3. Methodology of TERRAIN

The purpose of TERRAIN is to create the terrain height and land-use files on the
mesoscale model grids from the regular latitude-longitude interval source terrain height
and land-use characteristics data. To accomplish this goal, the following five procedures
are used in TERRAIN for each desired model domain:

1. Calculate the latitudes and longitudes of the model domain grid points on the

specified map projection.

2. Determine the area that covers the model domain (search area) and read in the
source data within the search area.

3. Interpolate or objectively analyze the source terrain data to the model grids.
Create the terrain height file for each model domains.

4. Interpolate the source land-use data to the model grids. Create the land-use file
for each model domain.

5. Reset the terrain height and land-use data along the nest boundaries. Replace
the terrain height of the overlapping grid points with its highest nest level terrain
height.

In the following sections we describe in detail the methods used to complete the above

procedure.
3.1 Map projections

Three types of map projections are supported by TERRAIN: Lambert conformal,
polar stereographic, and Mercator. The Lambert conformal projection is usually used in
the mid-latitude region; the polar stereographic projection is used in the higher latitudes;
and the Mercator projection is used in the equatorial region. TERRAIN allows the
users to specify their own true latitudes for Lambert conformal and Polar stereographic
projections (defined through the terrain namelist variables, TRUELAT1 and TRUELAT?2).
At present, TERRAIN does not allow the users to specify their true latitude for the
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Mercator projection. For the Mercator projection, the true latitude is always set at the
equator.

When the type of projection, true latitudes (¢i1,¢2), central latitude (¢.), and
longitude (A.) of the coarse domain and the relationship between the coarse and nested
domains are specified, the latitudes and longitudes (¢, ) of the grid points or the grid
indices (I,J) of any domain given by latitude and longitude can be calculated from the
equations described in the following section. Since the PSU/NCAR mesoscale modeling
system uses the staggered “Arakawa B grid” (Arakawa and Lamb, 1977) and the terrain
height and land-use are defined at the cross points, the I and J referred to here are the
indices of the cross points. The model grid indices I and J are always increased from south
to north and from west to east. This means the Y-direction of the model domain always

points to the north even if the domain is located in the southern hemisphere.

3.1.1 Mercator projection

e Calculate ¢, X\ from I,J:

For Mercator map projection, the grid point latitude is defined as

Y.+ (I —-1.)xd
=2 X conv x tan™* {e:cp( +( G Le) s)} — 90 (3.1.1)
2

and the grid point longitude is defined as

(J —J.) xds

3 (3.1.2)

A=A + conv x

where

conv = 57.29578

Cz = A x COS(¢1)

1+ sin(¢c)>

YC:C2><Z’FL< cos(¢)c)

where

A =6370km
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In equations (3.1.1) and (3.1.2), I and J represent the model grid indices. The variable
Y. is the distance from the pole to the center of the coarse domain. The variable A is
the earth’s radius, ds is the grid distance of the given domain, conv is a constant used
to convert degrees to radian, ¢; is the true latitude (which is always 0 for the Mercator
projection in TERRAIN), and ¢, and A. are the center latitude and longitude of the coarse
domain. The variables I. and J. are the grid indices of a given domain that mark the coarse
domain center. They can be obtained from the relationship between the coarse domain

and the given domain.

I.= (I, — I.) x ratio + 0.5
Je = (Jeo — Jz) X ratio + 0.5

where ratio is the ratio of the grid size of the coarse to the given domain. I, and J, are
the coarse domain grid indices that mark the lower left corner of the given domain in the
coarse domain. I,y and J.o are the grid indices of the coarse domain center point. Note

that here I.9, Jeo, I, and J, are the coarse domain dot point grid indices, and

(IMX +1)

Iy= 22T
2

(JMX +1)

Jeg =~

where IMX and JM X are the coarse domain dimensions.

e Calculate I,J from ¢, \:

To calculate the domain grid indices I and J at the given latitude and longitude ¢
and A, use equations (3.1.3) and (3.1.4).

Y -Y. )
I= (Lot YY) 1)« ratio+ 0.5 (3.1.3)
dSo
X .
J=(Jeco + == Jz) x ratto + 0.5 (3.1.4)
S0
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where

1+ szn(g{)))
Y =Cy xlIn
> ( cos(9) )’
x =0 B0

and dsg is the coarse domain grid distance.

3.1.2 Lambert Conformal projection

e Calculate ¢, \ from I,J:

For the Lambert conformal map projection, the model grid point latitude and

longitude are defined as

if . > 0:
R =
¢ =90 — 2 X conv X tan "1 [tan(%—l) X <—A - s;(nlzd)l)) ] (3.1.5q)
A+ 360 A < —180
A= b e —180 < )\ <180 (3.1.6@)
A —360 Al > 180
X
\ = A, conv o=t
+ - X tan %
if ¢, < O:
_R o
¢ = —90 — 2 X conv X tan—l |:tan(¢2—1) X <m—;z%5) ] (315b)
A+ 360 A < —180
A= A —180 < )\ <180 (3.1.66)
A — 360 A > 180
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K

A=A+ conv x tan"* (£—>
Y

where the X,Y, and R are defined as

X=(J—-J.) xds

Y=(I-1I)xds+Y,

R=(X>+Y%)"’
where,
if ¢ > 0:
_ A tan((90 — ¢c)/conv/2)] "
Ye = —— x sin(¢1) x [ tan(v1/2) ]
if g < 0:

tan((—90 — ¢C)/60nv/2):| K

A .
Y. = — x sin(3y) X [ tan(y1/2)

The variable % is the co-latitude and x is the cone constant. Both of them can be obtained

from the true latitudes ¢; and ¢.

if . > 0:

=G
if ¢, < O:

b1 =—(5 - %)

K 1s defined as

o log1o (cos(p1/conv)) — logio (cos(¢z/conv)) .
logio <tan((45 — |fézl—l)/corbz))) — log1g <tan((45 — |—‘]52i|)/com))>
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e Calculate I,J from ¢, \:

The domain grid indices I and J at a given latitude and longitude (¢ and A) for the

Lambert conformal map projection are defined as

Yc Rs ()‘ _ )\c) .
I=(Igy— — A I e s 1.
(Leo (dso+dso X €08 (nx P, )) ) x ratio + 0.5 (3.1.7)
if . > 0:
R, _ A=A .
J=(Joo+ 57— xsin|kx (—2 — Jz) X ratio + 0.5 (3.1.8a)
dsg conv
if ¢, < O:
Rs . A - Ac .
J=(Joo — — X stn | K X g — Jz) X ratio + 0.5 (3.1.80)
dsg conv
where
if ¢. > 0:
A _ tan((90 — ¢)/conv/2)]"
R, = —
= X sin(th1) x [ tan (1 /2)
if ¢. < 0:

tan((—90 — ¢)/conv/2)} K

A .
R, = ; X szn(%[’l) X l: tan(lbl/z)

3.1.3 Polar Stereographic projection

The polar stereographic projection can have either the pole points inside or outside
the domain. However, if the pole points are inside any given domain, the user can only

use the polar stereographic map projection.

e Calculate ¢, \ from I,J:

The equation used to calculate the latitude ¢ from the model grid indices I and J for

the polar stereographic map projection is defined as
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if ¢. > 0:

_ R/A
=90-2 t P ole
¢ X conv X tan [1-}—605(2{11):}, (3.1.9a)
if ¢. < 0:
_ R/A
= —90— 2 tan™! | ———— 1.
) X conv X tan {1+cos(1/)1)]’ (3.1.90)

The longitude X can be obtained from equation (3.1.6). However, £ = 1.0 and the variable
Y. in equation (3.1.6) for the polar stereographic projection is defined as

if ¢. > 0:
Y. = —A x sin( %0 — ¢ X L+ coslgh ) ;
conv 1+ cos((90 — ¢.)/conv)
if ¢. < 0:
—90 —
Y. = —A x sin( 0= 9. X L+ cos(n) .
conv 1+ cos((—90 — ¢.)/conv)

If the pole is inside the domain, at some grid points (where I = I.) whose north-south

distance (in Y-direction) to the pole is zero, the A' for these points with ¥’ = 0 becomes

Ae + 90 X >0
)\l

Il

(3.1.10)
Ae — 90 X <0

e Calculate I,J from ¢, A:

The equations used to calculate the domain grid indices I and J given the latitude
and longitude (¢ and A) for the polar stereographic projection are exactly the same as
those of (3.1.7) and (3.1.8) for the Lambert conformal projection. However,  is set to be
1.0 and R, is defined as

if ¢. > 0:
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90 — ¢ 1+ cos(¢1)

R, =A 3
s conv . 1+ cos((90 — ¢)/conv)

if ¢. < 0:

—-90 — ¢ " 1+ cos(v1)
conv 1+ cos((—90 — ¢)/conv)

R, = A x sin(

In summary, when the map parameters, the projection , ¢1, ¢2, ¢¢, Ae, IMX, JMX,
dsg, I, J., ratio, and ds are given, ¢ and A can be calculated from I, J and vice versa.

The latitude range (¢) for equations (3.1.1), (3.1.2), (3.1.5), (3.1.6), and (3.1.9) is
from —-90 South to 90 North. The negative latitude indicates the southern hemisphere.
The longitude range () for equations (3.1.4), (3.1.6), and (3.1.10) is from -180 West
to 180 East. The negative longitude indicates the western hemisphere. All the equations
described in this section are used in subroutines SETUP, RFLP, LATLON, and XYOBSLL.



