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Abstract
The National Agricultural Sfotr'strcs Service fivass/ hos been
developing area sampling frames as a vehicle for conducting
surveys to gather a variety of agricultutal data nationwide.
In 1987, NASS r4los awarded a National Aeronautics and
Space Administration research grant to develop a digitally
based system to automate tftr's process which had been con-
ducted using a labor-intensive, paper-based technique. This
system, the Computer Aided Stratification and Sampling
(CASS) system, was developed by ruass and the Ames Re-
seorch Center Ecosystem Technologr Branch, and has now
been implemented into N/ss'operational program. This pa-
per drscusses and compares the manual procedurc and the
new methodologr and the resulfs of this rcsearch effort.

Introduction
Since 1954, the National Agricultural Statistics Service
(NAss) of the U.S. Department of Agriculture (usDA) has been
developing, using, and analyzing area sampling frames as a
vehicle for conducting surveys to gather information regard-
ing crop acreage, cost of production, farm expenditures, grain
yield and production, livestock inventories, and other agri-
cultural items (Cotter and Nealon, 1987). Statistical data de-
veloped by NASS on the Nation's agriculture are essential for
the orderly development of production and marketing deci-
sions by farmers, ranchers, and other agribusinesses. These
agricultural data series are also used for monitoring the ever-
changing agricultural sector and for making and canying out
agricultural policy relating to farm program legislation, com-
modity programs, agricultural research, agricultural chemical
usage, rural development, and related activities.

An area frame for a land area, typically a state or county,
consists of a collection or listing of all parcels of land for the
area of interest. These land parcels can be delineated based
on factors such as ownership, or based simply on easily
identifiable boundaries as is done by NAss. Area frames are
critical to producing quality estimates, as they provide com-
plete coverage with all land areas being represented in a
probability survey with a known (not necessarily equal)
chance of selection.

States are selected to receive new area frames based on a
statistical analysis of the survey results over time. The utili-
zation of land is always changing. As a result, the frame
"ages" and the survey statistics begin to decrease in reliabil-
ity. Because only two new frames (on average) can be devel-
oped in a year, frames are prioritized according to need.

The manual procedure used to develop area frames was
very labor intensive. The development of an area frame on pa-
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per-based materials for a typical or average state may require
11,000 hours and cost over $150,000. GASS has been responsi-
ble for cutting the time requirement by approximately half.

This paper will briefly describe the materials and proce-
dures used in developing a paper-based area frame. This will
then be followed by a description of the new automated pro-
cedures for developing area frames using digital inputs,
which is now operational. For more information on area
frame development, consult the authors.

Paper-Based Area Sampling Frames

Matedals Used
Area frames are developed on a state by state basis. The ma-
terials used in the stratification process (see examples in Cot-
ter and Nealon (1987)) include

Satellite Imagery: Historically, a paper-based image
product from the Landsat satellite was used' Of the two
iypes of scanners that are available, the Multispectral Scan-
ner (uss) and the Thematic Mapper (nu), the tM is the pre-
ferred product for stratification, though tM is more costly
due to its better resolution. The paper TM product is scaled
at 1:250,000.

National AertaI Photogaphy Program (I#.PP): NAPP is
the product of a consortium of federal agencies which use
aerial photography. 1:40,000-scale, f-inch contact prints are
used. NApp is a primary stratification tool' Nearly all (99 per-
cent) of the U.S. has been photographed through the NAPP
program.

Topogaphic Quadrangle Map: These maps are produced
by the United States Geological Survey (usGS) and the pre-
ferred scale is 1:24,000 (7.S-minute series) which makes
them beneficial for urban and ag-urban stratification and
sampling.

Bureau of Land Management Mop: These maps, scaled at
1:100,000, show the distribution of the federal and state
Iand. They were useful in western states for delineating
(public/private) range strata.- 

UsCs 1:100,000-Scale Topographic Map: These high
quality maps provide NASS with an accurate map base on
which to work.

Stratification
Satellite photo products and black-and-white aerial photogra-
phy are used to identify laad-use strata on the 11100,000-
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scale map base. Table 1 displays the complete set of land-use
categories which were used in the development of Missouri,s
area frame in 1987. The strata for general cropland can vary
slightly depending on the amount 

-of 
cultivatibn and agricui-

tural activity in a state. This table also shows the targel size
lgnge 9f first+tage sampling units called primary Sampling
Units (rsus, discussed in the next section). The purpoie of
stratification is to reduce the sampling variability by creating
homogeneous groups of sampling units, Although certain
parts of the process are subjective, precision work is required
of the personnel stratifying the land to ensure that overlaps
and omissions of land area do not occur and that land is cor-
rectly assigned to land-use categories.

Initial training of personnel stresses the need to use
quality boundaries. A quality boundary is a permanent or, at
lsae1, long-lasting geographic feature easily located on the
ground by a field interviewer. If an interviewer cannot accu-
rately locate the sampled area, or does not collect data asso-
ciated with all of the land inside the sampled area or collects
data for an area outside of that selected, then nonsampling
errors will occur. This will result in estimates of population
characteristics which are biased and do not truly represent
the population of interest.

When the objective of using permanent boundaries con-
flicts in actual practice with the objective of obtaining homo-
geneous sampling units, permanent boundaries take
precedence. For example, cultivated fields can be located at
the base of a mountain but a good boundary does not exist to
include these fields in the appropriate strata, and, therefore,
they may be placed in a < 15 percent cultivated strata with
better boundaries. Roads and rivers make good strata bound-
aries, while intermittent streams and field edees do not and
should rarely be used. The geographic featurJs most fre-
quently used for strata boundaries ranked from highest to
Iowest quality are

o paved highways,
o secondary all-weather roads,
o local farm to market roads,
r railroads, and
a permanent rivers and streams.

The stratification is performed on a county by county
basis for administrative purposes. Each stratification analyst
works a county until its completion. Stratification generally
begins with determining the urban and ag-urban strata for-
the county. The agricultural areas are then stratified using
rlt satellite imagery. The imagery is used primarily to ascer-
tain where the cultivated and non-cultivated areas are Dres-
ent in a county. TM imagery, which usually covers the host
recent growing season, is the best medium for land-use strat-
ification. Using ru data for locating crops and pasture and
photography for locating boundaries, the analyst must make
subjective decisions on placing areas in appropriate strata on
the photography. These decisions on assigning land to strata
are based on experience and training in photointerpretation.

After stratification on photography has been reviewed
and approved, strata boundaries are transferred to a map
base (also called the frame map), Once this transfer is com-
pleted, the next phase of stratification begins - construction
of primary sampling units.

Construction of Primary Sampling Units
Rather than dividing an entire frame into final sampling
units, called segments, strata are divided into pSUs. A ran-
dom sample of psus is further divided into segrnents, result-
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Stratum
Code Definition

PSU Size (milesr)
min. target max.

1 6-8 72

1 6-8 12

1 6-8  72

1 1

1 2

20

3 1

General Cropland, 75%
or more cultivated.

General Cropland, 50-
74ol cultivated.

General Cropland, ts-
49% cultivated.

Ag-Urban, less than 15%
cultivated, more than
100 dwellings per
square mile,
residential mixed with
agriculture.

ResidentiaVCommercial,
no cultivation, more
than 100 dwellings per
square mile.

Range and Pasture, Iess
than 15% cultivated.

Non-agricultural, variable
size.

Water

0.25 7-2 3

3 2

40

J U

6 2

0.1  0 .5 -1  1

2 72-16 24

n/a rya
n/a n/a

ing in a tremendous savings in labor costs. Segments will
eventually be visited by an interviewer to gather agricultural
information.

The desired size of the pSU varies by strata, but averages
six to eight segments. Because a pSU is a collection of seg--
ments, the minimum pSU size is, by definition, one segment
(see Table 1). In delineating pSUs, the main focus is not hom-
oge-neity of land use; that has already been accomplished
with land-use stratification, Rather, the main coniern is to
achieve a desired size with good boundaries while trying to
maintain that each pSU is a smaller representation of the stra-
tum as a whole.

Completed frame maps are then reviewed, and psus are
examined for closure. The numbering system is checked for
strata identification accuracy and sequential accuracy. Frame
maps are further checked to ensure that omissions and over-
Iaps do not exist. Once these checks have been accom-
plished, frame maps are ready for the next step in the
process - measuring the size of the pSUs.

Digitization
The 1:100,000-scale frame maps are digit ized in order to

. measure psus accurately for subsequent sampling,

. ensure quality, and

. retain a digital backup copy of the frame map.

Using the map scale, the area of each pSU in a county is cal-
culated in terms of square miles and is then stored in a file
for that county.

PSU areas for each county are summed and compared
against the official county size. The same procedure-is done
for the state area. County areas are allowed to vary 3.0 per-
cent from the published area. The accumulated state area is
only allowed to vary 0.5 percent from the published area.
County area is allowed more variance because of the smaller
area involved and because pSUs are allowed to cross county
boundaries. Because estimates of agricultural data items ar-e
made for the state, stratification is never allowed to cross
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state boundary lines. Therefore, only a small amount of error
is allowed at the state level.

PSU areas are then accumulated for each stratum at the
state level. The psu area (e.g., 10.5 miles) divided by the tar-
get segment size for the stratum (e.g., 2.0 miles) is equal to
the total number of segments in that pSU rounded to the
nearest integer (e.g., 5). Surnming the number of segments
will yield the total number of segments in the stratum. This
information will be used in determining the number of seg-
ments to be sampled for the entire state, Using Missouri as
an example, 387 segments are sampled from a population of
58 ,080 .

Sample Selection
After the totai number of sample segments to be used in a
state has been determined, a separate program is run to se-
Iect PSUs which will be further broken down into sample
segments. The PSUs are selected with probability propor-
tional to their size. This is the first stage of sampling. Se-
lected pSUs are Iocated on the frame map and their
boundaries are then transferred to photography. The selected
pSU is then divided along identifiable boundaries into the re-
quired number of segments. Each segment has a specific tar-
get size (see the minimum PSU size in Table 1) depending on
the stratum with which it is associated such that each indi-
vidual segment closely resembles the full PSU (as much as
possibleJ with the best physical boundaries available. Seg-
ments are manually numbered, and a random number is cho-
sen to select the sample segment with equal probability. This
completes the second stage of sampling. For information on
the statistical formulas involved in the samole selection.
contact the authors.

5ample Preparation
After the segment has been randomly chosen within the PsU,
sample preparation (the last step) takes place. The sampled
segment is located and identified on a map for use by the
field enumerator. In addition, the most recent photo coverage
of the segment is ordered as an enlargement from the Agri-
cultural Stabilization and Conservation Service (ASCS), U.S.
Department of Agriculture. The enlargement is obtained to
facilitate data collection activities such as delineating crop
fields and Iocating farmsteads. Identification information
such as county name and segment number are scribed onto
the enlargement prior to being mailed to the State Statistical
Office.

Digital-Based Area Sampling Frames

Research Background
NASS and ECoSAT have a history of cooperation in remote
sensing research. The two agencies have worked together on
a number of projects since the late 1970s. EDITOR, a software
package for large area crop acreage estimation utilizing Land-
sat Multispectral Scanner data and associated ground data,
was written by NASS and rcosan personnel. Eighty percent
of prolton, a portable version of rutoR, is currently the pri-
mary software tool for remote sensing operational work in
NASS. PEDITOR was written at ECOSAT. ECOSAT assembled a
prototype microprocessor-based workstation, called vnas,
for NASS and assisted with an experiment to determine per-
formance characteristics of the system when generating area
estimates in the NASS operational environment. fCOSar also
created display software for NASS that is compatible with
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PEDITOR (not portable). This was the precursor for the system
required for area frame development.

In an effort to automate and improve the process in
which area frames are developed using digital inputs, NASS
entered into a cooperative agreement with the National Aero-
nautics and Space Administration (NASA). The project with
NASA began in 19BB with a NASA Research Grant from the
Earth Observation Commercial/Applications Program. Al-
though the initial research agreement with NASA expired in
the fall of 1991, NASA continues to provide software support
through a cooperative agreement with the Ecosystem Science
and Technology Branch (ECosAT), Ames Research Center,
Moffett Field, California. The result of this NASSI{ASA project
is a new area frame system called the Computer Aided Strat-
ification and Sampling (CAss) system.

The CASS Workstation
Initiaily, several configurations of equipment were consid-
ered. The resulting system is shown in Figure 1.

A uNIx-based Hewlett-Packard (Hp) workstation is being
used to handle data processing and storage requirements.
The HP workstations possess the minimum capabilities for
area frame development, that is, three image planes, four
overlay planes, and a 1024 by 72BO display coordinate sys-
tem, The image planes display three bands of satellite data
using 24 bits. The graphics overlay planes are used for var-
ious purposes, such as displaying digital road, water, and
county boundary data; psus for a county and its neighbor;
and the command menu (small window overlaying the image
on the display terminal).

A graphical user interface (cut) has been written under
the X Window System and is currently being tested. This in-
terface will make the software easier to use and allow the
flexibility to handle changing hardware and software tech-
nology. An image is reduced to 1024 by Lo24, allowing the
remaining area on the graphics terminal to display the
menus.

The CA55 System
The resulting CASS software developed by NASS,iI.IASA is an
image analysis system which incorporates digital imagery
and digital l ine graph data. TM data (1:100,000 scale, 30-
metre resolution) from the EOSAT Corporation (see Figure 2a)

Figure 1. CASS workstation.



Figure 2. (a) TM image-Macon County Missouri. (b)
DLG road data.

serves as a base to delineate land use according to the strati-
fication scheme. U. S. Geological Suwey's Digital Line Graph
(otc) data at a 1:100,000 scale is used for boundary identifi-
cation, by overlaying onto the digital inage using a graphics
plane. The reasou for using a visual approach to land-use
classification, which is subjective, rather than a supervised
classiffcation approach, which is repeatablq, is that good
physical boundaries are required. Also, multitemporal and
ground truth data are too expensive.

Displaying and Coloring Satellite Data - rM bands two,
tbree, and four were used for optimal agricultural land-use
classification. The digital nature of tle data enables the ana-
lyst to create a color map which best distinguishes cultiva-
tion and boundaries.

Display and Registation of DLG Data - U. S. Geologi-
cal Survey's transportation and hydrography nLG data (see
roads in Figure 2b) are used, as well as political boundary
data hom the Census Bureau's digital map database (TIGER),
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the Topologically Integrated Geographic Encoding and Refer-
encing System. The 1:100,000-scale DLG boundary data are
not complete, and 1:2 million-scale DLG boundary data are
too inaccurate for NASS's needs. Because the TM data are
more recent than the DtG data, DLG data are used mainly as a
reference. If the analyst can identify a physical boundary di-
rectly in the TM image, it is used. If a physical boundary can
not be distinguished in the TM image, but a DLG boundary
exists, it is used. The na image (scene) is precisely overlayed
with olc, by registering the DLG data to the backdrop of sat-
ellite data. Several matching tu and DLG points are selected,
and a least-squares regression is run to fit the remainder of
the data. These points and the regression are saved in a file
and used each tine a DLG file for that scene is displayed.
This registration file also enables the user to determine lati-
tude and longitude coordinates of a given point.

Other Inputs - Other reference materials include
1:100,000-scale U.S. Geological Survey maps, some small
scale aerial photography, topographic quadrangle maps for
city areas, information from NAss State Offices, and informa-
tion on planting and harvesting dates for the major crops in
that state.

PSU Delineation - In each county, polygons are drawn

"ad 
lagged with the appropriate PSU number, which consists

of a stratum number and a sequence number (see Figure 3a).
This is done by flslsmining the particular stratum in which
to place a unit of land, by interpreting the color TM image.
At the same time, a PsU wittrin some specific size range is
delineated (refer to Table 1), using physical boundaries iden-
tified by oLG and./or rv data. In CASS, this is done by keying
in a PSU number, and then utilizing the mouse to pick points
along desired boundaries. When a PSU (or polygon) is closed,
the area is immediately calculated and displayed. This al-
lows the user to determine if the pSu is within the target size
for that shatum. If polygons are too small or too large, they
can be combined, split, or reshaped. When a county is com-
pleted, the po\6ons are saved to a file to be reviewed by an-
other experienced analyst. The analyst has the ability to
check for overlapping polygons and holes (or missing land
areas). At any time, he/she can list PsUs that have been cre-
ated, to check for proper PSU numbering and that PSU areas
are witlin tolerance. Refer to Cheng et a/. (1989) and Cheng
et ai. (1992) for further information.

PSU Brcokdown into Segments- After the entire state
has been stratified and the total area for each stratum has
been calculated, a separate program is run (outside of cass)
to draw a sample of psus which will be further divided into
segments. Only those PSUs which were chosen by the sample
select program are divided in CAsS. The user displays the file
(saved in the previous step) and enters in the PSU number to
6s samFled. Software then erases all but the sample PsU from
the screen. Many of the same functions which were involved
in delineating rsus during the stratification phase are used to
divide the PSU into equal size segments. For example, the
mouse is used to pick points along an identifiable boundary.
When the segment (polygon) is closed, the size is immedi-
ately displayed, aud segments can be merged or split, or
boundaries can be reshaped. Similar quality control checks
for overlaps and omissions are done. Because segment areas
are much smaller (typically one square mile), boundaries are
harder to find. Occasionally, field edges, section lines, or
point to point must be used. When the PsU has been com-
pletely divided into segments, one is selected randomly
using the segment selection command (see segment number
01992 in Figure 3b). Its latitude and longitude are then deter-



Figure 3. (a) PSU delinieation.
(b) PSU divided into segments.

These counties were chosen partly because the Area Frame
Section of Nass had developed a new area frame for Mis-
souri in 1987 for use in 1988.

This test proved that stratification using cAss was p_ossi-
ble and reasonable. cass proved to be faster, as two weeks
were required for paper stratification 9nd digitization, and
three days for cass. However, this did not reflect setup time
or problem resolution.

Because this was the fust test, analysis was limited to
comparing cAss to the paper frame. The results illustrate the
subjectivJnature of the wbrk, as the photointerpretation and-
boundary selection process (using both small- scale paper qn9
digital image produ-ts; is a difficult one. Io this test, five dif-
ferent people stratified each of the three counties, Two peo-
ple usdd tle paper method, and three used cAss. They are -
iepresented in Figure 5 as paperl, paper2, cassl, cass2, and
cass3. The percent of the total three-county area (excluding
the urban, water, and non'cultivated strata) is given by strata,
by person. That is, the percent land area in the >75 percent
cufivated strata ranged from 23 percent {cass3) to 37 percent
(cass1).

Michigan
With the completion of the Missouri test, a more substantial
test was done-to mimic a pseudo-operational environment. A
21-county area in Michigan was selected for th-u purpose. A!
the time bf the study (19s9-1990), tlre state had iust received
a new frame in 19sg (implemented in 1990). Also, the Re-
mote Sensing Section of Nass had recently completed work
in the dry beln area of Michigan in regards to supervised
classification (therefore, tM data were available). In this test'
only one person worked each_county-, because thLs was tlpi-
cAbf no* the system was to be used operationally. Resulls
of stratfication in cass were influenced by the recency of
the paper stratification, because an analyst doing CASS strati'

mined (for use in the NASS Geographic Information System),
and a photo enlargement is ordered. Lastly, the boundaries
for sample segments are transferred to enlarged photos by the
Sample Preparation Unit (see Figure a) by displaying the seg-
ment, or utilizing a print of the digital image and segnent
boundary.

Research
Once ttre initial cass system was developed (hardware and
software), two pilot tests were conducted in portions of Mis-
souri (to see if cass was possible) and Michigan (to work out
the "bugs"). Enhancements were made as a result of these
tests.

Missoui
The purpose of the initial test (conducted in 1988-1989) was
to gain basic experience with the software, compare cAsS to
the paper-based method, and determine the speed of frame
construction. Digital data covering three north-central coun-
ties in Missouri (Linn, Livingston, and Macon) were used.

PE&NS
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Figure 5.

fication might recall what occurred in the paper stratifica-
tion.

As before, an analysis of this 21-county area (both quan-
titative and qualitative) was limited to comparing cASS to the
paper frame. The total area in each land-use stratum was
measured, and the percentage difference between paper and
CASS (given as cAss-paper/paper) was calculated. This is
shown in Figure 6.

. As to the 14.6 percent difference in the 50 to 74 percent cul-
tivated stratum, the analysts generally favored the CASS re-
sults, because they could better identify pasture, which is not
considered cultivated land.

o Concerning the 37.8 percent difference in the <15 percent
cultivated stratum, the analysts also favored the cAss results,
because they felt they were better able to identify and include
the woodland areas.

o Finally, the 14.3 percent difference in Ag-Urban stratum was
mostly due to the lower resolution of the rv data compared
to aerial photography and quadrangle maps. The analysts
could identify density of houses on the aerial photography
(somewhat), and could easily locate road boundaries on the
quadrangle maps. However, density of roads had to be used
in some suburban areas on the ru, and the older ase of the

DI"c compared to the TM, explained problems identifying road
boundaries where new develonments had been built. Also.
the average pSU size in an Ag-Urban stratum was larger in
CASS (1.6 square miles) than on paper (1.2 square miles).

In Michigan (as in Missouri), no ground truth verifica-
tion was sought. With the experience of the analysts, and the
high cost in obtaining sufficient data, emphasis was on de-
veloping cASs to make it operational.

Each of the five analysts visually compared the cass and
paper area frames for a given county, not to measure quanti-
tative differences, but to see generally where differences oc-
curred, and why, This qualitative aspect of the study is
worth noting.

In general, because of the increased resolution of digital
TM versus the paper Tu product previously used, and the dy-
namic rather than fixed colormapping abilities (many more
colors were visible), the CASS-produced stratifications were
found to be more accurate than those developed from paper
imagery. However, the stratification of urban areas was less
accurate in CASS, because digital ru (approximately 30-metre
resolution, 1:100,000 scale) proved more difficult to interpret
than the aerial photography (approximately z-metre resolu-
tion, 1:40,000 scale) and quadrangle maps (1:24,000 scale)
previously used. For this same reason, boundary selection in
cAsS is more difficult. The topographic maps provided the
user with detailed information on boundary type, which was
lost when displayed in an overlay plane using limited line
types.

In two cases, clouds were a problem. In one case, a
cloud totally obscured a piece of land, resulting in its mis-
classification. In the second case, an island was obscured
and missed by a wispy cloud,

It was during the Michigan test that the first counties
which crossed TM scenes and Universal Trans Mercator
(urv) zones were encountered. Before, county polygon files
were stored in row and column format (within a scene). In
order to keep these files displayed in the conect part of
neighboring scenes (e.g., southern tip of one scene, and
northern tip of the neighboring scene), they were converted
into UTM coordinates, For the same reason, special proce-
dures were necessary to handle counties which overlapped
two UTM zones. This complicated the process substantially.

Operational Phase
Following the completion of the Michigan test, CASS became
operational. Since then, two states' area frames have been
developed in CASS: Oklahoma and California. Oklahoma's
new area frame was used for enumeration purposes begin-
ning in June 1993, and California's new area frame will be
used for enumeration purposes starting in |une 1994.

The most valuable lesson learned during this time was
proper registration of the oLG to the TM scene. Initially, con-
trol points from the four TM scene corner points were used.
These proved to be too inaccurate. The main problem oc-
curred where TM scenes overlapped, that is, a given county
is covered by two different scenes but not entirely by either
one. The difficulty was then in getting the two TM scene reg-
istrations to "agree," each with different number and spatial
placement of control points. Using trial and error on difficult
situations, the best results were obtained when placing a
substantial number of points, at equal spacing. By placing
points as close to the scene edge as possible, the problem of
a given county having a control point in one scene but not in
the other scene is diminished. Problems with urM zone

f ' / i c h i g a n  D r y  B e a n  A r e a
p e r c e n t  0 i f f e r e n c e  -  C A S S  v s  p a p e r  T o t a l  A r e a

r o t a r  h u a . e  n i  l e s s t r . t .

21)5  6  l4 r8  55 :  I  11O 1  1456 !

2547 A 3264 644 168 4  1341 J

Fio t ro  6

cass 5225 s

PAP€F 5421 4
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changes within a TM scene were solved by locating control
points throughout the entire scene (e.g., UTM zones 14 and
15), but reordering so that the first control point was in the
zone of interest (e.g., zone 15). Thus, two registrations (one
for each zone) would exist for that scene. At one point, Cen-
sus TIGER data were tested, because it was more recent than
DLG data. It proved to be less geopositionally accurate in
some areas (critical to NASS work), so DLG was used.

Two problem areas had previouslv been identified:
clouds ani urban areas, When obtaining rv data, a compro-
mise must sometimes occur between the most recent date
(preferably in the last year) and the cloud cover. Also, spring
or fall months are crit ical, when cultivation can best be iden-
tified (planting or harvesting has occurred, but trees are not
at peak foliage). Therefore, cloud coverage under 10 percent
is accepted, though it depends on the clouds' density and lo-
cation. Aerial photography is ordered to supplement the TM
in clouded and urban areas (large cit ies). With segment sizes
of one-tenth and one-quarter square miles, sample selection
for Commercial and Ag-Urban strata is done on quadrangle
maos. rather than in CASS.^ 

Also, the Sample Preparation Unit had a few problems
transferring segment boundaries onto photo enlargements.
For the first time, the ru imagery was more recent than the
enlargements. This more accurately reflected what existed on
the ground, but the segment boundaries had to be drawn on
the older photo enlargements. In some cases, problem
boundaries were selected due to the resolution of rlvt being
lower than aerial photography, and the difficulty in distin-
guishing DLG line type (much easier on paper 1:100,0O0-scale
maps). For example, intermittent streams in Oklahoma were
used as boundaries, which did not show up in the photos,
and may or may not show up on the ground. For the first
time, latitude and Iongitude coordinates were determined for
each sample segment,

Resource Considerations
The original purpose in developing cASS was to improve
NASS area frames (discussed above), and use resources more
efficiently. In order to continue using CASS operationally,
management had to be shown that resources were being
spent wisely. The resource considerations for CASS can be
broken down into several categories: materials, Iabor/staffing,
hardware, and software.

Materials
Material costs are significantly higher using CAss, The cost of
digital rv data is approximately four times greater per scene
than the paper product, In the past, materials averaged 20
percent of the total cost of creating a new state frame. In
Oklahoma, materials were 58 percent (see Table 2). However,

this could change in the near future, depending on the cost
of satel l i te data,

I  nhor lS tn f f ino

o Stratification using all paper products was very labor inten-
sive. Users would analyze rv imagery, stratify land area,
transfer boundaries twice, and then digitize the boundaries.
With cASS, digitization is built in and boundary transfers are
eliminated, resulting in excellent labor savings.

o In the past, labor was about 80 percent of the total cost of
producing a nen' state frame. In Oklahoma, labor was 42 per-
cent lsee Table 2).

o Not only are the total number of hours important, but also
the personnel issues and changes are important. Staff has
changed from more part-time, to fewer full-time employees.
This results in a higher per-person cost, but total hours are
greatly reduced (approximately halfl. Also, the full-time staff
will result in less turnover, thereby retaining experience and
reducing training costs for nerv employees.

Hardware
There are one-t ime and maintenance charges. Hardware start-
up costs were part ial ly offset by the NASA grant, and can be
amort ized over the l i fe of the system. The systems wil l  need
to be upgraded or replaced over t ime, but the present trend
in workstation prices is down while the amount of comput-
ing power per dol lar is r ising. At this t ime, a suitable, Hl
workstat ion runs about $20,000 for the general publ ic.

Software
The software was developed, corrected, and enhanced with
funds from the NASA grant, and from NASS contributions.
These resources will decrease in the very near future to an
amount needed only to maintain the software. Because the
software was developed with government funding, it is pub-
lic domain software. However, no software support mecha-
nism is currently available from NAss or ECOSAT'

Changes in technology continue to have an effect on the
cAsS system (hardware and software). As machines phase in
to X Windows, CASS must be flexible enough to incorporate
this new technology.

Summary
Overall, the advantages and disadvantages of cass must be
considered in order to determine its success.

Advantages of CASS
The analysts generally agree that stratification in CaSS is bet-
ter for several reasons, First, satellite data provide more re-
cent data (potentially available every 16 days) than aerial
photography (may be five years old). Because an area frame
is used for about 15 years, the most recent imagery at the
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time of stratification is desired. Second, the land-use deter-
mination is more accurate, as the scale of ttrl data has gone
from 1:250,000 on paper, to 1:100,000-scale digital data. Fi-
nally, a dynamic color map is available to enhance the image
and bring out the cultivation.

The automation of this process has eliminated the tedi-
ous, error prone process of transferring from a satellite image
print, to aerial photography, to a 1:100,000-scale USGS map,
to a digital file. AIso, CASS uses computer-generated random
numbers for segment selection. In the paper process, random
numbers were printed on a sheet of paper, and left out on a
desk. Some felt that the analysts could find out which ran-
dom number was next, which might influence their segment
boundary selection.

The digital nature of the data is a benefit. First, pSUs
(and segments) can be more easily revised in CASS by moving
digital boundaries, and because the size of the psu (and seg--
ment) is known immediately, it can be resized if it does not
fall within the suggested limits. Next, it will allow a frame to
be updated rather than having to start frorn scratch (which is
necessary with paper frames). Finally, sample segment loca-
tions are being identified. Because they are now georefer-
enced, they can be used as data layers in other Geographic
Information Systems.

Concerns
The identification of good physical boundaries (which must
be located on the ground by enumerators) is more difficult
on TM. The scale has gone from 1:40,000 on aerial photogra-
phy to 1:100,000 on TM, and the resolution has decreased.
AIso, the DLG is not as clearly distinguished in an overlay
plane as it is on paper,

Other concerns are urban stratification and cloud cover.
Houses cannot be seen as well in TM data, so the analyst
must resort to using such characteristics as density of roads.
At this time, aerial photography is being used to supplement
TM data in urban and clouded areas. AIso, sample selection
in urban areas is being done on quadrangle maps.

Future Gonsiderations
Much is possible in the future. The resource considerations
of CasS (higherAower costs) could change, depending on the
futqre Landsat program. It is believed that costs would drop
if the government were to take over control of the Landsat
proSram.

Several of the concerns discussed above could be solved
in the near future, The problem with urban stratification is
being handled by using SpoT data in some of the larger city
areas (e.9., New York City). It will enable the analyst to iden-
tify houses and distinguish among physical boundaries.

Several options exist in identifying potential segment
boundaries. First, the use of edge enhancing filters will be
tried to "bring out" boundaries in the rv data. Second, digi-
tal orthophotography will be used (when available) to aid in
identifying potential segment boundaries. Third, future satel-
Iites may offer better resolution data at an affordable cost. Fi-
nally, updated u,c would be a tremendous help. In one area
in California the ru data were from 1991, the aerial photog-
raphy was from 1987, and the DLc data were from 1983.

At this time, the photo enlargement is the Area Frame
Section's primary output. The data needed to purchase pho-
tos are Iocated on microfiche. Each segment must be loCated
on the microfiche to obtain this information. In the near fu-
ture, photos may be ordered using Iatitude and longitude co-
ordinates, because segment latitude and longitude is
calculated in CASS. Aiso, when the resolutioln of the imagery
data improves, clear prints of the segment may be generited
directly from digital data (e,g., this is now possible-with digi-
tal orthophotography).

As various state and federal agencies get involved with
geographic information systems, agricultural data (such as on
property classification) might be used to make a state's strati-
fication more accurate, Also, the Remote Sensine Section of
NASS could provide crop-classified satellite imag-ery to assist
in the development of area frames.

Ground truthing for each cAss state will be limited to
those sample segments visited by enumerators each June.
Any state getting a new area frame will have an analysis
done to see how that new frame affects agricultural statistics.
Also, the percent cultivation found by the enumerator in
e6sh epgment is compared to the stratum assigned during
frame development.

Conclusion
The analysts in the Area Frame Section who work daily on
building area frames and selecting samples across the U,S.
are proud ofcass, and feel it is a big success. The ability to
stratify based on the amount of cultivation is much im- 

'

proved, The difficrrlties in dealing with urban stratification
and boundaries (especially in sample selection) will be
solved through the use of spor, digital orthophotography,
and/or panchromatic satellite data.

Progress continues to be made and prospects for the fu-
ture are encouraging. Reduction in costs and increases in ef-
ficiency will continue as more states are done in cAss, when
NASS can order photography based on latitude and longitude,
and when data resolution is improved enough to print photo
enlargements. Also, TM data coits could drop, and nl,c costs
have already decreased.

The dramatic increase in the use of Geographic Informa-
tion Systems is causing a demand for digital data, Two dif-
t'erent environmental groups have already input digital area
trames into Arclnfo using nlc format files, Nass has also
started using digital area frames in their own crs. Much will
be determined by future technology and application trends.
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