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PREFACE

The procedures documented in this report were developed in support of the

Agriculture and Resources Inventory
 Surveys Through Aerospace Remote Sensing

program. Under Contract NAS 9-15800, persormel of Lockheed Engineer{n g and

Management Services Company, Inc., completed this work for the Earth Observe-

—^	 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 Aerosp^^e Remote

. ^	 Sensing (AgRISTARS) program is a mayor effort to assemble 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 a^.d increased capability for monitor^,ng temporal and spatial

changes.. ""'^e meteorological conditions and their impact on the environment are

vital to the detection of the agricultural conditions. Weather data, there-

fore, become a mayor 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': 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

ob3ectives in support of FCPF experiments and technology.

The primary ob,^ective 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 utsplays 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 to respond to

different requirements for information.

^.
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A third ob3ective 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 d^±tested. This is accomplished with software based

upon operational experience wish 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 whlch 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 currerrr 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 ^o produce these items are exhaustive and are

described in detail. Procedures for assembling and processing these data are

also presented. 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-sp^ci^fic infor- 	 '

oration, whenever possible. Weather analysis and irr<erpretation procedures

developed during the Large Area Crop Inventory Experiment (LACIE) were regional

and relied on interpretation of network weather observations. The approach for

the AgRISTARS FCPF project .s 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 s^gsr nt-specific data obtained objectively. Temporal variations are

reduced to a weekly time series.

To display the desired data for a particular site over the grcwring season, a

three-part climagraph is employed. A Fortran program is used to generate this

product on a line printer. One climagraph is produced for each segment

location in the experimer>t region.

Part 1 of the climagraph consists of a composite plot of (11 weekly observed

and mean temperatures and (2) weekly and normal precipitation totals (see

fig. 2-1). The +`first hoader 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. Th y sec:,nd

header tine lists the available Landsat acquisitions. The horiz:;ntal time

scale is the Ju^ian 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 :slues. These four parameters are not observations or records

at the segment location but are interpolations of values from the available

first-order network for the region. The values at the stations are summarized

	

M^	

by week prior to interpolations. for this particular plot, 26 interpolations

were needed on 4 variables to provide the segment-level estimates.

i
4
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The climagraph display of data penaits interpretation of potential interactions

of temperature and precipitation with spectral appearance. For example, the

Meek prior to acquisition date 173 was cooler and wetter Lhan normal. This

provided some relief from any ongoing stress. as Moll as conditions for a
reduction 1n the rate of crap development.

The plot also aids in detection of long-term effects and sequences of signifi-

cant weather features. For example. for 5 weeks 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 ad^ust-

able crop calendar (ACC) model outputs by Meek (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. is for the Robertson biometeorological time

scale for spring wheat ; Mef. 1). The stages in this scale are: pla^ir^g = 1.0;

emergence = 2.0; pointing = 3.0; heading = 4.0; soft dough 	 5.0; and ripe = 6.0.

This scale is also dimensionless and is used to depict the cumulative develop-

ment of the crop as estimated in a meteorologically driven model. Again, the

26 va'^urs of each variable are interpolated estimates derived from running the

models with the availab^ ± first-order station data.

These two plots charbcteriZe the response to the meteorological conditions at

the segment level and facilitate the assessment of meteorological impacts on

spectral appearance. the CMI integrates Zhe effects t,f both temperature a^^d

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 precipita !^on plots in9icates

to some extent the response of the CMI so 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 115. 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 da;; 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-

s
	 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 pracedures.

Part 3 of the climagraph product provides information which cannot be conven-

iently potted 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 "Gate and Region of Reported Sign;ficant 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, CRO 3, was reported for the week ending on day 252. Although

segment 1381 is located in this CRO, 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 necessarily in

segment 1381. 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 cF part 3 is entitled "Adjustable Crop Calendar Dates for

Spring Wheat by Acqu;sition Oate 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 term ► 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-d?y 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.

5	 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.
^i	

The product is a printed narrative for each subregion (CRO) in the experiment

^^	 region with the segme^ numbers included.
^«
tt-

t
	 The second CMI product (table 2-2) provides a subjective assessment of the

impact of CMI variations on crop development and spectral appearance. The

•.R
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CUNVEHSATIONAL MUNITO ►t SrSTtM

^.

^^

1.0 CkUP MOISTU►^E 1NUEx (CMI1

^	 1.1 r
GiJ^T R 4Kta5 ENTE^+EU ThE OELAYtJ GRUw1NG SEASON wITr( AUEuUATE
AND FAVU^ac+LE MuISTUNE I;UNUIT+uNS a5 INTt^rkETEO Fi•pM int CMI.
THE E45TE^+N CkU^^ Ex^'t^•1tr^CEU LITTLE Uk Nu bT ►+GbS CurvOITIu NS
UN11L Lait JULr AWU AUVU^T. nJMEvEN SUUTnEkr y ANU rtSiEHN Cku^S
Ex^EkIENCEU Ur+ Y ANU Jt1tKlUkAflNi^ CUN^ITIUNS IN E4 ►tLY JUwt
•+NIGH ENUtD aHHUNTLr l.v Tnt LaTTEH ra ►tT OF ThE MUNTrr.l.z Nokrn (^A^OrA
1.2.1 NUkTn.FST (StuMENTS: Isyv.lyS7.16021

Akt4 MuISTUwt rA5 4UE(^UaTF TnwUUUM THE FIkST WEEK
OF JUNE. Cl)NUI f IONS Gtwt=kALLr UtTt^+io^+ATtU AF iEk NLANT-
ING wiTH 5 ►'UiTY ^+tL1EF Tu per CuNUTIurvS UUkING JULr aNU
MU-tStN1NU CUwUTIJwS Th^uUGh AuvUST.

1.2.2 Nu^tTn IE r^T r.'aL (StuMEr+TS: 1?`► c • l^bl • 1611 • 1012)
Cu^vU1T10N5 r3tCaME MAr+V1^vAL aFTE. M ►'Larvil^vG IN E4kLr JUNE.
r+uwtvE N. dY auvuST vEar DkT CUNUT 1UN5 ►stGAN ANU Cl±'vT 1NUtU
U ►vANATEC.

1.2.3 NU•rihEaST ISEu ME:NTS: 13y7.1vb7.15d^•1617.16141
CkUP MUISTURr: rYS AUEGUaTE THNUUGn L4TE JULY wITM ONLY
SLIGHT STHt55 tX 3 t W ( - r^i.tD Tr+E ►+tAFTtk.

1.2.4 EAST CENTKA'_ (btuMtr+^S: 1472.1^73.1bv51
Cku 3 roUISTU ►+E Lu^^UI11U^+^ RE M AINEU FAVUKAdLE UNTIL AUGUST
ThtN L`ETt ►+IUr•A1tU CuNS1JEwAaLY.

1.2.5 SvuTH^^,t_ST (StvMt^vTS: 1bbU1
CONDITIONS OtTtKiuHATEu 1N EA^+LY JUNE M1TH SOME I yP ►tOvE-
MEwT Uu ►+LNG JuLr ANU FAVO^AeLt CuNUiTluNS AFTER Mlu-
AUiUST.

1.2.6 SUUTh CENTkAL ISEti MENT^: 1653.1b56.190y•1917.1y1d•1y20!
CUNUlT10N5 dEIiAN i)tTEklukaTlNV ►+AP1uLr !N t4KLY Ju^v k Arvp
rEaE (+UITE l) ►cY dr takLY JULY.	 TnErtt4FTt12 T`+1Nu5 l^^r'kOvtU
ANU CONDITIONS NECaME vt k Y MOIST Hr M1U-SEPTEMatk.

1.2.7 SVJTntaST lStv Mt rvTS: 13Y9.1^5tl•1661•lbbr•1924•1y7^)
ThE CMI rA5 Fw1kLY STadLE r+1Th CONUITIuNS AuEUUAT[ uk
FAVOkAdlt THwUUGh MIU-^[NTtMbt ►+.

1.3 M[NNESOTa
1..3.1 Nu.+ih.EST (SEG yEwTS: 1514.151a.1e25.1yd71

CU:vDIilOr. S rE^t A ptuuAic 0 ►* f4VUkAOLG OVER THIS RtGIUN
Th .t000n JULr rITH STE4JY DETtkIUkATIUN IN AUIiuST ANU
SE 3 TtMrE^r.

1.3.2 wEbT CENiwaL (SEGMENTS: jA35.1A421
FaVUr+adLE M UISfu •+E CuNUITIU^+S ►'E W SISFED THROUGHOUT THE
GtiUw1NG SEaSu,v txCtrT rurl ExCESSivt MU15Tukt IN +t1U
TO LATE JUNE.

1.3.3 CEvT ►+4L ISEvMtNTS: 11S2y•1A43)
MuISTUkE rA5 AutuuATE T^^ E{CESSIVE ThROUGHOUT THt SEASON
MITH ExT ►+E MELr wtl CUNUITIO^vS 3dIUH TG THt DELA rt u
PLANTING.

1.3.4 SUUTn.E51 lStbMtNTS: 13tl01
MuISTU^c ray au^^:uAit Tu ExCESS1vE T.,^rUUGHUUT THE
S aSUN rlTh Exf •• t MtLr ^[T CJNUT1uN5 IU MMENCING IN Au^uST

.	 w (H LITTLE I M N ►+uvt`+ENT TH.lUUVnOUT Thy hAHVEST ►'E k IJU ANU
IrvTU LATE SEPTtMdtH.

1.4 SOUTH UAnUTA
l.v.l NUkTM CENTkAL (SEv MENT: 15991

MUISTUNE CU •vviilu^v5 rE^t ADtuuATt 1hH000hOUT TnE
StASUN ExCE^T FUH SOME STRtS5 DUHIN^ Tnt FIkST HALF
Uf JuNE .

1. v .2 NukTHEaST (SEvMENf: I9hJ1
Thf. CMI INUII.AftO FAVU k wBLE M OISTURE CONDITIONS THROUGHOUT
THt SEASON dut MJ15TUkt was ExCESIvt Uu^+INV THE LATTt a
HALF ur JuNE.

1.v.3 CtNT k aL (SEG MENTS: leav•17551
CUNU1T10N5 rtr+t 4UE^JU4ft TnRUUGH M IU-SEPTE MBER ExCEE'T
Fug SOME SLlvhi SiKtSS iN ta^LY JUNt.

1.^.^ SUI^Tn CENTHaL (Str^yGNT: Ih7b1
ThE CM1 rA5 AUEuu4TE A+,^ STatsLE THHuuGH LATE SE ►'TEMdER.

1.v.5 SUuihEAST lSt^^ M tNfS: I ^^i^1
MOISTU a E wAj Mu ►+t THAN ••JE^^uATE Th k UUGH AL M OST aLL THt
SEASON ^ITn E^tCSSIvt n V ISTUkt 1No1caTEO 1N MIU -MAr.

1.♦ MQNTANO - CENT reAL l5[uMtNT: lYYNI
MUISTUHt rA5 AUE^.+UATt TwNU^)^jh MAY r,UT UtCLINEO AN p REMAINEU
MAk(i1NAL ,TU 3 VU ►+ fn .+^rUU•tOUT inE •tt M 4INUtH VF THE SEASON
kEAChINI, NE4RLr UKUUbnf CUrvU1TlON^ oY LATt AUVUST.

Figure 2-4.- Regional CMI interpretation.
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i	 assessment is made at the specific CRO level in terms of expected deviations in

'	 ^	 stage and color at the six normal stage dates. This product represents a4
detailed interpretation by an experienced analyst of appearance and the reasons

for an anticipated spectral sequence of spring wheat in the CRD.

All 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

Oata 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.
1

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 th^c lowest level of representation available

(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.

^^=
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Because of the enornaus quartity of historical and deity data, tape and/or disk

storage is required. For completeness of the records and the daily observation

reports, further processing of raw data is required. Ideally, the historical
Ncords will correspond to the daily records station by station.

A summary of the meteorological data requirements for these procedures appears

in table 3-2. The international scope of anticipated FCPF experiments requires

worldwide coverage for meteorological data. 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 foreign areas.

Therefore, observations from every available station are needed.

TABLE 3-2.- METEOROLOGICAL DATA REQUIREMENTS

Type
Function and/or

application
Data source

Mean monthly CMI operations Historical records and
temperature published values
(120 months)

Total monthly CMI operations Historical records and
precipitation published values
(120 months)

Daily maximum ACC model. computing Daily records from NOAAa
temperature weekly means, and CMI tapes and published values

operations

Daily minimum ACC models, computing Daily records from NOAH
temperature weekly means, and CMI tapes and published values

operations

Oaily precipitation Computing weekly totals and Oaily records from NOAA
totals CMI operations tapes and published values

Latitude and Objective analysis Station records
longitude of first- '
order stations

aNationat Oceanic and Atmospheric Administration.
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4. PROCEDURES
t

f

'	 An idealized configuration for these procedures appears in figure 4-1. A user
s

provides basic inputs about the desired region through an interactive terminal

of the Laboratory for Applications of Renate Sensing (CARS) 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

1	 weather conditions for each segment. The computer system provides permanentt
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 meteoroiogicalty driven

models.

4.1 ASSEli$LY OF INPUTS

Prior to the creation of products at the terminal, numerous small data sets

and ancillary information relating to the experiment region and its segments

must be assembled. The first requirement is a geographic definition of the 	 ^

experime nn region. If Lhe region has distinct geopolitical boundaries and

does not exceed the size of a square 10° latitude by 10° longitude, the	 I

definition becomes the smallest quadrangle, bounded by whole-degree tines 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 restricting the geographic size is the result of adaptation of

software to ob,^ective analysis techniques. The number of grid cells to be

analyzed fora particular grid size increases with area. This. in turn,

increases computer core requirements and computation time. If the political

^	 region exceeds the 10° latitude by 10° longitude 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

regica^ becomes a key feature when geopolitical boundaries are not definitive.

The size constraints also apply to Lhe 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 list 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 various meteorological parameters

at the segment level.

Nith ^^e definition of each experiment region quadrangle, the specific

regional data must be assembled in disk storage. These data inciude daily

meteoroiogical data for all available stations. monthly climatological data,

estimated planting dates for each crop of interest at each regional segment,

estimated regional soli 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 co+itroi because of inconsistencies, such as maximum temperature

reported as Tess 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 reeord fora particular station is

less than 25 percent complete, it is deleted from the data set because values

for too many of its observati^,^^s would have to be estimated.

The completion of the remaining observation matrix (i stations by ^ 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 uses to determine

ob^ectiveiy a unique solution of the scalar field. This solution, which is

4-3
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obtained from grid specifications and available obserwatinns within the grid.

can then be used to estimate a value for a^gr given point in the field. This

procedure is repeated until a complete data set of maximum and minimum

temperaturas and total precipitation valuts is obtained and stored on disk,

^e historical records of monthly climatological data acquired within the

experiment region quadrang^e must be assembled. If the record is fora dlvi-

slon rather than an individual station, approximate geographic coordinates of

the division must be obtained because the data must be treated like those of a

station for computational purposes.

^:s*.imates of soft moisture capacities for each station within the experiment

region must be made. 'this can be accomplished by consulting either the pub-

lished 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 frequently 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 ty^+e to be assembled prior to processing is tie 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 Julian date of the reported occur-

rence. The event oust further be identified by region and subregion codes;

for example, North Dakota (ND) and northeast CRO (03^.

All the preceding data (whether compiled as cards, tapes, or disk files) must

"	 be assembled collectively as a set of card images in permanent storage where

they are accessiblE during progra,n execution. The format specification of

these files must be consistent with c+'.'rent software.
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4.2 DATA PROCESSING

'	 All variables that must be reduced to the segment level through objective

`.	 analysis mu^^t be processed and available at the first -order stations prior to

interpolatio+:. 'his 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

far each crop of interest by running the ACC models) 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 obtainea 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 tie 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 se9rtient-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 .n 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 ALGORITHMS

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 Conversational

Monitor System (CMS) executive processors and other Fortran programs which

access, manipulate, and display the meteorological 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 str!uture for interactions of

this software appears as a flowchart in appendix B.

n >	
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Name
Function and/or

application
Oata 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. 5
evapotranspiration {PE) CMI algorithms

Robertson biometeorological time ACC stage estimates Ref. 1
scale model for spring wheat

i

I.^

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-

logical accounting approach (ref. 2). This technique is applied to the entire

monthly climatological record and assumes that an estimated soil npisture

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
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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^ather

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

i
The procedures and products developed for the weather analysis and interpr

i	 tion activity supporting the U.S./Canada Wheat and Barley Exploratory Expet

mew are described in this report. Innovative approaches have been applie

^^	 order to meet the task objectives, and an improved line of products has be

_	 ; created. These products are tools in this effort and are sub3ect to evalu

'	 tion and revision as user requirements are better defined and understood.

The mayor emphasis is to develop segment-specific information about weathe

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 	 i

and.staGilize in format and reliability, the software for their manipulation 	
r

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. Futu►^e changes probably will require revision of these procedures.

This document represents the current state of development for weather analysis	 ^

r: and interpretation techniques for the FCPF project of the AgRISTARS program.

► ^
Y
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APPENDIX A

PROGRAM LISTINGS OF MDDEL AND ALGORITHM SOFTWARE

Listings for the WAGMER, CMISUBS, and ROBBMTS computer programs are given in

this appendix.

A-1



FiL c : ^efi •JFa	 FnaTa4`:	 A	 ^Up^l11F / Le Q S 3031

i y TF(;FC inere(lnn.^1
ll' ,c y ti n n rLeTtS^^t.YLr)ti;('+npl•x(inn.al.YLeT15n0).YLnNf,(50J)
itl'^F'JCi^ ► I .+I^n.Snt.^l(^'1.5n1 .Irh15171.L4c^(";1
a c AL r^Arl AT. M 1 • ^I nT. u e>flrr;, • Il r 'L 1,

5	 pFeniti.l,il.Fr^r•rti1 ^1 ^A"LeT.utVL:(.^nrLnt^,• ►•rir^LNG.ISIZF.JSiZE.LaH
I n l eO^^nT(F7.'r.ei.n.^Fe.n•J1i.1r•S^r)

1c1 •, 4xI.nT.LT.-^n.n) ST^)V
(:n T^1 514

s1 ^ ciO^
;14	 fn'JTiyllc

^^ITF14. o i)1) '^AxLnT. r"l^ll aT .uAYL'l(:.'^INLr.(i.iS17F..ISIZc
^nl	 Fna••eT (1H1 .ar.; ^,r ••.^r [MIJM LaT i TU 'c	 .ch.?./5x.

1^JH M 1N1 " IIL ^ LA1IT^II tG 	.F^.7,/Sx.77•i^•^xI"U'^ [r)rlri1T11(1E
7Fh.7 /cr^7^...,,i•IT'•rrl" l O r.'iIT Inc	 ,F5.7/•,x.
372^IVUwr•Fu ,I-c ^.uln or)ir115.1^,/Sr.27^NUMHF ►+ F-w ^^I(1 pn1NTS. I6///.
♦ ^ '.l5er/////1

(' MArLeT = M^y ir.rr• ( ^TIT11^1^ UN •ems
C MT • ILeT= ^+T'l1"u^ Leilfr'nc r)y wn^
C ^ p rLrl^;= N e^i wl l^ Ln^,r. t T11^E Uri Mtiv
C ^1•I(_yr=ulrll••^^+. ( () ArrTTrinc U t M^^
C 1c1^c=v^iwaFa nc ,;^In l r l ^I-ti ^1:.cCTin^r
C .1 c 17F = ••111 ,.n FF' nc r.aln iv E-+ r)1^cCTInn:
G iS17F.""1 r LeT. M t • ^LeT ^+VST ae e^ I'ItiT^ -^ S n ISC A L F IS uN iNTEGE^
C ^ct7F, y a>tL • . ^."•r^L^.f: Mr_ltir yc n ),IIISTF:^1 Sri JS('eLf IS arl I'vTE(;Ew

neAaA = tnn.n
aaa = I,n
CCC = 1.n
TSCnLF='Ft_ n eT r r ST^F-1 t 1 / ( •^etiLeT- w i rll.eT 1
JSCeL c_ ( c L n eT(JCI7'-111 /(^"nrLy^^-y1r+L^G1

51	 L =n
MoiTE(^.Rh(tiF11 n?

hh^,c Fn.^ ••tnT r r 1 ^.sa^. //1
1 L=L•1

511	 REA^(S.10n1 rain.YL^T(1_)•tLn^I^(L).JYCeG'.(xlt_,Jl.J=1•^
Inn	 Fr1k•eTr^^.cS^7.F^.7.To.FT.^.F4.'^.c^.r).F5.01

I c ( r Ln •^^( I .1.1 T.- cn .n.a r^n. l_.E^.11 STIt^
TF( ti Ln N^(L i .LT.-^,^. n t ^:n fn :.n
:+alTt(^.hl .̂ n 1 RxT^.+^LaT;LI.*Ln:c;(L)•JYFeli.(K(L.J).J=1

r,lnn Fna^4Tr • ^.ej.^c7^7.^0.ac^.11
qni	 c^»^air^r.a^.^c^.7.I5.r,Fo.al

IF (YLaT(I.1,r;T.r • arl nT^n,^,^LnT(L1.LT.^r1)^LaT.C:+.xLOyG(L
1 .f1v. tL ny r:ll_ 1 .LT.•^1 JL r+r = 1 L=L-1

T ^ c na = .1r= e:
c,n Tn 1

4Q f(1^ITI^:UF
L=L-1
y UTYF	 (4.1'1F1 I.

1 n5 Fn^rMeT (I x.//. 1 x •' ^lll"'^E^+ OF STaT in s+5 WFAG I re _ ' • I 10
LL = L

nn lOr 1=I.IS1'c
nn lnr .1= 1.J^1-F

lnr c(I•J1=^.0

ttl=l^aKLnT-tLST(^11•iSCeL=•1
XJ=("lnxLN^,-xt_n r,r,l M l )^ JSCa(_c•1
T=x1
i s (xI-FI.n^T(Tt.f: c . n .5) I=I.1
J=tJ
i s 1 KJ-FL7.1T ( 11 .ri c . ^.St J=J • 1

ln^	 o(I.J1 = Y(^.^(.7t	 lun.n

C n LL a'•lal (icl7c.l^Tlc.eaAne.r•oa,rrC•25..01•^.tl)
nn 1n71 1=1.icI7^
nn In?_1 ^ = 1•J^T7^

In71	 IIIi.JI	 = I1(i•J1	 - I^p^^
l Pp t'^ T = n
rc(i^QTyT.:0.11

► fall_ an ►aTlr: (^I.I5T7c.J517F.n^.7.).n.LeQ)
(• • • 1 • • • • • • • • • • • • • ^ ^ Y J • • O • • • • • • O • ^ • • O O • • • ^ • 6 • 1 • • • • • • O ^ • O •

C Qc ;i ►lr^l'll; nc I r.*c.^nTluv r)vF y a Vt1Lvt:nV fin, TwF •,ev

.rl

.GT.^AXLN^i

.//)

I:A000nIn
trer.non^(1
re^;UOnZU
wAGQ(1/14n
wA^,n(111tiU
M4cirlrll;hQ
M^GOOn70
wAhOnQPU
waGOOnao
wgGOOlnn
4AbOl^11U
McGOO l lrt
wer;on 13n
Ie(i001r0
rr4uJ(,1`+^l
w41i001hi1
aaG0^17^
^AGn01Ao
w4Gnn 1 ull
rec,o(t7^n
weGOOZIo
wA(iQUC20
vel;J0230
M `,(i00?4(1
weGno7^n
waC,OOlc,n
rreh^0?7^1
w4;,002r+0
we^;00741)
waG00 Alin
waGu^131'l
wef,n0^2u
wAGno33n
weGOn^4n
Mac;VO^Sn
we000:+h0
wAG0U370
w^G(10iQn
aef,003^1 ►
roC,nnofl(I
waGuurlo
MA^11042!1
weG^Or3u
MAGQO4a,1
waGnnoSo
atGnorh(1
weGnOr70
^AhUnrrU
rAGltnoart
wAGUU5n0
wAGnO c 1')
weGO' ► ^2n
wa(,UnS3o
Me^r10^40
rA(;On550
MLGOOtihO
wAG^0570
4aG00^?J
waGOn5 an
wnl;0U5n0
we000^,14
kAGOOhJr1
MA(,o0h3ll
MAGOOhro
asGnObSu
we(;Ur)hbn
McCOnh7ll
Ve(,On•,^n
raGnnyqu
wAG0U7n,t
weGU0710
reC no izu
.reG^p/iJ
,IAC,^J7^0
ueGOn75^
wA(,nU7h0
weGU077n
wAGn^ 7P.n
MS0007y0

uF . ('^^ ^
o c en(7.l na t Iu^Lr

S^	 rnVT1 "lr;c
C i^nl y= TMC r;tlwaFA nc o(t(_rrr)+vS Tn ac a LeCEU 7VE Q Tr+E FU'JCTION U F0^ IYT

nn ^r.a Tvr^ v =I.I^OI.r	 -
Ino c^to •^^t r7i?i

5a	 °cA^(J.7nn1 f^.rLeTfyl.r^^yr.(rt
Inn	 Fr`yyAT (A^.c^.7.c.., ^1

xi=r^erLeT-rLeT1^1 ► •ISC^^=•1

a-2 :i^_i 1-iv AL p Al^^; lA

^- p(^)R QU AL1TY



etl c	 rer,^lED	 Fn^%tQd^^	 A	 NUW'tUF / Le e S .3n31

xJ= IM4r^h^-v^M lr: 1 ►'1 ► • J cCe^^ • l weGitOpnn
lozj wa^UnAlu
J=xJ weG9^Q?')
is	 Izi-cErt^trjl.rc • ^ • ^;t	 i=1 . 1 weGuO•+3U
iF	 txJ-FLi sT(JI.G c .n.ti)	 J^.1 . 1 MAt^nO^rrl
K1= ^ .IaliQ0^15i)
1F(K^.^:T.Jtii7 c 1	 ^a1TC	 (5.^0..) wA(,nURhJ

^ Q h Fnu^4T	 (•	 D • lI • 'T	 jS	 nl l Ttiirl c 	 On.^cr TTV F_	 FiF.tO	 IN	 L OyGIT I I f)E	 '1 kar:QCy70
jF	 IK^.GT.Jtii^ F l	 CALL	 czar aAGuOQAo

T n^ SIIu =^I (f ..l) wer,u0a9n
1FIi. r T.j Sr 7 c 1	 ►-^1T c 	Iti• 7 ^ht wel,Oncuu

2V!^ cno•.eT	 1 •	 anj•^T	 IS	 nuT^i^ c 	OHJF_CTTvF	 FiF^n	 IN	 C^+TITUDE	 ') rt4Gnn41'l
iF	 Ii.r^T.ic(7 c 1	 Cai.l.	 L ^!T aanpnyltl
TF (SI, •t.fiT • "^. 1 j c^ l' t _ 5^1 ^• ^.S ye000y:i0
Tc (;J'^.lT. ^. t 1 c ,1^^=S^Iu-0.5 rr4Gn0ocq

1neT411^+U y .^t=lr c •^ a M4G(104h0
i^eThi T y,l..••^L ^.^1 clClnt rr,li0n^.70
^r)[TF	 Ih.1.711'^•c^l^^ wnGOpV>iU

7R7 Fna •I AT	 1	 '	 VelUC	 .T	 VO 1NT	 '.tit.a^.^z.^FrJ11eCc • .^x.F15.S wa3ur1a90
.+er;rtlnoo

^r . v l r'IvTi':Ilc waGO1C1J
3^^ T rn^IT 1 VIIF RaGJ 1 n?n

D 11'^ r H	 7nnr.11nnTacl. 11.J =1.h1 wAG01^40
7nn^ Fn r̂ a eTlor.jo.i^.1^•1^.151 wAf•nIOS(I
oero Cn^IT I N I I': rrar;nl ohJ

r:n	 TO	 S 1 ►1nGC1^70
E'd^ «IeG01 ^^w0
Slla^)1IT111 c 	 4r1NTII G I^•wj•N,I I•`^TI ;•INT.cCsl_f•L•1 y ) >,JaGfi10g0

C ...P•rl•,TG	 cT^hheon	 • ii	 x	 'vJ	 f-a^^l	 w1TH	 C n•^TCll^iv;	 4cTrE c i^	 ll'vF5 s^r:^IlOn
r ...wIN	 Ic	 T y r	 ^T^+1•'^1M	 vn^,^F.	 ^.T	 15	 T^F	 Cn^ITUUo itir,	 1"^T c ^+va^ war,Jlllll
C ...7Ean	 1 • :T	 .^cn^l^	 • ,n	 r•;1vT^lJ^S a4t,0112'1

.. . c C z L c	 I^	 T4c	 Sra1.I^,^,	 F,rrn^	 Frio	 DRIhTI^I^i. w,^Cn113C
jc	 1.1,1•r.T•^^.	 Tin	 ;alr5	 a.rFvn i ,TCn	 l	 TO	 ?n	 a'^'1	 2h	 TO	 'JJJ aAG011^0
nf wc 'VST^ iN 	T711'^n.lOnl.!Iln^.ln^11.1	 e =ti51 wAr',g115n
r)iucllcln^,	 • nl_ o Il61.L1'aFll>Sl.li'll^ a 1 McG011!+C
(1ATe	 K ^1_^/l .l	 •1 ►+A.1H	 .IHP.I'+	 .1^C•1 N 	 •I M0.1^+	 •1 •+E•1 M 	 .1 MF.1H	 • waG01170

1	 1 ►+^i• 1M	 • lyN/ wAGnl lA0
I_TOT=i ^T•l ^ wer•^l	 ^n

^OUNJ="1J.1 aAG01
Il:l weG01^10
iFIvJJ.^:T.^ti)	 VJ=76 wa(,0112n
nn	 I n	 I=1 • • .1 ya^o1230
Dn	 1 ^	 1 = 1 • .JJ weGO t ton

I n T?IT.J1=7^1.J)•<<^^^
wAf^l ?hUT•	 1 1 • ,T i	 51 • Sn.51

ct r^i.+=rr1-1 w.,r,nl2ln
/.n N) ••t=VJ- 11 wacnl2nn

and 0.,1.^T	 ajn.l . n^ ► a(:U12VU
o1R Fna •^1T1'1^. s ao. //1 ^AGQ1300► lt,M =S• • , 1N• i woliU131^

yn7 N p 1^T	 ann.11711•Jt.J=11•"rJ1 aeG0132n
onn cn.+^^eTl ?x.^..lcl aa6^Jl.j30

n7	 ?	 .In: i .7 MAri 4 J 3'+0
jF (Jl .^c. l J	 rn	 TO	 ?n wau013aC
nn	 i	 L=1 1. 1 MA^^1^70

3 LINiL1=c(it iT c'•l_t - I7(T u - 1.1.)1 • J' t l/ z• IZIi c^ - 1.L1 waGU13Au
^,n	 Tn	 ^n MsG0139C

^n nn	 o p t	 U = ^F.N IJ wAGOlobr)
♦ n l ly 1L- X51=11[Z11^. 11-i71I'-l•^1 1• J^1/? • IZti-+ -1 . L1 ►+aG!1)ol0
^n Kal M A1,o1=27

nn	 o	 ,lsl.")w M4Gn1w]U
lTti.l_Ct • ,(Jt ^AriUloMn
ll'^ F IKt=C j••^J .Iar,OloSQ
Nnj:^l •,r,l • 11-^TNJ Va„O1•h'J
r)n	 5	 ^cl.a •AGDIr•7o
KsK.I .Iac,C 1 CFO

s LT'vFIK1=(^•i Z • ll/`+ • IiNJ weG014y^
K-r(• 1 MAIi^ 1 S OU

• CuNTI`^U C 	 ►f4, wsf,UlS1C
li NC lK l :L 1 • : c il,r^. j l	 i^^,• wA^UlS2U

p^k)1nF.!_I^^clll-"'1.,	 ^	 f
^r

w.'► Cn1So0
iF I.,^nF 1 •+.o•o	 •

T	 ^ ^1;	 f̀ ^
.eci01550
wAGU 1^h0A •hF=JOF-L	 tT • I i,1nF • 1) /ITOT-1 1	 ^i

iFIJ- I h I h .7A.2h	 ^ rAGU1SN0

,`	 ra-3



C
C
C
C

C
r
C
C
C
r.
f,

C
C

C
C
C
C

FTLF: •reG"+F V	 F^1+^ToAn!	 G	 VU•I,,IIE / Ln o S .1411

.ei O1tig0
weGal^,4n
^At:rl ► h10
weG41!+l0
^' e ^^JI^^'14
waC91^^0
war',OleS0
wn„Olho^
Ma'^n l ti7(j
wor-4 ► ^••+U
wev01hy0wnl,n 1 70n
waC-)17^u
we,,C1^7o
^ef.n173^1
M^G111 7^0
we„n17S0
MA„U17h0
war;o177J

w^:.iU 1 7vU
MAf.^lgnp
r4ci01 A^4
.JAG +^ 1 ^ 0
rAf.01'^^J
reG411^u
I^aGJI+?54
. e f,^IIQ^+J

eTt	 r^^,n1N74
•.+C 0lRaO

C a 1TF Q in. '?f'^ c ti52n+ c ^)F e•,^erc lac X11 '+1.N.11•U^l'^1• "^JI•.Af"+1•^Ji	 •ef•41'•tiO
v4(^IT•^.N.I.71 ^•.c^c 41 e,^ V.I 1DC T,.E 1VP'IT n •+NAr c 17F '++(,Ul^np

T •+ TC •: '1'1TiNF ""1^+1••l^Fc T ••c 1^Ti .•trL (T••F Gn1^AaF.S '7F T •+E OI FF E •^t^+CES • ^r++nl•IIU
• THC Sn^lnncC ^'c Tic ^:^e^iFwT•eLFj
• T •+F C^IIA.^cS ^F T,c ^ e e l. Af I A • ^ • Al. c ^ 1
^ ►.caF +n.elc^.n^.n ',LF a + y c ^FII,..Tc cno Ttic eNeCr^Ic.
Fns r•^eSnSfeIF er^nlreT^ nc M a r:NiTUJ^^ 1^,Tr^iC^L Pe^^eETF•rS ARE Ae=
AI F7=1 .^1.41. c ^zl. n	 •"e•"A^=uJ•^.4•rs•.,]
'ut . ^,nln • 1 I e^c ci ^e ,1F e^oer OF Iln s•+^
1•^IC^F.^cl•^+; nLi ^ Ar.l^ 0^ nl c•. •+cn+^C^S
Tr^^it'nl_ y nt V4LUFti sac alct=ln.n.ew^
F^^ AO =1^n.^
TNF veL^^FS ('.F el F n ^ n':n aLr e^ I^ct'nL+

^I`r FNSI^ N ++tl'`^.ln^).u^rin^.1441
F^'JIVeI^"!f.f ira f 1. 11.wA l 1. 1) 1
1'1 =ti

WiD^=NT•7

"11"•7=NT -7
N Ir e i zN,l— l

NJ P 1 = r 1.1 . 1

racTe:7•n
C	 IvIT1el17E GUEcC FI^L(1 yr evE^^^+lv^

nn 1 h J= I •":•1
^0 l^ i=1•:1

lti UJ1.J)=+I^+1 ► .JI

nn I n 1=l.^ iP^
I n re(1•J)=n.^

Kr fzl

C	 C-.FfK F0^ NUMU C O n^ NO ^^c55
i s (KNTI 1,.?n'l.lc

iS K'•TsO
nn i t . ► _^. v IP 1
^^ 12 T=7•''i ►'1

li vnc1.Jl=lti— l.J -11

nr` oo I:?•'^1^1
iclr^ll.J1.'• T .'^.n0^+n 11 ^^ Tn a•.

cq SU.^=0•n
f•:T=n.n

C	 AVM, rrl'ri' or11"ITC
^^ n^ 77 JK:t.i

nn o7 ► ^c=1 . ]
1i=1 -7.1K

A-4

ti LiticlLl_Knl_^l 1•tl
q^i	 ^-+1",T n ^l.lL1" • ► rll •L :l.vll'rl
0^1 Fn^•.aTl7•.i^•+11

^ Cr ► vrJ•nlc
an•	 P ^1'^T o n n, t ITt 1-.JI .J=J1. ^Jt

1	 Cr`^1Tlr•^ic

N,l="+ 1J
Ji=^^+f.n T^1 5^

any	 P,•1 • IT ul ^.LAq
S^	 fn•IT 1 ►.Uc

nn 5^ : c^.•^T
.err,	 ou1•iT r^1,117t1.J1•J=1•"+J1

one cC^1^^AT ( 	 i3..7^1y1
vn7	 ^^1'^T o^^
S^	 f^l'IT 1^+iii

on ^ F'1V•+e T 1 l w ^

^IJ=r^JJ
JT =7^,
r:!; T .7 Kn
F^^n
S+1«i^+11ITT^^c n.^el l'^1.N1•Ae.ALF?•^LFa.^^4xPa5•E•7c•U'1•^I)
V+VieT1 ^vnL n^+cLrcly Wr '^iT .+n: • ^cc	 ?r.^r) [,FalveTl;J^ F1LTF•+jvG
U^ 15 (, nTn	 +I is A•nl_rcic	 T^F''Tc IF S ^ l'+ uO aS • +0 ^AT4
4.)'1 1 1+^c M II_L '+'^•^l"I c F7w ^ocec •.IF • '0 ltnTa

ne•nl c ^.AL c a +aF cTLTC.;, •;cl ;.•T^ p ^jEaFr^Ct K.aer;NF4 F^R 4VP.1pPp1
VnL'l c c	 •'c^^ec	 1c veil^•t^^•, Nn. OF 1TF^aTT^^+S	 cJa 1c a^a ►.U,r

I+

•+Tr.^FN cyE,)UEtiCIES
AI.Fi=1 ^.^
^^F .1.1..^^ 10.0

racl4^•lar1.MA1140.1001

anf,i+1^+20
^+GO193O
w9^i01 J60

on.o^+a„nl^sn
wGfi01 ^+^^^
wAG01^^4
rAti01 VAn
wAfi0iQ90
wAC,n2nOtt
wcCO7't10
IAI;U?Ol+)
► aGn^41r•
w^G07.OyQ
+'oG0145+)
aA^ 0?nbO
,at-02n7n
^AGJ24nu
wAC,^)IOyO
w4C421'14
•+at;021 1 n
we^n2114
yA^i]11.30
reGU^I^J
r4u0?lS4
rAti n t 1 hU
^s40T1^n
•+AGO?14u
weG0^19^
reC,OJ?00
+•A^n2>10
MA(,n2720
re[•'t?^3o
^eGJ?^r^+
.+c,^tz54
waf,077hu
M4VIIj?7n
rsG02^^'J
reG4?7911
rev') ?3uo
r+Gn2319
rn^.073 ^
rA( n?3^0
^eGn23^n
r460t350
wAG4T"+tin
w^ +iU ?CIO

E_+



F11 ^: y nGvF y 	fnrlNAly	 n	 I+U ►+nUE	 /	 I_e 4 5	 3u31

JJ=J-^ • J K wAC•n?3gn
I c fv n 111.J11•^^.n.^9n^11	 .in	 TO	 07 w4Gu?140

01 Sll a =^1' M ••n 1 11..1J1 ^nb^2^^0

O1 r1tiTTl^^lc Ner.Jl^2n

^
FIC'^T.I ► .^.,t	 ^n	 Tn	 ^^ weG07^30
FICJM.I_ c .n.fn n n^l	 rn	 T(1	 '^• tiA602 ► •v

G'1	 TO	 ^^ ►•er,ulaSn
C UCH	 .III^1	 1"CT c A(1	 f)F	 7cN^1	 eV^ ,+el,n2^^.n

n ♦ 11 11 -1.J-It=.^nul raGJ?^^n
ri^	 T r)	 00 we(in7•N1

oS 11 11 - 1 .,1-1 1 =c11^. /PNT rA1;0?'.^U

n7 KNTz •C ' IT•j w61sJ2^IJ
rr1	 Tn	 on .Te1, 11?52n

° i5 U(I-1.1-11= vL 11•JI weC0753Jou (n^^T j :dll c wAC•025^0

^ trolTElT^.lu^1	 r^1T veu025^n
ln^ F04^AT(I.^n.I s •^t..	 anI •vT5	 IINSDFCIFjc(t	 TNIS	 PASS) rar,olti7n

I c	 rK "+Tt	 ^^j.>'^.^n, w4rinZ5Al1
To Cn^T 1'I i 1 F reG075y n

C cu^,)T^J	 cl^ll^	 nc	 evF.r,QrcS .Ier.07.h00

nn	 ^1	 I=^.'•^j M l rle(.02^•?v
^1 ^e11••!t=(c" •1^(1•J1•U 11-1•	 I-11•'tIT•'.	 1-tt •11 (I . 1.J • 11 •I l1I-1•J • 11 rel,Olo3tl

j • 7. • (: 11 1 .J - Il •l 'II • 1•J1 • 'll(•J • 11 • U(.	 ^.J11 1 /lh. vet:OTh•0

wn(1..11=( F • •11 c1•J1 . 2. • 1 1 1(?.J1 • '1( j .J-11 • ' I (l.J • ll) • U1l.J- 11 • U(?.1 . 1 rAGn2^ti0
11 1/l ti . r!('•fl?^7n

77 Ve ('r1•.11=1'+.•'I(•1(.JI. 2.•(' ll 'Jig'l•J)•UIV1•J-11• U( NI. J•111.111i^i^l •J- IN^G('1hHi1
1 1	 •1 : 1'r 1 11 1 	 .	 J • 1	 1	 1 / 1 a+. var•1' 7^vn
nn	 .33	 1=^•^rT'^1 rAr,9c7n0
wA(i•11=1". •Il l y .lt . ?• • l'1(f•^1 • 'J1T-l•jt •11 (1 . 1.Itt • ul:-1.21 • 11(I . 1•^ r^1:7 27^U

+^) /1^+. waGn2^	 0
3^ .Init.'^.11=1^.•1111.' I. 1 ► .?••(IIII•,w^•^jt.ulj-1.NJ1•IIII.I• ►^Jtt•IIC1-1.•^J^jwer;nl73o

T 1 •u I I • I .w,1 4 1 t t i 1'^. var,u27•n
vA I 1 • '+•11 c 1 ^• • 'l( 1 .'IJI •7, • l'I(^••',1) •1! 1	 l • N1"'1 1 1 • 11(?•N.1M11) /P. rA1,U ?759
WA 1 "Ij .'v l) _ 1'T " ^^11'J1 •	 1J1 •^•• l'll ►	I	 '1 .v..1. 1 1(rll .N,JN j 1 1 •I,II^vI + 1.ryJ""11 1 /q. ^al,n27ti O
YA INI. 11=( 1 . •i lI N 1 .1) • l•°( 1 1( ► 11'<1•I1 • IJ(^II•?)1 •'1(NT y I •?1)/N. VaGU777J
rs l l.It=(3. • ' 1 (1.1 1 • ?. • l l ll^.l) • '111.711 .1_II^.ZI	 1 /H. reG^17N0
n^	 "!b	 J=1 •' J wnGA274p

,q U(I.Jt=ue(t. JI raGU2c19
t•	 ^o v c. jTF(TO.^^1 1 veGU2y1C
t o Cn'^T 1'^'l c rnu9 ?•1311

^nl Fn^J • 4T (I•,n " »«I	 c4MT ►+	 ^+a5	 ac F'1	 CAI^EDI rlf.n7A^U
C	 ^ nT^	 'ISj^1Nnl	 etinCvGIC rGC^ZitiO
r_ j'1	 F ►+T^o	 ^ n l^ltc	 e•;n	 rclr,•+T5 n aGlv'+h(t

el.Ft.N=n^F^ • ^cTa weGJlaAu
I11	 Ifla1, • • AI : 7•^'1••^^c^ •er.0?•14n
U1TJ1=- n^l'^- w•+A^c^ tr:Gn?vn0

C vyITF(ir1.5'lnl	 ee . e l ► ?•^LF^..ItIJ n •UIIJ1 weVOloln
C ITF^efjv^	 Sr^•F Ic twAGn7o	 ^1

n•l	 a l	 I T= 1. ^er^eS vaG02V30
ln . I waGOCO•^

rl'1	 •J	 lc^.'I.J'n 7 MAr.117'^hn
f1f)	 •2	 I:i.'iT^? wA^in707:J
UTJ=U1J n reu42Je9

C CNcrK	 ins	 ,; a cc ..'JeTjOa rern^ov4
I c l'10(I•J1.G T . ^.nnn^l ► 	 C•^	 Tn	 •3 yl► C93900
rill	 Tt)	 •5 MOG03^2G

♦1 ^1 : 4a vAG^303J
11 1 J zUI.1 • nl weGU3"I^0

C F.'^UeTTn ► ^	 FpW	 c^cclnlln^ vaG03o50
.c ccG: -aL• IIn1I. Jf•IITJ•Ul j•JI•IIIIJI•f^11I•!.JI•Illj-I.JI•U1I.J•1 ► •Itll•J+nl,^3't^4

1- 1 11 •Al	 c • Q• 1 11 ( 1 . 1. 1 -I 1 • h' T - 1 ., I. 11 • 'I(! • 1•J-11 . 111 I . 1 •J • 111 rGV0377J
QFS z HF C• ^L c ti • l' t f I.J • 11 •I Il I.J-7l • Ul j • ?•JI • Ul I-?•JI t MOr.Q301lU
QI_na 3 =1./' 1 11 •4Gn30on

C C1^uaFrT	 ^t^c^c	 nr	 11 rl► G^ij00
1111.11 -' l l I.Jt- L l eau•,^c^ ^efc,^l lu

t'.+^Cw	 CAG	 as3 o1.^rl^nTjnN	 ^eTj^elEn	 aT	 el.L	 p ')INTS ^e(,o312n
i s	 rauSlaF^1-E p N ►	 +h.•e.• 7 traC•031ln♦7 ie=^ ve^,u31^'1

ea CII./ :SIIV.c+FC•occ r^Gn^l^„)
•^ C7NT 1"luc tr^G031tio

A-5

1 N' YG^P. QUA;.i;Y



FTI . C; ►+n .•ItP	 F'nQTo^N	 a	 Vl)Pnllc / 115 3031

5T7:S^^^T (^^^^•/^anl
r	 vn(TFI(^.^ ► i^l TT.;Tn

!'	 J ^' a iT^ll^^. s ltl	 (T
9	 CntiT ( J^^c

SI( cf,•u • ATIj^.j7r.^ln^ 1^c 1T•--nT1uNC.IS ►
Snq Fn..•^4TIlx•^•+ •^(G ►+Tc/5^1^.1/2°^	 cTV nFvt^Tio'v nF ^tESlni^a^ )

AF' TU.iN
E'^^

MIf.OZ170
w.c^^jAu
Vcr.oilfln

w.^o^^3n
y^Gn3^^^
war,Jjy50
v4li^ ► ^^I,(1
w4CO321^

a-^

.s •tires ^N.h ^... .



FTL^: C"'i5 l . la s	 F^uTwer,	 a	 ^UunllE / Le o S 3n^1

C T^1<	 ^ Iraa n r lTTN C	 CJ^^^rTFS	 T.Oa,vTHwnITE	 CUFFFICIE^+TS C^'i0noln
Sl r •^^7UTi n i c 	T unr+r, (T.T•^.LAT.^DJ• I 'ETI CM1000?n
^Fal	 T112)•1•La*.n^).J(1'>•^ETII?! C'^t00n3u
ictT(71.^,T.an.n)Cnll	 tr0+(T! C"^InnO»0
w^ TTFI^.^•^Ol) CM10(1n50

'TE(^.+•o^)?)	 l	 eT CMinnnSn
r.nn ( Fn^r^gT (+ 1 +. +Tr(^^NTH.Ie I TE 	 COFFF iC I c ^.TS	 q 5	 EST IMeTEn	 FRnM	 THE	 12 vaLC"r i 0nr,7^)

1t^FS+) CM1 nun+'u
^On^ F^^^+"+nT;^	 +.+nF	 Mtnr+	 M ONTHLY	 TE'+ ►'E pA TU p E	 FO.+	 a	 ST4TI0.1	 aT	 +.F5.2. +NC^'IJnn^u

1	 !_et1)Imr,+.//) Cr^InOlnO
I=^. C•IIOOIIU
nn	 5	 J=1.17 CMinol?0
TT =T tJt CNI OU1 lo
TF(TT.i c .n..) ,: n 	 Tn	 5 C^^iOOl^n
T=I•(TT^'-,)•01.5]a CM100150

5 COtiTI'Il^ c C'^1001oJ
a1=n,r,7^, C'•ino170
e7=-77.1 CMIOn1^0
a'1=17 a ^^. CMIOOl^o

e= (e1 = I O °i •A ^ a ► o - 7 . 13°1•A4) /lnoa5 C^+IOG?.ln
'a p iTE 1'+.^r+ ^ "^ 	 e.i CM1n022o

^.nOn Fn•^^a 4T(+	 +.+n	 =	 +•cI^•5.+	 I	 =	 +.F10.5•//) CMI'J^23n
e a I TF (^,. ^nn 4 ► C••i I n0?»^1

SOn4 F^^-^ M ^T(+	 +.+	 MnN	 OL	 AUJ	 T	 PET+^/) Cr'IOC25U
n ^	 10	 ^_ ^ • l7 C••+I On2hn
TF (T t J) .LE .'^. 1 acT (J) _^). CMi 00?7U
iF(T(J)•L^.n.)in	 T^)	 5 C4IOO7Fn
PF T (J)= 1^.,j O I1 n .0°T(J)/I*l.0)° •A CMI002Q0

^ e n J(J)=nLHa o (I_^T.J!/l^.	 - CMi0U3UU
PF1(•1)=GFTr.I) °^^1,)IJ! C`+IOu 310
ic(T(J).LT.n.)^cT(J)=0. CWIUn?20
Ol_=OL P e a (L^T•J) CM10J^3U

PET(J)= pFTIJ)/i5.a CMI00.97h
w p ITE( r,. r,U ia )	 J+OL•e(?J(J),T(J1• u ET;J) C"+Ino36u

SnnS ^^n^^+ 4T(+	 ',[7.7x.4Fa.l) CMI0037n
10 CO'^TT'lUF Cr^I00^'+n

RFTUW" I CM1UO3^^
E'v^ C^•+IOG»00
FU y CTIOV	 DL^e o fLoT.'^n • ITH) CMI^Oal^

r. CnMNUTES	 nvE^arF	 ^)ert_EN^T^+ y v 	Mg NTr+S	 FuR	 GIvEN LaTITUDE C'^tI00»2^p Cgl_	 LAT C^^IoUa30
1^^TF^,E c	,ln (1 ^) G^100440

J^^ (^) =31 CM I OOaLr}
JO (7! = 5o C"^ I On^7U
Jn(»)=^n CMjfQ4P0
Jn15)=1^n C^IUUa40

JO(7)=1 Q 1 CMI00'^10
Jn(^!=?1? CMIOD520

JO(11)=^na	 ^	 ^,.	 •Qn
J^(12) =^'i4 	`'

C^'In055U
CM	 OJ560IRJn(13)=^^5	 r ^ G^ ^

J(1(••OiVT^+)•1 	 ^r^Af	 ^'
CM I00570

JT11=
CM10r15AJ

I;'TlJn2=Jn(ann^T •^•1) CMT005o0
nLaeu_n. ..MInc^+Jn
nn	 S	 i=,)nl.Jn^ CMIOri^lO
1F (LeT.^:T.an•)	 CLae^=n^ •^e^.nsral (t q T.I) C"+I'10b2t!
IF (LeT.LF.,.n• 1'1^A ^- r =(1 L ag W • f1- f401^4T. I) Cr^l On^30

S rn NTi`+^I C Cr'Iunh^^)
^ ^LRa ►+=n^Rao/ I JTi2-J9l ! C'^I OObSn

^- aF TIIK ► 1 C`+I nn5r^n
F'd0 CM100^+7J
FUNCTIOr)	 Der») cw. J ► C^InO^.lo

^ --------------------------------------------------------C•^I00590
T H IS	 cutiCTlnrN	 5^laantrT[NF	 Cnr• u11TF5	 (IarLEtir,THS	 FUR CMI0070^)

C L^TTTr1nF^ NnLTH r1F	 an	 nc,KccS, CMTU0710
nerc1=17.25.O.^,lP^•1. 7 3,a^°c Tq'+(3.^^1^+°•^/1R0.1)••2)°COS(0.o172 °J-2C•^In0710

`' 1.Q4) CMI0073n

' FAif)	 - CMi0U75U
iIINrTION	 ,per »•1(v.J) CMI^n750

C -------------------------------------------------------- C'^+Inn;7U
C TH1^	 FU^rCTi^^^ • 1	 S^Iw^ni^Tlr.rc	 CO" p UT F S	 n erLENGTHS	 FOk C^In07?0
C L4TTTUnFS	 eT	 0-t SOulr ^):	 a0	 OF.GFEF_5. CaIoJ7^n

A-7



FiL r ; C`"I ctlac	 F^^NTnnn^	 a	 vUN'1U^ / LA ►+C 3031

C-------------------------------------------------------- Cwin4.ln!t
ne v0^-1 ^.1^ • 17.^ ► ^ T n^: (1. 161'+•/1 an .1 1 • COSln.oll2 • .1-?.Vol C•+1OUN1 u
pc TIINN C`^IOna?^
F`^n C`^ l oJ a 3n
FI1'1rT1^1^^	 vcT(T.Ti.Te•TCl l' 'll(InH6U

r CU`iDtITcS	 T y^ar Tr+w4[TE^^	 FSTI N ^TE	 .1F	 V n TF r1T1AL	 FV4^`OTRAr5 D 1^+4TI0^^ CMiuQRtiU
iF (T,1 c^^t^ 1^F Tc^i . C"1 11U^h4
iF(T.L^.n.ta c f l l^V CMltl(1970
DFT-I...n•T+'•t tln.n • TI /Tl ► •• Te CMIUU•1 ►+Q
nr T U^<r^ (nl l r11) 4 V t1
ENn CM11^Ovlln
C IIR^OI I TI r ^ c	 Tr^l'I(T1 C`+I04^1'l
a Fel_	 T ( + ?t Cr+100 ^?^)

S T(T1=fT(TI - ^?.^+ ► %1.-t CMIOnawn
N c TI1R V CMlon^cn
Fnn C^IIIOon0
clla ->'^+ITTtiF	 ^Vf1J^(T.°.^v^•ti^Il.^h^ .v.^u.PF.NL.FT.^r.L•^1.Ta.TC! CMIITna74

C	 e. D11^ti	 NeL yF a,c	 ^^rn^tll O +IC	 :I.f nlnvT 1Vf=	 F+^^	 ^tN c	^c).^Tr+. Cy[n(19y0
C a, T:	 Tl.c	 r~F ;nl	 ^an^IT-Lr	 T-^• P ca nlll^^	 T^,	 ^FuNFFS	 F. CMiJ09a0
C	 f.. D:	 T -+F	 T1^T^1L	 ,^nNTtil.r	 urF^lafTnTl^l • ^	 l.v	 [r^CNFS. cMlnl4no
C ^. 5 ►'S:	 t^^iTinL	 c-^!IIINT	 ,JF^	 4^ n ILe y LF	 ""ISTI!Pr	 IN	 Tt-+E	 SU ►̂ FnCF	 LnrF^	 OFCMInln14r T.^c	 :nil	 i'1	 itir. ,c c. CMIn1n2U
r,	 F. SPU;	 I^ITTTnI	 "`+nt! ^IT 	 ^.))F 	 nvnll.c y lF	 M OIcTII ►-'F	 iv	 T ►+F	 UNOFvL1l^^G	 LarFui^101^t^0
^ ^1F	 T^F	 ^ n ll	 I"I	 1'^C^E^. C'+l^)]0^0
r	 F. 5 °:	 T^IITi^L	 ^^ +n+ l'^T	 OF	 cY^T+_a u lr	 ^'n15T11NE	 iN	 ^1!1T ►1	 LarENS	 OF	 THt C^fOln^n
C Sn1l_	 1"1	 T hC HC S 	 Q^= 	(S^'S•5° I t . CMI OIUoU
r	 t;. w:	 TrIF	 ^vniLeaLc	 `+nlSTU^ c 	CA°u:iTr	 IN	 INC H F4	 41N1 1 5	 1.4	 INCH. C`+I^lu7n
C	 ►+^ on•	 PnTFtiTtc( •	 acr•+^4,.c	 l^	 I'vC • '`^5. :""1p10A0
C	 i. DF:	 PI +TF •1Tjn,_	 cvaD^To:r^c^^IueTll y 	Irl	 I^,CH C S. C^^it^lnv0
('	 J. PI	 P!1TF^fT1-^l	 I^Sj	 Ur	 S^TI_	 M^I G T^I^i	 i r l	 T^'C`+F G . C't101)nn
C K • Ft:	 Cn^^^^urc^	 Fv,1a0T u ^+^tialaeTi,1.	 I'^	 I'C^F ti . C'^11i111t1t,	 L^ a;	 aF; ►+nLr:F;	 • ^ c T 	 Gn(^^	 I ►:	 c1^(I_	 '•^n t cT^I^F	 ]N	 INCHES. C`+IU112(1
r	 .,, L:	 NFT	 1 Occ	 nc	 y nTL	 N^I(^Tl^.:c	 1^1	 Tr^C..Ft. C^^ioll3o
r	 •^. H1:	 T^nv^tT`+^.^iTF^S	 ^F^T	 (^^f Y . C`+IJ11^0
C ^. Tn:	 T•^nun^T ►1WATTF^^	 ('f1 .FcTCjFtiT	 C^"^I1T^n	 F^(1N	 HI. CMIn11tiU
C	 f3 . T[:	 TN(laNTr+.,IeITC^j	 ^1)wTNLr	 ,n,J^UyT N r^^T	 FOk	 UarLEN^STM. Cyln;lh+t

o ► a.	 T.^.c=.Pu.^ ► CraI:11:7J
DFeL	 V^.cT.u.l .L c .L U C 1'1011N0
^N=S P G.^D11 CNi (Ili 411
P u = •+ • l. n -c am c^,iol^on
TT=iT-^^^ntiT,a C'A1017_]0
NF=DFT(TT.^T.T+.TrT/?S.e C`+(n122n
a ==.^5-^c CM 1 (^ 1 23n
TFtn ► S.1n.10 C^IUI^bu

DCll y (P^ —D L 11 ma c:, +1/ 1 ^• 1 .11 C.NI 11 l^hi1
i s (c u ll • l_T.^LUt DLV=c°tl C'aI01270
r,O	 TO	 i s C`+i^12^0

1 ^^ °LC= J F CM I t^ 1 ^cp
FLU=O. Cw I ^^ 1 i4,1

Tc D L=PLS • ^LU C"+l1^1TIU
a_°-aF Cwlol3^n
Tct Q T ?n.oG.aJ C"+[U13^n

^^ ea=aa^(Qt C`+tU13an
iF (; ►'S-e ►11 ^c. ^n.3n C"! 41 35U

^c L ti = •;DS CwIn13^, n
a G= n . 0+101 i74
5^=n. Cy1413H0
L11=('la-LS)•SN+^/(w•1.0 ► C"ittl i94
u^l =n. C"+In16n0
5 1 ' = S W1 1 -LU C'a 1 0 1 ^ I 0
r;n	 TU	 3 5 C`1I a 16?n

i0 l5=a a C"'It^lo^U
^:c=n. CMiol^on
5C =5^5-1_S C ► I 016SJ
LU =n. C^+IOIMhn
DII_n. CN1 J167J
511 =c o U CM[O1+Nn

l5 vet=,i. C""1 U1a^0
c T=^ • L c• L1 1 C'^InlSnnC.^i	 TO	 ^c CM101^10

an r_i.0- c ^G C^1o1^7n
1F ( C -^+1»S.tiG.^S Ca1t1153U

L5 =n • CMl t)lc`+J
5c=1.n CMlnitir,n
^=.,-uS cMtniti7o
F=r -G N t^ CM101^AJ

A-g



c tl.^: C""I G ^ 1NC 	F^^ u TN^N	 a	 NUNn^IF	 /	 L.A p^	 3031 ^

iFtE-^ ► 5n.5 c .5ti C^inlco0
^n ^^^ =c C^•inlr,n^

N,l= n— ^r^l CM 1 01 h 1,l
^^^	 Tn	 •,n Cyl ol^ln

S 5 y ^^=n C"+1o1^ 3n
A^ls^, CMluln +J

GO	 TIl	 7n CMIO1^r0
^S a;=a CyIOI^Nn

^^c^l, C "^I 11 l hV(:
^S= G J S .o S CMI017n0
►r,^=n. C"ll^lrl0
lli=n. CM1017 ?n
^V =s^'u C" I O l 730
an=n. CM1^17•^

I

7n f r_^^ C`► 1O1 75n

G p S=SS C"+101 lwn
SJU=Sl1 1.^^ I O 1 7y0
S p =S N S • S P U CMi^1^0o

F^^n CM i 01 ^?0
Clla'•^UIITt"JF	 •+ep"•(Y.vnA.^.e.tJ•A ►+ASF) CI"It1ly3J
1^^T F GE''	 T • 1	 /l^/ CHI01N^0
Q FaI	 Y(121 •n M P( •,1.a y Atit• (^1. u ( F 1 CM101o^J
^n	 ^n	 K=1•^ CM101Ne0
c1^ y A=n, CMI 01g70

SuwYS^, =n, C"1U1^On
p 1=^.l01^ CM[nloln

CI^Ma_Siiwe.v 1 T1 • rrSIK • ^ • V I oT /t. l C"I Olo^q
Sil uacSll MO•r ITi+CIN(K • ^ eu [^T/1_) C'+iO1J4J
Gll' + Y= SU^Y • v (T 1 C"I O1y50
S^I'•^vS(^cGll^ rS^7•Y 1 T) ••7 C^^1 OlohO

c ('nNTt"n^ c CMIOlo7n

Q=^•SI,Na/l. CMlnl^o,l
Y N A a =CIi 4 Y/L C^iUZ00n
YVAU=(G ii MY\1^-) °Y4eN••^1/(^-11 t.Mi01010
e^NIK1 =c^^oT (1..^.a.•2i CMI nl0^n
4I ^ •+A=ATeN1^A^le/?11 CMIU7G3u
PHACF 1^ 1 =A^uN^ CMIO2(140
IF tn.^F.!^.•^ ► ln.y.l_T,nl^^^e^c IK1 _^1-et_ a Ha C"+In ?^^5o
1 c 11,t . T,n,.1•vf^•n,l T,^11 v-+eS: (K) =P1 • 1L^r,A CMI n1^^0
1F 1 n.l i,n, n•^n^^•^,F,^^1 ^.,ASF (n) =7^N1-cLr..n CM1 n?.07^^
QIKI = 1 r,^Nl^ l •• 11 / (?. i • r^a^l C^1 OtnNll
AVI^ASF =Pr+4SF (^ 1 • l a'1. /^ I CMI 0?naJ
iF t eNHn ;c , :c ^ l Sn, ► a p rla`F =a 3 ►+A C E-3P0. C^ i nr l 00
e •^GL^=^^ n. /L C"^10 ?110
SnY=^r, y T tY'^ nA ) C^I071^^
MutTE(F.Snnnl	 R CyI01130

^O n O F^1-r M ATt+	 • .+^TeTiGTiCS	 OF	 NAFr11QN1f	 vUMAf p :	 ^•I2.//1 C^I^1 ?ly^^
^WiTFt^,.^.nn51 C"1OZ15u

annS ^^^t M 4Tt+	 ^.^t^ c ,1N	 (^F	 Y	 er•o(K)	 er.^GlE	 PtieSE	 k••? 50	 t)F	 Y•.C'^IOl1h0
1/) CMIJ217i1
wa1TFt R .ti n lnl	 vaA^.n 4 ^(K1.n^lr.l c . 4 J4 A^F .4(K1.5nY C11l^tTlF(`

A01^ Fna y eTt^	 ^.^FQ.e.Fa,2.^o.^.F7,v.Flu.••/////) C'+1071 d0
in CnsTlrr^iF C^^I^72^0

o FT^I ►̂ "a CMI X17?10

CU^ Q ^)IITTW F	r'^Itl_ AT•^.,^t.T^.e R ^ .t.AL •• P.API-ASE1 C'^In ?c'3A
C	 e. Cn..uUTcc	 .,FCY^r	 val'1^C	 ^)F	 S u l. N tl	 ?w0
C	 Q, let;	 ^eT[TI^nF	 Ir.l	 ^cr:uFFS	 I ►•UN'^`^FT.+C1. 0+102 ?5(1
C	 C. w:	 AVeT( • A^Cc	 waT c ^	 Cn u CI^Y	 iN	 l^C « ES	 M INUS	 1.0	 IvC N . C"In7^h11

C	 n. ►+l ;	 T^+^IA^•TN„a1TE • c	 tiF aT	 ► ",nFr, CyIO2170
f.	 F, Tn:	 T ►InnVT ►+r•nlT«^G	 f.nFFCIC( c ^ , r	 (-nMN 11 Tcn	 FaU4	 NI. C^^tJ ?^tl0
C	 c, e^^e^:	 TNF	 Mce • 1	 vel_, ► F	 ^F	 e1.Pr+A	 cl ► a	 ^^^	 M ^) •aT ►•i. C4i n?^QO
C	 ^. anM^:	 T1, c	1.^u^iT11,^F	 ^)F	 T • +F	 K	 T.,	 H.1'+Mt7NiC	 nF	 et_ o•+e, Chin ?30^)
(;	 N, nu HASF:	 1NG	 D ►+ ayE	 e^vr.CE	 OF	 THE	 K	 TH	 MeaM p tilC	 OF	 A(. p HA, CM1^12i10

neTA	 A ii^.tol cu / Ca1.12320
aFAC	 Ler.na"^ u rti).aP^AS c (h1."+ C•^102330
]rrTFf,E o	LUt'tSl cy10 ?'^ •u
eal'=^• 1. ^^ e'+ to»Su
o EAn(a.ann .i. c tin_ •^511UC CM1023hu

•nnn ^r)1MaT t5aa ► CM1^•:'37^

A-9

i



F 1 L G : C y I SU g C Fn ►+T p e ►^ a	 g uy )UE / L n^5 30 ^ 1

WE a^it4.4nn1.F`^^ _o^ItiN^.Sw•1•YN.,:^ CWinr3n0
r	 n. S R S;	 T'riTi^L	 CI^..FaCF	 tinlr_	 M +liCirl^F	 r• n N r)lT( +i n,c	 1N	 i v CHFS C`"Inlion
C	 N . S P+ I:	 T'IlTtal	 SrraG + NF^CF	 ^ r^iL	 M ^)TCT + Irh	 fU 'v+ ► IT1++^+G	 i^	 Ir^C`+ES C+IO ?quo
C	 r• . YP:	 1^r1 T 1^L	 vrLUF	 CF	 I' r ^^ ti	 n F	 rro ►+ ) T^nNSNi^aTI + ^N	 (D EFICIT. CM101.41n
C	 (1. (: w ;	 I • .(TI11.	 v.^L^rc	 r ) F	 INn:x	 OF	 r_XCFSSIvF	 y0[^TU^+F. t'`^I074^0
^nnl F^l p '^aT lF4.J.^ c S^7r C"+IO24 i0

v^T TF I^,.^ nn nll ^f .LAT fMl o^^^n
r,nn0 cn .t • +aT r • i •. •wFF K ^Y	 C M '	 veLifc4	 c,lai	 ^.Seo. ^	 L4TITUCE:	 ^ •F5.2•//1 C"+101450

uo[T^ (^.^,n011 a.f'. C ^S.C R U.YP.r: P C`"l0t^nn
r,pnl Fn a ^+4T1^	 • . • ( ^r1TinL	 COti(+[TinyS:^•//.^	 • +^a'+C:	 ^.F5.2•/•^	 • •^S^S:	 CMI^2a70

1	 •.FS.?•/••	 •••^J+r;	 •.Fc•Z•/••	 • + • YN:	 ^.Fti•?•; ••	 •••VV: ••f7•f`rl'174'+n

wa1 TF (r,.r,nnCl C ^I07Oo
inns Fr1.t M 4T (•	 • .'	 LF	 T	 P	 OF	 P E	 ET	 AL P H4	 CET	 YP	 M SP	 C^'I 07^ 1 n

5 Pr^r114.4^nS•F^^ ► ^oo c lJn•T.P C`+10?S,iU
onn5 Fn^^+ n1 t r3•F^,n.4x.FO. l ► C`+IO2S40

IFtl4T.r1•Ln ► T n _7.u o r)aY4t (LeT.J+)Ii^^S.?S C"+IO25S0
iF(lnT.l G .snlT('.^,^ on nY4^+IlaT•.) n ► /^SS.IS C^+IOl5t+0
C e ll	 ^+YnRn(T. p .S o ^.S^^J.SP• .^.P R . pe . v l•ET•'2•l• ►+I.TA.TC1 C'•+102570
e=1 ?.n^+ IJn • l^. n t /365•' F CMI01^,++0
nn	 10	 +=i. : C^^+1r)^^.u0

1 n AI VN q _ nLNHa • .̂ n^' u lil • 51"^( ? • +' i o e/12. ^ • 4P H 4 cc ( I11 C`+Io25nu
I c IAL^Nn, r, r .l.rir.r^^n_1.^ CMIi11^11n
iF (nL GN e.I T .^^.^f nt. aH 4= n .0 C'+10^^,2n
rcr=ni o Nn 3 ^G CM1o2n3u
^G=1`T-CGTI/C^)aTtr.L^HeI Cwjn^.,4p
va=n.^7eYN • 1 • a^nc' C`"IOZhSO

M = (S° • SDG• 50++) / f Ja 1 CW.rR) 1 Cy I n?r,hn
TFIY a .LT.^•I v _Y^ C•aI^)?^7n
TG f Y a •G G . ^^•lY=^ • Y^ C."+In^ha^^
tF ir,v^F^^. n . 1 -+=r+. CMI 0?^,4^
IGlro^,;T.n.lH=r.v C`^10z7U0
iFl(:°. ^T.n.51^=n.ti C'^IO?71n
TFIr:P^i,T.1.n1^+=r • co ,P C4Inj7Zn

t'_y.G CM10?7..n

[ 1=T C'aI 027tsU
ru1TFt^,.^+^lnl. ► n.Ir• o .nE.P e .FT.oI a4 e.CFT.Y p .^+ .S^•CP•C C^10277u

^,n1n Fna ug T(^	 ^.7TH.GC. 1• Fn.2.FS•J.F^•^•Fh.?•FS.T•F^.%•3F^.2.F5.11 C'•'I0^7an
G^ Tn S C^It+27gU

^5 wPITFlh . h n l s l C"^IOZ^+On
R(11^ F r1 R `e 4T(^	 • .//i. • 	 •.^^F:	 Jr+LIA'1	 il4TC	 7F	 ^EFK	 ENnI ►^r.•+^•• •.•T:C^j^+^,il,.)

[	 ^rrer^	 T c• ^ R F U nT'JR ► 	 F^l•^	 THG	 ,ccr	 InF(.	 F.1 • •/. •	^• • P: T^T4C`'I)7tiT0
1L	 a^F('+^iT^TTO '+ 	 c^iN	 TAG	 ryccr	 1^^	 Ivr-.,ES.•./.•	 • • •pF;	 a GL4TIvE TC^I^?a3+.
1RnvcPi^aTinrr	 ;. •, nMaLr	 Fn^7	 T^F	 „ F = < +./• •	 ^.^ p F:	 POTFNTJeL	 tVeN1T(''f IOL^i40
l a nvSPla,ti^ ) • r	 rn+`	 Ti c 	;FFK • • ./.'	 + . • rT:	 CO^u ► rTFO	 cva^(,T-a^lSrIanC'IO?M^o
lTjn^r	 F,'1^	 T-,c	 hrFFK.^. /.^ 	 •.^oL^•+"•:	 FSTi''nTEU	 CJF.FFIC1`'rT	 OF	 Fv4F+UTC^'10^-+^+\
14f'.: a i o ^,T^n'1	 Fn.?	 T-+C	 :FGK.'•/•^	 •••CCT:	 6LP.•4	 X	 PF • 1 C'^I(1^^7Q

^,nJn c^.? •anTt • 	 • • •vo ;	 I^!`^FX	 nc	 cva p '1T^C ► ;SP1aaTI^"1	 (1FFiCiT . ^./.+ ^.+wCyl^tl^+9+r
aVF C n r .F	 GFU C G " : T 	 OF	 G 1Flf^	 Cr a m=IT Y 	 [1r7RIr. +; 	 T N f	 ,FF_^c,•./.+ ^.^C^•I;n2^n0

1CP:	 1Nr'^+FG	 OF	 ^eTFA	 I•,	 T^F	 Oil.'• /. •	 • • • (',P;	 1r^'1^X	 OF ► XCFrwIt^7^lr1
IStivF	 cni(	 •^u rSTlr+.t.+:/•^	 ^.^C'"t:	 Cane	 M ^]ISTU a F	 IN^Et	 ^aluF. FC^CuIOr?^2)
1	 THE	 MFFK • •) CMI O2Y^t1

Rt: TU^ti C'"I O^o40
FNS) C'^+IO2Q50

,^h1GINAL PAGE LS

n^ POOR (^UAI.I'I'Y

`ac

j,

A-10



F11c; an^3 p !4T5 F^1RTaaN	 a	 DURnllc / LARS 3u31

FutiCTT n 	̂ nnYl^(^^.u1 GoPnOnlo
C CCIMPIITcc	 nr'rL c rv^.T ►r	 Fula	 a	 1:iVFV	 Jlll TAN	 n4TE	 4ND	 l_eTiTU^1F o^lri0pnjn

r)eYL^i=1?.2c•l1.hlh4.1.764x•(Tn'vt^.141h°^/l^n.11••[)•COS(O.n172•J-?^l ^a^noln
i .04) NONUUn^•0

T F (M.GT.on.nlot T11 Q J pfAUUn`^0
n nrl.'^=17.1'. • (^ .^7 •T11N ( j .141 r, • 4/1N^1. ► ) • COS(n.017? • J-2.4o) ku•+nOne•n
NFTI1 ►r ry Rr)MU00 /0
Er^O N,^HOnOb0
S^1H V 'hITTNF	 c.,W ► ^TS(Pn.EnT. ^X1 ^+')HOnnQ!1

C COMpuTCS	 nniEY	 S^PyIhG	 1MfAT >TeGE H ATES F^TOM O41LT	 TEM ►'ERaTURFS ►^QRUUIOn
RcAE	 wrth.^'^Ei ROw0011J

C a^per	 ^.x	 fn'^TAT r.,	 '1^^c	 rFno	 pc	 nAILr	 ^FATtiF p 	VA R IA B LES QnNnaI20
C wx (i .";I =Heil r	 ,'ax I'+ ll'^	 TF^ . ^ ro eTUaE	 iN	 nEti.	 F. KOHOUI ^n
r trx(7.w)=nnlEr	 M1"r1Ml).,	 TF 11 •'E r'^T^IR C 	iPI	 (,Cf,^	 F, ROy0(^1r0
r. Nx(a.vl_^M'o1,TFn	 G D r^INh	 a ►1faT	 STaGF N^aou150

i"ITcr,Fa	 Pr. RnNt`rtI50
Rc AE	 ^eT.'•nn( c l.ael(^1.c+ e^( s ) . ay 0( ^1.aPl(5). pp 7_t5).RCllS). QC2(5 ► knNGO1T0
Ac 41.	 ^'? TTaf^1.C^IT^(5).CPITC(5) kursanlau
nil	 lu	 ► =1 • : K(ippnloo
f a I TA l I 1 =u000q.o R^H00?r?0
C r'iT'^l11= 00 9^ 0 , o RUAUO210
f^ I TC (1 1 =^oovo, a Nr)Hr)0270
RFA^^(??.^?.nn(11^en(I).aal(it.Rn2(It.vpn(I).Ral(i).Rd2tI).RC1(I).aC2 ►+Gy0n?'+(+

1	 f	 i	 1 RUt1007a0
2^nt• n FnR•+AT1aFIn,41 KOgOU ?50

iF(an?(I).^c. n.1C y ITn( Tt=-(oAl(T)-?°an7(I) • RAn(I)) /(? • K e ? (Ti) ka-ff1U?b0
1F1 o 9?(T).	 ^ F .r.)CQITF.(I1=-(='^11 T 1-^ •ur '7(I) e ► '. ^ n (I)t /( aaog l(IIJ anQno^7o
IF(RC7(T).^' c .n.tC o ITc( T ► =-( ^+ Ci(f)-^ OR ('2(l l •R ri n ti ►► /l? •aC2([t ► al)Pnntan

C RFnnS	 T^^F	 FiV F 	 SF TG	 1F	 kQ^ c tiTS^^i	 COEFF[CIE.^`TS	 FOK	 E4Cr+	 STAGt Rn ►+OU?9U
C ANn	 Cn"^^tlTcS	 C a ITICAL	 VAEutS	 cF	 FeCH	 l^Ua[1 ►?ATIC RONuU^nn

in C n "ITi^Il1F RQH00310
K = I K^pn0310
('ll'^(=n,n F(1hn03iU
OTrl =n. n RU^iu034J
^n	 ?S	 T=1.^5ti ROAUU35n
r_=^AYL^ (l ^ T • T t RnNJO"]hU

IF(T. c n.P^^tr^^ w =1.n ko•^no37(1
]F (1 .l_T. IPA • 1 ► 1 ^J	 T n	 J_5 RO13UU3b0
1F(f'1". 	rF.h.nlni^=non RUF'nn^op
IF(('UM.(.c.5.n ► r,n	 Ti7	 7^ ROHOU4np
V1=QIIAnInL. c7e^(K)..14^	 < 1.H42( K ).0°TT4lK1) k^)ROnaln
IF (Q4nIK) .^ ^).4'^0.1 J1	 .^ Rl'IBUUr?il
V7=')^IA^ (wx (I . I 1 .von (K t .-+^I (M1 . N j2 (^) •C G i T u ( K ) 1 kUP0U4:i0
V'^= nllan(I:X (?..T ► . R y nl <1 .^CltK).rC2(K).CRITC (K ► 1 QOr4nnran
OI^^=VI • r v7 • "7) RnN^t045J
ncu"'=c'1'• • n l f l RI1H00460
iF (4C11'.f•.f^.n)f..^	 Trl	 1S ROHU0o7n
1F 1 eCU'^.L T, (r • 1 1 1 .^^	 T'1	 15 RbMOp4y0
I c ln[n.l_ c .^.n)Gn 	T^)	 25 Ri1AJ04^lU
OIF=( r` • 1 ) • l.n-CI' u Nr1B00^ir)n
PCT=•)IF/nI , i 1p_u051',
R^t'T= 1 . n-P!'T RQr(OO^i20
v1=n^lA^(^!_. a nn(K • l ► . R eI(^ • lt.4AZ( K. I).C a j TAt K• I ► ) RngU0530
IF l4en lr.? t .E^T. 0 0 0 .l vl =1 . ^ kOf(nOSyQ
V7=r)Ual^ (wX (1 . T 1 .ti^ •1 (K. I 1 ..^ 1 ( K • l l .Pa2 ( K • 1 ► .Cl^^ Ta (w• i 1 1 FI)a(1nS5n
V^=^ua r, (wx rr. T 1 .c.'on (^• 1 ► .^C 1 (K• 11 .aC2 (K• l) .CK I TC (K• 1 ► ► KJy0U5^J
nTnra=vt • (v7 • v^) Rr)raos7u
ntn=ar'T • ni'^ •y PCT • DI IN NoaooSNu

I^(fUM. rc • (K.i i I K -K • i R11P00n0U
1F (ru ►^.GF.•+.nl cll^'=h.o ►^oNnohln

25 rX(4.T1=f^1 4 RnPno^?o
RF Tl1R "I RrtH00ha(1
Fr`,'1 4UF90nhrU
F11N('T in"I	 OUAII ( x . A^.41 . n7. n ) Qngnn^Sn

C Cn«IPIIrFS	 vet^^c	 na	 a)c^E •.iSnT1^5	 OUe n R4TI^:	 TERMS. Rr)N006hn
711An=41°I Y -!l^) • e^ • ( X -4N1 ^•^ KOHO(t670
ic(^?.r.T.n.^^,n.Y.^T.C)JUen_0. RUNUnhRO
1F (^ r 14n.lT. n .l r )Va n =n. Q^DNnOtiGC
Dc TU.l^r NnP007nn
E^0 Rr)H00 71 0

(1 
P^lnk 

QL'A ^ ^^^
A-11

I



r
k

APPENDIX B

INTERACTIONS OF SUPPORTING SOFTWARE

i

y ^	 __
-=^



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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