@ https://ntrs.nasa.gov/search.jsp?R=19800024301 2020-03-21T15:55:21+00:00Z

NOTICE

THIS DOCUMENT HAS BEEN REPRODUCED FROM
MICROFICHE. ALTHOUGH IT IS RECOGNIZED THAT
CERTAIN PORTIONS ARE ILLEGIBLE, IT IS BEING RELEASED
IN THE INTEREST OF MAKING AVAILABLE AS MUCH
INFORMATION AS POSSIBLE



e

AgRISTARS ‘s~ &

“14ade avallable under NASA sponsorsh e R R
~ In the interest of early and wide dis. b A Joint Pr ogramfer .

::oﬂgna%n of Earth Rosources Suvyy Agricufture aﬂd i 3
oenn ‘niormation and without liablly Resources inventory  §
for any use made theregf | : Surveys Throuegh : W e
- — Aerospace |
Remote Sensing

Supporting Research T
| June 1980 o

~ TECHNICAL REPORT

AN ALGORITHM FOR ESTIMATING CROP
CALENDAR SHIFTS OF SPRING SMALL
GRAINS USING LANDSAT SPECTRAL DATA |

Eric P. Crist and William A. Malila

3 N80O-32809
4 FOR ESTLHAI}NGl N

1N SMALL GRALINS
ironmental

(380‘1031Q) AN ALGORITH

CROP CALENDAK SH1F1TS OF S¥R
JSING LANDSAT 5
kesearch lunst.
HC AO3/NMF AU

PEC'LRAL DATA (EnV nclas
of Michijan) 43 P o gac g3sus 99318

iy
—=

5
1L

ENVIRONMENTAL RESEARCH INSTITUTE OF MICHIGAN ® P.0. BOX 3618 ANN ARBOR, MICHIGAN 48107




- TECHNICAL REPORT STANDARD TITLE PAGE

4. Title and Subtitle

1. Report No.

SR-E0-00459

3. Government Accession No.

3. Recipient's Catalog No.

An Algorithm for Estimating Crop Calendar
Shifts of Spring Small Grains Using Landsat

Spectral Data

> Sifne TBo

6. Performing Urnninuon Code

.

7. Author(s)

Eric P. Crist and William

A, Malila

8. Performing Organization Report No.
132400-41-T

79, Performing Organization Name and Address

Environmental Research Institute of Michigan
Infrared and Optics Division

P.0. Box 8618
Ann Arbor, Michigan 48107

10. Work Unit No.

11. Contract or Grant No.
NAS9-15476

13, Type of Report and Period Covered

12

Sponsoring Agency Name and Address
NASA/Johnson Space Center
Houston, Texas 77058

Attn: I, Dale Browne/SF3

Technical Report

4. §ponsoﬂng Agency Code

15. Eppkmemty Notes

Mr. Thomas Pendleton, SF3, served as NASA Technical Coordinator of the
effort, which was carried out as a part of the Supporting Research
Project of the AgRISTARS program.

16.

Abstract

This report documents a computer algorithm for estimating crop
calendar shifts of fields (or pixels) observed several times during
a growing season by the Landsat multispectral scamner. It is basel
on the use of mathematical representations, termed profiles, to
describe the overall continuous pattern of crop spectral develop-
ment from témporally discrete sets of Landsat observations. The
agrophysical and remote-sensing bases of the profile approach are
described, along with documentation of the crop-calendar-shift

subroutine which is written in FORTRAN.

While extensions to other

crops and regions would be possible, the specific profile built
into this subroutine was designed for first-order shift estimation
and analysis of Landsat observations of spring small grains (e.g.,
wheat and barley) in the Northern U.S. Great Plains.

17.
AgRISTARS

Crop Inventory
Landsat

Multitemporal
Crop Calendar

Key Words

18, Distribution Statement

Sccurity Classif. (of this report) | 20.

Unclassified

Security Classif. (of this page)
Unclassified

21. No. olﬂﬁnuvs 22. Price




SR-110-00459
NAS9-15476

TECHNICAL REPORT

AN ALGORITHM FOR ESTIMATING CROP CALENDAR SHIFTS OF SPRING

SMALL GRAINS USING LANDSAT SPECTRAL DATA

BY

Eric P. Crist and William A. Malila

This report describes results of research carried out in
support of the Area Estimation Design Element of the Supporting
Research Project.

Environmental Research lnstitute of Michigan
P.0. Box 8618
Ann Arbor, Michigan 48107

June 1980

iid
PNICEDING PAGE ELANK MOT FiL™




2R i _

FOREWORD

The work reported herein was conducted by the Environmental
Research Institute of Michigan for Supporting Research, one of eight
projects of AgRISTARS, the program for Agriculture and Resources
Inventory Surveys through Aerospace Remote Sensing. AgRLSTARS is a
six-year program of research, development, evaluation, and application
of aerospace remote sensing for agricultural resources which was
initiated in Fiscal Year 1980. AgRISTARS is a cooperative effort of
five federal agencies of the United States -- Department of Agriculture,
USDA; National Aeronautics and Space Administration, NASA; Department
of Commerce, USDC; Department of Interior, USDI; and the Agency for
International Development, USAID.

The goal of the program is to determine the usefulness, cost, and
extent to which aerospace remote sensing data can be integrated into
existing or future USDA systems to improve the objectivity, reliability,
timeliness, and adequacy of information required to carry out USDA
missions. The overall approach ls comprised of a balanced program of
remote sensing research, development, and testing which addresses
domestic resource management as well as commodity production infor-

mation needs in both domestic and foreign regions.

The Supporting Research Project's objective is to develop improved
technology through research to assess crop area and condition, in
support of other projects which address improved commodity production
forecasts in foreign and domestic areas, early warning of changes in
production conditions and expectations, improved yield estimation, and
other applications. Dr. Jon D. Erickson, NASA Johnson Space Center,
Code SF3, is the NASA manager of the Supporting Research Project and
Thomas Pendleton, Code SF3, the Technical Coordinator for the reported

effort.
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This work was carried out within the Infrared and Optics Division,
headed by Richard R. Legault, a Vice-President of ERIM, under the
technical direction of Robert Horvath, Program Manager, and William A,
Malila, Leader of the Objective Labeling Tecﬁnalogy Development Task.
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1
INTRODUCTION

The cyclic coverage of satellite-borne remote sensing systems,
such as Landsat, and the availability of spatially registered data have
allowed the utilization of temporal information in analysis and dis-
crimination of crop types. While the temporal-gpectral pattern of
development has proven to be an important piece of information, par-
ticularly in analyst identification of the crop type of data samples
[1], its use has been somewhat hindered by the intermittent nature of
the Landsat observations and confusion caused by differences in the
planting dates and development patterns of neighboring fields of the
same crop. This shortcoming may be overcome by estimating the overall
pattern of spectral development for each field or pixel from the set
of samples provided by Landsat. Based on this more complete description
of sample characteristics, important information can be extracted for
use in analysis and classification. This report presents an algorithm
designed to estimate one important piece of information--the relative

crop calendar shift--from observations of spring small grains [2,3].




2
BASIS OF CROP CALENDAR SHIFT ESTIMATION
FROM LANDSAT SPECTRAL DATA

Temporal-gpectral profile characterization plays a key role in the
utilization of multitemporal Landsat data for crop calendar shift
estimation. This section reviews the agrophysical basis of such
characterization, describes the crop calendar shift estimation concept,

and discusses profile modeling of spring small grains.

2.1 TEMPORAL-SPECTRAL PROFILE CHARACTERIZATION

The sequence of development stages through which plants of a given
crop type progress in the course of a growing season is accompanied by
a related sequence of spectral reflectance stages. While not every
stage of physiological devi.lopment will neceesarily result in a dif-
ferentiable set of reflectance properties, those stages corresponding
to observable differcnces in plant morphology or canopy structure will
influence reflectance. Since most of the morphological changes occur
gradually rather chan abruptly, particularly when viewed at the popu-
lation (field or pixel, i.e., picture element) level, it is reasonable
to assume that the spectral development of a field could be represented

by a continuous function,

The intermittent observations from a remote sensing platform such
as Landsat can be viewed as discrete samples from such continuous
functions, and can provide important information for crop identification
and condition assessment. However, if the continuous function repre-
sented by the Landsat samples could be reconstructed, considerably more
complete information could be available. Profile characterization is
the process of fitting mathematical functions (profiles) to a set of

observations of a given scene element.
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While the temporal pattern of any spectral band or variable could

be fit with a mathematical function, those spectral features most closely .
correlated to describable plant or field phenomena are probably of

greatest use. In particular, indicators of "greenness' (spectral

variables which are sensitive to the green vegetation component of

agricultural signatures) such as the Greenness variable produced by the

Tasseled-Cap transformation [4,5] often exhibit temporal patterns which

are relatively easy to characterize mathematically and contain sub-

tantial information.

Most crops follow a general pattern consisting of a period of in-
creasing greenness to a maximum vaiue, followed by a period of declining
greenness., The rate of greenness increase or decline is closely tied
to the rates of change in leaf area and canopy closure, and the rates
of plant maturation. Specifically, we would expect a low rate of
greenness increase as the plants emerge and begin to affect the spectral
reflectance properties of the field, followed by a more rapid rate of
increase corresponding to the period of most rapid bio-mass production, :
Then, as the maximum greenness is approached, increases in greenness
will occur at a declining rate, since they involve lessening changes in
leaf area or canopy closure, A similar sequence of rate changes will

occur as the plants turn from green to yellow/brown,

The sequence of rate changes described suggests that sigmoidal
curve shapes could be used to characterize both the greenness-increase
and greenness-decline phases of crop spectral development. Such curve
shapes are commonly used to describe growth and development phenomena
in biological populations. A curve of Greenness vs, day of year for

e spring small grains is illustrated in Figure 1,

Within the group of crops that follow this general spectral de-
velopment pattern, significant variations in the overall temporal
pattern can occur. The particular sequence of development stages

through which a crop passes affects the spectral character and the
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temporal-spectral pattern of the crop. Variations In growing con-
ditions can also alter the character of the individual plants and the
canopy structure in the field, and thus again change iis spectral
qualities and temporal-spectral pattern. Some such differences can be
adapted to by a well-chosen profile model form and can be detected by
evaluation of model pivameters, Other differences, however, may be of
such a nature that they cannot be accurately represented by the same
model. Different greenness measures can also behave differently in

this regard !6].

2.2 CPsP CALENDAR SHIFT ESTIMATION CONCEPT

Healthy fields of a given crop type might be expected to follow a
common pattern of spectral development in the course of a growing sea-
son with the result that, on any given day, spectral signals from
nearby fields wouldn't vary to any great degree. It is more common,
however, to encounter wide d¢’spersion ot signal values, as depicted in
Figure 2a, Crop calendar shift techniques are intended to account for
that portion of signal varfability which is due to differences in stage
of development on the day of observation. As illustrated in Figure 2b,
the highly variable data points of Figure 2a can all be fit with the
same profile shifted al mg the time axis. By shifting all the data
points to a common profile, as in Figure 2¢, the spectral impact of
development stage differences is adjusted for and better comparison of

fields is made possible.

The idea of using temporal-spectral patterns to adjust for de-
velopment stage differences was first suggested by Dr., Gautam D,
Badhwar [7]. Starting from this initial work by Badhwar, we at EKIM
developed refinements of the crop calendar shift technique and alter-
native approaches [B8,3]. First, in order to represent the actual
pattern of spectral development of the crop of interest, we developed

and began to use the model form (Equation 2) which s discussed in

-
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Section 2.3, (Badhwar, in turn, continued development of his approach,
adding a model form related to Equation 2 [9].) Second, we used a
cross~correlation computation in determining the goodness=-of~{i._ of a
set of data values tou the shifted reference profile. The cross-

correlation measure is of the form:

R = 2 3 (1)
d *
2Ei+r2 Gi

1+ =L

- 2
CF; .6

where

-
]

reference protile function value

o]
)

data value

- ghift value

e
H

This measure has the advantage of being essentially independent of
scale and so places emphasis on the overall shape of the data profile
rather than its amplitude which can be influenced by factors not re-

lated to stage of development.

Figure 3 illusirates results obtained when the FRIM crop calendar
shift technique was applied to actual Landsat data from spring wheat
pixels [10].

2.3 PROFILE MODELING FOR SPRING SMALL GRAINS

Any of a variety of mathematical model forms might be used to re-
present the temporal-spectral characteristics of crops. The initial
model form developed at ERIM for characterizing green deve lopment
profiles of spring small grains is of the following form [2,3,8,10]:

]

F(t) = athevt 2)

/
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where
F(t) = profile value at time t
t = {day of year) - (day of first detectable
green development)
and

a,b,c = model parameters, with b and ¢ determining
the shape of the profile.

This model form best exhibits the desired double-sigmoid shape for
representing green deveiopment, as illustrated in Figure 1, when the
spectral variable being used has values near zero at t=0. This implies,
in general, a need for both a spectral and a temporal offset, the first
being the value of the green measure for t < 0 (i.e., the value for
bare soil) and the second being the day of first detectable green

development.

Specification of the bare soil value, i.e., the spectral offset,
is simplified by use of data normalization to reduce variability caused
by external (non-crop) effects (as discussed in Section 3.3) and use of
Tasseled-Cap Greenness as the green measure because it tends to keep
constant values in the presence of soil reflectance variations. The
CCSHFT subroutine described in this report expects to receive, as in-
puts, Tasseled-Cap Greenness values ccmputed from Landsat multispectral

scanner (MSS) band values according to the following relationship* [5]:

G = ~0,2837 MSS4 - 0.66006 MSS5 + 0.57735 MSS6 3)
+ (,38833 MSS7 + 32.

where the Landsat MSS band values preferably have been normalized
against externally caused variations (Section 3.3). Values for the

profile variable in CCSHFT are computed as follows:

Fi = Gi - 25. (&)

*LACIE Landsat-2 calibration of the data is assumed.
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This spectral offset has been found satisfactory for use in analyzing
and processing spring small grains data from the Northern U.S. Great
Plains [2,10].

Determination of the temporal offset, which can vary from sample
to sample, can be accomplished with a crop calendar shift estimation

procedure, as previously discussed.

The reference profile of Greenness that is built into the code of
CCSHFT was determined through regression analysis and least squares
fitting of data values from several 5x6-mile segments tc¢ the model form

of Equation 2.




3
CONSIDERATIONS AND LIMITATIONS

Three general categories for consideration in the application of
temporal-spectral characterization techniques are level of accuracy,

model forwm attributes, and data normalization,

3.1 LEVEL OF ACCURACY

Temporal-spectral profiles may be used for a wide variety of pur-
poses. Corresponding to this variety is a range of accuracies required
from the model form. For some purposes it may suffice to roughly
approximate the general shape of the profile, even to the point of
simply connecting the observations with a sequence of straight line
segments. At the other extreme, a highly accurate fit of physically-
based mathematical form may be required, drawing on growth and develop-
ment models, weather data, and other types of data in addition to the
spectral samples. Between these extremes is a range of profile appli-
cations with a range of accuracy demands. Each new application must
take into account its required level of accuracy, and any model should
be used only at the level of accuracy for which it was developed, or

at higher levels only after careful testing.

For crop calendar shift estimation of spring small grains, we have
found that the day on which the maximum profile value occurs is the
most dominant and consistent profile feature. This peak occurs just
prior to or at the start of heading when green leaf area is at a maxi-
mum. A good overall characterization of the profile shape is sufficient
for estimating the peak date, and we have found the model form of

Equation 2 to be satisfactory.

Other crop calendar dates, such as date of planting or specific

growth stages, might be inferred through use of this approach but only

Hidion 2
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insofar as their relationship to the date of peak is constant or nearly
so. For example, a preliminary evaluation of crop calendar shift tech-
nology applied to field reflectance measurements from soybean fields
found a correlation between the shift estimate and row spacing; row
spacing influenced when maximum cover occurred and, consequently,
affected the day of maximum Greenness. Fields planted on the same

day were shifted different amounts, and thus planting date estimates

based on crop calendar shift would have been in error.

3.2 MODEL FORM ATTRIBUTES

For a model form to be of practical use in characterizing crop
temporal-spectral profiles, the number of parameters which must be
estimated should be kept small. In addition, the overall characteris-
tics of the profile shape should be easily derived from the estimated
parameters. The model must produce stable results, and be able to
adapt to the range of shape variations likely to be encountered. Nor~-
mal variations shouldn't adversely affect the profile esti.ation process.
At the same time, however, and particularly in applications for which
the accuracy requirement is high, the model must respond to those dif-
ferences which carry the information of interest and maintain a close

fit to the data samples.

Some characteristics of green development profiles of spring small
grains and Equation 2 were noted in the preceding section. During our
prior development [2,10] of a spring wheat labeling procedure, we com-
puted separate profiles for wheat and barley for several segments. We
found that crop calendar shifts computed using these different profiles
for reference usually differed by less than two days and so were able
to use a single reference profile for shift calculations in the pro-~
cedure. For other purposes, we have computed segment-specific profiles

based on shifts estimated with the genaral reference profile [2,31.

(A




3.3 DATA NORMALIZATION

In order to insure that profile shapes fit to Landsat observations
are influenced only by agrophysical phenomena, and to allow comparison
of profiles over wide geographical regions, data normalization is
highly desirable, if not essential. Corrections for sun angle, sensor
calibration, and atmospheric haze effects, and detection of clouds,
defective data, etc., should be carried out prior to profile charac-
terization, particularly when profile features are to be used for crop
identification or condition assessment. We recommend and use ERIM's
spatially-varying XSTAR haze correction algorithm [10,11] for correc-
tion of atmospheric effects and associated preprocessing algorithms
[5,10].




4
DETATLS OF CROP-CALENDAR-SHIFT SUBROUTINE CCSHFT

This section describes our crop-calendar-shift subroutine called
CCSHFT. User documentation is presented in Appendix A, a FORTRAN list-
ing in Appendix B, and test cases and results in Appendix C.

It is important to indicate here what this subroutine does, what
it requires, what environment it will best operate in, and some things
it does not do.

The subroutine program does:

(1) Operate on multidate values of the Tasseled-Cap Greenns:ss

variable (see requirements and preferences below),

(2) Determine if sufficient appropriate acquisitions are
present, and

(3) Compute an estimated day of peak Greenness and a goodness of

fit, assuming the observations to be from a spring small grain.
The subroutine requirzs or assumes:

(1) A minimum of three acquisitions that are separated by 17 or
more days and occur during the growing stages of wheat --

after emergence and before harvest.

(2) Tasseled-Cap Greenness values with a 32-count offset having
been added to eliminate negative values. (See Equation 3,
Sec. 2.3)

The preferred operating environment provides:

Data that have been preprocessed to reduce non-crop-related
variations due to satellite calibration, sun angle, and atmos-
pheric haze. We use and recommend use of the ERIM spatially
varying XSTAR algorithm and assoclated correction factors.
(See Sec. 3.3)
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subroutine does not:

Make a detailed estimate of any crop stage other than day
of peak Greenness (which apparently occurs just prior to
heading at the time of peak leaf area and/or flag leaf

development).

Estimate the value of peak Greenness or other specific
profile characteristics, since they are not required for
the intended application, crop calendar shift estimation
for spring small grains.
steps followed by the subroutine are as follows:

Read in data values and corresponding days of year,

Compute rough estimate of day of peak Greenness.

Accept acquisitions within a prescribed window around

the estimated peak.

Compute a cross-correlation function between the observed
values and corresponding values of a standard small-grains
rererence profile, as they are shifted in time past each

other.

Choose that shift value which maximizes the cross-correlation

function and compute the corresponding day of peak Greenness.

Qutput the shift value and a goodness of fit.

goodness-of-fit value returned by the subroutine is derived

maximum cross-correlation coefficient, and typically ranges
from 0 to 1, where 1 represents a perfect fit. However, negative

§ values are possible and indicate a very poor fit.
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ROUTINE: CCSHFT

VERSION: 1.0

DATE: Februasry 1980

PROGRAMMER: E. Crist £ .C .

LANGUAGE: FORTRAN

INTERFACE: A Standard FORTRAN Integer Function

PURPOSE: To compute an v¢stimate of the day of maximum Greenness for
small grains targets.

‘ CALLING SEQUENCE:

IRC=CCSHFT(DATA, ACQDAY ,NACQ, PKDAY ,GFIT)
or
CALL C-'GUFT(DATA,ACQDAY,NACQ,PKDAY ,GFIT)

ARGUMERTS:
F
NAME TYPE DESCRIPTION

DATA(15) R Tasseled-cap Greenness values
(with 32-count offset), or
-99.0 if flagged by SCREEN.

ACQDAY (15) I Acquisition days (1-366) corresponding
to values in DATA().

NACQ 1 Number of acquisitions.

PKDAY 1 Output estimate of day of peak
Greenness, or '0' if no peak estimate
can be made.

GFIT R Output measure of data fit to profile

based on cross-correlation factor.

2
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RETURN CODES:

CCSHFT = 0  Successful return
1 Too few acquisitions

2 Too few or inadequately spaced acquisitions
(after first rough shift)

DESCRIPTION:

CCSHFT carries out the following sequence of steps in estimating
the day of maximum Greenness:

1. Check acquisition availability -- there must be a minimum of
three non-SCREENed acquisitions. If there are less than three,
CCSHFT = 1, and return to calling program.

2. Fit a quadratic to three acquisitions, including the one with the
largest Greenness value. The maximum value of the quadratic is
the first estimate of the day of peak Greenness. If the quadratic
cannot be fit, the acquisition day corresponding to the highest
Greenness value in DATA() is used as the first peak estimate.

3. Line up the data to a reference Greenness profile by matching
the peak day estimate to the peak day of the profile. The
reference profile is illustrated in Figure A-1.

4, Re-check acquisition availability -- now there must be at least
three acquisitions in the range marked 'A' in Figure 1. 1In
addition, a spacing constraint is appliad, such that consecutive
acquisitions by different satellites (i.e., approximately 9-day
spacing) are only treatad as one acquisition in meeting the three
acquisition requirement. If there are less than three adequately
spaced acquisitions, CCSHFT = 2, and return to calling program.

5. Shift the data values in time relative to the reference profile
(+30 days) and select that shift which maximizes the cross
correlation term,

2
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ERIM

2

2 * 2
ZFiﬂ Gi

[Zepu ]

where Fi is the reference profile value,

Gi is the data value,

T is the shift value.

R =

1+

6. Compute the final peak day estirate by using the selected
shift value to adjust the first peak day estimate,

e




APPENDIX B
FORTRAN LISTING OF SUBROUTINE CCSHFT




INTEGFR FUNCTION CCMFT(DATALACODAY,NACO,PRDAY,GFIT)Y
Contanatatnat et ada R Rt R AR Rt R sat StRARSRAASARARARARARRARARRRRRAARARARERS

Ca
Ce RONTINE YO EATIMATE OAY OF PEAK GREENNESS rOR GRAIN TARGETS,
Ce
tn-- avas - - ans - - -
. Ce
Ce ARGUNENY TYPE OFSCRIPTION
(4 ]
Cer DATA(LS) R TASSELED=CAP GREENNESS VALUES, OR
Cs «99,0 JF FLAGGED BY SCREEN,
C»
Ce ’ ACaDAY(1S) 1 ACBUISITION DAYS (1a306) CURRFSPONDING
g‘ 10 DATA VALUES,
* R
Ce NACQ . 1 NUMBER NF ACQUISITINNS INPUT,
Ce . ‘
Ce PKDAY 1 QUTPUT ESTIMATED DAY OF PEAR GREENNESS
C» (’-366). - .
Ca
cn SF1Y ] MEASURE OF FIT A7 MAXInln
C» CROSS-CORRELATION,
C»
Ce oo - - ee
Ca
Ce NRITTEN BY E, P, CRIST
Ce ENVIRONMENTAL RESEARCH INSTITUTE OF MICHIGAN
- Ce PO, ROX B8p18
Ce ANN ARBNR, MICHIGAN 48107
C»
c......ﬁ'.i..;lt..l.i.....t.t‘.lt.!l..t.Ott...il.Qﬁ'ﬁ*ﬁ'...ﬁﬁ.t.ﬁ...l'il
. ce
. C» DECLARATIONS AND DIMENSINNS
Ce .
INTCGER PXDAY,8DAY,SHIFY,TDIFF,TOPDAY
c»
INTEGER ACQDAY(15),0AY(15),1(3})
[ ]
REAL INT,MAX,MAXR
Ce
REAL DATA(15),6(3),6R(15),PROFIL(150)
C ' '
DATA PRAF11L/70,0651,0,651,0,05140,651,0,651,
80,651,0,0651,0 051,0,651,0,858,0,051,0,651,0,65%,
£0,651,0,651,0,651,0,651,0,651,0,654,0,651,0,651,
20,651,0,651,0,651,0,051,0,651,0,651,0,051,0,651,
$0,651,0,651,1,596,2,693,%,494,5,176,6,517,7,904,
9,323,10,764,12,216,13,671,15,119,16,553,17,965,19,348,
220,697,22,0048,23,265,24,a74,25,627,26,719,27,746,28,700,
$29,595,%0,412,31,153,31,8148,32,405,32,915,33,145,33,698,
£33,972,34,170,34,292,34,340,34,315,34,221,34,058,33,81%1,
Q33.5.‘033.|920320737¢32.3?903‘.021031.2!)5.30.673'30.039,
£29,371,28,671,27,94%,27,191,26,418,25,628,24,824,24,010, 3
823,188,22,362,21,533,23,706,19,882,19,064,18,255,17,455, E
836,600,15,894,15,136,14,39,13,671,12,967,12,282,11,619, %
ORIGIN
QUALITY




810,977,10,387,9,700,9,1A4,8,633,8,1048,7,597,7,114,
80,052,0 243,%,796,%,400,%,02%,4,670,48,134,4, GIQO - -
3,721, ' JH81,53,179,2 933,00, 703.2 ap?,2,287,2.100, - :
&1, 925.3 T164,1.010,1 JA78,1,388,1, 227.1.117.1 016,
t0, v?s.o ITHN 1%9,0, uaa.o 022,0,582,0 snt.o.nsu.
20, utx,o 369,0,332,0, zae.o asv.o 239,0,213,0,190,
0,170/
Ca

Ce

c‘..l".Ii't‘bi.litlliﬁ..‘ﬂ"‘....Q.l.‘.il.t.t.t!l'th..iﬁ..ﬁﬁ!tl..l....

CCSHFT=n

Cn
Ce STEP 1N

Ce
Co  FIY A QUADRATIC TO THE THREE MIGHEST GREENNESS VALUES IN ORDER T
Ce GET A FIRST ROUGH ESYIMATE nf THE DAY N\F PEAK GRFENNESS,

Ce .
NUSED2D
MAXED
DO 10 lamy,NACQ
IF (DatTa(1n), EQ,=99,) G0 10 10
NUSFDaNUSED !
Ce

C* GRE) CONTAINS NON«SCREENED DATA VALUES, UFFSET RY 25 COUNTS,
Cx DAY() CONTAINS THE COHRESPNNDING ACQUISITIONN DAYS UF YEAR,

Ce
GRINUSED)IEDATA(TIA)=25,
DAY(NUSED)SACQDAY(1A) -
Cr
Co LOCATE MIGHESY GREENNESS VApLug,
Ce .
1F (DaYA(IA) LE, maX) 60O TO 10 .
MaxzDaTaCIA)
1MAX2ZNUSED
10 CONTINUF
Ce

Ce TMREF NON=SCREFNED ACOUISTITIONS ARE REQUIRED = LESS xILL
Ce NOT PRODUCF A RELIABLE ESTIMATE OF THE SHMIFT, IF THREL
Ce ACOUTSITIUNS ARE NOT AVATLABLE, SET CCSHFT=)] AND RETURN,

Ce
1IF (NUSFD,GE,.3) GN 10 IS8
CCaNFTay
PRDAY =0
GFlTen,
RE TURN
e
1S COnTINUE
Ce

Ce TWN ACQUYSTTIONS IN ADDITINN TO THE MAXIMUM ARE T() BF USFD, TME
Ce CHOICE OF aCnulSITIONS OEPENDS ON THE LUCATION OF THE MAXIMuwM,
Ca TOFALLY, ONE ACQUISITION ON ETTHER SIDE OF THE MaXIMUM IS CHNSFN, IF
Ce THE NAXIMUM 18 THE FIRSY OR LAST ACPLISITON, HOWFVER, THE Twn
Ce NEARFST ACQUISTTIONS ARE USFO,
Cr

1F (NUSFDaIMAX)20,20.25

S
W,

5




Yo

Ce
,7 c4

(]
Ce
Ce
Ce
C
C

Ce

Ca
C
(o ]

Cr

Ce
(4]
(]
Ca
Co
Ce

(4]

20 JUSESTMAKeE
G TU a0
25 IF (IMAx~1)30,30,15
30  JUSFstMax
60 T d4n
35 1USESIMAXEY -
40 CONTINUE

DATA ARRAYS ARFE FURTHER SUBSET FOR EASE OF QUADRATIC COMPUTATION,

TUSExTUSEWt
on S0 lamy,3
TUSERTUSE et
Glia)sGR(TUSE)
TITA)=DAY(LUSE)
S0 CNNTINUE

COMPUTE & STRAIGHT LINE THROUGH THE FIRST AND THIRD POINYS, 1IF THE
MIDDLE vaLubk FALLS BELNW THIS LINE, THE QUADRATIC COMPUTATION wWILL
FIND A MINTMUM INSTEAD OF A& MAXIMUM, 1IN THIS CASE, USE THE DAY OF
THE MAXIMUM GHEENNESS NBSERVATION A4S THE FIRST PFAK DAY ESTIMATE,

SLOPE2{G(1)=6(3))/(T(1)=T(3))
INT2G(1)=T(1)+SLOPE
CHEVALZSLNPEAT(2)+INT

IF (6(2).GE,CHKVAL)GO TN 5% '
TOPDAYEDAY(IMAX)
G0 T 70
S5 CONTINUF

COMPUTE TERMS OF THE QUADRATIC EQUATION,

DIF13T(1)=T(2)
DIF257(2)<T(3)
SuMIBT(1)+T(2)
SUMPET(2)¢T(3)
DIFS01=N]IF 1aSUNY
* DIFSQGP=NIF2eSUM2
DIFG1:G(1)=G(2)
DIFG22G{2)=6G(3)

A2(DIF24DTFGI=DIF14NIFG2)/(DIF2+DIFS01=D1F12DIFS0Q2)

CONPUTATION OF DAY OF PEAK REAQUIRES DIVISION Bv *A' TERM, SO
IF A=0, THE COMPUTATION CANNDY BE MADE, 1IN THIS CASE, AGAIN,
THE DAY NF THE MAXTHMUM GREFNNESS OBSERVATION IS uSED AS THE
FIRST PEAK DAY ESTIMATE,

IF (A,NF,0,) 6O Y0 60
TOPNAYSDAY(TMAX)
GO 10 70
60 CONTINUE

B (DIFG2«NIF8N2eAY/DTF2




ERIM

TOPDAYRa] ,#B/(2,.04) 0,8
Ce THE MAXIMUM VALUE OF THE QUADRATIC MUST FALL IN THE RANGH
Ce OF THE THRFE DATA VALUFS USFD IN 178 DETERMINATINN, OTHERWISE,
Ce USE THE NEARFST NF THE THRFE A8 THF PEAKX DAY ESTIMATE,

IF (TnPPAY=T(1))861,6%,05

81 NPnAveT(1)
Gh ) 70
(11 IF (TnPNAY=T(3))70,70,84
66 TOPRAYST(Y)
70 CONTINUF
C»

Ce COMPUTE THF DIFFERENCE KEYWNEEN THE RFFERENCE PRUFILE PEAK
Ce DAY AND THF ESTIMAYED pEAK DAY OF THE GIVEN TARGFT,
Ce
SMIFTa1a0=TNPDAY
Ce
CRrRBRARRanteaft et ARt AR RaAaRoARReARARRdntRateasAsatRodtnEnRatanadaRRRolnd
Ce
Ce STEP 20
Ce
Ce THE FINA) ESTIMATE OF THE DAY OF PFAXK GREENNESS 1S COMPUTED
Ce AY DETERuINING THE SHIFY ALONG THE DAY OF YEAR Ax]Y wnicH
Co MAXIMIZES THF CRNSS«CORRELATION BETWEEN THE DATA VALUES AND
Ce A REFERENCF PROFILF,
Ce THF REFEQENCF PROFILF CONSTSTS OF VALUFS COKREGPOLDING TN
Ce & 90=DAY INTFRVAL WHICH ENCNMPASSES FSSENTTALLY THE ENTIRE
Ca GROWING SEASAN FOR SPRING SMapLl GRAINS, AND A 30aDAY *TallL®
Co ON FITHMER QINF, FNR ANY GIVEN SET OF DHSERVATIONS, ONLY THUSE
Ce WHICH FALL In THF 90«DAY INTFRVAL (USING THE DAY OF PEAK
Co GREENNFSS FSTIMATE JUST COMPUTED) ARF CUNSIDERED IN THE
Ce CROSS-CURRFLATION CALCULATION, |
Ce
NSPRN2O
NISFDad
00 90 lasy,NACQ
IF (DaTa(TA),EQ,=99,) GN TO 90
SDAVEACADAY(IA)+SH]IFTa94
IF (SPAY.LE, 30 ,OR, SNAY,GT,120) GO YO 90
Cx
Ce . ORSERVATIONS MUST HE MORE THAN 9 DAYS APART (SEE BELOW),
Ce
Ir ¢(NUSED.GT,0) GN TN 75
TNIFFeLA
6hH T 80
15 CANTINUE
TOIFF2ESNAYDAY(IPREV)
80 CANTINUE
IF (TDIFF.LT,15) Gn 10 &S
IFRFVENUSEDe
NSPRDZNSPRD e}
L1 CANTINUF
NHSFDENUSED#)
GRINUSED)SDATA(TA)2S,




JEL

DAY(NUSED ) uaDAY
90 CONTINUE
Co
Ce QECUND CuErx OF ACOUISITINN AVAILARILITY, RFQUINREMENTS ARE:
Ca 1) THRFE ACQUISITINNSG In THE 90aDAY BROFILE INTERVAL
Ce @) MNHF THAN 9 DAY SPACING BETWEFN SUCCESRSIVF ACQUISITIONS,

Co THE SECUND CONSTRAINT 18 THE RESULT OF OASFRVATIANS THAY
Co IN TERMS OF THE SHIFT CALCULATION, DATA WHICH ARF TOD CLOSFLY
Ce SPACED DN nOT AEMAVE AN INDEPENDFNT NBRERVATIONS, THE CUTeUFF
Ca OF 15 DAYS USED IN THE PRNGrAM I8 NOT AHSULUTE, ARUT WAS
Co CHOSEN TN FLTMINATE CONSECUHTIVF ACQUISTITIONS FROM DIFFERENT
Co SATELLITES wHILE ALLONING CONSECUTIVF ACOUISTITUNS FROM THE
Ce SAME SATFLLITE,
Ce  ACOUISTITIONS NOT MEFTING THE SPACING CRITERINN aARE SVILL uStD
Ce IN THE SHIFT CALCULATINN, IF THERE ARE ENUUGH WE| L «SHACED
Ce ACOQUISTTIONS,
Ca
1F (NSPRD,GE,3) 6N TN 100

CCSHF 132

PKOAYZD

GFlv=a,

RF TURY

100 CONTINUE

Co ALL SMIFTS UF ¢ DR = 30 DAYS FROM THAT COMPUTED wiTH THE
C® QUADRATIC aRF CONSTDERED, YHE MAXIMUM CROSS-CNRRELATION,
Co AND THE CURNFESPNNDING SHIFY, ARE UPDATFD AS APPRNPRIATE,
Ce
MA .“.o »
18TFPe=1]}
DN 120 1878 ,M0
IATEPISTFPe)
snuoﬁuaq.
LERILIET TN
§SinArza,
SN 11A 1081, %ISED
Shavsnav(TIDVYerSTEP
§1ManNgQUYPRDGA(IDIePANFIL(SNAY)
$40.0478 850K 210 PRIIFIL {SNAYIAPROFILISDAY)
. SUNATa8NDATeGR(TDYaGREID)
1o CmTiuur

Ce
¢ RB2,/7¢01,+330DAT/SUMPRNA(SSGPRN/SUNPRD) )
[ )
IF (N LT ,wAYR) GO 1IN 120
MAXOED
NAHTFTRISTEP
120 CONYInuF
Ce

Co THE FINAL SMIFT IS THE CNMBINATION OF THE FIRST (RASED ON THE

Ce QUADRATIC), anD THE SECOND (RASED NN THE CROSS=CNRRELATION TN

g: ::ET:EF::$MCF P:nFILE). THE ESTIMATFO DAY OF PEAK GREENNESS
ERFNCE DAY OF PEAK GREENNESS (DAY 160) ADJUST

Ce THE ESTIMATEN SHIFT, 60) ADJUSTED AY

Ce
PRDAYZ1 0« (SHIFTeNSHIFT)
Ce
GFIT210 enAXR=9,
RF TURN
END




APPENDIX C
TEST CASES AND TEST RESULTS FOR SUBROUTINE CCSHFT

A o N




TEST CASES FOR ROUTINE CCSHFT

A series of test casea was run to verify the proper functioning
of CCSHFT. Attached are listings of tle testing program 'TESTCC.F',
test data 'TESTDATA', and output results 'TEST.RESULT'. The cases

and their purposes are as follows:

Cage 1 - test normal flow of program

Case 2 test first check of acquisition availabilicy

(lines 74-101)

Case 3 - test mechanism for assuring that the quadratic
estimates a maximum rather than a minimum
(lines 134-141)

Case 4,5 -~ test selection of acquisitions for quadratic,
and mechanism for adjusting peak estimate
to fall in data range (lines 111-118,173-178)

Case 6 - test second acquisition check - less than 3 acgqs

Case 7 - test second acquisition check - minimum spacing
requirements (lines 204-244)

Case 8,9 - illustrate GFIT values from non-typical data
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TESTOATa

14:541:40

02-24-80

t'tt'l.k‘lii*lt*tlil'titii’*bi!*tt!ﬁlkhﬁ!ﬂlhiﬁit..

LR
LR
R
L ] ]
L)

.Q.ﬂlat.t.itﬁi*Q..ﬂiQtllﬁlt*thiﬂﬁiiiiﬁtltttttii"'

OXBGO WL GIN -

139 157 175
45,0 en,n
139157 175
45,0 «99,0
139 157 1758
60,0 45,0
139 157 175
30.0 30,0
139 157 175
65,0 SS,0
139 157 175
60,0 «99,0
139 157 165
as5,0 60,0
139 187 1718
45,0 us,0
139 157 175
5.0 So0,n

193 211
590
193 »>114
59.0 =99,0
193 211
SSen
193 211
4Nen
193 211
40.0
193 2114
40.0 =99,0
193 211
55.0 <99,0
193 211
as.n
193 211
4S,.n

40,0

40,0
55.0

3In,0

45,0

Sn,0

3n,o0
99,9
30.0
65,0
30,0
30.0
-99,0
4s, 0
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L 3
L X ]
L g ]

TESTLRESHLT

1a:Sazsan

0p=2H=80

LR
LR
[ X
L& ]
"t

RARRRARCAAAARRAEARARAARACR PSP 50 0390000 Asd staRbanaih

CASE |
RETURN

CASE 2
RE TURN

CASt 7
RE TURN

CASE 4
RE TURN

CASE S
RE TURN

CASE &
RE TURN

CASE 7
RETURN

CASE 8
RETURN

CASE 9
RE TURN

CNhDE=z 0

CNDOF= 1|

CODF= 0O

CODF= 2

CODF= O

CODE= 2

COUF= 2

CNOF= 0

CODE= 0

PKDAY= 161

PKDAY= n
PKDAYz 1852
PKDAY:= n

PKDAY= 141

PrDAYs= 0

PKDAY:s 0

PKDAYZ 160

PKDAY= 158

GFITe

GFIT=

GFIT=

GFI11=

GFIT=

GF1T:=

GF1ITe

GFIT=

GF17s

0.995194RY

0.0

0.32548237

0.0

0.9972R203%

f.0

.0

0.4u94%5621

0.,29122353
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