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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 forecasting the environmental impacts of public and private 
decisions (such »s land use) in order to improve environmental and energy resource 
management. The research strategy was to ri;velop and validate a hierarchy of computer 
models to assist in the analysis of relevant, economic, physical, ecological, and social processes 
in a 16-county region of East Tennessee. 

The research was grouped into five major research activities: 

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

2. Land Use analysis to develop the basis for spatially allocating 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 resulting impact on the environmental quality 
of the system. 

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

5. Data Management and Computational Systems to suppor t the land use and ecological 
analysis activities. 

Although the principal focus of the work is on a 6500-square-mile region in eastern 
Tennessee, the approach is designed to 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, O R N L / R U S - 2 6 , by C . W . C r a v e n , et at. 
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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 which the overlay is intended may be in an Albers Equal 
Area projection, a Lambert Conformal 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 regional 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 to 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 feet, others in meters, and still 
others in degrees 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 1 represents a 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 base map. The state of Maiyland 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 cells, 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 Mercator (IJTM), 
(3) Albers Equal Area, (4) Lambert Conformal, and (5) state-plane projections (for states in the 
continental United States). 

Tins 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 systems. 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 actually choosing the way in which the data is to 
be 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 what 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 be 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 concept 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 before 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 
different 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,2 is a valuable tool for providing 
consistent and spatially compatible geographical information to analysis, modeling, and 
geographical display programs. 
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1.2. Relationship to the ORRMIS Information System 

The GRIDOT report is just one of several 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'1 (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 areas: 
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 interested 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 bsing 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 other 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 system is 
composed 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 type 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 different 
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 technique by which raw 
data, whether in the form of maps, aerial photographs, tables, etc., arc digitized may be 
broken into (1) manual techniques, (2) automated techniques, or (3) a combination of both.4 

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 system3 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 ? spot 
scanner. The specification of each section was greatly aided by preparing section masks with 
early versions of the GRIDOT program and then overlaying them on the maps. 
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Fig. 2. ORRMIS Subsystems. 
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The GRIDOT 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 needed 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-longitude (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 geographical information, it has become obvious that computer 
cartography is a very necessary and difficult part of the problem. GRIDOT is one of the pieces 
of the ORRMIS system which provides a generalized cartographic capability for processing 
gridded data. 

1.3. Applications Using Overlay Grids 

This section presents five different projects using overlay grids for obtaining geographical 
cata from maps or aerial 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 I presents (I) 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 I. Applications Using Overlay Grids. 

Type o f 
Data 

G e o g r a p h i c a l Map C o o r d i n a t e Map 

R e g i o n a l E n v i r o n m e n t a l 
Systems Analysis Vrojvct 

Land-use Data E a s t T e n n e s s e e 
Development D i s t r i c t 

P o l y c o n i c L a t i t u d e - L o n g i t u d e 1 / 2 4 , 0 0 0 

Maryland Cower P l a n t 
S i t i n g P r o j e c t 

S e i s m i c i t y 
Endangered S p e c i e s , 
Roads 

E i g h t C o u n t i e s i n 
Upper Mary land 

Maryland 
S t a t e - P l a n e 

Maryland 
S t a t e - P l a n e 

1 / 6 2 , 5 0 0 

Maryland Power P l a n t 
S i t i n s P r o j e c t 

I n t e r s t a t e s and 
Highways 

S t a t e s S u r r o u n d i n g 
Maryland 

T r a n s v e r s e 
M e r c a t o r 

Maryland 
S t a t e - P l a n e 

1 / 2 5 0 , 0 0 0 

S o i l C o n s e r v a t i o n S e r v i c e 
P r o j e c t 

S o i l Type , 
S o i l S l o p e 

Henry C o u n t y , 
T e n n e s s e e 

P o l y c o n i c L a t i t u d e - L o n g i t u d e 1 / 1 5 , 8 4 0 

Coal E x t r a c t i o n E f f e c t s 
P r o j e c t 

l a n d - c o v e r D a t a , 
S t r i p Mines 
f rom ERTS 
Imagery 

E a s t T e n n e s s e e U n i v e r s a l T r a n s v e r s e 
M e r c a t o r (UTM) 

U n i v e r s a l T r a n s v e r s e 
M e r c a t o r (UTM) 

1 /2S0 .000 
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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 0-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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CARO T - T I T L E 

4 0 

M A k . a , ' . &RXJ ! 2W3SB 
T I T L E ( C O N T I N U E D ) 
41 

IV/IETM ,I,S/, iGiEftO.C.T.I.C.,, ,570,0,0,0. HST.SR, IUT.M ,T,r,C,Sl 

ORNL-DWG 75-15384 

C A R D 2 - S C A L E , O P T I O N S , M A P A N D G R I D P R O J E C T I O N S 1 to M 12 13 IS 19 2021 25 23 24 26 

I,, , ,1*5:0,0,61 L) 0 • LJ m m rrn 
SCALE OVERLAY GRI9 ADDITIONAL MAP MAX MAP MAX GRID ANGLE 

SEGMENTS NUMBERING ROW/COLUMN HEIGHT WIDTH TYPE DISPLAY 
FLAG OFFSETS Of CELL NUMBERS linchls) (inch*») CODE FLAG 

27 3 0 31 33 3 4 37 3B 4 0 cm cm cm en 
MAP ZONE GRIO LINES GRID LINES 

PROJECTION OR COORDINATE ZONE OR 
STATE SYSTEM STATE 
CODE COOS 

m r 
DEGREES MINUTES SECONDS 

PROJECTION DEFINITION NORTHERN PARALI FL 

I I I I I I I I HI I I I I I I I I 
DEGREES MINUTES SECONDS 

PROJECTION OEFINITLON SOUTHERN PARALLE-

C A R D 3 - O V E R A L L L A T I T U D E A N D L O N G I T U D E L I M I T S 

cm 
1 0 M 13 14 

u s : 
OEGREES MINUTES SECONDS 

OVERALL NORTHERN LATITUOE LIMIT 

iM I 
0E5REES MINUTES SECONDS 

OVERALL SOUTHERN LATITUOE LIMIT 

5 0 51 53 54 

i .851 i t 1 i t t i i J 
OEGREES MINUTES SECONDS 

OVERALL WESTERN LONGITUDE LIMIT 

DEGREES MINUTES SECONDS 

OVERALL EASTERN LONGITUDE LIMIT 

C A R D 4 - B O R D E R TIC M A R K D E F I N I T I O N S 
I 1011 13 <4 2 0 

1 , . • I il<5l i l i i l • I 
DEGREES MINUTES SECONDS 

LATITUOE INCREMENT BETWEEN 
GOROER TIC MARKS 

- J I JJL 
DEGREES MINUTES. SECONDS 

LONGITUDE LIMIT BETWEEN 
BORDER TIC MARKS 

NORTHING INCREMENT BETWEEN 
BOROER TLC MARKS 

320120 
EASTING INCREMENT BETWEEN 

BORDER TIC MARKS 

C A R D 5 - GRID S Y S T E M C E L L H E I G H T A N D W I O T H 
I O N 13 <4 20 

i i i i i i 1 ' i ' ' 
OEGREES 

METERS OR 
FEET 

MINUTES SECONDS 

C E L L HEIGHT 

I ' 1 I ' 1 1 1 ' • 31 , , 
OEGREES 

METERS OR 
FEET 

MINUTES SECONDS 

Fig. 4. Data for the Three-Minute Geodetic Grid Example (Cards 1-5). 
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CARD 6 - G R I D SYSTEM L I M I T S 
J fO M 13 f4 

ORNL-DWG 7 5 - 1 5 3 8 5 

21 30 I I 33 3 4 4 0 

I I II I I I.. | I I, l | -Jill ' ' ' ' ' ' ' I ' J _ L _ L I I I I I 
DECREES 

METERS 0 0 
FECI 

MINUTES SECONDS 

MOUTH BORDER OP GRID 

OEGREES 
METERS OR 

FEET 

MINUTES SECONDS 

SOUTH BOfiDCR OF GRID 

I I I H 
DEGREES 

»*ET£RS OR 
FEET 

MINUTES SECONDS 

WEST BORDER OF GRID 

I I I I 1 I I I I 
DEGREES 

METERS OR 
FEET 

MINUTES SECONDS 

EAST BORDER OF GRID 

CATO ? • CELL NUMBERING DEFINITIONS 
< 1 3 I? 13 20 2 ' SO U 33 3< 4 0 

CD t i I I I i i . I I 1 I~|,.I.. I I I i-lj f"l I i I I J.I I 1 I I 1.1 I I I I I 1 
CELL NUMBERING iDEUT .FiCATiON INCREMENT IN DEGREES MINUTES SECONOS 

OlRCCTION NUMBER O r CELL IDENTIFICATION METERS OR 
COuC FIRST CELL NUMBERS FEET 

OFFSET ORIGIN FOR CELL NUMBERING 

41 4? 4 J SI iS_ 6 0 61 70 7t rj M 80 

• i iTi n 1111111 111111111111111111111 
CELi . NUMBERING lOENT .F ICF 'ON INCREMENT iN DEGREES MINUTES SECONOS 

DIRECTION N U V B I R O F CELL IDENTIFICATION METERS OR 
CODE FIRS' CELL NUMBERS FEET 

OFFSET 0» 'GIN FOR CELL NUMBERING 

l-'ig. 5. Data lor the Three-Minute Geodetic Grid Example (Cards 6-



ORNL - D W G 7 5 - 1 2 9 6 1 

36« 0' 0.00* 

35«>30 • 0.00* 

* • • • 

+ 8S° 0" 0.00* 
HflHRlHflN QUfiO 1:I2SOOO 3* GEOOETIC GHIO WITH 15' GEODETIC. 50000 METER UTll TIC 

W 0• 0.co-

Fig. 6. Map Overlay for the Three-Minute Geodetic Grid Example. 



13 

ORNL-DWG 75'15386 
CARD I - T ITLE 
I 40 
MM&vsam fluftu .teii&She*),,, ,2 acq, 

TITLE {CONTFNI/EOT 

f»_ BO 
W,f,m .isTAMPgrec ,T.J,C . ^ . R K S . , I 

CARD Z - SCALE, OPTIONS, M A P AND GRID PROJECTIONS 10 II 
-HaSlSsS • 

SCALE O/ERLAY 
SEGMENTS 

FLAG 

12 0 
GRID NUMBERING OFFSETS FLAG 

I J 
• 

ADDITIONAL 
ROW/COLUMN 

OF CELL NUMBERS 
FLAG 

ie is 2021 22 23 24 26 u r,.i &y 1 • i 1 
MAP MAX MAP MAX GRID ANGLE 

HEIGHT WIDTH TYPE OLSPLAY 
(MERITS) (INCHES} COOE FLAG 

27 SO SI ss c m im 
MAP ZONE 

PROJECTION OR 
STATE 
COOE 

34 37 

£353 
OR ID LINES 
COORDINATE 

SYSTEM 

3B 40 
CZ3 

CRIO LINES 
ZONE OR 

STATE 
COOE 

50 51 53 54 
[ t i i i i i t I I I .J M 

7Q 71 73 74 
OEGREES MINUTES SECONDS 

PROJECTION DEFINITION NORTHERN PARALLEL 

I.I I I I l l l I I I 
DEGREES MINUTES SECONDS 

PROJECTION DEFINITION SOUTHERN PARALLEL 

CARD 3 - OVERALL LATITUDE AND LONGII 
1 10 it 13 14 20 
I i i i |~7 I i 3kh i .[ i i i i i i | 

DEGREES MINUTES SECONOS 

OVERALL NORTHERN LATITUDE LIMIT 

4J 50 St 53 54 60 
Ll • I .1 i . i fig) | i I i I l i | | I 

DEGREES MINUTES SECONDS 

OVERALL WESTERN LONGITUDE LIMIT 

L IMITS 
21 30 31 33 34 »0 
li l i i i t l liiSl ,3iO[ i i ii [ i I 

OEGREES MINUTES SECONDS 

OVERALL SOUTHERN LATITUOE LIMIT 

61 70 71 73 74 80 
III I I I l I l8/H | I I I I I I I I 1 

DEGREES MINUTES SECONDS 

OVERALL EASTERN LONGITULE LIMIT 

CARD <1 - 8 0 R 0 E R TIC MFCRK DEFINITIONS 1 10 II 1314 20 

I • l i . i I • • • I • I I I I I I 1 
OEGREES MINUTES SECONDS 

LATITUDE INCREMENT BETWEEN 
80R0ER TIC MARKS 

41 50 
rr 11 • • 11 m 

NORTHING INCREMENT BETWEEN 
BORDER TIC MARKS 

21 30 31 33 54 JO 
I I I i ' ' ' '•• I 1 i i • i i ll 

DEGREES MINUTES. SECONOS 

LONGITUDE LIMIT BETWEEN 
BORDER TIC MARKS 

51 60 
I M ' 1 1 1 1 1 1 I 

TING INCREMENT BETWEEN 
BORDER TIC MARKS 

CARD 5 - GRID SYSTEM CELL HEIGHT A N D WIDTH ton 1314 20 |1 30 31 3334 40 
-L I l-l . i^fll i i I ; I i~ • ll I i i i I l • i I . I l i • I 1 

DEGREES MINUTES SECONOS DEGREES MINUTES SECONDS 
METERS OR METERS OR 

FEET « E T 

CELL HEIGHT « L L WIDTH 

Fig. 7. Data for the 2,000-m UTM Grid Example (Cards 1-5). 
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C A R D 6 - G R I D S Y S T E M L I M I T S I 1011 liW 20 
I ' ' ' ' I ' ' I ' ' ' ' ~ 

DEGREES 
METERS OR 

FCET 

MINUTES SECONDS 

NORTH BORDER OP GRID 

ORNL-DWG 7 5 - 1 5 3 8 7 

30 31 M 34 
I I l I I I l l l I l l I l l I I l l ' 

DECREES 
METERS OR 

FEET 

MINUTES SECONDS 

SOUTH BORDER OF GRIO 

I I I I I I I I I 
OEGREES 

METERS OR 
FEET 

MINUTES SECONOS 

# E S T BORDER OF ORID 

' 
OECREES 

METERS OR 
FEET 

n n : 
MINUTES SECONOS 

EAST BORDER OF GRID 

C A R D 7 - C E L L N U M B E R I N G D E F I N I T I O N S I 2 3 12 13 20 21 30 31 33 34 40 
HE1 I i ' i t i ' ' t ill f |2I I i i l l i i i i id i i I i i i i i~i~ 

CELL NUMBERING IDENTIFICATION INCREMENT IN DEGREES MINUTES SECONDS 
DIRECTION NUMBER OF CELL IDENTIFICATION METERS OR 

COOE FIRST CELL NUMBERS FEET 
OFFSET ORIGIN FOR CELL NUMBERING 

41 tt 4 m c 
CELL NUMBERING 

DIRECTION 
CODE 

IDENTIFICATION 
NUMBER OF 
FIRST CELL 

INCREMENT IN 
CELL IDENTIFICATION 

NUMBERS 

DEGREES 
METERS OR 

FEET 

MINUTES SECONDS 

OFFSET ORIGIN FOR CELL NUMBERING 

Fig. 8. Data for the 2,000-m IJTM Grid Example (Cards 6-7). 



O R N L - D W G 7 5 - 1 2 9 6 2 

i ! I S » « M s I S M M 

36° 0' 0.00* 

m 
W1 

3S°30' 0.00" 

T 1 1 

1 
1 

? 

• 
• 
a B B » t * f * c B I 6 t r 8 8 E I £ 

an 
an 

H l i i i l l i l M « M e « « M » M i l « 
-f 85® 0' 0.00* [̂ RfliHflN QUfiO 1:125000 2000 HETEB UTH GRIO LINES HITH IS" GEODETIC TIC MRRKS 

8U° 0" 0.00" 

Fig. 9. Map Overlay for the 2,000-in UTM Grid Example. 
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C A R D I - T I T L E 

l 10 
I H A f t f t l M f t M i Q U A E .lii.ti^Softa , ,ao*,oo, , F , d d T 

T I T L E ( C O N T I N U E D ) 41 80 
I 1RLAM16 &KU>I .wrr.H, it,S', 6Baa£T,l*, iTiUCi 

ORNL-DWG 7 5 - 1 5 3 8 8 

C A R D 2 - S C A L E , O P T I O N S , M A P A N D GRID P R O J E C T I O N S 1 10 I I 12 13 IB 19 2021 22 23 24 28 

1 , , , , 1 , 3 5 4 0 , 4 LI u a • u fef) L-J 
SCALE OVERLAY GRID ADDITIONAL MAP MAX MAP MAX GRID ANGLE 

SEGMENTS NUMBERING ROW/COLUMN HEIGHT WIDTH TYPE DISPLAY 
FLAG OFFSETS OF CELL NUMBERS Onehtil hnshnl CODE FLAG 

!7 30 31 3J 
I , . , 1 l i i l 

MAP ZONE 
PROJECTION OR 

STATE 
CODE 

GRID LINES 
COORDINATE 

SYSTEM 

3 8 4 0 

WOT] 
GRID LINES 

ZONE OR 
STATE 
CODE 

' ' i ' ' i ' ' ' I ' ' l 
OEGREES MINUTES SECONDS 

PROJECTION DEFINITION NORTHERN PARALLEL 

7Q 71 73 74 BO 

1 t t I 11 I I I I I I 1 1 1 I I I 1 1 I 
OEGREES MINUTES SECONDS 

PROJECTION DEFINITION SOUTHERN PARALLEL 

C A R D 3 - O V E R A L L L A T I T U D E A N D L O N G I T U D E L I M I T S 

I |3|frl 1 
20 

OEGREES MINUTES SECONDS 

OVERALL NORTHERN LATITUDE LIMIT 

21 
' ' ' ' ' ' 

30 31 33 34 
, .351 aol • 1 

OEGREES MINUTES SECONDS 

OVERALL SOUTHERN LATITUDE LIMIT 

I II I I I .1 j&sL 
OEGREES MINUTES SECONDS 

OVERALL WESTERN LONGITUDE LIMIT 

1 . I I 1 1 1 l 1 1 
DEGREES MINUTES SECONOS 

OVERALL EASTERN LONGITUDE L IMIT 

CARD 4 - B O R D E R T I C M A R K D E F I N I T I O N S I 10 II 1314 20 
t « UK. 

OEGREES MINUTES SECONOS 

LATITUDE INCREMENT BETWEEN 
BOROER TIC MARKS 

sac 
OEGREES MINUTES. SECONDS 

LONGITUDE LIMIT BETWEEN 
BORDER TIC MARKS 

NORTHING INCREMENT 8ETWEEN 
BOROER TIE MARKS 

' ' ' ' ' • ' ' ' ' I 
EASTING INCREMENT BETWEEN 

BOROER TIC MARKS 

CARD 5 - G R I D S Y S T E M C E L L HEIGHT A N D W I D T H 

l l l l l 2AOftd 
10 11 13 14 20 

DEGREES 
METERS OR 

FEET 

MINUTES SECONDS 

C E L L HEIGHT 

21 
Illl 

JO 3> 33 34 
fipppfL 

DEGREES 
METERS OR 

FEET 

MINUTES SECONDS 

CELL WIDTH 

Fig. 10. Data for the 20,000-ft State-Plane Grid Example (Cards 1-5). 
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CARD 6 - GRID SYSTEM LIMITS i ion m4 an 
I ' I ' I ' I ' I ' I I I I I ' • ' I I 

OEGREES 
METERS OR 

FEET 

MINUTES SECONDS 

NORTH BORDER OF GRIO 

ORNL-DWG 75-153B9 

30 it 33 34 
' ' ' ' ' ' ' ' I ' l l ' ' ' ' ' ' 

DEGREES 
METERS OR 

FEET 

MINUTES SECONOS 

SOUTH BORDER Of DRIO 

50 51 53 34 

(Mill MA&L-
60 

ID 
DEGREES MINUTES SECONDS 

METEPS OR 
FELT 
WEST BORDER OF GRIO 

I I II I I II I 
DEGREES 

METERS OR 
FEET 

MINUTES SECONDS 

EAST BORDER OF GRID 

CARD 7 - CELL NUMBERING DEFINITIONS I 2 3 12 13 20 21 31 33 34 40 
BH I i l ill I I I I I I 1 lL| I i ' ' ' i • ' ' • I ' ' I ' ' ' ' 

CELI. NUMBERING IDENTIFICATION INCREMENT IN OEGREES MINUTES SECONOS 
OIRECTION NUMBER OF CELL IDENTIFICATION METFRS OR 

CODE FIRST CELL NUMBERS FEET 

OFFSET ORIGIN FOR CELL NUMBER.NG 

CELL NUMBERING 
DIRECTION 

COOE 

i i i ll 
IDENTIFICATION 

NUMBER OF 
FIRST CELL 

INCREMENT IN 
CELL IDENTIFICATION 

NUMBERS 

I I I I I I I 
OEGREES 

METERS OR 
FEET 

It 
MINUTES SECONDS 

OFFSET ORIGIN FOR CELL NUMBERING 

Fig. 11. Data for the 20,000-ft State-Plane Grid Example (Cards 6-7). 



O R N L - O W G 7 5 - 1 2 9 6 0 

3S« 0* 0.00' 

3S«30' 0 .00 ' 

+ 8S» 0 - 0 . 0 0 - ^ ^ Q f Q , . , 2 5 0 0 0 20000 FOOT 5TMC PUWC Cftto M I tH I S - C M K 1 I C T i c « * W S 

1 1 i 

> • • • * • • • » + • - a 

t • • • • * • • * • • « - > 

• » • • • • * • • • - • - « 

t • • • • - - • • • * • - • 

• • • • • • • » • • • • » • 

» • « • • • • • • • • • • * 

• • • • • • • » * • • • • t 

• • • • • • • • - • • • • • 

* • . 1 • • • r • • • 
* i —t—i 

$ i . 

9i» 0• 0.00* 

l-ig. 12. Map Overlay for the 20.tXKMt S(;iic-Pl;inc (irni | \:iHipIc. 
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J. GENERAt. FEATURES OF THE PROGRAM 

3.1. Map Projcctiom and Grid Coordinate System* 

Jtduffr dcH-fihmj! the defatted input mjoiiemeni* the GRIIMJI program tSecttnn 4j, 
elic ^cncr^t feat txo. t^jMbihito. and available option* will He di*eu>.»ed, Specific nomenclature 
u n d ilu<<uj!h»>ui the icpott will He detrnvi. M« term* "map overlay projection" and "grid 
vootdmafe *yvtem" will He uwrd <p»te Jtequciuh. Niiicc map> ale t« unintentional 
tepteventation*, mmc *«»it ol p>(>jc<n«ii) »v <K«vw(f> to represent any given portion of the 
earth. I He projection UMV He a* Mdipte x* p<o;evting the o f t h ' * •vtirfacc onto an enveloping; 
cylinder m the meirator juujcettnfU i>» eon* {3* in a tonic projection!. cutting the cylinder 
ur cone, and »u|lin',( t! out (bt. Hi eve Mtnpte projection* have been generalized and 
•.f.tmf.itdi/cd vi» iluf practically all map* ptiHhdted today u*e one u{ a HaiWo/e» well-known 
projection*. I >« example, the t.amheff (onf«»*mal projection n u « d on many Hand MeNallv 
map*; the National Geographic Society commonly »>e» an AI her* Equal Area projection; the 
T.S. Geological Survey tiw* either a I'olycomc projection or a I raiivverw M crcator projection. 
If latitude and longitude ttnev are piojected (torn the earth'* surface onto the map. most of 
them wdl apiK.it t uned , the curvatuie being more distinct a* the area become* larger. 

ihe term "pud coordinate refer* to the method of dividing an area of the earth 
into a lattice of cell*. One common method i» to detmc cell* M*ing latitude* and longitude* »o 
that even tell Hat die viinc latitude inclement in height, and the iamc longitude increment in 
width. Foi example, a latitude euald In defined hv dividing the area hounded by latitude 39" 
to 40". longitude to Jto" into cell* I minute of latitude high. 2 minute* of longitude wide, 
thu* producing a (lO-mw by MK-olumn grid. tin* *yMcm work* very well for *mall regions, 
vinee the lautnde-longitode line* for area* up to 15* are virtually straight lines.. In digitizing 
laurel areas the curvature of the latitude* become* noticeable, making the drawing (by hand) of 
additional latitude-longitude l ino a timc-eoiMiming and error-prone ta*k. Alternatively, a grid 
*y*»em con*i«;ing of a *ctic* of regularly spaced horizontal and vertical line* could be drawn 
directly on the map. Such a *y*icm could he drawn a* an overlay and used from map to map, 
%o long a* the maps have the same scale and tive the u m c projection*, liven if the .scale 
change* hut the projection remain* the same, generating the grid involve;, drawing a rectangular 
grid perhap* with a different horizontal and vertical increment, The problem comes when data 
must be digitized from a map that use* a different projection from the desired coordinate 
system. Ihe problem of transforming the rectangular grid of the original projection to the new 
projection can be thought of as projecting the grid l ino of the original projection back onto 
the earth, then projecting these curve* onto the new projection. (See Figure 13.) 

In the terms used in the GKUK>T program, the projection in which the grid lines appear 
as a rectangular lattice of straight lines is called the "grid coordinate system" projection, if the 
cells arc defined by a lattice of latitudes and longitudes, the grid coordinate system is callcd a 
"latitude-longitude grid system." The map projection which the overlay is being prepared for is 
called (simply) the "map projection." As an example, many USGS 7 I 2-minutc quad maps use 
a Polyconic "map projection" and the UTM tic marks around the edges refer to a 
superimposed UTM "grid coordinate system." 

In the GRIDOT program the user may specify (I) a latitude-longitude grid system. (2) a 
grid system of rectilinear lines in a Universal Transverse Mercator (UTM) projection, or (3) a 
rectilinear grid in one of the state-plane systems. One of the standard map projections may be 
specified along with the chosen grid coordinate system. 

A further discussion of map projections as related to the taie representation of the earth's 
surfacc is given in Section 3.3. The novice user should read that section in order to be aware 
of pitfalls that arise in the study of large geographical regions. 



onm. &»»', 

EARTH'S SURFACE 

UTM GRIO LINES ON 
THE EARTH'S SURFACE 

UTM GRID SYSTEM ON A 
POLYCONIC MAP PROJECTION 

UTM GRID SYSTEM ON A 
UTM MAP PROJECTION 

Fig. t3. Transferring UTM Grids to a Polyconic Map. 
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3.2. Northings and Eastings 

In Scction 3.1 the technique of drawing a rectangular grid over a map to define a lattice-
for digitizing data was discussed. The horizontal and vertical distances in the two-dimensional 
map projection arc given in metric units (meters for a UTM grid) or English units (feet for 
state-phnc grids) corresponding to distances on the ground for a one-to-one projection (map 
scale = ? /1)- The cell heights (or widths) can 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 to 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 east the grid line is from the vertical grid line origin. The northing-easting origin 
conventions for the UTM projections and the legally defined state-plane system are widely 
accepted. The northing and easting grid lines of the UTM grid system (measured in meters) 
and one 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 nv^ks around the border of the overlay for either a UTM grid or 
one of the state-plane grids. 

3.3. The Relation of Map Projections to the Earth's Surface 

In using a map to determine 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 
areas 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 earth. 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 extends from longitude 84° to 90°. 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 equal to true ground distance. 
Moving in towards the 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 is 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 zones 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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Fig. 14. The Transverse Mercator Projection. 
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Fig. 15. Zone Boundary of a Universal Transverse Mercator (UTM) Zone. 
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3.4. Overall Latitude-Longitude Limits and Overall Grid Limits 

The user of the GRIDOT program is assumed to he working with maps drawn between 
two latitude limits and two longitude limits, callcd (lie "overall lat-lon limits." These overall 
limits arc the primary' registration lines for the overlay produced by the GRIDGT 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 lo a second set of 
latitude-longitude limits, falling within the overall limits, to avoid wasting both computer and 
plotter time generating grids for regions thai will not be digitized. In this ease the second set 
of latitude-longitude limits is called the "overall grid limits." 

Another use of the term "overall grid limits" applies to a grid based on northings and 
tastings rather than latitudes and longitudes. In this ease the gridded area inside the overall 
lat-lon limits is northing and casting limits on all four sides. On the input cards the us;r may 
specify (in latitude and longitude, meters, or feet) the north, south, east, and west borders of 
the gridded box. See Figure 12 tor an example of a gridded area interior to the overall lat-lon 
border. 

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

3.S. Labeling the Rows and Columns of the Grid 

If the user docs 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 east by increments of one starting 
with the number I, and from south to north by increments of 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 either the rows or the 
columns that is different than one. Also, the user may instruct the program to use 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 lie outside the gridded area. 
Given the origin, the program will calculate the proper labels for the rows and columns 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 numbering (assuming the 
grid could be extended to the origin), as follows: 

1. If the vertical numbering is from south to north, the origin parallel (or 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 east 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 each o»>:rlay must be present even though no information may be punched on one or 
several of tfctm. Any number of overlays may be produced in a single run by stacking cases 
one after the oilier. 

Table 2 gives a complete specification of every data field of the seven data cards. The 
following seven sections give a detailed explanation of the parameters associated with these 
data fields and the use of options in meeting particular overlay requirements. 

Figures 16 through 19 are layout sheets for the seven data cards of the GR1DOT program. 
When a series of overlays is produced, the user may want to make a copy of the layout forms, 
writing in those parameters that do not change in the series of overlays (e.g., map scale and 
cell 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 GR1DOT program have an associated default value for use when 
the field is left blank. However, no default exists for the following fields: 

1. T he 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. 



Table 1 (Continued) 

F i e l d 

S p e c i f i c a t i o n of Input Parameters and Card Formats 

Format Columns Default Remarks 

T i t l e 20A4 1-80 Al l Blanks 

Scale F10.0 1-10 (No Default) 

Overlay Segments Flag 
(not currently used) Al 11 N 

Grid Numbering O f f s e t Flag Al 12 N 

Additional Row/Column of 
Ce l l Numbers Flag Al 13 N 

Map Maximum Height 12 18-19 27 

Map Maximum Width 12 20-21 40 

Grid Type A2 22-23 PC 

Angle Display Flag A3 24-26 DMS 

Map Project ion A4 27-30 POLY 

V = Overlay segments are to be 
p lo t t ed 

N = No overlay segments 

N = Origin for grid c e l l labe l ing 
i s the borders of the drawn 
grid system 

Y = Origin for grid c e l l labe l ing 
i s given as data 

Y = Draw an addit ional row (at 
the top) and column (at the 
r ight ) of c e l l l abe l s 

In inches 

In inches 

PC = "+" marks a t c e l l corners 
GL = Grid l i n e s 
GP = Grid l i n e s & "+" marks at 

c e l l centers 

DEG = Degrees and f r a c t i o n s of 
degrees 

DMS = Degrees, minutes, seconds 

POLY = Polyconic 
ALBR = Albers equal area 
LAMB = Lambert conformal 
UTMR = Universal transverse 

mercator 
STAT = State Plane 
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Table 2 (Continued) 

Format Columns Default Remarks 

Card 2 
( c o n t . ) Map Project ion 

Zone or S ta te Code 

Grid Lines 
Coordinate System 

A3 

A4 

31-33 UTMR: Central 
Meridian of 
Grid Area 

STAT: No Default 

34-37 LTLN 

Zone number for UTMR maps 
State plane code for s t a t e 
plane maps (r ight adjusted) 

UTWR = Universal transverse 
mercator (meters) 

STAT = State plane ( f e e t ) 
LTLN = Latitude/Longitude 

(degrees or degrees-
minutes- seconds) 

Grid Lines Zone 
or S ta te Code 

Project ion Northern 
Para l l e l 

Project ion Southern 
Para l l e l 

(DOG) 
(MIN) 
(SEC) 

(DEG) 
(MIN) 
(SEC) 

A3 

F10.0 
F3.0 
F7.4 

F10.0 
F3.0 
F7.4 

38-40 

41-50 
51-53 
54-60 

61-70 
71-73 
74-80 

UTOR: Central 
Meridian 

STAT: No Default 

45 1 /2 ' 

27 1/2' 

Zone number for UTMR grids 
or s t a t e plane code for s t a t e 
plane grids (r ight adjusted) 

North and south p a r a l l e l s are 
used in the Albers and 
Lambert pro jec t ions 

K> 

Card 3 
Northern Latitude 

Limit 

Southern Latitude 
Limit 

(DEG) 
(MIN) 
(SEC) 

(DEG) 
(MIN) 
(SEC) 

F10.0 
F3.0 
F7.4 

F10.0 
F3.0 
F7.4 

1 - 1 0 
11-13 
14-20 

21-30 
31-33 
34-40 

(No Default ) 

(No Default) 

Degrees or degrees and f r a c t i o n 
of a degree 
Minutes 
Seconds and f r a c t i o n s of seconds 
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Field Format Columns Default Remarks 

Card 3 
(cont.) Western Longitude 

Limit 

Eastern Longitude 
Limit 

(DEC) 
(MIN) 
(SEC) 

(DEG) 
(MIN) 
(SEC) 

F10.0 
F3.0 
F7.4 

F10.0 
F3.0 
F7.4 

41-50 
51-53 
54-60 

61-70 
71-73 
74-80 

(No Default) 

(NO Default) 

Degrees or degrees and a fraction 
of a degree 
Minutes 
Seconds 

Card 4 
Latitude Increment 

Between Edge Tic Marks (DEG) 
(MIN) 
(SEC) 

Longitude Increment 
Between Edge Tic Marks (DEG) 

(MIN) 
(SEC) 

F10.0 
F3.0 
F7.4 

F10.0 
F3.0 
F7.4 

1 - 1 0 
11-13 
14-20 

21-30 
31-33 
34-40 

No 
Tic 
Marks 

Degrees or degrees and a fraction 
of a degree 
Minutes 
Seconds 
Latitude/Longitude Tic Marks are 
Inside Latitude/Longitude Box 

N) oc 

Northing Increments 
Between Edge Tic Marks 

Easting Increment 
Between Edge Tic Marks 

F10.0 

F10.0 

41-50 

51-60 

No 
Tic 
Marks 

Units of the northing and easting 
t i c marks are defined by the grid 
system units f l a g on Card 1 

Northing/Easting Tic Marks are 
Outside Latitude/Longitude Box 

Card 5 
Cell Height 

(Fractional Degrees) 
< Degrees > 
(Meters or Feet ; 

F10.0 1 - 1 0 

If c e l l height in degrees, height 
must be within 1/10% of dividing 

(No Default) Northern-Southern lat i tude 
d i f ference . If c e l l height in 



Table 1 (Continued) 

Fie ld 

Card S 

(cont . ) Minutes 

Seconds 

Cell Width 
Fractional Degrees 
Degrees 

Meters or Feet 

Minutes 
Seconds 

Card 6 
[Latitude/Longitude Grid System] 

North Border of Grid (DEG) 
(MIN) 
(SEC) 

South Border of Grid (DEG) 
(MIN) 
(SEC) 

West Border of Grid (DEG) 
(MIN) 
(SEC) 

East Border of Grid (DEG) 
(MIN) 
(SEC) 

Format Columns Default 

F3.0 11-13 

F7.4 14-20 

F10.0 21-30 (No Default) 

F3.0 31-33 

F7.4 34-40 

F10.0 1-10 North 
F3.0 11-13 Latitude 
F7.4 14-20 Border 

F10.0 21-30 South 
F3.G 31-33 Latitude 
F7.4 34-40 Border 

F10.0 41-50 West 
F3.0 51-53 Longitude 
F7.4 54-00 Border 

F10.0 61-70 East 
F3.0 71-73 Longitude 
F7.4 74-80 Border 

Remarks 

meters or f e e t and SW, NE corners 
of grid are given, height must be 
within 1/10% of dividing Northern-
Southern northing d i f f erence 

I f c e l l width in degrees, width 
must be within 1/10% of dividing 
Western-Eastern longitude 
d i f f e r e n c e . If c e l l width in 
meters or f e e t and SW, NE corners 
of grid are given, width must be 
within 1/10% of dividing Western-
Eastern east ing d i f f e r e n c e . 
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Fie ld Format Columns Default Remarks 

Card 6 
[UTM (meters) or s ta te -p lane ( f e e t ) 

Grid System] 

North Border of Grid 
South Border of Grid 

West Border of Grid 
East Border of Grid 

F10.0 
F10.0 

F10.0 
F10.0 

1 - 1 0 
21-30 

41-50 
61-70 

GTidding to the 
Corresponding Latitude 
or Longitude Limit 

Card 7 
Cel l Labeling Direct ion Code 

Label of the Origin Cell in 
t h i s Direct ion 

A2 

110 

1 - 2 

3-12 

WE WE = West to East 
EW = East to West 
NS = North to South 
SN = South to North 

If no o f f s e t or ig in i s used the 
O T i g i n c e l l i s at the extreme 
row or column of the gridding. 
Card 1, Column 12 s p e c i f i e s 
whether an o f f s e t or ig in i s to 
be used or not. 

u> © 

Label Increment in t h i s 
Direct ion 18 13-20 

Of f se t Origin for Cel l Labeling 
(Fract ional Degrees 
s Degrees 

(Northing or Easting F10.0 21-30 

Minutes F3.0 31-33 

Seconds F7.4 34-40 

1 

0.0 

I f d i rec t ion i s West to East, 
o f f s e t i s the West border of the 
or ig in c e l l . If d irect ion i s 
East to West, o f f s e t the East 
border o f the or ig in c e l l . I f 
d i rec t ion i s South to North, 
o f f s e t i s the the South border 
of the or ig in c e l l . I f d irect ion 
i s North to South, o f f s e t i s the 
North border of the or ig in c e l l . 

Columns 41 through 80 i d e n t i c a l f i e l d d e f i n i t i o n s for 
l abe l ing in the orthogonal d i r e c t i o n . Hie defaul t 
Cel l Labeling Direct ion Code f o r these f i e l d s i s "NS." 
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Table 2 (Continued) 

Format Columns 

Card 7 
( c o n t . ) Second Cel l Numbering 

Direct ion A2 41-42 

F i r s t Cel l Number i n This 
Direct ion 110 43-52 

Increment in This Direct ion 18 53-60 

O f f s e t Origin for Cel l 
Numbering i n This Direct ion 
^Fractional Degrees 
• Degrees 

1 Northing or Easting F10.0 61-70 

Minutes F3.0 71-73 

Seconds F7.4 74-80 

Default Remarks 

SN (See Card 6) 

1 

1 

0.0 

u> 



CARD 1 - TITLE < 
I i i i i i i i i 

40 
' ' ' ' i I I I I i i i I i t ' ' ' i ' ' ' ' i ' ' ' M i I i i < 

TITLE (CONTINUED} 
80 

' ' ' ' I ' ' I 'I ' ' ' ' 'I I I I I I I I I I I I I I I I I I I I I I I I 

CARD 2 - S C A L E , O P T I O N S , M A P A N D GRID P R O J E C T I O N S 
10 

' ' ' ' ' ' ' ' ' 

M • 12 • 
SCALE OVERLAY GRIO 

SEGMENTS NUMBERING 
FLAG OFFSETS 

FLAG 

<3 
• 

ADDITIONAL 
ROW/COLUMN 

OF CELL NUMBERS 
FLAG 

18 19 2021 2 2 2 3 24 26 • • • [ID 
MAP MAX MAP MAX GRID ANGLE 

HEIGHT WIDTH TYPE DISPLAY 
(inches) (inches) CODE FLAG 

ORNL-OWG 7S-6&JJ 

27 30 3) 33 34 37 38 40 
1 i i i 1 t i l l I i i i I I | I I 

MAP ZONE GRID LINES GRID LINES 
PROJECTION OR COORDINATE ZONE OR 

STATE SYSTEM STATE 
COOE COOE 

4 t 5 0 51 53 5 4 

111)1111 JL_L 
60 

I I I I I I 

61 

D E G R E E S M I N U T E S S E C O N D S 

PROJECTION DEFINITION NORTHERN PARALLEL 

70 71 73 74 SO 
1 

I ? l l l .I .J i i 1 I.-L..I I 1 1 ! .! J 
OEGREES MINUTES SECONDS 

PROJECTION DEFINITION SOUTHERN PA.14i_s.EL 

C A R D 3 - O V E R A L L L A T I T U D E A N D L O N G I T U D E L I M I T S 

1 (Oil (3 «4 20 
' ' I ' l ' i ' ' XJU I I I I I I 

OEGREES MINUTES SECONOS 

OVERALL NORTHERN LATITUDE LIMIT 

21 30 31 33 34 40 
i i i i i i i i i J_L I I I I I I 

OEGREES MINUTES SECONDS 

OVERALL SOUTHERN LATITUDE LIMIT 

41 5 0 5< 53 5 4 60 

I I I . J I I I I I -L-L l 'I l l i 
DEGREES MINUTES SECONDS 

OVERALL WESTERN L0N61TUDE LIMIT 

61 
J - l I 1 I I I 

70 71 73 74 
m 

60 
_1_ 1 .1 I 1 -t .1 

OEGREES MINUTES SECONDS 

OVERALL EASTERN LONGITUDE L IMIT 

Fig. 16. Layout Sheets for GRIDOT Data Cards 1-3. 



C A R D 4 - B O R D E R T I C M A R K D E F I N I T I O N S 
I 10 II 1314 20 
I l i I t I l l I 1 l I I t I i i i i 

DEGREES MINUTES SECONDS 

LATITU0E INCREMENT BETWEEN 
BORDER TIC MARKS 

ORNL-DrtO 73-66T<» 
3 0 31 33 34 4 0 

t I I I I I I I I I I l l I I I I I I I 
DECREES MINUTES SECONDS 

LONGITUDE LIMIT BETWEEN 
BORDER TIC MARKS 

41 5C 51 6 0 

1-1. I I I I I I...L I J 
NORTHING INCREMENT BETWEEN 

BORDER TLC MARKS 

I I I I ' l l ' 
EASTING INCREMENT BETWEEN 

BORDER TIC MARKS 

C A R D 5 - G R I D S Y S T E M C E L L H E I G H T A N D W I D T H 

DEGREES 
METERS OR 

FEET 

MINUTES SECONDS DEGREES 
METERS OR 

FEET 

MINUTES SECONDS 

C E L L HEIGHT CELL WIDTH 

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



CARD 6 - GRID SYSTEM LIMITS 

DEGREES 
METERS OR 

FEET 

MINUTES SECONDS 

NORTH BORDER OF GRIO 

O R N L - D W G 7 5 - 6 6 7 5 

DEGREES 
METERS OR 

FEET 

MINUTES SECONDS 

SOUTH BORDER OF GRID 

OEGREES 
METERS OR 

FEET 

MINUTES SECONDS 

WEST BORDER OF GRID 

DEGREES 
METERS OR 

FEET 

MINUTES SECONDS 

EAST BORDER OF GRIO 

Fig. 18. Layout Sheet for Gridot Data Card 6. 



CARD ? - CELL NUMBERING DEFINITIONS 
1 2 3 12 13 • 20 

I t ' l ' l ' l ' 
CELL NUMBERING 

DIRECTION 
CODE 

IDENTIFICATION 
NUMBER OF 
FIRST CELL 

I I I I I l_L 

ORNL-DWG 75-6676 

21 3 0 31 33 3 4 4 0 

INCREMENT IN 
CELL IDENTIFICATION 

NUMBERS 

' I I I ' I I I ' I I I I 1 11 I 
DEGREES 

METERS OR 
FEET 

MINUTES SECONDS 

OFFSET ORIGIN FOR CELL NUMBERING 

4 t 42 
• 

CELL NUMBERING 
DIRECTION 

CODE 

IDENTIFICATION 
NUMBER OF 
FIRST CELL 

INCREMENT IN 
CELL IDENTIFICATION 

NUMBERS 

DEGREES 
METERS OR 

FEET 

MINUTES SECONDS 

OFFSET ORIGIN FOR CELL NUMBERING 

Fig. 19. Layout Sheet for GRIDOT Data Card 7. 
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The GR1DOT 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 coordinate system:; which 
the user may specify are: 

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

= 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). 

= 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 unusual 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 5. 

2. STAT 

3. LTLN 

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 latitude 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 GRI.DOT program will 
display latitudes and longitudes on the printed output and the map overlay in 
degrees-minutes-seconds unless the letters "BEG" 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 degree 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. Fur 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 Overlay 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 comers." The intersections of the horizontal and 
vertical grid lines are represented by a plufe 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 lying between the overall latitude/ longitude limits given on card 3, or he may 
choose to restrict the gridding to some smaller gridded area within these limits to save on 
plotter time. 

Data card 6 may be used to define the grid area subset by specifying northern/southern 
latitude boundaries, followed by western/eastern 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 area 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 eastern and western boundaries given as eastings (meters 
or feet). 

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

On data card 7 are two groups of fields. Either one may be used for the vertical direction 
labeling scheme. The other is used for the horizontal direction. If the entire data card is left 
blank, cells are numbered from south to north by 1 starting at I, and from west to east by 1 
starting at 1. 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 the 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 12 of data card I 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 a n d / o r 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 long 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 a n d / o r 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 /o r UTM tic marks. These tic 
marks may serve as reference 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 Output) 

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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6. TECHNIQUES OF GRID DIGITIZING 

6.1. Introduction to Spatial Digitization 

Once the proper overlay grid has been plotted by the GR1DOT 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 6.3f 
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. 

0: No precipitation 
1: 0 to 10 inches/year 
2: 10 to 30 inches/year 
3: 30 to 60 inches/year 
4: Over 60 inches/year 

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 area under cultivation exceeds a user-supplied threshold (say 10%), 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 GR1DOT program contains 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 quite useful 
with a continuous variable such as elevation, which can be subsequently interpolated to obtain 
a finer level of information. This method also eliminates the digitizing bias in trying to 
estimate 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 area occupied by one or more of the variables 
being digitized. Using a previous example, one might attempt to estimate the percentage of 
each land-use category; for example, "40M, 30CF, 30RH." for 40% meadow land, 30% 
cultivated farmland, and 30% roads and highways. 

A simpler rule for this scheme is to estimate area percentages for the first two or first 
three dominant categories. 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=l, southeast=2, southwest=3. or 
northwest=4) of the cell in which most of the hardwoods occur. In the case of point data, such 
as location of public buildings (school locations, churches, libraries, etc.), this technique 
provides a way of pinpointing the information more accurately. This type of digitizing is 
especially useful when a hierarchical grid structure is used, as in the ORRM1S land-use data 
base.4 

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. 1 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 areas 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 1: Columns 1-4 have the value 10 
5-17 have the value 12 

18-25 have the value 11 

Row 2: Columns 1-5 have the value 10 
6-17 have the value 12 

18-25 have the value 11 

Row 3: (Same as Row 2) 

Row 4: Columns 1-4 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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Fig. 22. Using a Registration Strip on a T-Square as an Aid in Row Coding. 
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Table 3. Data Captured in Column Change Formal. 

Column Value 

Row 1 1 
5 

18 

10 
12 
11 

Row 2 1 
6 

18 

10 
12 
11 

Row 4 1 
5 

17 

10 
11 
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 column 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 I 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 

Notice that the first and second points have the same row number. The second and third 
points then have the same column number, and so on, in alternating fashion. The last number 
uritten 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 
series of x,y coordinates defining the vertices of each polygonal area. These coordinates are 
then used to determine ttic cell centers falling in cach polygonal area so that the cells may be 
assigned to the proper polygon. 

Col. Row Col. Row Col. Row Col. Row 
( 11 , 11 ) to ( 11 , 13 ) to ( 1 , 13 ) to ( 1 , 6 ) 
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Table 4. Data Captured in Alternate Index Format. 

Region 
No. 

Starting 
Col./Row 

No. 
Col. 
No. 

Row 
No. 

Col. 
No. 

Row 
No a 

Col. 
No. 

Row 
No. 

Col. 
No. 

Row 
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.L Plotting Techniques 

The GR1DOT 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 segments 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 labeling of the rows and columns is done whenever 
the pen is closest to the point at which a label is to appear. 

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

7.2. Uses of the Map Projection Routines 

Subroutine Name Function 

PROJ 'NE' 
PROJ 'LL' 
PROJ 'NL' 
PROJ 'LE' 

Calculates northing and easting from latitude and longitude 
Calculates latitude and longitude from northing and easting 
Calculates northing and longitude from latitude and easting 
Calculates latitude and easting from northing and longitude 

Reference I 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 GR1DOT 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 Ihe 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 uî r 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 field (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 to 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. 



36° 0" 0.00 

85° 0 ' 0.00" HflftRtMflN QUAD 1:125000 3 ' GEODETIC GRID WITH 15' GEODETIC. 50000 METER UTM TIC EM® 0- 0.00-

Fig. 24. A Grid Overlay for the Harriman Quadrangle (1° X 30') in East Tennessee with 
County Outlines Superimposed. 
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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) CA1 
Zone 2 CA2 
Zone 3 CA3 
Zone 4 CA4 
Zone 5 CA5 
Zone 6 (South) CA6 
Zone 7 (LA) CA7 

Colorado North CON 
Central COC 
South COS 

Connecticut CT 

Delaware DE 

Florida East FLE 
West FLW 
North FLN 

Georgia East GAE 
West GAW 

Idaho East IDE 
Central IDC 
West 1DW 

Illinois East ILE 
West ILW 

Indiana East INE 
West INW 

Iowa North IAN 
South IAS 
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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 M1E 
Central MIC 
West MIW 

Minnesota North MNN 
Central MNC 
South MNS 

Mississippi East MSE Mississippi 
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 ,V£ 

North Dakota North NDN 
South NDS 

Ohio North OHN 
South OHS 

Oklahoma North OKN 
South OKS 

Oregon North ORN 
South ORS 

Pennsylvania North PAN 
South PAS 

Rhode Island Ri 

South Carolina North SCN 
South SCS 

South Dakota North SDN 
South SDS 

Tennessee TN 

Texas North TXl 
North Central TX2 
Centra! 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 W1C 
South WIS 

Wyoming Zone 1 (East) WY1 
Zone II WY2 
Zone 111 WY3 
Zone IV (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 
Area), LAMB (Lambert Conformal), UTMR (Universal Transverse Mercator). or 
ST ATM (State-plane). 

Invalid Grid System 

The grid coordinate system must either be LTNL (Latitude-longitude), UTMR 
(Universal Transverse Mercator). or STAT (State-plane). 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 arc given in northern latitude, western longitude, 
eastern longitude order. Remember that longitudes increase going west in the western 
hemisphere. 

Lai 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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9. 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 (feet). 

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

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



IV 

APPENDIX C 
FORTRAN LISTING OF SOURCE PROGRAM 



G R I D O T PROGRAM - R . EDWARDS AND R . C C R F E E COAK R I D G E NAT ICNAL. f_ A3 ) 

/ / S T E P 1 EXEC F O R T H C L G 
/ / F O R T . S Y S I N DD * 

D O U B L E P R E C I S I O N S E M A J . S E P I N . E C C . E P S Q . N C O C a ) » R P D 
D O U B L E P R E C I S I O N L A M b L . L A N C L . L A M N O t L A M E O . L A M R B . L A M N . L A M R Z 
D O U B L E P R E C I S I O N S T L A I S . S T L A T . S I NL TN . S I NS ON , S I N L T S . S I N S O S . Y S , Y E S 
DOUBLE P R E C I S I O N E C C S C . S I N B L T . S I N P H I . C O S P H I . C O S S Q 
I N T E G E R Z O N E I O C 4 ) . Z O N T Y P » H T N R 
D O U B L E P R E C I S I O N S I . S2 . G L A T . C L C N . C R I G N , O R l G E 
D O U B L E P R E C I S I O N G T M K Z , G T # R B . G T M D U M 
D O U B L E P R E C I S I O N P A K M C 7 ) . F T P E R M 
E Q U I V A L E N C E ( P A R M ( l ) , C L A T ) . C P A R M 2 ) . Q L O N ) . 

6 ( P A R M ( 3 ) . G R I G N ) . ( P A R M C 4 ) . O R I G E ) . C P A R M C 5 ) . L A M R B . GT XP.Q} . 
& ( P A R M t 6 ) . L A M N . G T M K Z ) . C P A R N C 7 ) . L A M R Z . G T MUU M ) 

D O U B L E P R E C I S I O N X D M S . A 
DATA S E M A J / 6 3 7 6 2 0 6 . 4 0 0 0 / « S E M I N / 6 3 5 6 5 8 3 . 8 0 0 0 / 
DATA E C C / 8 . 2 2 7 1 8 5 4 2 2 3 0 C 3 OOD— 0 2 / . E P S Q / 6 . S I 4 7 8 4 9 4 5 9 1 5 0 4 2 D - 0 3 / 
DATA N C O / 6 . 3 6 7 3 9 9 6 8 3 1 6 9 7 6 2 0 0 6 . - 3 . 2 5 0 2 8 6 2 4 I 7 9 0 4 7 9 D 0 4 . 

6 1 . 3 8 4 0 4 83 6 6 7 1 6 7 C 6 D 0 2 . - 7 . 3 3 5 3 8 8 1 3 0 5 0 1 4 2 9 D - 0 1 . 
& 4 . 2 1 9 4 1 3 4 1 I S C 2 S 1 8 0 - C 3 . - 2 . 5 2 9 2 8 7 9 4 2 3 4 2 8 0 d D - 0 b . 
C 1 . 5 5 6 0 5 8 2 8 5 2 7 6 5 8 9 0 - 0 7 . - 9 . 7 3 8 4 7 4 3 747300200-10 / 

DATA R P D / 1 . 7 4 5 3 2 9 2 5 1 S S 4 3 3 D - 2 / 
DATA H T M R / • TMR • / 
DATA F T P E R M / 3 . 2 8 0 8 3 3 3 3 3 3 3 3 3 3 3 3 3 3 D 0 / 
XDMS( A ) = C DMDD( A . 1 D 2 ) / 6 D 1 + I D I N T ( D M G D ( A / 1 D2 . 1 0 2 } ) ) / 6 0 1 + I D I N T C A / ID<> ) 

C * * * » P D P - IC S T A T E M E N T S F O R I / O * * * * 
C OPENCUN I T = 2 5 . A C C E S S — • S B C I N • «F I L E = * I N P » ) 
C O P E N ( U N I T = 2 6 . M O D E = f B I N A R Y • . A C C E S S - • S E Q O U T • . F I L E = , 0 U T 1 » ) 

10 R E A D ( 2 5 . 1 0 1 » E N D = 1 0 0 0 ) 2CNF. I D .ZCfsT YP» S I . S 2 . O L A T . O L C N , O R I G N , OR I G E 
1 0 1 F O R M A T ( 4 A 1 , 1 X , A 4 . 1 X . - 4 P 4 F 7 . 2 • 0 F 2 F 1 2 . 2 ) 

S 1 - X D M £ ( S I ) 
S 2 = X 0 M S ( S 2 ) 
O L A T = XDM SC O L A T ) 
OLON= >DMSC O L O N ) 
O R I G N = O R I G N / F TPERM 
OR I G E = O R I G E / F T P E R M 
I F C Z O N T Y P . E Q . H T M R ) G C TO 2 0 

C D E T E R M I N E THE NEW L A M B E R T P R O J E C T I G N 
S T U A T S ^ D M I M C S I . S 2 ) 
S T L A T N = D M A X1C S I , S 2 ) 
S I N L T N = D S I M R P D * S T L . A T M 
S I N S Q N = S I N L T N * S I N L T N 
S I N L T S = D S I N C R P D * S T U A T S ) 
S I N S Q S = S 1 N L T S * S I N L T S 
Y S = ( 1D0— S I N L T S ) / C 1 0 0 + S I N L T S ) 
YES=C 1 D 0 + E C C * S I N L T S ) / ( I D 0 — E C C * S I N L T S ) 
E C C S Q = E C C * * 2 
LAMN=DLOGC C 1 D 0 - S I N S Q S ) / C 1 D O - S I N S C N ) * 

6 C 1 D 0 - E C C S U + S I N S C N ) / CI D 0 - E C C S Q * S I N S Q S ) ) / 
6 ( D L O G C Y S * t 1 D 0 + S I N L T N ) / C 1 D C - S I N L T N ) ) + 
& ECC+DLOGC Y E S * C I D 0 - E C C * £ I N L T M / C 1 D 0 + E C C * S I N L T N ) ) ) 



G R I D O T PROGRAM - R . EDWARDS AND R . C L R F E E ( C A K R I D G E K A T I C N A L L A B ) 

L A M R Z = S E M A J * ( D C O S < R P D * S T L A T S ) ) / ( ( DS QRTC 1 D O - E C C S Q * S I N S Q S ) > * 
£. L A M N * D E X P C ( D L O G t Y S ) + E C C * D L O G ( Y E S ) > * ( L A M N / 2 D 0 > >> 

S I N B L T •= D S I N ( R P D * O L A T > 
LAMRB=LAMRZ*DEXP<<ECC»DLOG((ICO+ECC*SINBLT)/<1 DO-£CC*SINBLT ) )+ 

5 D L Q G ( ( 1D0— S I N B L T ) / ( I D O + S i r s B L T ) ) ) + I L A M N / 2 D 0 ) ) * G R I G N 
GO TO 3 0 

C TRANSVERSE MERCATGR P R O J E C T I C N 
2 0 G T M K Z = I D O — I D — 2 / S I 

G T M D U M - 0 « D 0 
S I N P H I = D S I N I O L A T * R P D ) 
COSPHI-=DCOSC OLA T * R P D ) 
C O S S G = C O S P H I * * 2 
G T M R B = - < << (< { C C 0 S S Q * N C 0 ( 8 ) - f r N C C C 7 l ) * C C S S O « - N C O ( 6 ) J * C O S S Q + N C O < 5 ) I 

6 +CG5SQ4-NC 0 1 4 ) ) * C C S S G + N C 0 ( 3 ) > +C0SSQ+NCG ( 2 ) t * C 0 S P H I * S I N P h I 
& +NCOC 1 ) * Q L A T * R P D ) * G T M K Z + C R I G N 

3 0 WRITE ( 26 ) ZONE I D • Z ON T VP * PAf iM 
GO TO 10 

10 0 0 STOP 
END 

/ • G O . F T 2 6 F 0 C I DD D S N = T . R G E 1 4 8 7 2 . G R I O C T . D A T A . 
/ / UN i T = S P D A t D I S P = < NEW.CATLG . D E L E T E ) t 
/ / SPACE = ( T R K . t 5 . 1 I , RLSE ) » D C 8 = <RECFt*=' VBS . B L K S I Z E = 7 2 0 4 ) 
//GO • F T 2 5 F 0 C 1 DD * 
A L E TMR 2 5 0 . 0 0 0 . 0 3 0 . 3 0 8 5 . 5 0 0 . 0 5 0 0 0 0 0 . 0 0 
ALW TMR 1 5 0 . 0 0 0 . 0 3 0 . 0 0 8 7 . 3 0 0 . 0 5 0 0 0 0 0 . 0 0 
A Z E TMR 1 C 0 . 0 0 0 . 0 3 1 . 0 0 1 1 0 . 1 0 0 . 0 5 0 0 0 0 0 . 0 0 
AZC TMR 1 0 0 . 0 C 0 . 0 3 1 . 0 0 1 1 1 . 5 5 0 . 0 5 0 0 0 0 0 . 0 0 
AZW TMR I S O . 0 0 3 . 0 3 1 . O C 1 1 3 . 4 5 0 . 0 5 0 0 0 0 0 . 0 0 
a r n LAMB 34 . 5 6 3 6 . 1 4 3 4 . 2 0 9 2 . 0 0 0 . 0 2 0 0 0 0 0 0 . 0 0 
ARS LAMB 3 3 . 1 8 3 4 . 4 6 3 2 . 4 0 9 2 . 0 0 0 . 0 2 0 0 0 0 0 0 . 0 3 
C A l LAMB 4 0 . 0 0 4 1 . 4 0 3 9 . 2 0 1 2 2 . 0 0 0 . 0 2 0 0 0 0 0 0 . 0 0 
C A 2 LAMB 2 6 . 2 0 3 9 . 5 0 3 7 . 4 0 1 2 2 . 0 0 0 . 0 2 0 0 0 0 0 0 . 0 0 
CA 3 LAMB 2 7 . 0 4 3 8 . 2 6 3 6 . 3 0 1 2 0 . 3 0 0 . 0 2 0 0 0 0 0 0 . 0 0 
CA4 LAMB 36 . 0 0 3 7 . 1 5 3 5 . 2 0 1 1 9 . 0 0 0 . 0 2 0 0 0 0 0 0 . 0 0 
C A 5 LAMB 3 4 . 0 2 3 5 . 2 8 3 3 . 3 0 1 1 8 . 0 0 0 . 0 2 0 0 0 0 0 0 . 0 0 
C A 6 LAMB 3 2 . 4 7 3 3 . 5 3 3 2 . 1 0 1 1 6 . 1 5 0 . 0 2 0 0 0 0 0 0 . 0 0 
CA7 LAMB 3 3 . 5 2 3 4 . 2 5 34. oe 1 1 8 . 2 0 4 1 6 0 9 2 6 . 7 4 4 1 8 6 6 9 2 . 5 8 
CON LAMB 3 9 . 4 3 4 0 . 4 7 3 9 . 2 0 1 0 5 . 3 0 0 . 0 2 0 0 0 0 0 0 . 0 0 
CO C LAMB 3 8 . 2 7 3 9 . 4 5 3 7 . 5 0 1 0 5 . 3 0 0 . 0 2 0 0 0 0 0 0 • 0 0 
COS LAMB 3 7 . 1 4 3 8 . 2 6 3 6 . 4 0 1 O S . 3 0 0 . 0 2 0 0 0 0 0 0 . 0 0 
CT LAMB 4 1 * 1 2 4 1 . 5 2 4 0 . 5 0 7 2 . 4 5 0 . 0 6 0 0 0 0 0 . 0 0 
DE TMR 2 0 0 0 . 0 0 0 . 0 3 8 . 0 0 7 5 . 2 5 0 . 0 5 0 0 0 0 0 . 0 0 
F L E TMR 1 70 . 0 0 0 . 0 2 4 . 2 0 3 1 . 0 0 0 . 0 5 0 0 0 0 0 . 0 0 
FLW TMR 1 7 0 . 0 0 0 . 0 2 4 . 2 0 8 2 . 0 0 0 . 0 5 0 0 0 0 0 • 0 0 
F L N LAMB £ 9 . 3 5 3 0 . 4 5 2 9 . 0 0 8 4 . 3 0 0 . 0 2 0 0 0 0 0 0 . 0 3 
GAE TMR 1 0 0 . 0 0 0 . 0 3 0 . 0 0 8 2 . 10 0 . 0 5 0 0 0 0 0 . 0 0 
GAW TMR 1 0 0 . 0 0 0 . 0 3 0 . 0 0 8 4 . 1 0 0 . 0 5 0 0 0 0 0 . 0 0 



GK I D O T PROGRAM - R . EDWARDS AND R . C U R F E E t OAK R I D G E N A T I O N A L L A S ) 

I D E TMR I S O 0 0 0 . 0 4 1 4 0 1 1 2 1 0 0 . 0 5 0 0 0 0 0 .00 
IDC TMR 1 9 0 o c 0 . 0 4 1 4-0 1 1 4 0 0 0 . 0 5 0 0 0 0 0 • 0 0 
IDW TMR 1 5 0 o c 0 . 0 4 1 4 0 1 1 5 4 5 0 . 0 5 0 0 0 0 0 • 0 0 
I L E TMR 4 CO 0 0 0 . 0 3 6 4 0 8 8 2 0 0 . 0 5 0 0 0 0 0 . 0 0 
I LW TMR 1 7 0 o c 0 . 0 3 6 4 0 SO 1 0 0 . 0 5 0 0 0 0 0 .00 
1NEI TMR 2 CO 0 0 0 . 0 3 7 3 0 fib 4 0 0 . 0 5 0 0 0 0 0 . 0 0 
INW TMR 3 0 0 o c 0 . 0 3 7 3 0 e 7 0 5 0 . 0 5 0 0 0 0 0 . 0 0 
I A N L A M B 4 2 0 4 4 3 . 1 6 4 1 3 0 9 3 3 0 0 . 0 2 0 0 0 0 0 0 . 0 0 
I A S LAMB 4 0 3 7 4 1 . 4 7 4 C 0 0 9 3 30 0 . 0 2 0 0 0 0 0 0 . 0 0 
K S N LAMB 2 8 4 3 3 9 . 4 7 3 e 2 0 9 8 0 0 0 . 0 2 0 0 0 0 0 0 • 0 0 
K S S LAMB 3 7 1 6 3 8 . 3 4 3 6 4 0 9 8 3 0 0 . 0 2 0 0 0 0 0 0 . 0 0 
K Y N LAMB 3 7 5 6 3 8 . 5 8 3 7 3 0 8 4 1 5 0 . 0 2 0 0 0 0 0 0 . 0 0 
K Y S L A M 3 3 6 4 4 3 7 . 5 6 3 6 2 0 6 5 4 5 0 . 0 2 0 0 0 0 0 0 . 0 0 
L A N LAMB 3 1 1 0 3 2 . 4 0 3 C 4 0 9 2 3 0 0 . 0 2 C 0 0 0 0 0 . 0 0 
L A S LAMB 29 1 8 3 0 . 4 2 2 6 4 0 9 1 2 0 0 . 0 2 0 0 0 0 0 0 . 0 0 
M A I LAMB 4 1 1 7 4 1 . 2 5 4 1 0 0 7 0 3 0 0 . 0 2 0 0 0 0 0 . 0 0 
MAM L A M B 4 1 4 3 4 2 . 4 1 4 1 0 0 71 3 0 0 . 0 6 0 0 0 0 0 .00 
MEE TMR 1 0 0 0 0 0 . 0 4 3 5 0 6 8 3 0 0 • 0 5 0 0 0 0 0 . 0 0 
MEW TMK 3 0 0 OC 0 . 0 4 2 5 0 7 0 1 0 0 . 0 5 0 0 0 0 0 . 0 0 
MD LAMB 3 8 1 6 3 9 . 2 7 3 7 5 0 7 7 0 0 0 • 0 8 0 0 0 0 0 . 0 0 
M I E TMR I 75 OC 0 . 0 4 1 3 0 6 3 4 0 0 . 0 5 0 0 0 0 0 . 0 0 
M I C TMR 1 1 0 OC 0 . 0 4 I 3 0 € 5 4 5 0 . 0 5 0 0 0 0 0 . 0 0 
M IW TMR 1 10 0 0 0 . 0 4 1 3 0 £ 8 4 5 0 . 0 5 0 0 0 0 0 . 0 0 
MNN L A M B 4 7 0 2 4 8 . 3 8 4 6 3 0 9 3 0 6 0 . 0 2 0 0 0 0 0 0 . 0 0 
MNC LAMB 4 5 3 7 4 7 . 0 3 4 5 0 0 9 4 1 5 0 . 0 2 0 0 0 0 0 0 . 0 3 
MNS LAMB 4 3 4 7 4 5 . 1 3 4 3 0 0 9 4 0 0 0 • 0 2 0 0 0 0 0 0 . 0 0 
M SE TMR 2 5 0 OC 0 . 0 2 9 4 0 8 8 5 0 0 . 0 5 0 0 0 0 0 . 0 0 
MStf TMR 1 7 0 OC 0 . 0 3 C 3 0 9 0 2 0 0 • 0 5 0 0 0 0 0 . 0 0 
MOE TMR 1 5 0 0 0 0 . 0 3 5 5 0 9 0 3 0 0 . 0 5 0 0 0 0 0 . 0 0 
MOC TMR 1 5 0 OC 0 . 0 3 5 9 2 3 0 0 . 0 5 0 0 0 0 0 . 0 0 
MOW TMR 1 7 0 OC 0 . 0 3 6 1 0 9 4 3 0 c . 0 5 0 0 0 0 0 . 0 0 
MTN LAMB 4 7 5 1 4 8 . 4 3 4 7 CO 1 0 9 3 0 0 . 0 2 0 0 0 0 0 0 . 0 0 
MTC LAMB 4 6 2 7 4 7 . 5 3 4 5 5 0 1 C9 3 0 0 . 0 2 0 0 0 0 0 0 . 0 0 
M T S LAMB 4 4 5 2 4 b . 2 4 4 4 0 0 1 0 9 3 0 0 . 0 2 0 0 O 0 0 0 . 0 0 
NEN LAMB 4 1 5 1 4 2 . 4 9 4 1 2 0 1 CO 0 0 0 . 0 2 0 0 0 0 0 0 . 0 0 
N E S LAMB 4 0 1 7 4 1 „ 4 3 3 5 4 0 9 9 3 0 0 . 0 2 0 0 0 0 0 0 . 0 0 
N V E TMR 1 CO 0 0 0 . 0 3 4 4 5 1 1 5 3 5 0 . 0 5 0 0 0 0 0 . 0 0 
NVC TMR 1 0 0 0 0 0 . 0 3 4 4 5 1 1 6 4 0 0 . 0 5 0 0 0 0 0 . 0 0 
NVW TMR 1 0 0 0 0 0 . 0 3 4 4 5 1 1 8 3 5 0 . 0 5 0 0 3 0 0 .00 
N h TMR 3 0 0 o c 0 . 0 4 2 3 0 7 1 4 0 0 . 0 5 0 0 0 0 0 . 0 0 
N J TMR 4 0 0 OC 0 . 0 3 8 5 0 7 4 4 0 0 . 0 2 0 0 0 0 0 0 . 0 0 
NME TMR 1 1 0 0 0 0 . 0 3 1 0 0 1 0 4 2 0 0 . 0 5 0 0 0 0 0 . 0 0 
NMC TMR 1 0 0 0 0 0 . 0 3 1 0 0 1 0 6 1 5 0 . 0 5 0 0 0 0 0 . 0 3 
NMW TMR 1 2 0 OC 0 . 0 3 1 0 0 t C7 5 0 0 . 0 5 0 0 0 0 0 . 0 0 
N Y L L A M B 4 0 4 0 4 1 . 0 2 4 C 3 0 7 4 0 0 1 0 0 0 0 0 . 0 0 2 0 0 0 0 0 0 . 0 0 
N Y E TMR 2 00 OC 0 . 0 4 0 0 0 7 4 2 0 0 . 0 5 0 0 0 0 0 . 0 0 
NYC TMR 1 6 0 0 0 0 . 0 4 0 0 0 7 6 3 5 0 . 0 5 0 0 0 0 0 . 0 0 
NYW TMR 1 6 0 0 0 0 . 0 4C 0 0 7 8 3 5 0 . 0 5 0 0 0 0 0 . 0 0 
NC L A M a 3 4 2 0 3 6 . 1 0 3 3 4 5 7 9 0 0 0 . 0 2 0 0 0 0 0 0 . 0 3 
NON L A M B 4 7 2 6 4 6 . 4 4 4 7 0 0 1 0 0 3 0 0 . 0 2 0 0 0 0 0 0 . 0 0 



G R I O J T PROGRAM - R . EDbiAWDS AND R . DURFEE ( CAK R I D G E N A T I C N A L L AB > 

NDS LAMB 4 6 . 1 1 4 7 - 2 9 4 5 . 4 0 ICO . 3 0 0 . 0 2 0 0 0 0 0 0 0 0 
OHN LAMO 4 0 . 2 6 4 1 . 4 2 3 5 . 4 0 8 2 . 3 0 0 . 0 2 0 0 0 0 0 0 0 0 
UHS LAMB 3 8 . 4 4 4 0 . 0 2 3 8 . O C 8 2 . 3 0 0 . 0 2 0 0 0 0 0 0 0 0 
OKN LAMO 3 5 . 3 4 3 6 . 4 6 3 5 . 0 0 9 8 . 0 0 0 . 0 2 0 0 0 0 0 0 0 3 
OKS LAMB 3 3 . 5 6 3 5 . 1 4 3 3 . 2C 9 8 . 0 0 0 . 0 2 0 0 0 0 0 0 0 0 
ORN LAMB 4 4 . 2C 4 6 . 0 0 4 3 . 4 0 1 2 0 . 3 0 0 . 0 2 0 0 0 0 0 0 0 0 
ORS LAMB 4 2 . 2 0 4 4 . 0 0 4 1 . 4 0 1 2 0 . 3 0 0 . 0 2 0 0 0 0 0 0 0 0 
PAN LAMB 4 0 . 5 3 4 1 . 5 7 4 0 . 1 0 7 7 . 4 5 0 . 0 2 0 0 0 0 0 0 0 0 
P A S LAMB 3 9 . 5 6 4 0 . 5 8 3 5 . 2 0 7 7 . 4 5 0 . 0 2 0 0 0 0 0 0 0 0 
R I TMR ieoo.oc c.o 4 1 . C 5 71 . 3 0 0 . 0 5 0 0 0 0 0 0 0 
SCN LAMB 3 3 . 4 6 3 4 . 5 8 3 3 . 0 0 8 1 . 0 0 0 . 0 2 0 0 0 0 0 0 0 0 
scs LAMB 3 2 . 2 0 3 3 . 4 0 3 1 . 5 0 8 1 . 0 0 0 .0 2 0 0 0 0 0 0 0 0 
SDN LAMB 4 4 . 2 S 4 5 . 4 1 4 3 . 5 0 I CO . 0 0 0 . 0 2 0 0 0 0 0 0 0 0 
SDS LAMB 4 2 . 5 C 4 4 . 2 4 4 2 . 2C 1 0 0 • 2 0 0 . 0 2 0 0 0 0 0 0 0 0 
TN LAMB 3 5 . 1 5 3 6 . 2 5 3 4 . 4 0 8 6 . 0 0 1 0 0 0 0 0 . 0 0 2 0 0 0 0 0 0 0 0 
T X I LAMB 3 5 . 3 9 3 6 . 1 1 3 4 . 0 0 1 0 1 . 3 0 0 . 0 2 0 0 0 0 0 0 0 0 
T X 2 LAMB 3 2 . 0 8 3 3 . 5 8 3 1 . 4 0 97 . 3 0 0 . 0 2 0 0 0 0 0 0 0 0 
T X 3 LAMB 3 0 . 0 7 3 1 . 5 3 2 5 . 4 0 1 0 0 . 2 0 0 . 0 2 0 0 0 0 0 0 0 0 
T X 4 LAMB £ 8 . 2 3 3 0 . 1 7 2 7 . 5 0 9 9 . 0 0 0 . 0 2 0 0 0 0 0 0 0 0 
T X 5 LAMB 2 6 . 1 0 2 7 . 5 0 2 5 . 4 0 5 8 . 3 0 0 . 0 2 0 0 0 0 0 0 0 0 
UTN LAMB 4 0 . 4 3 4 1 . 4 7 4 0 . 2 0 1 1 1 . 3 0 0 . 0 2 0 0 0 0 0 0 0 0 
UTC LAMB 3 9 . 0 1 4 0 . 3 S 3 8 . 2 0 1 1 1 . 3 0 0 . 0 2 0 0 0 0 0 0 0 0 
U T S LAMB 3 7 . 1 3 3 8 . 2 1 3 e . 4 0 1 1 1 . 3 0 0 . 0 2 0 0 0 0 0 0 0 0 
VT TMR 2 8 0 . 0 0 0 . 0 4 2 . 3 0 72 . 3 0 0 . 0 5 0 0 0 0 0 0 0 
VAN LAMB 3 8 . 0 2 3 9 . 1 2 3 7 . 4 0 7 8 . 3 0 0 • 0 2 0 0 0 0 0 0 0 0 
VAS LAMB 3 6 . 4 6 3 7 . 5 8 3 6 . 2 0 7 8 . 3 0 0 .0 2 0 0 0 0 0 0 0 0 
MAN LAMB 4 7 . 3 0 4 8 . 4 4 4 7 . 0 0 1 2 0 . 5 0 0 • 0 2 0 0 0 0 0 0 0 0 
WAS LAMB 4 5 . 5 C 4 7 . 2 0 4 S . 2 0 1 2 0 . 3 0 0 • 0 2 0 0 0 0 0 0 0 0 
IK VN LAMB 3 9 . 0 0 4 0 . 1 5 3 8 . 3 0 7 9 . 3 0 0 . 0 2 0 0 0 0 0 0 0 0 
WVS LAMQ 3 7 . 2 9 3 8 . 5 3 3 7 . 0 0 8 1 . 0 0 0 . 0 2 0 0 0 0 0 0 0 0 
W I N LAMB 4 5 . 3 4 4 6 . 4 6 4 5 . 1 0 9 0 . 0 0 0 . 0 2 0 0 0 0 0 0 0 0 
W I C LAMB 4 4 . 1 5 4 5 . 3 0 4 3 . 5 0 9 0 • 0 0 0 • 0 2 0 0 0 0 0 0 0 0 
W I S LAMB 4 2 . 4 4 4 4 . 0 4 4 2 . 0 0 9 0 . 0 0 0 • 0 2 0 0 0 0 0 0 0 0 
VKY1 TMR 1 70 . 0 0 0 . 0 4 0 . 4 0 1 0 5 • 10 0 . 0 5 0 0 0 0 0 0 0 
WY2 TMR 1 7 0 . 0 0 0 . 0 4 C . 4 0 1 0 7 • 2 0 0 . 0 5 0 0 0 0 0 0 0 
WY3 TMR 1 7 0 . 0 0 0 . 0 4 0 . 4 0 1 0 8 • 4 5 0 cO 5 0 0 0 0 Q 0 0 
WY4 TMR 1 7 0 . 0 0 0 . 0 4 0 . 4 0 1 1 0 • 0 5 0 .0 5 0 0 0 0 0 0 0 



G R I DOT PROGRAM - R . ED WARDS AND R . CURFEE <CAK R I D G E N A T I O N A L L A b I 

/ / S T E P 2 EXEC F O R T G C . C L S I Z E = 1 7 0 K 
/ / F U R T . S Y S L I N DO D S N ^ T . R G E 1 4 8 7 2 . G K I D O T , H E X . 
/ / D I S P O N E * . C A T L G . D E L E T E ) . U M T = S P C A . 
/ / C C 8 = I R E C F M = F B « L R E C L — 8 0 • B L H S 1 2 E = 8 0 0 ) . 
/ / S P A C E — { f i 0 0 »( 4 0 0 . 2 0 ) » K L S E I 
/ / F O R T . S Y S I N OD * 
C PROGRAM G R I O d T 

IMPLICIT R E A L * 8 ( A - H . L - Z I 
C W R I T T E N A T THE OAK R I D G E N A T I C N A L L A B O R A T O R Y 
C T H I S PROGRAM DRAWS A G R I O O V L A T T I C E OF E I T H E R { 1 
C I N T E R S E C T I O N S OF G E O D E T I C C E L L S . OH 1 2 ) S T R A I G H T 
C THE CGRNER I N T E R S E C T I C N S CF G E O D E T I C C E L L S . 
C 

D I M E N S I O N L A T N ( 3 ) , L A T S ( 3 I . L e c t i o ) , L C N E ( 3 ) . O N S t J l . u u . v j , , 
1 GUi 5 I . G S C 3 ) . G W < 3 ) . G E C 3 ) . P D E F 1 ( 3 I , P 0 E F 2 < 3 > . 
2 T I C L A T ( 3 ) . T I C L O N C 3 ) « G Z I 3 . 2 ) . G 2 E R 0 ( 2 ) 

R E A L ROUND 
I N T E G E R K T X . K T Y . i NPHO * I NZCN r O L T P K C . C U T Z D N . I D I 2 ) » K 2 ( 2 > , < G U < 2 ) 
I N T E G E R T I T L E ( 2 0 1 «A TO I • L R E A C . L W R l TE . F E E T . MET ERS . OEGDMS, H D E G . H O M S , 

1 HHPD « H L L » H B L L . H Y E S »HN0 . H P C . K G L * HGP 
I N T E G E R B L A N K . H S T A . H A L 8 . H P C L . H O T N . H L A M .M A X H , M A X W 
I N T E G E R K N S . H S N . H W E . H E W 
I N T E G E R H C . H S 

R E A L > . Y . S I Z E . A N G L E 
L O G I C A L D I R . J B . I B 
OATA L R E A D / 5 / . L W R I T E / 6 / . F E E T / * F * / » METfcRS/ • M • / 
DATA F- HE S / • Y « / . H N O / « N * J . H F C / ' PC */,HGL/*GL ' / . H G P / ' G P • / 
CATA K > E G / » D E G • / . H D M S / ' D M S • / . H H P D / ' H P D • / 
OATA H L L / ' L T L N * / » H B L L / * LL »/ 
DATA B L A N K / * • / . H S 1 A / » S T A T • / . H A L B / • A L B R * / . 

1 H P O L / ' P Q L Y ' / . H U T M / ' L T I W R * / »HLAf» / ' L A M B * / 
DATA H f l S / * N S * / . H S N / * SN * / » H » E / •WE* / . H E * / « £ * • / 
DATA Z E H O / O . O 0 / . S I Z E / . C 6 / 
CATA h C / a C ' / . H S / ' S • / 
COMMON / L I M I T S / NBORO . S 8 0 R D .WEGRC . E B O R D . C E L N S . C E L E W , 

1 SWORGN .SWORGE . N E L I MN . i N E L I ME » 
2 X O . > 0 . S C A L E R . SCALE . X . Y . 
3 K T X . K T Y . I N P R O . I N Z O N . O U T F R C . C U T Z C N 

COMMON / O E G F L G / DEGDMS 
C 
C * * * * * 8 E G I N I N P U T 
C 
C READ CARD i < T I T L E ) 

10 0 0 R E A D t L R E A D . 8 0 0 0 . E N D = 5 7 0 0 ) T I T L £ 
8 0 0 0 F O R M A T ( 2 0 A 4 ) 

I TE ( LWW I T E . 8 0 2 0 ) T I 7LE 
8 0 2 0 FORMAT I 1 H 1 . 1 05C l H * ) / t X . I 0 5 < I H * ) / / 2 t > X , 2 0 A 4 / / 

1 I X . 1 0 5 1 1 H * ) / 1 X . 1 0 5 < 1 H * ) / / / / / ) 
C 
C READ CARD 2 ( S C A L E . C V E R L A Y SEGMENTS F L A G , 

) • M AR<S AT THE C 
L I N E S C O N N E C T I N G 



GRIDOT PROGRAM - R . EDWARDS AND R . CURFEE ( O A K R I D G E N A T I O N A L L A B ) 

C G R I D ftUNBERKftG OFFSET F L A G * 
C A D D I T I O N A L HOW/COLUMN OF CELL NUMBERS F L A G * 
C MAXIMUM H E I G H T * MAXIMUM W I D T H * GRIO T Y P E * 
C ANGLE O I S P L A Y F L A G , MAP P R O J E C T I O N * 
C MAP ZONE OR S T A T E CODE* G R I O P R O J E C T I O N * 
C G R I D 2CNE OR S T A T E CODE 

R E A D C L R E A D • 8 0 4 0 * E N D = 5 6 5 0 ) S C A L E • I S E G « I O F F , 1 A O O L • M A X H . M A X W « I L I N E . 
S D E G D M S . O U T P R O . O U T Z G N , I N P P C . I N 2 0 N , P D ( E F 1 .PDF.F2 

8 0 4 0 F O R M A T I F 1 0 . 0 . 3 A 1 * 4 X . 2 1 2 * A 2 , A 3 * 2 < A 4 • A 3 ) * 2 i - 4 P F 1 0 . 0 . 0 P F 3 . 0 . 0 P F 7 . 4 > 
IF<OEGOMS « N E • HOEG)OEGDN£=HDMS 
I F C OUTPRO . E Q . B L A N K ) ( U T P R C = H P < 3 L 
I F < I N P R O . E Q . H S T A ) I N L N I Y=FR:ET 
I F < I N P R O . E Q . H U T M ) I N L N I T = M E T E R S 
I F | I N P R O . E Q . BLANK «CR« I N F R O . E Q . H B L L ) I N P P Q = H L L 
I F I M A X H . E Q . 0) MAXH = 2 7 
I F f M A X W . E Q . 0 )MAXW=4C 
I F * I S E G . E Q . B L A N X ) I S E G = H N 0 
IF< I O F F . E Q . B L A N K ) IOFFssHNO 
I F < I A D D L * E Q . B L A N K ) I A D D L = H N O 
I F d L I N E . E Q . B L A N K ) I L I N E = H P C 
W R I T E C L W R I T E » 8 0 6 0 1 S C A L E » K SEG » 1 0 F F « I A D O L * M A X H » M A X W • I L I N E * 

1 DEGDMS*OUTPRO 
80*50 FORMA T C I O X . * MAP SCALE = < IS* * F 9 . 0 . • ) 

1 1 O X , • POLYGCNAL O V E R L A Y * = * , 1 2 X , A 1 , 
* • < N—NO*S= STATE ONLY . C = C C U h T Y f c S T A T E I • / 
2 1 0 X * * G R I D NUMBERING O F F S E T ? - • * I 2 X , A I * » { N = N O * Y = Y E S I * / 
3 1 O X , " A D D I T I O N A L C E L L N U M B E R S ? ^ * . 1 2 X » A I • • ( N = N O . Y = Y E S ) • / 
4 1 O X . " M A X I M U M MAP H E I G H T ^ * * 1 2 X * 1 2 * ( I N C H E S ' / 
5 1 OX , "MAXIMUM MAP M O T H = * . 1 2 X , I 2 . » I N C H E S * / 
6 I 0 X » ' G R I D TYPE = * , 1 2 X , A 2 , 
7 • ( P C = + A T CORNERS* G L ^ G R I O L I N E S * G P = G R I 0 ANO CENTERED * ) • / 
O 1 O X . ' F R A C T I O N A L DEGREES/DMS = » * 1 2 X * A 4 / 
9 1 O X * ' M A P P R O J E C T I O N = » * 1 2 X * A 4 > 

IF( SCALE vLE. O.DOiGQ TO 5750 
IFCOUTPRO « N E . HSTA . A N D * OCTPRC . N E . H A L B . A N D . 

1 OUTPRO . N E . H P O L . A M D * CUTPRO . NE- HUTM . A N D . 
2 OUTPRO . N E . HLAM) GC TO S 8 0 0 

R E A O | L R E A D , 8 0 6 0 * E N D = 5 6 5 C 1 L A T N * L A T S * LQNW.LONE 
8 0 C 0 FORMA T C 4 t - A P F 1 0 . 0 * 0 P F 3 . 0 , 0 P F 7 . 4 1 1 

N L A T ~ D M S T O D f L A T N > 
S L A T = D M S T 0 D < L A T S I 
WLON=D MSTOO(L ON») 
E L Q N = 0 * S T 0 0 C L 0 N E ) 
I F * O U T P R O . N E . HUTM *ANO« OUTPRO . N E . H S T A ) G O T O 1200 
I F ( O U T P H O . E Q . H S T A ) G C TO 1 I S O 
IFCOUTZON . N E * B L A N K ) G O TO 1 0 5 0 
OUTZON-O 
C A L L P R O J t * N E • * O U T P R O . N . E . S L A T . C W L C N + E L O N ) * . 5 0 0 * O U T Z O N ) 
GO TO 1 1 0 0 

IOSO teJJ I T 6 I L WRI TE » 8 0 9 0 1 0 U 7 2 0 N 



GK IDOT PROGRAM - R . EDWARDS AND R . CURFEE t OAK R I D G E N A T I O N A L L A S ) 

6 0 9 0 F O R M A T C l O X . ' M A P UTM ZCJ«E M i f B E R = * . 1 2 X . A 4 ) 
GO TO 12 0 0 

1 1 0 0 M R I T E ( L W R I T E » a i O O > O U T Z C M 
8 1 0 0 FORMATC1 O X . * M A P UTM ZCNE NUMBER = ' » 1 1 6 ) 

GO TO 1 2 0 0 
1 1 £ 0 B R 1 T E ( L W R I T E • 8 1 2 0 ) O U T Z G N 
8 1 2 0 F O R M A T C I O X . ' M A P S T A T E CODE = ' . i 2 X , A 4 > 
1 2 0 0 I F C I N P R O . N E . H L L . A N D . I N P R O , N E . HSTA • A N D * 

1 I N P R O . N E . HUTMBGO TG 5 8 5 0 
I F C I N P R O . N E . HUTM . A N D * I N P R O • N E * H S T A ) G O TO 1 4 0 0 
WR ITEC LWR I TE . 8 1 4 0 >1 NPKO 

8 1 4 0 F O R M A T U C X . ' G R I D P R O J E C T I O N = * B 1 2 X . A 4 ) 
I F C I N P R O . E Q . H S T A ) G O TG 1 3 5 0 
I F C I N Z O N . N E . B L A N K ) G C TO 1 2 5 0 
I N Z Q N = 0 
C A L L P R O J I • N E * . I N P R O < t N . B « S L A T < C W L C N + E L Q N ) * . 5 D O . I N Z O N ) 
GO TO 13 0 0 

1 2 S 0 WRI T E C L W R I T E • 8 1 5 0 ) 1 N Z C N 
8 1 5 0 FORMA TC 1 O X . " G R I O UTM ZONE NUMBER = * . 12 r . . A 4 ) 

GO TO 14 0 0 
1 3 0 0 W R I T E < L W R I T E • 8 1 6 0 ) I N Z C N 
8 1 6 0 FORMATC 1 0 X , * G R I D UTM ZCNE NUMBER s « , H 6 i 

GO TO 1 4 0 0 
1 3 £ 0 W R I T E C L W R I T E . 8 1 8 0 ) 1 N Z C N 
8 1 8 0 FORMATC 1 O X . ' G R I D STATE CCDE = * . 1 2 X . A 4 ) 

1 4 0 0 IFC OUTPRO . N E . H A L B . A N D . CCTFKC . N E . H L A M ) G O TO 1SS0 
PD1=DMSTODCPDEF1) 
PD 2 = 0 » S TOO C PDEF 2 ) 
IFCPO 1 »NE » O . D O . A N D . P 0 2 • N E . O . O O I G O TO 1 5 0 0 

PD 1 = 2 7 . 5 D 0 
P D 2 = 4 £ . 5 D 0 
PDEF 1 ( 2 ) = 3 O .DO 
PDEF2C 2 ) = 3 C . D 0 
IFCOEGOMS . E Q . HHPD)GG TO 1 4 5 0 
P D E F H 1 ) = 2 7 . D 4 
PDEF2C 1 ) = 4 5 . D 4 
GO TO 1 5 0 0 

1 4 5 0 PDEF IC 1) = 2 7 . 3 0 4 
P D E F 2 2 1 ) = 4 5 . 3 0 4 

1 5 0 0 XFCDEGDMS .NE . HONS) W£S I E ( L h R I T E . 8 2 0 0 ) P D 1 , P D 2 
8 2 0 0 FORMATC 1 O X . ' S T A N D A R D P A R A L L E L 01 = • . - 4 P F 1 0 . 6 . • D E G * / 

1 1 O X . ' S T A N D A R D P A R A L L E L « 2 . - 4 P F 1 0 . 6 . • D E G * ) 
I F t O E G O M S «EQ« H D M S V W £ I T E ( L W R I T E . 8 2 2 0 ) P O E F I . P 0 E F 2 

8 2 2 0 FORMATC1 O X . • S T A N D A R D P A R A L L E L » 1 =* . 
1 — 4 P F 1 5 . 0 . * DEG * . 0 P F 6 . 0 . • M N « . 0 P F 1 0 . 4 . • S E C * / 
2 1 O X , ' S T A N D A R D P A R A L L E L 0 2 = * c 
3 =• 4PF15.0. 8 DEG* . 0 P F 6 . 0 . * M I N " . 0 P F 1 0 . 4 . * S E C * ) 

C 
C P R I N T CARD 3 (NORTH L A T L I M I T . SOUTH L A T L I M I T , 



G R 1 0 U T PROGRAM - R . EDWARDS AND R . DURFEE ( C A K R I O G E N A T I O N A L L A B I 

C WEST LCK L I W I T • EAST L C N L I M I T } 
1 5 5 0 I F C D E G D M S sEQ • HDMS) WRI TE CLWR I T E , 8 2 4 0 ) L A T N , L A T S , L CNW , L 3 N E 
fi240 FORMAT 

1 ( 1 O X . ' L A T I T U D E BOUNDARY NORTH = « , 
2 — 4 P F 1 5 . 0 • 8 O E G • , 0 P F 6 . 0 , • M I N ' , 0 P F 1 0 . 4 , ' S E C * / 
3 I O X . • L A 7 I T U D E BOUNDARY SOUTH = » , 
4 — 4 P F 1 5 * 0 * * D£G ' , 0 P F 6 . 0 , • M I N * . O P F 1 0 , 4 , • S E C * / 
5 1 0 X , " L O N G I T U D E 8 0 U N C A R Y HEST = • , 
6 — 4 P F 1 5 . 0 * ' OEG • , 0 P F 6 » . 0 • * M I N ' . O P F 10 «4 • • SEC* / 
7 1 O X , " L O N G I T U D E BOUNCARY E A S T = * . 
8 - 4 P F I 5 . 0 , * DEG • « 0 P F 6 » 0 • • M I W • , 0 P F 1 0 . 4 SEC* ) 

IFC DEGDMS . N E . H D M S ) W R I T E C L S R I T E . 8 2 6 0 > L A T N ( 1 > « L A T S 1 1 ) , 
1 LONWC 1 ) . L 0 N E C 1 ) 

8 2 6 0 FORMA T C I O X , ' L A T I T U D E BGUNCAf iY NCRTH = ' . - 4 P F 1 0 . 6 . ' D E G * / 
1 1 O X , ' L A T I TUDE 80UNCARY SOUTH = ' . - 4 P F 1 0 # 6 » • D E G * / 
2 I O X , • L O N G I T U O E BOUNDARY WEST = • . - 4 P F 1 0 . 6 . • D E G * / 
3 I O X , ' L O N G I T U D E BOUNDARY EAST = • , - 4 P F 1 0 « 6 . * D E G * I 

I F 1 N L A T . L E . S L A T J G O TO 5 S 0 0 
IFC WLON . L E . E L O N J G O TO 5 9 5 0 
I F C I N Z O N . E Q . 0 . A N D . I N P R O . E Q . HUTM) 

1 C A L L UTMRC e NE ' , N , E , C N L A T * S L A T ) * « 5 D 0 , C W L O N + E L O N ) * . 5 0 0 , I N Z O N ) 
I F ( O U T Z O N . £ 0 . 0 . A N D . OUTPRO . E Q . HUTM) 

I C A L L UTMRC * NE • , N , £ , C N L A T + S L A T ) * « 5 0 0 . C WLON4-ELON) * . 5 D 0 , O U T Z O N J 
C 
C READ CARD 4 ( D E L T A L A T BETWEEN T I C S . 
C D E L T A L O N BETWEEN T I C S , 
C D E L T A N O R T H I N G SET WEEN i" I C S . 
c d e l t a e a s t i n g b e t w e e n t i c s ) 

R E A O C L R E A D , 8 2 . 8 0 , E N D = 5 6 4 0 ) V I C L A T , T I C L G N , T I C N O R . T I C E A S 
8 2 8 0 F O K M A T C 2 C - 4 P F 1 0 . 0 , O P F 3 « 0 , 0 P F 7 . 4 ) #2F 1 0 , 0 1 

L A T T I C = D M S T Q D ( T l C L A T ) 
L O N T I C = 0 M S T O O < T I C L O N I 
I F C L A T T I C , E 0 , O . D O I G C TC 1 7 0 0 
IFC L 0 N T 2 C , N E . O . D O J G O TO 1 6 5 0 
L Q N T I C = L A T T I C 
DO 1 6 0 C 1 = 1 . 3 

1 6 C 0 T I C L O N C I ) = T I C L A T C I ) 
1 6 5 0 I F C D E G D M S «EQ . H D M S ) W F I T E C L S R I T E , 8 3 0 0 ) T I C L A T , T I C L O N 
8 3 0 0 FOr tMAT 

1 C 1 O X , ' L A T I T U D E T I C I N C R E M E N T = • . 
2 — 4 P F 1 5 . 0 e * O E G • . 0 P F 6 . 0 , • M S N • , O P F 1 0 . 4 , * S E C * / 
3 1 O X , ' L O N G I T U D E T I C I N C R E M E N T = " . 
4 — 4 P F 1 5 , 0 , * O E G • » 0 P F 6 # 0 • • M I N * . O P F 1 0 . 4 . • S E C * ) 

I F C D E G D M S . E Q . H D E G ) W R I T E C L W R I T E , 8 3 2 0 ) T I C L A T C 1 ) , T I C L O N C 1 > 
8 3 2 0 F O R M A T C 1 O X , * L A T I T U D E T I C I N C R E M E N T = * , - 4 P F 1 0 « 6 , 

I 1 O X , ' L O N G I f U O E T I C INCREMENT ~ c « - 4 P F 1 0 . 6 ) 
1 7 0 0 IFC T I C E A S . E Q • 0 . D O ) T 1 C E A S = 7 I C N O f i 

I F C T I C N O R . N E . 0,00) WRI T E ( L W R I T E , 8 3 4 0 I T T C N 0 R , r i C E 4 S 
8 3 4 0 F O R M A T C I O X , ' N O R T H I N G T I C I N C R E M E N T ~ * « 1 2 X , F 1 0 . 0 / 

1 1 O X , ' E A S T I N G T I C INCREMENT = * , 1 2 X . F 1 0 . 0 ) 



GRIDOT PROGRAM - R . EDWAKDS AND R« O t R F E E (CAK R I D G E N A T I C M L LAB) 

C READ CARD 5 5 C E L L H E I G H T AS D E L T A LAT OR D E L T A N O R T H I N G * 
C C E L L telOTH AS DELTA LON OR D E L I A E A S T I N G 

REAO i L R L A D . 8 3 6 0 , E N D = 5 6 S 0 ) C N S »DS * 
8 3 6 0 F O R M A T ! 2 C - 4 P F 1 0 . 0 . 0 P F 3 . 0 » 0 P F 7 . 4 > ) 

DELN S—DM S T O D ( D N S) 
DELEW=DMSTOD<OEW) 
IFCOELEW . N E . O .OOJGO TO 18C0 
DO 1"?5Q l = l « 3 

1 7 S 0 DEWl I ) = D N S U ) 
DELEW=DELNS 

I S O 0 J F I I N P R O . N E . H L D G O TO 1 8 5 0 
C 
C C E L L S I Z E I N DEGREES 

I F ( DEGDMS . E G . HDMS) 1ft K l T E ( L & R I TE . & 3 3 0 )DNS .DEW 
8 3 6 0 FOKMAT 

1 ( 1 0 X . » N O R T H / S O U T H G R I D S P A C I N G - * . 
2 — 4PF 1 5 . 0 » f DEG • . 0 P F 6 . 0 » * M IK® . 0 P F 1 0 . 4 . * S E C ' / 
3 1 O X . " E A S T / W E S T G R I D S P A C I N G = 8 e 
4 — 4 P F 1 5 . 0 . * DEG * . 0 P F 6 . 0 » • M I N * e O P F 1 0 . 4 • « S E C * ) 

I F t D E G D M S . N E * HDMS) WRITE CLIsR I TE . 8 4 0 0 )DNS C 1 ) .DEW « 1 ) 
8 4 0 0 F O R M A T I 1 O X , ' N O R T H / S O L T H G R I O S P A C I N G = » . 1 2 X , - 4 P F 1 0 . 6 . * D E G * / 

1 1 OX, ' E A S T / W E S T G R I O S P A C I N G =« , 1 2 X . - 4 P F 10 . 6 . « D E G * ) 
IF I DE CNS . L E . 0 . D 0 « Q f i . DEGEW • ( . £ • O . D O ) G O T O 6 0 0 0 
GO TO 1 9 0 0 

C 
C C E L L S I Z E I N METERS 0 » FEET 

1 6 5 0 * R I T E I L W R I T E . B 4 2 0 ) D N S U ) , I N U N I T .DEWC 1 ) . I t t J N I T 
8 4 2 0 F O R M A T * 1 O X . ' N O R T H / S O L T H G R I C S P A C I N G = » . 1 2 X , - 4 P F 2 0 . 0 . I X . A 1 • 

1 1 0X» ' E A S T / W E S T GRED S P A C I N G = * * t 2 X . - 4 P F 1 0 . 0 . I X . A l ) 
1 9 CO I F ( D E L N S « L E . O . D O . O R . D E L E t t . L E . O . H O I G O T O 6 0 5 0 

C 
C CARD 6 f N O R T H E R N . S O C T H E R h . W E S T E R N . E A S T E R N BQROERS OF G R I D ) 

READ ( L f t E A D . 8 4 4 0 . E N D — S S S O S G N s G S .6*1 . G E 
8 4 4 0 FORMA 71 At-4PF10.0 ,0PF3,C . 0 P F 7 . 4 ) ) 

N 8 O R D = D M S T 0 D ( G N ) 
SBORD=DM S T O D ( G S ) 
WQO«D=OMSTOD(GW) 
EBOlRD^DM STOD< GE I 
SWORGN=0.D 0 
SWORGE=O.DO 
N E L I M N = 0 . D 0 
N E L I M E = 0 . 0 0 
1F(NBORD . E Q . 0 , 0 0 ) N B C R D = N L A T 
I F ( SBORD . E Q . O.OO) SBCRD=SLA7 
IFIWBOWD . E Q . O . O O ) WQCRD=WLCN 
I F t E B O R D . E Q . O . O 0 ) f c B C R O = E L C N 

DO 1 9 E 0 1 = 1 , 3 
IF ( GN ( I ) . E Q . 0 . D 0 ) G N C I ) = L A T N I I ) 
I F ( G S ( I ) . E Q . O . D O I G S d ) = L A T S I I ) 



GHJOOF PROGRAM - K . EOWAKOS ANO R . CURFEE (GAK R I O G E N A T I O N A L L A B ) 

IFCGttCi) .EQ. O . D Q J G S d )=LChtet I > 
IFCGECl) .EO. O . D O i G E U )=LCNECI) 

19£0 CONTINUE 
IFCNBQRD+SBQRD+WBORD+EBGRD .GT. SOODO)GO TO 2050 

2 0 CC IFCDEGDMS 
6 4 6 0 FORMA T i l O X 

1 — 4 P F 1 5 « 0 
2 I OX 
3 - 4 P F 1 5 . 0 
4 1 OX 
5 - 4 P F 1 5 . 0 
6 1 OX 
7 - 4 P F 1 5 . 0 

IFC DEGDMS 
8 4 6 0 F O R M A T C I OX 

1 1 OX 
2 I OX 
2 I OX 

E Q . HO MS) I f t f i lTECLfcR I T E , 8 4 6 0 ) G N , G S . G W , G E 
• G R I D NORTHING BCROEfc = • * 
• OEG • * 0 P F 6 • C » 6 M I N * , 0 P F 10 . 4 »• S E C " / 
• G R I D SOUTHERN 0CROER = * . 
• DEG* . 0 P F 6 . 0 . * M I N * . 0 P F I 0 . 4 .« S E C * / 
• G R I O WE STERN BORDER - » , 
• DEG* . 0 P F 6 . 0 , « M I Is • ,QPF 10 . 4 «* S E C * / 
• G R I D EASTERN BORDER = • , 
• DEG * , 0 P F 6 . 0 , " M I N * . O P F I O . 4 , * S E C * ) 
E U . H O E G ) W R I T E C L W R I T E , 8 4 8 0 ) N 3 0 K D c S B O R D « W 6 O R D , EBCRD 
• G R I D NORTHING SCROEfi = • . - 4 P F 1 0 . 6 . * D E G * / 
• G R I D SOUTHERN BCRDER . - 4 P F 1 0 . 6 , • D E G * / 
• G R I D WESTERN BORDER = « , ~ 4 P F 1 0 . 6 , • D E G * / 
• G R I D EAST&RN BCRDER = • . - 4 P F 1 0 . 6 , • D E G * ) 

IFC INPRO . N E . H L D G O ?C 2 1 0 0 
ENS=DMODC I NBQRD-SBQRD) . O E L N S ) / D E L N S 
E E W = D M O O C ( W B O R D - E S O R D ) p D E L E » ) / O E L E W 
IFC EN S . G T . . OOIOC . A t D . ENS . l _ T . . 9 9 9 D 0 . O R . 

* EE W . G T . . O O I D O . A N D . E£W . L T . . 9 9 9 0 0 ) 6 0 TC 6 2 0 0 
GO TO 2 2 0 0 

2QE0 SWORGN=GSC 1 ) / l . 0 4 
SWORGE=GWC D / I . D 4 
N E L I M K = G N C I ) / I . D 4 
N E L I M E = G E J 1 ) / l . D 4 

2 1 0 0 C A L L P R O J C * N E • , I N P R O , S N S » * W E S « . S B C H D . W B Q R D . I N Z C N ) 
C A L L P R O J C * N E * • I N P R O »£KSE o E E S E , S B G R D « E 8 Q R 0 « I K Z O N ) 
C A L L P R O J C • N E • » I N P R G * M v f t E . E E N E « N6QRC . E B O K D . 1 N Z Q f t ) 
C A L L PROJC "NE * • I NPRO »M<,N*« WENW .NBGRD • WBORD . I K 2 0 N ) 
tFtSWQRGN ofcO« O.DO) S*ORG*=CHlhl(SNSV.SNSE) 
IFC 5WGRGE . E Q . 0 . 0 0 ) S W G R G E = D M 1 M C W E S W . W E N W ) 
IF(NELIMN . E Q . 0 . 0 0 ) N E L I W N - D M A X 1 f M N N W , N N N E ) + O E L N S 
I F C N E L I M E .EQ» O.DO ) N E H X E = C M A X t C E E S E , E E N E ) + D E L E W 
S W O R G N = D E L N S * I D I N T C SWGRGN/DELUS) 
SWORGE=DELEW» IDSNTC SWCRGE/OELEW) 
N E L I M N = D E L N S * I D I N T C N E L 3 J M h / O E L N S ) 
N E L I M £ = D E L E W * 1 D I N T C N E H M E / D E L E * ) 

2 1 5 0 WRI TECLWR £ T E • 8 5 0 0 ) N E L I 3 4 N * I N U N I T . S W O R G N . I N U N I T . 
1 SWORGE » I N U N I T . N E L I » I N U M T 

8 5 0 0 F O R M A T C 1 0 X , * N O R T H G R I C BCRDER = • • I 2 X . F l O . O . I X , A l / 
1 1 O X , ' S O U T H G R I D BORDER = * , 1 2 X , F 1 0 . 0 , I X . A l / 
2 1 O X , ' W E S T G R I D 8CRQER = * . 1 2 X . F 1 0 . 0 . I X . A l / 
3 1 0 X , » E A S T G R I D BORDER = • . 12X , F 1 0 . 0 . I X • A l ) 

IFCSWORGN .GE, . NEL IMN&GG TO 6 1 0 0 
IFCSWORGE . G E . N E L I M E I G O TO 6 1 5 0 
I F C D M C D C ( N E L I M N - S W O R G N ) , O E L S N ) / O E L S N . G T . . 0 0 1 0 0 . O R . 

I D M C D C C N E L I M E - S W O R G E ) » O E L W E ) / D E L W E . G T . . O O I D O I G O TO 6 2 5 0 
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R E A D CARD 7 t C E L L N U M B E R I N G D I R E C T I O N . F I R S T C E L L I N D E X . 
C E L L N U M B E R I N G I N C R E M E N T . C E L L N U M B E R I N G O R I G I N ) 
( T H E S E F I E L D S ARE R E P E A T E D O N C E ) 

2 2 0 0 R E A D ( L R E A D . 6 S 2 0 . E N D = S £ 5 0 ) 
1 ( I D ( I ) » K Z ( I ) i K G O t l ) . I 6 Z ( J . I ) . J = l . 3 ) . 1 = 1 . 2 ) 

e s s e F O R M A T < 2 ( A 2 , I 1 0 . I 8 , - 4 F F l 0 . 0 . 0 F F 3 . 0 . 0 P F 7 . 4 ) ) 
DO 2 2 5 0 1 = 1 . 2 
I F ( K G O ( I ) . E Q . 0 . A N D . K Z U ) . E Q . 0 ) K Z f I ) = l 
I F I K G U ( I ) . E Q . 0 ) KG O ( I ) •= 1 

2 2 5 0 C O N T I N U E 
I F ( I D ( 1 ) . E Q . B L A N K ) I D I l ) = H \ » E 
IF ( lOt 2) .EQ. BLANK ) 3D( 2 )—HSS 
IFllOFF . N E . H Y E S ) G O TO 2 3 0 0 
IFC INPRO . N E . H L L ) W R I T E 1 6 . 8 5 4 0 ) 

1 ( ID< I )« K Z ( D . K G O t I ) . G Z C 1 « I ) . I N U N I T . 1 = 1 . 2 ) 
I F ( I N P R O . E Q . H L L . A N D . DEGQMS . E Q . H D M S ) W R I T E C 6 , 8 5 6 0 ) 

1 < I D ( I ) . K Z ( I ) . K G O ( I ) * < G Z ( J . I ) * J = 1 , 3 ) . 1 = 1 . 2 ) 
I F ( I N P R O . E Q . B L A N K . A N O . OEGOMS . N E . H D M S ) W R I T E ( 6 . S 5 8 0 ) 

1 I I D ( I ) « K Z ( I ) * K G O ( I ) . G Z ( 1 « I ) . 1 = 1 , 2 ) 
GZEROf l ) = D M S T O D < G Z ( 1 . 1 ) ) 
G Z E R O I 2 ) = D M S T 0 D I G Z I 1 . 2 > ) 
GO TO 2 3 5 0 

8 5 4 0 F O R M A T ( 1 O X . ' G R I D C E L L N U M B E R I N G = * * 1 2 X , A 2 . a F R O M * . 1 8 * * B Y * . 1 6 / 
1 I O X , ' G R I D N U M B E R I N G O R I G I N = • . 1 2 X • - 4 P F 1 0 . 0 . I X , A 1 / / 
2 lOX.'GRID CELL NUMBERING = **12X.A2** FROM*,18,* BY',16/ 
3 1 O X * " G R I D N U M B E R I N G C R I G I N = • « 1 2 X . - 4 P F 1 0 . 0 • I X , A 1 ) 

8 5 6 0 F O R M A T C 1 O X . * G R I D C E L L N U M B E R I N G = * * 1 2 X . A 2 . * F R O M ' . 1 8 * * B Y * * 1 6 / 
1 l O X . ' G R I D N U M B E R I N G C R I G I N . 
2 - 4 P F 1 S . O , * D E G * . 0 P F 6 . 0 , • M I N • . O P F 10 . 4 * • S E C * / / 
3 1 OX * * G R I D C E L L N U M B E R I N G = * . 1 2 X , A 2 , ' F R O M * . 1 8 , " B Y * , 1 6 / 
4 1 O X . ' G R I D N U M B E R I N G C R I G I N = • * 
5 - 4 P F 1 5 . 0 . * D E G ' . 0 P F 6 . 0 . * M I N » . 0 P F 1 0 . 4 . * S E C * ) 

8 5 8 0 F O R M A T ( 1 0 X * ' G R I D C E L L N U M B E R I N G = * . 1 2 X . A 2 * » F R O M * . 1 8 * * B Y * . 1 6 / 
1 lOX.'GRID NUMBERING GHIGIN =*.12X.-4PF10 .6// 
2 l O X . ' G R I D C E L L MUMEERING = * , 1 2 X , A 2 , ( F R O M ' , 1 8 * « B Y * , 1 6 / 
3 l O X . ' G R I D N U M B E R I N G C R I G I N = • , 1 2 X . - 4 P F 10 . 6 ) 

2 3 C 0 W R I T E ( £ , 8 6 0 0 ) < I D ( I ) , K Z ( I ) » K G G ( I ) , 1 = 1 . 2 ) 
8 6 0 0 FORMA T ( 1 O X , ' G R I D C E L L N U M B E R I N G = * , 1 2 X , A 2 , * F R 0 M * , I 8 . 4 E Y * * I 6 / 

1 l O X . ' G R I D C E L L N U M B E R I N G = * * 1 2 X , A 2 , * F R O M ' , 1 8 , * B Y B
0 I 6 ) 

2 3 5 0 DO 2 6 E C J = 1 , 2 
I F ( I D ( J ) . N E . H N S 1 G O TC 2 4 0 C 
JB=.TRUt c 
J G O = - K G O < J ) 
GO TO 2 4 5 0 

2 4 0 0 I F ( I D < J ) . N E . H S N ) G O TO 2 5 0 0 
J B = . F A L S E . 
J G O = K G O ( J ) 

2 4 5 0 J Z = K Z < J ) 
GO TO 2 6 £50 
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2 5 0 0 I F ( I O ( J ) . N E . HE W) GO TC 2 5 5 0 
I B = . T R L E . 
I G O = - K G Q ( J I 
GO TO 2 6 0 0 

2 5 5 0 I F C I O C J ) . N E . HWE )GO TO 6 3 0 0 
I B = . F A L S E . 
I G O = K G O ( J ) 

2 6 0 0 I Z = K Z C J ) 
2 6 £ 0 C O N T I N U E 

C * * * * * E N D I N P U T 
C 
C * * * + * 8 E G I N P R E L I M I N A R Y C A L C U L A T I C K S 

S C A L E R = I 20 0 / S C A L E 
I F ( O U T P R O . N E . H S T A ) S C A L E R = 3 9 . 3 7 D 0 / S C A L E 
CELEW= W O O / D E L E W 
C E L N S = 1 . D O / D E L N S 
I F ( INPRO « E Q . H L L ) G 0 TO 2 7 0 0 
KTX=ROUNO( ( N E L I ME—SWORGE ) 4 C E L E W + I .DO ) 
K T Y = R C U N O ( ( N E L I M N - S W O R G N ) 4 C E L N S + 1 . 0 0 ) 
GO TO 2 7 5 0 

2 7 0 0 KTY=RCUNDC(NBORD— S B O R O ) * C E L N S + 1 . D O ) 
KTX=ROl iND( ( W B 0 R D - E 6 0 R D ) * C E L E W + 1 . 0 0 ) 

2 7 5 0 I F ( O U T P R O . E O . H P O L ) 
I CALL POLYSTCSLAT.C»LGN+ELCN)*.5D0tO.OOtO.OO) 

I F ( O U T P R O . E O . H A L S ) 
1 C A L L A L B R S T ( P D 1 . P 0 2 . 2 7 . 5 D 0 . C W L C N + E L G N ) * . 5 0 0 . 0 . D O . 0 . 0 0 ) 

I F ( O U T P R O . E Q . HLAM) 
1 C A L L L A M B S T t P D 1 . P D 2 «2 7 . 5 D 0 . ( W L C N + E L C N ) * • 5 D O . 0 . 0 0 . 0 . D O ) 

C A L L PROJC ' N E ' . O U T P R O . Y S W » X S W . S L A T , W L O N . O U T Z C N ) 
C A L L PRO J ( ' N E ' . O U T P R O . Y 3 E . X S E . S L A T . E L C N . G U T Z C N ) 
C A L L P R O J ( ' N E ' . O U T P R G . Y N E . X N E . N L A T . E L O N . O U T ZCN) 
C A L L P R O J ( ' N E ' . O U T P R O .YNto.XNW . N L A T . W L C N . O U T ZCN) 
C A L L PRO J t ' N E ' » OUTP R O . Y K i 0 . X M I D . SLAT . C ELON+W LON ) * . 5 0 0 . GU T ZON ) 
XO—DMI N I ( XSW« XNW) 
V O = O M I N I ( Y S W . Y S E . Y M I D ) 
YMA X=DMA X I ( Y N W. YNE) 
XMA X = D M A X I ( X S E . X N E ) 
I F ( ( XMAX—XO) * S C A L E R . G T . NAXW . C R . 

1 ( YMA X— Y 0 ) * S C A L E R . G T . HAXH) GO TO 6 3 5 0 
x o = x o - 2 . o o / s c a l e r 
Y0-=Y0— I » D J / S C A L E R 
Y M A X - ( Y M A X - Y O ) * S C A L E R + . 5 D O 
*MAX=C X M A X - X 0 ) * S C A L E R + 1 . C O 
I = K T X / 2 
I F ( I . E Q . 0 ) 1 = 1 
J = K T Y / 2 
IFC J . E Q . 0 ) J = 1 
C A L L CONVRTC K T X / 2 . 0 . K T Y / 2 . 0 . T N . T E ) 
XM=X 
YM=Y 
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CALL CONVRTt 1 . 0 + K I X / 2 . C . I . O + K T Y / 2 . 0 . T N . T E ) 
D X = X - X M 
D V = Y - > M 
D S = D M I N I ( D X . D Y J 
H l = 0 . C 7 
I F ( D S . L T . O . l ) H I - 0 . 0 3 5 
DX=CO X — H I ) 5 
D Y = C D Y + H I 1 * . 5 
Y H I G H = 2 9 . 5 - 1 2 . # H I 
Y L A B E L = Y H l G H + 5 . * H I 
S W D I S P = H S * 8 . 

C END P R E L I M I N A R Y C A L C U L A T I O N S 
C 
C E S T A B L I S H C E L L NUMBERING PARAMETERS 

IFC I B ) I Z = I Z — I G O * < K T X — 2 ) 
I F C J B ) J Z = J Z - J G O * C K T Y — 2 ) 
IF< I O F F . N E . H YE S I GO TO 3 2 5 0 
I F ( INPRO c N E . H L D G O TO 3 0 0 0 

OO 2 9 £ 0 J = 1 . 2 
I F C I D ( J ) . N E . HNS)GO TO 2 8 0 0 
INC—RCUNDt(GZERO!J1 - N E O R D ) * C E L N S * K G 0 < J> > 
J Z = J Z + I N C 
GO TO 2 9 5 0 

2 8 0 0 I F C I D C J ) . N E . HSN1GO TO 2 C 5 0 
I N C = R C U N D « C S B O R O — G Z E R C C J ) > * C E L N S * K G O < J ) ) 
JZ=JZ• INC 
GO TO 2 9 5 0 

2 8 S 0 I F C I D C J ) . N E . HEWJGO TO 2 9 0 0 
INC=RCUNDC C E B O R D - G Z E R C C J ) ) * C E L E » * K G C < J ) l 
1 Z = I Z + INC 
GO TO 2 9 5 0 

2 9 0 0 I F I I D C J I . N E . HWE)GO TO 2 9 5 0 
INC=RCUND| CGZEROC J ) - M B O R D ) * C E L E t o * K G C < J I ) 
I Z = I Z « - I N C 

2 9 £ 0 CONTINUE 
GO TO 3 2 5 0 

3 0 0 0 0 0 3 2 0 0 J = 1 . 2 
I F C I D C J ) . N E . HNS1GO TC 3 0 5 0 
INC=ROUND< CGZEROC J l - N E L I M M * C E L N S * K G O « J ) ) 
J Z = J Z • I N C 
GO TO 3 2 0 0 

3 0 5 0 I F C I D C J ) . N E . HSNJGO TO 3 1 0 0 
INC=RCUNDI C S W O R G N - G Z E R O C J ) ) * C E L h S « K G O ( J ) > 
J Z = J Z + I N C 
GO TO 32 0 0 

3 1 0 0 I F C I O C J ) . N E . HEW)GO TO 3 1 5 0 
INC=RCUNDC C G Z E R O C J ) - N E L I M E ) * C E L E W * K G G C J I ) 
I Z = I Z + I N C 
GO TO 3 2 0 0 

3 1 5 0 IFC I O C J I . N E . HWE)GO TO 3 1 5 0 
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INC=RQUND{(SWORGE-GZEROfiJ»)*CELEM*KGC<J)) 
IZ=IZ + INC 

2200 CONTINUE 
32S0 CONTINUE 

KMAX=MAX0(IZ«IZ+IGO*CKTX—I),JZ*JZ»JGO*CKTY-l)) 
C KMAX IS THE LARGEST ROW OR COLUMN NUMBER 

LMA X=KMAX 
LOGL=DLOG10(LMAX) 
KMAX=LOGL+l 

C KMAX IS NOW THE NUMBER OF DIGITS IN LARGEST NUMBER 
NEOISP=(26-6*KMAX)*HI/7.0 

C END CELL NUMBERING PARAMETERS 
C 
C tNtTAUZa PLOTTER 
33HO CALL PLINIT 

CALL CROSS 
C 
c 
C ORAW THE CELL NUMBERS ALCNG THE BOTTOM 

ANGLE»90. 
00 3400 I=2»KTX 
ICOL=t I— 2)*IGO+IZ 
CALL CCNVRTCI —.5.1.0*TLAT « TLGKi 
IFCTLAT «GE« SLAT .AND. TLAT ,LE. NLAT • AND* 

1 TLON .LE. WLON .AND* -TLON . GE. ELCNIGO TO 3350 
IF( INPRO .EG* HLL)GO TO 3400 
E=l I- 1 *5 )/CELE W4-S WORGE 
CALL PROJI*NL * *1NPRO *N*E .SLAT *TLCN*INZON) 
IFCTLON *GT* WLON * OR* TLCN «LT* ELCNIGO TO 3400 
CALL PROJI *NE«.OUTPRO*N1 ,E1 .SLAT.TLON.OUTZON) 
X=l E I— XO )* SCALER 
V=CN1- V0>* SCALER 

3350 CALL NUMBER!X.Y-SWDISP»HI.ICOL .ANGLE.2HI8) 
3400 CONTINUE 

C 
C 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<FLOATCKTX» *-J-.5.TLAT.TLCN) 
IFCTLAT *GE* SLAT .AND* TLAT *LE. NLAT .AND* 

1 TLON .LE. WLON *ANO* TLCN *GE*'ELCN)GO TO 3450 
XF(INPRO *EQ* HLL)GO TO 3500 
N=lJ—1.5)/CELNS+SB0RGN 
CALL PROJI•LE**INPRO*N*E*TLAT*ELCN*INZON) 
SFCTLAT .LT. SLAT .OR* .TLAT .GT. NLATIGO TO 3500 
CALL P R O J f • • O U T P R O * N 1 * E 1 .TLAT.ELON.CUTZON) 
X=(E I—X0)*SCALER 
V=l N YO ) 4> SCALER 

3450 CALL NUMBER!X-NEDISP•V.HI•JROW.ANGLE.2HI8) 
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I F t l A D D L . E Q . HVES) CALL NUMBER! XMAX-tNEDISP »V . H I . JROW, 
1 A N G L E . 2Hi 8 ) 

2 5 0 0 CONTINUE 
C 
C DRAW C E L L NUMBERS ALCNG THE TOP FROM EAST TO WEST 

ANGLES90. 
DO 3 6 0 0 I = 2 « K T X 
I C O L M K T X - I ) * I G O + I Z 

CALL CQNVRTCKTX—I- f r l •5 . F L C A T C K T Y ) . T L A T . T L C N ) 
IFC T L A T . G E . SLAT . A N D . TLAT . L E . NLAT . A N D . 

1 TLQN . L E . WLON . A N D . TLON . G E . ELCN)GO T O 3 5 5 0 
IFC INPRO . E Q . HLL ) G 0 TO 3 6 0 0 
•E=C KTX—f + 1 . 5 ) /CELEW+SWORGE 
CALL P R O J C ' N L * . I N P R O » N , E . N L A T . T L C N , I N Z C N ) 
I F C T L O N . G T . WLON . O R . TLCN . L T . ELCN)GO T O 3 6 0 0 
CALL PROJf *NE * . O U T P R O » N l . E l . N L A T . TLON' .OUTZON) 
X= C E I - X 0 ) « SCALER 
Y = C N 1 — V 0 ) * SCALER 

3 5 5 0 CALL N U M B E R C X , Y - N E D I S P . H I . I C C L . A N G L E . 2 h I 8 ) 
IFC I A D D L . E Q , H YES) CALL NUMBER(X , Y M A X • N E D I S P . H I . I COL. 

1 A N G L E . 2 H I 8 ) 
3 6 0 0 CONTINUE 

C 
c DRAW CELL NUMBERS ALCNG THE WEST EDGE FRCM TOP TO BOTTOM 

ANGLE = 0 . 
DO 3 7 0 0 J = 2 , K T Y 
J R G W = C K T Y - J ) * J G O + J Z 
CALL C O N V R T C t . O . K T Y - J + I . 5 . T L A T . T L 0 N ) 
IFC TLAT « G E , SLAT . A N D . TLAT . L E . NLAT . A N D . 

1 TLON . L E . WLON . A N D . TLON » G E . E L C N ) G O T O 3 6 5 0 
IFC INPRO . E Q . H L D G O TO 3 7 0 0 
N=C K T Y - J + l . 5 ) / C E L N S + S W O R G N 
CALL P R O J C ( L E » , I N P R O . N . E . T L A T . W L C N . I N Z O N ) 
I F C T L A T * L T . SLAT • O R . TLAT . 6 T . NLAT)GO TO 3 7 0 0 
CALL PROJC * h £ * .OUTPRO . N L . E l . T L A T . W L C N . O U T Z O N ) 
X=CE1—XO)<SCALER 
Y=( N Y O ) * SCALER 

3 6 5 0 CALL NUMBERC X — 5 W D I S P , Y , H I . J f i C W . A N G L E . 2 H I 8 ) 
3 7 0 0 C O N T I N C E 

C 
I F C I N P R O . E Q . HLL . A N D . NBORD . E O . NLAT . A N D . S 8 0 R D . E Q . SLAT 

1 . A N D , WSORD . E Q . WLCN . A N D . EBORD . E Q . ELGN 
2 . A N O . I L I N E . E Q . H P C I G O TG 4 4 5 0 

C DRAM NORTH/SOUTH G R I D L I M E S WCRKING FROM WEST TO EAST 
D I R = . T R U E . 
DO 4 0 0 0 1 = 1 , K T X 
I F C I L I N E « E Q . HPC . A N D . I . N E . 1 . A N D . I , N E , K T X ) G O TO 4 0 0 0 
D I R = . N O T . D I R 
CALL CONAUXCI , 1 . N L A T 1 . E L C N l ) 
CALL C O N A U X C I . K T Y . N L A T 2 . E L C N 2 ) 
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IFC INPRO . E Q . H L D G f t TO 3 9 5 0 
CALL PROJC • N L * . I N P R O . N T . E L O M , S L A T , ALCNS. I NZCN) 
N L A T l = D M A X l C N L A T l , N T , S W C R G N ) 
CALL P R O J C • N L • . I N P R O . N T . E L C N 2 . N L A T . A L C K N . I N Z C N ) 
N L A T 2 = D M I N | C N L A T 2 . N T . N E L I M N ) 
CALL PROJC • L L * . I N P R O . N L A T l . E L C M .ALATS . ALONS • I N Z O N ) 
CALL PROJC * L L * » I N P R O . N L A T2 » E L G N 2 * A L A T N . A L O N N . I N Z O N ) 
IFC C ALONS . L E . ELON . A N D . ALCNN . L E . ELON) . O R . 

1 CALONS . G E . WLON . A N D . ALCNN WLGN))GO TO 4 0 0 0 
T= C ALATN—ALAT S ) • ( ALONS—ALCNN) 
IFC ALONS . L E . WLON) GO TO 3 7 5 0 
ALATS=ALATS+( A L O N S - W L C M * T 
ALONS—WLQN 
GO TO 3 3 0 0 

3 7 5 0 IFC ALONS « 5 E . ELON)GO TG 3 8 0 0 
ALATS s ALATS+CALONS—ELCN)*T 
ALONS=ELON 

3 8 0 0 IFCALONN . L E . WLON)GO TO 3 8 5 0 
ALATN=ALATN+CALQNN—WLGN)*T 
ALONN=WLON 
GO TO 3 9 0 0 

3 8 5 0 IFC ALONN . G E . ELQN)GO TO 3 9 0 0 
ALA TN =ALA TN+C ALONN-ELON k * T 
ALONN=ELON 

3 9 0 0 CALL PROJC"NE * . I N P R O . N L A T 1 . E L C N 1 . A L A T S . A L O N S . I N Z O N ) ^ 
CALL PROJC * . I N P R 0 . N L A T 2 . E L C N 2 . A L A T N , A L Q N N , I N Z O N ) 

3 9 5 0 IFC « N O T . D I R ) C A L L B I L I NECINPKO .1NZCN .OUTPRO.OUTZQN. 
1 NLA T 1 . E L O N 1 . N L A T 2 . E L C N 2 . S C A L E » X 0 , Y 0 ) 

I F ( O I R ) C A L L B I L I N E f I N P R C , 1 N Z O N . O U T P R O . O U T Z O N . 
1 N L A T 2 . E L 0 N 2 . N L A T I . E L C N l . S C A L E . X 0 * Y 0 ) 

4 0 0 0 CONTINUE 
C DRAW E / 0 G R I D L I K E S 

4 0 5 0 O I R = . T R U E . 
DO 4 3 £ 0 J = 1 . K T Y 
I F C 1 L I N E . E Q . HPC . A N D . J . N E . 1 . A N D . J . N E . KTY )GO TO 4 3 5 0 
D 1 R = . N O T . D I R 
CALL CONAUXC 1 . J . N L A T I t E L C M ) 
CALL CONAUXCKTX. J . N L A T 2 .ELGN2 ) 
IFC INPRO . E Q » H L D G O TO 4 3 0 0 
CALL PROJC * L E • » I N P R O » N L A T 1 » E T • A L A T W , W L C N . I N Z C N ) 
E L O N l = D M A X i C E L O N 1 . E T . S W G R G E ) 
CALL PROJC * L E « . I N P R O . N L A T 2 . E T . A L A T E . E L O N , I N Z C N ) 
E L Q N 2 = D M I N I C E L O N 2 , E T . h E L I M E ) 
CALL P R O J C * L L * » l N P R O , N L A T l , E L C N l . A L A T W , A L O N W . I N Z O N ) 
CALL PROJC * L L " . I N P R O . N L A T 2 , E L O N 2 . A L A T E , A L O N E , I N Z O N ) 
IFC (ALATW . G E . NLAT . ANQ. ALA IE . G E . NLAT i . O R . 

I CALATW . L E . SLAT . A N D . ALATE . L E . S L A T ) ) G O TO 4 3 5 0 
T=CALONE-ALONW) /C ALATW-ALATE) 
I F I A L A T W . G E . SLAT)GO TO 4 1 0 0 
ALONW=ALONW«< ALAT W-SL AT I * T 
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ALA TW=SLAT 
GO TO 41 SO 

4 1 0 0 IFCALATW . L E « N L A T I G O TC 4 1 5 0 
ALDNW=AL0N1+C A L A T t t - N L A T ) * T 
ALATW=NLAT 

4 1 SO IFC ALA TE . G E . S L A T ) GO TO 4 2 0 0 
ALDNE=ALONE+CALATE-SLAT > * T 
ALATE=SLAT 
GO TO 4 2 5 0 

4 2 0 0 IFCALATE « L E . N L A T ) G O TC 4 2 5 0 
ALQNE=ALONE*C A L A T E - N L A T I * T 
A L A T E = N L A T 

4 2 5 0 CALL PRO J< »NE • » INPRO . K L A T 1 , E L O M , ALATW. ALONW • I N 2 0 N ) 
CALL P f tGJ i *NE * • I N P R 0 . N L A T 2 . E L C N 2 » A L A T E , A L O N E . I N Z O N ) 

4 3 0 0 IFC . N O T . D I f D C A L L B I L l N E ( I N P R O • I N Z O N . O U T P R O • 0 U T 2 0 N . 
I NLA T 1 . E L O N 1 . N L A T 2 . E L C N 2 . SCALE »X0 » Y 0 ) 

I F C D I R ) C A L L B l L l N E t INPRO . I N Z O N . O U T P R O . C U T Z O N , 
1 N L A T 2 . E L O N 2 . N L A T 1 » ~ L C N l . S C A L E . X O , Y 0 ) 

4 3 5 0 CONTINUE 
I F C I L 1 N E . E Q . H P O G Q TO 4 4 5 0 
I F f l L I N E . N E . HGP)GO TO 4 6 0 0 

C 
C ORAW • MARKS S T A R T I N G FRCM THE WEST 

4 4 0 0 O F F S E T ^ . 5 0 0 vi 
K U P = K T X - 1 oo 
JUP=K T Y— 1 
GO TO 4 5 CO 

4 4 5 0 I F C K T X . E Q . 2 . O R . KTY . E O . 2 ) G C TO 4 6 0 0 
KUP=K T X - 2 
JUP=K T Y— 2 
O F F S E T = I . D O 

4 5 0 0 D I R s . T R U E . 
DO 4 5 E 0 1 = 1 , K U P 
D I R = . N O T . O I R 
0 0 4 5 5 0 J = l . J U P 
J T = J 
I F I D I R ) J T = J U P + 1 - J 

CALL C Q N V R T C I + O F F S E T . J T * C F F S E T t T L A T . T L C N ) 
IFC TLA T . G T . NLAT . OR . TLAT . L T . SLAT . O R . 

I TLON . G T . WLON . O R . TLCN . L T . ELCN)GO TO 4 5 5 0 
CALL SYMBOLI X . Y . S I Z E » 3 . A N G L E » — 1 ) 

4 5 S 0 CONTINUE 
C 

4 6 0 0 I F C T I C N O R . E Q . 0 . D 0 ) G C TC 5 1 0 0 
IFC INPRO . N E . H L D G O TC 4 6 5 0 
INPRO=HUTM 
I N Z O N s O 
CALL PROJC * N E * . I N P R O . N . E « C S L A T + N L A T ) * . 5 0 0 • C M L O N + E L O N ) • . 5 D 0 . I N Z O N ) 

4 6 5 0 D E L T A = S C A L E * . 1 2 5 D 0 / 1 2 . D C 
IFC INPRO . N E . H S T A ) D E L T A — S C A L E * . 1 2 5 0 0 / 3 9 . 3 7 0 0 
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C T I C MARKS ALONC THE ECTTCM 
CALL PROJI "NE * • I N P R O . N S k . E S W . S L A T .WLON * I N Z C N ) 
CALL PROJt « N E * . I N P H O . N S E . E S £ . S L A T . E L C N , I N Z O N ) 
E T = T I C E A S * I D I N T C E S W / T I C E A S ) 

4 7 C 3 I F ( E 1 , L T . ESW)GO TO 4 7 5 0 
CALL PROJC *NL* * I N P R 0 * N 1 . E T . S L A T . L T . I N Z O N ) 
CALL B I L l N E t I N P R O . I NZCN .CUTPRC . OUTZCN . 

I N 1 + D E L T A / 5 D 0 . E T . N 1 — D E L T A . E T . S C A L E , X O . Y O ) 
4 7 5 0 E T = E T + T I C E A S 

IFCET . L T . ESE)GO TO 4 7 0 0 
C T I C MARKS ALONG RIGHT EOGE 

CALL P R O J C » N £ « . I N P R O , N N E . E N E . N L A T . E L C N . I N Z C N ) 
N T = T I C N O R » I D I N T « N S E / T I C N O R ) 

4 8 0 0 IFC NT . L T . NSE)GO TO 4 6 5 0 
CALL PROJC *LE *-. INPRO .NT »E I . L T . E L O N . I NZCN) 
CALL B I L I N E C I NPRO . 1 NZCN .CUTPRC .OUTZGN. 

1 N T . E I — D E L T A / 5 D 0 . N T , El-t; DELT A .SCALE »X0 .YO ) 
4 8 5 0 NT=NT+TICNOR 

IFC NT , L T . NNEiGO TO 4 8 0 0 
C T I C MARKS ALONG TOP 

CALL PROJI * N E • • I N P R O . N N * . E N * . N L A T . W L O N . I N Z O N ) 
E T = T I C E A S * ( 1 . D O + I D I N T C E M E / T I C E A S ) ) 

4 9 0 0 I f t E T . G T . ENE)GO TO 4 5 5 0 
CALL P R O J f ' N L 1 . I N P R O , M . F T . N L A T , L T , I N Z O N ) 
CALL B I L I N E ( I N P R O • I N Z C N • O U T P R O . C U T Z C N . 

2 N I — D E L T A / 5 D 0 . E T » N 1 * D E L T A » E T .SCALE.XO.YO ) 
4 9 5 0 E T = E T - T I C E A S 

I F C E T . G T . ENW) GO TO 4 9 0 0 
C T I C MARKS ALONG L E F T 

N T = T I C N Q R * C 1 . D O ^ I D I N T C N N t t / T I C N O R ) ) 
5 0 0 0 IFC NT . G T . NNW)GO TO S 0 5 0 

CALL PROJC *LE * . I N P R O . N T . E I » L T • W L C N . I N Z C N ) 
CALL B I L I N E C I N P R O . I N Z C N , C U T P R C . O U T Z O N , 

1 N T . E l - fDEL TA / 5 D O . N T . £1 - D E L TA . SCALE , X 0 • YO I 
50 5 0 N T = N T - T I C N O R 

IFC NT . G T . NSW) GO TO 5 0 0 0 
C DRAW THE L A T I T U D E / L O N G I T U D E L I M I T S I F NECESSARY 

5 1 0 0 OFFSET=O.DO 
INPRO T= INPRO 
INPRO=HLL 
I F C L A T T I C . E Q . 0 « D 0 ) G 0 TO 5 5 5 0 
D E L L O N = S C A L E * . 4 D - 7 
OELLA T=OELLON9DCOSC S L A T / 5 7 . 2 9 5 0 0 ) 

C T I C MARKS ALONG BGTTCK 
L 0 N 7 = L 0 N T I C*C 1 . 0 0 * 1 DINT.C U L C N / L C N T I C ) ) 

5 1 5 0 IFCLONT . G T . WLONIGO TO 5 2 0 0 
CALL B I L I N E CINPRO > 1 N Z C N . C L T P R C . C U T Z C N . 

1 SLAT .LOfJT , SLAT-frDELLAT .LCNT . SCALE ,XO ,Y0 ) 
5 2 0 0 L O N T = L O N T - L O N T I C 

IFCLONT . G T . ELON)GO TO 5 1 5 0 
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C L A T T I C ALONG R I G H T 
L A T T = L A T T I C * I D I N T C S L A T / L A T T l C J 

5 2 5 0 IFC LA H . L T . S L A T ) G O TO S 3 0 0 
CALL B I L I M E I I N P R O , l N Z O S • C U T P R C • O U T Z O N • 

I L A T T . E L O N . L A T T . E L O N + D B L L C N , S C A L E , X O , Y 0 ) 
S 3 0 0 LA T T=L AT T* L A T T I C 

I F I L A T T . L T . N L A T t G O TO 5 2 5 0 
C LON T I C MARKS ALONG TOP EOGE 

L O N T = L O N T I X * I D I N T < E L C h / L C M T l C > 
S 3 5 0 I F C L Q N T . L T . E L O N ) G O TO 54 0 0 

CALL B I L I N E ( I N P R O t i N 2 C N , C U T P R O . G U T Z O N « 
1 N L A T . L O N T . N L A T - O E L L A T . L C N T . S C A L E . X O . Y O ) 

5 4 0 0 L O N Y = L O N T + L O N T I C 
I F C L O N T . L T . ULON1GQ TO 5 3 5 0 

C L A T T I C MARKS ALONG L E F T EDGE 
L A T T = L A T T I C « ( 1 . D 0 + I D I N T C N L A T / L A T T I C ) ) 

5 4 5 0 I F I L A T T , 6 T « N L A T ) 6 0 TO 5 S 0 0 
CALL 0 I L I N E I I N P R O . I N i C N . C L T P R C . C U T Z C N . 

1 L A T T . U L O N . L A T T . W L O N - O E L L G N . S C A L E ^ O , Y 0 ) 
SSOO L A T T = L A T T — L A T T I C 

I F f L A T T «GTa S L A T ) G O TO 5 4 5 0 
5 5 5 0 C E L N S ~ I « D 0 / ( N L A T - S L A T ) 

C E L E * = l . D 0 / ( W L O N - E L O N ) 
K T X = 2 
K T V = 2 

C I F < I S E G . N E . B L A N K ) C A L L G E N D O T ( S L A T , N L A T , E L O N , W L O N , 
C * O U T P R O . O U T Z O N . S C A L E , X O . V O . I S E G ) 

I F C I N P R O T *EQ« HLL . A N D . KBCRD oEQ. NLAT . A N D . ^BORD . E Q . SLAT 
1 . A N D . WBGRO . E Q . WLCN ,ANO» EBORD « E Q . ELON 
2 . A N D . I L I N E . N E . H P C ) G O TO 5 6 0 0 

NBORD=NLAT 
SBORD=SLAT 
EBORD=ELON 
WBORD=WLON 
CALL O U T L I N 

C * * » # » B E G I N DRAWING T I T L E 
5 6 0 0 N 8 0 R D = N L A T 

S 8 0 R D = S L A T 
E B 0 R 3 = E L 0 N 
MBORD»WLON 
CALL CONVRTI 1 o O . l . 0 * T L A T «TLCN) 
CALL CROSS 
CALL S Y M B O L ! X + 1 . 0 . 0 . 1 r ^ . 1 3 . T I T L E . 0 . 0 . 8 0 * 

C 
C * * * * * B E G £ N L A B E L L I N G BORDERS I N D E G . M I N , S E C 

H = 0 # 1 3 
C = — = B E G I N BOT—SOUTH WE ST 

KNTROL=C 
CALL O M S L A B C W L O N » X « . 2 7 . M . K N 7 R G L ) 



GRIDOT PROGRAM - R . EDWARDS AND R . OURFEE CCAK RIDGE NATIONAL LAB) 

C = = = = = B E G I N LEFT-SOUTH WEST 
X=X—0•15—KMAX^HI 
K N T R O L = - I 
CALL DMSLABISLAT.XtY .H.KNTRCL) 

C 
c===—BEGIN LEFT-NORTHEAST 

CALL CONVRTC1 . 0 . F L O A T ! K T Y ) . T L A T . T L O N ) 
K N T R O L « - I 
CALL D M S L A B t N L A T . X . Y »H. K M ft C D 

C 
C—=—BEGIN SOT-SOUTHEAST 

CALL CONVRT!FLOAT C K T X J • 1 . 0 o T L A T . T L C N ) 
Y = 0 . 2 7 
KNTROL=0 
CALL O K S L A b C E L O N . X . Y . H . K N T f i C L ) 

C=====END BCT-SOUTHEAST 
C*****END LABELLING BORDERS I N DEG « M I N . S E C 

CALL P L O T I X + 1 2 . . 0 . . — 3 ) 
GO TO 1 0 0 0 

5 6 4 0 I F t £ S E G . N E . HC . A N D . I S E G . N E . HS)GO TO 5 6 5 0 
CALL PH. JUT 
INPROT=BLANK 
GO TO S 5 5 0 

5 6 5 0 M R I T E ( L W R I T E « 8 6 2 0 1 
8 6 2 0 F O R M A T ! • O I N S U F F I C I E N T D A T A * ) 
5 7 0 0 STOP 
~ T 5 0 MR I T E < L M R I T E . 8 6 4 0 ) 
uo40 FORMAT!•01MPROPER S C A L E * ) 

GO TO 5 7 0 0 
5 8 0 0 MR I T E ( L M R ! TE . 8 6 6 0 ) 
8 6 6 0 FORMAT! • 0 1 NVALID OUTPUT PROJECTION* ) 

GO TO 5 7 0 0 
S8SC W R I T E ( L M R I T E . 8 8 8 0 ) 
e 6 6 0 FORMA T ( * OXNVALID INPUT P R C J E C T I C N * ) 

GO TO 5 7 00 
5 9 0 0 M R I T E ! L W R I T E . 8 7 0 0 ) 
8 7 0 0 FORMAT!*OSOUTHERN LAT ITUDE L I M I T GREATER THAN NORTHERN') 

GO TO 5 7 0 0 
5 9 5 0 M R I T E ! L M R I T E . 8 7 2 0 ) 
8 7 2 0 FCRMAT!*0EASTERN LONGITUDE L I M I T GREATER THEN WESTERN*) 

GO TO 5 7 0 0 
6 0 0 0 M R I T E 1 L W R I T E • 8 7 4 0 > 
8 7 4 0 FORMAT!*OLAT/LONG CELL H E I G H T / M I D T H IMPROPER*) 

GO TO 5 7 0 0 
6 0 5 0 M R I T E ! L W R I T E » 8 7 6 0 ) 
8 7 6 0 FORMATC'OGRID CELL H E I G H T / W I D T H IMPROPER' ) 

^O TO 5 7 0 0 
6 1 0 0 * R I T E ! L M R I T E . 8 7 8 0 ) 
8 7 8 0 FORMATI*0EASTERN E A S T I H S LESS THAN WESTERN L I M I T ' ) 

GO TO 5700 
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€ 1 6 0 K R I T E I L W R I T E . 8 8 0 0 ) 
8 8 0 0 FORMAT!•©NORTHERN NORTHING LESS THAN SOUTHERN L I M I T * ) 

GO TO 5 7 0 0 
6 2 0 0 1 * R I 7 € ( L W R I T E r 8 8 2 Q ) 
8 8 2 0 FORhAT< • 0C6LL H E I G H T DOES NOT OIVIOE LATITUDE L I M I T S 01?* / 

1 • C E L L WIDTH DOES NOT D I V I D E LONGITUDE L I M I T S * ) 
GO TO 5 7 0 0 

6 2 5 0 W R I T E ( L W R I T E • 3 8 4 0 ) 
8 3 4 0 FORMAT( * OCELL H E I G H T OCES NOT 0 1 V I D E NORTHING L I M I T S O R * / 

1 • C E L L WIOTH OOES NOT D I V I O ' - E A S T I N G L I M I T S * ) 
GO TO S 7 0 0 

€ 3 0 0 W R I I i e C L W R I T E . 8 8 6 0 ) 
6 8 6 0 FORMA T C O G R I O NUMBERING O l R E C T t G N COOE NOT N S . S N . E W . OR W E " ) 

GO TO 5 7 0 0 
€ 3 5 0 W ? I T £ ( L W R I T E • 8 8 8 0 ) 
6 8 8 0 FORMAT! *0MAP WIDTH OR H E I G H T EXCEEDS L I M I T S * > 

GO TO 5 7 0 0 
END 

SUBROUTINE C O N A U X d • J . N L A T X . E L C N X ) 
I M P L I C I T R E A L * 8 ( A - H . L - Z J 
COMMON / L I M I T S / NBORD «SBGRD .WEORD .EBORD. C E L N S . C E L EW , £ 

$ SWORGN.SWGRGE * N £ L I MNeNELl, * E • ' 
$ X0« Y0» SCALER* SCALE . X . Y . 
S KTMtKYYtlNPRQa I NZON.OUTPf iC »CUTZON 

I N T E G E R * 4 K T X . K T Y , I NPliO . 1 NZCN »CUTPRG • OUTZON 
R E A L * 4 X , Y 
I N T E G E R * 4 H L L / * L T L N 8 / 
I F ( I N P R O # N E . H L L ) G O TO 2 0 

EL ON X= WB ORO— ( I - l l / C E L E W 
N L A T X = ( J — I ) / C E L N S + S B O R D 
GO TO 3 0 

2 0 N L A T X = ! J — t i / C E L N S + S W Q R G N 
E L O N X = ( I - 1 ) / C S L E W+S WORGE 

3 0 RETURN 
ENO 

SUBROUTINE C O N V R T i T I . T J .NLATXoELChX ) 
I M P L I C I T R E A L * 8 ( A ~ H , L ~ Z ) 

COMMON / L I M I T S / NBORD•SBOfiD< WBORD»EBORD«CELNS* CELEW • 
S S W O R G N , S W O R G E « N E L I M N « N E L l * E . 
$ XOj YO. SCALER .SCALE » X . Y . 
5 K T X » K T Y » I N P R O . I N Z O N . O U T P B C »CUTZCN 

I N T E G E R * 4 K T X . K T Y . I N P f l G . I N Z C N . C U T P f i O . O U T ZQN 
R E A L * 4 X . Y . T I . T J 
I N T E G E R * 4 H L C / ' L T L N * / 
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I F C I N P R O . N E . H L U J G C TG 2 0 
E L 3 N X = W B Q R D - C T I - 1 . ) / C E L E W 
NLATX=SBORD+C T J - 1 • ) / C E L N S 
GO TO 3 0 

2 0 NLA TX=SWORGN«-( T J - 1 . ) / C E L N S 
E L O N X = S W O R G E * C T I - l . ) / C E L E W 

C A L L P R O J C • L L • # I N P R C . N L A T X . E L C N X * N L A T X . E L C N X * I N Z C N ) 
3 0 C A L L PROJC * N E « . O U T P R O . N . E . N L A T X . E L D N X . O U T Z G N ) 

X = ( E - > 0 ) * S C A L E R 
Y = ( N - Y O ) * S C A L E R 
R E T U R N 
END 

S U B R O U T I N E O U T L I N 
I M P L I C I T R E A L + 8 C A - H . L - Z i 
I N T E G E R * 4 I N P R O . 1 N Z O N . G U T P R C * C U T Z G N 
R E A L * 4 X . Y 
COMMON / L I M I T S / N 8 0 R D « S 8 C R D . W B C R O . E B C H O . C E L N S . CELEW . 

$ SWORGN *SWORGE » N E L I MN » N E L I l»E a 
$ X O . Y O , S C A L E R . S C A L E , X . Y , 
% K T X . K T Y . I N P R O . I N Z O N , O U T P R C , C U T Z C N „ 

C S T A R T A T THE SW CCRNER AND HCHK EAST w 
C A L L CONAUXC 1 , 1 . N L A T 1 , E L C M ) 
C A L L C O N A U X C K T X . 1 . N L A T 2 . E L C N 2 ) 
C A L L B I L I N E C I N P R O . I N Z C N , C U T P R C , C U T Z C N , 

* NLA T 1 . E L O N 1 . N L A T 2 . E L G N 2 . S C A L E « X 0 . Y O ) 
E L 0 N 1 = E L 0 N 2 
NLA T I — N L A T 2 
C A L L CONAUXC KTX »K TY * SLAT2 , E L C ^ 2 ) 
C A L L B I L I N E C I N P R O . I N Z C N . C U T F K C , O U T Z C N , 

* N L A T I , E L O N I , N L A T 2 » E L C N 2 , S C A L E . X O , Y 0 ) 
C 
C START FROM THE N» CCRNER AND WCRK WEST 

N L A T 1 = N L A T 2 
E L O N 1 = E L O N 2 
C A L L C O N A U X C I . K T Y . N L A T 2 . E L C N 2 ) 
C A L L B I L I N E C I N P R O . I NZCN . C U TPRC . C U T Z G N . 

* N L A T l . E L O N i . N L A T 2 oE,LCN2 . S C A L E . X O . Y O ) 
C 
C S T A R T FROM THE Ntt CORNER ANO WCEK SOUTH 

N L A T 1 = N L A T 2 
E L O N 1 = E L 0 N 2 
C A L L CONAUXil , 1 . M L A T 2 , E L C S 2 i 
C A L L B I L I N E C I N P R O . I NiLCN . CUTPRC . O U T Z Q N * 

* N L A T l . E L O N l . N L A T2 . E L C N 2 . S C A L E .XO , Y 0 ) 
RETURN 
END 
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SUBROUTINE PLtNtT 
R E A L * 8 B U F F E R ! 3 2 0 4 ) 
CALL P L O T S < B U F F E R » 3 2 0 4 J 
RETURN 
END 

SUBROUTINE CROSS 
CALL P L Q T C . 3 7 5 . . 5 . 3 ) 
CALL P L O T t ' . 3 7 S . . 2 5 . 2 ) 
CALL P L O T I . S . . 3 7 5 . 3 ) 
CALL P L 0 T I . 2 5 . . 3 7 5 . 2 * 
RETURN 
END 

SUBROUTINE D M S L A B < D E G « X . V . H » K M T £ G L ) 
C * * * « 
C G I V E N THE R E A L * 8 VALUE *OEG• 
C CONVERT TO I N T E G E R * * VALUES * I D E G , I M I N ' AND « E A L * 4 ' S E C * 
C AND PLOT W I T H H E I G H T *H« INCHES ALCMG A HORIZONTAL L I N E AT « * « 
C SO THAT THE F I R S T CHARACTER STARTS AT «X* WHEN K N T W J L . G T . G 
C THE LAST CHARACTER ENOS AT * X * WHEN K N T R O L . L T . O 
C THE S T R I N G I S CENTERED AROUND «X* WHEN K N T R O L . E Q . O 
C "SEC* I S P R I N T E D » I T H F 5 . 2 FORMAT 
C * * » * 

R E A L * 8 D E G . F M I N . D I G 
OIG=Oi&G* 1 3 0 - 7 

C T H I S AOOS ABOUT 0 . 0 0 5 SECCNO FCR PCUNO OFF PURPOSES 
lOEG^OIG 
F M I N - C D I G - I D E G ) * 6 D 1 
I M I N = F J U H 

SEC«( F M S N - l MI N ) * 6 D 1 
NOEGD1=2 
I F ( I 0 E 6 . L T . 1 0 ) N D E G D I = 1 
I F ( IDEG .GE . 100 J NOEGD 1=3 
NCHAR«NDEGDI+10 
D X = H * • £ 5 7 1 4 3 
TWODXaDX+DX 
FOURDX=TWOO X*TWODX 
D P = D X * . 3 3 3 3 « 
I F ( K N T R O L ) 1 . 2 . 3 

1 XP=K-NCHAR*DX 
GO TO 4 

2 X P = X - * i C H A R * D X * . 5 
GO TO 4 

3 XP—X 
4 I F t NDEGD 1 - 2 ) 5 . 6 . 7 
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5 CALL NUMBER!XP» Y e H » I D £ G • O a » 2 H I S ) 
XP= XP X 
GO TO 6 

6 CALL N U M B E R ! X P « Y « H « I D E G «0« » 2 H E 2 ) 
XP=XP + TWODX 
GO TO 6 

7 CALL N U M B E R ! X P » Y e H » I D E G » 0 » * 2 H I 3 ) 
XP=XP+DX4-TWOD X 

e YP= Y+H—DP 
OH—OP+DP 
C A L L S Y M B O L ! X P * D P » Y P « D H » 1 « 0 e t — I ) 
X P = X P * 0 X 
CALL NUMBER! X P » Y » H » I M I N » 0 * » 2 H I 2 ) 
XP=XP + TWODX 
CALL SYMBOL!XP»Yt -H» 1 2 5 » 0 « 1 ) 
XP=XP+OX 
C A L L N U M B E R ! X P . Y . H . S E C . O . » 4 H F 5 . 2 ) 
XP= XP + 0 X«-F O URD X 
CALL « Y M 8 0 L I X P a Y . H « 1 2 7 » 0 . « - l ) 
RETURN 
END 

DOUBLE P R E C I S I O N FUNCTI13N DMSTQDCDMS) 
DOUBLE P R E C I S I O N 0 M S ! 3 ) . A . X O M S 
INTEGER DEGDMS»HHPD 
DATA H H P D / ' H P D • / 
COMMON / D E G F L G / DEGDMS 
XDMSCAI = C O M O D C A • I D 2 ) / 6 0 1 + l O I N T C D M G O ! A / I D 2 « 1 0 2 ) ) ) / 6 D l + E D C N T C A / I D 4 ) 
IFCDEGDMS . E Q . H H P D } D M S T O D = X D P S ! D M S ( 1 ) ) 
I F ! D E G D M S . N E . HHPD) 

* DMSTOO=DMSC 1 ) / 1 D 4 + 0 » S C 2 ) / 6 O C O + O M S C 3 ) / 3 6 0 0 D 0 
RETURN 
END 

REAL F U N C T I O N R O U N D ! X ) 
ROUNDING ROUTINE FOR IBH 3 6 0 / 3 7 0 COMPUTERS 
R E A L * e X » Y • A / Z 0 0 0 0 0 O C C B Q C 0 0 0 0 0 / 
L O G I C A L * ! H C f l ) . L 2 C 0 ) 
E Q U I V A L E N C E C L I ! 1 I • Y ) • ! L 2 ( 1 ) . A ) 
ROUNDs 0# 
I F ! X • £ & • 0 » O 0 ) R E T U R N 
V=X 
L2C l i = L I C I S 
ROUND=X+A 
RETURN 
END 
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SUBROUTINE B I L I N E 1 1 N P K O • I h Z C N . C U T PRC.CUTZON. 
* NLA T 1 . E L O N 1 • NLA T2 . E L G N 2 . S C A L E P . X Q »Y0 ) 

C B I L J N E W I L L D E T E R M I N E THE N L * S E R CF B I S E C T I O N S ( I F A N Y ) 
C NECESSARY SUCH THAT THE IMAGE CP THE L I N E I N T H E 
C OUTPUT P R O J E C T I O N D E V I A T E S eY NC MORE THAN TOL t PRES ENTLY . 0 1 I N C H ) 

I M P L I C I T R E A L * 8 ( A - H . L - Z ) 
INTEGER I N P R O . I N Z O N . C L T P R C . C U T Z C N 
DATA T O L / . 0 1 O D O / . L A T SA V / C . 0 0 0 / . L C N S A V / 0 . 0 D 0 / 
INTEGER L T L N / « L T L N 1 / . N . S T A T / « S T A T * / 
L A T 1 = NLA T I 
L G N 1 = E L 0 N 1 
IPC INPRO . N E . L T L N ) C A L L 

* L A T 1 . L O N 1 . 1 NZCN) 
C A L L P R O J ( " N E * . O U T P R O . N I 
L A T 2 = N L A T 2 
L O N 2 = E L O N 2 
I F ( I N P R O o N E . L T L N ) C A L L 

* L A T 2 . L O N 2 . 1 N Z O N ) 
C A L L PROJC * N E * .OUTPRO , N 2 
L A T 3 = I N L A T 1 + N L A T 2 ) * • 5 D C 
LON 3 = ( E L O N 1 + E L O N 2 ) b D O 
IFC INPRO . N E . L T L N ) C A L L 

3 L A T 3 . L O N 3 . I N Z O N ) 
C A L L P R O J C * N E • . O U T P R O , N 3 
D E L N = N 2 - N l 
D E L E = E 2 - E l 
S C A L E = 1 2 . D 0 / S C A L E P 
IFC OUTPRO . N E . S T A T ) S C A L E = 3 9 . 3 7 D 0 / S C A L E P 
H = S C A L E * C ( N 3 - N I ) *OE(LE-C B 3 - E 1 ) * D E L N ) / D 5 Q R T ( D E L E * * 2 + D E L N * * 2 ) 
N=D SQRTC D A B S ( H ) / T O L ) + 2 . D 0 
OELN=NLA T 2 - N L A T 1 
D E L E = E L O N 2 - E L O N 1 

IFC N L A T l . E Q . L A T S A V . A N D . E L C M . E G . L O N S A V ) GO TO 5 
X = t E1— X O ) * S C A L E 
Y={N1— Y O ) * S C A L E 
C A L L P L O T C X . Y . 3 ) 

5 DO 1 0 1 = 2 . N 
LAT=C 1 - 1 ) * D E L N / C N - 1 ) + N L A T l 
L O N ^ i 1 - 1 ) * D E L E / C N - 1 ) + E L G N l 
IFC INPRO . N E . L T L N) C A L L FRO JC «LL • . I NPRG . L A T * L O N . L AT . L O N . INZON ) 

C A L L P R O J C • N E ' . G U T P R O . N O R T H s E A S T t L A T . L O N . O U T Z O N ) 
X = ( E A S T - X Q ) * S C A L E 
Y - 1 NOR T H - Y O ) * SCALE 
C A L L PLQTC X . Y . 2 ) 

10 CONTINUE 
L A T S A V = N L A T 2 
L O N S A V = E L 0 N 2 

RETURN 
END 

PROJC * L L • . I N P R O . N L A T 1 . E L C N l * 

. E l . L A T 1 . L C M .CUT ZON) 

PROJC * L L « . I N P R Q . N L A T 2 . E H J N 2 . 

*E2 . L A T 2 . L C N 2 .GUT ZCN) 

PROJC * L L * , 1 N P R G . L A T 3 » L O N 3 . 

, E 3 . L A T 3 . L C N 3 . O U T ZCN) 
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SUBROUTINE P R O J < I D » P T Y P E , N , E . L A T . L C N . Z ) 
C I N T c G E R * 2 MUST BE USED FCR 3 6 0 « 

I N T E G E R + 2 I D 
DOUBLE P R E C I S I O N N . E . L A T . L C N 
INTEGER P T Y P E , Z , H A L B K . H L A N B . H F C L Y . H U T M R . H S T A T 
DATA H A L H R / ' A L B R ' / , H L A M 8 / ; L A M B , / , H P C L Y / t P 0 L Y V , 

& H U T M R / ' U T M R « / . H S T A T / * 3 T A V • / 
I F t P T Y P E . N E . H A L Q R ) G C TC 10 
CALL A L B R t I D . N . E . L A T , L C N ) 
GO TO SO 

10 I F C P T Y P E . N E . H L A M d ) G C TC 2 0 
C A L L L A M d t I D . N . E . L A T , L C N ) 
GO TO 5 0 

2 0 I F t P T Y P E . N E - H P O L Y ) G C TC 3 0 
C A L L P Q L Y t I D » N . E . L A T . L C N ) 
GO TO 5 0 

3 0 I F t P T Y P E . N E . HUTMK)GC TC 4 0 
C A L L UTMR( I D . N . E . L A T . L C N . Z ) 
GO TO SO 

4 0 I F C P T Y P E . N E . H S T A T ) C A L L EfifcCR 
C A L L S T A T t I D . N . E . L A T . L C N , Z ) 

5 0 RETURN 
END 

0 3 

SUBROUTINE S T A T t t O . N . E . L A T . L C N . Z ) 
C IN TE GER * c MUST BE USED FOR 3 6 0 . 

I N T E G E R * 2 I D 
DOUBLE P R E C I S I O N N . E . I A T . L C N 
DOUBLE P R E C I S I O N SFMA« , S E f I N , E C C . f i P S G , N C O ( 3 ) ,RPO 
DOUBLE P R E C I S I O N PH I • S I NPH £ .C CSPh I , CCSSQ.RHO .NEWS I N . NEnKPHl 

C I N T E G E R * 2 MUST BE USED FCR 3 6 0 . 
I N T E G E R * 2 IDNE , I D L L . IDN'L . I D L E 

COMMON / E A R T H K / S E MA J , S E M I N .ECC , E P S C • N C O , R P D * 
& P H I . S I N P H I . C O S P H I . C C S S Q . R H O . N E f c S I N . N E W P H I . 
& I D N E , I D L L , I D N L . I D L E 

INTEGER Z A R E A I 2 . 2 ) * ZC NE T ( S ) , Z A K G ( 4 ) , Z . B L A N K . H T M R , L A S T 
DOUBLE P R E C I S I O N A R E A < 7 . 2 ) * Z P A R M S C 7 ) » T P A R M { 7 ) , L P A R M C 7 ) , 

& N T , E T »F TPERM 
COMMON/G TMC OM•TPARM 
COMMON/GLBCCM/LPAr tM 
DATA H T M R / • T M R * / . Z A R E A / 4 * C / . L A S T / Q / . F T P E R M / 3 . 2 8 C 8 3 3 3 3 3 3 3 3 3 3 3 3 3 3 0 0 / 
J = 1 
I F I Z . E Q . Z A R E A t I . 1 ) )GC TC 6 0 
J = 2 
I F ( Z » E U . Z A R E A t I , 2 ) )GO 1C 6 0 

C A L L ONPKt Z . Z A R G . J ) 
I F C Z A R G t l ) . E Q . B L A N K ) G G TO 1 0 0 
LA ST= M Q D ( L A S T . 2 ) + I 
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REWIND 2 6 
C * * * « P D P - 1 0 STATEMENT FOR 1 / 0 * * * 4 
C OPENC U N I T = 2 6 «MODE= ' S I h A K V • » F I L E = ' O U T I • . A C C E S S = ' S E G I N ' ) 

3 0 READC 2 6 * E N O « 1 0 0 ) Z O N E T . Z P A R C S 
DO 4 0 1 = 1 * 4 
SFCZONETC I . ) . N E . Z A R G ( I ) ) 0 O TO 30 

40 CONTINUE 
ZAP £A ( 1 • LA ST) = Z 
Z A R E A ( 2 . L A S T ) = Z O N E T ( 5 ) 
0 0 5 a 1 = 1 , 7 

SO A R E A ! I , L A S T ) = Z P A R M S C I ) 
J=LAST 

6 0 I F | I D .EQo 1DLL . O R . 10 . E Q . I D L E ) N T = N / F T P E R M 
I F C I D . E Q * I D L L . O R . I D . E Q . 1 0 K L ) E T = E / F T P E R M 
IFCZAREA C 2 * J ) . E Q . HTMR&GO TO 8 0 
DO 7 0 1 = 1 , 7 

70 LPARMCI )=AREACI * J ) 
CALL G L A M C I O . N T . E T e L A T . L C M 
GO TO 55 

8 0 0 0 9 0 1 = 1 , 7 
9 0 TPARHCI )=AREACI * J ) 

CALL G T M R C I D . N T . E T . L A T . L G M 
95 I F C I D . E Q . IDNE . O R . I D . E Q . IONL)N=NT*FTPERM 

I F C I D «EQ. IDNE . O R . I D . E Q . I C L E ) E = E T * F T P E R M 
RETURN 

100 CALL ERROR 
STOP 
ENO 

SUBROUTINE UTMRCID.N , E . L A T . L C N , Z ) 
C INTEGER*2 MUST BE USED FOR 3 6 0 . 

INTEGER*2 I D 
DOUBLE P R E C I S I O N N . E «LAT ,LCN 
DOUBLE P R E C I S I O N UTMDATI7 ) 
DOUBLE P R E C I S I O N S E M A J . S E K I N . E C C . E P S Q . N C O C 8 ) . R P D 
DOUBLE P R E C I S I O N P H I . S I H P H I .CCSPHI .COSSQ.RHO.NEWSIN.NEWPHI 

C I N T E G E R * 2 MUST BE USEO FOR 3 6 0 . 
INTEGER*2 I O N E . I D L L . I D M . • I O L E 

COMMON / E A R T H K / S E M A J . S E . M I h . E C C . E P S Q . N C a « R P D . 
& P H I • S I N P H I . C O S P H I . C C S S O , R H O , N E W S I N , N E W P H I . 
6- I D N E . I O L L , I O N L . I D L E 

DOU&LE P R E C I S I O N TPARXC7) 
COMMON/G TMCOM/TPARM 
INTEGER Z L C 2 . 2 ) . Z A R G C 4 ) . Z . L A S T 
OATA UTMDA T / 2 * 0 D 0 , 0 D 0 «5D5 .ODO , . 9 9 9 6 0 0 , 0 0 0 / 
d a t a z l / 4 * o / . l a s t / o / 
IFC Z , f € . 0 ) 0 0 TO 1 0 
IFC 10 . E Q . IDNL . O R . 10 . E Q . I C L D G C TO 100 
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I F ( O M O D ( L Q N . 6 D 0 ) . E Q . 0D01GC TC 100 
Z = ( 1 8 6 D 0 - L 0 N ) / 6 D 0 

10 J=Z 
I F ( Z .GE . 10 . A M D . Z . L E . 3 0 ) G O TO 40 
J = Z L ( 2 , t ) 
I F ( Z . E O . Z L ( 1 * 1 ) ) G O TC 4 0 
J = Z L ( 2 , 2 ) 
IFCZ . E Q . Z L ( 1 * 2 ) ) G O TO 4C 
CALL U N P K l Z . Z A R G . J ) 
L A S T = M 0 D ( L A S T . 2 ) + 1 
Z L ( l . L A S T ) = Z 
Z L ( 2 . L A S T ) = J 
I F ( J . L T . 10 . O R . J . G T . 3 0 ) G O TO 100 

4 0 U T M 9 A T < 2 ) = ( 3 0 - I A B S C J ) ) * 6 * 3 
DO 6 0 1 = 1 * 7 

6 0 TPARMJ I )—UTMDAT( 11 
CALL G T M R C I D . N . E , L A T . L C N ) 
RETURN 

100 CALL ERROR 
STOP 
END 

SUBROUTINE U N P M Z . Z A R G . J ) 
INTEGER Z*J.ZONE<4)«ZARG<4).INTS(IO).BLANK 
DATA I N T S / * 0 • • * 1 • • • 2 , t , - 3 , « , 4 * « * 5 , t , 6 , » # 7 * . ' B ' . ' V * / . B L A N < / • • / 

C 
C THE STATEMENTS BETWEEN ASTERISKS ARE FOR THE I B M / 3 6 0 
C * * * * * * * * * * * * * * * * * * * * * * * * « « « * * * » 

INTEGER Z T . Z B . Z K 
L O G I C A L * 1 L T ( 4 ) * L B ( 4 > 
EQUIVALENCE ( Z T . L T ( 1 I ) . ( Z B . L B ( 1 ) ) 
DATA Z B / * • / . Z K / Z 7 7 4 0 4 C 4 0 / 
ZT=Z 
DO 1 1 = 1 . 4 
L B ( 1 ) = L T ( I ) 
Z O N E ( I ) = Z B 
l F C Z Q N E ( I ) . E Q . ZK)ZQNEC I ) = B L A h K 

1 CONTINUE 
c *************************•*$*•* 
C 
C THE STATEMENTS BETWEEN AMPERSANDS ARE FOR THE P 0 P - 1 0 
C £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ & £ £ £ £ 
C D E C O D E ! 4 . S . Z ) ZONE 
CS FORMAT! 4 A 1 ) 
C £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ < 

J=1 
K = 1 
DO 2 0 1 = 1 . 4 
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I F C Z O N E I l l . N E . O L A N K I G G I G 1 0 
ZARGI S - K >=OLANK 
K = K * I 
GO TO 2 0 

10 ZARGC J ) = Z O N E l I ) 
J-J* I 

20 CONTIHUE 
IFC J .NE . 3 I G O TO 1 0 0 

J = 0 
DO 30 1 = 1 * 1C 
I F C Z A R G ( l ) . E O . I N T S I I J ) J = J * 1 0 * 1 1 — I ) 
I F t ZARGI 21 . E Q . I N T S ! I > » J = J * l - I 

3 0 CONTINUE 
ICO RETURN 

END 

SUBROUTINE L A M 8 I I O . N . E « L A T « t C N | 
C I N T E G E R S MUST Q£ USEO FOR 3 6 0 . 

INTEGER**? I D 
0 0 U 8 L E P R E C I S I O N N . E . L A T . L C N 
DOUBLE P R E C I S I O N S E « A J . S E H N . E C C . E P S C . N C O t B ) .RPO 
DOUBLE P R E C I S I O N P H I . S I N P H I . C C S F K l . C C S S Q . R H U . N & W 5 l N . N E » P M I 

C I N T E G E R * * MUST BE USEO FOR 3 6 0 . 
I N T E G E R * Z t D N E . I D L L . I C N L . 1 D C E 

COMMON / E A H T H K / S £ * A J . S f c * I N . e C C . e P S C . N C O . R P D . 
6 P H I . S I N P H I . C O S P H I . C C S S C , S H C , N E * S I N , N E * P H J . 
C I O N E . I O L L . I O N L . I O L E 

DOUBLE P R E C I S I O N G L B E L . G L B C L .GLBNO »GLHE0 . G L 8 R B . GLHN. GL«3KZ 
COMMON / G L 8 C 0 M / G L B H L . G L B C L . G L B N O . G L 8 E 0 . G L 8 R S . G L G N . G L t f R Z 
0 0 U 8 L E P R E C I S I O N N L R P 0 . Y . Z Z . 2 
DC COLE PUECISIQN PRO . S I NPf*G .CCSFf iC 
OOUB'-E P R E C I S I O N L P A R f t ? ) . G L P A R H 7 1 
E Q U I V A L E N C E C G L P A R M I | » , G L B B L ) 
COMMON / L A M C O M / L P A R M 

5 DO 6 1 = 1 . 7 
6 G L P A R M t I J - L P A R M ( I I 

ENTRY G L A M I 1 0 . N . E » L A T » L C M 
N L « P 0 = C L 9 N » R P D 
I F t ID . E Q . IONL1GO TO 1 0 
I F ( 10 . E Q . I D L L l G O TG 2 0 

C CCXMON PROCESSING FOR N6 ANO LE 
P R 0 = 1 G L 3 C L - L O N J * N L R P O 
S1NPRC=DS1 NCPROJ 
COSPRO=OCOSIPROI 
I F ( 10 . E O . I D L E J G O TO 3 0 

C COMMON PROCESSING FOR NE AND NL 
10 S 1 N P H I = 0 S I N | L A T * R P D ) 

K=0 
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GO TO 4 0 

2 0 PRO=OATANC ( E - G L 0 E O ) / ( G L B R 8 - M ) 
L O N = G L B C L - P K O / N L H P D 
COSPRC=OCOS(PRO) 

2 0 R M U = C G L B K a - N ) / C O S P K O 
Y = ! R H Q / G L 8 R Z ) • * C 2 D 0 / G L 0 N ) 
S I NPH 1= ( 1 D 0 - Y ) / ( I D O + Y ) 
K = 1 

4 0 Z Z = S 1 N P H I » L C C 
Z = ( I 1 D 0 * ? Z ) / C 1 0 0 - Z Z ) ) #*ECC 
IFCK. . E G . 0 ) G Q TO t»0 
NEto'S I N = C Z - Y ) / C Z « - Y ) 
K=K* 1 
I F C K . G T . 2C)GO TO 1 0 0 
IFCOABSC N E w S l N - S l N P H t ) . L T . 1 C - 1 4 ) G C T O b P 
S I N P H I = N t WS1 N 
GO TO 4 0 

C COMMON PROCESSING FC f i L L ANC LE 
SO L A T = O A T A N ( NCWSl N / D S O K T U . CO-NEfcS 1 N» * 2 ) ) / R P ; ) 

IFC 10 . E U . I D L L I G O TO 9 0 
IFC 10 .NF . I O L E ) G O TO I C O 
GU TO EO 

e c HHt l=GLr ikZ*OSURTCC Z*C I C C - S I N F H I ) / < l u Q » S l N P H l ) ) * » G L B N ) 
IFC 10 . C O . 10NE )GU TO 7C 

C PROCLSSING FOR NL 
S l N P R C = C 6 - G L B E O ) / R r i O 
P R 0 = 0 A I A N C S I N P R O / D S O R T ( 1 . C O - S I NFPC« * 2 ) ) 
LO N L B C L - PH C / N L R PO 
COSPR0=0COSC PRO) 

C COMMON PROCESSING FCR NE A.'.S NL 
7 0 N=GLhRO-RHO*COSPRO 

1FC lO . E O . I D N L ) G O TO 9 0 
C COMMON PROCESSING FOR NE AND LE 

6 0 E=R H O * S I N P R C + G L B E 0 
9 0 RETURN 

ICO C A L L ERROR 
STOP 
END 

SOQROUTINE L A M B S T C S T L A T 1 . S T L A T 2 . L A T B A S . L O N C E N . N B A S f c . E B A S f c ) 
OOUBLE P R E C I S I O N S1LA T l . STLAT2 . L A T B A S . L O N C E N . NBASE. t H A S E 
DOUBLE P R E C I S I O N S E M A J . S E • I N . E C C . E P S C . N C 0 C 6 ) . R P O 
DOUBLE P R E C I S I O N P H I , S I N P H I .CCSPH? » COSSU . R H O . N E WS I N . NEW^H I 

C I N TEGfcR * 2 MUST BE USED FCR 3 0 0 . 
INTEGER* 2 I G N E • I D L L . I D N L . I D L E 

COMMON / E A R T H K / S E MA J . S E M I N . E C C . E P S G . N C C . RPO. 
6 P H I . S I NPH I . C O S P H I .CCSSO.NHC . Nr. fcS I N.NEW PH I • 
& I D N E . I U L L . I D N L . I D L E 
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DOUBLE P R E C I S I O N LAMBL«LAMCL•LAMM) eLAMEO.LAMRB.LAMN.LAMRZ 
COMMON /LAMCOM/LAMBL *LAMCL«LAMN0»LAMEO.LAMRB.LAMN.LAMRZ 
COUBLG P R E C I S I O N S T L A T S * S T L A T N . S £ N L T N a S I N S < ) N . S l N L T S * S l N S Q S « V S « YES 
DOUBLE P R E C I S I O N E C C S Q . S I N B L T 
S T L A T S = O M I N l l STLA T1 . 5 T L A T 2 ) 
STLATN=DMAX1C STLAT1 * S T L A T 2 ) 
LAMSL=LA TBAS 
LAMCL=LONCEN 
LAMN0=*BASE 
LAMEO=EBASE 
S I N L T N = D S I NCRPD*STLATN) 
S I N S Q N = S I N L T N * S I N L T N 
S I N L T S = O S I N C R P D * S T L A T S ) 
S I N S Q S = S I N L T S * S 1 N L T S 
Y S = ( 1 0 0 - S I N L T S ) / C I D O + S I N L T S i 
VES={ 1 D 0 4 E C C * S I N L T S ) / ( 1 0 0 - £ C C * S I N L T S ) 
E C C S Q = E C C * * 2 
L A M N = 0 L 0 G C C 1 0 0 - S I N S Q S ) / t l 8 0 - S I N S C N ) * 

C c I D O - E C C S Q « S I N S G N ) / C I C O — E C C S Q * S I N S O S ) ) / 
6 C DLOGC VS*C 1 D O + S I N L T N ) / C I O O - S I N L T N ) ) 
£ ECC*DLOGC YES*C 1 0 0 - E C C 4 S I N L T M / C 1 0 0 + E C C * S I N L T N ) ) ) 

LAMR Z=SEMA J * l D C O S ( R P D * STLAT S » ) / < C O S O R T C I D O - E C C S O* S1NS Q S ) ) * 
& L A M N * D E X P U D L O G C T S M E C C * D L G < H YES) ) * C L A M N / 2 D O ) ) ) 

S I N 3 L T = O S l N C R P 0 * L A M B L > 
LAMHB=LAMRZ*DEXP( tECC*OLOGC C I D O * E C C * S I N B L T ) / C I D O - E C C * S I N B L T ) ) • 

C OLOGCC l O O - S I N B L n / U O O + S I N B L T ) ) ) * C L A M N / 2 D 0 ) J + LAM.NO 
RETURN 
END 

b l o c k d a t a 
DOUBLE P R E C I S I O N LAMBL *«.A*ICL* LAMKO ,LAME0 . L A M R B , LAMNj LAMRZ 
COMMON / L A M C O M / L A M B L o L A M C L . L A M N O t L A M E O v L A M R B . L A M N . L A M R Z 
DATA L A M B L / 2 3 D O / * L A M C L/960a / . L A M N O / O D Q / » > _ A M E O / 2 5 Q 5 / » 

6 L A M R B / 9 8 2 3 2 4 0 * 6 4 7 4 1 6 2 6 4 0 0 / • L A M N / . 6 1 0 7 9 4 0 4 7 9 9 3 4 9 6 3 1 0 0 / . 
& L A M R Z / 1 2 6 1 8 7 9 0 . 3 0 5 8 6 6 6 7 0 0 / 

END 

SUBROUTINE G T M R C I O . N » E . L A T . L O N ) 
c i n t e g e r * 2 m u s t b e u s e d f o r 3 6 0 . 

I N T E G E R * 2 10 
DOUBLE P R E C I S I O N N . E * L A T >LCN 
DOUBLE P R E C I S I O N S E M A J . S E K I N * E C C * E P S 0 « N C 0 ( 8 ) . R P D 
DOUBLE P R E C I S I O N P H I . S I h P H I . C C S P H I . C O S S O . R H O . N E W S I N . NEWPHI 

C I N T E G E R * 2 MUST BE USED FOR 3 6 0 . 
I N T E G E R * 2 I D N E • I D L L » I O N L • I D L E 
COMMON / E A R T H K / S E M A J . S E P I N .ECC . E P S Q . N C O . R P O , 
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6 P H I # S I N P H I , C O S P H I (CCS SO *RHC . N E k S I N » N E W P H I . 
& I D N E . I D L L . I O N L . I D L E 

DOUBLE P R E C I S I O N GTMBL .GTKCL.GTMNO »GTMEO *GTMRB• GTMKZ» GTMDUM 
COMMON /GTMCOM/GTMBL.GT«CL.GT»NO.GTMEO.GTMRB.GTMKZ,GTMDUM 
DOUBLE P R E C I S I O N PART.S1NSQ . T A N S Q . E I S C S . P . P S C S . F V F . B 5 P . F I I I P . A 6 P . 

C NUPHIK . N T * E F« NE HLON • S I NSEC 
DATA S I N S E C / 1 . 7 4 5 3 2 9 2 5 1 9 9 4 2 7 2 0 - 2 / 
1 F { I D . E Q . I D L L . O R . 1 0 . E Q . I C L E ) P H I = ( N - G T M R B ) / i G T M K Z * N C O ( 1 ) ) 
I F C I D . E Q . IDNE . O R * 1 0 « E Q . I D K L ) P H I = L A T * R P D 
IFC I D «EQ. I D L L . O R . I D . E Q . I O N L ) 

6 L 3 N = C G T M E O - E ) / C D C O S C P H I ) » N C O C l ) » R P D ) + GTMCL 
K= 1 
IFC I D . E Q . I D N E 7 K = 0 

20 COSPHl=DCOSCPHI ) 
COSSQ=CO SPHI * * 2 
S I N P H I = D S I N C P H I ) 
S I N S Q = S I N P H I * * 2 
TANSQ=SI NSQ/COSSQ 
NUPHl K=G TMKZ* SE MA J / O SGR.I t 1 0 0 - E C C * E C C * S INSO ) 
ESC S=EPSQ*COSSO 
P=lGTMCL—LON) * S I NSEC 
PSC S=P+P*C OSSQ 
F V P = C I O O - T A N S Q + E S C S ) * 2 0 D 0 
B 5 P ~ t T A N S O - 1 8 D 0 ) * TANSQ+7200*E SC S - 5 3 DO *EPS0+5DO 
ET=CC B5P#PSCS+FVP ) * P S C S » 1 2 0 D 0 ) *COSPHI * N U P H I K / 1 2 0 D 0 
F I I I P M C 4 D O * E S C S * 9 D O M E S C S * 5 0 0 - T A N S C ) * 3 0 0 0 
A6P=CTANSQ—58D0) *TANSQ+6D2*ESCS~»330D0*EPSQ+61D0 
NT=CC A 6 P * P S C S * F I I I P ) * P S C S + 3 6 0 D 0 ) <P *P*S INPH I*COSPH UNUPH£ K / 7 2 0 D O 
PART=C CC CC CNC0C8) * C 0 S S 0 « N C 0 C 7 ) ) *COSSO+NCOC6 ) )»COSSQ+NCOC5 ) )*COSSQ 

£ +NCOC 4 ) ) * C 0 S S Q + N C 0 < 3 ) ) *CGSSQ+NCC(2 ) ) * C O S P H I * S I N P H I 
IFCK . E Q . O G O TO 8 0 
K=K+1 
IFC K . G T . 2 0 ) G O TO 1 0 0 
NEWLON=LON 
NEWPHI=PHI 
I F C I D « E Q . I D L L . O R . I D « E 0 . I D L E ) 

£ NEWPHI=< CN—GTMR3—NT) /GTPKZ—FART) /NCO(1) 
IFC ID * E Q . I D L L . O R . I D . £ 0 . I D N L ) 

£ NE WLON=C G T M E O - E ) / C E T * S I N S E C ) + G T M C L 
IFC DABSC NEWPHI—PHI) . L T . 1 D - I 4 . A N D . 

£ OABSC NEWLON—LON) . L T . 1 0 - 1 2 ) K = 0 
LON=NEWLON 
PHI=NEWPHI 
GO TO 2 0 

8 0 I F C I O * E Q . IDNE . O R . I D . E Q . I D N L ) 
£ N=NT+C PART^NCOCl ) • P H I J » G T * K Z • GTMRB 

IFC I D . E Q . IDNE . O R . I D « E Q . IDLE )E=ET*P+GTMEO 
I F C I D . E Q . I D L L . O R . I D . E O . I 0 L E ) L A T = P H l / R P O 

9 0 RETURN 
100 CALL ERROR 
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STOP 
END 

SUBROUTINE A L B R t 1 D . N » E » L A I « L C N ) 
I N T E G C K + 2 MUST BE USEO FOR 3 6 0 . 

I N T E G E R * 2 I D 
DOUBLE P R E C I S I O N N . E . L A T . L G N 
DOUBLE P R E C I S I O N N U M E M . Z Z . D E N C M 
DOUBLE P R E C I S I O N Sc. MA J , S E M N .ECC . E P S C .NCG< 8 ) . R P C 
DOUBLE P R E C I S I O N P H I . S I N P H I . C C S P H I . C O S S Q « R H O . N E W S l N . N E w P H l 

IN TEGEK * 2 MUST BE USED FCR 3 6 0 . 
I N T E G E R * 2 I D N E . I D L L . I 0 N L . I O L E 
DOUBLE P R E C I S I O N PRO . S I N P R C » C C S F K G 
COMMON / E A R T H K / S E M A J . S E M I N . E C C . E F S C . N C C . R P D . 

£ P H I . S I N P H I . C O S P H I . C C S S Q . R H G . N E * S I N . N E W P H I . 
6 I D N E * I D L L . I D N L . I D L E 

COUtiLE P R E C I S I O N A L B B L . A L B C L . ALB f>0 . ALBEO . ALBRE . A L B N . ALQ.4?. TQuUN 
COMMON / A L B C U M / A L B B L » A L B C L . A L B N O . A L B E O . A L B R B * A L 6 N . A L 4 R 2 . TS6UN 
DOUBLE P R E C I S I O N AENHPD , 0 2 0 3 . G 6 C 1 1 * C 3 0 5 . 

6 Q 40 7 .U 7 U 1 3 . Q 5 0 9 eOOQl & 
DA TA 0 2 U 3 / . c 6 6 6 6 t 6 6 6 6 6 6 6 6 7 0 0 / .C toC l I / . 5 4 5 4 5 4 5 4 5 4 1 » 4 5 * i i O O / . 030 5 / . o D O 
OATA 0 4 0 7 / . 5 7 I 4 2 B 5 7 1 4 2 6 5 7 1 D O / . Q 7 C I 3 / . 6 3 8 4 6 1 S 3 B 4 6 1 S 3 t f O O / 
DATA Q b 0 9 / . S b 5 S 5 5 S b 5 S £ 5 S 5 6 D C / . a 8 G l b / . 5 3 3 3 3 3 3 3 3 3 3 3 3 3 3 0 0 / 
AENRPD=ALBN*RPD 
I F ( ID . E O . I D N L )GQ TU 1 0 
I F ( 10 . F U . I D L L I GO TO 2 0 

CCMMON PROCESSING F C h NE AND LE 
P K l } = t ALB C L - L O N ) * A E N R P D 
S I N P R G = D S I N ( P R O ) 
CUSPRC=DCnSCPRO) 
1F( ID . b O . I D L E ) G 0 TO 3 0 

COVMGN PROCESSING FCR NE AND NL 
10 S l N P H I = D S k N ( L A T * R P D > 

K = 0 
GO TO 4 0 

2 0 PR0=DATAN< ( E - A L H E O ) / ( A L B R G - M ) 
L O N = A L H C L — P N O / A t N K P D 
COSPRC=DCOSIPRO) 

C C MM PROCESSING FCR L L AND LE 
3 0 NUMfcR=AL HR2—I C A L B R B - N » / C C S f ' R C > * » 2 

S I N P H I = N U M h R / T B B O N 
K=1 

4 0 ZZ = l S l . > P H l * f : C C » * * 2 
DE.NOM=(( < < ( ( ( Qr iOl 5 * Z Z » 0 7 C 13 ) * Z Z » G 6 0 11 M ZZ *• Q5C9 >» 7 2 + 0 4 0 7 ) » ZZ 

fe + 0 3 U 5 ) *ZZ* Q2 0 3 ) * 2 Z * 1 . D O ) • T t i U G N 
IFCK . E Q . O G O TO 6C 
N E w S I N = N U M t f t / D f c N O M 
K=K+1 
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I F C i C . G T . 2 0 ) GO TO 1 0 0 
IFC D A B S ! S I N P H I — N E W S I N ) . L E . l D—14 ) GC TO 5 0 
S I N P H I = N E W S I N 
GO TO 4 0 

5 0 L A T = D A T A N l N E W S I N / D S Q R T I I * CO—NEftSIN» * 2 ) ) / K P D 
IFC I D . E Q . I D L L J GO TO SO 
IFC ID . N E . I D L E )GO TO I O C 
GO TO SO 

C CCMMON PROCESSING FOR NE AND NL 
€ 0 RHO=D SQR T(ALBR2—DENOM4 S I N P H I ) 

IFC ID *EQ* IDNE )GO TO 7 0 
S I NPRO=C E—ALBEO ) / R H O 
PR0=DA TANC S I NPRO/DSOR T CI . D O - S I N F R O * *? . ) ) 
L O N = A L B C L - P R O / A E N R P D 
COSPRC=DCOSCPRU) 

C COMMON PROCESSING FCR NE AND NL 
7 0 N = A L B R B - R H O * C O S P R O 

IFC I D . E Q . I D N L ) G O TO 5C 
C CGMMQN PROCESSING FOR NE ANO LE 

eO E = R H O * S I NPRO+ALBEO 
5 0 RETURN 

1 0 0 C A L L ERROR 
STOP 
END 

SUBROUTINE AL3RSTC S T L A T 1 . S T L A T 2 . L A T B A S . L O N C E N , N B A S E . E B A S E ) 
DOUBLE P R E C I S I O N S E M A - . S E M I N . E C C . E P S G . N C O ( d ) . R P D 
COUBLE P R E C I S I O N P H I . S I N P H I . C C S P H I . CCSSU • RHC .NEWS I N . N E w f P H l 

C I N T E G E R * 2 MUST BE USED FOR 3 6 0 . 
I N T E G E R * 2 I D N E . I D L L . I 0 N L . I D L E 

COMMON / E A R T H K / S E M A J . S E M I N . E C C . E P S Q . N C O . R P D . 
6 P H I . S I N P H I . C O S P H I .COS SQ . R H C . N E f c S I N .NEWPHI . 
& I D N E . I D L L * I D N L . I D L E 

DOUBLE P R E C I S I O N A L B B L . A L B C L « A L B N O . A L B E O . A L B R B . A L B N . A L B R 2 . T B U O N 
COMMON / A L B C O M / A L B B L . A L B C L .ALBINO . ALBEO . A L B R B . A L B N . A L B R 2 . T BBON 
DOUBLE P R E C I S I O N STLA T I . S T L A T 2 . L A T B A S . L O N C E N .NBAS E . Et» AS h 
DOUBLE P R E C I S I O N E S » E I P * E S M * R E S S Q . E N F A C . E N F A C N . EN 
DOUBLE P R E C I S I O N S T L A I S . S T L A T N . C C N E H S . C C N E R N . R H O F C S * RHOFCN 
DOUBLE P R E C I S I O N S T L A T C 2 ) . C C N E R C 2 ) . R H O F C C 2 ) 
EQUIVALENCEC S T L A T C I I . S T L A T S) . ( S T L A T C 2 ) . S T L A T N ) . < C C N E R ( 1 I . C O N E R S I , 

£ C CONER C 2 ) . C O N E R N ) . C R H O F C C 1 ) . R H O F C S ) . C R H 0 F C C 2 ) . R H O F C N ) 
S T I . A T S = D M I N K S T L A T 1 . S T L A T 2 ) 
S T L A T N = D M A X 1 C S T L A T 1 . S T L A T 2 ) 
A L B B L = L A TBAS 
A L B C L = L O N C E N 
A L B E O = E B A S E 
ALBNO=NBASE 
DO 1 1 = 1 . 2 



G R I D O T PROGRAM - R . EDWARDS ANO R . OURFEE CCAK R I O G E N A T I C N A L L A S ) 

S INPH I=D S I N< RPD * STL A T I S 1 ) 
ES-=S I N P H I *ECC 
ESP=ESflOO 
ESM=1D0*-ES 
R E S S G = I D O / l E S P + E S M ) 
CONERI I } = R E S S Q * S I N P H I * • 5 O 0 « - * 2 5 D 0 * D L Q G { E S P / E S M ) / E C C 

I R H O F C C I 1 D C O S l R P D * S T L A T C 1 ) ) * S £ N A J ) * * 2 * RESSQ 
E N F A C N = ( R H O F C N - R H O F C S I / I C C N E R S - C G N E f i N * 
T 8 B Q N = 2 D 0 * S E M I N * * 2 
ALBN=ENFACN/TBBON 
T B B 0 N = T B 8 0 N / A L B N 
A L B R 2 = I R H 0 F C S + E N F A C N * C G N E R S ) / A L B N * * 2 
S INPH I =£> S I N l R P D * A L B B L ) 
ESP=S I N P H l * E C C * I D 0 
E S M = 2 0 0 - E S P 
A L B R B = D S Q R T C A L 8 R 2 - T B B 0 N * ( * 5 D 0 * S I N P H I / I E S P * E S M > + 

£ * 2 5 D O * O L O G { E S P / E S M ) / E C C M + A L B N O 
RETURN 
END 

BLOCK DATA 
DOUBLE P R E C I S I O N A L B B L • A L B C L * ALB fO *ALQEO * A L B R 6 * AL8N« A L 8 R 2 * T9BON 
COMMON / A L B C C M / A L B B L *ALBCL.ALBNO * ALBEO *Ai .BR3 * ALBN* ALBR2* T BBON 
DATA A L B B L / 2 3 D 0 / • A L B C L / 9 6 0 0 / • A L 8 N 0 / 0 D 0 / • ^ B £ Q / 2 5 D 5 / . 

C A L B R B / 9 9 2 9 0 7 9 . 5 5 7 9 9 4 4 1 7 0 0 / * A L B N / . 6 0 2 9 0 3 5 0 0 6 2 7 9 5 2 1 D O / * 
& A L B R 2 / 1 5 0 5 9 5 7 7 1 7 9 3 4 8 8 * 5 0 0 / * T B B C N / 1 3 4 0 3 8 5 5 6 9 6 4 2 1 5 * 8 0 0 / 

END 

SUBROUTINE P O L Y I I O . N . E . L A T . L G h ) 
C I N T E G E R * 2 MUST BE USED FOR 3 6 0 * 

I N T E G E R * 2 I O 
OOUBLE P R E C I S I O N N * E e L A T . L G N 
DOUBLE P R E C I S I O N S E M A J » 3 E * I N . E C C . E P S 0 . N C O I 8 ) . R P D 
OOUBLE P R E C I S I O N P H I . S I N P H I . C C S P H I . C O S S O . R H O , N E W S I N . N E i i P H I 

C I N T E G E R * 2 MUST BE USEO FOR 3 6 0 * 
I N T E G E R * 2 I D N E . I D L L * 1 0 N L . I 0 L E 

COMMON / E A R T H K / S E M A J * S £ « I N * E C C « E P S Q * N C O * R P D . 
£ P H I * S I K£*HI *COSPHI * COS SO sRHO * NEWS I N * NEW P H I o 
6 I D N E . I D L L . I D N L . I D L E 

OOUBLE P R E C I S I O N P O L B L . P O L C L . F C L N O . P O L E O . P Q L R B 
COMMON / P O L C O M / P O L B L . P O L C L » P C L N O * P G L E O » P O L R 8 
DOUBLE P R E C I S I O N N A * 0 L 3 N . P A R T * S I N T H * S I N T 3 0 , F C 0 S T H 
I F ! 1 0 . E Q . IONE . O R * I D . E Q . I C N L ) G O TO 10 
NA=N+POLMB 
P H I = N A / N C O < J > 
K=1 
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I F < I D . N E . IDLL . A N D . I D .NE« I D L E ) G C TO 100 
GO TO 2 0 

10 P H I = L A T * R P D 
K=0 

20 I F t ID . E Q . IDNE . O R . I D . E G . I D L E ) D L G N = < P O L C L - L G N ) * R P D 
30 COSPHI=DCOSCPHI ) 

COSSQ=COSPHl * * 2 
StNPHI=DStStPHl) 
RHO=SE MA J * C OSPM E S CO SO * T < I DO-C E C C * S l h P H I ) * * 2 ) » S I N P H 1 ) 
PART=C( ( ( ( ( C O S S O * N C O ( e ) * N C O C 7 ) ) * C C S S G * N C O ( 6 3 ) * C O S S Q * N C O < 5 ) ) « C O S S Q 

£ +NCOC4) ) *CGSSC+NCCC3) ) 4CQSSQ«-NCO( 2 ) ) * C O S P H I * S I N P H I 
IFC ID . E Q . IDNL . O R . I D . E O . I O L D G O TO 35 
S INTH=DSINC S I N P H I * D L O M 
GO TO 3 7 

3 5 S I N T H = I E - P O L E O ) / R H O 
3 7 S I N T S Q = S I N T H * S I N T H 

FCOSTH=SiNTSQ /C S D0*-DSORT f 1 D O - S I N T S O ) ) 
IFC K .EQ • G)GO TO 5 0 

40 NEWPHI=CNA—PART~RHO*FCOSTH)/NCO<1) 
K=K+1 
IFC K .GT • 2 0 ) 6 0 TO IOC 
IFCDABSC NEWPHI—PHI) . L T . 1 D - 1 4 ) K = 0 
PHI=NEWPHI 
GO TO 3 0 

£ 0 IFC I D . E Q . IDNE . O R . 1 0 « E Q . t D N L ) 
£ N = P A R T * N C O C 1 ) » P H I - P O L R B * R H O * F C a S T H 

IFC ID . E Q . IDNE . O R . I D . E Q . IDLE ) E = R H O * S I NTH+POLEO 
* F C I D . E Q . IDLL . O R . I D . E Q . 1 O L E ) L A T = P H 1 / R P D 
I F C I D «EQ« I D L L . O R . I D «EQ. I D h L ) 

£ LON=POLCL—DA TANCSIN 1 H / D S Q R T C S . D 0 - S I N T H * * 2 ) ) / C S I N P H I * R P D ) 
< 0 RETURN 

100 CALL ERROR 
STOP 
END 

SUBROLTINE POLVSTCLATEAS.LCNCEN.NBASE»EBASE) 
DOUBLE P R E C I S I O N LATBAS.LCNCEN.NBASE.EBASE 
DOUBLE P R E C I S I O N S E M A J . S E * I b , E C C . E P S O . N C O C 8 ) . R P D 
DOUBLE P R E C I S I O N P H I . S I N P H I . C C S P H I . C O S S Q . R H O . N E W S IN .NEWPHI 

I N . E G E R 4 2 MUST BE USED FOR 3 6 0 . 
I N T E G E R * 2 I O N E . I D L L . I O N L . IDLE 

COMMON X E A R T H K / S E M A J . S E W I K , E C C . E P S Q . N C O . R P D . 
£ P H I . S I N P H I . C O S P H I . C Q S S Q . R H O . K E W S I N . N E W P H I . 
£ l O N E v I D L L . I D N L . I D L E 

DOUBLE P R E C I S I O N POLBL.POLCL.PCLhO.PCLEO.POLRB 
COMMON /POLCOM/POLBL.POLCL^FCLNO.PGLEO.POLKB 
POLBL=LATBAS 
POLCL=LONCEN 
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PQLNC—NBA SE 
POLEO=EBASE 
P H I = P C L B L * R P O 
CO SP H l=DCO S I P H I } 
CO SSQ=CO SP H I * C O SPHI 
S I N P H I = D S I N I P H I ) 
PULRB = ( I < C C < N C Q ( 8 ) * C Q S S Q + N C C ( ? ) ) * C O S S Q + N C O ( 6 ) ) * C O S S O + N C a { 5 ) ) * C O S S Q 

& 4-NCOl A ) ) *COSSQfr NCC 1 3 ) ) +COSSO+NCC 1 2 ) ) * C O S P H I * S I N P H l + N C O 11 ) * P H i 
& —PCLNO 

RETURN 
END 

BLOCK DATA 
DOUBLE P R E C I S I O N P O L B L . P C L C L . F C L N O . P C L E O . P O L R B 
COMMON / P O L C O M / P O L B L . P O L C L . P C L N O . P C L E O . P O L R B 
DATA P G L B L / 2 3 D O / . P O L C L / 9 6 C O / . P C L N O / 0 0 0 . / . P O L E O / 2 5 D 5 / . 

C P O L R B / 2 5 4 4 3 8 9 . 7 4 5 7 3 6 3 9 4 0 0 / 
END 

8 L 3 C K DATA 
OOUBLE P R E C I S I O N SE MAU . S E M N » ECC .EPSQ »NCOt 8 ) , R P D 
DOUBLE P R E C I S I O N P H I • £ I N P H I . C C S P H I . C C S S Q . R H O . N E W S I N . N E W P H I 

I N T E G E R * ? MUST BE USED FOR 3 6 0 . 
I N T E G E R * 2 I D N E , I D L L • I O N L > I D L E 
COMMON / E A R T H K / S E M A J e S E M I N , E C C . E P S C . N C C . R P D , 

e p h i . s i n p h i . c o s p h i . c o s s o . r h c . n e w s i n . n e w p h s , 
& I D N E . I D L L . I O N L . I D L E 

DATA S E M A J / 6 3 7 8 2 0 6 . 4 D 0 0 / . SEMEN/ 6 3 5 6 5 8 3 . 8 D 0 0 / 
DATA E C C / 8 • 2 2 7 1 8 5 4 2 2 3 0C3 00D—02 / . E P S Q / 6 . 8 1 4 7 8 4 9 4 5 9 1 5 0 4 2 D - 0 3 
DATA N C O / 6 . 3 6 7 3 9 9 6 8 9 1 6 9 7 8 2 0 0 6 . - 3 . 2 5 0 2 8 6 2 4 1 7 9 0 4 7 9 D 04 , 

6 1 . 3 8 4 0 4 8 3 6 6 7 1 6 7 C 6 D 0 2 . - 7 . 3 3 5 3 8 8 1 3 0 5 0 1 4 2 9 D - 0 1 . 
& 4 . 2 1 9 4 1 3 4 1 1 S 8 2 9 1 8 0 - 0 3 . - 2 . 5 2 9 2 8 7 9 4 2 3 4 2 8 0 8 0 - 0 5 . 
6 1 . 5 5 6 0 5 82 8 52 7 6 5 8 9 0 - 0 7 . - 9 . 7 3 8 4 7 4 3 7 4 7 3 0 0 2 0 D - 1 0 / 

DATA R P D / I . 7 4 5 3 2 9 2 5 1 S S 4 3 3 D — 2 / 
CATA I D N E / ' N E • / » I D L L / * L L " / » I D L E / * LE • / , I D N L / • NL* / 
END 



G R I O U f PROGRAM - R . EDWARDS AND R . OURFEE ( C A K R I C G E N A T I O N A L L A B ) 

/ / S T E P 3 EXEC FORTHLG » R E G I G N « G G = 1 7 0 K 
/ / L K E O * S Y S L I N DD D S N = * . S T E P 2 . F O K T , S Y S L I N . D I S P = S H R 
/ / DO D D N A M E = S Y S I N 
/ / L K E D . P L O T S U S S DD D I S P = S H R , D S N = J G S F L C T H 
/ / L K E D . S Y 5 I N DD * 

I N C L U D E P L O T SUBS 
/ / G Q . F T 4 9 F 0 0 1 DD U N I T = I N 2 Q U 2 , D C B = t R E C F M = V S t L R E C L = 3 2 0 4 . B L K S I Z E = 3 2 0 8 ) • 
/ • D I S P = ( N E W * K E E P ) , S P A C E = ( 3 2 C 8 • < 5 9 ) « R L S E ) , D S N = P L O T 3 0 0 . R G E 1 
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