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CHAPTER 1.

Introduction and Key to Atlas

The purpose of this publication is to make available to
interested investigators high spectral resolution reflected
radiance data for representative agricultural Tandscapes.
These spectral data are accompanied by supporting ground ob-
servations and interpretation details from simultaneously ac-
quired aerial photographs. Thus, this Atlas provides a single
reference source for representative spectral reflectance data
covering a variety of precisely described agricultural crops,

crop conditions and tillage states.

The spectral reflectance data represent measured solar
radiant energy reflected from the crop surface (acquired at
nadir and averaged over an 18 by 18 meter area) throughout
the visible and near infrared portion of the electromagnetic
spectrum (from 430 to 1000 nanometer wavelength in 410 bands
of 1.4 nm width). These data are presented graphically, with
each set of plots representing a homogeneous ground surface

type.

Spectra of agricultural landscapes presented in this
Atlas were selected from a larger data set. Each set of spec-
tra describes a specific homogeneous crop, crop condition or

tillage state. To meet the criterion of homogeneity, roads,



fence Tines, homesteads and other such landscape elements

were avoided.

Each page of the Atlas presents a set of spectra repre-
senting a single homogeneous agriculttural tandscape. In prin-
ciple,spectra from different fields can be aggregated to cre-
ate a single Atlas entry for a specific crop, crop condition
or tillage state. However, difficulties in aggregating spec-
tra acquired under different observing conditions {e.g., sun
.elevation, aircraft attitude) have constrained the agricul-
tural landscapes presented here to parts of fields. 1In some
cases, more than one set of spectra appear in the Atlas for
a specific crop state. In these instances, differences are
attributable entirely to changes in observing conditions and
each spectra-set is equally representative of the agricultural
landscape described. In all cases, the measured standard de-
viation within a set of spectra js less than ten percent of

the mean value at all wavelengths.

The spectral plots constitute the bulk of this Atlas.
Appendices provide detailed information to the reader inter-
ested in specific aspects of data acquisition and analysis
procedure. Appendix A describes the airborne spectroradio-
meter instrument and associated calibration procedures used
in acquiring the data. A1l data contained in the Atlas were
acquivred during the 1975 growing season (May and September)
from ground sites in Imperial Valley, California. These sites

and data acquisition flight parameters are discussed in Ap-

2



pendix B. Collection of supporting ground information is the
subject of Appendix C. Additional surface condition infor-
mation was derived from photo interpretation of 35 mm color
aerial photography collected simultaneous1y with the spectro-
radiometer data. The method of interpretation and definitions
of descriptive terms comprise Appendix D. Appendix E dis-
cusses availability of the spectral data on computer compa-

tible tape and availability of supporting aerial photography.

The following description provides a brief key to the
sample Atlas page shown in Figure 1. For more details about
specific aspects of the data acquisition and analysis proce-

dure the reader is referred to the appropriate appendices.

a. The title indicates the crop type and its

growth stage as shown in Table 1.

b. The field description incorporates ground
observations and soils data. Details of how
this information was obtained are given in Ap-

pendix C.

¢c. The results of photo interpretation are pre-
sented in the form of a set of keywords as de-
scribed in Table 2. A complete discussion of the
photo interpretation keywords is included in Ap-

pendix D.

d. This plot is a representative spectrum of the



(@ RIPENING WHEAT

FIELD DESCRIPTIOHN

mostly eniform canapy.

36 to 40 inches high, 160Y leaf cover, thick
Heads fully emerged

O

PHOTO

INTERPRETATION

tnhoemogeneous tone, texture is absent or fine,
uniformly unripe; furrows run parallel with FL

| e/
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HAVELENGTH {nanometers)

700

and green. [Heads just beginning to yellow
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TABLE 1.
Crop
Alfalfa

Asparagus
Bare Soil
Barley

Carrots

Cotton

Melons

Sorghum

Sugar Beets

Wheat

Growth Stage

Maturing
Mature

Harvested

Ripe

Harvested

Emergent
Mature

Ripening

Emergent

Headed

Emergent
Thinned
Mature

Harvested

Booted
Headed
Ripening

Ripe

CROP GROWTH STAGE CHARACTERISTICS

Characteristics

6 inches to 20 inches high
20 inches high and above

less than 6 inches high

6 inches high or less

blossoms and balls, balls closed

balls -opening

8 inches high or Tess

heads present

6 inches to 12 inches high
12 inches high
24 inches to 36 inches high

plant 1itter in field

established, no heads
heads present and green
fully headed, turning yellow

turned yellow



TABLE 2. PHOTO INTERPRETATION IMAGE CHARACTERISTICS

Tone

Texture

Density

Cover

Crop Status

Furrow Direction

homogeneous
inhomogeneous

none or absent

fine

medium

coarse
differential--range

bhare soil

Tow

medium

high
differential--range

bare so0il
Tittle
1/3

273

near total
total

growth stage, unusual patterns or
conditions, and ripening description for
wheat and barley_fields

paralliel or perpendicular to Flight Line



agricultural landscape being described. The
arithmetic average is calculated for the spectra-
set at atl wavelengths. The representative spec-
trum is the spectrum within the set which has the
minimum RMS (root mean square) difference from

the average when summed over all wavelengths.

e. This number is the catalog spectrum number

of the representative spectrum shown in the plot.

f. The spectra acquisition date and time (PDT)
are taken from the flight logs and reflect the
time at the start of a flight 1ine. No single

flight Tine was longer than five minutes in dura-

tion.

g. The sun elevation angle measured from the
horizon plane was calculated for the time, date,

and location of each set of observations.

h. The second plot on each data sheet is a three-
dimensional representation of sequentially ac-
quired spectra which make up the homogeneous unit
of crop, crop condition or tillage state. The
spectra are plotted one behind the other in the
sequence in which they were acquired along the
flight line. The horizontal and vertical axes

are wavelength and radiance respectively as in

the representative spectrum (d}. To provide an

7



interpretable display, the number of points plot-
ted on the x-axis was reduced by averaging the
radiance values for three wavelength bands or

channels at a time.

i. The catalog spectrum numbers for the first
and last spectra in each set are given for

reference.

j. The flight direction indicates the order of

acquisition for each set of spectra.

This Atlas is a product of the research activities of
several groups which comprise the Earth Resources Program at

the NASA Goddard Institute for Space Studies.

Instrumentation was developed and flown by Dr. William
Collins, Columbia Univeristy, Department of Geology. Dr.
Hong-Yee Chiu, Goddard Instituté for Space Studies assisted
in instrument design. Data processing methods were developed
by Dr. Stephen G. Ungar, Goddard Institute for Space Studies.
Photo interpretation and production support was provided by
Columbia University, Department of Geography, under the di-
rection of Dr. Jerry C. Coiner. Preliminary data processing
was performed at Dartmouth College by William Beck and Nancy

Wasserman.



CHAPTER II.

AtTas of Spectra



MATURING ALFALFA

FIELDPD DESCREIEPTION PHOTO IHNTERPRETATION
8 to 12 inches high, 80% Teaf cover, moderately homogenesus tone except Ffor s1ight furrow detec-
thick uniform cancopy. Recently cut. 1st year tion; fine texture; high density; total cover;
crop. Soil dry. Imperfal, Tight brown silty furrows run paraliel with FL.

clay (7.5YR 6/4}.
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MATURING ALFALFA

FIELD DESCRIPTION PHOTO INTERPRETAT-1I0N

12 inches high, 80% Veaf cover, moderately thick inhomogeneous tone; coarse texture; differential
unfform canopy. 2nd year crop, Soil moist. 4ens1t1es ranging from high to low occurring in
tmperial, silty clay. alternating rows (harvesting pattern); near total

cover; furrows run perpendicular to FL.
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MATURING ALFALFA

FIELD DESCRIPTION PHOTDO INTERPRETATIORN
12 inches high, 100% leaf cover, thick uniform homogeneous tone except furrows are siightiy
canopy. Purplie flowers, 1 to 3% of alfalfa detectable; texture is absent or fine; high

plants. 4th year crop. Soil wet. Imperial,

densitys total cover; furrows run parallel with
silty clay. FL.
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FIELD DES

MATURING ALFALFA

CRIPTION

12 to 14 dnches high, 70 to 80% leaf cover,

moderately thin uniform canopy.

4th year crop.

Field beiny flooded, wet to dry with some

standing water.

syl ~nm'])

63

RADIANCE {mw-cm™2.

10:55 AM  5/16/75
SUN ELEV = 73°

56- 67

Imperial, silty clay.

PHOTO

inhomogeneous tone, striated paraliel with FL;
coarse texture; differential density, ow and
high fn alternating rows (harvesting patiern);

furrows run parallel with FL.
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MATURING ALFALFA

FIELD DESCRIPTION PHOTEO INTERPRETATIEION
12 to 14 inches high, 95 to 100% ieaf cover, homogenecus tone except furrows are detectables
thick uniform canopy. 3rd year crop. Soil dry. fine texture; high density;: near total cover;
Imperial, 1ight brown silty clay (7.5YR 6/4). furrows run paraliel with FL.
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FIELD DESCRIPTIO

MATURING ALFALFA

12 to 14 dnches high, 95 to 1002 Teaf cover,

thick uniform canopy. 3rd year crop.

Imperial, silty clay.
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5011 wet.

PHOTO TNTERPRETATIOHN

hemegeneous tone except furrows are detectable;
fine texture; high density; near total cover;
furrows run parallel with FL.
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MATURING ALFALFA

FIELD DESCRIPTION PHOTO INTERPRETATION

12 to 14 inches high, 100% leaf cover, thick homogeneous tone; no texture, htgh density;
uniform canopy. 2nd year crop. So011 wet. total cover.
Imperial, silty ¢lay.
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MATURING ALFALFA

FIELD DESCRIPTION

14 inches high, 80 to 100% leaf cover, moderately
3rd year crop. Soil dry.

thack patchy c¢anopy.

Imperial, 1ight brown s
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PHOTG INTERPRETATION

inhomogeneous tonc; texture 31 differential and
ranges from fine to medium; density is differ-
ential, ranging from medium to high with small
areas of bare spil along what appears to be a
previous field boundary; near total cover;
furrows run parallel with the FL,
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MATURING ALFALFA

FIELD DESCRIPTIGN PROTO I1HNTERPRETATION
14 to 16 inches high, 90 %o 55% Yeaf cover {2 %o homoganacus tone except ferrows are detectable;
5% weeds), moderately thick unjform canopy. Soil fine texture; high density; total cover; furrows
dry. Imperial, 1ight brown silty clay (7.5YR 6/4). vun paraliel te FL.
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FIELD DESCRIPTION
15 to 20 inches high, 100% leaf cover, thick

uniform canopy.

2nd to 3rd year crop.

MATURING ALFALFA

Soil dry.

Imperial, light brown silty ¢lay (7.5YR 6/4}).

r'1-nm'1)

186

RADIANCE {mw-cm™2.g

PHOTO IKRTERPRETATION

homogeneous tone except furrows are slightly
detectable; texture is absent or fine; high
density; total ceover.
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MATURING ALFALFA

FIELD DESCRIPTIOHN PHOTO INTERPRETATION

16 inches high, 100% leaf caver, uriform canopy. homogeneous tone except furrows are detectable;
1 to 3% purple flowers an alfalfa plants. Ist fine texturey high density; total cover; furrows
year ¢rop., Seoil dry. Imperial, 1ight brown run paraliel with FL.

silty ¢lay (7.5YR 6/4}.
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FIELD DESCRIPTION

16 to 18 inches high, 100% Aeaf cover {10 to 20%
white weeds), thick variable canopy.
flowers, 1 to 3% of alfalfa plants.

MATURING ALFALFA

Purple
1st year

crop. Soil moist. Imperial, salty clay.
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PHOTO IRTERPRETATION

homogeneous tone except furrows are detectables
fine texture; high density; total covers; furrows

run parallel with FL
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MATURING ALFALFA

FITELD BESCRIPTION PHOTO INTERPRETATION
16 to 18 inches high, 100% leaf cover {10 to 20X homegeneous tone; medium texture; medium density,
a few very small scattered areas l1ighter tone;

white weeds), thick variable canopy. Purple
flowers, 1 to 3% of alfalfa plants. 15t year near total cover; furrows run parallel with FL.

crop. So0il moist. Imperial, silty clay.
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ITELD BDESCRIPTION

to 18 inches high {30% weeds 26 te 30 inches
gh), 100% leaf cover, thick uniferm canopy.
t year crop. Soil dry.

1ty clay (7.5YR 6/4).
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Imperial, light brown

MATURING ALFALFA

PHOTDO INRTERPRETATION

hemogeneous. tone except furrows are detectable;
fine texture; high density; total cover; furrows

run paraliel with FL.
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MATURING ALFALFA

FIELD DESCRIPTION PHOTO INTERPRETATION
18 inches high, 100% leaf cover, thick uniform homogeneous %tone except furrows are detectables;
canopy. 1st year crop. Soil moefst, Imperial, fine texture; high density; near total cover;
silty clay. furrows run parallel with FL.
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FIELD DESCRIPTIOHN

18 inches high, 100% leaf cover, thick uniform
canopy. 1st te 2nd year crop. i
Imperiat, 1ight brown silty clay
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MATURING ALFALFA

0i1 dry.
{7.5YR 6/4).

PHOTO INTERPRETATIONHN

homogeneous tone, except furrows are detectable;
fine texture; high density; total cover; furrows
run paraliel with FL.

—

T

P VAN

]

400

500

600 700

800 00 1000

WAVELENGTH (nanometers)

DRIGH\T AT; PA
GE 1
OF POOR QUALITig




FIELD DESCRIPTIOR

MATURING ALFALFA

18 inches high, 100% Teaf cover, thick uniform
So0il dry.
T1ght brown silty clay {(7.5YR 6/4).

canopy. st to 2nd year ¢rop.
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PHOTO INTERPRETATTON

inhomogeneous tone; nedium texture; density 1is
high with the exception of scattered small sparse
;{eas; near total cover; furrows run parallel with
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MATURING. ALFALFA

PHOTO INTERPRETATITION

FIELD ODESCRIPTION
homogeneous tope; ne texture; high density;

18 to 20 wnchds hiah, 100% leaf cover, thick
uniform canopy. S5ofi wet. Imperial, s11ty clay. total cover.
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FIELD
20 inches high, T00% leaf cover, thick umiform

DESCRIPTION

MATURE ALFALFA

PHOTO TNTERPRETATION
homogeneous tone except furrows are slightly
detectable; fine texture; high demsity; total
cover; furrows run parallel with FL.

S

canopy. 1 to 3% purple flowers on alfaifa
plants. 2nd year crop. Soil dry, Imperial,
1ight brown silty clay (7.5YR 6/4).
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MATURE ALFALFA

FITELD DESCRIPTIOHN FPHOTO

20 inches high, 100% leaf cover, uniform canopj. homogéneous tone except furrows are detectzhble,
1 to 3% purple flowers on aifalfa plants. 2npd fine texture; high density; total cover; furrows

year crop. So011 dry. Imperial, 1ight brown run parallel with FL.
silty clay (7.5YR 6/4).
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MATURE ALFALFA

FIELD DESCRIPTION

20 inches high, 100% leaf cover, thick uniform

canopy. 2nd to 3rd year crop. Spit dry.
Imperial, 1ight brown siity clay (7.5YR 6/4).

PHOTO IHNTERPRETATION
homegeneous tone except for slight furrow
detection; fine texture; high density; total
cover; furrows run parallel with, FL.
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FIELD DESCRIPTIO

27 inches high, 100% leaf cover, thick uniform
Imper- fine texture; high density; total cover; furrows

canopy. 2nd te 3rd year crop.

Soil dry.

ial, light brown si1ty clay {7.5YR 6/4}.
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ATURE ALFALFA

PHOTO INTERPRETATION

hemogeneous tone, except furrows are detectable;

run parallel with FL. .
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MATURE ALFALFA

FIELD DESCRIPTEION PHOTO® IRTERPRETATION

20 inches high, 100% 1eaf cover, uniform canopy. homogeneous tone except furrows are .slightly
1 to 3% purple flowers on alfalfa plants. 3rd detectable; high density; total cover; furrows

year crop. Soil dry. Imperial, light brown run perpendicular to FL,
si1ty elay {7.5YR &/4}.
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FIELD BESCRIPTION

20 inches high, 100% leaf cover, uniform canopy.
1 to 3% purple flawers on alfalfa plants. 3rd
Imperial, 1ight brown

year crop. Soil dry.
silty clay (7.5YR 6/4).
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MATURE ALFALFA

PHOTO INTERPRETATION

homogeneous tone eicept furrows are detectable;
medium texture; high density; total cover;
furrows ryn parpendrcular to FL.
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MATURE ALFALFA

FIELD DESCRIPTION PHOTO INTERPRETATION

20 inches high, 100% leaf cover, uniform canopy. homogeneous tone except furrows are detectable;
1 te 3% purple flowers on alfalfa plants. 2nd fine texture; high density; total cover; furrows
year crop. Soil dry. Imperial, Tlight brown run parallel with FL.

silty clay {(7.5YR 6/4).
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MATURE ALFALFA

FIELD DESCRIPTION PHOTO

20 inches high, 100% leaf cover, thick uniform homogeneous tone; fine texture; high density;

canopy. 2nd to 3rd year crop. Soil dry. .
Tmperial, 1ight brown silty clay (7.5YR 6/4). total cover

IKTERPRETATION
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MATURE ALFALFA

FIELD DESCRIPTION PHOTO INTERPRETATION
20 to 24 anches high, 100% leaf cover, thick homogeneous tone except furrows are s1ightly
un1form canopy-. 1st year crop. 5cil dry. detectabie; fine texture; high density; total
Imperiai, 1ight brown silty clay {(7.5YR 6/4). cover; furrows run parailel with FL.
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FFELD

DESCRIPTION

MATURE ALFALFA

20 to 24 inches high, 100% leaf cover, thick uni-

form canopy. 2nd year crop.

So011 dry.
T1ight brown silty clay (7.5 YR 6/4).

Emperial,

PHOTD INTERP
hoemogeneous tone except
‘detectable; fine textur
cover; furrows run perp

RETATION

furrows are slightly
e; high density; total

endicular to FL.

Nem

PN

]

.025
.020

n

&

2 .015

i

| 5

w

436 o

=

by

x

E

- .01

wd

=]

=

-

2

s

(-4

.005
0
400
9:43 AN 5/15/75
SUN ELEV = 61°
432- 4ay
FLIGHT

DIRECTION

500

NI

yita
i "ff
f

i
i |

—

T
S

{
il
f

T

i
i
ol
i
rl,n,hl
f
i

———

P ——

600

700

800 200

WAVELENGTH (nanemeters)

1000

ORIGINAL PAGE IS
OF POOR QUALITY

M
g i

|
%f

L M
s
ARG
il J‘“ o0ATA
LR
i e

0

ﬁ
o;{";";;\
O\ N
o 'I)’\*.g.;:;‘

i
I"’o’lfi"
i l'

—

A




FIELD DESCRIPTIOR
20 to 24 inches high, 100% leaf cover, thick

yniform canopy. 2nd year crop.

So1

MATURE ALFALFA

1 dry

Imperial, light brown silty clay {(7.5YR 6/4)
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PHOTO INTERPRETATION

homogeneous tone except furrows are slightly
detectable, fine texture; high density; total
cover; furrows run perpendicular to FL.
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FIELD

DESCRI

PTTION

MATURE ALFALFA

22 inches high, 95% leaf cover, thick umiform
1 to 3% purple flowers on aifalfa

canopy,
plants,

2nd year ¢rop.

So0i1 dry.

light brown silty clay {7.5YR 6/4).
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imperial,

PHOTO INTERPRETATIOHN
inhonogeneous tone; coarse texture; nonuniform
differential densities ranging from Tow to high;
273 cover; furrows run perpendicular to FL.
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MATURE: ALFALFA

PHOTO IHKRTERPRETATION

FIELD DESCRIPTION
R homogeneous tone except furrows are slightl
5:i§gr;0c;:§:;s h;gg, 95 to 100% ;eaf co:er, thick detectable; fine textﬁre, high den51ty,gtntg1
. nd year crop. 011 wet. )
Imperial, si11ty clay, cover: furrows run perpendicular to.FL.
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FIELD DESCRIPTION
24 to 30 inches high, 100% leaf ¢
unmiform canopy. 1st year crop.
Imperial, silty clay.

MATURE ALFALFA

over, thick
Soil moist.,

PHOTO INTERPRETATI OGN
homogeneous tone except furrows are slightly
detectable; fine texture; high density; total
cover; furrows run parallel with FL,
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FIELD DESCRIPTIOR

MATURE ALFALFA

24 to 30 inches high, 100% leaf cover, thick

uniform canopy. 1st year crop.

Imperial, si1lty clay.

sr-!

RADIANCE (mw»cm™2.

9:51 AM 5/15/75
suy ELEY = §2°

518- 530

Soil movst.

PHOTO INTERPRETATION

homageneocus tone except furrows are detectable;
fine texture; high density; total cover,
furrows run parailel with FL.
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FIELD

CESCRIPTION

MATURE ALFALFA

24 to 30 inches high, 100% leaf cover, thick

uniform canopy.

Soil dry.

silty clay (7.5YR 6/4).

Imperial, 11ght brown

PHOTEO

INTERPRETATIOR

inhomogeneous tone; fine texture; nonuniform

differential density ranging from high to medium;
near total cover; furrows run perpendicular to FL.
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MATURE ALFALFA

FIELD DESCRIPTION PHOTO INTERPRETATION

24 to 30 inches high, 100% Teaf cover, thick homegeneous tone; no texture; high density;
uniform canopy. 3rd year crop. Soil wet. total. cover.

Imperiai, silty clay.
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MATURE ALFALFA

FIELD DESCRIPTION PHOTO ITHTERPRETATION
24 to 30 inches high, 100% leaf cover, thick homogeneous tone; no texture; high density;
uniform canopy. 3rd year crop. Soil wet. total cover.

Imperial, silty clay.
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MATURE ALFALFA

FITELD DESCRIPTION PHOTO INTERPRETATION
inhomogeneous tone; texture is fine; high density;

30 fnches high, 88 to 100% leaf cover, moderately
thick canopy. 2nd year crop. Seoil wet. Imperial, near total cover; furrows run parallel with FL.
silty clay.
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MATURE -ALFALFA

FIEL® DESCRIPTION

30 inches high, 100% leaf cover, thick uniform
Purple flowers, 1 to 3% of alfalfa

PHOTO INTERPRETATION

homogenegus teone except furrows are slightly
detectable; fine texture, high density; total

canopy.
ptants. 3rd year crop. Soil wet. Imperial, cover; furrows run.pzrallel with FL.
s1tty clay.
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FIELD DESCRIPTION

MATURE ALFALFA

30 inches high, 100% leaf cover, thick uniform
canopy. Purple flowers, 1 to 3% of alfalfa

plants. 2nd year crop.
T11ght brown siltv elay (7 5YR 6/4).
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5011 dry.

Imperial,

PHOTHY® IWNTVERPRETATIOGHN

homogeneous tone except irrfgation furrows are
slightly detectable; fine texture; high density;
totﬁlptover; irrigation furrows run parallel
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FIELD DESCRIPTION

30 inches high, 100% leaf cover, thick uniform
canopy. Purple flowers, 1 to 3% of alfalfa

plant. 2nd year crop. Soil dry.

MATURE ALFALFA

PHOTO IRTERPRETATION

homogeneous tone except furrows are slightly
detectable; fine texture; high density; total

Imperial, cover; furrows run parallel with FL.

Tight brown silty clay (7.5YR 6/4).
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MATURE ALFALFA

DESCRIPTION

PROTO INTERPRETATION

homogeneous tone with the exception of the

FTIELD
30 inches high, 100% leaf cover, thick patchy -
canopy. Purple flowers, 1 to 3% of alfalfa irrigation furrows; medium texture; high density;
p}#:&s&]aird year crop. Soil wet. Imperial, furrows run parallel with 'FL.
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MATURE ALFALFA

FIELD DESCRIPTION

30 inches high, 100% leaf cover, thick uniferm
canopy. Purple flowers, 1 to 3% of alfalfa
plants., 3rd year crop. Soil wet. Imperial,
silty clay.

PHOTO INTERPRETATION

homogeneous tone except Furrows are detectable;
fine texture; high.density; total cover; furrows
run parallel with FL,
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MATURE ALFALFA

FIELD DESCRIPTILOX PHOTO IHNTERPRETATION
30 to 34 inches high, 100% leaf cover, thick homogeneous tone, except furrows are slightly
gﬂflﬂm c?nogy. ;uzp;:a?gﬁg;sa ;DE? giy"f detegtable; texture is absent or fine; high ;
a1ta plants. n . . . i OO lel th
Imperial, 1ight brown silty clay (7.5YR 6/4). density; total covers Turrows run paraliel w
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FIELD

uniform canopy.
alfalfa plants.
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2nd year crop.

DESCRIPTIONR

30 to 34 inches high, 100% leaf cover, thick
Purple flowers, 1 to 3%

MATURE ALFALFA

PHOTO

homegeneous tone; no texture; high density;
allel with FL.

INTERPRETATIGON

of near total cover; furrows run par

5011 dry.
Inperial, 1ight brown si1lty clay (7.5YR 6/4}).
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MATURE ALFALFA

FIELD DESCRIPTION

30 to 36 inches high, 100% leaf cover, thick
eniform canepy. 1st year crop. §oil wet.

Imperial, silty ¢lay.
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10:55 AM 5/16/75
SUN ELEY = 73°

849- 883

PHOTEO INTERPRETATION

homogeneous tone except furrows are detectable;
fine texture; high density except an area 330
feet long which is slightiy more sparse; near
total cover; furrows run parailel with the FL.
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MATURE ALFALFA

PHOTO IRTERPRETATIOR

FEELD DESECRIPTIOR

30 to 36 inches high, 100% leaf cover, thick honogeneous tone except furrows are slightly
uniform canopy. 15t year crop. So011 wet. detectable, fine texture; high deasity; total
Imperval, silty clay. cover; furrows run parallel with FL.
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FIELD DESCRIPTION

30 to 36 inches high, 100% leaf cover, thick®
5011 meist.

uniform canopy. 3rd year c¢rop.
Imperial, silty clay.
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MATURE ALFALFA

PHOTO TITNTERPRETATION

homogeneous tone except furrows are very siightiy
detectable; no texture; high density; total
cover; furrows run perpendicular to FL.

MM/P\\—\J

400

500

600 700 800 500 1000

HAVELENGTH (nanometers)




MATURE ALFALFA

FIELD DESCRIPTION PHEOTO INTERPRETATION
30 to 36 inches high, T00% leaf cover, thick homogeneous tone except for very slight detection
slightly patchy canopy. 3rd year ¢rop. Soil of furrows; texture ts absent or fine; high

dry. Imperial, 1ight brown silty clay (7.5YR 6/4). density; total cover: furrows run parallel with FL.
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'MATURE ALFALFA

FIELD DESCRIPTION PHOTO INTERPRETATION
30 to 36 inches high, 100% leaf cover, thick homegeneous tone; no texture; high density;
untform canopy. 3rd to 4th year crop. Soil dry. total cover,

Imperial, 1ight brown silty clay (7.5YR 6/4).
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MATURE ALFALFA

PHOTG TNTERPRETATION

FIELD DESCRIPTION

36 to 40 inches high, 100% leaf cover, thick homogeneous tene; no texture; high density;
uniform canopy. 4th year crop. Seoil dry. total cover

Imperial, light brown silty ctay (7.5YR 6/4).
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HARVESTED ALFALFA

FTELD DESCRIPTION PHOTO

inhemogeneous tone; striated paraliel with FL;
differential densities ranging

INTERPRETATION

2 tp 3 inch stubble, 50X leaf cover, thin

uniform canopy. Crop freshly cut and lying coarse texture; g
in windrows 4 feet wide 10 feet apart. 4th year from high to low in alterpating rows (harvesting
crop. Soil dry. Imperial, light brown silty pattern?; 2/3 cover; furrows run paraliel with FL.
clay (7.5YR 6/4).
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HARVESTED ALFALFA

FIELD DESCRIPTION

2 to 3 inch stubble, 50% leaf cover, thin uniform
canopy. Crop freshly cut and lying in windrows
4 feet wide 10 feet apart. 4&th year crop. Soil

_dry. Imperial, light brown silty clay {7.5YR &/

Loy
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PHOTO INTERPRETATION

inhomogeneous tone, striated parallel with FLj
coarse texture; differential density ranging from
low to high in alternating rows (harvesting
pattern); 273 cover; furrows run parallel with FL.
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HARVESTED ALFALFA

FIELTD DESCRIPTION PHOTO IdTERPRETATION

50 to 60% leaf cover, jnhomogeneous tone; coarse texture; density is

crop freshly cut differential with alternating rows of high and

6 feet apart. low {harvesting pattern}; 1/3 cover; furrows run
parallel to FL.

2 to 3 inch stubble,
nederately thin uniform canopy.
and lying in windrows 3 feet wide,
1st year crop. So1l dry. imperial, 1ight brown
silty clay (7.5YR 6/4).

.025 - - - - - - -
.020
T
B
= .015
v
L
wn
1075 3
E
by
=
E F.t
- .010 \=
sl
o
=
=
=
<
[-
005 ﬁij“rﬁde\”’\““*njrmgv ¥
o
400 500 600 700 800 200 1000
WAVELEKGTH (nanometers}
10:47 AW 5/16/75
suN ELEY = 72°
4 =
; i
{’ Frll' 1"
el
i !
i )
‘ g
Y ’ :
YHI
1050-1083 B
q
FLIGHT
BIRECTION




FIELD

4 to 6 inch stubble, B0% leaf cover, thin patchy

HARVESTED ALFALFA

DESCRIPTION

PHOTDO INTERPRETATION
inhomogeneous tone, striated perpendicular to
FL, coarse texture; alternating rows of medium
and low density (harvesting pattern); 1/3 cover;
furrows run ‘perpendigular to FL

el

AN

canopy. MWindrows of fresh cut material 4 feet
wide and 30 feet apart. Soil dry. Imperial,
1ight brown silty c¢lay (7.5YR 6/4).
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FIELD ODESCRIPTION

4 to 6 inch stubble, 80% leaf cover, thin uniform
Crop freshly cut and
1ying in windrows 4 feet wide, 10 feet apart.
Imperial, light brown silty clay

canopy between Windrows.

HARVESTED ALFALFA

PHOTO INTE
inhomogeneous tone;
coarse texture; hig
nating rows (havves
cover; furrows run

RPRETATION

striated parallel with FL;

h and medium density in alter-
ting pattern}: near tot
parallel with FL

Soil1 dry.
(7.5YR 6/4).
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HARVESTED ALFALFA

FIELD PDPESCRIPTIOR
4 to 6 inch stubble, 80% leaf cover, thin uniform

cancpy between windrows.

Crop freshly cut and

Tying in windrows 4 feet wide 10 feet apart.
Soil dry. Imperial, 1ight brown siity clay

(7.5YR 674)
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PHOTO INTERPRETATION

inhomogeneous tone, striated parallel with FL;
coarse texture; differential density ranging from
high to low n alterrating rows (harvesting pat-
tern}; near total cover; furrows run parallel with
FL. -

i

400 500 600 700

WAVELENGTH {nanometers)

o el T

800 900 1000




HARVESTED ALFALFA

FIELD DESCRIPTION PHOTO INTERPRETATION
6 to 8 inch stubble, 70% Teaf cover, moderately inhomo . < di
3 geneous tone; coarse texture; differential
thin pa%chy canop{& H;gd;ows of fresh cut densities in alterﬁating rows of high, medium
’é‘:g:"iaso‘:1f5$_; " Iﬁlﬁeria]Ee§1;gir§;owﬁng1ﬁ;r and low (harvesting pattern), 1/3 cover; furrows
clay (7.5YR 6/4). run perpendicular to FL.
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ASPARAGUS

FIELD DESCRIPTIOHN PHOTO THTERPRESATION
36 inches high, 100% leaf cover, thick umiform homogeneous tone, ne texture; high &ensity; total
canopy. So01l dry. Imperial, 1ight brown $31ty caver.

clay (7.5YR 6/4).
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ASPARAGUS

FIELD DESCRIPTION PHOTO IRNTERPRETATIOHN

36 inches high, 100% Teaf cover, thick uniform H 3 hi 3
:??:;yéla:°1] moist, muddy in fﬁrrows. Imperial, Eg:g?ezgggi'tone, o textures high densitys
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ASPARAGUS

FTIELD DPESCRIPTION PHOTO INTERPRETATION
36 fnches high, 100X leaf cover, thick uniform : i bi 1ty;
canopy. So0il muddy, standing w;ter in furrows. zggg?eggggi.tone’ no textures high densitys

Imperial, siltty clay.
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ASPARAGUS

FIELD DESCRIPTION PHOTO

36 inches high, 100% leaf cover, thick uniform komogeneous tone; no texture; high densfity; total
canopy. Soil moist, muddy in furrows. Imperfal, cover,
silty clay.

IRTERPRETATION
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ASPARAGUS

FIELD DESCRIPTION PHOTO INTERPRETATIGON
4 feet high, 100% Yeaf cover, thick uniform homogeneous tone; medium texture; high density;
canopy with mixed green to green-yellow coler- total cover. » - ‘

ation. Soil dry. Imperial, Tight brown silty
clay (7.5YR 6/4).
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ASPARAGUS

FIELD DESCRIPTION PHOTO INTERPRETATUON
5 feet high, 100X leaf cover, thick unfform homogeneous tene; fine texture; high density:
canepy. So0il moist. Imperial, silty clay. total cover.
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BARE SOIL

FILELD DESCRIPTIODN PHOTOD IHNTERPRETATION
furrows 8 inches high spaced 20 inches apart. inhomogeneous tone; medium texture; bare soil;
2 inch clods. Smooth surface. Soil wet. tonal patterns caused by differential so1l
Imperial, silty clay. moisture.
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1000

900

THTERPRETATIGOH

vV
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homogeneous tone; fine texture; bare soil.

PHOTO
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furrows 12 inches deep s

3 inch clods of s50il.
Imperial, silty clay.
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1000

fine texture; bare soil;

900

INTERPRETATION

ORIGINAL PAGE IS
OF POOR QUALITY

800

furrows run parallel with FL.

homogeneaus toné;

PHOTO

700

T AW

WAVELENGTH (nanometers)

600

BARE SOIL

Imper-

ikl

500

501l dry.

400

.025
.020

DESCRIPTION
furrows 8 inches deep, 3 feet apart, 1 to 6 inch
Rough surface.

ctods of sail.
ial, 1ieht brown silty clay (7.5YR 6/4).
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BARE SOIL

FIELD DESCRIPTIONR PHOTO

homogeneous tone; fine texture; bare soils
plowing patterns are detectable.

INTERPRETATITION

2 to 6 inch clods. Moderately rough surface.
S0il1 dry. Imperial, light brown silty clay
(7.5Yr 6/4).
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BARE SOIL

INTERPRETATION

PHOTO

DESCRIPTION

FTELD

homogeneous tone; fine texture; bare soil.

Rough sur-

Imperiat, 11ght brown silty

soil dry,

4 to 8 inch clods, freshly plowed.
clay (7.5YR 6/4).

face.
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BARE SOIL

FIELD DESCRIPTION PHOTO INTERPRETATION
€ inch clods, freshly plowed. Rough surface. homogeneous tone; medium texture; bare so0il;
Soil dry. Imperial, light brown silty clay furrows ren perpendicular to FL.
(7.5YR 6/4).
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BARE SOIL

FTELD DESCRIPTION PHOTO INTERPRETATION
6 inch clods, freshly plowed. Rough‘ surface. hamogeneous tone; fine texture; bare soil;
%gﬂ dry. )Imperial, 1ight brown silty clay furrows run perpendicular to FL.

5YR B/4).
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BARE SOIL

PHOTO IHNTERPRETATION

FIELD DESCRIPTIOMN .
clods up to 8 inches 2 to 5% of surface. Field homogengous tone; medium texture; bare soil;
freshly disked. Moderately smooth surface. Soil furrows run paraliel with FL. .

dry. Imperial, 1ight brown silty c¢lay (7.5YR 6/4).
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FIELTD

BARE SOIL

DESCRIPTION

furrows 8 1nches deep spaced 20 inches apart.

Smooth surface.
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Soil dry.
si1ty clay {7.5YR 6/4).

Imperial, light brown

PHOTO

homegencous tone; medium texture; bare soil;

INTERPRETATION

furrows run perpend1cu1ar to FL.
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BARE SOIL

FIELD DESCRIPTION PHOTO IRTERPRETATION
homogeneous tone; medium texture; bare soil;

furrows B inches deep spaced 20 inches apart.
furrows run‘perpendicular to FL.

Smooth surface. Soil dry on furrow ridges, wet
in trownhs. Imperfal, stlty clay.
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RIPE BARLEY

FIELD DESCRIPTION PHOTO THTERPRETATIOH
20 inches high, 80% leaf cover, moderately thick inhomogeneous tone; coarse textures nonuaiform
uniform canopy. Crop ripe, very yellow (har- differential densities ranging from high te
vested 5/17/75). Soi) dry. Imperial, Tight nedium; total cover; entire field is ripe; furrows
brown silty clay {7.8YR 674). run perpendicular to FL.
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FITELD

24 to 36 inches high, 80% leaf cover, moderately
Crop ripe, very yellow

thick uniform canopy.
imperial, li1ght

{(harvested 5/17/75).
brown silty clay (7.5YR 6/4).

1578

RADIANCE (mw-cm"z-sr'1-nm"1)

10:10 AN 5/15/75
SUN ELEV = 66°

1568-1584

So011 dry.
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DESCRIPTION

RIPE BARLEY

PHOTO

INTERPRETATIOH

jnhomogenecus tone; nonuniform coarse texture;
nonuniform differenti1al densities ranging from
high te medium; total cover; entire f1eld s ripe;

furrows vun perpendicular to FL.
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HARVESTED CARROTS

FIELD DESCRIPTION

harvested, 10% refuse on surface, 6§ to 8 inch clods
of sofl. Rough surface., Soil dry. Imperial,
1ight brown silty clay (7.5YR 6/4).

PHOTO INTERPRETATION

inhomogeneous tone; coarse texture; low density;
1ittle cover; furrows run parailel with FL.
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EMERGENT COTTOR

FIELD DESCRIPTIOGH PKOTO INRTERPRETATION
1 to 3 inch shoots, 1 to 2% leaf cover, thin homogeneous tone; fine texture; low density;
uniform canopy- Furrows 8 inches deep spaced 1ittle cover; furrows run parallel with FL.

3 feet apart. 1 to 6 inch clods of soil.
Moderately rough surface. Sofil dry. Imperial,
1ight brown silty e¢lay (7.5YR 6/4).
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EMERGENT GOTTON

FIELD ODESCRIPTIOHN

2 to 5 inches, 2 to 5% leaf cover, very thin
uniform canopy. Furrows 8 inches deep spaced

2 feet apart. 1 te 6 inch clods of soil.
Moderately smooth surface, Soil dry. Imperial,
light brown silty clay {7.5YR 6/4).

PHOT

homogene

Q IKTERPRETATI OH

ous tone; fine texture; bave soil.
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EMERGENT COTTON

FIELD DESCRIPTIOHN PHOTDO INTERPRETATION
homogenecus tone; fine texture; Tow density:

3 inch sheots, 1 to 2% leaf cover, thin uniform
T1ttie cover; furrows run parailel with FL.

canopy. Crop planted in rows 3 feet apart. Bare
soil between rows has cTods to 3 inches. Moder-
ately rough surface. 5011 moist on furrow ridges,
muddy in troughs. Imperial, silty clay.
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EMERGENT COTTON

FIELD DESCRIPTION PHOTO

homogeneous tone; medium texture; bare soil;
furrows run parallel with FL.

INTERPRETATION

3 inch shoots, 1 to 2% leaf cover, thin uniform
canopy. Crop planted in rows 3 feet apart. Bare
s0il betweea vrows has clods to 3 inches. Heder-
ately rough surface., Saoil moist on furrow ridges,
nuddy in trowghs. Imperial, sitty clav.
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EMERGENT COTTON

PHOTO INTERPRETATION

homogeneous tone; medium texture; bare soil;
furrows run parallel with FL.

FIELD DESCRIPTION

3 inch shoots, 1 to 2% leaf cover, thin uniform -
canopy. Crop planted in rows 3 feet apart. Bare
s0il1 between rows has clods to 3 inches. Hoder-
ately rough surface. Soil dry. Imperial, 1ight
brown siity clay (7.5YR 6/4).
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FIELD DESCRIPTION

MATURE COTTON

3 to 4 feet high, 100% Teaf cover, thick uniform
canepy (no buds or flowers).

lTight brown si1lty clay (7.5YR 6/4).
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Soil dry. Imperial,

PHOTO IWNTERPRETATION

homogeneous tone except furrows are detectable;
coarse texture; high density; total cover: furrows
run parailel with FL.

"\

P A

400

500 600 700

800 400 1000

HAVELERGTH (nanometers)

ORIGINAL PAGE IS
OF POOR QUALITY




MATURE COTTON

FIELD DESCRIPTION PHEOTO INTERPRETATION
5& inches high, 100% leaf cover, thick uniform homogeneous tone; medium texture; high density;
canopy. Blossoms and closed cotton balls on total cover; furrows run paraltel with FL,

plants. So3l dry. Imperial, 1ight brown sjity
clay {7.5YR 6/4).
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RIPENIRG COTTON

FIELD DESCRIPTION PHG.TO IRTERPRETATION
40 inches high, 100% leaf cover, thick vniform homogeneous tone; coarse texture; high density;
canopy. Flowered buds and some opened cotton total cover; furrows run parallel with FL.

balts (buds and balls less than 1% of leaf areca).
5011 moist. Imperial, silty clay.
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RIPERING COTTON

FIELD DESCRIPTION PHOTO IKRTERPRETATION

42 Inches high, 100% leaf cover, uniform canopy. homegeneocus tone; medium texture; high demsity;
Cotton balls on plants, some bd11s open (31% of total cover; furrows run parallel with FL.
leaf area is white balls). sSeil very wet.

Imperial, silty clay.
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b/?’

FIELD

1 to 2 inches high, 10 to 15% leaf cover, thin

Furrows 10 inches deep spaced
Soil wet in furrows in parts of
the field, dry over most areas.

uniform canopy.
3 feet apart.

silty clay.
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DESCRIPTIOHN

MELONS

PHOTO INTERPRETATION
inhomogeneous tone; coarse texture; low density;
1/3 cover and field.1s divided by a line of bare
soil perpendicular to FL;.furrows run parallel

DIRECTIODN

Imperial, with FL.
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MELONS

"FIELD DESCRIPTIOR PHOTO IHTERPRETATION

inhomogeneocus tone; fine texture; low density,

2 to 3 inches high, 5% leaf cover, thin uniform
canopy. 501l furrowed 8 inches deep spaced 3 very slight cover; furrows run parallel with FL; |
feet apart. Moist in furrows. Imperial, silty differential soil moisture pattern.
ctay.
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MELONS

PHOTO ITNTERPRETATION

FIELD DESCRIPTION
inhomogeneous tone; coarse texture; low density;

3 to 4 inches high, 20% leaf cover, thin uniform
:nnogy. Furrows 8 i1nches deep spaced 3 feet 1/3 cover; furrows run parallel with FL.
part.
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MELONS

FITELD DESCRIPTTION PHOTEOQ INTERPRETATIOH
3 to 4 inches high, 20% leaf cover, thin unfform inhomogencous tone; coarse texture; low density;
1/3 cover; furrows run paraliel with FL.

canopy.. Furrows B-inches deep spaced 3 feet apart.
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MELONS

FIELD DESCRIPTION PHOTO IRTERPRETATION
3 to 4 inches high, 30 to 50% leaf cover, thin inhomogeneous tone; coarse texture 1n areas of
higher growth, med'lum in areas where the crop is

variable canopy. Furrows 12 inches deep spaced
3 feet apart. 5011 wet, standing water.
tmparial, silty clay.

‘tower to, the grnund low density; nonuniform
cover; furrows run para11al with FL.
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FIELD DESCRIPTION

3 to 4 inches high, 30 to 50% leaf cover, thin

variable canopy. Furrows 12 dnches deep spaced
3 feet apart. Soil dry. Imperdial, 1ight brown
silty clay (7.5YR 6/4).

MELONS

PHOTO INTERPRETATIOH
inhomogeneolus tone; coarse taxture; low density;
1/3 cover; furrows run parallel with FL; crep
cover is in a diagemnal pattern, probably because
of subsurface drainage pipes producing diagonal
striations of Sparse cCover.
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EMERGENT SORGHUM

FIELD DESCRIPTION PHOTO IRTERPRETATION
inhomogeneous tone; coarse texture; Tow density

2 to 8 inches high, 2% leaf cover, thin unifern
canopy. 1 inch clods of soyl. Smooth surface. 1ittle cover {differential growth); furrows run
S0l dry. Imperial, light brown silty clay oarallel with FL.
{7.5YR 6/4).
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EMERGENT SORGHUM

IRTERPRETATION

PROTO

DESCRIPTION

FIELD

Pl

inhemogeneous tone, striated' perpendicular to FLj
fine texture; low density: no cover; furrows run

parallel with FL.

Smooth surface.
s light brown silty clay

» 2% leaf cover, thin uniform

nch clods of soil.
Imperial
(7.5YR 6/4).

2 to 8 inches high

canopy, 1 1
Soil dry.
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FIELD DESCRIPTIOR

2 to 8 inches high, 2% leaf cover, thin uniform

cangpy. 1 inch clods of soil.
5013 dry. Imperial, light brown silty clay

(7.5YR 6/4).
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EMERGERT SORGHUM

Smooth surface.

PHOTO INTERPRETATION

inhomogeneous tone; coarse texture; low density;
Tittle cover; differential growth; furrows run

parailel with FL.
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EMERGENT SORGHUM

EL
Pl b DESCRIPTION PHOTO INTERPRETATIOHN

B to 12 1nches high, 5 to 10% leaf cover, thin

for inhomogeneous tome; coarse texture; low density;
azaeraﬂe?;nggﬁgh lu:?age1"°2°?}°3§y°f ?;;l}{a1 1ittle cover; castern 520 feet have siightly
1ight brown silty clay (7.5YR 6/4). ' more dense cover; furrows run perpendicular to FL.
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EMERGENT SORGHUM

FIELD DESCRIPTION PHOTOG INTERPRETATION

10 to 12 inches high, 30 to 40% leaf cover, thin inhomogeneous tone; coarse téxture; low density;
uniform canopy. 1 to 2 inch clods of soil. 1ittle cover; nonuniform differential growth,

Moderately rough surface. Soil dry. Imperial, furrows run perpendicular to FL.
1ight brown siity clay {7.5YR 6/4).
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HEADED- SORGHUM

FIELD DESCRIPTION PHOTO TNTERPRETATIOR
2 to 4 feet high, 90% leaf cover, uniform canopy. homogeneous tone; medium texture; medium density;
Light green heads, green to yellow leaves. Soil near total cover; furrows run perpendicular to FL.

dry. Imperial, 11ght brown s11ty clay (7.5YR 6/4).
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SORGHUM

HEADE

INTERPRETATION

FIELDB DESCRIPTION PHOTO

40 inches high, 100% Teaf cover, thick uniform homogeneous fone except furrows are slightly
Soil wet. detectable; coarse texture; high density; total
cover; furrows rum parallel with FL.

canopy. Heads and leaves green.
Imperial, siity clay.
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EMERGENT SUGAR BEETS

FIELD DESCRIPTIOHN PHOTO INTERPRETATION
6 to 12 inches high, 90 to 95% leaf cover (5% hemogeneous tone; medium texture; medium density;
weeds, 3 feet high), moderately thick unifgrm near total cover; furrows run perpendiculiar to FL.

canopy. So1l dry. Imperial, 1ight brown s1)ty
clay {7.5YR 6/4).
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THINNED SUGAR-BEETS

FIELD DPESCRIPTION PHOTO IHNTERPRETATION

12 to 16 inches high (5 foot high crowns on hemogeneous tone; medium texture; medium density;
plants), 80 to 100% leaf cover (5% crowns, 5% near total cover.

weeds), thick patchy canopy. Soil moist to dry.

Imperial, si11ty clay,
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FTELD DESCRIPTION

THINNED SUGAR BEETS

14 to 18 inches high, 80% i1eaf cover, moderately
Crop ready for harvest.
S0il dry. Imperial, licht brown 511ty clay

thick patchy canopy.

(7-5YR 6/4).
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PHOTEO

inhomogeneous tonhe; coarse texture; medium
density; 2/3 cover; nonuniform dffferential
ripening; furrows run parallel with FL.
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THINNED- SUGAR BEETS

PHOTO INHRTERPRETATION

12 to 24 inches high (4 foot high crowns on homogeneous tone; medium texture; medium density;
plants), 95 to 100% leaf cover {1% crowns, total cover.

2% weeds), thick unifora canopy. Soil dry.

Impertal, 1ight brown $11ty clay (7.5YR 6/4}.

FIELD DESCRIPTION
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THINNED SUGAR BEETS

FIELD DESCRIPTION PHOTO INTERPRETATION
12 to 24 inches high (4 foot high crowns on hemogeneous tone; medium texture; medium density;
plants), 95% to 100% ieaf cover (1% crowns, 2% total cover.

waeds), thick uniform canopy. Soil wet.

Imperial, silty clay.
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FIELD

DESCRIPTI1ION

THINKED

12 to 36 inches high {4 foot high crowns on
plants), 100% leaf cover {30% weeds), thick

uniform canopy. 5011 dry,
brown siity clay (7.8YR 6/4)

Imperial, light

SUGAR BEETS

FPRHOTO INTERPRETATIEON

inhomogeneous tone; coarse texture; medium
density; near total cover; furrows run perpen-

dicular to FL.
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MATURE SUGAR BEETS

FIELD gESCRIEPTION

24 to 30 inches hagh, 100% lezf cover (1% weeds),
thiek uniform canopy. Soil dry. Imperial, Tight
brown $1)ty clay {7.5YR 6/4).

PROTZQ INTERPRETATION

tnhomogeneous tone, striated paraliel with FL;
coarse texture; medium density, near total cover;
furrows run parallel with FL.
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HARVESTED SUGAR BEETS

FIELD DESCREPTION PHOTO INTERPRETATILION
2a::§§t2?5dgozfr§:ﬁe ]{;Eghm; 's:rface. 11t3 tnhonogeneous tone, striated paraltel with FL;
" 3 P L) ¥ med § texture; dare soil; furrows runnin
Imperial, 1ight brown s31ty clay (7.5YR 6/4}. pgrawe'lewi:h l;L 5 9
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HARVESTED SUGAR BEETS

FIELD DESCRIPTION PHOTO IRTERPRETATION
harvested, 40 to 50% refuse lying on surface. homogeneous tone; medium texutre; bare soil;
6 inch clods of so1l. Surface ropgh. So011 dry. furrows run parallel with FL.

Imperizl, T1aht brown silty clay (7.5YR 6/4).
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HARVESTED SUGAR BEETS

FIELTD PDESCRIPTIOGH PRHOTO iHTERPRETATION
harvested, 40 to 50% refuse lying on surface. homogeneous tone; medium texture; bare seil;
& inch clods of soil. Rough surface, Soil dry. furrows rua parailel with FL.

Imperiai, Tight brown silty clay (7.5YR 6/4}.
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HARVESTED SUGAR BEETS

INTERPRETATION

FIELD DESCRIPTIOHN PHOTO

harvested, 4¢ to 50% refuse lying on surface. inhomogeneous tone; medium texture; bare soil;

50 to §0% bare soil. 6 inch clods of seil. three dark rows running perpendicular te FL may

Rough surface. S5e0il dry. Imperial, light brown be due to seil moisture; furrows run perpendicular
to FL.

silty clay (7.5YR 6/4}.
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1800

ne striated parailel with FL,
bare spi1l; furrows run parallel

OF POOR QUALITY]

900

ORIGINAL PAGE IS

INTERPRETATIOR

inhiompgeneous to
cearse texture;
800

PHOTED
with FL

AT e

v
700

WAVELENGTH {nanometers)

600

A

6 inch
500

HARVESTED SUGAR BEETS

Soil dry.
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Imperial, light brown s1Vty c¢lay (7.5YR 6/4)
2368

harvested, 50% refuse lying on surface.
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HARVESTED SUGAR BEETS

PHOTO THTERPRETATION

FTELD DESCRIPTION
homogeneous tone but furrows are detectable and

harvested, 50% bare soi1, 50% dead refuse 6 to
8 inch clods of soil Rough surface. Cattle run perpendicular to FL; fine texture; bare soil;
grazing. Seoil dry. Imperial, light brown siity two very dark striations appear to be dug to
clay (7.5YR G/4). higher moisture content.
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HARVESTED

FIELD DESCRIPTICN
harvested, 50% bare soil, 50% dead refuse. 6 to

SUGAR BEETS

PHOTO INTERPRETATION

inhomogeneous tone, striated perpendicular to FL;
medium texture, bare soil; furrows run perpendic-

8 inch clods of so11. Rough surface. Cattle F
grazing. So1l dry. Imperial, Yight brown silty ular to FlL.
clay {7.5YR 6/4).
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FTELD DESCRIPTION PHOTO INTERPRETATION
12 inches high, 70 to 80% leaf cover, moderately homogeneous tone except furrows are detectable;
thick uniform canopy. HNo heads. S5oil dry. fine texture; high density; total cover; furrows
Imperial, light brown silty clay (7.5YR 6/4). run parallel with FL.
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BOCTED WHEAT

FIELD BESCRIPTIEOQR PHOTO IHNTERPRETATION

t2 to 14 inches high, BO to 100% leaf cover, inhomogeneous tone; texture is differential
moderately thick patchy canopy. Heads not ranging from medium to coarse; density is
emerged, crop green. Soil wet. Imperial, differential ranging from medium to Tow; crop
silty elay. cover s in a diagonal pattera, probably caused

by subsurface drainage pipes producing stria-
tions of sparse cover; furrows run parallel with
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BOOTED WHEAT

PHOTO INTERPRETATIGN
FIELDY DESCRIPTION

R inhomogeneous tone; texture is differential
12 to 14 inches high, B0 to 100% leaf caover,

ranging from medium to coarse; density is
differantial ranging from medium to Tow} ¢rop

moderately thick patchy canopy. Heads not
emerged, crop greem. So1l1 wet. Imperial, cover is in a diagonal patterp, probalby caused
silty clay. by subsurfazce drainage pipes producing stria-
tions of sparse cover; furrows run paraliel
with FL.
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FTELD DESCRIPTION

wet. Imperial, silty clay.
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BOOTEL

24 inches high, 100% leaf cover, thick uniform
canopy. Heads not emerged, crop green.

Soil

‘WHEAT

PHOTO IHNTERPRETATIOR

homogeneous with a s1{ght detection of furrows;
fine texture; high density; total cover; furrows
run parallel with FL.
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HEADED WHEAT

INTERPRETATION

FIELD DESCRIPTIOHN PHOTO
24 dnches high, 100% leaf cover, thick unifogmi1 homogenecus tone, no texture; high density: total
o cover.

Heads 90% emerged and deep green

canopy.
Imperial, 1ight brown silty clay {7.5YR 6/4).

dry.
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HEAI

ED WHEAT

FIELD DESCRIPTION PHOTO INTERPRETATION
24 inches high, 100% leaf cover, thick uniform homogeneous tone except furrows are slightiy
canopy. MHeads 90% emerged and deep green. So detectable; no texture; total cover; furrows run
dry. Imperial. light brown silty ¢lay (7.5YR 5/4) parallel with FL.
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HEADED WHEAT

FIELD DESCRIPTION PHOTO INTERPRETATIONR

30 to 36 inches high, 100% leaf cover, thick uni- homogeneous tone, no texture; high density; total
form canopy. Heads fully emerged and green. cover.

S011 moist to dry. Imperial, silty clay.
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HEAD

ED WHEAT

FIELD DESCRIPTIOCGHU PHOTO INTERPRETATIOHN
36 inches high, 100% leaf cover, thick uniform homogeneous tone; no_texture; high demsity; total
canopy. Heads fully emerged and deep green. cover; uniformly unripe.

S011 wet Imperial, silty celay.
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HERDED WHEAT

FIELD DESCRIPTION PROTO

homogeneous tone; no texture; high density;
total cover.

INTERPRETATION

36 to 40 inches high, 100% leaf cover (3 to 4%
weeds), thick uniform canopy. Heads fulily
emerged and deep green. So011 wet. Imperial,
silty ¢lav.
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HEADED WHEAT

FIELD DESCRIPTION PHOTO INTERPRETATION
36 to 40 inches high, 100% Jeaf cover, thick homogeneous tone; nn‘texture; high density; total
uniform canopy. Heads fyliy emerged and green. cover.
5071 dry. Imperial, light brown sitty clay
(7.5¥R 6/4).
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HEADED . WHEAT

FIELD DESCRIPTION PHOTO INTERPRETATION
36 to 40 inches high, 100% leaf cover, thick homogenecus tone; no texture; high density; total
eniform canopy. Heads fully emerged and deep cover. ®

green. So11 dry. Imperial, 1ight brown silty
clay (7.5YR 6/4).
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HEADED WHEAT

FIELD DESCRIPTION PHOTO ITHRTERPRETATION
36 to 40 inches high, 100% leaf cover, thick homogeneous tone; no texture; high demsity;
uniform canopy. Heads fully emerged and deep total cover.

areen. Soil dry. Imperial, light brown silty
clay (7.5YR 6/4{.
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HEADED WHEAT

FIELD DESCRIPTION PHOTO

36 to 40 inches high, 100% leaf cover, thick homogeneous tone; no texture; high density;
uniform canopy. Heads fully emerged and green. total cover.
So0il wet. Imperial, si1lty clay.

INTERPRETATION

.025
.020
TE
[ N
= .015 -
1
S
“wi
2760 o
1=
by
g )
- .010 i
o
=
=
[=1
2 {
. 005 z 1N
u\c“‘
()
400 500 600 700 800 200 1000
WAVELENGTH {nanometers}
10:27 AM 5/16/75
SUN ELEY = 69°
|
/ \
}
i
2754-2773
FLIGHT b
BIRECTION }




HEADED. WHEAT

FIELDBD DESCRIPTIOQN PHOTOG IHNTERPRETATTION
40 inches high, 100% Teaf cover, thick uniform homogeneous tone except furrows are slightly
cangpy¥. Heads fully emerged and green, stalks detectable; texture is absent or fine; high
gyeen- $oi) very wet {muddy). Imperial, silty density; total cover; furrows ren parallel to FL.
clay.
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RIPENING - WHEAT

F1ELD DESCRIPTION

26 to 30 inches high, 100% leaf cover, thick
Heads fully emerged and turning

uniform canopy.

green-yellow. Soil dry.

silty clay (7.5YR 6/4).
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Imperial, 1ight brown

PHOTO INTERPRETATION

inhomogenecus tone; texture is absent or fine;
high density; total cover; nonuniform differ-
ential ripening; furrows run perpendicular to FL.
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FIELD

26 to 30 inches high, 90 to 100% 1eaf cover,
moderately thick uniform canopy.

emerged and turning yellow-green.
Imperiail, Tight brown siltty clay (7.5YR 6/4).
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RIPENING WHEAT

PHOTO

Heads fully

Soil dry,
FL.

INTERPRETATION

inhumogenenu% tone; texture is absent or fine;
high densyty; toetal cover; nonuniferm differ-
ential ripening; furrows run perpendicular to
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RIPENING WHEAT

FIELD DESCRIPTIOR

28 to 30 inches high, 100% Teaf cover (1 to 2%
weeds), thick uniform canopy. Heads Tully emerged
and green, stalks green on top yellowing on botiom

PHOTO INTERPRETATIOHN

homogeneous tone; fTine texture; high density;
total cover: furvows run parailel with FL.

1/3 of stalk. Soil dry. Imperial, iight brown
silty clay (7.5YR 6/4).
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RIPENING WHEAT

FIELD DESCRIPTION PHOTO INTERPRETATION
28 to 30 inches high, 100% leaf cover (1 to 2% homegeneous tone with the exception of a grid of
weeds), thick uniform canopy. Heads fully emerged thin spots in what seems to be an arrigation
and green, stalks green on top yellowing on battom pattern; texture 15 absent or fine; high density;
1/3 of stalk. Soil dry. Imperval, 1ight brewn near total cover; furrows rum parallel with FL.
sitty ¢lay (7.5YR 6/4).
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FIELD

30 wnches high, 70 to 80% jeaf cover,
thick uniform canopy.
turning yellow-green.

RIPENING WHEAT

PESCRIPTION

moderately
Heads fully emerged and
Soil dry. Imperial, light

brown silty clay (7.5YR 6/4).
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PHOTO IHNTERPRETATION
inhomogeneous tone; fine texture; high density;
total cover; differential ripening in a diagoenal
pattern probkably caused by subsurface drainage
pipes.
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RIPENING WHEAT

FIELD DESCRIPTION PHOTO IRTERPRETATION
30 to 40 inches high, 100% leaf cover, thick homogeneous tone; fine texture; high deasfty;
uniforn canopy (2 to 3% weeds)., Heads fully total cover.

emerged turning yellow-green, stalks green.
Soil dry. Imperial, light brown silty clay

[7.5YR 6/4).
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RIPENING WHEAT

FIELD DESCRIPTION PHOTO INTERPRETATION
30 to 40 inches high, 100% leaf cover, thick inhomogeneous tone; fine texture; high density;
uniform canopy (2 to 3% waeds). Heads fully total cover; nonuniferm differential ripening
emerged turning yellow-green, st2lks green. axcept the western 6§50 feet are uniformly more
?gi;ygrg}nlmperia], 11ght brown silty clay ripe.
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RIPENING WHEAT

FTELD DESCRIPTION PHOTO INTERPRETATION
36 1nches high, 95 to 100% leaf cover, thick homogeneous tone; medium texture; q1fferentiai
uniform canopy. Heads fully emerged, heads and densities ranging from medium to high 1n alter-
stalks turning yellow-green. Seoil dry. Imperiai, nating rows; total cover; furrows run parallel
light brown silty clay (7.5YR 6/4}. with FL.
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RIPENING WHEAT

FIELD DESCRIPTIDH

36 inches high, 95 to 100% Jeaf cover, thick
uniform canopy. Heads fully emerged, heads
and stalks turning yellow-green. Secil dry.
Imperial,.light brown silty ¢lay {7.56¥R 6/4).

PHOTO INTERPRETATION

horogenzous tone; medium texture; slightly
differential density ranging from medium to
high in alternating rows; total cover; furrows
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FIELTD

RIPENING ‘WHEAT

PESCRIPTION

36 inches high, 1002 leaf cover, thick uniform

canopy (2 to 5% weeds).

Heads fully emerged and

PHEOTO IHTERPRETATION

inhomogeneous tone; fine texture; high dansity;
near total caver; slight nonuniform, differential

just beginning to turn green-yellow. Soil dry.

H v 11 .
imperial, 11ght brown siity clay (7.5YR 6/4). ripenings furrows run parallel with FL
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FIELD DESCRIPTION

RIPENING WHEAT

36 to 40 inches high, 100% leaf cover, thick

uniform canopy. Heads fully emerged and
{Heads just beginning to yellow sifghtly.

reen.

Soil dry. Imperial, 1ight brown silty clay

(7.5YR 6/4).
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PHOTO INTERPRETATIOR

homogeneous tone with the exception of a spot

of bare sail (65 feet diameter) near the western
poundary and a few small spots of bare so1l in
what seems to be an irrigation pattern; texture

js efther absent or fine and coarse around the
bare soil area; high density with the exception

of the bare soil area; near_total cover; uniformly
unripe; -furrows run -parailel-with -Fl. - -
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RIPENING WHEAT

FIELD DESCRIPTYTION PHOTEO IKRTERPRETATION
36 to 40 inches high, 100% leaf cover, thick homogeneous tone; texture is absent or fine,
uniform canopy. Heads fully emarged ind reeh. becoming ‘mediun at field edgess high density;

(Heads just beginning to yellow slightly.
S6d1 dry. Imperial, 1ight brown silty.clay
(7.5YR 6/4).

uniformly unripe; furrows run parallel with FL.
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RIPENING WHEAT

FIELD DESCRIPTIEON PHOGTO INTERPRETATION

36 to 40 inches high, 100% Yeaf cover, thick inhomogeneous tone; medium texture; high densitys
variable canopy (some areas of wheat iying near total cover; differential nonueniform

aver}. Heads fully emerged and turning green- ripenings furrows vun perpendicular to Fi.
yellow, stalks green. So011 dry. Imperial, ’
Tight brown silty clay (7.5YR 6/4).
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FIELD DESCRIPTIOR

RIPENING WHEAT

36 to 40 inches high, 100% leaf cover, thick
varjable canopy {(crop is-lying over in some areas).
Heads fully emerged and turning green-yellow,

stalks green. 5011 dry.

s11ty clay {7.5YR 6/4}.
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Imperial, 1ight brown

PHOTO INTERPRETATIOGH

inhomogeneous tone; fine texture; high densitys
total cover, differential nonuniform ripening.
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RIPENING

FLELD DESCRIPTION

36 to 40 inches high, 100% leaf cover, thick
uniform cancepy. Heads fully emerged and turning
green-yelliow. Soil moist to wet. Imperial,
silty clay.

- WHEART

PHOTO INTERPRETATION

inhomogeneous tone; fine texture; high density;
total cover; differential ripening in diagonal
line pattern probably caused by subsurface
drainage pipes.
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RIPERING WHEAT

FIELD BESCRIPTION PHOTO INTERPRETATION

36 to 40 inches high, 100% leaf cover, thick inhomogeneous tone; texture is differential,
variable canepy {crop is lying over 1in some areas) ranging from fine to medium; medium density; near
Heads fulily emerged and turning green-yellow, total cover, differential ripening; furrows run
stalks green. So011 dry. Imperial, 1ight brown parallel with FL.,

s1lty clay (7.5YR 6/4).
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RIPENING WHEAT

FIELD DESCRIPTIOM PHOTO THNTERPRETATION

36 to 40 inches high, 100% 1eaf cover, thick uni- homogeneous tone; fine texture; high density,
form canopy. Heads fully emerged and green-yellow, however, slightly differential 1n rows; total
stalks green-yellow. Soil dry. Imperial, 1ight cover; furrows run pzrallel with FL.

brown silty clay (7.5YR 6/4).
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FIELD DESCRIPTION
36 to 40 inches high, 100% leaf cover, thick

uniform canopy. Heads fully emerged and turning

yellew-green, stalks yellow-green.
Imperial, silty clay.

{standing water}.
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RIPENING WHEAT

PHOTO IWNTERPRETATION

inhomogeneous tone; texture is absent or fine;
high density; total cover; differential nonuniform

400

Soil wet ripening.
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RIPENING WHEAT

FIELD DESCRIPTION

36 to 40 inches, 100% leaf cover, thick uniform
canopy. Heads fully emerged and yellow to yellow-
green, stalks green. 5011 dry. Imperial, Tight
brown silty ctay (7.5YR 6/74).

PRHOTO INTERPRETATION

inhomogeneous tone; fine texture and areas of
lodged grain have ne texture; high density;
total covers; small scattered areas of Jodged
grain.
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FTELD

40 inches high, 100% %eaf cover, thick umiform
Heads fully emerged with s1ight yellow-

cCanopy.
ing, stalks green.

RIPENING WHEAT

DESCRIPTION

Sail very wet (muddy).

imperial, silty c¢lay.
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PHO

T0

INTERPRETATIORN

furrows run parallel with FL.

inhomogeneous tone; texture is absent in lodged
areas and fine in standing areas; high density;
near total cover; large areas of lodged grain;

.025
.020
015
il f
.010 I V
. 005 //JA\A u
[
400 500 600 700 800 500 1000¢
WAYELENGTE (nanometers)
8§IgmAL PAGE Is
OOR QUALITY
i 0
kY
R
T gﬁﬂ%ﬁﬁ%
O
R '.‘:,.??‘}{‘\ "';,;\\‘% \’(\‘ (’t‘\
<) AR '1‘
] % KR
» LA
RO
AT \\\"\‘3"’,' ,’\\""\\
A e
afir ey HinH )
i ':“;:f,’l;/’
it K
T D Il
: ”]l""' I ]‘l}l 'I ".[". ‘\”
T f"""“l.".[ ' \“ |
T e
A i
W
ﬁqmﬂgunqyﬁﬁ i
b
L
FLIGHT
DIRECTION |“




RIPENING WHEAT

PHOTO INTERPRETATION

FIELD DESCRIPTION

40 to 48 inches high, 100% leaf cover, thick homogeneous tone; fine texture; high density;
uniform canopy. Heads fully emerged and turning total cover; slight differential ripening; furrows
green-yellow. Soil dry. Imperial, light brown run parallel with FL.

silty clay (7.5YR 6/4).
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RIPENING WHEAT

FIELD DESCRIPTION

40 to 48 inches high, 100% leaf cover, thick
uniform canepy. Heads fully emerged and

turning green-yellow.

Soil dry.

Imperial,

light brown silty clay (7.5YR 6/4).

-1)

3320

RADIANCE (mw~cm'2-sr'1-nm

11:03 AR 5/16/75
SUN ELEY = 740

"3306-3300

L0258

.020

.018

.010

.005

FLIGHT
DIRECTION

PHOTO INTERPRETATION

homogeneous tone; fine texture; high density;
total cover; slight nonuniform di1fferential
ripening.
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FIELD DE

30 inches high,
uniform canopy.

RIPE ‘WHEAT

SCRIPTION

90 to 95% leaf cover, thick
Heads fully emerged, heads and

PHOTO INTERPRETATIOR

inhemogeneous -tone; high density; total cover;
field becomes uniformly more ripe westward and

.grain in furrows remains unvipe; furrows run

stalks yellow. Soil wet. Imperfal, silty clay
parallel with FL.
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REPE WHEAT

FIELD ODESCRIPTION

30 inches high, 100% leaf cover, thick uniform
Heads fully emerged and turning green-

PHOTO INTERPRETATION

inhomogenegus tone; fine texture high density;
near total cover, nonumform differentia'l
ripening (high contrast); furrows run parallel

with FL
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canopy.
yellow. Soil very wet, some standing water.
Inperial, silty ciay.
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RIPE WHEAT

INTERPRETATTIOR

FIELD DESCRIPTION PHOT®
homogeneous tone; fine texture; high density;
total covers; upiformly ripe; furrows run perpen-

36 to 40 inches, 90 to 100% ‘Iﬁf u.-,owgwa ;hz:i:ady
jform canopy. Crop very yellow and dr
for Imperial, 1ight brown dicular to EL.

for harvest). 5o31 dry.
silty clay (7.5YR 6/3),
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FIELDS DESCRIPTION
36 to 40 inches high, 100% leaf cover, thick

uniform canopy.

Heads fully emerged 2nd mostly

Imperial,

RIPE WHEAT

PHOTO INTERPRETATION

inhomogeneous tone; fine texture; high density,
total cover; field is uniformly ripe except
grain in furrows is unripe; furrows run perpen-
dicular to FL.

W
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yellow to yellow-green. S5pil wet.
s11ty clay.
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RIPE WHEAT

FIELD DESCRIPTION
40 to 45 inches high, 1003 ieaf cover (2% weeds),

thick unifarm canoby.
yellow, stalks green.

silty clay.
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Heads fully emerged and
$o0il moist. [Imperial,

PHOTO ENTERPRETATIEON

inhomogeneous tone; coarse texture, nonuniform
differential density ranging from fhigh to medium;
near total cover with a few scattered sparse areas
nonuniform differential ripening: furrows run
perpendicular to FL.
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Appendix A. INSTRUMENTATION AND CALIBRATION

The aircraft instrument system used to collect high
resolution spectra employs a Princeton Applied Research
"Optical Multichannel Analyzer® (OMA) (Princeton Applied
Research Corp., 1975), which drives a silicon vidicon
detector coupled to a Jarrel-Ash .33 meter spectrometer,
and a computer~compatible tape recorder (Figure A-1). Col-
tecting optics image a ground target on the entrance slit
of the Ebert design spectrometer. Radiation through the
slit is collimated, dispersed by a grating, and refocused
on the vidicon raster. The vidicon samples the spectrum
on the detector in 500 wavelength intervals at the rate of
64 microseconds per channel and 32 milliseconds per frame.
The detector output is amplified at the sensor, then sent
to the A/D converter and digital processing. Digital data
are stored in memory 1 where up-to 104 scans can be summed.
Spectral data in memory 1 are read out in real time on the
display scope, and summed data are dumped into an inter-
face built to automatically control the system. The
interface recycles the OMA and sensor while dumping the
summed data into a computer formatted eight track magnetic
tape recorder. The interface monitors data going on tape
for errors, and it triggers a 35 mm ground truth caméra on

every tenth spectrum going to tape. Table A-1 correlates

A-1
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Figure A-1. Schematic diagram of the
airborne instrument system. Radiaticn
through the front optics is dispersed’
by the spectrometer and refocused on

the vidicon. The vidicon raster for-
mat is shown in the inset diagram. An-
alog signals from the detectors are sent
to the electronics package for proces-
sing and recording.
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TABLE A-1. FLOW DIAGRAM OF THE AIRBORNE INSTRUMENT
INTERNALLY PROGRAMMED OPERATION

Time Domain Procedure Data Material
- O -

64 microsec. vertically scan one one 13.96A wide
channel spectral channel

32 m sec. sweep one vidicon one spectrum to
frame of 500 memory 1
channels

320 m sec. sum up 10 frames one averaged
in memory 1 spectrum

3 x 32 m sec. memory 1 data IBM one averaged
formatted and spectrum on tape
recorded on tape

10 x 416 m sec. camera triggered one ground truth
every 10th spectrum photograph

The operator gives the start signal at the beginning of a
flight Tine and the sequence of events and timing are carried
out with automatic recycling until the operator gives the stop
signal.
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the time domain procedure with the data format. The
entire system functions continuousiy and automatically

along .an aircraft FITght Tine.

The silicon target of the vidicon detector is a
microscopic array of photodiodes spaced 8u between centers
and rgad out by an electron beam 20y in diameter. A
spectrum displayed on the vidicon raster is dispersed
along the horizontal x-axis, or frame sweep dimension, of
the detector (inset in Figure A-1).Each of 500 "mono-
chromatic" channels in a frame is read out by a vertical
line scan of 64 microseconds and output serially. The

Tine scan is electronically chopped to remove dark cur-
rent, which is read on the Tower half of the raster where

no signal is applied.

In the usual mode, photoelectric detectors, such as
those used in LANDSAT, respond to radiant flux as a function
F(x,y,t) of the spatial coordinates on the detector surface

and time

S{t) = S F(x,y,t} dx dy [counts-t"] (1)
where S(t)} is the digitized detector signal at the time t
of the readout integrated over the detector surface IZ.

The photodiodes in a vidicon detector aré‘storage devices

responding to total energy incident between readouts. The
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time relationships are lost, but the spatial relations can
be preserved according to the scan mode used. The output

signal of the OMA detector electronics can be written

S(x) = /T 1. Flx.y.t) dt dy [counts-ch™'] (2)
Y, Ax

where T is the readout interval. The line scan integrates
the total energy incident between readouts, 32 msec., over
the chromatic image of the spectrometer entrance stit
focused on a 2.5 mm by 25y detector element. Spectral
information is preserved in 500 intervals in AX along the
frame sweep but spatial variables in each chromatic image
are integratad over the line scan area Zy,Ax. The vidicon
-system, functioning as a parallel input device, achieves
considerable gain in sensitivity and simplicity of design
over serial input devices using radiaﬁt flux detectors.
Parallel optical input is the essential design element in
the present application. It permits high spectral resolu-
tion measurements in 500 bands to be made in real time, and
equally important, the simple design affords reliable

operation from a light, inexpensive aircraft.

The instrument package consists of an electrenics
rack and the sensor, together weighing about 123 kilograms.
It is flown in a 1ight airplane at 610 meters above the

terrain with the sensor looking vertically at the ground
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along the flight path. The instantaneous field of view is
18 meters by 1.8 meters (Figure A-2). The shape is determined
by the rectangular. dimensions. of the spectrometer -entrance
siit. The long axis of the field of view is fixed perpendi-
culer to the flight direction. Ten spectra, or frame sweeps,
are summed over .32 seconds corresponding to 18 meters of
aircraft motion along the ground track. The sum of ten frame
swéeps is recorded on tape and later averaged to obtain the
spectral response integrated over an 18 meter square field

of view. In the cycle of add ten framés - dump to tape -
sta}t new summation, three frames are skipped. Blocks of
data on tape in 500 spectral bands correspond to consecutive
18 meters square integrated target areas along the flight
path with about 5 meters of spacing between. Ground truth
photographs taken every 10th dump to-tape have about 60 per-

cent overlap.

Instrument Calibration

Aivrcraft spectral measurements in 500 channels per
specprum are calibrated to converf recorded digital data
from the instrument in counts per channel to apparent
radiance per one nanometer interval. Calibration measure-
ments are made in the laboratory before the instrument is
installed on the aircraft for a series of survey flights and
agéin after it returns. The absolute calibration relates
aircraft measurements to a standard lamp. One calibration

is applied to all measurements in a single fiight Tine in
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INSTANTANEOUS'2;§<;

FIELD OF VIEW

10 FRAME SWEEPS
{1 SPECT.}TO TAPE

Figure A-2. Survey procedure. Spectral
measurements are integrated over consec-
utive 18-meter-square areas along the
ground track and recorded on tape. Flight
lines are arranged to transect targets

of interest.
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order to preserve the separation of inherent inaccuracies
of the absolute calibration from the precision of relative
measurements along the flight line. Precision among
spectral measurements in a fiight line is affected by

error in wavelength-channel correlation, caused by drift

in grating position due to mechanical and temperature
induced strain; drift in sensor electronics and detector
sensitivity, mainly a function of temperature variation;
and microphonics in the optical and vidicon systems. The
drift due to temperature variations are small over a flight
Tine of 2 to 3 minutes duration, and optical noise is con-
trolled by careful design and construction. The precision
over a flight line will be much better than the accuracy of
absolute calibrations. The absolute calibrations will be
affected by those factors affecting the precision only over
much greater time periods and ranges in temperature.
Absolute calibrations are also dependent on the accuracy
and precision of the calibration source and laboratory
conditions and procedures. The radiation standard used is
an ISCO current regulated tungsten lamp (Instrumentation
Sbecia]ties Coﬁpany, Inc., n.d.) calibrated against a
National Bureau of Standards lamp. Measurements made after
the flight are compared with those taken at the same instru-
ment settings before the flight. These are compared to
determine drift in responsivity over the flight period.

Calibration of the flight data is done in the after flight
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calibration simulating instrument settings and temperatures
at the time of the field measurements for each set of

instrumentation circumstances.

The signal output of the instrument can be broken
down, disregarding field effects, as a function of the mean
spectral radiance of the target and the instrument factors.
Radiant energy through the system is affected by the
optical properties of each component in the collecting
optics and in the dispersing device before it reaches the
detector element. At the detector, the efficiency of the
photon to electric signal conversion is a function of
wavelength, position on the detector surface, and angle
from the normal of incident radiation. The analog electro-
nic signal produced at the detector is processed through
several stages of amplification in which amplifier gains
modify the signal before it is digitized. A1l of the
instrument factors combined determine the radiance respon-
sivity RN of the total system at the time of the measure-~
ment. The amplified and digitized output signal SI of the

instrument can be written

St = I ﬁi(A)RN(A)dA [counts] (3)

for each channel of a spectral measurement.

The spectral response of each instrument component can
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be assumed constant over the narrow .wavelength AXx of an
instrument channel. The output signal by channel can be
written in simplified form with all instrumént parameters

included:

. T 1y Tp Eg Rp 82 [counts]. (4)
The throughput T, as already discussed, includes the geo-
metric factors that’determine the fieldrof view Q' and the
effective area A of the entrance aperture. Inc1uhed iﬁ T

is the f-stop, or aperture stop,_setﬁing of the co]]eéting
optics used during the‘fie1d observation.- The transmittance
of the optical train Ty includes all lenses, mir}ors, and
the detector window. Spectral transmission properties of
all filters used for each observation are included in the

{s the spectral efficiency of the gratinﬁ

term T and E

F? G
for non-polarized light. The detector response RD‘{S
strongly dependent on wavelength, pos%tion on the Tight
sensitive surface, and angle of incidence. To compensate
for this as much as possible, the grating is set with a

frequency standard to position the spectrum on the vidicon

detector as it was in the field measurement.
An dinstrument transfer function can be defined for

each specific optical configuration:

C, = [Tty 7 Eg Ry i [countsew ' -em®-sr-ch.]. (5)
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A set of instrument functions for each of the 500 channels
is calculated for every combination of f-stop, filters, and
grating position used in the field observations. The

instrument function can be calculated from Equation (4):

C, = NAL ////SI [counts-w'l-cmz-sr-ch.] (6)

where NA is the radiance of a white diffusing plate irra-
L
diated by the ISCO lamp of known radiant intensity. Field

measurements are calibrated from

Ny = S; €y [w-cm”z-sr_]-ch."1] (7)

where N' is the apparent radiance of a target, ST is the

recorded signal for the target, and CA is the channel by

channel transfer function for the specific instrument con-
figuration. The spectral curves for the lamp measurement,
the tranéfer functions, and the resultant calibrated Tamp
spectrum calculated from Equation (7) are shown in Figure A-3.
The baseline (amplifier bias) is subtracted from the curves

as it is in all the data.

Frequency calibration is accomplished using a krypton
emission line spectral lamp (Figure A-4). The peaks of
known wavelength can be located within 0.2 channels on the

instrument display scope in real time. The channel width
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Figure A-3. True spectral curve of the
ISCO calibration Tamp (solid line) cal-
culated as the product of the measured
spectrum and the instrument function
curve. The dinstrument function curve
was determined from a similar measured
spectrum of the calibration lamp.
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Figure A-4. Emission lines of a kryp-
ton gas Tamp. Location and spacing of
the Tines of precisely-known fregquencies
are used in determining the instrument
channel width and wavelength scale.
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is calculated from the number of channels between the
various peaks of known frequency. The channel width,
13.96A ¥ .025A is determined by the grating dispersion and
the spectrometer focal length. A 72 grooves per ﬁi11imeter
grating disperses the wavelength interval from 40003 to
110003 over 12.5 mm in the system spectrometer that has
been modified to approximately .1 meter focal length. A
split filter is placed in front of the detector to eliminate
second order effects between 70002 and 110003. The Tow
dispersion grating gives a very even wavelength distribu-
tion across the detector. Error translated to the end
channels due to uneven dispersion 1is 6.25&, less than half
a channel. Frequency alignment is made by positioning the
76013 krypton peak on channel 250. Field calibration for
grating setting is obtained from the position of the atmos-
pheric oxygen absorption band centered at 7605?. This
absorption band is inherent in every field spectrum, allow-

ing accurate monitoring of wavelength setting in the field

data.

The field of view was mapped using a 1ight source
through a small aperture at 61 mete}s from the sensor. It
is 15 milliradians in the long slit dimension and 1.5
milliradiansin the slit width direction. The system
11near{ty with change in intensity measures 5 percent using
calibrated neutral densitv filters and the ISCO lamp. The

detector and amplifier RMS noise, looking at a series of
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recorded reference baselines (front lens covered), is 1
count in the accumulate ten scans mode. Most target
measurement signals are between 100 and 700 counts per scan.
The signal to noise ratio is greater than 100:1 in most
cases. The maximum dynamic range is 750. The Tag in
response to signal change on the accumulate 10 scans mode
ﬁas measured by repeatedly opening and closing the aperture
while looking at a strong 1ight source. The signal rises
to within 12 percent of the maximum in the first recorded
spectrum on opening the lens, and the signal drops to 17
percent of the last signal on closing off the front lens.
The slow response time must be considered in planning

flight Tines and interpreting the data.

There is a maximum spectral standard deviation of 5.5
percent in calibration measurements made before and after
the two a{rcraft flights to Nevada. The apparent drift
in sensitivity can be traced mainly to temperature effecfs
and frequency misalignment among measurements. The maximum
standard deviation in sensitivity between the normal operdt—
ing ranges of 15% to 27°% s 1-L3.'5 percent in the blue
spectral region (Fiqure A-5). There is a possible f1 channel
absolute error in reproducing the grating settings as they
were in the field. The oxygen absorption band is checked
in every flight Tine, and the relative wavelength drift is
always less than 1/2 channel. A drift of one channel can _

cause up to 2.5 percent standard deviation in the spectral
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Figure A-5. Percent standard deviation
as a function of wavelength among all
before- and after-fiight calibration
Tamp measurements. The three Tower
curves indicate measurement variation
as temperature, frequency setting, and
lamp current were varied under controlled
laboratory conditions. The noise at
7000A is the edge effect of the split
?i]ter for eliminating second-order over-
ap.
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measurements. There is a possible error of the same amount
due to lamp current adjustment error. The other sources
of error, calibration lamp aging and electronics drift,

have not been monitored.

The precision among all data collected”will be on the
crder of the error discussed above. Drift in sensitivity
over lamp measurements of 2 to 5 minutes, however, is less
than 1 percent, This should aiso be the precision of the
data within a flight Tine. Most of the error in the
relative calibrations from one flight line to another over
long time periods would be removed by on-board calibration.
The accuracy, or absolute calibration has the added errvor
of the caiibrated 1ight source. The manufacturer's estimate
on that is 55 to 10 percent (Instrumentation Specialties

Company, Inc.) relative to the NBS standard.
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Appendix B, SITE AND MISSION

Site

The data presented in this document were collected in
Imperial County, California (33°N 115°W). This county,
which encompasses nearly three million acres {1.5 million
hectares}, is bordered by Riverside County (north), the
Colorado River (east), Mexico (south), and San Diego County

(west).

The county can be described as comprised of two parts:
the western two-thirds, dominated by a broad structural
trough having a NNW-SSE axis; and the eastern one-third,
where the broad, gently-sloping alluvial fans from the

Chocolate Mountains meet the floodplain of the Colorado.

The trough in the western part of the county contains
Colorado River sediments, and alluvium from the Chocolate
Mountains and the California Coastal Range. The Salton Sea
is in the center of the trough. 01d Lake Cahuilla, now dry,
is also in the center of the trough, and contains irrigated

farmland which comprises the site locations.

Elevations in the Imperial County range from 71 meters
betow sea level to more than 1200 meters above sea level.

Irrigation occurs only at‘é}evations below 75 meters.



The climate of Imperial County is dry with hot
summers and cool winters. Average rainfall is
approximately 3 inches per year, of which about
half falls in high intensity summer showers and
about half in gentle winter rains.

Day temperatures rise above 100%F almost every
day, May through October, dropping to the Tow
60's at night. Mean temperatures over a 50-year
period at Imperial are 52.9 for January, 91.2 for
July, 71.5 for the year.

Average annual humidity is about 30 percent and
is often higher in July and August.

Highest evapotranspiration takes place during
the period June through September. Consumptive

use in this period is about one-third of an inch
per day (USDA, 1967).

This study specifically focused on two sites of irri-
gated agricultural Tland in the Cahuilla dry lake, Imperial
Valley, Cé?ifornia. One site is located in the southern
part of the county near the town of Calexico, while the
other is located in the eastern-central portion of the
county (Figure B-1). Together, they encompass approximately
3,840 acres or 1500 hectares of crop land. The crop types
include both continuous-cover crops, such as alfalfa, wheat
and barley, and row crops, such as sugar beets, melons, as-
paragus, carrots, sorghum and cotton. Crop distribution for
the two sites is presented for each date of data collection

in Figures B-2 and B-3.

B-2



[:] site |
El Centro ©
site 2
Calexico o
10 0 10 20 30 40 50 Kilometars
— pE———

Figure B-1. Location of test sites,
Imperial County, California.
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Figure B-2. Fields in site 1 for which
spectra are included in the Atlas, Ta-
beled by crop type: A=alfalfa, B=bare
soil, C=carrots, -CO=cotton, M=melons,
S=sorghum, SB=sugar beets, W=wheat.
Lower case letters are used to denote
September crop when it differs from-
May crop..
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Figure B-3. .Fields in site 2 for which
spectra are included in the Atlas, la-
beled by crop type: A=alfalfa, AS=aspar-
agus, B=bare soil, BA=barley, CO=cotton,
M=melons, S=sorghum, SB=sugar beets, W=
wheat. Lower case letters are used to
denote September crop when it differs
from May crop.
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Mission

Spectroradiometer data and 35 mm color photography
were ~simuttanecusty collected from a Twin-engine Aero Com-
mander at an altitude of 610 meters above local terrain.
These flights were flown east-west, as shown in Figures B-4
and B-5. Site 1 was covered by ten flight Tines approximate-
Ty 5 miles {8km) in length. Site 2 was covered by eleven
east-west flight lines, ten approximately 4 miles (6.5 km)
long and one approximately 1 mile (1.6 km). Not all flight
lines were flown on all missions, and some were flown twice

on the same mission {(Table B-1).
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Figure B-4, Fl1ight Tines for site 1.
Each flight line is approximately 5 miles
(8 km) in Tength. Not all flight Tines
were flown on all missions, and some

were flown twice on the same mission.

B-7



e e o 2 1324

--:.-L_.———ﬂnm!———-r:_ u.—m_...._g__....._.._‘__.so

/

_m“h-__-._ﬂ“__HF—:—-m—Elﬁ——_fﬂ-““?“‘l_sl

P T SIS R D e COXO ECmE SR mirr memd o maw s’ s oo e e e sl s s —wla

e

—f e S
I i P i e gy e S
__tfm__m_T___m_________ -5

:ass_-—-ais

= e s min s oo

f === |8

== 19

S A o e )

Figure B-5. FTight Tines for site 2.

‘Ten of the flight Tines are approximately

4 miles (6.5 km) in length; the other one
is approximately 1 mile (1.6 km) in length.
Not all flight lines were flown on all
missions, and some were flown twice on the
same mission.




TABLE B-1. MISSIONS OVER IMPERIAL VALLEY TEST SITES, 1975

Site Date

2 5/15/75
1 5/16/75
1 5/20/75
2 5/20/75
1 9/23/75
2 9/23/75
2 8/23/75

4See Figures B-4 and

Time (Duration)

9

9:
10:
:15

11
11

10:
247

11

128

54
55

:19

26

bCo11ected twice.

AM

AM
AM
AM
AM
AM
AM

10

11
11

11:

11

10:

11

B-5,

142

:03
:10
25
130
37
150

B-9

AM

AM
AM
AM
AM
AM
AM

Flight Lines®

13, 14, 15,
21P, 30, 31,
1, 2, 3°, 4,
7, 9

14

3,4

19, 20, 21
21

16,

18,

132A

19,



Appendix C. GROUND OBSERVATIONS

Ground truth was collected by GISS, Columbia and Dart-
mouth personnel on the same day as the overflights. Ground
data were taken using standard windshield survey techniques
accompanied by ground assessment in each field to determine
irrigation state, crop, crop height and density, and overall
field condition. These data were augmented by discussion
with and participation of Tocal USDA personnel as well as in-
terested farmers who volunteered information and assistance.
Also, Imperial Irrigation District provided extensive support-

ing data on crops, crop calendars and irrigation status.

In addition to these direct observations, baseline soil
data have been extracted from the General Soil Map and Re-
port, Imperial County, California (USDA, 1967). These data
elements include soil type, soil texture, and soil color for
the Ap horizon. Soil color is given in the Munsell notation

when the soil is reported dry.

Reference

U.S. Department of Agriculture Soil Conservation Service.
Report for General Soil Map, Imperial County, California.
E1 Centro, California, 1967.
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Appendix D. PHOTO INTERPRETATION. SUPPORT

Photo interpretation of the 35 mm color aerial photo-
graphy collected concurrentiy wifh the spectroradiometer
data was performed fo?.the purpose of supporting and
clarifying the spéctroradiometer daté, and also to supple-
ment the ground observations by uncovering broad and
extensive patterns whiéh were unrecognizable in‘gréund

field work.

An intensive interpretation was performed on
individual fields using 35 mm (strip) cé]or_transparencies
at a scale of 1:20,000. These strips were acqui%ed
simultaneously with the spectroradiometric data. The
coverage of the fields encompassed 840 frames with approx-
imately 60% overlap. Bausch and Lomb Zoom 240 optical
equipment was utilized with varying magnifications, ranging
from 4 to 7.5X, according to the image characteristic under
examination. Each Tield was classified using the image
characteristics, tone, texture, density, cover, crop status

and furrow direction '(see Table 2, Chapter 1).
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When examining tone, fields were classified according
to their homogeneity. If the tone was interrupted because
of contrasts .due to ripening, -visibiTity of bare soil
areas, so0il mojsture patterns, or any other crop condition,

the field was graded inhomogeneous.

Texture results from differential height in the crop.
For example, a coarse texture is present when growth is
sporadic, harvesting is in progress, or when a crop, such
as melons, is in an early growth phase and height differ-
ence between the clusters of plants and bare so0il is Targe.
Texture is absent or fine when the crop has smooth and
uniform cover, or when the field contains bare soil. In
those fields where texture was differential, the range was

specified and exceptions were mentioned.

Both density and cover are descriptions of the amount
of soil that is visible in the field, however, it is quite
possible for a crop to have total cover but medium density,
for example. To clarify the difference between terms,
density is basically the number of plants per unit area
and describes the thickness of the crop and how closely
planted it is. Crop cover is more a description of the
growth stage and vigor of the crop. If a crop is stressed,
the cover can be spotty and discontinuous while a healthy
(unstressed) crop will tend to have total or near total

cover. Likewise, newly planted crops have very low cover

while mature crops tend to have total cover.
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The classification of furrow direction was very
straightforward. The furrows either ran parallel ar
perpendicular to the flight 1ine. However, the term
"furrow" should be further defined since it is used
Toosely to refer not only to furrows but also to crop rows
and irrigation control ridges in continuous-cover crops.
In some fields, the crop density was so high that the
furrows were not visible. In these cases, no mention was

made of their direction.

Any unusual pattern-or conditions fell under the
crop status category. These incliuded such things as
ripening stages, and irrigation, growth, or soil moisture
patterns. The Jlocation or size of these patterns was
identified in terms of ground distance and proximity to
field boundaries. Also, the possible reasons for unusual

conditions were often mentioned.
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APPENDIX E. ADDITIONAL DATA PRODUCTS

The spectra used in compiling this Atlas are available
on computer-compatible digital tape (CCT) for more detailed
analysis. The digital tape ircludes coded information ob-
tajned from the ground observations and photo interpretation,
in addition to the spectral radiances.

The CCT contains a total of 3458 records. Each record
represents one spectral observation and is 844 bytes long
(1 byte = 8 bits), consisting of a 24 byte ancillary data
field followed by an 820 byte field containing the spectral
radiances. The format of each record is shown in Table E-1.

Simultaneously acquired overlapping color aerial photo-
graphic coverage of areas where spectra were obtained is a-
vailable at a scale of 1:20,000 on 35 mm positive transparen-
cies at reproduction cost.

For further information on availability of data, con-
tact Dr. Stephen G. Ungar, NASA, Institute for Space Studies,

2880 Broadway, New York, New York 10025.
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TABLE E-1. BINARY RECORD FORMAT

Byte Information
1-24  Ancillary data¥*

1-2 No. of first spectrum in set (16 bit integer)
3-4  “No., of Tast spectrum in set {16 bit integer)

5-6 No. of spectrum representing set (16 bit integer)

7 Menth

8 Day

9 Hour

10 Minutes

11 Sun elevation (degrees)’

12 Crop code: 00=aifalfa; Ol=asparagus; 02=bare soil;

03=barley; 0Od=carrots; 05=cotton; 06=melons;
07=sorghum;08=sugar beets; 09=wheat

13 Growth stage code: O0QO0=emergent; CGl=booted;
02=headed; 03=thinned; O4=maturing; 05=mature;
06=ripening; 07=ripe; 08=harvested

i4 Height, Jlower 1imit {(cm)

15 Height, upper 1imit (cm)

16 ~ Percent crop cover

17 Soil moisture code: O00=wet; Ol=dry

18 Tone code: O00=homogeneous; Ol=inhomogeneous

19 Texture code: {00=none or absent; 0l=fine;
02=medium; 03=coarse; Od4=differential

20 Density code: O0O=bare soil; 0l=low; O02=medium;
03=high; 04=differential

21 Cover code: OQO0=bare so0il; 0l=1ittle; 02=cone-third;

03=two-thirds; O4=near total; 05=total;
06=nonuniform

22 Furrow direction code: 00=parallel to flightline:
Ol=perpendicular to flightline

23-24 Fi1l bytes

25.844 Spectral radiances (2 bytes or 16 bits per channel)*x*

*This segment of each record is descriptive of the spectra-
set to which the recorded spectrum belongs. When information
is not available, the byte is set to integer value 255.

**Reflected energy is recorded for 410 channels in uniformly
spaced integer Tevels from 0 to 10000 representing 0.0 to

0.025 mw-cm‘z-sr“l'nm'l. The first channel is centered at
426.86 nanometers. Channel widths are 1.396 nm.
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