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PREFACE

The Agriculture and Resources Inventory Surveys Through Aerospace Remote

Sensing is a program of research, development, evaluation, and application of

aerospace remote sensing for agricultural resources. This program is a coop-

erative effort of the National Aeronautics and Space Administration, the U.S.

Departments of Agriculture, Commerce, and the Interior, and the U.S. Agency

for International Development.

The work which is the subject of this document was performed by the Earth

•	 Resources Applications Division, Space and Life Sciences Directorate, Lyndon

B. Johnson Space Center, National Aeronautics and Space Administration and the

Lockheed Engineering and Management Services Company, Inc. Tasks performed by

Lockheed were accomplished under Contract NAS 9-15800.
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PREFACE

The Agriculture and Resources Inventory Surveys Through Aerospace Remote

Sensing is a multiyear program of research, development, evaluation, and appli-

cation of aerospace remote sensing for agricultural resources, which began in

fiscal year 1980. This program is a cooperative effort of the U.S. Department

of Agriculture, the National Aeroni..,u , ics and Space Administration, the National

Oceanic and Atmospheric Administration (U.S. Department of Commerce), the

Agency for International Development (U.S. Department of State), and the

U.S. Department of the Interior.

The work which is the subject of this document was performed by the Earth

Resources Applications Division, Space and Life Sciences Directorate, Lyndon B.

Johnson Space Center, National Aeronautics and Space Administration and

Lockheed Engineering and Management Services Company, Inc. The tasks performed

by Lockheed Engineering and Management Services Company, Inc., were

accomplished under Contract NAS 9-15800.
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1. INTRODUCTION

The objective of the Foreign Commodity Production Forecasting (FCPF) project

of the Agriculture and Resources Inventory Surveys Through Aerospace Remote

Sensing (AgRISTARS) program is to develop and test procedures for using aero-

space and related technology. Specifically, this testing and development is

done to provide more objective and reliable crop production forecasts several

times during the growing season and to provide improved preharvest estimates

for a range of countries and crops. During the first year of the project

(1980), an exploratory study of at-harvest crop proportion estimates from 1979

Landsat data for spring small grains was conducted on 5- by 6-nautical-mile

segments with*;n the northern Great Plains. To produce segment-level estimates

for this experiment, analysts identify and label target pixels (dots) which

are taken from Landsat imagery. Usually these dots are taken from the set of

209 pixels at the intersection of every tenth line and every tenth sample in a

line.

In one procedure -+or labeling these dots, the analyst assimilates information

from image products, spectral aids, crop calendars, and assorted meteorologi-

-al and agronomic data. The analyst then subjectively applies weights to

these data to arrive at a label for the dot. This method of labeling dots is

part of the Integrated Labeling Procedure (ref. 1) which was used during the

Large Area Crop Inventory Experiment (LACIE) and the Transition Year. The

accuracy of labeling using this method depends to a great extent on the

ingenuity of the analyst doing the labeling. The results can vary greatly

from analyst to analyst. However, because of the subjective nature of the

technique and the amount of information examined, maximum use can be made of

the available data. One problem with a subjective procedure is that it is not

always obvious how the label is obtained. If the label is incorrect, one can

only speculate as to the reason for the error.

1-1
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Because of these undesirable features, it was recognized that a more system-

atic and objective labeling procedure wa:, required. If a systematic labeling

procedure could be developed, the skill re quirements for analysts could be

reduced, the resulting labels would be less variable, and the reasons for

errors would be more easily identified. In addition, the analyst activities

required to produce proportion estimates for sample segments could be

significantly reduced or eliminated by automation.

The Reformatted Labeling Procedure (see appendix A), for wheat and barley was

developed to meet these requirements. It is based on a decision tree labeling

logic. The labeling decision is obtained by answering a series of questions,

with the answer to one question leading to the next question, until the end of

the decision path is reached. The end point of the path determines the final

label. By recoruing the answers to each question involved in the decision

logic, it is possible to determine not only whether the label is correct but

why incorrect labels were obtained.

The U.S./Canada Wheat and Barley Exploratory Labeling Experiment (ref. 2)

provides the first evaluation of the labeling logic in the Reformatted

Labeling Procedure. In this experiment, both the Reformatted and Integrated

Labeling Procedures were used to produce dot labels using Landsat data from

two crop years (1978 and 1979).

There were two tests per •fo-med in this labeling experiment. The first test

(Shakedown Test) was performed using a limited number of segments from the

1978 crop year. The Reformatted Labeling Procedure was developed using data

from this crop year. However, the six segments involved in the Shakedown Test

were not used in developing the procedure. The main purpose of the test was

to Letermine if there were any major problems with the procedure before it was

applied in the second test to segments from the 1979 crop year. This was to

be determined from the labeling accuracy and not from proport i on estimation

accuracy. The study of proportion estimation was the subject of a

supplemental experiment.

1-2



The second test (Test 2) was designed to be i more extensive test of the

procedure using data from a different crop year (1979). In this test the

Integrated Labeling Procedure was applied to the same segments as the

Reformatted Labeling Procedure. This provided a standard for comparison.

This report, however, presents a brief description of the procedure and the

results of the first test only.

1-3



2. DESCRIPTION OF THE REFORMATTED PROCEDURE

To understand the results of this evaluation, one must have knowledge of the

steps in the procedure. A detailed explanation of these steps is given in

reference 2. This section will provide an outline of the procedure.

The Reformatted Labeling Procedure is based on a decision tree labeling logic

which produces progressively more detailed dot labeling. The first step in the

procedure is to determine which Landsat acquisitions should be used in the

decision process. On the basis of crop calendar information, four acquisition

windows are defined. If an acquisition is available in one of these windows,

it is used in the decision process. The following list indicates the biostages

^.	 corresponding to the four acquisition windows ( biostage lengths are shown in

parentheses).

1. pre-emergence for spring wheat (23 days)

2. spring wheat, ;leaded (20 days)

3. barley, ripe (12 days)

4. spring wheat, harvested (15 days)

An additional window (time period A) is defined between windows 3 and 4.

The major steps in the decision logic are shown in figure 2-1. The first

decision separates the spectrally pure dots from the impure dots. The impure

dots are those which exhibit more than one crop signature for the acquisitions

used. Dots may be impure because they are on the borders of fields or because

the acquisitions are not adequately registered with each other. Only the pure

dots are labeled by the procedurel.

For labeling impure dots, a different approach was used. First, the pure dots
were labeled. Second, through examination of the Landsat imagery, the analyst
determined the field with which to associate the impure dot based on the

spatial and spectral characteristics of the impure dot and adjacent fields.
A comparison was then made between the multitemporal spectral signatures of
the field associated with the impure dot and the fields within which pure dots
had been labeled earlier. A labeling decision on the impure dot was then made
on the basis cf the closest subjective matching.

2-1
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Figure 2-1.- Shakedown Test results for the reformatted procedure.
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The second major step in the decision logic separates the pure do-Ls into those

with cropland signatures and those with noncropland signatures. The logic

involved in this step is based on the color of the dot on the production film

converter (PFC) product [figure 2-2, (ref. 3)]. The path used to arrive at

the cropland/noncropland decision is defined by the answers to questions la,

lb, 1c, 2, 3, and 4 (see figure 2-1). The noncropland dots are labeled as

nonsmall grains.

The third major step separates the dots labeled cropland into those with scull

grains signatures and those with nonsmall-grains signatures. The logic in

this step involves the green number (refs. 4 and 5) and brightness for the dot

on each of the acquisitions (figure 2-3). Each of the green number and

brightness decisions is given a number so that the path taken through the

decision logic can be identified.

The fourth major step separates the dots labeled small grains into those with

barley signatures and those with signatures corresponding to other small

grains (ref. 6). This decision is based on a green number versus brightness

plot of the small grains dots for the acquisition in window 3.

2-3
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5
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Legend:

	

RR - brightness	
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Figure 2-3.- Decision logic for pure cropland dots.
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3. SHAKEDOWN TEST WITH 1978 DATA

3.1 EXPERIMENT DESIGN

In the Shakedown Test, all 209 dots for six segments were labeled using data

from the 1978 crop year. The actual number of dots evaluated per segment

varied downward from 209 because of clouds, cloud shadows, data dropouts,

striping, or missing ground-truth inventory. The loss was a small percentage

of the dots. The locations of the segments are shown in figure 3-1. Each of

the segments was labeled by two analysts working independently. By comparing

the two sets of labeling results, the consistency of the procedure could be

evaluated. Five of these six segments were previously processed using the

Integrated Labeling Procedure (ref. 7). These labeling results were used to

compare the accuracy of the Reformatted Labeling Procedure with the accuracy

of the Integrated Labeling Procedure.

3.2 OVERALL LABELING ACCURACY FOR FINAL LABELS

Table 3-1 shows the labeling accuracy for each of the categories labeled (non-

small grains, barley, and other small grains). The labeling accuracy is shown

for all the dots labeled and for those dots which were determined by the anal-

yst to be pure, mixed, or misregistered. The labeling accuracy was greater

for the pure dots (which were labeled using the decision logic) than for the

impure dots (which were labeled by comparison with the pure dot labels). The

numbers in parentheses show the percentage of dots correctly labeled when both

analysts agreed on the label. The labeling accuracies were, in general,

greater when there was agreement between the analysts.

Table 3-2 shows a comparison, on a segment-by-segment basis, between accuracy

obtained using the Reformatted Labeling Procedure and that obtained using the

Integrated Labeling Procedure. Overall, the Reformatted Labeling Procedure

produced labeling accuracies which were comparable to the accuracies for the

Integrated Labeling Procedure. For some segments, the Reformatted Labeling

Procedure obtained better results in certain categories than did the

Integrated Labeling Procedure, while on other segments, the reverse was true.

3-1
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TABLE 3-1.- ANALYST LABELING ACCURACY

[Percent correctly labeled]

Crop
category

All
dots

Pure
dots

Mixed
dots

Misregistered
dots

Nonsmall
grains 91(95) 94(97) 73(78) 82(91)

Small	 grains
(except barley) 72(82) 74(84) 66(83) 55(63)

Barley 51(49) 50(51) 60(-) 50(-)

Total	 small grains 77(86) 79(87) 73(86) 67(76)

Note: The numbers in parentheses show the percentage of
dots correctly labeled when both analysts agreed
on the label.
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TABLE 3-2.- SEGMENT-LEVEL RESULTS FOR SHAKEDOWN TEST

Segment
number

procedure
Correctly labeled  dots,

Segment A
characteristicsSmall

Barley
Nonsmall

grains grains

Reformatted 91 - 93 25% small	 grains
1542 (no barley)

TY 42 - 96 3% other crops

Reformatted 86 44 88 50% small	 grains
1584 11% barley

TY 93.4 45 94 Acquisitions deficient
for barley

Reformatted 57 - 95 75% noncropl and
1656 7% small	 grains

TY 52.6 - 97 No barley

Reformatted. 70 31 95 38% small	 grains
1664 8% barley

TY 87 54.5 94 27% other crops

Reformatted 56 36 81 25% smal1	 grains
1811 2% barley

TY 70 0 94 40% other crops

Reformatted 76 52 91
Overall

TY 75 55 95

Note: Segment 1514 was not processed during the TY.

3-3
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The barley labeling accuracy was not very high for either procedure, with only

half of the barley being labeled correctly. However, the segments involved in

this test had an average barley proportion of only 5 percent, with two seg-

ments containing no barley at all. Because of the nature of the barley/other-

smal',-grains labe l ing technique, the labeling accuracy for barley cannot he

adequately tested if a reasonable amount of barley is not present. Therefore,

in all of the subsequent discussions, barley is considered part of the small-

grains category, and labeling accuracies are evaluated for small-grains/

nonsmall-grains labeling only.

The labeling accuracies for individual crops are shown in table 3-3. None of

the nonsmall grain crops were consistently mislabeled, and of the small-grains

crops, only flax was incorrectly labeled more often than it was correctly

labeled. [This type -if labeling error for flax 2 was observed in LACIE

Phase III (ref. 8) and the Transition Year (ref. 9). Because there is so

little flax, it is difficult on the basis of these and prior results to decide

whether flax should be identified as a small grain or as a nonsmall grain.]

3.3 CROPLAND/NONCROPLAND LABELING ACCURACY

The labeling accuracy for the cropland/noncropland decision logic is shown in

table 3-4. The dots considered in evaluating the cropland/noncropland label-

ing accuracy were those which the analyst had decided were pure. The labeling

accuracy obtained as a function of the path taken through the decision logic

is also shown in table 3-4. None of the paths through the decision logic con-

sistently produced wrong answers. It should to noted that an affirmative

response to question la occurred 84 percent of the time. In those instances

when an affirmative was given, question 3 became the decision maker. While

the labeling accuracy for the dots following this path which received a non-

cropland label was consistent with the labeling accuracies for other pathways

leading to a noncropland label, the labeling accuracy for the dots following

this path which received a cropland label was lower than the labeling accuracy

Although flax is not a small grain, its spectral signature is similar and is
considered as grouped with the small grains.
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TABLE 3-3.- ANALYST LABELING ACCURACY FOR

INDIVIDUAL CROPS

Crop
Number of

dots labeled

Crops correctly
labeled, %

(nonsmall	 grains
or small	 grains)

Nonsmall	 grains:

Alfalfa 58 81

Corn 155 78

Sunflower 109 92

Sugar beets 14 79

Grass 112 93

Hay 137 91

Pasture 539 95

Trees 12 83

Water 34 94

Nonagricultural 111 96

Homestead 23 87

Idle 257 89

Small	 Grains:

Spring barley 111 83

Spring wheat 443 81

Flax 34 41

Spring oats 92 62

Duram wheat 16 100
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of the other pathway leading to a cropland label. Because 66 percent of the

areas of these segments was cropland and because ti- labeling accuracy for the

dots labeled cropland by decision 3 was lower than the labeling accuracy for

the dots labeled noncropland, it can be seen that there were more noncropland

dots incorrectly labeled than there were cropland dots incorrectly labeled.

This, however, presents no later problem since the incorrectly labeled

noncropland dots remain in the flow of the decision logic. They may still be

labeled nonsmall grains. In fact, for this reason i* one of these categories

were to have a low labeling accuracy, it would be better that it be for the

dots labeled cropland. Thus, the fact that the labeling accuracy for the dots

labeled cropland is lower than the labeling accuracy for dots labeled noncrop-

land is not disturbing. There did not appear to be any major problems with

the cropland/noncropland decision logic.

3.4 SMALL GRAINS/NONSMALL GRAINS LABELING ACCURACY

Table 3-5 shows the labeling accuracy for the small-grains/nonsmall-grains

decision logic. The dots used in evaluating the small-grains/nonsmall-grains

labeling accuracy are those which were correctly identified as cropland by the

analyst. The accuracy for this logic appears to be quite good, especially

when there is agreement between the analysts on the label. From the

table 3-5(b), accuracy as a function of path through the decision logic, it

can be seen that a wide variety of paths through the logic are used. None of

the paths appear to produce consistently incorrect answers. This would

indicate that there are no major problems with the logic.

As stated previously, there was not enough barley in these segments to deter-

mine if the barl:y separation procedure was working properly. However, the

accuracy in separating barley from other small grains is presented in

table 3-6. The dots used to determine this accuracy are those which were

correctly labeled as small grains by the analyst. Only about half of the

barley is zorrectly labeled, while almost all of the other small grains are

labeled correctly.
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TABLE 3-6.- LABELING ACCURACY

FOR SMALL-GRAINS/BARLEY

DISCRIMINATION

Crop type
Correctly labeled

dots, %

Small	 grains
(except barley) 95(98)

Barley 61(54)

3-10



3.5 CONSISTENCY OF ANALYST LABELING

Ona of the important requirements for an objective labeling procedure is that

it be consistent. In the Shakedown Test, each of the dots was labeled inde-

pendently by two analysts. By comparing the results obtained by each of the

analysts, the consistency of the procedure can be investigated. The first

decision the analyst must make is whether the dot is pure or not. The results

of this test showed that the analyst agreed on whether the dot was pure

77 percent of the time. The analysts agreed on the final label for the dot

85 percent of the time. Table 3-7 shows the consistency for the major steps

in the procedure. Each of the percentage consistencies is based on those dots

which were consistently labeled at the previous major step. The most inter-

esting feature of these results is that the labeling is more consistent for

pure dots (when the decision logic is used) than for mixed dots (which are

labeled by comparison with pure dot labels).

3.6 RECOMMENDATIONS FOR CHANGES TO THE REFORMATTED PROCEDURE

The results of this test indicated that there were no major problems with the

Reformatted Labeling Procedure. However, in order to determine if there could

be some improvements to the procedure, an error characterization study was

performed on the labeling from this test. The general conclusions from this

study were that the consistent errors were due to atypical signatures and that

there were no specific confusion crops. The error characterization did pro-

vide some suggestions for changes which would improve the procedure and reduce

the chances of clerical error.

One of the most important recommendations concerned the handling of nonpure

pixels. In the Reformatted Labeling Procedure, these pixels were reserved for

labeling by imagery comparison after the pure pixels were labeled. This test

showed that the labeling accuracy and consistency for these reserved pixels was

less than for the pure pixels. Because of this difference, it was suggested

that (if possible) the analyst should determine from the imagery which field to

associate with the mixed pixel. Then a pure pixel should be designated in the

field associated with the mixed pixel. The label for the mixed pixel could be

-
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TABLE 3-7.- CONSISTENCY OF LABELING AS A FUNCTION OF

DECISION LOGIC STEP

Decision logic step
Consistent labels, %

Overall Pure dots Mixed dots

Cropland/noncropland 80 85 48

Small	 grains/nonsmall	 grains 85 95 76

Small grains/barley 92 94 86

3-12



determined by applying the decision logic to the pure pixel associated with

it. This should increase the labeling accuracy of the pure pixels associated

with the mixed pixels to the same level is for the pure pixels.

Another recommendation involved question 3 of the cropland/noncropland

decision logic. This question determined the cropland/noncropland decision

84 percent of the time and exhibited a lower labeling accuracy than did other

paths. In addition, there was a certain amount of inconsistency in answering

this question. The question asks whether the pixel is some shade of red on

all acquisitions. It was recommended that the question be expressed in terms

of the green number for the pixel rather than in terms of color on the

imagery. This should make the luestion more objective.

Recommendations were made for improving the clarity of the procedure and

reducing clerical errors. In particular, the use of the time period A acqui-

sitions in the small-grains/nonsmall-grains decision logic was not clear in

the original procedure. Figure 3-2 shows the logic after it was revised to

make use of the time period A acquisitions clearer.

A number of review steps and internal consistency checks were incorporated

into the label recording forms. This should help to eliminate clerical errors

from the labeling process.

I&-

a:l
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4. CONCLUSION

The results from the Shakedown Test indicated that there were no major prob-

lems with the Reformatted Labeling Procedure as it was applied to the segments

involved. The labeling accuracies were comparable with the accuracies for the

Integrated Labeling Procedure. Though this performance needs to be verified

through more extensive testing, the reformatted procedure does represent a

substantial automation of the labeling process. With the recommended changes

to the procedure, the Reformatted Labeling Procedure should be ready for

testing on 1919 data.

k
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DEVELOPMENT OF THr

REFO&MATT ED SPRING S14ALL GRAINS L1:3ELING PROCEDURE

Objective

The objective of this effort was to develop a procedure for

labeling small grains and barley in the northern U.S. Great

Plains segments by converting the U.S. spring small grains and

barley separation procedure used during the Transition Project

to a format similar to the corn/soybez.ns decision logic (Raf. ).

The techniques that were used in the Transition Project were

to be enhanced whenever possible.

Approach

Following a comprehensive review of the Transition Project

labeling' procedures, alternative methods for performing some of

the steps were identified. These alternatives were designed to

leave fewer subjective analyst decisions in the labeling process.

The new techniques were tested using segments from the

developmental data set. Necessary modifications and revisions

were made before incorporating them into the overall labeling

procedure.

Developmental Data Set

The labeling procedure is based primarily on analysis/
observations of the segments shown in figure 1 which comprised

A-2
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the developmental data set. Shaded areas on the map represent

the major barley producing regions of each state.

Criteria for selection of the segments were based upon having

a sufficient number of acquisitions to adequately describe the

growth cycle of spring small grains and having a reasonably

large proportion of spring small grains, particularly barley.

In South Dakota and Montana, an Intensive Test Site and two

phase two blind sites were used in order to obtain segments

which were suitable for labeling procedure development.

Discussion of the Procedure

There are essentially three major divisions within the labeling

procedure (appendix Al). These are 1) the separation of dots into

either cropland or non-cropland, 2) the separation of cropland

dots into spring small grains or non-spring small grains, and

3) the separation of spring small grains dots into barley or

other spring small grains.

For the cropland/non-cropland separation, the procedure relies

on a slightly modified portion of the Decision Logic for Major

Land-Use Categories which was developed as part of the corn/

soybeans procedure.

A-4
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TABLE 1.- EXPECTED CHARACTERISTICS OF ACQUISITIONS

AS A FUNCTION OF WINDOW

Window Description of spring small grains
Product 1 appearance of

spring small grains

1 Plowing/planting for spring small Light to dark green,
grains light to dark gray,

All spring small grains appear to
black

be bare soil

Sprinr wheat Robertson stage
0.8 - v.4

2 All spring small grains appear to Red, pink, brown
be green vegetation.	 (Most of the -::^Ange
summer crops appear to be bare
soil.)
Spring wheat Robertson stage
3.8 - 4.5

3 Spring barley is turned/harvested Deep red, reddish
and spring wheat, oats, and flax brown, brown, orange,
appear to be green vegetation pink, yellow, gold,

olive, white, gray,
green

Spring wheat Robertson stage 4.7
to beginning of harvest

4 All spring small grains appear to Light to dark green,
be turned/harvested. light to dark gray,

white, yellow, gold,
olive, black

PRECEDING PAGE: BLAND NOT FILMED
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tion to the window 3 acquisition.
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window should allow accurate separation of spring small grains

from non-spring small grains. In an attempt to provide a more

objective description o% appearance, green numbers and bright-

ness were used in lieu of color descriptions for this procedure.

Observation of the behavior of the green number/brightness of.

spring small grains on segments from the developmental data set

was used to establish the green number/brightness criteria for

sp-'.ng s-1-111 grains as a function of acquisition/window. These

cutoffs were utilized in the decision logic for spring small

grains.

For the separation of barley and other spring small grains,

much of the transition project labelingprocedure was relaine,

However, there are several important modifications includii)3

the followinU:

1) The separation acquisition is selected using

an objective procedure. This is the window 3

acquisition.

2) The decision boundary on the green niuyber versus

brightness scatter plot is a straight line with

fixed slope.

3) The concept of dot drift is introduced to assist in

determining the location of the decision boundary.

Dot drift is the direction of movement in the green

number-brightness plane from the window 2 acquisi-
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Minimum Acquisition/Window Require:nen•:.s

The definition of a minimum data set For processing segments with

this laheling procedure reflects extensive LACIE experience in

addition to observations of the segments from the developmental

data set.

A window 1 acquisition was known to be a requirement in mixed

wheat areas to provide separation between winter and spring

small grains. This requirement was extended to all of the areas

of interest because of its additional value for separating

L 
Iw	 natural vegetation.

An acquisition in window 2 or window 3 is required to provide

a date when spring small grains are growing. Since the barley

separation technique relies on observing barley turning/harvested

while the other spring small grains are pre-turnin g„ a window 3

acquisition is required to execute that portion of the procedt:-re.

An acquisition in window 4 is essential in areas such as South

Dakota and Minnesota to avoid confusion between summer crops

such as corn and spring small grains.

A-1;
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REMILMATT.ED SPRING SMALL GRAIN'S L-,B!:LII:G PROCEDURE

The reformatted spring small grains labeling procedure is

designed to be used for assigning labels to a pre-determined/

selected number of dots. Spectral data or statistics from

these dot labels May be used as input to a machine classifica-

tion/clustering algorithm.

The general flow of the steps involved in the procedure is

detailed in the diagram in figure 1. r-ollowincr acquisition

selection (step 1) , the combination of acquisitions/erindo^-rs

available are considered to determine the type of labelinc,

if any, that can be performed usinc; the procedure.

If the available acquisitions/windows are sufficient for

barley separation, the entire procedure can be executed. If

an acquisition from window 3 is not available, onl y the sl ring

small grain: portion (steps 4 through 7) of the procedure can

be used.

r
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OF POOR QUALITY

1. Select Aciulsitions

Using the historical crop calendars for spring, wheat

and spring barley, deter.:rine the opening and closing

dates for each of the f ollov, ing four windows:

Window I	 O,)cn

I	 Snrinc^ r:heat 50'
Flanted-5 days

2	 Spring Wheat 50 9
Headed -10 days

3	 Spring 'Barley 501'
Turning to Ripe -
6 days

4	 spring wheat 504'
Harvested + 15 days

Close

Sp: , it;^; ;lheat 5 0 ti
Pi-.nted - 18 days

SDrin - 'Oheat 50„
?ended + 10 days

Sp:• inr' Harlep 50
Turnino to Ripe +
6 c a;; s

Spring ;lheat 50'
::s;,vestc d + ;0 days

Sort all available acquisition; cc-rc ring the gro::i;t^;

season for spring shall ;;rains (be,,-inning of plantln

to one month after the completion o:' harvest) into

these windo+: s.

Select one acquisition per window. If sore than one

acquisition falls within a v.indor:, select the one

closest to the middle of the xindow. If two acqui-

sitions are equidistant from the middle. select the

latest cne.

If a vz^pdow does not contain an acquisition L;r.t one

falls within three days of the opening or closing

of the window, refer to the ad just.ed croT> calendar.,

meteors o,,ical sun=a.ries and location of the segment

Within the crop reporting district to determine

whether or not the acquisitlon should be included

in they windov..
A-12
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For example, if an acquisition frills three days

after the close of a window and the adjusted crop

calendar/meteorological suzmaries indicate that in

the area of the segment spring small grains are late

developing or the segment is In the northernmost part

of a large crop reporting district, include the

acquisition in the windoo:,

In a similar manner, acquisitions falling within

three days of the start or end of a ^rindovr may

be e y cluded from the window. Sup pose an acquisition

is collected two days before the close of t-:indow 1

and the adjusted crop calendar/reteorolo.,ical

summaries indicate that spring small trains

develo,. .ent is considerably ahead of normal in

the area  of the segment. The analyst should select

another acquisition or if there are no other can,'Lldat: -s,

conclude. that no window 1 acquisition exists.

If available, the window 3 acquisition is to be used

as the base acquisition for labelin g . If there is

no window 3 acquisition, use the s:indot, 2 acquisition.

If neither of these windo s contain an acquisition,

the segment is unprocessable.

Screen the base acquisition for data quality. If

the acquisition contains excessive (a40-5) clouds,

cloud shadows, ha--e or snow or other problems such

as data dropouts, banding, etc., revert to the second

choice for the base ac:;uisition. If data quality on

the second choice is unacceptable, revert to the third

choice. Continue until a vase acquisition with

A-13
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with i.eceptable data quality h. ,-.s `:een selected or

the 15.st of candidates has been exhausted.

Scree: each of the other selected acquisiti Ins for

data quality using the same criteria plus registration

to the base acquisition to .1, one pixel. In each case,

if the acquisition fails the d<<ta quality test, revert

to thy: second choice, third choice, etc.until an

aceep •-able acquisition has been found or the candidates

have been exhausted.

The decision logic for spring small Trains

requires the use of acquisition(s) in additicn

to those previously selected if available.

Acquisitions collected vithln the time pert cd beginnin;;

with the close of window 3 plus 40Z^ of the distance

between the close of window 3 and the opening of

window 4 and ending with the o pening of vrin;Io:: 4 are

described as being in time period A. This period

is graphically described in Figure Z.

The acquisitions selected and the time period A

acquisitions should be recorded on the acquisition

form as shown in Figure 3. The format of year, day

should be ured. 8124 inlicates the 124 th day of 1978.

A-14
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July	 I	 August	 September	 October

7/21 8/2	 9/9	 9/24

d_ _- 38 days	 ^r

0	 0
c	 ^
3 2 Aug. + Ad	 3

8/17

Time
period

A

Figure 2.- Graphical description of the determination
of time period A.
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2. Check for h;ini.mum 21r.ta 	 OF Poch? QUA LiTy"

Refer to the map in Figure 4 to determine if the

combination of windows/acquisitions available meet

the minimum requirements for processing. If the

combination available is not listed as a processable

data set, there is inadequate data for spring small

grains labeling using this procedure.

3. Check for a7.inimum data for bar]ev sennrp tion

The t'arley separation procedure is based on the

assumption that barley ripens and is harvested

before spring v;heat, oats and flax.. The mcquisitIon

selection process for selecting the window 3

acquisitior, is intended to isclate the acquisition

where this difference is maximized. Therefore, an

acquisition in window 3 is required for tl-is

procedure.

A-17
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OF PO, ; ( UA" LlYY
4. Catevorize a ch dot Ps ntr ire,	 mi^?^erister.fd or

obscured by clouds, cloud sr.aac,*s or% '-Zr..

The following definitions are used in this step:

Pure dot - A dot which is completely eithin the
same field/area on each of the selected
acquisitions.

Mixed dot - A dot which is only partially within
a field/area on the base acquisition.

Misregistered dot - A dot which is co.^.pl.etely
within a. field/area on the base
acquisition but shifts either
partially or completely out of
the field / •area on one or more
of the selected acquisitions.

Using the base acquisition, locate the field/area

associated with the dot of interest. If the pixel

is not the same color as the field/area it is associated

with, the dot should be considered missed. For exa-- le,

in Figure 5, the dot of interest is associated with

flold A, a , white field. If the pi-,el at this to,-.ation

appears pink rather than approximately the some coinr

as the other pixels in field A, the dot should be

considered mixed.

If the dot is not missed, the same test should be

applied to the pixel at this location on each of the

remaining selected acquisitions. If the dot shifts

partially or completely to another field, it should

be considered misregistered. If the dot remains

completely within the sane field/area on all of the

selected acquisitions, it should be considered pure.

A-19
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i

Figure 5.- Relationship between a dot. and a field.
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The determination of pure, mixed or misree,istered

should be recorded on the labeling, form as shorn

in Figure 6. (P-pure, t-;-:nixed, ?-misregistered)
If a clot is found to be mixed, record the coordinates

of an interior pixel from the field with which the

dot is associated.

If a dot is obscured by clouds, cloud shado ,,- s or

haze on any of the selected acquisitions, leave

the pure, missed, * rrisregistered column (column 13)

blank and record a U in the final label column

( column 47).

OF Pii01i
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5. Serara`.P nure cants Into c' nn': ,f nI nr n on-nronl%nd
— ssfl:f; L'!i ^ a c qu; Si 1;10."AS E.(' 	 OiL k 3 n.

execute the decision logic shc ,ln In Figure 7 for

each pure dot recording your responses in columns

15 thru 19 of the labeling form as shoen in Figure

8 (Y-yes, N-no).

If the decision logic Indicates that the dot is

non-cropland, a D should be cr.tered in the first

label column (column 45). If the dot is cropland,

column 45 should be left blank at this point.

The decision logic in Figure 7 is a portion of

the Decision Logic for KaJor Iand-Use CateZor ies

(Figure 9) which has been slightly mcdifir.d for

this procedure. The oo.plete Decision Logic for

Major Lp.nd-Use Catcgcrics can be f ow%d In r fpucnd'A.x

B of the- :, )et , -, i]cd	 r-,tI^^i s Prc	 fo,-	 iCr:

Pro sect_3 ^^

OF f'ajq QU i^_fT1/
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OF POUR

6.	 Se;^^^•^: ;e Pure cron.].rir.d cots lr. •_c srrSn•^ s :3] ;.ra`nr;_•	 _
and T ^- rr • i • .r s-7 11 r<;^^^s.

For those pure dots determined to be cropland,

execute the decision lode in Figure 10.

Those pure cropland dots t ,:hich meet the green nurbcr/

brightness criteria for spring small grains on the

acquisitions selected fro g	are subjected to

a final test by requirinU, that the green nu er be

less than 20 on all acquisitions collected during

time period A. If the green number is not usable

on these acquisitions due to Wisreg5.straticn, the

dot should be reserved for lacc]ln6 along ;:Sth the

mi7:.,d and mi sregi stered cots.

The r;rcen num l-crs/brightness	 which are used

In rucking the decisions should I)c =ecordcd !n

colur -zs 20 thru 43 of the ID- tellnr7 form as sh:d,.-n

In Fif;u:e 11. !'1,c labels of s ^or spring smnil

grains and N for non-sprinrr small grains shoo.::

be. recorded in column 45.

^ L
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OF POOR QUALITY

Figure 10.- Decision Logic for pure cropland dots.

r
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7- label .-Axed, ^ r^r! ^'ere:I __:'^ !?F^,c z^^ ^d Dogs
COa:c

Delin(:ate and annotate enouDh of the fields/areas

associated with dots which nave been labeled D, 24'

or S to provide a representative cross sectic.n of

each class. Compare the iT-.arery appearance ( Product 1) ;'

of each field/area associated with a riYed, misregistercd

or resorved dot to the annotated i 1c]as&r:•cs and

select the field/a rea which is moct cimilcr In

appearance. Record the label of thr . selectee: field/

area far the mi yed, =Isre; Istere.1 or reserved. clot.

Record the labels in colu.-n 45 of the label firg form

as sho:r:l• 1n Fir-ure 12.

ORICANAA. e°'A C,;E IS

OF POOR QUALITY

For instruc Aons on the use of Product j, ref car to
the	 Imal vsiS Proce'1are^s fcr	 14 c^
Proiect• ,,•^','o^^

A-30
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OF POOR QUALITY

6. Label. ( • ach rT)r1rc:	 grain	 as	 °. Q or i%

In column 45 of the labeling fora, record one of the

follo*•71ng labels for each spring small grain dot.

(The recording is illustrated in Figure 13.)

B - (barley) - spring small. grains in the more

advanced groi-th stages. 	 (bright jAnk, yello,,-:,

bright gold, tan, white, light Cray, light

green on Product 1 from . window 3)*

S - (spring wheat, oats, flax) - spring s;Lall grains

in the least advanced sta,;es. ( red, brown,

reddish brov.,n on Product 1 from window 3)*

Q - spring small Brains which appear to be betti•.een

the groups labeled B and S. Some spring :heat/

op ts fields Way be at the soft dov:,h or ripe stage;

as illustrated in Figurc 14. They ti•^ill not have

a bright appear:.nce but. of*r.,n:•.*ise :.a;; bn conf c.se;:

with barley. Dots which fall into f Bid. such

as this should be labeled Q.

V - spring small grains dots v.hi.eh were determine'.,

to be mixed unless they are associated with a

field containinZ a dot labeled B or S. If they

are, • % they should receive the same label as the

pure dot.

For instructions on the use of Product 3, r^f^r to
the Detailcd Anal y sis ProcrCl ures for 1rcn ^it^oi:
Fro,iect 'rFi'r ^^.

A-32
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9•	 Genoa	 n prn.o
1i
 ^,;	 î r ^^(.,,.-^:c ;fir! :;,} ^ c^ sca *' f o r L^ - t

of t. hc' y ' ^. i cl̂ rli.l l' C1nrr t)C '^^	 ^^^	 y`^i	 a  i .In!"-:

Transfer the labels froze C011ILM 46 of the lrb::ling

form to a Process Request Fors: and gcnerate a

green number versus brightness scatter plot using

the window 3 aequisitt^)zz. If a window 2 acquisition

is available, request green nuumber versus brightness

traj%:ctory plots using the acq uisitions from

windo*.-rs 2 and 3. (Additions.1 acquisitions up to

a total of eight any be incluced. )

The rolatienship bet-^ een tho location of a dot on

the s:satter plot and it-aCery color/t:.re-/, , th st^;;;e is

generally as sho:rn in Figure 14. The barley dots

will fall to the right of the decision line and be

widsl,► scattered. The o 1Chec • sprii7g s::all	 I

form e. relatively tight cluster in t1he region noted

as late headed to milk dou0j,
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10. Uetor:bine Decisl,nn Linn.
	 OF POOR OUAL Cy

If there a s B and S dots, cc 	 -uct a line on the .

scatter plot- of the form GIB = 1.1 B'.3	 constant

throurch the S dot. where the constant is a minirxxi,

and no pure B dots fall to the left of the line ( Line 1.) .

Construct a line of the form CN' = 1.1 FR + constant

throu ,.rh the B dot where the ccnst=:nt it a mar.i:rx,..

and no pure S dots fall to the right of the line (Line B).

(A template is provided to assist in constrvctinE

these lines.)

If the location of the dots is such that a line

canno,. be constructer, reex ^Ane the 1:.&F.e ,^;:c'ar ncc

of t-ho dot(s) which prevent ccrstruct?cr, of t);e line.

If the ors gLnnI label (s) :cre :r, ergo:•,

label(s) end ccntlnu ,̂ , .	 If' the on in ,;l ,a^c. 1 1 s) arc

confirc:ed, place the lira just to the ri,7?:t of the

right¢.ost S dot In t)^c css.: of Line: n or just t^ t%:c

left of the leftmost B c„t in the ca--c- of Line

If a *window 2 acquisition is available, green nu::,L•F•r

versus brightness trajectory plots ..111 be use;: to

assist in determining, the decision line. Ger.err111

in the time period from windoo. 2 to :•*in3c,•r 3, bwrley

dots became less greet: but briE,hter. Thc. dot drift

or direction of movc•:Lent on the trajectory plot will

be do,':n and to the right. Durin;, this same no.rica,

spring wheat and oats dots become less green ant

less bright. The dot drift will be dorm and to ti-e left..
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If a uindow 2 acquit iti:n is c-&I.1able. transfer the

dot drift frca the green	 versu.., brightness

trajectory plots to the -c cr.ttc: • plot for e g c.h dot

between lines A and B. Place the decision line

parallel to and between lines t. and B such that dots

having different drift characteristics are sepa:cted.

An example of this is shown in Figure 15•

If a window 2 acquisition is nct a,,al)a'c, le, niece

the decision line between and para)lel to lines A

and B such that 1) No dots to the ri,:h',-. of the line

appear to group with the S d%;t;; and 2) Dots to

the rirht of the line are ti%id ,̂ay scL t.ered as opposed

to the closer knit group to the: left of the line.

This technique is illustrated in FiLt;re 16.

If no dots were labeled B, conttruet U ne r.. If

2 acouisition is available, c!:eck t!:c cct drift cf

dots .h1ch fall to the riEht of the line to dct•.cc?•l-16ine

If they behave more like barley (Increase in br' ;^htnc-ss

with decrease in Freen number) or sprinE :::;cat:(^lec:e^. c

In brightness T,.ith decrease in green number). Use the

dot drift, scatter as opposed to clustering and. TiEvre

14 to determine if Line A should be the decision, line

or it should be to the right f and psrallel to Lire

If no dots were labeled S, construct Line B. Use the

sama technique described above to deterMine if Line B.

should be the decision line or xhethri) , it should be

placed to ,:he left of and parallel to Line D.
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11•	 T('^11^r,1 Dct.-	 r crord!rrr to Ior"'t On Cf .1n r• i:7,Jcr,, —, nr,,

All Q and V dots whi r.l-: fall to the	 c4' the decision

line should be lsbeJed B in th-^ final label coluxrn.

All Q and V dots which fall to the left of the decision.

line .should be labeled S in the final label eolu:: .

The original interpretation should be confirmed for

any p , ire 3 dots which fall to the left of the ] Inc

and any pure S dots which fall to the ri ght of the

line.

Final labels should be recorde,i cn the labeling for:

In column 4 7 as shol-., n In F it"urc 17.
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PREFACE

The Agriculture and Resources Inventory Survey-, Through Aerospace Remote Sensing

is a multiyear program of research, development, evaluation, and application of

aerospace remote sensing for agricultural resources, which began in fiscal year

1380. This program is a cooperative effort of the U.S. Department of

Agriculture, the National Aeronautics and Space Administration, the National

Oceanic and Atmospheric Administration (U.S. i 	 ..'6ment of Commerce), the Agency

for International Development (U.S. Department of State), and the

U.S. Department of the Interior.

The work which is the subject of this document was performed by the Earth

Resources Applications Division, Space and Life Sciences Directorate, Lyndon B.

Johnson Space Center, National Aeronautics and Space Administration and Lockheed

Engineering and Management Services Company, Inc. The tasks performed by

Lockheed Engineering and Management Services Company, Inc., were accomplished

under Contract NAS 9-15800.
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1. BACKGROUND

The Foreign Commodity Production Forecasting project of the Agriculture and

Resources Inventory Surveys Through Aerospace Remote Sensing (AgRISTARS) pro-

gram was responsible *or developing and testing procedures for using aerospace

remote sensing technology to provide more objective, timely, and reliable crop

production forecasts. One of the components of production estimation is

segment area estimation. Since large-area acreage estimates for small grains

depend upon segment-level proportion estimates, it is important that those

proportion estimates be as accurate and precise as possible. Prior to the

AgRISTARS program, several procedures were tested in an attempt to find an

accurate and efficient method for estimating small-grain proportions. In the

resultant method, Procedure 1 (P1), labels were used in the random selection of

training pixels to start a clustering algorithm. Then, cluster statistics were

used to produce a maximum likelihood classification of the scene into 2- or

3-class strata. Finally, stratified proportion estimates were made using a

second random set of labeled dots. However, this classification component

provided no better results than those which could have been produced through

simple random sampling. Thus, clustering had not beer, an effective method.

Consequently, a new clustering algorithm was developed (refs. 1 and 2).

Previously, clusters were used to define distributions in the data. The new

algorithm used clusters to generate strata within which crop proportions could

be estimated. One advantage of this algorithm was that, as an unsupervised

routine, a first set of trair'ng dots was not needed (as in P1).

In addition, a proportion estimation technique (ref. 3) which used the clusters

of this algorithm was developed. This technique involved Bayesian estimation

of cluster-level proportions based on historical information concerning cluster

purities. The cluster-level estimates were then weighted by their relative

cluster sizes and aggregated to produce the segment-level estimate. Use of

this technique was expected to provide better proportion estimates. The tech-

nique also implemented sequential sampling in an attempt to sample the segment

clusters more effectively and further reduce the expected mean squared error

(MSE) of the proportion estimation.

1-1



Characteristic of this new estimation technique, the Bayesian Sequential

Allocation/Bayesian Estimator (BSA/BE), was the selection of dots, one at a

time. The sampling technique was an attempt to minimize the MSE of the propor-

tion estimate. Before each sampling of a dot, expected effects to MSE estimates

were made for each cluster; and, on the basis of these estimates, a sample was

taken from the cluster that was expected to most reduce the MSE. This manner of

sampling provided an additional feature: the option of sampling with a fixed

sample size or varying the sample size from segment to segment. Varying the

sample size could be managEd by halting the sampling when a predetermined

threshold was obtained for the internal MSE estimate. Varying sample sizes in

this manner was to provide uniform accuracy across segments by sampling more

frequently from more "difficult" segments.

A 10-segment development test of the BSA/BE (ref. 4) showed that there was at

least a 2-to-1 reduction in the MSE from that observed from P1, a reduction in

proportion estimation error, and improved analyst labeling accuracy.
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2. APPROACH

Flow diagrams of the BSA/BE technique and P1 are presented in figures 2-1 and

2-2, respectively. Table 2-1 shows the four steps involved in stratified areal

estimation	 a comparison of the BSA/BE to P1 at each level. The BSA/BE dif-

fers from til at three of the four steps; whereas P1 makes use of approx4mately
proportional allocation of sample dots to Iterative Self-Organizing Clustering

System (ISOCLS) clusters and a relative count estimator of cluster-level propor-

tions, the BSA/BE technique makes use of sequential allocation of sample dots to

CLASSY clusters and a Bayesian estimator of cluster-level proportions. By

incorporating only step 1 of the BSA/BE into P1 (that is, by substituting CLASSY

clustering for ISOCLS clustering) and proportionally allocating sample dots to

clusters based on cluster sizes, a new estimation technique, the Proportional

Allocation/Relative Count Estimator (PA/RCE) is defined. By additionally incor-

porating step 3 of the BSA/BE, the Proportional Allocation/Bayesian Estimator

(PA/BE) technique is defined. Both of these techniques were included for test-

ing in this experiment. A fourth technique, the Random S;impling/Relative Count

Estimator (RS/RCE), was also included in the experiment. The RS/RCE, which ran-

domly samples the entire scene without regard to clusters and employs a relative

count estimator of segment-level proportions, was included since P1 had not

proved to be significantly better than the RS/RCE. The PA/RCE was included to

determine the effectiveness of CLASSY clustering. The PA/BE was included to

determine the effect of the cluster-level Bayesian estimator with proportional

allocation.

For each of these four techniques, the dot sets that were input had labels from

one of three possible sources: the integrated labeling procedure (ref. 5), the

reformatted labeling procedure (ref. 5), or ground-truth data. Combining the

four techniques with the three sources of dot labels and the two sample size

requirements (fixed or variable), 24 estimates were made for each segment. Tr

effect of these three factors on the estimates was to t! determined.

2-1
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Examination of the effects of the different techniques will, in essence, measure

(a) the effect of using stratified random sampling of CLASSY clusters, which are

proportional to cluster size, in estimating spring small-grain proportions

rather than randomly sampling the entire scene; (b) the effect of Bayesian

procedures rather than relative frequency in estimating proportions at the

cluster level proportions; and (c) the effect of Bayesian Sequential Allocation

rather than proportional allocation in estimating spring small-grain proportions

(ref. 7).
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3. METHOD

The dot sets from which samples were taken contained dots on one of the four

major grids or alternates for grid dots. Enough dots were labeled from each

segment so that 75 dots were allocated proportionally to the clusters; this was

usually the 209 dots from the first grid plus a few (1 to 10) from grid 2.

This was to insure that each cluster would have enough dots for sequential

allocations. If it was determined that a grid dot was a boundary dot, an

alternate dot was substituted for labeling purposes since boundary dots present

special labeling problems; pure dots have been found to have higher labeling

accuracies than do boundary dots, but to ignore them by using only pure grid

dots in proportion estimation could bias results (refs. 8 and 9). From these

V.	 dot sets, sample dots were taken for proportion estimation.

Two separate estimation processings were made for 35 spring wheat segments:

for one, a fixed sample size of 50 dots was used; and for the other, varying

sampling sizes from segment to segment were allowed.

To permit variable sample sizes, two dots were automatically allocated to each

cluster so that MSE estimates could be obtained. Then, a threshold was set on

the internal segment MSE estimate (MSE = E(p - p) 2 < .0020). When this thres-

hold was reached, sampling was halted. To achieve comparable results using

other techniques, this same sample size was applied to them to obtain propor-

tion estimates. Thus, while the sample size could vary from segment to seg-

ment, it was constant among the techniques by which estimates were made for any

particular segment.
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4. RESULTS

Because there were insufficient data (only nine segments were processible using

the reformatted procedure) on which to base an evaluation when the reformatted

labeling procedure was used, the part of the evaluation which would include

that procedure will not be considered. In appendix A, however, the results are

presented for the four estimation techniques for which labels were obtained

from the reformatted procedure. Only those results which were obtained when

the integrated procedure labels or ground-truth labels were input were

considered in the evaluation.

Although estimates were made with fixed and variable sample sizes, emphasis

during the evaluation was placed on the fixed sample case. Results of the

variable sample case were comparable to those of the fixed sample case; these

results, which include biases, MSE's, and plots of proportion estimation

errors, are presented in appendix B. Further discussion of the analysis and

results will concern only the fixed sample case for input dot sets with labels

from the integrated procedure or ground-truth data.

Tables 4-1 and 4-2 present biases of proportion estimates, standard deviations

of estimate errors, and MSE's for all 35 segments when dot labels from the

integrated procedure were input. The errors are shown in figure 4-1

(ground-truth proportions for these segments are presented in appendix C).

On the basis of analyst-interpreter (AI) labels, the PA/RCE technique provided

a significantly less biased estimate and produced less variable errors than did

random sampling. The fact that the errors were less variable showed that the

clustering algorithm had been effective.

When ground-truth labels were input, the errors produced using the PA/RCE were

less variable than those of random sampling (table 4-1 and figure 4-2); but,

the disturbing res-1t was the significant bias produced by random sampling.

With ground-truth labels input, random sampling was expected to provide an

unbiased estimate. Ground-truth labels were input to determine the effect of
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TABLE 4-1.- ACCURACY ANU PRECISION OF THE INTEGRATED

PROCEDURE WITH AI LABELS AND GROUND-TRUTH LABELS

Technique

Al	 labels
Ground-truth

labels

Bias
Standard

MSE Bias
Standard

MSE
deviation deviation

Random Sampling/ -5.7 7.7 90 -2.5 6.9 53
Relative Count Estimator

Proportional/ -4.0 6.2 53 0.0 4.0 16

Relative Count Estimator

Proportional	 Allocation/ -3.5 6.0 47 0.5 3.8 14

Bayesian	 Estimator

Bayesian Sequential	 Allocation/ -2.7 6.8 52 0.4 4.7 22

Bayesian	 Estimator
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TABLE 4-2.- RELATIVE ACCURACY AND PRECISION OF THE INTEGRATED

PROCEDURE WITH AT LABELS AND GROUND-TRUTH LABELS

Technique

AI	 labels
Ground-truth

labels

x Relative RV Relative
RV

p bias,	 % p bias,	 %

( a ) (b) (c) ( a ) (b) (c)

Random Sampling/ 23.4 -24.4 32.9 26.6 9.4 25.9

Relative Count Estimator

Proportional/ 25.1 -15.9 24.7 29.1 0.0 13.7

Relative Count	 Estimator

Proportional	 Allocation/ 25.E -13.7 23.4 29.6 1.7 12.8

Bayesian Estimator

Bayesian Sequential 	 Allocation/ 26.4 - 10.2 25.8 29.5 1.4 15.9

Bayesian Estimator

aAverage proportion estimate = p

bRelative bias = 'p	X 100%

p

0
cRV = 100 X e = relative variation

p
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techniqueF with unbiased estimators on the variability of erro rs and the effect

of techniques with biased estimators on both the proportion estimates and the

variability of errors. However, random sampling as an unbiased technique, pro-

duced a significant underestimate even when ground-truth labels were input. To

determine the reason for this result, the biases of the 209-plus pixel in!,ut

dot sets were examined since these were the sets from which the 50-dot samples

were taken. The bias (over all 35 segments) was found to be -0.8 percent, and

the estimate produced by random sampling was not really significantly biased

with respect to this. This indicates that the use of the PA/RCE technique

resulted in the overestimation of the 209-plus dot proportion estimates by

0.8 percent. While this was not a significant overestimate, it should be

noted. The important result achieved was the reduction of error variability

produced by the PA/RCE from random sampling when AI labels and ground-truth

labels were input. This reduction was attributed to CLASSY clustering.

Cluster purities are further discussed in appendix D.

Since clustering was effective, the next step was to determine the effect of a

Bayesiar, estimator. For the PA/BE, the same dots that were used for the PA/RCE

were again used. Thus, the only difference between the two techniques was the

estimator employed; with the PA/BE, a cluster-level Bayesian estimator was used

instead of a relative count estimator. It had been hypothesized that the PA/BE

would provide improved proportion estimates over the PA/RCE because prior know-

ledge of cluster purities was being considered. Such results could be expected

in the same way that the PA/RCE was expected to provide proportion estimates

that were more accurate than those obtained through random sampling because of

the use of clustering information. As hypothesized, there seemed to be

improved precision; but, the difference was small (table 4-1). Figure 4-3

shows the difference between the PA/BE and the PA/RCE for all 35 segments.

A positive difference indicates that the PA/BE produced the larger estimate.

As the PA/RCE estimate increased, there was a tendency for a larger positive

difference. Whether AI labels or ground-truth labels were input, the PA/BE

produced a mean proportion estimate that was five-tenths of a percent larger

than that of the PA/RCE. This was attributed to a tendency for positive

biasing (with respect to the PA/RCE) by the Bayesian estimator (figure 4-3).
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The net effect was a reduction of a negative bias when AI labels were input.

With the positive biasing, however, the result was a slight reduction (0.2

percent) in error variability from that of the PA/RCE. This was the case when

AI labels were input and also when ground-truth labels were input. In both

cases, the MSE's of the PA/BE were slightly reduced from those of the PA/RCE.

These results were encouraging because they supported the expectation that

Bayesian estimation at the cluster ',evel would provide greater precision

(although producing slightly biased results) over maximum likelihood

estimation.

The final technique was the BSA/BE, the results for which (as can be seen in

table 4-1) showed it to be the least biased technique when AI labels were

input. This had been hypothesized since the dots were allocated to clusters

one at a time with the intention of minimizing the MSE. Although it produced

the least biased results as hypothesized, the BSA/BE produced more variable

results than did proportional allocation. This was a disturbing observation.

In an effort to further study these results, an attempt was made to separate

the effects of Bayesian estimation and sequential allocation. In order to

determine whether or not the results of the BSA/3E followed those of the PA/BE

when compared to an unbiased estimation technique, estimates were made using

the :tame sequentially allocated dots and cluster information with a relative

count cluster-level (BSA/RCE) estimator rather than the Bayesian estimator.

Using the Bayesiah estimator in the proportion estimation process increased the

estimates by approximately 2 percent. This was true whether input labels were

from AI's or ground-truth data (table 4-3). As in proportional allocation,

Bayesian estimation produced less variable results at the expense of biasing.

However, with sequential allocation, this bias was not as slight as with pro-

portional allocation. A graph comparing the two sequential estimates for each

of the 35 segments is presented in figure 4-4. Notice that there was greater

overestimation for segments with lesser amounts of small grain.
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TABLE 4-3.- ACCURACY AND PRECISION OF SEQUENTIAL ALLOCATION

Technique

Al labels
Ground-truth

labels

Bias
Standard

MSE Bias
Standard

MSEdeviation deviation

Sequential allocation -4.9 7.1 73 -1.7 5.3 30
(relative count,
cluster-level estimate)

Sequential	 allocation -2.7 6.8 52 +0.4 4.7 22
(Bayesian cluster-level
estimate)
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The fact that the BSA/BE produced more variable results than did the PA/BE was

due, in part, to a decreased overall labeling accuracy (table 4-4). In order

to determine whether or not these differences were significant, the differences

between labeling accuracies of the samples for each segment from those of all

labeled dots for each segment were found. The means of these differences are

shown in table 4-5. While there was a significant improvement of small-grain

labeling accuracy, there was a simultaneous decrease in nonsmall-grain labeling

accuracy. The result was a slight decline in total labeling accuracy.

These results indicate that, with a small sample of 50 dots, proportional allo-

cation is the sampling method that produces the most precise and reliable esti-

mates. A slight reduction in variability can be gained at the cost of slight

biasing of results by using the Bayesian estimation technique.

Although CLASSY clustering was effective (that is, proportional allocation of

dots to CLASSY clusters resulted in greater precision for a given sample size),

the same precision could be obtained by random sampling without the need of

clustering information if a large enough sample size were taken. If dot sets

with AI labels were input with the present labeling accuracy, a random sample

of 85 dots would be required to obtain the precision of 50 dots proportionally

sampled from CLASSY clusters. If labeling was perfect, a random sample of

166 dots would be required to obtain the same precision of 50 dots

proportionally allocated to CLASSY clusters.

Therefore, the biases of proportion estimates, standard deviations of errors,

and MSE's of all available labeled dots from the 209 pixels were found when dot

sets with AI labels were input and when dot sets with ground-truth labels were

input. Table 4-6 presents the results obtained when those dots were treated as

a random sample. It was expected that these dots would provide greater preci-

sion than a 50-dot proportional sampling of CLASSY clusters because of the

larger sample size. Just as we expected, when using all available labeled

dots, the RS/RCE showed less variable errors than the PA/RCE when it used only

50-dot samples allocated to CLASSY clusters. Notice in table 4-6 that the use

of alternate dots did not introduce a bias; the mean error was very small when

4-11
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ground-truth labels were used. This was important since analysts substituted

alternate dots for boundary dots in both the integrated and reformatted label-

ing procedures to provide better labeling targets to eliminate the special

labeling problems that boundary dots present.

In order to determine the effect of clustering with larger samples, cluster-

level proportion estimates were made with a relative count estimator on the

basis of all labeled dots and weighted by their cluster sizes to produce seg-

ment-level estimates. These results are shown in table 4-7. As can be seen,

_	 clustering had little effect on the accuracy or precision of estimates when

these larger samples were taken. These results point to labeling errors as the

limiting element in precision.

PRECEDING PAGE BLANK NOT FILMED
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TABLE 4-7.- ACCURACY AND PRECISION OF ALL LABELED

DOTS WHEN WEIGHTED BY CLUSTER SIZE

Dots

Al labels
Ground truth

labels

Bias
Standard

MSE Bias
Standard

MSEdeviation deviation

All	 labeled dots (weighted) -3.9 5.7 48 -0.7 2.5 6.3

All labeled dots (random) -3.9 5.8 48 -0.8 2.9 9

Proportional sampling -4.0 6.2 53 0.0 4.0 16

ORIGINAL PAGE 19
OF POOR QUALITY
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5. SUMMARY AND CONCLUSIONS

For the first time in Foreign Commodity Production Forecasting (FCPF) project

testing, clustering has been an effective method in making proportion

estimates. Prl!r,ortionally allocating 50 dots to CLASSY clusters to estimate

proportions resulted in greater precision than using a random sampling of

50 dots. This was observed when dot sets with AI labels from the integrated

procedure were input, and it was also observed when dot sets with ground-truth

labels were input.

When a cluster-level Bayesian estimator (rather than a relative count estimator)

was employed with proportional allocation, errors of proportion estimates were

slightly less variable at the expense of a slight positive bias with respect to

the estimate of the PA/RCE technique. When dot sets with Al labels from the

integrated procedure were input, the results of the PA/BE were less biased with

respect to ground-truth proportions. Whether analyst-labeled dot sets or

ground-truth labeled dot sets were input, the net result was a reduction in the

MSE.

The BSA/BE provided the least amount of bias with respect to ground-truth pro-

portions when analyst-labeled dot sets were input. However, this was due to

positive biasing by the Bayesian estimator with respect to an unbiased estimate

based on the same dots, also weighted by cluster size. The magnitude of this

bias was approximately 2 percent. This same effect was observed when dot sets

with ground-truth labels were input. In addition, the errors of estimates from

the Sequential Bayesian technique showed greater variability than did those

from proportional sampling. This was attributed, in part, to a reduced overall

labeling accuracy observed for dots selected through sequential allocation.

5-1



It was estimated that in order to obtain the same precision with random sampl-

ing as obtained by the proportional sampling of 50 dots with are unbiased esti-

mator, samples of 55 or 166 would need to be taken if dots sets with Al labels

(integrated procedure) or ground-truth labels, respectively, were input.

Little difference, on the other hand, was observed between random sampling and

cluster-weighted estimates when all available labeled dot from the 209 were

input. Another important result is that dot relocation by analysts provided

dot sets that were unbiased.

A
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6. RECOMMENDATIONS

While automatic labeling would provide large samples at relatively low costs,

it is only a goal. With large samples, these clustering procedures do not seem

to provide much improvement in proportion estimation. However, it is not

recommended that effective clustering algorithms be discarded. Neither should

efforts in proportion estimation techniques be defaulted to random sampling.

An effective procedure using clustering information is available for use in

testing and for future development. Automatic labeling, it should be remem-

bered, is not yet a reality. It is therefore recommended that these proportion

estimation techniques be maintained, particularly the PA/BE hecause it provided

the greatest precision. It is recommended also that this estimation procedure

be considered as the base line for the 1981-82 FCPF Spring Small Grains Pilot

Experiment. Further exploratory testing needs to be conducted for other crops

of interest such as corn and soybeans.
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RESULTS OF THE FOUR ESTIMATION TECHNIQUES UNDER REFORMATTED PROCEDURE

Because of bi3window restrictions, only nine segments were processible under

the reformatted procedure. Biases of proportion estimates (for fixed samples)

along with standard deviations and mean-squared-errors (MSE's) for these seg-

ments are presented in Lable A-1. The errors of the proportion estimates are

shown in figures A-1 and A-2. When dot sets with labels from the reformatted

procedure were input, large positive biases were produced through the use of

all the techniques. Although the estimates produced by techniques using CLASSY

clustering were less biased, there was no significant difference among the

biases because of the great amount of variation in the errors; as can be seen,

the standard deviation of the proportion estimate errors in each of the tech-

niques was approximately 19 percent. Errors in the labeling of dots and the

limited number of segments would not permit enough of a basis to warrant an

evaluation of the techniques when labels result from the Reformatted procedure.

But to be complete, comparable statistics are provided in table A-1 for these

same segments when ground-truth labels . were used. Interestingly, the standard

deviations and MSE's were smaller when CLASSY clustering was used.

TABLE A-1.- ACCURACY AND PRECISION OF THE REFORMATTED

PROCEDURE WITH AI LABELS AND GROUND-TRUTH LABELS

Al	 labels
Ground-truth

labels
Technique
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APPENDIX B

RESULTS OF FOUR ESTIMATION TECHNIQUES UNDER VARIABLE SAMPLING OF SEGMENTS

Proportion estimates for segments with varying sample sizes were made only when

dot labels were obtained from the integrated procedure or ground-truth data.

In table B-1, biases, standard deviations, and MSE's for proportion estimates

made under sampling bAsed on a threshold (set at .0020) for an internal MSE

estimate are presented.

Proportion errors are shown in figures B-1 and B-2. The results were similar

to those of the fixed sample size. The sample sizes averaged approximately

42 dots and ranged from 25 to 75 dots.

B-1
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APPENDIX C

1979 GROUND-TRUTH PROPORTIONS

Segment
Ground-truth

type
^

(a,
Barley, %

Other spring

small	 grains, %
(b)

Total	 spring
small	 grains, %

1387 0 8.01 35.36 43.37
1392 D 2.02 28.28 30.30
1394 I 0.31 39.51 39.82
1457 I 3.15 38.24 41.39
1461 I 4.99 48.19 53.18
1467 D 3.09 48.46 51.55
1472 I 4.02 35.16 39.18
1473 D 11.69 39.74 51.43
1485 I 1.35 20.80 22.15
1514 D 4.92 22.77 27.69
1518 D 0.29 25.22 25.51
1524 D 0.00 6.96 6.96
1571 I 0.32 14.60 14.92
1612 I 0.00 16.03 16.03
1617 D 21.18 39.68 60.86
1619 D 10.39 39.76 50.15
1627 I 0.00 15.80 15.80
1630 I 0.67 16.80 17.47
1636 I 0.87 38.91 39.87
1653 I 0.00 16.13 16.13
1658 I 1.44 32.41 33.85
1664 D 1.94 33.50 35.44
1676 I 0.23 7.44 7.67
1755 I 6.55 5.64 12.19
1784 I 4.07 17.29 21.36
1825 D 6.20 19.95 26.15
1835 D 5.61 19.02 24.63
1843 D 0.75 5.13 5.88
1909 I 0.88 17.15 18.03
1918 I 1.14 13.80 14.94
1920 I 0.09 21.11 21.20
1924 I 1.01 36.75 37.76
1948 D 1.95 5.57 7.52
1974 I 4.48 35.25 39.73
1987 0	 1 15.48	 1 34.40 49.88

a  indicates 400 dot ground-truth proportions.
I indicates inventoried ground-truth proportions from universal

bground-truth tapes.
Other spring small grains include spring wheat, oats, durum wheat,
and flax.

C-1
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APPENDIX D

CLUSTER PURITIES

In order to determine the appropriateness of a beta prior for cluster propor-

tion estimates, small-grain proportions for each cluster were found from

ground-truth data. The percentage of all clusters having small-grain propor-

tions within five-hundreth intervals was then fount. These clusters are shown

in figure D-1. The continuous line represents the shape of a beta prior with a

mean equal to the mean small-grain proportion estimate for tho.+e segments

(0.26). Thus the beta prior is given as follows:

g ( e ) ` r(a)r(s) ea-1(1 - e)5-1

where a,-  U.3513 and B - 1.

As can be seen, the beta seems to be a reasunable prior.

D-1
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PREFACE

The Agriculture and Resources Inventory Surveys Through Aerospace Remote

Sensing is a 6-year program of research, development, evaluation, and appli-

cation of aerospace remote sensing for agricultural resources which began in

fiscal year 1980. This program is a cooperative effort of the National Aero-

nautics and Space Administration, the U.S. Agency for International Develop-

ment, and the U.S. Departments of Agriculture, Commerce, and the Interior.

The research which is the subject of this document was performed within the

Earth Resources Applications, Space and Life Sciences Directorate, at the

Lyndon B. Johnson Space Center, National Aeronautics and Space Adminis-

tration. Under Contract NAS 9-15800, personnel of Lockheed Engineering and

Management Services Company, Inc., performed the tasks which contributed to the

completion of this research.

The following individuals contributed to this effort: Dr. A. G. Houston, NASA,

helped with his interest and'suggestions. M. L. Sestak, Lockheed, put together

the original data set, and Dr. P. Doraiswamy, Lockheed, was responsible for the

model improvements and much of the information on the inner workings of the

models.

PRECEDING PAGE BLANK NOT F(LIWFD

v



ORIGINAL PAGE ;5
OF POOR QUALITY

CONTENTS

Section	 Page

1. BACKGROUND AND OBJECTIVES ........................................... 	 1-1

2. APPROACH ............................................................ 	 2-1

3. DATA SET ............................. 0.06.0..0.0.0.00.660.0....060..	 3-1

4. DESCRIPTION OF THE MODELS. ... o ............ o.00 * oe90009o * oeo * 0 * f * 60 	 4-1

	

S. RESULTS FOR PLANTING DATE MODELS .... . ..........................0006.	 5-1

6. APPROACH: CROP DEVELOPMENT STAGE MODE,LS ............................ 	 6-1

7. CROP DEVELOPMENT STAGE MODEL RESULTS APPLIED

	

TOSPRING WHEAT FIELDS.. ... oo.000000000000 * 000000000 * 000000 * 0000	 7-1

8. CROP DEVELOPMENT STAGE MODEL RESULTS APPLIED

	

TOBARLEY FIELDS..................... 0.0....06.0....06....0.0.00.0.. 	 8-1

9. APPLICATION TO LABELING PROCEDURES .................................. 	 9-1

10. DISCUSSION OF RESULTS AND CONCLUSIONS ..........0....6....6....60.... 10-1

11. RECOMMENDATIONS ...................... 00...006..60....0........66...6	 11-1

12. REFERENCES ........................... ..........06...0...0.0....0....	 12-1

k

PRECEDING PAGE BLANK NOT FILMED

vii



ix

TABLES

Table Page

1	 COMPARISON OF ERRORS IN PLANTING DATE MODELS
APPLIEDTO SPRING WHEAT FIELDS ........................................ 5-1

2	 COMPARISON OF ERRORS IN PLANTING DATE MODELS
APPLIED TO BARLEY FIELDS. ... 5-3

3	 COMPARISON OF ROBERTSON MODELS APPLIED TO SPRING WHEAT. ............. 7-2

4	 COMPARISON OF ROBERTSON AND WILLIAMS MODELS
APPLIED TO BARLEY. ............ 8-2

5	 BIOWINDOWS FOR THE REFORMATTED PROCEDURE .............................. 9-1

6	 OBSERVED VERSUS PREDICTED BIOWINDOWS ACCORDING
TO THE REFORMATTED 	 PROCEDURE.......................................... 9-2

7	 REFORMATTED PROCEDURE BIOWINDOW SELECTION RESULTS. .... o ... o..o.00.e. 9-3

Pti CLU1NV p^;GE: 1; ANK NO'f' FILMED

s"s



FIGURES

Fi gure
	

Page

	

1 Illustration of the Robertson Phenologicai Scale ...................... 	 3-2

	

2 Geographic locations of the segments .................................. 	 3-3

	

3 Schematic of the evaluation process ................................... 	 4-2

4 Distribution of errors (in days) for the Feyerherm
versus the Normal planting date models applied to

	

spring wheat .......................................................... 	 5-2

5 Distribution of errors ( in days) for the Feyerherm

	

versus the Normal planting date models applied to barley .............. 	 5-4

6 Scatter plots of predicted versus ground-observed
spring wheat crop stages for the three spring wheat

	crop stage models ..................................................... 	 7-3

7 Scatter plots of predicted versus ground -observed
barley crop stages for the Williams Barley Model

	

and the Improved Robertson Version 2 Spring Wheat Model . ..............	 8-3

8 Comparison of predicted biowindows versus the ground-

	

observed biowindows for the Reformatted procedure ..................... 	 9-4

9 Distribution of crop stage prediction errors for

	

spring wheat stages 5.0 - 5.9 ......................................... 	 10-3

PRECEDING PACE {3 "A'" C KON. ";ice" ►̂

xi

M



1. BACKGROUND AND OBJECTIVES

This report describes the results of the evaluation of the performances of can-

didate agrometeorological crop calendar models. These models have been pro-

posed by the Supporting Research Crop Calendar Project element for possible

application to labeling procedures of the Agriculture and Resources Inventory

through Aerospace Remote Sensing (AgRISTARS) program. This study is an

addition to the 1980 U.S. and Canada Spring Wheat and Barley Exploratory

Experiment.

During the Large Area Crop Inventory Experiment (LACIE), spring wheat planting

date and crop development stage estimates based on historical normals were

improved by the use of the Feyerherm planting date and Robertson Spring Wheat

Crop Calendar Models. Modifications were subsequently made to the Robertson

model to improve deficiencies identified in LACIE evaluations. These

modifications were tested along with a state-of-the-art barley model (Williams,

ref. 1) which became available for testing for the first time.

This study investigated two crop planting date (or starter) models, namely the

Feyerherm (ref. 2) and the Normal models (ref. 3), and four crop growth stage

models. These crop development stage models are designated the Original

Robertson Model (RO), the Improved Robertson Version 1 Model (R1), the Improved

Robertson Version 2 Model (R2), and the Williams Barley Model. The evaluation

was based on 1979 ground-truth data consisting of 49 spring small grains blind-

site segments in the U.S. Great Plains region and contains three crop

categories of interest, spring wheat, durum wheat, and barley. For the

purposes of this study, durum wheat is in the same category as spring wheat.

The primary objective of this study was to determine-the combination of the

crop planting date model and the crop development stage model which would most

accurately predict the crop development stage as a function of time for spring

wheat and barley. Other objectives were to determine if the Williams model

predicts more accurately the barley development stages than do the Robertson

models and to determine whether the models selected would produce results which

are sufficiently accurate to be used in labeling and classification procedures.

1-1
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2. APPROACH

The Feyerherm and the Normal planting date models were evaluated on their

ability to accurately predict the median planting dates for the segments. The

basis for comparison was the ground-truth median planting dates which yielded

errors measured in units of days associated with the models. The ground-truth

median planting dates for the spring wheat crop and for the barley crop were

obtained by calculating the date at which 50 percent of the spring wheat or the

barley fields in each of the segments were observed to be planted.

The performances of the three Robertson development stage models were evaluated

using the ground-truth median development stages as the basis for comparison by

use of the observed median planting dates to initiate the models. The ground-

truth median development stages for the spring wheat crop and for the barley

crop were obtained by calculating the observed median stage for the spring

wheat or the barley fields within each of the segments for each of the dates on

which the stages were observed. The comparison of the models' predictions

versus the observed crop stage yielded errors in terms of crop stages

associated with each of the models.

The barley development stage model was evaluated using the observed median

planting dates for barley to initiate the models and subsequently to compare

the model prediction of stage with the ground-truth median development stages

for barley.

The planting date models and the development stage models were evaluated

independently so as to minimize any adverse consequences to the performances of

the crop development stage models as a result of inaccurate planting date input

to the models.

Certain assumptions had to be made regarding the ground-truth data used for

evaluation. The 49 segments contained from 15 to 30 special fields that were

distributed through the segment and observed periodically. The locations and

selections of these special fields were assumed to be random, and the

periodically observed stages were assumed to be truly representative of crop

development at those times.



3. DATA SET

The data set used in this study comprised 49 blind-site segments in the spring

wheat areas of the U.S. Great Plains and 1979 periodic observations collected

by enumerators at 9- to 18-day intervals corresponding to Landsat overpass

dates (ref. 4). These periodic observations contained planting dates and crop

development stages for each field in the segment. The number of fields within

a segment varied from 15 to 30 spring wheat or barley fields. The planting

date model contained the observed planting dates and predicted planting oates

for spring wheat and barley. The crop stage model data contained observed crop

stages and predicted crop stages for each of the models. The crop stages were

given in terms of the Robertson Phenological Crop Scale.

Figure 1 is an illustration of the Robertson Phenological Crop Scale that was

used in this study, superimposed on the Feekes Scale description of identifi-

able crop stages (refs. 5 and 6). Figure 2 shows the geographic location of

the segments that contain the data set used in,this study.
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4. DESCRIPTION OF THE MODELS

Robertson's concept (ref. 5) is based on certain physiological processes that

are central to the development of spring wheat. Since temperature and photo-

period are two primary environmental factors that influence the phenological

development, a photothermal concept was used to compute the development of a

crop over five fairly short and uniform physiological periods. The triquadra-

tic responses of temperature and photo-period were estimated for each of the

phenological stages by an interative regression technique.

The Improved Robertson Version 1 and the Improved Robertson Version 2 Models

are improvements over the Original Robertson Model with respect to the

photo-period and temperature responses. The photo-period response is limited

to stages between emergence and flowering. The thermal responses for sub-

sequent stages are adjusted to represent realistic physiological responses.

The development rates of spring wheat immediately before and after flowering

are responsive primarily to the daily maximum temperature.

The Williams Barley Model is based on approximately the same concept as the

Robertson model, the difference being that the coefficients were developed

specifically for barley.

Figure 3 is a schematic of the models' input requirements and resulting output

data. The Normal model, although not an agrometeorological model, is included

in figure 3 for the sake of completeness. It is based on historical data

averaged for the crop reporting district. The daily minimum and maximum

temperatures are obtained from reports of weather stations nearest the segments.
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5. RESULTS FOR PLANTING DATE MODELS

Both the Feyerherm and the Normal models produce median planting date estimates

at the segment level. The performances of the models for the spring wheat

fields and the barley fields were evaluated separately.

Figure 4 is a histogram showing the distribution of errors measured in days for

the Feyerherm versus the Normal planting date models applied to spring wheat

fields. The error is the difference between the median ground-truth planting

dates and .he model-predicted planting dates, and the distribution of these

errors should give an indication of the bias associated with the models. As

can be seen from figure 4, both distributions appear normal, the differences

being the locations of the midpoints of these distributions. The Feyerherm

model has a positive displacement, whereas the Normal model has a negative dis-

placement. This indicates that the Normal model is very early compared to the

ground-truth median planting dates, while the Feyerherm model is slightly

late. Based on reports jointly published by the U.S. Departme ,;,t of Agriculture

and the National Oceanic and Atmospheric Administration in the Weekly Weather

and Crop Bulletin, the 50 percent planting date of spring wheat in North Dakota

for 1979 was 13 days late. Thu:., the Normal moael performed as expected.

Table 1 summarizes the statistics on the errors measured in days for the

Feyerherm versus the Normal model applied to spring wheat. The sign test shown

in table 1 is based on the absolute magnitude of the error and gives the

percent of times one model is closer to the ground-truth than the other model.

TABLE 1.- COMPARISON OF ERRORS IN PLANTING DATE MODELS

APPLIED TO SPRING WHEAT FIELDS

Number of segments (n)

Feyerherm model Normal model

49 49

Mean error (in days) +3.9 -10.4

Standard deviation (in days) 7.0 7.50

Medi&n error (in days) +4.0 -11.0

Sign test M 75.5 22.4

(2% tied)

5-1
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From table 1 it can be seen that, on the average, the Feyerherm model is

3.9 days late compared to the observed planting date, whereas the Normal is on

the average 10.4 days early compared to the observed planting date. Statistic-

ally, the sign test indicates that the Feyerherm model is significantly better

than the Normal model at the 6-percent level of significance. The overall

statistics indicate that the Feyerherm model is closer to the ground-truth than

the Normal model in predicting spring wheat planting dates for this year.

Figure 5 is a histogram showing the distribution of error measured in days for

the Feyerherm versus the Normal planting date models applied to barley fields.

As can be seen from figure 5, both distributions appear normal. However, the

Feyerherm model midpoint has a positive displacement, whereas the Normal model

has a negative displacement. This indicates that the two models are, on the

average, late and early compared to the ground-truth median planting dates at,,

seen for barley fields.

Table 2 summarizes the statistics on the error measured in days from the

Feyerherm versus the Normal model applied to barley fields. From table 2, it

can be seen that, on the average, the Feyerherm model is 2.9 days later than

the observed planting date, whereas the Normal is, on the average, 10.9 days

earlier than the observed planting date. The sign test indicates that the

Feyerherm model is better than the Normal model, though not statistically sig-

nificant at the 5-percent level of significance. The overall statistics

indicate that the Feyerherm model is better for this year than the Normal model

is for predicting barley planting dates.

TABLE 2.- COMPARISON OF ERRORS IN PLANTING DATE MODELS

APPLIED TO BARLEY FIELDS

Feyerherm model Normal model

Number of segments (n) 44.0 44.0

Mean error (in days) +2.9 -10.9

Standard Deviation (in days) 11.48 9.55

Median error (in days) +4.5 -11.5

Sign test 63.6 36.4
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6. APPROACH: CROP DEVELOPMENT STAGE MODELS

The three Robertson models and the Williams Barley Model were started using the

ground-truth median planting dates for spring wheat and barley fields as input

to the models. They were evaluated on their ability to accurately predict

median crop development stages for spring wheat and barley between stages 2.0

and 6.0, which are the emergence through ripe stages.

In an attempt to determine if the models performed differently during different

parts of the growing season, the models were evaluated at five ranges of stages

as shown below.

1. Stage 2.0 to 2.9:

2. Stage 3.0 to 3.9:

3. Stage 4.0 to 4.9:

4. Stage 5.0 to 5.9:

5. Stage 6.0:

emergence to preJointing

Jointing to preheading

heading to presoft dough

soft-dough to preripening

ripe

In addition, the overall performance was tested for the entire growing season

from stage 2.0 to stage 6.0.
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7. CROP DEVELOPMENT STAGE MODEL RESULTS APPLIED TO SPRING WHEAT FIELDS

Figure 6 contains scatter plots of the median predicted development stages

versus the observed median development stages for models R0, R1, and R2. The

letters represent the number of data points falling on the character

(A - 1. B - 2, etc.). The common trend on all three plots is for the predicted

growth stage to converge on the 1-1 line, indicating that the performance of

all three models is improving with time through the growing season. It can

also be seen from figure 6 that model RO is progressing faster than models R1

and R2 by noting that 13 ground truth observations are off scale and greater

than stage 6.0 (i.e., swathed and harvested).

Table 3 summarizes the statistics on the errors between the observed stages and

the predicted stages that were applied to spring wheat at various intervals

throughout the growing season. The errors are the differences between the

predicted stages and the observed stages and should give an indication of the

amount of bias associated with each of the models. An average positive error

would indicate that the model is ahead of the ground-truth, while an average

negative error would indicate that the model was behind the ground-truth. In

addition, the absolute value of the error was ranked on a scale of 1 to k,

where k is the number of models being compared with each other (in table 3,

k = 3). The sum of the various ranks associated with each model was then uti-

lized in a Friedman nonparametric test of ranks (ref. 7) to determine if any

one model produced better results consistently.

Table 3 shows that there were no significant differences between any of the

three models when evaluating the overall performance from ground-truth stages

2.0 to 6.0. The range of the mean error for the three models was two-tenths of

a stage, and the Friedman T-statistic also indicates that there is no

significant difference between the models at the 95-percent confidence level.

For stages 2.0 to 2.9, there was a marginal difference between the three

models. It is apparent that R1 is the worst performer of the three models at

this stage interval, as indicated by the statistics on the errors and the

7-1
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TABLE 3.- COMPARISON OF ROBERTSON MODELS APPLIED TO SPRING WHEAT

Ground-truth
range

Statistic Robertson 0 Robertson 1 Robertson 2

2.0 - 6.0
Entire

Mean error
STD

0.0
0.53

0.2
0.48

0.2
0.46

growing Median error 0.0 0.1 0.2
season ERank observed 100.21 97.08 96.71

Friedman's T-statistic: 	 0.15 (not significant)

2.0 - 2.9 Mean error
STD

0.9
0.25

1.0
0.28

0.9
0.25

Median error 0.9 1.0 0.9
ERank observed 25.00 37.75 27.25

Friedman's T-statistic:	 6.17	 (significant)

3.0 - 3.9 Mean error 0.3 0.7 0.4
STD 0.26 0.32 0.26
Median error 0.3 0.7 0.4
ERank observed 42.42 95.25 66.33

Friedman's T-statistic: 	 41.17 (significant)

4.0 - 4.9 Mean error -0.2 0.1 0.1
STD 0.26 0.27 0.31
Median error -0.2 0.1 0.0
ERank observed 89.67 70.75 79.58

Friedman's T-statistic:	 4.48 (not significant)

5.0 - 5.9 Mean error -9.2 0.0 0.1
STD 0.42 0.27 0.33
Median error -0.2 0.0 0.2
ERank observed 109.45 66.0 93.95

Friedman's T-statistic:	 20.92 (significant)

6.0 Mean error -- -- --
STD -- -- --
Median error -0.5 -0.4 -0.3

an 	 observed 50.0 48.4 33.5

Friedman's T-statistic:	 24.07 (significant)

At 95-percent confidence level, Friedman's T-statistic critical value = 5.99.
At 99-percent confidence level, Friedman's T-statistic critical value = 9.21.
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observed sum of the ranks. From stages 3.0 to 3.9, there was a significant

difference between the models. RO appeared to be the best at this stage

interval. From stages 4.0 to 4.9, there was no significant difference between

the models.

For stages 5.0 to 5.9, there was a significant difference between the models,

and R1 appeared to perform the best within this stage interval. Finally, at

stage 6.0, there was a significant difference between the three models, and R2

appeared to perform the best of the three models. At ground-truth stage 6.0,

the mean and standard deviation have not been displayed, as they are not valid.

The observations obtained beyond stage 6.0 were beyond the range of the model's

abilities of prediction and, therefore, were not valid.
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8. CROP DEVELOPMENT STAGE MODEL RESULTS APPLIED TO BARLEY FIELDS

Figure 7 contains scatter plots of the median predicted development stage for

model R2 and the Williams Barley Model versus the observed median development

stage. The letters represent the number of data points falling on that

character. At first glance, there is no apparent difference between the two

models, although the barley model appears to be more dispersed about the 1-1

line than R2 (figure 10). More significant is the fact that 33 observations

are beyond 6.0, indicating that the barley model is progressing faster than the

spring wheat model.

Table 4 gives the statistics on the errors between the median ground-truth

stage and the model predicted median stage applied to barley at various stage

intervals through the growing season. It can be seen from table 4 that there

was a significant difference between the models for the overall performances

from stages 2.0 to 6.0. The barley model is significantly worse than at least

one of the spring wheat models.

From stage 2.0 to 2.9, there were marginal differences between the models. RO

appeared to perform the best of the four models as indicated by the error sta-

tistics and the observed sum of the ranks. For stages 3.0 to 3.9, there was a

significant difference between the models. RO appeared to be the best of the

four models. From stages 4.0 to 4.9, there were no significant differences

between the models. They appeared to be nearly identical at this stage inter-

val. For stages 5.0 to 5.9, there was a significant difference between the

models. Model R1 appec-ed to perform the best. At stage 6.0, there were no

significant differences between the models, and R2 appeared to perform the best.

8-1
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TABLE 4.- COMPARISON OF ROBERTSON AND WILLIAMS MODELS APPLIED TO BARLEY

Ground-truth
range Statistic Robertson 0 Robertson 1 Robertson 2

Williams
barley

2.0 - 6.0
Entire

Mean error
STD

-0.2
0.67

0.0
0.60

0.0
0.61

0.4
0.60

growing
season

Median error
ERank observedl

-0.2
117.67

0.0
1	 96.96

0.0
1	 98.58

0.0
1	 126.79

Friedman's T-statistic: 8.74	 (significant)

Mean error
STD

1.0
0.32

1.1
0.37

1.0
0.33

1.2
0.35

2.0 - 2.9

Median error
ERank observed

1.1
22.33

1.2
33.50

1.1
24.67

1.2
39.50

Friedman's T-statistic: 	 9.49	 (significant)

3.0 - 3.9 Mean error
STD

0.3
0.32

0.4
0.38

0.4
0.36

0.6
0.42

Median error
ERank observed

0.2
50.58

0.4
90.67

0.3
65.08

0.5
113.67

Friedman's T-statistic: 	 43.79 (significant)

4.0 - 4.9 Mean error
STD

-0.3
0.32

-0.1
0.34

-0.2
0.38

0.1
0.52

Median error
ERank observed

-0.3
89.42

0.0
62.67

-0.1
74.92

0.2
79.0

Friedman's T-statistic: 	 7.18 (not significant)

5.0 - 5.9 Mean error
STD

-0.5
0.57

-0.3
0.45

-0.2
0.54

0.1
0.59

Median error
ERank observed

-0.6
129.93

-0.2
70.67

-0.2
95.10

0.3
114.30

Friedman's T-statistic: 	 28.68 (significant)

Mean error -- -- -- --6.0
STD -- -- -- --
Median error -0.9 -0.7 -0.6 >0.0
ERank observed 48.0 35.0 26.5 50.5

Friedman's T-statistic: 	 14.31	 (significant)

At 95-percent confidence level, Friedman's T-statistic critical value = 7.82.
At 99-percent confidence level, Friedman's T-statistic critical value = 11.34.
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9. APPLICATION TO LABELING PROCEDURES

The results shown in the preceding discussion indicate that the Feyerherm

planting date model is more accurate than the Normal model. However, with

respect to the growth-stage models, it is not readily apparent that any one

model produces consistently better results through the growing season. The

Improved Robertson Version 2 Model was selected on the basis of its being the

most physiologically realistic model for application to the labeling procedures

in AgRISTARS (ref. 8). In order that the models be useful for the spring small

gra i ns labeling procedure, it is necessary that they be able to predict crop

growth stages at particular points of time with reasonable accuracy. The

Reformatted procedure (ref. 9) prescribes and identifies four Landsat acquisi-

tion biowindows that are necessary for accurate labeling as shown in table 5.

TABLE 5.- BIOWINDOWS FOR REFORMATTEL PROCEDURE

Window Open Close

1 Spring wheat 50^': Spring wheat 50%
Planted minus 5 days Planted plus 18 days

2 Spring wheat 50% Spring wheat 50%
Headed minus 10 days Headed plus 10 days

3 Spring barley 50% Spring barley 50%
Turning to ripe minus 5 days Turning to ripe plus 6 days

4 Spring wheat 50% Spring wheat 50%
Harvested plus 15 days Harvested plus 30 days

Using the criteria described in table 5, the predicted growth stages for the

Improved Robertson Version 2 Model were converted to days of development to

reach each of three crop stages described in the Reformatted procedure.

Biowindow 4 was not calculated because it was out of the ranges of stages in

which the models are effective.

11

Table 6 lists the median ground-truth dates and the median predicted dates for

three biowindows. 31owindow 1 used the Feyerherm planting date model and bio-

windows 2,and 3 used the Improved Robertson Version 2 model for spring wheat

and barley with the Feyerherm planting date model as the starter model.
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TABLE 6.- OBSERVED VERSUS PREDICTED BIOWINDOWS

ACCORDING TO THE REFORMATTED PROCEDURE

OBS STATE AP4 CRD County Seg. no.
Biowindow 1 3W)

OBSPLT	 FPLT
B).;window 2 (SW)
08SHEAD	 R2HEAD

Biowindow 3 (Barley)
OBSRIPE	 R2R!PE

1 27 15 70 Redwood 1380 126	 136 183	 190
2 27 19 40 Grant 1566 138	 140 188	 191 232	 236
3 27 19 40 utter Tail 183b 139	 145 194	 196 221	 240
4 27 19 40 Yellow Medicine 1842 123	 134 191	 184
5 27 20 10 Marshall 1514 158	 148 211	 198 236	 29;
6 27 20 10 Roseau 1518 148	 148 201	 197 246	 216
7 27 20 10 Norman 1825 142	 144 196	 197 219	 14F,

8 27 20 10 Polk 1987 133	 145 191	 196 214	 23d
9 30 23 50 Fergus 1948 136	 123 188	 188 214	 220
10 30 104 10 Flathead 1725 120	 115 192	 175 223	 223
11 38 19 20 Benson 1392 153	 148 198	 197 226	 239
12 38 19 20 Pierce 1461 147	 155 204	 202 226	 249
13 38 19 20 Bottineau 1611 155	 155 204	 202 223	 241
14 38 19 20 McHenry 1612 146	 150 195	 196
15 38 19 30 Ramsey 1387 152	 153 202	 202 220	 242
16 38 19 3n Towner 1467 155	 159 197	 1.09 223	 257
17 38 19 30 Cavalier 1617 155	 154 214	 202 247	 242
1R 36 19 50 Stutsman 1636 143	 144 202	 193 229	 237
19 38 4 60 Barnes 1472 145	 148 196	 200 212	 241
20 38 19 90 Dickey 1658 133	 142 193	 195 217	 233
21 38 19 90 Sargent 1664 141	 145 191	 194 207	 236
22 39 19 90 La Moure 1924 143	 144 196	 194 226	 238
23 I	 38 20 30 Pembina 1584 159	 147 213	 197 226	 240
?4 38 20 30 Grand Fork 1619 135	 146 201	 196 219	 238
25 38 20 60 Cass 1473 141	 142 200	 192 228	 237
26 38 20 60 Traill 1645 143	 142 196	 192 228	 237
27 38 20 90 Richland 1399 136	 144 183	 196 205
28 38 20 90 Ransom 1974 140	 145 198	 197 220
29 38 21 10 Burke 1394 154	 156 201	 199 225	 241
30 36 21 10 Ward 1457 156	 159 202	 209 232	 246
31 38 21 10 t4ountrail 1602 152	 158 204	 207 247	 246
32 38 21 40 Dunn 1571 136	 145 187	 193 232	 241
33 38 21 40 McKenzie 1627 141	 138 187	 185
34 38 21 40 14ercer 1630 149	 145 198	 188 240	 226
36 38 21 50 Kidder 1909 140	 148 198	 198 214	 240
36 38 21 70 Hettinger 1650 136	 141 186	 190
37 38 21 80 Burleigh 1653 142	 152 197	 201
38 38 21 80 Morton 1656 143	 149 195	 199 204	 242
39 38 21 80 Emmons 1917 138	 136 186	 188 222	 226
40 38 21 80 Grant 1918 131	 149 191	 199 217
41 38 21 80 Sioux 1920 134	 136 186	 188
42 38 21 90 McIntosh 1661 137	 147 193	 199 220	 238
43 46 15 60 Minnehaha 1784 123	 134 173	 189 210	 228
44 46 16 50 Brule 1676 118	 121 183 201	 219
45 46 16 50 Sully 1689 110	 127 180	 184 220	 222
46 46 16 50 Jerauld 1755 109	 128 175	 183 198	 223
47 46 17 30 Dewey 1485 123	 134 185	 187 212	 230
48 46 19 20 Edmunds 1599 140	 136 184	 189 214	 226
49	 1. 46	 1 19 30	 1 Roberts	 1 1960	 1 132	 140	 1 188	 189	 1 209	 236

OBSPLT n 	 Observed planting date
(ground-truth).

FPLT -	 Fcyrherm plantino dtte
(yre4i6Lee).

OBSHEAD n 	 Observed heading date
(predicted).

R2HEAD -	 Improved Robertson Version
2 Model heading date
(predicted) .

SBSRIPL n Observed ripening date
(ground-truth).

R2RIPE n Improved Robertson
Version 2 Model
ripening date (Predicted).

9-2



Figure 8 shows how the models would perform in biowindow 1 (planting stage),

2 (heading stage), and 3 (ripening stage fnr bar'#ey) if the criteria described

in table 5 for the reformatted procedure were applied to the Feyerherm and

Improved Robertson Version 2 Models. For example, in figure 8 the vertical

limes are the limits of the biowindow prescribed in the procedure. The verti-

cal distance between these two lines is the width of the window in days for the

biowindow (in this case, the window is 23 days). Each horizontal bar repre-

sents the location of the biowindow, predicted by the model for each of the

49 segments.

In figure 8 for biowindow 1, it can be seen that there is a fair amount of

overlap with the prescribed biowindow with a bias towards the positive side

(i.e., the model is progressing faster than the observed stage). For

biowindow 2, there is a fair amount of overlap with little apparent bias. For

biowindow 3, there is poor overlap with a bias on the positive side. Table 7

gives the probability that the model prediction will be within the prescribed

biowindow. This was achieved by dividing the total number of days predicted

inside the ground-truth window by the total number of days within the window

for all the segments. It can be seen from table 7 that the Feyerherm model is

accurate in predicting the planting data for biowindow 1 (spring wheat plant-

ing) 73 percent of the time, the Improved Robertson Version 2 Model selects

days in biowindow 2 (spring wheat heading) 73 percent of the time and in bio-

window 3 (barley ripening) only 21 percent of the time.

TABLE 7.- REFORMATTED PROCEDURE BIOWINDOw SELECTION RESULTS

Total percent outside window

Biowindow 1
(spring wheat,

plant)

Biowindow 2
(spring wheat,

head)

Biowindow 3
(barley,	 ripe)

27.0 27.0 79.0

Percent days past the window 22.0 15.0 75.0
(model	 late)

Percent days before the window 5.0 12.0 4.0
(model	 early)

Probability of being inside windowl 73.0 73.0 21.0
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10. DISCUSSION OF RESULTS AND CONCLUSIONS

It should be noted that the analysis described is based on only 1 year of

ground-truth data. It is possible that the scale utilized for the ground-truth

data may be too coarse (t half a stage) to be used in this type of analysis.

This is evident from tables 3 and 4 where the errors are, on the average, one-

tenth to seven-tenths of a stage off. A small shift in the ground truth could

conceivably shift the results to yield a different set of conclusions.

As far as the Feyerherm and Normal planting date models are concerned, the

Feyerherm model is closer to the true planting date, as can be seen from the

results. It is the more realistic of the two models because it compensates for

unusual spring planting conditions whereas the Normal model does not. The 1979

crop year was unusual in that both spring wheat and barley were planted later

than usual (ref. 7).

There appeared to be no difference between any of the spring wheat models

(i.e., R0, R1, and R2) applied to spring wheat, based on the ground-truth data

available for evaluation. The differences in the magnitudes of the errors

between the three models are so small as to be insignificant from a physical

standpoint, as can be seen from tables 3 and 4. This is true for almost all

the stage intervals within which the models were evaluated. Since the ground-

truth data are no more accurate than a one-half stage, any differences in the

models could probably be attributed to "noise." The same may be said of the

Robertson and Williams models when they are applied to barley so far as the

magnitudes of the errors are concerned. It can be seen from figure 7 that the

Williams model is progressing too fast for barley.

So far as application to the Reformatted procedure is concerned, the Feyerherm

model performs adequately for the planting stage while the Improved Robertson

Version 2 Model performs adequately for the heading stage but not for the

ripening stage.

10-1
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Modifications to the Original Robertson Model yielded more accurate results at

the later stages of spring wheat growth than the earlier stages. An example of

the improvement in performance can be seen in figure 9 which shows the distri-

bution of the errors for stages 5.0 to 5.9. Both the improved versions show a

smaller amount of variability than the Original Robertson Model.
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11. RECOMMENDATIONS

Based on the results to date, it is recommended that the Feyerherm planting

date model be utilized for both spring wheat and barley. It appears that the

Improved Robertson Version 2 Model is the more useful for predicting spring

wheat and barley development stages. However, the model is not adequate to

determine window 3 of the Reformatted procedure, which is used to separate

barley from spring wheat. Further research on biowindow 3 is required if

accurate results are to be obtained for identifying this window.
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