Appendix A.
Statistical Methodology

THE CENSUS POPULATION

The 2024 Census of Horticultural Specialties (CHS)
was designed to cover all operations from which
$10,000 or more of horticultural products were
produced and sold, or normally would have been sold,
during 2024. Horticultural products include annual
bedding/garden plants, potted flowering plants, cut
flowers, cut cultivated florist greens, trees, shrubs,
ground covers, vines, fruit and nut trees, sod, dry
bulbs, greenhouse produced vegetables, commercial
vegetable transplants, vegetable and flower seeds,
Christmas trees, short rotation woody trees, aquatic
plants, unfinished or prefinished plants, propagation
materials, hemp under protection, cultivated
mushrooms, and other nursery or greenhouse plants.
To reduce respondent burden, data collection for the
2024 Commercial Floriculture Survey was conducted
in conjunction with the 2024 Census of Horticultural
Specialties.

The 2024 CHS mail list was built from NASS’s list
frame. All records on the frame with $10,000 or more
in horticultural sales were included on the mail list. A
sample was selected for other horticultural operations
on the frame that had less than $10,000 in
horticultural sales or had unknown sales values. The
final mail list included 39,565 operations.

DATA COLLECTION
Method of Enumeration

The 2024 CHS primary data collection method was
mailout/mailback with paper forms, supplemented
with Computer-Assisted Self Interviews (CASI) on
the Internet, telephone enumeration, and personal
enumeration for special classes of records. Personal
enumeration (interviewing) involved the use of both
Computer-Assisted Telephone Interviewing (CATI)
and Computer-Assisted Personal Interviewing
(CAPI). In addition, field enumerators conducted
phone and personal interviews with respondents. For
the 2024 CHS, NASS implemented a pre-notification
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strategy in an effort to increase awareness, improve
overall responses, and encourage respondents to
report early to avoid continued correspondence. All
records in the initial mailout received a pressure
sealed letter announcing that the horticulture census
mail packets were coming and encouraged
respondents to respond through CASI on the internet.

Report Form

A 28-page report form was used to capture the number
of horticultural products produced and sold and the
value of sales for both retail and wholesale sales. The
various types of plants sold were grouped by sections
in the report form. Additionally, information was
obtained for area in production for several types of
crops; marketing channels; estimated value of land,
buildings, machinery, and equipment; production
expenses; and the number of hired workers employed
by the operation in 2024.

The report form allowed respondents to write in
specific commodities that were not listed on their
form. See Appendix B for facsimiles of the report
form and instruction sheet.

Report Form Mailings

The Census Bureau’s National Processing Center
(NPC) in Jeffersonville, IN was contracted to perform
mail packet preparation, pre-census notification CASI
pressure sealer printing and mailing, initial mailout,
CASI pressure sealer and mailing, and a follow-up
mailing to nonrespondents. The NPC began CASI
pressure sealer census notifications on December 16,
2024. The 2024 CHS report form was mailed from the
NPC on December 30, 2024. Each operation selected
for the census was mailed a packet that contained a
cover letter, an CASI instruction letter, a report form
instruction sheet, a labeled report form, and a return
envelope addressed to either NPC or the National
Operations Division (NOD) for data capture. The
report form carried a return due date of February 14,
2025.
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The NPC mailed a reminder/thank you CASI pressure
sealer on February 24, 2025. The follow-up mailing
took place from NPC on March 20, 2025.

Respondent Follow-up

Telephone follow-up interviews for nonrespondents
took place from April 21, 2025, to May 29, 2025,
from a NASS Data Collection Center.

Data collection for the 2024 CHS was coordinated
with other NASS surveys. In some cases, if a
horticultural operation was also selected for a survey,
NPC mailed the 2024 CHS materials to NASS
regional field offices (RFOs). Office personnel were
responsible for collecting the horticulture data and
completing other survey report forms in the most
efficient way to reduce the number of contacts and
minimize respondent burden.

REPORT FORM PROCESSING
Data Capture

NPC received, processed, and returned mail packets
forall U.S. horticulture (24-A624). NASS staff on site
at NPC provided technical guidance and monitored
NPC processing activities. All report forms returned
to NPC were immediately checked in, using bar codes
printed on the mailing label, and removed from
follow-up report form mailings. All forms with any
data were scanned and an image was made of each
page of a report form. Optical Mark Recognition
(OMR) was used to capture categorical responses and
to identify the other answer zones in which some type
of mark was present. All forms were reviewed prior
to data keying to identify inconsistencies and ensure
the data could be keyed. Major inconsistencies,
respondent remarks, and blank forms were reviewed
by analysts and adjusted prior to keying. In some
cases, report forms were mailed to regional field
offices for further editing.

Data entry operators keyed data from the scanned
images using OMR results that highlighted the areas
of the report forms with respondent entries. The
keyers evaluated the contents and captured pertinent
responses. Ten percent of the captured data were
keyed a second time for quality control. If differences
existed between the first keyed value and the second,
an adjudicator handled resolution. The decision of the
adjudicator was used to grade the performance of the
keyers, who were required to maintain a certain
accuracy level.

A -2 Appendix A

The images and the captured data were transferred to
NASS’s centralized network and became available to
regional field offices and headquarters on a flow
basis. The images were available for use in all stages
of review. Images were computer generated for
reports obtained from the telephone interviews and
the Internet.

Starting in May 2025, the NOD began to accept
questionnaires for keying from the RFO. All report
forms returned to NOD were immediately checked in,
using barcodes printed on the mailing label, and
removed from follow-up report form mailings. All
forms were scanned, and an image was made of each
page of a report form. Data entry operators keyed data
from the scanned images and evaluated the contents
and captured pertinent responses. Data entry
verification was used to perform quality control on all
data entry staff. If differences existed between the first
keyed value and the second, the person verifying the
record made a correction to the keyed data. Scanned
images were and keyed data were available to
regional field offices and headquarters on a flow
basis.

Data Editing

Captured data were processed through a computer
formatting program that verified records were valid.
Rejected records were referred to analysts for
correction. Accepted records were sent to a complex
computer batch edit process. Each execution of the
computer edit, in batch mode, consisted of records
from only one State and flowed as the data were
received from each data collection source.

The computer edit determined whether a reporting
operation met the qualifying criteria to be counted as
an in-business record. The edit examined each in-
business record for reasonableness and completeness
and determined whether to accept the reported value
for each data item or to take corrective action. Such
corrective actions included removing erroneously
reported values, replacing an unreasonable value with
a value consistent with other reported data, or
providing a value for an item omitted by the
respondent. To the extent possible, the computer edit
assigned a value deterministically within the edit or
marked value for imputation for later resolution.
Operations failing to meet the qualifying criteria were
categorized as out-of-scope. Out-of-scope records
that NASS had reason to believe might be in-business
(indications of recent and/or significant horticultural
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activity reported on NASS surveys, for example) were
referred to analysts for verification and action.

The edit systematically checked reported data section-
by-section with the overall objective of achieving an
internally consistent and complete report. NASS
subject-matter experts had previously defined the
criteria for acceptable data. Problems that could not
be resolved within the edit were referred to an analyst
for intervention. Regional field office analysts also
participated using an interactive version of the edit
program to submit corrected data and subsequently
re-edit the record to ensure satisfactory resolution.

Imputation

After the initial edit, an automated multiple
imputation program supplied data estimated from
predictive models using geography, sampling and
relevant questionnaire variables as predictors. Post-
imputation records were run back through the
computer edit to ensure imputation actions provided
acceptable results. Instances where imputed data
failed edit checks were referred to analysts for
corrective action.

Data Analysis

The complex edit ensured the full internal consistency
of the record. Successfully completing the edit did not
provide insight as to whether the report was
reasonable compared to other reports in the county.
Analysts were provided with an additional set of tools
to review record-level data across operations. These
examinations revealed extreme outliers, large and
small, or unique data distribution patterns that were
possibly a result of reporting, recording, or handling
errors. Potential problems were researched and, when
necessary, corrections were made and the record
interactively edited again.

ESTIMATION
Sampling

The 2024 Census of Horticultural Specialties is a
census of every operation on the NASS Horticulture
Sampling Frame with at least $10,000 of horticultural
sales indicated. Operations on the frame that had
indicators of horticultural sales below the $10,000
threshold were sampled at approximately 40 percent.
Each operation in the sample has a sample weight
equal to the inverse of the record’s probability of
selection. Records with sales of $10,000 or more have
a sample weight of 1 because they are selected with
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certainty. Records with sales less than $10,000 have a
sample weight of about 5/2 or 2.5, since these were
sampled at a rate of approximately 40% or 2 out of 5.

Weighting Methodology

NASS’s goal was to produce horticulture totals that
were fully adjusted for list undercoverage and
nonresponse. Although much effort was expended
making the 2024 Census of Horticultural Specialties
list as complete as possible, it did not include all
horticultural ~ operations,  resulting in  list
undercoverage. In addition, some producers of
horticulture did not respond to the survey despite
numerous attempts to contact them.

Nonresponse Adjustment

Nonrespondents were accounted for in the final data
by increasing the weights of the respondents inversely
to the proportion of nonrespondents. Record-level list
frame control data was used to define weighting cells
(strata) comprised of farms and ranches of similar size
or production. The counts of CHS respondents and
nonrespondents were used to compute the adjustment
factor for the weighting cell. The methodology
assumed nonresponse was random. For example, if a
weighting cell has 100 farms and ranches of which 80
responded and 20 did not, then every respondent
would have its original weight of 1 increased to 1.25
(100/80) to represent the farms and ranches not
responding.

Coverage Adjustment

The 2022 Census of Agriculture (CoA) was used to
adjust for undercoverage. The majority of 2024 CHS
respondents also responded to the 2022 CoA. For the
operations that replied to both censuses, the
undercoverage weights from the 2022 CoA were
applied to the 2024 CHS response. These records
were then used to build a regression model of
undercoverage weights using 2024 CHS responses.
For each 2024 CHS response that did not match to a
2022 CoA record, the estimated weight from the
regression model was that record’s undercoverage
weight.

Final Summary Weights

The final fully-adjusted weights for in-scope farms
for the 2024 Census of Horticultural Specialties were
calculated as:

Final Weight = Sample Weight x Nonresponse
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Adjustment x Coverage Adjustment

Most of the fully-adjusted weights for the 2024
Census of Horticultural Specialties were not whole
numbers (integers). Using these weights to create the
estimates published in the tables would result in
fractional values. These would be difficult to read and
cause consistency problems between related tables.
To mitigate these problems, summary weights were
created by randomly moving the fully-adjusted
weights up or down to an integer in a way that
preserved the overall sum of the fully adjusted
weights. This process is called weight integerization.
The resulting summary weights were used to produce
the numbers published in the tables.

Census Response Rate

The response rate is an indicator of the quality of data
collection. It is generally assumed that if a response
rate was close to 100 percent, the potential for
nonresponse bias is small. Using the fourth response
rate formula (RR4) from the American Association of
Public Opinion Research’s Response Rate Standard
Definitions manual the response rate for the 2024
Census of Horticulture Specialties survey is 65.5
percent. This compares to 66.3 percent for the 2019
Census of Horticulture Specialties Survey.

MEASURES OF PRECISION

Under the guidance of the U.S. Chief Statistician of
the Office of Management and Budget (OMB), NASS
provides data users with quality metrics for its
published data series. The accuracy of data products
may be evaluated through sampling and nonsampling
error. The measurement of error due to sampling in
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the current period is evaluated by the coefficient of
variation (CV) for each estimated item. Nonsampling
error is evaluated by response rates and the percent of
the estimate from respondents.

Coefficient of variation is a measure of the relative
amount of error associated with a sample estimate.
Specifically, it is the standard error of a point estimate
divided by that estimate, generally multiplied times
100 so that it can be reported as a percentage. This
relative measure allows the reliability of a range of
estimates to be compared. For example, the standard
error is often larger for large population estimates
than for small population estimates, but the large
population estimates may have a smaller CV,
indicating a more reliable estimate. Every estimate for
the 2024 Census of Horticultural Specialties has a
corresponding CV published with it. NASS has
identified the following index to use when evaluating
coefficient of variation for the 2024 Census of
Horticultural Specialties. The coefficient of variation
is used as an indicator of the precision in the census
estimates and is reported in Quick Stats.

¢ Low Reliability Estimate. Coefficient of
Variation (CV) 30 percent or higher. Caution
should be used when using this estimate in any
form. Please consult NASS for more information
or guidance.

e Medium Reliability Estimate. Coefficient of
Variation (CV) between 15 percent and 29.9
percent.

e High Reliability Estimate. Coefficient of
Variation (CV) less than 15 percent.
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