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FOREWORD

The Regional Environmental Systems Analysis (RESA) Program at ORNL was sponsored
by the National Science Foundation from 1971 through 1975. ERDA's Division of Biomedical
and Environmental Research is presently continuing portions of the research. The purpose of
the program has been to develop and communicate to the planning and management
community an improved basis for foretasting the environmental impacts of public and private
decisions  (such #s land use) in order to improve environmental and energy resource
management. The rescarch strategy was to dyvelop and validate a hierarchy of computer
models to assist in the analysis of relevant, economic, physical, ecological, and social processes
in a l6~county region of East Tennessee,

The research was grouped into five major research activities:

1. Socioeconomic analysis to dewvelop systematic procedures for forecasting changes in
population and employment for a geographic region consisting of an urban core with
substantial rural fringes.

™~

Land Use analysis to develop the basis for spatially ajlocating regional population and
employment forecasts and to determine related land utilization.

3. Ecological analysis to develop measures of the burden placed on the ecological system
by spatially distributed activities, and the resuliing impact on the environmental quality
of the system,

4. Saciepolitical analysis to describe the impact of decisions on the society of the region
and to consider management strategies and political processes of response.

S. Dawt Management and Computational Systems to support the land use and ecological
analysis activities.

Although the principal focus of the work is on a 6500-square-mile region in eastern
Tennessec, the approach is designed 10 be applicable to other regions. The work described in
this report is one study in the Data Management activity. Other reports being issued in the
RESA Program final documentation are listed on the following pages. For a complete list of
all documents produced during the entire five-year RESA Program see Reflections on Regional
Environmental  Systems Analysis, ORNL/RUS-26, by C. W. Craven, er al
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DIGITIZING GEOGRAPHIC DATA WITH GRIDOT:
A GENERALIZED PROGRAM FOR DRAWING OVERLAY
GRIDS IN VARIOUS MAP PROJECTIONS

R. G. Edwards and R, C. Durfee

ABSTRACT

The GRIDOT computer program draws overlay grids on a Calcomp plotter for
use in digitizing information from maps, rectified aerial photographs, and other
sources of spatially distributed data. The options of the program facilitate use of the
overlays with standard maps and map projections of the continental United States.
The overlay grid may be defined as a latitude-longitude grid (geodetic grid), a
Universal Transverse Mercator Grid, or one of the standard state-plane coordinate
system grids. The map for whick the overlay is intended may be in an Albers Equal
Area projection, a Lambert Conformul projection, a Polyconic projection, a Transverse
Mercator projection, a Universal Transverse Mercator projection, or any of the
standard state-plane projections.

1. INTRODUCTION

1.1. Overview of the Use of the Program

Over the past four years the Regional Environmental Systems Analysis (RESA) Program
at ORNL has been involved in the study of regional environmental problems. One of the
primary goals of this program has been to simulate and analyze the spatial distribution and
ecological effects of activities within a region. The analysis has involved the development of a
series of tegional models which represent socioeconomic, land-use, ecological, and sociopolitical
activities. During the design and implementation of these models, it became apparent that large
amounts of geographic information had to be collected and manipulated both external and
internal to the models. The technique chosen for storing spatially distributed information (e.g.,
land-use, topography, transportation networks, etc.) was a rectangular array of cells defined by
a grid system. Each cell of the study region was assigned values representing the raw variables
being measured. This technique was applicable for modeling and statistical analysis, since the
investigator could treat the spatial functions in terms of universally defined spatial units.

The most common sources of geographical data are various types of maps (e.g.,
topographic maps, road maps, land-use maps, soil maps, etc.) and aerial photography. The
process of assigning values from these maps to each cell in the grid (usually called digitizing) is
greatly aided by having a transparent overlay on which the appropriate grid system has been
drawn. In this way the grid system appears to be an additional raster on the map itself, The
purpose of the GRIDOT program, discussed in this report, is 10 produce such overlays using a
pen-and-ink plotter (such as a Calcomp plotter).

Because maps are a two-dimensional distorted representation of the three-dimensional
spheroidal shape of the earth, there are a variety of commonly used map projections, each
minimizing a particular type of distortion. Likewise, there are a variety of coordinate systems,
some corresponding to particular map projections, for establishing a grid system to be overlaid
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on top of a map. Some coordinate systems are measured in fect, others in meters, and still
others in deprees of latitude and longitude, The GRIDOT program has been designed so that
the common map projections and coordinate systems arc available to produce a grid at any
map scale. Figure | represents & typical grid overlay using a Maryland state-plane projection
and coordinate system. Notice that two types of tic marks are drawn on the latitude and
longitude borders (latitude tics just inside the border, state-plane tics just outside) so that the
overlay may be easily registered on top of the basc map. The state of Maryland uses a
standard cell numbering scheme which numbers 2,000-ft cells from north to south and west to
east, starting at an origin at the extreme northwest corner of the state. The GRIDOT program
has cell labeling options which accommodate row and column labelings in various directions
and by various increments, The regularly spaced raster of cells is determined by the height and
width of the cclls, which may be given as (1) latitude-longitude increments in degrees, minutes,
seconds, (2) northing-easting increments in meters, or (3) northing-easting increments in feet,
whichever is appropriate to the coordinate system being used. The reader unfamiliar with the
commonly used terms “northing” and “easting" is referred to Section 3.2 of this report. The
current map projections supported are (1) Polyconic, (2) Universal Transverse Merzator (UTM),
(3) Albers Equal Area, (4) Lambert Cenformal, and (5) state-plane projections (for states in the
continental United States).

‘ihis report is primarily intended to describe how to use the GRIDOT program with
emphasis on the preparation of input cards (Section 4). Several additional sections are included
as a further aid to understanding the use of grid systeins. These sections are briefly mentioned
in the following paragraph. ‘

The plotting of an overlay grid is only the first step in the process of digitizing and
storing geographical data. The second step is actnally choosing the way in which the data is to
he stored, and then transferring it from the map into machine-readable form. This is quite an
important step because the storage technique chosen will determine whai types of analyses may
be performed in the future and to what detail. The recording of the data in machine-readable
form will determine labor costs, which can be quite expensive if cumbersome manual
techniques are used. Thus a separate section (Section 6) is included to discuss the techniques of
digitizing data from grids. For certain types of data, such as geology, there are some efficient
ways of coding the data so that the manual effort is kept to a minimum. In addition, a novice
user may not bs acquainted with or aware of the importance of map projections and map
coordinate systems. A large data collection effort in a non-standard coordinate system can
render the information virtually useless in the future, when it is to be analyzed (not just
mapped) with other data in standard coordinate systems, Thus Section 3, in addition to
providing an overview of the program, introduces the reader to the conicept of map projections
and coordinate systems. Several sample problems are given in Section 2 so that the reader will
be acquainted with some of the input options beforc reading the detailed description in Section
4. The output, both printer and plotter, is discussed in Section 5. Sections 7 and 8 are
included for the system analysts who may desire more detail concerning the operation of the
program or future improvements that may be added. For example, the capability of plotting a
polygonal outline, such as a county boundary, on top of the grid would enable the technician
to digitize only information needed for a particular county.

The usefulness of this program has been quite obvious in working with a number of
ditferent study regions in which new data had to be collected and merged with existing
machine-readable data already available in various grid systems. The GRIDOT program,
especially when combined with the REGRID program,” is a valuable tool for providing
consistent and spatially compatible geographical information to analysis, modeling, an
geographical display programs. ’
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Fig. 1. A Grid Overlay for a Portion of Garrett County, Maryland, Using a State-Plane
Grid System (Scale = 1/62,500, Cell Size Approximately 90 Acres).



1.2. Relationship to the ORP.MIS Information System

The GRIDOT report is just one of scveral reports being published as a result of the
geographical information system work done in conjunction with the NSF-RESA project at
ORNL and being used by the DBER regional studies program. Most of these reports describe
particular computer programs that were developed as a part of a total information system,
entitled the Oak Ridge Regional Modeling Information System® (ORRMIS). In explaining the
functional concepts and the role of these computer programs, especially GRIDOT, within the
ORRMIS system, it would be of interest to review the history of the NSF-RESA program at
ORNL. (Those readers interested only in the use of the GRIDOT program itself should skip to
Section 2.) The original program was organizationally divided into four discipline arcas:
socioeconomic projection analysis, land-use allocation analysis, ecological impact analysis, and
sociopolitical analysis. Under the land-use project much of the computational effort was
directed towards the digitization and display of geographical information coupled with the
building of data manipulation and analysis software that was to be directly usable by
simulation models. As interaction with local and regional planning agencies took place, it
became apparent that these users were as intcrested in the data bases and data management
systems as they were in the simulation models. At the same time it became apparent that some
of the other components of RESA, in particular the ecological analysis project, were needing
and using the same tools bzing developed for the land-use project. Thus a fifth discipline area,
data management and information systems, evolved as an off-shoot from the land-use project.

Out of this fifth project grew the ORRMIS system, which encompassed most of the
information software for the processing of spatially distributed land-use and ecological data.
The system which evolved from this unique research environment, as compared to the
development of cther information systems, was oriented towards providing an analysis
capability rather than a collection of massive data bases. The original intent was to build a
self-contained system with a command language to control computational and display
capabilities that would meet all users’ needs. However, this idea changed over time, and the
philosophy which emerged was to build a modular system in which new functions could be
added to solve new and unanticipated problems. Thus the resulting ORRMIS sysiem is
corposed of a wide variety of routines and programs which are combined to solve spatial and
time-dependent problems. These combinations have resulted in the creation of formal ORRMIS
subsystems, with each subsystem meeting a particular class of needs. Although the typs and
structure of these subsystems change as new concepts and new software are created, the current
ORRMIS subsystems are shown in Figure 2. There are now approximately 45 differcnt
programs and routines in ORRMIS,

The greatest amount of effort has gone into the Geographical Data Subsystem due to the
spatial nature of regional environmental problems. This particular subsystem may be broken
down into the basic components shown in Figure 3. The GRIDOT program plays a very
important role in the first component, digitization of raw data. The tcchnique by which raw
data, whether in the form of maps, aerial photographs, tables, etc., are digitized may be
broken into (1) manual techniques, (2) automated techniques, or (3) a combination of both.*
The GRIDOT program is useful in all three cases. The manual use of gridded overlays is
discussed in detail in Section 6. Gridded overlays are also useful with semi-automated
techniques where, as one example, an x-y digitizer table is used to record land-use information
on a grid basis. The operator simply positions the cursor (pointer) at the center of each cell in
the GRIDOT-prepared overlay which contains a particular land-use and pushes the button
which causes the machine to record the land-use of the cell. In the case of automated
techniques, the ORRMIS digitization system® required that successive 35-mm pictures be taken
of each internal section of a map so that the 35-mm film could be scanned with a flyir:3 spot
scanner. The specification of each section was greatly aided by preparing section masks with
carly versions of the GRIDOT program and then overlaying them on the maps.
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The GRIDOY program also plays an important role in the fifth component of the
Geographical Data Subsystem, graphical display, Procedures developed for use in the GRIDOT
program are also used in producing the final graphical maps necded to display output
variables. For example, GRIDOT has the ability to determine the minimum number of plotter
line segments needed to represent a constant latitude-iongitude (or northing-casting) line with
the proper curvature, in a particular map projection. This same ability is useful in the
production of the final maps. In the extreme case, GRIDOT with a few modifications could be
used to produce an output map by simply replacing the tic mark at the center of each cell
with symbols, or numbers representing different data values.

In the processing of pgeographical information, it has become obvious that computer
cartography is a very necessary and difficult part of the problem. GRIDOT is onc of the pieces
of the ORRMIS system which provides a generalized cartographic capability for processing
gridded data.

1.3. Applications Using Overlay GriZs

This section presents five different projects using overlay grids for obtaining geographical
«ata from maps or aeriai photographs in order to show a variety of applications in which
GRIDOT was found useful. From these examples the reader can see the variety of grid
systems, map projections, scales, and map sizes which must be accommodated for handling a
wide range of data. Table | presents (1) the project for which the grid overlay was used, (2)
the type of data being collected, (3) the area involved, (4) the map projection used, (5) the grid
coordinate system used, and (6) the scale of the overlay.

In the RESA project, land-use data such as transportation corridors, residential areas,
churches, schools, etc,, were digitized using geodetic cells of a constant latitude and longitude
increment. The Maryland Power Plant Siting project digitized a number of natural and cultural
variables for Maryland and the surrounding states using a 2,000-ft cell in the Maryland state
plane coordinate system. One of the projects with the Soil Conservation Service is digitizing
soil information from published surveys in Henry County on a geodetic grid of 1.19-acre cells,
The Coal project is using land-cover and geological information at several different scales with
both the Polyconic and Universal Transverse Mercator systems.



Table 1.

Applications Using Overlay Grids.

] Type of Geographical Map Coordinate Map
froject Data Area Projection System Scale
Regional Environmental Land-use Data East Tennessee Polyconic Latitude-Longitude 1/24,000
Systems Analysis Yrojest Development District
Maryland Power Plant Seismicity Eight Counties in Maryland Maryland 1/62,500
Siting Project Endangered 3pecies, Upper Maryland State-Plane State-Plane
Roads
Marylond Power Plant Interstates and States Surrounding Transverse Maryland 1/250,000
Siting Project Highways Maryland Mercator State-Plane
Soil Conservation Service | Soil Type, Henry County, Polyconic Latitude-Longitude 1/15,840
Froject Soil Slope Tennessee
Land-cover Data, East Tennessee Universal Transverse Universal Transverse 1/250,0600

Coal Extraction Effects
Praject

Strip Mines
from ERTS
Imagery

Mercator (UTM)

Mercator (UTM)




2, SAMPLE PROBLEMS

Sections 2.1 through 2.3 present three typical types of grid overlays which may be
produced with the GRIDOT program. For each case the data form (from which data cards
were punched) and the map overlay from the Calcomp plotter are shown. Although the data
restrictions and parameters are not described until later in the report, it is assumed the reader
would benefit from seeing the form of the data, examples of the various options, and the
plotted output. Each of the samples is drawn for a TVA map, the northeast portion of
Tennessee N1 16~-3 (Harriman. Tennessee).

2.1. Geodetic Grid Overlay with Grid Intersections

This example (Figure 6) is a grid of cells 3 minutes in latitude and longitude (a geodetic
grid), defined by small plus signs at the corners of the grid cells. Latitude and longitude tic
marks just inside the border of the overlay define the O-minute, 15-minute, 30-minute, and
45-minute latitudes and longitudes, Outside the border are tic marks for UTM coordinates that
are multiples of 50,000 meters. The original scale of the plot was 1/125,000. The cell
numbering origin is at the southeast corner. The data for this example appear in Figures 4 and
5. Figure 6 is the map overlay.

2.2. UTM Grid Overlay with Grid Lines

Figures 7 through 9 show the data and resulting grid overlay for a 2,000-m UTM grid for
the example area. In this example the UTM coordinates of the center of each cell (divided by
1,000) have been used for the row and column identifiers of the cells. Fifteen-minute tic marks

appear just inside the overall border. Also, the entire grid lines. as opposed to grid line
intersections, have been drawn,

2.3. State-Plane Grid Overlay with Grid Lines
and Cell Center Marks

The grid system for this example (data in Figures 10 and 11) is a 20,000-ft Tennessee
state-plane grid, with each grid line drawn out in full, and with plus marks at the center of
each cell. The gridded area (Figure 12) has been restricted to the eastern 3/4 of the original
map. Cell numbering is from north to south and west to east. The extra row and column of
cell index numbers (at the top and at the right) are to aid in digitizing data, as described in
Section 6.3.
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| Fig. 7. Data for the 2,000-m UTM Grid Example (Cards 1-5).
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1
b GENERAL FEATURES OF THE PROGRAM

L1, Map Projections and Grid Coordinate S¥stems

Returg desentong the Jotmbed sputl sequiramcnts G the CRIDNOT progeam (Secting d),
the pencral foatutes, apatnbiics, and swatlsble optiogs wall be decussad, Specific somtenclatue
usea thesuphout e topaet will be dofimed. The twn ot “map oweslsy pragestion” and gl
vontditiate e will o be wsed quste ftequenth. Ninoe maps e osdimensional
reproseBlabions, sane st of projechion s ficgoasary e fopioseit any piven portion of the
eatth. The projection gay be as ample o prajesting the carth> sutfage unto an emcloping
cyhimder 1as 11 the dicreatug prujectin®l ot Cond I3 i 3 conic progection), cutting the odlisder
or vone, amd gulbinge st oewr Har Thesw simple projections have heen  gesemlized  and
stamfatdized so thad practically all atps pobladied today e une of 3 haildoren well-hnown
prajesings, Fat evanple, the Lamheet Confoemal projection s used on many Rand MeNally
maps; the Natwnal Geographie Socicly caitmonty s an Albers Equal Area projection; the
U8, Licotogical Sunoy tses sither s Poliennic projecting or 3 1eamaene Mercator projection.
I lstitde and fanpgitude hnes are poojesicd ftom the santh’s sutface onte the map, most of
them wall appaar cunad, the cunatute being more distingt as the ares begomes farges,

The term “prd voondinate systemd” toefers to the methad of dividing an arcs of the canh
te » lattice of vells, One conunan methad i 1o dehae eolls wsing Btisdes and fongitudes so
shat eacey woll Bas the same latitude inctement in hoipght, amd the same longitude increment in
walth, For esample, 3 latitute coald be defined by dividing the area hounded by latitude 397
o 407 longitude 75 10 X007 inte colls | minute of Btitede high, 2 minutes of longitude wide,
thus praducing a tlgow by dhcolumn grid. This system works wery well for small regions,
swnce the Ltitude-longitude hines for ateay up to 13 are vigoally straight lines, In digitizing
Lagper areas the cunatuie of the atitwdey becomes noticeable, making the dawing thy hand) of
additions) Laitude-dongitude lines o tme-comuming and crror-prone Gk, Alternstively, a grid
shsteft cominging of a seties of eegularly spaced horizontal and vertical lines could be drawn
directl)y on the mup. Such o syatem cotld be drawn as an overlay and used from map 1o map,
so Jong as the maps e the same siale and tse the same projections. Bven if the scale
chnges hut the projection senuins the sime, genenting the grid invoelves drawing a rectangular
grid perhaps with a different horizontal and sertical increment, The problem comes when data
wust be digitized from 3 map that uses @ differemt projection from the desired coordinate
system. The problem of tmsforming the rectangular grid of the original projection to the new
projection can be thought of as projecting the grid hnes of the ariginal projection back onto
the carth, then projecting these curves onto Lae acw projection. (See Figure 13.)

In the terms tised in the GRIDOT program, the projection in which the grid lines appear
as o rectanguline Lattice of sraight lines ix called the “grid coordinate system” projection. If the
cells are defined By o Littice of fatitades and longitudes, the grid coordinate system is called a
“latitude-longitude grid system.” The map projection which the overlay is being prepared for is
called (simply) the “map projection.” A»s in example, many USGS 7 1 2-minute quad maps use
a Polyconic “map projection™ and the UTM tic marks around the edges refer 10 o
superimposed UTM “grid coordinate svstem.”

In the GRIDOT program the user muty specily (1) a latitude-longitude grid system, (2) a
grid system of rectilinear lines in o Universal Transverse Mercator (UTM) projection, or (3) a
rectilineinr grid in one of the state-pliane systems. One of the standard map projections may be
specificd along with the chosen grid coordinate system.

A further discussion of map projections as related to the true representation of the carth’s
surfiace is given in Section 3.3, The novice user should read that section in order to be aware
of pitfulls that arise in the study of farge geographical regions.
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3.2, Northings and Eastings

In Section 3.1 the techniyue of drawing i rectangular grid over a map to define i lattice
for digitizing data was discussed, Tie horizontal and vertical distances in the two-dimensional
map projection ar¢ given in metric units (meters for a UTM grid) or English units (feet for
state-plane grids) corresponding 1o distances on the ground for a onc-to-one projection (map
scale = '/1). The cell heights (or widths) cun be determined by multiplying the map scale by
the vertical (or horizontal) distances measured on the map with a ruler having the appropriate
units, meters or feet. However, the grid lines are referenced to a standard origin depending on
the projection being used, and thus absolute distances may be referred 1o as well as relative
distances such as cell height and width. The absolute position of the horizontal grid lines is
called a “northing” and represents how far north the grid line is from the horizontal grid line
origin. The absolute position of the vertical grid lines is called an “easting” and represents how
far cast the grid line is from the vertical grid line origin, The northing-casting origin
conventions for the UTM projections and the legally defined state-planc system are widely
iccepted. The northing and easting grid lines of the UTM grid system (measured in meters)
and onc or more state-plane grids (measured in feet) appear as tic marks around the edges of
many U.S. Geological Survey maps. The overlays produced by the GRIDOT program provide
an option that will draw tic marks around the border of the overlay {or cither a UTM grid or
one of the state-plane grids.

3.3, The Relation of Map Projections to the Earth’s Surface

In using 4 map to deiermine distances from one point to another, such as the distance
from one grid line to the next, the user should be aware that any map contains slight
distortions with respect to the surface of the earth. This is because no projection of a
three-dimensional surface onto a two-dimensional plane can preserve distances, angles, and
arcas simultaneously without distortion. However, all projections are defined so that at least
one line or curve on the map will measure true distance as compared to the corresponding line
on the face of the carth. For example, the Universal Transverse Mercator projection is defined
by intersecting a horizontally placed cylinder with the earth’s surface where the radius of the
cylinder is slightly smaller than the radius of the earth, The cylinder therefore intersects the
earth at two different curved lines which are parallel to and equidistant from the standard
central meridian. For example, the central meridian for UTM Zone 16 is 87° west longitude. A
UTM zone is 6" wide so that Zone 16 cxtends from longitude 84° to 9". This is shown in
Figure 14. Along these two lines of intersection any distance measured and rescaled from a
Zone 16 UTM map will be identical to true earth distance on the ground. As one moves away
from these two intersecting lines, the map distance is not egual to true ground distance.
Moving in towards tke central meridian, the map would understate the true ground distance
while moving out away from these two intersection lines overstates the true distance. The
distortion from true scale 1s usually less than 0.1% within © UTM zone.

Thus, in order to minimize distortion in representing the earth’s surface, UTM projections
are based upon a series of standard zoues set up around the earth, each defined by a cylinder
oriented to the standard meridian of the particular zone. Each zone has its own unique grid
system definition. When attempting to match grid systems from adjacent zones. the user is
faced with a mismatch problem as shown in Figure 15. To alleviate this problem, users many
times extend one UTM zone over into a neighboring zone so that the entire area of interest is
defined by a single grid system.
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3.4, Overall Latitude-Longitude Limits and Overall Grid Limits

The user of the GRIDOT program is assumed 1o be wotking with maps drawn between
two latitude limits and two longitude limits. called the “overall kat-fop limits.,” These overall
Hmits are the primary segistration lines for the overlay produced by the GRIDOT program. If
a latitude-longitude grid system is being used, the user may choose to have the grids drawn
everywhere between the overall limits, or he may restrict the grids to a second set of
latitude-longitude limits, falling within the ovenall limits, to avoid wasting both computer and
plotter time generating grids for regions that will not bhe digitized. In this case the second set
of latitude-longitude limits is called the “overall grid limits.”

Another uge of the term “overall grid limits™ applies to a grid based on northings and
sastings rather than latiludes and longitudes. In this case the gridded area inside the overali
lat-lon limits is northing and ecasting limits on all foar sides. On the input cards the user may
specify (in latitude and lengitude, meters, or feey) the north, south, cast, and west borders of
the gridded box. See Figure 12 1or an example of a gridded area interior to the averali lat-lon
border.

For user convenience, the specification of the horders of the grid may be omitted. I no
grid limits are provided, the program will produce a grid throughout the “overall lat-lon
limits."

1.5. Labeling the Rows and Columns of the Grid

If the user does not specify a row and column labeling scheme for the rows and columns
in the grid, the program will number the rows from west to cast hy increments of one stariing
with the number {, and from south to north hy increments af one starting at 1. The user may
specify (1) an alternate direction (east to West or north to south). (2) an increment between
row labels or column labels other than one. and (3) a starting label for cither the rows or the
celumns that is different than one. Also, the user may instruct the program to ust a labeling
scheme whose origin is specified by either a specific meridian and parallel or a specific
northing and casting (see Figures 7 through 9). This origin can lic outside the gridded arca.
Given the origin, the program will calculate the proper labels for the rows and coiumns of the
grid being drawn. If this option is chosen, the “origin meridian and parallel” (or “origin
northing and casting™) are defined according to the direction of the numberisg (assuming the
grid could be extended to the origin), as follows:

1. If the vertical numbering is from south to north, the origin parallel tor northing)
is the south border of the first row of cells north of the origin.

2. If the vertical numbering is from north to south, the origin parallel (or northing)
is the north border of the first row of cells south of the origin.

3. If the horizontal numbering is from west to east, the origin meridian (or easting)
is the west border of the first column of cells east of the origin.

4, If the horizontal numbering is from cast to west, the origin meridian (or easting)
is the east border of the first column of cells west of the origin.
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4, DESCRIPTION OF THE INPUT

4.1. Specification of the Map Overlay Data

The input for producing a grid overlay is determined by seven data cards. All seven cards
for cach oserlay must be present even though no information may be punched on one or
several of them. Any number of overlays may be produced in a single run by stacking cases
one after the other.

Table 2 gives & complete specification of every data fie!ld of the seven data cards. The
following seven scctions give a detailed explanation of the parameters associated with these
data ficlds and the use of options in meeting particular overlay requirements.

Figures 16 through 19 are layout sheets for the seven data cards of the GRIDOT program.
When  series of overlays is produced, the user may want to make a copy of the layout forms.
writing in those patamecters that do not change in the series of overlays (e.g.. map scale and
eell size). This master may be copied to produce a new layout sheet that requires filling in only
the parameters that change from overlay to overlay (e.g.. overall latitude-longitude limits),

Most of the fields in the GRIDOT program have an associated defaull value for use when
the field is left blank. However, no default exists for the following tields:

1. The map overlay title (data card 1),
2. The scale of the map overlay (data card 2),
3. The overall latitude and longitude limits of the map overlay border (data card 3),

4. The cell height and width of the overlay grid.

The default values for the remaining fields are given in Table 2.

4.2, Specification of the Map Projection

The map projection of the grid overlay may be any of the following standard map
projections:

1. Polyconic projection: Many current USGS maps are published in Polyconic
projections. The central meridian (halfway between the overall longitude limits)
will be drawn as a straight vertical line. This projection is the default if a map
projection is not specified.

2. Albers Equal Area projection: Most National Geographic Society maps use this
projection. The standard parallels of the projection are assumed to be 27 1/2° and
45 1/2° unless otherwise specified on data card 2.

3. Universal Transverse Mercator: At present, only new, large-area Army Map
Service maps use this system. Unless a specific zone is indicated, the zone of the
meridian between the overall longitude limits is assumed to be the in zone of the
map.

4. Lambert Conformal projection: The standard parallels of the projection are
assumed to be 27 1/2" and 45 1/2° unless otherwise specified on data card 2.

5. State-plane system: The code of the state-plane system to be used must be
supplied as an additional parameter. A list of the codes of the state-plane systems
apppears in Appendix C.



Card 1

Card 2

Table 2, Specification of Input Parameters and Card Formats
Field Format Columns Default Remarks
Title 20A4 1-80 All Blanks
Scale F10.0 1-10 (No Default)
Overlay Segments Flag
(not currently used) Al 11 N Y = Overlay segments are to be
plotted
N = No overlay secgmeats
Grid Numbering Qffset Flag Al 12 N N = Origin for grid cell labeling
is the borders of the drawn
grid system
Y = Origin for grid cell labeling
is given as data
Additional Row/Column of
Cell Numbers Flag Al 13 N Y = Draw an additional row (at
the top) ard column (at the
right) of cell labels
Map Maximum Height 12 18-19 27 In inches
Map Maximum Width 12 20-21 40 In inches
Grid Type A2 22-23 PC PC = "+" marks at cell corners
GL = Grid lines
GP = Grid lines & "+" marks at
cell centers
Angle Display Fiag A3 24-26 DMS DEG = Degrees and fractions of
degrees
DMS = Degrees, minutes, seconds
Map Projection A4 27-30 POLY POLY = Polyconic
ALBR = Albers equal ares
LAMB = Lambert conformal
UTMR = Universal transverse

3
>
pat’

1l

mercator
= State Plane
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Card 2
(cont.)

Card 3

Table 2 (Continued)

Field Format Columns Default Remarks
Map Projection
Zone or State Code A3 31-33 UTMR: Central Zone number for UTMR maps
Meridian of State plane code for state
Grid Area plane maps (right adjusted)
STAT: No Default
Grid Lines
Coordinate System Ad 34-37 LTLN UTMR = Universal transverse
mercator {(meters)
STAT = State plane (feet)
LTLN = Latitude/Longitude
{degrees or degrees-
minutes-seconds)
Grid Lines Zone
or State Code A3 38-40 UTMR: Central Zone number for UTMR grids
Meridian or state plane code for state
STAT: No Default plane grids (right adjusted)
Projection Northern
Parallei (DEG) F10.0 41-50 45 1/2°
(MIN} F3.0 51-53
(SEQ) F7.4 54-60
North and south parallels are
Projection Southern used in the Albers and
Parallel (BEG) F10.0 61-70 27 1/2° Lambert projections
(MIN) F3.0 71-73
(SEC) F7.4 74-80
Northern Latitude \
Limit (DEG) F10.0 1-10 1
(MIN) F3.0 11-13 (No Default}
(SEC) F7.4 14-20 Degrees or degrees and fraction
of a degree
Southern Latitude Minutes
Limit (DEG) F10.0 21-39 Seconds and fractions of seconds
(MIN) F3.0 31-33 (No Dpefault)
(SEC) F7.4 34-40

Lz



Card 3
{cont.)

Card 4

Card 5

‘Table 2 (Continued}

Degrees

Field Format Columns Befault Remarks
Western Longitude
Limit (DEG) F10.0 41-50
(MIN; F3.0 51-53 (No Default)
(SEC) F7.4 54.-60
Degrees or degrees and a fraction
of a degree
Minutes
Seconds
Eastern Longitude
Limit (DEG) F10.0 61-70 (No Default)
(MIN) F3.0 71-73
(SEC) F7.4 74-80
Latitude Increment
Between Edge Tic Marks (DEG) F10.0 1-10 Degrees or degrees and a fraction
MIN) F2, 11-13 of a degree
(SEC) F7.4 14-20 No Minutes
Tic Seconds
Longitude Increment Marks Latitude/Longitude Tic Marks are
Between Edge Tic Marks (DEG) F10.0 21-30 Inside Latitude/Longitude Box
(MIN) F3.0 31-33
(SEC) F7.4 34-40
Northing Increments
Between Edge Tic Marks F10.0 41-50 Units of the northing and easting
tic marks are defined by the grid
No system units flag on Card 1
Tic
Marks
Easting Increment
Between Edge Tic Marks F10.0 51-60 Northing/Easting Tic Marks are
Outside Latitude/Longitude Box
Cell Height If cell height in degrees, height
Fractional Degrees must be within 1/10% of dividing
} F10.0 1-10 (No Default) Northern-Southern latitude

Meters or Feet

difference. If cell height in

8¢



Card §

(cont.)

Card 6

Table 2 {(Continued)

Field Format Columns Default Remarks
Minutes F3.0 11-13 meters or feet and SW, NE corners
of grid are given, height must be
Seconds F7.4 14-20 within 1/10% of dividing Northern-
Southern northing difference
Cell Width If cell width in degrees, width
Fractional Degrees must be within 1/10% of dividing
Degrees F10.0 21-30 (No Default) Western-Eastern longitude
Meters or Feet difference. If cell width in
meters or feet and SW, NE corners
Minutes F3.0 31-33 of grid are given, width must be
within 1/10% of dividing Western-
Seconds F7.4 34-40 Eastern easting difference.
[Latitude/Longitude Grid System])
North Border of Grid (DEG) F10.0 1-10 North
MIN) F3.0 11-13 Latitude
(SEC) F7.4 14-20 Border
South Border of Grid (DEG) F10.0 21-30 South
M F3.0 31-33 Latitude
(SEC) F7.4 34-40 Border
West Border of Grid (DEG) F10.0 41-50 West
(MIN) F3.0 51-53 Longitude
(SEC) F7.4 54-60 Border
East Border of Grid (DEG) F10.0 61-70 East
(MIN) F3.0 71-73 Longitude
(SEC) F7.4 74-80 Border

6¢



Table 2 (Continued)

Field Format Columns Default Rewarks
Card 6
[UTM (meters) or state-plane (feet)
Grid System]
North Border of Grid F10.0 1-10
South Border of Grid F10.0 21-30 Gridding to the
Corresponding Latitude
West Border of Grid F10.0 41-50 or Longitude Limit
East Border of Grid F1G0.0 61-70
Card 7
Cell Labeling Direction Code A2 1-2 WE WE = West to East
EW = East to West
NS = North to South
SN = South to North

Label of the Origin Cell in
this Direction 110 3-12 1

Label Increment in this

Direction 18 13-20 1
Offset Origin for Cell Labeling 0.0
Fractional Degrees
Degrees
Northing or Easting F10.0 21-30
Minutes F3.0 31-33
Seconds F7.4 34-40

Columns 41 through 80 identical field definitions for
labeling in the orthogonal direction. The default
Cell Labeling Direction Code for these fields is "NS."

If no offset origin is used the
origin cell is at the extreme
row or column of the gridding.
Card 1, Column 12 specifies
whether an offset origin is to
be used or not.

If direction is West to East,
offset is the West border of the
origin cell. 1If direction is
East to West, offset the East
border of the origin cell. If
direction is South to North,
offset is the the South border
of the origin cell. If direction
is North to South, offset is the
North border of the origin cell.

ot



Card 7
(cont.)

Table 2 (Continued)

Field Format Columns pefault Remarks

Second Cell Numbering

Direction A2 41-42 SN (See Card 6)
First Cell Number in This

Direction 110 43-52 1
Increment in This Direction I8 53-60 1
Offset Origin for Cell

Numbering in This Direction

sFractional Degrees

< Degrees

INorthing or Easting F10.0 61-70 0.0

Minutes F3.0 71-73

Seconds F7.4 74-80

1€
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CARD § - TITLE

[ 49

l_!_l|llllllllljllillLLLiJ(!i!lll'l(_LllJl(]
TITLE {CONTINUED)
a1 80
[ILLLLI[I][IL.[!IJ_LIJJJIIlLIllll!_llllllLJ__]

CARD 2 - SCALE, OPTIONS, MAP AND GRID PROJECTIONS

1 10 ] 12 13 1819 2021 2223 24 26
[ Pty l—l D D U m L_L]
SCALE OVERLAY GRID ADDITIONAL MAP MAX MAP MAX GRID ANGLE
SEGMENTS NUMBERING ROW/COLUMN REIGHT WIDTH TYPE DiLPLAY
FLAG OFFSETS OF CELL NUMBERS ({inches) {inches) CODE FLAG
FLAG FLAG
27 30 31 33 33 37 38 40 A4 5051 5354 []s] 61 0N T3NE 80
CJ o O LS [T ] ]
| 1 W T T O N 0 0 O O O O W
MAP ZONE GRID LINES GRID LINES DEGREES MINUTES SECONDS DEGREES MINUTES SECONDS
PROJECTION OR COORDINATE  ZONE OR
STATE SYSTEM STATE PROJECTION DEFINITION NORTHERN PARALLEL PROJECTION DEFINITION SOUTHERN PARALLEL
CODE CODE

CARD 3 - OVERALL LATITUDE AND LONGITUDE LIMITS

1 1011 1314 20 2t 3031 3334 40
[lLLlllJ_l!‘llillllLl-] lllll[l[l[,[[lllll!]l
DEGREES MINUTES SECONDS DOEGREES MINUTES SECONDS
QVERALL NORTHERN LATITUDE LIMIT OVERALL SOUTHERN LATITUDE LIMIT
a1 505t 5354 60 &1 071 7374 80
[lJJ!lILLlJJI}lllllll LLIILLIIIITLL‘!\[!LL]
DEGREES MINUTES SECONDS DEGREES MINUTES SECONDS
OVERALL WESTERN LONGITUDE LIMIT OVERALL EASTERN LONGITUDE LIMIT

Fig. 16. Layout Sheets for GRIDOT Data Cards 1-3.
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CARD 4 - BORDER TIC MARK DEFINITIONS

! 0N 1314 20 2¢ 3031 3334 |0
LJL]I[[!(!L!IIIL[J((J Ll_[(llllllJlL’llllll}
DEGREES MINUTES SECONOS OEGREES MINUTES SECONDS
LATITUDE INCREMENT BETWEEN LONGITUDE LIMIT BETWEER
BORDER TIC MARKS BORDER TiC MARKS
41 SC 54 60
[LJ[II_L_![_I]I .{Jllllllli]
NORTHING INCREMENT BETWEEN EASTING INCREMENT BETWEEN
BORDER TiC MARKS BORDER TIC MARKS

CARD 5 - GRID SYSTEM CELL HEIGHT AND WIDTH

1 011 1314 20 21 3034 3334 40
lltlll)[ljllilllllli!
DEGREES ~ MINUTES SECONDS DEGREES ~ MINUTES SECONDS
METERS OR METERS OR
FEET FEET
CELL HEIGHT CELL WIDTH

Fig. 17. Layout Sheets for GRIDOT Data Cards 4 and 5.



CARD 6- GRID SYSTEM LIMITS
1 1041 1344 20

LL] SIS T O O | LrJ LI IALLI_IJJ

DEGREES MINUTES SECONDS
METERS OR
FEET

NORTH BORDER OF GRID

50 51 53 54

ORNL - DWG 75-6675

3034 3334 40

44
rerl.::JL]11j;;11|4J

OEGREES MINUTES SECONDS
METERS OR
FEET

WEST BORDER OF GRID

DEGREES MINUTES SECONDS
METERS OR
FEET

SOUTH BORDER OF GRID

61 7071 7374 80

DEGREES MINUTES SECONDS
METERS OR
FEET

EAST BORDER OF GRID

Fig. 18. Layout Sheet for Gridot Data Card 6.
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CARD 7 - CELL NUMBERING DEFINITIONS

12 3 12 43 20 21 3031 33 34 a0
[jL_l_L.I_l_I_I_.I_l_’E_I_L.l_L.I_l_} Illlllllllll!Tlllllll
CELL NUMBERING IDENTIFICATION INCREMENT IN DEGREES MINUTES SECONDS
DIRECTION NUMBER OF CELL IDENTIFICATION METERS OR
CODE FIRST CELL NUMBERS FEET
OFFSET ORIGIN FOR CELL NUMBERING
41 42 43 52 53 60 61 7074 7374 80
m L.I_L_I_L_I_L_L_L_IJIIIIIILII IlllJlllllllllllllll]
CELL NUMBERING IDENTIFICATION INCREMENT IN DEGREES MINUTES SECONDS
DIRECTION NUMBER OF CELL IDENTIFICATION METERS OR
CODE FIRST CELL NUMBERS FEET

OFFSET ORIGIN FOR CELL NUMBERING

Fig. 19. Layout Sheet for GRIDOT Data Card 7.
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The GRIDOT program does not provide a projection known as “Transverse Mercator.”
This projection is used for many current USGS and Army Map Service publications. For small
areas (up to two degrees in latitude or longitude), a Polyconic projection will be virtually
indistinguishable from the “Transverse Mercator” projection. Thus users of either Polyconic or
“Transverse Mercator™ maps may omit an entry in the map projection data field of data card
2, since a Polyconic projection is the default.

The codes used for the various projections are

1. POLY = Polyconic

2. ALBR = Albers Equal Area

3. UTMR = Universal Transverse Mercator
4., LAMB = Lambert’s Conformal

5. STAT = State-plane system.

This information is given on card 2.

4.3, Specification of the Coordinate System

In addition to specifying a projection in which the map is to be plotted, the user must
also specify a coordinate system for the grid itself. The three types of coordinnic sysicins “which
the user may specify are:

I. UTMR = Coordinate system measured in meters based on the Universal
Transverse Mercator projection, The zone number ol the meridian
midway between the overall longitude limits is assumed if no zone
number is stated.

2. STAT = Coordinate system measured in feet based on the state-plane system.
The particular state being used must be given as a state-plane code (see
Appendix C).

3. LTLN = Coordinate system measured as angles of latitude and longitude which
may be used with any map projection. If no coordinate system type is
given, LTLN is assumed to be the default.

The Polyconic, Albers, and Lambert codes are not permitted in this field for the following
reason. It is very unusuval for data to be based in any of these three coordinate systems, and
the inexperienced user often confuses the projection of the grid coordinate system with the
projection of the map overlay. By not permitting the user to draw lines of constant Polyconic,
Albers, or Lambert northing and easting, the GRIDOT program can determine a juxtaposition
of the two projection concepts.

The grid consists of a rectangular raster if the grid coordinate system projection and the
map projection are the same. The grid lines are curves if the two are different. The spacing of
the grid lines is dependent on the cell size specified on data card S,

4.4. Specification of the Cell Size
The distances between successive horizontal lines and between successive vertical lines of

the grid are called the cell height and width, respectively. The cell size may be measured in (1)
latitude and longitude angle increments, (2) Universal Transverse Mercator northing and easting
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increments (measured in meters), or (3) state-plane northing and easting increments {measured
in feet). Card 5 is used to specify the cell height and width. The type of increments (the
coordinate system) used to measure the cell size is given on data card 2. The grid is assumed
to be measured in latitude-longitude increments unless otherwise specified. The grid lines are
drawn at constant latitude-longitude or northing-easting of the coordinate system used to define
the cell size. Section 4.5 describes the format in which latitude-longitudes or northing-eastings
are punched on the input card.

4.5. The Card Format for Punching Latitude-Longitudes
or Northing-Eastings

There are several different places on the input cards in which the user may (or must) enter
either a Jatitude and longitude (or a northing and easting). The program has been set up so
that a consistent format is used for all occurrences of these parameters. In specifying latitudes
and longitudes the user may use either a “degrees and fractions-of-degrees™ convention or a
“degrees-minutes-seconds” convention interchangeably. However, the GRIDOT program will
display latitudes and longitudes on the printed output and the map overlay in
degrees-minutes-seconds unless the letters “DEG™ are entered for the angle display flag on data
card 2. All angles are read using an (F10.0, F3.0, F7.4) format. Angles specified in degrees and
fractions of a degrec use only the first F10.0 field, and must be stated using a decimal point.
On the other hand, degrees, minutes and seconds may be written with the least significant
degree digit in the 10th position (F10.0), the least significant minutes digit in the 13th position
(F30), and the units digit of the seconds in the 16th position (F7.4), all three fields without a
decimal point. The seconds field may contain a decimal point if it is necessary to specify a
fractional number of seconds.

Northings and eastings are always entered as 10-column fields with a format of F10.0. In
several cases (for example, the grid cell height and width) fields contain either a
latitude-longitude angle, or a northing-easting measurement. For these parameters the first
F10.0 portion of a 20-column field is the degrees part of an angle, or the northing (or easting)
if the parameter is in UTM meters or state-plane feet. In other words, the F3.0 and F7.4 used
for minutes and seconds are ignored when specifying northings and eastings rather than
latitudes and longitudes.

4.6. Specification of the Type of Ovarlay Grid Marks

The grid may be drawn in one of three formats, each of which is indicated by a
two-character code in data card 2. :

1. PC (the default) for “plus at corners.” The intersections of the horizontal and
vertical grid lines are represented by a plud sign 0.06 inches high (about 1/16
inch). The grid lines themselves are not plotted. The plus signs designate the
corners of each cell.

2. GL for grid lines. These lines represent the edges of each cell.

3. GP for grid lines and a plus sign at the center of the cells.
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4,7. Specification of the Extent of the Overlay Grid

As was discussed in Section 3.4, the user has the option of preparing a grid for the entire
bordered area iving between the overall latitude/longitude limits given on card 3, or he may
choose to restrict the gridding to some smaller gridded arca within these limits to suve on
plotter time.

Data card 6 may be used to define the grid area subset by specifying northern/southern
latitude boundaries, followed by western/castern longitude boundaries. The cell height must
evenly divide the latitude limits, and the cell width must divide the longitude limits. If data
card 6 is left blank, the grid will fill the entire arca specified on data card 3. Alternatively, the
grid area subset may be defined on data card 6 as northern and southern boundaries given as
northings (meters or feet), followed by easiern and western boundaries given as eastings (meters
or feet).

4.8 Defining the Labels for the Rows and Columns of the Grid

On datw card 7 are two groups of fields. Either one may be used for the vertical direction
labeling scheme. The other is used for the herizontal direction. If the entire data card is left
blank. cells are numbered from south to north by | starting at |, and from west to east by |

starting at |. If something other than this convention is desired, then the fields are used as
follows:

Field 1: A two-character code for the sense of thc numbering being defined. Use
either NS, SN, WE, or EW (NS=north to south, SN=south to north,
WE=west to east, EW=east to west).

Field 2: The label of the first row of cells in this direction. Assumed to be 1 if no
value is provided,

Field 3: The increment between successive cell labels. Assumed to be 1 if no value is
provided.

Field 4: (Used only if the flag in column [2 of data card [ is marked “Y”.) The
standard parallel (latitude), or northing (for vertical numbering), or the
standard meridian (longitude), or easting (for horizontal numbering), of the
origin used to define the labeling scheme, The relation of the origin to the
labels of the rows and columns is discussed in Section 3.5,

4.9, Specifications of Tic Marks Along the Overall
Latitude-Longitude Border

Angle increments and/or northing-easting increments may be entered in data card 4 to
generate tic marks along the overall latitude-longitude border. The tics are approximately 1/4
inch Iong drawn either inside the border (for latitude-longitude marks) or outside the border
(for either UTM or state-plane tic marks). Tic marks are generated along the border for every
latitude and longitude and/or for every northing and easting of the grid coordinate system that
is evenly divided by the given increment. In the case of a latitude-longitude grid coordinate
system, the use may generate latitude-longitude tic marks and/or UTM tic marks. These tic
marks may serve as refercnce points to aid in positioning the overlay on top of a map.
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5. DESCRIPTION OF OUTPUT

5.1. The Map Overlay (Calcomp Plotter Qutput)

The 80 characters of identification from data card 1 are plotted at the bottom margin of
the overlay. The overall latitude and longitude limits are identified either in a “degrees and
fractions of degrees” convention, or a “degrees-minutes-seconds” convention, according to the
setting of the angle display flag (data card 2). Unless otherwise limited (by parameters on data
card 2) the overall latitude limits must be separated by no more than 27 inches (for a 30-inch
Calcomp plotter), and the longitude limits by no more than 40 inches. If an extra row and
column of cell identification numbers are specified, the extra row is added at the top of the
plot and the extra column at the right edge. The extra row and column numbers may be cut
off the plot and used as an aid in the digitization (see Section 6.3). There is a registration
mark in the lower left hand corner in the shape of a cross, 1/2 inch high and wide. This mark
is drawn before the generation of the plot and then redrawn at the end of the plot. If the

plotter is malfunctioning, two crosses will not fall one on top of the other, as shown in Figure
20.

5.2. The Printed Data Log

As shown in Figure 21, every input data item, whether explicitly given or assumed by
default, is reported for each overlay. This enables the user to determine if an input error was
made or if the expected default was not the one used. The data log corresponds to the overlay
of Figure 20.

5.3. Error Messages
The GRIDOT program automatically checks for a number of errors. They are all related

to invalid input specifications by the user. Appendix B lists the messages which may be
produced by input errors.
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MAP SCALE = (17 6250% )

POL YGONAL OVERLAY? = N {(N=ND.Y=YES)

GR1D NUMBERING OFFSET¥? = ¥ I{N=NQsY=YES)

ADDITIONAL CELL NUMBERS?= N (A=NOY=YES)

MAX IMUM MAP HE IGHT = 27 INCHES

MAX IMUM MAF wIDTH = 40 INCHES

GRID TYPE = GL (PC=¢ AT CCRANERS+ GL=GRID LINESes GP=GRID AND CENYERCD +¢)
FRACTIONAL DEGREES/DMS = DNS

MAP PROJECTION = STAT

MAP STATE COODE = WD

GR ID PROJECTION = STAT

GRID STATE CODE = MD

LATITUDE BOUNDARY NORTH = 39+ DEG 30« MIN 0.0 SEC
LATITUDE BCUNDARY SOUTH = 39. DEG 10e MIN 0.0 SEC
LONGITUDE BOWNDARY ®EST = 79« DEG 3Ce MIN 0.0 SEC
LONGITUDE BDUNDARY EAST = 79+ DEG De MIN 0.0 SEC
LATITUDE TIC INCREMENT = O0e DEG 10s MIN 0.0 SEC
LONGITUDE TIC INCREMENT = 0« DEG 10« MIN 0,0 SEC
NORTHING TI{C INCREMENT = 10000«

EASTING T1C INCREMENY = 10000«

NDRTH/SOUTH GRID SPACING= 2000+« F

EAST/WESTY GREID SPACING = 2000+ F

NORTH GRID BORDER = 600550 F

SOUTH GRID BOIDER = 506000+ F

WEST GRID BORDER = 92000, F

EAST GRID BORDER = 234000. F - R
GRID CELL NUM3ERING = WE FROM 1 8y 1

GRED NUMBERING ORIGIN = 90000. F

GRID CELL NUMBER ING = NS FRGOMm 1 8Y 1

GR 1D NUMBERING ORIGIN = 700000« F
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Fig. 21. A Typical Data Log.
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6. TECHNIQUES OF GRID DIGITIZING

6.1. Introduction to Spatia! Digitization

Once the proper overlay grid has been plotted by the GRIDOT program, the user must
then determine the manner in which the geographical data is to be represented and stored in
the grid system. Various techniques for representing gridded data are discussed in Section 6.2.
It is important that the user retain the information content necessary to perform the intended
spatial analyses. For example, storing the dominant land-use characteristic in each cell will not
allow the user to search the data base later for all occurrences (no matter how small) of one
particular land-use.

A few techniques for actually digitizing and coding the data are discussed in Section 6.37
With certain types of spatial data it is possible to use manual shortcuts that will save labor
costs and time. These schemes allow for digitizing cither areal data (that is, data that may be
defined as an enumeration average, or representative value for any area within a given region,
such as precipitation) or lineal data (data defined by a curve, such as a lake shore). Of these
types of data, areal data present the greater challenge and are discussed in the following
sections. Lineal data capture is specifically discussed in Section 6.2.6. The following paragraphs
present a few of the techniques and problems which the user must be aware of.

As areal data is being gathered and recorded, it is possible to transform the information
into variables that are suited to specific analyses. For example, an agricultural capability unit
could be derived and recorded from soil information rather than the raw soil data, Similarly,
slope or aspect data could be derived from elevation data; growing season, from rainfall and
temperature data. This is sometimes a mistake, however, for the raw information is usually
more valuable. One should remember that computer techniques can usually determine the
derived variables from raw data more quickly and accurately than the human recorder. Also,
the raw data may be more useful in some other analysis as compared to a more specific
derived quantity.

Categorizing is an important transformation concept in dealing with data-oriented analysis.
The following example shows transformation of the continuous variable, precipitation, to a 5-
value (state) category variable.

No precipitation

0 to 10 inches/year
10 to 30 inches/year
30 to 60 inches/year
Over 60 inches/year

PN

On converting the data to such a basis, some information is lost, and the analyst must take
this into account when questions of accuracy or suitability for another analysis arise.

Another useful data gathering technique is the combination of two or more quantities in a
single datum. The most common use of this technique consists of superimposing a Boolean
variable (presence or absence of a characteristic) on another variable. For example, if
predominant land-use (as categories) is being recorded, presence of a utility easement in a cell
could be indicated by using the negative of the land-use code to show this condition. Similarly,
the negative of a soil type code could be used to record the presence of a sink hole in a given
cell,

These examples present a few of the types of problems which must be considered by the
investigator before embarking on a large data collection effort. In the next section we will
present several common techniques for spatially converting areal and surface feature data to a
grid cell basis, that is, to a rectangular array of numbers.
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6.2. Techniques for Grid Representation of Spatial Data

6.2.1. Dominant Characteristic

Classification by dominant characteristic assigns to the cell the value of the dominant
variable or the value of the dominant characteristic of the cell. If crop type is being digitized,
the value of the dominant variety is the value of the cell, e.g., 35% barley. As a simpler
example, a cell could be coded with just the presence of the dominant feature, such as an M
(for meadow land) if the cell contains more area of meadow land than any other category.
Notice that a cell consisting of 40% meadow land, 30% cultivated farm land, and 30% roads
and highways would be coded as meadow land in this scheme.

The advantage of the “dominant characteristic” method is simplicity, but at the expense of
lost information. as shown in the second example.

6.2.2, Set Percentage Basis

This scheme is basically a superposition of additional variables (present-not present) on a
dominant characteristic variable. For example, a variable such as crop type might be zero
unless the arca under cultivation exceeds a user-supplied threshold (say 109%), after which the
dominant crop code and percentage of cultivation in the dominant crop are recorded.

6.2,3. Cell Center Characteristic

This method assigns to the cell the value of the variable or variables at the cell center.
The GRIDOT program coutains an option to put tic marks at the center of each cell for this
purpose. The method offers a straightforward rule for digitizing. This technique is qute useful
with a continuous variable such as elevation, which can be subsequently interpolated to obtain
4 finer level of information. This method also eliminates the digitizing bias in trying to
cstimate the dominant characteristic,

6.2.4. Percent of Cell Basis

If a variable being digitized changes significantly within the cells, the digitization may
consist of an estimate of the percentage of cell arca occupied by one or more of the variables
being digitized. Using a previous example, one might attempt to estimate the percentage of
cach land-use category: for example, “40M, 30CF, 30RH.” for 409% meadow land, 30%
cultivated farmland, and 309% roads and highways.

A simpler rule for this scheme is to estimate arca percentages for the first two or first
three dominant categorics. Subsequent computer processing can be used to convert the
percentages to a standard basis, such as acreage or square miles.

6.2.5. Use of Subcell Identification

For digitizing features in which the user wishes to maintain some idea of where the feature
is located within a cell. a subcell identificaton may be used. For example. in gathering
forestation data the digitizer might record not only the percent of cell area covered by
hardwoods, but he might also record the corner (northeast=1, southeast=2, southwest=3, or
northwest=4) of the cell in which most of the hardwaods occur. In the case of point data, such
as location of public buildings (school locations, churches, libraries, ete.), this technique
provides a way of pinpointing the information more accurately. This type of digitizing is
cspecjally useful when a hierarchical grid structure is used, as in the ORRMIS land-use data
base.

6.2.6. Length of Lineal Feature

Rather than encoding lineal features by a series of cells marked “feature present™ or
“feature not present” (using a variable that is, say, | and 0. respectively), one might consider
estimating the length of the linear feature in each cell. An analysis of shoreline development
might be a case where this higher order approximating scheme would be justified.
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6.2.7. Sampling and Interpolation

In the case of a slowly varying continuous variable, such as average rainfall or mean
temperature, one might consider digitizing a number of representative cells, being sure to
choose a larger number of samples in those arcas where variations occur more frequently.
Computer interpolation techniques can be used to fill in the missing values within the grid. A
complete digitized map may then be produced, including the calculated values, and overlaid on
the original source map, if one exists. Any data values which have been grossly miscalculated
can then be edited to produce a final digitized map which require  much less time than
digitizing every cell. These methods are not useful for density variables (that is, any variable
with units of “a count of something per unit area”). Population density and housing density
are examples of variables not suited to sampling and interpolation.

6.3. Techniques for Coding Digitized Data

The following discuss various methods for recording the information being digitized. The
common, straightforward technique consists of writing a data value for each cell, row by row
and column by column. In order to identify the row and column numbers easily and quickly,
especially when using the “column-change” format described below, the user may cut out the
extra strip of column numbers drawn at the top of the plot and tape them to a ruler or
T-square, which is then placed below each successive row of cells as they are digitized. This
configuration is shown in Figure 22, This technique eliminates the continual looking up to the
top of the plot to find the appropriate column numbers, If the operator is digitizing successive
columns rather than successive rows (as shown in Figure 22), then the extra strip of row
numbers on the extreme right hand side of the plot may be cut out, taped on a T-square, and
the plot rotated 90" for the column scan.

If the data changes slowly, one might use a “column-change” format in which the digitizer
records the data row by row and enters the column number and value of each series of cells in
each row that have the same value. Rows can be skipped if the previous row defines the
succeeding row. For example, the shorthand method couid be used to define a 25 by 25 grid
where

Row |: Columns 1-4 have the value 10

5-17 have the value 12
18-25 have the value 11

5  have the value 10
-17 have the value 12
2

Row 2: Columns |
6
18-25 have the value 11

Row 3: (Same as Row 2)

Row 4: Columns [-4  have the value 10
5-16 have the value 11
17-25 have the value 10

Table 3 shows the recorded data in a form suitable for keypunching. With certain types of
data it would be more convenient if the user could digitize polygonal outlines or simple line
segments and then transform them to a grid basis using computer techniques. The GRIDOT
program has the option of plotting plus marks at the corners of the cells as was shown in
Figure 6. This grid may then be overlaid on a map from which polygonal outlines are to be
digitized representing, for example, county outlines. Horizontal and vertical straight lines are
drawn from one tic mark to an adjacent tic mark to best approximate the polygonal outlines.
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Table 3. Data Captured in Column Change Format.

Column Value
Row 1 1 10
5 12
18 11
Row 2 1 10
6 12
18 11
Row 4 1 i0
5 11
17 10

In Figure 23 is a grid with four regions defined by manually drawn horizontal and vertical
lines. The tic marks are identified by row and cojumn numbers as shown. Notice that the
scheme depends on the outlines being drawn as a set of vertical and horizontal segments only,
No diagonal segments are allowed. The outline of the polygon representing region number 1 is
a set of segments from

Col. Row Col. Row Col. Row Col. Row Col. Row
(1, 6)to(10, 6 ) to (10, 9 ) to (15, 9 ) to (15, 11) to

Col. Row Col. Row Col. Row Col. Row
(11, 11) to (11, 13) to (1 ,13) toe (1 , 6 ) .

Notice that the first and second points have the same row number, The second and third
peints then have the same column number, and so on, in alternating fashion. The last naumber
written for cach region should be identical to the starting row number, thus indicating that the
polygon is closed. By eliminating these duplicate row and column numbers the digitizer can
shorten the amount of numbers to be written down, as shown in Table 4. Notice that cach
region number is followed by a starting column and row number. The outline is then described
by alternating column and row numbers as shown in Table 4. Computer techniques can be
used to translate this shorthand notation and convert the row and column numbers into a
serics of x,y coordinates defining the vertices of each polygonal arca. These coordinates are
then used to determine the cell centers falling in cach polygonal area so that the cells may be
assigned to the proper polygon.
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Table 4. Data Captured in Alternate Index Format.

Starting
Region Col./Row Col. Row Col. Row Col. Row Col. Row
No. No. No. No. No. No. No. No. No. No.
1 (1,6) 10 9 15 11 11 13 1 6
2 (11,13) 15 11 11 13
3 (15,9) 10 3 13 1 15 9
4 (1,6) 10 3 13 1 1 6
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7. COMPUTATIONAL TECHNIQUES

7.1, Plotting Techniques

The GRIDOT program will plot lines on the overlay using as few plotter coordinates as
possible. Each lineal feature of the overlay output (for example, a southern latitude border) is
drawn as a series of straight line segments. The number of secgments in the approximation of
the plotted curve is chosen so that the maximum error in the segmental approximation is no
more than 1/100 of an inch, and the number of segments is the last number that meets this
error criterion. The plotting of the curves is performed by the utility routine BILINE.

The program is also designed so that pen motion is kept to a minimum. For example,
when the horizontal (or vertical) grid lines are being drawn, the pen moves in a zig-zag
fashion. In other words, after drawing a line from left to right, the pen then draws the next
line from right to left rather than wasting motion by moving back to the left margin and
always drawing left to right. Likewise, the fabeling of the rows and columns is done whenever
the pen is closest to the point at which a label is to appear.

7.2. Uses of the Map Projection Routines

All the map projection routines are called using a standard argument list. There are four
subroutines with identified argument lists, They are

Subroutine Name Function
PROJ 'NE’ Calculates northing and easting from latitude and longitude
PROJ ‘LI’ Calculates latitude and longitude from northing and easting
PROJ 'NL’ Calculates northing and longitude from latitude and easting
PROJ ‘LE Calculates latitude and easting from northing and longitude

Reference 1 by T. C. Tucker should be consulted for additional information on the projection
routines.
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8. POSSIBLE FUTURE IMPROVEMENTS

8.1, Additional Tic Mark Capability

In the case of a latitude-longitude grid coordinate system, the present GRiDOT program
permits the user to generate latitude-longitude tic marks and/or UTM tic marks around the
border. In the case of a UTM or state-plane grid, the user may draw latitude-longitude tic
marks and/or either UTM or one of the state-plane tic marks, according to the projection of
the grid coordinate system. A useful extension would permit the user to specify tic marks for
several grid coordinate systems instead of just two.

8.2, Hewlett Packard Angle Convention

The Hewlett Packard hand calculators uwr: a convention for specifying angles that uses the
format Degrees.MinutesSeconds. For example. 139" 14’ 3.75” is entered as 139.140375. This
convention allows the user to enter the angle in a single ficld (as opposed to remembering
where three fields are defined) but still retains the convenience of a degress-minutes-seconds
notation. The feature could be specified by a third angle convention code. HPD, for
Hewlett-Packard Degrees.

8.3. Provision for Other Map Projections

The five projections presently provided are commonly used for small areas, that is, up to a
few degrees. A possible future extension would permit overlays for global areas or extreme
latitudes. Also, the user will recall the lack of a “Transverse Mercator” projection, which may
be added to some future version. These additions would not result in any change to the format
of the input cards but simply the addition of another map projection name.

8.4. Overlaying Segmental Outlines on the Grid

In data card 2 the program provides for a flag to allow drawing those portions of a set of
line segments falling within the overall latitude-longitude limits. This feature is presently not
implemented, When it is, these segments may define political or administrative subdivisions,
{county outlines, census districts), or natural or man-made features (land cover, highways).
Such a capability would allow the user te digitize variables for specific geographical areas only
(for one county, perhaps) where these areas were not rectangular in shape. By using these
segmental outlines the user would also find it easier to register his overlay on base maps or
even rectified aerial photographs if roads or other factors were drawn on top of the grid. The
manner in which the segmental outlines would be formatted has yet to be determined.

One new test version of GRIDOT has been run to determine the feasibility of plotting
county outlines on top of the grid, as shown in Fig. 24. This new version of GRIDOT has not
been generalized or completely debugged, and thus is not described here. Future documentation
will be provided for this and other new features.
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APPENDIX A
STATE CODES USED IN SPECIFYING STATE-PLANE PROJECTIONS

State Zone Code
Alabama East ALE
West ALW
Arizona East AZE
Central AZC
West AZW
Arkansas North ARN
South ARS
California Zone 1 (North) CAl
Zone 2 CA2
Zone 3 CA3
Zone 4 CA4
Zone 5 CAS5
Zone 6 (South) CA6
Zone 7 (LA) CA7
(Colorado North CON
Central COoC
South COS
Connecticut CT
Delaware DE
Florida East FLE
West FLW
North FLN
Georgia East GAE
West GAW
Idaho East IDE
Central IDC
West 1IDW
Illinois East ILE
West ILW
Indiana East INE
West INW
Iowa North IAN
South IAS



State Zone Code
Kansas North KSN
South KSS
Kentucky North KYN
South KYS
Louisiana North LAN
South LAS
Maine East MEE
West MEW
Maryland MD
Massachusetts Mainland MAM
Island (SE) MAI
Michigan East MIE
Central MIC
West MIW
Minnesota North MNN
Central MNC
South MNS
Mississippi East MSE
West MSW
Missouri East MOE
Central MOC
West MOW
Montana North MTN
Central MTC
South MTS
Nebraska North NEN
South NES
Nevada East NVE
Central NVC
West NVW
New Hampshire NH
New Jersey NJ
New Mexico East NME
Central NMC
West NMW
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State Zone Code
New York Long Island NYL
East NYE
Central NYC
West NYW
North Carolina sy
North Dakota North NDN
South NDS
Ohio North OHN
South OHS
Oklahoma North OKN
South OKS
Oregon North ORN
South CRS
Pennsyivania North PAN
South PAS
Rhode Island RI
South Carolina North SCN
South SCS
South Dakota North SDN
South SDS
Tennessee TN
Texas North TX1
North Central X2
Central TX3
South Central TX4
South TX5
Utah North UTN
Central UTC
South UTS
Vermont VT
Virginia North VAN
South VAS
Washington North WAN
South WAS
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State Zone Code
West Virginia North WVN
South WVS
Wisconsin North WIN
Central wIC
South WIS
Wyoming Zone 1 (East) wY|
Zone 11 WY2
Zone 111 WY3
Zone 1V (West) wY4
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APPENDIX B
LISTING OF ERROR MESSAGES

Invalid Map Projection

The map projection must be either POLY (Polyconic). ALBR (Albers Equal
Arca), LAMB (Lambert Conformal), UTMR (Universal Transverse Mercator), or
STATM (State-planc).
Invalid Grid System

The grid coordinate system must either be LTNL (Latitude-longitude), UTMR
(Universal Transverse Mercator), or STAT (State-pline). Remember, UTM systems

require a zone code, and state-plane systems require a state-plane code (see
Appendix C).

Southern Latitude Limit Greater than Northern

Eastern Longitude Limit Greater Than Western

The overall overlay limits are given in northern latitude. western longitude,
eastern longitude order. Remember that longitudes increase going west in the western
hemisphere.

Lat or Long Cell Height or Width Improper

The user probably forgot to enter a cell height and/or width.

Easting at Right Border Less Than Easting at Left Border

Northing at Top Border Less Than Northing at Bottom Border

When the grid area limits are explicitly given. both the UTM and state-plane
northings increase from south to north, and increase from west to east, The order of
definition of the grid limits is northern limit, southern, western, eastern. The order is
the same as the order for the overall latitude~longitude limits.

Cell Height Does Not Divide Latitude Limits or Cell Width Does Not Divide Longitude

Limits
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Cell Height Does Not Divide Northing Limits or Cell Width Does Not Divide Easting
Limits

The cell height must divide the north-south grid limits, and the cell width must

divide the east-west grid limits, whether the grid is specified in latitude-longitude
increments (degrees) UTM increments (meters), or state plane increments (fect).

Grid Numbering Direction Not NS, SN, EW, or WE

Usually a result of placing the grid cell numbering direction code in the wrong
columns.



ol

APPENDIX C
FORTRAN LISTING OF SOURCE PROGRAM



GR IDUT PROGRAM — Re EDWARDS AND Res CULRFEE (OAK RIDGE NATICANAL (L A3)

//7STEP1 EXEC FORTHCLG
Z7/FORT «SYSIN DD =
DOUBLE PRECISION SEMAJISENINIECC+EPSQ.NCO(8) +RPD
DOUBLE PRECISION LAMBL JLANCL ¢ LAMNI L AMEQO sLAMRBs LAMNsL AMRZ
OOUBLE PRECISION STLATS ¢STLATASSINLTINISINSGONSSINLTS+SINSQSe YSHYES
DOUBLE PRECISION ECCSCsSINBLT 4SINPH]I sCOSPHI +CGSSQ
INTEGER ZONEID(4) +ZONTYP sHTNR
COUBLE PRECISION 51 ¢S2 +CLAT +CLIN»CRIGN, ORIGE
DOUBLE PRECISIUN GTMKZGTMRB,GYMDUM
DOUBLE PRECISION PARM(7) .FTPERM
EQUIVALENCE (PARM{1),CLAT) +{PARN(2) +0LON) )
& (PARM( 3) sORIGN) s {PARM{4) +ORIGE) »(PARM{S) s LAMREB s GTK:BJ»
& (PARM( 6) s LAMNsGTMKZ ) s { FARN(7) s LAMRZ GTMLDUM)
DOUBLE PRECISION XDMS,A
DATA SEMAJ/ 6378206440 00 /4 SEMIN/ 6356583.8D0 00 /
CATA ECC/ Be22718542230C300D=02 /»EPSQ/ 64814784945915042D0-23 7/
DATA NCO/ 6+36739668S16S7E82D 06 +-3.250286241790479D 04
& 1 384048366716706D 02 +=7.335388130501429D0-01
& 40219413411 GSE2S180-C3 »=2.529287942342808D-05 »
& 1 5560582 852 76589D0=07 +~9.7384743747300200-10 7/
CATA RPD/1.7453262516433D-2/
DATA HTMR/Z *TMR/
CATA FTPERM/3.280833333333333333007
XOMS(A)=(DMOD(A+1D2)/€CEO1+IDINT(OMOD(A/1D2+102}) )/ 6D1+1DINT(A/1DQ)
*+2¥PDP~1C STATEMENTS FOR 1/0%% %>
OPEN{UNIT=25 ACCESS="SEGCIN*+FILE=? [NP?)
OPEN({UNIT=26,MODE="BINARY ?* jACCESS=*SEQQUT?* yFILE="0UT1")
10 READ(2S¢1014+END=1000) 2CNEID+ZCNTYPyS1 3S2 s0LAT »OLCNs ORIGN, ORIGE
101 FORMAT(4AL 11 XsA8 41X 9~4P4F Te29s0F2F12,2)
S1=XDMS( S1)
S2=XDMS( $2)
OLAT=XDMS{OLATY)
OLON= xDM S{ OL ON)
ORIGN=0R IGN/F TPERM
ORIGE=OR IGE/FTPERM
IF(ZUONTYP +,EQe HTMR)GC YO 20
C DETERMINE THE NEW LAMBERT PROJECTIGCN
STLATS=DMINI1(S1,S52)
STLATN=DMA X1{ S1,52)
SINLTN=D SINMNRPD*STLATN)
SINSGN=SINLTIN®*SINLTN
SINLTS=DSINRPDAESTLATES)
SINSQS=SINLTS*SINLTS
YS=(1DO0-SINLTS)/ZC1DO+SINLTS)
YES=( 1DOC4ECC*SINLTS) Z7(1DO0-ECC*SINLTS)
ECCSQ=ECCx%*2
LAMN=DLOG( (1DO-SINSQS)/7(100~SINSGN) x
& (1D0-ECCSUsSINSGN) /(L BO~-ECCSQ&SINSQS) )/
& (DLOGUYS*(1DO+SINLTN)/Z(IDC-SINLTN))+
€ ECC*DLOG(YES*{1DO-ECC*SINLTN)/{1004+ECC*SINLTN)))

aon

29



GRIDOT PROGRAM ~ Re EDWARDS AND Re CULRFEE (CAK RIDGE NATVICNAL L AB)

LAMRZ=SEMAJ*{DCOS(RPD#*STLATS) )/ ((DSQRT{1DO0-ECCSQ*SINSQS) ) *
£ LAMNYDEXP((DLOG(YS)+ECC*DLOG(YES) )*(LAMN/2D0)))
SINBLT = DSIN(RPD*QLAT)
LAMRB=LAMRZDEXP((ECC*DLOG( (1 CO+ECC*SINBLT)/ (1DO-ECC#SINBLT)) +
& DLDG%%!DO-SINBLT)/(IDO+SIhBLT)))*(LAMN/ZDO)) + ORIGN
GO TO
C TRANSVERSE MERCATOR PROJECTICA
20 GTMKZ=1DO0-iD~-2/51
GTMOUN=0.D00
SINPHI=D SI Nt OLAT*RPD)
COSPHI=DCOS({OLA T*RPD)
COSSQ=COSPHI **2
GTMRB=={ (( ({ ( (COSSQ*NCO{(8)+NCC(7) ) *CASSQ+NCO(6) })*COSSQA+NCO(S))
€ *COSSQA+NCOL4)) *CCSSCG+NCO(3) ) *COSSQ+NCC(2) J*COSPHI*S INPHI
[ 2 +MCOC1) *OLAT*RPD) *GTMKZ + CRIGN
30 WRITE(26)ZONEIDZONTYP,,PARM
GO TO 10
1000 STOP
END

77G0FT26FCCL DD DSN=TeRGE14872.GRILCCT.CATA,

/7 UNIT=SPDADISP=(NEWsCATLG sDELETE)},

/77 SPACE=(TRK{5+1)+RLSE) +DCHB=(RECFF=VBS +BLKSIZE=7204)
/7/7G0«FT285FNCL1 DD *

ALE TMR £50.00 C. 0 3Ce30 85.50 0.0 5900C0 .09
ALW TMR 150.00 Ce0 30.00 87.30 0.0 500000.00
AZE TMR 160.900 0.0 31.00 110,10 0.0 500000 .00
AZC TMR 100.0C 0.0 31,00 111.55 0.0 500000,02
AZW TMR 150.00 3.0 3di+0C 113445 0.0 S00000.+00
ARN LAMB 24 .56 3614 34.20 S2.00 0.0 2000000,900
ARS LAMB 23.18 34,46 32.40 92,00 0.0 2000000 .09
CAl1 LAMB 40400 41440 3520 122,00 0.0 2000000,00
CA2 LAMB 28e20 39650 37440 122,00 0.0 2000000 ,00
CA3 LAMB 37.04 3826 36430 120,30 0.0 2000000,00
CA4 LAMB 36400 37415 35290 119.00 0«0 2000000 .00
CAS LAMB 34,02 3528 33430 118,00 0.0 2000000409
CAG6 LAMB 32447 33453 324,10 116,15 0.0 2000000 .00
CA7 LAMB 3352 34025 34408 11820 4160926474 4186692.53
CON LAMB 39443 40447 3920 105,30 0.0 20060000,00
COC LAMB 28627 3945 3750 105430 0.0 2000000409
CO0S LAMB 27414 38026 3€440 105,30 0.0 2000000 .00
cT LAMB 41¢12 4152 40.50 72.45 0.0 600000,00
DE TMR 2000,00 0. ¢ 38400 75.25 0.0 520000.00
FLE TMR 17000 0.0 24420 81.00 0.0 $00000,00
FLW TMR 170.00 0.0 24.20 82.00 0.0 $00000,00
FLN LAM8 29435 3045 2S.00 84.30 0.0 2000000 .02
GAE TMR 100.00 Qe 3000 82.10 0.0 500000,00

GAW TMR 100,00 0.0 30.00 84.10 0.0 500000.00
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GR IDOT PROGRAM — R. EDWARDS AND Re CURFEE (GAK RIDGE NATICNAL L AB)

IDE TMR 150400 0.0 4140 112,10 0.0 500000400
IDC  TMR 190.0C Q.0 41440 114,00 0.0 500000400
IDW TMR 150.0C 0,0 41¢40 115.45 Ce0 500000400
ILE TMR 4C0.00 0.0 3€.40 88.20 0.0 500000 .00
ILW TMR 17¢«0C 02 3€«40 G0610 0.0 500000.,00
INE  TMR 3€0.00 060 37¢30 85440 0,0 500000.00
INW TMR 300.0C 0.0 37«30 E7.05 0.0 S$00000.00
IAN LAM3 42404 43,16 41430 93430 Q0.0 20009000,00
IAS LAMB 4037 41447 4Ce00 9330 0.0 2000000.,00
KSN LAMB 38443 3Z.47 3Ee20 S8.00 0.0 2000000.00
KSS LAMB 3716 38.34 3€.40 58.30 . 2000000.00
KYN LAMB 3A7e5€ 38458 37430 EBa615 2000000,00
KYS LAM3 36444 37.5€ 3€.20 B5445 2000000420
LAN LAMB 31:10 32,40 3C.40 S2.30 2C00000,00
LAS LAMB 29618 30,42 2B.40 S1.20 2000000 00
MAI LAMB 41 e17 41.2% 4100 70.30 200090.00
MAM LAMB 41443 G241 41400 714,30 600000,00
MEE TMR 100.00 0.0 4350 68430 500600.00
MEW TMR 3200.0¢C 0.0 4250 7010 500000 .00
MD LAMB 38e18 39427 3750 77400 800000.,00
MIE TMR 175060 Oe0 4130 E3.40 500000.,00
MIC TMR 110.0C 0.0 41430 E5645 500000,00
MI®  TMR 110.0¢ 0.0 4Le30 EBAS 500000.00

2000000400

MNN LAMB 4702 4Be38 46.30 93.06
2000000 ,00

MNC LAMB 4537 47603 45400 94415

MNS LAMY 43447 45413 43.02 S4.,00 2000000 ,00
MSE TMR 250.0¢C Qe 25040 88.50 S500000.,00
MSW  TMR 170.0C 0.0 3Ce39 90,20 500000,00
MOE TMR 150400 0. 0 35650 90030 500000 ,00
MOC TMR 130.0C 0.0 3EeED G230 500000.00
MOw TMR 1720.0¢C 0«0 3Ze1D G4 430 S00000 .00
MTN LLAMB 4751 48463 47400 10930 2000000490
MTC L AMB 46,27 47653 4E+50 1€9.30 2000000 ,09
MTS LAMB 444952 46424 44400 109,30 2000200,09
NEN LAMB 41 .51 42,49 41620 1CCG.00 2000000,00
NES LAMB 40.17 41,43 35,40 S9,30 2000000 ,00
NVE TMR 100,00 De0 34,45 §115.35 500000.,00
NVC TMR 10000 0.0 34445 115440 S00000,00
NVwW TMR 10000 De0 34445 118435 S0CI00.00
NH TMR 300.0¢C 0.0 42430 71 <40 500900,00
NJ TMR 400,0C GCs O 38+ 50 74 .40 2000000 ,.,00
NME TMR 110.00 0 0 31200 104,20 500002.,00
NMC TMR 10000 0«0 3100 106415 500000,.,0)
NMW  TMR 120402C Q.0 3100 107450 50000Q.00
NYL L AMB 40e¢60 41.02 4Ce30 74,00 1000) 0 2000000,20
NYE ™R 200.0¢C 040 40400 74 .20 5009000409
NYC TMRR 160.00 0.0 40.00 76 .35 500002,00
NYW TMR 160,00 00 4Ce 00 78 435 S000C0,.,00

2000000 .02
2000000,00

NC LAMB 324420 36010 33.45 79,00
NON  LAMS 47626 4B8e44 4700 13030

QOO0 OUROOVOO0COO0O0COODVDU0O0DOUCIDDOOOOOOCOLOL
® ¢ ® 0 5 00 OO 8 000 O 6D OB OO G QS GO 00 40 O 8 OO E Se o

QOOOOOOOVOO0OOUOODODVULOODODLODOOOLOOOOLOO
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GRIDUT

NDS
OHN
OHS
OKN
OKS
ORN
ORS
PAN
PAS
RI

SCN
SCs
SDN
S0s
TN

TX1
T X2
TX3
TX4
TXS
UTN
utCc
urTs
vT

VAN
VAS
WAN
WAS
WVN
wVS
wiN
wiC
wlis
wYyl
wyY2
wY3
WYa

PROGRAM - R,

LAMB
LAMB
L AMB
LAMB
LAMB
LAMB
LAMG
LAMB
LAMB
TMR

LAMB
LAMS
LAMB
LAMB
LAMB
LAMB
LAMS
LAMB
LAMB
LAMB
LAMB
LAMB
LAMB
TMR

LAMB
LAMB
LAMB
LAMB
LANS
LAMB
LAMB
LAMB
LAMB
TMR

TMR

TMR

TMR

46.11
40.26
38.494
35,34
33.56
Q44 ,2C
42,20
4053
39 .56
1€00,0C
33.46
32.20
44 .2¢
42..5C
3S.15
35439
32.08
30.07
28423
26,410
40,43
39,01
37.13
280,00
28.02
36.46
4730
45,50
39.00
37.29
45 .34
44415
42444
170.00
170.00
170.00
170.00

47.25
41442
40402
36446
35,14
46. 00
44,00
41657
4GCe5S8
Ce0
34.58
33.40
454,41
44.24
36425
36.11
33.58
3153
30417
2750
41.47
40,35
386 21
0.0
39.12
37.58
48444
47.20
40.15
38053
46446
45,30
44,04
0.0
0.0
0.0
0.0

EDWARDS AND R.

4S%.40
36,40
32.0C
3€.00
33.2¢C
43,40
41440
4010
3¢,20
41.€5
33.00
31.50
432,50
42.2C
34,490
34,00
3140
2440
2750
25440
40,20
3€.20
3¢ea0
42.30
37440
3€.20
4700
4S4.20
3830
37.00
4S.10
43,50
22400
4Ce40
4C.40
4Ce 40
4C. 40

DURFEE (CAK RIDGE NATICNAL LAB)

1C0.30
82430
8230
98.00
9800
12630
120,30
77 e45
77 445
71 .30
81.00
81.00
1€0.00
100,20
864900
10130
S7 « 30
100.20
99,00
G830
111.30
111430
111 .30
7230
78390
78.30
12050
12030
79430
81 .00
S0.00
90400
S0.00
10510
10720
10845
110.05

[=Xed oY)
a0 0

.
0.0
0«0
0.0
Oe0
0.0
Q.0
Q0,0

100002.,00
0.0
0.0
0.0
0.0
0.0
0.0
060
0.0
0.0
040
0.0
0«0
0.0
0.0
060
0O
0«0
0.0
0.0
0.0
0.0
Q0

2000000 .00
2000000 .03
2000000.00
2000000.00
20000090.00
2000000400
2000000.00
2000000400
20000Q0409

500000.00
2000000.00
2000000.00
2000000 .,00
2000000.00
20002092.00
20000G0.90
2000000 .00
20000092.09
200C3C0.00
2000000400
2000000.00
2000000.00
2000000600

500000400
2000000.,00
2000000400
2000000400
2000000.,00
2000000400
2000000.00
2000000400
2000000.G0
2000000.00
500000400
500000.00
500000400
500000400

g9



GRIDOT PRAGRAM - Re EDWARDS AND R. CURFEE (CAK RIDGE NATIUONAL LAUL)

Z/7STEPZ EXEC FORTGC oCLSIZE=170K
F7FURT «SYSLIN DD DSN=TRGELIAB8T2¢GKRIDAT<HEX »
/7 DISP=(NEWICATLG«DELETE ) sUNIT=SPC A
/77 CCB={RECFM=FB,LRECL=80,8L14S1ZE=800),
/77 SPACE={£8000(600,20) yrRLSE}
Z/7F0RY JSYSIN DD #*
C PROGRAM GRIOQT
IMPLICITY REAL ®*8{A-H 4L.~2)
WRITTEN AT THE OAK HRIDGE KNATICNAL LABORATORY
THIS PROGRAM DRAWS A GRIDOY LATTICE QF EITHER (1) + MARKS AT THE C
INTERSECTIONS DF GEODETIC CELLSe OR (2) STRAIGHY LINES CONNECTING
THE CGRNER INTERSECTICNS CF GEQDETIC CELLS»

DIMENSEION LATNC(3) sLATS{I) oLCAWC3) JLENE(3) 2DNS(3) DEW( ),

1 GNY 3)sGS({3)eGW(3) +GECI) »PDEFL(3),FDEF2(3),

Z TICLAT(3)TICLAON{3) +G2€3s2) sGZERQ(2)

REAL ROQUND

INTEGER KYXoKTYsINPRDSJINZOCN sOUTFERCyCUTZONLIDI2),K2(2),<KG0(2)
INTEGER YLYLE(Z20) sATGISLREAD+LWRITYE LFEEY 4METERS yOEGDMS, HOEGsHIM Sy
1 HHPD o HLL ¢JHBLL sHYE S oHNG oHPL o HGL 4 HGP

INTEGER BLANK¢HSTA+HALDB JHPCL yHULUTN yHLAM MAXH » MAX W

INTEGER FHNS sHSNsHNWE ¢HEW

INTEGER HC ¢HS

REAL X2Y+»SIZE s ANGLE

LOGICAL DIRyJB1IB

DATA LREAUD/S/7LWRITE/E/ +FEET/ 'F P/ JMETERS/*M (V4

DATA RYES/'Y S/ JHNG/ N S/ HFEC/YRC Y/ +HGL/ZYGL. 3/ ,HOP/ TGP ‘7
CATA PDEG/Z'DEG '/ HDMS/'DMS '/ HHPD/*HPD ¢/

DATA HLL/ZYLTLN®'/,HBLL/Z® L Y/

DATA BLANK/?® S/WHSTAZ*STAT '/ s HALB/*ALBRY/ ,

1 HPOL/Z'PALY?' /4 HUTM/ZLTINR S/ HLAN/ TLANGEY/

DATA HNS/ZINSH*/srHEN/*SNO/ oHRE/ *REY/ JHEW "EWt/

DATA ZERQ/0.D0/+SIZE/ 06/

CATA HC/°C $/+sHiS/2S oy

COMMON /ZLIMITS/ NBOROD ¢ SBORD ¢ WELRL yEBURD »CELNS+CELEW »

1  SWARGN ySWORGE +NEL IMNINELIME »
2 XO9p¥0oSCALERVSCALE oX eV,
3 KTXKTYSINPROSI NZONJOUTERC, CUTZECN

COMMON s/DEGFLG/ DEGDLMS

C
Cax%x*BEGIN INPUT
C
< READ CARD 1 (TITLE)

1000 READ(LREAD ¢8D00END=S7COITITLE

8000 FORMAT(20A4)

WRITE(LWRITE8020)TIL ILE
8020 FORMATL{LIHI «105(1IH*) /1 Xel0S5(IH3Y//20X+20A477
1 IXe 10S(1H=*) /7t Xe1DS{IHY 1/ 777)

READ CARD 2 (SCALE, CVERLAY SEGMERTS FLAG,

ancon

C
C

99



GR IDOT PRAOGRAM — Rs EDWARDS AND Re CURFEE (GAK RIDGE NATICNAL LAB)

aannoo

GRID NUNBERLING QFFSET FLAGH
ADDITICNAL ROW/COLUMN OF CELL. NUMBERS FLAG,
MAXIMUM HEIGHT ¢ HAXIMUM WIDTHe GRID TYPE,
ANGLE DISPLAY FLAGs MAP PROJECT ION,
MAP ZANE GR STATE CODEs GRID RPROJECT ION,
GRIO 2ZCNE OR STATE CODE
READ(LREAD s B0R0+END=S650) SCALE o ISEG o IOFF s 1 ADDL » MAXH s MAXW o IL INE,
3 DEGDMSsQUTPROIOUTZON»INPEC+IN2GNPDEF]1 4 PDEF2

8040 FORMAT{F 1000s3A1+8Xe2120A20A342(A4,A3}+2(-4PF1040+0PF3,0,0PF744))

80€0 FORMAT(10X,*MAP SCALE

80€0

toco

OONINDWN %

IF(DEGOMS oNE s HDEG)OEGODHNS=HDMS

IF{OUTPRO +EQes BLANK) CUTPRG=HPOL

IF{INPRO +EQe¢ HSTA) INUMIT=FEET

IF{INPRO «EQe HUTHN) INUNE T=METERS

IFLINPRO «EGe BLANK ,CRe¢ INFRO ¢EQe¢ HBLL)INPRO=HLL

IF{MAXH <EQe¢ QIMAXH=27

IF(MA XW JEQe 0) MAXW=4C

IFUISEG +EQ¢ BLANX) ISEG=HNO

IFCIOFF +EQe¢ BLANK) I OFFHNO

IF( IADDL +EQe¢ BLANK) IADDL=HNO

IFUILINE <EQe BLANK) ILINE=HPRC

URITE(LWRITE 4 8060)SCALEVISEGsIOFF I ADDL yMAXHoMAXW s IL ENE,
DEGDM S QUTPRO

[ )

= (1/7° sF9,0,')/
10X, *POLYGENAL OVERLAY? =% 912X ¢A s
¥ {N=NO9 S=STATE GNLY oC=CCUNTYESTATE)*/
10Xy *GRID NUMBERING GFFSET? =",12X¢Als? (N=NOsY=YES)?/
10X+ "ADDITIONAL CELL NUMBERST?="' 12X sAls? {(N=NO,¥=YES)*/
10Xs “MAXI NUM MAP HEIGHT =%012Xs I120* INCHES®t/
10Xo *MAXIMUM MAPRP WIDTH =0 ,12X, 125" INCHES®*/
10X,y *GRID TYPE =0 422X+ A2s
' {PC=+ AT CORNERS: GL3GRID LINESs GP=GRID AND CENTERED +)'/s
LOX+ *FRACTIONAL DEGREES/DNMS =°,12XsA4/
. 10Xy *MAP PROJECTICN =" s12X ¢ AQ)
IF{ SCALE JLE. G«.D0)GQ TQ 5750
IF(OUTPRO oNEe HSTA +ANDes GQUTPRC oNEs HALB +ANDe.
1 OQUTPRO «NEe HPOL +ANDe CUTPRO +NE- HUTH (AND,
2 OUTPRO «NEe. HLAM) GC .TQ S800
READ(LREAD s 80B80+END=S6S CILATN+sLATS  LONWJLONE
FORMA T(A(~4PF 104 090PF3.030PF7e4))
NLAT=DMSTODILATNY
SLAT=DMNSTODC(LATS)
WLON=DMSTOD{LONW)
ELON=0NS TOD(LONE)
IF(OUTPRO «NEes HUTM o«ANDe OUTPRO oNEe HSTA)GO TGO 1200
IF{OUTPRO +EQe HSTA)GGC TO 1150
IFCOUTZON «NEs BLANKIGC YO 1050
QUTZON=0
gaL#QPﬁfas'NE'oDUIPROoN.EoSLAI.(ULCh+ELDN’#-SDOoOUTZON)
BRITE(LWRITE » B090)OUTZON
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GRIDOT PROGRAM -~ Re EDWARDS AND R. DURFEE (CAK RIDGE NATIGNAL L AaB)

B090 FORMAT(10X+*"MAP UTM ZC%NE AUNMBER =0 412X ¢ AS)
GO TO 1200
1100 WRITE(L¥WRITE8100)0UTZCN
8100 FORMAT(10X.*MAP LITM ZCNE NUMBER =0,116)
GO TO 1200
1150 MRITE(LWRITE+8120)0UTZCN
8120 FORMAT(10X,*MAP STATE CGODE =0 4i2X0A4%)
1200 IFUINPRO oNEe. HLL <AND. INPRO oNEes HSTA JAND.
1 INPRO oNEe HUVTM)GO TC 5850
IFCINPRO oNEe HUTM cANDes INPRO oNE. HSTA)GO TO 1400
WRITE(LWRITE ¢ 8140)I NPRO
8140 FORMAT{1CX+*GRID PROJECTICN =0,12X e A%)
IF({ INPRDO +EQe HSTA)GOD TG 1350
IFCINZON oNE, BLAMK)GC T0O 1250

INZON=0
CALL PRQJUC*NE* 2 INPROcNoBGoSLAT ¢« (WLCNFELUN)* 5009 INZON)
GO 7O 1300

12€0 WRITE(LWRITE+8150)INZCN

8150 FORMAT(10X,"GRID UTM ZONE NUMBER =0,]12X+A4)

GO TO 1400
1300 SMRITE(LWRITE 8160)INZCHN
81€0 FORMAT(10Xs 'GRID UTM ZONE NUMBER =0,116j}
GO TO 1400
1350 WRITE(LWRITE,B81806)INZCN
8180 FORMAT(1OX,*GRID STATE CCDE =% 312X 9A%)

1400 IF(OUTPRO oNEe HALB «AND. OQUTFRC oNE. HLAM)GO TO 1550
PDi=DMSYOD(PDEF 1)
PD2=D¥STOD(PDEF2}
IF(PD1 oNE o 04D0O +ANDe PD2 +NEs 0.00)GO TO 1500
PD1=27.5D0
PD2=4€.5D0
FDEF1(2)=30.D0
PDEF2(2)=3CeDO
IF(DEGDOMS <EQ. HHPD)GO TO 1450
PDEF1(1)=27.D04%
PDEF2(1)=45.D4%
GO TO 1500
1450 PDEF 1{ 1) =27.3D4
PDEF2( 1) =45.304
1500 IF(DEGDMS oNEe HDMS) WRETE(LBWRITE8200)PD1,PD2

8200 FORMAT(10Xe *STANDARD PARALLEL &} ='-—4PF10.6" DEG* /
1 10Xy *STANDARD PARALLEL #2 =24 ~4PF10.64* DEG")

iIF(DEGOMS .EQ- HDMSSHFIIE(LHRXYEcBZZO)PDEFI.PDEFZ
8220 FORMAT(10X,:°STANDARD PARALLEL a1 =
1 <«<4PF15.0,* DEG" 40PF640,"* Nlh",OPFlOo4o' SECY/
2 10Xy *STANDARD PARALLEL #2 =",
3 =4PF15¢0+s? DEG' s0PF6e0s* MIN®40PF1044+* SEC*)

PRINT CARD 3 (NORTH LAT LIMIT, SOQUTH LAT LIMIT,

89



GRIDUT PROGRAM — K. EDWARDS AND R. DURFEE {CAK RIDGE NATIGNAL LA8)

WEST LCN LEIMITs EAST LCN LIMIT)

C
1550 IF({DEGDMS sEQe HOMS)WRITE(LWRITE »8240 JLATN+ LATS oL CNWLINE

(2XaleXalp)

£240 FORMAT
(10Xo*LATITUDE BQUNDARY NQORTH =%,
—4PF15.00° DEG®*9OPFGe 090 ?® HIN?®0PF10e4+® SEC?'/
10Xs *LATVITUDE BOUNDARY SOUTH =%,
—4PF 15400 ' DEG*+0PF6e 09 ® MIN® OPF10e4,* SEC*'/
10X, *LONGITUDE BOUNLARY WEST =9,
=~4PF15¢0+s® DEG?*20PF6Ge00?® MIN? 40PF10:4+" SEC*/
10X e *LONGITUDE BUUNLARY EAST =%,
—4PF 1509 " DEG? cOPFEe02® MIN?' ,0PF1064.° SEC?)
IF(DEGDMS oNEe HDMS)BRITE(LURITE 8260 )LATN(1}sLATS(1),
LONW( 1) +LGNE(1)
82€0 FORMAT(10Xs'LATITUDE BOUNCARY ACRTH = +~4PFl06¢* DEGY/
10Xe 'LATI TUDE BOUNCARY SOUTH ='+-4PF10+69* DEGY/
10Xy '"LONGI TUDE BOUNLARY WEST =% ,-4PF10.0+' DEGY/
10Xe 'LONGI TUDE BUUNLCARY EAST =% +-GPF1046+' DEGH)
IF{NLAY J.,LEo SLAT)GO TO 5$00
IF(WLON .LEe« ELON)GO TO 5%50
IF{INZON oEQs QO oANDs INPRO +EGe HUTM)

- NN

W

1 CALL UTMRUNE " ;NsE s (INLATHSLAT ) #5000+ (WLONSELON)* o500, INZON)

IF(OUTZON «EQe¢ 0 «ANDe OUTPRO +EQe¢ HUTM)

1 CALL UTMREYNE?® yN+E s INLATH+SLAT) %500 ¢ (WLON+ELON) * 500, 0UT2Z20ON)

READ CARG 4 (DELTA LAT BETWEEN TICS,
DELTA LON BETHWEEN TICS,
DELTA NORTHING BETWEEN ¢ ICS»
DELTA EASTING BETWEEN TICS)
READ(LREAD» B8280+END=S€E40) TICLAT sTICLONTICNORSsTICEAS
8280 FORMAT(2(=4PF1060+0PF 3¢ 020PF7¢4) 02F1040)
LATTIC=DMSTOG{YICLAT)
LONTIC=DMSTODC TICLON)
IF(LATTIC o+EGe 0.D0J)GC TC 1700
IF{LONTIC oNEes 0,D0XGO TO 1650
LONTICSLATTIC
DO 160C I=1.3
16C0 TICLON{I)=TICLAT(I)
1650 IF(DEGDMS oENe HDMS) WFI.TECLBRITE ¢8300)TICLAT ¢TICLON
8300 FORMAT
1 CLOXL"LATITUDE TIC INCRENENT =°,
2 —4PF1Se00? DEG*s0PF6099° MIN® yOPF10e4+* SEC'/
3 10X, *LONGITUDE TIC INCREXENY =9,
-4 =O0PF15609® DEG*s0PF6ea09° HIN'9OPF10e4s? SEC?)
IF(DEGDMS <EQe HDEG) WRITE(LNRITE »8320)TICLAT (1) +TICLON(1)
8320 FORMAT(10Xs *LATITUDE TIC INCREMENT =°¢~4PF10a6»
1 10Xe *LONGI SUDE TIT INCREMENT ¢ .~4PF10.6)
1700 IF(TICEAS <EQe G,00) TICEAS=TICNGR
IF(TICNOR oNEos 0.00) WRITE(L MRITE 8340 )TICNORTICEAS
83640 FORMAT(10X s *NORTHING TIC INCREMENY =" 12X (F10.,0/
| 10Xs *EASTING TIC INCREMENT =0512XeF10.0)
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GRIDDT PROGRAM -~ Ra. EDWAHDS AND R. DURFEE {(LAK RIDGE NATICAAL LAB)

anon

READ CARD 5 4CELL HEIGHT AS DELTA LAT OR DELTA NORTHING
CELL WIOTH AS DELYA LON GOR DELEA EASTING
READ{LREAD+8360,END=56501ENSDEW
8360 FORMAT(2(~ 4PF10¢0:0PF3¢0»0PF7-4))
DELNS=DMSTUDI(DNMS)
DELEW=DMSTOD{(DE W]
IFCDELEW oNE. Co.0G8)GU YQ 218C0
DO 178Q (=163
17250 DEw( L)=DNS(I)
DELEW=DELNS
CIBOQ IF{INPRD o+NEs HLL)GO TG 1850

c CELL SIZE 1IN DEGREES
IF(DEGDOMS +EQe HOMS) WfI TE(LORITE »48330)DNS +DEW
8380 FARMAT
1 (LOXs *NORTH/7SOUTH GRID SPACING=?,
2 =—4PF15.05° DEG*eOPF6+0,% MIN yOPEL0e4+* SECY/
3 10X2'EAST/MEST GRID SPACING =9,
4 ~4PF15,0,"% DEG*+0PF6E40,% MIN'0PF10e4+® SECY)
IF(DEGDMS oNE ¢« HDMS) WRITEILRRITE ¢8400)JDNS(1) +DEW (1)
8400 FORMAT(1O0Xs *NORTH/SOUTH GRID SPACING=' 312X 4 ~4PF1046,% DEG'/
1 10X, *EAST/WE ST GRLID SPACING =1,12Xs~0PF10.6+° DEG?)

IF(DECNS oLEs 04D0 «QRe DEGEW olEe 0.DOIGO VO 6000
GO 7O 195400

CELL SIZE 1IN METERE QR FEET
1850 WRITE(LWRITE #B420)DNS(1) JINUNIT,OEW{1) ¢ IPUNIT
84Z0 FORMATI(10X s *NORTH/SOLTH GRIL SPACING=? 412X s=4PFl0Co2XsAl/

C
C

1 LOXe *EAST/WEST GRID SPACING =1 .12Xe~4PF1Ge0y1XsAL)
19C0 IF(CELNS olEe 04D0 <ORe DELEW oLEe O0+00)GU TG 6050
o
C CARD 6 (NORTHERN)SGUTHERNSWESTERNJEASTERN BOROERS GF GRID)

READ (LIREAD ¢ BAG D JyENG=58502GN -5 68 oGE
8440 FORMATIA4{~4PF 104 0o0PF 30 Co0PF74%))
NBORD=DMSTOD(GN)
SBORD=DMSTOD(GS)
WBORD=DMSTOD{GY)
EBORD=DMSTQD(GE )
SHORGN=0.D0
SWORGE=0.D0
NELIMA=QDO
NEL IME=0.00
IF{(NBORD e£Qe Q-D0) NBCRD=NLAT
IF(SHBORD «EQe UD8) SBLRD=SLAT
IF(HB0RD +£Qe 0.00) WBEGRD=WLCLN
IFCEBOUORD o¢EGe 0.00IEBCRO=ELELN
DD 19€0 I=1,3
IFIGNII) oEQe OL,DOIGNCI2=LAINI(I}
IF{GSUI) +EQ. O DO)GS(I)“LA?S‘ ¥

0L



GRIDDT PROGRAM =~ He EDWARDS AMO Res CURFEE (GAK RIDGE NATIONAL L AB)

IF(GHLL]) ~EQs D.DAIGUR(IN=LEARL(T]

IF{GEL 1) +EQs OJDOGESIDI=LONE(])
190 CONTINUE

IF(NBORD+SBORD+ WBAORD+EBGRD ,GTs 50000)GO TO 2050
200C IF{DEGDMS +EQa HOMS) BRI TE(LRRITE +8460 JGNGS ¢GW » GE

8460 FORMATI{10X,2GRID NUORTHING BLRDER =1,
1 —APF15:0e" DEG's0PFGaC0s* MIN?0PFLI0ad+* SECY/
2 10Xs *GRID SOQUTHERN BCRDER =v,
3 =4PF15e0s® DEG?,0PFGe0e? MIN® ,0PF10e4,* SEC*/
4 10Ky *GRID WE STERN EBGRDER =?,
5 ~4PF 15e00? DEG*a0PFE203s* MINY O0PF10e44+* SECY/
6 10X *GRID EASTERN BURDER =0,
7 =4PF 15402 DEG!*s0PF6<0+® MIN®*OPF10e4,* SEC*)
IF(DEGDMS oEQe HDEG)IWRITE(LWRITE ¢8430 INBORD ¢SBURD ¢WBURD, EBCRD
B4E0 FORMAT(10Xs°GRID NIRTHING B8CROEER S% 4=4PFL10eH+* DEGY/
1 10X+ 3GRID SOUTHERN BCLCRDER =3 ,=4PF 1066, DEGY/
2 10Xe 'GRID #WESTERN E0ORDER =C a~4PF10¢6,* DEGY/
3 L1 0Xs 'GRID EASTERN BLRDER =9 ,~4PF10,6+* DEG*)

IF(INPRO oNE« HLL)IGO %0 2100
ENS=DMOD{{NBORD-SBORD }sDELNE) Z/DELNS
EEwW=DMAD{ ( WBORD~EBORD} ~DELE W) /DELEW
IF(ENS oGTa +0010C +ARDs ENE oLTe 299900 JORe
% EEW o6Ts ¢001D0C 2+ ANDe EEW oLTs «999D0)G0O TC 6200
G TO 2200
2050 SWORGN=GS(1}/1.0D4
SWORGE=GW(1)/71L.D4
NEL IMN=GN{1)}/1.D4
NEL IME=GE{ 1)/§+D4%
2100 CALL PRDJ('NC'vinR015NSH’UE5iOSBCHDQHBQRDcINZGN‘
CALL PROJU'NE*JINPROLENSEGEESE +SBORD «EBORDs ERZUON)
CALL PROJIOPNE P s INPRUOIANMNE dEENE JNEBORCHIEBORD ¢ IRZOND
CALL PROJ{NE ' INPROoANNRIMENN JABORD + WBORD ¢ INZON)
IF( SWORGN oEQe CeDQ)SNORGA=DMINL{SNSNSNSE)
IF{SWORGE «EQe CaDO) SHORGE=DMINI (UESY WENW)
IFINELIMN oE Qs CoeDOINELIMN=DMAXE (NKNWWNNNE )} +DELNS
IF{INELIME JEQs ODJDOINELINE=SCMAXL (EESELEENE ) +DELEYW
SYWORGA=DELNS*IDINT(SWCRGN/DELNS) :
SHORGE=DELE WA IDINTISHCRGE/DELEW)
NEL IMN=DELNS®IDINTINELI{MN/DELAS)
NEL IME=DELEWSIDINTINELIME /DELEW)
2180 WRITE(LWRITE « BSUOINELTIMN s INUNIT oSRORGNLINUNIT,
SWORGE « INUNIV.NCLIFE »INUNLY

[ 3

8500 FORMATY(I1OX, *NORTH GRIL BCRDER = 512X eF 1000 IXs AL/
1 10Xs *SOUTH GRID BORDER =0 412X oF 1009 21X AL/
2 10X *WEST GRID BORDER Tt el 2XeF 1040 IXsAlL
3 10X, *EAST GRID BOARDER = 12K 2F 10404 IXsAL)

IF{SWEORGN +GE, NELIMNIGO YO 6100

IF{SYWORGE L,GE. NELIME}GO TO 6150

IF(DMOD{ {NEL IMN~SWORGN) ;DELSNIZDELSN oGTas 00100 oORs

1 DMOD{ (NELIME~SWORGE } s DELWEDI/DELRE oGV e 00100)GO TO 6250

|44
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READ CARD 7 (CELL NUMBERING DIRECTIONs FIRST CELL INDEKX,
CELL AUMBERING INCREMENT » CTELL NUMBERING ORIGIN)
( THESE FIELDS ARE REPEATED CONCE)

2200 READ(LREAD 4BS20,END=S€50)

852¢

2280

8540

8560

8580

23C0
8600

2350

1 CID{I)oKZ{1)sKGO(I}e{GZ(Jdsl) ¢J=1¢3)e1=1,2)

FORMAT(2(AZ29110¢184—4FF1060+0FF3.0,0FF744))
DO 2250 I=1+2

IF{(KGO(I ) «EQe O eANDe KZ{(I)} +EQ. 02)KZ(i)=1
IF(KGO(I) ~EQs O0)KGO(I)=1

CONTINUE

IF(ID(1) +EQes BLANKIIDI1)=HWE
IF{ID(2) «EQe BLANK}ID(Z2)=HSN
IF( I0FF «NEe« HYES)GO 10 2300
IFCINPRO oNEe HLL)IWRITE(6+8540)

1 CIC(I ) KZ( ) oKOO(I ) sGZ (1 oI ) o INUNEIT o I=1,2)

IF( INPRO +EQe HLL oANDe DEGODMS ¢EQe HOMSIWRITE(64+8560)

1 {ID(1)eKZUI)oKGO(I)s(GZ(Jsl) ¢J=1,3)sI=192)

IFCINPRO +EQe BLANK AND, OEGDNFS oNEe HDMS)IWRITE(6»8580)

1 {IDCI ) KZO 1) sKGO(L ) eGZLL sl )ei=1,2)

GZERUO( 1)=DMSTOD(GZ(1,1))

GZERO( 2)=DM3TOD{(GZ(1,2))

GO TO 2350

FORMAT(10Xe'GRID CELL NUMBERING =0 312X 3A2+% FROM®*,18," BY"*, 16/
1 10Xy "GRID NUMBERING CRIGIN =0 512X s~4PF 1005 1X9AY//
2 10X+ *GRID CELAL WUMBERING =0 412X eA29* FROM' I8, BY®, 16/
3 10X, *GRID NUMBERING CRIGIN =0 412X e~=4PF 10 00 1XsAl)
FORMAT(10Xs '*GRID CELL NUMBERING =0 412X sA2+* FROM' , I8, BY*y 16/
1 10X, *GRID NUMBERING CRIGIN =%,
2 —4PF 1540+ " DEG® +0PFGeUs* MIN"4OPF10e%+* SECY//
3 10X, 'GRID CELL NUMBERING =0 412X sA29" FROM® 18,9 B8Y?®, J6/
4 10X, °GRID NUMBERING CRIGIN =,
S —4PF 19e0s® DEG® ¢OPF5e0s® MIN?sOPF10e44+* SECY)

FORMAT(IOX«GRID CELL NMUMBERING =9 312X 2A2+" FROM®*,18," BY?®*, 16/
1 10Xs 'GRIC NUMBERIWNG CRIGIN =8 412X ~4PF10+6/7
2 10X *GRID CELL NUMEERING =0 312X sA2¢? FROM® 0 I8,2* BY?®, [6/
3 1 0Xe *GRID MNUMBERING CRIGIN =0 ,12X9~=4PF 10 6)
WRITE(CEy8600)(ID(L) +KZ{I)oKGG({I)sI=142)

FORMAT(10X,*'GRID CELL ANUNBERING = 412X 9A2,% FROM®' 4 [I8+¢ BY®, I6/

10X+ *GRID CELL NUMBERING =0 312XsAZ29s® FRUM? . I8:,* BY?, [6)

1

DO 26E£C J=1,2

IF( ID{J) oNE. HNS)GO TC 240C
JB=e TRUE ¢

JGO==-KGO{J)

GO TO 2450

IF(ID(J) oNE. HSNIGO ¥GC 2500
JB=eFALSE,

JGO=KGO( 1)

JZ=KZ (J)

GO TO 26350

L



GR IDOT PRCGRAM — Re. EDWARDS AND Re OURFEE (U0AK RIDGE NATIONAL L AB)

2500

2550

2600
26€0

IFCID(J) «NE. HEW)GO TIC 2550
IB=eTRLE »

1GO=-KGO{(J )

GO TD 2600

IFCID(J) oeNE, HWE)GO TO €300
IB=o4FALSE

IGO=KGQ( J4)

I1Z=KZ(J)

CONTINWE

Chk%x%END INPUT
C
Ctx%¢%x8EGIN PRELIMINARY CALCULATICNS

2700

2750
1

1
1

1

SCALER=12D0Q/SCALE
IF{OUTPRO «NEes HSTA)SCALER=39.37D0/SCALE
CELEW=1+.00/DELE W
CELNS=1,D0/DELNS
IF( INPRDO +EQe HLL)IGO TC 2700
KTX=ROUND({ (NELIME-SWORGE ) #+CELEW+1.D0)
KTY=RGUNDI{NELIMN-SWORGN) #CELNS+1.,D0)
Ga TQ 2750
KTY=RCUND( (NBORD-SBCRD) SCELAS+1.D0)
KTX=RCOUND{ ( WBORD-EBQORD) *CELEW®+1.D00)
IF(OUTPRAO «EQe. HPOL)
CALL POLYST{SLATs {WLGNH+ELTN)I*¢SDO 50+D0s04D0)
IF(OUTPRO +EQe¢ HALB)
CALL ALBRSTIPD1 +PD2 427500 (WLCMELGN)*45D04,0,D0+04D0)
IF{CUTPRAO +EQs HLAM)
CALL LAMBST(PD] +PD2 4274500+ (WLCN+ELCN)*45D0,0,00+0.D0)
CALL PROJI'NE® QUTPRO o YSW ¢ XSH ¢SLAT s WLONOUT ZCN)
CALL PROJE *NE "y DUTP RO s YIE o XSEsSLATSELCNQUT ZCN)
CALL FROJ{'NE?® sQUTPRGsYNE o XNEWNLAT ELON,OUT ZCN)
CALL PROJ( NE "o OUTPRO sYNW o XNB o LLAT o WLCAL4QUT ZCIN)

CALL PROJLUINE* JQUIPROWYRID o XMID »SLAT s {ELONSRLONI* «SD0,OUT ZON)

XO=DMINL{ XSWy XNW)

YO=OMINI(YSWe YSE,s YMID)

YMAX=DMA XL {YN¥, YNE)

XMA X=DMA X1 { XSE o XNE)

IFCOXMAX~X0) *SCALER «GTe NAXW oCke
CYMA %= YO ) %SCALER +GY¥e MAXH)GO TOQ 6350

X0=X0~2400/SCALER

YO=Y0-1eDJ/SCALER

YMAX=( YMAX—=YO) 2SCALER+.5D0

XMAX=( XMAX=X0)®*SCALER+1.C0

[=KTX/2

IF(I .EQe 0)I=I

J=KTY2

IF(J «EQ. 0)J=1

CaLL CONVRTIKTX/260sKTV/2s0 sTNSTE)

XM= X

YM=Y

€L
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adho

28490

2850

2900

29¢€0
3000

3050

3100

3150

CALL CONVRT( 104K IX/2eC001e0+KTY/2:0,TNSTE)
DX=X= XM

OY=Y=YM

DS=DMINI (D XD ¥}

HI=0e.C7?

IFIDS LT e0el1) HI=De 035
OX=(DX~HI)*%*.5

DY=(DY+HI)*.5
YHIGR=29,5~124+%HI
YLABEL=YHIGH+5, *H1

SWD ISP=HI%8,

END PRELIMINARY CALCULATIGNS

ESTABLISH CELL NUMBERING FARANETEFS
IF(IB)IZ=1Z~1GO*(KTX~2)

IF{JB ) JZ=JZ-JGOR(KTY-2)

IFCIOFF NEs HYES)GO TQ 3250

IFCU INPRQ ¢NEe HLLIGO TG 3000

00 29£0 J=1,.,2

IF(ID{J) <«NE. HNSIGO TO 2800

INC=RCUND{ {GZERO{ J) ~NEQRD) 3CELNS®KGU(J})
JZ=JTZ+INC

GO 7O 2950

EF(ID(J) oNEe HSNIGO TO 2ES0

INC=RGUND( ( SBORD~GZERG( J4) ) *CELNS*KGC{ 4))
JZ=JZ +INC

GO TD 2950

IFLID(J) oNEe HEW)IGO TO 2S00

INC=RCUNDU (EBORD~GZERCI( J) ) FCELEWRKGO(J))
1Z=1Z +INC

GO TQ 2950

IF{ ID(J) oNE. HWE)GO TO 2950

INC=ROUND( (GZERO( J) ~WEBORD ) *CELES*KGC(J))
IZ=1Z ¢INC

CONTINVUE

GO TO 3250

DO 3200 J=1.2

IFLIDIJ) o+NEe HNS)IGO TO 3050

INC=ROUND( (GZERO{ J) -NELLMN) SCELNS*KGO{ J} )
JZ=JZ ¢+ INC

GO TQ 3200

IF(ID(J) «NEe HSNIGOD 70 3100

INC=RCUND{ ( SHORGN~-GZERG( J? ) PCELNSEKGO(J))
JZ=J2 +INC =

GG TQ 3200

IF(IDC(J) «NEes HEW)GO TO 3150

INC=RCUND{ {GZERO( J) ~NELIME) *CELEW*KGG(J))
1Z=1Z #INC

63 TO 3200

IF(ID(J} +NEe HWE)GO 30 315¢

17
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INC=ROQUND{ { SWORGE—-GZERQGJ) ) *CELEW*KGC(J))
I1Z=1Z 4+ INC
32200 CONTINUE
3220 CONTINUVE
KMAX=HAXO( IZ4 XZ4IGORIRKTX—1) ¢JZ2¢JZ+JGAK(KTY-1))
C KMAX IS THE LARGEST ROW OFR CCLUMN NUMBER
LMA X=KMA X
LOGL=DLAG10{LMAX]
KMA X=L0GL+1
€ KMAX IS NQw THE NUMBER QF DIGITS IMN LARGEST NUMBER
NEDISP=( 26~ 6%KMAX)%HI /7.0
g END CELL NUMBERING PARAMETERS
<

INITALIZE PLGTTER
3300 CALL PLINIY
CALL CROSS

DRAW THE CELL NUMBERS ALCNG THE 80TTOM
° ANGLE=90,
D0 3400 I=2,KTX
ICOL=(1I-2)*1GO+12Z
CALL CONVRT(I=eSeie 0o TLAT+TLCN)
IFCTLAT oGEe SLAT «ANDe TLAT 4LEe NLAT oAND.
1 TLON offEe WLON +ANDe .TLON ,GEe ELCNIGO TO 3350
IF{ INPRO .EQ. HLL)GD TO 3400
E=( I~ 15)/CELE W+ SWORGE
CALL PROJI*NL®*INPROSNIE s SLAT « TLENGINZTN)
IFCTLON «GTe WLON «QRe TLCN oL Te ELCNIGO TQ 3400
CALL PRDJ( *NE *, OUTPRD oN1 2F1 +SLAT+TLON,CUT 2ON)
X={E1=X0)®SCALER
Y=({N1=-Y0)*SCALER
3350 CALL NUMBER( X Y=SWDISPHl +ICOL ¢ANGLE»2HIB)
3400 CONTINUE

DRAW THE CELL NUMBERS ALCNG THE EAST EDGE FROM SOUTH TO NORTH
ANGLE =0,
DO 35C0 J=2.KTY
JROW=(J-2) %JGO+JZ
CALL CONVRT(FLOAT(KTX) 0 J=eS eTLATTLCN)
IFCTLAT +GEe SLAT ¢ANDe TLAT JLEe NLAT <ANDoe
I TLON JLEe« WLON ,ANDe :TLGN GEe ' ELCN)GO TQO 3450
IF( INPRO .EQe HLL)GO 70 3500
={J=1e5)/CELNS+SBORGN
CALL PROJE'LE*JINPROWNSE«TLATELCAGINZON)
IFCTLAT LTo SLAT J0ORe TLAT o,GTe NLATIGO TO 3500
CALL PROJ( *NE "o OUTPROONE sE1 s TLATLELONGUTZON)
X=(E 1-X0)*®* SCALER
Y={(NI=Y0 )G SCALER
3450 CALL NUMBERUX-NEDISP s YeHI ¢+ JROWLANGLE 42H1IS8)

an

SL



GRIDOYT PROGRAM =~ Re EDWARDS AND Ra.

350
C
C

DURFEE (OAK RIDGE NATIONAL L AB)

IF{IADDL +£Q¢ HYES)CALL NUMBER(XMAXENEDISP Y sHI o JROMW
1 ANGLE, 2HI 8)

0 CONVINGE

ORAW CELL NUMBERS ALCNG THE TOP FROM EAST TO WEST
ANGLE=S0.

PO 3€00 I=2+KTX
ICOL=(KTX=-1)%1IGO+I2Z

CALL CONVRT(KTX=141e¢S FLCAT(KTY)sTLAT»TLCN)
IF(TLAT +GEe SLAT <ANDe TLAT oLEe NLAT .AND,

1 TLON oLEe HLON +ANDe . TLOUN GEe ELGCN)GO TO 3550
IF({ INPRDO .EQe. HLL)GO TO 3600
E={KTX~[+1S)/7CELEW+SUQRGE
CALL PROJ(*NL? s INPRO oA SE ¢ NLAT«TLENS INZCN)
IF{TLON oGTe WLON «ORe TLCN <LTe ELON)GO TO 3600

CALL PROJ( °NE ¢ QUTPROGNL ¢E1 o NLATo TLON,GUT ZON)
X=(E 1—-X0 )% SCALER
Y=(N1-Y0)*SCALER

3550 CALL NUMBER( X9 V-NED I SPoHI + 1CCL s ANGLE » 2HI8)

IF(JADDL oEQs HYES) CALL MUNBER{X oY MAX#NEDISPsHI+ ICOL,
1 ANGLE, 2418}

3600 CONTINUE

C
<

C

3650
3700

ORAW CELL NUMBERS ALONG THE WEST EDGE FRCM TOP TO BOTTOM
ANGLE=0Q,

DG 3700 J=2+KTY

JROAW=(KTY~J4)24G0+JZ

CALL CONVRT(LoO0oKTY=J41 S+ TLATSTLON)

IFCTLAT (GEe SLAT sANDse TLAT JLEe« NLAT . AND.

1 TLIN JLEs WLON «ANDe TLON oGEe ELCN)IGO TOQ 3650
IF( INPRO oFEQe HLL)GO TO 3700

N=(KTY=J+1e5) /CELNS+SRWORGN

CALL PROJ{LE ¢ INPROsNoE +TLAT +HLCAs INZON)
IF(TLAT oLTe SLAT ¢ORe TLAT o,GTe NLAT)GO VTQ 3700
CALL PROJI*NE ? s OUTPRO N1 SEL s TLATWLC N, OUTZ0ON)
X=(E1l-X0)XSCALER

¥=(N1i1—~-Y¥0)® SCALER

CALL WNUMBER(X=SWDISP 4YosHI s JRCWsANGLE ¢ 2HIB)
CONTINUE

IF{ INPRO +EQe HLL o+ANCe NBUORD ¢EQo NLAT «ANDe SBORD <EQe SLAT
1 «ANDe WBORD +EQe HLLN AND, EBORD .EQes ELON

2 +ANDe ILINE +EGe HPCIGO TG 4450

DRAM NORTH/SOUTH GRID LINES MORKING FROM WEST TO EAST
DIR=e TRUE .

DO 400Q I=1.KTX

IFCILINE +EQe HPC oANDoe I oNEoe 1 «ANDe I oNEoe KTX)IGO TO 4000
DIR=«NOQTWODIR

CALL CONAUX(I s1 sNLAT] 4ELCNY)
CALL CONAUX(I +KTYNLAT2 yELCN2)

9L



GRIDOT PROGRAM -~ Re EDWARDS AND Re DURFEE (CAK RIDGE NATIONAL L AB)

IF( INPRO oEQs HLL)GN TO0 355¢
CALL PROJE *NL* s INPROJNTLELONL +SLATsALCNS «» INZON)
NLATI=DMAXLI(NLAT] ¢NTo SWGCRGN)
CALL PROJI"NL®oINPROJNT JELGN2 JNLAT. ALCNN,INZGN)
NLATZ2=SDOMINLINLAT2 NTJAELIMN)
CALL PROJ(*LL®+INPROSNLATIJELLN] oALATS,ALONS s INZON)
CALL PROJUPLL®yINPROINLAT2+ELGN2 cALATNJALONNINZON)
IF((ALONS J LEes ELON oANDe ALONN (LEes ELON) .0OR.
1 (ALOGNS ,GE.s WLON ¢ ANDe ALCAN GEe WLAN)IGG TA 4000
T=(ALATN=ALATS) /L ALONS~ALONN)
IF(ALONS JLE. WLON)GO TQ 3750
ALATS=ALATS+{ ALONS-BLCNLRT
ALONS=W_ON
GO ¥O 38Q0
3750 IF(ALONS .GE. ELONIGO TG 3800
ALATS=ALATS+({ ALONS-ELCN)}*Y
ALONS=ELQN
3800 IF(ALONN .LE., WLON)GD TO 3850
ALATN=ALATNS(ALONN=¥WLGON) *T
ALONN=WL ON
GO0 TO 39400
3850 IF(ALONN .GEes ELON)GG TO 3900
ALATN=ALATN+{ALONN-ELON)I®T
ALONN=EL ON
3900 CALL PROVITNE®sINPROSNLATI +ELCNL sALATS JALONS ¢ INZON)
CALL FROJE{O'NZ O3 INPROJNLAT2+ELCN2 ALATNSALONNSINZON)
3950 IF( «NOTDIR)CALL BILINEC INPRUSINZ2CN +QUTPROSOUTZON
1 NLATI1,ELONLIsNLAT2 oELCNZ 3SCALE¢X0,Y0)
IF(DIR)ICALL BILINEC(INPRG,INZONOQUTRRO,0UTZON,
1 NULAT2.,EL0ON2eNLAT]I JELCNL sSCALE oX04¥Y0)
4000 CONTINUE
DRAW E/¥ GRID LIAES
405C¢ OIR=¢ TRUE,
DO 4350 J=1.KTY :
IFCILINE o1Qe¢ HPC ¢ANDe J oeNEe 1 oANDe J oeNEe KTY )GO TO 4350
DIR= ¢NDTLDIR
CALL CONAUX{12JoNLATI £LCNL)
CALL CONAUX(KTXsJsNLAT2 ¢ELCAN2)
IF{ INPRO ,EQ. HLL)GO TO 4300
CALL PROJ('LE*+INFRONLATEsETsALATHsWLONINZCN)
ELON1=DNA X3 (ELON1 ET, SWORGE)
TALL PROJ(PLE "o INPROJNLAT2sET2ALATE ¢ELONS EINZCN)
ELON2=DMINL{ELON2 JE T, NELIME)
CALL PROJ( *LL "o INPRONLATL oELGCNY s ALATW,ALONW » INZON)
CALL PROJC( 'LL*s INPROSNLAT2¢ELCN2 +ALATEZALONEINZON)
IFCCALATY oGEe NLAT ,ANDOe ALATE oGEe NLAT) <OR.
1 (ALATE LLEe SLAT .ANDe ALATE o+LEs SLAT)IIGO TO 4350
T=(ALONE ~ALONW) /(ALATR=-ALATE)
IF{ALATE ,GEs SLAT)IGO TQ 4100
ALONW=ALONNC{ ALATW-SLAT)*Y

LL



GRIOOT PROGRAM — Re EDWARDS AND Re

ALATW=SLAY
GO Ta 4150

4100 IF(ALATW .LEes NLAT)IGO TC 4150
ALINW=ALONWH(ALATH=-NLAT) #Y
ALATW=NLAT

4150 IF(ALATE +GE. SLAT)IGO TQ 4200
ALONE=ALONE+{ ALATE~SLAT) 7
ALATE=SLAT
GO ¥O0 4280

4200 IFLALATE JLE. NLATIGO TG 4250
ALONE=ALONE+( ALATE~NLAT) *T

ALATE=NLAT
42S0 CALL PROJ( "NE P INPROSNLATI oELONL sALATWLALONW ¢ INZON)

CALL PROJIUCNE * ¢ INPROJNLAT2 ¢ELCN2 yALATE sALONE s INZON)
43C0 IF( «NOTDIR)CALL BILINECINPROINZONQUTPRO+OUTZONS
I NLATIeELONLSNLAT2 sELCN2 +SCALE :X0,Y0)
IF(ODIR)ICALL BILINE{INPRGSINZONSOQUTPRO.CUTZON,
1 NLAT2.ELON2sNLAT] sZLONL «SCALE ¢X0,Y0)
4350 CONTINUE
IFLIL INE oEQs HPCIGO 10 4450
IFTILINE +NEe HGP)IGOC TO 4600

ORAW + MARNKS STARTING FRCM THE WESTY

4400 OFFSE 1=, 5D0
KUP=KTX~1}
JUP=KTY-1
GO TO 4500
NA50 IF(KTX ¢EQe 2 ¢ORe KIY oEQe 2)GC TO 4600
KUP=K TX~-2
JUP=KTY=2
OFFSET=1.00
4500 DIR=4TRUE.
DO 4550 I=1,KUP
DIR=«NOT O IR
00 4550 J=1l.JUP
JT=J
IF(DIR)JT=JUPH+1-J
CALL CONVRT(IHUFFSET s JTRCFFSEToTLAT s TLCN)
IFITLAT oGTe NLAT o0ORe TLATY o0LTe SLAT .0R,
1 TLON 6T WLON «ORe TLCON LT, ELCNIGO TO 4550
CALL SYMBOLIXeYeSIZE ¢3sANGLE»~]1)
CQSSO CONTINLE

4600 IF(TICNOR +EQs 0.D0)GC TC S100
IFLINPRO o+NEs HLL)GO TG 4650
INPRO=HUTM
INZON=0

on

CALL PROJC "NE * o INPROsNeE s LSLATHNLAT ) *,5D0 ¢ (RLON+ELON)}*25D0s INZON)

4650 DELTA=SCALE®,125D0/12.D0
IFUINPRO oNEes HSTAYDELTA=SCALE#*,12500/39,3700

BURFEE (CAK RIDGE NATIGNAL LAB)
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C TIC MARKS ALONC THE BLCTTCM
CALL PROJL INE * o INPROJNSRIESHeSLAT o WLONLINZGN)
CALL PROJEONE ' o INPROJNSEsESE o SLAT ELCNIINZON)
EV=TICEASXIDINT(ESW/TICEAS)
Q7T IF(ET +..Te ESWIGO TO 4750
CALL PROJOPNL®+INPROINL sETsSLAT LT INZON)
CALL BILINECINPROJNZCNSCUTPRGC+CUTZGN Y
1 NIHDELTA/SDOETN1-DELTALET oSCALE¢X0,Y0)
4750 ET=ET+TICEAS
IF(ET J.Te ESE)GO T2 4700
C TIC MARKS ALONG RIGHT EDGE
CALL PROJ{'NE® ¢ INPRO JANE +ENE o NLAT +ELCNoINZON)
NY=TICNORXRIDINTI{NSE /TICNCR)
4800 IFINT L.To NSE)GO TO 4€50
TALL PROJIPLE 5 INPROJNT oE1 oL T oELONINZCN)
CALL BILINE(INPROINZCNsCUTPRC +CUTZGNo
1 NVsEL-DELTA/SDONTELEDELTA ¢SCALE ¢X0,oY0)
480 NT=NT+TICNOR
IFINT oLTe NNEIGO YO 4800
C TIC MARKS ALONG T0OB
CALL PROJU'NE "o INPROJNNRsEANRgNLAT sWLONsINZON)
ET=TICEASE(1.DO+IDINTIENE/TICEAS))
490% IF(ET oGTe ENEIGO TO 4550
CALL PROJI "NL Y o INPROWNY oET +NLAT oLT s INZCN)
CALL BILINEC(INPROSINZCNsGUTPRO»CUTZCN,
2 NI-DELTA/SDOJETINI+DELTASET sSCALEsX0,Y0)
4950 ET=ET-TICEAS
IF(ET «GTe ENWIGO TO 4900
C TIC MARKS ALONG LEFT
NT=TICNORZ( 1+ DO*IDINT(NNB/TICNGOGR))
5000 IFI(NT GTe NNW)GO TO S050
CALL PROJICPLE *o INPROKRTsEL o LT o WLCNs INZGN)
CALL BILINE(INPROSINZCNCLTPRGC+OUTZCN
1 NTJELIH+DELTA/SDONT EL~DELTA ¢SCALE 4+X0sY0)
S0S50 NT=NT-TICNOR
IFINT «GTe NSWIGO TU 5000
C ORAW THE LATITUDE/LGANGITUDE LIMITS IF NECESSARY
£100 OFFSET=0.D0
INPRO T=I NPROC
INPRO=HLL
IF(LATTIC <EQe¢ 00D0)GC TO 5550
DELLON=SCALE%*4D~7
DELLA T=DELLONZDCOS, SLAT/5729500)
C TIC MARKS ALONG BCYITCM
LONT=LONTIC*{1.00+IDINKTARLCA/LCATIC))
5150 IF(LONT GTe. WLON)GO TO S$200
CALL BIL INE(INPROSINZCN+sCUTPRC o GUTZCN,
1 SLATLONTSLATCDELULAT ¢LENToSCALE+X0 +Y0 )
§200 LONT=LONT-LONTIC
IFCLONT .GTe ELON)GO TG 5150

6L
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[ LAY TIC ALONG RIGHY
LATT=LATTIC*IDINT(SLAT/LATTIC)
5259 IFLLATT +LTe SLATIGDO T0O S300
CALL BILINECINPRO+INZONcCUTPRUQUTZON
1 LATTIELONSLATTY.ELON+DELLON,SCALE+X0O,Y0)
S300 LATV=LATT+LATTIC
IF(LATT .LT. NLATIGO T4 5250
C LON TIC MARKS ALCNG TOP EDGE
LONT=LONTECXISINT(ELCN/LENTIC)
S350 IF(LONT 4. Te ELONIGO 10 54900
CALL DILINE(INPROSINZENsCUTPRO4CUTZON,
1 NLATSLONToNLAT-DELLAT JLCNT oSCALE+X0 YO0}
5400 LONT=LONTHLONYIC
IF(LONT JLTe WLONIGO TG 5350
Lo} LAT TIC MARKS ALCKG LEFT EDGE
LATT=LATTICX( 1DO+IDINTINLAY/LATTIC))
$450 IF(LATYT GY- NLATIGO TO 5500
CALL BILINELINPROINICNeGUTPRG4CUTZCN,
1 LATToULONSLATT WLON-DELLECNsSCALE X0 Y0}
SS00 LATT=SLATT-LATTIC
IFILATY oGT» SLATIGO TO 5450
5550 CELNS=1,D0/(NLAT-SLAT)
CELE¥=1.D0/{WLON-ELON)
KTX=2
KTy=2
IFC{ ISEG oNEe BLANK)CALL GENDOT(SLAT ;NLAT JELONJWLON,
% OUTPROJOUTZONSCALE ¢XQ ¢+ VX H1ISEG)
IF({ INPROT oEQe HLL <ANDe NBGRD oEQe NLAYT +ANDe SBUORD oE£Qe SLAT
sANDe WBUORD +EQe WLON +-ANDs EBORD <EQe ELON
2 oANDe ILINE «NEe HPCIGO TQ 5600
NBORD=NL AT
SBORD=SLAT
EBORD=ELON
WBORD=WLON
CALL OUTLIN
Ce¥3E2BEGIN DRAWING TITLE
5600 NBORD=NLAT
SBORD=SLAT
ESQORD=ELON
¥B8ORD=4L.ON
CALL CONVRTI1000140¢TLAT +TLCN)
CALL CRQOSS
CALL SYMBOLIX+1:¢030e1¢N13¢TITLE s0a0+803

C

Cttt##aEgiyaLABELLING BORDERS IN DEGeMINsSEC
=0e

C====gEGIN BOT-SOUTHWE ST
KNTROL=0
CALL DMSLAB(WLONS Xee27sHoKNTRGL)

(aXa)

C

08
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C=====8EGIN LEFT-SQUTHWEST

C

X=X=0 ¢ 15-KMAXSHI
KNTROL=-1
CALL DMSLAB{SLAT¢X¢YsH<+KNTRCL)

C=====BEGIN LEFT=-NORTHEAST

nn

cALL CONVR?(!.O'FLDAT(K'Y)QTLAT.TLON)

KNTROL=-1
CTALL DHUSLABINLAT s XeY sHeKANTIRQL)

===BEGIN B0T-SQUTHEAST

CALL CONVRT(FLUOAT(KTX) 0140oTLAT,»TLCHN)
¥=0e27

KNTROL=0

CALL ONSLABJ{ELONsXs\VeH s KNTRCL)

C=====END BCT~SOUTHEASYT
CH¥ & ¥END LABELLING BORDERS IN DEGeMIN,.SEC

5640

5650
8620
€700
~78Q
w640

56800
86€0

585¢C
8680

5900
8700

5950
8720

6000
8740

6050
8760

6100
8780

CALL PLOT(X#12¢+0e¢v=3)
GO Tg 1000

IF{ESEG oNEo HC «ANDe ISEG oNEe HS)GO YO 56S0

CALL PLA T

INPRO T=BLAKK

GO TO €550

WRITE (LWRITE8620)

FORMAT(* OLNSUFFICIENT DATA®)

sSToP

WRITE(LWRITE »8640)

FORMA T{ * 01 MPROPER SCALE °)

GO To 5700

WRITE(LWRE TE 0 8660)

FORMAT(® OANVALID GUTPLTY PROJECTION®)

Ga o 5700

WRITE(LERITE 8680)

FORMA T(*OIZNVALID INPUT PROJECTICN')

GO TQ 5700

WRITE(LWRITE 8700)

FORMA T(® OSOUTHERN LATIVUDE LIMIT GREATER THAN NGRTHERN')
GO TO S700

WRITE(LWRITE.8720) '

FCRMAT(® OEASTERN LONGITUDE LIMIT GREATER THEN WESTERN')
GO YO £700

WRITE(LWRITE + 8740) ,

FORMAT(® OLAT/LONG CELL HEIGHT/WIDTH IMPROPER")

GO 7O S700

WRITE(LWRITE 8760}

FORMAT(®OGRID CELL HEIGHT/MIDTH IMPROPER®)

<D T0 S700

4R ITE (LWRITE . 6760)

FORMA T(* OEASTERN EASTING LESS THAN WESTERN LIMIT*)
GO To 5700

18
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€150 ARITE(LWR]ITE »2800)
8800 FORMAT(® ONORTHERN NORTHING LESS THAN SOUTHERN LIMIT*)
- GD ¥ S700

6200 WRITE(LWRITE »8820)

8820 FORMAT({?QOCELL HEIGHT DOES NATYT OIVIOQE LATITUDE LIMITS QR*/
1 % CELL WIDTH DOES NCT DIVIDE LONGITUDE LIMITS®)
G0 19 S700

6250 WRITE(LWRITE +8840)

6840 FORMAT(®OCELL HEIGHT DCES NOT DIVIDE NORTHING L IMITS DRY/
1 * CELL WIDTH OOES NGT DIVID™ EASTING LINITS?}
GO TO £700

€300 WRITECLWRITE +88690)

6860 FgRgAfg;ggRlD NUMBERIAG DIRECTIUN CODE NOT NS+SN:Ed. OR WE®)
G 0 s

€350 WRITE(LWRITE.88840)

2880 FORMAT(*OMAP WIDTH OR HEIGHT EXCEEDS LIMITS'}
gg T0 S700

D

SUBROUTINE CONAUXCI ¢ JoNLATXJELCNX)
IMPLICIY REAL#8{(A-H L ~Z]}
COMNON /ZLIMITS/ NBORD ¢SBORG +WEQRD sEBORDCELNS ¢ CELEW»
$ SWORGN,SWORGE +NELEMNoNELI NE,
$ X0oYOp SCALEROSCALE e X oY
$ KTNeKVYeINPROoINZONSDUTPRC»CUTZON
INTEGER® QG KTXoKTYSINPROGINZENSCUTRRG,OQUT Z2AN
REAL%4 X,Y
INTEGER®4 HLL/'LTLNYY
IF(INPRDO oNE. HLL)IGD 1D 20
ELONX=%WBORD-{ [~1)} /CELEW
NLATX={J=1) /CELNS+SBORD
G0 TO 30
20 NLATX=(J~1)}/CELNS+SYURGN
ELONX=(I~3 ) /CILEWESBORGE
30 RETURN
ENO

SUBROUTINE CONVRTUATI « TUshLATXLELCNX)

INPLICIY REALS*B(A~H L~Z)

CUMMON /LIMITS/ NBORD oSBORD s WEBORD sEBORDSCELNSyCELEW,
% SWORGNsSWORGE :NELIMAMJNELINE o
$ X01 Y0y SCALERSSCALE oX 9% »
S KiXsKTYsINPROJINZONSODUTPRL o CUTZCN

INTEGER® 4 KTXsKTYSINPROSsINZONSCUTPRO .OUT ZAN

REAL%XQ Xe¥sTIoTJ

INTEGER® G HIL/°LTLN®/
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IF{INPRQ o NEe. HLL)GG TC 20
ELINX=WBORD=(TI-1.)/CELEW
NLATX=SBORD+(TJ—-14) /CELNS
GO0 YO 20
20 NLATX=SWORGN#+({TJ-1.)/CELNS
ELONX=SWORGE#{TI-1s ) /CELEW
CALL PROJCLL® sINPRCsNLATH oELCNX s NLATX yELCAX s INZCN)
30 CALL PROJE{*NE®*yQUTPRO 0N sEsMNLATX +ELGNX » QUT ZUGN)
X={E-X0) *SCALER
Y=(N=-YQ) %SCALER
RETURN
END

SUBROLUTINE OQUTLIN

IMPLICIT REALXB(A-H,L~-21}

INTEGER* 4 INPRO+INZON,CUTPRL, CUTZGN
REAL*4 X,Y

COMMAN /ZLIMITS/ NBORD ¢SBGRD WBCRO yEBCRUO+CELNSs CELEW »
$ SWORGN s SWORGE sNEL IMN ¢NEL I ME »
$ XOs Y0, SCALERsSCALE 9XsY¥,
3 KTXsKTYs INPROLSINZONSJGCGUTPRLC o CUTZCN

C START AT THE SW CCRAER AND WCKK EAST

CALL CONAUX(1 21 +NLATL ,ELTNM) '
CALL CONAUXIKTX 91 osNLAT2+ELCAN2)

CALL BILINECINPROJINZCMNJCUTERC +CUTZGNY
* NLATILELONL sNLATZ2 ¢ELGN2 #SCALE +X3,Y0)
ELON1=ELON2

NLATI=NLAT2

CALL CONAUX{KTX+sKTY s NLAT24ELCN2)

CALL BILINEU(INPRO,INZCNsCLTFRCsQUTZGNY
% NLATILELON] oNLAT2 ¢ELCN2 ySCALEX0,Y0}

C
C START FROM THE Nw CCURNER AMND WCRK WEST
NLATLI=NLAT2
ELON1I=ELON2
CALL CONAUX(1 s KTY NLATZ2 ELCAN2)
CALL BILINEU(INPROSJINZCN+GLTRRO+CUTZGN
* NLAT1,ELON: sNLAT2 sELCN2 oSCALEwX0,Y0 )
C
C START FROM THE Nw CGRMER AMND WCRK SOUTH

NLATLI=NLATZ

ELONI=ELONZ

CALL CONAUX{1 s1 s NMLAT2 ELLA2)

CALL BILINE(INPROJINICNSCLTPRC +sCUTZAONY
X NLATILELONI sNLAT2 ¢ELCN2oSCALE »X0 Y0
RETURN

END
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*
*
*
¥

ananaannn

L 2L 2

SUBROUTINE PLINIT
REAL®* 8 BUFFER(32Q4)
CALL PLOTS(BUFFER»3204)
RETURN ‘

END

SUBROUTI NE CROSS
CALL PLAOT( +3750¢563})
CALL PLOT( ¢375+025,2)
CALL PLOT{ ¢5+4375:3)
CALL PLOT{ ¢259637502)
RETURN

END

EDWARDS AND Re

DURFEE (CAK RIDGE NATIONAL LASB)

SUBRDUTINE DMSLAB(DEG «XoVoH  KATRGL)

GIVEN THE REAL%®8 VALUE

CONVERT TO IMTEGER#*4 VALUES °*IDEGs IMIN®* AND REAL*4 ¢SEC?

AND PLAT WITH HEIGHY ®H® INCHES ALCNG A HORIZONTAL LINE AT *y*®

SO0 THAT THE FIRSY CHARAQUIER STARTS AT °*X* WHEN KNTROLGT 0
THE LASY CHARAGTER ENDS AT *X* WHEN KNTROL LAT.0
THE STRING 1S CENTERED ARQUND *X" WHEN KNTROL «.EQ.D
SSECY 1S PRINTED 4ITH FS.2 FORMAT

REALX®E8 DEGFMIN.DIG
U1G=0EG¢+ 1307

C THIS ADDS ABQUT 0.00S8 SECCMI FCR RCUND OFF PURPOSES

IDEG=01G -

FMIN=(DIG~ IDEG)*6D}
IMEN=F ML p
SEC={(FMIN-IMIN) ®6D2

NDEGD I=2

IF{ IDEG.i.Te 10) NDEGDI=1

IF{ IDEGWGE « 100) NOEGD I=3

NCHAR=NDEGOD[¢+10
DX=H¥ 4557143
TWODX=DX4D X

FOURD 2=TWOD X+ TWOD X
OP=D X% 33334
IFCKNTROL) 13203
XP= Y=~ NCHARED X

GO TO A
Xp=X~-NCHAR®DX%*¢ 5
GO TO 4

AP=xR
IFINDEGD I-2) 5:647

$8
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S CALL NUMBER(XPsYoHsIDEGe0o e2HE L)
WP=x2+0X
GO TO 8

6 CALL NUMBER(XP ¢YoHsIDEG e00¢ 1 2HE2)
AP=XP +TWOD X
GO YO0 &

T CALL NUMBER{XP oY cHsIDEGe0e+2H13)
XP=XP4+DX+TWOD X

& YP=Y+H-DP
DH=DP 4GP
CALL SYMBOLUIUXP+OP oY yDH ol 09—t}
XP=XP+D X
CALL NUMBER(XP o YosHsIHIN0e »2HIZ2)
XP=xP +TWOD X
CALL SYMBOL(XP»YcH:1259009-1)
XP=XP+DX
CALL NUMBER(XP sYeHe SECs0, s8HFSe 2)
XP=XP+DX+FOURD X
CALL SYMBOLUXPsYosHe1276842~1)
RETURN
END

DOUBLE PRECISION FUNCTION DMSTOD(DMS)

DOUBLE PRECISION DMS(3) sA s XCMS

INTEGER DEGDMS «HHPD

DATA HHPD/*HPD °/

COMMON /DEGFLG/ DEGDMS

XDMS{ A)=(DOMOD(A+1D2)/6D1+IDINT(DMCDC(A/1D2,102)))/76D14+LDINT(A/1D4)
IFCDEGDMS +EQe HHPD}OMSTOD=)DNS(OMS{1))

IFCDEGDMS «NEs» HHPD}
* DMSTOD=DMS(1)/71D4+00S{2)/760C04+DMS(3)/7360000

gngRN

REAL FUNCTION ROUND( X) .
ROUND ING ROUTINE FOR IBM 360/370 COMPUTERS
REALE®E XeYAsZ000000€CBOCC0000/
LOGICAL* i L1(8).L2(8)

EQUIVALENCE (L1€1}eY) o(L2(1)sAD
ROUND=0,

IF( X EQas 0.,DO0)RETURN

y=X

L2¢1d)=L1(1?

ROUND = X+A

RETURN

END
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SUBROLTINE BILINC(INPROINZONsCUTERC » CUT ZON Y
¥ NMLATRsELON] oNLATZ sELGN2 9 SCALEF 3X0Q 2Y0 )

C DBILINE WILL OETERMINE THE AUMBER CF EISECTIONS (IF ANY)
g SECESSARV SUCH THAT THE IMAGE LF THE LINE IN THE

u

19

TPUT PROJECTION DEVIATES BY NC MORE THAN TOL {(PRESENTLY <01 INCH)
IMPLICIT REAL*8 (A-H.L-Z)
INTEGER INPROUOSINZONs GLTRPRCLUTZCN
DATA TOL /s Q1l0DO/SsLATSAV/CeOBD0/oLCANSAV/0.0007/
INTEGER LTLN/OLTLN?/sNeSTAT/*STAT Y/
LATI=NLATI]
LON1=ELON]
IFCINPRO oNEe LTLN)CALL PROJOPLL® oIMNPROSNLAT 1 ELUNL,
% LAT1+LONI+I NZGN)
CALL PROJ(UYNE®yOUTPRO oNL sEL+LAT1+LCN »GUT ZON)
LAT2=NLA T2
LON2=ELON2
IF{ INPRO oNEe LTLNICALL PROJU'LLY JIRPROJNLAT2,ELUNZ,
$ LAT2,LONZ2,INZON)
CALL PROJ{*NE " +OQUTP RO o2 ¢E2 s LAT2 4L CN2 s OUT 2CN)
LAT3={NLATI4NLAY2) %500
LON3=(ELONI+ELON2) *s 5CO
IFCINPRU oNEs LTLNJCALL FROJUTLLE HINPRGWLATIILONS,
$ LAT3:LON3-1INZON)
CALL PROJUUNE "2 OUTPRU o3 +E3 sLATI ZLIN3 wOUT ZCN)
DELN=N2~-N1
DELE=E2-E1l
SCALE=12.D0/SCALCP
IF{OUTPRO +NEe STAT) SCALE=39.37D00/SCALEP
H=SCALE® {{ N3—-N1) *DELE-(B3-E1) *DELN)/DSART (DELE** 2 +DELNE*2)
AN=DSQRT{(DABS(H) /TOGL)+2.00
DELN=MLA T2-NLATI1
DELE=ELON2-EL ON1
IF(MNLATLIEQeLATSAV ¢ANDe ELENMNL.EQ.LUGNSAV) GC TO S
X={E1-X0)*SCALE
¥Y={N1-Y0)*SCALE
CALL PLOT(XsY+3)
DO 10 I=2eN
LAT={ I=1)%DELN/{N-1)+NLATY]
LONT{1I-~1)*DELE/Z7{N-1)+ELGNI!
IF( INPRO eNEs, LTLNICALL FROJOCLL® ,INPROWLAT s LONsLAT»LONs INZON)
CALL PROJ{YNE? o« GUYTPRU SNORTHEAST ¢LAT o LON» QUT ZON)
X={EAST-X0)%SCALE
Y=(NORTH-Y(0)*SCALE
CALL PLOTIX+Ye2)
CONTINUE
LATSAV=NLAT2
LONSAV=ELGN2
RETURN
END

98



GRIDUT PROGRAM — R. EDWARDS AND Re. CURFEE (CAK RIDGL NATICNAL LAB)

SUBRULTINE PROJCIODWPTYEE sNSE +LATLENS 2)
INTEGER%®Z MUST BE USZD FCR 360a
INTEGER*2 1D
DOUBLE PRECISION NeEJLATLLCN
INTEGER PTVYPRE o Z+HALBR sHLANMI yHFCLY sHUTMR HSTAT
CATA HALBR/SALBR"/HLAMB/SLAMB'/+HPGLY/Z"PALY */ »
& HUTMR/ZVUTIMR*Z,HSTAT/*STAT ¢/
IF(PTYPE oNEe HALBR)IGC TC 10
CALL ALBRUIDeNsESLATLCON)
GO YO 60
10 IF(PTYPE +NE» HLAM3YIGLC TC 20
CALL LAMBLIDN+ESLATLLCN)
GO T3 99
20 IF(PTYPE oNE. HPOLY)GC TC 30
CALL POLY{IDsN»ESLATLLCN)
GU TO s¢C
30 IF(PTYPE oNEe HUTMIGC TC 40
CALL UTMROIDsNeE LAT1.CMNe2)
GO TO SO
40 IF{(PTYPE +NEe HSTAT)CALL ERKRCR
CALL STAT(IDsN+ESLATHLCN2Z)
SO RETURN
END

SUBROUTINE STAT(IOD«NE JLAT oL Gh o 2)
INTEGER®*Z MUST BE USED FCR 360.
INTEGER*2 1D
BOUBLE PRECISIUN NoE s LATLLCA
COUBLE PRECISION SEMAL+SENINJECC,EPSCyNCO(3) »RPD
COUBLE PRECISION PHI +SINPHE oCCSPHI»COUSSQeRHU JNEWS INeNEWPHIT
INTEGER#*2 MUSY BE USED FCR 360,
INTEGER* 2 IDME, IDLL + IDNL , IDLE
COMMUN ZEARTHK/SEMAJ +SEMINSECC EPSG«NCOLRPD,
& PHI +SINPHI«COSPHI 4CCSSQRHO«NEWSININEWPHI »
& IDNE»IDLL+IDNL, IDLE
INTEGER ZAREA{2+2)+2CNETIS5) s2ARG(3) +Z+BLANK +HT MRy LAST
DOUBLE PRECISION AREA(7 ¢2) ¢ ZPARNS(T7 ) »TRPARM{7)+LPARM(7),
& NTJET FTPERM
COMMON /G TMCOM/ TPARM
COMMON/GLBCCM/LPARM
DATA HTIMR/Z'TMR Y/ yZAREA/4¥C/ +LAST/ZQ/ FTPERM/ 3.28C83333333333333300/
J=1
IF;Z oEQe ZAREA(L 1))IGC TC 60
J=
IF(Z +EQ+ ZAREA(1,2))G0 TC 06Q
CALL UNPK[Z24ZARG,yJ)
IF(ZARG( 1) +EQ¢ BLANK)IGG 710 100
LAST=MAD (LAST +2)+1
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RE®WIND 26

C *x&xEPDP=10 STATEMENTY FOR 1/0%4%4

ot
20

40

SO
60

70
80
90
$5

100

OPEN{ UNIT=26 sMODE="SINARY * FILE="0UT 1" sACCESS="SEGIN*)
READ( 25.END=100) ZONET « ZPARNS

DQ 40 I=1.9%

IF(ZONET(L) oNEe ZARG(I))GO TG 30

CONTINUE

ZAREA( 14LAST)=Z

ZAREA {2+ LAST)I=ZONET(S)

DD 50 k=1,7

AREA( IsLASTI=ZPARMS(I)

J=LAST

IF(ID +EQo IDLL oQGRe ID +EQe IDLEINT=N/FTPERM
IF{ID oEQs IDLL +ORe ID +EQe IOMNMIET=E/FTRPERM
IF(ZAREA(2¢J4) +EQs HTNRAGO TO 80

DO 70 K=1,7

LPARM{II=AREA{I,J)

CALL GLAMC IDsNTSETcLATLLN)

GO TO §S

D0 S0 I=1,7

TPARM(I)=AREA(I.+J)

CALL GTMRUIDSNTSETLATLLGAN)

IF{ID +EQe IDNE .0R. 1D oEGe IDALIN=NTRFTPERM
IF{ ID «EQGe IDNE +ORo ID «EQe LCLEIE=ETHFTPERM
RETURN

CALL ERROR

STOP

END

SUGROUTEINE UTMRULDaNIEsLAT LGN 2Z)

C INTEGER®*Z MUST BE USED FOR 360.

INTEGER*2 ID

DOUBLE PRECISION NeEsLAToLCN

DOUBLE PRECISION UTMDATE?7)

DOUBLE PRECISION SEMAJSEMINSECCEPSQ.NCULB) »RPD

DOUBLE PRECISICN PHI +SINPHI ,CCSPHI +COSSQ+RHOWNEWS INeNESPHI

C INTEGER®2 MUST BE USED FOR 360.

INTEGER®2 IDNE¢+IDLL s IDM »I0LE
COMMON /EARTHK/SEMAJeSENINECCEPSQWNCORPD,

€ PHIJSINPHI yCOSPHI sCCSSQ RHOINERSININEWPHI »
& IONEIOLLLIDONL«IDLE

DOUEBLE PRECISION TPARM(7)

CAOMNMON/G TMCOM/TPARM

INTEGER ZL(2+2) ¢ZARG(A) s Z+LAST

DATA UTMDAT/2%0D0+000+50500D0+2999600,0D0/
OATA ZL/4%0Q/+LAST/0/

IF{Z .NE. 0)GO TO 10

IFL ID +EQs IDNL o0ORe ID oEQe ICLL)IGC TO 100

88



GRIOOT PROGRAM ~ Re EOWARDS AND R,

IF(OMOD(LON+&DO3 <EQ.
2=(188D0-LON) /600

10 J=2Z

CURFEE (OAK RIDGE NATIGNAL LAB)

0DOYGC TC 100

IF(Z «GEs 10 LA¥De Z +LE. 30)GO TO 40
J=ZLE 2:1)
IFLZ LEQ+ ZLU1+1))GO0 IC &
J=ZL( 2+2}
IFEZ «EQe ZLC1+2))G0O T0 A4C
CALL UNPK(Z+ZARGJ)
LAST=MOD (LAST +2)+1
ZLO 1o LAST)=Z
ZLE2:.LASTI=I
IF( J «LT¥e 10 qORe J +GTe 30)GO TO 100
40 UTHOAT(2)={30-1ABS( J))e6e3
DO 60 1I=1+7
€0 TPARMII)=UTMDAT(I])
CALL GTMR( IDsNoE +sLAToLCN)
RETURN
100 CALL ERROR
STOP
END

SUBROUYTINE UNPK{ZsZARGeJ)

INTEGER 29 JsZONEL4) ¢« ZARG(4) ¢INTS(10) ¢BLANK
DATA ENTS/ 0001047204030 ,0949,%5%,%09,%77%,%8%,'9%/4BLANK/?

THE STATEMENTS BETWEEN ASTGRISKS

PSS LRk S SR RGBS ABIEERP¢4090 09
INTEGER ZT¢2B8,2K
LOGICAL® ] LT(4) LBLA)
EQUIVALENCE (ZT.LT(1)) (28
g:TQ 87° $/+2ZK/7277404C20/
DO I I=1,4
LBI1)=LT(])
ZONEL1)=28
IF(ZAONE( 1) «EQe

1 CONTINUE
SRS AR PSR LF SN RGESNR VNN LS PO

(2X2als]

CEEEEEEELELLELLECELELECEELEELEESE
DECODE( 4+5¢2) ZONE
FORMAT{ 4A1)
EELELLELELLELESGEEELEEELELELLLLLE

J=1
K=1
(v]3)

(a¥21aX2Yalala
n

20 1=1.4

s/
ARE FOR THE I8MW/ 360

oLBLL))

ZRK) ZONEL 1) =BLARNK

THE STATEMENYS BETWEENM ANPERSANDS ARE FOR THE PODP-10
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(3]

IFLZONEL L) oNEe BLANK)IGC 16 1O
ZARGU S~K )=DLANK
K=Ke+l
GO YO 20
10 2ARGUL J)I=ZONEL )
J=Jel
z0 CONTINLE
iFsJ «NE o J)GO TU 300
J=
DO 30 1=1,1¢C
IF(ZARGL 1) +EQe INTSL1))JU=Jae109(1~-1)
IF{ ZARGE 21 <EGe INTS{I))J=Jer~}
30 CONTINUE

1€C RE TURA

END

SUBROLTYINE LAMBIIDNE+LATHLEMN)
INTEGEH®2 MUSTY BE USED FOR 360,
INTEGER®?2 1D
DOUBLE PRECISIUON NeEJLATLLN
COUBLE PRECISION SEMAJSEFINECCEPSGNCULIBR) ]PD
DOUBLE KMRECISION PHI +SIAPHI (CCSFHIWCUSSQ,RHULNENS [NNEFPH]
INTEGER®*Z2 MUST BE USED FGR 360.
INTEGER® 2 [DRE + 1DLL ¢ ICML « IDLE
COMMOAN ZJEARTHX/SEMAJI«SENIAECCLERSC ACTRPD,
6 PHIWSINPHISCOSPH] +CUSSC RHO JNEUNSTh  NEWPH] ,
& IONEIOLL«IONL . IDLE
DOUBLE PRECISION GLAPL +0LBCL +GLEBNM +GLUEC +GLBRB GLHN, GLI3KRZ
COMMON ZGLEBCOR/GLBOL +GLBCL +GLBAY s GLBEQ «GLBHBGLENGLBRZ
DOUBLE PRECISION NLRPD Y022 Z
DQUBLE PRECISION PRDSEAMPRGCWCESFREC
COUBLE PRECISION LPARN{T7) .GLPARMT)
EQUIVALENCE (GLPARMII)GLEBL)
CONNON ZLANMCOM/LPARNMN
E DD 6 1I=1,.7
& GLPARN{]I=LPARMLL)
ENTRY GLANMLID sNE sLLAT LCMN}
NLRPD=GLONSRPD
IF{ 1D £Qe¢ IDNLIGO TO 10
IF(ID LEQe IDLAIGE TG 20
CCHMON PRQCESSING FGR MNE AND LE
PRO={ GLBCL-LON} sNLRPD
SINPRG=C S1 N{PROD)
COSPRO=0COSIPRO)
tFLID LEQ. IDLE GO TO 30
COMNON PROCESSING FOR NE ARND N
10 Slng!=DSINILAT’RPDI
K=

06
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GU TO af

20 PRO=DATAN((E~-GLOEQ) /(GLBKB=-N))
LON=GLBCAL=-PRU/NLiIPO
CUSPRLC=DCAS (PR}

20 RHU=(GLBKRB-KR) 7/COSPRUY
Y={RHO/GLBRZ) **{ 200/GLON)
SINPHI=(100~Y) 7L 1DO+Y)

K=1

40 2Z=SiINPHlIsLCC
Z=(LID0CZZ)I /L D0-22) ) ¢9ECC
AWF{K «EQs D)6 YU 0O
NENSIN=(Z-Y)/(Z¢+Y)

K=K¢}

IF{K +GT. 2C)GU TU 100

IFLDABSI NEWSIN=SINPHI ) oLTe 10-14)GC TO SO
SINPHI=NEWSIN

GU YO a0
C COMMCN PROCESSING FCR LL ANG LE
59 LATSDATANINCWSINZ/DSQRT{) s CO~-NERSIN®$2) )/ RPYD

IF{ 10 <Ew. [DLLIGO TO SO
IF{ID JNFe IOLE)GO TO 1CO
Gl YO €O
€C RHUSGLUKZSDSURT((ZA{ICC-SINFHI)/Z7{1UNSINPALY JenGLEN)
IFCI0 £ Qs IONEIGU TG 7C
C PROCLSSING FOR ML
SINPRC=(E~GLUEO)} 7kHD
PRU=DATANL SINPRO/DSURT () sCO-SIMFRCe92))
LUN=6GLHCL=PRC/NLRPD
CASPRO=DCUS(PRO)
C CCMMON PRUCESSING FCR NE 00T AL
70 N=GLERU=-KRHO®*COSPRO
1FULID Qe IDNL)GO TO SO
C COMMON PROCESSING FOR NE AND LE
80 E=RHD*SINPREG+GLBEO
S0 RETUKRA
1C0 CALL ERKUR
sTLUP
END

SUBROUTINE LAMHST(STLATL sSTLAT2+LATBASLONCENsNBASE,EBASE)
DOUBLE PRECISION STLATL +STLAT2LATHAS +LONCEN+NBASE.EHASE
DOUHLE PRECISIUN SEMAJSENINIECCLEPSGINCU(S) 4RPD

DOQUBLE PRECISIUON PHI>SINPHI «CCSPH! »CUSSUIRHOJNEWS [Ny NEWDPHI

C INTEGER*2 MUST BE USED FGR 360.

INTEGFR*2 IONE o IGLL o IOMNL oIDLE

COMMON /VEARTHK/SENA J+SEMINSECC+EPSQ«NCCo KPU
& PHI+SINPHIsCOSPHI oCCSESOgNHC o MENSINSNEWPHI o
& IGNE « IULL o IONL .« IDLE

16
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DOUBLE PRECISION LAMBL oLAMCLoLANNI cLLANEOQ o LLAMRBs LAMNGJL AMR2Z
COMMON ZLAMCOM/LAMBL o LAMCL o LANNO sLAMED oLAMRB+LAMNL AMRZ
COUBLE PRECISION STLATScSTLATASSINLINSSINSGN+SINLTSsSINSQSsYSHYES
DOUBLE PRECISION ECCSQ»3INILTY
STLATS=OMINI{STLATI +STLAT2)
STLATN=DMAX1{ STLAT] s STLAT2)
LAMBL =LA TBAS
LAMCL=LONCEN
LAMNO=NBASE
LAMEQ=EBASE
SINLTN=DSIN{RPD®*STLATYN)
SINSGA=SINLIN®SINLYN
SINLTS=DSINI(RPD*STLATS)
SINSQS=SINLTSSSINLTS
¥S=(100-SENLTS)Z/(1DO+SINLTS)
YES={ 1DOHECCH*SINLTS) /L1 DO-ECCHSINLTS)
ECCSQ=ECC*=*2
LAMN=DLOG( ( 100-SINSQS) /{21 E0~-SINSCN)*»
& {1D0~ECCSA# SINSCNJ/ {1 CO-ECCSQ%SINSQS) )/
& (DLOG(YS*(1DO+SINLTIN)/(ID0~-SINLTN)) ¢
€ ECC*DLOGLYES®{100-ECCHSINLTAN)/(I1DO+ECC*SINLTN)))
LAMRZ=SEMAJ*{ DCOS{RPOISTLATE} ) /(C(OSART(L1O0-ECCSUXSINSQS) ) %
& LAMNRDEXP{{DLOG(YS)+ECCOOLAGIVYES) )*{LAMN/200)))
SINALT = OSINCRPOSLAMEL )
LAMKB= LAMRZ'DEXP((ECC‘DLQG((lDO*ECC‘SlNBLT)I(lDO-ECC‘SlNBLT))*
€ DOLOGCC1D0-SINBLT)/{1D0+SINBLT)) ) *(LAMN/ZDO)) + LAMNO
éEgURN
N

BLOCK DATA

OOUBLE PRECISION LAMBL «LANCL s LAMKD JLAMEOD ¢ L AMRB¢LAMN: LAMRZ
COMMON ZLAMCOM/LAMBL oLAMCL +LAMNO ¢LAMEO oL AMRB oL AMN L AMRZ
DATA LAMBL/723D0/+LAMCL/SER0A/ +LANNO/ODO/ -.AMEO/25D5/ »

& LAMRB/S823240.64741€628400/»LANN¢61079404799349631007,
SENBA"RZI126le79°.30586667001

SUBROUTINE GTMR{IDsNIE+LATHSLON)
C INTEGER®Z MUST BE USED FQOR 360,

INTEGER%22 1D

OOUBLE PRECISION NsE+LAT JLGA

DOUBLE PRECISION SEMAJISENINSECCIEPSQoNCO(8) +RPD

DOUBLE PRECISION PHI1 +SIAPHI oCCSPHICOSSQ+RHOSNEWS INy NEWPHI
Cc INTEGER*®2 MUSYT BE USED FOR 360,

INTEGER*®2 [DNE IDLL +IOM. o I10OLE

COMMON ZEARTHK/SEMAJsSEMINLECC +EPSQoNCOLRPO,
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& PHIsSINPH] ¢COSPHI ¢CCSSQGsRHC oNEBSININEWPHI »
& IONE » IDLL « IORL o IDLE
DOUBLE PRECISION GTMBL oGTMCLyGTMAD o GTMED yGTMRB ¢ GT MK 2y GTMDUM
COMMON /ZGTMCOM/GTMBL «GTHCL sGTNNO ¢ GTMED oGTMRB o 6T MK Zy GTMDUM
COUBLE PRECISION PART+SINSQeTANSQISCSsPsPSCSeFVF»BSPFI1IPAGP,
€& NUPHIK sNTJEToNEBLONSINESEC
DATA SINSEC/1.745325251994272D-2/
IF(ID +EQe IDLL +0ORe ID <EGQGe ICLE)PHI=I(N-GTMRB)/ {GTMKZENCO(1))
IFCID <EQe¢ IDNE +ORe ID <EQe IDAL)IPHI=LATE®RPD
IFCED oEQe IDLL «0ORe ID +EGe IDAL)
& %3N=(GT&EO-E’/(DCDS(PH!,‘NCO(i)‘RPD) + GTMCL
K=
IFLID +EQs IONE!K=0
20 COSPHI=DCOS5(PHI)
COSSG=COSPHI**»2
SINPHI=D SI N(PHI)
SINSQ=SINPHI¢&2
TANSQ=SI NSQ/C0SSa
NUPHIK=GC TMKZ2SEMA IJ/OSCARI(LD0—=ECCRECCHSINSQ)
ESC S=EPSQ#%C0SSQ
=(GTMCL~-LON) ¢SINSEC
PSCS=P¥PRL OSSO
FyP=(€ 100--TANSQ¢+ESCS) %2000
B5P=( TANSQ-18D0) *#TANSQ+ 72D 0%ESCS-53D0%EPSQ+5D0
ET=((BSPXPSCS4+F VP )P SCS+12000)*COSPHIXNUPHRIKA/120D0
FI1IP=((ADO*ESCS+9D0) 2ESCS+500-TANSC) #3000
AGP=( TANSQ~-58D0) * TANSQ+6D2ESCS~330D0¢EPSQ+61D0
NT=(({AGP*PSCS+F FI IP ) *PSCS+36000) 1P*P*S [INPHI®COS PH [SNUPHIK /7 20 DO
PART=C(C{( (NCOY8) 3COSSQENCO(T))3CASSO+NCO(6) }I*COSSQ+NCO(S) )*COSSQ
& +NCC(4))2CAOSSA+ENCO(3) § ACCSSAHNCGC(2) )*COSPHIXSINPHI
IF(K +EQ. 0)GO TO 80
K=K+1
IF{K «GTe 20)}GO TO 100
NEWLOM=LON
NEWPHI=PHI
IFUID +EQ. IDLL ,ORe ID «EQe iDLE)
€& NEWPHI=¢(N-GTMRB~-NT) /GTMKZ-FART)/NCO{1)
IFUID «EQGe IDLL o0ORe ID LEGe IDKL)
&6 NEWLON=(GTMEOQ-E)/(ET2SIANSEC)+GTNCL
IF{ODABSI{NEWPHI=PH]) «LTe 1D~14 JAND.
€& OABS(NEWLON=-LON) LT, 10=-12)K=0
LON=NEWLON
PHI=NEWPHI
GO TO 20
80 IF(ID +EQ¢ IDNE +0ORs ID 4EQe IDMNL)
€ N=NT+H(PARTENCOC]1) *FHIISGTMKZ ¢ GTMRB
IFCID sEQe IONE «ORe ID oEQGe IDLE JE=ET*P¢+GTMEO
IFCLID +EQe IDLL «ORe ID <EQe IDLEJLAT=PHI/RPD
S0 RETURN
100 CALL ERROR
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ETOUP
END

SUBROUTINE ALBRUIDINIE JLATLLCN)
INTEGER®2 MUST BE USED FGR 360.
INTEGER®»*2 (D
DOUBLE PRECISION NeCoLAY LGN
DUUBLE PRECISION MUMER«Z2.DENCM
DOUBLE PRECISION SEMAJSENINGECC.EPSGCINCO(B) +RPC
DOUBLE PRECISION PHI +SINFHI JCCSPHICOSSQ+RHOJNEWS INeNEWPHI
INTEGER®2 MUST BE USED FLR 360,
INTEGER®*2 JONE» I1DLL o IONL ,IDLE
VDOUGLE PRECISION PROJSIAPRC I CCSFERC
COMMON /EARTHEZSEMAJSENINGECCOIEFSCyNCCoRPD .
& PHI JSINPHI sCOSPHI ¢CCSSQeRMGINERNSIN JNEWPHI
& IONE » IDLL « IDNL,, IDLE
CUUBLE PRECISION ALBHL+ALBCLALBMNIJALBEN »ALBREALBN: ALBRD, TEBSUN
CUMMON ZALHCUM/ZALBUL + ALBCLALBAMND yALBEO y ALBREB,ALENALAR2, T SEUN
DOUBLE PRECISION AENKPD «G2C3+C6C11 G305,
& Qa0TH,»UT13.Q509:08015
DATA QZU 3/ .CECEOOELLH6LEEOOTDOC/sCOCL1/7:5454545485045354500/¢ 03057 s
DATA CA0 7/ .571428ST7T14ZESTID0/4QT7TGC137.538461538460153u00/7
DATA Q509/ +S95595EHSEES5956DL/sQ8C0157533333333333333D07/
AENRFPD=ALBN*RPD
IFLID JFQ, IONLIGG T 10
IF{ 10 o Ue IDLLIGO TO 20
CCMMON PROCESSING FCw NE ANC LE
PRUO=(ALBCL~LON) #AENRPD
SINPRO=DSIN(PRO)
CUSPKC=DCNSIPRYU)
IFCID JtQe IDLEIGO TO 30
COVMGCN PROCESSING FCR NE ANC NL
1¢ SINPHI=DSYNILATSRPD)
K=0
GO TU 4%
€0 PRO=DATAN((E-ALBEQ)/(ALBRE~NA)})
LON=ALBCL-PRO/AENRPD
COSPRC=DTOSI(PRY)
CLMM PROUCESSING FCR LL ANC LE
30 NUMEKR=ALHR2~{ {ALBRA-N)/7CLSORC)Y 2
SINPH I=NUMER /T BUGN
K=1
40 2Z=( SInPHI=ECCrek2
DENOM=({ (LL((QUOL15222Z0C7C13)%22¢C6011)222+Q5C9)®Z22+40407)%22
& +UILE) 22+ Q203)%22+41.00) sTHMON
IF(K oEG. 3)60 YO 6C
NEWSIN=NUMEK/DE NOM
K=+l
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IF(K «GTe20) GO YU 100
IF(DABS{ SINPHI-NEWSIN)eLE.,1C-14) GO TG SO
SINPHI=NEWSIN
GO TO 40
S0 LAT=DATAN(NEWSIN/DSQRT(1+CO-NEWSIN®®2))/RPD
IFL{ ID EQ.IDLL? GO TO SO
IFC(1ID oNEe IDLE)GO YO 10C
GO TO 80
C CCMMON PRUOCESSING FOR NE AND AL
€0 RHO=DSAR T{ ALBR2-DENOM*SINFHI)
IF(ID «EQ. IDNE)GO 7O 70
SINPRO=(E-ALBEO) /RHO
PRO=DATAN( SINPRO/DSQURT(1,D0-SINFRQ%%2))
LON=ALBCL~-PRO/ZAENRPD
COSPRC=DCUS(PRO}
C CCMMUN PROCESSING FCit NE ANC NL
70 N=ALBRB-RHO*COSPRO
IF(ID «£ Qs IDNL)GO TO SC
C CCOMMON PROCESSING FOR NE AND LE
€0 E=RHO*SINPRO+ALBEO
S0 RETURN
1C0 CALL ERROR
sSTOP
END

SUBROUTINE ALBRST(STLATL sSTLATZ2.LATBAS»LONCEN, NBASEsEBASKE)
DLOUBLE PRECISION SEMAJCSENMINIECCL,EPSQNCO(B) +RPD

COUBLE FPRECISION PHI +SINPHI oCCSFHIZCUSSQsRHC 4NEWS INSNEWPHI

C INTEGER#2 MUST BE USED FGR 360,

INTEGER* 2 IDNE . IDOLL o« IDNL 4 IDLE

COMMON /EAQTHK/SEMAJSEMINIECCEPSGosNCOsRPD
€ PHI+SINPHI +COSPHI +COSSQsRHC+NEMSINJNEWPHI »

& IDNEsIDLLIDNL,IDLE

DOUBLE PRECISION ALBBL «ALBCL<ALBNQ,ALBEO sALBRB«ALBNsALBR2,y TBUON
COMMON /ALBCUM/ALBBL +ALBCLYALBARO 3 ALBEQ » ALBRB.ALBN, ALBR2, T BBON
OOUBLE PRECISION STLATL»STLAT2 (LATBAS LONCENJNBASE,EQBASE
DOUBLE PRECISION ES+ESPJESVMsRESSQ«ENFACENFACNSEN

OOUBLE PRECISIUN STLAIS¢STLATAICCNEKS sCOCNERNRHOFCS» RHOFCN
DOUBLE PRECISION STLAT{(2) 4CCNER(2) ,RHOFC(2)
EQUIVALENCE(STLAT(L) »STLATS) s (STLAT(2) «STLATN)» (CENER(1)» CONERS ),
& (CONER(2)4CONERN) » (RHOFC{1} «RHOFCS) s {RHOFC (2) s RHOFCN)
STI.ATS=DMINI(STLAT] «STLAT2)

STLATA=DMAXIUSTLATL +STLAT2)

ALBBL=LATBAS

ALBCL=LONCEN

ALBEO=EBASE

ALBNO=NBASE

DD 1 I=142
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SINPHI[=D SINC(RPD*STLAT{Z})

ES=SINPHIZECC

ESP=E $+1D0

ESM=1DO0-ES

RESSC=1DO/(ESPXESM)

CONER( 1) =RESSQ¥*SINPHI 2a 5D0+.25D0%DLOG(ESP/ESM)/ECC
I RHOFC(I)={DCOS(RPDASTLAT(1))*SEMAJ) ¥#2 * RESSQ

ENFACN=( RHOFCN-RHOFCS) /7 {CCNERS~CGNEEN)

TBRON=20 O* SEMIN*%2

ALBN=ENFACN/TBB0ON

TBBON=TBHBON/ALBN

ALBR2=(RHOFCS+ENFACNXCUNERS) ZALBN*$2

SINPHI=D SIN{RPD*ALBBL)

ESP=SINPHIZECC+1D0Q

ESM=2D0~-ESP

ALBRB=DSQR T(ALBR2-TBBON#{SDOSSINPHI/ (ESP*CSSN} +
£ «25D0*DLOG(E SP/ESM) JECC) ) +ALBND

gETURN

ND

BLOCK DA TA
DOUBLE PRECISION ALBBL +ALBCLALENM ¢+ ALBEOD +ALBRE,, ALBNe ALBR2 TBBON
COMMON ZALBCOCM/ALBBL 4ALBCL +ALBNO +ALBEQ s Ai.BRB 4AL BNy ALBR2, TBBON
DATA ALBBL/723D0/+ ALBCL/96D0/ ¢ ALBNO/ODO/ » A_BEDQ/ 2S5SDS/ »
€ ALBRB/9929079.55799441 700/ ¢ALBN/+6029035006279521D0/.
&E 3LBR2/1509957717934880500/.1880N/l340385569662l5.800/

N

SUSRAOUTINE POLY(IDsNESsLATLOR)
C INTEGER®2 MUST BE USED FUR 360.
INTEGER®2 1D
DOUBLE PRECISION NoE cLAT +L.GA
DOUBLE PRECISION SEMAJISEKINECCEPSQ«NCO(8) +RPD
DOUBLE PRECISION PHI ¢SINPH] oCCSPHI«COSSQ«RHOJNERS INg NEEPH
C INTEGER#2 MUST BE USED FQR 360.
INTEGER%22 IDNE . IDLL + IONL »IOLE
COMMON ZEARTHK/ SEKA JeSENINSECC+EPSQ«NCCyRPDS
E PHE«SINTH] ¢COSPHI ¢COSSA-RHOsNENSINJNEWPHE &
[ IDNE « IDLL o IDNL s IOLE
DOUBLE PRECISION POLBL «POLCLIFCLND +POLEQ +POLRE
COMMON /PALCOM/Z7POLEBL +POLCL .FCLND ;PCLED »POLRE
DOUBLE PRECISION NA ¢OLGN+PART +SINTH«SINYSU,LFCOSTH
IFCIO EQe IONE +0Re ID oEQ¢ IDMN.)GQ TO 10
NA=N+POLRB
:H{=NA/NCO‘1’
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IFCID oNE. IOLL «AND. ID oNEo IDLE)IGC TO 100

GO TOo 20

PHg=LAT*RPD

K=

IF{ 1D oEQs IDNE oQORs 1D +ECs IDLE)IDLON=L{POLCL-LGN)®*RPD

COSPhI=DCOS(PHI)

COSSQ=COSPHI**2

SINPHI=DSI N(PHI)

RHO=SEMA JRCOSPHI /(DSORTELDO0-{ ECC*SINPHI) *22)3S INPHI1)
PART=((E{{ (COSSQ*NCO(BI+NCOIT7))FCCSSQ+NCO(SL) IXCO55Q¢NCU{S))eC0OSSA
& +NCO(4) )J*CCSSCH+NCC( 3D ) ICASSAENCO(2) Y *COSPHIES INPHI
IF{ID +EQes IDNL «ORe. ID 4EQs IDLLIGO TO 35
SINTH=DS IN( SINPHI ®D1QON)

GO To 37

SINTH={E-PQOLEO) /RHO

SINTSQ=SINTHESINTH

FCOSTH=3SINTSQ/Z{iD0+DSART{1D0~-2INTSQ))

IF(K +.EQ, Q)GO TO SO

NEWPHI={NA-PART~RHOSFLO3ITH)/NCCI{1)

=K+1

IF{K «GT, 20)G0O TO 106C

IF(DABSINEWPHI-PHI) +L7Te 1D-14)K=0

PHI=NE WPHI

GO T0o 20

IFCID -,EQe IDNE +0ORe 1D -EQe EDAL)
& N=PARTHNCO(1)*PHI-FOLREB+RHOFCQASTH

IF(ID +EQe IDNE «ORe ID <EQe IDLE)E=RHO®SINTH+PGLEO

IFLID «EQe¢ IDLL «0ORe ID <EQe IDLEILAT=PHI/RPD

IF( 1D <«EQe IOLL +0Rs 1D +EQe IONL)
CRE%ﬁg:pﬂLCL‘DATAN(SIN'HIDSQRT(1.00‘51“7“**23)/(SleHl‘RPD’
CALL ERROR

STOP

END

SUBROLTINE POLYST(LATEAS LGACEN+NBASELEBASE)
OOUBLE PRECISEON LATBAS +LONCERJNBASELEQASE
DOUBLE PRECISION SEMAJSENINSECCEPSGeNCO(B) oRPD
DOUBLE PRECISION PHI +SINPHE ¢CCSPHI ¢ COSSQeRHO«NEWS INJNEWPHI
NIEGER%22 MUST BE USED FOR 360.

INTEGER%2 [DNEIDLL »IOANL o, IDLE

COHMON /ZEARTHK/SEMA JsSEVINLECC EPSQaNCGeRPD
& PRHISINPHI»COSPHI oCOSSA RHOJMEWSIANSNEWPHI o
& EONE ¢ IDLL « IONL » IDLE

DOUBLE PRECISION POLBL «POLTL oPCGLND »PCLEOD oPOLRSG
COMMON /POLCOM/POLBL +POLCL-FCLNOLPGLEQ:POLRE
POLBL=LATBAS

POLCL=LONCEN

L6



GRIDOT PROGRAM - Re EUWARDS AND Re CURFEE (CAK RIDGE NATICNAL L AB)

POLNGC=NBASE
POLEO=EBASE
PHI=PCLBL*RPD
COSPHI=DCOS(PHI)
COSSQ=COSPHI*CDSPHI
SINPHI=DSI N(PHI )

PUOLRB=C({((C{NCO(B)*COSSQ+NCC{ 7)) *COSSA+NCO(6)I*CUSSA+NCIA(5))*CcaSsa
& #+NCO( &) )*COSSQAErNCC(I) ) 3COSSGHNCCL2) ) *COSPHI*S INPHI+NCO (1)} *PHI
& -PCLLNO

RETURNM

END

BLOCK DATA

DOUBLE PRECISION POLBL «PCLCIL+FCLNO +PCLEO .POLRB
COMMON /POLCOM/ POLBL +POLCL +PTLANC 4PCLEQ ,POLRB

DATA PALBL /23D0/ +POLCL/SECO/+FCLAND/0DO/ ¢ POLEO/ 25DS/
GE POLRB/254438S+74573€39400/

ND

8L3CK DATA
ODOUBLE PRECISION SEMAJsSEMINyECCLEPSQINCO(B) sRPD

OOUBLE PRECISION PHI s SINPHI ¢CLSPHEI ¢+ COSSQ+RHOJNENS INSNEWPHI
INTEGER#Z MUST BE USED FOR 360
INTEGER*2 IDNE, IDLL » IDML >IDLE
COMMON /EARTHK/SEMAJ cSEMINJECCLERPSLsNCCeRPD>
& PHI+SINPHI ¢COSPHI ¢COSSQ +sRHC 2 NEWSININEWPHI
€& IDNEs» IDLLsIONiL, IDLE
DATA SEMAJ/ 6378206+4D Q0 /+ SEMIN/ 6356583.8D 00 /
DATA ECC/ 8.2271854223003000-02 /,EPSQ/ 6.814784945915042D~-03 /
DATA NCO/ 6436739S68916S7820 06 +~3.250286241790479D 04
16 3840483667167L6D 02 +-7.,3353881305014290-01 »
46219413411 S82S180~03 1-2.5292879423428080~0S5
1 5560582 8E276589D—07 +-9.738474374730020D0~10 7/
ODATA RPD/1.7453252515%4330-2/
DATA IONEZONE*/,1DLL/ LL"/IDLE/"LE®/ +IDNL/* N0/
END

Ond
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GR IBUT PROGRAM - Res EDWARDS AND Re DURFEE (CAK RICGE NATILCNAL L AB)

J//STEP3 EXEC FORTHLG ¢REGICNeGG=170K .
Z/7LKEDLSYSLIN DD DSN=*e STEP2.FDRT«SYSLIAJDISP=SHR
/77 D00 DDNAME=SYSIN
Z//LKED +PLOTSUBS DD DISP=SHR+DSN=JGSFLGTH
Z7/LKED +SYSIN DD =
INCLUDE PLUOTSUBS
F/7GReFTASF 001 DD UNIT=IN20U2.DCB=(RECFM=VS,LRECL.=3204+BLKS IZE=3208),
/77 DISP=(NEW.KEEP) »SPACE=(32C8,(S9) +RLSE) »DSN=PLOT300.RGE1
Z7/7GOeFT26FGCC1l DD DSN=%,STEP1«GGCsFT26FGU1 +DISP=SHR
Z7/7G0«FTQSFGCL DD *
HARRIMAN GUAD 13125000 20000 FGOTY STATE PLANE GRID WITH 15" GEQOET IC TIC MARKS

250000 Y GP STATTA
36 35 30 85 84
15 15
2¢000 20000
84 as
NS 1 1 wE 1 i
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