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EXECUTIVE SUMMARY

Phase III of the Agricultural Resource Management Survey (ARMS) is a sample survey
conducted by the National Agricultural Statistics Service (NASS) on behalf of the
Economic Research Service (ERS). ARMS Phase III is conducted annually from January
to April, collecting total farm and enterprise level financial data.

In September 2006, the Office Of Management and Budget released the Office of
Management and Budget Standards and Guidelines for Statistical Surveys. The Office of
Management and Budget’s (OMB) standards and guidelines updated specifications for
common survey issues affecting Federal Statistical Agencies. Standard 3.2 updates
specifications guiding analysis of survey response rates, as well as mandating
evaluation of nonresponse bias when survey response rates are less than 80 percent.

In 2020, NASS’s ARMS III survey yielded a 39.4 percent response rate (Weber, 2021).
In compliance with OMB Guidelines, NASS has completed a nonresponse bias
investigation for 2020. This investigation replicated two previous ARMS nonresponse
bias investigations in 2005 and 2006, both published in 2008. The current research effort
applies similar statistical methodology as the precedents, applying it to 2020 ARMS
Phase III.

The current research effort begins by matching the 2020 ARMS Phase III sample with
respondent records from the 2017 Census of Agriculture. Records contained in both
ARMS and Census are referred to as ‘All Matching Records’. A subset of All Matching
Records are those records responding to ARMS, ‘Matching Respondents’. Nonresponse
bias in the 2020 ARMS survey will be evaluated by inserting 2017 Census data into All
Matching Records and calculating weighted means with ARMS sample weights for both
All Matching Records and Matching Respondents. Three weighted means of 2017 Census
data will be computed and compared across twenty ARMS regions: 1) means for All
Matching Records, computed using ARMS sample weights, 2) means for Matching
Respondents, using ARMS sample weights, and 3) means for Matching Respondents
using ARMS sample weights, adjusted by calibration, referred to as ‘Matching
Respondents Calibrated’.

Relative biases will be calculated, and statistically evaluated, for select ARMS variables
using OMB’s Guideline 3.2.9 equation. Research results suggest significant persistent
biases are exhibited in select variables when Matching Respondents are compared to All
Matching Records. Results also suggest the comparison of Matching Respondents
Calibrated to All Matching Records produces statistically insignificant biases (p > .05)
for a majority of select variables. This research reaffirms a conclusion from two
precedents (Earp, McCarthy, Schauer, & Kott, 2008), i.e., calibration is an effective tool
for mitigating nonresponse biases.



RECOMMENDATIONS

ARMS Phase III nonresponse bias should be reevaluated when the 2022 Census
data are available.

Continue ARMS Phase III target records estimation process and the adaptive
data collection strategies that maximize response.

Search for biases at levels other than region.
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Abstract

The United States Department of Agriculture’s National Agricultural Statistics Service
(NASS) conducts the annual Agricultural Resource Management Survey (ARMS) in
three phases. The third ARMS phase collects sensitive economic statistics. According to
the 2006 Office of Management and Budget Standards and Guidelines for Statistical
Surveys, response rates lower than 80 percent must be evaluated for nonresponse bias.
Since 2002, NASS has employed calibration of survey weights to mitigate nonresponse
bias. This research will evaluate nonresponse biases through specifications provided by
OMB, data from 2017 Census of Agriculture, and modern survey calibration processes.

Results suggest calibration processes decreased biases to levels no longer significantly
different from zero (P<= 0.05) for 95.8 percent of select variables.
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1. INTRODUCTION

On September 22, 2006, the Office of Management and Budget published Office of
Management and Budget Standards and Guidelines for Statistical Surveys which was
founded on recommendations from the Federal Committee on Statistical Methodology’s
(FCSM) Subcommittee on Standards for Statistical Surveys. The Office of Management
and Budget’s (OMB) standards and guidelines for statistical surveys apply to all surveys
conducted by federal statistical agencies.

Federal statistical agencies, such as the United States Department of Agriculture’s
(USDA) National Agricultural Statistics Service (NASS), are subject to OMB’s standards
and guidelines for statistical surveys. Standard 3.2 provides specifications for analysis of
response rates and nonresponse bias. According to Standard 3.2,

Agencies must appropriately measure, adjust for, report, and analyze unit and
item nonresponse to assess their effects on data quality and to inform users.
Response rates must be computed using standard formulas to measure the
proportion of the eligible sample that is represented by the responding units in
each study, as an indicator of potential nonresponse bias. (Office of Management
and Budget, 2006, p. 14)

The 2020 ARMS Phase III usable response rate was 34.9 percent (n = 33,892), well
below the OMB response rate threshold of 80 percent referenced in Guideline 3.2.9;
therefore, NASS will reevaluate nonresponse bias with similar methods employed for two
previous investigations published in 2008 (Earp, McCarthy, Schauer, & Kott, 2008).
Table 1 illustrates recent response rates for ARMS Phase III.

Table 1. US ARMS Phase Il Response Rates.

Year Usable Response Rate
2005 | 70.5
2006 | 67.6
2016 52.6
2017 60.6
2018 451
2019 42.6
2020 34.9

* indicates years associated with Earp, McCarthy, Schauer, & Kott, 2008



OMB’s Guideline 3.2.9 states:

“Given a survey with an overall unit response rate of less than 80 percent, conduct an analysis of
nonresponse bias using unit response rates as defined above, with an assessment of whether the
data are missing completely at random. As noted above, the degree of nonresponse bias is a
function of not only the response rate but also how much the respondents and nonrespondents
differ on the survey variables of interest. For a sample mean, an estimate of the bias of the
sample respondent mean is given by:

BRO= 1 - B = 000 - B0

where,

M = the mean based on all sample cases

M = the mean based on respondent cases
My = the mean based on nonrespondent cases
n = the number of cases in the sample

N, = the number of nonrespondent cases”

For a multistage (or wave) survey, focus the nonresponse bias analysis on each stage, with
particular attention to the “problem” stages. A variety of methods can be used to examine
nonresponse bias, for example, make comparisons between respondents and nonrespondents
across subgroups using available sample frame variables. In the analysis of unit nonresponse,
consider a multivariate modeling of response using respondent and nonrespondent frame
variables to determine if nonrespondent bias exists.” (Office of Management & Budget, 2006, p.
16)

NASS calculates unweighted unit response rates (RRU) for ARMS based on the
expression provided in Guideline 3.2.2 of the Office of Management and Budget
Standards and Guidelines for Statistical Surveys:

_ C
U=
C+R+NC+0+e(U)

where,

C = the number of completed cases or sufficient partials

R = the number of refused cases

NC = the number of noncontacted sample units known to be eligible

O = the number of eligible sample units not responding for reason other than
refusal

U = the number of sample units of unknown eligibility, not completed

e = the estimated proportion of sample units of unknown eligibility that are

eligible



ARMS is conducted in three phases. Phase I screens for qualifying agricultural operations
for Phases II and III. Phase II collects data on cropping practices and agricultural
chemical usage, while Phase III collects detailed economic information about the
agricultural operation as well as the operator’s household.

NASS weights ARMS Phase III respondents such that a subset of summary variable
totals match specific “targets” determined from external sources. This weighting process
is called “calibration.” Calibration adjusts survey weights in a manner that summary
direct expansions match, or are close to, a specified target’s value.

Calibration in ARMS Phase III targets official statistical estimates for farm numbers,
farm numbers by economic sales classes, corn, soybean, wheat, rice, cotton, hay, peanut,
sugarcane, sugar beet, tobacco, fruit and vegetable acres, floriculture crops, cattle, cattle
on feed, hog, broilers, layer, milk, turkey inventories, and egg production. Calibration
weighted sums of survey data will equal, or be close to, the targeted values listed above.
An important benefit under calibration weighting is a reduction in nonresponse biases
(Earp, McCarthy, Schauer, & Kott, 2008). The current research will evaluate 2020
ARMS nonresponse biases, and their mitigation through calibration, using 2017 Census
of Agriculture data.

Calibration, as expressed by Davies, G., J. Gillard, and A. Zhigljavsky. 2016, is as
follows: suppose m sampling units in a survey have been assigned initial weights d; for
i=1,...,m, and furthermore, there are n auxiliary variables whose values in the sample are
known. Calibration seeks to improve the initial weights d; by finding new weights w; that
incorporate this auxiliary information while perturbing the initial weights as little as
possible, the ratio g; = wi/d; must be close to one.

Let X € Ry, be the matrix of survey samples, with each column corresponding to an
auxiliary variable. Reweighting can be expressed as the optimization problem (see
Davies, Gillard, and Zhigljavsky, 2016):

minimize i d, @(gi)

i=1
subjecti: A g=r
with respect to g € Ry.

where ¢: R-R is a strictly convex function with ¢(1)=0, r € R, are the known
population totals of the auxiliary variables, and A € Rmxn is related to X by A;; = diXj; for
i=1,...,m and j=1,...,n.



The Census of Agriculture is a mandatory data collection from all known U.S.
agricultural operations. Some data concepts measured in the 2017 Census of Agriculture
are exact matches to those measured on the 2020 ARMS, therefore, comparisons can be
constructed. The Census of Agriculture is not a complete enumeration, and comparisons
cannot be constructed for nonrespondent operations. An estimated 15.1 percent of all
farms were missing from the 2017 Census Mailing List, and 13.9 percent of farms on the
Census Mail List were nonrespondents to the Census. Furthermore, ARMS sample
operations may not match those in the 2017 Census of Agriculture. Nevertheless, a
difference calculation will be constructed that contrasts 2017 Census data values of All
Matching Records (19,257) to Matching Respondents (8,755). This research will evaluate
the difference, as well as changes in the difference under calibration weighting.

2. METHODS

The analytical data set contains 2017 Census of Agriculture respondent data values for
operations sampled for the 2020 ARMS. Sample weights for each agricultural operation
are those from the 2020 ARMS sample selection, before calibration. Targets for
calibration are established by computing the ARMS sample weighted direct expansions
of All Matching Records, using 2017 Census of Agriculture data, for twenty ARMS
regions. These direct expansions are used as calibration targets to adjust ARMS sample
weights for Matching Respondents. The twenty ARMS regions include the fifteen largest
cash receipts states (Arkansas, California, Florida, Georgia, Illinois, Indiana, Iowa,
Kansas, Minnesota, Missouri, Nebraska, North Carolina, Texas, Washington, and
Wisconsin) and the remaining thirty-three states (Alaska and Hawaii are not sampled for
the ARMS) which are grouped using five production regions: 1) Atlantic, 2) South, 3)
Midwest, 4) Plains, and 5) West.

Calibration targets employed in this research are farm numbers, farm numbers by
economic sales classes, corn, soybean, wheat, cotton, peanut, sugarcane, sugar beet,
tobacco, fruit and vegetable acres, cattle, cattle on feed, hog, broiler, layer, dairy cow,
and turkey inventories. Egg production is not included due to 2017 Census of Agriculture
questionnaire design.

This research focuses on sixteen survey variables collected on both ARMS and the
Census of Agriculture, which are not calibration targets:

Total Acres

Total Sales

Acres Rented
Cropland Acres

Total Production Expenses
Seed Expenses
Fertilizer Expenses
Chemical Expenses
Livestock Purchases
Feed Purchases

Hired Labor Expenses



Machinery and Equipment Value
Government Payments
Operator’s Age

Operator’s Race

Farm Type.

These select variables were also used in previous research; however, crop expenses are
not present as in Earp et. al., 2008 due to lack of clear survey definition.

Let Y, represent the ARMS sample or calibration weighted mean, for Matching
Respondents or Matching Respondents Calibrated, respectively, and Y, represent the
ARMS sample weighted mean for All Matching Records. Relative bias, a trivial variation
of OMB’s expression 3.2.9, is defined as:

RelBias= S Je

r

The statistical significance of relative bias is difficult to evaluate with traditional survey
metrics since elements in Y, and Y, overlap. Fortunately, a test for persistent biases across
twenty ARMS regions can be computed with the following measure, referred to as
regional relative bias:

M=log|y,|-I
Ir
B2

tlog

yr_ yt
Z

tlog |1+

This measure is symmetric, log (7r)—log (%)Z—[log(l)—log( T’r)], and retains the scale-
invariance property of relative bias, i.e., multiplying the reported Census data value for
each operation by a fixed factor, a weight, does not affect the overall regional relative
bias.

The regional relative bias measure, M, for a select study variable is treated as an
independent random variable. The mean of all twenty regional relative biases, M , will be
evaluated for location through corrected sum of squares. The null hypothesis of no
regional relative bias, M =0, will be tested against an alternative hypothesis of persistent
regional relative bias (p>.05%). In as much as a conventional ¢ test, based on twenty
observations, is asymptotically normal under both the null and alternative hypotheses, M
values will approximate a Student t with nineteen degrees of freedom. This
approximation could lead to liberal inferences (the inappropriate rejection of the null



hypothesis when it is true) since M values for select study variables may not be normally
distributed nor possess a common variance across regions. Nevertheless, by taking
logarithms, M values will be more normal and homoscedastic than absolute relative
biases.

A sign and a signed-rank test for the twenty observations will also be computed. The
sign test is not as powerful as the other two tests (i.e., it more often fails to find that M is
significantly different from O when, in fact, there is a persistent bias across the regions),
but it assumes neither normality nor homoscedasticity of M. The signed-rank test
assumes homoscedasticity, but not normality. Both will be included for comparison. A
paired t test is included evaluating the null hypothesis of no mean bias reduction for each
study variable:

20

Z (RelBias (&, Matching Respondents , Region i — RelBias

BiasReduction=—- b
20

Matching Respondents Calibrated , Regioni )

3. RESULTS AND DISCUSSION

Results are presented in Table 2. National Estimates are included for reference. All
sixteen study variables exhibited unanimous persistent regional relative biases across all
three statistics comparing Matching Respondents to All Matching Records. The
comparisons of Matching Respondents Calibrated to All Matching Records indicate
thirteen of the sixteen study variables unanimously retained the null hypothesis of “no
persistent regional relative bias”. The three remaining study variables, Farm Type,
Chemical and Fertilizer Expenses returned a mixture of results. Table 3 illustrates forty-
eight statistical tests of “no persistent regional relative bias” considering all sixteen
study variables and the t, sign, and sign rank (three) statistics. In these forty-eight tests,
regional relative biases of Matching Respondents, Y,, compared to All Matching
Records, y,, 95.8 percent of the null hypotheses are rejected. After calibrating ARMS
sample weights to obtain Matching Respondents Calibrated, the “no persistent regional
relative bias” null hypotheses rejection rate falls to 10.4 percent, an 85.4 percent
difference. Comparative rejection rate declines of 47.1 and 34.4 percent were produced
for 2005 and 2006, respectively (see Table 3).

Paired t tests suggest the null hypotheses of “No Mean Bias Reductions” are rejected for
fifteen of the sixteen study variables. The current rate of significant Mean Bias
Reductions of 93.8 is well above the 29.4 and 76.5 percent found in 2005 and 2006,
respectively. A possible explanation for the improvements in paired t test may be that a
richer set of calibration targets were used in 2020 relative to the previous studies. Over
time, NASS has evolved the targeted data set from about twelve targets in 2002, to about
thirty targets in 2020. The 2005 and 2006 studies used twelve targets.

Additional analyses of the 2020 ARMS thirty replicate regional relative biases are
available and computed via:



yr,i_yt,i

RelBias,;=
.yr,i

where i = 1 to 30. Results for all sixteen variables across all three statistics and thirty
replicates are displayed in Table 4. Paired t tests for Mean Bias Reductions are also
calculated and presented. The percentage of significance replicate regional relative biases
are comparable to results obtain on the full replicate presented in Table 2. Significant
Mean Bias Reductions across replicates are also comparable to the full replicate.



Table 2. Significance of Regional Relative Biases, 2020 ARMS Study Variables

National Estimates Regional Estimates (n=20) Statistical Tests
Relative Relative Relative Relative Signed

Variable Mean Bias Mean BiasMean BiasMin BiasMax| t Pvalue Sign Pvalue Ranks P value|Pairedt P value
1. Total Acres Operated

All Matching Records 407 391

Matching Respondents 297 -36.94% 293 -30.60% -79.20% -4.77%| -7.72 0 -10 0 -105 0

Matching Respondents Calibrated 386 -5.28% 382 -0.66% -35.31% 19.81%| 0.11 0.92 1 0.82 7 0.81 -3.97 0.00
2. FarmType

All Matching Records 8.15 7.89

Matching Respondents 8.36 2.53%) 8.10 2.99% -3.20% 13.43%| 3.37 0 4 012 78 0

Matching Respondents Calibrated | 8.45 3.62%)| 8.01 208% -6.39% 12.98% 2.22 0.04 4 0.12 57 0.03 200 0.06

3. Acres Rented
All Matching Records 162 164
Matching Respondents 109  -48.92% 110 -46.32% -131.12% -9.18%| -9.66 0 -10 0 -105 0

Matching Respondents Calibrated | 156 -3.85% 159  -029% -39.68% 23.02%| 024 082 -1 0.82 8 078 -472 0.00

4. Government Payments (Dollars)

All Matching Records 4,707 5,249
Matching Respondents 3,607 -30.49%| 4,158 -36.92% -148.25%  7.26%| -5.53 o -9 0o -101 0
Matching Respondents Calibrated | 4,563  -3.14%| 5,317 -4.94% -53.52% 25.39%| -0.83 042 O 1 -16 057 -455 0.00

5. Operator's Age
All Matching Records 60.97 60.95
Matching Respondents 61.47 0.82%| 61.44 0.78% -1.53% 3.81% 249 0.02 4 0.12 57 0.03
Matching Respondents Calibrated | 61.36 0.63%| 61.26 0.52% -1.58% 393% 168 011 2 0.5 37 018 220 004

6. Cropland Acres
All Matching Records 180 195
Matching Respondents 132 -36.27% 145 -37.81% -95.94% -11.16%| -9.89 0 -10 0 -105 0
Matching Respondents Calibrated 187 4.00%| 209 1.37% -32.69% 2359%| 0.73 047 1 0.82 21 045 -538 0.00

7. Total Production Expenses
All Matching Records 142,481 170,481
Matching Respondents 105,453 -35.11%| 125,333  -37.85% -139.72% -3.34%| -7.57 0 -10 0 -105 0
Matching Respondents Calibrated 154,600 7.84%| 188,115 3.13% -25.96% 21.88% 1.39 018 3 026 41  0.13| -536 0.00

8. Livestock Purchases (Dollars)
All Matching Records 10,410 11,974
Matching Respondents 7,937 -31.16%| 9,382 -39.77% -197.30% 14.25%| -4.35 o -7 (0] -92 0
Matching Respondents Calibrated | 16,520 36.99%| 19,263 3.31% -122.83% 50.09%| 1.22 024 3 026 46 0.09 -2.83 0.01




Table 2 continued

National Estimates Regional Estimates (n=20) Statistical Tests
Relative Relative Relative Relative Signed

Variable Mean Bias Mean BiasMean BiasMin BiasMax| t Pvalue Sign Pvalue Ranks Pvalue|Pairedt P value
9. Hired Labor Expenses (Dollars)

All Matching Records 12,702 16,929

Matching Respondents 9,136 -39.04%| 11,269 -48.50% -154.05%  5.57%| -5.55 0 -8 0 -101 0

Matching Respondents Calibrated 13,759  7.68%| 17,362 -0.31% -112.54% 38.66% 0.6 055 O 1 20 047 -311 0.01
10. Feed Purchases (Dollars)

All Matching Records 13,774 15,081

Matching Respondents 10,033 -37.28%| 10,809 -52.09% -178.88% 15.58%| -5.04 0o -8 -97 0

Matching Respondents Calibrated 16,691 17.48%| 18,443 -11.21% -187.72% 34.93%| -0.78 0.45 0 1 -10 0.73] -2.74 0.01
11. Fuel and Oil Expenses (Dollars)

All Matching Records 5,376 6,237

Matching Respondents 4,020 -33.72%| 4,563 -38.01% -116.06% -6.12%| -8.73 0 -10 0 -105 0

Matching Respondents Calibrated 5,456 146%| 6,374  -023% -2985% 17.96% 02 085 1 082 8 078 -696 0.0
12. Chemical Expenses (Dollars)

All Matching Records 7,269 9,230

Matching Respondents 5193 -39.99%| 6,382 -55.16% -228.91% -5.64%| -6.53 0 -10 0 -105 0

Matching Respondents Calibrated 7,994 9.07%| 10,083 4.16% -6381% 37.54% 139 018 5 004 53 005 -600 0.00
13. Machinery and Equip Value (Dollars)

All Matching Records 131,483 140,119

Matching Respondents 104,209 -26.17%| 110,041 -28.12% -78.35% -10.08%| -2.33 0 -10 0 -105 0

Matching Respondents Calibrated 128,718 -2.15%| 141,287  -0.86% -19.18% 13.32%|-0.24 081 1 0.82 -1 099 -669 0.00
14. Seed Expenses (Dollars)

All Matching Records 9,690 11,235

Matching Respondents 6,724 -4411%| 8,203 -50.31% -167.86% 23.85%| -6.42 0o -9 o -99 0

Matching Respondents Calibrated 9,928 2.39%| 12,468 4.62% -51.46% 46.48% 1.39 018 4 0.12 40 0.4 -755 0.00
15. Fertilizer Expenses (Dollars)

All Matching Records 10,298 12,180

Matching Respondents 7,448 -38.25%| 8,701 -46.78% -160.37% -8.32%| -7.73 0 -10 0 -105 0

Matching Respondents Calibrated 10,875 5.30%| 13,171 406% -3208% 21.94% 157 013 6 001 49 0.07] -691 0.00
16. Total Sales (Dollars)

All Matching Records 170,857 206,053

Matching Respondents 123,375 -38.49%| 148,658 -41.08% -149.04% -2.43%| -7.39 0 -10 0 -105 0

Matching Respondents Calibrated 184,952  7.62%| 228,232 4.15% -36.73% 21.00% 164 012 4 012 49 0.07] -558 0.00




Table 3. 2020 ARMS Regional Relative Biases Comparisons to 2005 and 2006 Results

Previous Research Comparison
% significant
t Sign  |Signed Ranks Paired t-test
All Selected Variables P value |P value [P value All Three Tests |P value
2020 ARMS
All Matching Records (n=19,257)
Matching Respondents (n=8,755) 100| 87.5 100 95.8
Matching Respondents Calibrated 6.3 12.5 12.5 10.4 93.8
2006 ARMS
All Matching Records (n=14,633)
Matching Respondents (n=9,380) 64.7| 294 52.9 49
Matching Respondents Calibrated 5.9 5.9 11.8 14.6 76.5
2005 ARMS
All Matching Records (n=13,875)
Matching Respondents (n=9,258) 52.9 52.9 58.8 54.9
Matching Respondents Calibrated 5.9 5.9 11.8 7.8 29.4

Table 4. Significance of Regional Relative Mean Biases for 2020 ARMS using 2017
Census Data Across 30 Replicates

2020 ARMS Across 30-Replicates Statistical Tests

% significant
t Sign  |Signed Ranks Paired t- test
All 16 Variables P value | P value |P value All Three Tests |P value
All Matching Records
Matching Respondents 99.4| 91.3 98.3 96.3
Matching Respondents Calibrated 3.8 104 5.8 6.7 92.1




Beginning in 2016, NASS defined ARMS High Impact Records for customized data collection
strategies and statistician estimation. High Impact records were defined as those contributing a
large percentage of control data, relative to calibration target totals. During the 2020 ARMS III
cycle, NASS statisticians estimated for sixty-two High Impact Records. The estimation process
was accomplished through comparisons of nonrespondent control data with respondent control
data relative to reported values. Ratios, administrative data, and other data sources are then
applied to a nonrespondent’s control data producing an estimated response. These estimated
responses are typically consistent across state, farm type, and sales class.

To evaluate the consequences of removing High Impact Records on regional relative mean
biases, the same statistical tests were conducted after removing the NASS estimated High Impact
Records from the dataset. The results are displayed in Table 5.

Table 5. Significance of Regional Relative Mean Biases for 2020 ARMS using 2017 Census
Data After Removal of High Impact Records

High Impact Records Removed

% significant
t Sign Signed Ranks Paired t -test
All Selected Variables P value |P value [P value All Three Tests (P value

2020 ARMS High-Impact Records Removed

All Matching Records (n=19,257)

Matching Respondents (n=8,693) 100 94 100 97.9

Matching Respondents Calibrated o 18.8 18.8 12.5 93.8
2020 ARMS

All Matching Records (n=19,257)

Matching Respondents (n=8,755) 100 87.5 100 95.8

Matching Respondents Calibrated 6.3 12.5 12.5 10.4 93.8

These results indicate removal of High Impact Records did not produce questionably adverse
impacts to the tested hypotheses. No comparisons to previous studies are made since High
Impact Records process began in 2016. For the 2020 ARMS cycle, the sixty-two High Impact
Records were not impactful enough to alter the original calibration result when viewed from the
perspective of percent significant of selected statistical tests.



4. CONCLUSION

ARMS data are used by farm organizations, commodity groups, agribusiness, Congress,
State Departments of Agriculture, and the USDA. USDA uses ARMS data to evaluate
farm financial performance which influences agricultural policies. USDA also uses
ARMS data to objectively evaluate other agriculture and rural community issues,
therefore, survey actions minimizing ARMS nonresponse bias are essential to establish
and maintain USDA credibility.

This research reassessed NASS’s calibration process as a mitigant of nonresponse biases
in 2020 ARMS Phase III. 2017 Census of Agriculture weighted mean estimates of total
production expenses, livestock purchases, hired labor expenses, feed purchases, fuel and
oil expenses, chemical expenses, machinery and equipment value, and seed and fertilizer
expenses exhibited significant persistent biases using ARMS sample weights. Although
the magnitude of the relative bias of the mean estimate remained high for livestock
purchases using the calibrated weights, calibration reduced the magnitude of this bias to
statistical insignificance (see Table 2). Egg and milk production were not included as
calibration targets, because these data items collected for the 2017 Census did not match
those in ARMS. This may help to explain why the magnitude of the estimated relative
bias of the mean for livestock purchases. Calibration of ARMS sample weights produced
relative biases that accepted the null hypothesis of ‘no persistent bias’ for a majority of
select study variables. Additionally, mean bias reductions were found to be significant
for the majority of select study variables.

According to Guideline 3.2.13 of the Office of Management and Budget Standards and
Guidelines for Statistical Surveys, NASS should:

Base decisions regarding whether or not to adjust or impute data for item
nonresponse on how the data will be used, the assessment of nonresponse bias
that is likely to be encountered in the review of collections, prior experience with
this collection, and the nonresponse analysis discussed in this section. ~When
used, imputation and adjustment procedures should be internally consistent,
sampled on theoretical and empirical considerations, appropriate for the analysis,
and make use of the most relevant data available. If multivariate analysis is
anticipated, care should be taken to use imputations that minimize the attenuation
of underlying relationships.

Since the ARMS Phase III data user community is large, and the survey has influence on
agricultural policy, NASS’s calibration process must be an effective mitigant of
nonresponse biases. This research demonstrates that effectiveness through relative bias
and bias reduction measures that, overall, support survey calibration practice. Regular
ARMS production cycles are likely improved further than this research suggests when
calibration targets are given appropriate attention in questionnaire design, enumeration,
and editing. Based on the calibration targets used in research, calibration is demonstrated
to be an effective statistical process for addressing persistent regional ARMS
nonresponse biases.



Limitations of this analysis include: 1) Slight calibration target mismatches between
production ARMS and this research, namely egg and milk production; 2) Statistical tests
in this research are based on matching farms responding to the 2017 Census of
Agriculture; and 3) no statistical tests produced for subregional relative biases.

5. RECOMMENDATIONS
Based on the current research results, the following recommendations are made:

1. ARMS Phase III nonresponse bias should be reevaluated when the 2022 Census
data are available.

2. Continue ARMS Phase III target records estimation process and the adaptive
data collection strategies that maximize response.

3. Search for biases at levels other than region.
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