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GEOGRAPHIC DISPLAY OF CIRCULATION MODEL DATA 

Kurt W. Hess 

Marine Applications Branch 
Office of Research and Applications 

and 

Peter J. Pytlowany 

Data Acquisition and Management Branch 
National Oceanographic Data Center 

1. INTRODUCTION 

The Marine Applications Branch (MAB) presently has the 
capability to display and manipulate satellite imagery 
(Everdale, 1986; Stumpf, 1987). In addition, MAB is running 
numerical circulation models of coastal areas and thus 
generating a large amount of information (Hess, 1985, 1986); 
although not generated by measurement, this model information 
will also be referred to as data. These data can potentially 
be integrated with geographic locations, satellite data, and 
other types of information and used for analysis, prediction, 
and verification. The goal of this project, therefore, is to 
put circulation model data into a geographic mode for display 
in combination with other data fields. The satellite image 
display software allows for overlaying several planes of 
different types of data on top of a gridded field in geographic 
format, so the software is essentially a geographic 
information system (GIS). 

The VAX-based satellite image processing system has been 
used to analyze the NOAA polar orbiter's Advanced Very High 
Resolution Radiometer (AVHRR) data, including sea surface 
temperature, chlorophyll, and sediment concentration. The data 
are displayed with a geographic orientation using a matrix 
having dimensions of 512 x 512 to hold data for a selected area 
of the earth's surface. Compound images showing several data 
types result from overlaying the AVHRR field with other fields 
such as coastline geography, land masks, and scale bars. 

Numerical circulation models produce gridded data fields 
of such variables as bathymetry, tidal elevations, and water 
currents. These fields can be further processed to produce 
tide range, maximum current speed, and tidal mixing energy. 
Because these model data are voluminous, graphic"display offers 
a convenient mode of representing information synoptically. In 
addition, because the model data are gridded, they can be 



easily transformed into a geographic image format with 
functions converting latitude into scanline and longitude into 
pixel column number. Individual pixel values are filled using 
interpolation of pointwise model data. Finally, model field 
data are converted into a dimensionless count number in the 
range 1 - 240 and saved in a 512 x 512 array on the VAX. 

The image display format for the Chesapeake Bay region is 
a square domain bounded by the latitudes 34.5° to 40° north, 
and·72° to 78.91° west. For display, VAX-based files are 
transferred to PC image processing system and loaded. There 
they can be displayed with other fields including coastline and 
latitude-longitude ticks. A look-up color table can be 
employed to emphasize features of interest. Several examples 
have been processed for various effects. 
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2. THE GEOGRAPHIC INFORMATION SYSTEM 

The present GIS system consists of an EASI/PACE software 
system installed on an IBM PC/AT and on a COMTAL and VAX 
11/780 configuration. Its display capabilities are apparent in 
an image showing the distribution of water depths that was 
produced on this system (Figure 1). 

2.1. Hardware 

The PC and the COMTAL-VAX systems both have high 
resolution color monitors with 512 x 512 picture elements 
(pixels). The monitor colors are generated with the red, blue, 
and green color guns each of which is set to an appropriate 
intensity for a given color. The PC/AT system has a mouse and 
keypad which allows for locating and manipulating image 
features easily. The pen and keypad on the COMTAL system are 
less sophisticated and most mouse type functions are done on 
the COMTAL keyboard. The PC/AT system is equipped with a Dunn 
color camera for making 8 x 10 Polaroid pictures and 
transparencies or 35 mm pictures or slides. The COMTAL system 
is equipped with a smaller Dunn camera used for making slides 
of the displayed image. 

2.2. GIS Images 

Each GIS image is a combination of image planes and 
superimposed graphic planes that are displayed on a high­
resolution CRT monitor. The PC/AT system displays three image 
planes and eight graphics planes and the COMTAL system displays 
four image planes and four graphics planes. Typical image 
planes consist of the processed model data for water level, 
current, salinity, or other fields. Overlays are typically 
coastlines, land masks, color bar legends, and other display 
items which do not change from image to image. The color bar 
itself is part of the image plane. Colors are controlled by 
applying a look-up table to the image. 

Each GIS image is generated from a ASCII data file that 
consists of header information followed by a 512 x 512 array of 
byte data with count values ranging from o to 255. The header 
contains information that allows the software to display the 
image. A different color can be displayed at each image 
picture element (pixel) location, depending upon the count 
value. Additionally, a gray scale can be used to display the 
data field. 

3 



Figure 1. A sample image showing the distribution of water 
depths in the modeled Chesapeake Bay and adjacent 
continental shelf. Depths are depicted by a light to 
dark gray scale. The black area to the left is the 
land mask and the dark gray area to the right is 
outside the modeled region. 
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Color is determined by the intensity settings of the red, 
blue, and green guns. The range of intensity of each gun is 
from 0 to 255, where 0 represents the total absence of the 
color, and 255 the highest setting. For each pixel count 
value, the color is therefore determined by a set of three 
intensity values. A color look-up table is used to assign 
intensity values to each count value. 

The color specification consists of the five values 

where I 1 to I 2 is the range of count values for which the red 
intensity, R, the green intensity, G, and the blue intensity, 
B, apply. 

2.3. Images of Model Data 

Circulation model data are displayed using overlays 
developed previously for Chesapeake Bay satellite data. The 
latitude-longitude window that produces a square domain in a 
Mercator projection is bounded by 34.5° to 40° north, and 72° 
to 78.91° west. 

At present, image data generated from circulation model 
runs are stored on the VAX in files with the suffix .PIC. 
Several PIC files have been generated and stored in directory 
[LFMPJP]; these are listed below: 

File Name Contents 

PETE34.PIC Model Grid 
PETE35.PIC Bathymetry 
PETE31.PIC S2 tide at hour 0 
PETE32.PIC s 2 tide at hour 1 
PETE33.PIC S2 tide at hour 2 

PIC files contain an array with count values of zero everywhere 
except in the regions covered by the circulation model grid and 
the scale bar; counts that are non-zero represent some 
particular scaled model variable such as water level. 

The scale bar was created by a separate procedure and 
added to the image. A scale bar with the desired number of 
intervals was first generated and stored in the file 
SCALE2.PIX. The bar was then inserted into the image file 
using EASI/PACE commands. 

Several overlays are available for generating the final, 
compound image. These include the coastline, the latitude­
longitude ticks, the scale bar header and ticks, and the land 
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mask. The overlays are stored in the segmented files 
OVERLAYS.PIX and SCALE2.PIX. These are: 

File 

OVERLAYS.PIX 
SCALE2.PIX 
SCALE2.PIX 
SCALE2.PIX 

Segment 

1 
13 
11 
12 

6 

Contents 

Land Mask 
coastline 
Lat-Lon Ticks 
Scale Bar Legend 



3. THE NUMERICAL CIRCULATION MODEL 

NESDIS has developed and tested a three-dimensional, 
time-dependent numerical model of coastal circulation called 
MECCA (Model for Estuarine and Coastal Circulation Assessment) 
(Hess, 1985). The model was designed to simulate tidal, 
wind-driven, and density-driven currents in bays and on the 
shallow continental shelf. MECCA has been applied to study the 
salinity and temperature distribution in Chesapeake Bay and the 
Chesapeake Bayjshelf area (Hess, 1986). 

3.1. Model Variables 

The MECCA model equations consist of two horizontal 
velocity equations, an equation of continuity, an equation of 
state, the hydrostatic approximation, and conservation 
equations for salinity and temperature. 

The input data are: 

The output data are: 

bathymetry or depths 
cell status indices 
land-water boundary indices 
initial and boundary values 

water levels, or tides 
water currents 
salinities 
temperatures 

(d) 
(I) 
(M,N) 

(h) 
(u,v,w) 
(S) 
(T) 

Cell status indices are as follows: 0-9=land cells; 
10-19=cells that are half water and half land; 20-29=water 
cells; 50-59=ocean boundary cells; 60-69=river boundary cells. 
The land-water boundaries are denoted by the condition of zero 
flow across a cell side; this information is found in the flux 
parameters M and N as follows: 

M = 0 

1 

N = 0 

1 

no flow in the x direction 

flow in the x direction 

no flow in the y direction 

flow in the y direction 

(3.1a) 

(3.1b) 

(3.2a) 

(3.2b) 

Model variables are not continuous in space, but are 
represented only at specific points on a three-dimensional 
grid. The grid is described in the next section. 
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3.2. The Grid 

The circulation model data are represented in space on a 
grid and can be easily displayed on a GIS for interpretation. 
Each model variable is represented as a two- or three­
dimensional array, with the location of each element known. 
For example, the variable F(x,y,z) can be approximated at 
specific points in space by the array 

where 

F(z,y,x) = F l,n,m 

x = mAL, y = n~L, z = l~z, 

(3.3) 

(3.4) 

~Lis the horizontal grid cell size (meters), and ~z is the 
vertical grid cell size (meters). Also, 0 ~ m ~ mmax, 
o ~ n ~ nmax, o ~ 1 ~ lmax. 

The locations of the variables within a single cell are 
shown in Figure 2. Water level is at the center of the cell, 
and velocity components are given at the sides of the cell. 

+-------------+ ---~ y 
I I 
I I 
I I 
I 1 3 
I I 
I I 
I I +------2------+ 
+ 
X 

Locations of variables 

at 1: h,d,S,T,I 

at 2: u,M 

at 3: v,N 

Figure 2. The placement of variables on an individual grid 
cell. 

The grid is oriented to the earth's surface by choosing a 
reference cell, designated (me, nc), close to the center of the 
grid. This cell has a latitude, Aa, and a longitude, A0 ; the 
latitude is used to compute the Coriolis parameter for the 
whole grid. The model's internal coordinate system is as 
shown in Figure 3, with the x axis downward (south) and the y 
axis rightward (east). A rotation angle, 6, indicates how much 
clockwise rotation of the grid is needed to align it with the 
geographic coast. 
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X 

Reference Point 
(\,. >-ol 

East 

y 

Figure 3. Representation of the model grid, its orientation 
with respect to the earth's surface(~), and the 
latitude-longitude (>.a, >. 0 ) of the Coriolis reference 
point (nc, me>. 

Any grid position (x, y) in the horizontal plane can be 
converted to a geographic latitude and longitude (La, L0 ) by 
applying the equations 

where 

La = >-a + Dh(Xc - x) + Dv(Yc - y) 

Lo = >-o + a[Dh(Yc - y) - Dv(Xc -X)] 

La = north latitude (degrees) of point (x,y) 

Lo = west longitude (degrees) of point (x,y) 

>-a = basin reference north latitude (degrees) 

>-o = basin reference west longitude (degrees) 

x,y = position on the MECCA grid (meters) 

(3.5) 

( 3. 6) 

Dh = conversion factor = ~L·sin(~)/(60•1852) (degreesjm) 

Dv = conversion factor = ~L·cos(~)/(60•1852) (degreesjm) 

a = 1/COS(7r>.a/180) 

Xc,Yc = Coriolis reference positions (meters): 
Xc = (me - 1)~L and Yc = (nc - 1)~L 

The model grid for the Chesapeake Bay is shown in Figure 4. 
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74 

Figure 4. Model grid for the Chesapeake Bay and adjacent 
shelf. 
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3.3. Simulation of Astronomical Tides 

One of the fields used in the GIS application was a water 
level, the s 2 component of the astronomical tide. This 
constituent has a period of exactly 12 hours. The tide was 
driven by imposing a sinusoidal tide with an amplitude of 0.20 
meters at the oceanic boundary. 

A linearized configuration of the model was used: the non­
linear advective acceleration terms were neglected, constant 
horizontal and vertical viscosity were used, and a linear 
bottom friction term was incorporated. The circulation model 
was run for 10 days, with the first 9.5 days used for the spin­
up period. Hourly water level fields from the last 12-hour 
tidal cycle were saved for plotting. 

3.4. Data Formats 

Output fields from the circulation model, representing any 
of the desired display variables, are written to an output file 
in a fixed format for later use as input to the GIS program, 
OVERLAY (Chapter 5). output variables must be scaled to fit 
into a two-digit integer (positive or negative). For example, 
water level values (h) at any time period are converted to 
integer arrays (J) by the scaling equation 

Jn,m = f•hn,m (3.7) 

where f is the scaling factor (taken here to be 100). 

The data file can have instantaneous scaled water level 
arrays for one or more times. The overall organization of the 
file is as follows: 

Record Numbers 

1 
2 to 
L+2 to 
2L+2 to 

L+1 
2L+1 
3L+1 

where L = mmax+1. 

Contents 

Header Record 
Data for the first time period 
Data for the second time period 
Data for the third time period 

The header record of the MECCA data file contains the 
values 

f,K,TITLE 
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where f is the scaling factor (c.f. eq. 3.7), K is the format 
code (set equal to 2 for this application), and TITLE is a 
character description of the file. 

The data records for each time period following the 
initial time period are organized as follows: 

Record Contents 

1 Column Numbers 
2 1, (J(n,1), n = 1,nmax) 
3 2, (J(n,2), n = 1,nmax) 
4 3, (J(n,3), n = 1,nmax) 

mmax+1 mmax, (J(n,mmax),n=1,nmax) 

The format for each record after the first is (1X,41I3). 
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4. CONVERSION OF MODEL DATA TO PIXEL FORMAT 

Processing the model data involves converting grid cell 
values on the MECCA grid to picture element (pixel) values 
within a 512 x 512 display array. A geography file is read to 
retrieve depth (d) and cell index (I) values, then the 
computational file is read to retrieve the desired modeled 
field (J). The conversion process consists augmenting the 
grid, looping through the MECCA grid, generating count values, 
and filling in all pixels. This conversion is performed by the 
computer program OVERLAY (see Section 5); the basic procedure 
is described here. 

4.1. The Raster Coordinate System 

The image plane raster is a two-dimensional Cartesian 
coordinate system as shown in Figure 5. The origin is at the 
upper-left corner, with the horizontal axis (pixel number p) 
directed rightward and the vertical axis (scanline number s) 
directed downward. The range of each coordinate is 

and 0 < s < s - - max 

where Pmax = Smax = 512. The image consists of count values in 
the range 0 to 255 at all pixel locations (p,s). 

Origin +-------------- ~ p 
I 
I 
I 

~ 
s 

Figure 5. The raster coordinate system. The origin is at the 
upper-left corner, with the horizontal axis, or pixel 
number p, is directed rightward, and the vertical 
axis, or scanline number s, is directed downward. 

The scanline and pixel number are related to latitude and 
longitude (La, L0 ) and are 

s = 512- ln{tan(45 + La/2)}(R/S) + SCLOFF + 0.5 (4.1) 

and 
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p = (180 - L0 ) (R/S) - PXLOFF + 0.5 ( 4. 2) 

where s is the scanline computed from the latitude, p is the 
pixel number computed from the longitude, L9 is latitude 
(north) in degrees, L0 is longitude (west) 1n degrees, R is the 
Earth's radius (6371.2 km), Sis a scale term (1.5 km), SCLOFF 
is the scanline offset, and PXLOFF is the pixel offset. 

First the upper right corner of the scene for Chesapeake 
Bay was chosen to be at 40°N, 72°W. The lower latitude should 
be approximately 35°N to include the whole Bay and model grid 
(Figure 4). The precise values of the lower latitude and 
western longitude must then be determined so that the Mercator 
projection of the scene (in pixel-scanline space) is a square. 

The scale term, s, was then chosen for this application 
for the Chesapeake Bay region so that the Mercator pixel size, 
P, at a latitude near the middle of the scene would be 
approximately equal to, but slightly greater than, the 
satellite pixel size at nadir, 1.1 km. The Mercator pixel size 
at any latitude is 

P = 111.12{2tan-1 [exp(S/R)tan(45+La/2)]-90-La} ( 4. 3) 

where P is 
of kmjdeg. 
km. 

Mercator pixel size (km) and 111.12 is the number 
At a latitude of 38°N, P is 1.16 km when s is 1.5 

The scanline offset (SCLOFF) and pixel offset (PXLOFF) 
were chosen next. These terms are translational values that 
ensure that the pixel and scanline numbers are within the range 
0 to 512 for data within the Chesapeake Bay study region. The 
scanline offset is determined by substituting the upper 
latitude, 40°N, into (4.1) and setting s to zero, to give 
SCLOFF=2727.8. Then lower latitude was determined to be 
34.50°N, the latitude that yields 512 for sin (4.1). The 
pixel offset is determined by substituting 72°W into (4.2) and 
setting p to 512 to yield PXLOFF=7494.0. Finally, the western 
boundary was determined by setting p to zero in (4.2) and 
solving for L0 to yield 78.91°W. 

4.2. Augmenting the Model Grid 

Originally, there was no provision for assigning model 
values to those areas in the image where the land mask 
indicates the presence of water, but which are not water cells 
in the MECCA grid. However, these void areas are now filled in 
by augmenting the MECCA grid with additional water cells 
(Figure 6). The augmentation changes all land cells adjacent 
to the Bay in the original grid into fictitious water cells. 
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+---------
1 

I 
I 
I 
I 
I 
I +----------

Original 
Cell 

Mask 

Augmented 
Cell 

-+ 
I 

I 

I 
-+ 

Figure 6. Filling in void areas by augmenting the model grid. 

The augmented grid cell is assigned a field value equal to 
the model field value in the nearest MECCA cell along the 
appropriate coordinate direction, and a flag is set in the 
cell status index array, I, which effectively includes 
augmented cells in the water area of the grid beyond the 
coastal boundaries originally specified. 

The averaging method then is used to derive values at 
pixel locations using the augmenting grid cells and original 
water cells in the same way. The averaging scheme apportions 
the weights applied to the four surrounding MECCA cells of each 
pixel according to the flag values identifying each as either 
an open water cell or a boundary cell. 

4.3. Filling Values at Pixels 

The model data are read in and converted to a general 
field array in model coordinates, F, by the scaling equation 

Fn,m = Jn,m/f (4.4) 

which restores the original values of the circulation model 
field data (c.f. eq. 3.7) at each MECCA cell (n,m). At the 
same time, the maximum value and minimum value of Fn m are 
determined. ' 

Since the MECCA cell size, nL, is 11.2 kilometers and the 
pixel size, s, is 1.2 kilometers, there will be numerous pixels 
within each cell of the MECCA grid. These are filled by 
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defining model values at subcells corresponding to pixels. 
Given the model grid rotation angle ~, the number of raster 
lines per cell will be approximately 

r = (bL/S) (sin~ + cos~) (4.5) 

If (x,y) are the MECCA cell coordinates and the corner nearest 
the origin of a MECCA cell is denoted as (x0 ,y0 ), then the 
location of subcells in a single MECCA cell is found by 

Xi = X0 + i (bLjr) 

Yj =Yo+ j(bL/r) 

I i = 1 1 

j = 1, 

r 

r 

(4.6a) 

( 4. 6b) 

The relative location of each subcell (xi, Yj) is used in 
deriving a weighted average field value, ~' from the values in 
the four surrounding model cells. Mass flux indices across the 
cell boundaries are used to determine the weights, so that the 
method is equivalent to a bilinear interpolation for the case 
of four open water cells. Details of the interpolation scheme 
are given in Appendix A. 

The subcell values, ~' are converted into dimensionless 
count values in the range 1 to 240 by specifying the minimum 
and maximum unsealed values for the field. This method allows 
a different scaling for each model variable displayed. The 
scaling equation is 

c = Max[l, 240(~- Fminl/(Fmax- Fmin)J, (4.7) 

where c is the count value, Max[a,b] is a function giving the 
maximum of a and b, ~ is the field value, Fmin is the minimum 
specified value for the field, and Fmax is the maximum 
specified value for the field. 

The dimensionless count value is inserted into the image 
array at the pixel number and scanline determined by converting 
the subcell location (xi,Yj) first into a latitude-longitude 
pair by (3.5, 3.6) and then into (p,s) by (4.1, 4.2). 

4.4. The Color Look-up Table for Model Data Display 

For the GIS image to be displayed in color, a look-up 
table must be created to assign a color to each of the 240 
scaled integer values of the model data. The GIS provides a 
default table that assigns a unique color to each integer in a 
continuous span of the spectrum, but this table is of limited 
use. We instead chose to develop our own color tables for this 
model application: a two-color table to represent tides and a 
pair of single-color tables to represent bathymetry. 
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The modeled tides are represented by a two-color table 
with red hues for water levels above mean sea level (msl) and 
blue hues for water levels below msl. For levels above msl, we 
assigned the maximum intensity value of 255 to the red gun and 
varied intensity of the green and blue guns in equal measure 
from high to low so that the highest water level would contain 
the lowest green and blue intensities. For levels below msl, 
we assigned 255 to the blue gun and varied the red and green 
guns in equal measure from high to low so that the lowest water 
level would contain the lowest red and green intensities. 

An added criterion was that the contrast about the zero 
level represented by gray should be heightened by allowing the 
dropoff in the intensities of the alternate two color guns to 
red and blue to be much more steep about zero than at the ends 
of the scale. The color table used for the tides is given in 
Figure 7a. 

Since the bathymetry consists of depth values which are 
either zero or positive, a single hue can be used to represent 
depth. The first generated table was designed to apply to the 
bathymetry of the entire modeled region, and assigns a hue of 
near-white to the smallest depths, and a hue of dark blue to 
the greatest. Sixteen hues each represent 5-meter increments 
to span an SO-meter range. The table is given in Figure 7b, 
and the result is shown in Figure 1. 

Chesapeake Bay averages only 10 meters in depth, so its 
bathymetry is represented by only a few 5-meter hues in 
Figure 1. A second table was generated with nine hues to span 
the lowest 30 meters of depth, and a single hue to represent 
the remainder of the range. This table is given in Figure 7c. 
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Il !2 R G B 

o, o, o, 80,120 
1, 14, 15, 15,255 

15, 29, 35, 35,255 
30, 44, 60, 60,255 
45, 59, 85, 85,255 
60, 74,115,115,255 
75, 89,135,135,255 
90,104,165,165,255 

105,119,200,200,255 
120,120,127,127,127 
121,135,255,200,200 
136,150,255,165,165 
151,165,255,135,135 
166,180,255,115,115 
181,195,255, 85, 85 
196,210,255, 60, 60 
211,225,255, 35, 35 
226,240,255, 15, 15 
241,255, o, 80,120 

(a) 

Il !2 R G B 

o, 1, 0, o, 0 
2, 15, 15, 15, 15 

16, 30, 30, 30, 30 
31, 45, 45, 45, 45 
46, 60, 60, 60, 60 
61, 75, 75, 75, 75 
76, 90, 90, 90, 90 
91,105,105,105,105 

106,120,120,120,120 
121,135,135,135,135 
136,150,150,150,150 
151,165,165,165,165 
166,180,180,180,180 
181,195,195,185,195 
196,210,210,210,210 
211,225,225,225,225 
226,240,240,240,240 
241,255,255,255,255 

(b) 

Il !2 R G B 

0,151, o, o, 0 
152,156, 15, 15, 15 
157,162, 30, 30, 30 
163,168, 45, 45, 45 
169,174, 60, 60, 60 
175,180, 75, 75, 75 
181,186, 90, 90, 90 
187,192,105,105,105 
193,198,120,120,120 
199,204,135,135,135 
205,210,150,150,150 
211,216,165,165,165 
127,222,180,180,180 
223,226,195,185,195 
227,234,210,210,210 
235,240,225,225,225 
241,246,240,240,240 
247,255,255,255,255 

(c) 

Figure 7. Color look-up table for (a) tides, (b) regional 
bathymetry, and (c) Chesapeake Bay bathymetry. In 
each column of five numbers, the first two numbers 
identify the first and last scaled count values of 
the color interval and the remaining three values 
assign intensity levels to the red, green, and blue 
color guns, respectively. 

18 



5. THE COMPUTER PROGRAM 

5.1. Introduction 

A Fortran computer program, OVERLAY, has been written to 
analyze the data in three steps. The program (1) reads in the 
circulation model data, (2) processes the data to generate a 
512 x 512 array of interpolated values, then (3) writes a file 
readable by the GIS system. The model data consists of the 
geography files (grid data, bathymetry) and the field data 
(water levels, current speeds, salinity, or temperature). The 
processing step consists of navigating the grid data and 
filling in pixel values. 

5.2. Input and Output Files 

The program OVERLAY requires two MECCA input files to run, 
i.e., a geography file and a file with the circulation 
variables. For the VAX, these are [HESS]BSE1.GEO and 
[HESS]TIDES1.DAT. The output files have the designator .PIC, 
and are shown in Section 2.3. 

5.3. Program Flow Chart 

The program consists of three basic parts: the read step, 
the processing step, and the write step. A flow chart for the 
program appears in Figure 8. 

MAIN 

Read step ----MGRID-----RDGEO 

Processing Step ----MECFLD 
----RDMEC 
----AUGRID 
----MNFLUX 
----GRIDDER---FILL------PXLSCL 

LINE CENAVG 

Write step ----MGPLOT 

Figure 8. 

(end) 

Flow chart for the program OVERLAY. 
(uppercase) are called by MAIN from 
from left to right. Multiple calls 
once. 
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The Read step 

The first two subroutines (Figure 8) read the data files. 
Subroutine MGRID sets up the plotting options and RDGEO reads 
in the geography file, .GEO. This file contains the 
bathymetry, grid attributes, and channel locations. 

The Processing Step 

The second group of subroutines (Figure 8) processes the 
input data. Subroutine MECFLD, if called, sets the plot field 
to the depth 

F = -d n,m n,m ( 5. 1) 

Subroutine RDMEC, if called, reads the circulation model input 
file and selects the appropriate data as follows 

F = (h, u, vI s I T) n,m n,m (5.2) 

The subroutine AUGRID produces an augmented grid that has 
an extra row of fictitious water cells around the original 
water cells. Subroutine MNFLUX generates the barrier index 
fields, M and N, that define the location of land'~water 
boundaries. 

Subroutine GRIDDER controls the creation of the 512 x 512 
array. The subroutine loops through all cells in the grid and 
computes the latitude and longitude of the cell center. There 
are then three options: plot the MECCA variable with or 
without the grid, or plot only the grid. If the MECCA 
variable is to be plotted, all values within the cell are 
generated by subroutine FILL, which computes the latitude­
longitude locations of the subset of all 512 x 512 array 
elements that fall within the cell, interpolates a MECCA value 
for each location, and finds the pixel-scanline location of 
that point. The interpolation takes place in a call to 
subroutine CENAVG and uses the method described in Appendix A. 
The pixel-scanline location of the point is determined in 
subroutine PXLSCL. The interpolated value is rescaled to an 
integer by (3.7) and stored in the 512 x 512 array named IMAGE. 
If the grid is to be plotted, the center of the cell is 
marked, and lines are drawn by subroutine LINE to indicate the 
cell sides. 

The Write step 

After the MECCA data are processed, a GIS file is created. 
First a formatted header line, containing all EASI/PACE GIS 
protocols, is written, followed by the 512 x 512 unformatted 
array, one byte per pixel. 
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6. CHESAPEAKE BAY APPLICATIONS 

The first application is the display of the MECCA grid 
(Figure 4) on the GIS system. The grid array is represented in 
the geography file, BSE1.GEO, as an array of cell indices. A 
GIS file is generated by running the program OVERLAY and 
entering the plot-grid option. The program then calculates 
the latitude and longitude of each cell corner and joins these 
points with straight lines. The pixel nearest the cell center 
is also highlighted. The result is shown in Figure 9. 

The depth data are also contained in BSE1.GEO. A plot of 
the bathymetry of the entire modeled region has been shown in 
Figure 1. The depth is depicted by a 16-band color scale, with 
white representing the shallowest water (0 meters), and dark 
gray the deepest water (80 meters), in 5-meter bands. Since in 
the model the Bay's maximum depth is about 20 meters, its 
bathymetry is depicted in only four bands. To gain higher 
resolution in the Bay, its bathymetry was depicted with a 
different scaling: fifteen 2.0-meter bands that cover depths 
from 0 to 30 meters, and one band for all remaining depths 
(Figure 10). 

The astronomical tide can also be depicted. The scaling 
chosen was a two-color scale, with a number of bands (sixteen) 
centered around zero to show water levels above (red) and below 
(blue) mean sea level. The highest water level that can be 
depicted is Fmax and the lowest is -Fmax, where for this 
application Fmax = 0.40 meters. Each of the 16 color bands 
corresponds to tides within a 0.05-meter increment. Water 
levels between 0.00 and 0.0033 meters are colored gray. 

The circulation model was run in a linearized mode to 
simulate the s 2 (solar diurnal) tidal constituent because its 
period of exactly 12 hours makes the interpretation of hourly 
values relatively easy. The forcing amplitude at the deep 
water boundary was 0.20 meters. 

The tidal elevations at model hour 0, which are zero at 
the offshore boundary and correspond in phase to 2.2 hours 
after low water at Hampton Roads, Virginia (at 36.95°N, 76.4ow, 
near the mouth of the James River), are shown in Figure 11. 
The depiction shows that tides within the mid-Bay are still 
below mean sea level when the ocean tide has risen above mean 
sea level. Tides in the upper Bay are still above mean sea 
level from the previous tidal cycle. 

Preliminary work was initiated to display GIS tide images 
on a video monitor. Further work and additional hardware are 
necessary to reach the goal of producing a motion picture of 
tidal change. 
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Figure 9. The grid array is represented in the geography file, 
BSEl.GEO, as an array of cell indices. The pixel 
nearest the cell center is also highlighted. 
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Figure 10. To gain higher resolution, the Bay's bathymetry was 
depicted with a different scaling: fifteen 2.0-meter 
bands cover depths from 0 to 30 meters, and one band 
for all remaining depths. 
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Figure 11. The s 2 tides at model hour 2, corresponding to 4 . 2 
hours after low water at Hampton Roads, Virginia . 
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APPENDIX A. Horizontal Interpolation of water Levels 

Interpolation of values in horizontal space can be 
accomplished knowing the position of the point in a square 
whose corners are the locations of the modeled values. Since 
the water levels (h) are located at the center of MECCA cells, 
a sub-cell with the water levels at the corners must be 
defined. An example is shown in Figure A. 

+-------------+-------------+ ---~ y 
I Cell 1 I Cell 2 I 
I I I 
I I I 
I h N h I 
I n,m 

1
n,m np,m I 

I (x,y)* I I 
I I I 
+------M ---+------M --+ 
I n,m I np,m 

I I 
I I 
I h N hnp,mp I n,mp 

1
n,mp 

I I 
I Cell 3 I Cell 4 
+-------------+-------------+ 
I 
v 
X 

a. Water levels in four 
adjacent MECCA cells. 

h ---------- h2 
1
1 

· I 

I * I 
l(x',y') I 
I • + • I 
I I 
I I 
I I 
h3 ---------- h4 

b. Sub-cell based 
on water levels 
at corners 

Figure A. Plan view of grid cells showing (a) the location of 
the interpolation point (*) and the four surrounding 
cells with their water levels (h), x direction land­
water boundary indices (M), andy direction land­
water boundary indices (N); and (b) the sub-cell. 
Note that mp = m+1 and np = n+1. 

The Sub-Cell 

In order for the interpolation to be carried out, the sub­
cell with water level values at the four corners must be 
identified. Consider an arbitrary point in the cell (n0 ,m0 ) 

with coordinates x,y (0 ~ x,y ~ 1), denoted by an asterisk in 
Figure A.1. Cell 1 (n,m) and the coordinates within the sub­
cell (x',y') are determined as follows: 
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if x ~ 0.5, then m = m0 - 1 and x' = x + 0.5 

otherwise m = m0 and x' = x - 0.5 

and if y ~ 0.5, then n = n 0 - 1 and y' = y + 0.5 

otherwise n = n 0 andy' = y - 0.5 

where x' and y' are the fractional distances: 

o ~ x' ~ 1 and 0 ~ y' ~ 1. 

The Interpolation Function 

(A.1) 

(A. 2) 

The bilinearly interpolated value at the point is found by 

h = (1 - x') (1 - y')h1 + (1 - x') (y')h2 + (x') (1 - y')h3 

+(x') (y' )h4 

where i is the number of the corner and f is the weighting 
factor. 

Interpolation with Land-Water Barriers 

(A. 3) 

When one of the four cells defining the sub-cell is a land 
cell, it is not appropriate to use the water level in that cell 
when computing the spatial average. Also, it is not 
appropriate whenever there is a barrier separating the point of 
interpolation from a corner of the sub-cell. In these cases, 
we use the equivalent, but more general, expression 

4 4 
h = ~ Bifihi I ~ Bifi, (A.4) 

i=1 i=1 

where Bi is a barrier factor determined as follows: Bi is equal 
to 1 if cell i is water and no barrier is present between the 
interpolation point and cell i; otherwise Bi is equal to o. 

For example, suppose that Cell 3 in Figure A was a land 
cell or there was a barrier between Cells 1 and 3; then 
Mn,m = o. For this case, hat (x',y') should not be a function 
of h3; therefore the term B3f3h 3 in the numerator and the term 
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B3 f 3 in the denominator of (A.4) should be dropped. This is 
accomplished by setting 

B3 = 0. (A.5) 

Suppose that Nn m=O. The correct interpolation function 
is obtained if ' 

B2 = 0. (A.6) 

Suppose that either Mnp,m or Nn,mp (but not both) is zero. 

For this case, the values of Bi are unaltered because there is 
free connection to the water level value, h 4 . 

Suppose that both Mnp,m and Nn,mp are zero, or that both 

Mn,m and Nn,m are zero. For this case, 

(A.7) 

because there is no connection to the water level value h 4 • 
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Appendix B. Computer Program OVERLAY Listing 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 

PROGRAM OVERLAY 
C APRIL 1988 K. W. HESS MEAD VAX11/780 
C PURPOSE · PROGRAM TO 
C (1) READ GEOGRAPHY FILE 
C (2) SELECT GRID LOCATION (CENTER) AND CORNERS 
C (3) CREATE STRING OF LAT·LONS 
C (4) CONNECT GRID CORNERS WITH LINE SEGMENTS 
C (5) CREATE EASI/PACE PLOT FILE FOR GRIDMESH AND CENTERS 
C (6) CREATE PLOT FILE FOR MECCA FIELD DATA 
c 
c 
c 
c 
c 
c 

MAIN 

:·····MGRID········RDGEO 
OPEN 

C :·····MECFLD 
C :·····RDMEC 
C :·····AUGRID 
C :·····MNFLUX 
C :·····GRIDDER······FILL······PXLSCL 
C LINE CENAVG 
C !SCALE 
c 
C :·····MGPLOT 
C (END) 

COMMON/GCEN/GLAT(1000),GLON(1000) 
COMMON/IMAGE/IMAGE(512,512) 
COMMON/DATA1/FIELD(40,60),FAC 
COMMON/PARM1/IO,ISCR,NST,NSTMAX,NSTO,NMAX,MMAX,NCELL,DMAX,NEGS 
COMMON/GEOG1/IFIELD(40,60),1COL(5,200),1ROW(5,200),NCOL,NROW 
COMMON/SCALE/FMIN,FMAX 
COMMON/OPT1/GRDMSH,PRMTR,TIDES,DEPTHS,AUG 
LOGICAL GRDMSH,PRMTR,TIDES,DEPTHS,AUG 
DIMENSION JFIELD(40,60) 

C··· GET FIELD DATA AND OPTIONS INFORMATION 
OPEN(UNIT=6,STATUS= 1NEU 1 ,DJSPOSE='PRINT/DELETE',NAME='IFIELD.LIS 1 ) 

CALL MGRID 
C··· STORE ORIGINAL !FIELD FOR AUGMENTED GRIDMESH AND MULTIPLE ARRAYS 

DO N=1,NMAX 
DO M=1,MMAX 
JFIELD(N,M)=IFIELD(N,M) 
END DO 
END DO 
WRITE(5,1007) 

1007 FORMAT('$ENTER NUMBER OF ARRAYS TO READ: > ') 
READ(5,*) IMG 
DO 5 1=1,IMG 

C··· RESTORE ORIGINAL !FIELD FOR AUGMENTED GRIDMESH AND MULTIPLE ARRAYS 
DO N=1,NMAX 
DO M=1,MMAX 
IFIELD(N,M)=JFIELD(N,M) 
END DO 
END DO 

IF(TIDES) THEN 
C··· GET SCALED FIELD DATA 
C CALL MECTID(JMAX) 

CALL RDMEC(JMAX) 
ELSE IF(DEPTHS) THEN 

CALL MECFLD 
END IF 
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62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 

PMIN=1.E6 
PMAX=·1.E6 
DO 10 N=1 ,NMAX 
DO 10 M=1 ,MMAX 
IF(IFIELD(N,M).LE.9) GO TO 10 

C··· RESET HEAD OF RIVER WITH FALLS CONDITION CASE TO A LAND INDEX VALUE 
IF(IFIELD(N,M).GT.59.AND.IFIELD(N,M).LT.71) IFIELD(N,M)=O 
PMIN=AMIN1(PMIN,FIELD(N,M)) 
PMAX=AMAX1(PMAX,FIELD(N,M)) 

10 CONTINUE 
WRITE(5,1006) I,PMIN,PMAX 
WR!TE(5, 1005) 

1005 FORMAT('$ENTER SCALING FACTORS FOR PARAMETER: FMIN,FMAX: > ') 
1006 FORMAT(1X, 1ARRAY',I5,' MJNIMUM,MAXIMUM PARAMETER VALUES= ',2F9.4) 

READ(5,*) FMIN,FMAX 
C··· AUGMENT MECCA CELLS TO FILL WATER AREAS IN BAY PROPER IN GIS IMAGE 

IF(AUG) CALL AUGRID 
C··· COMPUTE FLUX INDICES 

IFCPRMTR) CALL MNFLUX 
C··· FILL PIXELS AND SCANLINES 
C··· BUILD IMAGE FILE FOR MECCA GRIDMESH AND CENTERS 
C··· AND/OR FOR MECCA OUTPUT PARAMETER(S) [FIELD DATAl 
C LOOP THRU GRID 

c 
c 

CALL GRIDDER 

C··· SET UNIT FOR OUTPUT FILE AND WRITE HEADER AND ARRAY TO DISK 

c 

NFLE = 2 
CALL MGPLOT(NFLE) 

5 CONTINUE 
LU=4 
CLOSE(UNIT=LU) 
CLOSE(UNIT=NFLE) 
STOP 
END 

C··································································· 
c 

c 
SUBROUTINE MGRID 

CHARACTER*20 FGEO 
CHARACTER*1 Q 
LOGICAL GRDMSH,PRMTR,TIDES,DEPTHS,AUG 

CC DIMENSION GLAT(1000),GLON(1000) 
COMMON/PARM1/IO,JSCR,NST,NSTMAX,NSTO,NMAX,MMAX,NCELL,DMAX,NEGS 
COMMON/GCEN/GLATC1000),GLON(1000) 
COMMON/IMAGE/IMAGE(512,512) 
COMMON/DATA1/FIELD(40,60),FAC 
COMMON/OPT1/GRDMSH,PRMTR,TIDES,DEPTHS,AUG 

C SET DATA 
I0=5 
ISCR=5 
RAD=57. 29578 

C GET GEOGRAPHY FILE NAME 
100 TYPE 110 
110 FORMAT('SENTER .GEO FILE NAME ') 

ACCEPT 120,FGEO 
120 FORMATCA20) 

LUG=10 
OPEN(UNJT=LUG,NAME=FGEO,STATUS= 10LD',FORM='FORMATTED 1 , 

1 ACCESS='SEQUENTIAL',READONLY,ERR=100) 
C READ THE FILE 

CALL RDGEO(LUG) 
CLOSE(UNIT=LUG) 
GRDMSH =.TRUE. 
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127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 

PRMTR = .FALSE. 
TIDES= .FALSE. 
DEPTHS = .FALSE. 

C··· USER TO SPECIFY IF MECCA GRIDMESH TO BE DRA~N (DEFAULT[CRl =NO) 
WRITE(5,1DD1) 

1001 FORMATC/,1X,'WANT MECCA GRIDMESH PLOTTED?(Y/N)[Nl: > ',$) 
READ(5,1002) Q 

1002 FORMAT(A) 
IF(Q.NE. 1Y1 .AND.Q.NE.'y') GRDMSH =.FALSE. 

C··· USER TO SPECIFY IF MECCA PARAMETER TO BE PLOTTED (DEFAULT[CRl =YES) 
WRITE(5,1003) 

1003 FORMAT(/,1X,'~ANT MECCA PARAMETER PLOTTEO?(Y/N)[Y]: > ',$) 
READ(5,1002) Q 
IF(Q.NE. 1 N1 .AND.C.NE.'n') PRMTR =.TRUE. 

C··· USER TO SPECIFY IF MECCA GRIDMESH IS TO BE AUGMENTED (DEFAULT[CRl =YES) 
WRITE(5,1006) 

1006 FORHAT(/,1X,'~ANT MECCA GRIDMESH AUGMENTED?(Y/N)[Y]: > ',$) 
READ(5,1002) Q 

C··· 

IF(Q.NE.'N'.AND.Q.NE.'n') AUG= .TRUE. 

IF(PRMTR) THEN 
WRITE(5,1004) 

1004 FORMAT(/,1X,'SELECT MECCA FIELD DATA PARAMETER: >',/, 
25X,'T =TIDES',/, 

c 

35X,'D =DEPTHS',/, 
41X, 1 : > ',$) 
READ(5,1002) Q 
IF(Q.EQ.'T'.OR.Q.EC.'t') TIDES= .TRUE. 
1F(Q.EQ.'D'.OR.Q.EQ. 1d 1 ) DEPTHS= .TRUE. 
IF(TIDES.NE •• TRUE •• ANO.OEPTHS.NE •• TRUE.) GO TO 5 

I F(TIDES) THEN 
LU=4 
CALL OPEN(LU) 

END IF 
END IF 
RETURN 
END 

C················------------------------------------··-------------
c 

c 
c 
c 
c 
c 
c 
c 
cc 

SUBROUTINE GRIDDER 

GRID 1----2----Y 
I I 
3----4 
I 
X 

COMMON/FLAG2/BSNLON,CON2M,HMSL,NUMBC,NUMRIV,NCOL1,NRDAYS 
COHMON/CONS2/IEXTRN,COR,NCOR,MCOR,DFDN,DFDM,BSNLAT,BSNANG,NONLIN 
COMMON/CONS3/DT,DL,CDRGWB,AHORIZ,C1,C2,C3,C4,C5,C6,C7,C8,C9,C10 
COHMON/GEOG1/IF!ELD(40,60),!COL(5,200),IROW(5,200),NCOL,NROW 
COHMON/GRAF1/ISTART,!NTVEL,NGPMAX,XG(36,300),!GRALL,!01,!02 
COHMON/GRAF2/IGPH,LGPH(36),MGPH(36),NGPH(36),!TYP(36) 
COHMON/GRID1/AREA(40,60),BX(40,60),BY(40,60),AH(40,60),AHC(40,60) 
COHMON/GR!D2/THETA1(40,60),THETA2(40,60),THETA3(40,60) 
COHMON/GRID3/DELSE(40,60),NUMBXY,!EXSUB,!HV!SC,AH00,AH0,CAH 
COHMON/GRID4/XE(122),YE(122),MZONS(2),NZONS(2), 

1 LENX(15,2),LENY(15,2),ASTX(15,2),BSTX(15,2),CSTX(15,2), 
2 ASTY(15,2),BSTY(15,2),CSTY(15,2),DXC(122),DXS(122),DYC(122), 
3 OYS(122),DX(122),DY(122),NSCTOR,MSCTOR 

COHHON/PARM1/IO,ISCR,NST,NSTMAX,NST0,NMAX,MMAX,NCELL,DMAX,NEGS 
COHHON/GCEN/GLAT(1000),GLON(1000) 

33 



192 COHMON/IMAGE/IMAGE(512,512) 
193 C··· MECCA OUTPUT OF TIDE LEVELS OR OTHER PARAMETER 
194 COHMON/MECCA/K(1000) 
19 5 COHMON/DATA1/FIELD(40,60), FAC 
19 6 COHMON/DATA2/DVERT ,DHOR, FCOS, XC, YC 
197 COHMON/OPT1/GRDMSH,PRMTR, TIDES,DEPTHS,AUG 
198 DIMENSION X(122),Y(122) 
199 LOGICAL GRDMSH,PRMTR, TIDES,DEPTHS,AUG 
2 00 DATA JCOLOR/253/ 
2 01 C SET THE INCREMENTS 
2 02 RAD=57.29578 
2 03 DVERT=DL/1852./60.*SIN(BSNANG/RAD) 
2 04 DHOR= DL/1852./60.*COS(BSNANG/RAD) 
205 FCOS=1./COS(BSNLAT/RAD) 
2 06 WRITE(5,80)DL,BSNLAT ,BSNLON,BSNANG 
207 80 FORMAT(1X,'DL= 1 ,F8.2, 1 BSNLAT,BSNLON,BSNANG= 1 ,3F8.2) 
208 WRITE(5,85) 
209 85 FORMAT(1X,'PROCESSING IMAGE DATA ••• ' ,f) 
210 C INITIALIZE 
211 DO 90 I=1,122 
212 X(l)=FLOAT(I·1) 
213 90 Y(I)=FLOAT(I·1) 
214 XC=X(MCOR) 
2 15 YC=Y( NCOR) 
216 C IF(NCOR.GE.NSCTOR)XC=X(MCOR+MMAX+1) 
217 C IF(MCOR.GE.MSCTOR)YC=Y(NCOR+NMAX+1) 
218 C LOOP THRU THE GRID MESH 
219 I=O 
2 2 0 DO 310 M=1,HHAX 
221 MP=M+1 
222 DO 300 N=1,NHAX 
223 NP=N+1 
2 2 4 C CALCULATE SHIFT FOR SECTORS 
225 MR=O 
226 NR=O 
227 C IF(N.GE.NSCTOR)MR=MHAX+1 
228 C IF(M.GE.MSCTOR)NR=NMAX+1 
229 ll=IFIELD(N,M)/10 
23 0 IF(IFIELD(N,M).LT .10)GOTO 300 
2 31 C ANGLES: EAST 
232 RAD=1. 
233 C UPPER LEFT (X=DOWN, Y=RIGHT 
234 ALAT1= (BSNLAT+ DHOR*(XC·X( M+MR))+DVERT*(YC·Y( N+NR)))/RAD 
235 ALON1=·(BSNLON+(DHOR*(YC·Y( N+NR))·DVERT*(XC·X( M+MR)))*FCOS)/RAO 
2 3 6 C UPPER RIGHT 
2 3 7 ALAT2= (BSNLAT+ DHOR*(XC·X( M+MR))+DVERT*(YC·Y(NP+NR)))/RAD 
2 3 8 ALON2=· (BSNLON+(DHOR*(YC·Y(NP+NR)) ·DVERT*(XC·X( M+MR)) )*FCOS)/RAD 
2 3 9 C LOWER LEFT 
24 0 ALAT3= (BSNLAT+ DHOR*(XC·X(MP+MR))+DVERT*(YC·Y( N+NR)))/RAO 
241 ALON3=·(BSNLON+(DHOR*(YC·Y(N+NR ))·DVERT*(XC·X(MP+MR)))*FCOS)/RAD 
242 C LOWER RIGHT 
243 ALAT4= (BSNLAT+ DHOR*(XC·X(MP+MR))+DVERT*(YC·Y(NP+NR)))/RAO 
2 4 4 ALON4=· (BSNLON+(DHOR*(YC· Y(NP+NR)) ·DVERT*(XC· X(MP+MR)) )*FCOS)/RAD 
245 C CENTER OF CELL 
24 6 I=I+1 
24 7 GLAT( I )=.5*(ALAT1+ALAT4) 
24 8 GLON( I)=· .5*(ALON1+ALON4) 
249 C FILL IN DATA FOR ALL PIXELS IN EACH CELL 
250 FXO=X(M+MR) 
2 51 FYO=Y(N+NR) 
252 IF(PRMTR) CALL FILL(FXO,FYO,N,M) 
253 C··· CONVERT LAT,LON OF EACH CELL CENTER TO PIXEL AND SCANLINE 
254 CALL PXLSCL(GLAT(I),GLON(I),IPXL,ISCL) 
2 55 I F(GRDMSH) THEN 
256 C··· DRAW LINES BETWEEN EACH PAIR OF END POINTS OF CELL 
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257 
258 
259 
260 
26l 
262 
263 
264 
265 
266 
267 
268 
269 
270 
27l 
272 
273 
274 
275 
276 
277 
278 
279 
280 
28l 
282 
283 
284 
285 
286 
287 
288 
289 
290 
29l 
292 
293 
294 
295 
296 
297 
298 
299 
300 
30l 
302 
303 
304 
305 
306 
307 
308 
309 
3l0 
3ll 
3l2 
3l3 
3l4 
3l5 
3l6 
3l7 
3l8 
3l9 
320 
32l 

CALL L!NE(ALAT1,ALAT2,·ALON1,·ALON2) 
CALL LINE(ALAT1,ALAT3,·ALON1,·ALON3) 
CALL L!NE(ALAT2,ALAT4,·ALON2,·ALON4) 
CALL LINE(ALAT4,ALAT3,·ALON4,·ALON3) 

C··· FILL IMAGE ARRAY WITH VALUE FOR EACH CELL CENTER 
IMAGE(!PXL,!SCL) = JCOLOR 

END IF 
CUT WR!TE(5,110)l,N,M,GLAT(l),GLON(l),!PXL,!SCL 

c 

110 FORMAT(1X,'l=',I4,' N,M=',213,' ALAT,ALON=',2F7.2,' IPXL,ISCL= 
2 ',214) 

300 CONTINUE 
310 CONTINUE 

RETURN 
END 

C············································································· 
c 

SUBROUTINE RDGEO(!GEO) 
C OCTOBER 1984 K. W. HESS ASIC/MEAD VAX 11/750 
C PURPOSE · TO READ IN PARAMETERS, PLUS !FIELD, DEPTH, AND 
C FLAG DATA. 
C VARIABLES · 
C IAH = INDEX TO READ HORIZ. EDDY VISCOSITY: O=NO 
C !GRID= INDEX TO READ STRETCHED GRIDS:O=NO, 1=READ XE,YE, 
C 2=READ NSEGX, ETC. 
C NUMBXY = NUMBER OF CHANNEL GRIDS 
C NO,NR = NUMBER OF OCEAN, RIVER BOUNDARY CELLS AS 
C DETERMINED BY !FIELD 
C N01,NRV1 =NUMBER OF OCEAN, RIVER BOUNDARY CELLS AS 
C DETERMINED BY NUMBC, NUMRIV 
C XC(,) =DISTANCE FROM ORIGIN TO GRID CENTER 
C XE(,) = DISTANCE TO LOWER SIDE OF GRID M 
C COMMON BLOCK FOR PROGRAM MECCA 

COMMON/CONS1/AG,OMEGA,PJ,RAD,VISMOL,E,VONKAR,CRICHO,CRICH1,CR1CH2 
COMMON/CONS2/1EXTRN,COR,NCOR,MCOR,DFDN,DFDM,BSNLAT,BSNANG,NONLIN 
COMMON/CONS3/DT,DL,CDRGWB,AHORIZ,C1,C2,C3,C4,C5,C6,C7,C8,C9,C10 
COMMON/FLAG1/MB1(6),MB2(6),NB1(6),NB2(6),ITP(6),!SET1(6),!SET2(6) 
COMMON/FLAG2/BSNLON,CON2M,HMSL,NUMBC,NUMRIV,NCOL1,NRDAYS 
COMMON/GEOG1/IFIELD(40,60),!COL(5,200),!ROW(5,200),NCOL,NROW 
COMMON/GEOG2/NAB(20D),KOCNBC,KR!VBC 
COMMON/GRID1/AREA(4D,60),BX(40,60),BY(4D,60),AH(40,60),AHC(4D,60) 
COMMON/GRID3/DELSE(4D,60),NUMBXY,IEXSUB,IHVISC,AHOO,AHD,CAH 
COMMON/GRID4/XE(122),YE(122),MZONS(2),NZONS(2), 

1 LENX(15,2),LENY(15,2),ASTX(15,2),BSTX(15,2),CSTX(15,2), 
2 ASTY(15,2),BSTY(15,2),CSTY(15,2),DXC(122),DXS(122),DYC(122), 
3 DYS(122),DX(122),DY(122),NSCTOR,MSCTOR 

COMMON/PARM1/IO,!SCR,NST,NSTMAX,NSTO,NMAX,MMAX,NCELL,DMAX,NEGS 
COMMON/RIVR1/MR1(10),MR2(10),NR1(10),NR2(10),!TRP(1D),JTRP(1D) 
COMMON/VELS2/D(40,60l,SE(40,6D),SEP(40,60),SEPP(40,60),FAREA(5) 

C ADDITIONAL COMMON STATEMENTS FOR MECCA 
COMMON/BNDS1/IMACH,KKIND,NUMOBC,NRIV 
CHARACTER*4 CT!TLE,GTITLE(15) 
DIMENSION NUM(101),XC(101),YC(1D1) 
CHARACTER*10 FORM 

C TYPE 100,!GEO 
100 FORMAT(1X,'IGE0=',13) 

C READ IN MECCA FILE HEADER BLOCK 
200 READ(!GE0,210,ERR=13D)(GTITLE(N),N=1,15) 
210 FORMAT(1X,15A4) 

GOTO 218 
130 WRITE(!0,135) 
135 FORMAT(1X,'**** RDGEO. PROBLEM READING LINE GTITLE ***') 
218 READ(!GE0,220)NMAX,MMAX,NCOL1,NCOL2,NCOL3,NCOR,MCOR,ISIDE 
220 FORMAT(1X,8!4) 

READ(!GE0,230,ERR=232)FORM,DL,CON2M,CDRGWB,CDRGWS 
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322 
323 
324 
325 
326 
327 
328 
329 
330 
331 
332 
333 
334 
335 
336 
337 
338 
339 
340 
341 
342 
343 
344 
345 
346 
347 
348 
349 
350 
351 
352 
353 
354 
355 
356 
357 
358 
359 
360 
361 
362 
363 
364 
365 
366 
367 
368 
369 
370 
371 
372 
373 
374 
375 
376 
377 
378 
379 
380 
381 
382 
383 
384 
385 
386 

230 FORMAT(1X,A10,F10.2,F8.4,2F6.4) 
GOTO 234 

232 WRITE(I0,233) 
233 FORMAT(1X,'**** RDGEO. PROBLEM READING LINE FORM,DL, ETC***') 
234 READ(IGE0,235)HMSL,8SNLAT,BSNLON,BSNANG 
235 FORMAT(1X,4F7.3) 

C READ IN BOUNDARY CONDITIONS 
READ(IGE0,220)NUMBC,NUMRIV,KOCNBC,NUMBXY,IAH,IGRID 
IF(NUMBC.NE.NUMOBC)WRITE(ISCR,236)NUMBC,NUMOBC 

236 FORMAT(SX,'*** READGEO:NUMBC = ',12, 1 IS NOT EQUAL TO REAOCON:', 
1 'NUMOBC = I ,12) 

IF(NUMRIV.NE.NRIV)WRITE(ISCR,237)NUMRIV,NRIV 
237 FORMAT(SX,'*** READGEO:NUMRIV = 1 ,12,' IS NOT EQUAL TO READCON:', 

1'NRIV=',12) 
IF(NUMBC.LE.O)GOTO 245 
DO 240 1=1,NUMBC 
READ(IGE0,242)MB1(1),MB2(1),NB1(1),NB2(1),ITP(l),ISET1(l),ISET2(1) 

242 FORMAT(1X,I4,612) 
IF(MB1(1).GT.MB2(1).0R.NB1(I).GT.NB2(1))GOTO 239 
GOTO 240 

239 WRITE(I0,238)1,MB1(1),MB2(1),NB1(1),NB2(1) 
238 FORMAT(/,1X,'*** ERROR*** AT OCEAN BOUNDARY# ',12,' MB1=',12, 

1 1 IS GT MB2= 1 ,I2,/, 1 OR NB1= 1 ,I2, 1 IS GT NB2= 1 ,12) 
STOP 

240 CONTINUE 
C READ IN RIVER BOUNDARIES 

245 IF(NUMRIV.LE.O)GOTO 248 
DO 246 1=1,NUMRIV 
IF(I.LE.10)READ(IGE0,242)MR1(1),MR2(1),NR1(1),NR2(1),ITRP(I), 

1 JTRP(I) 
JTRP(I)=MAX0(1,MIN0(2,JTRP(I))) 
IF(MR1(1).GT.MR2(1).0R.NR1(1).GT.NR2(1))GOTO 1239 
GOTO 246 

1239 WRITE(I0,1238)1,MR1(1),MR2(1),NR1(I),NR2(1) 
1238 FORMAT(/,1X,'*** ERROR*** AT RIVER BOUNDARY# 1 ,12, 1 MB1= 1 ,I2, 

1 1 IS GT MB2= 1 ,I2,/, 1 OR NB1= 1 ,12, 1 IS GT NB2= 1 ,l2) 
STOP 

246 IF(I.GT.10)READ(IGE0,242) 
C READ THE !FIELD 
248 DO 250 M=1,MMAX 

NX=MINO(NMAX,NCOL1) 
NXP=NX+1 
READ(IGE0,252)(IFIELD(N,M),N=1,NX) 
IF(NCOL1.LT.NMAX)READ(IGE0,252)(1FIELD(N,M),N=NXP,NMAX) 

250 CONTINUE 
252 FORMAT(4012) 

cc 
DO 260 M=1,MMAX 

260 XE(M)=FLOAT(M·1) 
XE(MMAX+1)=FLOAT(MMAX) 
DO 262 N=1 ,NMAX 

c 

262 YE(N)=FLOAT(N·1) 
YE(NMAX+1)=FLOAT(NMAX) 

C READ THE DEPTHS 
NCELL=O 
NBAD=O 
NSWEEP=1+(NMAX·1)/NCOL2 
DO 280 M=1,MMAX 
DO 270 NN=1,NSWEEP 
N1=1+NCOL2*(NN·1) 
N2=MINO(NMAX,N1+NCOL2·1) 

270 READ(IGEO,FORM)(NUM(N),N=N1,N2) 
C CHECK FOR NO DEPTH AND CONVERT DEPTHS TO METERS 

DO 275 NN=1 , NMAX 
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1005 

c---

1001 
1002 

2 
c---
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452 
453 
454 
455 
456 
457 
458 
459 
460 
461 
462 
463 
464 
465 
466 
467 
468 
469 
470 
471 
472 
473 
474 
475 
476 
477 
478 
479 
480 
481 
482 
483 
484 
485 
486 
487 
488 
489 
490 
491 
492 
493 
494 
495 
496 
497 
498 
499 
500 
501 
502 
503 
504 
505 
506 
507 
508 
509 
510 
511 
512 
513 
514 
515 
516 

NUMLIN = 512 
NUMPLN = 1 
XS!ZE = 1500. 
YS!ZE = 1500. 
!BITS = B 
!FLSO = 1 
UTMX = 0. 
UTMY = 0. 
NUMRPS = 1 

C··· WRITE OUT HEADER BLOCK 
WRITE(MFLE) NUMLIN,NUMPIX,NUMPLN,XSIZE,YSIZE,DUM4,DUM4,DUM4, 

2 NUMRPS,TEXT,UTMX,UTMY,IBITS,DUM412,IFLSO 
C··· CONVERT INTEGERS TO CHARACTER*1 VALUES FOR 512 PIXELS IN SCANL!NE 

DO 1=1,512 
DO J=1,512 
SCL!NE(J) = CHAR(!MAGE(J,l)) 
END DO 

C··· WRITE DATA FOR SCANL!NE TO DISK FILE 
WR!TE(MFLE,ERR=100) SCL!NE 
END DO 
GO TO 200 

100 CONTINUE 
WR!TE(5,8000) l,J 

8000 FORHAT(2X,'ERROR IN WRITING VALUE IN SCANL!NE,P!XEL = ',214) 
200 CONTINUE 

RETURN 
END 

c 
C············································································· 
c 

SUBROUTINE PXLSCL(SLAT,PLON,lPXL,lSCL) 
C··· PURPOSE: TO COMPUTE INTEGER IMAGE PIXELS AND SCANL!NES 
C··· (1·512) FROM DECIMAL LATITUDES AND LONGITUDES. 
C··· CONSTANTS: 
C··· D2R =RADIANS/DEGREE 
C··· EARTHR =EARTH RADIUS (KM) 
C··· SCALE =PIXEL SIZE AT EQUATOR (KM) 
C··· VARIABLES: 
C··· PXLOFF =PIXEL OFFSET FOR LEFT COLUMN 
C··· SCLOFF = SCANL!NE OFFSET FOR BOTTOM ROW 
C··· SLAT= DECIMAL LATITUDE IN DEGREES 
C··· PLON =DECIMAL LONGITUDE IN DEGREES 
C··· (WEST LONGITUDE IS POSITIVE) 
C··· !PXL = INTEGER VALUE OF PIXEL 
C··· !SCL = INTEGER VALUE OF SCANL!NE 

DATA D2R,Pl,EARTHR,SCALE/.0174533,3.14159265,6371.2,1.5/ 
C··· VALUES OF PXLOFF AND SCLOFF ARE FOR CHESAPEAKE BAY 
C··· PXLOFF FOR 78.91 DEGREES WEST 

PXLOFF = 7494. 
C··· SCLOFF FOR 34.5 DEGREES NORTH (40.0 DEGREES N = 3240.4) 

SCLOFF = 2727.8 
C··· CAlCULATE INTEGER PIXEL (!PXL) FROM DECIMAL LONGITUDE 

!PXL=(180.·PLON)*D2R*EARTHR/SCALE ·PXLOFF+0.5 
C CALCULATE SCANL!NE 

c 

!SCL=512.·ALOG(TAN((45.+.5*SLAT)*D2R)*EARTHR/SCALE+SCLOFF+.5 
RETURN 
END 

C············································································· 
c 

SUBROUTINE L!NE(SLAT1,SLAT2,SLON1,SLON2) 
C··· [ SUBROUTINE LINE • 12 HAY 1988 l 
C··· PURPOSE: TO DRAW LINE BETWEEN TWO IMAGE POINTS 
C··· BY INTERPOLATING PIXELS AND SCANL!NES BETWEEN THEM 

COHHON/lHAGE/lMAGE(512,512) 
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517 
518 
519 
520 
521 
522 
523 
524 
525 
526 
527 
528 
529 
530 
531 
532 
533 
534 
535 
536 
537 
538 
539 
540 
541 
542 
543 
544 
545 
546 
547 
548 
549 
550 
551 
552 
553 
554 
555 
556 
557 
558 
559 
560 
561 
562 
563 
564 
565 
566 
567 
568 
569 
570 
571 
572 
573 
574 
575 
576 
577 
578 
579 
580 
581 

C··· SET COLOR VALUE FOR GRIDMESH PIXELS AND SCANLINES TO 252 
DATA ICOLOR/252/ 

C··· CONVERT END POINT LATS AND LONS TO PIXELS AND SCANLINES 
CALL PXLSCL(SLAT1,SLON1,IPXL1,ISCL1) 
CALL PXLSCL(SLAT2,SLON2,IPXL2,ISCL2) 

C··· COMPUTE PIXEL AND SCANLINE DIFFERENCES 
IDELP = IPXL2 • IPXL1 
IDELS = ISCL2 • ISCL1 

C··· TEST FOR CASE OF DEGENERATE LINE (SINGLE POINT) 
IF(IDELP.EQ.O.AND.IDELS.EQ.D) THEN 

IMAGE(IPXL1,ISCL1) = !COLOR 
GO TO 1 

END IF 
C··· CONVERT PIXEL AND SCANLINE DIFFERENCES TO REAL NUMBERS 

DELP = IDELP 
DELS = IDELS 

C··· LOOP EITHER ON PIXELS OR SCANLINES FOR A CONTINUOUS 
C··· APPEARING LINE SEGMENT 

c 

IF(ABS(DELP).GT.ABS(DELS)) THEN 
!NCR = JISIGN(1,IDELP) 
DO IPXL=IPXL1,IPXL2,INCR 

ISCL = ISCL1 + ((!PXL·IPXL1)/DELP)*DELS + 0.5 
IF(!SCL.LT.1) ISCL = 1 
!F(ISCL.GT.512) ISCL = 512 
IMAGE(IPXL,ISCL) = !COLOR 

END DO 
ELSE 

!NCR = JISIGN(1,IDELS) 
DO ISCL=ISCL1,ISCL2,INCR 

IPXL = IPXL1 + ((!SCL·ISCL1)/DELS)*DELP + 0.5 
!F(IPXL.LT.1) IPXL = 1 
IF(IPXL.GT.512) IPXL = 512 
IMAGE(IPXL,ISCL) = !COLOR 

END DO 
END IF 
CONTINUE 
RETURN 
END 

C············································································· 
c 

SUBROUTINE MECT!D(JMAX) 
C··· [SUBROUTINE MECTID · 18 MAY 1988 I 
C··· PURPOSE • TO READ IN A TIDE AMPLITUDE FIELD FROM A MECCA RUN 
C··· VALUES SCALED (1 TO 255) FOR GRID CELL CENTERS 

c 

DIMENSION IX(40,60) 
COMMON/MECCA/K(1000) 
COMMON/OATA1/FIEL0(40,60),FAC 
DATA MMAX,NMAX/29,4D/ 
LU=4 
CALL DPEN(LU) 
DO 90 1=1,3 

90 READ(LU,100) 
100 FORMAT(1X) 

IMAX=O 
IMIN=999999 
DO 20D NN=1,NMAX 
N=NMAX+1·NN 
READ(LU,*)I,(IX(N,M),M=1,MMAX) 

CUT WRITE(5,120)N,(!X(N,J),J=1,10) 
120 FORMAT(1X,30!4) 

DO 130 M=1,MMAX 
FIELD(N,M)=!X(N,M) 
IF(IX(N,M).EQ.O)GOTO 130 
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582 
583 
584 
585 
586 
587 
588 
589 
590 
59~ 
592 
593 
594 
595 
596 
597 
598 
599 
600 
60~ 
602 
603 
604 
605 
606 
607 
608 
609 
6~0 
6~~ 
6~2 
6~3 
6~4 
6~5 
6~6 
6~7 
6~8 
6~9 
620 
62~ 
622 
623 
624 
625 
626 
627 
628 
629 
630 
63~ 
632 
633 
634 
635 
636 
637 
638 
639 
640 
64~ 
642 
643 
644 
645 
646 

IMAX=MAXO(IMAX,IX(N,M)) 
IMIN=MINO(IMIN,IX(N,M)) 

130 CONTINUE 
REAO(LU,100) 

200 CONTINUE 
TYPE 220,IMAX,IMIN 

220 FORMAT(/,5X, 1 1MAX= 1 ,13,' IMIN= 1 ,13) 
c 

J=O 
KMAX=O 
00 300 M=1,MMAX 
DO 300 N=1,NMAX 
IF(IX(N,M).EQ.O)GOTO 3DD 
J=J+1 

C··· SCALE THE TIDAL AMPLITUDES AND STORE IN ARRAY K 
K(J)=255.*FLOATCIX(N,M))/FLOATCIMAX)+.5 
KMAX=MAXO(KMAX,K(J)) 

300 CONTINUE 
TYPE 320,KMAX 

320 FORMAT(/,5X,'KMAX=',I3) 
JMAX=J 

C··· CLOSE MECCA FILE 

c 

CLOSE(UN!T=LU) 
RETURN 
END 

C··································································· 
c 

SUBROUTINE OPEN(LU) 
C· · · [ SUBROUTINE OPEN • 18 MAY 1988 l 
C··· PURPOSE · TO OPEN MECCA PARAMETER FILE 

CHARACTER*40 FNAME 
ISCR=5 

C GET NAME OF FILE 

c 

100 TYPE 110 
110 FORMAT( 0$ENTER DATA FIELD FILE NAME : ') 

READ(ISCR,120)FNAME 
120 FORMAT(A) 

OPEN(UNIT=LU,NAME=FNAME,ACCESS= 1 SEQUENTIAL 1 ,FORM= 1 FORMATTED 1 , 

1 STATUS= 1UNKNOYN',READONLY,ERR=100) 
RETURN 
END 

C······································································ 
c 

SUBROUTINE FILL(FXO,FYO,N,M) 
C PURPOSE • TO FILL IN ALL PIXELS AND SCANLINES IN EACH 
C MECCA GRID CELL WITH A VALUE 
c 
C +-----> IPIX 
c 
c 
c v 
C ISCL 
c 

c 

COMMON/OATA1/FIELD(40,60),FAC 
COMMON/DATA2/DVERT,DHOR,FCOS,XC,YC 

COMMON/FLAG2/BSNLON,CON2M,HMSL,NUMBC,NUMRIV,NCOL1,NRDAYS 
COMMON/CONS2/IEXTRN,COR,NCOR,MCOR,OFDN,DFOH,BSNLAT,BSNANG,NONLIN 
COMMON/CONS3/DT,DL,CDRGWB,AHORIZ,C1,C2,C3,C4,C5,C6,C7,CB,C9,C10 
COMMON/GEOG1/IFIELD(40,60),1COL(5,200),1ROW(5,200),NCOL,NROW 
COMMON/GRID1/AREA(40,60),BX(40,60),BY(40,60),AHC40,60),AHCC40,60) 
COMMON/GRID4/XEC122),YE(122),MZONS(2),NZONS(2), 

1 LENX(15,2),LENYC15,2),ASTX(15,2),BSTX(15,2),CSTX(15,2), 
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64 7 2 ASTY(15, 2), BSTY( 15 ,2) ,CSTY(15, 2) ,DXC( 122) ,DXS( 122) ,DYC( 122), 
64 8 3 DYS(122) ,OX( 122) ,DY(122) ,NSCTOR,HSCTOR 
64 9 COMHON/PARH1/IO, ISCR,NST ,NSTHAX,NSTO,NMAX,HHAX,NCELL,DMAX,NEGS 
650 COMHON/IHAGE/IHAGE(512,512) 
651 DIMENSION ISL(20,20) 
652 CHARACTER*2 AA(20),CH1,CH2 
653 DATA CH1,CH2/ 1 .•,• 11 / 

654 c INITIALIZE 
655 JHAX=12 
6 56 JHAXP=JHAX+1 
657 DF=1./FLOAT(JHAX) 
658 IPHIN=99999 
659 ISHIN=99999 
660 C SET TO ZERO: ISL(LINE, KOLUHN) 
661 DO 120 KL=1,20 
6 62 DO 120 LN=1,20 
663 120 ISL(LN,KL)=O 
6 64 C TEST LOOP: KHAX=1, NO TEST P/0; KHAX=2, TEST P/0 
665 KHAX=1 
666 DO 225 KK=1,KHAX 
667 C LOOP THRU TO GET PIXEL & SCANLINE J=X, I=Y 
668 DO 200 J=1,JHAXP 
669 DDX=FLOAT(J·1)*DF 
6 7 0 FX=FXO+DDX 
671 DO 200 1=1,JHAXP 
672 DDY=FLOAT(I·1)*DF 
6 7 3 FY=FYO+DOY 
674 ALATX= (BSNLAT+ DHOR*(XC·FX)+DVERT*(YC·FY)) 
6 7 5 ALONX= (BSNLON+(DHOR*(YC· FY) ·DVERT*(XC· FX) l*FCOS) 
6 7 6 CALL PXLSCL(ALATX,ALONX, IPXL, ISCL) 
677 C WE NOW HAVE PIXEL AND SCANLINE; GET VALUE OF FIELD 
678 IVAL=FIELD(N,H) 
679 C··· COMPUTE SPATIAL AVERAGE FOR CELL 
680 CALL CENAVG(N,H,DDX,DDY,FC) 
681 C· • • ROUND TO NEAREST INTEGER 
682 ROUND=SIGN(0.5,FC) 
683 IVAL=FC+ROUND 
684 C··· SCALE VALUES TO RANGE FROM 1 TO 240 
685 JVAL=ISCALE(FC) 
686 C··· FILL PIXEL AND SCANLINE OF INTERIOR OF MECCA CELL WITH 
687 C··· SPATIALLY AVERAGED FIELD DATA IF GRIDHESH NOT PRESENT 
688 IF(IHAGE(IPXL,ISCL).NE.252) THEN 
689 IHAGE(IPXL,ISCL) = JVAL 
690 END IF 
691 C WRITE(5,190)J,I,IPXL,ISCL,IVAL,JVAL 
692 190 FORMAT(1X,'J,I=',213, 1 IPXL,ISCL= 1 ,2I5, 1 IVAL,JVAL= 1 ,215) 
693 C GET MINIMUM PIXEL AND SCANLINE FOR TEST P/0 
694 IF(KK.EQ.2)GOTO 195 
695 IPHIN=HINO(IPHIN,IPXL) 
696 ISHIN=HINO(ISHIN,ISCL) 
697 GOTO 200 
6 9 8 C RESCALE FOR P /0 
69 9 195 ISL( ISCL· ISHIN+1, IPXL· IPHIN+1)=IVAL 
7 0 0 200 CONTINUE 
7 01 CUT I F(KK.EQ.1 )WRITE(5,220)H,N, IPHIN, !SHIN 
702 220 FORMATC5X,'M,N=',2I3, 1 IPMIN=',I3, 1 ISMIN= 1 ,13) 
7 0 3 225 CONTINUE 
7 04 C P/0 AS TEST FOR COMPLETE FILL 
705 !F(KHAX.EQ.1)GOTO 300 
706 DO 240 LN=1,20 
7 07 DO 230 KL=1,20 
708 AA(KL)=CH1 
7 09 IF( ISL(LN,KL) .EQ.1 )AA(KL)=CH2 
710 230 CONTINUE 
711 CUT WRITE(5,265)LN,(!SL(LN,KL),KL=1,15) 
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712 
713 
714 
715 
716 
717 
718 
719 
720 
721 
722 
723 
724 
725 
726 
727 
728 
729 
730 
731 
732 
733 
734 
735 
736 
737 
738 
739 
740 
741 
742 
743 
744 
745 
746 
747 
748 
749 
750 
751 
752 
753 
754 
755 
756 
757 
758 
759 
760 
761 
762 
763 
764 
765 
766 
767 
768 
769 
770 
771 
772 
773 
774 
775 
776 

265 FORMAT(1X,I2,1X,1514) 
240 CONTINUE 
300 CONTINUE 

c 

RETURN 
END 

c----------------------------------------------------------------------
c 

FUNCTION ISCALE(FVAL) 
C MAY 1988 HESS VAX 
C PURPOSE - TO CONVERT AN INTEGER VALUE TO A 
C SCALED REFLECTANCE LEVEL (1 - 240) 

c 

COMMON/SCALE/FMIN,FMAX 
ISCALE=240.*((FVAL-FMIN)/(FMAX-FMIN))+.5 
IF(ISCALE.GT.240) !SCALE = 254 
IF(ISCALE.LT.1) !SCALE= 251 
RETURN 
END 

c------------------------------------------------------------------
c 

SUBROUTINE MNFLUX 
C VARIABLES -
C MFLUX(,) = INDEX FOR MASS FLUX IN X-DIRECTION (O=NO, 1=YES) 
C NFLUX(,) = INDEX FOR MASS FLUX IN Y-OIRECTION (D=NO, 1=YES) 

COMMON/GEOG1/IFIELD(40,60),1COL(5,20D),IR~(5,200),NCOL,NR~ 
COMMON/OATA3/MFLUX(40,60),NFLUX(40,60) 
COMMON/PARM1/IO,ISCR,NST,NSTMAX,NSTO,NMAX,MMAX,NCELL,DMAX,NEGS 

C LOOP D~N THE LINES 

c 

DO 100 H=1,HHAX 
HP=MIN0(MHAX,H+1) 
DO 100 N=1,NMAX 
NP=HIN0(NHAX,N+1) 
I=HOD(IFIELD(N,H),10) 
IX=1 
IF(IFIELD(N,M).LT.10.0R.IFIELD(N,MP).LT.10)IX=O 
IF(I.EQ.1.0R.I.EQ.3)1X=O 
IF(H.EQ.MMAX)IX=O 
HFLUX(N,H)=IX 
IY=1 
IF(IFIELD(N,H).LT.10.0R.IFIELD(NP,H).LT.10)1Y=O 
IF(l.EQ.2.0R.I.EQ.3)1Y=O 
IF(N.EQ.NMAX)IY=O 
NFLUX(N,M)=IY 

100 CONTINUE 
RETURN 
END 

c-------------------------------------------------------------------
c 

SUBROUTINE CENAVG(N,M,DX,DY,FC) 
C HAY 1988 HESS HEAD VAX/780 
C PURPOSE - TO COMPUTE THE SPATIAL AVERAGE FOR FIELD DATA 
C AT GRID CELL CENTER 
C VARIABLES -
c 
c 
c 
c 
c 
c 

DX,DY = DISTANCE IN CELL FROM L~ER SIDE TO POINT 
AT WHICH AVERAGE IS TAKEN 

FC = SPATIAL AVERAGE 
M,N = CELL INDICES 

C NA NB 
C HA 1-----------2 Y 
C : GX 
C :GY * 
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777 
778 
779 
780 
78l 
782 
783 
784 
785 
786 
787 
788 
789 
790 
79l 
792 
793 
794 
795 
796 
797 
798 
799 
800 
SOl 
802 
803 
804 
805 
806 
807 
808 
809 
8l0 
8ll 
8l2 
8l3 
8l4 
8l5 
8l6 
8l7 
8l8 
8l9 
820 
82l 
822 
823 
824 
825 
826 
827 
828 
829 
830 
83l 
832 
833 
834 
835 
836 
837 
838 
839 
840 
84l 

c 
c 
C MB 3-----------4 
C X 
c 
c 

COMMON/GEOG1/IFIELD(40,60),ICOL(5,200),IROW(5,200),NCOL,NROW 
COMMON/PARM1/IO,ISCR,NST,NSTMAX,NSTO,NMAX,MMAX,NCELL,DMAX,NEGS 
COMMON/DATA3/MFLUX(40,60),NFLUX(40,60) 
COMMON/DATA1/FIELD(40,60),FAC 

C X DIRECTION 
I=1.5-DX 
GX=DX-.S+FLOAT(I) 
MA=M- I 
MB=MA+1 

C--- LOOK FOR NON-POSITIVE (ZERO-TH) ROW AND COLUMN SUBSCRIPTS AND SET MASS 
C--- FLUX INDEX VALUES TO ZERO IN THAT CASE 
C IF(MA.LT.1)MA=MMAX 

LM=1 
IF(MA.LT.1)LM=O 

C Y DIRECTION: NA-- J=O --+-- J=1 --NB 
J=1.5-DY 
GY=DY-.S+FLOAT(J) 
NA=N-J 
NB=NA+1 

C--- LOOK FOR NON-POSITIVE (ZERO-TH) ROW AND COLUMN SUBSCRIPTS AND SET MASS 
C--- FLUX INDEX VALUES TO ZERO IN THAT CASE 
C IF(NA.LT.1)NA=NMAX 

LN=1 
IF(NA.LT.1)LN=O 

C LOOK FOR ZERO-TH ROW OR COLUMN 
NFAA=NFLUX(NA,MA)*LN*LM 
NFAB=NFLUX(NA,MB)*LN 
MFAA=MFLUX(NA,MA)*LN*LM 
MFBA=MFLUX(NB,MA)*LH 

C SET WEIGHTS BASED ON FLUXES ACROSS SIDES 

c 

IF(I.EQ.O.AND.J.EQ.O)THEN 
A1=1. 
A2=NFAA 
A3=HFAA 
A4=1. 
IF(A2+A3.EQ.O •• OR.(HFBA.EQ.O.AND.NFAB.EQ.O))A4=0. 

ELSE IF(I.EQ.O.AND.J.EQ.1)THEN 
A2=1. 
A1=NFAA 
A4=HFBA 
A3=1.0 
IF(A1+A4.EQ.O •• OR.(HFAA.EQ.O.AND.NFAB.EQ.D))A3=D. 

ELSE IF(I.EQ.1.AND.J.EQ.D)THEN 
A3=1-
A4=NFAB 
A1=HFAA 
A2=1. 
IF(A1+A4.EQ.O •• OR.(HFBA.EQ.D.AND.NFAA.EQ.O))A2=0. 

ELSE IF(I.EQ.1.ANO.J.EQ.1)THEN 
A4=1. 
A3=NFAB 
A2=HFBA 
A1=1. 
IF(A2+A3.EQ.O •• OR.(MFAA.EQ.O.AND.NFAA.EQ.0))A1=0. 

END IF 

C COMPUTE SPATIAL AVERAGE 
G=GX*GY 
FC=((1.-GX-GY+G)*A1*FIELD(NA,MA)+(GY-G)*A2*FIELD(NB,MA)+ 
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842 1 (GX·G)*A3*FIELD(NA,HB)+G*A4*FIELD(NB,HB))/((1.·GX·GY+G)*A1+ 
843 2 (GY·G)*A2+(GX·G)*A3+G*A4) 
844 c 
8 4 5 CUT I F(H.EQ. 1.AND. N. LE .25)WRITE(5, 1000)H,N, FC,DX,DY ,A1,A2,A3 ,A4 
84 6 1000 FORHAT(1X, 'CENAVG PRINT' ,214, 7F8.3) 
84 7 RETURN 
848 END 
849 c 
850 C··································································· 
851 c 
852 SUBROUTINE HECFLD 
853 COHHON/DATA1/FIELD(40,60), FAC 
8 54 COHMON/VELS2/D(40 ,60) ,SE(40 ,60) ,SEP(40 ,60) ,SEPP(40 ,60), FAREA(5) 
855 COHMON/PARM1/IO,ISCR,NST,NSTHAX,NSTO,NMAX,HMAX,NCELL,DMAX,NEGS 
8 56 COHMON/GEOG1!1 FIELD(40,60), ICOL(S ,200), IROW(5 ,200) ,NCOL, NROW 
857 DO 1 N=1,NMAX 
858 DO 1 H=1,MMAX 
859 IF(IFIELD(N,M).LE.9) GO TO 1 
860 FIELD(N,M)=·D(N,H) 
8 61 CONTINUE 
862 RETURN 
863 END 
864 c 
865 C··································································· 
866 c 
8 6 7 SUBROUTINE RDMEC(JMAX) 
868 C HAY 1988 HESS VAX MEAD 
869 C PURPOSE • TO READ IN A TIDE AMPLITUDE FIELD FROM A MECCA RUN 
870 COHMON/PARM1/IO,ISCR,NST,NSTMAX,NSTO,NMAX,MMAX,NCELL,DMAX,NEGS 
8 71 COHMON/DATA1/FIELD(40,60) ,FAC 
8 7 2 COHMON/DATA2/LNE(40) 
873 DIMENSION IX(40,60),K(1000) 
8 7 4 CCC CHARACTER*12 TITLE 
8 7 5 CHARACTER*17 TITLE 
876 LU=4 
877 READ(LU,101)FAC,IFOR,TITLE 
878 100 FORHAT(A12) 
879 101 FORHAT(F7.1,13,3X,A17) 
880 WRITE(5,111)TITLE 
881 110 FORMAT(1X,A12) 
882 111 FORMAT(1X,A17) 
88 3 CCC READ(LU, *)FAC 
884 READ(LU,112)LNE 
885 112 FORMAT(4X,4013) 
886 WRITE(5,120)FAC,MMAX,NMAX 
887 120 FORMAT(1X, 1 FAC= 1 ,F6.1, 1 MMAX,NMAX=',2I3) 
888 c 
889 IHAX=O 
890 IMIN=999999 
891 JMAX=O 
892 WRITE(6,112)LNE 
893 DO 200 H=1,HMAX 
894 READ(LU,141)l,(IX(N,H),N=1,NMAX) 
895 CUT WRITE(5,141)H,(IX(J,H),J=1,10) 
896 WRITE(6,141)M,(IX(J,H),J=1,NMAX) 
897 140 FORMAT(4113) 
898 141 FORHAT(1X,4113) 
899 DO 180 N=1,NMAX 
900 CC FIELD(N,H)=IX(N,H) 
901 FIELD(N,M)=IX(N,M)/FAC 
902 IF(IX(N,H).EQ.O)GOTO 180 
903 IHAX=MAXO(IHAX,IX(N,M)) 
9 04 IHIN=HINO(IHIN, IX(N,M)) 
9 05 JHAX=JMAX+1 
906 180 CONTINUE 
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9 0 7 200 CONTINUE 
908 RETURN 
9 09 END 
9l0 c 
9ll c-------------------------------------------------------------------
9l2 c 
9l3 SUBROUTINE AUGRIO 
9l4 C--- SEPTEMBER 1988 
9l5 C---. PURPOSE - TO AUGMENT MECCA GRID WITHIN CHES. BAY BY ADDING 
9l6 C--- LAYER(S) AROUND ORIGINAL GRIOMESH FOR FILLING 
9l 7 C--- WATER AREAS WITH DATA IN GIS IMAGERY 
9l8 COMMON/DATA1/FIELD(40,60) ,FAC 
9l9 COMMON/DATA2/LNE(40) 
920 COMMON/PARH1/IO,ISCR,NST,NSTMAX,NSTO,NMAX,MMAX,NCElL,DMAX,NEGS 
92l COMMON/GEOG1/IFIELD(40,60),1COL(5,200),IROW(5,200),NCOL,NROW 
922 INTEGER*2 IXC40,60) 
923 DO 1 N=1,NMAX 
924 DO 2 M=1,15 
925 IF(M.EQ.15.AND.N.LT.22) GO TO 2 
926 IF(IFIELD(N,M).EQ.98.0R.IFIELD(N,M+1).EQ.98) GO TO 2 
927 IF(IFIELD(N,M).LT.10.AND.IFIELD(N,M+1).GE.10) THEN 
928 IFIELD(N,M)=98 
9 2 9 FIELDCN, M)=FIELDCN ,M+1) 
930 ELSE IF (IFIELDCN,M).GE.10.AND.IFIELDCN,M+1).LT.10) THEN 
93l IFIELD(N,M+1)=98 
9 3 2 FIELOCN,M+1 )=F I ELD(N,M) 
933 END IF 
934 2 CONTINUE 
9 3 5 1 CONTINUE 
936 DO 3 M=1,16 
937 D04N=1.,NMAX-1 
938 IF(M.EQ.16.AND.N.LT.22) GO TO 4 
939 IF(IFIELD(N,M).EQ.99.0R.IFIELD(N+1,M).EQ.99) GO TO 4 
940 IF(IFIELD(N,M).LT.10.AND.IFIELD(N+1,M).GE.10) THEN 
9 4l IFIELD(N,M)=99 
942 FIELD(N,M)=FIELD(N+1,M) 
943 ELSE IF (IFIELD(N,M).GE.10.AND.IFIELD(N+1,M).LT.10) THEN 
94 4 IFIELD(N+1,M)=99 
9 4 5 FIELD(N+1,M)=F I ELDCN,M) 
946 END IF 
94 7 4 CONTINUE 
948 3 CONTINUE 
949 DO 5 M=1,MMAX 
950 DO 5 N=1,NMAX 
95l F=FAC*FIELDCN,M) 
952 ROUND=SIGN(0.5,F) 
953 IXCN,M)=F+ROUND 
954 5 CONTINUE 
955 WRITE(6,1002) 
956 WRITE(6,1003)LNE 
957 DO 6 M=1,MMAX 
9 58 WRITE(6, 1004 )M, (I FIELD( J ,H), J=1, NMAX) 
959 6 CONTINUE 
960 CCC WRITE(6,1001) !FIELD 
96l WRITE(6,1002) 
962 WRITEC6,1003)LNE 
963 DO 7 M=1,MMAX 
9 6 4 WRITE(6, 1 004)M, (IX( J ,H), J=1, NMAX) 
9 65 7 CONTINUE 
966 1001 FORMATC1X,4013) 
967 1002 FORMAT(//) 
968 1003 FORMAT(4X,4013) 
969 1004 FORMATC1X,4113) 
970 RETURN 
97l END 

45 



<Continued f'rom inside front cover) 

HESDIS 8 A Technique that Uses Satellite, Radal' 1 <\nd Conventional Data fo·r Analyzing and Short-Range 
Forecasting of Pt-ecipitation froti Extratropical Cyclones. Roderick A. Scofield and Leroy E. Spayd 
Jr., November 1984. <PB85 164994/ASl 

HESDIS 9 Surface Cyclogenesis as Indicated by Satellite lnlagery. Frank SPligielski and Gary Elhod1 March 
1985. <PBBS 1 '31815/ASl 

HESDIS 10 Detection of High Level Turbulence Using Satellite Imagery and Upper Ai-r Data. Gary Ellrod 1 April 
1985. <PB85 208452/ASl 

NESDIS 11 Publications ill1d Final Repor·ts on Contr-acts and Grants, l.984. Haney Everson, April 1985. <PB85 
208460/ASl 

HESDIS 12 ~onthly Infrared Iroage·c·y Enhancec~ent Curves: A Tool for Nighttime Sea Fog Identification off the 
Hew England Coast. Ll'l. Matu·ri and Susan J. Holmes, May 1985. <PB85 237725/ASl 

HESDIS 13 Cha·racteristics of Western Region Flash Flood Events in GOES I111agery and Conventional Data. Eric 
Fleming and Leroy Spayd Jr., May 1986. <PB8t 209459/ASl 

NESDIS 14 Publications and Final Repo·rts on Contracts and Grants, 1985. Haney Everson, June 1986. <PB86 
232477/ASl 

HESDIS 15 An Experif.1ental Technique fo·r P·roduciny Moisture Conected h1agery frolll 1 Km Advanced Very High 
Resolution Radioa1ete··· <AVHRRl Data. Eileen "dturi, John Pritchard dnd Pdblo Clemente-Colon, June 
198£. (PB86 ~4535/ASl 

NESDIS 16 A Desc6ptiCJTI of Prediction Eno·rs Associated with the T -Bus-·4 Havigation Message and a Corrective 
P.·ocedu.·e. Frederick W. Hagle, July 198&. <PB87 195913) 

NESDIS 17 ;•ublications and Final Reports on Contracts and Grants, 1986. Nancy Everson, April 1'387. <PD87 
220810/ASl 

~!ESDIS 18 Tropical Cyclone Center Locations troll Enhanced Infrared Satellite Ira~agery. J. Jixi 1 and V.F. 
Do·rvak, l'lay 1987, <PB87 213450/ASl 

HESDIS 19 A Suggested H1.1rr·icane Operational Scenario for GOES Hi. W. Paul l'lenzel, Rober·t T. l'lerrill and 
Willia111 E. Shenk, Dece11ber 1987. <PB88-184817/ASl 

HESDIS 20 Satellite Observed Mesoscale Convective System <MCSl Propagation Characteristics and a 3-12 Hour 
Heavy Precipitation Fm·ecast Index. Jiang Shi and Rode·rick A. Scofield, Dece111ber 1987. 
<PB88-180161l 

NESDIS 21 The GVAR Users Co~ipendium <Voluf6e 1). Keith McKenzie and Ray11ond J. Komajda (MITRE Corp.>, May 
1988. <PB88-241476l 

HESDIS 22 Publications and Final Reports on Contracts and Grants, 1987. Nancy Everson, April 1988. 
<PB88-240270l 

NESDIS 23 A Decision Tree Approach to Clear Air Turbulence Analysis Using Satellite and Upper Air Data. Gary 
Ell·rod, January 1989. <PB89·-20775/ASl 

HESDIS 24 Publications and Final Reports on Contracts and Grants, 1988. Haney Everson, April 1989. 
<PB89-215545/ASl 

HESDIS 25 Satellite-Derived Rainfall Estimates and Propagation Characteristics Associated ~ith l'lesoscale 
Convective Systems <MCSsl. Xie Jying and Rode-rick A. Scofield, l'lay 1989. 

HESDIS 26 ReMoving Stripes in GOES IMages by !'latching E111perical Distribution Functions. I'I.P. lrlein·reb1 R. Xie, 
J.H. Uenesch and D.S Croby, l'lay 1989. <PB8921335A/Sl 

' 



NOAA SCIENTIFIC AND TECHNICAL PUBLICATIONS 
Thr National Oceanic and Atmospheric Administration was established as part of the Department of 

Commerce on October 3, 1970. The mission responsibilities of NOAA are to assess the socioeconomic impact 
of natural and technological changes in the environment and to monitor and predict the state of the solid 
Earth, the oceans and their living resources, the atmosphere, and the space environment of the EP.rth. 

The major componenta of NOAA regularly produce various types of scientific and technical informa­
tion in the following kinds of publications: 

PROFESSIONAL PAPERS-Important defini­
tive research results, major techniques, and special 
investigations. 

CONTRACT AND GRANT REPORTS-Reporta 
prepared by contractors or grantees under NOAA 
sponsorship. 

ATLAS-Presentation of analyzed data generally 
in the form of maps showing distribution of rain­
fall, chemical and physical condition• ot oceans and 
atmosphere, distribution of fishea and marine 
mammals, ionospheric conditions, etc. 

TECHNICAL SERVICE PUBLICATIONS-Re­
ports containing data, observations, instructions, 
etc. A partial listing includes data serials; predic­
tion and outlook periodicals; technical manuals, 
training papers, planning reports, and information 
aerials; and miscellaneous technical publications. 

TECHNICAL REPORTS-Journal quality with 
extensive details, mathematical developments, or 
data listings. 

TECHNICAL MEMORANDUMS-Reporta of 
preliminary, partial, or negative research or tech­
nology results, interim instructions, and the like. 

U.S. DEPARTMENT OF COMMERCE 

NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION 

NATIONAL ENVIRONMENTAL SATELLITE, DATA, AND INFORMATION SERVICE 

Washington, D.C. 20233 


