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STATIC STRATIFICATION FOR SIGNATURE EXTENSION

R.W. Thomas and J. Claydon
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1.0 71asK I: STATIC STRATIFICATION FOR SIGNATURE FXTEUSION

1.1 OBJECTIVE

The objective of this task was to-evaluate and if necessary improve
the signature extension stratification maps developed by UCB in previous
LACIE tasks. Specifically, the ability of the strata to oroup Spec-
trally similar wheat subclasses was to be evaluated. T+ :rder to under-
stand the physical cause of the strata.grouping pattéras, a number of
climatic, soil and lLandsat pass-specific variables were analuyzed with
regard to their influence on the spectral signature of wheat.

1.2 GENERAL APPROACH

The task, designed to evaluate the statistical significance of the
static stratification and to provide information for its refinement, was:
divided into two subtasks. These were (1) to evaluate through Hoteiling's
2 statistic the static stratifications’ abiliiy to grecup spectrally
similar areas in order to maximize signature exte.sion siuccess aad (2)

to determine the statistically significant signature controlling variables
for use in refining the stratification procedure.

SUBTASK A: STRATA GROUPING ANALYSIS

The purpose of this subtask was to determine if the static strati=-
fication did in fact isolate areas tending to have similar wheat siga-
tures. This analysis was also Intended to discover the extent to which
individual strata could be grouped together and still provide for poten-
tially successful signature extension.

The final experimental nrocedure was composed of five basic parté.
The first, preprocessing, standardized segments to a common sun elevation
and haze condition. This was accomplished by implementation of XSTAR
haze correction procedures (Lambeck 1977) developed at ERIM, Preprn-
cessing iIn this case provided a more stable measurement frame (Landsat
or Tasselled Cap Space)}) and thereby increased the ease with which real
spectral differences could be identified and evaluated. .

Each sample segment was partitioned according tc

association strata as defined by the UCB static stratifl. Each
segment partition was then individually ciustered in a s:: te

mode by ISOCLAS (adapted from JEC). The clustering Lror:.i:
to ten iterations, a maximum band standard deviation =f 1.
counts within a cluster, and distance between clusters of .2.

responding Blind Site ground data maps.
required in this cluster grouping process,
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to lowes%) by thelir 2 x Band 7 to Band 5 ratios of the cluster means

on the Landsat pass-date In gquestion. This ratio was used as an Indi-
~ator of vegetatiqn and, depending on the date and state, of wheat

versus other crop tupes. Using an interactive color TV mcnitor system, clusters
having the higher Band 7 to 5 ratios were displayed and analyzed first,
followed by clusters having lower ratios down to the non-live recetation
or "soil line" (1.0 - 1.10) (See unlabelled cluster display procedure
description in Section 2.0.) In this way the muiriple clusters occurring
within fields could be "reconstructed"” into field patterns and strongly
correlated crop type patterns on the initially blacked-out TV screen.

The proportion of wheat in a given cluster could then be readily judged
according to its distribution among fields. Four basic percent wheat
cluster groups were established: 75-100%, 50-<75%, 25~<50%, and 0-<25%.
Information was also recorded regarding the cover type makeup of the non-
wheat portion of cach cluster group.

A random sample ol pixels were labelled from the cluster groups com-
prising 75-100% and 50-<75% wheat in eacir stratum of each segment on
each date. A random number generator cperated through the interactive
color display system minimized the time required for pixel selection.
Ten to fifteen pixels In each of the twy cluster groups were labelled
&5 to crop type using the 55C Blind Site ground data maps. This labelled
pixel sample served three purposas: (l) it served as a check on the
ocular estimate of percent wheat for each cluster group; (2) it pro-
vided the data employed in the Hotelling's 12 test of wheat spectral
difference between all possible pairs of land vse/scoil/climatic strata
samnled; and (3) it provided the wheat pixel data used in the spec-
tral sensitivity =2nalysis f(Subtask B).

The firal, or fifth step, in the strata grouping analysis was to
perform pairwise spectral comparisons of wheat signaturée-petween all
possible ~ombinations of the land use/soil/cilmatic strata sampled.
These comparisons were made by applying Hotelli«g's test to the
four channel Landsat wha-t signatures obtained from each pair of strata.
Tnree sources of wheat signature data were evaluated separately: (1)
the sample of pixels from the 75-100% wheat cluster group; (2) the sample
of pixels from the 50-<75% wheat cluster group; and (3) the combined
sample of pixels from the 75-100% and 50-<75% wheat cluster groups ob-
tained in each stratum in each segment. Comparisons were limited to
the same state and same biostage.*

The result of the Hotelling test was a statisticai significance or
alpha value which gave the probability that the observed wheat signa-
tures camz from the same population. Aipha values of .05 (5 times Iin
100) or less were Iinterpreted to mean that the null hypothesis of no
significant spectral difference between wheat signatures was to be
rejected for the given pair of strata in guestion. By noting which pairs
of strata did not cause rejection of the null hypothesis, sets of strata
having statistically simiiar wheat signatures could be defined. Further=~
more, It was assumed that non-rejection of the null hupothesis of spectral

*ror purposes of this ara’.:sis a given biostage was considered to e ex-
tended over the several davs inciuded in the Zate set.
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similarily implied & high probability of acceptable wheat classification
performance. That Is, 1 wheat spectral models (training statistics -
mean veccor, covariance ratrix) obtained from one portion of a set cf
spectrally similar strata were used to classify (using qiadratic ot
linear discriminannt functions) the remaining portion of that strata
set,.an overall acceptavle level of classification performance wot ‘4 be
obtained. Acceptable as used here is defirned relative to the classi-
tication accuracy ootained by classifying based on loca® strata train-
ing statistics.

SUBTASX B: SIGNATURE CONTROLLING FACTOR SENSITIVITY ANALYSIS

This subtask differed from the first iIn that the cause for signa-
ture varliability was explored. The basic agproach was to develcp re-
gression relationships relating spectral reflectance (dependent variable)
to a set of static stratification, seasonal, and dcte-specific predictor
variables. Matched spectral response and rredictor variable data were
obtasined for all pixels sampled in the grouping analysis (Subtask A).

The signature predictor variable set is described in Table 1.1. This
list has been revised from earlier work (Hay et al. 1977b) to incorporate
measures of evapotranspiration stress and available soil moisture.

The relative Iimpwrtance of each signature predictor variable listed
in Table 1.1 was expressed two ways. Measure #l consisted of the rercent -

of total spectral vcriance (by band) explained »y the addiion of a
given predictor variable to the regression eguation. Viriables were added
in the came order as listed in Table ].l using a stepwise regression
technigque. The order - static, seasonel, date-specific = was chosen to
most effectively identify the percent spectcal variance accounted_ for by
the static stratificarion variables before application of a sivnature
extension alzorithm, The r? (multiple correlation coefficient squared)
increments, representing the percent of variance added by each variable,
were hichly dependent on this ordering.

The second measure of signature predictor variable importance <id’
not employ a pre~-specified order of entry into the regression. A for-
ward selnction regression procedure?was used to ordor variables ard tatu-~
late the R increments. Using this technicue, the predictor variable
having the highest simple correlation with the spectral band in question
was entered into the regressior first. The next variable entered was
the one having the highest partial ccrrelation with the spectral band afterc
the effect of the first variable entered was removed from both the de-
pendent and independent varables. The third variable entered had
the next highest partial correlation with the spectral response variable
anong all remcrning predictor variabies with the efficts of the first
two variables removed, and so on. Order of eitru for a given variable amor.,
all bands for a given date proviie the seconi measure of performance.

Both Landsat baads and Tasselliad Cap (X3zuth) bands were used as the
dependent signature variables In the recgression. Tasse:led Cap bands
are formed by a rotation of the Linisat rocriinate system by date to

’

*As imzlemented by the Staulstical Package or the Social Sciences (SPSS:.
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Signat.re Predictor Variables Used in th» Kansas and Nortl
Dakota Wheat Stectral Sensitivity Arnalysis

Predictor Variables

I. STATIC STRATIFICATION VAFPIABLES

(obtained from Static Strata map)

A.

Cultivated area percent
(CULTPCT) -

$0il available water
holding capacity

(AWC)

Long term averdage growing
season degree-days

(LTGSDD)

Long term average growing
season precipitation

(I TGSP)

Lony term potentiul averace
available water in top two
feet of soil.

(24XAWC) X LIGSP

cng term growing season
evapotranspiration

(LTGSET)

Measurement Technigque Used
for Each Field Sampled

Midpoint of cultivated area percent
range for the land use class covering
the wheat field

Average inches of water held per
Inch of soil at rield capacity in
the top 24 incles for the static
strata soil assoication covering
the wheat field. These values are
obtained from information -available
in county soil survey publications.

Midpoint of growing season degree-
day class covering the whrat field.
Degree-day classes obteined from 30
year average data by automatic and
manual interpolation of ground
meteorolcgical station data for the
period April through June In Kansas
and June through August in North
Dakota.

Nidpoint of growing season precipitation
class covering the wheat field. Pre-
cipitation classes obtained from 30

year average data by automatic and
manual interpolaticn of qground metecr-
ological data for the period April
through June in Kansas and June

thirough August in North Dakota.

Multiply previously obtained values
of AWC and LIGSP.

Substitute S5-year average :alues for

pan evaporatior from nearest ground
meteorological station making this
measurement. Alternatively, empirical
models using temoeraturc and solar
radiation may give satisfactoru
evapotranspiration estimates. Currenz:
only pan data is uvtilized here.
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Table 1.1 fcont’t)
. Messuremnent lochnigues Used
Predictor Variablse h Field Sampled
«. long term 2vapotranspiration k H previous iy obtainet valves
s =m0l aoisture A gad LIUSKT,
{dnAN) NOLTUSET
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Table 1.1

III.

(cont'd)

F. Growing season measurc cf
available soil moistuvre in top
2 feet of soil
(24xAMC X SUMGSP) - SUMGSET
= potential available soil water-
evapotranspiration loss -

G. Average January 1976 temperature

(JANTEMPT)

H. Planting season degree-days
accumulated to Landsat pass-date

(SUMPSDD)

I. Planting season precipitation
accumulated to Landsat pass-date

(SUMPSP)
LANDSAT DATE-SPECIFIC VARIABLES

A. Precipitation in the four days
preceding Landsat pass-date

{(PPT4DA)

B. 100X Tungent of Landsat
scan angle

(SCANANG)
C. lLandsat Band 7 to F.:nd 5 ratio
(RASF) This ratio is one real-

time indicator of biostage.

1-6
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Use values for AWC, SUMGSP, and
SUMGSET obtained previously. Note
that ground water table (a water
source) is assumed not to be near
the soil surface.

Determined from nearest meteorological
station as in II.B,

Determined as in II.B. but for the-
period September through November
(Kansas) and April (North Dakota).

Determined as in II.B. relative to
precipitation data in the period
August ‘through November (Kansas) and
April (North Dakota).

Determined as in II.B. relative to
precipitation data.

Departure measured along scan line

of segment relative to an imaginary.
base line perpendicular to the scan
direction and passing through the
Landsat full frame center point.
Measurement based on full frame
center point longitude and latitude
cooriinates given in Landsat Cumulative
U.S. Standard Catalog and on sample
segment coordinates supplied by JSC.
The departure, reported iIn nautical
miles, is defined as zero on the base
line and increases positively to the
east and negatively to the west. Then

_ departure (n.m.)
mean sat. altitude
(494 n.m.)

tan (scan angle)

Obtain (2x) Band 7 to (lx)
Band 5 ratio for the pixel.
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to give four n=w tanls (see Figure 1.1). The first of these bands is oriented along
what Is termed : uuil) brightrness axis, darker surface reflectances having lower
band values. A = ness band (Band 2) is defined perpendicular to the first.

This channel has kewrn Zound to behave largely as a function of crop state

and leaf area indsx. Conseguently, as crops move throuyh their life cycle

they tend fto tr srticular trajectory (the "Cap") in the brightness-

greeness planc g on the initial sofl brightness at the time of

planting or 2n 2. A& third Jinernsion, yellow, is next defined per-
rendicular to o i ness-gre2ness plane. To date, this band has beer
used as a haze correction diagnostic (Lambeck 1977) and has also been sug-

gested to be relat:d to senecing vegetation, In this latter case, vegeta-
tion as it matures Is hypothesized to move slichtly out of the brightihess-
greeness plane and "rol.l over," thus forming the very top of the cap. Near
ard after harvest the :rop’s trajectory, or more exactly the individual
trajectories of tihe rlzld representatives of the crop, in the brightness-
greenpess-yellow spac: proceed back to their particular soil brightness
regions from whernce they started, thus forming the cap's "tassels." A
fourth dimension ‘s Zefined perpendi-ular to the huperplane or space of
the first three. This dimension contains only a small percentage of

the total spectrai variance, largely noise, and has as yet to be relatcl
to crop cycle parameters. See Kauth and Thomas, 1976b, for a complete
discussion of Tasselled Cap Space. '

1.3 . DATA SET

Two biophase periods were selected in Kansas and North Dakota in
which to apply the grouping and sensitivity analysis procedures just des-
cribed. Date #1 in both states represented a wheat emergence condition.
The second date corresvonded approximately to a Jointing or advance
jointing condition for the wheat crop. These time periods were selected
based on sensitivity analysis results reported earlier (Hay et al. 1977a)
which suggcsted that these stages were most difficult to characterize by
statjc stratification variables. This analysis was therefore considered
conservative relative to the performance of the static stratification.
Availabhle sample secments were limited to those 1976 LACIE blind sites
having ground data to minimize Incorrect interpretation of results. Tables
1.2 and 1.3 list the sample segments, dates, and land use/soil/climatic
strata sampled. Figures 1.2 and .3 display the location of the clilimatic
strata utilized iIn the grouping analysis.
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SURAPASY A SIRATA TRXFING ANALYSIS

all possidla pairs of strata in Tadles ]
and 4 : 3 o Nctral o sirilaricy. For each strata naer, Hecelling
al ) -
o~ e Of pixels fromothe TS

aten! In doth stratalt aad
:w‘—c SV owheat Ccluster group.

iy to a sampla uf pixels @ .
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Table 1.4:

Kansas
Date Set #1

Kansas
Date Set H2

North Dakota
Date Set #1

North Dakota
Date Set #2

ORIGINAL PAGE g
OF POOR QUALITY

Hotelling's 72 Test Results Obtained in the Strata Grouping
Analysis When Pixels Sampled Frcm Cluster Sets 1 and 2 (75-
100% wheat and 50-<75%, respectively) Were Pooled Within Each
Land Use/Soil Stratum

Frequency With Fhich the Null FKujcthesis of
Spectral Similarity Was Accepted when All
Pairs of land Use/Soil Strata Ircluded in
Sample wWhere Considered

Within Same Between Between .
Climatic - Vertically lagonally
Stratum or Adjacent
Horizontally Climatic
Adjacent Strata

Climatic Strata

323 (a<5%)* 19% Y
42% (a<i%)* 43% ——-
50% 0%** _—-
75% . o%t e ——
33% 24% 50%
50% 24% 50%
63% -—- 67%
75% --- 67%

*Level of signsficance for rejection of null hypothesis set at «u<5% for
top entry and <l1l% for bottom entry.

**Based on only three possible strata matches available for test.

**2*No strata pairs available for test.
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SUBTASK B: SIGNATURE CONTROLLING FACTOR SENSITIVITY ANALYSIS

Pixel data from both the 75-100% wheat and 50-<100% wheut classes
were pooled and regressed on corresponding static, season-specific, and
lfandsat pass-specific signature prediction variable data. Results for
individual regression-on each Landsat and Tasselled Cap (Kauth} band
are presented in Tables 1.5 - 1.20, The Tables are arranged first by
state, then by date set #1 or #2, next by Landsat versus Tasselled Cap
bands, and finally by ordered regression versus regression without prior
ordering. ’

The most striking feature of the tables, showing results for Landsat
bands with ordered regression (Tables 1.5, 1.7, 1.13, 1.15}) is the sig~
nificant importance of long term growing season degree-days and/or pre-
cipitation in accounting for the variation in spectral response. In
this case degrroe-days was the strongest on both Xansas date sets and
the second North Dakota date set. Long term growing season ppt. acccunted
for the larger share of variance on the first North Dakota date set.

The other variable accounting for substantial amounts of spectral var-
lance was cultivated area percent. This variable, obtained from the
static stratification land use code, was significant in Landsat Bands

6 and 7 on date set #2 in both states and in all bands on date set =!

in North Dakota. An evaluaiion of the cross variable correlation matrix
suggests that the importance of the cultivated percent was largely an
artifact of the sample distribution in North Dakota. One cother variable,
available soil water holding capacity (AWC), was expected to be signi-
ficant in North Dakota. Unfortunately, AWC values could not be cal-
culated for cvery land use/soil stratum and consequently this variab!=z
(as well as composite variables using AWC) was omitted from the sensi-
tivity analysis.

At the bottom of the tables summarizing ordered regression results
are three additional entries by band: Total R2,-¢MSE, and Total Sum
of Squares. The first of these entries is a sum of the R? accounted
for by each predictor variable listed on the left. This sum 1s equal
to the total explained variation in grey level values in each landsat
band. In Kansas total variation explained by predictor variables
averaged 6.% on date set #1 and R0% on date set #2. Similar figures
for North Dakota were 53% and 27%. The lower figure on the second Jate
In North Dakota appears to be dJdue to the small size of sample and pcs-
sibly also to a relatively flat wheat spectral response surface over
North Dakota on that date. The square root of the mean square error
(\/ﬁgf) represents the one standard error level for regression ax-
pressed in grey level counts by band. This value represents an interal on
either side of the mean spec+ral response estimated from the sample 1n
whizh the true mean spectral vaiue (for wheat cluster qroups ! and 2
combined! shouls fail o8% of the time.* The smaiierxfygf, the less

“ferences (resifuals

*Assuming the regression madel is sorrect and the di :
tributed abocut the

iif
between true and predicted values are normaliy Jdistr

regression lines.
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KANSAS

SPECTRAL SENSITIVITY ANALYSTS (A R2 VaLugs)

- OrDERED REGRESSION
Date: 18, 19, 20 January 1976

No. oF PIxELs SAMPLED: U454

CuLtivaten Per,

WaTer HouDING CAPACITY

L.T. Grow. Season Des. - Davs
L.T. C=ow. Season Precie,
(24xAHC)  x Lres Precip,
L.T. GrowING SEASON Evar,
(28xAHC) ~ x LTes Evap,

Ave. Jan. Tewmp.
PLANT. SeAson Deg. - DAvs
PLanT, Season Per,

ScaN ANGLE
7/5 RaTIO

ToTAL R2

\MSE

ToTaL SuM GF SQUARES

L4 15 L6

01 .02
01 01 01
17 13 43
0l .09 .04
02 .03 .02
01 |

.03 .03 .03

04 .06 07

02 01 01

L2 .0l
Q0 18 .02

46 .01 ol
3.3 h.5 6.3

8,9 K 223K 49.,5K

L7

.35
.06
04
01
.04

01

17
73
2.4

9.0 K
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YANSAS

SPECTRAL SENSITIVITY AMALYSIS

REGRESSI1ON WiTHouT Prior OrpERING (ORDER oF ENTRY LIsTeD)

Date: 13, 19, 20 January 1976

No. oF PIxELS SAMPLED: 454

w5 W’ L

CULTIVATED PcT, 4 4 3 7
WATER HoLDING CAPACITY |

L.T. Grow, SEASON Deg-Days 5 6

L.T. Grow. SeasoN Precip. - 11 5
(24xAWC)  x Ltes Precie, 3 10 6

L.T. GrRowing SeasoN Evar, 3

(24xA4C)  x LTes Evar, 6 6 10

fveE. JAN, Temp, 7 8 b 3
PLaNT, Season Des, - Dars 16,24) 1¢,28) 1(.51) 1(.43)
PLANT., SEAsoN PpT, . ' 2 2 2 5
Scan AnGLZ 9 9 7 9.
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KANSAS

SpecTRAL SENSIT;VITY ANALYSIS (D R2 VALUES)

CRDERED REGRESSION -

DaTe: 4,6,7 May~T976
0. OF PIXELS SamPLED: 162

LY L5
1. CuLtivatep Per, |
2. WaTer Houpine CapaciTy (ANC) .04 .05
3. L.T. Grow, Season Dee_ -Davs .80 J8
4, L,T, Grow. Season PpT, .02
- 5, (24xA4C)  x LTGS Pert, | 01 02
TotaL RZ .86 .84
~JisE 5.87  3.15

ToTAL SuM OF SQUARES 38.8 K 67.0K

Lo
()
Ul

54,2 X
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KANSAS

SrECTRAL SENSITIVITY ANALYSIS

RenreSSION WiTHOuT PRIOR OrpDERiNG (0ORDER oF ENTRY LiSTED)

Date: 4,5,7 May 1376
No. oF PixeLs SampLED: 162

CuLtivatep Pcr,

Water Houping CapaciTy (AWO)
L.T. Grow, Season Dec. - Davs
L.T. Grow. Season PrT.

. (24xAWC)  x LTGS Per.

L.T. Grow. Season Evar.

RoBerRTSON BIoONU~BER
Ave. Jan. Tewp,
Grow, SeasuN Des, - Davs

SCAN ANGLE

LY

2(,31)

1€.43)
b
4

5
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LS
2(,28)

1(,51)

L6
5

1,71

(¥ ]

L7

6

s
1(.65)
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SPECTRAL SENSITIVITY ANALYSIS CCSRZ VaLUES)

ORDERED REGRESSION: TASSELLED (AP

Date: 18, 19, 20 January 1976
No. OF_szELs SampLED: 454

AN N

~NOYUY &

O OO

11,
12,

CuLTtivaTep Pcr,
WaTeR Houping CapacITY

L.T. Growine Season DeG-

Davs

L.T. Grow, Season Per,
(24x8HC) X LTSG Per.

L.T. Grow. Season Evap,

(24xAYC) X LTSG Evar,

Ave, Jan Temp,

, . PranTt, Season Dec-Days

PLANT. Season Per,

ScaN ANGLE
7/5 RaTio

ToTaL R2

ToTaL Sum OF SouaRes

KI K2
01 .0l
01
37 .22
07
03
o4 .0l
07 .ol

o0l
59
Bl .85
$.10  2.00
74.8K 12.2K

K3

.02

01

01

05

2.10

2.0K

Kt
03

04

02
i
03
01
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TasLe 1,10: KANSAS

SPECTRAL SENSITIVITY ANALYSIS
ReGress1on WiTHOUT PrIOR ORDERING (ORDER OF ENTRY LISTED)
TASSELLED CAP

Date: 18, 19, 20 January 1976

No. oF PixeLs SaMmpLED: 454

KL K2 K3 K4

1. Curvivatep Per, 8 7 9 7
2. L.T. Grow. Season Dec- '

Days 6 1¢,21) 4 1¢,06)
3, L.T. Grow, Season Ppt, 5 5 1¢,01} 3
4, (2uxAWCIXLTGS Prectp, 10 . 8 10 5
5. L.T. Grow. Season Evap, 3 3 2 2
6.  (24xAHC)xLTGS Evar, g 9 6 6
7. Ave, Jan,Temp, 4 4 5 10
8. Prant. Season Dec-

Days 1¢.47) 7 4
9, PuanT. Season P, -2 2 3 3
10.  Scan ANGLE 7 6 8 9

1-21



TaBLe 1.11: KANSAS

SPECTRAL SENSITIVITY ANALYSIS (ARZ VaLues)

ORIGINAL PAGE IS
OF POOR QUALITY

ORpERED REGRESSION; TASSEILER (AP

Date: 4, 6, 7 May 1976
No. oF PIxeLs SAMPLED: 162

K1
1. CuLtivaTtep Pcr. 07
2., WaTer Houping CapacITY
(AWC)
3. L.T. Grow, Season Dee-
Davs 75

. L.T. Grow, Seasow PeT,
"5, (24xAHC)xLTGS Pet. 01

TOTAL R2 8l

JHSE | 12,2

ToTAL SuM oF SQUARES 141, 2K

K2
23

.26

003 3

J3

6.5

24,7K

1-22

.61
13

78

2.4

.bK

ll7

027

2.0

8K
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TaBLe 1.12: KANSAS , OF POOR QUALITY

SPECTRAL SENSITIVITY ANALYSIS
ReGRessTON WiTHout PRIOR OrperinG (ORDER OF. ENTRY LIsTED)
TasseLLep Cap

DaTe:

4, 6, 7 Mav 1976

No. oF PixeLs SampLeD: 162

- 10,
11,
12,

13,

K1 - K2 3 Ky
CuLtivaTep Per. 2¢,13) 6 5 4

WATER Howpine CapaciTy
(AKC) 1¢.43) 2(,44)

L.T. Grow Season Dec- :
Days 1(,69) 2

(24xAYC)xLTGS Per, , 1¢.18)
L.T. Grow Season Evap. - 3

ROBERTSON BIONUMBER 5 5 6

Grow Season Dec-Davs 3

Grow Season PeT, 6 1(,349)
(24xAWCxGSP) - GSET 2(,29)

Ave Jan Temp ' 3

PLanT Season Deg-Days 4 5
PLanT Season Prectp 4

Scan ANGLE 3 uy
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NorTH DAkoTA I

SPECTRAL SENSITIVITY ANALYsis (O R2 VALUES)
ORDERED REGRESSION

DATE: 24, 25, 28, 27, 28 May 1976
No. 0F_Pxxeys SaMpLED: 192

L4 L5 L6 L7

1. CuttivaTep Pct - 27 .29 23 17
2. L.T. Grow, Season Dec-Davs .02 .02 01 04
3, L.T. Grow, Season PpT. 31 .35 .13 .06
4, L.T. Grow, Season Evar, : .02 01 .03 .02
5. RoBERTSON B1oONUMBER 01 .01 01 01
6. GRoW. SeasoN Dec-Davs 01 .01

7. GRrow, Season PeT. 02 .01 02 03
8. Sum. Grow, Season Evap, .03 .04
9.

Ave, Jan, Temp,

ToTaL R2. . S 700 e L3

VMSE 5.0 7.5 .37

2
<

(2]
M
<

ToTAL SUM OF SQUARES - 15,5K 138.7K 3.8K
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NorTH DaxkoTa

SPeECTRAL SENSITIVITY ANALYSIS

REGKESSION W1THouT PRIOR ORDERING (DRDER OF ENTRY LISTED)

DATE: 2“; 25) 261 271 28 MAY 1976
No. oF PixerLs SampLep: 192

Lty LS L6 L7
1, Curtivatep Per 4 7 8§ 8
2. L.T. Grow, Season Dec-Davs 5 4 3 3
3, L.T. Grow, Season Per. 8 5 5
4y, ROBERTSON BIONUMBER 3
5. Grow. Season Dec-Davs | 6 5
6. GroW. Season Ppr, | 3 6 6
7. Sum GrRow, SeEAason Evar, 7 8
8. Ave, Jan Temp, | 4 4
9, PuanTt. Season Deg-Davs

10. PianT. Season Pert. 6 7 7

11. Four Day Per. 1(,57) 1¢,68) 1(, 36) 1(,20)
12. Scan ANGLE 2 2 2 2
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NorTH DakoTa
SPECTRAL SENSITIVITY ANALYSIS (A R2 VALUES)

ORDERED REGRESSION

Date: 30 June; 1, 2 Jury 1976
No. ofF PixeLs SampLeD: 157

L4 L5 L6 L7

1. CuLtivatep Pcr, : 04 03 10 10
2, L.T. GRQw. Season Dec-Davs .02 22 .16
3. L.T. Grow, Season PeT, . .02 .01 01
4, L.T. Grow. Season Evar. .07 07 03 06
5. RoBERTSON BthUMBER L0l 03 .05 07

ToTaL RZ A5 .13 .40 0,10

VSE - 22 2.8 6.7 3.9

ToTaL SuM oF SQUARES . 8K 1.4k 11.,1K 3,8K

1-26
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NorTH DAkOTA

SPECTRAL SENSITIVITY ANALYSIS

ReGRESSION WITHoUuT PRiorR ORDERING (NRDER OF EnTay LiSTED)

DaTE: 30 June; 1, 2 Jury 1976
No. oF Pixers SamprLep: 157

L4 LS L6 L7

1. CuLtivaTtep PcT. 4y 4 4 4

2. L.T. Grow. Season Dec-Davs

3. L.T. GrRow. Season Pe1. 3,1 5

4, L.T. Grow. Season Evap, 5

5. GROW"SEASON Dec-Days ‘ 5(13)
GRoW, SEAson PeT. 3(.13) 3(99)
4 Day Pet, 1 1 1(13) 1¢.07)

o

8. Scan AncLE 20.12) 20.12)
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SPECTRAL SENSITIVITY ANALYSIS (A RZ VaLuges)
ORDERED REGRESSION; TASSFLLED (AP

Date: 24, 25, 26, 27, 28 May 1976

No. oF PixeLs SampLep: 192

K1 K2 K3

1, VCULTIVATED Per .30 .01
2, L.T. Grow Season Dec-DAvs 11 .01
3. L.T. Grow Season PpT .26 10 04
4, L.T. Grow Seasnn Evap .02 02
5. RoBERTSON BlowuMmBer 01 .01
6. Grow SessoN Dec-Davs ‘ 01 | '.01
7. Grow Seison Pet 02 01

8., Sum Grow Season Evap 01 03
TOTAL R2 65 .26 Ll
MSE 8.6 5.5 1.7

TOTAL SUM OF SQUARES 36.2K  7.,5K 6K

K4

.03

.02

01
01

.01

01
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TaBLe 1,18: -NORTH DAKOTA

SPECTRAL SENSITIVITY ANALYSIS
ReGress1oN WiTHouT PRIOR ORDERING
TasseLLeD Car

Dave: 24, 25, 26, 27, 28 Mav 1976

No. oF PixeLs SampLep: 192

K1
CuLrivatep PcT. 7
2, L.T. Grow Season Des-
Davs 3
3. L.T. Grow Season Pet
4, RoBERTSON BIONUMBER
5. Grow Season Dec-Davs
6. Grow Season PpT 6
7. GrRow SEAsoN Evap 8
8. Ave Jan Temp 4
9, Puant Season Dec-Davs
10, PraNT Season Ppt 5

11. Four Day Pet
12. Scan ANGLE 2

- s ae . - - P ot a3 St o VN
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+ s et v by At o .

(OrpER OF ENTRY LISTED)

K2

2¢,04)

K3

1(,58) 1(.09) 1(.05)

2

K4

3(.06)

fa—
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TasLe 1.19: NORTH DAKOTA

SPECTRAL SENSITIVITY ANALYSIS (ZB'RZ VaLUES) !

CRDERED REGRESSION; Tassritfen Cap
DaTe: 20 June; 1, 2 Jury 1976
No. oF Pixers SampLep: 157

| K1 K2 K3
CULTXVATED Pct .07_ 11 .06
L.T. Grow Season Dec-
-~ Davs - 25 15
3. L.T. Grow Season Ppt ' 01 ,02
4. L.T. Grow Season Evar 01 .06 .04
5. RoBERTSON BronuMBER .03 .06
TOTAL RZ 34 .39 13
JIE 55 63 1.2 1.

TOTAL SuM OF SQUAREs 7.0K  9.7K 3K

.20

2

3K
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TaBLe 1.20: NORTH DAKOTA

SPECTRAL SENSITIVITY ANALYSIS
ReGRESSION WiTHouT PrIOR ORDERING (ORDER oOF ENTRY LISTED)

TasserLep Car
Date: 30 June; 1, 2 Jury 1976
No. oF PixeLs SampLep: 157

K1 K2 »K3 K4
1. CuLtivaTep Per 4 4 4 4
2, L.T. Grow Szason Dec-Davs 5 | 5
3. L.T. Grow Season PpT | 5.17)
4, L.T. Grow Season Evar 5 5
5. Grow Season Dec-Days . 3017
6, Grow Season Precip 3(,13)

7. PLANT SeAson Precip 3(.09)

Four Day Precip 1¢,14) 1(.C8) 1 1
ScAN ANGLE 2,11 2(,1D 2

N
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error expected in predicting the mean band value from the signature
predictor variebles. The Ictal Sum of Sguares entry is defined as the
sumr ¢ the scuared Jdifferences between a reflectuszce value for an indi-
viduval pixel and the average reflectance value over all pixels in that
band. Note that approximate variance by band iIs given when the total
ums of sguares is divided by the total number of pixels sampled per
date. Care should be taxen in comparing ban' varian.e betwesn dates in
that the same distribution of cliratic strata could nov be sampled on
each date.

Results of regression v ithcut prior ordering of predicror variable
entry into the eguations fo Lardsat bands are presen.ed in Tables 1.6,
1.8, 1.i4, and 1.76. While the reader is cautioned against putting much
welght on the exact order of ent:y (See Appendix B), tlLce Ffolliowing ob-
servations were deemed significant. In kansas, variabi?s entering first
on date set §1 were fall 1975 planting secson grecipitation and degree-
2eys. This was oxpected for a January 1976 pass—cate. Lont term
Jrowing season degree-days, cultivated percent, and scan angle were the
first variables entered (i.e. kaving the highest correla:ion or partiai
corralation with tlte Landsat band values) into the regressions on the
second date set In Kansas. Precipitaticn in the four days preceding
landsat pass ( four day ppt.) ard scvan angle were entered consistentliy
as the first and second variables on bhoth detes in North [xkota. If
present, four day ppt. can have an important impact on speciral signa-
tures by wetting the soil or canopy surfaces. Other variadles entering
subseguently incluled eitl.er long term or season-specific degree-day
or precipitation variables.

Review of the ordered regression results for the Tasselled Cap
(Xauth) Xands (Tadles 1.9, 1.11, 1.17, 1.1%9) shows the long term
crewing season degree-dsy varieble to be dominant in accounting for
spectral variance on boti. Kansas dates and the second North DMakota
date. This pattern was particularly evident in Banxds 1 and 2 (bright-
ness and ¢reeness, respectivelu). The long term growing seascn de-
gree-days term was alsc important on Band 2 of date set #1 in worth
Dakota, but the long term precipitation variable had greater overall
significence on this date. Land use (cultivated area percent) and soil
water holding capacity were found significant in the green bond on tle
second date set 1.0 Kansas. As indicators of cropping intensity and
capacity to suprly moisture for growth, land use and AWC can be iogi-
caily linked to the crop Zevelopment thought to be measured by the
greeness hand. The relative Importance shown for land use in Band 1
on the first North Dakota dace set should be treated with caution.
while moderate correlation between land use and soil brightness (Band
i) shnuld be expected, examination of the data indicates that the high
percent of spectrai variability accounted for >y lanéd use may, In this
case, be largely an artifact of the spatial distr_ bution of samples.

Xauth band tables 1.10, 1.12, 1.18 and 1.30 show that the pattern of

signature predictor variable entry when using regression without prior variable

créering follows closely that obtained for the lLangsat bands in each
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each Jate Set,  looking at all dates as a wholo, the izst
enterad [2to the regressions were usualiy sowe comdlnalion
aeie, wrovipilation o the four days proceting lLandsat pas

e oan ! or season-specific degrad=day and precipitation termu,

S oyain ancther viewnovint on the inherent structure or (nlepen=
Jerzr s the signature predictor varfable set, a4 factor

Jusin was appliled to the pixel sample Jata (landsat raflactances)
e uster groups 1 amd J. The procedure was to first per-
wnents rotation on the pixel sample fur each date
roehiv polnt, the [ocation of each variadble was ex-
sead [ ferms of an orthoyonal coordinate system (cach ax:s being
Wicular or normal to every other)., The first axis of thus
has the Jfceatest variation over all variables, the seconmd axis
¥ ovariation, etc. Next a vari-max orthoyonhal rotatlon
um‘%«d to the 'rr.{u el components results in order to
ean .': signature predictor variable te load on one Jinension (or
facter®) oas much as possible.

’

2

Approximataly the same patlern of factor loeding resgltat in
fovth Kansas and North Qdkota,  Namely, the first factor representet
4 water sCress arxis--positive values representing water loss (eva-
roration varfables) and negyative values water Input (precipitation
variables, sofl water holding capacity). Axis 82 related to lony term
Jdeyree-dags; Axis 83 to land use, and AxIs #4 to scan angle, In
Norsth Dukotd, season-specific precipitation  joined long term
fesree-dius on Axis 82 and season-specific temperature varisbles joined
lang use on Axi3 &3, This analysis largely confirmed and claririad the
Mmtterns in the sensitivity analysis.
1.8 VONCLUSIONS REIATIVE 70 STRATA CROUPING. FOR SIONATURE EXTENSION
Using the results of the spectral Sensitivity antiys:s a8 an aid,
we Offer the followling interpretation of resuits cained in the strata
grouping analysis:

(1) The spectral surface appears to be resatisely soooth, gradvaily
Chamring over space.,  The spectral overlap encounterad within and
bDetween climitic strata support this netion,

(M) Furthermore, the results of the sensitivity acalysis ndicate
that tMIS surface 1n Ntrongiy rled o Jegree-Jday and precipitat o
crop development variadies, he spectral nflyences of long tern

-
growing seasen Jegree-Jdays and at fimes JoNng ferm growing doason
DrecIpiration were Sournd 2 be partioularly sionicicant,  Mhesse,

S U Se, wele 2080 the w0 vartadley vned to el ine the ol iratis

(3 Phe sensitivity gnalysis 2050 Suggesis that excertions to )
mty e Jargely Jdue to pasy-specific precipitation Jo0ferences,

thetlr Interaction with sorl type refllectances, and soan anele

fifferences ) land o use may iS00 Mave anr o Dnpnot oI o witnations
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where it !5 strongly correlated with scil tupe or with particular
agriculturs’ practx:es affecting plant canopy reflectance (e2.g.
Jrrigaci~n, field size and shape).

IMPLICATICONS OF RESULTS RELATIVE T0 THE GENERAL PROBLEM OF SIGNATURE
EXTENSION

(1) Multisegment clustering and classification should ke possible
using c z.a:‘c strata, or more generally,distance on a climate-re-
lated sgectril surface, as a guide to segment grouping. In other
words, it should be possible to use spectral training data (cover
type-speciric Landsat band means, variances, and covariances) ob-

tained from a specially selected sampie of LACI segments to

lassify with acceptable accuracy the entire set of LACIE segments
falling within climatic partitions (e.g. see discussion by Kauth
€t al. 1977)., A cost savings over training and classifying each
segment separately should result.

(2) To achieve successful multisegment classification described
in (1) will, in all probability, require sun angle and haze cor-
recction to 4 common standard (e.g. XSTAR as used in this study).

(3) Extension of training segment signatures beyond adjacent
climatic strata will require some form of signature transformation.

(4) While pass-specific precipitatior, soil reflectance and scan
angle may generate spectral outliers, these should not in general
pose significant probiems to multisegment clustering within cli-
matic strata. This iIs not to say, however, that recognition seg-
ments (segrments into which signature is extended from others) hav-
ing ro adeguate spectral analogues will not occur. Undoubtedly
they wili. BZut within many biostages or combinations of biostages,

multisegment classification as described in (1} should be possible with

at least some rortion of the population of sample segments at hand.
Further technical! developments in scan angle correction and flag-
ging of sci! tupe conditions, etc., in which outliers will occur

hould serve to maximize successful use of the multisegment
approach to sicnature extension within climatic strata.
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2.0 TASK II: THE DEVELOPMENT OF MULTITEMPORAL INTERPRETATION PROCEDURES

2.1.0 INTRODUCTIGN

Before oroceed ng with documentation of an31151s procedures and data
products developed within this task for LACIE, it is fitting to review the
status of current interpretation procedures and data presentatzon formats
being utilize” by the analysts. Specifically, it iIs appropriate to exam-
ine 1) the characteristics of Landsat multispectral- temporal data, and 2) the
analysis procedures being applied to these data.

2.1.1 Perspective on Landsat Data

The Landsat spectral-temporal data is significantly different from
traditional, conventional photographic data that analysts have worked
with in the past. Landsat data differs sicnificantly from conventional
photographic data in scale, resolution, and areal coverage withia a
single frame. Even more significant differences are band width of the
sensors, number of sensors, the repetitiveness of the BCQUJSICJODS, and
the digital format of the data.

The differences between Landsat data and conventional photographic
imagery are often not made sufficiently ciear when instructing analysts.
Interpretation procedures for Iandsat data, are often presented from the
same perspective, and expressed in the same terminnlogy (concepts) as
used In conventional photointerpretation. while the concepts of tradi-
tional image Intorpretation still have relevance to the interpretation
of any image formated data, these principles and concepts need to be
modified and restated within the context of the lLancsat situation.
Furthermore, Landsat provides additicnal Information to the analyst that
photographic data does not. This additional information comes from the
digital spectral~temporal response data of the relatively narrow band’
(compared to photographic data) multispectral sensors. Therefore, the
analyst must no longer be considered merely an irage analyst, but one capable
of efficiently integrating information from botk digital and image formats.
Numeric digital data and image formated data contribute significantly
different information to the analyst. The develcpment of new interpreta-
tion procedures for use of landsat data, then, must take into account the
full potentials of Landsat data and not concentrate solely or primarily
on interpretation of Iimage formated data.

2.1.2 The Analysis Process

It is also important to understand the components of the analysis
(interpretation) process itself (called labeliing in LACIE). In simple
terms, the interpretation process ccnsists c¢f thre-= main components:
i) feature detection, 2) feature identifiIcation, and 3) feature condition
assessment. while all three processes mav occur siwmultaneously and iteratively,
they can be treated separat=ly for the purscse of simplicity and underscanding.
Feature detection can be defined as the accicon of iiscrminating a unlque feature
hasad nn soectral, spacial, end temporal chara2c.=vistics vbservable within
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Landsat multitemporal-spectral data. Feature identification can be defined
as the action of assigning a name (e.g. wheat, non-wheat) to the detected
feature. Feature condition assessment can be defined as the action of
ascribing some quality of state (e.g. late developing, poor stand, harvested)
to the feature. Correct feature identification can not properly proceed
unless feature detection has first occurred. Feature detection, however,

does not insure feature identification. Errors in labeling can thus occur
due to (1) fallure to detect a feature of interest, . and (2) failure to ‘
correctly identify a detected feature.

Feature Detection

within LACIE, the features that an analyst wishes to detect are
cropped fields. The characteristics which alert an analyst to the
presence of a cropped field are: 1) the existence of an area enc%osgd
within a man-made (or man-modified) boundary (a spacial characteristice.g.,
the enclosing boundary is often rectilinear in naturg, or can fo%low
topographic elevational contours or other topographic tea?urg dire -~
tional trends; 2) the development of a vegetation canopy wzthzq t@e
grewing season for a given region (temporal-speccralcharac?etzstlc):
and, '3) the quality of presence or condition of the vegetétzon canopy-
within specific time periods related to given crop type b1ost§ge§
(spectral-temporal characteristic). Of these three charac§erlst4cs, the.
second is the most important to the analyst for the detection and
identification of wheat or eny other crop. Determination of.the other
two characteristics is necessary when significant overlap gxlgts between
wheat and confusion conditions, or when acquisitions are missing or of.

poor quality, Obviously, the probability of correctly identifying a
crop within a given field will be low if its vegetation canopy cannot
be detected during a critical vegetation biophase. If the standard .
CIP image product (Product 1) fails to represent a vegetation canopy
in a noramlly expected manner, mislabeling may occur as the result
of analyst's failure to detect the presence of vegetation within a
critical bicphase. Product 1 tends to inadequately represent low den-
sity vegetation canopies. Many, though not all, of these low canopy
situations are detectable upon examination of the actual Landsat
digital data or transformations of tke Landsat digital data (vegeta-
tion indicators such as MSS7/MSS5 ratio or Tassel Cap green numhers).
Thus auxiliary products (analyst aids) which present Landsat digital'
or transformed digital data directly to the aralyst, could aid in
Increasing labeling accuraclies where errors could occur due to non-
cdetection of low density canopies on spectrally distorted image
products.

Digital spectrai data gives the analyst a quantitative measure
of canopy development or condition. The image products do not allow
for easy quantified comparative neasurement. The ability to make
quantified comparative measurements of canopy development may be useful
in discriminating wheat from close confusion crops. Thus digital '
spectral data products are meant to provide the analyst with a more
precise measure of condition, and allow him tc calibrate the image
rroducts with which he Is working. Lest the forgoing discussion
place In doubt the utility of image products, let it be clearly recogniz-
ed that image products are vital for extracticonof spacial and spectral

-

textural information necessary for feature identification.
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while standard image and auxiliary aid products aliow an analyst
to detect a feature, ancillary data and a priori Anowlodye from cutside
a specilic set of Landsat data are necessary for the analyst to identify
and Jabel a detected feature. To identify a feature an analyst develops
correlations between given spectral-temporal response patterns, the
ancillary data concerning local and/or regional ground conditions and
a priori knowledge. _ '

By analyzing these data the analyst then determines the probable
identity of a given point. An analyst's ability to perform this analysis
is dependent upon his past experience, his familiarity with the given
environment, the qualicy of Instruction received, the quality of the
guidelines available tu him which relute spectral responses to ground
conditions, and the development of his analytical thought processes.

At present, analysts have very little information about the cor-
relation between Landsat spectral response and ground conditions, because
Landsat data has not been available for a period sufficient to develop
these relationships. The analyst, therefore, must Jdevelop these corrce-
lations (or more appropriately inferences to possible correlations) for
himself from the ancillary data and spectral data given to him. Until
the necessary correlations can be definitively determined for presenta-
tion to the analyst, the identification process will continue to be heavily
dependent on the skills and experience of the individual analyst.

Ancillary data currently considered most necessary to the analyst
are listed In Table 2.'. These data should consist of mean values and
descriptions of average, normal conditions, as well as year-to-year
and spacial variability. Much ancillary data is deficient in variablility
Information.

&.2.0 OVERALL TASK OBJECTIVE

The overall qoal of this task was to develop analysis procedures and
data products that would allow the analyst to take maximum advantage of
the information contained within Landsat data. In spite of current limi-
ted spectral response to ground condition ceorrelations, it was felt that
procedures based on current general guidelines could be developed now
and later refined as the results from data correlation studies become
available. Specifically, the Task II objective was to develop interpre-
taction methods and guidelines for utilizing multispertral landsat data
which were improvements to the current LACIE methods. This involved
1) the development and testing of decision criteria for the {dentification
and estimaticn of small grains and wheat from Landsat data, and 2) the
deveiopment and testing of multitemporal data presentation fornats. To .
efficiently pursue the objective.Task [T was approached through three
subtasks. These subtasks were 1) Subtask A = FAMILIARIZATION WITH
JSC/LACIE PHOCTOINTERFRETATION PROCEDURES, 2} Subtask B - DEVELOPMENT
CF MULTITEMPORAL INTERPRETATION PROCENRES whereby individual temporal
images and spectral data are analyzed by means of a decisien logic for
the :dencification of smiil vrains and wheat, and 3) Subtask & - EXPIORA-
JON AND EVALUATION OF METHODS FOR REDUCING THE DEMENSIONARLITY OF MULTI-
TEMPORAL DATA to a sincle fmage oF multitemporally combined Jata and/or

a aumeric representation of the spectral data.
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TABLE 2.1: ANCILLARY DATA MOST NECESSARY FOR FEATURE

IDENTIFICATION

. DATA FOR ALL MAJOR CROPS WITHIN A REGION

. CROP CALENDARS
. CROP HISTORICAL PROPORTICNS

. CROPPING PRACTICES

. METEOROLOGICAL DATA AFFECTING CROP DEVELOPMENT AND/OR SFECTRAL
RESPONSE -OF CROP

. RECENT PRECIPITATICN

. POTENTIAL YIELD (Integrator of all climatic, adaphic,
and pathogenic parameters)

. EPISODAL EVENTS DATA

+ SPECTRAL RESPONSE CORRELATED TO CROP DEVELOPMENT STAGES

>~
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2.3.0 SUBTASK A: FAMILIARIZATION WITH JSC/LACIE PHOTOINTERPRETATION
PROCEDURES

2.3.1 OBJECTIVE

The specific objective of this subtask was for UCB personnel to become
familiar with LACIE interpretation procedures and tc remain current on
all implemented, and proposed interpretation procedural modifications.
This subtask was vital to efficient and effective performance upon the
other subtasks within Task II.

2.3.2 SUMMARY AND DISCUSSION

An initial tutorial session and over-the-shoulder interpretation
session on the "old” Fields Procedure was presented to UCY personnel
by CAMS Operational personnel in August 1976. Sessions with CAMS
personnel in March 1977 and July 1977 provided updates on the Small
Fields Procedure and Procedure 1. These updates coincided with UCB's
participation in the development of LIST and an evaluation of the
"South Dakota Overestimation Problem”.

2.3.2.1 Participation in LIST

LIST (Label Identification from Statistical Tabulation) was a pro-
cedure conceived within NASA/JSC, and—booperativefy developed by person-
nel from Lockheed Electronics, ERIM and UCB. LIST is "basically
a statistical approch for estimating dot labels from analyst responses
to a list of questions, and from assoclated ancillery data.” The mo-
tivation behind LIST was to develop a dot labeling procedure that would
standardize the labeling process, and, hopefully, decrease variability,
and increasse accuracy of dot labels for wheat. UCB's participation in
LIST was mainly confined to aiding in the development of the list of
questions to be answered by the analysts from Landsat and ancillary
data. i

The basic LIST questions paralleled the analysis approach used by.
analysts, and were structured as follows:
A. Total Segment and/or Partition level Questions
1. Data Input questions
2. Data output from evaluation analysis questions

B. Dot Specific Questions
l,. Data input questions
2. Data output from evaluation analysis questions

T?tal segment and/or partition level questions were relevant to the
analysis of all the dots within a segment. Thus, data had to be extracted
an? evaluated only once, though it applied to every dot specific analysis.

Do: specific questions, however, had to be answered each time the aralyst

moved to a new dot (in Procedure 1 system). The answers to these questions

varied, and were totally dependent on the specific situation of each inde-
pendent dot., N

NASA, March 7, 197? Plan for Defining Dot Labeling Procedures for
Procedure 1 ~ the LIST Method.
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Data ;nput questions were informatlon gathering questions, and no
evaluation analysis was required. Information was extracted and re-
corded as a reported fact from ancillary data. Data output from
evaluation analysis questions required that ‘the analyst evaluyate the
Input data and make some judgment before the question could be answered.
An outline of the logic structure for these gquestions is shown in Table
2.2. The initial set of questions have since been modificed and stream-
lined by NASA/JSC and LEC personnel and some initial testing has occurred.
vcB, however, has not been involved in these later developnents.

Relevar.t to the goals of subtask A, however, participation in the
development of LIST provided UCB with an excellent opportunity to
establish contacts with LACIE operational analysts, and to de&elop a
better appreciation of the analysts' interpretation problems. There
was also the opportunity to become familiar with the new analyst aids -
namely the Tasseled Cap greeness~brightness trajectory plots and the
spectral scattergram plots.

In regatd to the trajectory plots of greeness vs. brightness,
it was felt that these plots would be more meaningful to the analyst
iIf the temporal co-ordinate was more directly incorporated intc the
plots. That is, greeness and brightness could be plotted indivi-
dually against a temporal axis, and a ratio of brightness to greeness
could be plotted against time thus incorporating all three paramaters
(greeness, brightness, and time) within one plot., In that the temporal
characteristic of plant development are the most significant for crop
identification, any subset of spectral aids must strive to represent
Landsat vegetation development indicators vs. time in a clear and
straightforward manner.

2.3.2.2 PFC Product Evaluation

During this lasc year's effort, UCR was also involved in a spec1a1
PFC Alternative Product evaluation. Participation in that effort allowed
UCB the opportunity to evaluate and work with the new "Kraus" Product
which is now being made available in JSC analyst packets. Results of
the UCB study on PFC projects were reported upon in Hay, etc., 1977a.
Relative to the objective of this subtask, the PFC study helped dev:2lop
increased awareness for the role that image mapping functions can play
in the presentation of image data to an analyset.

2.3.2.3 "South Dakota Overecsimation Problem"”

Another tazk that UCB was reguested to participate in this last
year was an evaluation of the "Scuth Dakota winter wheat measure-
ment problem.” While the conclusions drawn by UCB conzerning the
"problem” were In the main supportive of the gencral ccnclusions
drawn by an in-house JSC team, this task provided an opportunity for
UCB to get an updated briefing on Procedure 1 as implemented. The
results of the "South Dakota” study, as reprinted from an earlier
report, are given in Appendix C.
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Table 2.2 LOGIC STRUCTURE OF ORIGINAL LIST QUESTIONS

A, Total Segment and/or Partition Level Questions
l. Data Input questions

a. cation of segment
b. Agro-Met data

1) Climatic
2) Cropping Practice

2. Data output from evaluation analysis
a. Evaluate relevance of input data to actual segment
from full frame Landsat analysis
B, Dot Specific Questions
l. Dbata input questions
a. Pixel quality questions (misregistered, etc.)
b. Spectral data for pixel (e.g. color on image, green
nunber, etc.)
2. Data output from evaluation analysis

a. EVaIuaCe {nput data and determine if pixel follows
expectations for small grains and/or wheat
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2.4.06 SUBTASK B: DEVELOPMENT OF MULTITEMPCORAL INTERPRETATION PROCELURES

2.4.1 OBJEZCTIVE

The objective of this subtask was to develop and explore new and
improved multitemporal interpretation procedures that would increase
AI labeling accuracy or efficiency relative to current LICIE interpre-
tation procedures, Specifically, procedures that integrate the inter-
pretation of standard multitemporal Landsat image~formatted data and pre-
processed spectral, numeric~ or graphically-formatted data were explored.
An emphasis was placed on the development of procedures that could be
standardized as much as possible within the operation, production orien-
ted context of LACIE. This was desirable in that the effects of
analyst performance variability could be minimized in the measure-
"ment porcedures for acreage estimation.

2.4.2 ZAPPROACH

Procedure modifications explored within this contract period
made use of Landsat vegetation indicators such as 2x MSS 7/MSS 5 ratio,
and Tasselled Cap green and brightness numbers. It was felt that direct
manuual analysis of the temporal pattern of the 2x MSS 7/MSS 5 ratio,
green numbers, and brightness numbers for fields, coupled with analysis
guidelines corcerning vegetation detection using these measure could
possibly be utilized to enhance small grains and/or wheat detection
and/or identification. After reviewing the current state of knowledge
concerning these vegetation indicators, procedures and guidelines were
developed for effective utilization of these indeces in the interpretation
of Landsat data.

Another aspect of labelling and acreage estimation explored in
this subtask was that of stratification aad sampling within the seg-
ment. The development of procedures for better data interpretation and
more efficient sampling were pursued in recognition of, and agreement’
with, the philosophy behind the developing Procedure 1.
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2.4.2.1 Develorment of the Delta Function Stratifization (DFS) Procedure

Unlabelled Cluster Display Procedure - Unitemporai Mode

After reviewing the JSC Fields Procedure at the outset of this
task, it was apparent that analyst definition of ssectral subclasses
based on interpretation of PFC imagery alone was :refficient and in-
accurate. It was felt that clustering information should be made
available to the analyst to aid him in training statistics defi-
nition.

¥ost of the Initial displays of unlabelled cluster data employ
a random assignment of colors to the various clusters. This random
color assignment does not facilitate rapid interpetation, and corre-
lation of the cluster data with raw Landsat imagerv. A desireable
color display scheme would allow for the wvisual grouging of related
clusters so that landscape features are clearly identifiable, and
comparison of ciuster maps with Landsat raw data Imagery (or ground
data) is facilitated. This can be accomplished by assigning analogous
(adjacent) colors to similar clusters that belong to the same general
class but represent different spectral subclasses within that class.
The display of related clusters in analogous colors wili allow visual
grouping of rela*ed clusters and preservation of landscape features.
The AI can more readily see relationships witain the data, and thus
deliver a better final analysis of that data.

An easy and relatively reliable method for ordering and asso-
ciating unlabelled clusters was needed. In previous experience with
the 2x MSS 7/MSS 5 ratio, relatively good temporal correlation with
vegetation development - (canopy development) was observed. Therefore,
it was decided to use the 2x MSS 7/MSS 5 ratio as an indexing number
for ordering and associating unlabelled clusters. The procedure is
as follows:

1) The data is clustered using the following procedure:

a) Five 20 point by 20 line seed areas distributed through-
out the segment* are clustered** for 10 iterations using
a STDMAX = 4.0, MAXCLS = 50, and NMIN = 32.

b) Punched output statistics from the seed run are Input
into a second clustoirng run on the full segment for
an additional 10 iterations at a STDMAX = 4.0, HAXCLS
= 60, and NMIN = 30. This equates to a total of 20

iterations for the segment.

¢) Punched output statistics and a dispiay map on tape
are acquired from the second clustering run.

*The upper left corner of the five 20 point by 20 line seed areas are:
a) 1,1; r) 1,97; <) @&,48; d) 176,1; e) 176,97.

**Clustering algorithm ISOCLAS - UCB's adaptation of JSC ISOCLS.
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2) The stat deck from the second clustering run is input. to a
program called CLODER. CLODER computes the 2x MSS 7/MSS 5
means ratio for each cluster. .

3) Clusters are ordered, from highest to lowest, by *he
2x MSS 7/MSS 5 ratio of the cluster means.

'4) The ordered clusters are assiqned colors From a spectrally
ordered sequence of colors beginning with the warme:t colors
(red-violet) and proceeding to the coolest colors (~lue-
violet). Figure 2.1 is an example of a unitemporal unlabelled
ordered cluster map.

Extention of Unlabelled Cluster Display Procedure to Myltitemporal Datg

The next step in the development of DFS was the extersion of
the unitemporal Unlabelleld Cluster Display Procedure to the multi-
temporal situation. The two major problems associated with thic
next step were 1) the proper ordering and associating c¢i :tls clusters
from multitemporal space, and 2) finding enough adequately dis—
tinguishable, spectrally ordered sequential colors to assign to the
large number of clusters developed in multitemporal space, viz., ap-
proaching 60 clusters versus less tkan 25 clusters in unitemporal space.

Since small grains and wheat were of prime interest to LACIE,
the problem was approached with the objective of trying to accentuate
those clusters that were prime candidates for hbeing small grains or

whont

From experience with the display procedure In the unitemporal
mode, and after reference to results of work reported on by Wiegand
(Wiegand, et al., 1977), a "soil line” decision bouvndary was defined
at & 2x MSS 7/MS5 5 means ratio of 1.10.* That is, one could consider
that for a given acquisition date, a cluster with a 2x MSS 7/MS5 5
means ratio greater than 1.10 represented a spectral subclass of yreen
vegetation. :

The term "soil line” actually refers to the upper limit of a
bare soil and/or dry vegetation distribution. The lcwer limil for
green vegetation may be slightly lower than 1.10. leowering the
"soil line" ratio value, however, would allow much rmore bare soil
and dry vegetation to be committed with green vegetation than the
amount of green vegetation ommitted at the ].10 ratio value.

*pata not corrected for sun angle or haze.
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Figure 2.2 represents the temporal plot of the 2x MSS 7/MSS 5
ratio for winter wheat in Kansas in 1974. Similar plots can be
generated for a.. major crops within an area. Information on temporal
ratio plots for all major crops in an area allows an analyst to de-
fine a simple temporal function for each crop type. The temporal ratio
function can be defined by the difference between the ratio value and
the soil line value of 1.10 for each biostage represented.

The following cluster ordering procedure was used for multi-
temporal data. Clustering was carried out as descrived above for
unitemporal data except thac in the multitemporal case, four times
the number of acguisitions, channels of data were clustered.

1) The analyst defines the 2x MSS 7/MSS 5 ratio function
for the given set of acquisitions for a segment to be
processed. He then selects a cluster ordering reference
acquisition date. This acquisition 1s the one on which
the anaiyst determines that wheat is probably most dis-
criminable from (unitemporally) all other conditions/
crop tupes present in the segment.

2) The clusters are ordered according to the 2x MSS 7/4SS 5
ratio of the cluster means on the reference date, pro-
ceeding from the highest ratio to the lowest.

3) After the multitemporal clusters have been ordered by the
2x MSS 7/MSS 5 ratios on the reference date, the ratio of
2x MSS 7/MSS 5 means for all other acquisitions processed
are recorded in proper temporal order along side the
reference date ratio for each cluster.

¢) The difference (or delta) between the ratios for each pair
of adjacent acquisitions is noted, and the position of the
ratio, above or below the soil line (1.10), i1s noted.

5) Refer:ing to the temporal MSS 7/MSS 5 ratio function s for
small grains/wheat and other major crop types within a
region, the analyst assigns each cluster to a stratum based
on the probability that the cluster is a small grains cluster.
Three main strata can consistently be broken out. (An option
is available to the analyst to define two substrata for each
stratun 1f he so desires; however, the strata are bounded by
the main strata definitions.) The three main strata based
on their temporal 2x MLS 7/MSS 5 ratio delta function relative
to the defined soil line are:

a) Hich probability small grains stratum: probability > 50%
that the cluster 1Is small grains

b) Nedium probability small grains stratum: > 25% to < 50%
probability that the cluster is small grains. This stratum
seems to contain primarily pasture, alfalfa, and range
clusters Iin winter wheat areas.

2-13
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c) Low probability small grains stratum: < 25%
probability that a cluster is small grains.
This stratum usually contains summer crops
such as corn or sorghum or fallow conditiuns.
Table 2.3 is an example of cluster assignment
to small grains probability strata using the
above described procedure.

Once the clusters are assigned to strata, the analyst then
defines the display function for the clusters. The function
is Jdefined so that clusters within the same stiratum or
substratum will visually group together when displayed.

This is necessary so that the analyst can efficiently

analyze the spacial distribution of related clusters.

Visuel grouping can be accomplished in twd vays: (1)

by assigning the same color code to all ..usters in the

same substratum (this does not optimally allow for analysis
of individual clusters); or (2) by assigning analagous
(adjacent) colors (e.g. red and orange, yellow and yellow
green, blue green and blue) tc adjacent clusters

within a substratum as ordered by their 2x MSS 7/MSS 5

ratios on the reference date. If there is a limitation in

the number of unique, and visually separable available colors,
multiple images can be used. In this case, individual ordered
clusters within a given substratum are displayed in adjacent
spectrally ordered colors. Clusters within the remaining
substrata are grouped by substrata and displayed in a single,comion
color specific to each of the remainiiy substrata.

While DFS was developed initially. as a display procedure for un-
labelled multitemporal cluster maps, it soon became apparent that the
procedure produced a stratification that offered some potential improve-
ment over Procedure 1. Initially during this last year, the Delta Function
Stratification Procedure has been developed using a full season's set of
acquisitions (i.e. at harvest procedure). However, after being developed
and tested for an at-harvest mode, continuing development of the proce-
dure will concentrate on mid and early season estimation capabilities.

LN}
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2.4.2.2 Evaluation of the DFS Procedure

The Delta Functicn Stratification procedure was evaluated in terms
of processing efficiency, ease of use, and segment proportion estimate
accuracy. An experimental design was developed for the last of these
three criteria. In this design, thirteen separate procedures for es-
timating segment wheat proportion in Kansas or small grains proportion in N. Dakota
were compared. These procedures (.. levels of factor P, for "procedure”)
were of three basic types: (1) a control treatment in which segments were
processed according to the JSC/LACIE Fields Procedure; (2) a bias-
corrected Fields Procedure; and (3) a bias-corrected DFS Procedure.

The rationale for the use of these three treatment types devr.loped
as follows. At the beginning of the contract period, the Fields Pro-
cedure was selected as the most logical basis for treatment comparisons
since it had been and continued to be the JSZ/LACIE standard. Much later
in the contract year, however, JSC implemented the new Procedure 1 (P-1)
wheat proportion estimation procedure. Within the time requirements
of the contract period it wis not possible to redo the controli treat-
ment using P-1. Thus UCB elected to compare DFS with a "simulated” P-1
treatment as well as with the older Fields Procedure. The simulated
P-1 was developed by bias-correcting the Fields FProcedure class map
using bias-correction dots (a subset of the 209 grid intersections formed
by placing a 10x10 grid over a sample segment) specified by P-1. The
stratification resulting from DFS was also bias-corrected with the same
dots.

The major differences between the simulated P-1 and P-1 as im-
plemented at JSC were (1) the UCB classmap for the Fields Procedure wés
unitemporal as opposed to multitemporal as in P-1; and (2) the classifier
was trained with analyst defined fields (as per Fi»lds Procedure spec-
ification) as opposed to labelled clusters as in P-1. Table 2.4 summarizes
steps involved in the Fields Procedure as it was implemented at JSC and
simulated at UCB.

In order to evaluate the impact of analyst (AI) labelling error on
the final segment wheat or small grains proportion estimates, the bias-
corrected Fields Proccedure and the bias-corrected DFS Procedure were
each subdivided into ground and analyst dot labelling treatments. The
effect of labelling dot sample size was examined by defining three
sample sizes (60, 99, 209) within each bias-correction/labelling pro-
cedure. Consequently, each bias-corrected procedure (simulated P-1 and
DFS) was represented by six treatment combinations.

Five segments were selected in Kansas and five in North Dakota on
which to perform the procedure evaluation. These segments represented
the range of agronomic and field pattern situations found in the wheat
producing environment in both states. Each segment was processed with
Fields and DFS Procedures and then subjected to dot labelling. Pixels
falling under the 209 10x10 grid intersections were labelled by the
same analysts assigned to each segment for the Fields Procedure pro-
cessing. Finally, blind site ground data maps for each segment were
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Table 2.4 Summary of the JSC/LACIE Fields Procedure and the Simulated

Fields Procedure Used by UCB

JSC/LACIE Fields Procedure

Cn the PFC transparencies and Landsat data:

1.
2.

Define spectral subclasses by analysis of the full segment.
Select training fields from within spectrally homogeneous
areas to represent all subclasses defined in Step l.

Identify all spectral subclasses as wheat or non-wheat using
multitemporal interpretation procedures.

Select five test fields which have not been selected as
training areas.

Digitize and verify training and test field cocrdinates using
a coordinatograph and the LARS terminal.

Submit segment for batch classification processing.

Evaluate the classification results using class map and
performance matrix for tr.ining and test areas.

If necessary, modify training and submit for reclassification.

UCB - Simulation of the JSC/LPCIE Field Procedure

On the PRC transparencies, define subcliasses according to
JSC procedures.

Select training fields according to JSC procedures.
Identify as wheat or non-wheat all subclasses using JSC
procedures.

Systematically select fifty test areas throughout the seg-
ment. (It Is UCB's view that the five test areas as re-
quired by JSC procedures are insufficient for an adequate
evaluation of the classification results.)

Extract training and test field coordinates using the UCB-
Remedys color monitor display system. A coordinatograph as
used at JSC is not available at UCB.

Submit the training deck to the supervised classifier
(CALSCAN) for processing.

Evaluate the classification results using the class map
and performance matrix for training and test areas.
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cut into small grains/wheat versus other stacks and then weighed to
produce the base line wheat proportion percentages. These percentages
were subtracted from the corresponding swall grains or wheat percentages
obtained in each of the thirteen estimation procedures. The resulting
difference (error) formed the response variable used in the analysis

of variance discussed in the next section. Figure 2.3 and Table 2.5
illustrate the resultant DFS stratifications for several of the test
segments in Kansas and No-t+h Dakota.

2.4.3 RESULTS AND DISCUSSION

In order to determine if there was a significant difference be-
tween wheat and/or small grain estimates produced from the !'‘' Fields
Procedure (P=13); (2) bias-corrected Fields Procedure (p=l-6,; and
(3) bias-corrected DFS (p=7-12), a one-way analysis of variance (ANOVA)
on the thirteen treatments means was performed. The results of the
one-way ANOVA analysis are shown in Tables 2.7, 2.9 and 2.11. They
show no significant difference among treatents for Kansas and North
Dakota treated together (a=.5%1) and no significant difference for
Kansas (a=.981) or North Dakota (a=.770) treated separately. It is
possible, however, to construct two-way analyses of variance tables
for the factors - 1) treatment (P) and 2) segment (SEG), using numbers
from SPSS* printouts of the separate one-way ANOVAsS. The accompanying
Tables 2.12, 2.13 and 2.14 are based on Tables 2.6 and 2.7, 2.8 and 2.9,
2.10 and 2.11, respectively. The treatment difference is significant at
.05 level for Kansas and North Dakota treated together, but not for
Kansas or North Dakota treated separately.

The general advantage of a two-way ANOVA table over a one-way
ANOVA analysis may be explained as follows. Consider the effect P
tested above, over all ten segments. In the one-way ANOVA the total sum
of squares is partitioned into 287 due to the P factor (that is,
between the means of the thirteen treatments) and 3263 due to error
(that is, error within the thirteen treatment groups). The total sum
of squares is 3550. By contrast in the two-way ANOVA, the 3263 sum
of squares ass ciated with the error in the one-way ANOVA is broken
into two parts - 2092 due to the segment (S5EG) factor and 1170 due
to error. Given that the significance of the effects of any factor is
tested with the ratio

sum of squares due to effect/degrees of freedom
F= v
sum of squares due to error/degrees of freedom

we can see that to evaluate the significarce of the P effects, it is
necessary to first remove the large effect due to segment.

Note that the two-way ANOVA tables cited above were actually
based on one case per cell, and could thus not be computed by SPSS.
The disadvantage of this design is that the interaction** effect cannot

*Statistical Package for the Social Sciences

**In a replicated two-way ANOVA, write the model as
c..o=m+ R, +C. 4+ .t .
Y15k S R O e T

The u i i i {
hen Ri' Cj' and Iii are the row, column and interaction effects, respectively.
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Table 2.5

KANSAS

a. Percentage of To
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tal Wheat in a Segment Falling in Each Stratum

Segment {# 1019 1020 1635 1041 1183
Stratum

Ha 72.6 43.9 51.3 68.2 51.9
Ab 13.7 30.3 2.6 2.3 7.4
Na 4.1 0.0 e 0.0 18.5
Mb 8.2 18.2 2.6 15.9 22.2
La 1.4 6.1 38.5% 13.62 0.0
Lb 0.0 1.5 5.1 0.0 0.0
#Much abandoned wheat

b. Wheat Proportion Within Each Stratum
Ha 81.5 96.7 64.5 69.8 70.0
RDb 33.3 100.0 - 6.3 25.9 100.0
Ha 18.8 0.0 ——— 0.0 3.4
Mb 30.0 14.3 1.9 13.5 24.0
La 1.3 6.9 22,17 5.6% 0.0
Lb 0.0 8.3 5.0 0.0 0.0
c. Percentage of Segment in Stratum

Ha 28.9 14.0 21.1 20.8 9.4
kb 14.6 10.3 4.7 2.6 1.9
Ma 8.1 1.6 2.8 .8 72.8
Mb 12.5 40.5 29.0 25.1 11.2
La 34.7 27.7 14.9 45.6 .6
b 1.2 6.0 27 .4 5.1 4.1



Table 2.5, continued

NORTH DAKOTA

d.

Percentage of Total Wheat & Small Grains Falling in Each Stratum

OF PooR Q

2 b
e

' F '34
UALiTy

SEC # 1618 1624 1633 1645 1662
Stratun W S, ¥ SG Woos6 6 Woose
Ha 52.9 70.5 77.1 68.2 86.5 66.7 84.8 90.3 48.6 60.0
4b mmee cmem cmee amee 10.2 33.3 0.0 0.0 9.7 0.0
Ma 3.4 6.8 9.4 13.6 3.4 0.0 4.8 3.2 15.3 13.3
MD 39.1 15.9 5.2 9.1 0.0 0.0 8.6 3.2 20.8 20.0
La 0.0 0.0 5.2 9.1 0.0 0.0 === -—— 1.4 0.0
Ldb 4.6 6.8 3.1 o.0 0.0 0.0 1.9 3.2 4.2 6.7
Wheat/Small Grain Proportion Within Each Stratum

Ha 55.4 92.8 64.9 78.0 76.8 78.8  65.4 86.0 60.3 75.9
Hb ———- eee- ———— e 19.6 21.7 0.0 0.0 77.8 77.8
Ma 14.3 28.6 36.0 48.0 10.0 10.0 25.0 30.0 31.4 37.1
Mp 70.8 85.4 21.7 30.4 0.0 0.0 45.0 50.0 22.4 26.9
La 0.0 0.0 50.0 70.0 0.0 0.0 ———— - 12.5 12.5
Ly 7.1 12.5 8.1 8.1 0.0 0.0 6.4 9.7 9.4 12.5
Percentage of Segﬁent in Stratum

Ha 40.4 52.9 40.8 65.7 31.7

Hb —-- — 20.8 .6 4.3

Ma 9.5 12.4 19.5 7.6 13.2

Mb 23.9 14.6 9.5 11.2 32.6

La 1.0 5.1 6.9 .7 2.1

Ly 25.1 15.0 2.5 14.2 16.1
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Table 2.6 Analysis of variance Kdnsas and North Dakota Together

Between SEG .

Within SEG

Total

D.F. . §.5. M.5.5. F a
9 2092.28 232.48 - 19.143 0
120 1457.29 - 12.14

129 2549.57

Table 2.7 Analysis of Variance Kansas and North Dakota Together

Between P
within P

Total

D.F. S§.S. M.S5.S. F Aa

12 287 .03 23.92 .58 ° .591
117 3262.54 27.88
129 3549.57

- - - - - - 2 = — .

Table 2.8 Analysis of Yariance K ansas Segments Alcne

Between SEG

within SEG

Total

D.F. S.S. M.5.5. F a
4 1144.52 -286.13 40.47 .00
60 424.52 7.07
€4 1568.72
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Table 2.9 Analysis of Variance Xanzas Secgments Alcne

D.FP. S.S. ¥.5.5. F
Between P 12 in9.61 9.13 .326
Within P 52 1459.11 28.06
Total 64 - 1568.72

- —— o - o -

Table 2.10 Analysis of Variance North Dakota Segments Alone

D.F. 5.5. H.5.5.  F
Between SEG P 779.94 194.99 11.32
within SEG 60 1033.09 17.22

Total © 64 18:3.04

-y e s @ W o it T s > B

Table 2.11 Analysis of Variance Nc -tr Dakota Segments Alone

D.F. S.S. M.5.5. F
Between 7 } 12 243.22 20.27 671

Within P 52 1569.82 30.19

Total 64 1813.04

.981

.00

.770
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Table 2.12 ANOVA Table for ten (Kansas and North Dakota together) segments
and 13 treatments

D.F. s.s.- M.S.S F
P _ 12 287.03  -23.32 2.21
SEG 9 2092.28  232.48

ERROR 108 1170.26  10.84

T07AL 129 3549.57

If all treatment means are the same, then

SSp MSSp.12 MSSR 23.92
F= 9, — = 9, o = = 2,21 has the F distri-
SSg NSSp$.12  Mssp 12.84

bution with 12 and 108 d.f.

F(.05; 12,108) = 1.85 and F(.01; 12,108) = 2.36. Thus a=.0l
and the difference between treatments Is definitely significant at the
.05 level.

Table 2.13 ANOVA Table for five Kansas segments alone and 13 trestments

D.F. s.s. M.S.S. F
P 12 109.61 9.13 1.43
SEG 4 C1144.52 286.13

ERRCR , 38 314.59 6.55

TOTAL | 64 1568.72

Ho: all treatment means same
MSSp 9.15

MSS. 6.55
F(.05; 12,85) = 1.90

= 1.33

F=

F(.01; 12,65) = 2.37

Thus treatment means not significantly differert.

]
9]
wn
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Table 2.14 ANOVA Table for five North Dakota segments alone and 13

treatments
~.
D.F. s.s. x.S.S. F
P ' j 12 243.22 20.27 1.23
SEG - : 4 799.94 194.99
ERRCR _ 48 789.88 16.46
TOTAL 6¢ 1813.04 |

Ho: all treatment means same
MSSp  20.27

=

MSSg 16.47

F=

= 1,23

F(.05; 12,65) = 1.90

F(.01, 12,65) = 2.47

Thus treatment means no* significantly different.
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be estimated. By comparing these tables with others in which the
interaction is estimated, the Iinteraction was judged highlu sig-
nificant. The tests of significance of the main effects of a two-way
table (in this case, the thirteen treatments (P) as one effect, the
segments (SEG) as the other) ar> less valid when the irntoraction is
significant than it would be if the interaction were rot significant.

In each of the remaining two-way tables discussed, there are
several cases per cell, and thus a third effect, the interaction
effect, is estimated from the variability within the cells. Then
eiach of the three effects (two rain effects and the interaction
effect) are tested against the error term as described above. The
interaction effect is tested first. If it Is not significant then
the significance tests on the main effects are valid. If the inter-
action is significant, the results are of doubtful validity, but
may serve as a useful guide to formulate new hypotheses to be tested.

] We saw in the preceding section that a two-way table of P and
SEG (10 segments) showed a significance level of approximately .0l
for P but that was of doubtful validity due to the probability of

a significant interaction. However, as was noted above in the pre-
ceding paragraph, the results can be used as a guide to formulating
further hypotheses. The first twelve treatments of the total thir-
teen levels of P form the two-way Table 2.15. We may now hypothe-
size that the factors 1) dot sample SIZE or 2) PS, or both are sig-
nificant. The alpha levels of one-ways on each of these factors and
alpha levels orf -their corresponding effects. in a two-way ANOVA. are.
given in Tables 2.16 and 2.17. ‘ ' o

We can sec from the first row of Table 2.16 that a one-way on PS
for all ten segments is significant at the .05 level (3)0 cases per cell).
However, PS Is not significant for either state alone due to the small
sample size (15 cases per cell).

A one-way ANOVA on dot sample 5IZE showed size not to re significant.
Table 2.17) for_bothbstates combined

x=.13). With the varieriiity due
ificance level of SIZT is much lower

The two-way of PS and SIZE
is marginally significant overa
to PS removed we see that the s
{.999).

(T
P
EA
an

:
3

In the above one-way ANOVAs and two-way ANCVAs we acain have the
problem that most of the variability is due to the segment effect. It
is still possible that In a two-way ANCVA with SEG, the Factor sanmple
SIZE may be significant, and that 3 much higher significince level with
PS may be found.
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Table 2.15 Treatment (Procedure) Group

Dot

Sample pS=] PS=2 pS=3 psS=4
Size (BCFP*/AI) _ (BCFP/GT) (DFS/AI) (DFS/GT)
1 (109) p=1 ¢ 7 10

2 (59) 2 5 -8 11

3 (60) 3 6 9 12

{p = 13 is the fields procedure)

*8CFP o« Bias Corrected Fields Procedure



Table 2.16

" PS

SIZE

Table 2.17

OVERALL
PS
SIZE

INTERACTION

Table 2.18

OVERALL
pPs
SEG

INTERACTION

K/ND
.048

.576

K/ND
.126
.057
.999

.999

K/ND

.001

.001

.001

.022

ORIGINAL PACE 1S
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.294

.919

.999
.360
.999

.939

.207

.352

ND

.301

.247

.999

.999

ND

.001

014

001
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Table 2.19
K/ND K ND

Combined ' CoL
OVERALL ,001 001 001
SIZE .136 .999 - .032
SEG .001 001 - .001
INTERACTION .003 . .999 .999

Table 2.20 Wheat (Kansas)/small grains (North Dakota) Proportion Estimates
Averaged by Stratification and Labelling Procedure

Bias Corrected

Fields . DSF
Procedure
Analyst
Labels -1.52 -2.68
Ground
Labels 0.64 0.25

Table 2.21 Significance Levels Resulting from a Two-Way Analysis of
Variance of the Stratification Labelling Factors

K/ND
. Combined . Kansas ) North Dakota

OVERALL .020 ‘ .159 , L1112
STRATIFI-
CATION .999 .999
FACTOR .
LABELLING '

. .077 .
FACTOR 008 .0 039
INTERACTION .999 .999 . .999

2-30

ey
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Tables 2.18 and 2.19 show the impact on significance levels for
PS5 and SIZE when the effect of SEG is removed. In both two-ways based
on the two states combined, the interaction was highly significant and
so the significance levels for the main effects are doubtful, although
the .136 for SIZE is probably indicative of lower significance for
sample SIZE than for PS (a=.001).

For Kansas alone there is no-significant interaction of SIZE with
SEG, and thus we can conclude emphatically that SIZE is not significant:
.999 for SIZE as a main effect while .00l overall.

For North Dakota alone there is no significant interaction of PS
with SEG and thus we can conclude that PS is highly significant (a=.014).

Since there is no evidence that SIZE is a significant factor, and
some indication that it is not, we may dismiss it as contributing signi-
ficantly to the variability among the thirteen levels of P. We have
already seen that PS is significant at the .05 level in a ore-way by
itself. Thus four groups of three levels each of the thirteen have
been shown to be significantly different.

The four PS group response (predicted minus actual) means are given
in Table 2.20.

We see-in Table 2.20 that the four PS lebels are expressed in
terms of two factors 1) segment stratification procedure and 2) labelling
procedure. It appears that the major difference is due to labelling
procedure. To test this observaiton the two-way analysis of variance
summarized in Table 2.21 was performed. The results of the analysis on
both states combined shows that the labelling treatments are in fact
significantly different at the one percent level. Both the stratifica-
tion factor and the factor interaction terms are nct significant. The
analyses for Kansas and North Dakota separately show a less szgnlfzcant
(due to the lower sample size), but -similar pattern:

The final conclusions from these analyses are that:

l. There is a significant difference between wheat proportion es-
timates produced from analyst labelled bias-correction dots vs.
ground data labelled bias~correction dots, but

2. there is no significant difference between wheat proportion . -

" estimates produced from bias-corrected fields procedure vs
bias-corrected DFS.

3. There is no significant difference detected In wheat proportion
estimates due to bias-correct'on dot sample size although a
trend did seem to indicate a decrease in wheat proportion error
with the larger sample sizes. Thus a bias-correction dot sample
size of 99 (first and second prlozty type two dots from pP-1) zs
recommended. )

4. Sampling error for the stratified bias-corrected procedures at
the 99 dot sample size have been calculated along with the
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sampling error for an unstratified dot sample of 209 points.
While a slight decrease in sampling error was observed for the
stratified samples over the unstratified sample, the differences
did not appear to be significant.

Thus from the at-harvest testing of DFS, it appears that
DFS can be considered comparable to results from P-1l. In addition, DFS
has some advantages over P-l. The principle advantages of DFS over P-l
are:

1. Analyst segment handling time is potentially reduced since only
bias-correction dots are labelled and no stasting or labelling
dots need be labelled. Analyst interpretation times for the
various procedures tested are shown in Table 2.22.

2. There is no dependence on an automatic labelling algorithm for
unsampled clusters. Each cluster's statistics are examined and
assigned to a stratum on its own merits. Thus the quality of
the strata assigmment decision is theoretically the same for
each cluster.

3. DFS can eliminate the need for applying the maximum likelihood
classifier as in the LACIE situation. The stratification pro-~
duced from DFS can be sampled in the same manner as the strati-
fication produced in P-1 from the maximum likelihood classifier.
This eliminates one costly autcmatic processing step.

4. DFS Shows potential for automation so that the analyst need

' only label "bias correction” dots. ' This reduces the data
handling by analysts on an individual segment.

5. By stratifying the segment into small grains
probability strata, a separate estimate of mean and variance
can be prcduced for €ach stratum. This potentially allows:
more precise estimates for wheat to be made at the segment level.
6. It may be possible to combine DFS with Procedure B (being developed
by ERIM)to produce strata from multi-segment data. These mul-
' tisegment strata could then bé sampled to produce small grains/
wheat estimates.
7. While DFS was optimally developed for small grains, the result-
ing stratification can probably be applied to the multicrop
situation with only minor modifications.

DFS as tested used 2x MSS 7/MSS § ratios as the vegetation indi-
cator. Any vegetation indicator could be utilized, however, provided
the variance around the soil line decision boundary is comparable to
that of the 2x MSS 7/MSS 5 ratio. Thus DFS may work equally well with
Tasselled Cap Transformation band 2 (greeness numbers) as the vegetation
indicator.

It is recommended that testing of DFS be continued to determine

1. its performance for the production of mid- and early-season
estimates;

2. 1its performance using Tasselled Cap greeness values as the
vegetation indicator; and

"3. its applicability in the multisegment processing situation.
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Table 2.22 Analyst Interpretation Times for - Evaluated Procedures

- Interpretation- Stratification Estimate

Training Time Time Calculation Total

Fields Procedure 11 hrs 15 min 11 hrs 15 min
Bias Corrected

Fields Procedure 11 hrs : 20 min 11 hrs 20 min

(1-2 hrs) - - o 20 min 1l hr 20 min’

2 hrs 20 min

DFS/Bias Corrected 209 2 hrs 15 min* 20 min 2 krs 35 min

99 1 hr : 15 min* 20 min 1 1 hr 35 min

60 40 min 15 min* 55 min 1 hr 50 min

*potential for automation
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2.5.0 SUBTASK C: EXPLORATION OF MULTITEHPORAL DATA COMPRESSION PRQODUCTS
2.5.1 OBJECTIVE

The objective of this subtask was 1) to explore methods for re-
ducing the dimensionality of Landsat multitemporal-multispectraldata;
and 2) to evaluate the role of data reduction products in multitemporal
interpretation procedures. Of prime concern for this task was the develop-
ment of data reduction products for which an ana¢yst could develop
logical and consistent expectations.

2.5.2 APPROACH

Of all the available Landsat data, temporal development patterns

‘of vegetation canopy are most exploitable for crop type identification.

Certain Landsat vegetation indicators (VI) such as the 2x MSS 7/MSS 5
ratio and the Tasselled Cap Transformation greeness values have been

shown to correlate well with vegetation development (weslaco, 1377;

ERIM, December 1977). Thus 2x MSS 7/MSS 5 and the linear combination

K2 = =_,28317M554 ~.66006MSS5 +.57735MSS6 +.38833MSS7 (greeness band from
Tasselled Cap Transformation) were chosen for initial study. In addition,
both of the above indicators serve as an initial dimensionality reduction
of the Landsat unitemporal-multispectral data.

2.5.2.1 PRODUCTS EVALUATED

Image Products

Products were produced in two different formats: an image furmat,
and a numeric format. In the production of image formatted data products,
an attempt was made to represent wheat (the crop of irterest) with colors
from the yellow to red hue regions or with coiors from the white region
(brightest valued colors) of celor. space. The red to yellow hues and the
brightest (whitish) values were chosen for display of the data of most
interest, because the red-yellow hue region of color space has the largest
niumber of distinguishable (to the human eve) hues within the shortest
distance in color space (se¢e Figure 2.4). Thus spectral differences be-
tween features are more likely to be detected within data mapped to this
region of color space. In addition, since yellow is the brightest,
maximumly saturated "visual primary”"*, and white the brightest value
(see Figure 2.5), the eye will be immediately attracted to the fzelds
with the higher probability of being wheat.

Two different approaches to data reduction were explored for image
formatted data prcducts. The first approach consisted of a single
combination of the vegatation indicator data from three acquisition dates
into one color composite Image. The VI data (2x MSS 7/MSS 5 or K-2) for
three acquisition dates were photocraphically or electronically com-

*Visual (human eve) primaruys are red, biuve and yellow, as cpprosed to the
color additive .primaries for color mon itors of red, blue, and green. The
human eye does not see green as 3 primary, but as a mixture of blue and
yellow.
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bined to produce a single multitemporal composite image. The date
specific VI data was assigned to one of three color guns or emulsion
layers. A "solil line” or more properly a green vegetation decision
boundary was placed in the data and aligned among the three dates that
comprised the image. For the 2x MSS 7/MSS 5 ratic the soil line was
Placed at a ratio of 1.10; for sun angle and haze corrected K-2 data
the soil line was placed at eight green numbers above the one percentile
level in the data.* All data falling below the soil line was assigned
to the zero (off) level of one of the color guns in the display system.
All data falling above the soil line was mapped to the other color gun-
levels using histrogram equalization (equal areas under the curve).
Histogram equalization of data above the soil line serves to maximuze

data contrast. Linear mappirg of data above the soil line was also ex-
amined to a limited extent.

Aligrment of the soil line from several acquisitions allows the
analyst to directly interpret the resultant image according to expecta-
tions developed from wheat crop calendar data. The analysts expecta-~
tions are as follows: 1) wheat will be above the soil line after the
threshold of detectable canopy (suspected at a 20% canopu cover) has been
reached. This detectable canopy cover percentage occurs somewhere be-
tween emergence and joirting in wheat. From detectability (preé-joint-
ing) through the start of heading, VI's for wheat fields will generally
continue to increase above the soil line. Around heading, the peak
value of the VI will occur and after heading the VI for wheat will gen-
erally decrease. The VI for wheat post-heading will remain above the
soil lire (though decreasing) until some point between turning and
dead ripe when it passes below the soil line for 2x MSS7/MSS 5 data.

In X-2 data it will remain slightly above the soil line. Table 2.23
Indicates the image colors that an analyst can expect for various com-
binations of grevnvegetated and non-green vegetated phases for a field.
By knowing the wheat biostage for each combined acquisition an analyst
can predict the color or colors in which wheat fields will be displayed
for a given composite image. Examples of image products produced
using this procedure are shown in Figure 2.6 a-m. A limitation of

this procedure is that the data from only three acguisitions can be
combined into one image. The second approach to this problem does

not have this acquisition limitation.

The second approach to data dementionality reduction for image
formatted data involved the application of principal component analy-
sis to a set of VI's for four or more acquisitions.** The first three
resultant principle co—7onents (eigen vectors) from these analyses are
assigned to the three oJlor guns of a display system to produce an image
of the new data. Image products from principle component analysis of
the k-2 data were qualitatively examined and compared to the previ-
ouslu described image preducts. Examples of the prlnczple component
image products are shown in Figure 2.7.

*This is similar to the procedure utilized bg Oscar Wehmannen .of LEC, Houston.
*22botten, LEC, 197/.
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This table indicates the image color that an analyst can -

expect for the varicus combination of green vegetated and

non-green vegetated phases when assigned to- the color

guns as below. Thus an analyst can predict the color ’ -
or colors to expect for wheat in the multitemporal composite

images by knowing the wheat biostages for the combined

acquisition dates and the color gun assignment.

red green blue

i 2 3

o B ] black (fallow)

o o x blue

o x o green

o x x cyan

x ] o’ red _

x o x magenta (not. probable
" x ° . yellow "in whea;)

x x x white

x - indicates green vegetation stage (i.e. above "soil line")

o - indicates dry vegetation stage, or bare soil stage (i.e. below
"soil line") : :
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Figures 2.6a and 2.6b

Kansas segment 1172. Multitemporal composite of the vecetation
indicators 2x MSS 7/MSS 5 (Figure 2.6a) and Tasselled Cip band 2 (K-2)
(Figure 2.6b) for February 22 - wheat fields greening up after dormancy
(red gun); May 4 - wheat fields jointed to headed (green gun); and June
27 - wheat fields turned (blue gun). Referring to Table 2.23 indicates
wheat fields should be displayed in the yellow region of colQr space.
Green fields in these images are mostly late emerging wheat fields.
Blue areas are pacture and some Summer green up Crops such as sorghum.
Comparison of Figure 2.6a and b indicates very little real difference
between the MSS 7/MSS 5 and K2 multitemporal images.

Figures 2.6c and 2.6d

Kansas segment 1179. Multitemporal ccmposite of the vegetation
indicators 2x MSS 7/MSS 5 (Figure 2.6c) and the Tasselled Cap band 2
(K-2) (Figure 2.6d) for March [0 - wheat fields greeninc up after
dormancy (red gun); May 4 - wheat fields jointed tc headed (green gun);
and June 27 - wheat fields turned (blue gun). FWheat fields should be
displayed in the yellow region of color space. Some late greening up
wheat fields are green, but more often pasture fields are green in
this image. Noise (red speckles) in Figure 2.6d, the X-2 image, illus-
trates the problem of the variability in the soil line placement within
the X-2 data on some dates.
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Figures 2.6e and 2.6f Kansas segment 1179. Comparison of at-harvest
and mid-season multitemporal composite images of the vegetation indif
cator K-2. Figure 2.6e is an at-harvest image comprised of acguis{tzons
for March 10 - wheat greening up (red gun); April 16 - wheat starting
to joint (green gun); and June 27 - wheat turned (blue gun). Wheat
fields are generally yellow in this image. Figure 2.6f is a mid-season
image comprised of acquisitions for March 10 (red gun); April 16
(green gun); and May ¢ - wheat jointing (blve gun). #Whbeat fields are
white (three vegetated phases) or yellow (early turmd fields-non-
green vegetatel phase on third date).
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Figures 2.63, 2.6h, and 2.6i Kansas segments 1181, 1880, and 1954,
respectively. At-harvest multitemporal images for 2x MSS 7/MSS 5
data.

Figure 2.6g red gun - March 10 - wheat greening up
green gun - May 4 - wheat jointed to headed
blue gun - July 14 - wheat harvest=d

Wheat filelds are mostly yellow.

Figqurs 2.6h red gqun - May 6 - wheat juinted to headed
areen gun - June 10 - wheat headed to turning
blue gun -~ July 16 - wheat harvested

Wheat is mostly red (early turning) or yellow. White is riparian
vegetation.

Figure 2.61 red gun - December 15 - wheat planted: some fields emerged,
others not

green gun - June 2 - wheat headed
blue gun ~ July 17 - wheat harvested

Wheat iIs generally yellow, with late em21ging fields shown in
green, and early turning fields Iin red. Blue fields are summer
crops, black fields are fallow as of tihe July 17 date.
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Figures 2.6j, 2.6k, 2.61, ani 2.Cn North Dakota secments 1614, 1655,

'

1660, and 1661, respecti- .. At-harvest multitemporal composite
images of 2x MSS 7/MSS 5 r.i:ic data.

Figure 2.6j red gun - May 8 - some wheat emerged, but much not emerged
green gun - July 19 - wheat turning
blue gun - August 6 - wheat turned or harvested

Wheat iIs mostly green in this image with some early emerged fields
shown in yellow.

Figure 2.6k red gun - May 28 - wheat emerged
green gun - July 20 - wheat headed
blue gun - August 7 - wheat turned or harvested

Wheat colors highly variable in this image due to several fields
of differing development.

Figure 2.61 red gun - May 26 - wheat emerged
green gun - June 12 - wheat jointed
blue gun - August 6 - wheat turned

Misregistration makes this image difficult to interpret within the
narrow fields.

Figure 2.6m red gun - July 1 - wheat jointed-:
green gun - August 6 - wheat turned
blue gqun - August 24 - wheat harvested

Wheat is mostly red, with some late turning fields shown in yellow.



-uapr usaq sey odhiz dozd 8yl SOUO JUSWSSSSSP UOTITPUOD UT rhjzosn oq hew fayl ‘Isasmoy
*s3jonpold abeulT ©S8Y3 UO SPIATIJ 3Ieaym JO RIITIQPTIIPA I0[0D pue

dolu JOj ssaurngasn I1dYy3l SITUIT STYL
“(39°¢ pup ‘89°¢g ‘p9*z ‘09z sainbry

0709 arqeqoxd sy3 3oTpaad 03 3IsAreur ue JOF ITnOoTIFTP AI®A ST 3T
03 9Ipdwod) us316 ysImOTT9h IO urhio 5qQ 03 puUdY SPIIIF EdBYM ‘7.7 2Inbry :H
03 azedwod) uoaib fieab I0 anrq 9q 03 pusl SpPIary ILoym‘e/*Z Inbry UuJs

*s3onpoxd I15Yy30 WOIy pPOTII3I
sburroqer odh3

*(qQ9*z pue ©9°¢ saanbry
sa3ep 1nojy 103y (Z-X) Sspueq

ssousaxb depy parrassel ayl uo sishAreue Juaucdwod ardrourad e woxry (Araar3zoadsax ‘sunb onyq pue ‘usazb
‘po1 ay3 o3 paubrsse) s3zusuodwod ardrourid pIg pue ‘puz ‘3sr oyl burzrrTran sjonpoid abeur jyo srdwexzy ([ 2anbrg

ORIGINAL PAGE 13

F vy s ——-

QUALITY
S

oF POOR

q

23
L. muz—mm as ﬂM

o —

"c

S
R s |

U, - X
R el e

. A -
e B L nn s

wn
b ]
e |

F o dwuNI1” 27273 Tdtnida 3 62312
2

R I T A T g
m,... - Xl »

}
}
i

£
B i et st s diiosd ¥ v aanid

ﬁlﬂ.. . [ s et .
) o e a D et




T I TR e ooy

I's
" bination of auxiliary and stand

' . ORIGINAL PAGE IS
Numerjc Product OF POOR QUALITY

The second présentation furmar examined was computer print-cut
of numeric data. The date speciiic VI parameter 2x MSS 7/MSS 5 was
grinted out for four specifici acquisitions for a block of pixels
5 points by 5 lines in size, cen*:red on a 10 point by 10 line sample
of grid intersections (209 grid ooints). The actual value of the VI
for any given sample pixel could then be referenced for any of the four
dates, The 5x5 size was chosen >: to allow for tre misregistration of
pixels from date to date; and 2) to provide adequate information for the
area surrounding the pixel of iInterest. Thus the analyst could assess
data variability at the point of irncerpretation. Figure 2.8 illus-
trates part of the multitemporal block dump for one segment for one
grid intersectivn point. The four dates were selected by the analysts
as the four most significant available dates for that segment for the
interpretation of wheat. ’

2.5.2,2 Evaluation of Multitemooral Auxiliary Aid Products

The auxiliary aid products described above were evaluated in terms
of ease of use and analyst labeling accuracy. An experimental design
was developed for the last of these two criteria. In this design, two
auxiliary products were compared to a control procedure., The control
procedure consisted of analysts labeling the 209 grid intersections for
17 segments (9 -~ Kansas, 8 - North Dakota) using the standard PFC pro-
duct and-standard auxiliary data alone. The segments were selected to
represent the total range of variability within the two states. Next the 209
segment grid intersections were interpreted using one of the auxiliary
products: (1) the 2x MSS7/MSS 5 mulctitemporal image or (2) the multitem=
poral numeric block dump of 2x MSS 7/M55 5 in concert with the standard

© PFC product and standard ancillary data. Analysts therefore, interpretcr

the test segments twice, first without an aux111ary product and second
with one of the auxllzaru products.

In order to insure that the auxiliary products were sufficiently
considered during the test, the aralysts were instructed to 1) note
the auxiliarg_ihage color, or acutal vI value and its interpreted infer-
ence,and 2) to allow the auxiliaru product to set their expectations
prior to checking the standard PFC product for completion of the inter-
pretation.

Paired t-tests were used to evaluate the effect of the auxiliary’
products on analyst labeling accuracy. The test performance measure
was defined as the change in ‘1

dard products alone. These lay-iing accuracy changes by segment by
treatment are the observations «n::rad into the Paired t-tests.

. The other auxiliary imace ,r::)cts were evaluated qualitatively

by comparison among the product Those products included the multi-
temporal K-2 images, and the 3r;n~~nl component 1mages of multitem-

poral K-2's, ' o
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RESULTS AND DISCUSEIGN

2.5.3.1 Analyst Response to Auxliiiary Products

Analyst reaction to the 2x MSS 7/MSS 5 auxiliary products tested was’ -
mixed. The analysts felt that each product had its yood and bad points.

The 2x MSS 7/M55 5 image product is valuable for ¢aining a quick
Iimpression of the location and overall spatial distribution of probabie
whecat fields within a segment., The Image product also gives the analyst
an idea of the variability in wheat -eveliopment in eariy-planted versus
later-planted fields. At the specific pixel level, however, where the
objective is to label a given pixel as wheat or non-wheat, the muiti-
temporal image product cannot provide the precise quantitative Information
often necessary for accurate point interpretation. First, the exact 2x
MSS 7/MSS 5 ratio values cannot be gained from the image; therefore, the
analyst must try to estimate these values from the relative hue and saturation
of the pixel within the image. In actuality, only the presence or absence of
vegetation can be Jdetermined. iihe image iIs a compression of data from
three acquisitions, and, although the dates on which vegetation occurs
can be determined from pixel color, it is more difficult to estimate the
degree to which the 2x MSS 7/455 5 values exceed the soil line on the in-
dividual dates. To do so involves a time-consuming consideration of what
combination of values from the three acquisitions could lead to the intensity
of color observed in the display and is at best an approximation.

A second drawback .in working with the 2x MSS 7/M55 5 image product is
misregistration. Pixels on the edge of fields, or within narrow strip
fields (common in North Dakota) are often represented by meaningless colors
in the multitemporal image display. These colors are a combination of 2x
MSS 7/MSS 5 values obtained from different fields on eack of the three different

"dates. The multitemporal image product, therefore, was of little vwalue
in the iInterpretation of edge pixels, since they could not be traced through
time using the multitemporal Iimage product.

In contrast to the image product, the 2x MSS 7/MSS 5 numeric block-
dump does provide the analyst with exact 2x MSS 7/MSS 5 ratio values for
specific pixels on specific dates. No "second guessing"” is required to
determine these values - they can be read directly from the printout. In
cases of misregistration.the numeric block dump was especially valuable,
since the analust was-able to iocate the exact pixel even when it did not
appear at the grid intersection on non-reference acguisitions. The block
dump did not, however, allow for a quick overall impression of wheat and/or
small grain distribution as did the multitemporal image product.

Finally, the analysts feit that, while the muititemporal 2x MSS 7,/4SS 5
image wroduct and the 2x MSS 7/MSS 5 numeric block dump product were not
necessary for the interpretation of each selected pixel in the test segments,
there were specific instances when signature on the PFC standard procduct data
was Inconcliusive, and the auxiliaig products were certainly beneficial. It
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was felt that in thesecases, the numeric block dump was more helpful

than the image product. The numeric block dump provided =xact vegetation
indicator values which could be directly evaluaced as to how green or how
close to the soil line a g¢iven pixel was on a gliwven date. Of course,
there were still proktlems connected with ;he precise lnterpretation of

Xl
n

‘the ratio data, and the numeric dump was not always useltl In resolving

indecisions regarding the identity cf some pixels.

Rather than choose ore product as superior to the other, the analysts

" stressed the Importance of making both products available for interpretation.

Thus the appropriate product could be consulted when the standard PFC product
and conventional ancillary data was 1nsuff1c1ent for confident interpretation
of the data.

2,5.3.2 Resulits of Paired t-Teéts

Analyst labeling accuraclies for the seventeen tést sesments are pre-
sented in Tables 2.24 and 2.25 for wheat in Kansas and small grains in
North Dakota, respectively.

The average (9 segments) omission error for wheat in Kansas for the control

treatment, treatment #1 (2x MSS 7/MSS 5 image) and treatment #2 (2x MSS 7/
¥SS 5 numeric block dump) was 20.5% (0 = 12.6%), 22.0% (5 = 10.8%) and
24.4% (0 = 16.5%), respectively. The average commission error for wheat
In Kansas was similarly 10.2% (o = 7.8%), 13.9% (c = 10.5%), and 12.2%

(0 = 6.7%). In North Dakota the average (8 segments) omission error for
small grains for the control treatment, treatment #1, and treatment #2
were 25.8% (3 = 10.0%), 25.7% (g = 10.3%), and 23.5% (9 = 8.0%), respec-
tively. Similarly, the commission error for small grains was 18.5% (0 =
13.9%), 23.4% (g = 24.9%)., and 18.8% (o = 11.8%). In Kansas, Paired
t-tests (Table 2.26) indicated that there was a significant Increzse in
omission error (at the 10% level) and commission error (at the 5% level)
for treatment #1 (MSS 7/MSS 5 image). The results for treatment #2

(MSS 7/MSS 5 numeric product) in Kansas show similar trends although the
differences are not sxgnzfzcant.

In North Dakota none of the differences between treatment #1 and
control, and treatment #2 and control are significant. There was, however,
a slight tendency for increased commission error with both treatment #l
and treatment #2. This tendency was not as pronounced as in the Kansas
segments. The omission errors for treatment #1 and treatment #2 in North
Dakota showed opposite trends for each treatment. A slight increase in
omission error for treatment #1 was observed, but again not as pronounced
as in the Kansas segments. The omission error for treatment #2, however,
did show a definite decreased tendency, though not s;gnzflcancly within
these limited tests.

wWhile the Kansas results for treatment #1 were the only statisti-
cally s’ . "iIcant results, there was a consistent tendency In both states
to Increas> commission error with both treatment #1 and treatment #2.
Likewise, wiile not significant except for Kansas treatment #1, there was
a tendency to increase omission error for both test treatments except for
treatment #2 in North Dakota where an opposite trend was indicated. The
tendency for increased omission error for treatment #1 (the image product)
may be a function of misregistration with multitemporally compressed
data. Analysts interviewed Indicated dissatisfaction with the image

2-d49
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‘Table 2.24 Analyst Labeling Accuracy for Wheat in Kansas

CONTROL TREATMENT 1 TREATMENT A2
% Corr '
Seg 4 Total % Corr % Comm % Corr % Comm % Corr % Comm
; v
' _
1272 90.6 84.0 10.6 85.9 6.3 | ~=em= | —-eem-
: { 91.8 ft 895 | 9.5 } ----- 1 mm——— 86.3 8.3
' 90.6 ' 86.0 10.¢
i
11179 87.8 65.1 26.3 68.9 31.1 el BE Dt
| 92.3 77.6 | 11.6 | --—-- B e
| 92.2 - 76.7 | 15.4  f ===== | =m--- - 47.6 16.7
" ,
1181 5.1 63.9 | 9.8 SOOI, (. 55.2 " | 13.2
j 90.9 76.5 5.4 ————— | mm——— e
83.5 67.6 2.0 73.1 12.3  } === | =e---
t
1351 95.7 . 89.8 5.4 ————e | mmem- 85.0 5.8
: 94.3 ' 84.5 5.8 | -—--- I I e
97.6 93.2 1.8 91.4 8.6  § —=—=== | =—m--
1854 93.6 86.7 2.7 f mmmmm ]| e ememe b eeee
' 96.1 93.8 3.8 | === | —emm- 90.7 8.2
94.1 89.6 5.5 92.2 4.1 ememe ] e
11857 93.7 - 90.3 1.1 f ===== | == | wm——
96.6 93.4 5.0 80.9 12.1 ] —e--- _—
97.1 95.1 4.9 f e | mmee 86 .9 5.4
1880 87.6 52.3 11.5  f mmmmm | mmmee f mmmem | e '
87.6 56.5 13,3 f =mmem | e 72.7 11.1
93.8 I 71.4 0.0 62.8 3.6 | m=em= | -----
1884 90.3 - §9.0 11.0 81.9 16.1 . _ e S
88.9 ho83.5 | 9.5 ] cm=mm | w=m=eH amee- ———
93.7 1 90.6 6.1 ——— | ———— 91.5 | 13.€
1891 79.9. it 71.4 23.6 | me=em | cmmee : B I, i
78.4 1 70.7 29.3 66.2 31.1 , el BEE S
77.5 55.7 26,4 b emmee | e | s3.6 26,2
AVERAGE: * 90.4 79.5 10.2
WV ERAGE .
\ERROR : 9.4 20.5 1o.2 22.0 13.9 24.4 12.2
[STANDARD ‘ '
‘DEVIATION: 5.4 I 12.6 7.2 5.8 10.5 { 16.5 €.7
s ,
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Analyst Labeling Accuracy for Small Grains In North Dakota

Table 2.25°
CONTROL TREATMENT 1 TREATMENT 2
% Corr ————— ’_————'—" ————‘—"
Seqg # Total % Corr % Comm % Corr % Comm % Corr % Comm
1614 79.9 73.8 22.6 | ~emee | oeme- 63.7 Isa.7
§4.2 72.6 16.4 56.0 20.3 ) eeeee e
78.5 58.5 18.6 R Rt pvinlit Retsinietedi
1642 91.8 81.6 2.4 68.5 3.3} eeeee ———
83.6 81.1 6.7 PPN (U 76.5 2.8
86.5 79.3 0.0 ) semee femeee ) meeee —————
1648 84.1 71.6 25.9 | ~meee joeoad 82.5 16.1
87.4 74.3 11.9 88.4 3.8 | eememe boceo
87.2 62.7 7.3 1 mmmee Jemcoe b mmen [ e
1651 87.0 75.4 18.3 75.0 2.2 JE e S
94.2 e7.1 4.7 | wmmem oo} cemen | mmeee
95.7 88.4 1.6 | =mmee Jeeees 92.8 9.9
1655 71.1 42.3 37.5 | emmem jemeee 72.6 10.0
80.9 67.1 27.4 | eemee jcmeee b e | el
©90.1 76.1 7.2 83.3 8.3 b e | e -
1656 | . 92.3 75.0 50.0 SEEPEEVR S S
§ 92.8 81.2 48.0 §7.5 72.0 | ememe | mceee
] 98.1 §1.2 7.1 | memem el 66.7 16.6
1660 80.7 67.1 22.7 | emmee ameee 73.0 32.5
82.6 72.8 30.8 76.7 18.8 0} emeee | mmeo
88.4 78.5 20,1 | emmee Jmmmee e | meeae
1661 79.1 74.3 29.5 73.4 18.9 0} e | e
81.3 77.2 24.7 | eemem }eeeeo 75.7 126.4
86.1 73.0 F3- 2 T SR (U U S
AVERAGE: 86.0 73.9 18.5
AVERAGE ‘ ’
ERROR: 14.0 26.1 18.5 23.9 21.0 23.8 19.1
STANDARD
DEVIATION: 6.3 9.6 13.9 10.7 24.1 2.2 12.3
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sroduct due to the misregistration problem as well as the lack of
discrete information for each acquisition date due to the composite
n3ture of the data compression product. S

For treatment #2 (numeric product) the tendency for increased
omission error In Kansas and decreased omission error in North Dakota
zrobably indicates the need for the development of additional consistent
-uterpretaticn guidelines for the analyst.

éxperience with similiar kinds of test situations involving analyst
interpretations has shown that analyst variability within a large pool
of temporary type analysts is usually so large as to mask any possikle
differences between treatments being tested. Thus an attempt was made
tominimize variability due to analyst effect. £Analysts selected to parti-
cipate in the tests were chosen based on similar levels of experience
and ability., Paired t-tests applied to analyst labeling accuracies for
the controi treatment for all possible pairs of analysts by segment in-
dicated that a significant difference (10% level) did exist between
the results of analyst ]l and 2. No significant difference was indi-
cated, however, between the results of analyst 1 and 3, or 2 and 3. While
the above analyses show that the variability among all test analysts
could not be dismissed as insignificant, it was probably minimized as
much as could reasonably be expected.

2,5.3.3 CONCLUSIONS FROM QUALITATIVE COMPARISON OF IHAGE.PRODUCTS

From a qualitative comparison of multitemporal 2x MSS 7/MSS 5 compcsite
images and multitemporal K-2 composite images (Figure 2.6, a-b, c-d, e-f),
the conclusion was drawn that both VI's (2x MSS 7/MSS 5 and K-2 Tasselled Cap
green number) pervormed egually well in multitemgoral composite images. Lack
of ability to more consistently place the scil line decision boundary within
the K-2 data limits the usefulness of this data at present. Thus, with the
current state of procedures for using 2x MSS 7/MSS 5 ratio data and Tassclled
Cap green number data, both are egually useful in composite image preducts.

_ Image products from principle component analysis of multitemporal
K-2 data are very difficult to quickly interpret. The analyst cannot
predict the resultant colors ror wheat or any other ground condition’
let alone the variability in color representation for any ground condi-
tion. 7To use these image products the analyst must “train" himself
with the standard PFC product and ancillary data. The product is very
sensitive to the particular data set (i.e. segment and acquisitions)
for which it is produced, such that the analyst must retrain himself for
each principle component Image. Thus the usefulness of this procedure
for the production of auxiliary aid interpretation products appears
limited at this point. Further exploration and development of this pro-
duct and similaryly produced images may lead to the discovery of sit-
Yations and procedures whereby these type cf image products could be
useful, but at present the analyst can extract little useful informa-
tion from them. '
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APPENDIX A: LEGEND CODE FOR SIGNATURY
EXTENSION LAND USE/SOIL ASSOCIATION STRATA

The land use/soil association strata are annotated with a fractional
The numerator 1s the land use designation and the denominator is

the soil association - soil subgroup designation.

100 -

200 -

- 300 -

land use code Vcrop diversity code

211-1
88-A ~--soil association - soil subgroup code

APPENDIX A.l: LAND USE CLASSIFICATION CODE

Urban and Built-up land

110 - Residential, commercial, industrial, institutional, trans-
portational, mixed, open and other.
120 - Strip and clustered settlements. -
130 - Resorts
Agricultural Land (more than 15% of area is cultivated)'.
211 - Cropland and intensive pasture (more than 75% of the area
Is cultivated) ‘
212 - Cropland and intensive pasture (more ;han 50% but less than
© 75% of the area is cultivated)
213 - Orchard and vineyards
220 - Extensive agriculture (less than 50% of the area is cultivated}
Rangeland (less than 15% of the area is cultivated) .
310

320

Grassland range

 Woodland range

330 --Chaparral range

: 340 - Desert shrub range

Forest Land

Water

ron-forested Wetland
Barren Land

Tundra

Permanent Snow and Icefields
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APPENDIX A.2: CROP DIVERSITY CODE

Relatively high crop diversity
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Low crop diversity

APPENDIX A..3.

SOIL ASSOCIATION/SOIL SUBGROUP CODE

Ucic Ustolls and Aquolls, Mesic

50:

Argiustollé; level-rolling; clayey and fine silty.

S0-A:

S0-B:

50-C:

S0-D:

50-E:

65¢ ri :
Crete - Geary™~ Association (Rice Co.): Deep, nearly

level to moderately sloping soils that “ormed in loess;
on uplands. (Parent material: Sanborn rm. including
Loveland and Peoria silt members.)

Minor soils: Clark, Tabler and Hobbs soils.

Smolandg- Crete34~ Hobbs8 Association (Rice Co.): Deep,
moderately sloping to nearly level soils that formed in
loess and medium-textured alluvium; on uplands and narrow
flood plains.

Minor soils: Geary, Clark, Lancaster and Hedville soils..

Creteso- Ladysmith20 Association (Harvey Co.): Deep,
nearly level to gently sloping, moderately well-drained
silt loams and silty clay loams on uplands.

Minor soils: Smolan, Farnum, Hobbs and Detroit soils.

Bethany-Tabler Association90 (Reno Co.): Deep, dark,

nearly level to gently sloping, loamy soils that have clayey
subsoils.

Minor soils: Smolan and Vanoss soils.

Ebenezer, Berg, Lancaster, Westfall Association (Saline Co.):
Deep, moderately sloping, moderately well drained to well
drained silt loams and silty clay loams, developed on cal-
careous loess; on uplands.

Elmo, Lockhard, Berg Association (Saline Co.): Deep, level
to gently sloping, well drained, silt loams and silty clay
loame, developed on wind blown deposits of loess and mix- -
tures of loess and outwash from Cretaceous shales and sand-
stoned;. on uplands. .

*Superscripts refer to the percentage of a given association within a
g

spec1f1c county occupied by the partlcular soil series.
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Hastings - Crete - Geary Association (Republic lo.);
Sloping-rolling, deep soils developed in loess and mixed
materials. .

Minor soils: Kenesaw, Kipson and Muir soils,

Crete - Butler - Hastings Association (Republic Co.):
Nearly level - undulating, deep soils developed in loess.
Minor soils: Geary, Kipson, and Hobbs soils.

(Jewel and Mitchell Co.)

Argiustolls - Haplustolls: levecl-steep; clayey-skele;nl, clayey

S3-A:

. 5$3-B:

53-C:

and lcamy; lithic.
Labettez6 - Florencezl Association (Morris Co.): Moderately
deep, gently sloping to sloping soils that have a clayey
suhsoil; and deep, sloping to moderately steep cherty soils
that have a cherty c}gy subsoilg on uplands. '
Minor soils: Tully '°, Dwight!®, Irwvin, Clime, Sogn and
Reading soils and areas of alluvial land, - '

Iruinso - (Kipson - Sogn)30 - Ladysmith Association (Morris
Co.): Decep, nearly level to gently sloping and sloping soils
that have a clayey subsoil, ard shallow, gently sloping to
moderately steep soils that ars loamy throughout; on uplands.
Minor soils: Tully3, Labettel4, and Dwight 12 soils.

Crete Associaticn (Geary Co.): Nearly level to Steep.

" Minor soils: Sogn--native grass, steep slopes, Irwin, Hobbs, .

Ceary, and Hastings soils.

Argiustolls - Haplustolls: 1lithic, loary, undulating-hilly;

54-A:

54-B:

clayey, fine-loamy and fine silty.

Hedville‘o - Lancasterso - Smolanls Association (Rice Co.):
Shallow, moderately deep, and deep, gently sloping to
moderately steep soils that formed in material derived

from sandstone, sandy shale, and loess; on uplands. .
Minor soils: Geary, Hobbs, Crete and Kipson soils. (Parent
material: Dakota Fm., Greenhorn limestone, Graneros shale.)

Kipson- Tully - Crete Association (Republic Co.): Rolling,
decp and shallow soils developed in loess and limestone -
shale materials. : ' o

Minor soils: Hastings, Lancaster and Muir soils.
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S4-C: (Washginton Co.):

Parent material: Wellington formation - gray shale and
limestone. '

54-D: (Ottowa and Cloud Co.):
s Parent material: Eolian silt. and glacial pleistocene
L T - terrace deposits.

55: Argiustolls - Natrustolls: level-undulating; clayey.
55-A: Irwinsl - Ladysmith26 Association (Morris and
_Butler Co.): Deep, nearly level to sloping soils that
have a silty clay loam surface; silty, clayey subsoil; on

uplands. 23
Minor soils ¢ Alluvial land, Reading, Labette, Dwight,
: Sogn, and Verdigris soils.

SS-B: Elmo, Kipson, Berg, Smolan, Idana Association (Saline Co.):
' Very shallow (Kipson) to deep, excessively drained (Kipson)
to well drained, silt loams and silty clay loams; on

uplands. :

[ 55-C: Dwight4° - Labettedo Association (Butler Co.): Nearly

_ level to sloping, moderately deep soils that have a silt
loam or silty clay loam surface layer and a silty clay
subsoil; on uplands.

Minor soils: Irwin and Sogn soils.

f 55-D: Irwin35 - Rosehillso - Clime Association {(Harvey Co.): Deep
and moderately deep, gently sloping to sloping, well-drained
silty clay loams and silty clays on uplands.

Minor soils: Hobbs, Ladysmith, and Goessel soils, and
Breaks-Alluvial land complex.

56: Argiustolls - Pellusterts - Haplustolls: level-undulating; clayey.

S6-A: Ladysmith80 - Goessells Association (Harvey Co.): Deep,
‘ nearly level t2 gontly sloping, moderately well drained
silty clay loams and silty clays on uplands.
Minor soils: Farnum and Naron soils and Breaks-Alluvial land.

56-B: (Marion Co.)
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65: Argiustolls: lcvel-undulating; clayey.

65+-A:

65-B:

65-C:

Ciayey Soils of the High Plains Tableland:

Spe1rv111L -Harney Association (Finney Co.): Nearly IcVel
ana gently slowxnv deep, clayey soils, that are we!l
drained and forﬂcd in silty loess.

Minor Soils: Richfield and Randall soils.

~ Spearville-llarney Association (Gray Co.): Neariy level

and slightly concave deep, clayey soils of the ngh Plnxns
tablelands,
Minor Soils: Randall soils.

-
Harncy'3 Association (Hodeewman Co.): Deep, nearly level
to gently sloping well-drained, loamy soils on uplands.
Minor Soils: Ost, Richfield, Spearville, Uly, Ness, and
Penden soils. ) '

(Parent material: loess).

Harney-Spearville Association (liodgeman Co.): Deep nearly
level to gently sloping, well drained to moderately well
drained loamy soils on uplands.

Minor Soils: Ness, Penden and Richfield soils.

(Parent materisl: mainly loess)

Harvey78 - S;earvllles - Ulysses8 Association (Ford Cc.):

Deep, nearly level and g*ntly sloping, well-drained, loamy
and clayey soils,. 73
Minor Soils: Mansic, Mansker =, Hobbs, Randall, Cclby soils
and Alluvial land. ' ’

(Barton Co.) (Parent material: recent aluvium)

4 9 :

Zenda“6 - Hord22 - (Dale) Haldeckl~ Association {Cdwards
Co.) Mainly deep, nearly level, somewhat poorly drained
and weil-drained, loamy soils on bottom lands.

Minor Soils: Canadian, Platte, Lesho, Las Animas, and
Tabler sotls and riickspots.

(Parent materiai: recent loamy alluviiz)

Barton CoJ) (Farent material-recent alluvium)

Roxbur,\'01 - Sridgeportlo Association (Hodgeman Co.)} Decep,.
ncarly level, well drained to moderately well drained, loamy
soils on low terraces and flood plains, : '
Minor Scils: Broken alluvial land and Detroit, Hord and
Ness soils,
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70-B:

70-C:

70-D:
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Part of the Dale - Leshara - Las Animas Association
(Ford Co.}: Nearly level, loamy, alluvial soils that -
have a fluctuating water table and some saline-alkali
spots. C : 60 :
Miner Soils: (Dale, Humbarger, Canadian), (Leshara,

. Las Animas?®, Lincoln®)29 soils, and (Alluvial land and

slickspots)*.

70: Argiustolls - Haplustolls - Calciustolls: 1level-rolling; clayey,

fine-silty and fine-
loamy.

Soils of the Crooked Creek Drainage Area: Richfield -
Ulysses - Mansic Association (Gray and Mcade Co.): Nearly
level to sloping, deep, loamy soils of the Crooked Creek
drainage area.

UXysses41 - Mansic27 - Mansker1 Association (Ford Co.):
Sloping and strongly sloping, calcareous loamy soils. 7
Minor Soils: Potterl, Otero, (alluvial land and Hobbs}’,:
Colby>, Harney3 and Bippus3 soils.

Soils of the Dissected Uplands of the Pawnee River Drainage
Basin: '

Harney63 - Penden21 Association (llodgeman Co.): Decep, nearly.
level to sloping, well-drained loamy soils on uplands.,

Minor Soils: Uly, Ness, Roxbury, and Bridgeport soils.
(Parent material: Harney-loess, Penden-calcareous clay

loam outwash). . :

Harney37 - Penden34 - Bridgeport3 Association (Hodgeman Co.
and Ness Con.): Deep, nearly level to sloping well-drained,
loamy soils on uplands. : '

Minor Soils: Coly, Kim, Uly, Wakeen and Richfield soils.
(Parent material: Bridgeport-calcareous silty alluvium)

(Ellis Co.) (Parent material: Crete & Loveland Fm., underlain
by Sappa and Grand Island Fm.)

Campus35 - Harneyzo - Carlsonlz_Association (Fllis and Trego
Co.): Moderately deep and deep, nearly level to moderately
steep, well-drained soils that have a loam to silty clay
subsoil or substratum; on uplands. .

Minor Soils: Armo, Canlon, Penden and Mento soils; Rough

t roken land, alluvial land, and Roxbury-silt loam,

*Sandier soils, the rest are silt loams and clay loams.
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Harney67 - Uly"" Association (Edwards Co. and Rush Co.):
Deep, gently sloping to sloping, well-drained, loamy
soils on uplands. . .

Minor soils: Breaks and Alluvial land, Campus, Canlon,
Tobin, and Holdridge Soils. (Parent material: Carlile
Shale.) '

Harney43 - Wakeen18 - Nibson17 Association (Ellis and
Rush Co.): Deep to shallow, nearly level to- strongly

_ sloping, well-drained and somewhat exccssively drained

soils that have a silty clay loam and silty clay subsoil;
on upiands.

Minor soils: Armo, Mento soils, liilly land, and Roxbury
silt loam .

(Parent material: Harmey-loess, Wakeen and Nibson-Carlile
interbedded limestone and chalky shale.)

{(Ellsworth Co.} (Parent material: Sappa and Grand Island
Fm.)

(Barton Co.) (Parent material: Dakota Fm., Greenhorn
limestone, Graneros Shale) ’

Harney66 - Carlson14 - Armo13 Association (Eliis Co.):
Deép, nearly level to strongly sloping. well-drained soils
that have a clay loam to silty clay subscil; on uplands.
Minor Soils: Roxbury silt loam and Hord silt loam.
(Parent Mate-ial: Crete and Loveland, Peoria Fm.)

(Gove Co.) :

(Gove Co.)

(Gove Co.)

(Ness Co.)

(Graham and Sheridan Co.)
(Osborne Co.)

(Graham Co.)

(Graham and Rooks Co.)

{Russell Co.)
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72: Arguistolls - Haplustolls - Ustorthents: level to rolling; fine-
) silty.

72-A: (Decatur and Norton Cos.)
72-B: (Decatur and Norton Cos.)

72-C: (Norton Co.)

72-D: Geau:'y35 - Holdridge25 - Kipsonlz Association (Vebster Co.,
Neb.): Gently sloping to steep, deep silty soils, formed
in loess, and shallow, silty scils formed in materjail
derived from chalky limestone; on uplands. :

Minor soils: Coly, Hobbs, and Wakeen scils.

' 72-E: Crete - Geary Association. (Phillips - Smith Co.)
(See 50-A)
Parent material: Sanborn forration.
72-F: (Smith and Jewell Co.)

72-G: (Smith and Jewell Co.)

-
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75: Calciustolls - Argiustolls - Haplustolls: wundulating-hilly; loamy
. and clayey; shallow.

] 75-A: Soils of the Pawnee River Drainage Basin:
H 37 34 . 3 L. ; .
. arney” - Penden - Bridgeport™ Association (Hodgeman Co.}:
. Deep, nearly level to sloping, well-drained, loamy soils on
: uplands. '
Minor soils: Coly, Xiu, Uly, Wakeen and Richfield soils.)
(Parent material: Bridgeport-calcareous silty alluvium)
Penden26 - Campusz4 - Canlon13 Association (Hodgeman fo.):
Deep to shallow, gently sloping to steep well-drained to
‘somewhat excessively drained, loamy calcarecus soils, on
uplands.

Minor soils: Kipson, Wakeen, Roxbury, Bridgeport, and

f Harney soils.

3 : (Parent material: Campus - Highly calcareous semi-consoli-
2 , dated caliche; Canlon-semi-consolida’.ed caliche)

"(Ness Co.)

- Penden35 - Richfieldz8 - Ulysses18 Association (Lane Co.j):
- Deep, nearly level to strongly sloping, well-drained clay

& : " loams and silt loams along drainage ways in the uplands.

4 , Minor soils: Bridgeport, Grigston, Roxbury, Alluvial land,
; lHarnev, Keith, Kim, Colby, Campus, Canlon, Badlands and
Ness soils.
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75-B: (Clark Co.) (Mansker) OF pco Lo to
{Comanche Co.) ‘ . OR QUALITY

(Kiowa Co.)

75-C: (Russell, Rush, Lincoln Co.) (Parent material: Dakota Fn.
: Greenhorn limestone, and Graneros. shale.)

75-D: -.\rmo46 Bogue19 Heizer10 Association (Ellis Co.): Deep to
shalleow, gently sloping to moderately steep, well-drained
and moderately well drained soils that have a channery
loam to clay subsnil or substratum; on uvplands. '

Minor Soils: Clay Alluvial land, Hilly land, Brownell,
Corinth, Harney, Mento, New Cambria, Roxbury, and Wakeen
soils. (Parent material: clay shale.)

75-E: Corinth71 - Harney17 Association (Ellis Co.): Moderately
deep and deep, nearly level to strongly sloping, well-drained
soils that have a silty clay loam to silty clay subsoil, on
uplands. :

Minor Soils: Bogue, Niltson and Roxbury soils (Parent Material:
Corinth-calcareous shale.)

(Russell Co.)

75-F: Mento-Brownell-Wakeen Associztion (Ellis Co.): Deep and
moderately deep, nearly level to strongly sloping, well-
drzined soils that have a very gravelly loam to silty clay
loam subsoil: on uplands. _
‘Minor soils: Alluvial land, Armo, Bogue, Corinth, Harney,
Heizer, and Roxbury soils.

(Parent material: Bedded chalk, shale and chalk)

(Trego and Graham Co.)

75-G: Armo - Bogue - Heizer Association (Tregu and Ellis Co.):
‘Deep to shallow, gently slcping to moderately steep,
well-drained and moderately well drained soils that have
a channery loam to clay subsoil or substratum, on uplands.
Minor soils: Alluvial land, clayey; Hilly land; Brownell,
Corinth, Harney, Mento, New Cambria, Roxbury, and Wakeen
soils. ’

(Norton and Graham Cos.)

75-H: Mento-Rrownell-Wakeen Association (Trego and Ellis Co.):
Deep to moderately deep, nearly level to strongly sloping,
well-drained soils that have a very gravelly loam to silty
clay loam subsoil; on uplands.

Minor Soils: Alluvial land, wet; and Armo, Bogue, Corinth,
Harney, Heizer, and Roxbury soils.
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7¢-1: 'ly_sse534 - Penden18 - Minnequa13 Asscciaticen (Lane Co.

’ and Ness C5.): Doep and moderately -sep, nearly level co
strongly sloping, well-drzaired silt loamns and clay icans
in the rclling uplands. :

Minor soils: Richfield, Alluvial land, Bridgepor., Grigs-
ton, Badlands, Elkoder, Keith, Harney, Kim, Cclby, Canlon
and Campus soills.

Colby-Mansker-Potter Asscciation (Sco:tt Cc.): ODeen,.
. moderately deep, and shallow loamy soils, gently slopinyg
f ‘ to steer; on uplands,
Minor soils: Bridgeport, and Alluvial 1~id, Badlands,
Richficld and Ulysses soils.

Aridic Ustolls, Ustalfs, and Torriorthents, Mesic

838: Argiustolls - Haplustoll: level-undulating; fine-silty and clayey.
88-A: Goils of the High Plain~ Tablelands:

Richfield-Ulvsses-Colby Association (Hamilton Cn.j: Nearly
level to gently sloping, deep, fine sil<y and clayey loams,
on uplands. : .

Minor Soils: Vona, Otero, Manter, and Goshen soils.

Richfield - Ulysses Association (Xearny Co.): lMinor Soils:
Colby, Gushen, Manter, Mansic and Lofton soils.

Richfield - Ulysses Associatiﬁn (Finney Co.}:
Minor Soils: Manter, Ccero, Keith, Randall soiis.

T e T 2 P Y S T T

Richfield - Ulysses Association (Stanton Co.): linor
_ Minor Soils: Lofton soils.

Manter - Dalhart - Ulysses Association (Stantor C2.): Sanrly
lands.
Minor Soils: Tivoli.

Ulysses - Colby Association {Stanton Cc.): Sloping
Hardlands. . .
Minor Soils: Travissilla and Mansker soils.

-~ Ulysses - Ri<hfield Association {Grant Co.):. Deep, n-arly
X level t. zentliy sloping, well-drained, silty snils ia the
- . uplands.

5 Miner Soils: Satanta, Colby and Lnfton soils.
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Richfield - Ulysses Asscociation (Hashell Co.): Deep,
nearly level to gently sloping, loamy soils of the High
Plains. : )

Minor Soils: Lubbock, Lofton and Fandall soils.

2
aichfieldSS - Ulyssess“
soil ¢n uplands.

Minor Soils: Colby, Geshen, Otero and ‘*fanter soils,

Association (‘forton Co.): Lloamy

Richfield - Ulysses Association (Steveas Co.): Silty
Hardlands.

Richfield - Ulysses Association (Greeley Co.):
Minor Soils: Colby, Loften and Goshen scils.

\ .
Richfieldso - Ulysscs‘o Association (Wichita Co.): Deep,
nearly level, leamy soils of the High Plains.

Minor Soils: Lofton soils.

Richfield - Ulysses Association (Scett Co.): Loawy voils
on tablelands. '

Minor Soils: Randall, Colby, Goshen, Keith, Lubbock,
ttanter and Tivoli soils.

Richfield - Harney - Ulysses Association (Lane Co.j:

Deep, nearly level to gently sloping, well-drained siit
1nams in the uplards. )

Minor Soils: Ness, Grigston, Roxbury, Colby, Keith soils.

Goshen - Ulysses Association (Kearny Co.): Soils of the

High Plains Drainage ways. ,
Minor Soils: Otero, Richfield - Mansic Complex, Coiby,
Lofton, and Manter soils. ’

Soils or the High Plains:

Spearville - Richfield Asscciation {Gray Co.): Nearly level,
de-p, clayey and loan” soils of the hignh plains tablelands.
Minor Sniis: Harney and Randall soils.

. - .
RichfieldGC - Spearvillef'0 - Ulysseslb Association (Haskell
Co.): Deep, nearly level, loamy soils that are on thr high
plains and have a lcasy or clayey subsoil.
Minor Soils: Colby, Lofton, and Randall soils.

Keith - Ulvsses Association {Logan Co.): Nearly level and
gently s'oping soils of loessal tablelaad.

, .., 62 35 . .

Keith - Ulysses Association (Sherman Co.): Desp, well-
drained nearly lcvel and gently sloping silt loams c¢n uplands.
Minor Soils: Richfielld, Coshen and Pleasant soils.
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88-D: Keith§7 Ulyséesss - Goshen15 Association {(Sherman Co.):

Deep, well drained, nearly level to sloping silt loams on
uplands and in suales.
Minor Soils: Colby and Pleasant soils..

Arguistolls - Haplustolls - Torriorthents: Level-rolliing; fine
silty

93-A: (Gova Co.)

63-B: (Decstur Co.) (Includes Keith - Goshen - Colby soils).

93-C: Keithsz - Gosheﬁ‘7 - Colby Association. (Hitcktock Co.,
Nebraska, and Rawlins Co., Kansas) :

Keith82 - Goshen17 Association: Silty soils or table-

lands. Nearly level to gently sloping soils or uplands.
Minor Soils: sord and Scott soils.

Colby74 Association: Silty soils on canyon walls and

hills. Gently sloping to steep soils in canyons and on

hills along drainage ays.
Minor Soils: Ulysses  scils and Rough Broken ’and

83-D: Keith - Colby Association (Rawlins Co.)

93-E: Colby35 Association: (Dundy Co., Nebrasks, and Cheyenne
and Rawlins Cos., Kansas) Silty soils of loess nills
and canyons. 25 14 1
Minor Soils: Rough Broken land™7) Ulysses™  and Keith
soils.

93-F: (Decatur 0.} (Includes Kecith and Colby soils)
9z. (Decatur Co.}

Avgiu.olls - Héplustolls - Torripsamments: Undulatirgz-rolling;
fine-loamy, coarse-loamy and sandy.

95-A: Anselmo - Keith Association (Dundy Co., Nebrasks and
Cheyenne Co., Kansas;: Sandy soils, Jllty soils, and
sandcaliche woils of upland valleys and hills.

Minor Soils: Dunday, Valentine, Goshen, Ulysses, and
Colby soils.

Argiustolls - Natrustalfs - Pellusterts: Levcl-undulating;
~coarse-loamy and clayey.

96.A: Soils of the Scot:-Finney Depression:
Ulysses - Saline Richfield - Saline Drumaond As:zociation

(Finney Co.): Level to Jndulgtlng, coase loamy znd clayey
Minor Soiis: Salire Church and Colby soils.
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* Lubbock’®" - Church - Randall Association (Scott Co.):

Deep, clayey soils on benches in the broad, slight depres-
sions of the uplands.

'102: Haplustolls - Torriorthents: undulating-hilly; fine-silty.

102-A:

Sloping Soils of -the High Plains:

Colby - Ulysses Association (Hamilton Co.):
Minor Soils: Potter and Goshen soils.

. Colby - Ulysses Association (Kearny Co.):
Minor Soils: Oterc, Lincoln, Tivoli, Vona Potter
and Goshen soils.

Ulysses - Colby - Bridgeport Association (Stanton Co.):
Sloping hard lands and nearly lovel alluv1a1 lands.
Minor Soils: Goshen soils?

Ulysses30 - Colbyso - BridgeportZs Association (Grant
Co.): Deep, nearly level to sloping, well-drained
silty and loamy soils on terraces and in the uplands.
Minor Soils: Humbarger, Glenberg, Bayard, Otero and
Goshen soils.’ ‘ ' '

Ulysses - Colby Association (Greeley Co.): Gently to
steeply slcping.

Minor Soils: Goshen, Pntter, Mansker, Manter and
Lincoln soils. '

Ulysses50 -'Goshen15.~(Potter - Mansker complex)lo
Association (Wichita Co.): Deep to shallow, gently
sloping to steep, lcamy soils in swales and along
drainage ways.

Minor Soils: Allubial land, Colby, Bridgeport, Lincoln,
Humbarger, Bayard and Manter soils.

Ulysses - Goshen - Colby Association (Wichita Co.):
Soils in drainage-ways.
Minor Soils: Bridgeport, Mansker, Potter, Manter
Bayard and Richfield soils.

50 30 9
Ulysses - Colby™" - Gthen Association (Sherman Co.):
Deep, well-drained, nearly level to strongly sloping
silt loams on uplands terraces, and flood plains.
Minor Soils: Bridgeport, Roxbury, Caruso, Alluvial land
Keith and Rough Broken lands.

Ulysscs - Colby Association (Logan Co.): Sloping
soils uf loessal uplands.
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Soils on the Flood Plains and Adjacent Slopes along the
Cimarron River:

Otero-Lincoln Association: .Soils of the Cimarron River -
Valley and adjacent slopes (Morton Co.): Potter - Manker
Complexl?, Colbyll, Las Animas?, Otero?S, Lincoln4,
Bridgeport?.

Colbyss - Otero44 - Lincolnld‘Association {Stevens Co.):
Cimarron River Vailey. ‘
Colbyss - Oteroso - Bayardzo Association (Grant Co.):
Deep, gently sloping to sloping, calcareous, loamy soils
on fans and in the uplands.

Minor Soils: Lincoln, Manter, Dalhart, Tivoli and Vona
soils.

Otero® - Colby>? - Likes?® Association (Haskell Co.):
Deep, gently sloping to strongly sloping, calcareous,
sandy and loamy soils in the Valley of the Cimar:on
River.

Minor Soils: Manter-and Glenberg soils.

Coldby - Otero - lincoln Association: Soils on flocd
plains and adjacent slopes along the Cimarron River,.
Minor Soils: Las Animas, Likes, and Bayard soils, and
Alluvial land. .

Ulysses®? - Mansic® Association (Wichita Co.): Deep,
gently sloping and undulating, loamy soils of the high
plains.

Minor Soils: Colby, Lofton, Mansker, and Potter soils’

Lismas - Colby - Gravelly broken land Association (Logan
Co.): Soils in broken areas of shale, gravel, and loess
along tributaries of the Smoky Hill River.

Colby - Minnequa - Penrose Association (Logan Co.): Soils
of rough broken areas that are crossed by side drains along
the south side of Smoky Hill River and Butle Cresek. ‘

Penrose - Colby - Loamy Broken Land Associatiéon (Logan Co.):
Soils in broken areas of chalk rock, sand, and lcess along
tributaries of the Smoky Hill Piver.

Bridgeport - Lincoln - Las Animas Association (logan Co.):
Nearly level soiis on flood plains and terraces.
Minor Soils: Las, Likes and Volin soils.

Colby53 - Rough broken l_and25 Association (Dgndy Co.,
Nebraska): Silty soils of loess hills and canvons,

Minor Soils: Ulysses and Keith soils, and Eroken Alluvial
land.
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Sandy Alluvial Land - Las™ " Association (Dundy Co.):
Sandy and loamy soils of River lowalnds
Minor Soils: Rauville!3 Banks?, lettcé. Laurel4, Las

Anxmas‘, and Elsmere soils.

Bridgeport - Havre Association (Dunuy Co., Nebraska):
Loamy side of valley-fill foot slopes and high botton
lands.

Minor Soils: Bayard and Glendive soils.

‘See 95-A.

Paleustalfs - Haplustalfs - Ustipsamments: Unduléting-rolling;
finc-loamy; coarse-loamy, and sandy.

104-A:

Transitional Soils between the Sandhxlls and High
Plains Tablelands:

Voria - Manter - Ulysses Association (Hamilton Co.):
Minor Soils: Otero - Vona complex, Colby silt loams,
Goshen silt loans.

Manter - Vona Association (Kearny Co.):
Minor Soils: (Colby and Otcro soiis.)

Manter - Keith Association (Finney Co.)f Sandy and
loamy soils between the sandhills and tableland.
Minor Soils: Vona, Otero, and Ulysses soils.

Marter - Satsnta Associztion (Gray Co.): Nearly level
and gently undulating loamy soils in areas adjacent to

_ the sandhills.

T 10d-Be

Minor Soils: Ulysses soils.

Holdridgcg7 Association (Ford Co.): Deep, nearly level
and gently sloping, well-drained ioamy soils on uplands.
Minor Soils: Sandy broken land”.

2 7 .
Part of tho Pratt49 - T.i.voli"9 - Ortello”” Association
(Ford Co.): Nearly level, undulating, or hummocky, deep
soils, well-drained to excessively drained on uplands.

Manter - Ulysses - Keith Association(Scott Co.): Sandy
and loamy soils, nearly level and undulating areas.
Minor Soils: Tivoli, Dalhart - Richfield complc\- and
Oterc soils. .

Soils of the Sandhills and Adjacent Sandy Lands:

Vona - Dahlart - Tivoli Associations: (Haplargids -
haplustafs - ustipsamments) nearly level to undulating;
rolling to hilly; sandy soils,

Vona - Tivoli Asiociation (Stevens Co.): Sandhills



Dalhartés Asscciation(Stevens Co.): Sandy lands.,
Minor Soils: Richfield, Mansic and Otero Soils

104-C: Soils of the Loamy Hardlands: Richfield' - Dalhart -
Association: (argiustolls - haplustalfs) nearly
level to gently sloping; silt loams and fine sandy

loams. :

Richfield’® - Dalhart®® Association (Stevens Co.) .
Hardlands: Loamy ., _

Richfield - Ulysses Association (Stevens Co.):
Silty Hardlands.

‘Udic Ustolls, Ustalfs, and Aqualfs, Thermic

133: Paleustolls - Arguistolls - Ustochrepts: Level-rolling;
“clayey, fine-silty, and fine-loamy.

133-A: Kirk1and®? - Renfrowss Association (Harper Co.):
Decp and moderately deep, nearly level and gently
sloping silt loams and clay loams; on uplands.

Minor Soils: Bethany, Pond Creek, and Vernon soils.
(Parent Material: Pleistocene colluvium or pediment
deposits.) '

133-B: Bethanyso - Corbin 15 Tabler15 Association (Harper Co.):
- Deep, nearly level and gently sloping silt loams and
clay loams; on uplands. ' '
Minor Soils: Grant, Kirkland, Nashville, Pond Creek
and Renfrow soils,
(Parent material: Pleistocene Colluvium and pediment
deposits.) '

133-C: Vanoss90 - Bethanylo Association {Reno Co.): Deep,
dark, nearly level to moderately sloping loamy soils
on wind deposited material.

Minor Soils: Clark soils.

133-D: Renfrow-Vernon Association (Reno Co.): !loderately deep
~and shallow, reddish soils over clayey shale.
Minor soils: Port soils,

133-E: Farnum - Norge Association {llarper Co.)}: Deep, nearly
level and gently sloping loams, clayey loazm subsoil; on
uplands.

Minor Soils: Kaski, Shellabarger, and Zavala soils.

A-16
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134:

Argiustolls - Argiaquolls, claycy; 1eve1-undulat11g. fine-

134-A:

134-8:

134-C:

134-.D:

134-E:

134-F:

‘'loamy and coarse - loamy.

Fa‘rnumSS - L’ubbock24 Association (Edwards Co.):
Deep , nearly level, well-drained, loamy. soils on
uplands.

Minor Soils: Tabler, Carwile, Ness, and Naron soils.

Naron73 Association (Edwards Co.): Deep, nearly
level to gently sloping, well-drained and somewhat
poorly drained loamy soils on uplands.

Minor Soils: Carwile, Slickspots, Attica, Farnum,
and Tabler soils.

Naronsoi- Farnumdo Association (Pratt Co.): Nearly
level to moderately sloping fine sandy loams and
loams that have a subsoil of sandy clay loam or
clay loan.

Minor Soils: Carwile, Clark, and Pratt soils.

Farnuméo - Slickspotsls - Naron10 Association (Harvey
Co.): Deep, nearly level to gently sloping, well-
drained to somewhat poorly drained loams and fzne
sandy loams on uplands.

Minor Soils: Drummond, Carwille; and Ladysmxth soils.

Bethany6o - Ost25 Association (Pratt Co.): Nearly
level or gently sloping silt loams to clay, loams
with subsoil of clay lcam to silty clay.

_ Minor 5011 Tabler, Farnum, Clark, Case, Kaw soxls

Shellabarger 40 Albionss - Farnumls Association (Pratt

- Co.): Nearly level to strongly sloping sandy loams

to loamy, deep and moderately decp, subsoil of sandy
clay loam to clay loam, underlain by gravel in placcs
Minor Soils: Clark, Ost and Croft soils.

Shellabarger 55 . Farnumdo Association (Harper Co.):

Deep and moderately deep, nearly level .to sloping loams
and sandy loams; on uplands. !
Minor Soils: Albion, Case, Clark and Norge soils.
Farnum40 - Ost30 - Clarkzo Association (Pratt Co.):
Nearly level to moderately sloping loams, and nearly
level to strongly sloping, calcareous clay loams that
have a subsoil of clay loam,

Minor Soils: Shellabarger and Albion soils.
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134-F: :
cont. Nash-lucien Association (Reno Co.): Moderately deep
) ~and shallow. reddxsh soxls over sxltstone and soft
" sandstone. : . .
Minor Soils: Vanoss soils
Clark-0st Association (Reno Co ): Deep, dark soils
over highly calcareous loamy natcrxals
Minor soils: Bethany soils.

134-G: Carwile6u -Tahlcr° Association (chb Co.): Vbeep,
dark, nearly level, imperfectly drained soils that
nave a loanmy surfacce 1aycr and a clayey subsoil.
Minor Soils: Vanoss . (haron Slickspots, and
Farnum)20 soxls '

134-ll:  (Commanche Co.)

134-1: (Kingman Co.)

Argiustolls - Naplustolls: level-undulating; fine-silty and

coarse silty. . '

136-A: Grantss‘- Nashville25 - Pond Crcek2° Association

(Harper Co.): Deep and moderately deep, nearly level
to sloping silt loams, on uplands.

Minor Soils: Breaks - Alluvial land, Minco, and
Ruella soils. ‘

I R
Pond Creek silt loam (Woods Co. Okla.): Moderately
heavy, smooth upland soils. '
Minor Soils: Nash, Kay, Reinacih, and Foard soils.

Crisfield33 - Port"S - Zenda10 Association (llarper
Co.): Deep, nearly level fine sandy loams and silt
loams, on flood plans and low terraces.

Minor Soils: Brazos, Gerlane, !linco, Shellabarger, and
Port soils and Slickspots.

Minco-Pond Creck Association (llarper Co.): Deep,
nearly level, gently sloping and sloping silt loams;
on uplands.

iiinor Soils: Bethany, Farnum, and Port soils.

Ustalfs, and Ustochrepts, Tiaermic

i d
! o139
b

Haplustalfs - Argiaquolls: Clayey- Ustxpsannents, level undula-

ting,; s

sandy and coarse loamy.
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.\'aron4b - Prattso - Carwilezo Association (Rice Co.):

Decp, nearly level to rolling soils that formed in

noderately coarse textured and coarve textured colian

matcrial and fine-textured alluvium; on uplands and

_terraces. .

Minor Soils: Att1ca, Farnun nnd Fl\rk soxls

(Parent laterial: Dune sand and recent alluviun. )
Pratt40 -Carwile”’ Association (feno Co.): Decep,
nearly level, imperfectly drained soils that have a
clayey subsoxl. and_well-drained sandy, huwnockv soils.
"linor Soils: - Naron u, and Tivolid soxlq

Naron73 - C:u-wilel-5 Association (Edwards Co.): Deep,
nearly level to gently sloping, well-drained and some-

what poorly drained,loamy_sox)s on uplands.

Minor Soils: Slickspots 2, Attica, Farnum, anda 1abler
soils.

2
Part of the Attica49 - Pratt>” - Carwile9 Association

" (Edwards Co.): Deep, nearly level to undulating, well-

drained and somewhat poorly drained loany and sandy
soils on uplands.

tlinor Soils: Naron , Brazos, and Plevna soils.

Pratt75 - Carwilczo Association (Pratt Co.): Undulating
loamy fine sands that have a sandv subsoil, and nearly
level or gently sloping fine sandy loams that have a
clayey subsoil.

finor Soils: Naron and Tivoli soils.

Carhxless - %arnumsz - Tabler 20 Association (Rice Co.):

Deep, nearly level to gently undulating soils that formed
in moderately coarse textured eolian nater131 and fine-
textured alluvium; on uplands and terraces.

Minor Soils: Attica, Urummond, and Naron soils.

(Parent Material: Dune sand and recent alluvium, and in
the Sanborn Formation)

. 50 . .35 C e .

Dillwym -~ Tivoli™ Association (Rice Co.}: Decp,
nearly level to hilly soils that formed in coarse-
textured eolian materials; on terraces and uplands.
tinor Soils: Pratt, Carwile, and Plevna soils.

(Parent Material: Dune sand). '

Elsmere7J - Tivoli*s.Association (Reno Co.): -Ueep,
nearly level, imperfectly drained, sandy soils and
excessively drained, hilly, sandy soils.

Minor Soils: Plenva soils.

o
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- (Cont) Pratt60 - Tivoli40 Association {Edwards Co.): beep, -
3 : hummocky and duny, well-drained and cxcessxvely draxned
S S : : -sandy soils on uplands.

Part of the'Attica - Pratt - Carwile Association (Ed-
w.rds Co.):

'Tivoliss - Pratt4u Association (Pratt Co.): Duny"
and humnocky, loose fine sands and loamy fine sands

: : - B ~ that have a sandy subsoil. )

' Minor Soils: Carwile soils.

3 o Prattss - Brazos30 - TivolilS Association (llarper Co.):
- Deep and moderately deep, nearly level, undulating and

hummocky loamy fine sands and fine sands; on low

terraces and uplands.

Minor Soils: Carwile, Crisfield, Kanza, Ruella and

Shellabarger soils.

OERAR 20 X i

140: tiaplustalfs - Ustipsamments - Ustorthents: Level-rolling;
sandy and coarsc-loamy. '

14U-A: Mansic - Mansker - Otero Association (Ford-'=ade Co.)

151: Ustochrepts - Argiustolls - Haplustalfs: Level to rolling; loamy
and clayey shallow soils. -

151-A:  (Clark Co.)
' 151-B: Abilene - Potter Association: Smooth and rolling, mixed

dark soils of the lligh Plains.
" Minor Soils: Albion soils and rough broken land.

R 151-C: Weymouth-Cottonwocod - Vernon Association: FKolling and

' "~ undulating, reddish brown soils of the low plains with

a friable subsoil.

Minor Soils: Fairview, Rusk, urant, Rexneck, and Yakola:
soils. '

151-D: Guinla145 - Woodward Association (!larper Co.): Shallow
and moderately deep, nearly level, gently sloping and
sloping loams on uplands. T

' Hinor Soils: Brazos, Crisfield, terlanc, Muella, and

- - Shellabarger soils.’ ‘ ' ' .

Tsarments

181: Psamments: Undulating-rolling; sandy.

181-A: Soils of the Sandaills: ‘Tivoli - Vona - Pratt Associations:

A.20
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ST Tivoli Association (Xearny Co.): 3oils of the Sand-
I nills, strongly undulating, hunmochay, and ciopfy.
s ‘tinor Soils: \Vona soils.
‘; . Tivoli - vona Association: (Finncy Co.): .50{15 of the .
A ' : " Sandhills, deep, loose fine sands in choppy dunes.
3 - ’ : : - Hinor Soils: Otero fine sandy loanms.
5 Pratt - Tivoli Association (Gray Co.): Illummocky and
3 undulating, deep soils of tne sand hills.
3 . i . . '
: PrattJJ -,Tivoli'9 - Ortello?z Association (Ford Co.):
- ~early level, undulating or uummocky dcep soils that
i~ arc well drained or excessively drained.
: Tivoli®’ Association (Ford Co.): Loose, rapidly perm-
2 “eable, strongly hummocky fine sands.
3 Jlinor Soils: Active dunes3,
B Vona -~ Tivoli Association (Hor;dn Co.): Rollinyg sandy
land.
Vona - Tivoli Association (Seward Co.): Relling sandy
: soils on uplands. _ ‘
4 * itinor Soils: Otero, !'lansic, and 3lown-out land.

D: Soils on Major Flood Flairns and Bordering Terraces

D-A: Soils of the Valley of the Arkansas River, and Valleys
- of the Pawnec River Yrainage:

Bridgeport - Las - Las Animas Association (Kearny Co.):.
Soils in the Valleys of the Arkansas River and Bear Creek.
linor Soils: Bayard, Bowdoin, Sweetwater, Lincoln,
Tivoli-vona, and Church soils.

Las - Las Animas Association (Finney Co.): Soil in the
Valley of the Arkansas River.

inor Soils: Bridgeport, Bayard, Sweetwater, and Lincoln
soils.

] : Las Animas - Leshara - Lescho Association (Gray Co.):
Nearly level, deep and ‘shallow, well-drained and somewhat
poorly drained loamy soils in thc Valley of the Arkansas
River, N o o . n .

Minor Seoils: Lincoln, Sweetwater, and Bridgeport soils.

TEN,
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Bale - Leshara - Las Animas Association (Ford Co.):
Nearly level, loamy alluvial soils that have a fluctua-
L .. ting water table and some salire-alkaline sgots '
4 o ) Minor Soils: (Dale - Humbargcr - Canadian) and
1 , (Leshara, Las Animas, lLincoln)<9 spi)s, Alluv1a1 land
and slickspots.

Las Animas, Las, Sweetwater, Sowdoin, and Lincoln
Association (Hamllton Co.): Valley of tihe Arkansas
River. -

Roxburyo‘l - Bridgcportlu Association (llodgeman Co.):

Deep, nearly lecvel, well-drained to noderately well-.
drained loamy soils on low terraces and flood plains.
-Minor Soils: Broken alluvial land, Detroit, liord and
Hess soils., :

o acs

R Ay

D-B: Canadiar.39 - Kaskxls - Plattels Association (Rice Co.):
heep, nearly level soils that formed in moderately coarse
textured to modcrately fine textured alluvium over sand
on terraces and flood plains.

Minor Soils: Lesho, Waldeck, Plevna, Dillwyn and T1vol1
soils.

Canadian - Ua1e70 Association (Reno Co.): Deep nearly
level, loamy soils of the flood plains and lcw stream
terraces. 15 ‘ .

Minor Soils: (Vanoss, iesho) ™, Slickspots, iann, and
Platte soils. - . : '

b-C: Detroit - Humbarger - Hebbs - Muir Association (Saline
Co.): Deep, nearly level soils on terraces and flood
plains.
Roxbury24 - Altree’s - Hord11 Association (Ellis Co.):
beep, nearly level to strongly cloping, well drained soils
that have a loam to silty clay loam subsoil; on flood plains
stream terraces and valley sides.
Hinor Soils: Alluvial land, Anselmo, Boel, New Cambria,
Wann, Detroit, !loldrete, Inavale, !icCook, and “lunjor soils.

Detroit45 - Hobbsza Association (llarvey Co.): Deep, nearly
level, moderately well-drained to well-drained sxlty clay
loams and silt loams on flood plains.

‘linor Soils: Ladysmith, Naron, Farnum, and L;sho 50115.
Slickspots and broken alluvial land. :

é D-D: Chase30 - Osag02 Association (Chnase Co.): Nearly level,

] _ Jeep soils that have a subsoil of silty clay; on flood

i : plains and low terraces.

“inor Soils: Reading24

2o

IV&ns, Solomon, and Kahola soils.

r
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Appendix A. - North Dakota |

Soil Association/Soil Subgroup Code

Jdic Borolls and quolls

1: Agrlborolls - Eutroboraff undulat1ng to rolling; flne-‘oamy and
clayey.

1-A: Kelvin - Bottineau (80-90) Association: (Bottineau County) .
Undulating to rolling; surface drainage undevelopéd;
numerous depre551ons and small lakes. (10-20) .
Minor Soils: Buse(5-15), Parnell, Tetonka , organic
soils (peat).

B: Rolla-Kelvin (Bottineau County): HNearly level to gently
sloping and undulating to rolling; surface drainage is lnto ’
depressions. 10 .

Minor soils: Bottineau .

Argiborolls - Haploborolls;level-undulating; fine-loamy.

3-A: Forman(4s°60)- Aastad(zo‘ss) Association (Sargent County):
Well-drained and moderately well-drained, nearly level.and
undulating soils in loamy glacial till, prismatic blocky:
subsoil, many enclosed depressions and potholes, generally‘

4 less than 5 acres in size. (5-15)

. Minor soils: Buse, Hamerly (Tetonka, Parnell)

' Cresbard, La Prairie, Lamoure and Zell.

[T

4: Arglborolls - Haploborolls undulating to hillv; fine-loamy.

. 4-A: Forman- Buse Association (Sargent County): Well-drained
A , to excessively drained, undulating and rolling soils in
2 loamy glacial till.

4 ‘ Minor soils: Aatad. Tetonka, Parnell.

AWC® .17; less than 35% slope.

“.
(73]

Argiborolls - Haploborolls - Natriborolls: 1level;.clayey and
- fine-silty.

S-A: Overly-Beardon Association {Sargent Co.): Nearly level
to very gently undulating, occassionaly poorly drained
depressions,
Minor soils: Gardena, Glyndon, Colvin, and Perella, Hamerly,
- Svea. Parent materlal water-1aid silty clay loams and
nltlomm

TSI TN
T SR e

Srcas

Overly-Fargo Association (Sargent County): Moderately well-
drained soils to poorly drained soils in old silty and clayey
lake sediments.

AWC .17

L "ﬁ..‘»_*‘r;-.}:<f’:}.l"%.;-.-q‘d,;‘-y;r:r‘1 HA:

T

T

M

*AWC = available water capacity

Pv-.; T
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~ 6: Calcizanuolls; level; finz-silty; saline

6-A: Bearden-Glyndon Association (Walsh County): Moderatelw
saline association. Deep, ..early level, somewhat nootviv
drained and moderately well-drained, silty and louwy soils
that are saline. :
Minor soils: Colvin, Perella, Non-saline Bearden, Giynaon.

7. Calciaquolls - Haploborolls; level; coarse-silty and fine siicy.

7-A: Gardena - Overly Association: Well-drained soils in old, - -
" silty and clayey lake sediments, nearly lev>l and slightiy

. cepressional areas :

) Minor soils: Tetonka, Bearden, and Glyndon soils.

- AWC .15

& B: Gardena - Glyndun Association (Sargent County): Moderately
g _ well-drained soils in old silty iake sedimznts; deep, nearly
2 level soils.

3 Minor soils: Borup, Perella, Tetonka, Cverly, and Hecla.

AWC .14

Al

C: Gardena - Spotuswood - Wessingtcn Association: Well-drzined
loamy soils underlain by sands and gravel.
Minor soils: Hecla, Maddock, Borup, Stirum, Arveson.

AWC .14

Gardenasg Glyndon25 OverlyzoAssotiation: Level, mcaerately
well-drained and somewhat woorly drained, medium textured
soils in old glacial lakebeds. -

Minor soil:s: Aberdeen, Exline.

D: Embdendo- Glyndon4o- Egelandlo Association (Cass County):
Nezrly level, well-drained or somewhat poorly drained loams
and fine sandy loams. ‘

Minor soil=: Gardena, Eckman.

Overly - Gardena Association (Ransom County): MNearly level,
moderately well-drained loams to silty clay loams.

E: Gardenaso- Glyndonso - Eckman” association (Cass County)
Nearly level, well-drained teo somewhat poorly drained loams.
Minor soils: Embden, Renshaw, Egeland.
Parent material: Medium tex:turad ilake sediments.
F: Bearden30 - OverlySOA— rargo p Association (Cass County):
’ Nearly leve:, moderately well-drained to pooriy drained
silt loams and clays.
(Fargo is more poorly drained than the Bearden . and Cvauty syilec.)
Parent material: tloderately fine textured or fine t2xtured lake
sediments.

(7]
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Aberdeen Association (Cass County): Nearly level, somewhat poorly
drained silty soiis that have a clay pan.

Lankin46- Gilbv""S Association (Walsh County): Deep, noarly

level to gently slop:rg, sory what poorly drained and poorly dr¢1ned
iocamy soils.

Minor coils: Towner, Antler, Rockwell, Tonka.

(See 7-G)

: Glyndon73- Gardena14 Asscciation (Walshifounty) Déep, neariy level

to gently cloping moderately vell -draineu and somewhat poorly draxned

" loamy soils.

Minor soils: Borup, Colvin, Perella.

: Bearden®’ Q'Overiyzs- Association (Walsh County): Deep, nearly level

to gently sloping, somewhat pcorly uralned and moderately well-
drained silty soils. R '
Minor soils: Colvin, Pervlla, Fargo. -

bearden7o- ulyndon26 Association (Walsh County): Dcep, neariy level,
roderately well-drained and somewhat poorly drained calcareovs clayey
and loamy soils.

Minor soils: Perella, Saline Bearden, Glyndon.

2 . ‘
Over1y64- Bearden‘6 - Fans Association. Deep, nearly level, méderately -
well-drained and somewhat poorly drained silty and clayey soils on
aliuvial fans.
Minor soils: T[lairdale, La Prairie.

(Bottineau‘ Co.)

: Gardena~-Giyndon Associatibn (éottineau Co.)
: (Roltte Co.;

: Overly; earden Association {Tower Co.)

: Gardena-Glyndon Association (Pembina Co.)

: Glyndon Association.

iaquolls - Haploburolls - Argialbolls; level; fine-loamy and clayey.
Hanerlyso- S/ea'i— Barneszﬁ- Association (Walsh Co.j: Deep, nearly
level to rolling, somewhat poorly dralned to well-drained loam

soils. .

Yinor Soils: Vallers, Tonka, Manfred, Parnell
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Cresbard - Ylamerly” "- Svea  Association (Walsh Co.): Deep,
neariy level, moderately well-drained and somewhat poor:y dra!nod
loamv soils: ..

‘Minor soils: Vallers, Tonka, Parnell.

9: H@mcrly-Svru-Rurnc; tssociation (Cavalier Co.):
C: Hamer!v-Svea-Tetonha Association(Rolette and Cavalier Co.):
D: Hamerly-Barnes-Tetonka Association (Tower and Cavalier Co.):
E: Namerly-Bsrncs-]ctonka Association (Tower and Cavalier Co.):
9 Haplaguolls - Calciaquolls; leVel; clayvy and fine-silty; vertic.
T e : T4 S . . .. . :
9-A: Heyne - Fargo v Association” (Walsh Co.): Deep, nearly level to
gently sloping, poorly drained clayey soils,
Minor so1ls: Urano.
B: Wahpeton - Cashel - Fargo Association (Walsh Co.}: Deep, nearly
level to gently sloping, moderately well-drained to poorl\ draiavd
clayey soils on flood plains and low terraces.
C: Fargo-Bearden Association (Bottineau Co.)
D: Fargo-Bearden Asscciation (Pembina Co.)
E: Fargo-Bearden Association (Pembina Co.}’
F: Hegne-Fargo Association (Lrand Ford Co.)
G: Fargo Association (Trs  and Casz Co.)
10: Haploborolls, level; <. 2amy over sandy or sandy-skeletal and fine-loamy.
X Y < ) ) .
10-4A: chshau'5 - Brant ford - Siouxvl' Association (Walsh Co.): Shallow,
nearly level to steep, oxcessively dratiaed and well-drained loamy ~
50ils underlain by sand and pgravel.
- Minor soils: Arvilla, Coe, Vang, and Divide
8. WulxhboAssociatlon {Walsh Co.): Deop, level tu sloping, well drninvd
and moderately well-drained loamy soils formed in shaly alluviums.
O: Renshaw - Divide Association (Bottineau and Rolette Cos.):
Do Walsh-Brantford Assocration {Pembina Co.):
|3 kclviﬁggor(xneah Assoctation {(Cavalier Co0.):
F: Fargo Asscoiatysn (Qavalier (o)

A-J6
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Brantford Assqciation (Ramsey Co.): :
Renshaw-Divide Association (Eddy Co.):

Renshaw Association (Ransom Co.):

Renshaw-Hecla Association (Kiddler Ce.):

12: Haploborolls: wundulating-rolling; fine-loamy.

12A:

h:

E:

Barnesss- Buse30 Association (Walsh Co.): Deep, gently undulating
.to steep well-drained and. excessxvely drained loamy soxls on L
the Edenburg moraine. o
Minor soils: Parnell, Tonka, Svea, Embden

(P1erce and Benson Co. )

(Ramsey Co.):

(Stutsman Co.):

(Sheridan Co.):

14: Haploborolls - Calciaquolls; level-undulating; coarse-loamy

14-

A:

Emrickds—Larson25 Association fWells Co.)E MLéQel to undulating;
moderately well-drained, medium textured, claypan soils on uplands.
Minor soils: Miranda, Heimdal, Tonka, Parnell.

Egeland-Embden “Association (Welis Cc.): Level to undulating, well-
drained and moderately well-drained, moderate to coarse textured
"soils on sandy plains. : :
. Minor soils: Letcher, Arvills, Ulen, and Hamar.

See Emrick-Larson Association (14-A) (Wells Co.):

LaDeIlesoAssociation (Wells Co.): Level, well-drained, medium-
textured soils on lacustrine plains, v :

Minor soils: (Emrick, Larson)38, Overly , Exline, Renshaw, Aberdeen
Heimdal, Egeland and Embden. ' o

Heimdal43 - Emrickzs-Fram 26 Association (Wells Co.): Level to
undulating, well-drained to moderately well-drained, medium
.textured soils on glacialfluvial materials.

Minor soils: Tonka, and Borup.

see-(lAFD).
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15: Haploborolls - Calciquolls; level-undulating; fine-loamy.

15A: BatnesSOTSveass Association (Sargent, Wells Ward, and LaMoure Cos.):
Well-drained, undulating soils in loamy glacial till; prismatic-
blocky subsoil,.
Minor soils: Buse, Parnell, Hamerly, Tetonka, Vallers, Cresbard
Cavour, Tonka. ' ’
AWC .17

B: Barnesss- Sveazs— Parne118 Associatién (W : i
: Walsh Co.): Undulating te
rolling, well-drained and moderately well-drained, medium-textured
soils on glacial uplands; and poorly drained moderately fine textured
soils in enclosed morainic depressions. ‘ :
‘Minor soils: Buse, Cresbard, Cavour, Nutly, Grano, Colvin,

. , c: Svea4o- Hamer1y25~ Bames20 Association (Cass Co): Nearly level
to undulating, well-drained to somewhat poorly drained loam.
Minor soils: Buse, Vallers, Tetonka, and Parnell.

D: . Renshawds- Arvillazo— Lamoure 15 Association (Wells Co.): Level,
somewhat excessively drained to poorly drsined, moderately coarse
textured to moderately fine textured soils on gravelly terraces and.
in outwash channels.

. Minor soils: Colvin, Benoit, and Divide

E: Barnes-Svea Association: (see 15-A).
F: Rarnes-Hamerly Association (Renville Co.):

G: (McHenry Co.) soils cn glacialfluvial materials,
Minor solis: Tonka, and Boreys.

H: Bottineau Co.)

I: (Bo;tineau Co.)

J: Barnes-Svea Association (Rolette and Tower Cos.):

K: Barnes-Hamerly_Association (Rolette and Tower Cos.):

L: Svea-Hamerly Association (Cavalier and Bemson Cos.):

M: Cresbard-Barnes—Cavour Association (Cavalier and Benson Cos.):
N Barnesfﬂamerly Association (Ramsey Co.):

(o H Barnes-Hamerly Assoéiafibn (Behé&n.Co.j:

p: Barnes-Hamerly Association (Benson Co.):

Q: Svea-Hamerly Association (Benson Co.):
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r 16: Haploborslls.- Calciaquolls - Haploquolls; level; coarse - loamy and
" sandy: -
16-A: iecla-Renshaw Association (Sargent Co.): Well-drained sandy

a3

and loamy soils underlain by gravel and sand, and wet, loamy
and clayey soils in depressions and ponded areas.

Minor soils: Sioux, Gardena, Glyndon, Maddock, Borup,
Colvin, Pereclla, Stirum, Arveson.

AWC .14 :

lecla-Hamar-Ulen Association (Ransom, Cass, and Richland Cos.):
Nearly level and gently undulating, moderately well-drained

to poorly drained sandy soils. ‘ -

Minor soils: Embden, Tiffany, Arveson

. AWC .19 -

Exline-Aberdeen Association: Solodized soils in old, clayey
lake sediments; nearly level, often ponded soils due to restricted
surface runoff and internal drainage.

Minor soils: Dimmick and Bearden

AWC .16

Embden-Hecla-Ulen Association (Walsh Co.): Deep, nearly level
t- sloping, moderately, well-drained and somewhat poorly drained
ivamy and sandy soils.

Embden-Glyndon Assoc1at10n (McHenry Co.):

Hecla-Hamar Assocxatwon (Botteneau Co.):

Hecla-Hamar Association (Bottineau_Co.):

Maddock-Barnés Association (Bottineau and Pierce Co.):
Hecla-Hamar Association (Pierce Co.):

Embden-Ulen Association (Ruiete Co.)}):

Cresbard-Cavour Associatior (Pierce Co.):

Embden-Glyndon Association (Grand Forks Co.):

Hecla-Hamar Association (Eddy Co.):

Maddock-Barnes Association (Foster Co.):

"Embden-Tiffany Association (Richland Co.):

Ulen-Hecla Association (Richland Co.}:
Ulen-Stirum Association:
“mbden-Ulen Association

“1idock-Barnes Association:
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Hecla-tlamar Association (Kiddler Co.):

18: Hutriborolls;4lcvel-undulating; clayey and fire-loamy.

Barncs-so Cresbard30 Association (La Moure and Dicky Cos.):
Nearly level to undulating, medium-textured, well-drained
soils and level moderately well-drained and somewhat poorly -
drained soils that are moderately deep to a clay pan; on’
glacial till plains,

Minor sgils: Svea, Tonka, and Cavour.

Edgeby Association (La Mcure and Dicky Co.): Nearly level to
undulating, moderately well-drained and well-drained soils formed
inglacial till; moderately deep and deep to shale.

Minor soils: Barnes, Cavour, -Cresbard, Tonka, Exline.

Typic Borolls and Ustrothents

19: Argiborolls; level-undulating; fine-loamy

19-A:

Williams7o- Nooﬁanlo Association (Burleigh Co.): Nearly level. to
undulating, well-drained, medium-~textured soil and moderate;y

..well-drained claypan goils on glacial till plains.

Minor soils: Niobell™, Lehr, Parsha}l, Miranda, Parnell, Tonka..

Williamsss- Max25 Association (Burleigh Co.): Nearly level to
rolling, well-drained, medium-textured soils on glacial till
plains. .

Minor soiis: Arnegard, Lehr, Parnell, Tonka, Colvin.

WilliansGO-Bowbellsso Association (Ward Co.): Well-drained and .
moderately well-drained, nearly level, very dark brown loamy

. soil's formed in glacial till

Minor soils: Tonka, Parnell.

Williamsbo- Niobe1130 Association (Ward Co: Well-drained, nearly
level loamy soils formed in glacial till. :

Minor soil: Noonan*V,

Williams-Bowbells Association (Ward €o.): (See 19-C).

Williams Association (Divide Co.):

Williams Association (Williams Co.):

Roseglen Association.(Divide Co.):.
Williams-Crestard Association (Divide Co.):
Cresbard-Cavour Association (Burke Co.):

(Foster Co.)
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-(McKenzie Co.)
Williams Association (Emmons and McIntosh Cos.):

Morton-Williams Association (Emmons and McIntosh Cos.):

_‘5 : 20: Argiborolls-Argialbolls-Haploborolls: level#uhdulating; fine-loamy and
clayey. - S

_Barnes-Svea Association (McIntosh Co.):

21: Argiborolls-Haploborolls; level-rolling; fine-silty and’fine loamyﬂ

21-A:

B:

" Agar-Williams-Zahl Association (McLean Co.):

Agar Association (Emuons Co.):

23: Argiborolls-Haploborolls-Ustorthents: level-rolling; fine-loamy.

23-A:

G:

- H:

Williamsso-Maxzs-Zahllo‘Association (Burleigh Co.); Nearly level
to steep, well-drained medium-textured soils on glacial till
plains. Depressions common.

Minor soils: Arnegard, Parnell, Tonka § Regan.
LehrSS-Wabekls-Manning12 Association (Burleigh Co.); Nearly leveal
‘to steep, somewhat excessively drained and excessively drained,
medium-textured and moderately coarse textured soils on outwash
plains, o ,

Minor soils: Tansem, Roseglen, Regan, Colvin, Harriet and ¥illiams.
Oahe-Sious Association (Divide Co.):
Williams-Zahl Associations (Williams Co.):
Williams-Zahl Association (Divide Co.):
Oahe-Roseglan Association (Divide Co.):

Williams-Zahl Association (MclLean and Mercer, Oliver Cos):

Williams-Zahl Association (McKen:zie Co.):

24 Argiborolls-Natriborol15~Ustorthénts; level-rolling; fine loamy.

24-A:

Rhoadesss- MoreduJO Association (Bowman Co.): nearly level to
gently sloping, deep and moderately deep, moderately well-drained
and well-drained, loamy soils that have a claypan and clayey soils.
Minor soils: Absher, Amor, Arnegard, Belfield, Cabba, Doglum,
Ekalaka, Flasher, Grail, Korchea, Rucley, Regent, Shambo, Stady,
Vebar, Velva. ' .
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Rhoades"s-'Aosher20 Asso~iation (Boiman Co.): Nearly level to

gently sloping deep and molerately deep, well-drained and
moderately well-drained, loomy soils that have a claypan.

Minor soils: Arnegard, Belfinld, Boxwell, Cabbert, Chanta,
Daglum, Fleak, Ekalaka, Grail, Glend1ne Harvv, Kremlln Marmarth,
Moreau, Rhame. .

Prom1se-Moreau Association  (Stark Co.): Deep or moderately

deep, weil-drained clayey soils, nearly level soils in uplands -
swales and on valley terraces, and soils of the uplands that have
slopes between 2 and 9%.

Minor soils: Bainville and Midway

Rhoades-PromiseQMqreauAAssociation (Stark Co.): Deep to shallow,
well-drained, loamy or clayey soils, nearly level to sloping
soils.

Minor soils: -Regent-Belfield.

Farland-Savage-Rhoades Associations (Stark Co.): Deep, well-
drained or moderately well-drained, loamy or clayey soils,
some of which have a claypan, nearly level soils on stream
terraces.

Morton-Rhoades-Flasher Association (Billings Co.):
Minor scils: Arnegard, Patent, Moline, Bainville.

See 24-C.

Morton-Rhoades—Flasher—Bainvi1le-Flasher-?atent Association
(Billings Co.): '

(Stark Co.):

Belfieldzo- Rhoadeszo-Amor Association (Bowman .Co.): Nearly
level to gently sloping, deep and moderately deep, well-drained
and moderately well-drained, loamy soils and loamy soils

that have a clay pan. '

Minor soils: Arnegard, Cabba, Daglum, Flasher, Grail, Manning,

"Moreau, Reader, Regent, Parshall, Stady, Tally and Vebar.

Amor-Reeder-Cabba Association (Bowman Co.) Nearly level to
strongly sloping, moderately deep and shallow, well-drained
loamy soils.

Morton-Rhoades Association (Morton Co.):

' Rhoades-Morton Association:

5 LAk st Lt 3 S 03 £ g .»..W---l TR
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2S{i Argiborolls-Ustorthents: level-rollings, loamy.

Roseglenzo- Tamsen204 Savage15 Association (Burieigh Co.):
Nearly level to rolling, well-drained, mainly mediunm-
textured soils on lake plains and terrace.

Minor soils: (Belfield, Daglum).3, Rhoades, (Liken,
Parshell)?, Temvik, Arnegard, Lehr, Straw, Weener.

< .
Heiizd— Rhoades25 Association (Burleigh Co.): Level, poorly

drained and moderately well-drained, mainly fine-textured
soils in izke Basins_and outwasn channels.

~ Minor soils: Savage‘o, Tansom, Roseglen, Parshall, Daglum, -
Belfield.

Mortons-Regent-Grail Association (Stark Co.): Deep, well-

~drained silty or clayey soils on uplands that are disected

by swales and drainage ways.
Minor soils: Bainville.

Morton-Vebar-Arnegard Association (Stark Co.) Deep, well-

drained, loamy and moderately sandy soils, nearly level-to -

sloping, on uplands and in small drainage ways and swales in
the uplands. :

(Kidder Co.)

Morton-Williams Asscciation (Morton Co.):
Morton Association (Oliver Co.)

Vebar Association (Oliver Co.)
Savage-Wade-Farland Association

Morton-Regent Association:

27: Argiboroils-Ustorthents; level-rolling, clayey and fine-lbamy;

Morton Arhegard, Chama Association (Golden Valley Co.):
Minor soils: Bainville, Flasher.

Agaf-Raber Association:

Raber Association:

iJ
;
R
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; 30: Haploborolls-Argiborolls-Ustipsamments; level-rolling; loamy and sandy.

nd .

N ' 30-A: Parshall-*0 Lihen‘o- Flaxtonlo Association (Burleigh Co.):
Nearly level to rolling, well-drained, maianly moderately cearse
textured soils on cutwash plains end sund mantled uplands.
Minor soils: Livona, Harriet, Shaw, Rhoades.

B: Telferss- Lihenss- Serocolo Association (Burleigh Co.): HNearly
A level to hilly well-drained and excessively drained mainly coarse
textured soils on sand mantled uplands.
Minor soils: Flaxton, Livona, Arveson, Temvik, Heil.

3. anlerszs- Lamoure_lS Association (Ward Co.): Poorly
. .drained, level, loamy soils formed in alluvium-and glacial till.
' ‘ Minor soils: Renshaw, Lehr, Divide, Benoit, Hamerly, Parnell.

'Mnnning4o- Lihenso Association (Ward Co.): Well-drained, nearly
level to undulating moderately sandy scils formed in glacial
outwash. )

Minor soils: Telfer, Lehr, Wabek, Benoit,.

D: Vebar-Williams Association (McKenzie Co.)
E: Vevar Association
32: anloborolls-Ustérthents~Argiborolls; undulating-hilly; fine-loany.

Buse4s- Barnes40 Association (La Moure and Logan Co.): Steep to
rolling, excessively drained to well-drained, medium-textured soils
on moreinic hills; poorly drained scils in scattered closed
depressions. ' h

Minor soils: Svea, Nutley, Sioux, Remashaw, Purnell and Grano.

B: .Siouxso- B:nines"S Association (Wells Lo.): Hilly, excessively drainesd
to well-drained, medium textured soils on gravelly terminal
moraines.
Minor soils: Renshaw, Arvella
i .
Barnesb°- Busels Association (Wells €o.): Rolling to hilly
somewhat excessively drained and well-drained, medium textured
soils on glacial moraines. '
Minor soils: Parnelll0, vallers, Sioux, Colvin, Lamoure.
10 o 30 - R . : .
C: Max - Williams~ Association (Ward Ce.}: Well-drained, rolling.
_to strongly slopin%o loamy soils formfd“gn glacial till,
Minor soils: Zahli¥, BowbellslV, Parmel 11V,
0 20 . T
Max - Zahl Association (Ward Co.): Well-drained, hilly loamy
soils formed in glacial Till. 1s 10 ’
Minor soils: Bowbcllsls, Williams, =, Parnell
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Nutleydo- Sinaido Association (Ward Co.): Well-drained, moderatelv
well-drained, level to gently sloping, clayey soils formed in
glacial lacustrine sediments.

,Mxnor soils: lelxams.AMax. Zahl, Parnell

i

é : - Wabek - Association (Ward Co.): E\cessxvely drained, rolling and
§ . hilly, moderately sandy soils formed in glacial outwash.
Minor soils: Manning, Max,Zahl

3 - D: ZahI-Williams Assocxatxon (Divide Co.):

C: 2ahi-Williams Assocxat1on (HcHenrv Co.):

FE Buse- Barnes Assocxat1on (HcHenry Co. )

F 35: Ustorthents-Argiborolls; undulating-steep; loamy; shallow.

SS-A; Flasherss- Vebar2S Association (Burleigh Co.): Rolling to steep,
well-draired and excessively drained, mainly moderately coarse

textured soils on sandstone uplands.
Minor soils: Sen, Werner, Williams

B: Senss- Weinerzo- Morton10 Association (Burteigh Co.): Gently
sloping to hilly well-drained, medium-textured soils on soft.
shale and siltstone uplands.

Minor soils: Arnegard, Daglum, Flasher Rhoades.

C: Wx‘lxamsds- Vebarls- Flasher - ssocxatxon (Burleigh Ce. ) Gently
undulating to steep, well-drained, medium-textured soils on
glacial till and excessively drained, moderatelv coarse textured
soils on sandstone uplands.

Minor soils: Arnegard, Grail, Regan, Sen, Werncr

e v e
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Tcmvikss- Mandan 0. Wernerl Association (Burleigh Co.): Nearly level

to steep, well-drained, medium -textured soils on terraces, and uplands.
Minor soils: Linton, Sen, Arnegard, Flasher, Williams and Vebar. ‘

Bainville-Flasher Asscociation (Stark Co.): Shallow, excessively drained
loamy or moderately sandy s»ils, sloping to steep
Minor soils: Vebar

Bainville-Midway Association: Shallow, excessively drained, loam or
clayey soils; rolling to steep.
Minor scils: Moreau, Morton, Flasher

Bainville-Flasher Association {(Billings Co.):

: Vebar-Flasher Association (Bowman Co.): Nearly level to gently undulating

moderately deep, well-drained and shallow, excessively drained, sandy
and loamy soils.

: Reeder-Brandenburg-Cabba Association (Bowman Co. and Slope;Cos.): Gently:

sloping to strongly sloping mederately deep and shallow, well-drained - -
and excessively drained, loamy soils.

: Zahl-Williams Associaton (Montrail Co.)
: Bainville-Zahl Association (Williams and Montrail Cos.) - -

: Bainville-Morton Association

Bainville-Rhoades Association . -

Flasher-Bainville-Rhoades Association:

Boro!lic Aridisols and Torriorthents

44

44-A

Torriothents-Camborthids-Natrargids; undulating-hilly; loamy and
clayey; shallow.

Ekalaka-Rhame-Zeona Association (Bowman Co.) Nearly level to gently
undulating, deep and moderately deep,well-drained, loamy soils and
loamy soils that have a claypan and deep, excessively drained, sandy

soils,

Dilts-Lisam-Shale Outcrop Association (Bowman Co.): Gently sloping
to hilly, shallow well-drained, clayey soils and shale outcrops.

Rhame-Fleak Association (Bowman Co.): Nearly level to gently
undulating moderately deep, well-drained, loamy soils, and shallow
‘excessively drained, sandysoils.
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Psamments
18}: Psamments: UndulatingFrolling; sandy

. 181-A: Valentine-Hecla Association (Sargent Co.): Sandy soils in a'chopping”
area where differences in elevation are generally less than 10 fecet.
Minor soils: Arveson-:and Gannett.
Valentine Association (Sargent Co.): Sandy soils in a chopping area
where differences in elevations are 20 to 40 feet.

B: Maddock-Hamar Association (Ransom and Richland Cos.): Gently
undulating to hilly somewhat excessively dra1ned to poorly drainzd,
sandy soils
Minor soils: Hecla, Ulen.

Rockland
164: Badland-torriorthents: undulating-steep; loamy aﬁd clayey.
184-A:  Rough broken land-Bainville-Patent Association (Billings Co.):

B: Cabbart-Alshir Association {Bowman Co.): Hilly to steep, shallow
and deep moderately well-drained and weil-drained, loamy soils
and loamy soils that have a claypan. :
Cabbart-Badlands-Yawdim Association (Bowman Co.): S teep to very
steep, shallow,vell-drained, loamy and clayey soils and bad land.

Soils of Major Flood Plains and Bordering Terraces
D-A: Harvelon -Lahler-Banks Association (Burleigh Co.)}: Nearly level,
moderately well-drained and somewhat excessively drained, fine-
textured to coarse textured soils on bottom lands
Minor soils: Lallie and Riverwash
B: Zahl - Max30 W1111ams20- Velvals Association: Well-drained,
level to steep, loamy soils formed in glacial t111 and well-drained,
level, lo'.my 50115 formed in alluvium. :
C: Havre -Toby-Glendive Association: Mearly level, deep, well-drzined
loamy soils,
D: -Havre -Farl ad-Banks Association (McKenzie Co.)
E: (Cavalier Co.)
F: Walsh-Edgeley -Buse Association:
G: (Postar Co.)




2 7y

APPENDIX B

Arodin vy e $ctd 8 8 bt an e e

P d



o

APPENDIX B ORIGINAL F;\G':'
- OF PoOR Quagy

Influence of Order of Entry on bR?
John. Claydon

wWhe: the indepencent variables in a regression gfroblem are correlated
with each other, the ARS of each varialle (the amount by which R increases
with the addstion of thst variasble to the eguation) depends substantially
upon the ovrdef of entry The general explaration is that when a group of
independent variables s.e hichly correluted they are "partielly redundsnt”,
i.e. a subgrcup of them can -xplair. almust as much variance as the whole

-group, regardless of which ones make up the subgisip.
2 rd

A smal experiment was perfcrmed to investigate *he impact of this
phenomenon on ARR, and to avsess the validity of variable entry in regras-
sion without prior ordering. For Kansas Date Two, regressions of LS, L7,
Kl and K2 were studied. These depanient variables «ere chosen because of
their intrinsic 1elaticnship to crop deve:opment. For cach of these de-
pendent variaktles, the first three independent variables entered by the
Forward Regressicn Algorithm woere entered. in sll sis possible orders.

Kegression of K. experienced the greatest variability in 4R? values
due to order of entru.. The independent variebles AWC, GAMS, and JANTEMP®
were correlated with each other in the range of .45 to .7C.  Their cor-
relations with K2 were -.655, -.051, and -.551, respectively. From these
correlations It can be hypothesized that AWC and JANTLMP are rouchly equal
1n iheir ability to account for the variability in K2, with GAMS explain-
ing much less of the varsablity. By this hypothesis, the rollosing two
orgers of entry wouldvbe'of nearly equal validity, but of yreater validity
than other orders (AR™ are in parentheszs}.

(A) AWC (.429), JANTEMP (.017), GANMS (.282)
(R) JANTEMP (.204), AWC (.142), CAMS (.282
The Forward Regression Algorithm, however, selected

(C) AWC (.429), GRMS (.257), JANTEMP (.013)
when the a/qorithm is applied after entering JANTEMP first, (B) Is chosen.
Thus, while AWC and JANTEMP have neariy oqual correlations with X2, and
thus are aimost equally likeiy to be chosen for first entry, these two al-

ternatives result in CANTEMP being entered third with AR e Q173 or first
with AR = _304.

*See the list of vartable definitions at end of this appendix.
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(1) JRNTERP ar? rangod from .30 to .35 for three of the six regrossions,
and had a AR? of .04 (approximately} for the romaining three,;

(2) AWC AR? reanged from .id to .71, both of those cxtremes bcxng for
" gocond pos. tion, after GANS and JANTENP, respoctively;

(}) GAns ANT was .28 (approxxnaqolv) {or chroc roqrosszons,‘and Ioss
than .0S for the rmman t‘:.ec rwrassmm..

Camparisons of tha ranges of ARS for JA\“"::VP and GANS, over all six regressions,
Scems to suppourt tie praeviovus hypothesis that JANTENP belongs defore CANS. On
the othor hand, GANS had much higher ARS than JANTENP in both orderings after
AWC; and the F-values®® for choosing the sevond variable were 160 for GAXE

and S for SANTENP,

The variability of ARY with ordor was less for L7 than for K2, but
gieater than for LS and K]. Forward Regression ‘*hose. in c>der.

(D) LTGSDD (.646), ROBT (.047), SCANANG (.059). (AR-‘ are in psrentheses.)

‘Their correlations with L? were -.80&, - J,..' and =.176, respe-tively, which
clearly support the order chosen. CJonsider, huwever, changing the order of
rhe last two:

(E}. ROBT (.047), SCANANG (.059)

(F)  SCAKANG (.008), ROBT (.102).
. ! : :
Hore wve sce a 5trango phenomenen (more mar ket in LS amd K1): a variable cou
receive a4 larger AR when moved besck to & later cvntry ‘than specificd by For-
ward Regression.

LS and K] were very highly correlated (r o .$42) and thus had the same
varfadles entered by Forward Regression (n the same order. LICSDD is clearly
the most Important; its correlaction with LS was -.7!1, while the other cor-
relations with LS were near szero., Wwhen LICSDD was entered £irst, AR- oqualled
LS0&; when entered second AR® equallad 787 and .57T; when entered third, AR
ogualled L826. Simiiarly, in the case of X1, LIUSDD Ras lowest ARS when
entered first. This phenomenon 1s related to the intor~orrelations among
the :nlependent variables, but at present cannot be explainsad 1n more specific
terms,

*See tables at end of appendix.

$0x7rer Lirst entering the variadlo with the Nighes! absolute value of corre-
lation with the Jopemsdent varsable, the Yorward Reyression Algorithm in SPSS
computes, for each remaining variable, a ratio of mean sums Of squares (“F-velue®)
appropriate. for a test of significance. The variable with the hiyhest F-value
I8 enterend secvmnd; then the provess 18 repeated,
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Hapoily in the case of K1, SCANANG, which 13 entered c¢hird by Forward ’
- Reyregsion, had the same very small aARr? rogardless of its order of ontury.

!AND was not quite s& woll Lehaved. In the case of LS the 8RZ ronged frum
LOU2 to 284, and In the case of Kl AR? ranged butween 065 and .141. -

n the Basis of the Iour cases examined, it can be concluded that thé
crdoer chosen by Forward Reiression was generally, but not always, reliable,
20 chat ARY can be an unreliable measure of the relative accountability of

_ spectral variance when the siynature predictor verisbles are significantly

correlated.
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TaBLE B.1

» DEFINITIONS OF NAMES 0% INDEPENDENT VARIABLES:

LANDS: CuLTivaTED AReA PERCENT
AWC:  SorL AVATLABLE HATER Howine CAPACITY
LT5SNN: Long Teﬁm Averace GRome SEAS‘ON_ DEGéEE-DAYs
ROBT: ROBERTSUN BroNUMBER
GAMS:  2U4xAHCx(Sum GROWING SEASON PRECXPITATI‘O.N) - (Sum

GROWING SEasoN EVAPOTRANSPIRATION)

JANTEMP:  Averace TEMPER.ATURE,‘JAN!_JARY11976--

SCA?@ANG: | lOOX (TA&EEN% OFV LANDéAf SEAN ANGLE)”
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Tapie B.Z2: Lanpsar Banp 7 (L5) R = 834 OF POCR 53251?'5

LAND LTGSDD  SCANANG

(1,003 - (2).787 (3);044
(1).003 | _(3);826 o (2).005
- (2),285 S DS05 - (3).044
- (2).005 (3).826 (1).003
(3).254 o (1) .505 | - (2).075
(3),254 - (@577 (1).003
SIMPLE
.CQRRELATION B . | B o
HWiTtH LS . -,053 . ... =711 .  .052
CORRELATIONS:
~ LAND

LTGSDD -.034
SCANANG .280 .294

LAND . LTGSDD SCANANG
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"SIMPLE
CORRELATIQN.
Witw L7 -

kTABLE B'S’~ LADSAT Banp 7 (L7)-Rz = 867

LT56SDD

~ (1).646
(1).646 -

(2),470
(2),619
(3).467

(3).467

- ROBT
(2).047
- (3).102

(1).223

(3,102

(1),223

(2).254

CORRELATIONS:

LTGSDD
ROBT .761

SCANANG ,294 -,151

ORIGINAL PAGE i3

OF PCOR QUALITY

SCANANG
(3).059

- (2),005

(3).059
(1).031
(2).062
(1).031

o=d76

~ LTGSDD ROBT SCANANG



TasLe B.4: Kautd Banp 1 (K1) RZ = 84l

LAND
(1).068
- (1).063
(2).,131
(2).065
(3,116
(3).116
SIMPLE
CORRELATION _
WiTte K1 -,261
CORRELATIONS
SaMeE As LS

STGSDD

(2).752

(3).776

(1).639
(3).776

(1).689 *
(2).725

-.830.

. ORIGINAL PAGE I8
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SCANANG
(3),024
(2).000
(3).024
(1).003
(2).039
(1).003

-.055 .
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© Tasie B.5: Kauth Banp 1 (K2) RZ = 728 |
e : ORIGINAL PAGE i3
OF POOR QUALITY

AW GAMS - JANTENP

W.429 (.28 (.03
(1.429  (3),282 (2),017
(2).713 (1,003 - (3).013
(D142 (3,282 (1).,304
(3),373 (1).003 (2),352
(3).373  (2).051 (1).304
- SIMPLE .
CorRRELATION | | i ,
With K2 -.655 -,051 i -,551
' CoRRELAfIONs:
AKC
GAMS  .679

JARTEMP 699 456
AHC  GAMS  JANTEMP
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APPENDIX C: EVALUATION OF "SOUTH DAXOTA OVER ESTIMATION PROBLEM" (Reproduced
from Hay, 1977)

UCB was requested to review the problem of winter wheat over estimation
in 1977 South Dakota segments. In response to that request, three members of
the UCB staff spent a week at JSC evaluating the problem.

As part of the evaluation, the UCB analysts labeled Procedure 1 - type 2
dots for each of ten South Dakota segments for which there was a significant
overestimation. The winter wheat estimate for the ten segments was then
recalculated using the UCB labeled type 2 dots to bias correct the machine
stratification produced from LACIE AI labeled type 1 dots. A comparison of
wheat estimates generated from UCB labeled type 2 dots versus LACIE AT
labeled type 2 dots is shown in Table C.1. Estimates ror five segments were
lowered (2 appear to be significant), one segment was unchanged, and four
segments were raised using the UCB labels. Ground data was not available
at the time for a complete evaluation of the results.

A major difference in the analysis procedures employed by UCB anzlysts
was the heavy utilization of historical county agricultural statistics. Use
of the statistics allowed the UCB analysts to determine that no significant
amount of winter wheat (approximately less than 2%) had historically been
planted within the counties in which the test segments fell. Full frame
data and other ancillary data did not indicate that any major recent land
use changes were occurring so that no significant changes of winter wheat
proportions from the historical averages were expected. Thus a working
hypothesis of not significant winter wheat proporticns for these segments wWas
adopted prior to actual dot interpretation. Pasture and alfalfa were found

e

to be major confusior crops within these segments whem no at-harvest acquisitions

were available, and it was difficult to place a decision boundary between
wheat and pasture without these acquisiticns. Use of the historical statis-
tics aided in fixing a workable decision boundary for some segments that had
a somewhat decent acquisition history.

The main conclusions drawn from review of the South Dakota problem were:
1. The main confusion crops for winter wheat in South Dakota were
pasture and alfalfa. +this confusion would have been somewhat
less if an at-harvest acquisition had been available. There was
some confusion with spring small grains when the acquisition his-
tory was poor.

2. . The winter wheat proportions within the segments examined, were
too small (less than 5%) to allow the analyst to develop a reliable
decision logic.

3. Historical county acricultural statistics cam be usel:l in flagging
segments for which significant measurezent problems can be expected.

PRt NN
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Past years data would have been beneficial in eliminating some
winter wheat with pasture confusion, however, most segments were
new for 1977 and past seasons acquisitions were not available.

weuld recommend for similar measurement situations that:

Historical agricultural county statistics be utilized more heavily
in the analysis procedure to help set analyst decision boundaries
or as checks to flag possible problem segments.

Past years data be utilized in areas of significant winter wheat
with pasture/alfalfa confusion.

Spectral aids be made availlable before ths analysis Is to take
place.

Move informaiton on thoe development and corndition of confusion crops
such as pasture and alfalfa gathered and made available to the
analyst.

Sample segmert allocation for each wheat type (winter, spring) be
based ca that specific wheat type proportions and not on total small
grains proportions.





