LACIE-00468
.1,512:91”373é 12 4
Am -9959F%

LARGE AREA CROP !AVENTORY EXPERIMENT {LACIE]

. (E79-10124) LAEGE ARER CREOP INVENWICEY yi15-1839%

, EYPERINFANT (LACIFY. FERSIPILITY CF

© ASSESSING CRCE CONDITION RXD YIFLD FEOM

. LANDSAT DA4A (NASAK) 141 p HC RO7/MF A01 dnclas
CsCL 02C 63783 05124

AND YIELD FROM LANDSAT DATA

Lynﬁm 6 JGMam Space Center

a

Bt ot kg

B




PREFACE

A 1-day set of briefings on the feasibility of assessing crop
condition and yield from Landsat data wacs given at NASA Head-
quarters on September 27, 1977, to allow an assessment of the
technical status and remaining technical issues on this important
topic. It allowed an update on the Landsat aspect of yield from
the earlier 1974 NASA JSC Wheat-Yiald Conference (NASA TM
X-58158, JSC-09256, April 1975).

M\ =
/ dJon D. Erickson
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SECTION 1

INTRODUCTION AND SUMMARY

By
° Jon D. Erickson and Richard G. Stuff

The purpose of the briefings was to:

o Present the technical status of key investigations in the
assessment of crop condition and yield using Landsat data.

o Identify the technical issues that are currently limiting
the research progress or applications of Landsat to yield
estimation.

e Provide briefing charts and sufficient textural materfal

to publish a readable report documenting the technical
status and issues.

The briefing agenda consisted of the same order of subjects
and speakers as given in the table of contents.
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The objective of yield modeling for crop production estimation is to derive

2 means of predicting the within-a-year yield and the year-to-year variability
of yield over some fixed or randonlx located unit of area. Yield prediction
models have traditionally been empirical functions of weather variables (1) or
in-season sampling of crop dry matter and stand parameters (2). The need for
improved yield models incorporating satellite data was described for the Large
Area Crop Inventory Experiment (2-4)* and by USDA personnel a:tending the
briefings. In addition to better yield predictions for their component role
in production, they can also contribute to crop identification and area
detarmination by remote sensing since expected values of yield indicate the
condition of a standing crop and the probability that an area or portion
thereof will not be harvested can be computed. Preliminary studies indicate
that the r-quirements for interpreting Landsat data for yield may be suffi-
ciently similar to those of signature extension that it is feasible to
investigate the automated estimation of production (4-24).

The model approaches proposed for estimating yield from Landsat data are

based on the axplicit or implicit use of crop condition variables. Although
crop condition and Landsat data may be analyzed separately, it should be
recognized that the ultimate function is to employ the results in yield or
production prediction. A preferable method for describing or quantifying

crop condition is in terms of expected yield per unit area and conversely,
expected yield relative to normal should provide the best available quanti-
fication of crop condition.

To date, none of the crop condition indicatars described in the briefings
have been functionally related to yield in a tested model. Some of the crop
condition indicators used in the described Landsatfyield studies are detrac-

tant cause (3-16), percent green cover (4-11), redness in Landsat color

composites (5-4), threshold index of transformed Landsat data (5-7), stand
quality (5-28), two or three classes of stress estimated at 12.5 x 12.5 n.m.
coordinates on Landsat images (7-2), and LAI at given growth stages (6-7).
A correlation between percent green cover and yields was 1nd1cated for

*Number-numbers in parentheses refer to pages in this report.
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“observations from a LACIE test site (4-11). Also the correlations between
leaf area duration and yield as reported by Welbank et al. are frequently
cited (3-1) even though these correlations were insignificantly low or
negative for winter wheat. In other cases the field measured crop
condition-yield comparison is omitted (6-7). The lack of yield models

' based on ground observed crop conditiori variables could be considered one
of the voids in the technology for estimating yields from Landsat.

The main potential or feasibility indicators for using Landsat data to esti-
mate yield are the spot correlations (not mocels) between MSS data and crop
c~~dition or yield. Where the same data are used in both cases, the correla-
tion between yield and spectral data appears to be as_high as that between
crop condition and the spectral data (4-11 to 13, 5-28). This similarity
suggests that the spectral data may contain more yield "information" than
the individual crop condition parameters. Analytical definitions or statis-
tical proofs of the crop condition parameters which are actually “"viewed® by
Landsat data apparently are not available, and more than one crop feature may
be associated with the yield effects. The yieid-lLandsat indicator correla-
tions also show changes with crop calendar (3-3, 5-27) with the peak correla-
tion apparently near heading. Thus_§g§§§ﬁ§];j§§5§;555¥657:.ﬁﬁagzﬁiiiféllim
induced variability in crop calendars must somehow be taken into account in
yield models using Landsat.
The concept of an advarnced yiéid.mode1mgohsisting oftbdth sﬁectraliand
meteorological components was endorsed (2-17, 4-25, 5-22, 8-4). Rationale
for using meteorological parameters originates from known between season and
near harvest dynamics in crop environmental-condition-yield relaticnships.
On the other hand, MSS spectral components could both simplify and make

" advanced yield models more accurate by accounting for the multitude of yield
affecting factors integrated by the crop up to the reflectance observation
time. Studies with the infrared bands planned for Landsat C and Landsat D
indicate that they will provide even more crop condition and yield infor-
mation than the current Landsat data (3-4).



As interim or alternatives to the direct use of Landsat data in yield models,
the briefings presented two indirect approaches where Landsat data is used in
conjunction with available yield models. Procedures indicating some feasi-
bility were those where Lancsat estimated LAI is input to ET or Growth Models
(6-13), Landsat interpretated overrides to crop diagnostic submodels (7-2),
and monitoring the areal extend of drought (5-1 to 9). The improvement rela-
tive to the equivalents of these procedures without Landsat data has not been
experimentally (statistically) evaluated.

An initial list of technical issues relating to the develcpment of advanced
yield models was presented (2-18), and several new ones were identified
during the briefings:

e Obtaining or identifying accurate estimates of true yields for specific
fields (4-14, 5-22, and 8-4).

¢ Accounting for within field variability of crop condition,‘yield, or soil
moisture for associated Landsat or thermal data (3-6 and 5-22).~

e Separation of crop development stage effects from crop condition variability
in model development.

The lack of definition of crop condition or features sensed by MSS data and
models relating ground observations of these variables to yield could also be
considered a technical issue.

Thus technical rationale and indicators (spot correlations) are the principal
criteria demonstrating the feasibility of using Landsat data for yield esti-
mation. To quantitatively assess the feasibility relative to conventional
methods of estimating yield still requires a considerable amount of model
development and testing on independent data. )



References:

1. Bafer, W. 1977. Note on terminology of crop-weather models.
WMD expert meeting on Crop-Weather Models, Ottawa, October 11-13.

2. USDA Statistical Reporting Service. Weather Objective Yield Survey -
Enumerator Manual, annual.



SECTION 2

LACIE EXPERIENCE AND NVERVIEW
OF JSC YIELD PROGRAM
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PRODUCTION
o WINTER WHEAT
o U.S. AND USSR ESTIMATES SUPPORTED 90/90 AT-HARVEST CRITERION
o SPRING WHEAT

o TENDENCY TO UNDERESTIMATE DUE TO ACREAGE UNDERESTIMATION IN
U.S. AND CANADA

¢ UNDERESTIMATE NOT OBSERVED IN USSR
YIELD
o SUPPORTED 90/90 CRITERION IN PHASE I AND I1 OPERATIONS
o LOCAL PROBLEMS OBSERVED IN AREAS OF EXTREME WEATHER TESTS
o 10-YEAR TESTS INDICATED PERFORMANCE MARGINALLY SUPPORTED 90/90 IN USGP



TECHNICAL MODIFICATIONS IN YIELD FOR PHASE 111

o INITIALLY, PHASE I1 TECHNOLOGY WAS USED
o CCEA I YIELD MODELS ARE IN PHASE 11
o YIELD
o MODIFICATION OF CCEA I MODELS - IMPLEMENTED APRIL 77
o EXPANDED TO PREVIOUSLY UNMODELED AREAS IN U.S., USSR
o REDEFINED MODEL BOUNDARIES IN U.S. TO ELIMINATE BIASES DUE TO OVERLAP
o EVALUATION OF SECOND GENERATION YIELD MODELS IN LIMITED AREAS
o KANSAS, NORTH DAKOTA, 1 USSR WW AND 1 USSR SW OBLAST
e PRODUCTION

o INCORPORATED GENERAL ASSESSMENT OF CROP CONDITION BASED ON CLIMATIC
AND LANDSAT DATA INTO REPORTS
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LACIE PHASE IIT RESULTS-TO-DATE SUMMARY

ESTIMATE ACCURACIES

IN THREE GLOBAL CROP YEARS, LACIE CROP SURVEY TECHNOLOGY HAS PRODUCED
SIGNIFICANTLY IMPROVED WHEAT PRODUCTION INFORMATION

o U,S, AND USSR WINTER WHEAT SURVEY ESTIMATES SUPPORTIVE OF 90/90
CRITERION 1-1/2 — 2 MONTHS PRIOR TO HARVEST

o PHASE IIT MODIFICATIONS PRODUCED SIGNIFICANTLY IMPROVED EARLY SEASON
SPRING WHEAT ESTIMATE IN COMPARISON TO PHASE II - HOWEVER, KEY
TECHNICAL ISSUES REMAIN WITH SMALL FIELDS/REGISTRATION

o YIELD ESTIMATES SUPPORTIVE OF 90/90 — TEST AND EVALUATION OF MODELS
MODELS PLUS POOR PERFORMANCE IN OTHER-THAN-NORMAL WEATHER CONDITIONS
INDICATES NEED FOR FURTHER IMPROVEMENT
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NASA/JSC YIELD RsD OBJECTIVES

GENERAL — DEVELOP IMPROVED TECHNOLOGY TO PREDICT MORE ACCURATELY AND WITH KNOWN
CERTAINTY, VALUE OF YIELD PER HARVESTED ACRE WHICH CAN BE USED IN
PRODUCTICN FORECASTING FOR LARGE U.S, AND FOREIGN REGIONS AT REGULAR
INTERVALS PRIOR TO HARVEST

SPECIFIC — OBTAIN MODELS WHICH:

¢ ARE UNIVERSAL IN APPLICABILITY WITH A MINIMUM OF ANCILLARY DATA

o ARE MORE RESPONSIVE TO WEATHER -- ESPECIALLY ABNORMAL AND
EPISODIC WEATHER

o INCORPORATE DIRECT OBSERVATION OF CROPS, WEATHER, SOILS, AND SOIL
MOISTURE FROM SATELLITES

o SUPPORT THE IDENTIFICATION OF PARTICULAR CROP IN REMOTE SENSING
PROCEDURES

o FLEXIBLE AND EFFICIENT TO OPERATE AND UPGRADE
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FY78 YIELD-RELATED SUPPORT™ ‘G RESEARCH & TECHNOLOGY

KSU - FEYERHERM

CONTINUE DEVELOPMENT AND TESTING OF KSU YIELD MODEL
KSU - KANEMASU

CONTINUE DEVELOPMENT AND TESTING OF KANEMASU GROWTH AND YIELD MODELS
USDA/ARS — WHEAT YIELD MCDELING TEAM

COLLECT DATA AND DEVELOP AN ADVANCED WHEAT YIELD MODEL
USDA/ARS — BLACK (FY77)

DEVELOP A MODEL OF WINTERKILL PERCENT
DPRA (FY77)

DEVELOP A WINTER WHEAT STARTER MODEL AND IMPROVED CROP CALENDAR MODE!
RFP

DEVELOP INPROVED TECHNIQUES FOR USING METSAT INFORMATION TO INTERPCLATE
PRECIPITATION AMONG FIRST ORDER STATIONS AND DERIVE SOLAR RADIATION
ESTIMATES: PROVIDE IN A FORMAT WHICH NOAA CAN IMMEPIATELY USE

RFP

DEVELOP A HYBRID YIELD MODEL BASED, PERHAPS ON THE FEYERHERM AGROMET
MODEL AND INCORPORATING LANDSAT - DERIVED (ET/ETP) OVERRIDES

. RFP

DEVELOP A MET-BASED MODEL WHICH PREDICTS CFOP LANDSAT SPECTRAL
APPEARANCE ON ANY CALENDAR DATE
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EXAMPLES OF YEAR-TO-YEAR VARIABILITY IN LARGE AREA
CROP YIELDS
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YIELDS ARE DETERMINED BY THE INTEGRATED EFFECTS OF
BASIC SOILS, CLIMATE AND CULTURAL FACTORS BY CROPS

\

YIELD MODELLING OBJECTIVE -
MATHEMATICALLY
ACCOUNT FOR AS MANY
AS POSSIBLE OF THE SOIL, WEATHER,
AND CULTURAL EFFECTS ON YIELDS

EFFECTS OF SOILS -
SPATIAL VARIATION ON:

® ORGANIC & MINERAL COMP
@ PHYSICAL STATUS

® CHEMICAL STATUS

® DRAINAGE CONDITION

18T
2ND

EFFECTS OF WEATHER - SPATIAL &
g TEMPORAL VARIATION OF:

'L’ 3RD | @ MOISTURE @ HEAT
ORDER i\ ® RADIATION @ MOMENTUM
INTER- ® C0,/0, CONCENTRATIONS
ACTIONS

® METEOROLOGICAL EPISODES

.~

R -
5 I .

\

FOR EXAMPLE:
® CROP CALENDER x DISEASES

® SOIL x SOIL
FERTILITY MOISTURE

SPATIAL AND/OR TEMPORAL
VARIATIONS:
® VARIETIES ©® FERTILIZATION

g\ @ TILLAGE & CROP ROTATIONS

x VARIETY



YIELD MODEL TYPES
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YIELD MODELLING
FUNCTIONS
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CCEA
FIRST GENERATION
WHEAT YIELD MODEL
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TEST AND EVALUATION RESULTS - SUMMARY TO DATE

o BASIC AGROMET REGRESSION MODELS (CCEA) CONDITIONALLY MEET 90/90 HYPOTHESIS
o POWER OF 10-YEAR TEST RELATIVELY LOW AND INDEPENDENCE OF SAMPLE RESTRICTED
OBSERVED AMPLITUDE ABOUT MEANS OF PREDICTED YIELDS IS SMALL COMPARED TO ACTUALS

o CASES OF BIAS OBSERVED IN INDIVIDUAL MODEL REGIONS
o (CASES OF LARGE SINGLE YEAR ERRORS IN INDIVIDUAL STRATA ARE OBSERVED
o VARIANCE COMPUTATIONS VALID

o POTENTIAL IMPROVEMENT BY SECbND GENERATION MODELS INDICATED BUT NOT YET

DEMONSTRATED ON FULL REGION (90/90) CRITERIA



FEYERHERM (KSU)
SECOND GENERATION
WHEAT YIELD MODEL
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CATE-LIEBIG
SECOND GENERATION
WHEAT YIELD MODEL
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HYBRID 1
SPECTRAL AND
AGRO-METEOROLOGICAL
YIELD MODEL CONCEPT
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KANEMASU (KSU)
YIELD MODEL CONCEPT
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ADVANCEII\)N SPECTRAL
AGRO-METEOROLOGICAL
YIELD MODEL CONCEPT




RATIONALE FOR METEOROLOGICAL-SPECTRAL HYBRID MODELS

o FOR METEOROLOGICAL PARTS

o ENVIRONMENTAL CONDITIONS AT CRITICAL TIMES IN CROP'S LIFE CYCLE CAN AFFECT
YIELD WITHOUT CHANGING ITS APPEARANCE

e [N MOST GRAIN CROPS THE YIELD COMPONENT IS HIDDEN FROM VIEW AND VARIES IN
PROPORTION TC THE VISIBLE VEGETATIVE COMPONENTS

o CAN UTILIZE AVAILABLE DATA SOURCES WHICH ARE INDEPENDENT OF CLOUD COVER
o INCORPORATE EXTENSIVE MODELING EXPERIENCE

"> e FOR SPECTRAL PARTS

o STANDING CROPS INTEGRATE MOST ENVIRONMENTAL AND CULTURAL EFFECTS UP TO ANY
POINT IN TIME, THUS HAVE POTENTIAL FOR DIRECT ASSESSMENT OF Nr- STRESS OR
DAMAGE. . .VIELD '

o CORRELATION OF SPECTRAL DIFFERENCES WITH FIELD-TO-FIELD YIELD DIFFERENCES
DEMONSTRATED

o DATA IS NOT SUBJECT TO ACCURACY DIFFERENCES BETWEEN REGIONS

LT
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" YNICAL ISSUES

DEFINITION OF OPTIMUM AGROPHYSICAL STRATA FOR YIELD AND AREA ESTIMATION
QUALITY CONTROL AND STANDARDIZATION OF MODEL BUILDING, TESTING, AND OPERATIONAL DATA

SAMPLING ENVIRONMENTAL FACTORS FOR FULL STRATA PREDICTION VS, PREDICTING YIELD FOR A
SAMPLE OF A STRATUM

OPTIMUM COORDINATES AND FREQUENCY FOR INTERPRETATION OF METEOROLOGICAL INPUTS FOR ANY
PARTICULAR MODEL

DEFINITION OF CROP FEATURES VIEWED BY REMOTE SENSORS AT VARIOUS TIMES OF SEASON

ACCOUNTING FOR WITHIN AND BETWEEN STRATA VARIABILITY OF CROP CALENDARS, SOIL CHARACTERIS-
TICS AND MANAGEMENT PRACTICES

o ADEQUATE AGROMET AND SPECTRAL ME"HODS TO PREDICT PLANTING AND CROP DEVELOPMENT STAGES
e ADEQUATE MODELS TO TRACK SOIi MOISTURE AVAILABILITY TO CROPS

DEVELOPMENT OF INTERCHANGEABLE SPECTRAL OR METEOROLOGICAL INPUTS FOR A COMMON YIELD MODEL
ESTIMATION OF FACTORS WHICH CAUSE TRENDS IN YIELD

DEFINING EFFECTS OF EPISODAL EVENTS WHICH ARE NOT TAKEN INTO COMPLETE ACCOUNT BY A MODEL
USE OF LANDSAT-C THERMAL BAND DATA iN PREDICTING YIELD '

UTILIZATION OF SERIAL CORRELATIONS (TIME, SPACE, AND CROP TYPES) INTO YIELD PREDICTIONS
APPROPRIATE TEST AND EVALUATION



SECTION 3

ON WINTER WHEAT YIELD FROM LANDSAT AND LANDSAT
FOLLOW-ON SATELLITES

J. C. Harlan, Jr.

Remote Sensing Center : S
Texas A§M University ORIGINAL PAGRYIY
College Station, Texas OF POOR QU

The feasibility for determining winter wheat yield from earth ob-
servation satellite data has been examined. The desirability of
utilizing crop observations for yield estimation is due in part to
the limitations of meteorological yield models. Models based on
metecrological data are adversely affected by the sparseness of
weather stations. In addition, yield reducing factors which are
not weather-related -- such as .nsects, diseases and soil fer-
tility -- are difficult to quantify for inclucion in the models.

The hypothesis that wheat yield can be determined from multitemporal
Landsat data is based on work relating grain yield to the size and
duration of the crop photosynthetic system and on studies relating
Landsat data to green biomass. Cereal crop grain yield can largely
be attributed to the photosynthesis during the growth and maturation
of the grain {1]. The amount of photosynthesis depends on two
factors: the size and duration of the photosynthetic system; and
the efficiency of that system.

The correlation between green biomass and the Transformed Vegetation
Index has been established [2, 3, 4]. The size of the photosynthetic
system of wheat is reflected in the Landsat measurement of green
biomass. Likewise, the duration of the system is determinable from
repetitive Landsat coverage. The system efficiency is variety de-
pendent, not measurable from Landsat, and, therefore, a noise factor.

in this study data has been analyzed for selected locations in the
southern Great Plains region of the United States, from four crop
years. High resolution spectral data acquired of commercial wheat
fields were used to simulate data from Landsat and projected Landsat
Follow-On sensors. Actual Landsat data were used as well. Field-
by-field yield data were acquired from farmers in terms of actual
harvested grain weight or from the U.S. Department of Agriculture
(USDA) in terms of yield/area extrapolated from field samples.

All Landsat data utilized in this study were treated under a stand-
ard procedure. The data preprocessing consists of 1) application
of a cosine correction for sur angle so that the sun appears to
have been at zenith; 2) grouping pixels by individual land units
(in this case, farmers' fields); and 3) calculation of the Landsat
pand mean vectcr and correlation matrix for each of the fields.

The Trarsformed Vegetation Index (T") 1is calculated from the
following equation:

Work supported by the U.S. National Aeronaut'cs nd Space Adminils-
trat1on through contract NAS9-14470.

e ——
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vy = \/MSS7 - MSSs .

+

Where the MSS values are the mean radiances (sun angle corrected)
for the given field.

S-191H spectral reflectance data (field spectra referenced to a
barium sulfate coated panel) were processed tc the bandpasses of
the Landsat MSS plus two other near infrared bands, one of which

is equivalent to the 1.55-1.75 um band proposed for the Thematic
Mapper for Landsat D. The_bands are given below. Vegetation param-
eters (VP) of the same form as the TVI were utilized with the S-
191H reflectance data. These parameters each use two of the band-
passes at one time as follows:

CRIGINAL F‘F“'Q

+ 0.5 gl P Y

and i - Band 2

VP2i = Band 1 + Band 2

Where i = 3, 4, S and 6; the Band values are the mean reflectance
values for the given field and the band limits are:

1 0.50-0.60 um 4 0.80-1.10 um
2 0.60-0.70 um S 1.15-1.30 um
3 0.70-0.80 um 6 1.45-1.75 um

Preliminary to determining the relationship of yield to spectral
data the correlation between Landsat TVI, calculated from sun angle
corrected radiance values, and the S-191H vegetation parameters,
calculated from reflectance was delermined. Landsat-1 and the S-
191H acquired data on the same date twice during the spring of 1974
(3/16 and 5/27) and once within a day of each other under the same
atmospheric conditions (4/3 and 4/4). To compare the data sets from
the two sensors, the TVI and VP2i values were calculated for all
wheat fields observed by both. Regression analysis of the TVI ver-
sus each of the S-191H vegetation parameters produced the results
expressed in Table 1. Correlation coefficients for TVI versus VP2i
are given for each date. For each date VP23, VP24 and VP25 are

seen to be very highly correlated to the Lzndsat TVI. VP26, where
band 6 is the 1.55-1.75 um Thematic Mapper band, is rad1cally differ-
ent, however, particularly during ripening (5/27). VP26 does not
measure the same thing, then, and the 1.55-1.75 pm band pass must
corntain urnique information.

The first efforts in the investigation were applied to data collec-
ted at one site during the 1973-1974 crop year. Seven Landsat ac-
quisitions of a 4.8 by 4.8 km (3 by 3 mile) commercial farming area
were examined which covered all growth stages from fall establish-
ment to ripe. TVI values were determined for each Landsat pass for
23 wheat fields for which yield dita were available. The yield
values ranged from 0.86 to 4.035 metric tons/hectare (12.8 to 60.0
bushels/acre). Linear regressions were applied with yield as the
dependent variable and TVI or (TVI)2 for each date as the indepen-
dent variables. The best combinations of variables from thiee or
less Landsat acquisitions are given in Table 2. More variables did
not significantly improve the relationship. Results for four or
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TABLE 1 Correlation Coefficient
Between S-191H Vegetation Parameters and LANDSAT TVI

Date VP23 VP24 VP2S VP26
3/16/74 | 0.944816 | 0.946827 | 0.944610 | 0.562205
qointing
4/4/74 0.903736 | 0.923658 | 0.910313 | 0.656690
Jointing '

§/27/74 | 0.899234 | 0.882267 | 0.854460 | -0.027195
Ripening i

less passes are the most useful since it is unlikely that more bio-
phases than that could be consistently acquired of a given site by
Landsat due to cloud cover or snow on the ground.

TABLE 2 Bushland 1973/1974 Yield Estimation
‘Regression Models from Landsat TVl Values

, | Number of Number/Names Order of
R Variables of Biophases Equation
0.874 3 - 2/Fall establishment (11/28/73) 2
Heading (5/8/74)
0.861 3 2/Tillering (12/16/73) 2
Heading (5/8/74)
0.888 S 3/Fall establishment (11/28/73) 2
Tillering (12/16/73)
Heading (5/8/74)

The results from the Bushland amalysis were very encouraging. The
work since that time has been dedicated to testing the Bushland
technique. The first data set used in the testing is that from
S-191H observations over western Kansas farms during 1974/1975.
From the correlation between TVI and VPZ4 the ability to simulate
TVI data from S-191H values was established. For each of the seven
dates, representing five biophases the simulated TVI values were
calculated and linear regressions again rur, this time with TVI-
cubed and TVI raised to the fourth power as additional variables.
The actual biophases and variables chosen were somewhat different
from the Bushland set. The RZ values were also 10%-20% lower for
western Kansas. Even so, the results indicate that the Landsat-
derived parameters by themselves could explain most of the varia-
tion in the observed yield data.

The other S-191H vegetation parameters were also calculated for
each wheat field. Regression analyses were run for each vegetation
parameter using the VP value and its square as variables to deter-
mine the capability for explaining yield variation through other
vegetation parameters besides TVI (VP24) and, specifically, to
exagin; the use of the Thematic Mapper bznd, 1.55-1.75 um (S-191H
band 6).

Table 3 summarizes the results of the regression analyses utilizing
the S-191H vegetation parameters. Using no more than four passes
it is apparent that each vegetation parameter is capable of explain-
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ing most of the yield variation. As noted sbove the VP26 contains
different information than VP24 and VP25. This comes through again
in that different biophLases were chosen when using VP26, while the
resulting RZ values were comparable to those obtained using the
other two parameters. It can be concluded that although no apparent
increase in yield estimation accuracy occurred by using the 1.55-
1.75 um information in this vegetation parameter the flexibility of
using the satellite-borne Thematic Mapper in yield estimation will
be greater since more combinations of three or four cloud free
passes could be used with the same accuracy. For example, if til-
lering and ripening were the only cloud free passes, then TVI
could be used; while if jointing and heading were good, but tillering
not, then "TVI26" could be used where the 2 and 6 were, respectively,
the MSS S equlvalent and the 1.55-1.75 um band.

TABLE 3 Regression Model Results From Landsat Band

and Proposed Sensor Band Parameters

R2 Number of Number/Names Order of
Variables of Biophases Equation

VP24 0.756 4 3/Tillering 2
(3/20/75)
Ripening
(6/2/75)
Ripening

(6/9/75)

VP25 0.743 4 4/Tillering 2
(3/20/75)
Ripening
(6/2/75)
Ripening
(6/9/75)
Ripening
(6/17/75)

VP26 0.654 4 3/Jointing 2
(4/8/75)
Green Headed
(5/21/75)
Ripening
(6/17/175)
0.738 5 4/Jointing 2
Green Headed
Ripenirg (6/9)
Ripening (6/17)

Parameter

Results of work relating temporal series of vegetation parameter values

to wheat yield pointed out that some important yield influencing
factors were not accounted for in the data set. This conclusion was
evident because algorithms developed for one location or one year were
not accurate when applied to another location or even a second year
at the same location. Consequently two approaches for further work
were taken.
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One to be done in-house at NASA/Johnson Space Center involved
examination of the TVI yield estimation technique in a year-to-
year mode. That is, determining if estimates of year-to-year
variation of yields corresponded tc variation of TVI at certain
growth stages. The approach involved combining the temporal series
of TVI values per year per field or CRD (crop reporting district)
unit into terms ‘'TVI(75-76)' and 'TVI(76-77)'. These would be
combined with the known yield for crop year '75-1.76, 'Y(75-76)',

to determine an estimate of the '76-'77 yield, 'Y(76-77)"':

Y(76-77) = Y(75-76) a TTVI(76:77}

The accuracy of these yield estimates would be determined by com-
paring against ASCS- and SRS-reported yields for '76-'77.

The second approach, implemented at Texas ASM University, involves
examining the response of multispectral scanners to occurrences of
yield detractant phenomena such as drought and disease. The empha-
sis is being placed on quantifying the relationship between crop
condition and scanner parameters. The ultimate goal is to increase
the universality cf Landsat-based yield estimation techniques.

Johnson Space Center Agricultural Field Measurements Program data
are used exclusively since there are no other sources of such infor-
mation. NASA helicopter-borne spectrometer (S-191H) and truck-
mounted spectrometer data have been used to simulate Landsat MSS and
Thematic Mapper band values. These are used in conjunction with
agronomic ground data acquired by the USDA/ASCS and NASA/JSC in
support of the Field Measurements Program flights and Landsat passes.
Data have been used from the 1974-1975 and 1975-1976 crop years at
both the Williams County, North Dakota, Irtensive Test Site and
Agricultural Experiment Station and from the Finney County, Kansas,
Intensive Test Site and Agricultural Experiment Station.

At the writing of this document analysis of the responses of 1nd1-
vidual scanner bands to yield/growth detractant occurrences is near1ng
completion. Analysis of the visible and reflective infrared band
values substantiates the unique character of the proposed 1.55-

1.75 um Thematic Mapper band 5 mentioned above. When fields were
grouped by ASCS-reported detractant (no detractant, drought, uneven
stand, or weeds) for a given growth stage the reflectance within the
Thematic Mapper band 5 was generally different for 'detractant"
groups than for '"no-detractant" groups (control fields). This was
also true, but to a lesser extent, with a band between 2.10 and

2.35 um. It was not th2 case with either the present Landsat MSS
bands of the Thematic Mapper bands 1 through 4. The Thematic Mapper,
therefore, appears to afford future analysts the opportunity to
classify wheat into condition classes or groups, related to probable
yield, on each satellite pass.

A separate analysis scenario of the simulated Landsat C and Thematic

Mapper thermal infrared band data for the Kansas Intensive Test Site
has been applied. After eliminating advection from upwind fields as
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a source of radiative temperature difference, within-field causes
for differences were hunted. Spots within several fields were noted
as relatively warmer or cooler than the mean field value on not one,
but two separate dates three weeks apart (April 18 and May 6, 1976).
A comparison of soil maps and relative canopy density (from aerial
photos) has shown that, in general, the warm spots occur on patches
of silt loam soils supporting less dense vegetation than the major-
ity of the field area. These patches are more droughty than the
most prevalent soil in the site. On the other hand the cooler spots
are found in patches of clay which tend to retain moisture. The
primary response of the thermal infrared band appears to be from the
combination of moisture and canopy cover. Analysis is proceeding in
this area in an attempt to quantify the thermal band sensitivity to
these scene factors. The thermal band of Landsat C, to be available
in 1978, should be valuable in interpreting crop condition from
scanner data.

1. P. J. Welbank et al., Annals of Botany, N.S. 30 (118) 291 (1966).

2. J. W. Rouse, Jr. et al., in: Third ERTS-1 Symposium, NASA-
Goddard Space Flight Center, 1973, p. 308.

3. R. H. Haas et al., in: Earth Resources Survey Symposium, NASA-
Johnson Space Center, 1975, p. 43.

4. D. W. Deering et al., in: Tenth International Symposium on
Remote Sensing of Environment, University of Michigan,
19, P. . .
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LANDSAT AND OTHER PROPOSED SENSOR BANDS

THEMATIC MAPPER

LANDSAT pLUS 2 OTHERS

0

0

0

0

1
THERMAL IR
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7 FINNEY CO. -
REGRESSION MODELS FROM SIMULATED TVI VALUES

: R2 NUMBER OF NUMBER/NAMES ORDER OF
VARIABLES OF BIOPHASES EQUATION
0,767 4 3/TiLiERING (3/20/75) 3

RIPENING (6/2/75)
RTPENING (6/9/75)

0.703 4 2/11LLERING (3/20/75) 4
RIPENING (6/9/75)

0.777 4 3/T1LLerInG (3/20/75) 4
RIPENING (6/2/75)
RIPENING (6/9/75)
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CONCLUSIOMS FROM PREVIOUS CONTRACT WORK:

1) HI1GH CORRELATIONS WERE ACHIEVED BETWEEN WHEAT YIELD AND
MULTITEMPORAL VALUES OF LANDSAT MSS AnD ThHEMATIC MAPPER
VEGETATION IMDICES FOR EACH INDIVIDUAL LOCATICA AND/OR
YEAR.,

2) REGRESSION MODELS DIFFERED, HOWEVER. FOR DIFFERENT LOCATIONS
AUD/OR YEARS. FACTORS NOT.ACCOUNTED FOR BY THE VEGETATION '
PARKETERS NEED TO BE EXAMINED. B

3) CoNcLUSION 2) LED TO THE PRESENT CONTRACT WORK AS WELL
As A JSC IN-HOUSE PROJECT TO ESTIMATE YEAR-TO-YEAR VARIATION
IN YIELD FRUM CORRESPONDING VARIATION OF THE VEGETATION
PARAMETER TVI AT SELECTED GROWTH STAGES.

) A NON-DESTRUCTIVE LAl (LEAF AREA INDEX) MEASUREMENT TECHNIQUE
WAS DEVELOPED FROM PHOTOGRAPHY AND LAl MEASUREMENTS TAKEN
FOR THE AGRICUL;URAL FI1ELD MEASUREMENTS PROJECT AT THE
FINNEY COUNTY SUPERSITE, . _ e :

e
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TAMU/RSC

ISSUE: IMPROVED YIELD MODELS

PRESENT TASK: STRESS, STAND' QUALITY AND CROP CONDITION FROM

SCANNER DATA

OBJECTIVES RELATED TO ISSUE:

1) DeTERMINE THE RESPONSE OF MULTISPECTRAL SCANNERS
{LAnDsSAT 1 AanD 2 MSS, LavpsAaT C MSS anD THEMATIC
MAPPER) TO OCCURRENCES OF YIELD DETRACTANTS SUCH
AS DROUGHT AND DISEASE.

2) DEVELOP ALGORITHMS RELATING SPECTRAL RESPONSE TO
YIELD,

APPROACH:

1)

2)

3)

Use FSS AND TRUCK SPECTROMETER DATA FROM FINNEY COUNT: AND
WiLLiaMs CounTy SupersiTEs For 1974/1975 anp 1975/1976 10
DETERMINE LANDSAT MSS AND THEMATIC MAPPER REFLECTANCE VALUES,

CALCULATE VEGETATION PARAMETERS FROM THE REFLECTANCE VALUES
AND CORRELATE THEM WITH CROP CONDITION TO DETERMINE STRESS
EFFECTS.,

SUMMARIZE RESULTS AND ANALYZE AND INTERPRET TYEM IN TERMS
OF IDENTIFICATION AND QUANTIFICATION OF STRESSES AND THEIR
EFFECTS.
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1975 & 1976 KANSAS WINTER WHEAT:
DEPENDENCIES OF SPECTRAL DATA ON GROUND DATA

SCANNER BAND  WITHOUT DETRACTANTS WITH DETRACTANTS

MSS 6 STanD QuALITY DETRACTANTS WEEDS,

UNEVEN

MSS 7 STAanD QuAaLITY DETRACTANTS STANDS
THERMAL Canory HEIGHT Canopry HElGHT

(8|0 - B.S ‘-‘M)

™3 ---- DETRACTANTS WEEDS,

} UNEVEN

STANDS_

™Y Stanp GuaLiTy, DETRACTANTS
Canopy HEIGHT -

. T
™S Canopy HElGH gizzggragrza ‘l DROUGHT
IGHT BOTH
o YEARS
2,10 - 2,35 um Stanp QuALITY DETRACTANTS ) -
V17 CanoPY HE1GHT DETRACTANTS,

Canopy HEIGHT

*GROWTH STAGE AND PERCENT GROUND COVER WERE BOTH CORRELATED WITH
EACH BAND.

Stanp QuaLiTY — 1 10 6

GrRowTH/Y1ELD DETRACTANTS — CODED

GROWTH StAacEs — 1 10 10

GrounND Cover — 1 70 5 IN 202 INCREMENTS
Canopy HEIGHT — IN INCHES
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Percent Reflectance

Winter Wheat, Kansas 197S. Growth Stage: Beginning to head

Multispectrai Scanner Bands

40+
35+ w
30+ B ”‘_ Growth/Yield
- . Detractant,
25 : & No detractant
W
9 * *
- *
204 g ¥ Drought
Jl
»* . :
157 T =1 Uneven stand
.
r J
» 7L, T"w
5+ 11 ' 2] 1t
¢ l
4 ] ¥ L L] ¥
MSS4 - MSS5 MSS6 MSS7 TMS. 2.2um.

YIELD/GROWTH DETRACTANT CLASS MEAN REFLECTANCE VALUES IN SELECTED SCANNER BANDS



81-¢
Percent Reflectarce

40

35 4

iWintpf Wheat, Kansas 1975, Growth Stage: Beginning to head

o % ' Growth/Yield.
7 o  Detractants
‘ 11, % No detractants
| *:
? ! ‘% Drought
- =
o= ! , )
4 * Uneven stand:
- 1 "
Tl\ *l \'|'
» Tl*f 1"
1! ‘ l B
- T = T
PR
d
—T Y ' =3 |
| TM1 M2 T™3 TM4

.\ Multispectral Scanner Bands

YIELD/GROWTH DETRACTANT CLASS MEAN REFLECTANCE VALUES IN SELECTED, SCANNER BANDS
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Peycent Reflectance

‘Winter Wheat, Kansas 1975, Growth Stage: Fully headed

404 -
354"
(-3 *
307 *»
1- Growth/Yield
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* b ;* No Detractant
20~ I'
0 ‘ I :  Drought
| »* &
154"
. . l
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‘ It Lo
5 T \
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‘Multispectral Scanner Bands

YIELD/GROWTH DETRACTANT CLASS MEAN REFLECTANCE VALUES IN SELECTED-SCANNER BANDS
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Percent Reflectance

‘Winter Wheat, Kansas 1975, Growth Stage: Fully headed

l
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|
l
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[ £t
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Pcrcent Reflectance

Winter Wheat, Kansas 1976. GOrowth Stage: Beginning to ripen
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Multispectral Scanner Bands
YIELD/GROWTH DETRACTANTS CLASS MEAN REFLECTANCE VALUES IN CERTAIN SCANNER BANDS
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Percent Reflectance

Winter Wheat, Kansas 1976. Growth Stage: Beginning to ripen.
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.Multispectral Scanner Bands '
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YIELD/GROWTH DETRACTANTS CLASS MEAN REFLECTANCE VALUES IN SELECTED SCANNER BANDS



‘Winter Wheat, Kansas 1976. Growth Stage: Ripe, mature

'35m.
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iWinter Wheat, Kansas 1976. Growth Stage: Ripe, mature
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ADVECTIVE INFLUENCES OH
MEAH FIELD TEMPERATURE

ArriL 18, 1970

- FuienT Line DISSIMILAR FIELDS SiMILAR FIELDS
- NuMBER UpwInD | UpwinD
10 82.98* 4 35,013 1
9 83.423 4 83.342 5
8 33.586 5 82.393 1
X = 83,416 X = 83.332
Mavy 6, 1976
FLIGHT LINE DissIMILAR FIeLDs SiMiLarR FIELDS
NuMBER UpwIND UpwIND
10 73,312 3 75,427 1
9 74,298 & 73.425 5
3 73,913 5 . 73.480 1
X = 73.891 X = 73.755

* UNITS ARE MW CM“Z'SR’}/J'l X 10'1. SPECTRAL BANDWID}H
1s 8.0 - l3.§/4M.
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"INNEY COUNTY KAN"'AS (SUPER SITE)
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COMMON HOT/COLD AREAS o imns iy
ON 4/18 & 5/6

FINNEY COUNTY, KANSAS (SUPER SITE)
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TAKU/RSC

PLALS FOR FURTHER AHALYSIS:

o COMPLETION OF PRESENT TAsSKS BY NovewmBer 30, 1977
(END GF CONTRACT).

e For "ImprOVED YIELD MoDELS” - DEVELOP ALGORITHMS
RELATING SPECTRAL RESPONSE TO YIELD,

o For "LANDSAT C Use" - CoMPLETE EXAMIMNATION OF THERMAL
BAND SENSITIVITY TO CHANGES IN SCENE FACTORS. DELINEATE
T.iSE RELATIONSHIPS FOR USE AS INTERPRETATION TOOLS,

o For "R & D Data Sev AvaiLAe’LITY” - COMPLETE DEVELOPMENT
AND TEST THE Non-DESTRUCTIVE LAl TecHNIQUE.

y 3-28



SECTION 4

Z FORMERLY WILLOW RUN LABORATOME S ThE uMiv ENSITY OF MCrnGan

*
WORLDWIDE WHEAT PRODUCTION FORECASTS USING LANDSAT DATA

&
Richard F. Nalepka

ABSTRACT

Discussion is presented of tP philosophy, background, and activities
carried out at ERIM to utilize Landsat data to help forecast the yield and
production of wheat. Results are presented which demonstrate “he empirical
relationships between wheat yield and percent green wheat cover, percent
green wheat cover and a Landsat green measure, and whezt yield and the Land-
sat green measure. Correlations of early season Landsat estimates of vield
with farmers harvested yield are shown to be as good of berter than more
conventiopal estimates made later in che growing season. The variance in
yield accounted for by Landsat variables is also shown to parallel that
accounted for by several important cultural variables (detailed information
on these variables would normally not te available in an operational systom).
Results of yield prediction extension are also presented.

A discussion of a new direct production forecasting procedure using
Landsat data is presented which potentially overcomes many of the serious
prcblems (e.g., small fields arnd cloud cover over svecific sites) being
faced by other available approaches. Initial test results are presented
which demonstrate quite accurate early season forecasts of productiou over
regions as small as LACIE sites and as large as a crop reporting district.

Further activities are recomzended to investigate the use of Landsat
data for identifying crop condition and estimating yield and to investigate
the joint use of Landsat data, Metsat data, and agromet models. A strong
recommendation is made that direct wheat production foreecagring nrocadures

should be further developed and evaluated.

* .
Presented the Landsat Crop Condition and Yield Briefing held at
NASA Headquarte:. on September 27, 1977.

R
Mr. Nalepxa is the Head of the Multispec:iral Analysis Section of the

Environnental Research Institute of Michigan's (ERIM; Infrared and Optics

Divisior. '
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" WORLDWIDE WHEAT PRODUCTION FORECASTS USING LANDSAT DATA

PRINCIPAL INVESTIGATOR
RicHARD F. NALEPKA

Co- INVESTIGATOR
| Jonn E. CoLweLL

i
' PRESENTED AT THE LANDSAT CRoP CONDITION AND YIELD BRIEFING

NASA HEADQUARTERS

SepTEMBER 27, 1977

ERIM
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OUTLINE .

e Basic PHILOSORHY

. » BACKGROUND

E » DESCRIPTION OF SITES EXAMINED
L. TyPES OF ACTIVITIES
~+ IsSUES ADDRESSED
e DiscussioN ofF RESULTS
» CONCLUSTONS

o RECOMMENDATIONS

ERIM -



P-v

BASIC PHILOSOPHY

AT ANY POINT IN TIME THE CROP ITSELF BEST REPRESENTS AND INTEGRATES
THE EFFECTS OF VARIABLES SUCH AS:

PLANTING DATE

AVATLABLE SUNLIGHT

Ava1LABLE AND UseFuL MolIsSTURE
HaiL or Winp DAMAGE
WINTERKILL

FERTILIZATION

INsecT AND Li1SEASE DAMAGE '
FARMING PRACTICES

ELS
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BACKGROUND

| []
! * THEORETICAL STUDY FOR NASA/JSC IN EARLY 70’'s usiNg ERIM GROWTH AND
! " CANOPY REFLECTANCE MODELS TO INVESTIGATE THE POSSIBILITY OF

SUCCESSFULLY USING SATELLITE MSS DATA TO AID IN FORECASTING
WHEAT YIELD

|
\
l
» » EMPIRICAL IVESTIGATION FOR NASA/GSFC TO ESTABLISH HOW WELL!

- WHEAT YIELD IS RELATED TO FIELD VEGETATIVE CONDITION

- LANDSAT DATA CAN BE USED TO ESTIMATE FIELD VEGETATIVE
CONDITION

- LANDSAT DATA CAN BE USED TO HELP FORECAST WHEAT YIELD
(PRODUCTION)

ERIM-
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| SITES EXAMINED
1

| KANSAS (74-75 & 75-76)

§
Al
\
\

'« LACIE INTENsIVE TEST SITES

\ - FINNEY (OLD AND NEW)
- ELLIS
- Ri1ce
~ SALINE

i

' o LACIE BLinD StTes IN CENTRAL Crop RePorTING DISTRICT

o CenTrAL CRoP REPORTING DIsTRICT

ERIM



L-¥

10
O

1

TR e

vd IV

')

LI RY
W

.s

o}

LOCATTON OF WHEAT FORECAST TEST AREAS
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ACTIVITIES

* FIELD MEASUREMENTS AND SAMPLE COLLECTION

- * _ABORATORY MEASUREMENTS
* DATA REDUCTION AND ANALYSIS

o MopeL. CALCULATIONS AND ANALYSIS

L4

* L ANDSAT DATA PROCESSING AND ANALYSIS

ERIM
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. ISSUES ADDRESSED IN SATISFYING INVESTIGATION OBJECTIVES

* OpTiMuM SINGLE TIME (NEAR HEADING)
e LANDSAT GREEN INDICATORS
o CoMPARISON WITH ALTERNATE APPROACHES

s IMPORTANCE OF VARIOUS CULTURAL FACTORS
» MopeL ExTENSION (GEOGRAPHICALLY AND TEMPORALLY)

¢ DATA SCREENING

» DirecT PropucTION FORECASTS

ERIM'
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LANDSAT GREEN INDICATORS EXAMINED

® TASSELED CAP GREEN CHANNEL

+ MSS7/MSS5 = R75

* VMSS7/MSS5 = $Q75

* V(MSS7 - MSS5)/(MSS7 + MSS5) + 0.5 = TVI

* NSS4 - MSS7 + 96 = G

ERIM



11-¢

| 75.000 + %

Wheat Yiei&m

+
50,000 +
+ x
45.000 + % %
x
+
' x "
30,000 4 x
x
+ x 2 2
r %
15.000 + % x
+
0, +
O U U SR OUPIUVIS SR SRR SRR 1
0. 30,000 40,000
1%.000 45,000 75,000

Percent Green Wheat Cover

ERIM MEASUREMENTS OF PERCENT COVER VS WHEAT YIELD'
_(Combined 1976 and 1975 Data)

FINNEY ITS I

2 YRS, 9 FIELDS EACH : E‘“M

MID-MAY 4
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Percent Green Wheat Cover

75,000

40.000

45.000

30.000

15.000

0.

+ x

x
. - :
B T s i St s s St e
+69000 89000 1,0900
. 79000 - +99000 . 1.1900

Landsat Green Measure (SQ75)

LANDSAT GREEN MEASURE VS ERIM MEASUREMENTS
_OF PERCENT GREEN WHEAT COVER

CORRELATION = ,98
D ERIM
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Wheaf’Yield

75.000

62.000

45.000

30,000

15.000

0.

X
X 4
+ : X ¥
L X¥22% % %X & X
% X £ % X
+ ¥ X X ¥ X B
X2 % X
L 3 $e3
+ *h

s S e Y Y AP DUTRr y—

« 75000 + 95000 1,1500

+ 85000 1.0500 E 1.2500
Landsat Green Measure (SQ75)

LANDSAT GREEN MEASURE VS WHEAT YIELD
CORRELATION = .8 .

1 SITE/DATE me
1 PT/FIELD

ILATE APRIL-EARLY MAY
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CORRELATIONS OF FARMERS YIELD WITH FIclD ESTIMATES

AND LANDSAT ESTIMATES OF YIELD

YIELD
ESTIMATOR S1TE A
Feic” 0.95¢
-~ STAND
QUALITY** 0.47l
LANDSAT

(4 Banps) 0,942

LANDSAT
avn 0.932

S1Te B

0.261
0.781
0.80"

0.79"

Site C

0,741
0,84~
0,793

0.64°

DATES WHEN ESTIMATORS WERE AVAILABLE:

AVERAGE

0.65

0.71

0.84

0.79

Iope-HARVEST (MID-LATE JUNE) ; 215 RPRIL; 321 May; 46 May

*
FeEperAL CrRoP INSURANCE CORPORATION OBJECTIVE ESTIMATES.

4 '
- AGRICULTURAL STABILIZATION AND CONSERVATION SERVICE .SUBJECTIVE

ESTIMATES,

Emm
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PERCENT OF VARIANCE IN YIELD AC"OUNTED FOR
SEPARATELY BY SEVERAL CULTURAL FACTORS

CuLTURAL FACTORS

PLANTING DATE

WHEAT VARIETY
FaL.ow Previous YEAR (YES/NO)

IRR1GATiON (YES/NO)

- FenTiL1ZATION (YES/NO)

" AMOUNT FERTILIZATION (LB/ACRE)

PERCENT OF

VARIANCE

0.1
10.6
5.8
56.3
55.0
57.4

ERIM



91-¢

PERCENT OF VARIANCE IN YIELD ACCOUNTED FOR BY SEVERAL

COMBINATIONS OF CULTURAL AND LANDSAT VARIABLES

PERCENT STANDARD
VARIABLES VARIANCE ERROR
1-6 (ALL ‘CULTURAL VARS) 74,9 6,89
7-10 (ALL LANDSAT VARS) 87.3 4,78
4,5,7,10 (oPTIMUM FOUR VARS) 90.7 4,10
1-10 (ALL vARS) 93.6 3.65

Vi WM

g o4 0 4 €

“.E KEY:

VARIETY
TRRIGATION
FERTILIZATION
PLANTING DATE
CROPPING

6 = AMOUNT FERTILIZER
7 = SQ75 (May 6)

8 = SQ75 (June 2)

9 = SQ75 (June 17)
10 = SQ75 (ArriL 18)

ERIM
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TWO TESTS OF EXTENSIONS OF LANDSAT WHEAT YIELD PREDICTION

LANDSAT RUS Erronl
From To PREDICTOR LocAL  Non-LocAL B1as?
21 May 20 May 4 BanDs 4,40 6,70 -5.00
St A SITE A $75° 5.24 5,08 0,00
TviH 5,03 1y, 88 0.02
18 AerIL 18 AprIL Ly BaNDS 7.41 9.10 -0,23
SITE A SiTE B $075° 8.12 10,18 2,15
Vi 7,98 9,29 1.17
lON FIELD BY FIELD BASI!S, 2AVERAGE DIFFERENCE BETWEEN ACTUAL
IN PUSHILLS, AND PREDICTED YIELD, IN BUSHELS.
3 __ T
\/MSS7/MSSS V(MSS7-MSSS)/ (MSS7+MSSS5)+0,5

ERIM



MAJOR PREMISES OF ERIM DIRECT PRODUCTION FORECASTING

AT A SPECIFIC TIME OR TIMES IN THE GROWTH OF WINTER WHEAT ONE
CAN ESTABLISH A STABLE RELATIONSHIP BETWEEN A LANDSAT GREEN
MEASURE AND THE PRODUCTION OF WHEAT

As A RESULT OF SPECTRAL DIFFERENCES OR SPECTRAL/TEMPORAL DIFFERENCES
BETWEEN WHEAT AND NON-WHEAT, NON-WHEAT PIXELS WILL CONTRIBUTE
MINIMALLY TO THE FORECASTS OF WHEAT PRODUCTION

LANDSAT PIXELS CONTAINING BOTH WHEAT AND NON-WHEAT (E,G., BOUNDARY
PIXELS) WILL PROVIDE AN INTERMEDIATE GREEN MEASURE THEREBY LEADING .
TO FORECASTS OF PRODUCTION FOR SUCH PIXELS WHICH ARE INTERMEDIATE '
AND CORRECT.

ERIM
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ERIM DIRECT PRODUCTION FORECAST PROCEDURE

DEFINE PRODUCTION-PREDICTIVE RELATIONSHIP (BASED ON PREVIOUS YEARS’' DATA)
STRATIFY REGION TO BE PROCESSED ACCORDING TO CROP CALENDAR

SELELT PREVIOUSLY ESTABLISHED PRODUCTION-PREDICTIVE RELATIONSHIP APPROPRIATE
TO STRATUM

AUTOMATICALLY SCREEN LANDSAT DATA TO DEFINE BAD DATA, CLOUDS, CLOUD SHADOWS,
DENSE HAZE, AND NON-WHEAT CATEGORIES SUCH AS WATER, TREES, AND URBAN AREAS

FOR EACH STRATUM AND EACH PIXEL TO BE PROCESSED (PERHAPS A SAMPLE OR

PERHAPS ALL NON-SCREENED PIXELS) DETERMINE LANDSAT GREEN MEASURE AND
ESTIMATE PRODUCTION

DETERMINE FINAL STRATUM PRODUCTION FIGURE BY ADJUSTING ACCUMULATED STRATUM
PRODUCTION TO ACCOUNT FOR SCREENED PIXELS

'}_f_mm
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POTENTIAL ADVANTAGES OF ERIM DIRECT PRODUCTION FORECAST PROCEDURE

+ PROVIDES AN EARLY SEASON ESTIMATE
ELIMINATES NEED TO LOCATE AND IDENTIFY FIELDS

* DROViDES AN APPROACH TO OPERATING IN REGIONS OF SMALL
OR IRREGULARLY SHAPED FIELDS

e ACCOUNTS FOR NON-UNIFORMITIES IN FIELDS

.« ADDRESSES REDUCED TOTAL PRODUCTION DUE TO DISEASE,
DROUGHT, ETC,

* MAY ELIMINATE NEED FOR YEARLY TRAINING

o ELIMINATES NEED FOR IDENTIFYING SPECIFIC SITES IN ADVANCE

e POTENTIALLY REDULES EFFECT OF CLOUD COVER AND SAMPLING ERROR

D ERM



12-¢

INITIAL RESULT FROM ERIM DIRECT WHEAT PRODUCTION FORECAST PROCEDURE
(Two LACIE InTeENSIVE TesT SiTeS)

ERIM
LANDSAT TRUE PRODUCTION ERROR
OVERPASS PropucTION FORECAST (%)

6 May 76 40,600 Bu 42,700 By 5.2
18 Apr 76 40,600 Bu 42,800 Bu 5.4
| 6 May 76 27,900 Bu 24,700 sy =11.5

A+B 6 May 76 68,500 Bu 67,400 Bu 1.6

SI1TE
A
A
B

ERIM
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FURTHER RESULTS FROM ERIM DIRECT WHEAT PRODUCTION FORECAST PROCEDURE

(Ten CoutiTies oF Kansas CenTrAL CRD)

2 ITS + 3 BLIND SIIES

| LANDSAT TrRuE ERIM ProbpucTiON ERROR
'OVERPASS PrODUCTION FORECAST (PERCENT)
17 APR 76 5.38 x 100 BusweLs  5.24 x 10° Buswers 2.6

ERIM
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PLOT OF ERIM PRODUCTION FORECAST VS TRUE PRODUCTION FOR TEN COUNTIES OF THE

ERIM PRonucrion ForecasT

KANSAS CENTRAL CRD (LanpsAT Aca, DaTte - 17 APRIL)

10000 +3+

+

.80000 +7+

+

60000 +7+

+

»40000 +7+

+

20000 +7+

+

U, +

0.

e
' L 4
L
.
*
* 2’
.
bt e b ——— ——- SO PR
40000 +7 . .. «80000 +7 TRUEPROD
20000 +7 50000 +7. »10000 +8

TRue ProDUCTION

LR
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CONCLUSIONS

LANDSAT DATA CAN BE EFFECTIVELY USED TO ESTIMATE CERTAIN VARIABLES WHICH
ARE REQUIRED IN EXISTING YIELD MODELS (SucH AS LAl OR PERCENT COVER)

LANDSAT INDICATORS OF YIELD ARE AS HIGHLY CORRELATED WITH INDIVIDUAL FIELD
YIELD AS ARE ESTIMATES USING TRADITIONAL FIELD SAMPLING METHODS, EVEN WHEN
USING LANSAT DATA COLLECTED SEVERAL WEEKS BEFORE THE F..LD SAMPLES ARE MADE

A CONSIDERABLE AMOUNT OF THE VARIANCE IN INDIVIDUAL FIELD YIELD WHICH IS NOT
EXPLAINABLE BY METEOROLOGICAL DATA CAN BE ACCOUNTED FOR BY LANDSAT DATA

IN ORDER FOR LANDSAT DATA TO BE OF MAXIMAL USE IN AN OPERATIONAL SYSTEM,
IMPROVEMENTS IN THE ABILITY TO REMOVE THE EXTERNAL EFFECTS (PARTICULARLY
ATMOSPHERIC EFFECTS) ARE REQUIRED

THE POSSIBILITY OF MAKING DIRECT WHEAT PRODUCTION FORECASTS USING EARLY-
SEASON LANDSAT DATA LOOKS VERY PROMISING

ERIM
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RECOMMENDATIONS

INVESTIGATIONS OF THE USE OF LANDSAT DATA TO IDENTIFY CROP CONDITION
AND ESTIMATE YIELD SHOULD CONTINUE

JOINT USE OF LANDSAT DATA, METSAT DATA, AND AGROMET MODELS SHOULD
BE EXAMINED

DIRECT WHEAT PRODUCTION FORECASTING PROCEDURES SHOULD BE FURTHER
DEVELOPED AND EVALUATED

ERIM



SECTION 5
MONITORING DROUGHT AND YIELD COMPONENTS BY LANDSAT

D. R. THOMPSON

Abstract

In the Large Area Crop Inventory Experiment, Landsat images and
digital data were used to detect and monitor the drought that occurred
in the U.S. Great Plains during the 1976 wheat growing season. Landsat
color infrared images (100 by 100 nautical miles) were used to determine
and monitor the areal extent. The drought area was rated subjectively
as to the acreage affected by comparing the 1976 and 1975 Landsat imagery.
A technique was devised using a vector transformation of Landsat digital
data to indicate when vegetation is undergoing moisture stress. A rela-
tion was established between the remote-sensing-based.criterion (the
Grean Index Number) and a ground-based criterion (Crop Moisture Index).

Landsat was shown to be correlated to plant properties that influence
yield. Direct correlation of Landsat to yield appears to be feasible
only at specific growth stages. The use of.Landsat for yield estimation
is difficult because the biological sy<tem is dynamic and because of
atmospheric effects on Landsat. Some problems exist in the different
methods of acquiring ground truth (yield estimations) and the variations
that exist among and within fields. However, assessing yield from

Landsat appears to be feasible.
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Introduction

A Large Area Crop Ihventory Experiment (LACIE) has been underxr-
taken jointly by the U.S. Department of Agriculture (USDA), the
National Oceanic and Atmospheric Administration (NOAA) of the
U.S. Department of Commerce, and the National Aeronautics and
Space Administration (NASA) to prove an economical application
of remote sensing from space (3). The experiment is being con-
ducted over three consecutive crop seasons in a 3-1/2-year
timespan and is divided into three corresponding phases (3).
Each phase is designed to build on the experience of the previous
phase or phases. Phase I was conducted during the 1975 crop year
and concentrated on a system test to identify and estimate the
wheat acreage within selected major U.S. wheat growing regions
and to evaluate wheat recognition analyses in other selected
regions throughout the world. Phases II and III concentrated on
bringing all elements of a system together in a quasi-operational
environment to test the technolcgical capability of developing
area, yield, and production estimates for U.S. test regions and
other major wheat producing regions of the world. During Phase II
(crop year 1976), the drought that occurred in the U.S. Great
Plains wheat growing area w~s detected and monitored using
Landsat data (4,5,6). The approach and results of this study
are presented in this paper.

Methods
Two approaches were devised for monitoring drought using

remote-sensing-based criteria. One approach utilizes color



infrared transparencies of Landsat scenes (100 by 1¢! autical
miles) to determine and.monitor the areal extent of drought (4,5).
The other approach utilizes LACIE sample segments (5 by 6 nautical
miles) and Landsat digital data to indicate zutomatically when

an area is undergoing moisture stress (6). These two methods

will be referred to, respectively, as Landsat imagery approach

and Landsat digital approach throughout the paper.

Landsat Imagery Approach

The Landsat imagery approach utilized meteorological data to
initially lozate the area where potential drought might occur.
Once an area was flagged and delip-ated from meteorclogical data,
Landsat color composite transpccencies, prepared from band 4
(0.5 to 0.6 micron), baad 5 (0.6 to 0.& micron), and band 7 (0.8
to 1.1 microns), were used to refine the delineation of the 1lu0-
by l00-nautical-mile axea. These color transparencics were
evaluated by comparison to Landsat imagery of essentially the
same date in previous years and also to previous Y day acquisi-
tions of the current year. Normal green vegetation on the ground
13 recorded on the Landsat color composites as a bright red
color. As moisture stress browns the vegetation on the ground,
Landsat-recorded signatures correspondently decrease in redness.
Thus, by relating the lack of redness in the signatures where red
signatures should be present, the areal extent of the drought
was monitored and delineated by compiling a mosaic of Landéat

images over the potential drought area. Within the drought area,
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the effect of the drought upon the wheat crop was evaluated
subjectively by comparison with the previous year's Landsat data.

The area was monitored at 9-day intervals until harvest of the

wheat crop.

Results of Landsat imagery Approach

U.S. Southern Great Flains

The drought that occurred in the 1975-76 winter wheat crop area
originated in the summer of 1975 when the soil mcisture supply
was nct recharged after the 1974-75 harvest. This acute moisture
shortage covered a perici1 of over 30 days, between planting and
emergence of the wheat. During the 1975 Thanksgiving week, a
maor storm system moved throuch the Great Plains, bringing
blizzar. conditions to most cf the U.S. Great Plains. The ccm-
bination of these conditiras caused the winter wheat to go into
dormancy «ith very little root system »r top growth. These areas
were monitored fr~m planting nsing Landsat imagery. At the
start of spring greenup, it became apparent that portions oI tne
U.S. Great Plains winter crop were a2ffected by the extreme dry
conditions. LACIE monitored the area every 9 days until harvest.
The é-ought-affected area in the U.S. southern Great Plains was
determined from Landcat to be lacated in the southwestern corner
of KRansas. in s~utneast Colorado, and in the Oklahoma and Texas
Panhandles. The areal extert of the affected area as of April 1,
1976, is shown irn fig:re 1. The drought severity within the
area was rated subje - tely by comparirg the 1975 and 1,75

Landsat imagery These ratings corresgoinded tc the acr.age
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losses developed from ground-based observations. The Crop
Moisture Index (CMI) for April 3, 1976, shows that this general
area was undergoing moisture stress (figure 2).

U.S. Northern Great Plains

The droughts in thc ":.5. northern Great Plains also originated
in the summer of 1975 when subscil moisture was not fully
recharged. Precipitation was adegquate for winter wheat from
emergence to spring greenup. Spring wheat had adequate moisture
for planting, emergence, and early growth; however, lack cf sub-
soil moisture and spring rzins caused moisture stress by mid-May.

LACIE, using techniques developed from the U.S. southern Great
Plains drought study, indicated a potential for drought damage
in the U.S. northern Great Plains by early May. The areal extent
of the drought was determined from Landsat full-frame color
infrared transparencies by monitoring the full-frame Landsat
images from April 1§, 1976, qntil harvest.

The initial drought-affected area, as determined from fvll-
frame images, was located within South Dakota. From April 18
to June 12, 1976, éhe area appeared to be deteriorating, but the
full-frame imagery did not indicate severe effects. The June 11
to 13 overpass did show the effects of the drought. The area
delineated at this time ~ontinued to expand uvntil the July 8 to
11 overpass when the droucht area stabilized (figure 3). From
this overpass. the drcught area was rzited suabjectively as having
been sev.rely or moderately .. fected. The July 1i0, 1976, MI

shows that tbhis . was under se..re moisture stress (figure 4).



Lands~t Digital Approach

The Landsat imagery approach involves the subjective judgment
of the analyst-interpreter in deciding that a region is or is not
drought affected.

A procedure was devised in an attempt to quantify the sub-
jective judgment of the analyst-interpreter. The data used were
Landsat multispectral scanner (MSS) values for LACIE sample seg-
ments throughout South Dakota, which were acquired during the
1975 and 1976 crop years (figure 5). This procedure, which uses
the remote-sensing-based criterion to detect and monitor crop
moisture deficiencies wiithout analyzing a long record of clima-
tological data, was evaluated against the CMI, which is deveioped
from ground-based meteorological data.

This procedure, the Green Index Number (GIN), was developed
using ideas presented by Kaucth and Thomas (1) The four Landsat
channels are rotated into the Kauth and Thomas greenness and
brightness vectors. Each vector is inspected automatically, and
any vector having values unreasonable for agricultural data is
discarded. From these data, a green number is computed. The
green number indicates the density and vigor of vegetation. Once
the green aumbers are computed for each picture element (pixel)
within the 5- by 6-nautical-mile sample segment, the GIN is com-
puted. The GIN then is an estimate of the percentage of pixels
in a Landsat scene having green numbers high enocugh (>15) to
indicate full cover of green vegetation. It 1is computed using

only Landsat data.



The plot of GIN versus time for a normal, predominantly wheat
sample segment should follow a curve such as a in figure 6. If
an observed point for a segment fell intc the shaded region, the
segment was classified as drought affected. The bounds for the
shaded region were defined empirically as shown in figure 6, with
t defined as the approximate spring emergence date in days. For
different areas cr years, the shaded area can be moved from side
to side to mc*ci. the greenup curve. The initial point in South
Dakota was usually near day 110 (t = 110). Jhis classification
was compared to a classification based on the TMI for a Crop
Reporting District (CRD), wherein a CRD was classified as drought
affected if the CMI fell below -0.5 for 2 consecative weeks.

Both classifications were restricted to similar time frames.
Classification was performed only for data between April 1 and
July 10.

Results of Landsat Digital Approach

The data used in the digital approach study consisted of all
LACIE sample segments in South Dakota which had at least 5 percent
wheat as measured by the LACIE Classification and Mensuration
Subsystem [CAMS (2)] in the 1976 growing season. This definitior
yields 17 segments (figure 5) with 34 possiiL.e classificaticns.
of the 34, 4 had either insufficient data during the grec "ing
season or data were jnaccessible for other veasons. The final
data set contained 22 segment years for 13 LACIE segments |
{table 1). (NOTE: A segment year is dcfined as an obﬁervation

of 1 segment for 1 vear.) The contingency tabie (tcble 2),



TABLE 1. RESULTS OF GIN AND CMI CLASSIFICATIONS

[From reference 6]

s e
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TABLE 2. CONTINGENCY TABLE OF GIN ANC CMI CLASSIFICATION METHODS

[From reference 6]

o
Normal 1w 4 i
Zlon 1 7 s
1n 11 F 7]

%2 = 7.07 with * degree of tre dom.
P = 0.0082 ~ t~vel of significanca.



which applies the two classification methods to the 22 good
segment years, shows that the classifications based on the CMI
and GIN are related. It was concluded that the GIN is detecting
moisture through crop condition.

One example of tne segment classification procedure is shown
in figure 7. The GIN indicates that 1975 was normal for the
entire crop season for seament J. In 1976, the GIN indicates
that by May 24 there was mwisture stress in segment J, which
indicates that the GIN _:tected vegetation moisture stress at
the same time as the CMI.

Conclusions

Landsat full-frame color transparencies provide a means of
locating, delineating, and monitcring areal ev*ent of moisture
stress over large areas. A technique was de ed using
Landsat digital data for 5- by 6-nautical-mile sample segments,
which indicates when acricultural vegetation is undergoing mois-
ture stress. A relationship betrzen this technique, which
utilizes remote sensing, and a ground-based criterion (the CMI)
has been shown. Indications are that Landsat is capable of
detecting crop moisture deficiencies in areas of the world where

ground information is not available or reliable.
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of Commerce, NOAA; USDA/SRS; vol. 63, no. 28 (Washington,

D.c.)' p' 110
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Drought conditions 1 Apri!

Severe
w3 Moderate
BEEEE Light

FIGURE . AJKEAL EXTENT AND EFFECT OF DROU:SHT ON APRIL 1, 1976.
- [Prom reference 5.}
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CROP MOQISTURE INDEX
April 3, 1976

PUERTO RicO ' M/,\o
¥o0-157 /"~ SHDED AREA IMDICATES

0
INCREASE Of NO CHANGE 5. C;D
IN INDEX DURING WEEK ;

«0. 73 Al *0.07 Nationa! Weather Service. NOXAa\D\_:'52

ONSEADED AREAS: INDEX DECREASED SNADED AREA: INDEX INCREASED OR DID WOT CHANGE

AROVE 3.0 SOME DRYING BUT STILL EXCESSIVELY WET ABGVE 3.0 EXCESSIVILY WET, 30ME FIELDS FLOOOED

2.0 10 3.0 MORK DAY FEATNER NEEDED, WORK DELAYED 2.0 to 3.0 TOO VET, SOMK STANDING WATER

1.0 to 2.0 FAVORABLE, EXCEPT STILL T0G ¥ET 1¥ S.OTS 1.0 to 2.0 PROSPECTS ADOVE NORMAL, SOME FIELDS TOO WET

Q0 to 1.0 FAVORABLE POR NORMAL GROWTH AND FIILDWORK 0 to 1.0 MOISTURE ADEQUATE POR PRESENT NEEDS
G to  -1.0 TOPSOIL MOISTURE SHORT, GERMINATION SLOW 0 to  -1.0 PROSPECTS INPROVED BUT RAIN STILL NEECED

~2.0 to  -32.0 ABNORNALLY DRY, PROSPECTS DETERTORATING «1.0 to  -2.0 SOME I!MPROVEMENT BUT STILL TOO DRY

2.0 to  -~3.0 TOO DRY, YIZLD PROSPECTS REDIXED ~2.0 to  -3.0 DROUGHT EASED BUT STILL SERIOUS

~3.0 tc -4.0 POTINTIAL YIELDS SEVERELY CUT BY DROUGET 3.0 to  ~-4.0 DNOUGHT CONTINUES, MAIN URGENTLY AXE.ED

oY ~4.0 EXTREMELY DAY, MOST CBOPS ACINED sLov 4.0 NOT ENOUGH RAIN, STILL EXTREMELY DRY

FIGURE 2. CROP MOISTURE INDEX FOR APRIL 3, 1976.
[From reference 7.]
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N. DAK.

[ S X

i

'NEB.

OROUGHT CONDITIONS
Determined from Full-Frame Landsat Imagery

811 July 1976
17-20 July 1976

W SEVERE

1.1 MODERATE

[From

DROUGHT-AFFECTED AREA AS DETERMINED FROM LANDSAT FULL-

FIGURE 3.

FRAME IMAGERY FOR JULY 8 TO 11 AND JULY 11 TO 20, 1976.

reference 4.]
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OF POUR Q

CROP MOISTURE INDEX
July 10, 1976

SMADED AREA INDICATES
INCREASE QR NG CH..NGE
N INDEX OURING WEEK +

National Weather Service, NUAA

UNSNADED AREAS: INDIX DECREASED SMADED ARKA: INDEX INCREASED OR DID NOT CMANGE
ABOYE 3.0 SOME DRYING BCT STILL LICESSIVELY WET ABOVE 3.0 EXCESSIVELY WET, SOME PIELDS FLOODED
2.0 to 3.0 MORS DRY SIATNIR NEXDLD, WORK DELAYED 2.0 to 3.0 TOD WET. SOME STANDING WATER
1.0 to 2.0 FAVORABLE, EIXCEPT STILL YOO WET N SPOTY 1.0 to 2.0 PACSPECTS ABOVE NORMAL, SOME /TELDS TOO wET
8 0 1.0 PAYORABLE FOR NORMAL GROVWTE AND FIILDWORK o . 1.0 WOISTURE ADEQUATE TOR PRESET NEENS
O to ~-1.0 TOPSOIL MOISTURE SEORT GiRNINATION 3LO¥ G to  =1.0 PROSPECTS (MPROVED BUT RAIN STiLl. NEEDED
«1.0 to  =2.0 ABNORMALLY DRY, PROSPICTS DETERIORATING =1.0 to  -2.0 SOME INPROVINENT BT STILL TOO DAY
-2.0 o =-3.0 TOC ORY, YIELD PROSPECTS REDUCID =3.0 to +3.0 DROUGNT EASED BUT STILL SERIOLY
-3.0 to ~4.0 POTENTIAL YIELDS SEVERILY CUT BY DROUGHET =3.0 to 4.0 OROUGNT CONTINUES. RAIN URGEINTLY NEEDED
BELOY -4.0 LXTRIMELY ORY. NOST CROPS RUINED BTLOY ~4.0 NOT ENOUGH RAIN. STILL EXTRENELY ORY

FIGURE 4. CROP MOISTURE INDEX FOR JULY 10, 1976.
[From reference 8.]
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FIGURE 5. SEGMENT LOCATIONS. Map of South Dakota showing
locations of LACIE 5- by 6-nautical-mile sample segments.

[From refeience 6.]
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©
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TIME

FIGURE 6. PLOT. GIN versus time for a normal, predcminantly
wheat segment. [From referance 6.]
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PERCENTAGE OF PIXELS WITH GREEN NUMEER > 18

FIGURE 7.

LEGEND
Ow2) X = 1976GIN
Q = 1975GIN
- 1NscM
() = 1973 CMI
40} ©10.32)
0.05
&-— ,——_—_-‘/de\tm
e
< |
// I
P x-'___-“ 192 1
// XodX 1 olo2n Qfo'"
i [o]
& <21 ! 1 1
] 120 150 190 210 240
t ] 1 1 —

May 6 Mey 24  Jume 11

GRAPHIC PLOT.
for segment J.

DATE

GIN versus time with CMI values
[From reference 6.]
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THE GREEN INDEX NUMBER (GIN) PROGRAM PROVIDES AN AUTOMATIC PROCEDURE
FOR DETECTING AND MONITORING CROP STRESS OVER LARGE AREAS.

AN EXAMPLE OF HOW THIS PROGRAM IS USED IN LACIE IS SHOWN IN
FIGURES 8-10

FIGURE 8 SHOWS THE RESULTS OF THE GIN PROGRAM FOR ONE LANDSAT O
PASS OVER THE USSR SPRING WHEAT REGION. MUCH OF THE AREM WAS Qr’
UNDERGOING MOISTURE STRESS ’

FIGURE 9 SHOWS THE NEXT LANDSAT PASS OVER THE AREA AND IKDICATES
STRESS IS STILL OCCURRING OVER THE REGION

FIGURE 10 IS A COMPOSITE OF THE TWO LANDSAT PASSES AND SHOWS
WHERE MOISTURE STRESS OCCURRED DURING JULY 1977,
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Figure 8.— Moisture conditions over U.S8.S.F. spring wheat from the LACIE Green Index
Number (GIN) monitoring program {(Landsat dnta acquired June 23, 1977, and July 2

through July 19, 1977).
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Figure 9.- Moisture conditions over 1.S.S.R. epring wheat from the LACIE GIN
monitoring program (Landsat_dnta acquired July 19 through August 4, 1977),
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Figure 10.~ Molsture conditions over U.3.S.R. spring wheat from the LACIE GIN
monitoring program for July 1977.
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LANDSAT CORRELATION TO YIELD MAY BE DIFFICULT BECAUSE:
e BIOLOGICAL SYSTEM IS DYNAMIC

e THE CROP CONDITION WHEN LANDSAT PROVIDES BEST CORRELATION TO YIELD
MAY NOT BE MAINTAINED TO HARVESY

e TABLE 1
e LANDSAT ACQUISITIONS MAY MOT BE SYNCHRONIZED WITH CRITICAL GROWTH STAGE

e VARIATIONS EXIST AMONG AND WITHIN FIELDS
¢ SPECTRAL
o FIELD CENTER PIXELS
e BOUNDARY PIXELS
¢ GROUND TRUTH
e COLLECTED IN SMALL AREAS AND MAY NOT REPRESENT ENTIRE FIELD
o TABLE 2
e FIELDS SHOULD BE DISPERSED TO IMPROVE ACQUISITION PERCENTAGE
e TABLE 3
¢ DIFFERENT PROCEDURES FOR DETERMINING YIELD VARY CONSINERABLY
¢ TABLE 4
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e VARIATIONS AMONG ACQUISITIONS
o HAZE
¢ SUN ANGLE
e SOIL AFFECTS
o GROUND TRUTH SAMPLING

@ LANDSAT IS CORRELATED TO PLANT PROPERTIES THAT INFLUENCE YIELD (TABLE 5)

e GROUND COVER
o PLANT HEIGHT
e STAND QUALITY

e LANDSAT IS MORE CORRELATED TO YIELD AT SPECIFIC GROWTH STAGES (TABLE 4):
® JOINTING-HEADING (DAY 107-127 IN EXAMPLE)
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TABLE 1

'SUBSET_OF ARS_GROUND TRUTH DEPICTING_CHANGES IN YIELD COMPONENTS

AFTER OPTIMUM PERIOD FOR SPECTRAL SIGNATURE CORRELATIONS TO YIELD

Potential Head S{ tes/M2

LOCATION 5/12 6/1  1/23
10 167 278 264
1A 238 229 176
6 378 370 346
2 540 441 340
18 819 730 408

No. Leaves]M2

5/117

583

757
123
1836

. 2688

6/
948
862

1814

1674

2563

6/14
809
405
918

1071

1968

Bu/A Seed/Head Se?gogt/
20.3 21.1 2.43
14,8 17.5 3.01
28.5 23,0 2.44
30.4 18,0 3.23
34.9 21,2 2.66
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TABLE 2
ARS GROUND TRUTH SHOWING YIELD VARIATION WITHIN FIELDS:

YIELD (Bu/A)

LOCATION SAMPLE A SAMPLE B

1a " 14.8 27.6
1b 34.9 30.9
2 30.4 21.5 wild oats
3 24.4 25.0
4 37.9 42.3

5 24,8 28.6 '
6 28.5 42.6
7 32.2 25,7
8 24,0 . 29.0

‘9 36.2 38.2

10 20.3
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TABLE 3 i

EXAMPLE OF ACQUISITION HISTORY

ACQUISITION DATES

LOCATION 21 0CT, 8 _NOV. 1 _MAY _z_g__y_u_ 29 JUNE

1A X x

' 18 X X

2 'x X X X
3 X X X
4 X X X
5 X X X

6 X x

7 X X X
8 X X x
9 X X X
10 X X X
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TABLE 4 — CORRELATIO

N (R) OF GREEN NUMBER TO:

DATE
7531
7531
76002
76053
76107
76108
76109

76125

76127
76127
76162
76162
76197
76198
76200
76234

YIELD .
ASCS - FARMER  FCIC.
. 3639 -.19
,7934
-.196) 5812 -.1961
. 2528 -. 2246
-.0159 .6825
.9303
L7516 .6169 .3993 -
-.2408 .4508 |
4473 0715 5767
.7256 . 67¢4 .2170
-. 4855 .0796
-.0128 042 . 2681
~-.2984 .0658 '
-.4538
.3729 -.0508 .3729
<5077 -.5388 . 507

-

2

21

21
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SEGMENT/
DATE

3 Acqs.

1964-76127

1988-76109,
16127

- 1964

76127

. 1988 Finney

76109

1988
76127

1988

' 76109-76127

FTABLE 5 — CORRELATION (R) OF GREEN NUMBER T0:

T GROWTH/

.SURFACE YIELD |YIELD
PLANT  GROUND GROWTH. MOIS- FIELD DETRAC- STAND  —=——~————_  NO.
HEIGH] COVER STAGE _TURE _ WEEDS OPNS _TANTS - QUALITY ASCS FARMER FCIC  FIELDS
5416 .676  .4804 -.1984 .2131 -.0775 .0163 .575  .6194 76
.2848  .2554  .3301  .3253 0 -.1286 .3526 .4473 ° .0715 .5767 30
.4502  .7696 0 .4534  .0002 -.2671 .0V77 .7970 .7516  .6169 .3993 23
.2548  .70011  .0044  .2632 .2632 .0135 .1617 .5704 .7256  .6764 .2170 23
5367 .76B8 .464  -.2057 .2836 -.0775 .2993 .6302 ' .6441  .5621 .2566 46
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SUMMARY

e LANDSAT CAN PROVIDE INFORMATION ON CROP CONDITION
o AREAL EXTENT OF MOISTURE STRESS FROM FULL FRAME
o SUBJECTIVE RATINGS OF STRESS FROM FULL FRAME CA“ BE MADE

o LANDSAT DIGITAL DATA CAN BE USED TO INDICATE WHEN AGRICULTURAL VEGETATION IS
UNDERGOING MOISTURE STRESS

o LANDSAT MAY BE A TOOL TO HELP EXTRAPOLATE PRECIPITATION BETWEEN METEOROLOGICAL.
STATIONS -

~ @ LANDSAT DATA MAY BE USEFUL IN ESTIMATING SOIL WATER HOLDING CAPACITY

o LANDSAT IS SOMEWHAT CORRELATED TO PLANT PROPERTIES THAT INFLUENCE YIELD

¢ GROUND COVER
o PLANT HEIGHT
o STAND QUALITY

o LANDSAT APPEARS TO BE CORRELATED TO YIELD AT SPECIFIC GROWTH STAGES

1

¢ ASSESSING YIELD FROM LANDSAT APPEARS FEASIBLE: HOWEVER, MORE RESEARCH IS NEEDED
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ESTIMATING WINTER WHEAT YIELD FROM.
CROP GROWTH PREDICTED BY LANDSAT
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PREFACE

The objective of this study is to (1) develop an evapotranspiration
(ET) model for winter wheat; (2) develop a relationship between Landsat
data and leaf area index; (3) dévelop a growth model for winter vheat;
and (4) develop a yield model uéing ET and growth xodels.

Field data were gathered from commercial fields and plots in
Riley, Ellsworth, Firney and Thomas counties in Kansas. Data in¢luded
leaf area index, soil moistuvre, growth stage, and yield.

Evapotranspiration and growth models required inputs of solar
radiation, maximum temperature, minimum temperacure, precipitationm,

a;a leaf area index. Meteorological data were obtained from Nationmal
Weather Service. Leaf area indices were obtained from Landsat computer
compatible tapes. Yields were est;mated from the ET model; however,

further test_ng and evaluation of the yield model are required.
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1.0 Introduction

This repori summarizes the work corpleted under NASA Contract
NAS9-14899.

Yields are, to a large part, dependent upcn solar radiation, temperature,
and soil moisture. Evapotranspiration and precipitation play :- impertant
roleSin soil moisture. In order to estimate evapotranspiration one requires -
information as to the vegetative cover. Landsat offers a method of assess-
ing vegetative cover on repetative basis. Therefore, relatively simple
weather data supplemented with Landsat estimates of ground cover offer cne

approach to large area yield forecasting.

2.0 Evapotranspiration (ET) Model

2.1 Model Development

The daily inputs into the model are solar radiation, maximum-minimum
temperature, precipitation and leaf area index (LAI). Fig. 1 schematically
shows the inpﬁts. Potentially, meteorological satellites may be used to
estimate solar radiation, temperature, and precipitation ir areas where
weather data are not a;ailable. Landsat data can be usec to estimate LAI.

The evapotranspiration model desccribed by Kanemasu et al. (1976)
requires both soil and crop factors to estimate maximum evapotranspiration
(ETmax) and transpiration. ETmax—-the energy-limited ET occutriﬁg from a
well-vatered surface under nonadvective conditions--is given by Priestley
and Taylor (1972) as

.ETmax = afs/(s + y)Rn [2.1]

where ¢ is a constant for a particular crop and climatic situation; v is
the psychrometer constant (mb/°K) at mean temperature; and Rn is the 24-hr
net radiation (mm/day). W2 evaluated a from lysimetric observations during
periods of full canopy cover and wet soil surface (a = 1.35). When Rn

was not measured, we estimated it from solar radiationm, Rs (um day-l), using
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Fig. 1. Flow diagram of evapotranspiration (ET) and growth
models. Potential use of meteorological satellites
are shown. Winter wheat yields are predicted from
ET and dry matter production estimates.
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the regressior equations:

B = 959 R_ - 3.61 [2.2)
n s

) and

Rn = ,926 Rs - 2.70 [2.3]

where {2.2] wac developed for grovth srages up to jéinting and for the
remainder of the season {2.3}.

Eva?ofation from the soil surface is liﬁited by energy supplied
during the constant rate stage; therefore, an energy transmittances. term
T

(9, based on leaf area index, is required. The daily evaporation rate

during the constant rate stage can be estimated by

E = (T/G)ETw [2.4]

where 1 = exp(-.737 LAI). Equation [2.4]was used until IEO = U. Then the

evaporation was calculated according to the falling rate phase equation

E, = eV | (-2 [2.5]

1/

vhere c(m day- 2) depends upon the hydraulic properties of the soil and
t is days after stage 1 evaporation. The soil factors U and ¢ were
obtained frcz lysimetric observations om bare scil or from weight changes
from large soil-filled containers.

Transpiration was estimated by equations of the form given by Tanner

and Jury (1976) and Kanemasu et al. (1976). Whnen the available moisture

‘content in the root zone was greater than 35% of field capacity, we used

T =0 (1-1)[s/(s + VIR
crop cover < 502 [2.6]
and
T = (a~t)s/(s +7)]Rn

crop cover > 5S0C% [2.7]



where a, =~ 1.56.
When the available soil moisture (@a) wus less than 357 of the maximum

availabl- moisture (8 _ ), equaticns [2.6] and [2.7] were multiplied by

Ks' given by
Ks = Ga/.BS(Omax) [2.8]

Therefore, at Ga less thaa .35 omax transpiration was linearly reduced as
the available water_decreased (Fig. 2).The maximum available water content
of a soil should be determined in the field.

Soil moisture in the root z>ne (0-150 cm) was estipated from a water
balance of evapotranspiration, precipitation, runoff, and drainage. Runoff
was estimated according to the azount of rainfall (R) and moisture content

in the surface 30 cm:

Runoff = O R <2.5cm [2.9a]
Runoff = R'75 R >2.5ecnm {2.9b]
vhere R is the rainfall in inches. The surface 30 cm was allowed to hold
15 cm of water. Therefore, the rainfall could fill the 30 cm layer to 502
by volume, then the rezaining rain must be runoff. The soil profile was
divided into 5 layers (5, 25, 30, 30, . and 60 cam) and each layer was
allowed to hold 50% water for two days befcre draining to field capacity

(obtained from field meaSuremencs): The acount of water drained from the

5th layer (below 150 cm) was identified as drainage.

2.2 Procedure

The evapotranspiration>(£T) model was tested on several fields over
a two year period at Manhattan, Kansas. Daily estizates by the model were
compared with lysimetric observations. Leaf area index (LAI) was measured

by optical planimeter and/or leaf length and width caiculations. Soil
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Fig. 2. Water stress factor (Ks) as a functicon of available
water in the root zone. Ks linearly declines at
35% available wvater.
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moisture estimates by the sodel compared févérably uithrneutron attenuation
and gravimetric ?stimates.

LAT obtained from ground measurements are extremely tedious. Landsat
data were u;ed in the ET model by estimating LAI. Multiple regressiom
equation was developed from Landsat coverage of Kansas sites (Colby,
Ellsworth and Manhattan, Table I). Shown in Fig. 3 is the comparison of
Landsat-predicted LAI with observed LAI. Figs. 4 and 5 show the season
trends in obse;ved and Landsat-predicted LAI. When Landsat predicted LAI
curves were used in the ET Qodel instead of observed LAI, seasonal ET
estimates by Landsat were usually within 3.0 cm of the ET estimates from

observed LAI measurements,

3.0 Soil Moisture Estimates from ET Model

For the 1975-76 winter wheat growing season, we obtained sacple
statistics for 22 sample segments ?n five Great Plains states (Kansas, Texas,
Oklahoma, Nebraska, and Colorado). Analyst interpreters selected several
wvheat fields in each segment (4 to 20 fields). Landsat data were analyzed
for each useable overpass date on all fields. For each date, leaf area
index was estimted for each field and then averaged to obtain an average LAI
for the segment (Figs. 6 and 7). The ET model was run on each segment and

estimates of soil water depletion (higher percent depletions are drier)

throughout the growing season are predicted (Figs. 8, 9, 10).

-

4.0 Yield Estimates from ET Model

A yield model was developed from small plot yields and the output from

the ET wodel.

Yield(metric tons/ha) = o.lgzlz(T/ETmax)]0.172.

1
(zer/er, 319710 (zeeery, 01784 © [4.1]
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Table 1. Computer compatible tapes from Landsat multispectral scanner
used in data analysis. .

TAPES USED IN DATA ANALYSIS

AREA DATE TAPE 1.D. # . AREA DATE TAPE 1.D. #
Cclby 8/20/75 5123-16310 Ellsworth 9/23/75 S5157-16173
8/29/75 2219-16442 10/02/75 2253-16324

) 9/07/75 5141-16300 10/11/75 5175-16163
9/25/75 5159-16285 10/20/75 2271-16323
10/22/75 2273-16440 10/29/75 5193-16152
1/11/76 5267-16221 11/07/75 2289-16322

2/25/76 2399-16421 11/16/75 5211-16141

&/01/.5 2435-16410 1/18/76 2361-16313

4/10/76 5357-16161 3/12/76 2415-16301

6/02/76 5410-16065 3/21/76 5337-16061

6/03/76 5411-16123 '3/30/76 2433-16294

6/12/76 2507-16391 6/01/76 5409-16011

6/20/76 5428-16053 6/10/76 2505-16274

6/30/76 2525-16384 7/07/76 5445-15583

7/09/76 5447-16095 10/14/76 2631-16240

9/10/76 2597-16364 11/01/76 2649-16233
10/16/76 2633-16353 11/19/76 2667-16224
11/21/76 2669-16341 12/25/76 2703-16211

AREA DATE TAPE I.D. ¢#
Manhattan 10/20/73 1454-16374 AREA DATE TAPE 1.D. #
3/31/74 1616-16344 -

4/18/74 1634-16341 Manhattan 10/31/76 2648-16174

s/24/74 1670-16331 11/17/76 2665-16112

6/29/746 1706-16320 11/18/76 2666-16179

7/17776 1724-16313 12/24/76 2702-16153

8/04/74 1742-16305
9/G9/74 1778-16293
10/15/74 1814-16283
11/20/74 1850-16272
12/07/74 1867-16205
3/25/715 1975-16161
4/12/75 1993-16152
4/30/75 5011-16142
5/18/75 5029-16133
6/06/75 5048-16181
6/24/75 5066-16171
8/16/75 5119-16082
11/15/75 5210-16083
12/03/75 5228-16073
4/16/76 2540-16232
5/04/7¢ 2468-16225
6/09/76 2504-16220
6/17/76 5425-15483
7/06/76 5444-15525
9/06/76 2593-16135
9/24/76 2611-16131
10/12/76 2629-16124
10/13/76 2630-16182
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Fig. 3. Comparison of observed leaf area index (LAI) with
Landsat-predicted LAI.
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Fig. 4. Seasonal trends in observed leaf area index (LAI)
in Finney County (solid line); square symbols
indicate Landsat-predicted LAI.
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Fig. 5. Seasonal trends in observed leaf area index (LAI)
in Ellsworth County (solid line); square symbols
indicate Landsat-predicted LAI.
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Fig. 6.. Seasonal trends in Landsat~predicted leaf area
index (LAI) for sample segment in Garden County,
Nebraska, 1974-1975.
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" Fig. 7. Seasonal trends in L?ndsat—predicted leaf "area
' index (LAI) for sample segment in Garden County,

Nebraska, 1975-1976.
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where the subscripts 1, 2, anq'3 are the respeé:ive growth étage intervals:
émergence to joanting, jointing to heading, and heading to soft dough; T

is the daily tramspiration rate; ETmax is the energy-limiting evapo-
transpiration rate. Therefore, the yleld model can be used on any field
vhere the ET model can be applied.

Eleven wheat fields at Bushland, Texas presénted a2 independent data
set. Landsat and yield data were available (personnal communication with
Dr. Clif Harlan, Texas A & M). The ET model was run using meteorological
data and Landsat-predicted LAI. Yields were preda.-ed {rom [4.1] and
compared with observed yields (Fig. 11).

The soil moisture study over the 5 Great Plains states offered
another data set; however, Kyields for individual fields were not measured.
County yields were available from the Statistical Reporting Service (SRS).
In addition, Feyerherm's KSU winter wheat model was run on the same dat;
assuming a management and productivity (MAP) factor of 1 and summer fallow
conditions. The root mean square error (RMSE) between the county yield
and the ET yield model (eq. [4.1]) was 2.0 bu/acre while the RMSE between

‘Feyerherm's yield model and the ET yield model was 1.5 bu/acre.

5.0 Growth Model
As shown in Fig. 1, the growth model uses the identical inputs as
the ET model -- solar radiation, max-min temperature, precipitation,
LAI. The major assumption in the growth model is that light and »:il
. moisture are the primary limiting factors in plant growth. Other factors
csuch as fertility, rest and disease influence growth and are rzflected in
the LAI term.
Photosynthesis is estimated from the amount of light that the canopy

‘intercep:s which is dependent upon the solar radiation and LAI. Soil
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moisture decrease; photosynthesis during high water depletion periods.
Respiration is dependent upon LAI and temperature. The difference between

photosynthesis and respiration is net photosynthesis which is the rate of

dry matter production . The growth model simulated dry matter

production on commercial fields in westernm, central and easternm Kansas
using measuréd LAI. Fig. 15 shows the agreement in dry matter prodﬁction

estimated by the growth model using Landsat-predicted LAI and observed

LAIL. oo - -
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EXECUTIVE SUMMARY - STATEMENT OF EARTHSAT INTZZACTIVE YIZLD ESTIMATE

CONCEPT _

The EarthSat Yield System has been develcped as a modern alterrative
to the traditional weather regression approaches to crop yield estimates.
The "System” has, furthermore, been designed frcm inception to permit
the interactive use of yield-related information derived $rom recote
seasor systems, either aircraft or satellite.

The Earthdat System is iargeiy computarizad. It cperateé on a
globaliy-appliiceble two-level (25a.m. and 12.5n.m.) geobased grid-cell
structure. The "System” processes metegrological data from first order
ground metesorolagical observation stations and from metzorological
sateilites in order to dafine a dense network of real and synthesized
plant weather informaticn. In the 1975 upper Great Plain tests, weather
station data and meta2orological satellite data were enterad into the
"System” at six hourly intervals.

The objective of the basic diagnostic activities in the "System" is
to define the wezther influencing plant growth with sufficient detail
| that simulation models which describe plant growth, and define soil
moisture profiles can be accurately operated. The goal of all system
- diagnostic activities is to define the spatial variations in plant yield
clearly enough that such descriptions can be lccally verified with
either ground-based observer transects or by remote sensing techniques.

The “System” differs from traditional approaches in that the re-
sulting synthesized and real weather diagnostic srid allows application
of quasi—physi;logically and fully physiclegically-based plant yield
models. These models either describe or infer plant prccesses, i.e.,

' photosynthesis, gas exchange, dry matter agpgyu}ation and praqslocatiqn,
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" water stress, etc., :ccurately enouch to permit a very sccurate and
ii3nly plant descriptive diagnosis. -

The plant procass description; over a 12.5n.m. g20based cell
structure for the 1975 spring wheat crop season has hea2n utilized to
develop a Tunctional relationship between LANDSAT observables and the
stress factors described by tne "System.™ This functional relationship,
which includes a component of the short term plant stress as well as the
long ter:m stress history, has been utilizad to enhance tha spring wheat
yield forecasts produced by the simulation model. Thesa enkaenced yield
estimatas were nrepared atiar complets enalysis of all LANDSAT frames
taken beiween 15 May and 15 September gver the four state upper Great
Plains region.

The LANDSAT analyses were undertakan using a previously dafined
interpretive key which permitted a description of low, roderate or high
stressed areas with an approximate 65 percent accuracy and Icw and high
stress area with an accuracy of approximately 90 percent. The LANDSAT
analyses were then coded for entry into the computerized geobase at a
resalution of appfoximately 12.5n.m. Once entered into the dita base
they were readily available for interactive uses with the existing
EarthSat "System” simulated data base.

The results achieved by the LANDSAT Interactive tarthSat System
f show definite promise. For example, at the four stat2 aggregate level
i the error cf yield estimate was reduced from an a2lready reasonable 2.33
to 0.79%. At the state level the average error of approximately 5%
was lowered to.an average error of approximately 3Z. Siamilar improve-
~ ments were generally noted at the crop reporting district (CRD) level.
The region-wide errors produced by NOAA's tradition2l regression medels
for the same area and time were 6.3%. Table £-1 praseats these cem-

parisons.
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ORIGINATL DPAGIE TS

OF POOR QUALLTY

EARTHSAL YIELD ESTESMIES B
BASED d4 PATA T2y AUSUST 23 1975 oMo R
MR u.uasag . JAFSSAL l
& R Q3L
_fz‘éi colitlin SRS 8/25/75  3/10/76

e i il i e

A 23.7 23.03 21,38 2.8 23.8
i.C. 5.0 24,51 21.96 29.5 27.2
a1t 2.3 2.63 21.16 2.7 2.0
c. — 21.65 21.53 — 25.6
s.C. —_ — — -— 2.1
s.E. — 21.37 19.54 — 23.7

SUTATMNA 17,0 1.3 17,36 .7 19,0
i.Y. 13.7 19.31 13.83 203 Vs
H.C. 15.9 .32 15.23 4.5 19.0
il.£. 1.3 21.14 17.56 B.1 19.3
¥.C. — ) - 183.7
C. - 14.03 16.11 -- 15.9
E.C. — 19.61 13.72 — i7.9
S.Y. — — — -— 15.0
s.C. — — - — 153
S.E. — 18.09 16.5% - .9

MM PADTA 771 2,42 26.85 23.8 259
N.¥. 25.6 24.3% 25.95 21.1 24.9
i.C. 26.2 24.7% 25.43 20.2 23.%
I.E, 2.7 23.53 29.03 23.6 31.0
u.C. — 24.94 26.36 — 23.6
c. 2%.7 26.22 25.82 2.0 25.5
E.C. .7 29.81 29.33 3.1 28.3
S.H. — 23.13 2.21 Cee- 2.9
s.C. - 23.26 25.92 -— 21.2
s.E. 23.3 27.33 26.83 16.3 2.8

* HIGESOTA B.7 33,93 33,05 3.2 3.2
u.u. 3.2 34.85 31.30 39.5 3.7
n.c. —_ - . -—- 26.5
u.C. 2.5 3.4 20.65 31.4 27.0
(o . — — — —_ 31.0
S.H. — 29.82 27.71 -— 33.0
S.C. — — —— ~— 31.0

rm STATE 26.0 25.6 25.2 . 23.3 25.4

[HATE

* LAISSAT CONRECTED STPESS KISTORY HOSEL
**_ TTEPACTIVE SOIL #GTSTURC A LAGDSAT CORRECTED STRESS ISTGRY JiGEL

_TASLE €-1_
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The LANDSAT analytféai>technique has been applied to uiﬁéé} wheat
areas of Xansas and surrcunding states in 1975 and 1976. In this period
concern gver a new "dust bowl* in northwest Oklahoma, southwest Xansas,
northwest Texas and eastern Colorado was high in the late winter and
early spring of 1976 since poor germination had been cbserved over much
of the area. The resultant LANOSAT analysis accomplished in October
1675 and March through May 1976 indicated that, for the state of Xansas
the fears of a "dust bowl™ were only justified over southwest CRD of
Kansas wnere extensive abandonment of dry land winter wheat fieids
occurred. All other areas of Kansas were reascnably good but they were
be’ thair recerd 1975 yields. Total production was down nearly 71.5
million bushels over 1975.

Tre full EarthSat Interactive "System" was not operated over the
wintar wheat region. Hcwever, the system models were cperated frcm
planting to 1 April at selected ground cbservation points. These sample
runs appear to confirm the applicability of the "System" diagnostic and
‘predictive element in the winter wheat areas. Selected point average yie]dl/
estimates are Dodge City 23bu/A, Topeka 24bu/A, Amarillo 14bu/A. These
yield estimates are based on the use of a Technology Acceptance maximum
yield value derived from the past 4 years of Kansas yield history and

‘plant‘stress coefficients developed in the spring wheat region states.

The EarthSat Yield System concept has shown considerable promise in
the spring wheat test in 1975. The use of LANDSAT interpretation gen-
erally appears to improve the "System" yield estimate. The application
of all types o; data in a common coordinate system is a very pcwerful
concept. The combination of this concept with a highly disaggregated

plant environment diagnostic and plant yield simulation (process) models

1/ Includes both dryland and irrigated area yields.
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offar additional improvements in the future. It is ahi}&fpated ihgi iﬁe
greatest benerits from the Eartndat System will accrue to yield esfimates

made in anomalous years and in regions whnere the meteorological abserving
network is less dense than in the United States.

EarthSat CROPCAST'™ System, a commercial crop forecasting venture, employs
some aspects of the System studied in 1975 and 1976. CROPCAST is now in opera-
tion over Canada and the United States Tor corn, soybeans, wneat and cotton.
Rasuits to date are encouraging, e.g., comparisons of CROPCAST's forecasts
of tha USDA monthly (SRS) Crop Production Renorts, issued 2pproximately 4 weeks

and two waeks prior to the USDA report, show the following accuracies:

A1l Crops a7y
Corn °8%
Soybeans 97%
Winter Wheat 99%
Spring Wheat 933

The end-of-year comparisons are a few months away, but similar accuracies are
expected.

CROPCAST is now available over the South American soybean and wheat areas
in Brazil, and Argentina. Monitoring of Winter conditions is underway over
several wheat growing regions.

CROPCAST has been designed to use Landsat when it is available in a timely
manner. The future plans for 48 to 95 hour turn-arounds are very exciting.
CROPCAST will continue to use Landsat in a confirmatory and interactive manner,

_rather than a§_§_grimary_g§:a source.
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TSECTION 8

SPECTRAL INDICATORS OF CROP DEVELOPMENT AND LEAF AREA INDEX
FROM LANDSAT DATA

C. L. WIEGAND, H. W. GAUSMAN, A. J. RICHARDSON,
A. H. GERBERMANN, J. H. EVERETT, AND R. W. LEAMER

Abstract

Spectral indices such as the transformed vegetation index (TVI),
the green number (GVI), and the perpendicular vegetation index (PVI)
are significantly correlated with leaf area index (LAI), and green
biomass (BIOM) during the crop development and grain filling stages.
They also respond to growing conditions as LAI and BIOM do. Two of
them take soil background into account, hence also help remove its vari-
ations in MSS data. By so doing, they offer the possibility of calibrat-
ing crops spectrally across years, thereby minimizing ground truth
requirements and increasing the value of the indices where ground truth
is unavailable. In addition, they and their temporal trajectories may
be helpful in improving training sample selection, signature extension,
and in classification procedures.

The evidence indicates that the vegetation indices can be used to
estimate LAI needed for the evapotranspiration and photosynthesis
_subroutines in crop productivity models. Thus they can be used to help
implement the models over large areas by either (a) providing input data
for the models, or (b) feedback data to check on, and re£rack the models,

if necessary. e
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1.

2.

L

LANDSAT FOLLOW-ON FINAL REPORT

CORCLUSIONS

POP, PC, AND LAX ARE THE PLANT APARAHETE'RS HOST CONSISTENTLY

RELATED TO LANDSAT MSS DIGITAL COUNTS (DC)..

* LAY CAN BE ESTIMATED SPECTRALLY.

e LINEAR COMBINATIONS OF THE OTHER PLANT PARAMETERS (POP, f’C,
PH) ACCOUNT I"OR 67 TO 90% (RzXIOQ) QF THE VARIATION IN LAIX

AND FROY 62 ™ 89% OF THE VARIATIOM IN GRAIN YIELD.

LANDSAT SPECTRAL INDICATORS, SUCH AS PVI, RELATE TO GRAIN YIELDS
OF SORGHUM FOR ABOUT A 60-DAY PERIOD--FROM GROWING POINT DIF-
DERENTIATION (GPD) TO HALFWAY BETWEEN 1/2 BLOOM (HB) AND PHY-

SIOLOGICAL MATURITY (PM) OF THE GRAIN.

OPTIMAL WAVELENGTHS FOR DETECTING CERTAIN STRESSES HAVE BEEM

DETERMINED.

FORAGE PRODUCTIOH DIPP ERENCES OF GRASSY RANGELANDS M BE MAPPED,
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| “SPECTRAL INDICATORS OF SORGHUM DEVELOPMENT AND THEIR
IMPLICATIONS FOR GROWTH MODELING"
CONCLUSIONS
(#TEMPLE, TX 1976 SORGHUM DATA)
l. VEGETATION INDICES DERIVED FROM LANDSAT DATA ARE RESPONSIVE TO
GROWING CONDITIONS THAT AFFECT LAI AND BIOMASS.
TVI, PVI, and GVI are about equally useful for monitoring
seasonal crop develomment and vegetation density. |
2, THE HIGH CORRELATIONS OBTAINED BETWEEN LANDSAT VEGETATION INDICES‘
AND PLANT GROWTH MEASUREMENTS INDICATE THEY CAN BE USED OVER LARG:
AREAS, EITHER AS .
a) INPUT DATA FOR PLANT GROWTH SIMULATION, OR

b) FEEDBACK DATA TO CHECK ON, AND RETRACK GROWTH SIMULATION

MODELS . ——
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3.  SPECTRAL VEGETATION THDICES CAN BE CALCULATED FOR AS NANY
PIXELS, OR FIELDS, AS ARE OF INTEREST IN A GEOGRAPHICAL
AREA, THUS, PLANT GROWTH MODELS CAN BE EXTENDED TO LARGE
AREAS YET BE AIDED BY SPECIFIC FEEDBACK ON ACTUAL GROWING
CONDITIONS IN INDIVIDUAL FIELDS.

4. THE IMPROVED ESTIMATES OF LEAF AREA INDEX AND BIOMASS THAT
RESULTED FROM INCLUSION OF WEATHER DATA IN COMBINATION WITH
VEGETATION INDICES IN ESTIMATING EQUATIONS INDICATE THAT GROWTH
SIMULATION MODELS THAT MIMIC PLANT RESPONSE TO SOIL AND AERIAL
ENVIRONMENTS WILL IMPROVE YIELD ESTIMATES® OVER THOSE ARRIVED

AT FROM SPECTRAL DATA ALONE.

#® FARMER-REPORTED YIELDS ARE SUSPECT! (DISAGREE WITH BOTH GROUND

SAMPLE DATA AND SPECTRAL INDICATORS.)
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Sorghum Plant Growth Measurements

LANDSAT s
AND Leaf area index Biomass (kg/ha)  Plant height (cm) Plant cover (%)
WEATHER R Sy« R Sy.x R Sy«x . R Sy.x

MEASUREMENTS (X)

PVI, 0,89%% 0,39 0,76%* 1224 0,087% 14 0,79%% 13
v, 0,92%% 0.33 0,870k 1000 0, 90 13 0,83 12
STU 0,92%% 0,34 0,88%% 957 0, 90%% 13 0. 84k 12
I, «0,67%% 0.64 -0,71 1415 =0,63:% 23 -0, 6L 16
VI, U, n,95%% 0,28 0,881 988 0,937 11 0.85%% 12
PVI, STU 0.95%% 0,27 0,89%:  aus 0,93 11 0.86%% 11
I, I, 0,92%% 0,34 0,86 1038 0,90%% 13 0.83%% 12
PVI, I, U, 0.95%% 0,28 0.88% 991 0,93%% 1 0.85% 12
PVI, I, STU 0.95%% 0,28 0,89 958 0.93% 1l 0.86%% 11
PVI, I, TU, STU 0,95 0,28 -0, 90%" 922 0,930% 11 0.88%% 11
i MAXIMUM 2,22 7199 107 73
MINIMUM 0.06 43 18 23 11
MEAN 1,02 1444 63 T as
STANDARD DEVIATION 0.04 1964 29 ® o 21
. -k
LAI = -0,783 + 0,068 PVI + 0,003 STU + 0,001 I 1) Tio
BIOMASS = =1544 + 101 PVI + 6 STU = 9 I (2) A
P = 3,04 + 2,27 PV + 0,10 STU + 0,10 I (3) -~
PC = =1l.4) + 1.23 PVI + 0,07 STU -0.02 I ) o

#% significant at the 0.0l probability level,




“LEAF AREA INDEX ESTIMATES FOR WHEAT FROM
LANDSAT SPECTRAL DATA"
(Wiegand, Richardson, Kanemasu)

CONCLUSIONS

1. PI=  Y(Reg5 - Rp5)* + (Rgg? - Rp7)?
YIELDED EQUAL OR BETTER CORRELATION WITH GROUND-MEASURED
TAI THAN DID
LAI = a; - a, (MSS 4/5) - a,(MSS 4/6) + a,(MSS 4/2x7) + a (4SS 5/6)

- as(uss 5/(2x7)) + a6[ (4SS 4/5) -~ (MsS u/(2x7)] MsS(u/5)

2,  SPECTRAL VEGETATION INDICES SUCH AS PVI ARE APPLICABLE TO ™ ™,
3.  APPEARS POSSIBLE 7O CALIBRATE WHEAT LAI IN TE::AS OF PVI AND REDUCE

GROUND TRUTHING TO SPOT CHECKS.

8-6



Iv1

LSIAUVH 1S0¢ I
L3IAMVH 150¢d 1
= LSIANVH 1S0¢ I ]
DUNLVH I
ONINIJIN 1 .
o HoMoa X
YIIR I
ONIAVAH I
. loog I .n.&. o
» ONLINTOP I e
lonnAo -
ONIINIOC I
- ONIYTTIIL I Qo =
» -
ONINZTIIL 1
 x ONINTTTIIL I
m ONIQ3IS I
m ~ 5 F
T Ze o 4 i
S
b ) |
° “ 2 <
~ - - o

FINNET COUNTY

7
©o uB
A yp

30

20 1

IA

o

7/28

7/3

1/28 2/23 3/20 4/18 S/14 6/8

1/3

9725 10/20 11/14 12,8

9/1

DATE, 197% - 18975

8-7



LAY

PVI

[/

10

4 ] T

RILEY COUNTY
S 1A

O 1B

31 24 and B

1+ 4
0 L ? 1 S
0
RILEY COUNTY
e 1A
o 1B
& 22 and B
0 g\w;/.\; ' 1 i :

9/1 9/25 10/20 11/4 12/3

i/3 1/28 2723

TATE, 1974 - 1975

8-8

3/20 4/19 5/7iu

6/8

7/3 7/28

£



LEAF AREA INDEX
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