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ABSTRACT

This report describes the operation of a terrain preprocessor which
approximates actual terrain features with mathematical functions. The best-
fit parameters for these functions are used by the Complex Terrain Dispersion
Model (CTDM) in the calculation of lateral and vertical streamline
displacement, an important step in the calculation of concentrations at hill
receptor locationms.

The CTDM Terrain Preprocessor is a series of 3 programs which process
digitized contour data to provide hill shape parameters in a format suitable
for direct input to CTDM. The first program, FITCON, accepts as input a
user-defined hill in terms of its maximum elevation and the x,y coordinates
of the hill center. The elevation and point coordinates of individual
contours are then input from a master file. After evaluation and editing,
each contour is processed by numerical integration to determine the following
parameters for an equivalent ellipse: semi-major and semi-minor axis
lengths; contour centroid coordinates; and the orientation of the ellipse.
These parameters are input to the second preprocessor program, HCRIT, which
determines, for the portion of the hill above a given critical elevation, the
test-fit inverse polynomial profiles along the hill's major and minor axes.
The center coordinates of the fitted hill are calculated as the mean of the
ellipse center coordinates for those contours above a given critical
‘elevation. The orientation of the fitted hill is calculated as a vector
average of the ellipse orientations weighted by the ellipse eccentricity.
HCRIT provides an input file for CTDM which contains the following
information for each critical elevation:

° Ellipse parameters corresponding to contours at user-specified
elevations

° Coordinates of the center of the fitted hill

° Orientation of the major axis of the fitted hill with respect to
nocth

° The length scale and exponents for the inverse polynominal fits
along the hill major and minor axes.

The third program, PLOTCON, generates the following screen displays to aid in
the evaluation of the hill fitting process:

[ Map of input contours
° Map of digitized contours which have been qualified and edited

(] Map of the digitized contours and their associated fitted elliﬁses
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° For each critical cut-off elevation, a map showing the digitized
contours and the contours of the fitted hill at elevations
corresponding to the elevations of those digitized contours above
the critical elevation. .

This report has been submitted in partial fulfillment of Contract
68-02-3421 by ERT under the sponsorship of the U.S. Environmental Protection

Agency.
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SECTION 1
INTRODUCTION
1.1 Development of the Complex Terrain Dispersion Model (CTDM)

CTIDM is a model designed to estimate ground level concentrations on
elevated terrain during periods in which the atmosphere is stably
stratified. The model provides concentration estimates for receptors on a
single isolated hill for a single averaging period. The model can accept
multiple terrain features; however, the flow is only influenced by one
hill at a time. '

The central feature of CIDM is its use of a critical
dividing-streamline height (H,) to separate the flow into two discrete
layers. This basic concept was suggested by theoretical arguments of
Drazin (1961) and Sheppard (1956) and was demonstrated through laboratory
experiments by Riley et al. (1976), Brighton (1978), Hunt and Snyder
(1980), Snyder et al. (1980) and Snyder and Hunt (1984). The flow below
H, is restricted to lie in a nearly horizontal plane, allowing little
motion in the vertical. Consequently, plume material below H. travels
along and around the terrain, rather than up and over the terrain. The
flow above H, is allowed to rise up and over the terrain. Two separate
components of CIDM compute ground-level concentrations resulting from
material in each of these flows.

An important step in the calculation of concentrations at receptors
above H, is the determination of lateral and vertical streamline
displacements. The calculation of these displacements for a hill of
arbitrary shape would require the use of an elaborate numerical model and
significant computing resources, neither of which can be justified on the
basis of increased accuracy of the concentration predictions. The current
version of the model is designed to run on a microcomputer.

If one assumes that the portion of the hill above H. can be fit to
8 simple mathematical surface, then the lateral and vertical streamline
displacements can be estimated from analytical expressions which can be
rapidly evaluated. PFor CIDM to make use of this idealized terrain, the
model must have access to hill fit parameters for a range of H, values.

1.2 Requirements for a CTDM Terrain Preprocessor

CIDM requires much more information about hills than other screening
models. CTIDM needs a 3-dimensional representation of each hill.
Therefore, the Terrain Preprocessor produces an analytical description of



the hill shape. Although CTDM will accept several distinct hills, the
Terrain Preprocessor will process only one hill at a time. Hence, the
.Terrain Preprocessor must be run for each hill and the resulting files may
be appended to one large terrain file for input to CTDM. One constraint
of CTDM is that in the calculations only one isolated hill is considered
at a time. A discussion whose purpose is to aid the user in selecting
-distinct terrain features is included in Appendix A.

Since CTDM is designed for regulatory applications, an objective
method is needed to characterize actual terrain in terms of a mathematical
shape. In the absence of such a method, two users analyzing the same hill
(with the same contours) could arrive at significantly different
reprasentations for the fitted hill. The preprocessor provides a display
of the actual and fitted hill to enable -the user to determine whether the
fit is reasonable from a physical standpoint, or whether a subfeature of
the digitized terrain should be isolated for amalysis.

1.3 Summary of Preprocessor Operation

Two programs must be run to generate terrain input pacrameters to CTDM
for a given hill. A third program allows the user to display the contours
for the actual and fitted hills. The first program, FITCON, asks the user
to define a hill in terms of its name, identification number, maximum
elevation and x,y coordinates of the hill center. The user then specifies
the name of a master file of digitized contour data and a file to be used
for diagnostic output during the fitting process. In the master file, the
following data is provided for each comtour:

® Contour identification number,
° Contour elevation,
° Number of digitized points,

° A code indicating whether a contour is input as complete or
incomplete,

° %,y coordinates of the digitized contour points.

The user chooses one of the following 3 methods for selection of contours
from the master file: (1) all contours selected, (2) contours selected
based upon a range of user-specified contour identification numbers, or
(3) the specification of a file containing the contour identification
numbers for the hill in question. Before a contour is accepted for
processing, it must pass a number of tests. -Incomplete contours are
closed by a reflection of points through the hill center or contour
centroid. The program provides special processing for those contours
which are found to be a series of multiple contours at the same
elevation. After qualification and editing (described in Section 2.1.2),
the area and centroid coordinates of each contour are determined by
numerical integration. Each contour is then fit to an ellipse by first



finding the slope of the line through the centroid in the plane of the
contour, which gives the largest second moment for the area within the
contour. In the determination of this maximum second moment for a contour
to 10* resolution, eighteen lines having equal angular spacing are used.
The line associated with the maximum second moment is assumed to define
the orientation of the minor axis of the ellipse representing the

contour. The lengths of the semi-major and semi-minor axes for this
ellipse are calculated from the analytical expressions for the area and
second moment of an ellipse.

These fitted ellipse parameters for each contour are input to the
second preprocessor program, HCRIT, which determines, for the portion of
the hill above a given critical elevation, the best-fit inverse polynomial
profiles along the hill major and minor axes. The center coordinates of
the fitted hill are calculated as the mean of the ellipse center
coordinates for those contours above a given critical elevation. The
orientation of the fitted hill is calculated as a vector average of the
ellipse orientations, weighted by the ellipse eccentricity. The user can
specify the critical elevations to be used by HCRIT in two ways. The
first option is to have each contour elevation, with the exception of the
uppermost, serve as a critical elevation. Alternatively, the user can
specify a number of equally spaced critical elevations between the lowest
and uppermost contour. The lowest critical elevation must be at or below
the lowest stack or tower base elevation for model input. Sometimes it
may be necessary to extrapolate imaginary heights from the hill base down
to below the stack base elevation. In the inverse polynomial fit to the
hill profile, a critical elevation is treated as an effective hill base.
HCRIT provides an input file for CIDM which contains the following
information for each critical elevation:

° ﬁllipse parameters correspoﬁding to the contour at the critical
elevation* (these parameters are interpolated in the case where
a critical -elevation does not correspond to a contour elevation),

® Coordinates of the center of the fitted hill,

° Orientation of the major axis of the fitted hill with respect to
north,

) The length scales and exponents for the inverse polynomial fits
along the hill major and minor axes.

The third preprocessor program, PLOTCON, uses plot files from FITCON
and HCRIT to generate the following screen displays which aid in the
evaluation of the hill-fitting process: « .

* It should be noted that the term “critical elevation” is only used here
to indicate that the same elevations are used in the specification of
ellipse parameters and cutoff hills within CTDM. CTDM uses these
parameters to determine the characteristics of the ellipse at plume
height if the plume is below the computed critical dividing-streamline
height for a given hour.



e Map of digitized contours either as they were input or after they
have been qualified and edited,

e Map of the digitized contours and their associated fitted ellipses,

e For each critical cutoff elevation, a map showing the digitized
contours and the contours of the fitted hill at elevations
corresponding to the elevations of those digitized contours above the
eritical elevation.

1.4 Organization of the Manual

This manual is designed for users requiring different levels of detail
regarding system operation. Users wishing to simply run the Terrain
Preprocessor System should consult Section 4, which gives detailed input
requirements for the system. For each of the inputs, references are made
to those portions of the manual giving more detailed information. These
cross references are also provided for the output items described in
Section 5. New users of the system should also read Section 3, which
covers the operation of the system. Finally, those users requiring a more
detailed discussion of the terrain-fitting process should consult
Section 2.



SECTION 2
RULES FOR TERRAIN FITTING

This section describes in detail the rules followed by the Terrain
Preprocessor.System in the fitting of terrain features to mathematical
shapes. Also given in this section are the rules which must be followed by
the system user in the preparation of input data. Throughout this
discussion, a clear distinction is made between the rules which must be
followed by the user and the rules followed by the system during the
process of terrain data qualification, .editing and fitting. These
different types of rules are discussed in the same section because it is
important for the user to understand how decisions made by the system
depend upon user inputs. The user rules discussed in this section are,
however, restated in the listing of input requirements given in Section 4.

2.1 Fitting of Ellipses to Digitized Contours

For an isolated hill, the selection of contours for the fitting of the
hill is relatively straightforward. For more complex terrain, the user
must decide which features are to be included in the description of a
"~ "hill"”. .For example, if the contours for 2 adjacent peaks are input to the
program, it will attempt to fit the peaks with a single inverse polynomial
hill. Although this may be appropriate for peaks very close together in
comparison to the distance to the source, the user may need to fit each of
these terrain features in the absence of the other Eor gome receptors (see
discussion in Appendix A).

The user must first identify, from an examination of topographic maps,
those- features which repraesent individual hills to be used in the
modeling. Each of these hills should be assigned a name, identification
number, and a maximum elevation. The user must also specify the x,y
coordinates of the hill center. This center does not have to coincide with
the location of the point of maximum elevation of the hill. Since it is
only used in the completion of incomplete contours (see Section 2.1.2.1),
the hill center should correspond roughly to the mean center of the hill
contours which have been input as complete. All contours in the study area
must be assigned identification numbers and the correspondence between
hills and contours determined. For each hill, a file of contour
identification numbers must be prepared with one contour identification
number on each line of the file. As mentioned earlier, the same contour
may be assigned to more than one-hill.

2.1.1 Rules for Contour Digitization

Since a given contour may be assigned to more than one hill, the
contour parameters must be placed by the user in a master file, which is
read during each run of the FITCON program for a given hill. Each hill is
then characterized by the user in terms of a set of contour 1dentxf1catxon
nunbers, which is also input to FITCON.



In the master file prepared by the user, each contour is-described
first by a record giving the contour identification number, the elevation
of the contour, the number of digitized points on the contour, and an
indicator (CFLAG) which specifies whether the contour is being input as
open (CFLAG=0) or closed (CFLAG=1). Following this record are a number of
records, each giving the x,y coordinates of the digitized contour points.
For the convenience of the user, all master file parameters are input in
free format. An example of a digitized contour is given in Figure 1. 1In
the subsequent fitting of this contour to an ellipse, the FITCON program
assumes that the contour is a polygon in the horizontal (x,y) plane with
the sides of the polygon formed by straight lines connecting adjacent
points input by the user. A sufficient number of points should be selected
by the user to define the basic shape of the contour. An unnecessarily
large number of contour points will slow down the process by which a
contour is fitted to an ellipse. A maximum of 1000 digitized points are
allowed for each contour. This number could be increased by changing the
value of the parameter NPCMAX and modifying the appropriate DIMENSION
STATEMENTS in the FITCON main program and associated subroutines.

The contour points for a given contour must be input by the user in a
consecutive order, either clockwise or counter-clockwise. All contour
elevations given in the master file must have the same units and origin as
the hill-top elevation (which is specified interactively by the user during
each run of FITCON) and the stack base elevation (which is input to CTDM).
All contour x,y point coordinates must have the same units and zero
reference point as the hill center x,y coordinate, which is also specified
interactively by the user. Obviously, the same scale should be used for
both x and y. The positive x-axis must point to the true east and the
positive y-axis must point to true north. The receptor locations, which
are input directly to CIDM separately, must be specified according to the
same X,y coordinate system as the digitized contour points. As long as the
consistency requirements mentioned above are met, the user is free to use
any coordinate system for specifying the contour elevation and digitized
point coordinates. For a CIDM run, the user will be required to furnish
the factors needed to convert elevations and distances to meters.

There may be cases in which it is not practical or desirable to
digitize the full length of a contour. In this case, the program FITCOM
will complete the contour according to a procedure described in Section
2.1.2.1. There is the requirement that the digitized incomplete contour
input by the user be continuous from the first to the last point. The
progran is not designed to complete contours which have been digitized in a
piecewise fashion. The user may also find it necessary to specify multiple
contours at the same elevation as a single contour for the purpose of
determining an equivalent elliptical contour -at that elevation. The rules
for input of multiple contours at the same elevation are given in Section
2.1.2.2.

2.1.2 Contour Qualification and ﬁditing

The program FITCON will retrieve data from the master file for
contours specified by the user for the hill in question. Before a contour
is accepted for processing, it must be subjected to a number of tests. On
the basis of these tests, the contour is either accepted or rejected.
Before a contour is accepted, however, it may require editing by the
program, as in the case of an incomplete contour or a contour which
repraesents multiple contours at the same elevation.

6
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The program first determines whether the contour elevation is greater
than the hill top elevation input by the user. If so, the contour is
rejected. Contours having less than 3 points or more points than the
maximum allowed are also rejected.

Due to errors in the digitization process, a contour may actually
cross itself. This problem can lead to computed values of the contour area
and second moment having opposite signs. If this is found to be the case,
then the contour is rejected. Even if the signs of the area and second
moment are the same, the problem of the contour crossing itself will be
revealed from the display of input contours generated by program PLOTCON.

If the input of an additional contour from the master file would cause
the maximum number of contours (200) to be exceeded, then the input of
contours is halted and a warning message is written to the diagnostic
output file. The ellipse fitting procedure is then carried out using the
200 contours input up to that point. The maximum number of allowed
contours can be increased by changing the value of the variable NCMAX and
the appropriate array dimensions in the FITCON main program.

5.1.2.1 Contour Completion

A common situation which arises in the association of terrain contours
with individual hills is shown in Figure 2. Both HILL 1 and HILL 2 are
enclosed by a common contour which eventually closes at a rather large
distance from the centers of both hills. To obtain a mathematical-
description of the surface of HILL 1, it is necessary to digitize the 3
component contours associated with the hill. If, however, the lowest of
these contours were digitized over its full extent (not shown in Figure 2),
it would strongly bias the computed parameters (center location,
orientation and shape) for the fitted hill, which would bear little
regsemblance to HILL 1 as shown in Figure 2. 1In this case the user should
only digitize that portion of the contour which is associated with HILL 1,
allowing the program FITCON to complete the partially digitized contour as
shown in Pigure 2. The procedures followed by the program in this contour
completion are described below. ' )

A contour completion code (CFLAG) must be specified in the first
record for each contour in the master file. A complete contour is one for
which the coordinates of the first and last digitized points are
identical. If it is determined that the first and last digitized contour
points have identical coordinates and the contour completion code has a
value of 1, then the contour is accepted for processing as it stands. If
the first and last points are identical and the completion code has a value
other than 1, then a warning message is written to the diagnostic output
file and the contour is accepted for processing as it stands. If the first
and last points are not identical and the completion code is equal to 1,
then the program FITCON assumes that the user intended to complete the
contour, but, in fact, did not. In this case, a warning message is written
to the diagnostic output file and a point, having the same coordinates as
the initial point, is added to the contour. If the addition of this point
causes an exceedance of the allowed maximum number of digitized contour
points, then the contour is rejected. 1If not, then the contour is accepted
for processing. If the first and last contour points are not identical and
the contour completion code is not equal to 1, then the program FITCON will
complete the contour by the selective removal and addition of contour
points.

8
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EXPLANATION
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The closing of an incomplete contour as performed by program FITCON.



To minimize the probability that the completed contour will cross
itself, the incomplete contour can be edited by FITCON (if this option is
selected by the user) prior to the addition of points to complete the
contour. The objective of this editing is to obtain a sequence of points
whose order is consistently clockwise or counter-clockwise as viewed from
the hill center location, whose x,y coordinates were specified
interactively by the user. The resulting series of points is a subset of
the original set of points. The parameter used in this editing process is
the filtering angle, which is input interactively by the user during
program FITCON execution. This filtering angle must be no smaller than 1
degree and no larger than 22.5 degrees. Until additional experience has
been gained in the application of FITCON to a wider range of complex
terrain settings, this filtering angle should be set to 1 degree by the
uger. This filtering angle is divided into 360 degrees and the result
rounded to the nearest integer to obtain the value for the total number of
angular sectors to be used in the filtering process. Moving in order from
point to point, the program calculates the heading and distance from the
hill center x,y position to the x,y position of the contour point. The
angular sector which contains this heading is then determined. If another
contour point was previously found to occupy this sector and its distance
to the hill center is smaller than the distance from the current point,
then the current point is discarded. 1If, in moving from one point to the
next, the change in sector number is more than 1, the program assigns a
"pseudopoint” to each of the intermediate sectors. The distance to each
pseudopoint is determined through simple interpolation by angular sector
between the distances to the current and preceeding points. If the sector
associated with a pseudopoint corresponds to a sector occupied by a
previously evaluated (and subsequently retained) actual point (or
pseudopoint) located at-a greater distance than the current pseudopoint,
then the previous point (or pseudopoint) is discarded and the current
pseudopoint retained for future comparisons. If its distance to the hill
center is smaller than that of the pseudopoint, the previous point (or
pseudopoint) is retained and the current pseudopoint is discarded. The
pseudopoints are only used for making decisions regarding the retention or
elimination of actual points during the filtering process. Once the
filtering process has been completed these pseudopoints are discarded. The
point filtering process is illustrated in Figure 3.

If two actual points are sufficiently close together, the filtration
process will cause an unwarranted removal of one of the points simply
because the points occupy the same sector. This problem is reduced by
choosing a relatively small filtration angle in comparison to the angular
separation between adjacent contour points as viewed from the hill center.
The selection of a very small filtration angle, however, can needlessly
slow down the filtering process. For this reason, the minimum filtration
angle in the program is currently set at 1 degree.

After the contour points have been filtered, the contour is completed
through the addition of points (see Figure 3).. The locations of these
points are determined by a reflection of existing points through the hill
center or incomplete contour centroid. The first step 'in this process is
to determine the angle formed by the lines from the hill center to the
first and last digitized contour points. As shown in Figure 4, the
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Pigure 4. Selection of acceptance angle for contour completion.
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computation of this positive acceptance angle depends upon the sense in
which the contour points have been input (clockwise or counter clockwise).
An incomplete contour is considered to have its points input in a clockwise
sense if the area of this contc.: is found to be positive after it has been
completed through the addition of a point corresponding to the hill

center. Otherwise, the order of input for the incomplete contour points is
assumed to be counter clockwise. ‘

If the angle (shown as § F in Figure 4) is found to be less than 90
degrees, then the point reflection is performed using the incomplete
contour centroid (determined without the addition of the hill center
point), rather than the hill center. The rationale for this decision can
be understood by examining Figures 5 through 7. Jhe contour completion
shown in Figure S is reasonable from a physical standpoint. 1In this case
the hill center was used as the reflection point, since the angle formed by
joining the hill center to the first and last contour points is greater
than 90 degrees. In Figure 6, however, the hill center is shown to be
relatively close to one segment of the incomplete contour, giving an
acceptance angle of less than 90 degrees. 1If, in this case, the hill
center were used as the reflection point, then the completed contour would
have the unrealistic shape shown in Figure 6. The shape of the completed
contour becomes more realistic when the centroid of the uncompleted contour
is used for reflection instead of the hill center (see Figure 7).
Nevertheless, the user should exercise care in the choice of the hill
center (see Appendix A).

No matter which of the two.points is used in the point reflection, the
rule for the addition of points is the same. Moving from the first
digitized point to the last, a new point is located along a line joining
the contour point and the reflection point (hill center or incomplete
contour centroid) at a distance from the contour point which is equal to
twice the distance from the point to the reflection point. If this new
‘point falls within the acceptance angle, then the point is retained.
Otherwise, the point is discarded. If the addition of a point will cause
the maximum number of allowable points to be reached, then this point is
set equal to the initial point, thereby prematurely ending the contour
completion process. :

2.1.2.2 Dealing with Multiple Contours at the Same Elevation

In a complex terrain situation, there may be more than one contour at
the same elevation (see Figure 2). If each of these contours is associated
with a well-defined terrain feature, then contours should be input to the
program in conjunction with separate hills. If this is not the case, the
program will accept the input of more than one contour at the same
elevation. The user must input the points as if they lay on a single
contour. If two separate contours having the same elevation are input from
the master file, the second contour will be discarded. Consider the three
contours shown in Figure 8, which fall inside a single contour. The user
must input the coordinates of the beginning point of each contour twice
(i.e. the contour must be closed by the user). The acceptable input
sequence is shown in Figure 8(a). For the calculation of the area,
centroid coordinates, and second moments for this generalized contour
(actually containing 3 contours), the program renumbers the contour points
as shown in Figure 8(b). The two zero area segments connecting the three
contours effectively transform the three contours intc a.single contour.

13
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Figure 5.
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Contour completion with the hill center used as the reflection point -
acceptance angle equals 180 degrees.
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Figure 6.

EXPLANATION

Om—g—e@Digitized contour points

o—=0==@Additional points generated by reflection through the hill center
Firet or last digitized contour point
Hill center as input by the user

Contour completion with the hill center used as the reflectxon point -
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Pigure 7.
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Contour completion with the incomplete contour centroid used as the
reflection point - acceptance angle equals 51.5 degrees.
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a) User input sequence of points.

b) Modified point sequence used by the program.

Figure 8. Analysis of multiple contours at the same elevation.
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2.1.3 Calculation of the Area and Centroid of Each Digitized Contour

The area, A, of the polygon formed by the Ny digitized contour
points (after editing) is given by

N
P

A= kzl(yk + yk+1)(xk+1 -xk)/z . (1)

See Section B.l1 for the derivation of Equation (1).

The value for A will be positive if the points are input in a
clockwise sense and negative if the points are input in a counter-clockwise
gsense. The value reported in the diagnostic output file for the contour
area is the absolute value of A. The contour centroid coordinates X,

Y. are given by

¥
P
X - k§1 a1V~ Xlied) Tt 02 (2a)
¥
Zp (fo - yIOE .+ 2 (2b)
oy Te” Y0 T %%+ s Ja |
¥
P
L= k§1 el % T %eer) Tie1 /2
¥
P 2 2
+ kz (175 T + Ty Tiay i 2/3)72
=l

The calculated values for X, and Y. will be the same if the
contour points are input in the clockwise or counter-clockwise sense. See
Section B.2 for a derivation of Equations (2a) and (2b).

2.1.4 Determination of Contour Orientation

The next step in the contour fitting is_to assume that each digitized
contour can be approximated by an ellipse having the same centroid and area
as the contour. The orientation of this ellipse is determined by first
taking the second moment of the contour area about each of eighteen axes
passing through the centroid of the contour in the plane of the contour
(see Figure 9). The second moment, SM;, of the digitized contour polygon
about a line passing through the contour centroid and making an angle
6p with respect to the positive x-axis is given by:

N .
W, 3 3 2 2
= k§1 12(Dk+1 D, + DDyt DDk ) (3)
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Figure 9. Axes for the calculation of second moments.
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* where

Wy = (X41-Xy) cos €p + (Yiep1 - Yi) sin €p
- D = ~(x-Xc) sin 6y + (yp-Y.) cos €p
m = 1,18 .

For contour points input in a clockwise sense, the value of SMj will
be positive. It will be negative for points input in a counter clockwise
sense. In determining the axis having the greatest second moment, the
parameter actually used by the program is the "radius of gyration”, Rem»
given by

sum 1/2 :
Rsm =\ . : (4)
The value will be positive no matter which direction the contour

points are input. The axis having the greatest value of R.q, Rg, is
assumed to define the orientation, ©, of the wminor axis of the ellipse.
See Section B.3 for a derivation of equations (3) and (4).

2.1.5 Calculation of the Semi-Major and Semi-Minor Axis Lengths for
the Contour Elliptical Representation

In determining the length, a, of the semi-major axis of the fitted
ellipse, the fol;owins property of an ellipse is used:

33238 . ' - (5)

The length, b, of the semi-minor axis of the ellipse is calculated from the
formiila for the area of an ellipse as follows:

p = 2b8(A) . (6)

“a

where abs(A) = absolute value of A

Once a and b are known, then the eccentricity of the ellipse, ECC, can be
" calculated as follows:

2 .2.1/2
ECC = “——-:L) . < - N

If the range of values of for m = 1,18 is less than 1 percent of the
maximum value of ns. then the contour is assumed to be circular with a
radius, r, given by

T = (M) v . (8)

v
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The same assumption of a circular contour is also made if, for some reason,
the computed value for b is found to be greater than a. In the tests of
the program to date, this condition (b > a) has not been observed.

2.2 Mathematical Representation of a Cut-Off Hill

The first preprocessor program, FITCON, determines an elliptical
representation for each digitized contour associated with a given hill.
Each contour can then be specified in terms of an elevation, centroid
coordinates, semi-major and semi-minor axis lengths, and the orientation of
the minor axis with respect to the positive x-axis. To calculate
concentrations at hill receptors under stable conditions, the CTDM requires
the following inforiation for each of a series of critical cutoff
elevations:

) The characteristics of the ellipse corresponding to the cut-off
elevation. If this cutoff elevation coincides with a contour
elevation, then the ellipse parameters are those determined by
FITCON for the contour. Otherwise, the ellipse parameters are
obtained by interpolation using parameters for the contours above
and below the critical elevation.

°® The center x,y coordinates and the orientation of the fitted hill
corresponding to the portion of the actual hill above the '
critical elevation.

° The parameters which give the best inverse polynomial fit to the
cut-off hill profile along the cutoff hill major and minor axes.

These parameters are calculated by HCRIT, the second of the 3 preprocessor
programs, and are passed in a file to CTDM. The assumptions used in the
calculation of these parameters are described in this section.

2.2.1 Best-Fit Ellipse at a Critical Elevation

The file written by program FITCON for input to program HCRIT contains
the following parameters for each digitized contour processed:

° Contour elevation
° X,y coordinates of the fitted ellipse centroid

) Lengths of the semi-major and semi-minor axes for the fitted
ellipse '

° Eccentricity of the fitted ellipse

o Orientation of the fitted ellipse semi-minor axis with respect to
the positive x-axis
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The same assumption of a circular contour is also made if, for some reason,
the computed value for b is found to be greater than a. In the tests of
the program to date, this condition (b > a) has not been observed.

2.2 Mathematical Representation of a Cut-Off Hill

The first preprocessor program, FITCON, determines an elliptical
representation for each digitized contour associated with a given hill.
Each contour can then be specified in terms of an elevation, centroid
coordinates, semi-major and semi-minor axis lengths, and the orientation of
the minor axis with respect to the positive x-axis. To calculate
concentrations at hill receptors under stable conditions, the CTDM requires
the following inforMation for each of a series of critical cutoff
elevations:

) The characteristics of the ellipse corresponding to the cut-off
elevation. If this cutoff elevation coincides with a contour
elevation, then the ellipse parameters are those determined by
FITCON for the contour. Otherwise, the ellipse parameters are
obtained by interpolation using parameters for the contours above
and below the critical elevation.

° The center x,y coordinates and the orientation of the fitted hill
corresponding to the portion of the actual hill above the '
critical elevation.

° The parameters which give the best inverse polynomial fit to the
cut-off hill profile along the cutoff hill major and minor axes.

These parameters are calculated by HCRIT, the second of the 3 preprocessor
programs, and are passed in a file to CIDM. The assumptions used in the
calculation of these parameters are described in this section.

2.2.1 Best-Fit Ellipse at a Critical Elevation

The file written by program FITCON for input to program HCRIT contains
the following parameters for each digitized contour processed:

° Contour elevation
) %,y coordinates of the fitted ellipse centroid

) Lengths of the semi-major and semi-minor axes for the fitted
ellipse '

° Eccentricity of the fitted ellipse

e Orientation of the fitted ellipse semi-minor axis with respect to
the positive x-axis '
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If there is only one contour, then the values for the ellipse centroid
coordinates are set equal to the values for the single contour. The
semi-major and semi-minor axis lengths for the critical elevation contour
are extrapolated by assuming a zero-area contour at the hill-top
elevation. Also, if the extrapolated value for the major axis is less than
the extrapolated value for the minor axis, then both axes are set equal to
the square root of their product. Finally, if the interpolated or
extrapolated axis lengths are less than the corresponding axis lengths for
the first contour above this critical elevation, then the axis lengths are
set equal to the corresponding values for the first contour above this
critical elevation.

The orientation of the ellipse at the critical elevation, 6., is
computed by vector interpolation of contour orientations weighted by the
contour eccentricities. The equations for the interpolation
(extrapolation) of the value for the ellipse orientation at the critical
elevation are given below:

0. = tan~l (suMy/sumx) (10)
where
E-5
SUMX = gch cos OL + E;_:_E; (BCCH cos OH - EccL cos GL) (1}(3))
E-
SUMY = lch sin eL + i;-:-i; (EccH gin eH - Ech gin OL) fll(b))
ECCp = eccentricity at E
ECCy = eccentricity at By

6, = orientation at Eg
Oy = orientation at By .

If the critical elevation, E, is lower than the lowest contour elevation,
then Equations (10) through (11) still apply except that E; and By are
defined as follows:

Ep, = elevation of the lower digitized contour
Ey = elevation of the contour immediately above E

If there is only one contour, then the value for the ellipse orientation at
the critical elevation is set equal to the orientation for the single
contour. The parameters for the ellipse at the critical elevation are
written by program HCRIT to a file which is input directly to CIDM. These
ellipse parameter records are written to the file in the order of
increasing critical elevation. Before they are written to this file, the
ellipse orientations are modified so that they are expressed in terms of
degrees clockwise from north for the contour major axis.
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2.2.2 The Inverse Polynomial Profile

In addition to the ellipse parameters at the critical elevation, the
CIDM requires that, for each critical elevation, the hill be fit along its
major and minor axes in the vertical plane with an inverse polynomial
profile. In this fit, the critical elevation is considered as the base of
the cut-off hill. The location, shape and orientation of this fitted hill
depend upon the ellipse parameters for the contours above the critical
elevation. In the following discussion, the procedure for fitting an
inverse polynomial profile to a cutoff hill will be described. First,
however, the mathematical properties of the inverse polynomial profile will
be investigated.

2.2.2.1 Mathematical Properties

A hill having an inverse polynomial profile along the x-direction can
be characterized by the following expression:

AH

has —_ +h - (12)
x. P o
1+
where
- h = elevation of the hill surface at a horizontal distance x from

the hill center along the x-direction

base elevation of the hill which would correspond to a

Po = particular critical cut-off elevation
AH = by - hy .

hy = hill top elevation

P = profile exponent

L = thalf-height length scale

An example of this profile is shown in Figure 10 for a range of exponent
values.

To determine the best fit values of P and L for a series of actual
terrain points along the x-direction, it is necessary to express Equation
(12) in the following form:

. 1 AH
‘lnx-1nL =g ln (;—:—;: - ) (13)
Consider a collection of N, terrain points with coordinates (xj, hj)
with hy < hy < by and x5 > 0. The best-fit values for P and L can

be obtazned by minimizing the following expression, x2, with respect to
1/P and In L:
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xX2= I |lax -lni-3in(——_1qf (14)
j=1 ,J : j ()
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—LT'- =0 : . (15a)

3 ()

a®

2.0 (15b)

Solving Equations 15(a) and (b), the following results are obtained for P
and L:

H_XSUM3 - SUML**2
= B _*SUM4 - SUML*SUM2

P (16)

%* - x
SUM2*SUM3 - SUM1 suua) an

L= '“P< W _ASUM3 - SUM1**2
where
* = multiplication

*kx =« gxponentiation

Ne At
SuMl -jzlln (ﬁ-])
LI
suM2 -j§1lnxj
He - 2
e i L 1(%n By - B, 1'> '
'
SuM4 -jzl,lnxjm(h;“-ho->
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2.2.2.2 Procedure for Fitting the Profile to a Cutoff Hill

The center coordinates of the fitted hill (Xy, Yy) are calculated
as the arithmetic mean of the centroid coordinates (X ;, ch) of the
N. individual contours above the critical cutoff elevation:

Ne
xﬂ = 3 E L xcj /Nc (18a)
Ne
Y, = T Y .lm ' (18b)
H j=1 cj/ e

No weighting with respect to contour area is performed since this
would minimize the influence of the higher elevation contours in the
determination of the fitted hill centroid. The orientation angle, 6, for
the minor axis of the fitted hill is assumed to be a vector average of the
‘individual contour minor axis orientations, weighted by the contour
eccentricities;

! Ecc, sin ej

3
@ = tan ! i=1 ' (19)

)3 ECC, cos O,
1 R

where
85 = orientation angle for the ellipse representing contour j
ECC; = eccentricity for the ellipse representing contour j

The eccentricity is used as a weighting factor since the orientation of a
nearly circular contour (ECC~0) should not be considered when determining
the orientation of the fitted cutoff hill.

At this point, all the ellipses above the cutoff elevation have been
assigned a common center (Xy, Yy) and a common orientation (@) of the
semi-minor axis with respect to the positive x-axis. What remains to be
determined are the best-fit inverse polynomial parameters (P and L) for the
hill major and minor axes. The best-fit parameters for the cutoff hill
major axis (P, and L;) are calculated using Equations (16) and (17)
with x; = 3y (the semi-major axis length for the ellipse representing
contour j). The number of terms in the summation is equal to N, the
number of contours above the critical cutoff elevation. The best-fit
parameters for the cutoff hill minor axis (P and Lp) are calculated
using Equations (16) and (17) with x5 = bj (the semi-minor axis length
for the ellipse representing contour j).
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If the best-fit values of either Py and Pp are found to be
negative (implying an increase of contour axis length with height), then
this negative value is set equal to its absolute value. '

Once the fitted hill parameters have been determined, they are written
by program HCRIT to the CTDM input file with the parameter records in the
order of increasing hill cut-off elevation. The cut-off hill orientationms,
written to the CTDM input file, are expressed in terms of degrees clockwise
from north for the fitted hill major axis.

It should be noted that CTDM actually fits the inverse polynomial
profiles along the major and minor axes of the cut-off hill to the

following Gaussian shapes: -
_xz
h = 8H exp ( 2) +h ' . (20a)
(-]
20
a
el
b= 8H exp (55) + 1 : - (20b)
20
b
where

o, = standard deviation parameter for the Gaussian terrain .
distribution shape along the major axis,

op = standard deviation parameter for the Gaussian terrain
distribution shape along the minor axis.

The assumption is then made within CTDM that the hill terrain shape in 2
dimensions is given by the following expression:

2 2 .
h-mexp("‘2-=’—2-)+h° (21)
Zc‘ 2°b

. where

X = distance along the major axis,
y = distance along the minor axis.

This 2-dimensional Gaussian hill will have elliptical contours and will
have a GCaussian profile along an arbitrary direction, 6, with respect to
the major axis with the standard deviation parameter, o, given by

b

g = -
¢ 2 .2 2 2. 12
(o‘ sin” 0 + °b cos ©O)

(22)
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SECTION 3
SYSTEM OPERATION

The CTDM Terrain Preprocessor described in this manual is designed to
run on IBM-PC compatible microcomputers for which a FORTRAN compiler and
BASICA interpreter (or compiler) are available. It is recommended that
the microcomputer contain the appropriate math coprocessor for faster
program execution.

The Terrain Preprocessor actually consists of 3 programs which are
executed consecutively. The first program, written in FORTRAN, is named
FITCON. It determines the best-fit ellipse for each input digitized
contour. These ellipse parameters are used.by. the second FORTRAN program,
HCRIT, to calculate, for each of a number of elevations, the ellipse
parameters at that elevation and the best fit inverse polynomial hill
shape for the portion of the hill above that elevation. Since both FITCON
and HCRIT are written in FORTRAN 77, their use is not restricted to
microcomputers. These programs can be run on any mini or mainframe
computer for which a FORTRAN 77 compiler is available. The computer
system must also allow for interactive input and output. The third
" program, PLOTCON, displays the input digitized contours, the fitted
ellipse for each contour, and the contours of the fitted inverse
polynomial hills. The operational characteristics of FITCON, HCRIT, and
PLOTCON are described in the following 3 sections. Program listings are -
given in Appendix D of this manual.

3.1 FITCON

The program FITCON is written in the FORTRAN 77 language. The $LARGE
metacommand must precede the FITCON main program if the MicroSoft™
compiler is used to compile the program. The comments section of the main
program is extensive. The first portion of this section is devoted to a
summary of program operation. This is followed by a detailed alphabetical
glossary of every variable used in the program. The same level of detail
of commenting is followed in the FITCON subroutines.

The main program comments section is followed by a number of TYPE,
DIMENSION and DATA statements. Following these statements, several
program constants are set. These include file unit numbers and maximum
array dimensions. <

The program first asks the user to specify-the name of the master
file containing the digitized contour information for the hill in
question. The format for this file, is given in Section 4 'of this
manual. For each digitized contour in the master file, there is a record
giving the contour identification number, contour elevation, number of
digitized contour points, and a variable which indicates whether the
contour is to be considered open or closed. The contour elevations must
have the same units as the other elevations input to CTDM. This record is
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followed by the x,y coordinates of each digitized point on the contour.
These coordinates must have the same units as the source and receptor
coordinates used in CTDM. This master file of digitized contours may be
generated by an automated contour digitization procedure or prepared by
use of the DOS editor EDLIN or some other text editing program.

The user is then asked to input the name of the file to be used for
program diagnostic output. If the name CON is specified for the output
file, then the output is routed directly to the terminal. If the name PRN
is specified for the output file, then the output will be routed directly
to the line printer. If the name NUL is used for the output file, then no
output file will be generated. By specifying a name for the file such as
OUTPUT, the output file can be examined following program execution by use
of the TYPE or PRINT commands or by inputting the output file to a file
editing program. A detailed description of this output file is given in
Section 5 of this manual. The file contains the following information:

) An echo of inputs specified by the user;

) Listings of input contour data;

° Listings of modified contour point coordinates;

° Messages generated during the contour editing and qualification
process; .

° The area, centroid coordinates, orientation and semi-axes

lengths for the elliptical representation of each input
digitized contour. ' .

The user must then specify an identi