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ABSTRACT

Remote sensing of agricultural croplands has been
experimentally applied to the estimation of regional croé
production statistics. Increasing accuracy and timeliness of
the crop acreage component by remote sensing appears to be a
major source of benefits from the new technology. Extending
the c;op survey application from small experimental regions to
state and national levels requires that a sample of agricul-
tural fields be chosen for remote sensing of crop acreage, and
that a statistical estimate be formulated with measurable char-
acteristics. The critical requirements for the success of the
application are<reviewed in this report. The problem of
sampling in the presence of cloud cover is discussed. Integra-
tion of remotely sensed information about crops into current
agricultural crop forecastihg systems is treated on the basis
of the USDA multiple frame survey concepts, with an assumed
addition of a new frame derived from remote sensing. Evolution
of a crop forecasting system which utilizes LANDSAT and future
remote sensing systems is projected for the 1975-1990 time

frame in this preliminary study.
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NOTE OF TRANSMITTAL

This report on a preliminary study of statistical
integration of remotely sensed crop data into existing crop
survey systems is prepared for the Office of Applications,
National Aeronautics and Space Administration under Contract
NASW-2558. It is based on a review of the current state of
the art in remote sensing applications in agriculture and
current crop survey methods. This study is entirely indepen-
dent of the case studies in crop survey applications which are
reported in other volumes under NASW-2558. The conclusions of
the authors are their own, and do not necessarily reflect the

detailed results of the economic models reported separately
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1. ISSUES

1.1 Introduction

In repeated experimenfs, investigaiors have success-
fully applied LANDSAT multi-spectral digital data to the clas-
sification of crop acreage in various narrowly defined agri-
cultural land areas. The idea that this application of LAND-
SAT holds promise for inventorying crop production on a large
scale gained increasing support over the past several years.

At present the Large Area Crop Inventory Experiment (LACIE) is
testing this idea on a continental scale with the goal of a 90%
accurate crop production estimate at the 90% confidence level
for selected major crops. In order to pass from experimental
verification to an operational crop survey system incorporating
the use of LANDSAT multi-spectral scanner (MSS) digital data, it
is essential to plan the linkage of these data with other crop
data currently available from the US Department of Agriculture
(USDA) crop surveys, and with meteorological data for processing
yield estimates. The purpose of this report is to examine the
requirements for integrating LANDSAT data into USDA crop éurveys

to further the aim of achieving an improved crop survey system.

Reviewing the investigations completed to date, we

find that only the acreage measurement component of crop pro-

duction estimates has been adequately developed in LANDSAT ex-
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periments to date, to permit system design consideration for
the integration of satellite and ground data to full-scale crop
inventories. Accordingly, the main part of this discussion is
limited to crop acreage measurements.

An open question is: Can LANDSAT data be used inde-
pendently of USDA crop survey data to prepare national and
state-level crop acreage estimates wi£h acceptable accuracy?
While this guestion is an issue of many ERTS investigations and
experiments, the development of an improved USDA crop survey
based upon satellite data integrated into a crop sﬁrvey system
would, in any case, be a necessary step in a well planned de-
velopment program of the LANDSAT crop survey application. Thus,
this report addresses the task of integrating LANDSAT data into
the existing USDA crop surveys. Other tasks relating LANDSAT
agricultural applications to more distant goals, including in-
dependent yield estimation from satellite data and/or global
crop surveys, are also discussed briefly. However, it is not
possible here to do more than indicate feasible scenarios for
this later stage of developing a comprehensive worldwide satel-

lite capability in agricultural surveys.

1.2 Sampling Strategy

While LANDSAT observations might ultimately cover
most of the surface oi the earth as the satellite sweeps through

its 18—day cycle, the use of a complete census of agricultural



areas in crop inventories would be unnecessarily expensive.
The objectives of a crop survey are:

e to provide timely and accurate data on crop plant-

ing, growth and harvesting
® to permit statistical estimates of crop production
to be made within acceptable confidence limits.

Satisfying these objectives subsequenﬁly‘yields economic
benefits throughrthe publication of crop reports containing
crop data and production estimates (or forecasts). It
follows that a cost-effective approach to the LANDSAT crop
survey application requires sampling the total crop aréa -
or equivalently selecting sample segments from the agri-
cultural land area observed by LANDSAT - for subsequent’
érocessing into crop acreage and yield information.

USDA crop surveys use two basic kinds of samples
in the current Statistical Reporting Service (SRS) procedures
for collecting crop data. One, a probability sample, is
based on area segments selected from aerial photographs of
the farmlands. Complete and objective crop data are obtained
within the sampled segments by enumerators. The other kind;
a non-probability sample, is obtained by méiling'questionnaires
to farmers on a carefully ccmpiled list at certain fixed
times of year. Those farmers on the list who do respond,

supply much detailed and valuable crop and livestock

information - which, however, cannot be checked, and thus is



more or less subjective. The total sampling is believed. to
represent 0.6% of the farmlands (by area) in the United States.
Thus sampling error - the statistical variation between‘differ—
ent samples - is a major contribution to the total error in the
final estimates of crop production.

LANDSAT coverage of croplands is so extensive that
the sampled area could, in principle, ge extended to almost any
desired fraction of the total area. 1In practice however, there
are important considerations which limit this area fraction to

some figure less than 100%, although substantially larger than

@ The pfesence of cloud cover reducesAthe sample
size obtained in any particular timespan by
LANDSAT.

e The processing costs per LANDSAT frame are
likely to be high, at least for early
systems, so that the total acreage sampled

' must be kept to a modest level.

© The recommended approaéh toward development of the
LANDSAT crop survey éapability is evolutionary.
Adjustments and refinements are easier to perform
on. smaller scalc systems.
The design of the sample must be prepared by statis—
ticians for efficient estimation of crop acreage within target-

ed confidence limits. In cases of mixed agricultural areas,
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multicrop sample design is preferrable for reasons of efficiency.
The sample should be stratified, with strata chosen to repre-
sent known intensities of agricultural activity and convenient
political boundaries as with the USDA crop reporting districts
(CRD's). Provision must be made for the rejéction of sample
segments after data acquisition, either because the cloud cover
obscures essential data such as training sites, or because
there are system-caused data losseé in the segments. Then re-
samplﬁng these segments, or adjustment of the weights used for
the surviving sample segménts in the estimation formula will

be required.

Statistical estimation of crop acreage from the sample
regquires "expansion" of the crop acreage measured in the sample
segments containing the crop to the regional, state or national
reéorting level. Inferences made along scientific lines carry
a known confidence, and thus are useful- for resource managers

seeking information about the crop. The final statistical es-

timate of crop acreage should supply reliable, accurate informa-

tion to be integrated with other crop survey data at the appro-

priate level for the publication of crop production reports.
Sources of statistical variability in MSS data

. obtained by LANDSAT* include the time of year, the degree of

cloudiness, the crop planting schedule, and the sample design.

*Assuming continuation of the present sun-synchro-
nous orbit, sun angle is not a significant source of varia-
bility at a particular time of year.



.’

In developmenﬁ of the crop classification and acreage mensura-
tion techniques, there are many statistical inference problems
to be solved. These problems are conceptually distinct from
the subject of this section which concerns the design of'an
area sample for selected créps and the estimation of regional,

state or U.S. crop acreage from the sample. Nevertheless, due

to the complex nature of the data analysis, it may be found
convenient to combine statistical inference problems at all
levels from the pixel to the final large area estimate. This
approach is not in any way precluded by the discussions of this
section. There is, on the other hand, no necessity to attempt
the linkage at this time.

1.3 Evolutionary Approaches

One approach to the development of a new technology
application such as remote sensing of agricultural crops is to
implement parallel systems.. (of crop forecasting) with the

jntention of phasing out the less efficient system as soon as

possible. Another approach, which we recommend here, is to
vse the new technology in éonjunction with the existing system,
effecting a gradual integration of new and old data collection

and analytic techniques.

There is, at present, insufficient experience in ap-
plying LANDSAT data to crop surveys for an integrated satellite-
aircxaft—ground truth crop inventory system to be fully and ac-

curately specified. Yet the positive evidence accumulated to
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date allows for a reasonable expectation thét the LACIE and
principal investigator results will lead to a first-generation
operational crop acreage estimation system, at least for some
crops and some geographic regions. The successful integration
of the LANDSAT crop information into existing USDA/SRS pro-
cedures, requires that the system development should proceed

in an evolutionary manner in spite of some apparently revolu-

tionary aspects of the LANDSAT capability in agriculture.

The use of LANDSAT data to estimate leaf area iﬁdex (LAI)

or other yield correlatives may become significant one day,
and thus be acceptable as a useful addition to the existing
USDA yield measurement programs. But so long as the degree

of correlation is still very wéak, it is necessary to continue
using the existing methods without modification, while at the
same time implementing LANDSAT-based changes in the acreage

measurement programs.

In order to achieve a fundamental change in agricul-
tural crop reporting accuracy and comprehensiveness, it willkun—
doubtedly be important to achieve a meaningful articulation be-
tween‘LANDSAT measurements of crop acreége and USDA/SRS data
handling. This imposes, at the very least, a requifement for
a LANDSAT acreage reporting format which can be directly uti-
lized by SRS together with its other multiple~frame_area

surveys. Timing of reports will also have to be cohéidered.



The evolutionary approach to the subject provides for incremen-
tal steps to be taken which supply new crop survey information
to SRS only after thorough testing and demonstration of the reli-
'ability of that information, and after agreement has been

.reached with SRS regarding the format of the information.

1.4 Economic Issues

T+ has been determined by detailed economic analysis
that substantial benefits could be obtained by U.S. food consum-
ers as a result of improvements in crop production forecast
accuracy. The spécific magnitﬁde of the benefits has been ob-
tained in a concurrent ECON study* as a function of three para-
meters of the total information system: the planted acreage |
"estimation accuracy, the frequency of measurement of planted
acreage and the data lag between the time of the measurement
and the issuance of a production (forecast) report. Clearly,
‘the values that these parameters take on are a function of
both the satellite system and the ground processing system.
(Measurement of the yield component of production is assumed
to continue at the current degree of accuracy.) The magnitude
of the disbenefits associated with errors in current USDA
crop production forecasts are,estimaﬁed‘to be $211‘miilion for

wheat and $40 million for soybeans annually. Hence, even small

*The Value of Domestic Production Information in Cop—
sumption Rate Determination for Wheat, Soybeans, and Small Grains,
'ECON, Inc., Report No. 75-127-3, Princeton, N.J., August 31, 1975.
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improvements in these forecasts could provide sufficient bene-
fits to justify development of the new space-based capabilities
required.

The proposed application of LANDSAT agricultural crop
surveys requires implementation on a national (for U.S. Crops)
and, perhaps, worldwide scale. The benefits estimated do not
accrue if the results of the application are not integrated into
a crop production reporting and disseminated on a non-discrim-
inatory basis. Inasmuéh as the application of LANDSAT data
provides reliable acreage estimates only (at least initially -
good yield estimates may follow later) there is no economic
basis at preséﬁf for considering distribution of the LANDSAT
data other than through a statistical reporting service which
has the necessary capability to integrate LANDSAT data with the
other elements of crop’production estimates in order to obtain
improved production estimates and forecasts.

In addition to the benefits associated with improved
crop production estimates and forecasts obtained on a national
scale, additional benefits would result from the dissemination
of local and regional statistics, for example, at the state or
county levels. Provisions for this secondary distribution can
also be made through the statistical reporting service respon-
sible for the national statistics as much of the necessary
machinery already exists for cooperation between the various

concerned agricultural>agenCies. The development of marketable
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information products from the crop survey application can rea-
sonably be anticipated at present and is, of course, an import-
ant economic. issue; however, until‘the development of practical
LANDSAT data processing techniques is further along and such
products forthcoming, we envision that the new information would
be used mainly by governmental agencies responsible for assess-
ing crop production quantities and crop conditions. To wait
for the growth of private enterprises to process LANDSAT data
into marketable products might entail considerabie loss of time,
during which benefits from a LANDSAT capability in agriculture
could have been realized through the public sector. On the
other hand, the growth of a market for specialized information
products and sérvices derived from satellite images of agricul-

tural crdp and rangeland may be expected to occur concurrently

with the improvement of the national and state crop production
estimates and this market will undoubtedly be served partly

or wholly by private enterprises under the existing system for
the distribution and pricing of LANDSAT data.

The above issues notwithstanding, the major economic
issue concerning the implementation of LANDSAT data iﬁto crop‘
production estimates and forecasts deals with the present un-
certainty in the technical capability that a LANDSAT type
satellite~based system might offer and what computational (auto-
matic) and manual treatment of the data are nedéssary to achieve‘

this capability. To be sure, the implementation of LANDSAT data

.
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into a crop production estimation and forecasting system is still
very much a topic of,reséarch, despite the fact that some rather
definitive statements might presently be maderregarding the in-
terim, if not the ultimate, system capability. Thus, the problem
of an implementation schedule becomes quite important. Should

a system of lower capébilit§'be implemented early as opposed to

a system of higher capability delayed in time? To what extent
should the system rely on manual versus automatic processinq vis
a vis area coverage, data lag and flexibility for system growtl:?
Should the initial capability be optimized, for example, to pro-
duce the maximum net economic benefit or should the system be
designed merely to meet certain institutional goals while allow-
ing for added freedom of growth? A substantial policy analysis
should be addressed to the potential implementation scenarios.
This analysis should include a detailed cost and capability
analysis of the alternatives and an analysis of the risks assoc-
iated with each alternative. The remainder of this report sets

the stage for such a study.



2. THE INTERFACE BETWEEN LANDSAT AND USDA/SRS

2.1 The Interface in 1975 - 1980

From the multiplicity of uses of LANDSAT imagery
reported in the scientific literature, there would appeaf to be
a bewildering array of choices for the organization of the crop
survey applications. However, there are pertinent facts con-
cerning the economics of the applications which narrow the
field of choice. In order to develop the applications in eco-
nomically viable ways, there are several prerequisites that must
be satisfied. We consider the primary requirements to be:

© The survey should measure economically important
aspects of agriculture, such as crop productioh
for a major crop at state or national levels.

o The results of the survey should be available to
all interested users in the agricultural community
in a timely fashion.

e The format of the information developed from LAND-

- SAT data should be acceptable to the users, which

impliés that the presentation should be relatively
reffortless to interpret.

° Thé_processing of LANDSAT data should be done ef-
f1c1ently to avoid excessive costs oOr delays

o The sLatlsblcal nature of crop survey 1nformatlon
requires a scientific application of statistical
techniques to ensure accufacy and'high confidence
in the information.

2-1



Within the guidelines of these constraining con-
sideratioqs, the major choices for the crop survey applications
appear to be encompassed within the following gquestions:

1. Which crops to survey?

2. Which geographic areas to cover and how complete

does each coverage need to be?

3. What are the crop measurements (statistics ) to

defive from LANDSAT data?

4. Who are the end users of the processed results?

5. Té what extent should the applications be locked

in to existing institutional procedures for pub-
lishing agricultural information?
For the purposes of this preliminary‘skudy of the integration of
LANDSAT applications with USDA/SRS procedures, the scope of our
inquiry is further narrowed to an examination of the data handling
and statistical problems under the following assumptions:

¢ The responsible user agency will receive computer

compatible tapes of geometrically and radiometrically
corrected LANDSAT data, or that agency will have in-
house capability to perform these préprocessing
corrections.

- @ The agriculturél community will receive improved crop
productidn'estimates and forecasts as a result of the
use of LANDSAT data in the Crop surveys.

@ The use of LANDSAT data for the crop surveys will be
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efficiently organized, so as to avoid unneceassary €xrors
of interpretation, delays and costs in. processing the
data, and to facilitate the achievement of the desired
goals in the improvement of crop production forecasting.
The interface can now be characterized through
an analysis of USDA/SRS crop production estimation procedures,
together with a review of results of érincipal investigations
using LANDSAT data to classify and measure crop statistics.
The crop production estimate is a product of two components:
acreage harvested and Yield per acre. These are sampled, mea-
sured and estimated in separate programs by SRS.

Most likely, early systems will be built to obtain
improvements in crop acreage estimates until such time as crop
?ield estimation can be significantly enhanced through remote
sensing of the crop. We will review the interface issue under

acreage and yield headings separately.

2.1.1 Acreage Interface

The Agriculture Handbook No. 2365* published by USDA
refers to the acreage estimates in the following terms:

"In general, the progression of acreage estimates
is from prospective plantings to acreage intended
for harvest to acreage actually harvested. Most

spring-sown field crops follow this sequence: (1)

*7"Major Statistical Series of the U.s. Department of
 Agriculture," Vol. 8, May 1971l. L
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*  acreage intended for planting as of March 1, re-
leased about mid-March; (2) acreage planted and
acreage for harvest, released with the midsummer
report; and (3) acreage planted and harvested,
released in the December Annual Crop Production
Summary. Fall-sown rye and winter wheat depart
from this sequence, with seeded acreage estimated
in December of the year preceding harvest, and
winter wheat acreage for harvest in May of the
next year."

"The total harvested acreage of many crops is brok-
en down into utilization groups. For example, al-
though the major use of corn and sorghum is for
grain, separate estimates are also made for the
acreage harvested for silage and for forage, in=-
cluding acreage grazed or hogged."

"In general, acreage estimates are based on two
types of information: (1) acreage data for a
given crop season, obtained from the guinguennial
census of agriculture, state farm censuses, Or some
other complete or nearly complete enumeration; and
(2) indicated acreages obtained by questionaires
from samples of farms or processing plants,

"Major national surveys to collect data on acreages
of field crops and some seeds and vegetables are
conducted annually around March 1, June 1, and
during the fall. The March survey is in large
measure a nonprobability mail survey, whereas the
June and fall surveys are based upon both mail and
probability samples. Acreage utilization and pro-
duction data are also obtained for a number of
major crops on the fall survey."

From our point of view, an important feature of the
ESDA/SRS methodooogy is the use of multiple-frame sampling.

Part of the sample used to prepare crop acreage estimates for

major crops is obtained from the list frame, the other part

from an area frame. The latter is a probability sample, while
the former is not, There are some farms which are unavoidably

included in both frames. Provided that the oVerlap portion is
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identified this does not cause any problems of estimation. The
expansion of the overlap portion of the sample must be under-
taken separately to give the proper weights to these units. 1In
addition to being multiple~frame, the survey design is at the
same time stratified. The stratification is obtained by di-
viding each state into strata according to intensity of agri-
culture; then each stratum is futher subdivided into sampling
units of variable size (about one square mile for very intensely
cultivated land).

USDA uses aerial photography to construct area
frames. The photographs are updated on approximately a 5-year
cycle. Recently, the use of LANDSAT data has been proposed
in the framing of the area sample.?* Ciear delineation of bound-
aries of fields is necessary in constructing the area frame so
that enumerators can identify these fields on the ground cor-
rectly. The USDA evaluation of this application of remote
sensing is expressed in "Scope and Methods of the Statistical
Reporting Service," Miscellaneous Publication No. 1308.

It is evident from the work of principal inves-
tigators in the agricultural crop survey applications area
that LANDSAT data can be’used to construct independent acreage
gstimates for some crops, such as winter wheat, given the

‘necessary amount of "training" data for the correct identification

*Crop Identification and Acreage Measurement Utiliz-
ing ERTS Imagery, William H. Wigton and Donald H. Von Steen ins
Third ERTS-1 Symposium (Dec. 1973) pp. 87-92. o
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of the crop by the classifier system. Further research on the
classification of agricultural crop areas from LANDSAT data is
progressing, and it is not unreasonable to expect that the
capability to classify most of the major crops correctly from
cloud-free LANDSAT frames will be proven in the near fuéure.
This capability might require repeated "looks" at the crop-
growing area to achieve an acceptable level of crop classifi-
cation accuracy. The use of spectral signatures to classify
croﬁs and pixel counts to mensurate crop acreage is clearly a
different technology when compared with the cﬁrrent USDA pro-

gram for acreage estimation. In what way can this new techno-

logy be used most cost-effectively to supplement and improve

the USDA acreage estimates? The interface, as it can be de-

fined today, is bounded on the one side by the statutory re-
quirements for the Crop Reporting Board to report timely and
accurate crop production figures at specified times within a
limited budget; on the other hand by the uncertainties and un-
resolved issues concerning the application of remote sensing
techniques using LANDSAT data to large area crop inventorying.
In the researdh environment, where timeliness is not
a major factor, high accuracies have béen reported for LANDSAT-

based 1ndependent crop acreage estimates within narrowly defined

limits of cartographic area and time of year.* These findings

*See, for example, Agricultural Inventory Capabili-
ties of Machine Processed LANDSAT Digital Data by Dietrick,
Egbert and Fries at NASA Earth Resources Survey SympOSLum,

June 1975 (Houston)




relate to few crops and are not yet extended to statewide or
national crop acreage estimates. Whether it is feasible to do
s6 with the existing technology is still an open question. The
promising aspects of the LANDSAT application appear to reside in
the following points:

o LANDSAT possessés the capability to supply multi-
spectral images of a Verf large agricultural area
in a short span of time.

e LANDSAT data are objective.

o LANDSAT data are usually current, within the crop
cycle of the year of study, subject to cloud-free
scenes being obtained.

e LANDSAT images will be most likely amenable to
automatic interpretation and, through advanced
processing techniques, will most likely generate
cropacreage estimates of high accuracy within a
short timespan after data acquisition.

All of these considerations provide justification
for an intensive effort to do research and‘develop cost-ef~
fective techniques for using LANDSAT data in the crop acreagé
estimation program of the United States, either through direct

utilization by USDA or by another Federal agency acting in

concert with USDA. The interface itself can be more sharply
defined only by pursuing such investigations. A waluable

beginning is found in the LACIE effort, which will undoubtedly



reveal further promising achievements and, perhaps, also limita-

tions to the scope of LANDSAT applications to crop surveys.

2.1.2 Yield Integration

The USDA yield program is described briefly as

follows by the Agriculture Handbook No. 365: *
YIELD AND PRODUCTION

"Yield refers to production per acre measured
in units such as pounds, bushels, hundredweight, and
so on, whereas production relates to total units pro-
duced. Forecasts and estimates of yields and quan-
tities produced for crops are usually provided as of
the first of each month during tie growing season.
The preponderance of the forecasts and estimates
fall within the period July 1 to December 1, but for
crops not in season during this period, primarily
vegetables, estimates are timed appropriately.”

"Forecasts and estimates are two distinct con-
cepts. TForecasts refer explicitly to expectations
of what is likely to be accomplished at some time in
the future, such as-a prediction of the yield or pro-
duction of an immature crop. Estimates generally
refer to a measure of accomplished fact, such as crop
production at or after harvesttime."

"It should be clearly understood that a forecast
is a statement or report of the prospective yield ox
production, on the basis of known facts on a given
date, assuming weather conditions and damage from in-
sects or other pests during the remainder of the grow-
ing season will be about the same as the average of
previous years. Potential based on current conditions
may be appraised accurately, but if weather or other
conditions change, the actual outturn may differ some-~
what from the forecast. As a crop develops, crop
reporters periodically submit appraisals of probable
yield or production on their farms and in their
localities, and the averages of these reported data
are translated into forecasts by the Crop Repo:ting
Board." ,

"Monthly forecasts and end-of-year estimates for
several crops in many States are also based on objec-

*"Major Statistical Series of the U.S. Department
of Agriculture," Vol. 8, May 1971.
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tive yield survey data. In the objective yield sur-
veys, trained enumerators visit selected fields and
orchards chosen on a probability basis to make counts
and measurements of plants and fruit characteristics
on small plots located in sample fields or in sample
trees. This is done during the growing season for
indications of the probable final yield when the crop
is mature and harvested. At harvest time actual
yields in the sample plots are measured, and sample
plots are gleaned after harvest to measure harvesting
losses. From these sample results, forecasts and
actual yields are computed along with sampling er-
rors and these are made available to the Crop Report-
ing Board for making estimates."

"When final survey indications and all check
data for a crop become available, usually some months
after completion of harvest, the official estimates
of production are reviewed and revised, if necessary.
Annual revisions are scheduled in advance and are
released at essentially the same time every year."

The determination of the expected yield per acre,
even for such a widely studied crop as wheat, is a complex and
difficult task. There are numerous factors affecting plant
growth, and the use of models to obtain regional (state) or
specific (local) predictions of yield is far from being per-
fected. TFor a detailed review of the issues we refer to the
Goddard Task Force on Agricultural Forecasting (GTFAT),* selec~
tions from which are reproduced in the Appendix to this report.

Some of the difficulties relate to the complexity of the re-

lationsﬁip between yield and the crop growth factors. Other
difficulties are met in the data collection area. Meteorolog-

ical data, already being collected by satellites, can provide

*The Use of the Earth Resources Technology Satellite
(ERTS) for Crop Production Forecasts, Draft Final Report;
Task Force on Agricultural Forecasting, edited by D.B. Wood,
NASA Goddard Space Flight Center, July 24, 1974.
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some inputs for AGROMET yield determination models (see GTFAF).

It appears likely that crop stress factors which limit yield

can be detected* and measured by LANDSAT. Further assistance
to the yield program may be provided from LANDSAT images by
detection of crop abandonment. According to our literature
survey, to date no demonstration has been made of a capability
to measure the yield per acre of a crcp from high-altitude
remote sensing data. Numerous studies indicate that valuable
inputs to yield estimation models may be obtainable from satel-
lites, particularly the weather satellites, but also including
LANDSAT. For the present purpose, the interface must be
characterized by those factors, related to yield, which are

partially or wholly measurable by analysis of LANDSAT data.

2.2 THE INTERFACE IN 1980-1990

Anticipating the'evolution of a satellite-based
remote-sensing applications system for crop surveys, in- the
manner described previously (Section 1.3), there is a different
perspective of the inﬁerface. 1f one postulates an operational
system for automatic classification of agricultural crops in
all geographic units of the United States from satellite
rémotely sensed data, with the concomitant acreage mensuration

of high accuracy, available on a 24-48-~-hour basis, the user

*Wheat: Its Growth and Disease Severity as Deduced
Fr0m ERTS-1, E.T. Kanemasu, C.L. Niblett, H. Manges, D. Lenhart,
M.A. Newman in Remote Sensing of Environment 3, 255-260 (1974).
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agency would be able to use this information to replace
older and less cost-effective survey techniques, as well as
to derive new information products at the local level.
While we hesitate to predict which techniques might be replaced
or which new products created, the conclusion, as far as the
interface is concerned, must be that such a system could become
an integral part of the crop surveys after 1980, rather than a
superficial addition to the multiframe survey system of today.
Beyond integrating acreage estimation data from
LANDSAT and successor systems into the crop surveys, there
remains a host of potential applications which may provide
early warning information on Crop con@itions or survey informa-
tion on other aspects of agriculturai activity. These applica-
tions would need to be handled individually with due consideration
for user demand and institutional charter, but we will not
attempt td pursue the topic any further than that. Some of
them may prove suitable for commercial exploitation; others
may require new agency arrangements; still others may fit into
the organizational framework of existing agencies such as

USDA/SRS.



3. CRITICAL REQUIREMENTS OF THE INTEGRATION

3.1 Sample Design

The sample of area segments within the U.S. agri-
cultural lands which are to be registered, classified and
measured by processing LANDSAT data can be considered as a
mechanism for selecting a manageable portion of the vast amount
- of data acquired. Processing of all relevant* data in a timely
and cost-effective way is an option to be evaluéted. This pro-
vides a census of the agricultural land, but it is not a total
census in that some areas will be excluded by cloud cover, and
fields which are too small for the classifier are also lost.

A scientifically designed statistical sample of the agricultural

land is an alternative option which is likely to prove cost-
effective. Design criteria of the sample, which should be taken
into account are:
(1) the size of the region for which the sample is
intended: U.S. nation, ‘48 coterminous states,
one state, crop reporting district, county, etc.,
(2) the intensity of agricultural activity relating
to the crops of interest,
(3) the probability of obtaining a cloud-free LAND-

SAT frame, or sufficient cloud-free area within

‘ *Obviously data pertaining to cities, mountains,
lakes, deserts, etc. can be excluded.
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the frame,

(4) the number of LANDSAT passes which must be used

to construct the sample,

(5) the acceptable level of sampling error,

(6) the need for training sites for the classifier

within the sample segments.

Some of these points, such as (1) and (5), relate to
objectives of the survey. Others, such as (2) and (3), relate
to the physical state of the region and its atmosphere at the
time of the survey. The remainder, (4) and (6), relate to the
techniques used for registration, classification and mensuration
of crop acreages. Each of the issues - survey objectives, phys-
ical state of the environment and meaéﬁrement techniques - .
must be resolved fully at the time of survey implementation.

One of the technical issues to be resolved concerns
the use of agricultural fields as an integral part of the acre-
age classification and measurement processing of LANDSAT im-
ages. The choice of technique in this area has some bearing
on sample design since efficient sampling and estimation would

require knowledge of field size distribution if fields are used

as a structural basis for crop classification. The following
table presents a brief overview of the comparative advantages

of two methods.

The sample design itself can be undertaken without

undue difficulty once the major issues outlined above have been
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Table 3.1 Comparison of Remote Sensing
Techniques for Crop Classification

Field Classifier

Pixel Classifier

Lack of knowledge of field
size distributions

Fields are useful for class-
ification of crops in that
they provide spatial context

Reduction of database size
by using fields

Variations within fields can
lead to increased mensuration
error if they are not fully
accounted. (e.g., small

Field size distributions
not needed

Clustering of contiguous
pixels can be done to a
limited extent - some of
the spatial context is lost

Simpler structure of a
"coordinate grid" database

Classification of isolated
pixels may cause bias in
estimates - fractional pizxel
classification is difficult

ponds, bare patches, etc.)

resolved. Following accepted survey technigques, one would
stratify the population with strata defined on the basis of
known agricultural practices and crop calendars. Each stratum
would contain, for instance, a geographically contiguous area
containing a more or less known amount of activity relating to
the crops of interest. The segments or sample units would be
selected from within each stratum by one of two standard meth-
ods, sample size proportional to strata size (sampling the
same fraction of each stratum) or optimal allocation, taking
into account the variances of the measurements within strata

and the "cost" of sampling if any differences occur between

strata.



An additional criterion which might be employed in
the sample design is cloud cover. The samples should be selected
to increase the probability of obtaining cloud-free samples from
areas which are frequently obscured by clouds, and these samples
should be weighted to reflect the relative scarcity of cloud-
free conditions. 1In order to do this it will clearly be neces-
sary to develop database on regional cloud statistics for time
of year. This issue will be reviewed in the next section of this
report.

The total size of the sample will be determined by
the economics of data acquisition and processing in relation to
the objectives of the survey. If there is an institutional
requirement to achieve a predeterminéd total error level, fof
example if the objectives of the LANDSAT application include
obtaining a total crop acréage estimation error no larger than
the currently existing value, then one may control the samplihg
error, ES,-in relation to the measurement error, EMf to achieve

/(E2 + 2)

s t By

this total error level:

=
i

3.2 Missing Data Due to Cloud Covexr

Cloud cover can present a satellite remote-sensing
applications system with a critical problem. 1In the case of a
crop survey using sampling with fixed-area segments on a spec-

ified date, the presence of cloud cover causes loss of signif-
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icant quantities of data, possibly all data on crops within the
seqments., If the sampling is timed to capture LANDSAT images of
agricultural areas at a particular point of the crop cycie,

this loss may severely reduce the overall quality of the sample.
The results of crop acreage estimation derived from the ;ample
may suffer from two forms of distortion due to cloud cover:

e The sample may be biased, due to the unrepresen-
tative nature of the cloud-free portions of the
sample for which data was actually obtained.

o The sample may result in too high a level of
sampling error due to the effectual reduction
in sample size by the cloud cover problem.

If it is possible within the time frame of the sampling pro-

cedures, repeat observations on a later date should be obtained
ﬁo minimize these distortions. Otherwise, there are two main

alternative "safeguards" against distortion due to cloud cover:
@ A sample usiﬂg "floating" rather than fixed area

segments selected from the cloud-free portions of

the images.

¢ A sample that is overdesigned so that a cloud-free
subsample can be selected as necessary.
Neither of the alternative safegquards guarantees a
satisfactory solution 100% of the time, although expérienée may
show that one or both of them work well enough ﬁo provide sta-

tistically acceptable results. It is also clear that, from



LANDSAT survéy data alone, crop acreage estimation for the
smaller geographic units, e.g., counties, can be rendered in-
feasible by cloud cover if the data are narrowly limited in time.
Waenever the data are obtained from several passes of LANDSAT
the cloud cover problem is greatly reduced, and it is possible
to calculate the minimum required number of passes to obtain
a desired confidence level for the crop acreage estimate in
each geographic unit. The naturé of this critical problem is
therefore one which allows solution only after the techniques
of crop classification from the LANDSAT data have been formally
specified. These technique specifications must be either:
© time-insensitive within a wide range of the
crop growth cydle, or
° .base& on a sample design which explicitly recog-
nizes the existence and geographical distribution
of cloud cover at the time the sample is obtained.

For the latter purpose, a detailed study of cloud statistics

would be required on a current basis for the time of year and
geographic region of interest. The 1969 Study, "Cloud Statistics
in Earth Resources Technology Satellite (ERTS) Mission Planning"
kby Vincentyv. Salomonson provides seasonal frequencies of 30%

or less cloudineSs for the contiguous 48 states. Further detail
would be‘required to design cropland samples which récognize

cloud cover probabilities explicitly.
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Figure 3.1 Four maps of the United States showing the frequency in percent of 30%

: or less cloudiness at 35 stations and the general locations where the
probability is > 0.8, 0.5-0.8, and < 0.5 of seeing 30% or less cloudiness
on at least 2 out of 5 passes during a season. The frequencies shown
were compiled for the four seasons by Smith and Shafman (1968) and are
based on ten years of record at ecach station.

Source: "Cloud Statistics in ERTS Mission Planning" by V. Salomonson, GSFC, 1969



3.3 Comparability of Satellite and Ground Survey Data

There are two major differences between remote
sensing surveys of crops and conventional surveys employed by
USDA.

(i) The sampling of farms or fieids is based on

totally different "frames, "*

(ii) The timing of LANDSAT data acquisition is

significantly different compared with the

USDA conventional surveys.
We will deal with each of these separately in this section as
applied to the estimation of crop acreage. Discussion of inte-
grated yield programs presents far more difficult problems be-

cause of the complexity of the yield pfediction models.

3.3.1 Different Sampling Frames

| In one sense the difference in frames and sampling
units between a LANDSAT survey of agricultural areas and a con-
ventional enumeration or mail-out survey is no problem because
the USDA already uses a multiple-frame approach. However, when
one considers in detail the integration of the LANDSAT and con-
ventional surveys, one is faced with a critical requirement:

e to statistically combine acreage from the LANDSAT

. , *We are not referring to LANDSAT image frames of 100
n.mi % 100 n.mi, but to the sampling frame which provides an
operationally useful definition of the population to the statis-
tician who must define the procedure by which samples are to be
selected from the population.
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data with acreage from the USDA enumerative
and mail-out surveys, one must be able to specify

how the LANDSAT acreage was sampled.

This requirement is not critical if:

(1)

(2)

(3)

area segments are cartographically defined as a
sampling frame, and

LANDSAT images are registered with respect to
those segments, and

a probability sample of the segménts is selected
for crop acreage classification and mensuration.
In this case, the results of the LANDSAT acreage
survey can be statistically integrated with the
results of the USDA enumerative surveys and mail-
out surveys using standard fechniques - essen-
tially a weighted averaging procedure with the
weights determined in relation to the standard
errors of the estimates that are obtained from
the several sources of information. However,

if any one or more of the steps (1) - (3) out-
lined above are not followed, for any reason,
then integrating the survey results may be

difficult.

The estimates of crop acreage which might be obtained

independently from LANDSAT data have different statistical

characteristics from estimates derived by ground surveys. Apart
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from the classification errors - such as confusion of similar
crops - and the cloud cover problem, they differ substantially
with regard to sampling errors. The total error of estimation
derives from several sources, only one of wh}ch is sampling
error. 1In USDA crop surveys based on enumeration of crop
acreages within area segments, the measurement error is very
low ( 0.5%), while the sampling error is much larger due to
the small fraction of total area sampled. When LANDSAT data
are processed for estimation of crop acreages, the measurement
error becomes a combination of several factors and is likely
to be larger than USDA enumerative crop éurveys. On the other
hand, the sampling error will be reduced because the fraction
of croplands sampled can be substantiélly larger than exisﬁing
surveys. Integration of LANDSAT data with USDA crop survey
data should be planned to take advantage of one of the main
virtues of LANDSAT images: their large area coverage. Needless
to say, the information in independent estimates of crop acreage
could be used in other ways to:

® check other survey results,

e develop new schedules of crop reporting,

e monitor progress in planting or harvesting.
From the economic studies of remote sensing satellites it does

not appear that these other uses would be cost~effective by

themselves. Once the system is developed for the agricultural
crop survey mission, however, a list of minor applications
become incrementally justifiable.
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3.3.2 Different Timing of Acquisitions of Survey Data

The 18-day repeat cycle of each LANDSAT satellite
permits, in principle, frequent updates of crop acreage esti-
mates when compared with the reporting of crop data currently
obtained by USDA. However, there are several factors which in
practice will reduce the update freqqency considerably:

e classification of crops from LANDSAT images
with acceptable error levels may require multi-
temporal data,

® several repeat observations of the same area
may be needed tu obtain sufficiently cloud-
free scenes,

e some crops will only be identifiable or distin-
guishable from other crops at a particular time
of year in LANDSAT images.

Perhaps the most positive statement that can be
made akout the LANDSAT frequency of data acquisition at the
present time is that it provides an opportunity to obtain some
crop acreage estimates on a monthly basis at state and perhaps

even county levels. While these would not bhe complete, they

would vrovide a new agricultural information service based on
LANDSAT images. Whether ox not these monthly regional crop
acreage estimates would be immediately integrated with USDA/SRS
preliminary‘survey results, or held until the completion of the

annual crop survey, they would serve as a basis for improved
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crop forecasting. The method of improvement would be either

through independent preparation of new forecasts based on LAND-
SAT results, or through integration of those results with USDA

crop survey data.

3.4 Uses of Ancillary Data in LANDSAT Applications
to Crop Surveys

Due to the special nature of the LANDSAT image
analysis procedures for classifying crops and mensurating crop
acreage, there is a need to use considerable ancillary data to
assist the classifier and to achieve maximum precision in the
results. There is (potentially) a critical reguirement in
this matter due to the large amount of current agricultural
data which the multi-spectral image analysis system would re-
.quire. If one employs automatic (computerized) classifica-~
tion, which is considered essential for a cost~effective
operational system, the ancillary data must be organized in a
computer databank and retrievable by the classification pro-
grams. This will require a substantial amount of coding and
input of the ancillary crop data to keep the data bank current
and in general to maintain it in usable form. In summary:

the planning and organization of a databank containing up-to-

date agricultural crop information® with data such as local

planting times will be a critical requirement for the inte-

gration of the LANDSAT crop survey applications with USDA crop

surveys.

*See Appendix C for a discussion of the issues concern-
ing the use of crop calendars to assist in the task of remote
sensing identification of crops.
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4. CONCLUSIONS & RECOMMENDATIONS

4.1 Conclusions

The use of LANDSAT in U.S. crop surveys has signi-
ficant potential benefits if the accuracy and timeliness'of
existing crop production estimates can be improved significan-
tly thereby. To achieve the goal, it is necessary that a
gqualified organization should receive the LANDSAT crop survey
information and integrate it with crop information obtained
by other methods. So long as LANDSAT supplies only the acre-
age component of a U.S. crop production estimate*, there is
a substantial body of agricultural data which would be requir-
ed in addition to LANDSAT data. At the present ﬁime, only the
USDA has the independent capability to acquire, process and
integrate all of these data into a timely and accurate crop re-
port. The development of the remote sensing capability in
agriculture into a crop reﬁorting system requires expertise far
beyond the classification and interpretation of LANDSAT data
on crop producing areas. We feel that technological improvements
in crop survey should be pursued in full cooperation with
USDA and should have full support from existing USDA bureaus
and institutions for preparation of crop reporté in order to

achieve maximum public acceptance and economic usefulness.

*Production=Acreage X Yield per acre
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Progress in the development of automatic processing of LANDSAT
data may lead eventually (say in the 1980's) to an independent,
stand-alone system for crop reporting. However, even this con-
clusion is doubtful and based only on certain broad assumptions
about the new technology rather than demonstrating facts.
In global crop surveys, the situation is more com-
plicated due to |
(1) the incompleteness and inaccuracy of much of the
existing crop data for foreign countries, and
(2) the scale of the global survey task; complete
and accurate crop reports for worldwide agri-
culture would reguire many times as much data
processing as U.S. crop surveys.
Integration of LANDSAT data into foreign agricultural surveys
should be pursued with the cooperation of USDA/FAS, while
research is in progress to develop successful techniques to
exttact crop acreages and yield indicators from LANDSAT data.
Obviously, much has to be learned before one can confidently
predict a global crop survey capability using LANDSAT (or any
of its successors) as the prime data source. We have conciuded
that the integration of satellite and ground data on worldwide
crop'production should be undertaken iny after the successful
demonstration of advanced interpretation techniques for re-
motely sensed data on agricultural areas outside the U.S. and

Canada.



4.2 Specific Recommendations on Integration of Data

4.2.1 Techniques

Development of techniques to select, classify and

mensurate a statistical sample of LANDSAT data on crop produc-
ing areas in the U.S. must be continued. Expansion of the
sample results to provide an estimate of the crop production
for the reporting region - whether that is county, state or
nation - must be scientifically researched. In addition to

the geographical considerations of sample design, the problems

of timing of data and selection are critical, particularly in

the presence of cloud cover.

We recommend that NASA should promote research on
the following technical issues relating to the U.S5. crop survey
application of LANDSAT:

¢ overcoming cloud-cover problems on the sampling

of relevant U.S. crop data from the LANDSAT
data resource,
@ the development and updating of the databank of

"ancillary" agricultural data (i.e., not remotely

sensed) is required for automatic processing of
remotely sensed crop data into meaningful crop
production estimates, » |

e the sampling of LANDSAT daté for efficient

statistical inference on national and regional

4-3



b
(state and county) crop production - stratified,.
multi-frame samples in relation to variety of

cropping practice, and time of year are expected

and

e the accurate cartographic registration of LANDSAT

images to allow for easy comparability of the
LANDSAT intepretive results with existing USDA

crop survey results.

4.2.2 Evolutionary Approach to Integration

We take the position that there are advantages,
both technical and economic, to an evolutionary staged approach
to the integration of LANDSAT crop data into the crop reporting
system. A possible scenario for thié.solution is presented for

illustration of the method:

Stage IA
Develop statistical and data processing techniques for using
LANDSAT data to obtain state and national crop acreage

figures for a few selected crops in the United States.

-Stage IB
Develop crop yield models and associated inputs for yield
measurement from LANDSAT data. Explore the feasibility of
obtaining an accurate crop yield measurement system using
LANDSAT data to provide local crop condition data in each
crop reporting district (CRD) or other regional subdivision.
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Stage IIA Stage IIB
Use new crop acreage estimates Develop an independent crop
from LANDSAT together with USDA acreage reporting system for
crop survey data in an integrated all major crops amenable to

crop reporting system. remote-sensing classification.

Stage IIIA

Develop new agricultural informational services based on daily,
weekly or monthly regional surveys of crops from LANDSAT data
e.gey planting progress reports (acreage), harvest progress
report (acreage), crop stress warnings (yield factor), crop

condition assessments during growing season (yield factor).

Stage I1IB

Develop a new crop survey system integrating fully the satel-
lite data with ground data and replacing older, less cost-
effective survey techniques with satellite remote sensing
techniques.

The logical relationship between the stages is
indicated in Figﬁre 4.1. The branch ending at IIIA describes
an integrated approach to the use of LANDSAT imagery for crop
acréage estimation based o low aécuracy of thé LANDSAT crop
survey results. The other branch refers to an indepehdent
LANDSAT-type system for crop survey based on high accuracy of
survey results. Stage IBudevelOPS inputs to yield prediction
modeis and is independent of the acreage developments.
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APPENDIX A

THE MEASUREMENT OF THE YIELD COMPONENT*

The Determinants of Wheat Yield

fhis section will provide an overview of the primary factors which
" impact.upon yield. Later in this study we will illustrate which of these factors
are contained in yield models. - ‘

The factors affecting plant growth are numerous and .complex and
their affects vary with the growth stages and the time of planting. Plant
physiologists have defined more than a dozen stages in plant growth when
observations and measurements can be made. Most of the literature consulted
in this study referred to from six to nine stages. Two commonly used keys
for wheat growth stages are

| .Gro;vt}gl Stage Growth Stage

a. 'I'illerihg , . Seedling (emergence)
| b. Early joint Tilléaring (5 or {5 leaves) : ey
- ¢. late joint | Tilleribé (> 5 leaves)

d:. Boot . ‘ " Jointing

&, Heading ' Boot

f£. ~Anthesls < Heading (50% of head out)

g. Berry Flowering ‘ '

‘h. Milk-Soft Dough Dough

i, Ripe =« . Ripe

The stages which have been most widely used as growth parameters are
emergence, heading and ripe. There ls considerable year-to-year variation
in the time of occurrence of each growth stage as well as the degree of

. plant develeopment in each stage caused by environmental and strategic

factors. These, in turn, defemingc variation in ultimate wheat yield.

* " Taken from "The Use of the Earth Resources Technology Satellite
for Crop Production Forecasts", Draft Final Report of the Task Force
on Agricultural Forecasting, Goddard Space Flight Center.
July, 1974 ‘ ‘
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Figure 1 depicts the interrelationships between the various elements
which determine wheat yvield. The final yield will be determined by both
growith factors and by factors which cause crop abandonment (i.e., failure
to harvest the crop).

Growth Factors

The factors that affect the growth of wheat can be di-
vided into those which are determined by environmental factors
and those that are related to strategy options available to
farmers. The environmental influence consists of a number of
factors including soil characteristics, temperature, moisture,
light, wind and carbon dioxide. Each of these will now by
briefly discussed:

Soil

Soil is a physical medium for plant growth and provides moisture
and nutrients to crops. On the other hand, it harbors insects and diseases
which canattack plants, The physical quality of soils which are measured
by such items as texture, permaability, available water capacity, liquid
limit, the plasticity index, density, acidity-alkalinity reaction, and chemical
properties (e.g., organic carbon percentage, electrical conductivity, calcium
carbonate ccuivalont'ntc ) can impede or facilitate the movement of water and
certain nutrients such as nitrate and sulfate ions. Because of thier com-
plexity, manyof the properties of soils and theirinteracticnswith plants have
not been quantifiéd. However, it is known that the above-mentioned factors
affect most of the stages of plant growth and ultimate yield.

Temperature

~ Air and soil temperatures significantly affect wheat at various
stages of plant growth. Seeds will not germinate if the soil temperature is
below 40 ~45° F. Cooler temperatures usually cause slower growth. The
maturities of various plants are determined largely by degree-days.
Moisture .

Moisture is the most commonly discussed environmental factor
in the jiterature. The amount of soil moisture at seeding time, the seasonality,
frequency and duration of rainfall during the season as well as the total
seaconal amount all significantly affect plant development. During the
growing season,-plant roots take moisture from the soil and transpire much
of It back to the atmosphere through the leaves. When soil moisture falls
below the wilting point for that soil, the plant becomes moisture deficient
and further development is retarded. Decreased yield or plant death could
follow, Water accumulating on the surface of the soil can delay planting

NAD pacE B
5E P WOOR Qu!



ordrown orretard the growth of already planted sceds. Heavy rains on
gorwing plants can also cause lodging. Lodging can cause plant maturity
to be delayed, takes longer to combine-harvest, and can result in the
sprouting of kernels that are in contact with the ground.’

Licht
Light is the catalyst necessary for,the conversion of carbon dioxide
and water into sugars, pro'tein and ultimately, yield. Latitude and intensity
of sunlight are the primary factors. Latitude affects day-length and both
short-wave (solar) and long-wave '(terresu;ial) radiation are correlatad with
cloud cover. Ratesof photosynthesis depend upon the receipt of visible light
and rates of transpiration are affected by the net exchange of radiation by the
Crop canopy. '

There is little man can do, at the present time, to control
day-length. However, wheat growers can nodify the amount that strikes
each leaf plant by adjusting seeding rate, distance between plant rows
and distance between plants and by breeding new seed varieties with
nearly upright leaves in order to minimize shading and maximize the
amount of leaf area exposed to sunlight.

wind

The major effect’of this variable is in causing lodging of wheat plants.
This could delay ripening and cause problems in harvesting.

Carbon Dioxide

L]

This gas is neesded by plants to carry on photosynthesis. Experiments
have shown that increasing the atmosphere's concentration of this gas above
normal levels increases dry matter significantly. Thus, the composition of the
atmosphere will affect wheat yields. LI ’ )

Some methods man could use to modify these environmental factors
include: . : o

a. Eriaation is used to augment natural_precipifation.
The importance of the proper amount of soil moisture
both before seading and during growth has been dis-
cussed above. ‘

b. Pertilization - commercial fertilizers supplement soil
nutrients in more than half the wheat fields. The
dryer the area, the less fertilizer is used. A defficiency
.of each of 12 essential mineral elements required for
plant growth results in a specific change in color and/
or shape of the plant. In gencral, partial lack of a nutrient
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causcs aplant's leaves to turn some shade of yellow and
results in a shorter plant with lower yield.

Planting practices’ include depth of planting, plant
spacing and date of planting. Farmeérs adjust the depth
of planting according to soil moisture and temperature,
As a gcncral'}'ule, the cooler and moister the soil the
closer to the surface the seed is placed in order to
provide maximum yicld.

Plant spacing affects time of povéring the ground,
weed incidence, available moisture supply and the
amount of leaf area exposed to sunlight and ultimately
yield. Research and farmer experience have provided
management with the knowledge to consider these
factors with a view toward obtaining the highest
possible yields. -

Generally, the earlier the date of planting of spring
"wheat, the higher the expected sield. However, this
is constrained by soil temperature and moisture and the
probable amount of danger from frost for the emergence
plants.® Planting of winter wheat will generally wait
for an adequate level of soil moisture and consider the
danger of Hesslan fly. :

Crop pattern alterations prevent water and nutrient supplies
of the soil from being depleted, For example, summer
fallowing is carried on in order to store up the years
rainfall and accumulate nitrates. '

Yerbicides, insecticides and pesticides are used to
control weeds, insects and diseases., Weeds, which
can diminish plant population and cause water deficiency
can be controlled via herbicides and are less of a

" problem than diseases and insects which can cause
decreased yields or complete crop loss.,

New seed varietics are used to take advantage of
genctic differences among plants. These genetic

- differences account for differences in the way in which
different plants react to environmental factors. Thus,
seed breaders are continually developing variecties
with varying characteristics of yield potential,




discasc resistance, insect resistence, plant height,

" stalk strength, length of growing season, drought
resistance leaf conformation, root conformation and
winter hardiness. |

As will be seen below, accounting for all these factors simul'tanecusi’/
present a serious problem in any analysis of the causes in variability of crop
yields. .

CROP ARANDONMENT FACTORS Tee

Given that one could perfectly model the growth factors, it is still
necessary to consider those factors which might lead the farmer to fail to
harvest the crop. These can be patterned into natural factors which cause
-the crop to fail and economic factors which influence the farmers. These
factors include a) drought which, although it is at least partially accounted
for in consideration of precipitation deserves mention here since it is such
a serlous problem in some parts of the world, b} wind, hail, winterkill and
crop disease which are generally difficult to forecast and not included as
explanatory variables in any of the models consulted in this study, ¢}

Insect damage which might be mitigated by the use of pesticides. Note that
the envircnmeontal fallure effects produce significant reductions in the

" theoretical yield preducea By crsting models and that the occurrence of these
events are potentially detectable from space. Thus, a drameatic ;improvemen:'
in yield prediction could be realized by including these factors in an over-
all yield model.

The economic impact on crop abandonment {s relatively straight-
forward but is not considered in the yield models discovered during the
literature search. The curren.t price of the crop, the cost of harvesting the

" crop and the government support in the form of crop insurance combine to.
provide trade-off decisions for the farmer. Planting of winter wheat for
forage and/or soil protection with the intention of plowing it under in the
spring is a fairly wide spread practice which if unaccounted for could lea
to scrious bias in estimated yield. In recent times the dramatic increas
in wheat price have in some cases led to a harvesting of crops which were
originally planted for forage purposes. Thus, if forage is considerad in a
mo’del,. a potential for misspecification in the other direction exists.

~
[
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ANALYTICAL APPROACHES USED IN PREVIOUS STUDIES

The documents reviewed at this writing were written for a variety
of audiences, on a variety of topics, used different techniques of analysis



and contained differing attitudes and assumptions toward crop yield fore-
casting. Some yield forecasting models were built for the purpose of estimating
the effects of variation of a single policy variable such as irrigation. Other
models are concerned with determining the relative effects of several different

rariables that are known te affect crop vield and thereby understand the
structure of the causative factors leading to crop vield., Still other studies
estimate a model for the primary purpose of predicting yield. The great
majority of the models studiad are concerned more with effects of individual
factors and policy determination than they are with forecasting.

The techniques used in previous studies include:
a. Regression ahalysis of local, state and national data

b. Regression analysis of visual quantlflcatlon of cv‘op
conditions for specific localities

.

c. Observations of crops under controlled environment
d. USDA surveys of farmers .
e. Parametric time-series analysis

f. Estimation of formal production functions., - o ’ ) o

REGRESSION ANALYSIS

4
;
[
i

Regression analysis is the technique used most frequently in previou
studies. In this section we will discuss the general types of regression stucie
"encountered in the literature review and the difficulties encountered in
these studies which account for so many unsuccessful attempts at fore-
casting crop yield. A more thorough background for this discussion appears

in the reviews of the literature in Appendix F

S
S

The Nature of Previous Rearession Studies

- L]
The theory behind most existing models for yield prediction appears
to be that air composition and soil fertility exhibit little vor'at‘on from vyear
to year by comparison with the considerable fluctuations in 7ir temperature and
water supply. Positive or negative genetic factors and crop ctbanuonment
factors are rarely explicitly considered.

I

Most of the earlier studies related wheat yields on a local or state basis.
to environmental conditions stch as inches of precipitation or average temperaiure ;
of critical months. One basic problem in these models is their inability to -
account for technological change, especially more recent breakthroughs, A .
typical way of handling this is to use a time trend to represent technolegical e
change. This assumes some sort of systematic embodiment of technology.

s
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Another basic problem with some of these models is their use of
seasonal and even monthly averages of some of these variables. A number of
subscquent phenological and field studies have shown that there is a gradual
change of the effect of.weather variables on crop yield development throughout
the growing season. R. A, Fisher (1924), developed a statistical technique
for analyzing the daily effect of rainfall at any time during the growing secason.
This technique has since been used and modified by & number of studies,
especially those involving rainfall as the most critical explanatory veriable.
The technique involves the estimation of a function of rainfall as a polynomial
funcfion of a hiometeorological time variable. A similar approach is illustrated

by Baicr. (1973). . . '

As Indicated above, there is considerable interaction of causative
factors., For example, the use of fertilizer might increase the response of the
crop to additional soil moisture or precipitation.

For some meteorological variables their intgrccting effects have
been partially captured by the development of new weather parameters which
can be derived from standard climatological data and are related to the way in whic
plants and soil conditions react to them. EX tamples of this are such relatively
new concepts as potential evapotranepiration, heat units and soil moisture
budgeting. For example, Mack and Ferguson (196€) developed a moisture stress
index for a wheat crop using the modulated soil moisture budget developed by
Holmes and Robertson in an earlier study. This index is expressed as the
difference betwzen potential evapotranspiration.and actual evapotranspiration
and is found to correlate more closely with wheat yvields than other water-
related variables tested,such as seasonal precipitation., Nix and Fitzpatrick (1969}
develop a crop water stress index which accounted for a greater proporflon :
provided the hest statistical results. However, it is possible that poor data
reporting systems in Turkey might have made disaggregated data more vulnerable
to errors. Williams (19709 estimated yields for each of the crop districts in the
Canadianprairies and extrapolated the results for each province and for the
Canadian prairics as a whole based upon acreage values, and similarities of
-environmental conditions. Although the national estimates appear accurate
some district and provincial totals were underestimated while others were
overestimated thereby compensating each other., Probably, if the.crtors of the
individual local estimates were random, an aggregation of many local estimates
would result in a lower standard error for the national total than for the local
estimate. However, because of the factors mentioned abovc this would require

diffcrent equations for each local area.

~

e .

VISUAL QUANTIFICATION OF PIANT DEVELOPMENT

e

This technique was developed by Professor J. R. Haun of Clemson
University, Clemson, South Carolina. A technique was developed whereby
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daily observations of wheat developed was recorded as an index (based upon
the rate of davelopment of leaves and other plant pqrts). This was regressed
against age, cumulative development and environmental factors and various
lags, transformations and cross products. The observations ware made on
five wheat plantings in 1966 in Dickerson, North Dakota and the predictite
equation was tested using 1967 data. The actual and predicted estimates
appear in close agreement, However, some systematic bias is evident. In

a paper due to be puhlished this month, the author will demonstrate the use of
this model in predictions of vields.

. The application of this model to national totals would require
extensive gathering of morphological data throughout the growing season.

- Chirkov (1973) reports that the Russians have had considerable
success in forecasting wheat yields by observing physical characteristics
of plant development. For example, for dark soils, the factors described as
influencing wheat yield predictions in order of primary importance are number
of stems in the spring, phase of emergence of the stalk, number of ear bearing
stems in the flowering phase. A secondary factor is the height of winter '
wheat plants starting irom the flowering phase and a tertiary factor is the
supply of available moisture in the soil layer from 0-100 cm during the ten days
following the resumption of grc;wth in the spring,

A confidence factor of 80% for prediction of the yield of winter
wheat is claimed using only moisture supply, number of stems per m2 in the
spring or in the phase of emergence of the stalk and,for a forecast prepared in
the flowering phaseg the number of stems with an ear and the height of the
plants. Inclusion of secoadary factors is said to increase the confidence
factor to 90 percent. '

It is stated without backup that equations have been developed which
forccast the vield of winter wheat with great coniidence for individual ficlds,
oblasts, regions, republics and for the country as a whole, .

OBSERVATIONS OF CROPS UNDER CONTROLLED ENVIRONMENT

Many studies in which plants are grown under controlled con-
ditions are referenced in the literature and several have already been
reviewed at this writing. These include wheat grown in greenhouses or
on small plots in which almost all factors are held constant except the
particular one the experimenter is interested in. The studies that
have already been reviewed in this effort include those investigating
the effects on yield of changes in soil moisture, different types of
herbicides, nitrogen fertilizers, ethral and supplemental irrigation.
These studies are generally useful in enumerating factors which affect
wheat yield, but are of too limited a purpose to be used to eliminate
national crop yields.

[



USDA SURVEY TECHNIQUES

v [ 2 N .
. A few documents discuss the use of surveys in the U. S. and

Australia to forecast crop yield at differont times during the growing season,
Understanding this technique generally involves two parts: a description of
the data collection techniques and a description of the forecasting techniques.

&)

T
N S VR
w &

-
-

oo
O]

In the U, S.,information is collected by mail surve
contacts, personal interview and observations in selected fi
.ducers,, fecders, grain clevator operators, and-exporters. information
includes acreags intended for planting, planted, intended for harvest and
harvested, expected yields and production, inventories,, employment and
wages, The results of these surveys are checked for consistency against
Information collected for the Agricultural Census conducted every five years
and other relevant data, ) ‘

telephone
from pro-
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¥
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For supplemental information " an objective yield 'survey is performed
in which trainad enumerators visit 17,000 sample plots in a sample of fields
during the growing season to obtain quantitative data of such factors as number
of plants per plot, plant spacings, number of wheat heads ard spikelets,,
_stage of development, final yield and harvesting loss. This information is
gathered monthly.

The annual cycle of crop projections begins with a report on farmers
intentions to plant. This report is based upon data gathered in the February i
surveys and is published in March. '

The second major survey in early June, when most crops-are
in the ground, is combined with the June Enumerative Survey and published
in the July Crco Resort along with estimated procduction during the forecast
season of August through November. An acreage update survey is conducted
each July to determine changes that need to be made in June data. This
first update appears in the August Crop Report. A third survey effort in the
Fall measures acreage actually harvested.

The system for estimating yields relies on a "graphic régression
method"” which relates reported crop conditions to a forecast of yield. Crop
reporters estimate the probable average yield in their localities and the averages
of these forecasts are transiated into yield forecasts by the Crop Reperting
Board by means of regression charts which relate historical "true" yeiids to
reported probable yields. In some states, a regression ecquation is used to fore-
cast yield per acre as a function of a) reported condition of crop (reported
yield per acre), b) precipitation for specified months prior to date of forecast,

c). precipitation for specified months after date of forecasts and e) time.




Gunnelson, Dobson and Pamperin (1972) examined the accuracy
of more thanl, 160 USEA cropproductionforecasts for barley, corn, oats,
potatobs, soybeans, spring wheat and winter wheat for the period 1929-1970.
He found that USDA forecasts generally exhibit desireable properties based
upon his criteria, Unsatisfactory first forecasts were divided almost equally
between those which exhibited turning point errors and those which correctly
indicated the direction of change but which erred s1gm£1cant‘y in magnitude
First and second revised forecasts showed improvement over the first forecast
Jowest percentage of satisfactory revisions were found for Winter wheat (59.5
and 52,4 percent fer first and second revisions respectively). Although the
revised forecasts tended to be successful, they tended to undercompensate for
the error in the previous estimate. .

In gencral the accuracy of first forecasts seem to have shown
moderate improvement between 1929 and 1970; that of the first revisions remainead
relatively constant; and that of the second revisions appears to have improved.

Although this study revealed no serious inadequacies in crop foreccasts,

the analysis identifiad a few persistent inaccuracies in the forecasts. Specificaliv:
USDA tends to:

‘

a. Underestimate crop size

k. Underestimate the size of changes in production from
year to year and

4]

¢, Undercompensate for errors in previous forecasts when

developing revisions.

While USDA crop forecasts exhibit desireable characteristics when
appraised by these criteria it is possible that the levels of some of the fore-
casting errors exhibited may create planning problems for farmers and marketing
firms.

PARAMETRIC TIME SERIES ANALYSIS

This technique is Pased upon two assumptions regarding the factors
affecting yield. First, it is assumed that the major facter affecting yields ~
.weather - is difficult to forecast and second, the embodiment of technological
change is highly corrclated through time. Because of this, an attempt is not
made te identify the underlying structural relationships and national average -
crop vicld data is used for identifying and estimating the autoregressive
process, The results showed poor forecast accuracy. This appears under—-
standable since from qualitative information we know that yield variation
.around the time trend is substantial.

>
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ESTIMATION OF PRODUCTION FUNCTIONS

Studies which estimate production functions so as to compare
factor input are of interest in aiding our understanding of the pro-

duction process but are of limited use in forecasting crop yields.

' SPECIFIC MODELS OF INTEREST

This section discusses the specific models found in the literature
to have relevance to crop vield forecasting. Although most of these models
_are not meant to be used specifically as a forecasting tool they can be
. adapted for this function and they provide valuable information which can be
used to construct such a model. The information provided in the published and
unpublished literature is inconsistent with some models described in more
detall than others. The time and resourcas available in this study did not
In most cases, allow us to gather data beyond the published literature.

. In general, most of the models reviewed in this study would probably
not prpvide as accurate a forecast as does the USDA system for national wheat
crop forecasting. This is due to a number of factors. First, these models have
not been successfully extrapolated to national totals. This is because they are
either estimated from very local data, use very broad assumptions or require
guite complex information networks. Second, genetic factors and crop abandon-
ment factors are rarely consicered explicitly. -Comparisons with local USDA
forecasts were generally nat performed.

- An accurate validation of a forecasting model should include fore-
casts made beyond or before the sample peried for which it was estimated as
well as a full description of statistical tests and of the behavior of the model
during the sample peried. Sucha description should include a discussion of
mean error as well as extreme errors and a full explanation of '
how well the model predicted turning points. In view of these criteria ,
discussion of validation of these models is slight or nonexistent.

Variables related to water use by plants appear to be the most
significant variables in these models. These include soil moisture, moisture
stress, potential and actual evapotranspiration and combinations of these.
Furthermore, the cffects of these variables change with the age of the plant.

; We will now briefly discuss a fetr of these models which appear to
offer some merit in deriving a forccasting model. Table ) has been prepared
~as a handy summary of the properties of these models: ’

Weather and Canadian prairie Wheat Production

. This study by G. D. V, Williams (1960) reports on tie use of
regression techniques to analyze wheat production. The dependent variable
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was wheat yields in various regions in Canada. Explanatory variables were:

a. Precipitation conserved in the 21-month summerflow
period prior to May 1st of that year

v e -b. -Precipitation for May, June and July (three variables)
and, ) ) .

C. Estimqted potential evapotranspiration for May, June
and July (three variables) '

d. Various combinations and powers of the above although
« these variables are listed, the actual equations used
were not presented in the document reviewed. Itis
stated that there were a number of different equations
estimated for different time periods from 7 to 14 years

‘between 1952 and 1567. :

District crop yield estimates are then extrapolated to a total
for the Canadian prairies according to a weighting system using acreage values.

Using equations based on data prior to 1860, estimates of wheat
yields were made for the period 1960 to 1967 based on precipitation and PE
data available before the end of July, June and May, respectively. For this
period the extrapolations appeared to catch turning points and direction
guite well although they did not reflect year to year differences very closely.
Although 1961 was an unusually poor year, the estimate was close., This
indicates that in practice, if weather-based estimates were being made for
the current year, the eguations cculd be developed from, say, the preceding
ten years rather than an equaticn that was estimated for a period ending severeal
years earlier. Estimates made on data available at the end of June would
probably be very close to those at the end of July. However, those periormed
at the end of May are less accurate. ' . i,

Although national estimates appear accurate, some district or
provincial totals were underestimated while others were overestimated thereby
compensating each other. '

Wheat Preduction In Turkey

; A study published by the U. S. Department of Agriculture in 1870
reports on regressions of wheat vields against weathar conditions during
different parts of the growing season, mechanization and fertilizer use over
.the period 1948-1968. Weather conditions for-all 12 months of the year
were tested for significant correlation with wheat viclds as was a mecchanlzation
variable. The best equation was: . . e



. where

Y= 883.9 ~ ?.03 Xs +11,15 X 12 +13 X 13
t= 2.93 4.31 . 3,04

R2= 0.82 - 8D = 104.3

Xs = January - February aridity index for Ankara

‘XIZ = May - June aridity index for Ankara

XlS = Fertilizer consumed in 1,000 metric tons

. o o The standard Geviativicis wbhout nine percent of 1968 yields values.
When the cquation was used to predict yields beyond the samp.e period
(1948-1968), the error was less than five percent for 1869 and 1870. The

error for 1971 was not reported in the paper. However, itis cautioned that
since the standard deviation is nine percent, this sort of accuracy is not likely
to hold further into the future. The model would have to be updated pericdically
since the methods and patterns of wheat production in Turkey are changing

Ja—

* rapidly.

‘The Thompson Model

L. M. Thompson (1969) estimated a number of regression
equations of time trends and weather variables on wheat vields for
gsix states (North and South Dakota, Kansas, Oklahoma, Indiana, anc
Illinois). Weather variables included state averages of precipitation,
rainfall and temperature for various months throughout the yeax.
There has been some criticism of the use of state averages of weather
variables since wheat is not evenly distributed throughout the state.
However, there is some "tendency for favorable or unfavorable
conditions from year to year to be fairly widespread."

The six equations estimated are presented in the original revicw
in Appendix 1. Coefficients of determination ranged from 0.80 to 0.92 and
standard errors ranged from about 9-12 percent of 1968 yield.

The only hint of an attempt at validation in this papar is a graphical

comparison of the mecdel's estimates with those of USDA.

The Baier Mode) (1973)

: 5.
This model incorporates several new features which take advantage

of recent developments in the understanding of agrometeorological inter-
relations. Instead of using rainfall data, the model uses potential evapo-
transpiration (PE) and soil moisture (SM) as independent variables, In’
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addition the concept of biological time (BT) (rate of development toward
maturity) is introduced. N

It is assumed that the vield response of a crop to these variables
changes gradually over tha scason and that the daily weighting of each variable
can be adeguately fitted by a fourth-order polynomial as a function of bio-
meteorological time. Theso functions are estimated by an iterative regression
process. These estimates are then used as explanatory variables in a
multiplicative regression model. This technique is further explained in the
appendix,

’ The equations derived arce not presented in the paper, but the
variables used are maximum temperature, minimum temperature and soil
moisture as functions of time. The best coefficient of determination was
0.79. The modeal was not usad for forecasting beyond the time period or
jattitude in the s‘amplé.

. - +Although the metnocoivgy appears to show ptoential for accounting
for dally changes in plant response to cnvironment, the present model cannot
be used successiully as a forecasting tool since it has not bheen tested, the
data is quite dated (1953-1962) and the results have not been extrapolated
to national totals.

Provrietary Commercial Models

.

o The documents consulted in this study consisted primarily of those
that have been published through journal articles, universities and domestic
and foreign governmental agricultural services. However, in our various
telephone conversations with experts in this field around the country we have
become aware that there are a number of models in existence constructed by
private firms for commercial purposes. The exact structure and estimation
techniques used are said to be proprietary and therefore these models are not
gencrally available for detailed review. However, a general description of
a model available through the Development Planning and Research Associates,
Inc., (Manhatan, Kansas) is provided here: :

- The DPRA model is claimed to have overcome many of the short-
comings of the regression models discussed above by considering simultaneously
‘much detailed information regarding the phenology and production of wheat
(and other crops) into a detailed structural model of the plant growth process.
This model includes all of the crop growth factors mentioned above (including
both environmental factors such as temperature, soil moisture, solar
radiation, soil characteristics and man made factoers such as irrigation,
fertilizer, weed and insect control, time of planting, depth of planting and-

e
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rate of planting) as well as genetic factors such as maturity ratings of various
varieties of plants in various different climates., o

The model has been used primarily for two purposes. The first
is to advise farmers on policy such as irrigation, fertilizer and cropping
patterns. The second use for this model is in forecasting yield. DPRA claims
to have a much greater degree of accuracy in this use, than the presently
avallable USDA forecasts. These forecasts are available throughout the
season beginning shortly after planting., DPRA also states that although
present forecasts are regularly performed only on a field and regional basis

the mod el can be expanded to national and worldwide levels with only a minimum
effort,

The model might be useful for any group wishing an additional
‘dimension with which to check forecasts made through other means.

CONCLUSION ON STATUS OF AGROMET MODELING

.+ We have seen that vield variation is caused by many growth
factors (environmental and genetic) and by crop abandonment factors
(environmental and economic). None of the yield forecasting models
reviewed in this study included crop abandonment factors., The nature
of the specific effect on vields of the growth factors are extremely complex
in that a) their affects vary with different stages of the crop growth cycle,
b) their effects are often lagaed in complex distributions over time and c)
they interact with each other in complex ways many of which are undelined.

Recause of these complex factors, regression analysis, which
has been widely used in numerous studies has been unable to capture the
underlying structural relationships of yield determination. The number of
variables that can be successfully used ina regression equation is far
fewer than the number of variables that aifect crop yield. Furthermore,
most of the previous regression models were estimated for local cr state areas
and cannot be satisfactorily extrapolated to national and world totals with-
out a massive data gathering effort. )

. ~ Variables related to water use and temperature for certain critical
periods in the plant growth cycle are consistently the most important
variables in the studies consulted. In recent years, new ways of measuring
these variables (potential and actual evapotranspiration, moisture stress, ‘
soil moisture budgeting and biological time) have shown promise of possibly
improving the predictive ability of regression equations. However, these
models still account for only 70 to 890 percent of the variation in yield and
have large standard errors of estimate, ‘

v



Based on these large standard errors, on the results of the few
models that were examined for predictive accuracy and on the fact that these
inodéls are generally valid only for a spegific local area, it appears that hone
of these models can predict national crop yields as accurately as the USDA
survey-judgmental system. This conclusion . does not preclude the use of
some of these models as additional input to & judgmental process.

Recent advances in models which incorporate plant observations
"with soil moisture data appzar to hold some promise for accurate yield
predictions since the entire history of both environmental and genctic
effects is presumably contained in the current state of the plant. In some
cases, thesa visual observations are related to plant density and are there~

fore potentially observable {rom space.

A realistic procedure for synoptic predictions of wheat
yield might be the development of ground truth in selected sites
coupled with sample survey techniques to develop region yield/acre
estimates. This would be followed by intensive monitoring of these
sites (remote and relayed in situ) by satellite coupled with satellite
estimates of variations in harvested acreage resulting from crop
abandonment factors.

Although these models have only limited use in forecasting
compared to the methods used by USDA, they are valuable in provicing
much infcrmation regarding yvield-environment interactions and in that recent
advances provide hone for increased accuracy sometime in the future. In areas
of the World where extensive data gathering networks are nonexistent,
aaricultural forecasting models which rely on satellite data inputs might be
able to improve upon present forecasts.
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APPENDIX B

"SCOPE AND METHODS OF THE STATISTICAL REPORTING SERVICE,"

USDA MISCLLLANBOUS PUBLICATION NO. 1308,

Chapter 2

JULY 1975
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INTRODUCTION

Although the Statistical Reporting Service con-
ducts some of ‘its surveys by virtually complete
enumcration of certain parts of the population,
~ most-arc based on samples drawn from the popu-

ation. With the use of modern techniques, sam-
pling is not only less costly in time and moncy
than.a census, but also can produce more reliable
results, : ,

The Service uses ‘a great varicty of sampling
techniques to produce current agricultural statis-
tics about crops, livestock, prices, and other -in-
formation relating to the agricultural cconomy.
Significant advances in methods used have been
made in recent years, particularly with the empha-
sis on probability sampling technology, although
nonprobability sampling retaing an -~ important
plice in -the work of the Slalmmul Reporting
Service. -

This chapler pxovldu a ducriplion of . the
~common sampling procedures  (frame constric-
tion, sample sclection, analysis, and estimation)
currently used nnd deseribes some of the research
activitics. under way to- improve the quahly of
.1gncullm.xl statistics.

THE SAMPLlNGFRAME AND
SAMPLE SELECTION

A basic consideration in any sample survey is

‘the sampling frame; which is an aggregate of units
or-elements fram which @ sample can be seleeted,
From data collected in-the saniple, infercnees may
be made about all the clements in- the f: anie,
These elements mllwlwd) farny the §u1\m) popli-

lation, which may or may not bp the same ag the
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-method.

SAMPLING
METHODO! LOGY AND
ESTIMATION
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target population, which is the total universe of
clements about which information is desired. From
SRS surveys, estimates must be made for- the

target population,

The type and qualily of sampling frames have

- much influcnce in determining sample design and

overill survey methods. The frames used by SRS
arc of two basic types—the list frame and the
arca frame.

List Frame Sampling

Sampling from list {frames has for many ycars

played @ prominent role in the collection of data

for agricultural stafistics, A lst frame is a list of
clements presumably all from the population about
which inferences are to be made, along with ap-=
propriate “identifying data. Lists of farm opera-
tors, including names and addresses, are used
for many of the surveys canducted by SRS and are
well suited for the ‘collection of information by
mail. The low cost of data collection from a list
sample is one of the principal advantages of this
Another advantage is the ease with which
supplementary-information for clagsifying the vnits
can be included as part of the frame. This allows
the usc of cfiicient stratified sample designs.
The main disadvantage of the list frame is. the

~inability to compile “camplete” lists; that is, lists

that “represent all-of the current units, such as
farms, livestockmen, or processors—such units
arc continually changing. For example, a list of
Farm operators: soon . becomes outdated beeause
new-operators eater the activity, others leave the
farim, some cxpand operations ot lease ‘land to
others. ar there are other changu wxlhm the opcr-
dll()n\ lhunsdvu : :
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Since probability sampling  requires  that all
units of the population be represented, list sam-
pling had few applications for probability surveys
until relatively  reeent developments  permitted
selection from twa-or mare frames that cover the
population.  Applications of such multiple-frame
sampling are discussed later in this chupter,

Prior to the application of probability sampling
by SRS during the carly 1960, nonprobability
mail surveys were the principal means of colicct-
ing data for current agricultural statisties. This
method is still used as an important data collection
technique for many commoditics, but usually re-
quires supplemental survey - information,

" In using nonprobability mail samples, the short-

comings must be recognized, First, lists of poten-

il respondents are not complete frames - and,
while still useful, some lists tend to be selective
as well, -Second, there is no assurance that re-
spondents who voluntarily complete. and yeturn a
questionnaire arc typical or representative of those
who fuil to do so. The sccond limitation can be
overcome: with followup -interviews- of at least a
sample . of nonrespondents.  However, this is
usually not practical, considering the limitations
imposed by the frame, and nullifics the principal
advantage -of nonprobability mai} surveys—Ilow
cost. « ,

Despite -the biases inherent in mail samples,
surveys of this type with suflicient response pro-
vide consistent indications from survey to survey.
Appropriate methods of estimation are used 1o
remove biases from the estimates insofar as pos-
sible.

Area Frame Sampling

In 1954, SRS began investipating the use of
arca Tframe sampling: - A program was - developed
and “expanded ‘o jnclude the 48 conterminous

States by 1967 in a system of surveys for oblaining -

infarmation -on- crops, -livestock, and. other agri-
culuiral items.  Today -arca frame sampling iy an
integral part of the SRS estimating: progran.

In area frame sampling the frame consists of
an-aggregation: of identifinble units of land (seg-

~ments) which may be samipled, For SRS purposces,

characteristics concerned  with - agriculture - must
~thensbe: associnted with these sample .scgmt:nts.
There are three different concepts that are useful
_in associating agricultural -activitics with the area

BAAS A s aale  Sed ] T

frame. These are the closed. segment, the open
segment, and the weighted segient,

The closed segment associates the agriculture
with the segment itsclf; it inciudes all that is in-
side the scgment boundaries sind excludes all that
is nat. In-the open scgment, all activitics of farms
with headquarters  located inside the  segment
baundaries arc associated  with the segment re-
gardless of whether the activity itself is inside or
outside the scgment boundaries. In the weighted
segment, all agriculture associated with a farm,
any part of which lies within the segment, is at-
tributed to the segment in proportion to the frac-
tion of the farm acreage that is inside the scgment.

For . characteristics stich as crop  acreages
which arc dircctly associaled with land, the closed
segment has proved to be clearly superior in sam-
pling efliciency. But data concerning the eco-
nomics of the farming enterprise, for example, can
be more casily associated witly the-farm headquar-
Hers and do not lend themselves to the closed
scpgment. The weighted segment is used (o gain
cfliciency by reducing variability causcd by special-
ized and. widely differing sizes of farms.

A unique attributerof the arca frame is that it
is a complete sampling frame. All desired agri-
cultural activities are represented when cvery unit
of Tand arca has been given some positive prob-
ability of being selected during the sampling
process. Furthermore, it does not: suffer the same
kind of deteripration through time as does a list
frame, , R

The area frame lends itself well to enumerative
general-purpose surveys. It is not suited to mail
surveys, since names and address of persons living
or opcrating within ‘the segment ‘boundaries are
generally not-known in advance. The arca frame
is not eflicient for special-purpose surveys or sur-
veys of highly specialized farming activitics, be-
cause the luck of supplementary information pre-
cludes the segregation of farming cnterprises . of
a parlicular class, , P
~ Two basic types of arca frames are in use by
SRS for gencral-purpose surveys. The first is the
frame developed for the Master Sample of Agri-
culluré, which was constructed in'the carly 1940'
at Towua State University with the cooperation: of
USDA and the Bureau of the Census. The Master
Sample was designed for sampling chacdeteristics
associated with farms. * The frame consists of

B2
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county maps upon which minor civil divisions
and frame units containing it specified number of
sampling units have been delineated, Fach sam-
pling unit contained about four farms, SRS ex-
perienee suggested that segments half the size of
those of the Master Sample were more cfficient
for general-purpose surveys, and these units - are
being used. Crop reporting districts are used to
impose geographic stratification on the frame.
Typically, States contain aboul nine crop report-
ing districts.  Within these districts the agricul-
fure is fairly homogencous,  Allocation of seg-
ments to crop reporting districts is about propor-
tional to the square root of value of products sold.

The Master Sample frime was available for use
from the beginning of SRS arca frame sampling,
However, it was soon apparent from pilat woirk in
the Mountain States that stratificntion of land
according to use was cssential, Consequently, the
sccond type of arca frame used by SRS is the land
use frame, in which all fand prior to sampling: is
first classified according to use. The stratification
is based on extent and type of farming and can
be described in Tour broad categories: (1) In-
tensively cultivated arcas where a significant por-
tion of the tand is under cultivation, (2) extensive
agricultural arcas uscd primarily for grazing and
praducing livestock, (3) highly devcloped tand
found:in citics and industrial arcas, and (4) non-
agricultural land, such as parks.and other recre-

Cational areas. In addition (o dund use stratifica-

tion, geographic stratification is- frequently. used
to separate differing agricultural avens,

Segments arc of a predetermined size. with seg-
ment counts associated with cach aren delincated
on maps. according to size of arca. Scgments
typically are about 1 square mile -in- intensively
cultivated areas, several square miles and larger

~in the more open fieming arcas, and- about “one-
tenth square mile ineity and residential arcas.
The number of segments sampled - from  cach -

stratum is determined by reviewing oplimum il

locations  for. major commoditics and choosing |

a comproniise for general-purpose sumpling.
Land use frames are currently being developed
State by State as needs indicate and as time and

resourees. permits States: sHlb-using- the Muster

Sample frame are in the north central, south

central, und south Atlantic regions, where differ-

ences of Tand use practices are less apparent,
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Segment  selection haw - generally followed - a
systematic-sample approich where the frame Jist-
ing is arrayed geographically. Recently, interpenc-
trating sample designs have been used. Inter-
penetrating designs utilize several smaller inde-
pendent samples, and have more sample flexibility
and advantages in computing sample wariation,
They also it well with a sample rotation scheme.
Typically, 20 percent of the SRS scgments are
rotated annually to relieve respondent burden.

All'selected segmients are visited annually about
June -1 far the June enumerative survey 1o ascer-
tain planted crop acreages and inventories of hogs
and cattle, and to classify operations for purposes
of subsampling for subsequent surveys.  All sepa-
rate land operating arrangements are delineated
within the scgments and are referred o as “tracts.”
To control sampling crrors, the area sample is
supplemented with a small list frame sample of
known large livestock operations, this being a
limited form of multiple-frame sampling.

Sampling for scveral subsequent arca frame
gurveys uses the June information for classifying
tracts. “The classifications made are utilized as
strata for sccond-stage sampling. Tracts are then
subsampled from cach stratum at varying rates,
according to their information potential,  The
Deceimber enumerative survey is the fargest sur-
vey of this type and focuses on fall-sceded crops
and livestack inventorics. A large portion of the
tracts with wheat and divestock in June ‘are se-
lected. Nonagricultural tracts arc sampled very
Hahtly,

Muiti’p!eQFramo Sampling

A method rapidly gaining importance and use
in SRS surveys is multiple-frame sampling. = As
the name implies, this technique includes the use

‘of mare thin one sampling frame.. For SRS needs,

this means a list frame and an arca frame. -
Theory for multiple-frame. sampling wis de-
veloped only as recently as the carly 1960°s. Re-
seareh under the Icudcrshih of: Dr 11O, Hartley!
was supporfed by SRS af Towa State University.

Concepts of multiple-frame sampling are busically -
Sthose of - probability sampling concerning repre-

S, 3 it bt

o I,)l.b‘H:n‘IIL‘_\' iscurrently Dircctor; Instityte of St

tisties, “Texas A&M University. :
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sentation, known probabilities, and randomness
of selection.  In addition, two eriterin need to be
considered: (1) Every clement of the population
must belong to at least one of the sampling

frames, and (2) it must be possible to identify -

for cach sclected it to.which frames, if any, it
belongs other than the one from which it was
selected,  The use of a complefe area frame
satisfies the first consideration. The second is more
diftficult operationally, requiring the proper classi-
fication of cach tract operator as to whether he
is also included in the list frame,

Multiple-frame sampling has some distinet ad-
vantages for SRS, particularly for items such as
'hvcsm(’ . specialized eraps, and cconomic datu,
These items are poorly correlated with land alone
and arc ineflicienty estimated by the arca frame.
In multiple-frame sumpling, most ol the data for
the population of interest can be colleeted more
efticiently through the list frame. Some of the data
can he callected by mail. Also, it is usually pos-
sible to devetop and incorporate in the list frame
some index of size for upits that is used in stratifi-
cation. ‘The arca frame measures list incomplete-
ness.
cach other, ;

The State Stitistical” Offices have principal re-
sponsibilitics for developing list sampling frames
of farmers and ranchers for multiple-frame sur-

veys. A variety of list sources is used, including
State fdarm. census, -assessor's - records, Agricul-
Cural - Stabilization and - Conservalion - Service

(ASCS) Hlists, brand fists; and Hsts maintained
by State gavernments for inspection. or - control
purposes. More specialized lists are often com-
bined with o basic list to_imprave list coverage.
Lists vary greatly in qguuliy uod -uscfulness and
require-considerable effort to prepare. before use
in sunphn"

Otlun the st hag to he mnvcltcd mlo com-
puter-readable- form, - Units awhich are-doplicated
must be renoved and the indexes of size of opera-
tion may have to be nbt.nmd from other sourees.
‘Special Targe mail surveys are sometimes um-

ducted far the sole prepose-of classifying farms
by type iind size. County and Jocul allicials af
A§(§ the l\lu.nsum Service,swnd other: LISDA

agencics have provided: vil 1lmlu .stmmc i Hist
‘ dcvclopxmnl effarts. ‘

After mlllll lm (lcvcloplmnt nmmlumncc dlld
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updating are continual tasks,  Without such ef-
forts, Tists deteriorate rapidly-and soon Jose their
advant: ige in sampling cfliciencey.

ESTIMATION METHODS

After a survey is designed, the sumple seleeted,
and data collected, the data must be edited for
consistency and Lhen summarized.  From these
supvey results the statistician ‘must - prepare the
estimates, - The computations and procedures for
translatimg survey data into estimates involve tech-
nical considerations, - Usually more than one
method is availuble, but the chojces are largely
specificd by survey design and there are distinet
differences between deriving estimates from non-
probability surveys and from surveys which fol-
low the concepts of probabitity theory,

Nonprobability Surveys

In developing current estimates fron: nonprob-
ability: mail surveys, estimating procedures must
recognize potential biuses -in: the survey resulis.
The procedures used gencrally -depend on past
relationships of survey data to final estimates. It
iy assumed that these samie relationghips are con-
tinuing, but periodic checks. must be: made  to
verily this asswmption and to truc ¢ up the estimates,
Chieck dataare obtained from a variety of sources,
but generally sre in the form of records of mar-
ketings or eensus eoumerations, Information from
the U,S. census of spriculture and from annual
farny censuses condacted in some Staies has com-
moply been used for this purposc.

Muny factors affect- the reliability of cstimates
derived from nonprohability survess. First. it is
necessary {0 evaluite . the uccumcy of the cheeck
data used (o establish true values. Errors in these
data will result in errors in the relationships de-
rived for past vears. There s ahways the passibility -
of error-in- assuming that - past relafionships of -
survey data to final estimates will continue. Com-

= parability of survey data must be muintained for

the period-in which relationships are derived. - Jf
Cindications Tor past surveys arc. based on-
selective data; indientions. used to make the cur-
rent estimate must be subject to the same kind.
of seleetivity for hest results. 'fl'hcr&fm’c consider-
ationt of comparibility should be given to the lis‘l"
5t m]plu the sampling procedure and thmbuhon, ,
.md the survey response,: ‘
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Survey indications

Dircct-cxpansion indications arc not possible
with nonprobability surveys because of the in-
ability to associate known probabilitics with the
data collected. Therefore, most survey indications
are relationships estimated from the survey data
which can be applicd o some assumed known
base. A brief deseription of some of the commonly
uscd nonprobubility survey indications follow.

Ratio to land: Relations of an item to total
land in farms can be estimated from survey data,
Used primarily for crops, the sumple total acre-
age for a specified crop is divided by the sumple
total farminnd acrenge. This provides a measure
of the proportion of farmland acreages used- for
individual crops, The relations of any two ilems
on the questionnaire can  be estimated in this
mannct,

Ratio 1o hase: This mdication s similar: to the
above but-the control variable: such as capucity
of feedlots or grain storages, is known in advance

and is part of the sampling frame, The ratio esti-

mated from the sumple totals can be expanded by
the known base totals Tor the population.
Average per farm: Averages per farm cstimated
from survey data are used Lo estimate livestock,
These averages can he associated with estimates
of farm numbers. Averages oblained from: mail
surveys” can be. guile biased because ol widely
varied farm sizes, which may not be properly . rep-
resented among suryvey-respandents, .
Matched reports: Fstimutes of survey-lo-survey
changes can be made by matching “identical furm”
reports from two - successive surveys. - This indi-
cation has commanly been called the “current/
current” ratio. Indications are developed by -ap-
plying survey ‘changes to the -previous ‘cstiniles,
Care must be taken in the matching process to
assure that the reporting units #re comparable
between surveys. The procedure does not permit
new operating units to he included in the tabu-
lations, ‘ ' '
A variation -of this procedure is the “current/
historical™ indication, which also measures change
from some previous period, but data for the prior

period is collected on - the current questionnaire.

For example, a farmer would be asked (o report
his previous year's acrcage of “cacle crop along
“with current year's acrenge, The advantage is that
~all reports can be used for tabulation and no

SAMPLING METHODOLOGY AND ESTIMATION

matching is required, but it has been found that
the data reported by farmers for the preceding
year are often subject to error because of memory
bias ar other reasons.,

Yield indications: Mail surveys have retained
much of their uscfulness for estimating and fore-
casting crop yields. Perhaps one reason is that
yiclds do not vary greatly by size of farm. At
harvest, actual yields can be derived by obtaining
harvested acreage and - camparable  production
data.  Indications for forecasting vieldg are bused
on reports of condition ‘or probable yield. Re-
ported condition consists of evaluations by grow-
ers and crop reporters of the size of the current

‘erop expressed as a pereentage of a hypothetical

full or normal crop. Expected or probuable yield
is likewise a subjective judpment of crop prospects,
but is expressed directly as yield per acre.

Data interpretation

The assumptions that must be made Lo prepare
estimates from nonprobability survey indications
are factors that limit survey reliability. Several
methods most frequently used for minimizing or
interpreting the inherent biases should be men-

tlioned. :
WWeighted averages: A procedure for minimizing

response biases is 1o use geographic or size group
stratification in summarizing the data. Known or
estimated weights are uscd to weight stratum
avernges up. o State. estimates. The effeet of a
poor distribution in sample response is minimized,
providing respondents huve characteristics similar
to others in the same stratom, For example, crop
yields wauld normally be expecied to be more
alike within a crop reporting district than within
an cntire State. Average yields {rom the survey
are computed at the level of the ¢rop reporting
district-and weighted to.a State average vield, using
district estimates of - crop ~acrcages Tor weights,
Size group stratification is used similarly,

Charts: Most nonprobahility survey data are

“interpreted in some way through charls which

pictorially deseribe past relations of survey dala
to-final estimates, The mast common- of these Is
the simple regression chart, where the relationg

are plotted, using the horizoatal axis for: locating

the magnitude of -past survey indiealions and-tlic
vertical axis for corresponding  estimies, . The

sstatistician. prepares the estimate by determining

the best-lit locution on the graph corresponding

&
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Figure 1.—Example of a regression chart used to esti-
mate a State’s winter wheat yield.
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Figure 2.— Example of a time-series chart used in esti-
onting a State’s stocks of wheat on farms.

to the current survey indication. The graph inter-
pretation is frequently done visually, although the
lincar regression line is usually computed and
plotted to assist interpretation. Points on the
graph are identificd by year so that recent year
relations can be given more influence if desired.

Time-series charts are used for some commodi-
tics. The horizontal axis is used for the sequential
plotting of time, and the levels of indications and
estimates are indicated on the vertical axis. Indi-
cations and the corresponding estimates are dis-
tinguished by different types of lines drawn to
show respeetive year-to-year changes. Current es-
timates are set with the available knowledge of
these past relations between the level of estimates
and survey indications.

Trend is an important consideration for some
estimates, particularly in developing crop yield
forecasts. A time-series chart in addition to a
regression chart is sometimes used for this pur-
pose. The regression chart is used to present the
usual survey-estimate relationship. Deviations
from the regression line are plotted on the time-
serics chart. These deviations plotted sequentially
illustrate the effect of time and allow a projection
1o be made. Another method uses time as a sec-
ond variable for developing a multiple-regression
indication. In this way an allowance for trénd is
incorporated into the indication. Additional vari-
ables, such as precipitation, are occasionally used
in developing the multiple-regression indication.

Probability Surveys

Estimates can be made from probability sur-
veys without dependence on prior survey re-
lations or benchmark data. With known prob-
abilities. raw data are expanded into unbiased
estimates of current agricultural activities. Also,
sampling errors are computed that provide the
statistician with a tool for evaluating the reliability
of estimates generated. Sampling errors not only
provide measures of precision, but the sources of
sample variation arc useful in optimizing sample
designs and allocations. The quality of statistics
derived from probability survey data usually justi-
fies their higher costs.

Basic considerations for survey reliability are
sampling frame, survey design, and sample size.
Each is important in maintaining sampling errors
at acceptable levels, although constraints on sam-

B-6



CHAPTER 2

ple size are frequently imposed by budget limita-
tions. Measures of nonsampling crrors are rarely
available, Much cffort-is made to minimize poten-
tial nonsampling ereors through survey - traiming
programs, guestionnaire design and testing, pro-
viding precisc” survey  procedures, and utilizing
comprchensive cditing systems,

Enumerative survey

In SRS “cnumerative survey™ refers to. arca
frame sumple surveys in which data are collected
" by personal interview, the basic estimator usced
for area frame survey-data is the unbiased direct
expansion,  Ratv survey data frome cach segment
arc expanded by the reciprocal of the probability
of sclection. Estimutes are generally camputed at
the stratum level for analysis purposes, but in-
ferencesfrom cnumcmti\‘ > survey data are-seldom
made below - the State level, because ol relatively
large sampling errors.. Segments. are the primary
sampling units, hence tract data must be summed
to the scament level.  Sampling errors are then
determined from the variation between segments.
Ratios and ratio estimators are also utilized
with data {from-aren frime surveys,
timates . are particularly - helpful in
changes from” survey {0 survey. TFor the June
enumerative survey, ratios arc.computed by com-
paring - current survey data. with -~ previous-year

These es-
evaluating

data for identical segments. - Ratios arc computed

at cach Jevel of summary, hence biases inherent
in ratio’ estimates -are minimized.  In expanding
previous and current matched data, consideration
is piven 1o the fraction of total sampling units that
are. comparable,
i a stratum areidentical (following a-20-pereent
annual rotation- scheme); all exparided matched
Sdata would bedivided -by. nadditional Tactor of
0.8, This allows for variations ‘in the rotation
scheme. The s alm estimate is derived by applying
the rittioto lhu direct expansion estimate from the
previous years survey. Hstimated sampling errors
tike info accaunt the correlation or vw\k.m.mu,
of the matched duta.

A third estimator is derived from a ratio to

Tand arcas This estimatoris cllicient for mn]m
“grops and other items thit are highly correlated
with land areq. The dctual area of cdch segment
s measured Trom o scaled ucrial photograph. The

i
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“trdets selected in the sample.

180 pereent of the segments
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relation. of each item te the measured
caleulated and this ratio is applied 1o the totat base
fand area at-the State fevel, All concepts of ratios
and ratio cstimates apply; however, .the base or
total laid area is assumed to be known without
crror.

Somewhat more diflicult arc the . theoretical
coneepts associated with subsequent arca frame
surveys in which all June tracts are first classified
into strata and thew subsampled. Although it is
a two-stage sumple design, the second stage of
sampling is not confined to primary sampling
units, as it is in cluster sampling.
second stage of seleetion is amopg all tracts classi-
fied uccording to pudummlmd criteria using the
June information,  With this sampling scheme it
is quite likely that some scgments will have no

expansion  cstimates can. still be ‘generated - by
associating the probabilities of selection (prob-
abilitics at the first stage of seclection multiplied
by probabilities at the sccond stage) with the data
for cach tract sampled.  The difficulty arises in
computing sunipling cerrors.- The concepl assumes
a product ¢stimator where the faclors arc a popu-
Jation estimite for-total number of triets within
cach classification and an estimated average tract
wilue for “tracts within cach classification. ‘The
varianee component associated with estimating the
number -of -tracts is computed  from the June
cnumerative .éur\'cy, whereus the component for

hetweeni-tract variation must come from current

survey data.

Ratio estimators “ure “also used for surveys

based an whsmnplcs of June arca tracts, The
omputcd by relating current -data to
The June enumeralive suryvey direct

ratios are
June data.
expansion estimate becomes the base for com-
puting a ratio estimate. These cstimates arc par-
ticutarly useful for the July acreage update survey
where correlations dre very high “between “actual
planted acreages: and those reported during the
June enumeritive survey (\vluch in some .¢ases
are mlmdul plantings).

Multiple-frame survey

The Lchc ral estimation model for multiple-
h'nm surveys based on a list dn(l arca s,.unplmg

: lmxm is:

arca is

Instead, the -

Unbiased direct- V
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X Xo+ pXa 49X
where N, = the estimated total for the por-
tion of the population included
only in the arca frame;

Na = the estimated total for the popu-
lation included in both frames,
computed from the arca sample;

X’a = the estimated total for the popu-
lation included in both frames,
computed from the list sample;

amd p 4 g =

Since N oand N7, are two independent esti-
mates of the same population (overlap domain),
any values for the weights p and g which sum
to 1 will provide unbiased estimates.  Optimum
weights will be inversely proportional to the vari-
ances associated with each estimate. In practice,
weights are predetermined, utilizing information
from prior surveys. The value of g is usually
large and is associated with the greater efliciency
of the list frame. For livestock surveys, valucs
of p  0and g = | arc used. This equation is
often referred to as a “screening” estimator. In
the variance computation, N, and X are con-
sidered nonindependent components of the esti-
mating cquation,

Little use has been made of ratios and ratio
estimates in - multiple-frame  sampling.  Direct-
expansion estimates have proven to be eflicient
and allow complete flexibility in developing the
sampling plan for each survey.

Objective yield survey

Objective vield survevs provide crop yicld in-
formation for estimates or forecasts based direetly
on counts, measurements, and weights of the crop
made from small plots in a probability sclection
of sample ficlds. When a crop is mature and
ready for harvest, yield can be estimated by bar-
vesting and weighing production from these plots
of known size and expanding to a yicld per acre.
This method of preharvest sampling to estimate
vields is often referred to as “crop cutting.” Sim-
ilar procedures are used for tree crops, but yield
is computed in terms of production per tree and
observations are usually made on sampled linbs,
For a mature crop, estimating vicld becomes pri-
marily a sampling problem.  Theorctically, sam-
ples can be designed to produce estimates of vield

with any desired degree of precision,

The same sampling considerations are impor-
tant for objective surveys used in forecasting
yields. In addition, carly-season plant character-
istics must be identificd which can be used to
predict yield at maturity. A forecast model (often
a regression equation) has to be developed
that dc..ribes the relations between the predic-
tion variables and the final- outcomes. For all
crops, it is usually helpful to analyze yicld in terms
of two components: Number of fruits and weight
per fruit. Reliable forecasts of number of ma-
ture fruits are readily possible, since most plants
set fruit at a fairly carly stage of maturity. Identi-
fying uscful plant characteristics and predicting
weight per fruit is more diflicult, since growth of
the fruit typicaily continues until maturity.

An additional factor of yield which must be
taken into account for SRS estimates is harvest-
ing loss. Biological (gross) yiclds can be esti-
mated from preharvest objective sampling but
these estimates overstate the production that is
actually hauled from ficlds and can enter market-
ing channels. To estimate net yield, special post-
harvest surveys are conducted to measure all
production remaining in fickds after harvest. These
fosses, which are measured by gleaning small
sample plots immediately following harvest, must
be subtracted from gross yield.

Field crops:

Concepts and general methodology used in
objective surveys for forecasting and estimating
yields are similar for all ficld crops. Sample ficlds
are seleeted from fields identified during the June
enumerative survey as having the crop of interest.
A systematic sampling scheme is used for selec-
tion, following a geographical arrangement of
ficlds. Sclf-weighting samples are achicved by as-
signing probabilities of selection which are pro-
portional to expanded field acreages. This facili-
tates summatization and has proven to be eflicient
for estimating purposes. Observations are made
on two randomly selected plots (units) in each
of the selected fields,

Objective yield surveys are planned to coincide
with the publication of production forecasts and
estimates in the monthly Crop Production report.
During the first survey month, crop maturity will
vary considerably by area of the country. Appro-
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priate counts, measurcments, and other observa-
tions arc made for each sample that will be used
in the forceast models. Plant characteristics used
as prediction variables chunge as maturity pro-
gresses. At an carly stage, for example, a count
of plants may be the only dita available, but it
is valuable in forccasting the number of malure
fruits. 1f no characteristics arc availuble to predict
weight per fruit, historical averages will be-uscd
for the sample. As the crop matures, other vari-
ables become important,
used, and weights and measurements of the im-
mature fruits are often uscful in predicting final
weight per fruit. Simple linear- and multiple-
regression models are most offien used to describe
past relations  between - the prediction variables
and - the final observations at maturity. Typically,
relations observed over the preceding 3-year pe-
riod arc used in current lorceust equations. Fore-
casts of gross production are computed for cach
sample,
rows of predetermined length. Measurements are
niade to determinie row spacing so that conver-
sions can casily ‘be made to yield per acres An
adjustment-is made for expected harvesting losses,
hased on past averages. Individual sample yiclds
are averaged to arrive al State estimates. Sampling
errors arc hased - on- variation between samplx,
yiclds,

As the scason pmmuso and crops minture, the
individual sample yiclds provide data for esti-
mates rather than forecasts. Final preharvest ob-
servations are made as near harvest as practicable.
Similarly, for best results it is desirable to do the
postharvest work immediately following farmer
harvest; When the information is available; actual
harvesting fosses are used in computing net yields.
Tree crops: ;

‘Sampling - frames  used {or - sclecting - blocks
(ficlds) of trees have been developed by various

means. In some cases, neatly complete ists of
growers, clagsificd by size of operation, h e been

‘made available through trade or marketing asso-- -
Area Trames hive been constructed by

ciations.
Sidentifying blocks=of trees- on uerial-photographs,
Stratification “according (o age-of trew  reduces
sampling \'dlldhllll) in-some .1ppl|u|lmns In
addition to.its uses in mmphm
becomes the b‘ms for lemmlm;J the pupul.\(xon
of uccs.

Actual [ruit counts are-

Plots for most crops include two adjacent -

Charvest,

Coand the s Washington, D.Cy,
data are collected, edited, summatized, and ana-

the frame uspally - © lyzed-in the SSO'%. State statisticians prepare the

SAMPLING METHODOLOGY AND LSTIMATION

Blocks of trees are sampled with probabilitics
proportional to the number of trees or acres,
which results in a sell-weighting sample, Counts
are usually made on two to four trees per block.
A random method is used for sclecting a “pivot”
tree with additional count trees selected ncarby.
This cluster reduces counting (ime within the
hlock., The random-path method is commonly
used for selecting count limbs on a trce. Begin-
ning al the base and procecding up the tree, a
random selection is made at each point of branch-
ing until & count limb of suitable size is obtained.
Probabilitics proportional o the cross-scctional
arcas of the limbs are usually used in the selection
process to gain sampling efliciency. An alternative

o the random-path method is to select a primary

limb as deseribed, but map out. the remaining
branehes into suitable count Jimb sections, A ran-
dom choice of ane or mare of these sections can
then be used for counting purposes, On mature
trees, 5 to 10 pereent of the trec is usually
counted. The probabilities associated with cach
stage of sclection must be used in expanding the
limb counts to an estimate of fruit per tree,

Once fruit is sci, forecasting becomes” the task
of projecting drop and . grawth. Most- droppage
oceurs immediately following bloom, after which
the Truit counts become relatively stable. Predict-
ing weight of mature fruit is-done by relating im-
malture size or weights to final weights. Drop and
growth putterns abserved in past surveys- are a
requirement for the current {orecasts.

Periodic surveys arc used to update the projec-
tions of fruit drop and growlh until harvest. An
alowance must be made for fruit remaining alter
particulurly . if - mechanical harvesting
equipment s to be used: Since blocks are the pri-
mary sampling units, sumpling crrors of estimated
prodiction per-tree arercomputed: from: variation -
between blocks:

PREPARATION OF ESTIMATFS

- Torecasts and L‘stlnmlw upxucnl the combined
cflfort of hoth the State- Statistical Offices (SSO’s):
offices,. Most sample

initial forccasts or cstimites for their States and
tranisinit them with supporting data and comments
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to the Crop Reporting Board in Washington for
review, An explanation of unusual local conditions
or other pertinent information affecting an esti-
mate is given in the st gistician's comments,

In Washington, the State data are summurized
nationally for cach item. Estimutes recommended
by the State statisticians are revicwed by com-
modity specialists of the Crop Reporting Board,
The reviewers have all the survey information thit
wis aviilable to statisticians in the States and can
evaluate the data at the national and regional
levels, For many commodities, State survey indi-
cations are summed fur the U.S. level and a na-
tional estimate is set first, These procedures. per-
mit the use of cheek data and other survey
information availuble at the national Jevel, For
example, some of the probability survey data are
extremely valuable at the national and regional
levels, but are mare limited in value for State esti-
mates beeause ol relatively Targe sampling errors,

For all mijor commadities, including Jivestack ‘

species and crops identificd as speculative, mem-
bers of & formal Crop Reporting Board convene
(o review and adopt the oflicial estimates. Hach
member makes anindependent interpretation ol
all available: datd and recommends an estimate,
The Chairmin of the Board reviews these recom-
mendations and reconciles differdnees-of opinion.

RESEARCH

RS continually conducts research ainied .
improving the quality ol ity services 1o the public,
The principal arcas of study ure bricfly described
below. ‘

- Sampling-Frame Construction and
Maintenance '

~Through the. past several years rescarch. and
operational experience have resulted in an evolu-
tion of arca framc cnnxnuumn Most States now
have a lind arca sampling Trame b wed on strati-
fication of land according to agricultural use. A
recent advent to the basie-desipn has been the use
of interpenctrating sampling to sdu( units from
the frame, Within it Tand use stratunt o set ol inde-
pendent samples ares selected, using- @ random
l,nc(hg\‘d. Interpenetraling sanpling - facilitates: an
Corderly rotation: plunof sampling units for ent-
meration. Other advaniages are that o replication

4

shypothesis testis used: in deeiding 1f two reeords ©

graphs: Since

‘common -code system),

decided il individual records are lnked with o

Sidentifying unigue Hist nanie sampling units

SAMPLING METHODOLOGY: AND ESTIMATION

can be used as an independent estimating sample
for special purposes, and the land use stratum
varianee may be computed quite casily by using
the replicated menns or tolals,

Research in land arca sampling-frame construc-
fien centers on fine uning, or introducing greater
efficiency in the methodology, Current investiga-
tions cover optimum  stratification and scgment
size; wiys to improve accuracy and quality-control
measures; and exploration of new frame mute-
rials, such as high-altitude or satellite photo-
the Tand ares sampling frame is the
only complete sampling frame, SRS must maintuin
and imprave the efliciency of its use, even though
SRS relies heavily on the sophisticated application
of list files as a partally complete frame for csti-
mation.

A second arcy of rescarch s in developing
pame.list files suitable for use in multiple-frame
sampling, A" muajor problem associated with con-
structing such a lile s identifying duplication of
names. within the file, The process of identifying
dupliczui(m using computer technology s caljed

“record linkage,™  Specifically. record  linkage
brings together two or more scpmdh_ly recorded
picces of information concerning the name of a
particular individual ar operation. Tasks within
the overall heading of record linkage include data
maniputation (the process by which unlike recards
are restructurdéd to make them more comparable
without changing the basic information) and infor-
miation coding. (the process of removing variations
of alpha or numeric information by substituting a
By performing these two
steps, the similarity of records has been increased
without changing their information -content, :
these two  processes are completed, it must be
: ther
Probabilities are used by -a model 1o
the likelihood of link or nonlink, and

records,
create

are indeed-the same. Finally, a method-is devels
oped by which information gained about name
recordsimay be retained o that the process of
im-
proves over time through survey usc. :

Nonsampling Error

Rescatch on nonsampling errors iy directed at

Once

]
f
‘

i
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the survey as an instrument to measuge certain
items of interest, such as crop gicreage or numbers
of livestoek., ,
Nonsampling errors are to be distinguished
fraom the sampling error, which arises lrom the use
of a sumple rather thuan the entire universe of
clements to be studied, All other types of error
are called “nonsampling errors.” Jalermy often
laosely considered as synonymaous with “response
crrors™ and “measurement errors.” Nonsampling
crrors are nol necessarily related to the size of the
sample, ag are sampling crrors, They may arise
from- errors of measurement, since any meisuring
instrumentwill vary in iy ahility to measure pre-
ciscly the item ol inkerest, A survey s .subjccl 10
many sources of nonsampling errors: The {rame
may be unsatisfactory, sample sclection may be
biased, questionnaire design may be deficient,
improper information may be recorded, mistakes
may be made in processing the data, und data may
be missing because of lack of response, clc.
Unlike “sampling * crrors, nonsampling errors

present considerable difficulty in the estimation of

the variabifity that muay: be associated with them,
It may be possible to measure
component of such errors, but there may still exist
somue unknown components, As iresult, there has
been Jittle practical work done in the arca of esti-
mating nomumplm" crrors.  More progress hag
been made in denU(ymL sources ol nonsampling
errors. ,

tdentifying the sources of nonsampling crrors
s the first step in developing procedures Lo re-
move them. Analysis of strvey. data and conipari=
son of results of independent surveys measuring
the samu itenis may. indieate -sourees of nonsuam-
pling crrors. Sometimes such analyses or compari-

sons indicate that nonsampling errors are present,
but do nof identily the sotirees, 1 this vecurs, an

alternative is o reinterview by an independent
method: that i considered: o7 benrare accurale.
This can be done with a subsample of survey re-

spondents, Tt-is assumed that the. reinterviewing

lestmeisa more. accyrafe nmnsuring instrument,

because better intervicwers are used and the ues-

Honnaire is stricturcd i gienldér detail 1o reveal

the correet valics if they are not ubtiinable by HE

~direct question.

Am.r sourees of- nnnmnmlnw CLTOS are identi-
fied,

B N DA PR T

some. particular,
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measure the degree to which they affect the items
of interest. One procedure is to use seplicated
sampling to build into a survey an experimental
comparison of several dilferent - measuring proc-
esses, providing the measuring devices do not have
the same type of systematic errors. Another pro-

cedure s o assign réplications ta interviewers 1o

determine. the variability in survey data that js
attributable to the intetviewers when it is not a
systematic error. The ddea Is to make part of the
survey a controfled experiment with precautions,
such as randomization, that arc typical of good
experimentation,

Refusals are responsible-for part-of the non-
samplipg errors due to nonresponse. Procedures
are developed and tested not only to reduce the
number of refusals, but also to provide cstimales

~of those that remain rcfusals.

Remole Sensing

“Remote sensing” means measuring an object
or phenohicnon from a distance, whether by pho-
tography -or other -radiometric  technique - using
microwave instruments, spectroradiometers; muiti-
spectral scunners, cte.These measurements are of
clectromagnetic energy which s emitted, scat-

‘tered, or rellected by the objects observed. Differ-

ent objects return different kinds . and ‘amounts
of energy, Remote sensing utilizes thése deteclable
differences to identify ground objecls or phe-
nomena from the air or from space.
Crop-identification -and - acrcage measurement

have been recagnized as potential applications of

remole sensing.. An ideal approach might be to
muke acreoge estimates [rom sensor information
every 24 hours, but the data-hundling problem
and - the Tack of an all-weather  sensor  system

~makes this impossible exeeptin special situations.

Cansequently, other ways have 1o be found to use
remole-sensing data.

Several possible approuches are;
sampling ot multistage sampling, (2) multiple-
frame sampling, or (3) using space imagery as an
arca frame on which broud Land use classifications
have been done. This land use classification would
then“be usded in dcw,mm, a stratified sample, Or

space imagery could be used as frame from.
which otiecould selvet a snhwmplc of “direraft

flight slnps and \\'llllln leg,h[ stnps, scl(_cL area

ST e e s e e e e i g b T ar ek e e s s

(1) double
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segments, These area segments could then be
photographed at a Jarger scale or cnumerated on
the ground. This is a multistage sample using sev-
cral different kinds of information.

Likewise, space imagery of u county or State
could be classificd according to the crops of inter-
est. From this classilication one would: select a
sample (or use an existing sample) ol area seg-
ments and colleet the necessary information about
these arcas on the ground, This is a double-sum-
pling technique in which the space information is
the large sumple, and ground survey provides the
more detailed information. I the correlation be-
tween e ground information and the space data
is high, substantial gaing can be realized in mak-
ing crop estimates for the total area.

Space imagery may lso pravide more cflicient
estimates by providing supplementary data,  For
example, it may be possible o classify crops by
frame units in the present arca frame, This would
mean that if one were interested in corn, he could
seleet the sample from frame units with probi-
bility proportional to the acreage classified as corn.
If the corrclation between the classified corn acre-
aype and the actual acreage was high, gains ‘in esti-
‘mation using ratio and regression techniques could.
“he realized.

Until an. all-weather satcellite is developed, an
estimating technique. must be developed that can
be used where satellite coverage is incomplete,
“One solution is to use multiple-frame. estimating
technigues, such as using the space imagery to
estimate the cloud-free area, and the acrial photo-
praphs dnd ground enumeration estimates for the
arca covered by clouds on the space imagery.
‘Then, by proper weighting, all three dada sources
are combined (o obtain an estimate Tor the total
ared

Remote sensing has some potential in livestock
estimation, pmmulmlv in hard-to-get-lo-arcas ot
Cin areas of nonresponse, At present, this approach
is limited to acrial photography  with suflicient
u».nlunon and 10 areas where livestock  oceupy
npul du.ls O areas \\lth hnnlul vegtlation,

7Y1eld Forecastmg and thmatmn

Rucnuh dnuud lm\.ml the (lwclnpxncnt of
~objective

Syvields is conducted foroaowide viiriety ol crops.

melhods of estimating -and - forccusting -

~Acomprehensive

SAMPLING METHODOLOGY AND ESTIMATION

The estimation of crop yiclds at harvest and fore-
casting of yiclds yet to be realized are two distinet
phases of the research effort. For most crops, the
development of methods of estimating harvesting
Tosses constitutes an additional phase.

Crop yield estimation is based on the observa-
tion of plant and fruit characteristics just prior
to harvest, ut harvest,
campleted. Research in estimating biological yield,
harvested yield, and harvest. losses “involves de-
veloping -methods whieh rely on statistical sam-
pling and estimation theary. For purposes of ef-
ficient sampling and estimation, it is often useful
1o treat yield as the product of components such
as weight or size per fruit, fruit per plant, and
plunts per acre, ' ‘

Forecasting of yiclds involves predicting what
has not yet happened. Methods of forecasting the
final yield while a crop is still immature are obvi-
ously more difficult to develop than estimation
procedures al harvest: Crop yields are the culimi-
nation of many factors. These factors are’ gen-
crally associnted with the plant, its location,
weather, and production practices.” The -timing
and interaction of weather factors and . the ex-
tremely complex interactions of all important fac-
tors make their direct use in predicting final yiclds
extremely difficult, Fortunately, observations of

or soon after harvest is .

the immature crap can be made which are often

usceful in predicting the resulting yield. Crops in
animmature stage of development are a reflection
of the collective and interacting effects of these

factors-over .a porlion of the growing scason, In-

asmuch - as these sume factors dlso” constitute 2
primary influence on the mature crop, observa-
tions made at_an immature stage provide a ﬂood
basis for yield forceists.

To develop suceesslul methods of fOI.‘CCﬂSting
yiclds, it is necessary to discover specific plant
characteristics which are uselul predictors of yield.
understanding of the fruiting
behavior of a crop is the essential first step in the
development of the predictive models. Forecast
models designed ta relute these characteristics to
yield or ity components may be based upon knowl-
edge, verificd by cexperimental studies, about
plant growth and development during the scason
and Gme-related growth patterns, This knowledge
may be aequired  primarily through - agricubtural
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rescarch. Special investigative surveys are made
to fill gaps in previous research and to adapt the
maodels tocurrent practices, Inpddition to models
which rely on the repeatability of plunt growth,
and patterns adjusted for corrent fruit develop-
ment, regression models based on the stability of
paramcters betwveen . yewrs are in use.  These
models often incorporate - the developimental stage
of the plant and its fruit in order to utilize unique
model parameters Tor dndividual matrity - caie-
porics by Stites or vgricultural regions. '
Forecasting crop yields also requires efficient

B L S
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estimation: of variables used in the models which
have been developed, Sampling and “estimaltion
theory is utilized to uchicve this efliciency. Since
smmpling  considerations - are "usually “sufliciently
compuatible for the predictive variables and csti-
mates of final yicld,' the: sume sumpling. desien
can be used for obtaining both immature and ma-
ture: plant -and: fruit obseryations; Thus relations
between observations at various stages of maturity
may be studied in great detail at the common
clementary unit level or at other-levels in a hier-
archical sampling design. i

T JRTC N TUPN S ey
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THE REMOTE SENSING OF BARE FIELDS FOR CROP ACREAGE
ESTIMATION
If automatic processing of LANDSAT digital data for
full-scale crop surveys is to become a reality, the solution of
crop classification problems by use of spectral signatures of

growing crops is required. In particular, considerable effort

must be expended on the technical problems of: (i) signature
¥ .

extension (ii) supervised and unsupervised classification

"jearning" algorithms (iii) spectral signature analog areas,

etc., .all applied to the ctops in various stages of their
growth cycle. . |

On the other‘hand, principal investigator Stanley A.
Morain has done a successful Kansas lOfeounty winter wheat
study relying on the correct classification of freshly plowed
"wheat" fields - implying the intention to plant wheat - with
subsequent adjustments due to the~growth and harvestability of
the actual wheat.* His method reduired visual interpretation
of the imagery, and thus. may not be found sultable for adapta-
tion to automatlc pLoce351ng Concerntng Lhe dlffelence ln»
approach between MordLn S study and otheLs, note the follow1ng

po;nts:

*Kansas Environmental And Resource Study: A Great Plains Model;
Extraction of Agricultural Statistics from ERTS- -1 "Pata of Kansas,

~8.A. Morain, Type IIL blnal Qcpoxt under contract VAS 5 21822
‘Task 4, Pcbrualy 1974.




(1) It is relatively "easy" to discriminate freshly
plowed fields from the same fields covered with stubble from
the last harvest, or fallow, i.e., containing some plant cover

or containing worthless crops left to rot or used for forage.

(2) Crop calendars, throughout the world, are well
known and documented (in the statistical sense) .® This does not
give one ce:tainty as to what will be planted at a particular
point in time in a specified field; but it provides a high
probability that a known crop will be there, oI in the case of
crop rotation, that one out of tWo or three crops will be there.

(3) The inteliigent use of crop_ealendars, as by
Morain, should provide an excellent database together with
LANDSAT data from which to construct the initial acreage
estimates. These must be corrected later for losses (very oc-
casionally also gains)‘due to’hail, flooding, late frost, in-
sect infestation, blight and farmer's decisions ﬁot to harvest.
These points are discussed in more detail'in‘the notes at the
end of this appendix.

“Thus, the initial LANDSAT acreage estimates based on
plowed fields coxlespond to USDA/SRS "plantlng 1ntentlons,
but of coulse are much more neally objectlve. hULLhelmOLe, they
~can be done on a neaxr census- type approach, rathel than u51ng’

a tiny;probability'sample‘w1 th r=lat1vely largc sampl:ng errors.

*Agricultural Atlas



The crop calendars, which should be very detailed, contain the
essential information for classifying with LANDSAT a large
fraction of agricultural aereage in the U.S. (also in other
countries with similar agricultural practices) at the time of

planting® -~ or shortly before. This provides a good estimate

of planting intentions acreage. The fields should be catalogued,
for later information retrieval, so tﬁat the growth of a

healthy crop can be verified, or in cases of severe crop stress
the acreage can be accordingly reduced. Eventually, the LANDSAT
system may also bhe capable of detecting crop condition suf-
ficiently accurately to allow for the measurement of yield by
using intertemporal data on already classified fields, thus
supplying a complete remote sensing system for obtaining crcp

production estimates. In the meanwhile, it is important that

the acreage estimation be done as well as possgible with LANDSAT.
Investigators who are working with remote sensing of °

growing crops as compared o bare fields appear to be attempting

to solve a much more difficult task, i.e., of resolving the in- -

tricate spatial and temporal‘differenCes in spectral signatures

of glOWlng crops. | k

"Granted there is e need fox ths effort in attcmptlng to develop

a complefe cxop productlon Peasulement qystem w1th LANDSAT,

.*g. e Whlch varles both by crops and by counely,'and w1Lh—
‘ in country, by latltude and geoqlaphy as well.
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But pioneers of the crop survey applications effort might have
a better chance of succeeding in the near future if they would
start with the acreage estimation, using the available informa-
trion as to what most likely will be planted in the freshly
plowed fields from knowledge of the local planting times.

Writing in the Type III Final Report (1974) of "Kansas
Environmental and Resource Study: A Great Plains Model," Morain
stated:

"The results presented here demonstrate that a
simple method for winter wheat identification may be de-
veloped given an adequate prior knowledge of local environ-~
ment and crop cycle. The method appears to be applicable
to other crops if suitable distinct crop cycle events may
be defined. Knowledge of the local environment is critical
if the interpretation is to be successfully conducted.
Components of the local environment data set can be taken
directly from . the ERTS-1 imagery (Williams and Coiner, 1973)
but other components are best developed at the local level.
Furthermore, surface observations for a small number of
fields from each environmental area would be a necessity.
The necessity for (1) surface observation, (2) knowledge of
the local environment, (3) knowledge of the local crop- cycles,
and (4) the modest amount of equipment and training required
to perform these interpretations make this meLhod suitable
for 1mplementatlon at the local (county) level.

- NOTES
1. Acrcage nearly always decmcaseqrfrom plentnng
tlme onwards thlough Lhe glOWlng season due to the 5¢mple fact
that crops sufferlng various klnds of stress may be (1) p]owed
: under (11) left to rot in the field (iii) destro yed completely

by hall,or,floods. Nevertheless, occa551onally there are 1n—

creases due to replantlng~w1th another 01op, ye.g. ~a corn crop



is planted on May 1, damaged by flooding on May 15 and sub-
sequently plowed under in late May. The same field is then
replanted with soybeans on June 1 resulting in a net loss of
corn acreage, but a net gain of soybean acreage.
2. Plowing a field under may be done at various
points in the agricultural cycle:
e - post-harvest and pre~planting, usually in Spring,

& pre-harvest by farmer's decision relating to
expected profits.

In the latter case, various reasons fdr plow-under exist:
| e to givé nutrients to the soil.

e to allow for a second crop to be planted.
Whenever plow-under occurs in preparation for ﬁlanting a field,
it is a normai part of agricultural practice.

3. The economic deciéién not to harvest crops already
planted happens very infrequently in poor countries. In rich coun-
tries it may be done for reasons of crop stress,'poor yiéld or low
price expectatioﬁs and ié usually accompanied by plow—under. 0
quever} in the case of 1974 flooding in the Mississippi Valley,
the crops were left to rot ih the fields. If:therenis a decision
to replant a field, it will usually allow a small time window
for LANDSAT.to‘observe the Changé,in the field -~ perhaps a
Week at most.

| 4, In tropical cogntries, the ability tb grow more

than one crop per year makes crop classification by remote



sensing more difficult. This remark applies particularly to

India. Nevertheless, there may be a chance to observe the

plowing between crops.
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APPENDIX D

SAMPLING PROBLEMS IN REMOTE SENSING CROP SURVEY APPLICATIONS

The LACIE Program's Sample Design

Suppesse that the sample consist of M area segments
(e.g.; 5 x 6 mile rectangular areas, as in LACIE) selected
according to a stratified sampling plén for the crop in question.
Tach ségment contains N pixels of thch a fraction, f,, are
cloud covered.. Because theksupervised classification procedure
uses previously designated training fields with each segment,
it is necessary to obtain a certain minimum level of cloud-
free pixels. Segments which have too large a value of fc‘will
be réjected (approximately fc > .20). Wheat acreage is esti-
mated by a weighted sum of the "wheat" pixels in the segments

which pass the cloud cover test.

M . SRR
W=a T 8§,w, & Az Zu. /{0 A:L/N)
o * ;j-l ij i Jei ij7
~where: a = area of 1 pixel
oA e e e |
i if i ‘segment 1s re]ected because of too much cloud
’ cover
T costh G S i
65_ = O if 4 segment 1s accepted.
Aij= 1 if pixel (i,j) is cloud free,

-0 chérwise
wi='sampling weight fOr‘ith,segmént as determined by samp-

‘ wliﬁg p1an 



Zij= area fraction assigned to wheat in pixel (i,3j) -~ from
classification (1 or 0 perhaps?)

Rewriting,

m n,
W=az W 32, L /(1-£ . )
k=1 “k 1,=1 "k J1 Crix
7k k
where m <M on < N and {lk}k=l represents those segments

for which £ . < £
c,i o}

"k
. Nk
and {jli~ -1 represents those pixels
in the (ik)th segment
which are cloud~freé,
There are two problems with thisQ (1) - The subset of the

weights in;ﬁhe~acceptable (cloud-~free) segments does not pro-
vide the correct normalization,'and (2) The number of segments
“(m) and the number of cloud-free plxels in . each segment (nk)

are landom.varlab]cs

fProblem (1) could be attached by ar ificially forcing the

weights to reflect the acLual scgmont selectlon process How~-
Loever, this thrOws the burden onto Problem (2),_a$ the COireCt~_
ed weights w1ll now*depend on m and {ng}i‘i | |

| ‘Wth regard to LACIE Lhe problem is fu]thCl com-
 pl1caLed by th Gloup TII ploceduzes ' £01 countles whlch are

‘not rcplesented in - the lcduced (acccptably cloud flce) sample

of segments aL all ratlo @stlmatev are concocLed ublng last



year's census figures. While this may be a desirable step for
regional or district reporting purposes, it adds no useful in-
formation to‘the national acreage estimate andkcreates further
problems for statistical analysis of the properties of the
estimatcr.‘ The national &creage estimate shocld be handled in
a way that uses the current acreage information from remoﬁely
sensed data after cloud cover screening optimally. This pur-
pose is not served by addlng in agricultural survey oOr census

data in an ad hoc manner to compensate for mlsSLng segments.

Cloud Cover and its Effect on Crop Acreage Estimates

Cloud cover’has two effects on the statistical pro-
pertles of remote sensing estimates of .crop ac1eagc-‘,(l) it
reduces Lhe avallable sample at any one time thu% causing an,
1ncxease'1n variance of the estlmate, (2) it may 1ntroduce blas
‘into the estlmaLe if cloudlness lS corlclatcd with presence or
absence of the crop and no adjustment in sample d031gn or CbL;
mation procedure ;s made. At the segment level it is unllkely
: that the’cloud cover distribution is anything but random, and
LACIE procedules notably 1mply this assumptlon. chever, at
the dlStrlCL or reglonal level; 1t is qulte llkcly that cloud
covexr dlCtrlbutlons w1ll eXhlblL markea paLLeLns of spat:a]
correlatlon whlch leads to the pOSSlblllLy of blas errors in
eqtlmatnng crop ac1eage. For example, if segmentu in‘the,state

of N. DakoLa are flequenLly covered w1Lh clouds or free of

yclouds 51mu1taneously (if you lose one, you losc Lhem all),”

D-;3



then any peculiarities of wheat culture in that part of the
country will be misrepresented in the sample. Although, perhaps,
nothing can be done about the missing remote-sensed data per

se,* the estimation procedure should be compensated for the

effect. One way to do this would be to design the sample -.

select the segments - with cloud cover as well as wheat culture

in mind.
l P>
Probability \ Month = m
of Cloud : :
Cover > C Region = R
0 f , -1

C = Cloud Cover
Area Fraction.

Figure p,1 Cloud Cover Statistics by Weuthcr Region
: by Month

Suggested Methodology: Obtain cloud cover statistics by weather

| region by month (see Fig; 1).' Determine theoretically‘a thres-

'hold'fraction‘(clOud Coverkarea)jfc for acceptance of a segment.

Lk . Consideration could be glven Lo the use of alrcraft
: to f]ll in gaps in Lhe samplo



This fraction should be as large as possible consistent with the
classification procedﬁres. Then stratify the sampling design |
according to cloud cover in the same way that it would be stra-
tified for wheat growing. These stratifications can be done
either in series or in parallel. For instance, the sampling may
be done in two stages. Tirst the total list of all segments in
the country must be stratified according to the wheat-growing
practices. Then‘select'Nl,segments from the wheat-growing
strata with probability proportional to size (amount of wheat

growing in the stratum historically). If nj is the sample size

S : :
in the jth'stratum, thenNl ='Zl nj, where s is the number of

s J - B
wheat~growing strata. These Ny segments must then be stratified

-again by cloud cover probabilities,i.e., the new strata are
homogeneous weather regions. From each cloud cover stratum,
select some number of segments (p.p.s.)* and form a subsample

of size N, < N,. Obviously to obtain N, = 640, it may be

2 1
necessary to use considerably larger first~stage sample size;,
Ni. If my is the sample size in the kth cloud stratum then
N2 =kZl My s where t is the number of cloud strata.

The approach outlined above is frequently employed in
large surveys. It has the advantage of reducing bias in esti-
mation of the key attribute;)'while maintaining sampling

‘efficiency;

E ',~ Probability ﬁroportidnai to size.

: D:‘,5> ‘



Effect of Spatial Correlations Between Neighboring

Segments on Sample Design

The estimates of wheat acreage are not directly af-
fected by spatial correlations between segments {(as already men-

tioned they may be indirectly biased through cloud cover effects);

but the confidence intervals are affected as the following

analysis shows.

Let Xi'= observed no. of "wheat" pixels in ith

segment; and Mi = true né. of "wheat" pixels in
.th .
1 segment.

Let X = 1 W, X, be the wheat acreage estimate where W, are

i=1
sampling weights. ~TIf the Xi are independent binomial random

variables,

' M M 2 o M 2 M;
then var (X) = I W, var (X,) =L W, o, =2 W, N (=)
1=1 1 i=1 Loi=1 N
Mi. 1 Mo o9 .

Now suppose that the X, are dependent, in a specific pattern

indicated by the subscript differences as follows:

T : _ 2 N
E t(ki, ’Mi) (Xj Mj)] oy Cif i 3
O1‘qj Pif i - joo= 1
] 0 if i- 3 > 1
Then var (X) =‘% W2 % + §‘ o o. p W | W ’
o j=1 L 01 422 7371 73 7 -l 3
‘Where oi is‘the same as before.



‘Figure D.2 Numbered Segments in a Wheat "Belt"
The last term is non-negative if p > 0,% so that the pattern of
spatial correlations has caused that much increase in variance
of the wheat acreage estimator.

Had this particular spatial corrélation pattern been
known in advanée, even if the size of p were unknown, one could
have placed a constraint on the sampling plan*: do no select
Si—l or S..q if s, is’selectedﬁ For the game size sample this
constraint would have increased efficiency (harrower confidence
limits) because it would have eliminated the -term with p iﬁ it by
causing Wj4l Wj»= 0 for all j =1, ...M. The conclusion is that

a Study of the spatial correlations would generally improve the

‘sampling efficiency.

* L The occurrence of p < 0 for. spatial phenomena of this
~ type is not plausible: it would involve the implication
that wheat acreage is lower in the "neighboring" segment .
“if it is higher in this segment. However for widely se-
parated segments this could occur for economic recasons.
The full treatment of this subject would require that
advantage be taken of the entire correlation matrix,
“if known. ‘ : - s
D-7
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