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CroP DEVELOPMENT STAGE ESTIMATION

[. ESTIMATE PLANTING DATE.
A. ESTIMATE PLANTING DATE FROM METEOROLOGICAL DATA,

B. ESTIMATE PLANTING DATE FROM METEOROLOGICAL PLUS SPECTRAL DATA
ACQUIRED AFTER PLANTING.

II. DETERMINE OUR ABILITY TO ESTIMATE THE VARIOUS CORN AND SOYBEAN
DEVELOPMENT STAGES.




BACKGROUND

o CROP YIELD MODELS DETERMINE GROWTH RATE AND DEVELOPMENT STAGE
BASED ON METEOROLOGICAL DATA

o REQUIRE A PLANTING DATE AS A STARTING POINT TO BEGIN CALCULATIONS

- Two APPROACHES TO DETERMINING PLANTING DATE
o NORMAL PLANTING DATE
STATISTICALLY DERIVED FROM HISTORICAL DATA
SPECIFIC TO LATITUDE AND CLIMATE
CANNOT BE UNIVERSALLY APPLIED OVER LARGE AREA

o MODELS BASED ON METEOROLOGICAL EVENTS PRIOR TO AND DURING
THE PLANTING PERIOD
ASSUME OPTIMUM TEMPERATURE THRESHOLD MUST BE MET
- ABILITY TO PLANT LIMITED BY FIELD CONDITIONS
YET TO BE TESTED FOR APPLICABILITY TO LARGE AREAS



BACKGROUND

KNOWLEDGE OF CROP DEVELOPMENT STAGE MAY BE UTILIZED IN DETERMINING WHEN A CROP
WAS PLANTED

THREE APPROACHES:

o NORMAL OR AVERAGE PHENOLOGY
- BASED ON ACCUMULATION OF CALENDAR DAYS BETWEEN STAGES
- STATISTICALLY DERIVED FROM HISTORICAL DATA
- SPECIFIC FOR VARIETY AND CLIMATE

o METEOROLOGICAL METHODS
- STATISTICALLY DERIVED FROM HISTORIC WEATHER DATA
- REQUIRE PLANTING DATE AS AN INITIAL STARTING POINT

o SPECTRAL METHODS
- LIMITED BY THE RANGE OF DEVELOPMENT STAGES WHICH CAN BE ACCURATELY IDENTIFIED
- LIMITED BY AVAILABILITY OF DATA



DeveLoPMENT OF PLANTING DATA MoDELS

NORMAL/METEOROLOGICAL MODEL

- USE THE NORMAL CROP CALENDAR AS STARTING POINT FOR CALCULATIONS
- USING METEOROLOGICAL DATA, DETERMINE A FUNCTION TO BOTH SHIFT THE CROP
CALENDAR IN TIME AND CHANGE ITS SHAPE

SPECTRAL/METEOROLOGI CAL MODEL

- USE THE DEVELOPMENT STAGE IDENTIFIED BY SPECTRAL DATA AS STARTING POINT
FOR CALCULATIONS

- USING METEOROLOGICAL DATA, CALCULATE THE DAILY DEVELOPMENT OF THE CROP
FROM THE PLANTING DATE TO THE STAGE IDENTIFIED BY SPECTRAL DATA

- DEVELOP AN EXPRESSION WHICH DETERMINES THE DATE WHEN THE CROP WAS PLANTED
GIVEN THE DEVELOPMENT STAGE IDENTIFIED BY SPECTRAL INFORMATION



OBJECTIVES

LoNG TERM .

o DETERMINE AND MODEL THE RELATIONSHIP BETWEEN THE DEVELOPMENT STAGE
OF A CROP AS IDENTIFIED BY SPECTRAL METHODS AND THE BIOMETEOROLOGICAL
CROP CALENDAR

IMMEDIATE

o DETERMINE THE DATE AT WHICH A CROP WAS PLANTED GIVEN SPECTRAL,
METEOROLOGICAL AND HISTORICAL DATA

o DETERMINE THE RATE AND PROGRESSION OF PLANTING FOR INDIVIDUAL LANDSAT SEGMENTS



EsTIMATE PLANTING DATE: SPECTRAL/MET MODEL

GIVEN FOR A FIELD

- SPECTRAL DATA (1.E., GREENNESS = G)
- DATE, T, OF SPECTRAL ACQUISITION

o ESTIMATE DEVELOPMENT STAGE, D* AD,
OF FIELD AT DATE T :

o ESTIMATE PHOTO/THERMAL VARIABLE " DEV STAGE
Ut AU FOR DEVELOPMENT STAGE L D*AD

DXAD

o ESTIMATE PLANTING DATA P AP DATE OF
BACK CALCULATING UZX AU UNITS SPECTRAL
FROM DATE T OF SPECTRAL ACQUISITION T

ACQUISITION

PLANTING DATE
PtAP



EsTIMATE PLANTING DATE: FORM OF METEOROLOGICAL MODEL

[PERCENT OF AREA PLANTED PER DAY |

X LMAXIMUM‘PERCENT OF AREA THAT CAN BE PLANTED IN ONE DAY]

X LEARLIEST POSSIBLE PLANTING DATE FACTOR] X [SOIL MOISTURE FACTORJ

- re

X LSOIL TEMPERATURE FACTOR] X FARMER READINESS FACTOR]

X LCOMPLETION FACTOR} X CROP PRIORITY FACTOR]

X [SEED BED PREPARATION FACTOR]



ESTIMATE PLANTING DATE: MET MODEL

EACH OF THE FACTORS IN THIS MODEL VARIES IN VALUE BETWEEN 0.0 anp 1.0,
FOR EXAMPLE,

1.0

SOIL
MOISTURE
FACTOR

0.8
(so1L MOISTURE)/(WATER HOLDING CAPACITY)

THIS MODEL PREDICTS THE PLANTING OF EACH CROP USING THERMAL, SOIL MOISTURE
AND MANAGEMENT INPUTS.,




FunNcTIoN OF MoDELS

NORMAL/METEOROLOGICAL MODEL PREDICTS PLANTING DATE BEFORE PLANTING
AND WHEN SPECTRAL DATA ARE UNAVAILABLE.

SPECTRAL/METEOROLOGICAL MODEL PREDICTS PLANTING DATE AFTER PLANTING
AND ONLY WHEN SPECTRAL DATA ARE AVAILABLE, THE MODEL WILL ALLOW
PREDICTION OF OTHER CROP DEVELOPMENT STAGES.,

BOTH MODELS ARE SIMPLE AND REPRESENT A "FIRST CUT” AT THE LONG TERM PROBLEM OF
ESTIMATING DEVELOPMENT STAGE. THEIR DEVELOPMENT AND EVALUATION SHOULD BOTH
INCREASE OUR KNOWLEDGE OF THE PROBLEM AS WELL AS SUPPORT THE NEED FOR SUCH MODELS
IN THE ARGENTINA PILOT PROJECT OF AGRISTARS,



DEVELOPMENT STAGE ESTIMATION

MODELING PHILOSOPHY

DEVELOP APPROACH AND
PRELIMINARY MODELS

USING PURDUE AGRONOMY
FARM CORN AND SOYBEAN
DATA

EXTEND CONCEPT TO LANDSAT
SEGMENTS AND USE PLANTING
DATE AND DEVELOPMENT STAGE

DATA TO SPECIFY AND EVALUATE
MODELS IN AREAS OF THE U.S.
PRODUCING CORN AND SOYBEANS

" A=)

EXTEND THE MODEL TO
ARGENTINA AND BRAZIL BY

EITHER (1) USING ARGENTINA/
BRAZIL DATA TO SPECIFY AND
EVALUATE MODEL OR (2) IF NO

ARGENTINA/BRAZIL DATA 18

AVAILABLE, THEN IMPLEMENT
THE U.S. MODEL




ExTENSION OF SPECTRAL/MET MoDEL TO LARGE AREA

Using LANDSAT MSS DATA, IDENTIFY CROP DEVELOPMENT STAGE IN SPECIFIC FIELDS
IN A LANDSAT SEGMENT

USE MODEL TO DETERMINE PLANTING DATE FOR THESE SPECIFIC FIELDS

DETERMINE FROM THESE RESULTS THE PLANTING DATE CALENDAR, THE RATE AND PROGRESSION
OF PLANTING THROUGHOUT THE SEGMENT
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EvaLuAaTION OF MODEL

o COMPARE THE RATE AND PROGRESSION OF PLANTING IN AREA AS
DETERMINED BY THE MODEL WITH ESTIMATED RATE AND PROGRESSION
OF PLANTING REPORTED WITHIN CROP REPORTING DISTRICTS
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WHICH DEVELOPMENT STAGES POTENTIALLY CAN BE ESTIMATED
FROM SPECTRAL DATA?

BACKGROUND

MIDSEASON CORN AND SOYBEAN DEVELOPMENT STAGES CANNOT NOW BE ADEQUATELY
ESTIMATED SOLELY FROM THE SPECTRAL VARIABLE, GREENNESS. THE QUESTION
IS WHETHER USE OF ANY SPECTRAL VARIABLE PROVIDES ADEQUATE ESTIMATES

OF DEVELOPMENT STAGE.

OBJECTIVE

To DETERMINE THE PROBABILITY WITH WHICH DEVELOPMENT STAGES CAN BE
ESTIMATED FROM SPECTRAL DATA
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UNDERSTANDING SPECTRAL/AGRONOMIC FEATURE SPACE

BACKGROUND

OUR UNDERSTANDING OF THE GENERAL CHARACTERISTICS OF
LANDSAT SPECTRAL SPACE IS WELL DEVELOPED AND BASED ON THE
TASSELLED CAP TRANSFORMATIONS OF BRIGHTNESS, GREENNESS,
YELLOWNESS, AND NONSUCH. DETAILED UNDERSTANDING OF THE
AGRONOMIC PROPERTIES OF THE LANDSAT AND THEMATIC MappER (TM)
SPECTRAL SPACES REMAINS TO BE DEVELOPED. ANALYSES TO DATE
HAVE BEEN LIMITED OFTEN TO THE EXISTING TRANSFORMATIONS,
GREENNESS AND BRIGHTNESS, TRANSFORMED VEGETATION INDEX,
AND THE RATIO IR/RED,




UNDERSTANDING SPECTRAL/AGRONOMIC FEATURE SPACE

OBJECTIVES

o DEVELOP DETAILED UNDERSTANDING OF THE RELATIONSHIP BETWEEN
LANDSAT AND TM SPECTRAL SPACES AND AGRONOMIC SPACE CONCEN-
TRATING EFFORT INITIALLY ON THE AGRONOMIC VARIABLE, CROP
DEVELOPMENT STAGE AND LATER ON LEAF AREA INDEX AND STRESS.

o BASED ON THIS UNDERSTANDING, DEVELOP LINEAR AND NON-LINEAR
SPECTRAL DATA TRANSEORMATIONS TO IMPROVE OUR ABILITY TO
PREDICT THESE AGRONOMIC VARIABLES.

/7
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UNDERSTANDING SPECTRAL/AGRONOMIC SPACE
ANALYSTS FLow CHART

DATA SET
SELECTION

INPUT DATA
PREPARATION

PLOTTING
SOFTWARE
PREPARATION
AND PROGRAM
DEVELOPMENT

GENERATE

3-D SPECTRAL
DISPLAYS--SIMULATED
STEREO PLOTS

REITERATION AS NECESSARY

EVALUATION OF
INITIAL RESULTS

DELIVERABLE

EMPHASIS ON CORN AND SOYBEANS
CANDIDATE DATA SETS:
PURDUE AGRONOMY FARM 1978-1980
WEBSTER COUNTY, IOWA 1979

LANDSAT SEGMENTS TBD DATA SET TO INCLUDE:
PLOT IDENTIFICATION
AGRONOMIC DATA
REFLECTANCE DATA
4 LANDSAT BANDS
6 THEMATIC MAPPER BANDS (IF AVAILABLE)

METEOROLOGIC DATA
INPUT DATA INTERFACE
WINDOW SELECTION ALGORITHM
PRINCIPLE COMPONENT ANALYSIS
ELLIPSOID OF CONCENTRATION PLOTTING
ROUTINE '

TYPE DESCRIPTION

A FULL DISPLAY OF DEVELOPMENT STAGE
TRAJECTORIES IN 3 SPECTRAL SPACE

B DISCRETE SEGMENT PLOTS OF DEVELOP-

_ MENT STAGE IN 3 SPECTRAL SPACE

c CLUSTER AND/OR ELLIPSOID OF CONCEN-
TRATION PLOTS IN 3 SPECTRAL SPACE
CODED BY DEVELOPMENT STAGE



DELIVERABLES

* IMPROVED UNDERSTANDING OF SPECTRAL SPACE DESCRIBED
IN A REPORT

» STEREO PAIRS OF PLOTS OF SPECTRAL DATA ILLUSTRATING
THE PROPERTIES OF SPECTRAL/AGRONOMIC SPACE VIS-A-VIS
CROP DEVELOPMENT STAGE

* IMPROVED SOFTWARE CAPABILITY TO PLOT SPECTRAL DATA AS
STEREO PAIRS

Zl
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EsTIMATING CANOPY CHARACTERISTICS WITH SPECTRAL AND METEOROLOGICAL DATA

RATIONALE

IF AGRONOMIC AND CANOPY VARIABLES RELATED TO YIELD COULD BE RELIABLY ESTIMATED
FROM MULTISPECTRAL SATELLITE DATA, THEN CROP GROWTH AND YIELD MODELS COULD BE
IMPLEMENTED FOR LARGE AREAS,

OveraALL OBJECTIVE

EVALUATE SPECTRAL DATA AS A SOURCE OF INFORMATION FOR CROP YIELD MODELS,
I1.E., ESTIMATES OF LEAF AREA INDEX, PERCENT COVER, AND INTERCEPTED SOLAR RADIATION,

GENERAL APPROACH

IDENTIFY IMPORTANT FACTORS DETERMINING YIELD WHICH POTENTIALLY CAN BE ESTIMATED
FROM SPECTRAL DATA,

EVALUATE SELECTED FACTORS USING SPECTRAL AND AGRONOMIC DATA ACQUIRED IN CONTROLLED
EXPERIMENTS AT AGRICULTURAL EXPERIMENT STATIONS,

EXTEND CONCEPTS TO LARGE AREAS USING LANDSAT MSS DATA.

COMPARE RESULTS WITH AND WITHOUT SPECTRAL DATA.

73




Task 3. INTERCEPTED SOLAR RADIATION AS A VARIABLE IN YIELD MoDELS

(o]

[e]

(o]

(o]

BACKGROUND

SOLAR RADIATION AS AN ENERGY SOURCE FOR PLANTS AVAILABLE ONLY WHEN IT INTERACTS
WITH LEAVES,

THE PROPORTION OF TOTAL SOLAR RADIATION INTERCEPTED BY A CROP CANOPY IS AN ESTIMATE
ofF "USEFUL" ENERGY FOR CROP GROWTH AND YIELD.

OBJUECTIVES

VERIFY AND REFINE INITIAL MODELS FOR ESTIMATING THE PROPORTION OF SOLAR RADIATION
INTERCEPTED (SRI) BY CORN CANOPIES.

DEVELOP AND VERIFY INITIAL MODELS FOR SRI FOR SOYBEAN CANOPIES.

17
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Task 3. APPROACH

1. EvaLUATE THE ADEQUACY OF THE SR] MODEL DEVELOPED USING 1979 DATA TO DESCRIBE
RELATIONSHIPS OF SPECTRAL VARIABLES AND CANOPY CHARACTERISTICS IN 1980 DATA.

- CALCULATE STANDARD ERRORS OF ESTIMATES
- EXAMINE RESIDUALS OF PREDICTED MINUS MEASURED VALUES ofF SRI
- REFINE MODEL TO ACCOUNT FOR PREVIOUSLY UNDEFINED VARIABILITY

2. EsTiMATE DAILY SRI AND ACCUMULATIVE SRI AND PREDICT GRAIN YIELDS USING
ENErRGY CROP GROWTH MODEL,

3. Use MoDEL FORM DEVELOPED BY BADHWAR AND HenDErson (1980) To sMOOTH SPECTRAL DATA
AND REDUCE VARIATION CAUSED BY INFREQUENT SPECTRAL DATA ACQUISITIONS.,

4, EXTEND THE REFINED MODEL TO LANDSAT MSS DATA USING TECHNIQUES DEVELOPED IN TASK 2,

5., EVALUATE YIELDS PREDICTED BY MODELS WITH (LANDSAT MSS) AND WITHOUT SPECTRALLY-
DERIVED SRI,

- EXAMINE RESIDUALS OF PREDICTED YIELDS MINUS MEASURED YIELDS FOR PATTERNS.
- REFINE MODELS TO ACCOUNT FOR UNDEFINED VARIABILITY,
- EVALUATE MODELS IN TERMS OF ACCEPTABLE ERROR LIMITS DEFINED IN Task 1,

6. MAKE RECOMMENDATION WHETHER ADDITIONAL LARGE AREA TESTING IS WARRANTED.



EFFECT OF ROW WIDTH b
SOYBEANS 1979

sor 251
°
25} g
o 20
(%4
c
20} s
Q
2 15F
o
15r (-3
©
- ©
S € 10r
5 10r '§
F; s
‘ -
w £ S5
o N
Q S
3 °
= z
g c 1 N 1 i ] ) 1 . | c 1
* .
70 0.8-11ym
E 50
g
S 6or
°
4
B 50
o
aof 2
]
T
[ =
30 g
[}
20}
10 -
.l 1 1 ] 1 1 d
June 1 July 1 Aug 1 Sept 1
Date
100
> 80 Row Width
L /7 --——75cm
- 25cm
2 60
8 Planting Date = June 15
= 40
©
172
20
[s] Vo, L 2 —
June 1 July 1 Aug 1 Sept 1

Date

Figure 1.13. Seasonal changes in four spectral variables and percent
so0il cover for two row widths in 1979 for the June 15 planting date.
Development stages (Fehr and Caviness, 1977) are indicated for each ob-

servation date. (Russell silt loam)



EFFECT OF PLANTING DATE
SOYBEANS 1979
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SOLAR RADIATION INTERCEPTED

BY SOYBEANS
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RELATIVE YIELD, %

100

80
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20

RELATIVE YIELDS OF SOYBEANS AS A FUNCTION
OF ACCUMULATED INTERCEPTED SOLAR RADIATION

Soil Year
B Chalmers 1978
A Chalmers 1979
® Russell 1979
o~
Y = 22.06 + 0.797 * $SRI
r o= 0.86
i i ] { i 1 1 ] i 1
20 20 40 60 80 100

ACCUMULATED INTERCEPTED SOLAR RADIATION, %

A7




Task 4, EFFecTs oF MAJorR CULTURAL PRACTICES ON SPECTRAL PROPERTIES OF CropPs

BACKGROUND

e CROP PRODUCTION PRACTICES INFLUENCE GROWTH, DEVELOPMENT, YIELD AND SPECTRAL
RESPONSE OF CROPS,

o CROPPING PRACTICES TYPICALLY VARIED IN CORN AND SOYBEAN FIELDS ARE CULTIVAR,
PLANT POPULATION, ROW SPACING, PLANTING DATE, IRRIGATION, FERTILITY, AND METHOD
OF CULTIVATION,

OBJUECTIVES

o DETERMINE THE EFFECTS OF CROPPING PRACTICES, SOIL BACKGROUND, AND ENVIRONMENTAL
FACTORS ON THE REFLECTANCE OF CORN AND SOYBEAN CANOPIES.

o DETERMINE WHICH CROPPING PRACTICES CAN BE IDENTIFIED FROM SPECTRAL DATA,
PARTICULARLY LANDSAT MSS DATA.

S/



Task 4, APPROACH
1. VERIFY QUALITATIVE ASSESSMENTS OF THE VARIATION IN SPECTRAL DATA ASSOCIATED
WITH CULTURAL PRACTICES USING AN ADDITIONAL YEAR OF DATA FROM AGRONOMY FARM,
2. VERIFY THE MAGNITUDE OF THE VARIATION ASSOCIATED WITH EACH TREATMENT FACTOR
usinNGg ANOVA anp ANCOVA.
- ANOVA DETERMINES THE PERCENTAGE OF TOTAL VARIATION IN SPECTRAL DATA
ASSOCIATED WITH EACH FACTOR,
- ANCOVA EVALUATES THE VARIABILITY DUE TO TREATMENTS AFTER ADJUSTMENTS
FOR VARIATIONS IN LAI, Z COVER, AND DEVELOPMENT STAGE.
3. EVALUATE THE INTERACTION OF YEARS X TREATMENT IN ANOVA anp ANCOVA.
4, EVALUATE THE POTENTIAL OF USING SPECTRAL DATA, PARTICULARLY LANDSAT MSS paTA,

TO CHARACTERIZE THE CROPPING PRACTICES OF A REGION

- IDENTIFY IRRIGATED FIELDS TO REFINE SOIL MOISTURE MODELS
- IDENTIFY FIELDS WHERE DOUBLE CROPPING MAY OCCUR, IE.E, WHEAT FOLLOWED BY SOYBEANS
- ASSESS THE PROGRESS OF FIELD OPERATIONS, I,E., HARVESTING AND LAND PREPARATION

5,




PERCENT OF VARIATION (Rz) EXPLAINED BY TREATMENTS

Corn CuLTurAL PrACTICES ExpT 1979

PLANTING PLANT

DATE VARIABLE SOIL DATE POPULATION
6/4 RED 93 1 0
IR 88 6 1
GREENNESS 1 71 9
LAI 1 67 13
7/10  RED 15 25 15
IR 2 25 48
GREENNESS 0 34 51
LAl 0 28 62
9/4 RED 9 10 16
IR 0 36 14
GREENNESS 0 43 13
LAI 1 20 45
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PERCENT OF VARIATION (R?) ASSOCIATED WITH TREATMENTS

Corn CuLTurRAL PrACTICES ExpT 1980

PLANTING PLANT

DATE VARIABLE SOIL DATE POPULATION
6/11 RED 56 12 -
IR 51 24 1
GREENNESS 16 39 1
LAI - 55 24
7/15 RED 25 38 8
IR 21 25 33
GREENNESS - 61 31
LAI - 60 24
8/22 RED 3 7 22
IR 5 14 36
GREENNESS 2 9 47
LAI 16 27 35
9/26 RED 2 53 -
IR - 76 4
GREENNESS - 82 2

LAI
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PERCENT OF VARIATION (R”) EXPLAINED BY TREATMENTS

SoYBEAN CULTURAL PrAcTICES ExpT 1979

PLANTING

ROW

DATE VARIABLE DATE CULTIVAR WIDTH PC PR
JUNE 4 RED 36 10 4 14 5
IR 43 6 1 5 —
GREENNESS 75 — 2 4 4
$ COVER 52 7 2 17 4
JULY 18 RED 66 — 12 — 8
IR 40 8 33 7 7
GREENNESS 54 4 30 4 3
% COVER 53 — 34 1 3
AUGUST 12 RED 27 1 1 2 3
IR 14 2 44 3 27
GREENNESS 16 1 43 3 27
% COVER 30 — 25 6 25
SEPT 4 RED 43 — — 16 —
IR 14 16 6 27 8
GREENNESS 18 15 43 27 7
% COVER 8 — 14 13 8
SEPT 24 RED 45 13 4 13 —
IR 53 19 — — 4
GREENNESS 55 18 — 14 3
% COVER 14 19 4 27 5

T7



SovyBeAN CULTURAL PracTices ExpT 1980

PERCENT OF VARIATION (R?) ASSOCIATED WITH TREATMENTS

PLANTING ROW
DATE VARIABLE SOIL DATE CULTIVAR WIDTH PC PR
6/18 RED 13 13 1 8 - 16
IR 15 44 2 2 1 3
GREENNESS 2 82 - - - 2
% COVER - 88 - - - 7
7/17 RED 15 63 - - 1
IR 11 69 - 5 - 6
GREENNESS - 90 - 4 3
% COVER - 88 - 7 - 2
8/22 RED - 52 6 9 1 13
IR - 10 16 29 4 28
GREENNESS - 12 16 29 5 28
% COVER - 35 1 19 1 35
RED - 87 - - 10 -
IR - 85 10 1 2 -
GREENNESS - 87 8 - 3 -
$ COVER - 66 5 - 15 -
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PRELIMINARY
SumMARY AND CONCLUSIONS

PREVIOUS QUALITATIVE ASSESSMENTS OF THE VARIATIONS IN SPECTRAL DATA ASSOCIATED
WITH CULTURAL PRACTICES CORN AND SOYBEANS WERE VERIFIED WITH AN ADDITIONAL
YEAR OF DATA.,

FFFECTS OF PLANTING DATES AND PLANT POPULATIONS (ROW WIDTH) ARE MANIFESTED BY
CHANGES IN LAI, soIL COVER, AND DEVELOPMENT STAGE.

VARIATION IN REFLECTANCE IS STRONGLY ASSOCIATED WITH

EARLY IN SEASON

EARLY TO MID-SEASON
MIDSEASON TO NEAR MATURITY
NEAR MATURITY

* SOIL COLOR

* PLANTING DATE

* PLANT POPULATION (ROW WIDTH)
* CULTIVAR

SOIL COLOR AFFECTED VISIBLE AND NEAR IR REFLECTANCES BUT NOT GREENNESS

GREENNESS IS MOST SENSITIVE TO AMOUNT OF GREEN VEGETATION




1981 Corn AND SOYBEAN FIELD RESEARCH EXPERIMENTS

TecHNICAL Issues BEING ADDRESSED

0

0

0

DEVELOPMENT STAGE DETERMINATION

EsTiMATION OF LAl AND SOLAR RADIATION INTERCEPTION

MOISTURE STRESS ASSESSMENT

EFFECTS OF AND SENSITIVITY TO SOIL BACKGROUND

EFFECTS OF AND SENSITIVITY TO CULTURAL PRACTICES AND ENVIRONMENTAL FACTORS
DiFFeEReENCES BETWEEN U.S. (DENT) AND ARGENTINA (FLINT) CORN

THEMATIC MAPPER DATA

EXTENSION OF RESULTS/RELATIONSHIPS FROM PLOT EXPERIMENTS TO FIELDS AND
RADIOMETERS TO LANDSAT
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RESEARCH SITES

0

0

0

PURDUE AGRONOMY FARM
WeBsTER Co., lowA TEST SITE
SANDHILLS AGRICULTURAL LABORATORY

&




EXPERIMENTS AT PURDUE

CORN

2 SoiL TYPES (DARK, LIGHT)

3 PuanTINGg DATES (May 1, 15, 30)

3 PLaNT PopuLATIONS (25, 50, 75,000 PLANTS/HA)
2 HYBRIDS (DENT, FLINT)

2 REPLICATIONS

SOYBEANS

2 SoiL TYPES (DARK, LIGHT)

3 PLanTING DATES (May 10, 30, June 10)

2 Row wipTtHs (25, 75 cm)

3 CuLTIVARS (MATURITY GROUPS II, III, IV)
2 REPLICATIONS

F7




DATA ACQUISITION

SPECTRAL
- MULTIBAND RADIOMETER, 8-SPECTRAL BANDS (.45 - 12.4 um)
AGRONOMIC

DEVELOPMENT STAGE

LAI

PLANT HEIGHT, % SOIL COVER

SURFACE SOIL MOISTURE AND CONDITION
NOTES ON STRESS, WEEDS, ETC.
PHOTOGRAPHS, VERTICAL AND OBLIQUE VIEWS

FREQUENCY
- WEEKLY INTERVALS (WEATHER PERMITTING) FROM PLANTING TO HARVEST

&0
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WeBsTER CounTy, Iowa TeEST SITE

OBJECTIVES

o OBTAIN MEASURES OF VARIATION WITHIN AND AMONG FIELDS
o TEST RELATIONSHIPS OF DEVELOPMENT STAGE AND LAI
o FVALUATE SIMULATED THEMATIC MAPPER DATA

DATA ACQUISITION

o INVENTORY OF PLANTING DATES, AND OTHER AGRONoMIC DATA (USDA)
PERIODIC OBSERVATIONS OF DEVELOPMENT STAGE, PLANT HEIGHT, ETC., (USDA)

o

NETAILED AGRONOMIC MEASUREMENTS (PURDUE)

o

- 10 corN anD 10 SOYBEAN FIELDS
- DEVELOPMENT STAGE
- LAI

GRAIN YIELD ESTIMATES (USDA)

o

(o]

SpecTRAL DATA (NASA)

- HELICOPTER SPECTROMETER (FSS)
- AIRCRAFT SCANNER (NS001)

TEMPERATURE AND PRECIPITATION

o
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CorN AND SoYBEAN MoISTURE STRESS RESEARCH PLANS

BLAINE BLAD AND JoHN NORMAN
UNIVERSITY OF NEBRASKA

BACKGROUND/RATIONALE

(o]

DIFFERENCES IN MOISTURE AVAILABILITY AND STRESS ARE MAJOR SOURCES OF VARIATION
IN YIELDS OF CORN AND SOYBEANS

WHILE 1T'S GENERALLY KNOWN THAT MOISTURE STRESS AFFECTS SPECTRAL CHARACTERISTICS
OF VEGETATIVE CANOPIES, AS WELL AS GROWTH AND YIELD, RELATIVELY LITTLE RESEARCH
ON MOISTURE STRESS EFFECTS AND RELATIONSHIPS HAS BEEN CONDUCTED AND RELATIVELY
LITTLE USE IS MADE OF REMOTELY SENSED SPECTRAL MEASUREMENTS TO ASSESS CROP CON-
DITION



DESCRIPTION OF RESEARCH SITE AND FACILITIES

o SANDHILLS AGRICULTURAL LABORATORY
- WesT ceNTRAL NEBRASKA, SANDY SOILS, 15-20” PRECIPITATION ANNUALLY
- HIGH PROBABILITY OF DEVELOPING MOISTURE DEFICITS

o JRRIGATION SYSTEM AND TREATMENTS

- SYSTEM DESIGNED TO PRODUCE LINEARLY DECREASING AMOUNT OF WATER WITH
INCREASING DISTANCE FROM LINE SOURCE

- WATER GRADIENT FROM FULL-WATER TO DRYLAND
CAN BE DEVELOPED ACROSS A PLOT

- TREATMENTS WILL INCLUDE AMOUNT (GRADIENT) AND TIMING (DURING VEGETATIVE,
FLOWERING AND GRAIN-FILL PERIODS) OF IRRIGATION

77
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OveraLL OBJUECTIVE

o DETERMINE HOW VARIOUS PLANT AND ENVIRONMENTAL FACTORS AFFECT THE RADIANCE
FROM CORN AND SOYBEAN CANOPIES SO THAT REMOTELY SENSED SPECTRAL MEASURE-
MENTS CAN BE CORRECTLY INTERPRETED WITH A MINIMUM OF ANCILLARY DATA

GENERAL APPROACH

o Use FIELD MEASUREMENTS AND PLANT-ENVIRONMENT MODELING TO QUANTITATIVELY ASSESS
FACTORS, PARTICULARLY MOISTURE STRESS, AFFECTING PLANT CANOPY RADIANCE

o DEVELOP MODEL REQUIRING MINIMUM ESSENTIAL VARIABLES TO INTERPRET REMOTELY
SENSED SPECTRAL RESPONSE OF VEGETATION



_] DISTANCE[,
FROM
LINE
SOURCE
T
RELATIVE GF GF
AMOUNT
OF WATE F_ F_
APPLIED
} v v

@ m @ na ORL
\ 8F oF.

@ 1 () aaa () aa

GF

F

v

(@) en () aiG

Seasonal accumulation of water aovlied through irrigation
using a modified line source system. Water treatments
applied durinc the vegetative (V), flowering (F) and grain-
fill (GF) periods. With a gradient treatment (G), plants
on the left side of each diacram receive full irrigation;
those on the right receive no irrigation.

42



Schematic of "full" and "treatment” scrinkler lines
and the water amnlication pattern resulting from the
operation of individual lines. Total water application
is the sum of the amounts from the individual patterns.

16



o DESCRIPTION OF PLANT-So1L-ATMosPHERE MopeL (CUPID)

- INPUTS: SOLAR RADIATION, AIR TEMP;; SOIL TEMP;; VAPOR PRESSURE, PRE-
CIPITATION, WIND, SOIL MOISTURE, STOMATAL DIFFUSION RESISTANCE, LAI,
LEAF ANGLE DISTRIBUTION, PLANT HIEGHT

- DESCRIPTION: PHYSICAL-PHYSIOLOGICAL MODEL WHICH CONSIDERS TURBULENT
TRANSFER IN, ABOVE AND BELOW THE CANOPY, RADIATIVE TRANSFER IN THE
CANOPY, AND HEAT AND WATER MOVEMENT IN THE SOIL

- PREDICTS INDIVIDUAL LEAF PROCESSES AND THEN
INTEGRATES RESULTS TO PREDICT CANOPY CHARACTERISTICS

- QUTPUTS: CANOPY REFLECTANCE AND TEMPERATURE EVAPOTRANSPIRATION AND
PHOTOSYNTHESIS
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FIELD MEASUREMENTS

o CANOPY REFLECTANCE AND RADIANT TEMPERATURE

o SOLAR IRRADINACE

o METEOROLOGICAL VARIABLES: TEMPERATURE, WIND, PRECIPITATION,
o (CanopYy VARIABLES: LAI, LEAF ANGLE DISTRIBUTION, ETC,

o LEAF PHOTOSYNTHESIS AND TRANSPIRATION

ETC.

477
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DATA ANALYSIS

o]

FIELD MEASUREMENTS AND MODEL PREDICTIONS COMBINED TO

- RELATE SPECTRAL MEASUREMENTS TO CROP WATER STATUS

- COMPARE MODEL OUTPUTS TO CANOPY MEASUREMENTS OF RADIANCE

- RELATE RADIANCE MEASUREMENTS TO CANOPY MICROENVIRONMENT AND
PHYSIOLOGICAL CHARACTERISTICS

o

MULTISPECTRAL MEASUREMENTS ANALYZED TO

- DETERMINE MOST USEFUL SPECTRAL BANDS
- DEVELOP SPECTRAL RESPONSE-PLANT WATER STATUS RELATIONSHIP

o

USE MODEL TO STUDY SEPARATE AND COMBINED MICROCLIMATE, SOIL, AND
PLANT CHARACTERISTICS ON CANOPY RADIANCE

o

USE MODEL TO PREDICT CANOPY SPECTRAL CHARACTERISTICS

o

DEVELOP MODEL REQUIRING MINIMUM ESSENTIAL VARIABLES TO INTERPRET
REMOTELY SENSED SPECTRAL RESPONSE OF VEGETATION




EVALUATION OF LANDSAT SPECTRAL INPUTS
To CROP AROWTH AND YIELD MoDELS

OVERALL OBJECTIVE

To EVALUATE THE UTILITY OF SATELLITE-ACQUIRED SPECTRAL DATA IN CONJUNCTION WITH
METEOROLOGICAL AND SOILS DATA TO ESTIMATE CROP DEVELOPMENT STAGE, CONDITION,
AND YIELD.

BACKGROUND/RATIONALE

o FIELD RESEARCH HAS SHOWN THAT SPECTRAL DATA CAN IMPROVE METEOROLOGICALLY-
BASED ESTIMATES OF CROP DEVELOPMENT STAGE, CONDITION, AND YIELD.

o SPECTRAL RESEARCH HAS BEEN CONDUCTED PRIMARILY AT THE PLOT OR FIELD LEVEL,
o INTEGRATION OF SPECTRAL AND METEOROLOGICAL VARIABLES FOR PREDICTION NEEDS

TO BE EVALUATED OVER A WIDER RANGE OF AGRONOMIC AND ENVIRONMENTAL CON-
DITIONS.
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GENERAL APPROACH

o THE CROPCAST sYSTEM DEVELOPED BY EARTHSAT WILL BE USED AS A TEST-BED.

o SENsITIVITY OF THE CROPCAST MODEL TO POTENTIAL SPECTRALLY-DERIVED VARIABLES
WILL BE ASSESSED.

o SPECTRAL INPUTS DEVELOPED IN THE SUPPORTING FIELD RESEARCH ACTIVITY WILL BE
TESTED.

o STATISTICAL EXPERIMENTS WILL ENABLE

- EVALUATION OF ADDITION OF INDIVIDUAL SPECTRAL VARIABLES TO CROPCAST
- EVALUATION OF SEVERAL SPECTRAL VARIABLES JOINTLY IN THE PREDICTION MODEL
- EVALUATION OF THE MODEL BOTH WITH AND WITHOUT SPECTRAL INPUTS

o THE SENSITIVITY OF THE MODEL TO SPECTRAL INPUTS AND MISSING SPECTRAL DATA WILL
BE ASSESSED.

S0



SpeciFic OBJECTIVES

o DETERMINE THE SENSITIVITY OF THE YIELD ESTIMATES PRODUCED BY CROPCAST 70
CHANGES IN FACTORS WHICH MAY HAVE SPECTRAL INPUTS:

PLANTING DATE
DEVELOPMENT STAGE

EvaPoTRANSPIRATION (ET)

POTENTIAL EVAPOTRANSPIRATION (PET)

o EVALUATE THE UTILITY OF SPECTRALLY-DERIVED CROP DEVELOPMENT STAGE INFOR-
MATION IN AGROMET YIELD PREDICTION:

- ASSESS THE EFFECT OF USING SPECTRAL INFORMATION IN THE CROPCAST
DEVELOPMENT STAGE SUBMODEL ON DEVELOPMENT STAGE ESTIMATES

- ASSESS THE EFFECT OF USING SPECTRAL INFORMATION IN THE CROPCAST
DEVELOPMENT STAGE SUBMODEL ON YIELD ESTIMATES

S



SPECIFIC NBJECTIVES (CONT.)

o EVALUATE THE UTILITY OF SPECTRALLY-DERIVED VARIABLES ON ESTIMATES OF ET
AND PET usep By CROPCAST

- TEST AND EVALUATE AN ET SUBMODEL UTILIZING SPECTRALLY-
GENERATED LAI ESTIMATES IN THE CROPCAST FRAMEWORK

- TEST AND EVALUATE AN ET SUBMODEL UTILIZING SPECTRALLY-
GENERATED SRI ESTIMATES IN THE CROPCAST FRAMEWORK

o EVALUATE THE DIRECT ADDITION OF SPECTRAL DATA TO THE YIELD PREDICTION RATHER
THAN ONLY THRoucH THE ET AND PET SuBMODELS

- lISE OF SPECTRAL DATA PREDICTION AS CONFIRMATION TO THE
METEOROLOGICAL MODEL

- USE OF SPECTRALLY-DERIVED VARIABLES AS COVARIATES IN THE
YIELD EQUATION

A



SpeciFic OBJECTIVES (CONT.)

o USE SPECTRAL TECHNIQUES TO IDENTIFY DROUGHT-STRESSED REGIONS USING LANDSAT

DATA AND COMPARE STRESS ASSESSMENTS OBTAINED IN THIS WAY WITH THOSE GENERATED
BY THE CROPCAST suBMODEL,

- DETECT STRESS-INDUCED SPECTRAL PATTERNS IN LANDSAT SEGMENT DATA
AND COMPARE THE LOCATIONS AND TIMES OF THESE EVENTS WITH SIMILAR
EVENTS IDENTIFIED BY CROPCAST

- Assess THE EFFecT oF OVERRIDING CROPCAST STRESS ESTIMATES BY
SPECTRALLY-DERIVED STRESS ESTIMATES

o IDENTIFY MAJOR CULTURAL PRACTICES AND LAND USE
(E.G., IRRIGATION, FALL PLOWING, DOUBLE CROPPING, HARVEST OPERATIONS)

- AsSESS PERCENT OF CROPLAND BEING IRRIGATED TO REFINE CROPCAST sorL
MOISTURE ESTIMATES AND WEIGHT YIELD ESTIMATES FOR IRRIGATED AND
NON-IRRIGATED AREAS

- IDENTIFY HARVEST-RELATED PATTERNS IN MULTISPECTRAL DATA AND DEVELOP
ALGORITHMS TO ASSESS HARVEST PROGRESS

- ASSESS UTILITY OF SPECTRAL DATA IN DETERMINATION OF FIELD PREPARATION



CROPCAST PREDICTION NOF POTENTIAL EVAPOTRANSPIRATION

JULIAN HOUR LONGITUDE GROWTH STAGE AIR DEW POINT WIND
DATE (GMT) LATITUDE OF CROP (BMT) TEMPERATURE TEMPERATURE SPEED
y ) CLOUD TYPES Y
SOLAR SOLAR HOUR AND AMOUNTS urum\;uon
DECLINATION ANGLE ) V;;O E
| | ALBEDO PRESSUR
Y v
SOLAR ZENITH | | ATmospHERIC | | PRECIPITABLE ACTUAL VAPOR
ANGLE "] TRANSMISSIVITY | WATER - PRESSURE
\L Y
- DIRECT SOLAR
SOLAR RADIATION _ | RaDIATION AT CLEAR SKY
CONSTANT —»! AT TOPOF > SURFACE —»| LONGWAVE |«
ATMOSPHERE (CLEAR SKY) RADIATION
Y Y ¥ y Y Y Y Y Y \ I/
D’::g"’:glfﬁ:: TOTAL CLEAR SKY NET INCOMING NET OUTGOING s:_’;g:?"; N ETP
SURFACE || SOLAR RADIATION »! SOLAR RADIATION LONG-WAVE el WIND
FACTOR
(CLEAR SKY) AT SURFACE AT SURFACE RADIATION PRESSURE

Y

1

NET RADIATION
AT SURFACE

ETP




CROPCAST PLANT GROWTH MODEL
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amT |, e fa jee
ATMOSPHERE
BMT, DRY DOWN DEMAND
CURVE FACTOR FACTOR

kﬂM'ﬂ

|
C

PRECIPITATION,;

G

START SOIL
MOISTURE

STRESS

EVAPQOTRANS-
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CROPCAST YIELD PREDICTION

o COMPUTE STRESS TERM FOR EACH DAY BASED oN ET anp ETP

STRS; = 1.0 - o (ETPBASE-ETPj) -8In(ET;/ETP{)[0.1]
STRS; - effective daily stress on day i

ETPBASE - climatic variable which usually is maximum ETP

ETi - total ET on day i

©  COMPUTE CUMULATIVE YIELD LOSS TO DATE OF PREDICTION

Cumulative loss

LOSS =
i

STRS; +* MAXLOSSj

M=

1
MAXLOSS;- maximum daily yield loss in percent

o COMPUTE PREDICTED YIELD FOR A REGION

YIELDce]] = MAXYIELD*(1 - LO0SS/100)

MAXYIELD - estimated local yield attainable if all
factors (weather, etc.) are ideal



RESULTS EVALUATION

o RESULTS WILL BE EVALUATED BASED ON

- ACCURACY
- SPATIAL RESOLUTION
- TIMELINESS OF OBSERVATION

o ACCURACY OF YIELD ESTIMATES WILL BE DETERMINED BY

- EVALUATION ON OBSERVED FIELDS IN SEGMENT DATA
- ComparISON WITH USDA/ESCS STATISTICS AT COUNTY AND HIGHER LEVELS
(OR FOREIGN EQUIVALENT)

o ACCURACY OF AG VARIABLES (E.G., DEVELOPMENT STAGE, ET)

- COMPARISON OF DEVELOPMENT STAGE WITH GROUND OBSERVED SEGMENT DATA
AND USDA REGIONAL ESTIMATES

- EvaLuaTion oF ET wiTH Crop MorsTure INDEX (USDA)

- EVALUATION OF CULTURAL PRACTICES BASED ON SEGMENT INVENTORY DATA
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PROGRESS LAST RUARTER

o PRESENTED IMPLEMENTATION PLANS AT JSC
o INITIAL CONTACT AND PLANNING WITH EARTHSAT

PLANS FOR NexT QUARTER

o REFINEMENT OF APPROACH WHEN EARTHSAT IS UNDER CONTRACT
o DESIGN OF SPECTRAL DATA INTERFACES WITH CROPCAST

o INITIATION OF SENSITIVITY ANALYSES
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FIELD RADIOMETER ACQUISITION

SpeciFic OBJECTIVE:

To ACQUIRE FIELD RADIOMETERS, DATA LOGGERS, AND INSTRUMENTATION
BOOMS NECESSARY TO AUGMENT THE SUPPORTING FIELD RESEARCH GROUND
DATA ACQUISITION. )



. MAJORITY OF HARDWARE SPECIFIED AND ORDERED
. PLANS MADE FOR MODIFICATION OF PICK-UP TRUCKS

W N =

. PURDUE DATA LOGGER STREAMLINED FROM PROTOTYPE
4., PLANS FOR HELICOPTER SYSTEM BEGUN

PLANS FOR NEXT QUARTER

1. INSTALL BOOMS ON PICK-UP TRUCKS
2. INSTALL POLYCORDER DATA LOGGERS AND OTHER INSTRUMENTATION -
usING MopeL 100 SENSORS

Y



15
12

N = N = U

10

EQUIPMENT ACQUISITION

BARNES MoperL 12-1000 MODULAR MULTIBAND RADIOMETERS
OMNIDATA POLYCORDER DATA LOGGERS (TRUCK OPERATIONS)
PURDUE DATA LOGGERS (HELICOPTER OPERATION & BACK-UP)
N1koN/PurDUE 250 FRAME 35MM MOTOR DRIVE CAMERAS
Nikon 36 FRAME 35MM MOTOR DRIVE CAMERAS

LoNG BOOM WITH PICK-UP TRUCK MODIFICATIONS

SHORT BOOM WITH PICK-UP TRUCK MODIFICATIONS

SHORT BOOMS

CALIBRATION PANELS

&/
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1981 DEPLOYMENT

MODIFY : CAL
SITE SENSOR BOOM TRUCK LOGGER CAMERA PANEL DATE
PurDUE MMR LONG YES POLY -~ 250mMD 2 APRIL
"~ PurbuE
KansAs STATE MMR LONG YES POLY 36MD 3 APRIL
S. DakoTta STATE MMR SHORT YES POLY 36MD 2 JUNE

NEBRASKA MMR LONG YES POLY 250 mp 2 MAY




1TEM

DATA CHANNELS
DYNAMIC RANGE
ACQUISITION INTERVAL
RESOLUTION
ACCURACY (TOTAL)
LINEARITY AND NoOISE (25 ()
TEMP CO
MEMORY CAPACITY
10 CHANNELS + HOUSEKEEPING
15 CHANNELS + HOUSEKEEPING
MEMORY RETENTION
DIGITAL OUTPUT

POWER
SIZE

MASS

DESCRIPTION OF DATA LOGGERS

PURDUE LO

15
0 1o 5 voLTs
0.8 MILLISECONDS, ALL DATA
12 BITS

11T
- 0.05 B17/c®

|+ +

4096 OBSERVATIONS
3120 OBSERVATIONS
30 pavs
16 BIT PARALLEL
H.P. 975
12v @ MA
12 x 13,25 x 9.19" 1n°
30 x 33,7 x 23.3 oo’
EST 8.2 K G

63

POLYCORDER LOGGER

10
N 10 5 voLTS
4) MILLISECONDS, 8 CHANNELS
12 BITS

1 BIT
0.04 B17/CO

P+1+

4090 OBSERVATIONS
N/A
30 pavs
Rs232c
4 Bcp pIGITS
INTERNAL PRIMARY & BACK-UP
8 x 4,75 x 3 IN°
20,3 x 12.1 x 7.62
1.5 ke



TRAINING AND COORDINATION
OF
RADIOMETER USERS

OVERALL OBJECTIVE:

TRAIN AND COORDINATE NEW INVESTIGATORS IN THE USE OF FIELD
RADIOMETER SYSTEMS

SPECIFIC OBJECTIVES:

- IDENTIFY AND SELECT USERS
- PREPARE AND DISTRIBUTE MANUALS DESCRIBING SYSTEM OPERATION,

DATA HANDLING, MAINTENANCE, AND CALIBRATION
- CONDUCT ON SITE TRAINING SESSIONS
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CCo OR T UARTE
USERS IDENTIFIED (TENTATIVE) IN CONCERT WITH TECHNICAL MONITOR

1981 INVESTIGATORS IDENTIFIED AND PLANS FOR IMPLEMENTATION BEGUN
- PURDUE
- KANSAS STATE
- S.D. STATE
- NEBRASKA



FIELD RESEARCH DATA ACQUISITION, PREPROCESSING AND MANAGEMENT

OVERALL OBJECTIVE

ACQUIRE, PREPROCESS, AND MANAGE THE REQUIRED DATA (SPECTRAL, AGRONOMIC,
METEOROLOGICAL, AND OTHER ANCILLARY DATA) TO SUPPORT THE CROP IDENTIFICATION,
AREA ESTIMATION, AND CONDITION ASSESSMENT FIELD RESEARCH TASKS IDENTIFIED IN
THE AGRISTARS SupporTING FIELD RESEARCH PROGRAM TECHNICAL PLAN,

%




SpeciFic OBJECTIVES FOR 1981 (WITH COMPLETION OR TARGET COMPLETION DATE)

1. ExPERIMENT DESIGN
DEFINE AND COORDINATE 1981-82 FIELD RESEARCH EXPERIMENTS

WITH CORN-SOYBEAN, SMALL GRAINS, AND COTTON—RICE RESEARCH TEAMS

- DEVELOPMENT STAGE

- EsTimATION oF LAI, PERCENT COVER, ETC.
- CROP STRESS

- CULTURAL PRACTICES

- SoIL BACKGROUND EFFECTS

47




SpEcIFICc OBJECTIVES FOR 1981 (WITH COMPLETION OR TARGET COMPLETION DATE) CON'T.

2. DATA ACQUISITION

(1) PREPARE AND CALIBRATE FIELD REFLECTANCE STANDARDS (5/30/81)

(2) AcquiRe 1981 PurRDUE AGRoNoMY FARM FIELD RESEARCH DATA USING ExoTecH 100
AND/OR BarnEs 12-1000 (10/15/81)

*(3) ACQUIRE DETAILED AGRONOMIC MEASUREMENTS FOR SELECTED FIELDS AT WEBSTER Co.,
IA TEST site (10/15/81)

(4) CoLLECT FSS DATA OVER GRAY PANELS AND GREEN COLOR PANEL (9/1/81)

(5) DETERMINE, ACQUIRE, AND/OR ASSEMBLE FIELD RESEARCH SOILS AND/OR CROP
INFORMATION FOR ARGENTINA AND BraziL (9/1/81)

*(6) ACQUIRE LEAF AREA METERS EOR USE AT CORN/SOYBEAN TEST si1TEs (5/1/81)

(7) CoORDINATE ACQUISITION AND PREPROCESSING oF 1981 WemsTER Co. AND Cass Co.
FIELD RESEARCH DATA wiTH NASA/JSC (5/1/81)

¥*

CANCELLED



3.

SPECIFIC OBJECTIVES FOR 1981 (WITH COMPLETION OR TARGET COMPLETION DATE) CON'T.

DATA PREPROCESSING

(1)

(2)

(3)

(1)

(5)

(6)

(7)

(8)

(9)

(10)

(11)

(12)

(13)

(14)

PrReProCESS 1980 PurDuE Acronomy FARM ExoTEcH 20C Data (CompLETED 1/27/81)
PRePRoCESS 1980 Purpue AcroNoMy Farm ExoTecH 100 Data (CompLETED 1/12/81)
UppaTE 1980 PurDUE Acronomy FARM AGRONoMIc DATA (CoMPLETED 2/27/81)
CompLETE 1979 FSS pATA PREPROCESSING (CoMPLETED 3/16/81)

Preprocess 1980 FSS pata (7/1/81)

PRePROCESS 1980 AIRCRAFT NSOOL MULTISPECTRAL SCANNER DATA (7/1/81)
PRePROCESS 1980 AIRCRAFT RADAR DATA (9/1/81)

CoMPLETE PREPROCESSING OF 1979 corRN LEAF SPECTRA (CoMpLETED 1/22/81)
PREPROCESS 1981 ExoTecH 20C paTa (1/1/82)

Preprocess 1981 ExoTecH 100 paTa (1/1/82)

PrREPROCESS 1981 BARNES 12-1000 paTA (1/1/82)

Preprocess 1981 FSS pata (4/1/82)

PREPROCESS 1981 AIRCRAFT SCANNER DATA (3/1/82)

PReproceEss 1981 RADAR DATA (7/1/82)
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SPECIFIC NBJECTIVES FOR 1981 (WITH COMPLETION OR TARGET COMPLETION DATE) CON'T.

4, Data Base MANAGEMENT

DISTRIBUTION

(1) - DISTRIBUTE DATA FOR ALL APPROVED REQUESTS

MAINTENANCE

(1) - CorrecT ERRORS IN 1979 Purpue AcronNomy FAarm DaTa (6/1/81)

(2) - CoNvert 1974-79 FSS TAPES TO NEW TAPE FORMAT, ADD ADDITIONAL AGRONOMIC
DATA, AND DO WAVELENGTH CORRECTION., (10/1/81)

(3) - ADD ADDITIONAL AGRONOMIC DATA WITH NoRTH DAKOTA AND Kansas 1975-77
AGRICULTURE EXPERIMENT STATION DATA (11/1/81)

() - STORE COPY OF SPECTROMETER/MULTIBAND RADIOMETER DATA IN A VAULT (11/1/81)

(5) - DETERMINE PROCEDURE FOR INCLUDING SMALL GRAINS AND COTTON/RICE FIELD

RESEARCH DATA INTO FIELD RESEARCH DATA BASE STORED AT LARS (6/1/81)

/b
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SPECIFIC NBJECTIVES FOR 1981 (WITH COMPELTION OR TARGET COMPLETION DATE) CON'T.

4, DATA BASE MANAGEMENT (CON'T.)

DOCUMENTATION
(1) - UrpATE EXPERIMENT SummariES (14/1/81)
(2) - PUBLISH COPY OF SPECTROMETER/RADIOMETER TAPE FORMAT (LARS PUBLICATION
AND/OR NASA pusLicaTION) (5/1/81)
(3) - PUBLISH COPY OF SPECTROMETER/MULTIBAND RADIOMETER DATA RECORD FORMS AND
INSTRUCTIONS (6/1/81)
(4) - UPDATE FIELD RESEARCH CATALoG (11/1/81)
VERIFICATION

(1) - PRODUCE DOCUMENT CONTAINING RECORD OF FSS DATA COLLECTED OVER CALIBRATION
PANEL (12/1/81)

(2) - PRODUCE DOCUMENT CONTAINING SUMMARY OF FSS DATA COLLECTED OVER FIELDS (2/1/82)




SpeciFic OBJECTIVES FOR 1981 (WITH COMPLETION OR TARGET COMPLETION DATE) CON'T.

i, Data Base MaNAGEMENT (coN'T.)

SOFTWARE SUPPORT

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

IMPLEMENT WAVELENGTH CORRECTION oF 1975-79 paTa 1N LARSPEC (4/15/81)

IMPLEMENT CAPABILITY TO PLOT DATA WITH DIFFERENT WAVELENGTH RESOLUTIONS
ON THE SAME GRAPH IN LARSPEC, EG. MULTIBAND RADIOMETER AND FSS pata (4/15/81)

UppaTE LARSPEC pocumenTATION (10/1/81)

IMPLEMENT REQUIRED GRAPHICS RQUTINES TO SUPPORT CROP DEVELOPMENT STAGE AND
CROP VEGETATION TASKS. (WORKING SYSTEM COMPLETED 1/31/81)

IMPLEMENT WESTINGHOUSE VERSION OF GCS INCLUDING CONTOUR PLOTS, SURFACES PLOTS,
HIGH LEVEL GRAPHIC ROUTINES (5/1/81)

IMPLEMENT NON-UNIFORM BAND AVERAGES IN LARSPEC (9/1/81)

[MPLEMENT SPECTROMETER/MULTIBAND RADIOMETER SEARCH SOFTWARE (EQUIVALENT TO
SUBSET ror R, T & E paTA BASE) (12/1/81)

COMPLETE IMPLEMENTATION OF SOFTWARE TO READ MULTIBAND RADIOMETER DATA FROM
DATA LOGGER THRU THE PDP 11 (10/1/81)

IMPLEMENT CAPABILITY TO STORE AGRONOMIC OBSERVATIONS FOR PLOTS WHICH HAVE NO
SPECTRAL DATA (11/1/81)



AccoMPLISHMENTS For THIs QUARTER

1. DATA PREPROCESSING

(1) PREPROCESSING OF 1980 SPECTRAL AND AGRONOMIC DATA COLLECTED AT PURDUE
AGRONOMY FARM COMPLETED FOR ALL EXPERIMENTS:

WHEAT D1SEASE

WINTER WHEAT FERTILIZATION
CorN CuLTURAL PRACTICES
SovyBEAN CULTURAL PRACTICES
SoYBEAN Sun ViEw ANGLE
SoYBEAN Row DIRECTION

(2) LAST AVAILABLE DATES ofF 1979 FSS pata compLETED., 10/25 & 11/2.

(3) 1979 CORN LEAF SPECTRA COMPLETED



AccoMPLISHMENTS For THIS QUARTER (coNn'T.)

2. DATA BASE MANAGEMENT

(1) AIRCRAFT MSS AND FSS DATA DISTRIBUTED TO GODDARD INSTITUTE FOR
SPACE STUDIES

(2) EXPERIMENT SUMMARIES COMPLETED FOR 1980 PURDUE AGRONOMY FARM
EXPERIMENTS.,

77
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ORGANIZATIONS INVOLVED IN ACQUISITION OF 1981 CORN/SOYBEAN FIELD RESEARCH DATA

+ NASA/JoHNSON SPACE CENTER
. PURDUE/LABORATORY FOR APPLICATIONS OF REMOTE SENSING

. UNIVERSITY OF NEBRASKA
CORN/SOYBEAN TEST SITES

+ TipPECANOE Co., INDIANA
+ McPHERSON Co., NEBRASKA

+ WEBSTER Co., lowa



SuMMARY oF CoRN/SoYBEAN FIELD RESEARCH TEST SITES AND MaJor Crops IN DATA BASE

"TesT SITE MAJOR Crop
STATE  CounTy | - CRoP . . YEARS ... -
INDIANA, TIPPECANOE CoRN & SOYBEANS 1978-1980
WINTER WHEAT 1979-1980
Iowa, WEBSTER CorN & SoYBEANS 1979-1980
NEBRASKA, McPHERSON CoRN 1979-1980
*11,S, & BRAZIL' 250 SoiL TYPES 1978

*APPLICABLE FOR ALL FIELD RESEARCH TEAMS



SUMMARY OF SMALL GRAINS FIELD ReseArcH TEST S1TEs AND MaJor Crops InN DATA Base

Test S1TE MAJOR - Crop
State  CounTty CroP YEARS
Kansas, FINNEY WINTER WHEAT 1975-1977

NorTH Dakota, Cass SPRING WHEAT 1980
BARLEY
SUNFLOWERS
SOYBEANS
NorTH DAKoTA, WILLIAMS SPRING WHEAT 1975-1977
SouTtH DakoTA, HAND SPRING WHEAT 1976-1979

WINTER WHEAT

4
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SuMMARY OF CoTTON/R1cE/SorGHUM F1ELD RESEARCH TEST SITES AND MAJorR CroPs IN DATA BASE

TesT SITE MaJor Crop
STATE CouUNTY CrRorP ~ YEARS
Texas, WHARTON CoTTON 1980

RicE

SOYBEANS
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Summary oF NASA/JSC FieLp ReseArcH DATA BAsE

CroP YEAR(S)

INSTRUMENT/DATA TYPE ) - 11575-1980
LANDSAT MSS WHoLE Frame CCT (FRAMES 124
ATRCRAFT MULTISPECTRAL ScANNER (DATES/FLIGHTLINES) 544/335

HeL1copTER MOUNTED F1ELD SPECTROMETER (DATES/OBSERVATIONS)

F1eLD AVERAGES 89/7769
INDIVIDUAL Scans 89/131,009

Truck MounTED F1ELD SPECTROMETER (DATES/OBSERVATIONS)

NASA/JSC FEAS 45/813
Purbue ExoTecH 20C 141/8489
NASA/ERL ExoTecH 20D 45/645

TRuck MounNTED FIELD MULTIBAND RADIOMETER (DATES/OBSERVATIONS)
Purbue ExoTecH 100 95/24,491




No

/4

PLANS FOR NEXT QUARTER

EXPERIMENT DESIGN

+ COMPLETE PLANNING OF 1981 EXPERIMENTS

DATA ACQUISITION

. PREPARE AND CALIBRATE FIELD STANDARDS

. BEGIN ACQUISITION OF PURDUE AGRONOMY FARM DATA
DATA PREPROCESSING

+ CompLETE 1980 Cass Co., & WeBsTER Co. NSO01 paTa

DATA MANAGEMENT

« CORRECT ERRORS IN 1979 PurRDUE AGRONOMY FARM Ac DATA
. DETERMINE METHOD FOR INCLUDING SMALL GRAINS/COTTON/RICE DATA INTO DATA BASE
+ FSS WAVELENGTH CORRECTION IMPLEMENTED IN LARSPEC
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5B. Supporting Field Research Data Acquisition, Preprocessing and Management

1981 1982

D J}J}FMJA MIJ JJA SO NID JJF MJIA MiJ J}JA S0 N

r 1

Prepare Implementation Plan H

Quarterly Progress Reports

Final Report

Experiment Design

1981-82 Corn/Soybean Plan

1982-83 Corn/Soybean Plan

Assist Small Grains/Cotton/Rice Groups

Data Acquisition

SHEY . b4 4 -4

Prepare & calibrate field standards

N it " - 1+

Acquire Purdue Agronomy Farm data

Tt teftid ] T I I R A R

*Acquire corn/soybean ITS ag meas.

HERERENN ‘ [TITTITIT

PR S Y ed — 44—

Acquire FSS data over panels

*Acquire Leaf area meters -

U R U - . [ S O -8 b 1-4 . —

BRE [ ]

Assemble Argentina/Brazil F.R. data

Coordinate acquisition of corn/soybean IEEE 3 — | B e 1 ; RN

ITS data with JSC

* Cancelled as of 3/16/81
1SC Form 18568C (Rev Jun 68) NASA-JSC
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Supporting Field Research Data Acquisition and Management (con't.)

| 1981 1982

D J}F MpA J J}A SO N§yD JY{F MJA M}J JJA S 0 N

1 T n

Data Preprocessing

1980 Purdue Farm '20C' data

1980 Purdue Farm '100' data

Update 1980 Purdue Farm Ag data

Complete 1979 FSS data L '

1980 Cass Co. FSS data J

et
o

—
_—
jovnd
-

1980 Webster Co. FSS data
o i OO TS O SO R OO O O O S O ne

1980 Cass Co. NSOOL data T

e eme § . . -} I

1980 Webster Co. NS00l data A1

1980 Wharton Co. NS00l data

1980 McPherson Co. NS00l data

1980 Saunders Co. NS00l data

1980 Aircraft radar data i
Complete 1979 corn leaf spectra J: _

4 4 -4 bt 4—8 44—+ §-t -1 441344 F-}-8-4

1981 Purdue Farm '20C' data

1981 Purdue Farm '100' data

SV T S P -4 =ty

T T : . +t it -
1981 Purdue Farm '12-1000' data — ‘ e . , 1ttt B e

prtr byl

1981 FSS data

ST Tl T Tttt

Y N S [ SN . o —4--4— — SUu YR

1981 Adircraft scanner data

1981 Aircraft radar data AN AN RERNES L1

o - R S SN SU Y N o .

— I - B O Y O TR T i - + 4414 . [ O (G o

-4 - o d o R U S S S SHEp VR S . - - B T WP I J6 Wi WS S SO S

ISC Form 1858C (Rev Jun 886) NASA-JSC
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Supporting Field Research Data Acquisition, Preprocessing, and Management (con't.)

fPata Management

Distribution of data

Maintneance of present data base

Correct errors in 1979 Purdue Agdata
Convert 1974-79 FSS tapes to new

format, add ag data & wavelength

correction

Add ag data to 1975-77 data

Store copy of data in vault

Determine method for including small

grains/cotton/rice data into

data base -
Documentation
Update experiment summaries
Publish spectrometer tape format
Publish record form descriptions )} i1 | §.i_L
Update catalog
Verification R
Document FSS calibration panel data -
Summary of FSS data over fields
441

JSC Fotm 1858C (Rev jun B88)

NASA-JSC
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Supporting Field Research Data Acquisition, Preprocessing, and Management (con't.)

| 1981 I 1982
Il F A _§ J |E My J JlA
Data Management (con't.) . m.s N O U O O O O Y O O A
Software Support 11 dbt % 0 0 N T U U 0 O A U NN G 0 N ) Gt gy B ]
FSS )\ correction in LARSPEC . ¥ bbbl 4 14 R U I O O O W B A
Plot different A resolutions . RN 0 T A U O A . 4.
(LARSPEC) 1. EREE RN ) _ ERENEEE RSN
Update LARSPEC documentation _ ——l : I : .
Non-uniform hand averages (LARSPEC) 1 ‘ I .
Growth stage graphics software e AT O U O U 6 D A O I G
| I -1 TTTT1VT T ]
Implement Westinghouse GCS = S T T O A S S 4 -~ -
Spectrometer search software . d.11. . B I i . -
Complete software to read radio- ) _ ISR NN N ENEEENE RwEN
meter thru PDP11 = . - Al S B O B BN b
e e o - — a - e S 4 b-—4- -+ 1 _-J-— - = - 4
Implement capability to store Ag dirivdd o i b L IR RN AEEN
data with no spectral data R N O I 6 0y B SR S R . 4.4 T R S .
- S . 1 A - 4 — — [ N S
- - - . . 1 - — —
e —— —_ - 4 4 - 4 w — —4
- - 4 - 4 4-4-
NASA-JSC

JSC Form 1858C (Rev Jun 88)



