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1. SUMMARY

The National Agricultural Statistics
Service of the United States
Department of Agriculture has been
utilizing digital earth resource

",'.'.' ",c""'observationsatellite data since the
",,:,Jau:p.choftlandsat 1 in 1972. There are

currently three applied research
efforts in the U.S. agricultural
statistics program. These.are area crop
area estimation, crop condition
assessment and geographic

,information system (GIS) utili2!ation
for farm chemical and ,other
agricultural survey data. These three

. research applications are in various
stages' of development and
implementation.

The major research application is the
use of Landsat thematic mapper data
in combination with area sample
frame based ground-gathered data to
improve the precision of rice and
cotton acreage estimates in the
Mis!;lissippiDelta region of the U.S.
Landsat thematic mapper is a sensor
on polar orbiting earth resource
observation satellite!:!.The crop area
estimates are calculated in an

operational timeframe and provided to
the Agency' Agricultural Statistics
Board as input to the officialestimates
released by the Agencyduring the crop
season. The well documented
aregression estimator approach is

. used. A'COlltribtI'ted paper 'at this'
conferenceauthored by Mitch Graham
discusses the statistical procedures in
detail. The Delta region was selected
because of the excellent separation
characteristics of rice and cotton from
competing spectral land covers and
because ofthe North-South orientation
and relatively small growing region
compared to the Midwest or Great
Plains regions of the U.S. Landsat
data is used and regional, state and
county level estimates are calculated.
In addition county level classification
color coded theme map products are
provided to the state offices. This
projectbegan in 1991 and will be done
on an annual basis. The Agencyhas a
long history of similar projects with
Landsat Multi-Spectral Scanner Data
from 1972-1990. Accurate cost
estimates have been kept for the time
series 1972-1992 for these projects for
cost benefit analysis comparing the
new method to the conventional area
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frame ground-gathered data
approach. The statistical measure of
performance used is the relative
efficiency which is the ratio of the
variance of the ground data only direct
expansion estimator (numerator) and
the variance of the regression
estima tor (denominator).

Larger values of the relative efficiency
reflect a larger gain due to adding
Landsat data into the estimator
process. For the 1991 and 1992 Delta
project, the average statistical relative
efficiency for rice was 3.5 and for
cotton it was 3.9. That is, the sample
size on the ground would have to be
increased by a factor of 3.5 to 3.9 to
match the precision of the Landsat-
based acreage estimate. These were
cost effective improvements in the
precision of the State level crop
acreage estimates with no additional
respondent burden on farm operators.

In additiQn, county level estimates and
'.'c,rop,.•speci£ic.classifica tion( color
theme) maps are provided. Statistical
methodology for the county (small
area) estimator is provided in detail in
a contributed paper by Michael Bellow
at this conference. The color coded
theme maps provide the complete
spatial distribution of crops that
conventional sample ground gathered
data cannot.

The second research utilization of
complete spatial and remotely sensed
data involves' the use of vegetative
indices calculated from National
Oceanic and Atmospheric
Administration's Advanced Very High
Resolution Radiometer (AVHRR)
sensor. The AVHRR is a sensor on
polar orbiting weather satellites.
NASS has been slow to get into this
area because of its very extensive
ground-gathered objective yield
forecasting and estimation program
already provided excellent
information on crop conditions and
yields. However, due to the daily

satellite passes and the spatial nature
of the AVHRR data there is now
interest in calculating and mapping
vegetative indices similar to the
operational program that Statistic's
Canada has had since 1988. NASS is
currently populating a historic data
base of AVHRR data and testing the
hardware system to support this type
of activity. NASS is using the Land
Analysis System (LAS) software from
the Earth Resource Observation
Satellite (EROS) data center in Sioux
Falls, South Dakota and NASA's
Goddard Space Flight Center. This
program is still in the development
stage but the goal is an operational
program that would sell on a
subscription basis special crop
condition assessment data and color
map products similar to the Statistics
Canada program.

The third and newest area is the use of
geographical information systems for
providing management additional
information about 'agricultural survey'"
data by taking advantage of the spatial
aSPects of the data arid by oVerlaying
several layers of data such as farm
chemical applications, soil types, slope
and water flow, crop and land use
covers, etc. NASS is in the very early
stages of the utilization of GIS based
data and related analysis. NASS has
procured the ARCINFO GIS software
system and also has a Sybase
relational data base software system
that integrates with ARCINFO. NABS
is in the process of populating a farm
chemical data base and GIS sample
survey data layer at the moment. After
completion of these tasks, other layers
will be considered as analysis goals
and potential become better clarified.

Overall NASS is a fairly extensive user
of space based remotely sensed data
and related spinoff technologies such
as the process of electronic digitization
of frame and sample boundaries in its'
U.S. Agricultural Statistics Program.



However, in relation to the overall
NASS mission of providing
agricultural statistics on hundreds of
items throughout a year, the portion of
NABS'sprogram that utilizes remotely
sensed data is not large. The Agency
has, however,been able to successfully
supplement its' existing probability
based (area, list and multiple frame
sampling) estimation program by
utilizing digital and image spacebased
remotely sensed data for selected
geographicareas.

II. CROP AREA ESTIMATIONIN THE
MISSISSIPPI DELTA REGION OF
THE UNITEDSTATES

NASS staff used Landsat Thematic
Mapper Data to operationally
calculate improved crop acreage
estimates for rice and cotton in the
Mississippi River Delta Regionin 1991
and 1992. The Landsat Thematic
Mapper used in conjunctionwith area
frame based ground-gathered data in

.. "'., .•,,"r.,..·,...,,,·,"..,.•.the·Sorm.of-aregression estimator.The
.ratio of the variances, also called the
relative efficiency, of the regression
estimator and the ground data only
direct expansion estimator is the
measure of statistical gain fromusing
Landsat Thematic MapperData.

In 1991 and 1992, for rice the average
relative efficiency averaged 3.5, for
cotton it was 3.9 and for soybeans it
was 1.9. The relative efficiency can
also be interpreted as the factor by
which the ground data area frame
sample size wouldhave to be increased
by to match the results of the
regression estimator. Due to cloud
cover and scene availability factors,
the Landsat coveragearea was divided
into both multi temporal and
unitemporal analysis regions. In
addition, county level estimates were
also calculated. Coefficients of
variation for the countylevelestimates
for the major rice counties ranged from
3.9 to 10.0 percent. Also, color coded
crop classification maps were provided

to the State Statistical Offices.The full
details of this project are in a recent
paper by Bellow and Graham (Aug.
1992).

All the estimates were calculated
using the extensive PEDITOR in-
house software system developed by
NASS and the National Aeronautics
and Space Administration Ames
Research Center Staff over the years.
The PEDITOR system is a quite
extensive analysis system for using
remotely sensed data in combination
with an area frame sample of ground
gathered data to calculate regression
estimator based crop area estimates
and their associated variance. The
system has over 100,000 lines of
PASCALcode and is used in several
other countries around the world. A
paper by Jacques Stakenborg (1989)
reveals why the European
Community's Joint Research Centre
chose it over commercial systems for
an extensive remote sensing for
agricultural·rstatis1Jics project over a
ten year period in Western Europe.
The main T'easoh PEDITOR was
chosen by the European project staff
was its efficiency in calculating
regression estimates over large land
areas. The mosaicing and statistical
features are optimized for use with a
regression estimator approach. The
PEDITORsystem's current status has
recently been summarized in a paper
by Ozga,Masonand Craig (Aug.1992).

Accurate cost data has been collected
and preserved in a data base by project
managers since the mid-late 1970's.
Thus, NABShas been able to look at
Landsat projects (both Multi-Spectral
Scanner and Thematic Mapper) from a
rudimentary costJbenefit perspective
over the years (1975-1992). The cost
side ofthe equation has been relatively
easy to measure. However, as in any
cost/benefit analysis the assumptions
made about the benefits are a key
ingredient to the validity of the
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analysis. Current total Landsat project
costs per State are approximately
$175,000. Of the total, 63% is for
salaries and benefits, 14% is Landsat
data purchases, 12% is all data
processing costs including amortized
equipment costs on an annual basis,
and 11% is a second visit to ground
data sites where fields were not
already planted on the first visit (See
Figure 1.) In addition, costs per State
for the already operational ground
survey are approximately $60,000 for
the States involved in the project.
Landsat project costs have been
dropping due mainly to advances in
computer technology and in concert
with dropping prices for any given
level of technology. Ground data
collection costs on the other hand are
increasing due to inflation in salary,
hotel and mileage costs for survey
interviewers.

FIGURE 1: Delta Project Costs

. Landsat Data ...
14.0%

Salaries & Benefits
63.0%

When total project costs are compared
over time and divided by billions of
bytes of input Landsat data processed,
the project cost drop is dramatic (see
Figure 2.) This was due to two main
factors. The first has already been
cited as the dropping prices of an ever
improving computer technology. The
second is staff productivity as more
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States and land areas were done with
a constant number of research staff.
With the Landsat Thematic Mapper
sensor, it is estimated that a relative
efficiency in the 3.0-4.0 range is
required to be cost effective. Thus, the
results for rice and cotton are judged to
be cost effective improvements. This is
especially the case since the fairly
dramatic improvements in the
precision of the State level crop
acreage estimates do not add to total
respondent burden which is a major
concern in U.S. agricultural surveys.
The county level estimates and maps
with measurable precision are
additional benefits. However, the
success across years and seasons is
still dependent on the degree of cloud
cover during the critical crop
discrimination windows which are
usually only 30 - 40 day windows at
best. The probability of success for
these projects would be increased
substantially by having eight day
coverage (two Landsat TM systems)
instead of the planned 'oneatatime
Landsat 6 and 7 systems.

FIGURE 2: ADP Costs Per Gigabyte
(GB) of Import Data (1987·1992)
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III. VEGETATIVEINDICES

NASS has recently (last 18 months)
begun to explore the possibilities of
crop condition assessment utilizing
vegetative indices from NOAA's
AVHRR data. The Agency has been
slow to get into this area because of its



very extensive and sound ground-
gathered survey data program to
forecast and estimate crop yields. The
conventional program utilizes both
objective crop counts and
measurements such as corn ears, ear
length and circumference, field and
laboratory weights etc. for each crop
plus farmer reported yields. Both types
of data have long well established time
series and provide a relatively high
performing system for forecasting and
estimating crop yields. The most
comprehensive document of the U.S.
system for forecasting and estimating
yields was by Huddleston (August
1978). For a current update, the
Agencysurvey manuals and a paper at
this conferenceby Birkett wouldbe the
best source.

However, due to the daily satellite
passes and the spatial nature of
AVHRR, and complete national
coverage NASS research staff saw
some new potential. In addition, close

.. ' ·,···".··cooperationwith Statistics Canada's· .
Agriculture Division enabled NASSto

.observe their AVHRRvegetative index
program which became operational in
1988. These facts combined inspired
NASS research staff to initiate a
program. NASS has begun a
cooperative agreement with the
Remote Sensing Laboratory ofUSDA's
Agricultural Research Service to
investigate vegetative indices as
related to crop conditions. Condition
assessment eJ).compassessuch topics
as comparison of current year crop(s)
growth to previousyear(s), comparison
of crop growth within a given year
between States or counties, and
drought and crop disease monitoring.
The AVHRR-based Normalized
Difference Vegetative Index (NDVI)
produced biweekly by the EROS data
center will be specifically evaluated.
Early research in crop condition
assessment will center on the
evaluation of NDVI color line printer
plots, building a historic data base of

NDVI and on the potential use of the
NDVI for yield models. The AVHRR
vegetative index data provides
virtually complete national spatial
coverageevery two weeks.The spatial
resolution of the data is one square
kilometer. Thus, when combinedwith
other geographic boundaries such as
State and county in a GIS, many
different geographic levels of data
aggregation and comparisons are
made possible. Tabular and color
theme map data, when put in a GIS
can be aggregated or displayedby any
polygon of interest. Thus, the
vegetative index data has potential to
be one input variable in crop yield
models.The Agencyplans to value add
to this data by using other existing
Agency data sets including area
sampling frame strata. The subject of
the Agency's area sampling frame is
coveredin detail in an invitedpaper by
Jeff Bush and Carol House at the
conference. 'rhe Agency's area
sampling frame and Landsat crop
specificc1assificati'onscan'be used as
masks to narrow'downthe polygonsof
interest for the AVHRRvegetative
index. The polygons of interest can
then excludenon-agricultural land and
in,comecases, can providecropspecific
polygonsfor input to cropspecificyield
models. A DEC VAXStation
workstation has been purchased for
this project; it will utilize a current
version of the Land Analysis System
LAS software developed by the U.S.
Geological Survey and the National
Aerona utics and Space
Administra tion's Goddard Space
Flight staff.

IV ENVIRONMENTAL DATA AND
GEOGRAPHIC INFORMATION
SYSTEMS

The newest major addition to the
Agency's survey program are farm
chemical application data in various
forms. Survey programs have been
designed and implemented (1989 -
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current) to measure farm chemical
applications at the farm level and at
the individual field level on a sample
survey basis. As part of the U.S.
President's Water Quality and Food
Safety Initiatives, NASS has become
the surveyor of farm applied
chemicals.As part of these initiatives,
the tasks of putting these data in a
data base and into a geographic
information system were also assigned
to NASS.NASShas utilized SYBASE
(a UNIX based relational data base
system) and ARCINFO(a GIS system)
as the software to provide the
necessary platforms for storing,
retrieving and analyzing the sample
survey farm chemicaldata. Data at the
published level and micro data will
soon be entered into these systems.
Confidentialityoffarmer reported data
willbe strictly protectedas onlyuse for
official government statistical
purposes will be allowed and
individual data will not be revealed in
any form ofpublication. In addition, a

--. small pilot projectwas initiated to look
at Global Positioning Systems (GPS)
recorders for getting accurate
coordinates of field locations. A
recorder was used to label points
within several sample segments in
Ohio. This technology,as reported by
many other applications scientists,
seems to meet most accuracy needs.
However, the up front capital
investment in equipment, software,
training, etc. was judged to be toohigh
for current Agency applications.
However,as costs continue to drop, the
GPS technology holds substantial
promise for several Agency
applications such as GIS, area frames,
etc.

V. IN HOUSECOMPUTERSYSTEMS

Toservice these requirements, a wide
range of microcomputer technologies
are interfaced in- house. Large volume
remote sensinganalyses are performed
on a VAXCLUSTERof a MicroVAX
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3500 and a VAXStation 3100. Other
technologyresearch applications, such
as GIS, are performed on a UNIX
system which utilizes a SUN 4/380
server with SPARC and SUN IPC
workstations (both stand alone and
client server forms).Both servers have
a 9-track tape and Exabyte tape
cartridge capabilities in addition to
several disk drives and other
peripherals.

Smaller volume analyses utilize 386
and 486 personal computers as stand
alone and/or client workstations to
both the SUN and VAXservers. All
servers, workstations and personal
computers are connected together on
an ETHERNET network using
Network File Server, DECNET and
TCP/IP protocols. Peripheral
equipment includes high resolution
color monitors, printers, scanners,
video cameras, and digi tiza tion
tablets. Other equipment includes
laptop and notebook computers, such
as GRIDPads and Zenith Supersports
and Zeos

VI.LOOKTOTHE FUTURE

The future of all three of the efforts
described in this report crop acreage
estimation using a regression
estimator, vegetative indices, and
geographic information systems is
bright concerning the technology
aspects. The pressure will be on
economic factors and showing cost
effective improvements or new
products in the budget decision time
schedulesand framework.

As far as the technologicalaspects, the
U.S. Government has recently
increased its commitment to future
Landsat's 6 and 7. The U.S.
Governmentis firmlysupportive ofthe
NOAA/AVHRR program. It is
currently funded to the year 2005.
NASS is firmly supportive of area
frame sampling as its statistical
foundation to complete universe



coverage without duplication in the
frame. NASS of course, complements
this with list and multiple frame
sampling as well. NASS staff are also
investigating panel surveys calibrated
to the universe as a potential path to
reducing total respondent burden.
Geographic Information Systems are
proliferating throughout the public
and private sectors on a worldwide
basis.

The one down side on sensors is that
for forecasting and estimating a
dynamic event like crop' production
frequent satellite coverageis required.
One Landsat TMor enhanced TMat a
time, only gives 16 day coverage. For
acreage estimation with the regression
estimator, optimum classification
windows are often only 30-45 days in
length. Usually, that gives only 2 or 3
chances to get data during the
optimum window. If those 2 or 3
chances are substantially cloud-

. covered, then the statistical gains of

. the regression estimator can drop
dramatically. NOAA/AVHRRgives
daily coveragebut with much different
resolution than Landsat TM or SPOT.
Thus, it enables large scale looks at
the vegetative indices across time but
doesn't providea vehiclefor estimating
acreage. accurately compared to
ground-gathered data systems.
Perhaps some private sector systems
could be developed to better meet
agriculture's needs.

The challenge will be to speed up the
R&D process as much as possible to
evaluate if cost beneficial application
of these various technologies is
appropria te under most likely
declining budgets. Substantial
progress has been made but work
remains. The U.S. and other
government commitment to space
borne sensors seems to be at a quite
healthy stage. The next 5 - 10 years
will be crucial to completeR&D,and to

apply the technology where it makes
sense in a costeffectivemanner.

In addition, new sensors such as
several nation's radar based systems
and NASA'sEarth Observing System
Data and Information System
(EOSDIS)will be new systems ofdata
to evaluate. It is difficult to envision
that preciouslyfewresearch resources
in NASS can address new sensors as
well as current sensors. NASS staff
will observe other research such as
European and Canadian research on
radar systemsfor agriculture and land
coverand NASAresearch on EOSDIS.
Radar sensors overcome the cloud
problem but also have different
characteristics and require different
processing methods. If substantial
demonstration of potential cost
effectiveimprovementsare completed,
then NASS research staff would re-
evaluate its resource allocation.
However, given current resource
availabilityand NASSapplications,we
will continue to -focuson-Landsat TM,
for crop acreage NOAA/AVHRR
vegetative index for crop condition,
and geographic information systems
especially related to environmental
data such as farm chemical data. In
fa'ct, it will be a serious challenge to
even address these three applications
appropriately under cost and staff
constraints.
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