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Appendix A. 
Census of Agriculture Methodology 
 
 
THE CENSUS POPULATION  
 
The Census Mail List  
 
The National Agricultural Statistics Service (NASS) 
maintains a list of farmers and ranchers from which 
the Census Mail List (CML) is compiled. The goal is 
to build as complete a list as possible of agricultural 
places that meet the NASS farm definition, that is, an 
operation that produces, or would normally produce 
and sell, $1,000 or more of agricultural products per 
year.  The CML compilation begins with the list 
used to define sampling populations for NASS 
surveys conducted for the agricultural estimates 
program.  Each record on the list includes name, 
address, and telephone number plus additional 
information that are used to efficiently administer the 
census of agriculture and agricultural estimates 
programs. 
 
NASS builds and improves the list on an ongoing 
basis by obtaining outside source lists.  Sources 
include State and federal government lists, producer 
association lists, seed grower lists, pesticide 
applicator lists, veterinarian lists, marketing 
association lists, and a variety of other agriculture-
related lists.  NASS also obtains special commodity 
lists to address specific list deficiencies. These 
outside source lists are matched to the NASS list 
using record linkage programs.  Most names on 
newly acquired lists are already on the NASS list.  
Records not on the NASS list are treated as potential 
farms until NASS can confirm their existence as a 
qualifying farm.  Staff in NASS field offices 
routinely contact these potential farms to determine 
if they meet the NASS farm definition. For the 2007 
Census of Agriculture, NASS made a concerted 
effort to work with Community-Based Organizations 
not only to improve list coverage for minorities but 
also to increase census awareness and participation. 
 
List building activities for developing the 2007 CML 

started in 2004.  Between 2004 and 2007, NASS 
conducted a series of Agricultural Identification 
Surveys (AIS) on approximately 1.7 million records, 
which included nonrespondents from the 2002 
census and newly added records from outside list 
sources.  The AIS report form collected information 
that was used to determine if an operation met the 
NASS farm definition.  If the definition was met, the 
operation was added to the NASS list and 
subsequently to the CML.  Addressees that were 
nonrespondents were also added to the CML and 
identified with a special status code. 
 
Measures were taken to improve name and address 
quality.  Additional record linkage programs were 
run to detect and remove duplicate records both 
within each State and across States.  List addresses 
were processed through the National Change of 
Address Registry and the Locatable Address 
Conversion System to ensure they were correct and 
complete.  Records on the list with missing or 
invalid phone numbers were matched against a 
nationally available telephone database to obtain as 
many phone numbers as possible. 
 
The official CML was established on September 1, 
2007.  The list contained 3,194,373 records. There 
were 2,198,410 records that were thought to meet the 
NASS farm definition and 995,963 potential farm 
records, which included AIS nonrespondents, other 
records added to the CML by the NASS field offices, 
and late adds to the CML that were not included in 
any previous AIS or State screening survey.   
 
Not on the Mail List  
 
To account for farming operations not on the CML, 
NASS used its area frame.  The NASS area frame 
covers all land in the U.S. and includes all farms.  
The land in the U.S. is stratified by characteristics of 
the land.  Segments of approximately equal size are 
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delineated within each strata and designated on aerial 
photographs.  A probability sample of segments is 
drawn within each strata for the NASS annual area 
frame survey, known as the June Agricultural Survey 
(JAS).  The JAS sample of segments is allocated to 
strata to provide accurate measures of acres planted 
to widely grown crops and inventories of hogs and 
cattle. Sampled segments in the June Survey are 
personally enumerated. Each operation identified 
within a segment boundary is known as a tract.  
 
The 2007 JAS sample was allocated to strata so that 
it would provide additional measures of small and 
minority owned farms. The 2007 JAS consisted of 
10,912 regular sampled segments, supplemented 
with 3,692 Agricultural Coverage Evaluation Survey 
(ACES) segments – segments selected to provide 
measures of small and minority owned farms. These 
additional ACES segments targeted farming 
demographics that typically had lower coverage rates 
on the list.   
 
The information from each tract (operation) within a 
segment is matched against operations on the NASS 
list to determine the amount of undercoverage that 
exists for a wide range of farming sectors and farmer 
demographics. The names and addresses collected in 
the 2007 JAS and 2007 ACES were matched to the 
CML and checked for duplication.  Farms from the 
June 2007 survey that did not match were 
determined to be Not on the Mail List (NML) and 
sent a report form of a different color to be easily 
identified.  Data from the NML operations provided 
a measure of the undercoverage of the CML 
operations.  Instructions on the census report form 
guided the respondent to complete the CML form 
and mail back both CML and NML forms together if 
duplicate forms were received.  Those who returned 
a CML census form and an NML census form had 
been erroneously classified as NML and were 
removed from the NML.  
 
The percentage of farms not represented on the CML 
varied considerably by State.  In general, farms not 
on the mail list tended to be small in acreage, 
production, and sales of agricultural products.  Farm 
operations were missed for various reasons, 
including the possibility that the operation started 
after the mail list was developed, the operation was 
so small that it did not appear in any agriculture-

related source lists, or the operation was erroneously 
classified as a nonfarm prior to mailout. 
 
The NML consisted of 12,821 tracts.  The CML was 
used with the NML in multiple frame estimation to 
represent all farming operations across all States, 
with the exception of Alaska. It is financially and 
logistically unfeasible to maintain an area frame in 
Alaska due to its vast land mass and relatively sparse 
agriculture.   
 
DATA COLLECTION  
Method of Enumeration 
 
Mailout and mailback was the primary data 
collection method.  It was supplemented with 
Electronic Data Reporting (EDR) on the Internet and 
non-response follow-ups by telephone and personal 
enumeration.  The enumeration methods used in the 
2007 census were similar to those used in the 2002 
census. 
 
Report Forms 
 
A master report form was developed that included all 
data items to be collected in the census.  From the 
master, two types of report forms were developed to 
be used in the 2007 census - a regionalized report 
form with 7 versions and a national report form.  
Each of the 24-page regionalized report forms (07-
A0201, 07-A0202, 07-A0203, 07-A0204, 07-A0205, 
07-A0206, 07-A0207) were designed to facilitate 
reporting crops most commonly grown within the 
report form region.  The 12-page national report 
form (07-A0100) was designed for operations 
throughout the country with few commodities.  The 
national report form collected the same information 
as the regional form, but it was formatted to fit on 
fewer pages.  All of the forms allowed respondents 
to write in specific commodities that were not 
identified on their form. The national form was 
mailed to approximately 528,000 addresses on the 
CML (about 20 percent) and the regional form was 
mailed to 2.67 million addresses on the CML (about 
80 percent).   
 
Report Form Mailings and Respondent 
Follow-up   
 
The initial mailout took place at the end of 
December 2007.  Approximately 3.2 million packets 
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were mailed.  Each packet contained a cover letter, 
instruction sheet, a labeled report form, and a return 
envelope.  Mailout packet preparation, initial 
mailout, and two follow-up mailings to 
nonrespondents were handled by the Census 
Bureau’s National Processing Center (NPC) in 
Jeffersonville, IN. The first follow-up was mailed 
during the last two weeks of February 2008 to 
approximately 1.3 million nonrespondents. The 
second follow-up was mailed the beginning of April 
2008 to approximately 1.0 million nonrespondents. 
Additionally, NPC received, checked-in, scanned, 
and keyed (from image) returned report forms. 
NASS statisticians on site at NPC provided technical 
guidance and monitored NPC processing activities.   
 
Select groups of census records were identified to 
receive special handling procedures. Report forms 
were labeled at NPC and shipped to the field offices 
for enumeration.  These respondents were excluded 
from the initial and both follow-up mailings, and 
were referred to as “must” operations. Each "must" 
operation was enumerated by telephone or face-to-
face.  If a record was determined to be no longer in 
operation, their non-farm status was verified and 
documented.  The field offices were responsible for 
enumerating or resolving all non-response "must" 
records in their State.  Computer Assisted Telephone 
Interview (CATI) calling for nonrespondent "must" 
records was conducted between March 2008 and 
June 2008. Once enumerated, the report forms were 
either sent to NPC for check-in and data capture or 
the data were keyed directly from the form at the 
field office. The 169,000 “must” records fell into one 
of five groups.   
 
The first "must" group consisted of 46,000 records 
“tagged” by the NASS field offices for personal 
enumeration rather than mailout and mailback 
enumeration.  The second "must" group consisted of 
4,000 "specialized"  records including such 
operations as grazing associations, governmental 
units, research farms, college farms, etc..  The third 
"must" group was characterized by location.  All 
3,000 records in Alaska and Rhode Island were 
identified as "must" records because census statistics 
for these two States were based on responses to the 
CML because nonresponse was not permitted.  The 
last two groups consisted of a total of 116,000 
records expected to have either a large number of 

acres in farm land or a large value of sales.  
Threshold levels were identified for each State.     
 
Advanced Follow-up was conducted between 
February 2008 and April 2008.  It  focused on three 
groups of nonrespondents that included:  respondents 
least likely to respond because they were 
nonrespondents to the 1997 and 2002 Censuses of 
Agriculture, even though they may have responded 
to other NASS surveys; respondents viewed as  easy 
and quick interviews based on expected sales of 
zero, including respondents who received  
Conservation Reserve Program (CRP) payments and 
respondents to the AIS with expected future sales; 
and  new records whose farm status was uncertain 
due to unsuccessful earlier screening attempts. The 
field offices conducted CATI and field enumeration 
for operations in their State. This phase was followed 
by Low-Response County Follow-up to attempt to 
reach a minimum response rate of at least 75 percent 
in all counties.  It was conducted by the field offices 
using CATI between March 2008 and June 2008.  
 
DATA COLLECTION OUTREACH AND 
PROMOTIONAL EFFORTS 
 
NASS engaged in an unprecedented level of public 
outreach for the 2007 Census of Agriculture, seeking 
to increase the level of awareness and response 
among U.S. agricultural producers and, in particular, 
minority and small farm operators.  This was 
accomplished through an integrated marketing 
communications program that focused on four 
primary areas: partnership building, public relations, 
paid media, and the Internet.  External support was 
provided by a private agricultural marketing 
communications agency.   
 
The unifying force behind the 2007 marketing 
campaign was the theme “Your Voice, Your Future, 
Your Responsibility.” This was accompanied by 
supporting messages and artwork that created a 
consistent look and feel for all census 
communications.   
 
Partnership 
 
At the national level, NASS officials met with 
leaders from dozens of key agricultural organizations 
and other USDA agencies, successfully securing 



  

A-4  APPENDIX A 2007 CENSUS OF AGRICULTURE 
 USDA, National Agricultural Statistics Service 

their support in promoting the census among their 
constituencies through publications, special 
mailings, speeches, and other communications.  In 
addition, NASS made special efforts to reach out to 
minority and limited-resource farmers and ranchers 
by partnering with a number of community-based 
organizations.  The national-level outreach was 
mirrored by field offices at the State and local levels.  
Among the features of these collective efforts was 
the production of State-specific radio public service 
announcements (PSAs) featuring State secretaries 
and commissioners of agriculture, as well as a 
national radio PSA featuring the U.S. Secretary of 
Agriculture.   
 
Coverage of American Indian and Alaska 
Native Farm Operators 
 
To maximize coverage of American Indian and 
Alaska Native farm operators, special procedures 
were followed in the census.  A concerted effort was 
made to get individual reports from every American 
Indian and Alaska Native farm operator in the 
country.  If this was not possible within some 
reservations, a single reservation-level census report 
was obtained from knowledgeable reservation 
officials.  These reports covered agricultural activity 
on the entire reservation.  NASS reviewed these data 
and removed duplication with any data reported by 
American Indian or Alaska Native farm operators 
who responded on an individual census report form.  
Additionally NASS obtained, from knowledgeable 
reservation officials, the count of American Indian 
and Alaska Native farm operators (on reservations) 
who were not counted through individual census 
report forms, but whose agricultural activity was 
included in the reservation-level report form.   
 
This information is summarized in Table D, 
American Indian and Alaska Native Operators:  
2007  (Table A in the Alaska publication),  providing 
the number of farm operators (for up to three 
operators per farm) reported as American Indian or 
Alaska Native in the race category, either as a single 
race or in combination with other races, on the 
individual census report forms, plus the total number 
of American Indian or Alaska Native operators 
farming on reservations as reported by reservation 
officials.   The count from the individual report 
forms is summarized in the “Individually reported” 

column.  It includes operators on or off reservations.  
The “Other” column provides counts of operators on 
reservations as reported by a reservation or tribal 
official. The “Total” column is simply a sum of the 
“Individually reported” and the “Other” columns.  
Tables in other parts of the publication count the 
reservation-level reports as single farms. 
 
Public Relations 
 
In the public relations arena, NASS and the 
contractor worked with the agriculture media at the 
national level and equipped NASS’s 46 field offices 
with communications tools that enabled them to 
deliver the right message to producers in their States.  
From customizable press releases, to radio public 
service announcements, to a video news release, to 
newsletter articles and letters to the editor, the public 
relations strategy was designed to ensure NASS 
fields offices could easily and effectively deliver the 
census message to local media.  As a result, in the 
print media alone, the public relations efforts 
generated 27 million media impressions. 
 
Paid Media 
 
Because there were certain constituencies that were 
difficult to reach through partnership or public 
relations, NASS also employed a paid media strategy 
that was narrowly targeted to reach previously 
under-represented populations.  NASS purchased 
limited print and radio advertising in areas where 
there were high concentrations of minority farmers 
and where 2002 census response rates were low. 
 
Internet 
 
For the 2007 census, NASS created a dedicated 
website, www.agcensus.usda.gov.  This became a 
repository for all types of census information, 
including basic background materials, previous 
years’ census data, sample report forms, and news 
releases and other publicity materials.  The website 
also enabled individuals to submit their contact 
information to ensure that they were on the mailing 
list to receive a census form.  NASS also enhanced 
its online presence by purchasing banner ads and 
pay-per-click advertisements on key agricultural 
websites as well as major search engines. 
 



  

2007 CENSUS OF AGRICULTURE APPENDIX A  A-5 
USDA, National Agricultural Statistics Service 

REPORT FORM PROCESSING  
Data Capture 
 
All report forms returned to NPC were immediately 
checked in, using bar codes printed on the mailing 
label, and removed from follow up 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. 
 
Data entry operators keyed data from the scanned 
images using OMR results that highlighted the areas 
of the report forms with respondent entries. The 
keyer 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. 
 
The images and the captured data were transferred to 
NASS’s centralized network and became available to 
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. 
 
Editing Data  
 
Captured data were processed through a format 
program.  The program verified that record 
identifiers were valid and checked the basic integrity 
of the data fields.  Rejected records were referred to 
analysts for correction.  Accepted records were sent 
to a 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 NPC. 
 
All 2007 census records were passed through a 
complex computer edit.  The edit determined 
whether a reporting operation met the minimum 
criteria to be counted as a qualifying farm (in-scope).  
Operations failing to meet the minimum criteria (out-
of-scope) were referred to analysts for verification.  

The edit examined each in-scope record for 
reasonableness and completeness and determined 
whether to accept the recorded value for each data 
item or take corrective action.  Actions included 
removing erroneously reported values, replacing an 
unreasonable value with one consistent with other 
reported data, or providing a value for an overlooked 
item.  To the extent possible, the edit determined a 
replacement value.  Strategies for determining 
replacement values are discussed in the next section. 
 
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 defined the 
criteria for acceptable data.  Problems that could not 
be resolved within the edit were referred to an 
analyst for intervention.  Analysts in the NASS field 
offices used additional information sources, 
examined the scanned image, and determined an 
appropriate action.  Field office analysts used an 
interactive version of the edit program to submit 
corrected data and immediately re-edit the record to 
ensure a satisfactory solution.   
 
Imputing for Missing Data 
 
Missing data occurred whenever a respondent failed 
to report in a cell that should have a positive value or 
when the edit determined a value was not reasonable 
and should be changed.  The edit performed a 
sequence of steps that determined the best value to 
impute for the missing item.  If an item could not be 
calculated directly from other data reported on the 
current form, the edit checked for previously 
reported data.  Acreage, production, and inventory 
items may have been reported on a recent NASS 
crop or livestock survey.  Operator characteristics, 
such as race and gender, were brought forward from 
the previous census if the operator had not changed 
in five years.  Administrative data from the Farm 
Service Agency was used for a few items, such as 
Conservation Reserve Program acreage.  When these 
deterministic sources failed to produce a solution, 
the edit invoked an automated imputation system 
which searched for a reporting farm of similar type, 
size, and location to provide a value for the missing 
data item.  If the imputation algorithm failed to 
provide a solution, the record was referred to an 
analyst for resolution. 
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The guiding principal for imputation was to find a 
close match to the farm with the missing   item.  The 
census imputation algorithm relied on pre-
established donor pools, one for each State.  A donor 
pool included a collection of completed reports that 
had successfully navigated the edit.  Each pool was 
further divided into groups of similar type and size, 
referred to as profiles.  When the edit determined the 
need to impute an item, it went to the appropriate 
profile and searched for the best fit.  Best fit was 
determined by calculating “distance” between the 
incomplete report and each candidate donor using a 
set of match variables.  Match variables were 
specific to each section of the report form and 
included the latitude and longitude of the principal 
county of operation.  The distance was the sum of 
the squared differences between the reported values 
of the match variables.  The donor with the smallest 
distance was considered the “nearest neighbor” and 
became the source for the imputation action.  The 
value returned may have been a direct copy of the 
donor’s value.  In many cases, a relationship 
between two related variables on the donor record 
was applied to a reported value on the incomplete 
record.  Using crop production as an example, the 
donor’s production was divided by its harvested 
acres (yield) and multiplied by the recipient’s 
harvested acres to obtain imputed production. 
 
The imputation process was imbedded in the edit.  
When the edit determined an item required 
imputation, the edit program launched the algorithm, 
waited for a value to be returned, validated that the 
returned value was satisfactory, and resumed editing.  
Since imputation was conducted independently for 
each occurrence, reports requiring multiple 
imputations drew from multiple donors. 
 
Initial donor pools were established before the first 
batch edits were run.  These donor pools were 
“seeded” with 2002 census data that were “mapped” 
to look like 2007 data and passed through the 2007 
edit to ensure they were consistent using the 2007 
data relationships.  In addition, data from the 2005 
Census Content Test were similarly mapped and 
edited.  As 2007 data were successfully processed, 
new records systematically replaced the older 
records in the donor pool.  The older records 
disappeared entirely from the donor pool after the 
first few batch edits. 

The donor pool for each State was refreshed weekly 
during the first couple of months of editing.  As the 
flow of new data slowed, the donor pools were 
refreshed biweekly.  During the early stages of 
editing, records that needed to impute production for 
field crops or hay were set aside.  When the donor 
pool no longer contained old data, these records were 
brought back and passed through the edit, ensuring 
2007 yields were imputed. 
 
In some cases, nearest-neighbor imputation was not 
possible.  The requirement of a positive imputed 
value could have ruled out all available donors, 
resulting in an imputation failure.  An imputation 
failure could have occurred if there were no donors 
in the same profile as the report being edited.  
Records with imputation failures were either held 
until more records were available in the donor pool 
or referred to an analyst. 
 
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 an additional set 
of tools, in the form of listings and graphs, to review 
record-level data across farms.  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. 
 
 
WHOLE FARM NONRESPONSE 
ESTIMATION 
 
Whole farm nonresponse adjustments were 
necessary because some farm operators did not 
respond to the census, despite numerous attempts to 
contact them.  Statistical estimation procedures were 
used to account for these CML nonrespondents.  The 
objectives of the nonresponse adjustments included 
estimating the number of in-scope records (farms) 
included in the total number of nonrespondents of a 
similar size and type by increasing the weights of 
reporting farms of that size and type.  This procedure 
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was intended to account for those farms that failed to 
return a report form. These procedures were applied 
in all States, except Alaska and Rhode Island where 
staff were required to submit data for every record 
on the CML due to the low level of farming 
operations in these States. Large or unique farms 
(Must records) for which a report was required (and 
thus given a nonresponse weight of one) were 
exempt from this weighting procedure.  These farms 
received intensive follow-ups.  Data were imputed 
for the record if all followup contacts failed (rather 
than using the nonresponse weighting procedure). 
 
After census data collection was completed, all CML 
records in a State were put into mutually exclusive 
weighting groups based on a list of farm 
characteristics known at the time of mail-out and the 
census response status of the record. Data mining 
techniques systematically checked selected variables, 
identifying those groups with differences in response 
rates that were statistically significant.  The 
algorithm would take one characteristic, divide all 
names into two groups, and check for statistical 
significance between the response rates of the two 
groups.  If a significant difference was found, these 
groups became permanent and the next characteristic 
would be examined within those two groups.  If the 
response rate between two groups was not 
statistically significant, the groups were rejoined and 
the next characteristic was tested.  This stepwise 
process continued until all characteristics were 
checked and no further statistical significance could 
be found.  Since the “path” taken by the algorithm 
was driven by an individual State’s response pattern, 
the final breakout of weighting groups was 
customized for the State. 
 
Within each weighting group, the percent of 
responding in-scope farms was computed.  This rate 
was applied to the count of nonresponding farms to 
estimate the number of in-scope nonrespondents.  
The weights of the responding in-scope farms in 
each weighting group were scaled to account for 
nonresponding farms in that group. 
 
This procedure was applied to all of the weighting 
groups except the one that consisted primarily of 
records who were included on the CML but had not 
responded to data collection efforts either during 
CML development activities or during the census 

data collection phase. The estimate of in-scope 
records (farms) within this group was not reliable.  
To get a more reliable estimate, NASS conducted a 
nonresponse follow-up activity.  After scheduled 
census data collection efforts were completed, a 
target sample of 5,000 records was selected from 
across all States. These 5,000 records were 
personally interviewed by NASS staff to determine if 
they were indeed in-scope records (farm) or out-of-
scope records (nonfarm). Each record fell into one of 
these two categories. The percent of in-scope records 
was used to form the weight for this group. 
 
When NASS summarizes the census of agriculture, it 
assigns the data from an individual report to the 
“principal” county.  The principal county is the one 
county in which the majority of agricultural products 
are produced from a respondent.  This is a question 
on the census report form and is therefore 
determined by the respondent.  Because some large 
operations have significant production in multiple 
counties, some reports were broken up into multiple 
source counties, to more accurately allocate the data.  
Similarly, large farms operating in more than one 
State were treated as distinct, state-specific 
operations.  A separate report form was completed 
for each county or State and a separate record was 
added. 
 
The percent of the total that came from the whole 
farm nonresponse estimate is shown for selected 
census data items in Tables A and C.  The estimates 
provided in Tables A and C do not reflect the effect 
of item nonresponse on individual census data items.  
The effect of this item nonresponse is discussed in 
the section on “Item Nonresponse” in “Nonmeasured 
Census Error.” 
 
COVERAGE ADJUSTMENT 
 
Although much effort was expended making the 
CML as complete as possible, the census did not 
count all U.S. farms.  NASS’s goal was to produce 
agricultural census totals for publication that were 
fully adjusted for list undercoverage at the county 
level.  NASS used its area frame with the CML in a 
dual-frame estimation procedure to measure the 
number of farms in the population and key 
characteristics of those farms. Area frame segments 
were enumerated using field enumerators (as 
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described in the first section of this appendix) who 
personally visited the tract operators within a 
segment.  Because field enumeration is significantly 
more expensive than other modes of data collection, 
NASS’s area frame sample allocation is only 
designed to generate reliable estimates at the State, 
regional, and U.S. level.  Therefore, in order to 
produce estimates that represented all farms at the 
county level, NASS used an allocation process 
known as “calibration” to distribute the dual-frame 
estimates across counties.  
 
Once all CML and NML data were collected, NASS 
analysts went through an extensive process to 
generate adjusted estimates. The weights of the CML 
respondents had been previously adjusted to account 
for all of the CML nonrespondents, referred to as list 
plus nonresponse (CML+NR).  Simultaneously, 
NASS summarized the NML tract records to 
generate state-level NML survey estimates. These 
two pieces were then combined in a dual-frame 
estimation procedure to form State estimates of totals 
that represented all farms.  These estimates are 
annotated as [(CML+NR) +NML].  The state-level 
totals for these variables were summed to yield 
national totals.  
 
The whole farm nonresponse and list undercoverage 
record weighting processes were initially applied at 
the State level to produce adjusted estimates of farm 
numbers and land in farms for 65 different categories 
of 8 characteristics of the farm operation or the farm 
operator -- value of agricultural sales (8); age (2); 
female; race (4); Hispanic origin of principal farm 
operator; total number of farms and land in farms 
(2); 4 sales categories for each of 10 major 
commodities (40); and 7 farm type groups.  The 
national-level adjusted estimates were smoothed 
across States to get initial State farm operation 
coverage targets because state-level farm-count 
estimates based on this two-piece formula sometimes 
had unacceptably high state-level standard errors and 
apparent biases.  This often occurs when estimating a 
rare item, such as female farm operators, using a 
general purpose survey. 
  
The smoothing process examined the proportion of 
the total JAS estimate attributable to the NML, for 
each of the 65 variables in each State and the U.S.  
Since the CML was built using standard national 

methods, the NML percentages were expected to be 
uniform across States.  The smoothed NML value for 
each of the 65 variables in a given State was 
calculated as the product of the state-level NML 
value and the weighted average of the ratios of the 
NML for a given variable in the State to the overall 
NML in the State and the NML for the given 
variable in the U.S. to the overall NML in the U.S.  
The weighting factor was chosen to minimize the 
mean square error under a random effects model 
with the control that the sum of the State smoothed 
NML values was equal to the total NML estimate for 
each of the 65 variables.  This methodology 
effectively draws the state-level NML undercoverage 
proportions of the JAS toward the national estimate 
of undercoverage with the most extreme values 
adjusted the most.  The smoothed NML values for 
each variable were added to the (CML + NR) totals 
to form calibration targets for each variable.  
Subject-matter experts in headquarters reviewed all 
targets. 
 
However, these State estimates were general purpose 
in that they did not provide any control over 
expected levels of commodity production of the farm 
operation.  As a result of this limitation, the 
procedures could have over adjusted or under 
adjusted for commodity production.  To address this, 
a second set of variables were added to the 
calibration algorithm, known as commodity 
coverage targets.  These targets were commodity 
totals from administrative sources or from NASS 
surveys of non-farm populations (e.g. USDA Farm 
Service Agency program data, Agricultural 
Marketing Service market orders, livestock slaughter 
data, cotton ginning data). The introduction of these 
commodity coverage targets strengthened the overall 
adjustment procedure by ensuring that major 
commodity totals remained within reasonable 
bounds of established benchmarks. Commodity 
coverage targets with acceptable ranges were 
established by subject-matter experts for each State 
with New England treated as a State.   
 
The calibration algorithm addressed farm operation 
undercoverage and commodity coverage 
concurrently. The algorithm was controlled by the 65 
State farm operation coverage targets and the State 
commodity coverage targets. In order to ensure that 
the calibration process converged with so many 
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constraints, it was desirable to provide some 
tolerance ranges for each target. Although full 
calibration to a single point estimate would assure 
that the weighted total among census respondents 
equaled its target for each calibration variable in 
either set, it was not always possible to calibrate to 
such a large number of target values while ensuring 
that farm weights were within a reasonable range 
and not less than one.  Because of this and because 
calibration targets are estimates themselves subject 
to uncertainty, NASS allowed some tolerance in the 
determination of the adjusted weights.  Rather than 
forcing the total for each calibration variable 
computed using the adjusted weights to equal a 
specific amount, NASS allowed the estimated total 
to fall within a tolerance range.  This tolerance 
strategy sometimes made it possible for the 
calibration algorithm to produce a set of satisfactory, 
adjusted weights that it would not have otherwise.  
 
Ranges for the list farm operation coverage targets 
were determined differently from the commodity 
targets.  The State target for number of farms had no 
tolerance range.  The tolerance range for the 64 other 
State farm operation coverage targets was the 
estimated smoothed State total for the variable 
[(CML+NR)+NML]  plus or minus one-half of one 
estimated standard error of NML estimate.  This 
choice limited the cumulative deviation from the 
estimated total for a variable when State totals were 
summed to a U.S. level total.  The commodity target 
tolerance ranges were determined by subject-matter 
experts, based on the amount of confidence in the 
source, and usually were less than plus or minus two 
percent of the target.  Ranges were not necessarily 
symmetric around the target value. 
 
Adjusted weights were obtained using truncated 
linear calibration which forced the final census 
record weights to fall in the interval [1,6].  
Adjustments began with the nonresponse-adjusted 
weights and added a second stage weight to 
simultaneously satisfy all farm operation coverage 
and commodity coverage calibration targets.  If a 
value within the tolerance range of any variable 
could not be achieved in a given State, the variable 
was removed as a target and the calibration 
algorithm was rerun.  Additionally, the CML was 
assumed to be complete for very large and unique 
farms with their weight being controlled to 1 during 

the calibration adjustment process.   
 
Weight computations in the nonresponse and final 
coverage calibration algorithms were performed to 
several decimals.  Thus, the fully-adjusted weights 
were non-integer numbers.  To insure that all 
subdomains for which NASS publishes summed to 
their grand total, fully-adjusted weights were 
integerized.  This eliminated the need for rounding 
individual cell values and insured that marginal 
totals always added correctly to the grand total.  As 
an example of how the integerization process 
worked, assume there were five census records in a 
county with final noninteger coverage weights of 
2.2, for a total of 11.  The integerization process 
randomly selected four of these records and rounded 
their final weight down to 2.0 and rounded the fifth 
record up to 3.0, for a total of 11.  
 
The proportions of selected census data items that 
are due to coverage adjustments are displayed in 
Tables A and C.  Some estimated coverage 
adjustments could be negative.  The use of 
commodity targets in calibration indirectly exposed 
some duplication on the census list or over 
adjustment by the nonresponse algorithm resulting in 
negative coverage adjustments.   
 
DISCLOSURE REVIEW 
 
After tabulation and review of the aggregates, a 
comprehensive disclosure review was conducted.  
NASS is obligated to withhold, under Title 7, U.S. 
Code, any total that would reveal an individual’s 
information or allow it to be closely estimated by the 
public.  Cell suppression was used to protect the 
cells that were determined to be sensitive to a 
disclosure of information. Farm counts are not 
considered sensitive and are not subject to 
disclosure. 
 
Based on agency standards, data cells were 
determined to be sensitive to a disclosure of 
information if they violated either of two criteria.  
First, the threshold rule was violated if the data cell 
contained less than three operations.  For example, if 
only one farmer produced turkeys in a county, NASS 
could not publish the county total for turkey 
inventory without disclosing that individual’s 
information.  Second, a dominance rule was violated 
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if the distribution of the data within the cell allowed 
a data user to estimate any respondent’s data too 
closely.  For example, if there are many farmers 
producing turkeys in a county and some of them 
were large enough to dominate the cell total, NASS 
could not publish the county total for turkey 
inventory without risking disclosing an individual 
respondent’s data.  In both of these situations, the 
data were suppressed and a “(D)” was placed in the 
cell in the census publication table.  These data cells 
were referred to as primary suppressions. 
 
Since most items were summed to marginal totals, 
primary suppressions within these summation 
relationships were protected by ensuring that there 
were additional suppressions within the linear 
relationship that provided adequate protection for the 
primary.  A detailed computer routine selected 
additional data cells for suppression to ensure all 
primary suppressions were properly protected in all 
linear relationships in all tables.  These data cells 
were referred to as complementary suppressions.  
These cells were not themselves sensitive to a 
disclosure but were suppressed to protect other 
primary suppressions.  A “(D)” was also placed in 
the cell of the census publication table to indicate a 
complementary suppression. 
 
Field office analysts reviewed all complementary 
suppressions to ensure no cells had been withheld 
that were vital to the data users.  In instances where 
complimentary suppressions were deemed critically 
important to a State or county, analysts requested an 
override and a different complement was chosen. 
 
MEASURES OF CENSUS QUALITY 
 
An important objective of the 2007 Census of 
Agriculture was to provide data with a high level of 
quality.  However, every census or survey has the 
potential for error in its processes.  These errors 
impact the quality of the data estimates.  When 
feasible, measurements of those errors are provided 
with individual data items or used to make 
adjustments to the census or survey estimates.  In 
conducting the 2007 Census of Agriculture, efforts 
were initiated to measure error associated with the 
adjustment for farm operations that were not 
respondents to the request to CML records, the 
coverage adjustment for farms not on the CML using 

the NML and calibration, and the integerization 
process.  Other errors present in the census of 
agriculture include respondent or enumerator error, 
error in classification of farm operations, other types 
of processing errors, error associated with imputation 
for item nonresponse, and matching error associated 
with dual-frame estimation.  These latter errors were 
not measured in the census of agriculture process.  
Information relating to these errors is provided in the 
sections that follow.  
 
The 2007 Census of Agriculture process measured 
the error introduced by the nonresponse algorithm, 
the coverage algorithm, and integerization. The root 
mean squared error (RMSE) of an estimated data 
item from the census provides a measure of the error 
variation in the value of that estimated data item 
based on all possible outcomes of the census 
collection, including variants as to who was on the 
census list, who returned a census form, and which 
weights were chosen to be rounded up.  The RMSE 
was used rather than the standard error because it 
could capture additional error arising from 
integerization and the potential for bias in the 
calibration targets.  The RMSE is the square root of 
the sum of the weighted differences between the 
final recorded value and its expected value squared 
divided by the number of reports. 
 
Table B presents the fully adjusted total with the root 
mean squared error for selected items.  The relative 
root mean squared error is obtained by dividing the 
root mean squared error by the value of the estimate 
and then multiplying by 100.  The table also includes 
the percent contribution to the mean squared error 
(the square of the root mean squared error) from 
nonresponse adjustment and from coverage 
adjustment.  
 
NONMEASURED CENSUS ERROR 
 
As noted in the previous section, sampling errors can 
be introduced from the nonresponse and coverage 
adjustment procedures.  This error is measureable.  
However, nonsampling errors are imbedded in the 
census process which cannot be directly measured as 
part of the design of the census but must be 
contained to ensure an accurate count.  Extensive 
efforts were made to compile a complete and 
accurate mail list for the census, to elicit response to 
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the census, to design an understandable report form 
with clear instructions, to minimize processing errors 
through the use of quality control measures, to 
reduce matching error associated with the dual frame 
estimation process, and to minimize error associated 
with identification of a respondent as a farm 
operation (referred to as classification error).  The 
weight adjustment and tabulation processes 
recognize the presence of nonsampling errors, 
however, it is assumed that these errors are small and 
that, in total, the net effect is zero.  In other words, 
the positive errors cancel the negative errors.  
 
Census Response Rate  
 
The response rate is an indicator of the quality of a 
data collection.  It is generally assumed that if a 
response rate is close to a full participation level of 
100 percent, the potential for nonresponse bias is 
small. The response rate for the 2007 Census of 
Agriculture is 85.2 percent as compared with a 
response rate of 88.0 for the 2002 Census of 
Agriculture and 86.2 percent for the 1997 Census of 
Agriculture.  There was no effort to measure 
nonresponse bias for the census.  However, the 
census will be used to measure nonresponse bias in 
NASS surveys. 
 
The response rate for the 2007 Census of Agriculture 
was calculated as the ratio of the total respondents 
after data collection was completed to the number of 
CML records after those that were undeliverable-as-
addressed were removed.  The total respondents 
consisted of three groups – those respondents not 
eligible for the nonresponse survey, those in the 
universe for the nonresponse survey but who 
responded prior to the selection of the nonresponse 
survey sample, and an estimate of the potential 
respondents in the nonresponse survey sample 
universe from the response rate to the nonresponse 
survey.  Additional details of the nonresponse study 
are found in the section on “Whole Farm 
Nonresponse Estimation.”  
 
Respondent and Enumerator Error 
 
Incorrect or incomplete responses to the census 
report form or to the questions posed by an 
enumerator can introduce error into the census data. 
Steps were taken in the design and execution of the 

census of agriculture to reduce errors from 
respondent reporting. Poor instructions and 
ambiguous definitions lead to misreporting.  
Respondents may not remember accurately, may 
give rounded numbers, or may record an item in the 
wrong cell.  To reduce reporting and recording 
errors, the report form was tested prior to the census 
using industry accepted cognitive testing procedures 
and detailed instructions for completing the report 
form were provided to each respondent.  Questions 
were phrased as clearly as possible based on 
previous tests of the report form. Computer-assisted 
telephone interviewing software included immediate 
integrity checks of recorded responses so suspect 
data could be verified or corrected.  In addition, each 
respondent’s answers were checked for completeness 
and consistency by the complex edit and imputation 
system. 
 
Processing Error 
 
Processing of each census report form was another 
potential source of nonsampling error.  All mail 
returns that included multiple reports, respondent 
remarks, or that were marked out of business and 
report forms with no reported data were sent to an 
analyst for verification and appropriate action.  
Integrity checks were performed by the imaging 
system and data transfer functions.  Standard quality 
control procedures were in place that required that 
randomly selected batches of data keyed from image 
be re-entered by a different operator to verify the 
work and evaluate key entry operators.  All systems 
and programs were thoroughly tested before going 
on-line and were monitored throughout the 
processing period. 
 
Developing accurate processing methods is 
complicated by the complex structure of agriculture.  
Among the complexities are the many places to be 
included, the variety of arrangements under which 
farms are operated, the continuing changes in the 
relationship of operators to the farm operated, the 
expiration of leases and the initiation or renewal of 
leases, the problem of obtaining a complete list of 
agriculture operations, the difficulty of contacting 
and identifying some types of contractor/contractee 
relationships, the operator’s absence from the farm 
during the data collection period, and the operator’s 
opinion that part or all of the operation does not 
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qualify and should not be included in the census.  
During data collection and processing of the census, 
all operations underwent a number of quality control 
checks to ensure results were as accurate as possible. 
 
Item Nonresponse 
 
All item nonresponse actions provide another 
opportunity to introduce nonsampling errors.  
Regardless of whether it was previously reported 
data, administrative data, the nearest neighbor 
algorithm, or manually imputed by an analyst, some 
risk exists that the imputed value does not equal the 
actual value.  Previously reported and administrative 
data were used only when they related to the census 
reference period.  A new nearest neighbor was 
randomly selected for each incident to eliminate the 
chance of a consistent bias. 
 
Matching Error  
 
The process of building and expanding the CML 
involves finding new list sources and checking for 
names not on the list.  An automated processing 
system compared each new name to the existing 
CML names and “linked” like records for the 
purpose of preventing duplication.  New names with 
strong links to a CML name were discarded and 
those with no links were added as potential farms.  
Names with weak links, possible matches, were 
reviewed by staff to determine whether the new 
name should be added.  Despite this thorough 
review, some new names may have been erroneously 
added or deleted. Additions could contribute to 
duplication (overcoverage) where as deletions could 
contribute to undercoverage. As a result, some 
names received more than one report form, and some 
farm operators did not receive a report form.  
Respondents were instructed to complete one form 
and return all forms so the duplication could be 
removed. 
 
Another chance for error came when comparing June 
Area Survey tract operator names to the CML.  Area 
operators whose names were not found on the CML 
were part of the measure of list incompleteness, or 
NML.  Mistakes in determining overlap status 
resulted in overcounts (including a tract whose 
operator was on the CML) or undercounts (excluding 
a tract whose operator was not on the CML).  All 

tracts determined to not be on the list were triple 
checked to eliminate, or at least minimize, any error.  
NML tract operators were mailed a report form 
printed in a different color.  In order to attempt to 
identify duplication, all respondents who received 
multiple report forms were instructed to complete the 
CML version and return all forms so duplication 
could be removed.   
 
Classification Error 
 
Classification error results when a response to the 
census is misclassified – either as a farm operation if 
it does not meet the definition or not as a farm 
operation when it meets the definition.  The 
definition of a farm operation in the 2007 Census of 
Agriculture is an operation that has $1,000 in 
agricultural sales or the potential for $1,000 in 
agricultural sales.  A Classification Error Study 
(CES) has historically been conducted after the 
census of agriculture.  The objectives of a CES are to 
examine the procedures used to determine farm 
status (in-scope or out-of-scope) to see if they are 
producing accurate decisions, document the sources 
of errors resulting in overcounts and undercounts, 
and recommend strategies to eliminate them from 
future censuses.  Classification error is a component 
of census coverage error in addition to coverage 
error resulted from list incompleteness or 
duplication.   Historically, measures have indicated 
that the error is small.  There has not been any 
attempt to incorporate this error measure in the 
coverage adjustment procedure for the 2007 Census 
of Agriculture. 
  
Prior to 1997 a list based re-interview sample of 
census respondents was used to measure 
classification error in the census – specifically the 
number of farms incorrectly classified as non-farms 
(undercount) and the number of duplicate farms 
(overcount).  Additionally, an area frame survey was 
used separately to measure the largest component of 
census coverage error – incompleteness of the census 
list.  Following the 1997 census, NASS conducted 
the CES  for the 11 western States of Arizona, 
California, Colorado, Idaho, Montana, Nevada, New 
Mexico, Oregon, Utah, Washington, and Wyoming. 
The 1997 CES used information from the June Area 
Survey (JAS) enumeration in lieu of re-interviews; 
estimates were based on the JAS.  The 1997 CES 
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results indicated a net undercount of 27,971 farms 
(non-farms incorrectly classified as farms minus 
duplicate farms and farms incorrectly classified as 
non-farms) in the eleven States. While the standard 
error of this estimate is not available to determine 
statistical significance, even if statistically 
significant, it represents a relatively small portion of 
the overall undercount. 
 
Following the 2002 census, the CES similarly used 
an area-based approach that was conducted in all 
States. The 2002 CES matched census records to 
JAS records to identify the differences in farm status 
of an operation. The JAS area frame-based survey 
data were assumed to be truth and the estimates of 
misclassification (records which were incorrectly 
classified as farms or non-farms and duplicates) were 
based on this assumption.  The 2002 CES results 
indicated a net overcount of 51,345 farms at the US 
level, with a standard error of 6,456.  In this case, 
substantial resources were expended to estimate 
something relatively small.  Estimates of overcount 
and undercount were computed but were not used to 
adjust totals.  Results of the 2002 CES were 
documented in an internal NASS research report 
titled “Results from the 2002 Classification Error 
Study” dated April 2007.    
 
For the 2007 Census of Agriculture, a classification 
error research study (CES) was conducted in five 
States -- Arizona, Georgia, Minnesota, New York, 
and Washington.  Estimates of net error were not 
generated, as the CES was quality research and 
limited to the five States.  Review of the 2002 CES 
indicated the assumption that the JAS was the truth 
was inappropriate and re-interviews were reinstated.  

The 2007 CES used data from the 2007 JAS and the 
2007 census to examine farms incorrectly classified 
as nonfarms, nonfarms incorrectly classified as 
farms, and to examine records with significant 
discrepancies in reporting of land between the JAS 
and census reports.  The overall objectives of the 
2007 CES were to identify legitimate changes in 
operations and determine the source of potential 
errors in the data. 
 
Records in the 2007 JAS were matched to the 2007 
census using probabilistic record linkage.  From the 
set of matched records, three groups of interest were 
identified: 1) in-scope JAS records that were out-of-
scope on the census, 2) census in-scope and JAS 
non-agricultural records, and 3) in-scope census and 
JAS records with acreage differences of more than 
25 percent.  Farms whose farm status was in 
disagreement were interviewed to determine which 
source was correct; a reason for the change of status 
on the census was recorded.  For records with a 
discrepancy between the data reported on the 2007 
JAS and the 2007 census forms, respondents were 
re-contacted and asked to verify their data and 
resolve the difference. 
 
Results of the 2007 CES showed that true changes in 
size of operations between the JAS and census were 
rare.  Most discrepancies in farm status were the 
result of errors in reporting with respondents 
indicating most often that the census data rather than 
the JAS data were correct, challenging the previous 
assumption that the JAS data was the truth. Results 
of the 2007 CES will be used as input for redesign 
efforts for the JAS operational procedures and the 
2012 census report form and instructions. 
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Table A.  American Indian or Alaska Native Operators:  2007 
[For meaning of abbreviations and symbols, see introductory text] 

American Indian or Alaska Native farm operators American Indian or Alaska Native farm operators 
Geographic area 

Total Individually 
reported 1 Other 2 

Geographic area 
Total Individually 

reported 1 Other 2 

STATE TOTAL 
 
Alaska ................................................. 
 
AREAS 
 
Aleutian Islands .................................. 
Anchorage .......................................... 

 
 

47 
 
 
 

19 
9 

 
 

47 
 
 
 

19 
9

 
 

- 
 
 
 

- 
-

AREAS - Con. 
 
Fairbanks ..........................................
Juneau ..............................................
Kenai Peninsula ................................

 
 

6 
5 
8 

  
  
  

 
 

6 
5 
8 

 
 
 

-
-
-
 
 
 

 1 Data were collected for a maximum of three operators per farm. 
 2 Data represent American Indian or Alaska Native farm or ranch operators on reservations who did not report individually.  Data obtained from reservation officials. 
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