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Abstract 
Five years ago, the National Agricultural Statistics Service (NASS) began a research effort to 
address an undercount in the estimate of the U.S. number of farms derived from its annual June 
Area Survey (JAS).  Misclassification of farm status was found to be a major cause of the 
undercount.  NASS has evaluated a host of measures and methods to assess, quantify, and 
account for this misclassification.  The approach derived from this process-employs record 
linkage techniques, logistic regression, and NASS’s annual list sampling frame.  The methods 
developed and the subsequent results are presented here.  
 
Key Words: Misclassification Errors, Area Frame, List Frame, Record Linkage, Logistic 
Regression 
 

1. Introduction 
 
Each year the National Agricultural Statistics Service (NASS) publishes an estimate of the 
number of farms in the United States (U.S.) based on the June Area Survey (JAS). A farm is 
defined as a place from which $1,000 or more of agricultural products were produced and sold, or 
normally would have been sold, during the year, and the computation includes any government 
agricultural payments received.  An independent estimate of the number of farms is published 
from the quinquennial Census of Agriculture, which is conducted in years ending in 2 and 7. At 
the end of each five-year period, the annual estimates based on the JAS number of farms 
indication are adjusted based on intercensal trends. The annual estimate of the number of farms 
from the JAS has been declining steadily between censuses (especially between the 2002 and 
2007 Censuses) as depicted in Figure 1. In 2007, the estimate from the JAS was significantly 
below that from the census; and the required intercensal trend adjustment to the JAS was 
unexpectedly large as shown by the circled area in Figure 1.   
 

 
Figure 1: Published estimates of the number of U.S. farms from 2000 to 2009 

with one standard error on either side of the estimate. 
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During previous studies conducted by NASS, misclassification was identified as a source of the 
underestimation in the JAS (Abreu 2007; Johnson 2000).   Misclassification occurs (1) when an 
operating arrangement with qualifying agricultural activity is identified as a non-farm, or (2) 
when a non-farm arrangement is incorrectly identified as a farm.  One study of misclassification 
(Abreu, Dickey and McCarthy, 2009) revealed that some agricultural operations were incorrectly 
classified as non-agricultural during JAS pre-screening.  These results led to more intensive 
efforts to understand the source and extent of misclassification in the JAS so that it could be 
addressed. One effort was the Farm Numbers Research Project (FNRP), based on an intensive 
post-June survey re-screening in 2009 (Abreu, McCarthy and Colburn, 2010).  Concurrently, this 
undercount issue was also addressed by a team of researchers formed to review the methodology 
associated with the JAS and to recommend changes, through a collaborative agreement with the 
National Institute of Statistical Sciences (NISS).  This latter team consists of two NASS 
researchers, two university faculty members, a post doctoral fellow, and a graduate student.  The 
team has considered several measures to address the issue of misclassification on the JAS.  
Through matching the JAS to the Census of Agriculture list frame, the team evaluated 
misclassification on the JAS (Abreu et al. 2010) and then developed appropriate methodology to 
adjust for misclassification during non-census years (Lamas et al. 2010).  In addition to 
misclassification, the team identified non-response as another source contributing to the JAS 
undercount.  In Lopiano et al. (2010), the effect of estimation of agricultural activity for some 
JAS sampled units is discussed, and methodology for adjusting for both non-response and 
misclassification is developed.  Because the census is only conducted every fifth year, the team 
further proposed a yearly follow-on survey to the JAS called the Annual Land Utilization Survey 
(ALUS) (Arroway et al. 2010).  ALUS would make the JAS a two-phase sample. In addition to 
providing information about misclassification of farms and non-farms, it would allow for proper 
assessment of misclassification and result in an improvement in all JAS indications (Sang et al. 
2011).  However, due to resource constraints, the Agency elected not to pursue ALUS at this 
time.  
 
As a result, a less resource-intensive method was pursued to leverage information contained in 
the NASS list frame to evaluate JAS misclassification.  The challenge with this approach is that 
the list frame does not have a farm / non-farm status classification.  Abreu et al. (2011) have 
explored the characteristics of the list frame farm status inaccuracies through matching records 
from the 2009 June Area Survey, the 2009 list frame, and the 2009 Farm Numbers Research 
Project.  They confirmed the presence of farm status inaccuracies on the list frame.  Further, the 
potential for using the list frame for misclassification adjustment of the number of farms 
indication was found to depend on whether the list frame farm status inaccuracies can be reliably 
identified and excluded from the adjustment.  This paper documents the initial results of using 
logistic regression methods along with previous Census of Agriculture data to address farm status 
inaccuracies in the 2011 list frame and providing an adjusted estimate of the number of farms for 
the 2011 June Area Survey.  
  

2. Estimating the Number of Farms from the June Area Survey 
  
The June Area Survey (JAS) is based on an area-frame and collects information about U.S. crops, 
livestock, grain storage capacity, and type and size of farms. The distribution of crops and 
livestock can vary considerably within each state in the United States. Therefore, the precision of 
the survey indications can be substantially improved by dividing the land within each state into 
homogeneous groups (strata) and optimally allocating the total sample to the strata. The basic 
stratification employed by NASS involves (1) dividing the land into land-use strata such as 
intensively cultivated land, urban areas and range land, and (2) further dividing each land-use 
stratum into substrata by grouping areas that are agriculturally similar. The JAS uses a sample 
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comprised of designated land areas (segments) selected from this stratification. A typical segment 
is about one square mile (i.e., 640 acres).  Each segment is outlined on an aerial photo that is 
provided to the appropriate field enumerator (the red outlined area in Figure 2). 
 
Through field enumeration, a segment is divided into tracts of land, each representing a unique 
land operating arrangement (the blue outlined areas in Figure 2). An area screening form that 
provides an inventory of all tracts within the segment and contains screening questions that 
determine whether or not each tract has agricultural activity is completed for all sample segments. 
Using this form, all land inside the segment is screened for agricultural activity, and the screening 
applies to all land in the identified operating arrangement (both inside and outside the segment). 
Those operations (tracts) that qualify as agricultural are subsequently interviewed using the area 
version questionnaire, which collects detailed agricultural information about the operator’s land, 
again both inside and outside the segment. Each tract is screened and classified as agricultural or 
non-agricultural. Non-agricultural tracts belong to one of three categories:  (1) non-agricultural 
with potential, (2) non-agricultural with unknown potential, or (3) non-agricultural with no 
potential. A tract is considered agricultural if it has qualifying agricultural activity either inside or 
outside the segment. Otherwise, it is defined as non-agricultural. An agricultural tract will 
subsequently be classified as a farm if its entire operation (land operated both inside and outside 
the segment) qualifies with at least $1,000 in agricultural sales or potential sales. All non-
agricultural tracts and agricultural tracts with less than $1,000 in sales are classified as non-farms. 
 

 
Figure 2: JAS segment (outlined in red) and tract boundaries (outlined in blue) 

 
Because the JAS is a probability-based survey, each tract i has an inclusion probability πi and an 
expansion factor ei = 1/ πi. Within each farm tract, a proportion of a farm is observed (in some 
cases with smaller farms, the entire operation may reside entirely within the tract).  This 
proportion, the tract-to-farm ratio for tract i, is ti = tract acres / farm acres. Both of these are used 
in calculating the current JAS estimate for the number of farms (denoted as T), which is defined 
as follows, 
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where 

i indexes stratum, 
j indexes substratum, 
k indexes segment, 
l = Number of land-use strata, 

is = Number of substrata in stratum i, 

ijn = Number of segments in substratum j within stratum i, 

ijke  = Expansion factor or the inverse of the probability of the selection for each segment 
in substratum j in land-use stratum i, 
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m indexes tract, 
ijkx = Number of farm tracts in the given segment, 
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The sampling weights are appropriate for the sample design. Therefore, this design-based 
estimate is unbiased unless misclassification is present. 
 

3. The NASS List Frame 
 
Each year, NASS conducts hundreds of list-based surveys.  The agency maintains a list of 
farmers and ranchers from which the samples for these list-based surveys are selected.  This list 
frame also serves as the foundation for the development of the Census Mail List (CML).  NASS 
builds and improves the list on an ongoing basis by obtaining outside source lists. Sources 
include lists from state and federal government agencies, producer associations, seed growers, 
pesticide applicators, veterinarians, marketing associations, and a variety of other agricultural 
sources. 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. Each operation on 
the list frame is categorized as active, potential farm (criteria), or inactive. Active list records are 
assumed to have a high probability of representing active farming operations. Potential farm or 
criteria records are records whose involvement in agriculture is unknown.  Inactive list records 
may be associated with landlords, deceased operators, farms no longer in business, etc.  Many of 
the active records represent agricultural establishments that operate land but do not have 
sufficient production to be classified as a farm in a specific year.  However, they are maintained 
on the list frame as active records to help ensure high coverage of farms for the Census of 
Agriculture every five years.  Potential farm or criteria records are periodically screened to 
determine whether or not they are involved in agriculture.  Pure active status inaccuracies also 
exist on the list frame; that is, some records identified as "active" are out-of-business or no longer 
operate any agricultural land or facilities. 
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4. Matching 2011 JAS to the 2011 List Frame 
 
Probabilistic record linkage was used to match all 2011 JAS agricultural and non-agricultural 
tracts to the 2011 list frame records in the 48 conterminous states.  The JAS is only conducted in 
Hawaii during census years, and Alaska does not have an area frame.  Records were brought 
together into link groups, each of which possibly represented a single operation.  Subsequently, 
link groups were classified into one of three distinct types: definite match, possible match or non-
match (Broadbent et. al. 1999).  Possible matches were sent to Field Office (FO) staff for review 
and were further classified as matches or non-matches.  All non-matches were excluded from 
further analysis. 
 
The 2011 JAS was comprised of 93,327 tracts with potential names and addresses. These were 
prepared and standardized for matching to the list frame.  For this linkage, all agricultural and 
non-agricultural tracts were considered.  Partner records and records with additional information 
were also included for each JAS tract to maximize matching results.  In addition to the name and 
address information, existing area-to-area and area-to-list links were used to bring records 
together. After each June survey, FOs conduct a yearly overlap/non-overlap process in which JAS 
agricultural tracts are overlapped to the list frame, providing a measure of list incompleteness. 
JAS identification numbers (IDs) are stored for each list frame record overlapped to the JAS 
(area-to-list links).  In addition, an unduplication of the area frame records is conducted.  The ID 
of any area record matching another area record (area-to-area links) is stored.  These 
identification numbers were used during matching to bring records together that would not have 
come together solely based on name and address information.  Matching the non-agricultural 
tracts was a departure from standard NASS procedures, primarily because once a non-agricultural 
tract has been identified as a non-farm it is not accounted for in the number of farms estimate 
published each year.  However, non-agricultural tracts are the primary focus in the identification 
of misclassification.  The procedures for overlapping non-agricultural tracts were slightly 
different from those for agricultural tracts. Unlike agricultural tracts, many non-agricultural tracts 
do not have complete name and address information and agricultural data are not collected from 
them.  The procedures for the results of overlap results used for the non-agricultural tracts were 
fully tested by the Iowa FO staff, prior to dissemination and implementation by all other states.        

 
From the 2011 list frame, 4,678,365 names and addresses were prepared and standardized for 
matching to the 2011 JAS.  This list included active, potential farm (criteria), and inactive 
records.  Every year, certain records are purged from the list frame, usually because they have 
been inactive for more than five years.  The only records excluded were those flagged to be 
purged from the list frame due to extended inactivity.   
 
For non-agricultural tracts, the overall match rate for all states was 17 percent.  After all FO 
reviews were completed, the results of the linkage yielded 4,264 valid matches to JAS non-farms.  
These included tracts that were either non-agricultural tracts or agricultural tracts that did not 
have $1,000 in sales or potential sales of agricultural products produced.  Each JAS non-farm 
tract that matches a list frame record can have the modeled list frame probability of being a farm 
applied to the non-farm tract’s appropriate expansion factor. Tracts not matched to a list frame 
record are assumed to be non-farms and are not used in the adjustment. Table 1 shows the 
breakdown of the matched tracts by type of agricultural tract as identified in the JAS.  Recall that 
during JAS screening procedures, non-agricultural tracts are classified into the following three 
types: potential for agriculture unknown, having potential for agriculture, and not having potential 
for agriculture.  Non-agricultural tracts without potential comprised 70.6 percent of all the 
matches, while agricultural tracts comprised 18.9 percent.   
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Table 1. Matched Non-farm JAS Tracts and List Frame Records by Type of Agriculture as 
Identified by the JAS  
Type of Agricultural Tract Number Tracts Matched Percent 
Agricultural  tracts identified as non-farms 807 18.9 
Non-agricultural  tracts w/ potential 316   7.4 
Non-agricultural  tracts w/ unknown potential 132 3.1 
Non-agricultural tracts w/out potential 3,009 70.6 
Totals 4,264 100.0 

 
Table 2 shows the breakdown of the matched tracts by the type of list frame record.  Results show 
that two-thirds of the matches were to active list frame records, 22.6 percent were matches to 
inactive records, and only 10.7 percent were matches to criteria records.  
 
Table 2. Matched Non-farm JAS Tracts and List Frame Records by Type of List Frame Record  
Type of List Frame Record Number Tracts Matched Percent 
Active 2,845 66.7 
Criteria 456 10.7 
Inactive 963 22.6 
Totals 4,264 100.0 

 
5. Accounting for Farm Status Inaccuracies on the 2011 List Frame 

 
Modeling the Probability that a List Frame Record is Active 
 
Using the record linkage results, the probability that a list frame record is active given that it 
matched a JAS non-farm can be modeled using logistic regression.  In this section, the 
development of the logistic model is discussed. 
 
For the logistic regression, the 4,264 JAS non-farm tracts that matched a list frame record are 
considered.  JAS data, list frame data and federal tax information were used to identify a set of 
explanatory variables to be used in the model.  The variables used were the following: 
 
 Type of IRS form (1040, 1121, 943) 
 Most recent year of tax form filed 
 A flag indicating whether or not the record was a farm in the 2007 Census (non-purge   

CML flag) 
 Marked flag (whether the record was marked for any major NASS survey) 
 gross receipts reported on the IRS form 
 Year record last went through record linkage process 
 Flag indicating records newly added to the list frame since the 2007 Census 
 Flag indicating records coming from IRS that were not on the list frame) 
 Type of list record came from 
 Race 
 Gender 
 Spanish origin 
 US region 
 Agricultural/Non-agricultural Status 
 Farm size 
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For some categorical explanatory variables, grouping of categories was used to keep the data 
from becoming too sparse, which would result in unstable estimated probabilities (see Table 3 for 
groups formed).  
 
Table 3. Grouping of Categories Used for Variables in Matched Data Set 

Variable Groupings 
Agricultural tract Type 
Indicator 

Agricultural tracts not grouped 
Non-agricultural tracts (regardless of potential) grouped  

Record Source ID (code 
descriptors are provided 
in Attachment A) 

643,77,616,102,677,89,42,23,610,21,30,76,9,645,950,82,40, 
67,32,44,650, 83,18,37,100,103,655,944 == Group 1 
46,631,91,621,928 == Group 2 
43 == Group 3 
33 == Group 4 
1,641 == Group 5 
97 == Group 6 
607,90,78,453,448,628,34,322,96,65,2,10,615,638,315,49,624,50, 
35,929,447,959,31,958,320 == Group 7 

Farm Size Acres <= 0.5 == not grouped 
0.5 < Acres <= 0.9 == not grouped 
0.9 < Acres <=24.9 == not grouped 
24.9 < Acres <= 99.9 == not grouped 
Acres >99.9 == not grouped 

US Region Region 1 == State FIPS in (CT, IL, IN, IA, KS, ME, MA, MI, NE, NH, NJ, 
NY, OH, PA, RI, VT, WI)  
Region 2 == State FIPS in (AL, DE, GA, KY, MD, NC, SC, TN, VA, WV)  
Region 3 == State FIPS in (AR, FL, LA, MS, MO, NM, OK, TX)   
Region 4 == State FIPS in (CO, MN, MT, NV, ND, SD, UT, WY)  
Region 5 == State FIPS in (AK, AZ, CA, HI, ID, OR, WA)  

Gross Receipts Less than $1  
$1 to $999 == not grouped 
$1,000 to 2,499 == not grouped 
$2,500 to $4,999 == not grouped 
$5,000 to $9,999 == not grouped 
$10,000 to $24,999 == not grouped 
$25,000 to $49,999 == not grouped 
$50,000 to $99,999 == not grouped 
$100,000 to $249,999 == not grouped 
$250,000 to $499,999 with over $1,000,000 
$500,000 to $999,999 with missing gross receipts 

Type of IRS Form Form 1040 == not grouped 
Form 1121== not grouped 
Form 943 == not grouped 
No form filled == not grouped 

   
List frame records were divided into three categories (1) active records, (2) inactive records, and 
(3) potential farms (criteria) records.  Using JAS weights, stepwise regression was conducted 
with the explanatory variables in the final model displayed in Table 4.  The analysis was only 
conducted using only active and inactive records (criteria records were excluded from the initial 
process) and the modeled probability was assigned to each record. Standard diagnostics were 
used to evaluate the fit of the model. The Hosmer-Lemeshow goodness-of-fit test statistic was 
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13.1669, with 8 degrees of freedom. The estimated probability from leave-one-out cross-
validation was determined for each record (when it was the one left out) and plotted against the 
estimated probability based on the model fitted using all records (see Figure 3). Nine estimates 
changed by more than 0.05. The records associated with the estimates changing the most were not 
from a discernible group.  Using the final model, the probability that  each criteria record is 
actually an active one given that it matched a JAS non-farm is estimated. 
 

Table 4. Results for Final Logistic Model of the Probability of a List Frame  
Record Being Active Given that It Matched a JAS Non-farm 

Effect Degrees of Freedom Wald Chi-square 
Type of agricultural 
tract 

1 11,467.9634 

Record Source Id 6 7,307.8663 
Gross Receipts 10 2,938,5879 
US Region 4 1,269.5771 
Farm Size 3 13,514.8491 
Type of IRS Form 4 270.5089 

 

 
         Figure 3. Estimated probabilities from leave-one-out cross-validation versus the 

estimated probabilities from the full model 
 
It is important to note that the probabilities resulting from the logistic regression modeled the 
probability that a list frame record is active given that it matched a JAS non-farm tract.  This is 
not equivalent to a list frame record being a farm. Recall that for this endeavor, the goal is to use 
the list frame in the adjustment of the number of farms estimate derived from the JAS.  After the 
2007 Census of Agriculture, the farm/non-farm status of the 2007 list frame records was 
evaluated. Seventy-two percent of the active list frame records matched to farms on the census. 
The remaining 28 percent were found to be non-farms,5

                                                 
5 Internal analysis conducted by Thomas Jacob of the Information Management Group of NASS. 

 indicating that the census list frame 
contains active records that are not associated with farming operations (farm status inaccuracies).  
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These farm status inaccuracies exist because farms go in and out of business with some 
regularity.  Also, the majority of the records are only contacted at the time of the census.  The 
presence of these farm status inaccuracies was also confirmed on the 2009 list frame by Abreu et 
al. (2011).  In the 2007 Census of Agriculture, the proportion of active status list frame records 
that were farms was recorded for each state.  Using this information, the modeled probabilities 
derived from the logistic regression modeling were adjusted to produce an estimate of the 
probability a record is a farm given that it matched to a JAS non-farm.  All inactive records were 
assigned a farm rate of zero because they are not included in building the CML.  Therefore, only 
active and criteria records were adjusted and included in the adjustment of the 2011 JAS number 
of farm estimates. 
 

6. Results 
 
From Section 2, the current JAS estimate for the number of farms (denoted as T), is defined as 
follows, 
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This estimate is unbiased unless misclassification is present.  However, misclassification has been 
found to be present on the JAS.  Using the modeled probabilities presented in the Section 5, an 
estimator for the number of farms from the JAS with an adjustment for misclassification 
(highlighted portion) can be constructed as follows: 
 
 
 
 
 
 
where 
 

n’ij = Number of segments where a list frame record was matched to a non-farm  
zijk = Number of matched non-farm tracts in the given selected segment 
pijkm = Probability that the list frame record is active given that it matched a JAS non-
farm tract and adjusted by the 2007 Census farm rates 
T = JAS estimator without considering the misclassified non-farms 

 
Under this framework, using the estimated probabilities, the 4,264 JAS non-farm tracts that 
matched to a list frame record had the probability applied to its appropriate expansion factor 
leading to a misclassification adjustment of 9.4 percent at the U.S. level.  Due to the 
confidentiality nature of how NASS derives the JAS annual estimate of the number of farms no 
further results can be presented here.   
 

9. Standard Errors by Bootstrapping 

Bootstrapping was used to obtain the standard error of the estimate. In general bootstrap samples 
are drawn, with replacement, from the empirical distribution of the data. These bootstrapped 
samples are used to quantify uncertainty. Here two datasets must be considered, and the methods 
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are similar to that of Kovacevic, et al. (2008). Dataset 1 is comprised of the active records and 
inactive records in the list frame records dataset. This dataset was used to find the best logistic 
model, which provided the parameter estimates. Dataset 2 consists of the potential farm (criteria) 
records. The model developed for dataset 1 was applied to each record in dataset 2 to obtain the 
estimated probability of a criteria record being active status, which was then used in the 
adjustment of the estimated number of farms. 
 
Suppose there are B sets of bootstrap samples from dataset 1 and D sets of bootstrap samples 
from dataset 2. Note that, because the JAS data is a sample with associated weights, the bootstrap 
weights need to be adjusted when obtaining the parameter estimates based on each bootstrap 
sample. For each bootstrap sample, )1( −in individuals in each stratum with replacement, where 

in  is the size of stratum i. Let wij denote the initial sampling weight of the jth individual in the ith 
stratum. For a given bootstrap sample, the bootstrap weights are given by 
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where mij represents the number of times the jth individual in the ith stratum is selected in the 
bootstrap sample, for b = 1,2,…,B. 
 
From dataset 1, β̂ is obtained from logistic regression and, from the B bootstrap samples, 

Bbb ,,2,1,ˆ )( =β are computed. Let )ˆ(ˆ βN  be the estimated number of farms from dataset 2, 

and let )ˆ(ˆ )( βdN  be the estimate of the number of farms from the dth bootstrap sample from 

dataset 2, d = 1,2,…,D.  Then, the variance of  )ˆ(ˆ βN
 
may be expressed as 
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Therefore, the bootstrap estimate of the variance of )ˆ(ˆ βN  may be expressed as 
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where )ˆ(ˆ )(bN β  is the estimate of the number of farms from dataset 2 using )(ˆ bβ  and 

)ˆ(ˆ )()( bdN β  is the estimated number of adjusted farms based on the dth bootstrap sample using 
)(ˆ bβ . 

 
Based on 1,000 bootstrap samples, the standard error of the adjustment, which equals the square 
root of the estimated variance of the adjustment, is 2,725 farms.  
 

10. Conclusions and Future Work 

The overall results of this research indicate potential exists for using the list frame to evaluate 
misclassification on the JAS.  In addition, the list frame is a more viable option than the ALUS 
due to its cost efficiencies.  The use of logistic regression modeling provides a solid, reproducible 
technique to modeling the probability that a list frame record is active given that it matches a JAS 
non-farm.  Adjusting the probability of active status to obtain the probability of farm was based 
on the proportion of active status records that were found to be farms during the 2007 Census of 
Agriculture could be improved with further research.  
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