Bipis= )
Thp TakpThp|S Thp|S

Now we define the basic estimator in three-phase sampling, = * estimator.

Recall T = X, v, is the population total. To provide the variance formula for this estimator, we
first decompose .2 — T as

ts—T= (Zj‘fk—Z}’k)-F(Zf;—ka)+(2f:£_zj§:)=ﬂs+gﬂ+CF'
S U R 5 F R

Now let E;(-) = E(- |S), Vary(-) = Var(-|S) refer to conditional expectation or variance in
phase two, given the outcome 5 of phase one. Ex(-) = E(- |R), Varg(-) = Var(- |R) refer to
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conditional expectation or variance in phase three, given the outcome R of phase two. Then the
variance

Var(t #) = Var(f # — T) = Var[E(f s — T|S)] + E[Var(t s —T|S)]. (7)

Now we calculate the first term of (7). Given the first phase sample, Az is constant, the second
and third phase estimators are unbiased. Therefore

E(f,#—T|S)=E(A; + By + Cz|S) =A; + 0+ 0= 4;. (8)
For the second term of (7), we have
Var(ts — T|S) = Vars[E(£,# — TIR)] + Es[Var(t s — T|R)]. (9)

Given the second phase sample, A: and By are constants; the third phase estimator is unbiased.
Therefore in the first term of (9),

E(f,#—T|R) =E(A;+ By + Cz|R) =A;+ B + 0 =A; + B;. (10)
Hence,
Var;[E(£.# — T|R)]| = Vary[A; + Bg] = Vars(Bg) (11)
On the other hand,
Var(t.# — T|R) = Var(Ag + By + C¢|R) = Var(Cg|R) . (12)

From (9), (11) and (12),
Var(t.z — T|S) = Vary (Bg) + E;[Var(C:|R)]. (13)
From (7), (8) and (13), we have
Var(t#) = Var(Ag) + E{Var;(Bg) + Es[Var(C-|R)]}
=Var(4s) + E[Vary(Bg)] + E{Es[Varg (CA)]}. (14)

Here,

Var(4) = ' ) Bup¥icdy (15)
o
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Var;(Bg) = ZZ ﬂmsﬂﬂ ' (16)
L3

Var(Cg|R) = Varg (Cr) = ZZ ﬂkﬂmﬂﬁﬁf* . (17)
R

But this variance formula (14) cannot be applied directly. Therefore we need provide a design
unbiased estimator of the variance. For arbitrary constant ¢y, ,

EELEQ ) o /Mimsl®D=EE() D )] EQY. )" Tagiscis)
= Z Zyﬂﬂk?ﬂkﬂlgck? = Zzyﬂﬁ‘p Crp - (18)

Let ¢, = AL, 57,7, in the above argument (18), a design unbiased estimator of the first term of
(14)is

XXe E‘:pwfkfp -"'lﬂ-k'le . (19)

+

Let ¢, = Emsﬂ 1‘.’; , by using the first two equations of (18), a design unbiased estimator of

E[Var,(Bz)]. the second term of (14) is
EEF ﬁkpuf;ﬂ fﬁkpu? . (20)

Let ¢y, = Ay zVn 7,7 by using the first equation of (18), a design unbiased estimator of the

first term of E{E;[Varz(C:)1}, the third term of (14) is
EEFﬁkﬁlﬂf:ﬁfgﬁ -"'lﬂ-k'le . (21)

Put (19), (20) and (21) together, we have a design unbiased estimator of (14),

Var [f;) = Z ZF E':'m_‘-'j;kj;-p f’ﬁkpm

3 L R
+ § § Fﬁkpu}’k ¥y ."'ITIJ{'MR

£ D s s (22)
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In this Appendix we apply (22) to obtain a design unbiased estimator of the second term
Var(T;) in (6).

In the JAS-ALUS sampling design, the unit is segment. One unit in Appendix E is one segment
in substratum j within stratum i . It includes all tracts in that segment. Recall that all segments
within a same substratum have the same expansion factor. The first phase expansion factor is e;;

and the second phase expansion factor is a;; for all segments in substratum j within stratum
i . Therefore, 7, = e;;*. and

Sijic

Vi Z
j“’;kz - :ei_;l' t-z'_;l'i'{m'
i
ak

m=1

If k = p but they are in a same substratum, T, = ,

1 _n i Sawp
A =T, —T T, =—————¢&.° App=—7= g = €y
ckp ackp k' ap & f ':E[j_l} ijr akp Takp By’

= ; 1 v T — - —
Typls = i If k,pare from different substratum(i,j), (i".j"), Ag,=0. Ay,

— 1 —_— —_ — -1 _ -1 _ —2 - _ A
ﬂ:k?’lg - @iy i Af k= Pr Tapr = Tax = ei_:" 4 d"n'z}'{J-:_ IEz'_:l' IEz'_:" ] E"|-1J{J{_ Takk B

Tyx)s = Ty s = ag; - Therefore,

L E"n'.ﬂ{',t: _ m"z'_;l'[:ﬂ’z'_:l' - 1]
kp|s= =
Tep|s €
ifk+p.
i+ —_
ﬂ'k'pl_‘-'_ 0

if k., p are from different substratum.

T+ E‘uk*p _ ﬂ’i}'[ei_;l' B 1)
Aepis= =

(23)
Tyn|s €

ifk=p.
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1

1 .
In the second phase, ALUS, recall that my s =my s =—, mTpps=—— if the two
aij ayjlag=
. - 1
segments are in a same substratum. Otherwise, ., ; = ——— . Therefore,
E[J-'E[n’_l.-n'
mt — },{ — l_||{
Vi Th|5 ez_;laz_;lz z_;lkm . (24]
1 Lpps
Appls= Trpls — MgsTps = 57— and A “EE — — jf the two segments are in a same
kel 5™ Thpls — TilsTols = Z2ig ) kPIST mepis | @y 9

substratum. Apps=0= E,w'g if the two segments are in different substratum.
ii—1 A -1

ﬁk.pl_r; ﬂk'ﬂ."’-‘ Hkl_r;ﬁ.pl_r; =% and ﬂk.pl_:_' _hrd_ _; If k p If we have Hkl-ﬁ and
Ly

Tiep | &if
Mgz then we can have Ay, z= T,z — Ty Ty e and the third-phase expanded y-value
‘FH = V+fﬂk|x by (24).

Together with all the analysis in this Appendix, assuming that all tracts in a same segment have
same response mechanism, we can obtain the design unbiased estimator (22) of the second term
in (6). In our case, my 5 is the probability of response of the tracts in segment k. m,, 5 is the

probability that two tracts have response in segments k, p.

Ez 12_;. 1 z_:l z_;l [ez_;l 1)2 [EHLJK E}'km)z

Trr

Var(Ty) =

+E 12_: =1 ij ﬂ'f}'[:ai_:' 1)21dk€p~:n [Ezw :_;lkmZ lJF tz_;lpm)

Trem R
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T g p T e R

2



APPENDIX F Variance Estimation of JAS-ALUS with Non-response

It can be simplified to

_:l =1 :_:' z_;' [:et_;' z_;l 1)2 (ZHLJK z_;u'km)‘

Ty g

var(Ty) =

1 i ol B
+Zi:12}.l=1 E:-j. af_;l'[a'i'_;l' + E 1)21,:;{._-;?,{” [:E |-_Ihf Ukmz lJ ti}'ﬂm)

Trem R
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