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COUNTY-LEVEL CROP AREA ESTIMATES FROM LANDSAT: EVALUATION OF THE BATTESE-PULLER ESTIMATOR

Gsil Walker and Richard Sigwan, U.S. Departwent of Agriculture .

L INTRODUCTION

Avpually in lste May sod early June the Statistical

-~» Reporting Service (SRS) of the U.5. Departwent of

Agriculture conducts the nationwide June Enumerative
Survey (JES). Prow the data collected in the JES, state
and vational estimates of the amount of land planted to
variovs crops are calculated, as well as estimstes of
intended crop utilization, fsrw graio storsge, Livestock
joventories, agricultursl lsbor, and farm economic data.

Crop-area auod production estimates for individual
counties are also an integral part of the SRS estimsates
program. Such estimates are used by the Agricultural
Stabilizetion #ud Conservation Service and by the
Federsl Crop Insurance Corporation. Published county
estimates are used by agri-buminess concerns in making
decisions on warketing of farm preducts and in
transportation scheduling of agricultural cow modities.

SRS calculates county estiwates by subdividing the
officisl state estiwate into crop reporting districts
(collections of contiguous counties) and then further
subdividing into counties. Several types of indicator
data are used io subdividing the state estimate. These
include:

1. JES expansions at a district level,

2. Non-probability mail surveys, and

3. State farw census data.

The resulting estimates sre at least partially subjective
and as a result variance estimates for individual counties
are not calculable using this method.

In Tecent years, a number of states have discontinued
their state farm census. This has prowpted research by
SRS into alternative wethods of calculating county
estimates. Ford (1981}, for example, evaluates direct,
synthetic, and cowposite estimators for crop aud
livestock items utilizing a probability wail survey in
North Carolina.

For county crop-area estimates, a vuwmber of
researchers have proposed the auxiliary use of data from
the LANDSAT earth-resources satellite. The wodel-
based estimators proposed by Huddleston and Ray (1976)
and by Battese and Fuller (1981} are discussed later in
this paper. Cardenas, Blaochard, and Craig (1978) have
proposed a LANDSAT-adjusted synthetic estimator for
calculating county crop-sres estimates. In this paper we
extend the Battese-Fuller estimator to the case of a
stratified sawple design and evaluate the Battese-Fuller
estimator oo a six—county area in eastern South Dakota.

I. DATA SOURCES

A. Ground-Survey Data., JES sswple units, called
segments, are selected from &n srea sawpling frawe.
Segwents are typically one square wile and are selected
frow strats defined in terms of the percent of cultivated

* land.

During the JES interview, sll fields withio the
sawpled segwent are delineated on a non—current serial
photograph, and the crop or land use of each delineated
field is recorded on a questionnaire.

B. LANDSAT Data. The basic elewent of LANDSAT

- data is the set of weasurements taken by the satellite's

wultispectral scanner (M5S) of a 0.4 hectare area of the
earth's surface. The MSS weasures the awount of
rediant energy reflected from the earth's surface in four
different regions of the electromagnetic spectrum. The
individual 0.4 hectare MSS resolution areas, referred to
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as pixels, are arrayed slong east-west rows within the
185 kiloweters wide vorth-to-south pass of the
LARDSAT satellite. For purposes of easy dats storage,
the data within a swath are subdivided into overleppiog
square blocks, -called scenes, which are 185 kiloweters op
» side.

pui ANALYSIS—DiSTRICT LANDSAT ESTIMATOR.

Av snalysis district is a collection of counties or
portions of counties completely contaived in one to three
LANDSAT scenes having the sawe image date. In the
widwestern United States, where wmost of the SES

"LANDSAT research has been covducted, a typical

analysis district contaive 2 minivum of teo countien.

For analysis districts, SRS uses the regression
estimator described by Cochran (Section 7.1.7, third
edition) to obtain crop-area estimates which are wore
precise than the JES estimates. This procedure is
described io detail in Sigwan, et al (1978). Briefly, the
SRS analysis—district procedure is as follows:

1. The JES data for segwents in the avalysis district °
are used to label segment LANDSAT pixels as to
crop type.

2, Labeled LANDSAT pixels are used to develop
discriminant functions for each crop type. (A
discriminant function for “other" is also
developed.) '

3, The discriminant functions are used to classify -
the LANDSAT data in the sawpled JES segumwents.
The classification results for each segment are
the auxilisry wvariable for the regression
estimator. The survey results for each segmwent
are the primary variable.

4. The discriminant functions are used to classify all
pixels within the analysis district from which the
population wean per segment of the euxiliary
variable can be calculated.

The estimation procedure described above is carried
out in each analysis district, and then analysis—district
estimates as well as variances are combined to the state
level by treating the analysis districts as post-strata.
The above procedure iwposes a lower bound on the size
of the JES sawple within the analysis district. The
reasons for this are the following:

1. If the separate forw of the regression estimator is
uvsed, there wust be eonough segwevnts in each
stratum of the snalysis district to estimate the
stratum regression coefficients, or

2. If the combined forw of the regression estimator
is used, there must be enough segwents in the
analysis district to estimate the combined
regression coefficient.

In the mid-western United States, counties typically
contain only two to four sampled JES segments aund way
contain po sawpled segments. Thus, defining svslysis
districts to be individual counties and then vusing the
above procedure is generally not feasible.

IV. LANDSATSMALL AREA ESTIMATION

A. Huddleston-Ray Procedure. As presented above,
crop acreage estimation for snalysis districts is &
straightforward use of & regression estiwator. To
provide a set of estimates for each county contsined jo
the analysis district, HBuddleston and Ray (1976) proposed
that the wmean calculated by classifying the entire
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