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AREA FRAME DESIGN FOR AGRICULTURAL SURVEYS  
 

 

PREFACE 

 

Area frames have been and will continue to be the foundation to the agricultural statistics 

program of the National Agricultural Statistics Service (NASS).  The methodology applied by 

NASS to develop and sample area frames is of interest to domestic and international users of 

NASS's agricultural statistics.  This interest has motivated the need to prepare a document that 

describes the current area frame procedures in NASS.  Therefore, the purpose of this document is 

to provide a thorough presentation of the present area frame development and sampling 

procedures employed by NASS.  

 

There are two chapters to this document.  The first chapter was originally written by Jim Cotter 

from NASS in 1987 and updated by Carrie Davies from the Area Frame Section, Research and 

Development Division, National Agricultural Statistics Service, U.S. Department of Agriculture.  

Also, the Stratification Materials Section was written by Ray Roberts from the Area Frame 

Section in NASS in 2009.  Chapter I describes the procedures NASS uses to develop new area 

frames.  

 

The second chapter was written by Jack Nealon from NASS in 1987 and updated by Carrie 

Davies in 2009.  Chapter II describes the area frame sampling methodology.  Together, these 

chapters will provide the reader with a greater understanding and appreciation for the area 

sampling frame methods currently in use by NASS.  
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CHAPTER I. AREA FRAME DEVELOPMENT  

 

Jim Cotter 

Carrie Davies 

Ray Roberts 

 

Abstract 

 

Area frames are the backbone to the agricultural statistics program of the National Agricultural 

Statistics Service (NASS).  The purpose of this report is to describe the procedures currently 

used by NASS to develop and sample area frames for agricultural surveys.  

 

Key Words: Area frame; stratification; replicated sampling.  

 

 

INTRODUCTION  

 

Overview  

 

The National Agricultural Statistics Service (NASS) has been developing, using and analyzing 

area sampling frames since 1954 as a vehicle for conducting surveys to gather information 

regarding crop acreage, cost of production, farm expenditures, grain yield and production, 

livestock inventories and other agricultural items.  An area frame for a land area such as a state 

or country consists of a collection or listing of all parcels of land for the area of interest from 

which to sample from.  These land parcels can be defined based on factors such as ownership or 

based simply on easily identifiable boundaries as is done by NASS.  

 

The purpose of this document is to describe the procedures used by NASS to develop and sample 

area frames for agricultural surveys.  The process involves many steps, which have been 

developed to provide statistical and cost efficiencies. Some of the key steps are:  

 

Á Stratification:  The distribution of crops and livestock can vary considerably across a 

state in the United States.  The precision of the survey estimates or statistics can be 

substantially improved by dividing the land in a state into homogeneous groups or strata 

and then 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.  

 

Á Multi -Step Sampling:  Within each stratum, the land can be divided into all the sampling 

units or segments and then a sample of segments selected for a survey.  This would be a 

very time-consuming endeavor.  The time spent developing and sampling a frame can be 

greatly reduced by: (1) dividing the land into larger sampling units called first-step or 

primary sampling units (PSUs), (2) selecting a sample of PSUs and then delineating the 

segments only for these PSUs, and (3) selecting a sample of segments from the selected 

PSUs.  
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Á Analysis:  Several decisions are made that can have an appreciable impact on the 

statistical and cost efficiency.  These include decisions such as the land-use strata 

definitions, the number of substrata, the size of the sampling units, the allocation of and 

the method of selecting the sample necessary to guide us in these decisions. 

 

Á Quality Assurance:  Care must be taken to ensure that no land is omitted from the frame 

(unless by design), that no land area is included more than once and that the land is 

properly stratified into the land-use strata.  Once stratification is complete, the resulting 

PSUs should be reviewed to verify boundaries and proper classification of PSUs into 

strata.  Also, a quality assurance edit should be run to identify errors such as PSUs with 

area outside the tolerance range and mislabeled PSUs.  Catching errors using quality 

assurance measures will ensure that sound statistical rules are followed to reduce 

sampling errors and minimize non-sampling errors.  

 

The major area frame survey conducted by NASS is the June Agricultural Survey (JAS).  This 

mid-year survey provides area frame estimates primarily for crop acreages and livestock 

inventories.  During the survey, the interviewers visit each segment in the sample, which has 

been accurately identified on aerial photography, and interview each person who operates land 

inside the boundaries of the selected segments.  With the respondent's assistance, field 

boundaries are identified on the photography and the acreage and crop type reported for each 

field in the segment.  Counts of livestock within each sample segment are also obtained.  This 

area frame information is subsequently used to provide state, regional and national estimates for 

crop acreages, livestock inventories and other agricultural items.  Naturally, the procedures used 

to develop and sample area frames affect the precision and accuracy of the survey statistics.  

 

This chapter of the document will begin by briefly outlining the history of area frames in NASS 

and then will discuss the analysis conducted in the pre-construction stage.  The source materials 

used in the stratification process will be discussed and then the stratification process itself.  Other 

topics covered will be the construction of primary sampling units, the digitization process, the 

use of sub-stratification and the costs incurred in designing and building an area frame.  
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Brief History  

 

Iowa State University began construction of area frames for use in agricultural surveys in 1938. 

NASS began research into the use of area sampling frames in the mid-1950's to provide the 

foundation for conducting probability surveys based on complete coverage of the farm sector.  In 

1954, area frame surveys were begun on a research basis in ten states, 100 counties with 703 

ultimate sampling units or segments.  These surveys were then expanded over the years and 

made operational in 1965 in the contiguous United States.  

 

Changes made to the area frame methodology during the sixties and early seventies were mainly 

associated with sampling methods such as land-use stratification and replicated sampling 

(described in detail in the second chapter of this report).  Technological changes were 

incorporated during the seventies and eighties in the form of increased computerization, use of 

satellite imagery, use of analytical software and development of an area frame sample 

management system among others.  

 

The area frame program has grown over the past 54 years and is now conducted in 49 states with 

approximately 11,000 segments being visited by data collection personnel for the major 

agricultural survey conducted during June of each year.  Readers interested in a more detailed 

overview of the historic developments of area sampling frames in NASS are referred to a paper 

by Fecso, Tortora and Vogel (see Bibliography at the end of this chapter).  

 

Year of Implementation 

 

NASS maintains an area frame for each state except Alaska.  NASS also maintains an area frame 

for Puerto Rico.  The frames are constructed one state at a time and used year after year until the 

frame is deemed outdated.  Frames generally are utilized for 15 to 20 years, and when they 

become outdated, a new frame is constructed to replace it.  Each year, three to four states are 

selected to receive a new frame.  The decision of choosing which states are selected for new 

frames is based on the following criteria:  Age of the frame, significant land use changes, target 

CVôs being met, and significance to the national program. 

 

Figure 1.1 displays the year of implementation of NASSôs currently used area frames.  The 

number in each state represents the year the current frame was implemented (i.e. Texasô frame 

was implemented in 1998). 
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Figure 1.1:  Year of Implementation for States that Maintain and Area Frame 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Advantages to Using an Area Frame 

 

1) Versatility:  Since reporting units can be associated with an area of land (a sampling 

unit), an area frame can be used to collect data for multiple variables in one survey.  For 

example, crop acreage, livestock, grain production and stocks, and economic data are all 

collected during the JAS.      

 

2) Complete Coverage: NASSôs area frame is complete, meaning when all the sampling 

units are aggregated, the entire population is completely covered and every sampling unit 

has a known chance of being selected.  The sampling units do not overlap, nor are there 

gaps between adjacent sampling units.  This is a tremendous advantage since it provides 

the vehicle to generate unbiased survey estimates.  Complete coverage is also useful in 

multiple frame (area and list) surveys where the area frame is used to measure the degree 

of incompleteness of the list frame. 

 

3) Statistically Sound: The advantage of complete coverage combined with a random 

selection of sampling units is that it can provide unbiased estimates with measurable 

precision. 
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4) Non-Sampling Errors Reduced:  Face-to-face interviews are conducted for the JAS, 

which generally result in better quality data being gathered than data collected by mail or 

telephone.  The interviewer uses an aerial photograph showing the location and boundary 

of the sample segment to collect data for all land within the segment boundary such as 

crop acreages, residential areas, forest, etc.  If the respondent refuses to participate in the 

survey, or is inaccessible, the interviewer is instructed to make observations which are 

helpful when making non-response adjustments.  

 

5) Longevity:  Once an area frame is constructed, it can be used year after year without 

having to update the sampling units.  The frames can become inefficient as land use 

changes.  However, the area frames constructed for most states last 15 to 20 years before 

they need to be replaced. 

 

Disadvantages to using an Area Frame 

 

1) Can be Less Efficient than a List Frame:  If a list of farm operators can be stratified by a 

variable related to the survey items, it will provide greater sampling efficiency than an 

area frame that is stratified by land-use.  For example, a list frame that is stratified by 

peak number of cattle and calves will provide greater sampling efficiency than the area 

frame when estimating cattle inventory.  Unfortunately, NASSôs list frame does not 

provide 100 percent coverage, because of the difficulty in obtaining and maintaining a 

complete list of producer names, addresses, and appropriate control data.  Since the area 

frame is a complete sampling frame, it is used to measure incompleteness in the list. 

 

2) Cost:  An area frame can be very expensive to build and sample.  New frame 

construction, on average, uses five full-time employees for four months per state.  Also, 

face-to-face interviews conducted by a trained staff are also very costly.  

 

3) Lack of Good Boundaries:  Although this is not a problem for most areas in the United 

States, it can be when building a frame in a foreign country.  The importance of quality 

boundaries will be discussed later.  

 

4) Sensitive to Outliers:  Because the sampling rate for the JAS is low, expansion factors are 

relatively high.  For this reason, area frame surveys are sometimes plagued by a few 

"extremely large" operations that are in sample segments.  These operations can greatly 

distort the survey estimates.  A solution to this problem is to identify all very large 

operations prior to the survey (special list frame) and sample them with certainty. 
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How NASS Uses an Area Frame 

 

1) Acreage Estimates for Major Commodities:  The primary focus is on corn, soybeans, 

winter wheat, spring wheat, durum wheat, cotton, Not On List (NOL) cattle, and number 

of farms.  The acreage for each crop is recorded for each field within the segment.  These 

acreages are then expanded to produce an estimate of crop acreage at the state and 

national level. 

 

2) Measure the Incompleteness of the List:  NASS maintains a list of farmers who operate 

land in the country.  Because farm operations go in and out of business, the list is never 

complete at any given time.  The JAS survey is used to find farmers who are not on 

NASSôs list.  During the JAS data collection, the interviewer records the names of all 

people who operate agricultural land within each segment.  These names are then 

checked against NASSôs list of farm operators.  Those who are not present on the list are 

referred to as Not On List or NOL.  The NOL operations found during the JAS are 

multiplies by an expansion factor to estimate the incompleteness of the list for each state. 

 

3) Ground Truth for Remotely Sensed Crop Acreage Estimates:  The crop data for each field 

inside the segment from the JAS is used to determine what crop spectral signatures from 

the satellite represent.  Identified signatures are then used to classify fields throughout a 

state. Once the satellite data has been classified, an acreage estimate can be made for 

various crops grown in that state. 

 

4) Follow on Surveys:  NASS uses the data from the JAS for follow on surveys such as the 

Objective Yield Survey where specifically cropped fields are randomly selected with 

probability proportional to size.  These yield surveys involve making counts, 

measurements, and weighings of selected crops. 

 

Every five years additional sampling units are added to the JAS for the Agricultural 

Coverage Evaluation Survey (ACES).   Data collected from the JAS segments, in 

combination with the additional ACES segments, is used to measure the completeness of 

the Census of Agriculture mail list.  The Not on Mail List (NML) estimates are used to 

weight census data at the record level to produce coverage-adjusted estimates. 

 

PRE-CONSTRUCTION ANALYSIS  

 

Prior to building a new frame, analysis is conducted to determine which states are most in need 

of a new frame. Generally three to four states are selected to receive a new frame each year.  

Data collected from approximately 11,000 segments during the JAS is used to determine the 

extent to which the land-use stratification has deteriorated for each state. This involves 

comparing the coefficients of variation for the survey estimates of major items over the life of 

the frame. Typically states with the oldest frames have the highest probability of being selected.  

Also important is the extent to which a state contributes to the national program for major 
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commodities.  For example, Kansas contributes approximately twenty percent to the national 

estimate for winter wheat.  If it were determined that the stateôs JAS target coefficients of 

variance for winter wheat was not being met, Kansas would be likely to be selected to receive a 

new frame.   

 

Once a state has been selected to receive a new frame, analysis is performed to determine the 

most appropriate stratification scheme to be used.  Previous years' survey data are used to 

calculate the percent of cultivated land in the sample segments, the average number of interviews 

per segment in each stratum, and the variances for important crops in each stratum. This data is 

used to determine the following: 

 

1) The Land Use Strata Definitions:  Several land-use strata are common to all frames, 

including cultivated land, ag-urban, urban, and non-agricultural land. The cultivated land 

is divided into several strata based on the distribution of cultivation in the state. Previous 

years' survey data are analyzed to provide information such as the percent of cultivated 

land in the sample segments so that the distribution of cultivated land can be ascertained. 

This will help determine the number of and definition of the cultivated strata. Table 1.1 

presents the land-use stratification scheme generally followed along with the codes to be 

used during the stratification process. 

 

Table 1.1 Land-Use Strata Codes and Definitions 

 

Stratum Definition 

11 General Cropland, 75% or more cultivated. 

12 General Cropland, 50-74% cultivated. 

20 General Cropland, 15-49% cultivated. 

31 

 

Ag-Urban, less than 15% cultivated, more than 100 dwellings per 

square mile, residential mixed with agriculture.  

32 

 

Residential/Commercial, no cultivation, more than 100 dwellings per 

square mile.  

40 Less than 15% cultivated. 

50 Non-agricultural, variable size segments. 

 

Strata 11, 12, and 20 are where the majority of cropland is present.  These strata target 

commodities such as corn, soybeans, cotton, and wheat.  In many states, strata 11 and 12 

are collapsed into one stratum. The 40ôs strata contain less than 15 percent cultivation.  

Range and pasture land, as well as woods, mountains, desert, swampland, etc., are put 

into stratum 40.  Cattle and other livestock operations are usually found in stratum 40. 
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Little to no agriculture is expected to be found in Strata 31, 32, and 50.  These strata are 

present in all states.  Stratum 31 contains dense commercial and residential areas of cities 

and towns.  The ag-urban land in stratum 32 represents a mixture of residential and areas 

with the potential for agricultural activity, usually located in a band around a city, where 

the city blends into the rural area. Stratum 50 contains non-agricultural entities such as 

state and national parks, game and wildlife refuges, military installations and large 

airports. 

 

These are the strata present in most states, however, adjustments may be made to the 

design depending on the state involved. For example, stratum 40 is often broken into two 

or more strata in the western states, with a special stratum for forest or desert.  Also, a 

stratum may be added for Indian reservation land. Crop-specific strata are also used in 

several states to allow the opportunity to channel a sample either into, or away from, a 

certain area. For example, citrus strata were created in Florida.  However, since an annual 

citrus survey conducted in Florida provides reliable estimates, the JAS is not used for 

citrus estimates.  The citrus strata are in place to allow for a heavier sample in strata 

where field crops are present. 

 

2) The PSU and Segment Sizes:  In the process of constructing a new area frame, all land in 

the selected state will be broken down into PSUs.  The population of PSUs are sampled 

from by stratum, and the selected PSUs are further broken down into an average of six to 

eight segments from which one segment is chosen.  This way, an entire frame need not be 

divided into segments, saving a tremendous amount in labor costs. 

 

Before area frame construction can start, the sizes of the PSUs and segments must be 

determined.  The target PSU and segment sizes are determined for each stratum based on 

the analysis of previous yearsô JAS data.  The target size of the segment is determined 

first.   

 

The target segment size is the same for all segments within each stratum except for 

segments in PPS (Probability of Selection Proportional to Size) strata like stratum 50.  An 

explanation of how the optimal segment size per stratum is determined is discussed in 

detail in Chapter II.  Table 1.2 is an example of the segment sizes per strata for a typical 

state. 

 

  



 

11 

 

Table 1.2 Target Segment Sizes 

 

Stratum Definition 

Target 

Segment Size 

(square miles) 

11 General Cropland, >75% cultivated. 1.00 

12 General Cropland, 50-74% cultivated. 1.00 

20 General Cropland, 15-49% cultivated. 1.00 

31 Ag-Urban, 0.25 

32 Residential/Commercial,  0.10 

40 Open Land, < 15% cultivated. 2.00 

50 Non-agricultural, variable size segments. PPS 

 

The target sizes of the PSUs are based on the segment size.  PSUs should contain six to eight 

segments, so the PSU size should be about six times the segment size.  PSUs that are smaller 

than the target size will be broken down into less segments, and PSUs that are larger will be 

broken down into more segments if boundaries are available.  So if a PSU in stratum 11 is only 

two square miles, it will most likely be broken down into two segments.  The minimum PSU size 

is generally one segment. Table 1.3 is an example of the PSU size tolerance range for the target 

segment sizes in Table 1.2. 

 

Table 1.3 Primary Sampling Unit Size Tolerance Guide 

 

Stratum Cultivation  
PSU Size (Sq Miles) 

Minimum  Target Maximum 

11 >75% Cultivated 1.00 6.00ï8.00 9.00 

12 50-75% Cultivated 1.00 6.00ï8.00 9.00 

20 15-49% Cultivated 1.00 6.00ï8.00 9.00 

31 Ag-Urban 0.25 1.00ï2.00 3.00 

32 Commercial 0.10 0.50-1.00 1.00 

40 >15% Cultivated 4.00 20.00ï24.00 36.00 

50 Non-Ag --- PPS --- 

 

Once the analysis is complete and strata definitions and segment sizes are specified by the Area 

Frame Section (AFS), the proposal is sent to the stateôs Field Office (FO) for comments and 

suggestions. Once the specifications have been agreed upon, stratification will begin.  After this 

point, the strata definitions, PSU and segment sizes are used for the life of the frame and are not 

changed.  For a list of strata definitions and segment sizes for each state, refer to the Area Frame 

Design Information document. 
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STRATIFICATION MATERIALS  

 

This section describes the different types of data which are used to construct the state area frame.  

 

Satellite Imagery:  Satellite imagery is derived from digital data collected by sensors aboard 

satellites. AFS currently uses imagery from the LANDSAT 7 satellite. The spacecraft completes 

14 orbits per day and covers the entire Earth every 16 days.  Landsat 7 is equipped with 

Enhanced Thematic Mapper Plus (ETM +). The sensor has seven bands that simultaneously 

record reflected or emitted radiation from the Earth's surface in the blue-green (band 1), green 

(band 2), red (band 3), near-infrared (band 4), mid-infrared (bands 5 and 7), and the far-infrared 

(band 6) portions of the electromagnetic spectrum. A panchromatic band 8, with a high 

resolution of 15m exists as well.  TM band 2 can detect green reflectance from healthy 

vegetation, and band 3 is designed for detecting chlorophyll absorption in vegetation. TM band 4 

is ideal for near-infrared reflectance peaks in healthy green vegetation, and for detecting water-

land interfaces. TM band 1 can penetrate water for bathymetric (water depth) mapping along 

coastal areas, and is useful for soil-vegetation differentiation, as well as distinguishing forest 

types. The two mid-infrared bands on TM are useful for vegetation and soil moisture studies, and 

discriminating between rock and mineral types. The far-infrared band on TM is designed to 

assist in thermal mapping, and for soil moisture and vegetation studies. The stratification unit 

typically uses bands 4, 3, and 2.   

 

Satellite imagery is currently not used for boundary identification. Instead, it is used when 

delineating agricultural strata since it provides a very recent picture of the degree of cultivation. 

Different land uses will show different color signatures on the imagery. The use of satellite 

imagery will be further discussed in the land-use stratification section of this chapter.  Figure 1.2 

is a Landsat 7 image showing bands 4, 3, and 2.  
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Figure 1.2:  Landsat Image Bands 4, 3, and 2 

 

 
 

 

Cropland Data Layer (CDL):  The CDL is an agriculture specific land cover geospatial product 

developed by the Spatial Analysis Research Section (SARS).  SARS uses a number of inputs to 

develop a CDL.  Vector inputs include:  NASS JAS segments and Farm Services Agency (FSA) 

Common Land Units (CLU) data.  Raster inputs include:  USGS NLCD, IRS Resourcesat-1 raw 

AWiFS Spring/Summer time, NASA Terra MODIS 16 day NDVI, USGS NLCD 2001 

Impervious and Canopy, and USGS NED Elevation.  

 

It is used during the frame construction process as an additional layer to assist the stratifier in 

isolating agriculture. It is also used to assist in isolating crop specific strata in a number of states.  

Figure 1.3 is the CDL for California. 
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Figure 1.3:  Californiaôs Cropland Data Layer 

 

 

National Agriculture Imagery Program (NAIP):  This program is operated by the Farm Service 

Agency (FSA).  The FSA acquires one and two meter digital ortho imagery during the 

agricultural growing seasons in the continental U.S. Coverage provides approximately 20 percent 

one meter and 80 percent two meter. 

 

The one meter product is accurate to within five meters of Digital Ortho Quarter Quads 

(DOQQôs) used to digitize CLUôs and other datasets. The one meter product is intended to 

provide an updated ortho base procured on a three to five year cycle. 

 

The two meter product is accurate within ten meters of DOQQôs intended for aerial compliance 

and other programs not requiring high spatial accuracy. 

 

NASS acquires the data via download from FSA.  The downloaded data is a compressed county 

mosaic in MRSID format. 
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The NAIP imagery is used to verify boundaries during the frame construction process and has 

improved the accuracy of the frame.  This data is also used when generating the photo 

enlargements used for the JAS.  Figure 1.4 is a NAIP image for part of Butte County, California. 

 

Figure 1.4:  NAIP Image, Butte County, CA 
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Topographic Quadrangle Map (Quad):  Produced by the U.S. Geological Survey (USGS), Digital 

Raster Graphic (DRG) maps are scanned images of USGS 1:100,000 scale topographic maps.  

Figure 1.5 is a portion of a digital raster topographic map for Butte County, California.  This type 

of digital map is used as a base map during stratification.  It shows political boundaries and 

physical features such as roads and streams.  The digital maps are also used to generate county 

copy maps.  These maps  are used to assist enumerators in locating JAS segments. 

 

 

Figure 1.5: Digital Raster Topographic Map for Butte County, CA 

 

 

  




















































































