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PREFACE

The procedures documented in this repori were devaloped in support of the
Agriculture and Resources Inventory Surveys Through Aerospace Remote Sensing
program. Under Contract NAS 9-15800, persormel of Lockheed Engineering and
Management Services Company, Inc., completed this work for the Earth Observa-
tions Division, Space and Life Sciences Directorate, National Aeronautics and
Space Administration, at the Lyndon 8. Johnson Space Center.
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1. INTRODUCTION

The Agriculture and Rescurces Inventory Surveys Through Aerospace Remote
Sensing (AGRISTARS) program is a major effort to assembie and apply the remote
sensing technology to agricultural analyses and Earth resources inventories.
AgRISTARS does not rely on remote sensing alone; it also integrates available
ground observations and meteorological data to provide ar. enhanced perspective
of crop conditions ard increased capability for monitor.ng temporal and spatial
changes. “he meteorological conditions and their impact on the environment are |
vital to the detection of the agricultural conditions. Weather data, there-
fore, become a major component of the ground-truth information required for the
effective use of remote sensing technology.

The Foreign Commodity Production Forecasting (FCPF) project within AgRISTARS is
particularly concerned with the application of remote sensing technology to
agriculture in foreign areas. The FCPF effort is directed toward inventorying
and monitoring the production of crops that are significant to the world's food
supply. In few applications does the role of weather have such a tremendous
impact as in agriculture. The project, in response to this fact, has required
weather analysis and interpretation activity. This activity has specific
objectives in support of FCPF experiments and technology.

The primary objective of this task is to provide relevant information about
meteorological conditions in all project experiments or similarity regions.
This includes an assessment of the impact of weather on crop development,
yields, and spectral appearance. Task input relies upon the production of
meteorological summaries and uisplays of various meteorological variables and
indices. These products aid in the interpretation and assessment function.

A supporting task objective is to access, develop, and manipulate all available
meteorological data. A computer capable of handling large volumes of data is
required. The attendant software must be compatible with the mode and format
of varied data sources. It also must be flexible in order tc respond to
different requirements for information.

1-1
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A third objective is to provide data and interpretive information of quality
and detail. This requires procedures to correct inconsistencies in the data
and to fill any data hiatus detected. This is accomplished with software based
upon operational experience wi.h the characteristics of meteorological observa-
tions and knowledge of the vagaries of the spatial distribution of the data.

—~ The final objective is to provide a set of output products which meets user
requirements; employs pertinent parameters; and displays all features in a
standard, unambiguous manner. These products will be the basic tools of the
overall agricultural interpretation and assessment activity.

This report provides a description of the current line of products which was
devised and delivered for the U.S./Canada Wheat and Barley Exploratory
Experiment. The functions and/or applications of these products are also
given. The data requirements to produce these items are exhaustive and are

i described in detail. Procedures for assembling and processing these data are
also presentaed. The software to accomplish this task, which is still being

: developed and streamlined, is documented in its current state.
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2. PRODUCTS AND FUNCTIONS

The primary purpose of meteorological data is to provide point-specific infor-
mation, whenever possible. Weather analysis and interpretation procedures
developed during the Large Area Crop Inventory Experiment (LACIE) were regional
and relied on interpretation of network we:lher observations. The approach for
the AGRISTARS FCPF project is to provide segment-level detail and analysis of
weather data in a time series. This method eliminates large volumes of
extraneous regional information requiring subjective interpolation and replaces
it with sagment-specific data obtained objectively. Temporal variations are
reduced to a weekly time series.

To display the desired data for a particular site over the growing season, 2
three-part climagraph is employea. A Fortran program is used to generate this
product on a line printer. One climagraph is produced for each segment
location 1n.the experiment region.

Part 1 of the climagraph consists of a composite plot of (1) weekly observed
and mean temperatures and (2) weekly and normal precipitation totals (see

fig. 2-1). The first header line specifies the data acquisition year, the
segment number, the state and crop reporting district (CRD) in which the
segment is located, and the latitude and longitude of the site. Thz secund
header line lists the available Landsat acquisitions. The horizontal time
scale is the Julian date for the ending day of the week. The temperature scale
is degrees Fahrenheit at 2° intervals, and the precipitation scale is in inches
to the nearest two-tenths of an inch. Climatological normals are plotted as
asterisks (*); observed values, as pluses (+) for above normal and minuses (-)
for below normal values. These four parameters are not observations or recurds
at the segment location but are interpolations of values from the available
first-order network for the ~egion. The values at the stations are sumnarized
by week prior to interpolations. For this particular plot, 26 interpolations
were needed on 4 variables to provide the segment-level estimates.

2-1
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The climagraph display of data permits interpretation of potential interactions
of tenperature and precipitation with spectral appearance. For example, the
week prior to acquisition date 175 was cooler and wetter than normal. This
provided some relief from any ongoing stress, as well as conditions for a
reduction in the rate of cr.p development.

The plot also atds in detection of long-term effects and sequences of signifi-
cant weather features. For example, for 5 wecks prior to day 238, temperatures
were consistently below normal. This phenomenon probably delayed ripening of
spring wheat. The heavy rainfall during the week ending on d:y 210, an extreme
departure from normal, would probably have been detected as standing water in
some fields if an acquisition had been available for that date.

Part 2 of the climagraph depicts the crop moisture index (CMI) and the adjust-
able crop calendar (ACC) model outputs by week (see fig. 2-2). The header
information, available acquisitions, and weekly time scale are the same as in
part 1. The scale for the CMI is dimensionless with a normal reference line at
zero. The ACC scale, in this case, i{s for the Robertson biometeorological time
scale for spring wheat {-ef. 1). The stages in this scale are: planting = 1.0;
emergence = 2.0; jointing = 3.0; heading = 4.0; soft dough = 5.0; and ripe = 6.0.
This scale is also dimensionless and ic used to depict the cumulative develop-
ment of the crop as estimated in 2 meteorologically driven model. Again, the

26 valuas of each variable are interpolated estimates derived from running the
models with the available first-order station data.

These two plots characterize the response to the meteorological conditions at
the segment level and fa<ilitate the assessment of meteorological impacts on
spectral appearance. ihe CMI integrates the effects «f both temperature and
precipitation into a budgeted index related to soil moisture and, hence,
stress. For interpretation of the index values, consult table 2.1.

The CMI plot when compared to the temperature and precipitation plots indicates
to some extent the response of the CMI to the other two variables. For

example, the week ending on day 168 was warm and dry enough to begin slight

2-3
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stress, but conditions recovered in the subsequent cool, wet week ending on
day 175. In general, the index did not indicate stress, despite below normal
precipitation, until the higher temperatures of mid to late summer began to
take effect. The sequences in this time series are also harbingers of spectral
appearance. Sustained and unrelenting stress conditions are indicated after
the week ending on day 224.

The final plot of ACC values by week indicates at what particular stage of crop
development favorable or unfavorable meteorological episodes or sequences
occurred. It indicates the best current estimate of a crop's stage of develop-
ment as derived from the current year's weather. The plot, which defines the
growing season for the crop, is used to establish the intervals (biowindows)
between spectrally significant crop stages. Acquisitions during these
intervals are selected for classification procedures.

Part 3 of the climagraph product provides information which cannot be conven-
iently plotted and a special synopsis of special features of the ACC plot (see
fig. 2-3). The header and available acquisition date information is followed
by a table.entitled "Date and Region of Reported Significant Ecological
Events." An effort has been made to collect reports of events or situations,
not necessarily weather related, which may effect spectral appearance in the
experiment region. This type of information is dated and assigned to the
appropriate level of geographic detail. For example, localized hail damage in
North Dakota, CRD 3, was reported for the week ending on day 252, Although
segment 1387 is located in this CRD, hail may not have affected the segment
itself. Likewise, the report from the week ending on day 147 indicates that
wild oats was becoming a statewide problem, although not necezsarily in
segment 1387. Such reports are provided to the analyst as potential clues for
explaining anything unusual observed in the segment imagery or spectral
sequences.

The next feature c€ part 3 is entitled "Adjustable Crop Calendar Dates for

Spring Wheat by Acqu.sition Date and Stage." These are data points which may
be extracted from the ACC plot but which are displayed here for convenience.

2-6
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The model stage estimates for each available acquisition date are given,
followed by the estimated dates of the six cardinal stages of the crop model.

The final item on the climagraph is the specification of potential biowindows
for acquisition selection. In this case, two are defined in terms of the ACC
cardinal stage dates. Window 1 is the 24-day period from 5 days before to

18 days after spring wheat planting. Window 2 is the 21-d2y period from

10 days before to 10 days after heading. Additional biowindows were defined
for barley, the other crop of interest, but ACC models are not yet available.

These windows are determined by comparing the historical average of the bio-
window definition date (e.g., barley turning date minus spring wheat heading
date) to the available ACC date. For example, if historically for the region,
barley turning (key date of the biowindow) occurs 10 days prior to spring wheat
heading, the best estimate in the current year for this date is 10 days before
the ACC-estimated date of spring wheat heading.

This explains the current version of the climagraph product. Modifications are
anticipated in response to user requirements, to analyst evaluation of the use-
fulness of the displayed variable, and to the introduction of new variables and
indicators of spectral appearance. The central theme remains the careful
reduction of data to the segment level for a specific time interval.

Two additional products are generated from the weather analysis and interpreta-
tion activity. Both contain special interpretations of the CMI, the primary
variable for study of crop spectral appearance.

The regional CMI interpretation (fig. 2-4) provides an expanded view of the
extent of stress conditions (as indicated by the index) over time and space.
The product is a printed narrative for each subregion (CRD) in the experiment
region with the segment numbers included.

The second CMI product (table 2-2) provides a subjective assessment of the
impact of CMI variations on crop development and spectral appearance. The
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FILE: CMI SCRIPT A CONVERSATIONAL MUNITOR SYSTEM
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AND FAVU~ABLE MOISTU~RE CONDIT ONS _AS INTERPRETED FROM TrHE CMI.
TH EASIERN CRO'S EXrPE~IENCED LITTLE UR NU _STRESS CONDITIONS
IL LATE JULY ANU AULUST. nOwEveEx SUUTHERN ANU weSTERN CRU'S
EIPEHIENCED DRY AND VETEXIURATING CUNCITIUNS IN EAxLY JUNE
WHICH ENUED ABRUPTLY I THE LATTEX PART OF THE MONTH.
NORTH LAKQTA
le2el NURTHWEST (SEOMENTS: 1394¢165741602)
AKEA MUISTUE «4AS ADEQUATE THROUGH TnE FIRST wEEK
OF JUNE. CONUDITIUNS GEnNERALLY ODETERIORATED AFTER PLANT=
ING wITH SPOTTY WelLIEF TU DY CUNUTIUNS DURING JULY ANV
WORSENING CONUTIUNS THNUUGH AUGLUS
le2e2 NURTH CENTRAL (btuntNTb' l‘vz-laololbllolblz
CUONDITIONS BECAME MARGIN AFTEX PLANTING IN EA t
ngaxsgé B8Y AULUST VERY ORY CUNDTIUNS BEGAN AND CUN lNuED
1e2¢3 NURTHEAST (SEGMENTS: 138741467+15844161741619)
CRUP Mug?TuR WAS ADECQUATE TrroUGH LATE JULY WITH ONLY
SLIGHT RESS tXHERIENLtD THEREAFTER.
le2e4 EAST CENTRAL (SEGMENTS: 1472416730 1665)
CROP MOISTURE CUNDITIONS REMAINED FAVORABLE UNTIL AUGUST
THEN DEYSRIONAltD CUNS[UERATLY.
1e2¢5 SOUTHWEST (StumENTS: 1650)
CONDITIONS DeTERIURATEUL IN EARLY JUNE wlTH SOME IMPROVE=-
:5q55?unlne JULY AND FAVORABLE CUNUITIUNS AFTER MID=-
9 .
1e2+46 SUUTH CENTRAL (SEGMENTS: 1053-1056o1909.1917o19leo1?20)
CONDITIONS BEGAN VETEWRIURATINGL RAPIULY IN ?AnLv JUNE AND
WERE GUITE DkY BY BAKLY JULY. THEREAFTER THINGS [MPROVED
ANU CONDITIUNS BECAME VERY MUOIST BY MIVD=SEPTEMBER.
le2e7 SUUTHEAST (SEUMENTS: 1399¢1058415619116649192491974)
HE CMI WwAS FalkLY STAoLE wlTrn CONUITIONS ADEQUATE UR
FAVORABLE THRUULH MID=SEPTEMBER.
MINNESOTA
le3el NURTHWEST (SEGMENTS: 1516015}801825v1987) .
ONDITIONS wEWE_ADEQUATE OW_FAVOKASLE OVER THIS REGIUN
H<OUGH JULY wlTH STEAUY DETERIORATION IN AUGUST AND
SEPTEMEER.
1632 WEST CENTWAL (SEGMENTS: *835-18&2)
FAVORABLE MOISTURE CONULILITIOQ!NS PERSISTED Taaouenout 1ne
GHOWING SEASUN EACEPT FUR EACESSIVE MOISTUKE IN
TO LATE JUNE.
1e3e¢3 CENTRAL (SEGMENTS: 1524+1R43)
nulSlun; WAS AUEQUATE Tu ;xCESSIVE THROUGHOUT THE SEASON
gztzt%a REMELY wETl CUONUITIONS PRIUR TO THE DELAYEV
A Ge
le3¢4 SOUTHWEST (SEGMENTS: 1?50)
MUISTURE #AS ADEWUATE TU EXCESSIVE THROUGHOUT THE .
SEASUN wiTh EXTHEMELY weT CONDTIUNS COMMENCING IN AUGUST
WIlH LITTLE IMPROVEMENT THROUGHOUT THE HARVEST PERIOQOU AND
INTO _LATE SEPTEMBER.
SOUTH DAROTA
le4e]l NURTH CENTRAL (SEGMENT: 1599) ~
MOISTURE CONUITIUNS wEXE ADEUWUATE THROUGHOUT THE
ZEASUZEEKCEPT FUx SOME STRESS DURING THE FIKST mALF
.
le4.2 NORTHEAST (SEUMENT: 1940)
THE CMI INOICATED FAVUORABLE MOISTUKE CONDITIONS Tnnousnoul
THE SEASON gut MOISTURE wAS EXCESIVE DURING THE LATTER
HALF OF JUNE.
le4e3 CENTRAL (SEGMENTS: 168901755
CUNDITIONS wErE AUEQUA[t THHOUGH MID=SEPTEMBER EXCEPT
FUx _SOME SLIORT STwESS IN &AnLY JUNE o
le®o6 SOUTH CENTRAL (SECMENT: 167
THE CMI wAS ADEWUATE Aany) SYAuLE THROUGH LATE SEPTEMBER.
le4:.5 SOUTHEAST (SEOMENTS: 11744
MOISTURE wWAS MURE THAN AOEQUATE THROUGH ALMOST ALL THe
SEASUN wlITH EAECSSIVE MUISTUKE INDICATED IN MID=MAY.

MONTANA = CENTRAL (SEOMENT: |veR)

MOISTUKRE wAS ADEWUATE THROUGH MAY sSUT DECLINED AND REHAINEU
MARGINAL ,TU POUK TrROUGHOQUT TrE ~EMAINDER OF THE SEASO
REACHING ‘NEAKLY DRUUGHT CONDITIONS BY LATE AUGUST,

Figure 2-4.- Regional CMI interpretation.
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assessment is made at the specific CRD level in terms of expected deviations in
stage and color at the six normal stage dates. This product represents a
detailed interpretation by an experienced analyst of appearance and the reasons
for an anticipated spectral sequence of spring wheat in the CRD.

A1l of these products were prepared and delivered in support of the U.S./Canada
Wheat and Barley Exploratory Experiment. They are still under evaluation and
subject to modification. For now, these products represent the current state
of weather analysis and interpretation techniques in support of FCPF experi-
ments. They can be produced for almost any region for which data are avail-
able. These data requirements are not entirely inflexible; however, timely
acquisition of meteorological data is the most crucial component and must be
supplied without compromise.
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3. DATA REQUIREMENTS

Data requirements fall into two categories: (1) ancillary data and (2) meteor-
ological data. The ancillary data are used to define a suitable subset of the
meteorological data spatially and temporally and to control the structure of
the information displayed in the products. The meteorological data are
refined, summarized, used to run models, and displayed for interpretation.

3.1 ANCILLARY DATA

Ancillary data must be obtained for each point (segment) of interest to the
user. The types, functions, and sources of these data are listed in table 3-1.
These data sets, which are in card image format, do not require a large amount
of storage space. Usually, all the data of a particular type can be combined
for all segments in a geographic region. For example, items 1 through 5 in
table 3-1 can be placed on a single record, and the file of these records can
comprise all segments in a given experiment region.

3.2 METEOROLOGICAL DATA

Two classes of meteorological data are required by these procedures: (1) his-
torical records of monthly data and (2) daily records from the weather stations
for the year of interest.

The historical records must be a minimum of 10 years in length, preferably

30 years. They must be at the lowest level of representation avaflable
(station, whenever possible) and include monthly averages of mean temperature
and monthly totals of precipitation. These data are essential for proper
implementation of the CMI algorithm. The normals of temperature and precipita-
tion, items 7 and 8 of the ancillary data (table 3-1), may also be determined
from these records.

The daily records must include the maximum and minimum temperatures and the
total precipitation. The records must be complete for each item for each day
of the period of interest and include as many stations as possible within the
region bounds.

3-1
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Because of the enormous quantity of historical and daily data, tape and/or disk

storage is required,

reports, further processing of raw data is required.

For completeness of the records and the daily observation

Ideally, the historical

records will correspond to the daily records station by station.

A summary of the meteorological data requirements for these procedures appears

in table 3-2.

worldwide coverage for meteorological data.

The international scope of anticipated FCPF experiments requires
The minimum station density

requirements for these procedures have not been determined; however, it does
not seem likely that such requirements will ever be exceeded in foreigp areas.
Therefore, observations from every available station are needed.

TABLE 3-2.- METEOROLOGICAL DATA REQUIREMENTS

Type

Function and/or
application

Data source

Mean monthly
temperature
(120 months)

Total monthly
precipitation
(120 months)

Daily maximum
temperature

Daily minimum
temperature

Daily precipitation
totals

Latitude and
longitude of first-
order stations

CMI operations

CMI operations

ACC models, computing
weekly means, and CMI
operations

ACC models, computing
weekly means, and CM!
operations

Comput ing weekly totals and
CMI operations

Objective analysis

Historical records and

| published values

HRistorical records and
published vaiues

Daily records from NOAA2
tapes and published values

Datly records from NOAA
tapes and published values

Daily records from NOAA
tapes and published values

Station records

3National Oceanic and Atmospheric Administration.
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4. PROCEDURES

An idealized configuration for these procedures appears in figure 4-1. A user
provides basic inputs about the desired region through an interactive terminal
of the Laboratory for Applications of Remote Sensing (LARS) computer at Purdue
University. This computer then accesses installed data bases and software to
obtain a machine-generated tool of analysis (e.g., climagraph) based on
weather conditions for each segment. The computer system provides permanent
disk storage, data tape handling facilities, and working temporary storage.
The software provides extraction modes for all available data, quality checks
of the data, summaries, and algorithm outputs of meteorologically driven
models.

4.1 ASSEMBLY OF INPUTS

Prior to the creation of products at the terminal, numerous small data sets
and ancillary information relating to the experiment regifon and its segments
must be assembled. The first requirement is a geographic definition of the
experiment region. If the region has distinct geopolitical boundaries and
does not exceed the size of a square 10° latitude by 10° longitude, the
definition becomes the smallest quadrangle, bounded by whole-degree lines of
latitude and longitude, which encompasses the region.

This constraint on size has two supporting arguments. First, an area that is
much larger would probably not be climatologically homogeneous. The second
reason for rastricting the geographic size is the result of adaptation of
software to objective analysis techniques. The number of grid cells to be
analyzed for a particular grid size fncreases with area. This, in turn,
increases computer core requirements and computation time. If the political
region exceeds the 10° latitude by 10° longftude size, two or more quadrangles
must be specified. Precise information on the climatic regime, topography,
and spatial distribution of the segments is required to define the size and
positions of these subregions. The distribution of the segments within the
regicn becomes a key feature when geopoliticai boundaries are not definitive.
The size constraints also apply to the special quadrangle to encompass this
distribution.

4-1
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The distribution of the segments within a region is best determined from a
complete 1ist of the segments, along with their latitudes and longitudes, to
be used in the experiment region. Ultimately, the coordinates will be used in
an objective analysis to obtain estimates of varfous meteorological parameters
at the segment level.

With the definition of each experiment region quadrangle, the specific
regional data must be assembled in disk storage. These data include daily
meteorological data for all available stations, monthly climatological data,
estimated pianting dates for each crop of interest at each regional segment,
estimated regional soil moisture capacities, significant ecological events,
and open and close dates for data collection.

The period of data collection is largely determined from the historical
regional crop calendars. This meteorological data collection period should
overlap the imagery collection period during the experiment. The daily
meteorological data and the data for significant ecological events are
acquired as specified by the open and <lose dates and may be assembled as they
become available.

Daily meteorological data are extracted as specified by the latitudes and lon-
gitudes of the quadrangle and the collection period. These raw data require
some quality control because of inconsistencies, such as maximum temperature
reported as less than or equal to minimun temperature. Such reports are dis-
carded and regarded as missing. All missing values are replaced with esti-
mates, when feasible. If the observation record for a particular station is
less than 25 percent complete, it is deleted from the data set because values
for too many of its observatiuns would have to be estimated.

The completion of the remaining observation matrix (i stations by j days by

3 variables) is attained through an objective analysis technique. A value for
a missing observation of a particular variable on a given day is estimated
from the scalar field of that variable. The software can be used to determine
objectively a unique solution of the scalar field. This solution, which is

4-3
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obtained from grid specifications and available observatinns within the grid,
can then be used to estimate a value for 2y given point in the field. This
procedure is repeated until a complete data set of maximum and minimum
temperatures and total precipitation valucs is obtained and stored on disk.

n2 historical records of monthly climatological data acquired within the
experiment region quadrangie must be assembled. If the record is for a divi-
sion rather than an individual station, approximate geographic coordinates of
the division must be obtained because the data must be treated 1ike those of a
station for computational purposes.

Lstimates of soil moisture capacities for each station within the experiment
region must be made. This can be accomplished by consulting either the pub-
1ished data for the region or a soils expert capable of utilizing general
soils classification maps for the region. The estimates are to the nearest
inch and frequertly are uniform over entire regions.

A crucial element of data to be assembled is estimates of regional planting
dates for each crop of interest. This may be accomplished using any of three
resources: (1) historical normals; (2) starter models, such as that developed
by Feyerherm for spring wheat; and (3) ground-truth data from the segments.
From whichever means is appropriate, dates must be estimated for the first-
order stations.

The final data type to be assembled prior to processing is tae significant
ecological events for the region. These are terse, verbal comments extracted
from published reports about crop and weather conditions in the region. Each
event must be identified by the approximate Julianr date of the reported occur-
rence. The event must further be identified by region and subregion codes;
for example, North Dakota (ND) and northeast CRD (03).

A1l the preceding data (whether compiled as cards, tapes, or disk files) must
be assembled collectively as a set of card images in permanent ;torage where
they are accessible during program execution. The format specification of
these files nust be consistent with civ.rent software.

4-4
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4.2 DATA PROCESSING

A1l variables that must be reduced to the segment level through objective
analysis mi:t be processed and available at the first-order stations prior to
interpolation. This assures that all models and statistical procedures are
applied to data with only observational errors. If the raw data for observed
temperature and precipitation were reduced and then processed at the segment
level, the inherent error of interpolation would be compounded by the error of
observation prior to running the models or producing statistics. The impact
of this compound error is not known, which complicates any assessment of error
statistics of segment-level variables.

The first stage of the processing is to obtain the daily stage of development
for each crop of interest by running the ACC model(s) from the estimated
planting date and the daily meteorological data for each station. One further
step is required prior to interpolation: extract only those values for the
week-ending Julian dates for the experiment time period.

The next variables for processing are obtained by contrasting the daily
temperatures and precipitation values to the mean temperature and the total
precipitation for each week-ending period. These weekly values not only will
be interpolated but also will be used to run the CMI algorithm.

Next, the historical records are processed. Two products are obtained:

(1) coefficients for the CMI algorithm and (2) normals of temperature and pre-
cipitation. Both are outputs of the Palmer hydrological accounting system
(ref. 2) operating on the entire record.

The normals of temperature and precipitation are then utilized to obtain simu-
lated weekly values corresponding to those determined for the current year.
The simulation is accomplished by harmonic analysis.

The final variable to be obtained at the first-order stations is the weekly
CMI values. These values are computed by applying the CMI algorithm to the
derived coefficients for the station and the weekly values of temperature and
precipitation.
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The following weekly variables by station are now ready for objective analysis
to obtain the segment-level estimates displayed in the climagraph products:
(1) mean temperatures, (2) normal mean temperature, (3) total precipitation,
(4) normal total precipitation, (5) final ACC stage estimates, and (6) CMI
values. The objective analysis of these six variables for each week utilizes
the latitudes and longitudes of both stations and segments and the grid for
experiment region quadrilateral.

The final data processing at the segment level applies ancillary data and
meteorological data to produce segment-specific climagraph products. These
products are printed for delivery in support of FCPF experiments and then are
stored on magnetic tape, along with all their contributing data files.

4.3 INTERPRETATION OF THE CMI

Both CMI interpretation products are subjective in nature. The regional
narrative is based upon examination of CMI maps and plots to obtain a coarse
assessment over time and space. The interpretation for stress and the impact
on crop development and signature response are based upon an analyst's
experience with the spectral sequence of crops. This is complemented by the
analyst tracking the CMI values throughout the season to detect possible
deviations from normal development in the region and to anticipate the
spectral appearance.

4.4 MODELS AND ALGURITHMS

The important models and algorithms used in these procedures are listed in
table 4-1. Fortran implementation of these items has been completed. They
exist as flexible subroutines accessible by an evolving line of Conversationa)
Monitor System (CMS) executive processors and other Fortran programs which
access, manipulate, and display the mcteorological data in the climagraphs.
The software of these models and algorithms represents the stable core of cur-
rent Fortran programs used in these procedures. Documented program listings
are given in appendix A of this document. The structure for interactions of
this software appears as a flowchart in appendix 8.
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TABLE 4-1.- MODELS AND ALGORITHMS APPLIED

Function and/or

Name application Data source
Wagner variational analysis Objective analysis of Ref., 3
technique meteorological variables
Crop moisture index Prime stress indicator Ref. 4

Palmer hydrological accounting Local coefficients for CMI Ref. 2

Thornthwaite model for potential | PE values for Palmer and Ref. S
evapotranspiration {PE) CMI algorithms
Robertson biometeorological time| ACC stage estimates Ref. 1

scale model for spring wheat

The Wagner variational analysis technique (ref. 3) is applied for objective
analyses of meteorological scalar fields in regions of sparse data. This
method utilizes a low-pass filter to provide a consistent and computationally
rapid means of estimating values at grid points in the analyzed field. The
errors associated with estimates of the variables used in the climagraphs are
being investigated.

The CMI is based upon a relatively simple two-layer soil moisture budget

(ref. 4). On a weekly basis, the value of the index is computed using the
total precipitation and an “appropriate" value for evapotranspiration (ET).
This ET value is an adjusted value of PE computed from mean temperature.
Coefficients for PE and the adjustment factor are based upon the Palmer hydro-
logfcal accounting approach (ref. 2). This technique is applied to the entire
monthly climatological record and assumes that an estimated soil moisture
capacity for the region can be used in the soil moisture budget. Surpluses
and deficits of moisture for the index are therefore linked to normal
conditions for the region. The method for computing PE is based upon a model
proposed by Thornthwaite in his efforts to simplify climatic classification
(ref. 5).

4-7




T RS TS TR
gy

The Robertson biometeorological time scale model for spring wheat (ref. 1)
quantifies the progress of the crop toward maturity as functions of daily
maximum and minimum temperatures and daylength. The computations result ir a
daily increment of development during the crop season. These increments are
accumulated from an initial value of 1.0 until a value of 6.0 (ripe) is
reached. The six stages described earlier require five sets of coefficients
(one for each interval). As the accumulated value reaches a new stage, the
coefficients applied to the daily variables change, reflecting the changes in
the response of the plant to its environment as it matures. The model was
tested and used successfully and extensively during LACIE for both wcather
interpretation and advanced yield modeling.

4.5 SCHEDULING

The procedures described above are applied to two main types of experiments:
(1) a crop-year experiment in which the region and time period are specified
prior to planting and the data collection and processing progress with the
growing season and (2) a historical-year experiment in which the region and
time period are specified after harvest and all data have been collected. A
generalized schedule for providing support to these two experiment types
appears in figure 4-2,

The crop-year experiment schedule runs for about 12 months, approximately 9 of
which are devoted to data collection during the growing season. Final
processing begins after 11 months when the final meteorological data become
available. At this point, coordinates for the segments in the region are
essential to the objective analysis of meteorological variables and the
production of the final climagraph product.

The schedule for a historical-year experiment runs about 4 months after the
selection of the region and crop year. Approximately 6 weeks is anticipated
to procure the meteorological data required for the experiment. An additional
9 weeks is required to extract the station data, run the models, receive the
segment coordinates, perform the objective analysis, and produce the products.
This schedule would probably have to be extended to 6 months if multiple years
for a particular region are included in the experiment design.
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5. CONCLUDING REMARKS

The procedures and products developed for the weather analysis and interpreta-
tion activity supporting the U.S./Canada Wheat and Barley Exploratory Experi-
ment are described in this report. Innovative approaches have been applied in
order to meet the task objectives, and an improved line of products has been
created. These products are tools in this effort and are subject to evalua-
tion and revision as user requirements are better defined and understood.

The major emphasis is to develop segment-specific information about weather
conditions and an objective, machine-oriented representation of this
information.

The data requirements of these procedures have not increased significantly
since LACIE; however, the requirements of accessibility and geographic
coverage have changed. Data tape libraries and disk data bases are needed to
assure timely processing and to support the massive data reduction described.

The procedures will continue to change as new requirements and techniques
evolve and as new products are designed. As data bases become comprehensive
and stabilize in format and reliability, the software for their manipulation
and reduction will become more uniform and streamlined. The basic software
for models and algorithms will expand as new ones are developed by supporting
research. Future changes probably will require revision of these procedures.
This document represents the current state of development for weather analysis
and interpretation techniques for the FCPF project of the AgRISTARS program.
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APPENDIX A
PROGRAM LISTINGS OF MODEL AND ALGORITHM SOF TWARE

Listings for the WAGNER, CMISUBS, and ROBBMTS computer programs are given in
this appendix.




FILF: WAGNER  FORTRAM A  BUPOUFE / LARS 303

INTFGFD INATA (1NN A) waGooolo

R MENSTOMN YLAT(SAN) «XLONF(SN0) o X (100, R)-YLAY(SOO).YLONG(Gooz uaanongu
!MFNCIHH a(sn.&n).u:hn.%ﬂ).[vﬁtsl:a LAAL WwagL0N3iv

AL MAXLATAMIM AT MAXLNGGTHL 40 WAGONN40

S BFAN(Se 1N «FNNE&] ) YARLAT eMINL AT oMAXLNGGMINLNGe ISIZEZJSIZEsLAK WAGN00S0
1M SOR“AT(PP NeF Y, NePFaeNePlle | XeS04) wWAGONGLO
[ruuAanr.Lr.-an.n) STHe wAGOONTO

GO T 514 wAGO0DEO

g)17 109 WAGODOQO030
S14 anrlwuf wAGOO]l00
WOITF(4.001]) MAILAT MlNlAfo‘A'LVGo“INLNGol§l7‘ J%ll‘ WAGOCL1V

) FAQUAT (1H) b X4? 9uu\-1nun LATltu- Fh,2/5X waGool1en
l 122MIN MM LAYXTHI‘ .20/‘Xo?9ﬂmall“uﬂ LONG!TUDE . WAGOD]30
PR 278 ¢ 22umMIy TV LONG Ylﬁ‘ FR.2/-Xe WYAGOO)40
322ANUVRF R M=S RRIN POIN Q.lﬁlﬂlcz?NNuthH Eew GRID POINTSe16//7/7« wAGUGLSD

4V VG \Saayz/s77) WAG00 1AV

C MAYLAT = MAYTMUM | ATTITUNE ON 440 wAGOD0]TY
C MINLAT= MIMIMU4 LATITIHNE NN MaAP wAGNO] AL
C MAYLMNG= MagTMI4 LONGITIUPE ON vAP WAGODO) QL
C MINUNG=MNTMUM | ONARTYTIHNE QN MaP wAGO0P200
C ISI7F=N1MlFR OF GRIN N N=S NIEFCTIN WAGO00210
C JSIZF = NUMOFR OF GOIN TN E=w NIBECTION wAG00220
S TSIZEMAXLATMINLAT MUST WF A3 )USTEN S0 1SCA ] AN }~TEGE? wAGQ0D230
JET7E JMAXLNAMIMLMG MST HBE A)JISTED) Sn JSC AN INTEGe~ wAG00240
AAAAA = lon.o wnsog 50

RPAR = 1,0 WAGOD260

?EC = 1.0 Wain0270
CALF='FLNATI(TST?7F=1)) /(HAXLAT=MINIAT) wWAG00280

JSCALF= (FLOAT(JUSTI7F=1)) /Z (MAXLNG=MINLNG) WAG002G0)

5) L=n wAGOO300
WRITE (e hh6EA) L AR HA?00310

KEAA FNRMAT(1]'4S344/7) waGnoil2u
1 L=Lel WAGND330
5112 Qghﬂ(ﬂ.th) AXTNGXLAT (L) o CLONR (L) s JYFAR G (X (LoJ)ed=]eb) wAGON340
1nn RAAT (A eF S 2eF AR, 2eTaeF I, NsFa,14F6,NeF5,0) WAGV0350
“'(anN’:('.).I.T.-Qnoﬂ.ANﬁ.LoE’).l) gt‘)p Vl600360
TF(XLONG (L) LT e=90,0) (30 TN 4N WAGO0Q370
WRITE(ReA]1NAN) XXTINGALAT (L) « YLONG (L) o JYEAR (K(LoJ) vJ=104) WAGOO3R0

AION FOSAAT (Y " ,83,2F7,2+sT4e4F7,]) WAGOO3v(
|n) FNQAAT(EX e a4 2F7,2¢1SeuFR &) waGnnano
IF (XLATIL) oBToMAYLAT O CLATIL) dLTeMINLATCRJXLONG (L) «GTMAXLNG WwAGUU&]D
1e0QXLONG (L) o LT 4THLNG) L=L=] WAGDQ4Z0
1v¢AR = JYFAR wWaGC0430

GN TO WAGN0440

40 CONTINUE WAGNNGSO
L=L~- AEGNOGAKD

WOTTF (&4176) | WaGN04T0

16 FNRMAT (1Xe//elXa? NUMRER OF STATINNS READ IN = '4110e/77) JAGON&GKOD
Lk = L waGNN&s0

N0 324) ML 7 = leb wWAGO0S00

NO 104 I=]+IS17F WAGNOS10

NO 10& J=14JST/E WAGONS20

106 P(leJ))=0, wAGUNS 30
nn 102 v=).L WAGNO0S40
l!l(ﬁllLAT-lLAT(ﬁ)) [SCAL ] YAGONSS50

XJ= (MAXLNG=XLANG (M) ) ©JSCALE*] WAL00SA0

1=x1] WAGN0S570

IF (XI=FLOAT(]) ,GF,N.,S) I=]e] wAG00530

JsJ WAGONS 30

IF (XJ=FLDAT(.)) JGFaN.S) J=Je] WAGQDOAND

1n2 P(TeJd) = X (MM 7) « 00,0 waG00A10
SALL ANAL (S 7‘ol<!7 vAAAAAGHRRyCrCe250.01+PyU)) WAGODAZ0

N 102) I=1.1S12€ WAGOOAR30

N0 1021 J = 1.JS07¢ WAGO0K&0

1021 u(s.J) = U(JeJ) = 100,.1 WAGDNOAS0
‘p INT = . WAGOOKSED
FIIPRINT .FD L) WAGONATO

1CALL RONTU (e 1ST7F4USTZFa00,2,1,NneLa09) WAGONKAD

I I I e T R R R R R R A RS S S SE SE E X wWAGNONS9)

¢ ﬂf‘lNN[%h OF INTFA“ATIUN NDVER A POLYGON ON THE MaP WAGOOT70D
REYIND 2 WaG00710
P‘lﬂ(?.lﬂﬂl 1&0LyY wWaGNO0T720

57 CANTIMUF wAGNOD730
C 1PALY= THF LIIMAFR NF POLYAONS TN RE PLACED NVER THE FUNCTION U FOR lNTdAbCO?an
NN 28R [Nilvz|IPOLY waGnnTsog

10e FORYAT (212 wAGNOTAD
SA BFEAN(247N0A) INGYLAT (M) ¢ YLONG (M) wWaGO077n
0 FOARMAT (AweFS 2eFA,2) WAGNNOTADN
YI=(MAXL AT=YLAT (M) ) O[SCALF ) waAG00790

A-2 qGINAL PAGE BB
!‘ poOR QU ALITY



FTI 6

204
107
294

?¢Q
3240

700N
LT LY

[(alslalalsl

1n

s
0

"0

$0n?
ann

29
20

WAGNER FAeTRan A

:Jl;ﬂAlLNG-VLOMﬂ("),'J<CIL€°l

=X

J=iJ

lr (XT=FLOAT(]) (GF 4N,5) ltlol
; &IJ-FLPAT(J!.G‘.O.H) J2Je
K?2=.

IF(RK2,GT,JSTZF) WRITF (642R4)
FORMAT (¢ PO[MT IS OUTSINE 0n,
&F (K?2,6T4,)S17F) CALL EXIT
M=i)(T4.))

;r('onToI§‘7‘) WOITE (Ke296)
NRU4AT (v PNOINT [S PufG]ﬁr 0
!F ([GTLISTZE) Call, SalT
r(qun.ﬁi.a.quuwgsja.q.s
FISUY LT ) TSI =2SM=0,.5
NATA(T NI ) =[N
NATA(INUM2) = YFAR
TNATALTMUM ML 742) =] SUM

WOITE (Ae?&T) INeSHM

NAMAT ( ' vaL

CONTIMUF

CONTINUF

NO 4446 T=V1.1PNLY

PUNCH TNNC(INATA(T«J) ed=]106)
Fﬂn“t(ﬂbollo‘iolbo'“olS)
CONT INUIF

GN TO 81

END

SUQQ)UTIN‘ BONTUR (Z«NToNJ 1eMTHL INTLSCA

veoPRINTS STANNARN NI X NJ G2
e eMIN IS THE MINIMUM VALIIF,
ees TERN [NT MFANS NN CONTNOUES

}u wiTH C

NT TS THE CONTOURING

b

PURNUF 7 LLaRS 3N1]

FelLAS
NTCOUW

es e SCALF IS THF SCALING FACTOR FOP PRINTING,

IF 1JJAT.26e Twh 13

I
NS TN 171170410 }
1

Ir>u

NS 1ON 'ﬁl° (16)
ALPZ1H «1HAe
|3 -[H“/

NTe 1A

NS &
2010
N 172
v 1HP e IH

2A) NJ=26

o o (=

——

Z2 et D=CZ™ DID
N=o a0

N~ VIVv~=—e
re

4e//)

(1ed) ed=l1eNJ)
])

Do L= NN D

POINT 9
FNQ4AT (2
nn

-~ D

..
T
"

30 UMD T D
— Y —

- Trra 8 8 8 § =
D
= J

T0 20

NN 40 L=?2AN

J
LINIL=2S)=((IZ(TR«LI=17(13=14L))®UD)/31Z(IR=14L)

-
—
2
"
-
A
"
-
—
<
o

NNZ=L TN o)) =LTNY
NOD S L=)eé
KzKe]
INF(K)s(MAZeL) /S«LINJ
nKe
CONT I[NUF
k NE(K)sL Tr (I Me])
~ NIV

JﬂFlLka(Ll-“‘N
IF(UOF)a.9,9
UNF2JNF=LTOT@ (UNFe)) Z/LTOT=])
Jlln‘/lﬂf
[FiJ=1h)1As?Khe2h

A-3

HJECTIVE FIFLN [N LATITUDE

‘VG AF TWEFN LINES
IMTERVAL

(IR L) w17 (TR=140L))®UN)/A¢]Z(IR=14L)

IFETIVE FIELD IN LONGITUDE

UF &T POINT V4873249 2Xe'EQUALSY+2XesF15.5

')

~F PRILUTFN 1 TO 26 AND 26 TO NJJ
0+100) 41 48(5)
?)-L INIELY)

s 14CelH o1HDelM o IHEIH o IHFolHA o

WAGOOQROD
wAGOOO;
WAGOOAZY
waGUOH 3V
WAGNOMA0
waGN0ASN
wWAGOORGY
WAGOO470
4AGUNAARD
WAGOH0DAGN
Wo,00900
wWAGRNG )10
WAGDNG20
waG00930
JaGnoosn
wWAGO0YS0)
WAGDOSAOD
waG00%70
WAGO09RY
WAGUDS83D
WAGD]1000
waGO 0$0
wAGQ1020
wAGN] 030
WAGO] P40
WAGD]10S0
wAGD]1069
wWaG01070
wAGO) 0RO
WAGD1090
WwAGD n
waGo 0
waoo 0
WAGN] 130
“AGO }60
WAGD]1150
WAGO]160
waGo lro
wAGN] 1RO
wWAGH ;Qn
WAG0]200
WAG( 1210
wWAGOD) 220
WAGD]1230
WAGD1240
WAGO1250
WAGN] 260
wWAGD1270
WAGN]1270
WAGO] 290
wAG0O) 300
WaG0]1310
waGO] 320
WAGU] 330
WAGO %sn
WAGO] 350
WAGO] 350
WaL0] 370
WAGO] 3R0
WAGO] 390
WAGOl40D
WAGO s%o
wAGD1429
waAGN14 30
wAGOl4w0
“AGO]a50
wAGOl4ahY
wAGO)470
wWAGQl6AQ
waAG0]490
WAGO]SNY
wWAGO 550
wAGO]520
wAGD]S 30
wAGH 250
wAGO LS50
WAGO 1560
WAGD]1S5T70
WAGO 1580




F1

qn

an

an
5n

an
n

[slalala’alalalalalslslnlalelslalsls ]

LF: WAGNER FOeToam &

PURDUE 7 LARS 3031

P58 JeJ=(J/1A) ¢ A wAG01590
A LINF (L) 2KALD( Je) wWAG01A00

) POINT QN o (LINFIL) oL =] e NU*) WAGND]1610
onl FOMAT(THa 1247 WwaAGN]A20
CONT IMUF WALU 1A 30

4 PLTINT QN0 ITIZ(T1R4J) ed=d]le ) WAGO1AGD
1 CONTINYF WAGD 650
'F(NJ."’."JJ, RE T wAG) 6?9
CNELNN] WauN1IAT0
J1=2A WaR0N ) AR0

GN TO 41 WALD1A/Y0

§  PHINT Q1NLAR WAGNL 700
COHT INUF WAGOLT7,0

NO &2 1=1,%1 WAl 0 750

3 PRIMT 302, (17(1eJ) J-\.nJ) wAGA] 730
Qn2 FOR“ATI( 73X 2A1S WAGD]) 740
7 PRINT Q03 WAGO]LT750
CONT [MUE WALU]THO

NI FARMAT (1M ) WAGO]17790
1F (NJ.€9.~JJ) wETYRN WAGS ;IR0
NJ- J di60]1790

J WAGN]1RN0

oG 10 &N WAGOLALD

Fan WaG01820
SHHROUT INF AMAO(il.NloAA.A#F?o&LFL.MAlPISoER Ut wWAGO]1RJY
VARTATIONAL AMALYSTS RY &[T WwASRNFR  PMN) LOFRIVATIVF FlLTleNG WAGN ) R&(Q

un ‘S ATA U 1S AWALYSIS TREATS ZERO 1M U0 AS MO NDAT AGO18S0
OUTINF wllLL ANALYZF FOW ARFAS OF MO OATA WAGO|RKY)

AB oM FR4ALF4 ADF FILTES WEIMTS REFERFNCE K WAGBNFR FOR APPROPRIATE waAGOLIRTN
vaLlUES va(Pas S MAXIMIIM NO, OF JTFRATIONS FRR S 4PPWROX WAGO]RAD
CRITERTA. DTHUFENSINIS OF ARKAYS AIF U(NloNJ)oUO(“I.NJ).aA(NloNJl wWAGN] RS0
VA(NMT @2 N Je2)  WWFIF ] AN NI ARF THWE INPUT AURAY S17 wWAGOLIS0Y
THTIS ROYTINF MINIMIZ7FS TwF [NTFARQAL (TwE SOUARES NF THE olrrens~cgs ® JaN]910
¢ THE SAUJARFS NF Twf uJAn[FNTOALFg WAGO]920
e THFE SNUIARFS F TmE LAQILACIAN®A| Fa) wiG01930
WHERF AAJALF2.8NN ALF4 ARF WF[LWTR FOR THE ANALYSIS, Wai0]940
FO2 MFSNSCalF oNALv<1< NF MAGNTTUNE 1n,TYSICAL OADAAetins ARE AA=]00, Odauo a5y
M FP2).0vAlLFaz) N (JMAIPASZAYFuE, waG0]Gx0
NT«ANNYN | ARF K176 (OF aR08Y OF UO a4y 1! WAGD]1S70
[NCYFASING ALF 2 AND 02 ALF4 =ENIICES HIGHER ruEOuENClES wAGN]9AN
TYOICAL MAX VALUFS ARF ALF2=10,044N) ALFa=]N,0 wWAGOD}9G0
FNR Aa=)1Nn,n waGn2000
THF VALIIFS OF ALFA2 AYND ALFAG USUALIY AF LleleeNP 10, waGoenlo
NIMENSTION (1(]1N".100)eJUILN ﬂ.lon).va(lo «104) 4wal(]1D .100) HAGU?ogo
FRUIVALEMCE (YA(lel)ewallel) wWAGN2030

=4 WAG02040
N.JP2=M Je? “8G020S0
M199-~v.7 WAGRD2060
L-Nl ; wAGO20T0

ulu =N wagOZOau
NJM] =N )= wAGOZ0Y90
MJ422N, J=? waAGO02100

NJP =t e ] waGo02ll10
N;PI'NIOl wAGN2]120
RFTA=?,N Mtcas 30
INITIALIZE GUESS FIELD HY AVERAGING WAGOZ140

NO 16 J=len) waG02150

DO 14 I=14:1 WAGN2160

16 VITe)=0(Te)) wAG02170
NN 10 JsletiuP? wAGD218vY

NO 10 J=l«N[P2 wAGOZ2]190

10 YA(TIeJ)=0.0 wWAG02200
KnT=1 NAGN2210

201 FONTINUF uAanzgo
C~FCX FOR NUMAFD NF NO GUESS waGn2?230

IF (KNT) 154200418 WaG0?241)

16 KNT=20 dAGD2250
no ls JE2 NP WAGO?2?260

l 1=2n1P) -AGna;7n

12 YA( eJ)=yUll=- .J-ID waAGOZ?PR0
NG 93 JUs=2eNJ ulcog 90

NG 99 T=2.N 9 wWALDZ2300
lF(VA(I-J).ﬁT.ﬁ.Onﬂﬂl) £N TN AAK waGnelln

9Q SyUd=0,Nn -Aﬁoesgn
CNT=0,N WAGNZ2330

AVG NINE POINTS WAGNZ 340

264 NN 37 UK=1,.13 uaoos S0
NN 97 Ix=1.3 WAGOD23A0
023ro

11s]l=2e1xK

A-4



FII €1 wAGNFR FOMTHAN A PURNUE 7 LARS 390131
uaso?}sg
wAGY
vt oo LE40.00001) 30 TO o7 Hlbg 1
Q4 Suid=Sivevs i WA ;
$¥L?§:ﬂ:" we 3 sag
Q7 ! A 4
FeVe®) AN TN 22 - g
l:: Slztt.n ;nnﬁnl G0 TO e ::«8 ::3
c uzr L0001 [NSTEAD OF 7680 avG Y R
ae 4( -A.J-I)'o"ﬂol d‘uo 499
60_T0 ' uo wAGUPS52N
Q2 KNT=<K*Te) . 3 %9
0t et ravacted NAGO o8N
a4 ? I-J-l'*' ’ 44602350
o
2no NT N"l:)' 100) ¥uT PASS) ::gg S70
- :SSIE}., £9a1%52¢a PAINTS UNSPFCIFIFD THIS PA HiE8sany
1o gttty S5l -besk, st
¢ T AN E s 0 oF avesanrs ::28;2!3
02 3 J';°\J4l wa02530
0o 3l Fatan (T o) oUlf=le to1)oUlTols Jml)oU(Tolodo])sulT=10dsl) vi0ge 30
"173'1733?53 1)5 sled)e(Tadellsuli=4ad))) /16, , ::?82223
n”:??nf:fi 7(1.J:.z $200) sU1ad=1) sUL10Uo 1)) 2U200=1) U (20 00) wAGD » 4
wa . . -l WAOD2ANI
1?‘L1:L?.J):(a on(NloJJOZ.O(l(NItl.J)OU(V"J'l’.U(Nl'd.l’).“(“l~l'J l :gs?:g
.. . " ‘
1) e NTM e Je]) )/ wiGN2710
32(??\}:75“131 Tel)e2e®(UlTa2)su(T=lal)el(To1al) ) oU(I=102) oUlIo]s? ‘.?2%3%8
* Mliw
’;:{}65,).(a SULT M) o2, (TaNJML) *UTT=1eNJ) sULT*1aNI) ) (T =1anuM] WAGO2740
.
:n“.u”"'“J“ll.”l‘:”).: O (iI(2eMU) el )a N;n]))oU(ZoNJHI)}:;.NJ““),Q ::ggs;zg
TR E RO NN R Tavud el (T aNgu i) S0 N %) ¥AG02770
o . oL (MNT )y oy He WAG
:::?!i}::;:::?{~{;l%.?(U(;:l{ DU1e2)) ol (542)) /s Zicot7s0
NN 36 Jzlaty WAGOSA10
N 6 T=14v] waG02K20
M UlTeJ)=walTe)) vaCh5ASH
¢ 29 ub{TE(YOoF"l‘ ot 117t
’ojnl Snutk??iun.ﬁau SMONTH HAS RFEYN CALLED) ::ggg::g
i NALYSIS B
¢’ n'“$?3 (;:ALO?H"E 8'iN “EIGHTS :: g :zs
¢ GRN=(MT=4) @ (M jed) Kagacaay
FaRz=aLF4ekRFTA wAGN2900
et ecas oars sigasane
(o 85‘%#773&%nn) B8 ALF24aLF4sUNGUTIUL ::58,3%3
¢ ITFRATIvE SrvF A 0?0‘0
Shyl” | RASUSERSS WaG02SS )
%‘:'o 0 WAGO o?o
e M WAGN2GTY
42" J=3etiuwd 3
3§J.5 1:x:~:»z viengasn
45 WaG03000
N2 ORASF=YATION
¢ :F('CIS(TOJ)?GY A 00001 GO TO &) ::Ggigsg
4 She220 waG03030
“ 10 4s u.sognno
S 0F 32010 AL AGO%OSg
Y " JwAa(N3Ines
¢ s 0 22‘1!9307??J?53:323&1od)‘HIIJ}:iqzlz{°j’;?fs?}:f:33{; SRR, 48503070
F i - J- t"'-l J. ol ‘' v
N T AT O s e 1 eSS T 1A 3 M P E BN ¥4G03080
chasect feds or 1 . ::goglsg
c . - ars wAGO
”‘L’é}'?éé'i%oﬁ%?}ﬁzrinN SATISFIED AT ALL POINTS ¥ac03130
¢ AUS(RFS)=EPK) aheanea? ::Ggg ¥
2
o lﬁ:.su«.nc<-°t< wAG03140
42 CONTINUF

A-5 ORIGINAL PAGE I8

Or POOR. QUALITY



WAGNER FORTRAN A

SQUAT (Siyznen)
FlINeSI0) TT4STH
(205"0'1

[NeS11) 1Y
XeT3eF12,.5)

)
()
(1Xe] THNN, OF
(1

Xebu of [GHTS/6E]15,2/720%

A-6

ITFWATIUNS I

PURPALF 7 LARS 301])

)
STO DFVIATION OF RES!DuAL )

wWAGOA1T70
WAGNA) RO
'AGO%IQU
WaG03200
waAG03?]0
uaqossSo
dl803 0
wa o;;so
ageisan
VaG03270



F

c

OO

alale]

TLF:

A0NN
50ns

»

n

CMISURS FNRTRaAN A PURNLIE 7 LARS 3n13]

THIS SHRRIOUTINF COMPITES TiHOR NYHHAITE COFFFICIENTS Cwm
SURINUTINF THARM (T4 eAsLATADJPET (o]
QF AL T(l))-TcLuToAQJ(]’)c’ET(IZ C™
IFITIT) GT 40,0)CALL TEOW(T) Cm
wol F(A.s nl) Cw
YOTTE(ReRGND) AT c™
FOw ?T(']'o'THUDNYNHAITE COFFFICIFATS AS ESTIMATED FROM THE 12 ngcm
'F

ATV Y4 '0F MEAN MONTHLY TEAPERATURE FOw A STATION AT ,F5, 2.-ch
] Le liunt.'.//) C™m
I=0 Cu
no J=lel? Cm
IT=T()) CMm
IF(TT.iF.N, )N TN § Ci
T=]e(TT/5,)®e) 5] Cw
CONTTHIUF Cn
A1=NK75 c™
523'770‘ c*
A3=]179?2n, Cm
A4=4323Q7), Cm
A= (Al2[®€3+ADeTo: 20032 eA4) /] N28p ™M
WRITE (Aeb(0N"1 AWT
FORQUMAT (v 1404 ='9‘Vh50' I ='0Fuhs.//)
WRITE (AeANNG)
FORMAT (1 .t unN oL ALY T PET'4/)
NN 10 J=1.12
TF(T(U) eLELNIPFT (J) =),
TFIT(D) LFaNn) 530 T 5
PET(J)=1ARn®(10,0°T(J)/1%]1,0) e
ANJ(J)=NLRAQ(ILaTeU) 717,
PET(J)=PFT (. ) eAN)(J)
l‘(Th“oLTcn”uFTh“=0.
DL=NLRAR(L.ATsJ)
T(N=T(J)®],.,49¢32,N
PETIJ)=PFT(J) /25,4
WRITE (Aeb00S) JyOLADJI(J) o T(J)sPET (J)
FORMAT (' ', [3,2Y44FR,2)
COMT;NUF

»

€
FUNCTION DLRAD(LAT«MOMNTH)
CNMPUTES AVEVAGE DAYLENGTH BY MONTHS FUR GIVEN LATITUDE

<
TLTILTLLIITZLZILATIILEILRLIILZITXLCRLRTLLK
o:oacocacoo:oaccoao3oooooooooooooooooooooooaooocoocoooo:oooooooooocooao:o:coooo

Q?? slslaisinisisislnisinlisislalslalslslsisizislsinlsislslsinislsslalninlnlnls
=

REAIL LAT

INTFGER N (13)

JD(1) =n

JD(?2)=13)

JD (3) =80

JN(4) =an

JN(5) =120

JN (k) =151

Jnin =iy

JN(9)=2¢3 o,

s 4 -~ 1

IN(12) =336 1“(),9“ "40\

JD(13)=3K5 Q«'J 2

JNL=J0(4ONTH +1 Ar m &

IN2=JD (4ONTre 1) <7y

NLRAR=N,

NN 5§ [=Jn]«JnN?2

TF(LAT.RTW40,) DLAAR=NLARACSNAYS] (LATS])

IF(LAT LF 4N ) NLRAR=DOLRARSDAYSGO(LATSI)

CONT INYF EM

NLRAN=NLAAL/ (JD2=JD1) M

RFTURMN C™

FNb . C™m

FUNCTION DAY&) (Wel) E:
THIS FUNCTION SHRR0OUTINF COMDUTFS DAYLENGTHS FOR cw
LATITUNFS NOSTH OF a0 NFGRFES,

ngv?lzl? « 25+ (1 ,AlFae], 7641'(TAV(3.‘616’b1180 ))ee2)eC0S(0. 0172’J-2CM

RE TURN . Cw

FND CM

FUNCTION DAY&N(Wed) g:
THIS FUMCTION SH=OOUTINF COMPUTFS NAYLENGTHS FOR CH
LATTITUNFS AT OR SOUTH OF 40 DFGREES. Ccv
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FILF?

O

OO DI DIIDNINOOOO

10
S

20
28

30

15

AN
45

CMISIAS  FORTPAN & PURNUE 7/ LARS 3031

Dttt "l S L LIV

NAYAN=]12,16¢ (3, 370TAN(314)A®w/ AN, ))eCOS(N,0]1729)=2,94) cwloonlo
RETURN CMI0ONR20
£NN CMI00R30
FUNCTION PET(T4T[aTaWTC CA100NKaGY
COYPYTFS THARNTHWAITE'S ESTIMATE OF POTENTIAL FVAPOTRANSPIRATION CwIO0RSO
IF(TWLF 01 FF TN, CMINuAARD
IF(ToLFaN ) =F TN CMlonazo
PFT=]ln.NeTCe( (1N, N®T) /T])e2Ta CvIv0ARAR0
QF TURN CMIN0’QY
n Culnownn
SHURAQUTINE TCOI(T) . CMmI00919
RFAL T(Y2) CMI00320
ND S T=1.12 CMIOQO9 30
TII)=(T(T)=22,0) /) .4 CMIN0v40
PFTURN CMl1 00050
FND C*1009K0
SHARMITINFE HYNQA (TP eSPSeSPUeSP e Ve PR PFePLeFTaReLeHI«TALTC) culinna?n
RUNS RALMFRIS HYNROI OGIC SLCONUNT ING FOw ONE MONTH, CMINN9N0
T: THF MF AN MOMTHLY TEMPEQATURF TMN DFOGREFS F. CM 00990
P THF TOTAL MONTHLY RRFAIPITATINN IN INCHES 01000
SPS: INTTTAL &HOUNT OF AVAILANLE MOISTUYRE IN THE SURFACE LAYER OFC* N1n10
THE SOTL TN INCHFS, Cc™ oiniu

SPU: NITTAL AMOUNT OF AVATLARILE MOISTURFE [N THE UNDERLYING LAYF°C“ 01030
T~F <OIL IN INCHES, 0]040

SO INITIAL AavwouNT OF AVlILAFLM MNAISTURE IN ROTH LAYERS OF THE cn 01080
SOTL IN INCKHFS 0R_(SPSeSP.1) CMI0lon0

t THF AVAILARLF MO[STURF CA°QL[TY IN INCHFS MINUS 1.0 INCH, C™ 01070
PR: POTENTIAL CErHARGE [N INCHES, cMI01080
PFT POTFMNTIAL FVAPAOTOANSOIRATINN 1N INCHFS, Cw[01n90
PL: POTFMTIAL 19SS UF SOTI. M#N[STH=E TN INCHF< c1lo01)00
FY: COMPUTEN FVUAPOTRANSAIRATIO . I InNCH c4I01110
R: RECHALAFT NFET GAIN IN SOIL wWATSTYRF IN INCHES., CMI01120
L: NFT 1 0SS NF SOTL MOLSTUYE [N INCHES, CmlIoll130
HI: THORPHTHWAITE 'S HFAT [ANEX, CmIvllae0
TA: THORNTHWATTF 'S COEFFTICIFNT CAMPYTEN FIOM H], CMIN1150
TC: THORNTHIATTE 'S MONTHLY ANJUSTMENT FOKR DAYLENGTH,. cMInllon
RFAL TePyS=2ePRIBF CMIOL1lTY
RFAL PLoFT Rel sLSoLY MIni1Rro
SP=SPS+SPU Miolleo
PRzw+],N=8& C4101200
T1=(T= 3’ ny/\., cH1101210
PF:°FT(TY.~|.T\.TF)/?S - cHalnleen
=5PS=PF CMIOD] 230
TF(A)S«1Ne N CMID1 260
Pl S=SPS CMI01259)
PLU= (PF=PLS)2CDI11/ (4+]1,.1) MI0 Sho
TF(SPU,LT.PLUYPLU=SPU MI[01270
G0 TO 18 CMI012K0
PLS=PE cCMI0)2s0
PLU=0. MIO]300
PL=PLS+PLU MIDL310
R=P=pPF cMIO01320
IF(R)2NeaC b)) CMI01330
AR=ARS (R) CMI0l340
IF (SPS=aR) 25,30,3N CMI01350
LS=SPS CvInl3Ak0
RS=n, CMI01370
SS=N. CMI0) 380
L= (AR=S) eSPII/ (We]l,0) C“I0]1390
=0, CMI01400
S1'=SPyY=-Ly CM101e10
GO TO 38 CMI01a20
LS=aR CM[0]1a30
kS=n, CMI0leen
SS25PS=LS C~101459
LuUu=n0, . C4I0leb0
Pl=n, CMI01470
Su=Sey CMI0)lamn
PN=A, CVI01490
FT=we| Se ) cH4In1s0Nn
6N TO 78 CMI0]S10
C=1,0=82< c4101620
1F(C=H) 45445445 C#luls530
pe=C CmiNlS40
LS=0, CMI 01550
S=1.0 CMl01%00
z2R=RS Cvlols70
Fzw=SPyY CMIO0ISA0
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FILE: CMISURS FNRTRAN A4 PUKNIE 7 LARS 30131
IF(E «NISN§8:88 Cm
en Cn=f C»m
RO=N=RI) (o]
fO TO &N C™
€5 Rii=n M
RA=N, ~
A0 LU=N, CM
su.gouopu CM
G0 TO 70 ™
A5 P =R 3
=0, )
§S=<°S0°S “
Ril=n, (o]
Lirzn, (o]
Su=SPu “
RA=N, m
0 ET=PK C™
78 R=CeRN ~
L=LSeL" -
SPS=SS (o]
Sey=Suy CM
SP=SPS+SPY M
RF TIIRN M
FAND L
SUBROUTINF HAPM (Y YRARA.4P  PHASF) (o]
NTEGE? Tal /127 M
FAL Y(12) «AMP (R) ¢PHASE (K) 4R (&) “
nO 20 K= M
StiMa=n, c™
SUMR=N, CM
SliMy=n, Ccu
uMYSGL=0, S
T=3.1416 M
N § T=1.L C™
SiMa=SIIMA+sY (T arNS(xepePaT /L) c™
SUMR=SUMAeyY (T) 2SN (KeQ9LTaT /L) C™
SUMY=SUMYeY (T) CM
SHMYSD=SUM YSNeY (T) 0e? cH
S CONTINUF CM
A=2eSUmMA /| M
R=2eSIva /| M
YRAR=SIIMY /L c™
YVAR= (SIIMYS(N=| @YHAR®®D) / (LL=]1) M
AMP (K) =CN0T (eeDsRee)?) ~
Al PHA=ATANLARS (A/R)) C™
PHASFE (K) =ALPHA M
FIAGRFE 0 ANN QLT N)PHASE (K)=P] M
F AL TN AND i LT, N)IRHASK (K) =P leALPHA ™M
IF (AL TN AND B GF ,N) PHASF (K) =29P [ =2LFHA ™M
n(«)s(avu(flooe)/(? neyva-<) CM
APHASF =PHASE (¥ ) @R, /P CM
TF (APHASF . 3F o 180, ) APHASF =APHASE=360. C™
ANGLE =140, 7L CM
snvssrﬂT(VVAD) C™
WRITE (Aeh0NN) C™
«0n0 rnauar«- '.'STATIQT!fS OF HARMONIC NUMRFR: CH
RITF (AeANNR) (o]
snnql;?vunr(' VOYMFAN OF Y AMP (K) SO OF Y'oE:
WRITE(ARe6N]1N) YRAPAMP (X) ¢ ANGLFE ¢ APHASF R (K) «SNY ChM
6010 FORMATIY ' 2FQ ,4¢FR,2eF9e2sFTe4sFl10e0e//777) (o]
20 CONTINUF C“
PF TURN cu
END CH
SURRDUTINF AT (LATeWeMl o TV ARARALYP, APHASE) (o]
C A, COwWPUTFS JFFXLY VALUFS OF v], Cc™
8 A, (aT: LATITUDF IN NFGUFES (WUNIRETHS) o ™
Co W AVATLAWLF WwATFEQ CAPCITY [N [NCHES MINUS 1,0 INCH, C™
C N, HI: THORMTHALALITE'S wEAT [NNEY, ()
cF, TA: THOAONTHWA[TEF S rﬂFFFIfl‘“T COMPUTEN FROM HI, Cr
C F. ARAQ: THF MFA Y VALIIF OF a1IPHA FNOR aLL MONTwWS, Ccv
C G. AAMP: ThE AMPLITUGE OF THE X T HARMONIC OF ALPHaA, CMm
C Mo APHASE: THE PHASE ANGLE OF THE K TH HaRMONIC OF ALPHA, CM
NATA B1/3,14)80/ e
RFAL LAToAAMP (4] 4 APHASF (K) oM Cc™
INTEGE® LOUCI(S) ™
AWC=Wel,0 Cu
REAN(4+40N00FNN=35)LOC C™
ANNN FORMAT(S4A4) C™
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FILF: CMISURS FORTRAN A OURIVUE 7 LARS 30731

REAN(444NN) FMNi =QR)SPS (SR 1 YPOP CMINZ23AN

A, SPS: TMITIAL SU=<FaCE SOTL MOTSTUOF CONDITIONS IN INCHFS CMI02390
¢ R, SPU: INITIAL SURSHOFACE SNFL MOISTURE CONOITIONS IN_ INCHES C4102«00
C Co YP: INITIAL VALUF OF [HNEX OF £vaARPQTWANSPIRATION DEFICIT. CmI0galn
C NDe GP: InN[TIAL VALIF OF INDFX OF EXCESSIVF MOISTURE, I rIYd)
4NN) FNRMAT (Fa 238, 2) CmI02430
WRITFE(AGARONAD)I NCWLAT CMI02asD

ANAN FORUMAT (V] Y WEF=LY CMT VALUFS FOR:  1,5A04¢" LATITULE: 4FSe24/7/7) CM]02650
WOITF(AReANN]) Aul «SPS SPULYPL P cCvIngasn

AON) FONRMAT (v vt IMTITIAL CONDITIONS: e//0' t0ANC: VoFSe2e/e" 1,'S5PS: CMI02470
1 VeFS.,2e/et 1152002 VeFS 2070 V0 YPL VaF Q20700 40 pr VeFSeCM]N2ax0
12e77) CMI02490
WRITF (A+60NS) C4102500

40N0S FORMAT (' o' wF T P DE PE ET ALPHA CET YP ™M SP Cv¥Ioeslo
1 6P C¥Jve/) CvI02520

§ PFAN(4«4NNSFNP=QR) JNGT4P CM]I 02530
ANNS FORMAT (T3eFA,004XeFa,]) CMI 02540
]r(LAr,av.gnnTr=7.0°nnv51(Lnr.dn)/165 25 CcMI 02550
[F(LAT LF 4N TC=7,neNAYL0(LATJD) /355,25 CMINeSe0

CALL HYNRA (TP SPC,SPJeSP WP, 9‘09L0510H0L'H10TAoTC) CMI02570
A=)2.0®(JUN]1S5,N) /365,28 CMI025K0

NN 10 "=)e45 CMl1 025090

10 ALPHA=ALPHA«AAMD ([)eSN(PepPlea/]2.0¢aPHASF (])) CMI02500
C(ALPHAGT 1 ,n) Al PNAZ] N “ nasgn
FALPHA LT .N,0)ALPHA=N,0 MI1Q2k20
CFT=AlLPHARKF MI02630
NF=(ET= CFY)/SooT(ALJ~A) M[Nn2K4a

YR=N ATeYPe)]  ASNF -CMI0e2h50

M= (SPeSPS+S 1) /(29 (SP+PR)) CMIN2660
IF(YD.LT.G.)V=Y° C4I92A70
TFIYP ,GF.0,) Y=veayo CMINPKRAY
IF(GP,FO,N,)==0, CMI 02590
JF(RP ,GT N ) H=RP CmIne700
IF(GP AT . N ,S)H=N,S culoerio
IFIGP ,GT 1. NI =N )P cMINngren
G=GP=He+MeR RO C4102730
C=Y+G Cml02740

GP=5 CMI027%0)

17=T C4102760
WHITE(AeRN]IN) NI TePeNE«PF oFT+ALPHAGCETaYPeMeSP 4GP C CM10277v

AO1N FORMAT (Y ' 42T 30F S, 1 eFBe20FSePeF0e2eFBe20FSeleFARe2e3FS.2¢F5.1) CMINZ2T7RO
GO 1D S C4a] 02790

2§ WRITE(AW6N]S) cMioeson
H01S FORMAT (Y *.///7e" V4 INF JULTAMN DATE OF WEFK ENDIMG.'e/e" 140T:C4[02A10
1 ME BN TEHURFRATURE FNW THF aFFW¥ (NFGe Fe)ty/et t1etP: TOTACMIQ2K20

1L PRECTPITATION FOAR THF WEFK [N INCHES.'e/e' 14 0DF: RELATIVE TCvINn2a3y
IRANSPIRATINMN ANNAMALY FOR THF WFEKY /¢t 14 tPF: POTFNTIAL EVaAPOTC4IQ2-40
1RANSPIRATIN FNQ THF JFFK'e/a! V140K T COYRUTED FVARGTSANSPIRACHINR2HSY
1TION FOD2 TeF wFFK Ve/e' Yo 0ALPHAL  ESTIMATED COEFFICIFMT OF EVAPOTC“]02RA0
IRENSPIRATINY FNR THF REFEXK Ve/e"' V1 CET: aLPHA X PEY) Cal02R70
WRTTE(R«6020) CHInegsRo

AN20 FORMAT (v t,°vYD: INOFX OF FVAPNTOAMSPIRATINMN NEFICITa"e/e? 1o 'W(Cu[02H9Y
1: AVEEAGF PFOCFNT OF FIFLD CAPACITY DURING THE WwEEK . 'e/e' t4'C4]J0249N0
18P INCNES OF WATER [* THF SOILe'e/Z0' '41GP: INNFX OF EXCECMINPS]LD
1SSTVE SNIL WU'STUQE.'o/o' Te'CMT: C3INP MOISTURE INDEX VALUE FORCMI[O22we)

1 THFE WFEK, ") CMI02v30
RFTURN CMI02940

FND CMI029%0

JRIGINAL PAGE IS
OF POOR QUALITY
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FILF:

[zlalals e

22000

C

C
10
15
25

RNIAMTS FORTRAN A PURNUE / LARS 30131
FUNCTTION DAYLAG(VeJ) RORNOO10
COMPUTES NAYLFENATH FOR A GIVFN JULTAN NATE AND LATITUDE QORN0N20N
NAYLG=12.2%4 (1 .AlAG+]  T6432(TAN(3,14]16°2w/]18N,))@e2)eCNS(0.N]1T720J=2KURND030
1.94) ROHOONA4D
IF(W.GT 4N ,MQETHRY RORN0NS0
NAYLG=12.16¢(2,379TAN(3,]141A®W/1810,))2C0S(N,0172%U=2.94) ROROOQONGN
RFTURN ROBLOOT70
EnD ROR00060
SHHQANUTINF SWRMTS (PN AT vX) ROKHONNSO
COMPLUITFS DAJLY SSPWRING WHFAT STAGE NATES FROM DALY TENFEQATURFSROROU 00
RFEAL WYX (Ay1R6) ROS00110
AVRAY wX CONTATNS NNF YFEA? OF NDAILY dFATHFR VARIARLES Q0KN0]120
WX(]lenN)=NATLY MAX[MUM TEMPEQATURE IN NDEG, Fo ROKOQ0O) 30
WX (2eN)=NATLY MIN[MUM TEMPERATIURE N DEG, F, ROLB00160
WX (4eN)SCOVRUTED SPRING WHEAT STAGE ROROV1S0
INTEGEQ PN RORQCN] 6O
REAL LATRAN(S) 4RB](S) s Psa(ﬂ).JiO(S)oﬂal(ﬁ)oDRZ(S)oRCl(S)vﬂC?(S) ~OHBQ0170
REAIL "RTITA(S) CRITHR(S)+CRITC (S RUB0O0O1R0O
no }o =145 RORQN]190
CRITA(])=9Q0493,9 ROB00D200
cn}TH(l)=ooqoo.o ROR00210
CRITC(])=99990Q,9 RNOKBNO2720
TEfﬂ(?Z.PZOOO)DAn(l).Ril(!).RAB(I).PPn(l).Pal(!)oQBZ(l)oRCltliodczz(ggggzg
FAQMAY(REIO.A) ROR002S0
IF(DA?(I).uE.n.)CDITA(I)a-(QAl(!)-?'Qﬂ?(l)'ﬂlotl))/(?'il?(l)) RO400260
IF(°§?(Y).v‘.ﬂ.)C°}7ﬁ(l)=-(2ql(1)->°°P?(l)°n?"(l)l/(?'Qqe(l)) RORQD270
IF(RC2(T) «MF NI CR rC(!)z-(PCI(t)-?ORCZ(l)OQﬁn(!%)/(?ORCE(I)) RORO0ZAN
RFANS THF FIVF SFTS I RO®EKTSON COEFFICIENTS FOR EACH STAGE ROR00290
AND COMOUTFS CRITICAL VALUES OF FACH QUADRATIC RORVLOIND
CNMT INUF ROBO0310
\ RORN0D320
ClM=0,0 RORBN0330
NIN=0,0 ROBO0340
NN 28 T=14345 RORYL 35N
NL=NAYLG(LAT.T) ROBOOIGL
IF(TFQ.PMClIv=),0 ROB00O370
IF(]. LT.(Pﬁol))GO TO 29 ROB0L03860
IF (e, AF, a.n\nlnzn.n ROFON3Q)
IF(CUM.GF .8,N) GO TO ?< RORNQ4N0
vésounn(nL «RAN (K ) «RAY <) ¢mA2(K) +COITA(K)) ROBON&]0
l (QAO(K).r').QQQ.)Vl .ln RO“OO“?.“
V2=RUAD (WX (1eT) «RPN(K) «R3] (K)o 32(X)eCRITH RUR00430
VI=QUAD (WX (29 T) «RE0O(X) oRCI(K) «+C2(K)+CRITC ROKND&440D
DID=V]®(V2eVv]) RORNQ4S5D
ACUM=ClIMeD TN . ROR00460
{F(ACU‘ «GT ., 6.N)G) TN 1§ ROHQ0&T70
FIACUM LT, (K1) )50 TO 1§ ROH00440
IF(NIN.LFeNaMIGN TO 2S RORY0490
NDIF=(Ke))®] ,0=CliU ROROOSNN
PCT=DIF/DI1D ROKQ0510
RPCT=] . N=PCT ROB00520
VI=0UAP(0L-9A0(K01!.DAI(<o1).Qne(Kol).cRITA(Kol)) RNS00530
IF(RAN (X)) ,EN,0QQ,)V]=]." ROBNOS40
V22QUAD (WX (T4 T) e xRN (Ke]) axR](Ke])eR332(Ke])eCRTTR(XK+])) RORONSSD
VISQUAN (WX (247) «RRN(Ke]l) oRC1(K*]) «RC2(K*1)sCRITC(K+]1)) RORQ0560
DINN=VI®(V2evi) ROE00S70
DIN=PCTeN]N+QPCTEDIDN ROBO0OSHO
CUM=CU“00'G RABODSGN
IF(CUM GF, (Ke]))K=Ke] ROR00A0Y
lrtruu.GF.A.n)cnuzs.o ROBOOALN
wX(4e])=CN¥ ROBDONZP0
QF TURN ROK00A30
FNﬂ RQOR0ONAGD
FUNCTION Quﬂn(lcﬂnoﬂ‘cﬂ?of RORBONASN
COMPIITFS VALIIF OF RORENTSON'S QUADRATIC TERMS, ' ROB0D0660
nunn:a e (XY=AN)eA2® (X=A1) 202 ROH00670
IF (A sST.NANN X LT,C)auan=0, ROR0ONKBR0
!F(QUQD LT ﬂ.anAnsn. RORNOASL
PETURN ; RORQOT700
END ROBOO710

GIN Ay
.\;t L‘
U pA ~ TAQ
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APPENDIX B
INTERACTIONS OF SUPPORTING SOFTWARE

The structure for interactions of the supporting software for the models and
algorithms used in these procedures is depicted in figure B-1.
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