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ABSTRACT 

 

Area Sampling Frames are used for surveys including crop 

acreage and yield, forests, and natural resource inventories 

and are the foundation of the statistical program of the 

USDA National Agricultural Statistics Service (NASS) and 

many statistical survey programs around the world.  An 

automated area frame stratification method was recently 

implemented into NASS operations, which is based on the 

objective calculation of percent cultivation derived from the 

NASS geospatial Cropland Data Layers (CDLs). While 

autostratification consistently outperforms manual 

stratification in cultivated areas, we found that CDL-based 

pixel counting estimation consistently underestimated crop 

acreage. Previous research indicates that CDL classification 

accuracy is affected by training data pixel level buffering. 

We hypothesize that training data pixel level buffering will 

also affect the CDL based auto-stratification results and crop 

acreage estimation. This paper evaluates the impact of 

training data buffering on area frame stratification results 

and crop estimates. Preliminary results indicate that the crop 

acreage underestimation can be directly attributed to the 

training data pixel level buffering procedure. 

 

Index Terms—Area sampling frame, automated 

stratification, buffered training pixels, crop estimates, land 

cover-based stratification, Cropland Data Layers 

 

1. INTRODUCTION 

 

Area sampling frames have been used in NASS since 1954 

as a primary tool for conducting surveys to gather diverse 

agricultural information, notably planted acreage of major 

crops [1-4]. The NASS area frames are based on a 

stratification of U.S. land cover which classifies land into 

agricultural intensity groups (strata) based on percent 

cultivation of each primary sampling unit (PSU). The NASS 

Cropland Data Layers (CDLs) which are 30 m to 56 m crop 

specific land cover classifications created annually using 

satellite data are a relatively new data source for area frame 

stratification [5]. A new automated stratification method, 

which is based on the objective calculation of percent 

cultivation, at the primary sampling unit level, obtained from 

the CDLs, was recently integrated with manual review and 

editing for NASS operations [6-7].   

     While automated stratification consistently outperforms 

manual stratification in cultivated areas, both in research and 

production environments, one limitation of the automated 

stratification method is that the CDLs, as they are currently 

processed, consistently underestimate crop acreage [8]. The 

authors hypothesize that this underestimation is due to a 

processing procedure used in the preparation of the Farm 

Service Agency (FSA) Common Land Unit (CLU) training 

data [9].  During CDL production, the FSA CLU shape files 

are buffered inward one pixel (30 m) resulting in the 

exclusion of field edges, as well as small and/or narrow 

fields for  use in CDL training. Previous research results 

indicate that training data buffering resulted in lower 

cultivation accuracies [10]. Further research on the impact of 

training data pixel level buffering on area frame 

stratification needs to be conducted to determine if there are 

significant differences in the percent cultivation of PSU 

computed from CDLs and in the obtained crop estimates.  

This paper presents an assessment that evaluates the 

impact of buffering the FSA CLU training data, for CDL 

production, on area frame stratification results and crop 

estimates. In this study, Nebraska (NE), U.S. (Fig. 1) is 

selected as the study area because it is an important 

agricultural state in the U.S. and is a good example of the 

range of crops grown.  The geospatial datasets used include: 

the NASS 2015 Nebraska area frame PSU dataset and two 

2015 Nebraska CDLs created using USDA Nebraska FSA 

CLU training data preprocessed with 1) a 30m buffer or 2) 

no buffer.   

     The impact of training data pixel level buffering is 

evaluated based on 1) the percent difference in Nebraska 

area frame stratum acreage and total number of stratum 

PSUs and 2) a comparison of 2015 Nebraska state level 

corn, soybean and winter wheat planted acreage estimates 

obtained from 270 samples per stratification (30 m buffer vs. 

no buffer).  



 
 

Fig. 1. Nebraska (NE) U.S. - Study Area for Area Frame 

Stratification results and Crop Estimate Comparison 

 

2.  DATA AND SCOPE 

 

2.1. NASS Area Sampling Frames 

NASS’s primary area frame based survey is the June Area 

Survey (JAS) in which approximately 11,000 one square 

mile sample segments (land parcels) are visited by survey 

enumerators at the beginning of each growing season to 

collect crop type and acreage information.  Estimates of crop 

acreage and livestock inventories are based on the JAS data. 

The accuracy of NASS survey statistics depends on the 

quality of the NASS area frames and the techniques used in 

their construction. 

     The NASS area frames are made up of stratified parcels 

of land, known as primary sampling units (PSUs), which are 

digitized to physical boundaries (roads, railroads, and rivers) 

on the ground. The NASS area frame stratification is based 

on percent cultivation of the land cover within PSUs. Table 

1 illustrates NASS Nebraska land-use stratification codes 

and definitions. Once stratum definitions are assigned, all 

land is subdivided into PSUs, which are categorized into 

different strata. Selected PSUs are further subdivided into 

segments or sample units, and a segment is randomly 

selected from each selected PSU for enumeration [1]. 

 

2.2. NASS Cropland Data Layers (CDLs)  

The CDL is an annual crop-specific land cover classification 

covering the continental U.S. [5]. The 2015 CDLs were 

created using a decision tree classifier Rulequest See5.0 

software. ERDAS Imagine software is used in the pre- and 

post- processing of all raster-based data.  

     ESRI ArcGIS is used to prepare the vector-based training 

and validation data. Agricultural training and validation data 

are derived from the Farm Service Agency (FSA) Common 

Land Unit (CLU) Program. The United States Geological 

Survey National Land Cover Database 2011 was used as 

non-agricultural training and validation data for the 2015 

CDLs. 

TABLE 1. Land-Use Stratification Codes and Definitions 

Represented in the NASS Nebraska Area Sampling Frame 

 
 

3.  METHODOLOGY 

 

3.1. Training Data Processing and Area Frame 

Stratification  

This study evaluates two scenarios comparing the use of 

buffered and non-buffered training data to generate land 

cover classifications for automated area frame stratification 

and crop estimation.  Nebraska 2015 is used to test the 

difference between two differently buffered versions of the 

CDLs. Both CDLs use the standard CDL processing 

methodology, identical satellite imagery and ancillary data 

inputs, training sample sizes and classification parameters. 

The only difference between the two Nebraska 2015 CDLs 

is the way the FSA CLU data are pre-processed (30 m buffer 

vs. no buffer). 

      To create the buffered training data, FSA CLU polygons 

(in shape file format) are buffered inward 30 m with the 

intention of eliminating mixed spectral training at field 

edges.  The FSA CLU data are left in their original form for 

the non-buffered training. Both buffered and non-buffered 

CLU polygons are linked to corresponding FSA Form 578 

database files, dated Oct 1, 2015, which contain crop-

specific field-level information.  

     The two 2015 Nebraska CDLs are both recoded into two 

bit cultivated/non-cultivated data layers.  The ESRI ArcGIS 

Zonal Statistics tool is used to stratify the NASS Nebraska 

area frame, based on percent cultivated cropland calculated 

within a PSU for each different buffer-type CDL, resulting 

in two Nebraska area frame stratifications for evaluation and 

to conduct the crop estimate comparison. 

 

3.2. Estimation 

A stratum level sample allocation was performed using each 

buffer type stratified area frame and the past five years of 

NASS JAS state level standard errors for each crop and 

stratum.  Since the most recent year’s standard errors best 

reflect current conditions, sample allocations were weighted 

for the years 2011 to 2015 respectively: 0.1, 0.1, 0.15, 0.25, 

and 0.40.  The weighted allocations were then prorated 



across strata to arrive at the 2015 state total allocation of 

451 sample units.  There was a final manual adjustment to 

the number of repetitions and substrata for each stratum so 

that the total sample size would be the same for the two area 

frame stratifications (30 m buffer vs. no buffer). The 

allocation formula is the same used operationally for the 

NASS JAS and described by Reference [1]. 

     For these two buffer type area frame stratifications, a 

random selection of PSUs within strata was run 270 times 

with a unique random seed for each run, resulting in 270 

distinct samples for each of the two area frame 

stratifications. The selected PSUs, in the buffered area frame 

stratification, were merged with the official 2015 Nebraska 

CDL crop tabulations for the randomly selected PSUs 

(NASS, 2016). The selected PSUs in the non-buffered area 

frame stratification were merged with the unbuffered 2015 

Nebraska CDL.  Each PSU level crop tabulation was 

expanded using the PSU expansion value based on the 

stratum populations. The expanded PSU crop totals were 

summed to arrive at planted acreage estimates for Nebraska 

2015 corn, soybeans and winter wheat at the state level. A t-

test was conducted to test the difference in the mean of these 

sample distributions for each of the crop estimates.   

 

4.  RESULTS AND DISCUSSION 

 

Figure 2 illustrates zooms of Nebraska 2015 CDLs created 

using training data with 30 m buffer (right) vs no buffer 

(left).  The zero buffer and 30 m buffer FSA CLU shape 

files are overlaid on the resulting CDLs. Results, in Tables 2 

– 4  show that, when using CDLs generated with the 30 m 

buffer vs. no buffer training data, there was a significant 

impact on the area frame stratification results and 2015 NE 

corn, soybean and winter wheat planted acreage estimates.  

 

 

 
Fig. 2. Zooms of Nebraska CDLs created using training data with 

30 m (right) vs no buffer (left).  The Zero buffer and 30 m buffer 

FSA CLU shape files are overlaid on the resulting CDLs.  The red 

dot identifies the location of the zoomed area. 

 

    

4.1. Stratification Results 

Table 2 illustrates the stratification results that show that 

when no buffer was applied to the training data and the 

resulting CDL was used to stratify the Nebraska area frame 

PSUs, 24.40% more cropland acres were identified in the 

highly cultivated strata (stratum 11) and reduced crop acres 

were identified in the lower cultivation strata (strata 12, 20 

and 40), which would likely impact crop estimates. 
 

TABLE 2. Stratification Results 

 
 

4.2. Corn, Soybean and Winter Wheat Estimates 

To test this hypothesis, state level corn, soybean and winter 

wheat estimates for 270 samples were obtained using the 

Nebraska area frames stratified using 2015 CDLs created 

with 30 m or non-buffered training data. The resulting crop 

specific estimates are plotted in Fig. 3 which includes 

histograms that illustrate the sample distribution of the crop 

estimates obtained for Nebraska 2015 corn, soybean and 

winter wheat. 

 The crop estimate results, illustrated in Fig. 3 and Table 3 

indicate that using a 30 m buffer vs. non buffer for area 

frame stratification and estimation results in crop estimates 

that are statistically significantly different. The corn, 

soybean and winter wheat estimates were consistently lower 

based on the CDLs created using the 30 m buffered training 

data (Fig. 3 – bottom row), when compared to the crop 

estimates obtained using CDLs created with non-buffered 

training data (Fig. 3 – top row).  The results of a t-test 

conducted using the Pooled and Satterthwaite methods to 

test the difference in the sample distribution means for each 

of the crop estimates are included in Table 3.  At the 95% 

confidence interval, there was a statistically significant 

difference in the mean for all crops and for the two buffer 

types with all p-values less than .0001.  Table 4 includes the 

test for differences in variances conducted using the Folded 

F method. There was no significant difference in variance 

between all pairs.  
 

 

 

 

 

 

 

 

 



TABLE 3. Test of Difference in Crop Estimate Means 

 
 

TABLE 4. Test of Difference in Crop Estimate Variances 

 
 

 
 

Fig. 3. Histogram of Nebraska 2015 corn, soybean and wheat 

estimates.  Crop estimates are obtained using CDLs created with 

30 m buffer or no buffer training data for area frame stratification 

and crop estimation. 

 

5. CONCLUSION  

 

This study evaluates the impact of training data pixel level 

buffering on Nebraska area frame stratification results and 

crop estimates. Results show that pixel level buffering of 

FSA CLU training data has a large impact on area frame 

stratification results; and that using 30 m buffered training 

data for CDLs has a statistically significant impact on 

Nebraska 2015 corn, soybean and winter wheat estimates. 

Results show that using the 30 m buffered CDL for area 

frame stratification and crop estimation yields statistically 

lower corn, soybean and winter wheat estimates. These 

results may explain why current CDLs, produced using a 

30m buffer, consistently underestimate crop acreage [8]. 
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