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1. INTRODUCTION

A study has been performed in recent years, as part of the
Federal Wind Energy Program, to develop a new Wind Energy Conver-
sion System (WECS)_siting methodology (Freeman, et al., 1976;
Traci, et al., 1977, 1978). The methodology makes use of numeri-
cal windfield models to simulate windfield "events'" based on
historical or field test.wind data, for the purpose of identifying
high wind potential sites within a region of interest. One oflthe
significant products of the methodology development study has been
a detailed physics mesoscale meteorology model embodied in the
SIGMET computer code. The code simulates the transient evolution
of the atmosphere in a three-dimensional mesoscale (Vv100. Km)‘
region including effects of complex terrain, non—iinear atmospheric
stability, planetary boundary layer turbulence, and thermal forcing
due to surface heat transfer and solar/terrestrial rédiation. In
terms of the level of physical modeling mentioned as well as
aspects of the numerical solution technique, SIGMET represents an
advance in the art of mésoscale meteorology predictive techniques.

As with any complex numerical model, the SIGMET code is in a
continual state of testing and development; however, in its current
state, the code can be used by those with experience in the ways of
numerical fluid dynamic models. Hence the present doéument is an
attempt at providing guidahce in the use of the code, although it
ie emphasized that, in this.respect, it represents a preliminary
User's Guide and not a comprehensive and detailed User's Manual.
Descriptive details of the formulation, testing, verification and

application of the model are presented in the previous references.

In Section 2 of this User's Guide, the formulation of the
physical model is summarized including the modeling approaches
and approximations for each of the principal physical effects that
are included. A summary of the-finite difference approximations
and éolution'technique is presented in Section 3 and additional
details of the physical and numerical model are provided in the



subroutine descriptions of Section 4. A summary description of the
SIGMET code organization4is also provided there. Finally, descrip-
tive comments on the codé usage and required input are presented in
Section 5 and a sample calculation is described in Section 6. A
glossary of input variables required to run the code is presented
in the Appendix.



2. FORMULATION

The SIGMET mesoscale meteorology simulation code represents
.an extension, in terms of physical-modelling detail and numerical
approach, of the work of Anthes (1972) and Anthes and Warner (1974).
The code utilizes a finite difference technique to solve the so-
called primitive equations which describe transient flow in the
atmosphere. Conservation equations for the relevantnmeteorological.
variables (wind components, temperature and moisture) are formulated
in an Eulerian framework and account for advection, stratification,
Coriolis effects, turbulent heat, momentum and moisture transport
and radiation. In short, the SIGMET modelling contains all of the
physics required to simulate the time dependent meteofology of a
region with description of both the planetary boundary layer and
upper level flow as they are affected by synoptic'forcing and complex

terrain.

In the following subsections, the mathematical formulation of
the SIGMET model and the various physical effects incorporated into

it are summarized.

2.1 GOVERNING EQUATIONS

In many of thc applications.of mesoscale simulation the atmos-
phere boundary layer winds are of particular interest. Over regions
‘of complex terrain these low-level winds suffer from numerical

errors when finilLe differcnces are formed in Cartesian Coordinates.
In order to avoid this problem, a coordinate transformation has been
carried out to a new coordinate system (the sigma, o, coordinate
system) in which the 1owest.coordinéte surface is conformal to‘the..
‘terrain surface. In this representation, after care is éxercised

in calculating the transformed pressure gradients, the needed resolu-
tion and accuracy near the surfaoe are. achieved by concentrating the
finite difference grid in the neai surface region. Expanding the
grid into the upper levels with a non-constant grid diStribution
satisfies the less'stringent accuracy requirements there while



minimizing vertical grid points to maintain an economical calcula-

tion.

By virtue of the assumption of hydrostatic balance the verti-
cal coordinate =z can be replaced by the d1mens1onless pressure

coordinate o deflned as follows

P-P, P-P
0= p—pr = ——F - ' (2.1)
s T

Here P is the pressure, PT is the pressure at the top assumed
to be constant and Py . is the surface pressure which varies along
the terrain. )

dz _ T : ‘
&% - " s | : | (2.2)

~gives the relationship between the altitude and the o¢ coordinate.
The sigma coordinate is in the range 001, and takes the
value o = 1 at the surface. It is appllcable to a surface with
complex terrain, as illustrated in Flgure 1.

This transformation is used to eliminate the altitude. After
conéiderable-manipulation, the primitive equations take the form:

IQ

3%t © “8x T "3y ' 90

owlU _ 3umU . 3VnrU 36T (gg g om
£V + w5k o+ 2 ax) Fy(U) + Fp(U)

amv _ 3uUmV _ avmV , domy . .. (3¢ , o §£)= :

5t T Tax T oy ' e t DU+ ?(ay TS dy/ Fy(V) + Fp(V)
ame . dUME , 3Vme . 85me _

3t T Tax * oyt Tao - Fwl®) * Fy(8) +mQ

57C . UTC . aVEC . 36mC _
5T + N + ay + =5 = FV(C) + FH(C)

*3x T oy 30

3% oUm .oVm + oo™ =0 . ' (2.3)
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In addition, a model turbulent energy equation is solved as described
below.

Here U , V and G are the velocity components with reference
to the x-y-o coordinate_system, ¢ = -gz 1is the geopotential
height, ©6 1is the potential temperature, C is the specific humid-
ity and f£ = ZQsinG2 is the Coriolis parameter (assumed constant
in the SIGMET formulation using a representative latitude 62 ).
The effects of vertical and horizontal turbulent diffusion (to be
elaborated in detail later) are contdined in the terms FV and. FH
of (2.3). These are approximated by Fickian diffusion expressions:

and
Fp(¥) = "Egi'(KH %%) * g%.(KH %%9] ' - (2.5)

Note that in the above expression for FH, lower order (in terms

of surface slope) terms arising out of the transformation to the ¢
coordinate have been neglected. The equation for the rate of change
of potential temperature 6 contains a term Q through which heat-
ing due to radiative flux divergence is taken into.account. Finally
note that the Qquations are written in the soacalled_'conservation'
form which is preserved in the numerical scheme. By doing su mass
and energy aré coiserved and certain nonlinear instabilities are
avoided. '

To conmplete the formulation, boundary ahd inifial conditions
‘must be appended to thé above cquatiocu set:. Considering boundary
conditions firsf,-thé moméntum equations are closed at the bottom
boundary by employing a law-of-the-wall matching condition near the
terrainisuiface. in addition, a surfacc heat‘balénce equation is
solved for given soil condition to calculate boundary values for
potential temperature and moisture. At the top boundary, constant



~values are assumed for all quantities; this is justified by having
the top boundary at sufficient height from the underlying terrain.
Lateral boundary conditions are applied by distinguishing inflow
(normal velocity pointing into the mesh) and outflow (normal
velocity pointing away from the mesh) boundaries. On inflow bound-
aries all the variables are held at the ambient values (say, by
interpolating from sounding measurements) thereby feeding informa-
tion to the -interior, whereas on the outflow boundaries the varia-
bles are extrapolated from the values inside the mesh, using a zero-
gradient Neuman type boundary condition. '

Initialization of all meteorological variables is performed
by interpolating the available sounding data on constant o levels.
In the évent of single-station data, this means the variables are
assumed constant on aAgiven o. surface. But for multi-station data
weightings are assigned to individual statioms. 1In SIGMET 1/r2
weighting is utilized. 1If there are N stations. located at - (xl )

yl) ,T(xz ,-yz) ..... (xN s yN) , the variable V(x , y , o) , for~
instance, can be initialized from the measurements V1 , V2 .....
VN by:

N

V. (o)
V(x,y,0) = R o 5

n=1l (x-x,)" *+ (y-y,)

where

2 2
R & (xx %+ (y-yp)

This initialization scheme results in a reasonable initial field
but does not guarantee a divergence-liree velocity field. As a-
result, a transient disturbance develops which fortunately has’'a

small lifetime.



2.2 TURBULENCE MODEL

A unique feature of SIGMET. among mesoscale meteorology models
is its use of a state-of-the-art turbulence model which includes the
non-equilibrium effects of production..(due to mean strain), dissipa-
tion (stability) and diffusion. These effects.are included in the
Mellor and Yamada (1975) model. This formulation, called Level 23%
makes use of a model transport equation for the turbulent kinetic
energy (q2 is twice the turbulent'kinetig energy) given by:

2 - . 2
34 - 2 [s%(k, - - ¢%/a)] _a_(é _8_1_)
3t 2 |S (KM RlKe) q /A + 52 \3 Al Q55 | . (2.6)
where the gradient Richardson number is Ri = - g 3 S2 . The poten-

p 92
tial density p - takes into account the effects of compressibility

_of the atmosphere or convective stability. iThe.quantity S is the
mean shear of the wind which enters’as a production term.of the
turbulent kinetic energy equation above. The.effects of the stability
of the atmosphere are incorporated into the Richardson number: nega-
tive values, coriesponding to instability, increase the turbulence,
while positive values, corresponding to a stably stratified atmos-
phere decrease the turbulence. Diffusion ooefficiehts KM and Ke ,
appearing in Eq. (2.6), are evaluated . in terms of qz , the
Richardson number, :and a length scale measured from the surface.

In order to fully describe the turbulence formulation it is necessary
to write equations for several intermediate quantities., These
equatiohs are obtained from the equatiéns.of motion through the
.process of identifying mean and fluctuating'components of all ‘
independent variables and averaging over VariouS'quadfatic combin-
ations of them. Closure approximations are introduced which replace
certain cubic and pressure-bontaining,termS'with-quantitieé'which

are contained within the equation set for the mean variables and the
variances of the fluctuations. The equations for the variances are



62=-T23—2AT
W=-?%[;2—9-2--(1-c3)ee_2]
Vo M gew i aac, 57
*%la—az (q}"l %%%)
w-- [Pl ol B acy g
w5 [ - aep 5
;5:-3%2[%.3_2+W%g ’_ - (2.7)

where the bar above a quantity . indicates that an average over fluc-
tuations is takeh. The fluctuations of the windspeed are (u,v,w)
. and the’potentiél temperature fluctuation is 6 . Length scales

Rl s %2., Al , Az ’<A1 . are introduced in the closure approximations
as per Yamada and Mellor (1975).



These. equatlons now form a closed set which can be solved
for the turbulence quantities whlch enter the equatlons for the
mean quantltles vu,Vv, 6 ,and C. These are the turbulent
viscosity KM (which enters the equations for U and V) and
the turbulent heat conductivity Ke (which enters the equations
for temperature and water vapor mixing ratio) for turbulent trans-

port in the vertical direction. These coefficients are defined as

follows:
. —,3U _ —,dV
Ky = - ww/zz = - Wiy
(2.8)
_ _ —x,90 _ — 3C
Kg = - wl/g5 = — we 2
Algebraic reduction of Egs. (2.7) and (2.8) results in:
. 3% wz/q
Ky = BJZ,A(lC)g
1+ 22 29
- 3 3Z
a7
(2.9)
— Slg ,
sy7a [92 = o = (1ac,)—g- 28 Ky]
K, = 5oz
M L 4 Pta(1-Cole o9
2 £
a4 e
in which
2 2 2
- - 9 3_1_3_( _'clg_)
w2 3 * 3 q o9z 9*1. 9z

1 { 2 _ g gg ' ]
-5 87Ky + 2(1-C5) § 77 Kq
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These three equations can be solved simultaneously, to obtain KM

and Ke in terms of q2

and gradients of the mean variables.

The equation for the turbulent kinetic energy contains a
diffusion term as well as terms.describing production and dissipa-
tion. This equation is integrated numerically in an implicit
fashion (upon linearization of the dissipation term).ﬁtilizing the
zero gradient condition- at the top of the mesh and the law-of-the-

wall surface boundary condition:

where U is the friction velocity determined by matching the cal-
culated velocity just off the surface to the empirical law-of-the-
wall profile (see Yamada and Mellor, 1975). This method of setting
q2 at the surface was found to be quite satisfactory. A more
accurate alternative to this procedure would be to resolve the lami-
nar sub-layer which would be pfohibitively expensive in computer

- storage and time requirements for anything but a ID calculation.

- The horizontal diffusivity KH differs from the vertical
diffusivity, which is calculated using the above prescription, by a
factor which depends on the atmospheric stability. In‘a stable
atmosphere the horizontal diffusivity is relatively enhanced over
the vertical, while in an unstable atmosphere the opposite is the
case, although to a lesser degree. The ratio of horizontal-to-

' vertical diffusivity as a function of Pasquill category stability

classes is given in Table 1. These categories, in turn, are

Stability Class |
| HEREKEERERER
Table 1. Ratio of Horizontal and Vertical

Diffusivities Versus Stability
Class

11



related to the temperature gradient as given by Table 2. In
SIGMET often rather large values for KH are used for the sole
purpose of damping out the unwanted computational modes which

grow in the presence of sharp terrain features.

4 Temperature Change
Stability: . Pasquill With Height
Classification -€ategories o

(©C/100m)

' Extremely. Unstable
Moderately Unstable
Slightly Unstable
Néutral
Slightly Stable
Moderately Stable
Extrémely Stable

Table 2. Classification of Atmospheric Stability
(According to NRC Regulatory Guide 1.23)

2.3 ., THERMAL ENERGY EXCHANGE MODEL

SIGMET includes a relatively sophisticated treatment of

" thermal energy exchange processes in the atmosphere, namely; solar
and terrestrial radiation and energy exchange between the atmos-
phere and the surface. The model i3 brielly gummarized here with
additional details provided in the appropriate subroutine descrip-
tion of Section 4.2.

In the atmosphere radintive trunsfer plays an important
role in the balance of energy budget. It generally can be scparated
into two categories: solar radiation and the tcrrestriul reradiation.
Solar:fadiation is the primary heat. source for the atmosphere. In
the spectral range, solar radiation spans the so-called shortwave
range from 0.15 to 4 um, whereas terrestrial radiation consists of
the longwave length from 4 um to 50 um;

12



1

In estimation of solar radiation two factors ere generally
considered: absorption by water vapor and Rayleigh Scattering by
air molecules. Because of difficulty in'specifying.the optical
spatlal and temporal distribution .of clouds, -the optical effects
of . atmospherlc particles have been neglected Given,the solar
radiation flux at the top of the .atmosphere (same as top of the
mesh ). which depends on the solar constant, the mean and actual dis-
tance between earth and sun and the zenith angle of the sun defined
as a function of the latitude, the same is calculated in a vertical
column by accounting for the amount of water vapor in that column
through empirical formulae. This accounts for the absorbed part of
the solar radiation SavA The scattered.part S, is estimated by
taking into account the Rayleigh scattering, ground .reflection and
absorption in stratosphere by ozone. 1In SIGMET this is done again
by using well established empirical relationships (Katayama, 1974).

The atmospheric long wave radiation. is absorbed by Water
vapor, carbon dioxide and ozone. In a c¢loudless sky the downward
and upward.radiation fluxes, taking into account these absorptions,
are given through integrated relationships in the spectral frequency

' domain. Using the boundary conditions that the downward flux is

zero at the top of tge atmosphere and the upward flux at the earth's
surface is that given\Bﬁubieck body radiation at the surface temper-
ature, the net terrestrial radiation flux R is estimated. Further
correction terms to account for temperature dlscontlnulty between
the earth's surface and the air next to it are also included.

The divergence of the sum of solar and terrestrial flux F
gives the radiative contribution to the potential temperature

equation through:

1Q = - < 3F _ g JF | | (2.10)

or in terms of the quantities defihed above:

13



-8 2 -8 -
mQ = c 3 (Rz - Ss - 8,) - | (2.11)

Finaily, a few notes and comments about the treatment of thermal
forcing terms in SIGMET are mentioned.. Because of the small ratio
of vertical to horizontal zone size in the mesoscale calculations
both two- and three-dimensional calculations are approximated by
one~dimensional (vertical column) radiation calculation with negli-
gible error. The equation derived for fhe one-dimension model can
still be used in multi-dimensions with special care in treating
water vapor content. In multi-dimensions, the effective water
vapor content is integrated along radial directions towards the sun.

Since the radiation calculation is very time consuming and
expensive, proper care should be exercised to determine if radiation
is essential to the problem under study. It contributes the driving
force for problems such as diurnal cycle, land-sea breeze, slope
wind, etc.; but for problems in which terrain-induced dynamics play
an important role and which attain a steady state relatively quickly
the radiation calculation should be avoided. . ‘

The surface heat balance equation can be compactly written as
R-S+H+L+G=20, | (2.12)

wherc IR is thée terrestrial radiation flux, S 1is the solar radia-
tion flux, H is the sensible heat flux, LE 1is the latent heat
flux and G is the surface heat flux into the soil. 1In SIGMET both
H and LE are formulated LU lncorporate logarithmic dependence of
windspeed on height and constant flux near the ground. The component
G 1s expressed by performing a transfurmation vr stretching of the
distance coordinate into the soil. The above heat balance equation
then becomes a nonlinear equation involving the surface temperature
Tg ahd surface vapor content Cg . In SIGMET this nonlinear equa-
tion is very efficiently solved by combining this equation with the
temperature and water vapor equation in the atmosphere and solving

-~

14



“the equation set implicitly. Through H , LE and G account is
taken of the detailed characteristics of the soil, such as its com-

position, roughness, deep soil temperature, surface vegetation, etc.

15



3. NUMERICAL SOLUTION PROCEDURE

The governing differential equations, presented above, are
evaluated numerically by approximating them according to a finite
difference prbcedure. The difference equations which result con-
sist of a set of algebraic equations for the values of horizontal
velocity components, potential temperature, moisture and turbulent
kinetic energy at an array of spatial points covering the three-
dimensional volume that represents the mesdscale region.' Based
upon values at one instant in time, the solution of this equation
set results in updated quantities at the array of points for a small
time interval later. = Thus, starting with prescribed initial condi-
tions, the transient evolution of the meteorological variables in
the solution domain is developed. The finite difference solution

procedure used is now described.

In the procedure used in SIGMET, the horizontal spatial
interval, Ax or Ay , is taken to be uniform in either the x or y
direction but with Ax # Ay 1in general. The velocity components
are attributed to locations different from those for the water vapor
concentration, the temperature and the geopotential. Thus, a
Staggered grid 1is used in the horizontal plane which associates the
latter to the centers of grid rectangles and the velocity components
to their corners. In the vertical direction, the spatial interval
is specified in terms of the o coordinate which measures the
fraction of the pressure interval between the top of the mesh and
the surface. Values of o are given a nonuniform distribution,
which typically results in higher resolution near the surface. In
this manner, the region of larger shear near the surface is more
accurately resolved, while the region near the top of the mesh has
lower resolution. In the vertical plane the variables are also
étaggered. The staggering is achieved by‘defining: horizontal
velocity components at the center of the vertical sides of the grid
rectangle: the temperature, water vapor concentration,and geopoten-

- Q)
tial at the center of .the rectangle; o , g at the center of the top

16



and bottom sides (vertical interfaces) of the rectangle. The com-
plete staggering is shown schematically in Figure 2 for a three-
dimensional grid box. The vertical extent of the calculation is
typically a few kilometers, which is sufficient to contain the dis-
turbed airflow in the mesh.

1
Ao
¥
1= Bx—— |
X =u, v, mu, 7mv points
A = 6, q2 points
O=mx, T, C, ¢ points

Figure 2. A Three-Dimensional Grid Element

The time.intégfation is. performed by the leapfrog differen-
cing method, in which the variables are advanced by a double time
interval. This method requires the storage of variables at two .
times simultaneously. The leapfrog scheme is advantageous, becausé
the rate terms corresponding to advection .and pressure gradient are
evaluated efficien%iy at the center of the double time interval,
thereby insuring second-order accuracy of the time integration.

The diffusion terms, by virtue of requirements for numerical

17 ;



stability, are evaluated in a different way. The vertical compo-
nent which accounts for rapid diffusion through the lower part of
the boundary iayer, would require a small time interval for a
stable'explicit integration. To avoid such a costly restriction,
an implicit integration has been implemented. This method uses
variables at the advanced time, resulting in simultaneous tri-
diagonal equations that are solved by two vertical sweeps for

each column of zones. The horizontal explicit diffusion stability
4 condition is less restrictive and is evaluated in terms of quanti-
ties at the earliest time. The resulting set of equations is con-
ditionally stable, with the most. severe. stability criterion deter-
mined by the external gravity wave propagation. This stability

condition is

< min (Ax Ay)
At = 5c 2

where ¢ Vg is the gravity wave speed, determined by the verti-
cal extent (H) of the mesh and the gravitational constant (g). In

a typical SIGMET calculation of 25 zones in both x and y direction
with Ax = Ay = 1500.Km , and a vertical extent of 3000.m, the gravity

wave stability condition limits the time stcp to ~ 7. seconds.

In developing the finite difference expressions, the notation
of Shuman and Stackpole (1968) is used, whereby horinontal dlffeyr-
ences and averages become:

O = (ai+%?j - ai_%,j)/Ax

Q
I
~
Q
-
1

1,530/

y i,j+z

o = (a + o )/2

. 1+%:j i-%’j

@Y = (a, .., *+a )/2 (3.1)
1:J+% 113_% .

18



~X _ =X _ » -
RN C PP U B LIS B F W I DY
=T = (a + 2a + a | )/4 (3.1 cont'd)
’ i)j+1 l’J i,j—l ) )

For vertical differences and averages, the following are used:

N

Sa = (ak+% - ak_%)
(3.2)
—0 o
For the temporal differences and averages,
L __.Li
o, = (T2~ a2y a¢
— L ;.;.
at = (a2 4 oPTEy )2 (3.3)
52t (an+l +‘an+l)/2

are used. In the above, i , j , and Kk are the horizontal and
vertical grid indices, n is the time index and Ax , Ay , Ac and
At are finite difference increments in two horizontal directions,

in vertical direction and in time, respectively.

Using the above compact notation the finite difference equations
approximating the ditferential equations. are written as:

— —x v 4 XY __
nuz = - (ux iy )x - (uy FoX )y - 6(0 nuo)/Ao
‘ : ‘ (3.4)
+ frv - T [(;ﬂﬁ) 7Y o+ $Y]
: oxv/ Tx X

19



."—t'= - (—x .,'-fﬁyx _1 =y 'T.T:.—iy) - (3 —c) A
Vi v k= \V ™V )y v~ ) /Ao
(3.5)
—x o\ —x X
= fMu - T y —_YT + ¢
oy y y
F@E = - (ﬁy EEX)X ] (Vx =5 )y —(6 5 ?50)/Ao + 1Q (3.6)
.
e = - (@ ﬁx),( - (@ ﬁ_cy)y - §(6 7°) /80 (3.7)
R e

The diffusion terms, which for brevity are omitted in the first
four finite difference equations, have the folldwing common form.

n[(Kwa>n-l " -<K-H¢y>n“1] + (%)2 G[Kvpz 6(nxp')n+l/A0]/Ao (3.9)
| X ol

y

where .= (u, v, 6 or C) and 7w , p are centered prdperly
depending on the diffusing quantity.

As discussed previously, lagging and leading time level valués
are used for stability and accuracy. It is noted that, allowing for
variable Ao, the vertical. differences and averages presented above
are modified to account for altitude-dependent weighting functions
and variable Au . Also, the four-point averaging operator for the
nonlinear convective term in the momentum equations is used to con- .
serve kinetic energy (Anthes, 1972) in thé numerical solution.

- A set of necessary and sufficient boundary conditions and
appropriate initial conditions are required to complete the problem
definition, The finite difference procedure mimics the mathematical
statement of these conditions mentioned in Section 2, i.e.: ambient
flow properties are prescribed on the upwind lateral surfaces, a
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zero gradient or outflow condition is utilized on the downwind
boundary, G =0 is prescribed on the top boundary of the com-
puting mesh and finally a law-of-the-wall matching condition is
used for the hofizoﬁtal velocity components at the bottom surface.
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4. PROGRAM'ORGANIZATION AND DESCRIPTION

As noted above, the SIGMET computer program implements the
finite difference solution procedure to solve the combined set of
governing equations and boundary conditions as described in the
previous sections. The program is written in standard Fortran
coding for speqific application on a Cdntrol Data Corporation 7600
mainframe computer. The logical organization of the program is
summarized below followed by a narrative description of the function
of each subroutine.

4.1 SIGMET CODE ORGANIZATION .

SIGMET is written in modular form, through the use of sub—
routines, with each module representing an aspect of*fhe physical
model. There is thus a close correspondence between .the subroutine
strﬁcture and the individual physical processes being simulated.
The logical flow of the program is controlled by subprogram MAIN
and prdceeds through the subroutines as indicated in the summary
flowchart of Figure 3.

The numerical time and 3D space dependént solution of the
system of equations proceeds seqientially through thc subroutines
indicated in the flow diagram. Thc solutivn state is advanced for-
ward in time in a step-hy=step fashion by tlie execution of the sub-
routines and thereby mimicks the actual evolution of the atmospheric
properties. One computational'cyc]e advances all of the slLatc
variébles by a small incérement corresponding to the intensity of the
physical prbcesses calculated af the time in question. The incre-
ment in time represented by one eycle is quite small so that the
rates of change of the atmospheric“variables:may be considefed con-
sfant over the interval. Thus, beginning with an initial condition
étate, the desired éolution.evélves iteratively in response'fo
‘physical processes and applied]bbundary conditions.
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Figure 3. SIGMET Logical Flow Diagram
g (All Subroutines Controlled
and Called by MAIN)
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- Within each cycle, a sequence of computational steps is
performed to advance the solution through one time interval,
These steps are performed in the subroutines indicated in
Figure 3 and in the order shown. Because of the solution's
explicit naturé, the order of éexecution of some of these routines
is not important; the order has been arranged‘primarily for
programming simpiicityAand fér'reducinggthe4amount of computer
storage required to contain the current values of the state
variables. Because of the sequential nature of the solution
it is not necessary to store these variables as a function of
time. Only instantaneous values arce reguired Lo continue
thé solution and information regarding the solution state at
any time is provided by periodic edits of these values,

4.2 SUBROUTINE DESCRIPTION

The subroutines that affect the numerical solution are now
described in some detail. This includes a description of the func-
tion and operation of each subroutine as well as some additional
explanatory comments concerning the physical model and finite differ-
ence technique. '

4.2.1 INITAL . ' ’

The INITALASubroutine-processes data, as provided by data
cards, so that all information required for subsequent normal execu-
tion of a computation cycle is available. The data cards provide
values for the following quantities:

® spatlal increments of the horizontal and vertical distance
time intervals . ’

number of cycles of calculation

terrain-height array

latitude and longitude of the region

number of parameters characterizing the terrain Sich as
volumetric fractions of clay, sand and organic material
in the sand and organic material in the terrain, rough-
ness height, vegetation fraction, etc.
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® a number of parameters characterizing the solar and ter-
restrial radiation through the atmosphere

® tables in pressure coordinates describing the vertical
profiles of the ambient values of horizontal velocity
components, temperature and amount of water vapor in the
atmosphere

® initial surface temperature
® initial surface wetness and.
® indicators controlling_the output of information.

Options are provided so that some of the read-in quantities can be
overwritten and suitable data generated internally in INITAL. For
example, the vertical coordinate ¢ can be generated using a log-
linear formula or a geometric progression series resulting in smooth
nonuniform distribution of ¢ levels. As another example, the
ambient temperature table can be comstructed using a temperature
near the surface, two lapse rates and an inversionipressure height.
The surface temperature can be defined using the temperature table
and the surface pressure and the water vapor concentration can be
calculated from relative humidity values instead of being read-in
directly.

The initial data are processed so that they are acceptable
to the other subroutines of SIGMET. In some cases, this involves
conversiqn‘of.units from those in which the input data are commonly
available to those consistent with the formulation. 1In additioh, a
number of auxiliary quantities are formed that are used during the
calculation but. do not change with. time. Precalculation of these
quantities saves computing time. In other‘cégés, the data are
interpolated to provide values at locations specified by the compu-
tational grid. This second function is performed in a subroutine
called NESTAR in which such quantities as the pressure thickness
of the part of the.atmosphere for which calculation is performed,
the horizontal velocity components, the temperature and the initial
water vapor concentration (if any) are formed. These quantities
are assigned to the appropriate storage arrays.
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4.2.2 NESTAR

In NESTAR a pressure surface is calculated corresponding to
a prespecified constant boundary-layer height above the local ter-
rain. Above this surface, the values of the horizontal velocity
components are interpolated from the tables; below the surface,
the values are computed from a. power-law profile. Temperature and
moisture are interpolated from this table at all levels. All the
interpolation is done by calling the subroutine function ENTERP.
Subroutine NESTAR also defines initial values of the turbulent
kinetic-energy arrays using the properties of the ambient atmos-
phere and the '"level 2%" formulation of Yamada-Mellor turbulence

prescription,

4.2.3 FRICH

The FRICH Subroutine performs two functions: horizontal dif-
fusion coefficients are calculated as functions of the local state
variables, and using these calculations the turbulent horizontal
diffusion taking place in one time interval is calculated. The
result of these steps is to evaluate the contribution of horizontal
diffusion to the rates of change of all of the primary variables.

The horizontal diffusion coefficients are obtéined from
Smith and Howard (1972) and are incorporated into FRICH.in the form
of tables. Entries of the main table are values of the diffusion
coefficient as a function of altitude for each of the standard
stability categories according to the AEC classification, A factor
accounting for the dependence on stability of the ratio of horizon-
tal-to-vertical-diffusion coefficient is also applicd.

Because the horizontal diffusion is a slow process, the cal-
~culation can be performed explicitly without regard for Lhe time
interval. Consequently, the second task of the FRICH Subroutine is
to pérform a calculation of the increment to the primary variables,
a o, v:, T and C , resulting from horizontal diffusion. Numerical
stability of this diffusionaCalculation applied to the leapfrog
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method requires that a special treatment of the time centering be
used. If this term were the only one being calculated, a typical
equation would be evaluated as follows: '

n+l n-1
2At
(4.1)
n-1 n-1- n-1 n-1 n-1 n-1
Ky |di+1,5 ° 205 01,5, PiLgen T %y F %50
- AX2 , Ayz
which has the stability requirement
< 1 1 A
At =2k | T 1 (4.2)
H ——2" + —35/
Ax A

The time centering of the right-hand term is not permitted, because
such a scheme is numerically unstable. Because of the large hori-
zontal-space increments, the stability condition given by Eq. (4.2)
is considerably less stringent that that for gravity waves to be
discussed below.

4.2.4 FIELDS

The FIELDS Subroutine is executed after FRICH at the begin-
ning of each cycle to calculate auxiliary quantities,lincluding
the two components of horizontal velocity, temperature, and moisture.
These quantities are obtained from the primary variables, wu , 7mv ,

s t

m® , and 7C , where wT =P_ - P is the pressure thickness of the
computational regiun, and O is the potential temperature. By

placing this subroutine after FRICH, storage of u , v , © and C

. at two time:-levels is avoided. FRICH uses the old values of these
variables for stability and then FIELDS updates them to current time.
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4.2.5 TENDH

~In TENDH, the contribution of horizontal advection (the pro-
cess of moving a particular property of the material from one zone
to another by the horizeontal-velocity components) to the rate of
change is calculated. This process depends only on the horizontal
components of velocity as. indicated by the following advection .
equation:

om¢$ _ 9mu¢ _ o9mve
ot X oy

(4.3)

The terms in Eq. (4.3) are ovaluated explicilly in conserva-
tive form. The difference equation. is consistent with the leapfrog
time differencing and staggered. spatial grid of Figure (2). 1In

finite difference notation, the advection terms are written:

nUt

y
—t _ =y —X ' —X — '
'ﬂ'(t\t - = <u T >X - <V T >y

where 1T = (u, v) and ¢ = (0 , C). The particilar form of the
differencing is dictated by the desire for a relatively simple con-

Il
|
/'\
al .
w
=3
Edl
3]
\/
o
|
S
cl
<
3 |
w
<
~——

(4.4)

servative form that is accurate to second order and is computation-
ally stable. The advection terms are evaluated at the midlevel of
the three time levels of the leapfrog schemc, thereby assuring

second-order time accuracy.
Stability analysis indicates that Eq. (4.4) is stable with

no damping when the following inequality 1s observed:

ats —L _ (4.5)
+
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Typically this stability condition is much less restrictive than

the gravity-wave condition.

Boundary conditions at the lateral mesh surfaces are also
incorporated into the TENDH routine. These conditions account for
the ambient atmospheric properties that enter the calculational
region from upwind and the removal of the disturbed quantities from
the mesh at the downwind boundary. These boundary conditions are
implemented by prescribing ambient values on‘the surfaces that have
a wind component directed into the mesh and by extrapolating values
from the mesh interior to the boundary on those surfaces that have
wind components directed out of the computational region.

4.2.6 PRESUR

In the PRESUR Subroutine, pressure gradient effects are
taken into account, and rates of change of the horizontal-velocity
components corresponding to them are formed. In the leapfrog
equations, centered as indicated in Figure 2, the pressure gradients
can be calculated to second-order accufacy in both space and time
without greatly complicating the equations. The calculation is
performed explicitly (i.e., the gradient is evaluated from known
quantities evaluated at the current cycle). Corresponding to this
explicit formualtion, an explicit stability condition exists, which
severely limits the time interval. This gravity-wave-propagation
condition is, in fact, the most restrictive of all the time-interval
constralints and typically limits the time interval to a few seconds.

The stability condition is given by

min (Ax , Ay) | (4.6)

AtZ
2vgH

where H is the effective thickness of the computational region,

and g is thé acceleration of gravity.
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The terms of interest in the PRESUR Subroutine give rise to
a rate of change of the horizontal-velocity components. The differ-

ential equations are

aTu
3t "(

+
ola
IQJ
3
g

(4.7)

anv _ _ (3¢ , g 3m
5% "(ay * )

|

1. .

T

where ¢ gz ='§j %g + gz is the geopotential, and zg is the
o‘ . .

surface altitude.

The above terms are approximated by the difference equations

e ~ T fel 7o Y
—Xy X X
LP ]
(4.8)
—t _ —Xy o =X —X
vl o= - 2 +
Vi " R oy

The terms on the right-hand side of Eq. (4.8) arc evaluated froum
quantities available at the current time and involve centered spa-
tial ditterences which results in second—order'accuracy in both
space and time,

The calculation in PRESUR is carried out in two steps: [irst
the geopotential height is formed by integration of the hydrostatic
equation; second, the contribution of pressﬁre terms to the momen-
tum's rate of change is formed. A correction term, formed on the:
first time cycle, is applied to each term throughout the calculation.
As seen in Eq. (4.7) the pressure gradient is the sﬁm of several
terms. When terrain is present, each term is large and should can-
cel each other when the atmosphere is at rest. However, because of
the finite-difference approximation, these terms do not cancel
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exactly, giving rise to a spurious acceleration. The correction
term eliminates this error, thereby increasing the accuracy of the
dynamical calculation. '

4.2.7 RADFLD

This subroutine is accessed to account for the solar and
terrestrial radiation through.the atmosphere. Because the amount
of time spent in terrestrial. radiation is about one-third of the
total computational time, this subroutine is called only at a pre-
set interval to update the radiation fluxes. At other times an
extrapolation procedure is used to approximate the radiation
fluxes.

RADFLD calls subroutine SOLAR, which determines various
sun related quantities such as: solar constant for current earth-
sun distance, current declination of the sun, current hour angle,
zenith angle, normal insolation and other miscellaneous quantities.
RADFLD then computes the amount of water vapor in a given vertical
column taking into account the amount above the column that is
outside the mesh (calculated using QEFFG). Subroutine RADTER,
which determines the contribution to atmospheric heating from
longwave radiation,.is then called. The prescription used is
that of Katayama (1974) as included in the 3-level UCLA GCM. The
equations of radiative transfer are solved subject to the follow-
ing boundary conditions: downward IR flux is zero at the top of
the mesh and the upward flux at the earth's surface is black body
at the surface temperature. The solution utilizes a bulk trans=
mission function defined as the product of water vapor and carbon
dioxide transmission functions. Absorption by ozone is neglected
and the transmission function is assumed linear. RADSOL is then
called from RADFLX, which calculates the radiant flux within the
atmosphere due to solar insolation. A one-dimensional model is
used, which takes into account: absorption of solar radiation by

water vapor and the Rayleigh scattering by air molecules.



4.2.8 TENDV

As indicated in Figure 3, several subroutines occur within
‘a do-loop ranging over all of the horizontal zones. These sub-
routines form quantities in which the coupling is in the vertical
direction, and are easily and efficiently calculated a column at
a time.

The first of the calcﬁlations in the TENDV Subroutine
takes care of the vertical advection and the rate-of change of the
surface pressure. The vertical advection terms contain the verti-
cal velocity (6) , which is the effective velocity of the fluid
withh respect to thé o-coordinate . This quantity is obtained by
employing the mass conservation equation subsequent to the calcu-
lation of the pressure-tendency rate. '

The first calculation is that of the rate of change of
pressure. This quantity is obtained by summing the pressure equa-
tion over all of the vertical zones. The as-yet-unknown- 5 'terms
drop out of the equation in this procedure. '

=t _ _ =y ., ==X

T Z ('rrux nvy)Aok (4.9)
k

where the horizontal velocity divergence is formed from quantities

known at the current time. These terms are centered in time and
space, so that the pressure tendency is second-order accurate.

" The second calculation in the TENDV Subroutine is that of
¢ .  This calculation employs the following equation in a sequen-

tial fashion.

Ac
. = &~ _[=t —y —X k
Okt ok. (ﬂt +_1rux + nvy)—;— (4.10)

The first term o (k=1) is zero from the top-boundary condition. .

The o values obtained in this step are used subsequently to
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evaluate the effects of vertical advection on all of the primary
variables. This calculation can be considered to be an explicit
one, since the velocities entefing Egs.. (4:9) and (4.10) are known
quantities at the current cycle.

TENDV calculates the contribution of vertical advection to
u, Vv, 6, and C wusing the following relations respectively:

—t —Xy ——0C
Tuy = - 6\o wu / /Ao
—t Xy —O
A S\o mv ) /Ao
(4.11)
Eﬁt = - 6(5 ?§c>/Ac
L = - a(& ﬁ(’)/m

Finally, Coriolis contributions to the horizontal momentum equations

are calculated in a straightforward manner:

aTu _ :
-5t - f (nv - nvg)

(4.12)
3TV _ _ o _ A ‘
3t = f;(ﬂu’ nug)

The components for the geostrophic velocity ug and Vg are

evaluated by interpolation from the ambient velocity table.
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4.2.9 FRICV

In preparation for the calculation of the vertical dif-
fusion resulting from turbulence, the boundary-layer diffusivi-
ties are. calculated in the FRICV Subroutine. They will be used
subsequently in DiFV to add the effects of turbulent transport
to the tendency equations. The eddy diffusivities for momentum
and heat are calculated according to the '2% level' prescription
of Mellor and Yamada (1974). In this formulation, a system of
algebraic equations involving the local Richardson number, tur-
bulent kinetic energy and the local shear is sanlved in order to
evaluate the eddy diffusivities. The turbulent kinetic energy
is described by a differential equation, which amounts to solving
a tridiagonal system of equations in finite difference space.
Thié is done in FRICV by calling subroutine TRIDG. Kinetic
énergy is the only quantity, which is complétely updated to
future-time level in FRICV.

4.2.10 RADFLX

The subroutine RADFLD, which updates the radiation fluxes,
is not called every time step for computational economy; instead,
subroutine RADFLX is used to update the fluxes by pcrforming a
linear extfapolation on radiative fluxes saved at two earlier
time steps. Except during sunrise and sunset hours, this procedure

has been found to work well.

4.2.11 DIFV

This important subroutine serves several functions:

e The vertical turbulent diffusion.calculation is pcrformed
using the diffusion coefficients formed in the preceding
subroutine FRICV.

® The heat balance equation at the soil surface is solved
efficiently and accurately to take into account phenomena
taking place on and near the ground surface. An option
also is provided for water/land surface.
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As previously dicussed, the vertical turbulent diffusion
is a vigorous process, which acts across the small zone thickness
corresponding to the vertical zoning. An explicit treatment of
this ‘diffusion would require that an additional numerical stability
inequality be observed. in the determination of the time interval.
This diffusion-stability criterion would be very restrictive and
would cause the time interval to be limited to even smaller values
than determined by the other criteria discussed above. '

In order to avoid such a costly restriction of the time
interval a numerical formulation of the terms ‘involving vertical
diffusion that is not subject to. the stability criterion was
implemented. Such a formulation is that of partial implicitization,
in which a linear system of simultaneous equations is solved.
While the method required to evaluate these equations is somewhat
more complicated (as described below) than that for the explicit
formulation, the computational penalty is minimal. The solution
is formed cellwise column by column and makes use of diffusivities
calculated previously for the column of cells in question. This
solution sequence dictates that the vertical calculations of the
FRICV and DIFV subroutines be,performed in the inner-most loop of

the flowchart as indicated in Figure 3.

The terms of the differential equations that are evaluated
in DIFV are

2 ’ <
2 3, 2 3 H '
Tt =B gs 07 Ky G + b (4.13)
i ' '

where ¢ = (u , v, h-, C) , and. ¢ is a symbolic representation

of the other terms in the governing equations, which have been
-evaluated explicitly in the subroutines discussed above. The
difference formulation evaluates. the diffusion terms atgthe{advanced
time of the three levels of the leapfrog scheme. This formulation
~has been shown to be unconditionally stable against numerical error
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-growth.. Taking into account the variation in vertical cell size
with height, the difference equation corresponding to Eq. (4.13)
is:

n+l

"

- 2
- Ty 2 (P Ky)y / piy n+l (p KV) n+l _ _ n+l
I = v - bo (mkﬂ " M ) T T Ro_ (Wk e 1) (2.14)

In Eq. (4.14) the subscript (k) indicates the vertical index, the
superscript (n) indicates the time index, and the subscripts (+)
and (-) designate quantities to be evaluated at the interface of
the zone having larger and smaller k-indices, respectively. All of
the indices indicating. horizontal position, which are not involved
with these terms, have been suppressed.

Eq. (4.14) is a system of 1inear'equétions.fbr the unknown
quantities ﬂ¢ﬁ+1 » which is tridiagonal (the matrix of the
coefficients of n¢§ 1 contains nonzero elements only on the main
diagonal and the bordering diagonals immediately above and below
the main diagonal). This system of equations is closed with boundary
conditions at the top‘and bottom of the computational region. At
the top of the mesh, zero turbulent flux is assumed. At the. bottom
the velocity at the surface is matched to a wall layer solution,
and the temperature boundary.value at the surface is assumed to be

lznown .

The formulation of the surface-heat balance in DIFV takes
into account, 1) the sensible and latent heat fluxes to incorporate
the logrithmic dependence of windspeed on height, 2) the heat flux
into soil, 3) the evaporation and condensation of moisture from -
the soil surface, and 4) simultaneous solution of the hpat halance,
atmospheric temperature and water vapor equations and the soil
temperature equation. The soil moisture is defined by a wetness

parameter.
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4.2.12 UPDATE

Subroutine UPDATE updates all the primary variables to the
advanced time level. In addition, a frequency filter to the time
integration (Asselin 1972) is applied at each time step in order
to remove the high-frequency. noise from.the solution. The filter
also helps to damp the 2At oscillations inherent in leapfrog time
differencing by averaging the solution over three consecutive time
steps. If the superscript (n) denotes the time level and (V)
denotes smoothed variable, then the filter is defined by the follow-
~ing operator:

3 = o™ + 1o (&n'l - 2" + ¢“+1) (4.15)

Note that the filter is .applied only to old quantities (¢n)

after the new quantities ¢n+l) are calculafed. The para-

meter o = 0 corfesponds,to no filtering and o = 1 corres-

"ponds to a heavily biased filter. A value of «a .5 com-

pletely suppresses 2At oscillations.

4.2.13 UVBOUN

Values of velocity at external positions on the computa-

tional mesh have not been supplied in the previous subroutines
and are added in the UVBOUN subroutine. These quantities are
obtained in accordénce with whether the wind velocity is directed
into or out of the computational region at the bouundary location

in queStion. If the wind 1s directed inward,.a specified boundary
lValue of velocity is utilized.: 'On:the'other hand, if the wind
is directed out of the mesh, the boundary values of the wind
components are obtained by extrapolation from the interior of

the mesh.



4.2.14 OUTPUT

The OUTPUT subroﬁtine‘controls the manipulation of several
forms -of data that flow from the computer to peripheral devices.
This output may take the form of printer edits, tape dumps, printer
plots or film plots. The user determines the frequency and mode of
data output by specifying parameters in the INITAL subroutine.
These parameters specify how many cycles of calculation are to
elapse between the successive edits of a specified type.

The printer edits provide the user with a record of the
progress of the calculation in terms of the values of selected
variables. These variables are chosen to providc maximum iuflurma-
tion about the quantities of greatest interest during the normal
course of the calculation. More complete data output is obtained
by requesting the so-called '"debug" edits. These edits contain'a
large amount of information on intermediate quantities, which are
normally not edited. They would be too expensive to ﬁrint, too
time consuming to inspect, and too cumbersome. to archive. The"
debug edits find their greatest use in diagnosing abnormal behavior
of a calculation by providing detailed information .on the suspected
quantities. '

The'tape dumps. are transfers to mass storage of all of
the variables required to start the calculation. This feature
is provided to enable the user to reinitiate a calculation, to
change data part way through a calculation, or to edit information
aboﬁt a calculation selectively or in greater detail. These dumps
' cain be stored compactly for.a 1ong period of time and. thus consti-
tute a convenient'and permanent. record of'completed calculations.

' The printer plots prbVide the user with various graphical
representations ot .the data.. . This form of output. is invaluable
in evaluating the reéultszof the calculation. - The printer plots
are made during the calculation and provide greater user overview
of the calculation's progress and insight into the behavior and

accuracy of the results. .
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The most important and impressive form of plot is on
microfiche. .Contour plots of velocity magnitude, temperature,
moisture, turbulent kinetic energy, vector plot of the horizontal
velocity vectors at different o 1levels, contour and prospective
plots of the terrain, etc., can be generated at any frequency ,
through calls to other plot routines from OUTPUT. The plot routines
are however machine and computer center specific, and would require

modifications to utilize this capability.
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5. USAGE AND INPUT

As might be imagined, the SIGMET code which. implements all
of the methods and models described above. is quite sophisticated
and requires knowledge4andlexperience with such techniques to oper-
ate in a,useful.manner.. It is being continually updated in terms
of its physical and numerical methods to enhance its usefulness
and efficiency. 'It, however, remains quite expensive to run;
presently requiring on the order of 10's of minutes on a CDC 7800
computer for a typical 3D mesoscale simulation of approximately
one hour real time duration. It‘also'makesAextensive use of com-
puter storage;'in its present configuration it requires 151;58K
words to load and. 130.5gK words of small core memory to execute
as well as‘404.08K words of large core memory (LCM). In this con-
figuration, it can perform a calculation with a finite difference
grid design of (25 x 21 x 15) zones in the XxYxZ directions respect-
ively. The sample calculatlon in the next section prov1des codlng
changes of array sizes required .for performing a slightly larger
calculation. It is recommended that similar changes be made for
‘a smaller calculation.to minimize computational costs. Because of
‘the extensive storage and time requirements, it goes without saying
that conservative computing practice be followed when exercising
the SIGMET code. |

Most»input variables required for a SIGMET calculation are
read through two NAMELIST records: OUTPT and START, This input
uses standard CDC NAMELIST format. The vériablés to be included in
each record are listed with a functional description in the Appendix.
Variables in record OUTPT control execution and variables in START
provide numerous parameters for numerical and.physicél,description
. of a caiculation. For an initial_run,‘both.recordS'should be read,
" and for a restart run (ISTART = 1), when. previously generated dump.
tape is used Lo initialize the caiculation,,oniy}record OUTPT is .
read. SIGMET automatically:generates a ddmp“tape on logical Unit 8
for any run.
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A typical. input deck for. an initial run is. prov1ded in the
next-section and has. the following form:

NAMELIST =~ OUTPT . (see Appendix)
NAMELIST  START . : (see Appendix)

 UADAT - . (80 character field contain-
o ; 'ing upper air data description)
TRDAT - . (80 character field contain-

ing terrain data. descriptlon)

1, 1IE), J=l;uJE).: ‘terrain data in format
. 8F 10.0)

As suggested in - the above input list, terrain data must be provided
for each finite difference cell starting at the southwest -corner
(I,dJ) = (1,1) for each row in turn proceeding in an easterly (I=1,
IE) direction. This data is. read according to. the following coding
in subroutine INITAL: ‘
DO 180 J = 1, JE
READ (5,615) (HM(I, J), I =1, IE)
-180. CONTINUE
615 FORMAT (8F10.0)
As mentioned above,la'restart run requires only the‘input contained
in NAMELIST OUTPT to control execution as well as a dump tape of a

((HM(I,J), I

lprev1ous run mounted on logical Unlt 7.

A concrete example of the input for an initial run is now

provided in the next section.
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6. SAMPLE CALCULATION

The set up and example output for a sample SIGMET calcula-
tion are presented in this section for demonstration purposes. The
test problem is the flow over a three-dimensional Guassian Hill.
with a prevailing uniform westerly Wind in a neutrally stratified
(lapse rate = - .01 °K/m = - GAM) atmosphere.

Table 3, below lists the coding chhnges that are required
to run this problem with the present code configuration. These
changes include alteration in the array dimensibns for various
parameters and a code update. to calculate the hill terrain directly
rather than read the terrain data from cards. All other input
parameters are defined from NAMELIST as described below. It is
noted that the radiation arrays (RADTN, RADTO, RADSN, RADSO) are
dimensioned to.l, since radiation is neglected in this test case
(IRAD = 0). This results in a substantial reduction in computer

Table 3. Code Updates for Gaussian Hill Sample Case

*IDENT GAUSS
*DELETE COMMON.2,COMMON. 12
COMMON/ARRAYI/UA(25 25,18) ,VA(25, 25 18) ,CA(24,24, 15) ,TA(24,24,18)
COMMON/ARRAY2-UB( 25,25, 13) , VB( 25, 25, 18) ,CB( 24, 24, 13) , TB( 24,24, 13)
COMMON/ARRAY3-U( 25,25, 15) V(25 25 15) C(24 24, 15) T(24 24, 15)
COMMOR/ARRAY4-/UTEN( 25,28, 18) VTEN(25.25 15) C’I'EN(25 235, 15).
TTEN(25,23, 18)
" COMMON.- ARRAYS/POI(24, 24 15) POIPIX(24,24,13) ,PHIPIY(24,24,18)
COMMON/ARRAY6/QA( 24, 24, 16) QB(24 24, 16) KDIFB(24 24, 15)
COHMON/ARRAY?/PSA(24 24) PSB( 24, 24) PTEN(24 24), HM(¢ 24 24),
PUA(25,28),PUB(25,25) ,PCUT(25,25), CONVAR(25.25)
COI‘IPION/ARBAYB/TB( 24, 24) TG( 24, 24) STEHP( 24, 24) CG( 24,29), N
GW( 24,247, HRATL((.‘.Q 24) lJCOLH(24 24)
*DELETE COMMON. 15, COMMON. 18
COPD(ON/RADIAT/RADTN(I 1,1) ,RADTO(1,1,1) ,RADSN(1,1,1) ,RADSO(1,1,1)
COMMON/SCRACH/FACTOR( 24, 16) FACNL(% 16) ,SDOTR( 24, 16),
SDOTL(24, 16)
IDEI.ETE COMEUV. 4,COMEQV. 6
DIHENSION COM1(36030), COPQ(36030) COM3(36030) , GOHG(G?BOO),
COM3(25920) ,COM6(27072) ,COM?(4804) , COMB(4032).
CoM9I(256), COH10(4) 00511(1536) COH12(96). ‘
tDEI.ETE IRITAL. 172, INITAL. 176
§1GC=3000.0
DO 186 J=1,JE
DO 180 I=1,IE
Xl=(1-12.8)=DX
Y1=(J-12.8) xDY
HM(1,J)=1000. O*EXP( (Xl**2¢YI**2)/SIGC**2)
180 CONTINUE
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core storage requirements. Further relief could be obtained by
deleting the plotting subroutines (CONTUR, PLOTER and VELVER) and
adding the dummy subroutines MODESG and EXITG since microfiche
plots are not to be generated (IFILM = 0). This step should be
implemented if SIGMET is fo be run at a computer facility where the

identical plotting package is not .available.

The following are the NAMELIST input parameters and des-

cription caption input for this sample calculation:

$OUTPT

NCYCLS=5, IEDIT=5, I0UT=0, IPLOT=0, ISTART=0,
KBEG=15, KBGPL=15, IFILM=0,
$END
$START )

GMTMHR=7 .25, KMAX=15, DELTAT=1.6, . DLAT=0.0,
ANGLE=0.0, DLONG=106.4, PTOP=650.0, PBOT=1000. ,
W=0.0, IRAD=0, XORG=0.0, XCLAY=0.0,
XSAND=1.0, RPDIF=0.608, CPDIF=2.0, TRANS=1.0,
VEG=0.0, ZNAUT=0.1, QEFFG=0.5, GDEPTH=0.1,
TDEEP=15.0), TWATER=15.0, 7ZBL=200.0, SUREM=1.0,
IE=24, ~ JE=24, DX=750.0, DY=750.0,
TG=576%15.0, GW=576%0.2, HRATE=576%0.0, IJCOLM=576%0,
GAM=0.01, GAM1=0.005, PINV=500.0, TNPRS=15. 0
NPRES=21, DAYBEG=1.0, ZBOT=0.0), ALPH=0.0,

PPRES=600.,620.,640.,660.,680.,700.,720.,740.,760.,780.,800.,
820.,840.,860.,880.,900.,920.,940.,960.,980.,1000.,

UPRES=21%*10.0, VPRES=21%*0.0, CPRES=21%*0.0, THETA=21%*270.,
RELHM=21*0.0, CX3=0.013882, CX4=1.2,
$END '

SIMULATED INITIAL CONDITIONS
3-D GAUSSIAN HILL

If this were a usual SIGMET run in which terrain data were to be
input via cards, the above input would be followed by terrain data

cards in an 8F 10.0 format.

The above completes the coding changes and data input for
the sample case. Table 4 is a reproduction of the raw computer
output for this calculation. The numbers and tables provided there
are relatively self explanatory. For illustration and check-out
purposes, only the first two pages of output for the initial condi-
-tions and for the rccults at the end of the 5-cycle run are provided.
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Table 4. Sample Output (Initial Condition)

XXX A XXX X X XXX XRXXX
X X X XX XX X . X
XXX X XXX XXX XXX X

X X X X X X X X
XX X XXX X X XXX X

INITIAL COKDITIORNS:

747

CONSTANTS
CNIWHR=  7.2809E+00 DLAT= e. PTOP= 6.5000E+81 IRAD= ® 1IEDIT= s
DAYBEC=  1.DOOPE+00 DUORGs 1.0640E+02 PBOT=_ 1.0000E+02 ZBL= 2.0900E+02 1PLOT:= 0
DELTAT:=  1.500PE+80 ANGLE= €. PINY= 5.0000E+01 TNPRS= 1.5300E+01 ISTART= °
KCYCLS= 5 . XIRG= €. RPD IF= 6.9800E~0 1 XSAND= 8.7900E-01 ALPH= 0.
NPRES= 2t DX= 2.5000E+02 CPDIF= 2.0000E+80 TRANS= 1.8380E+060 IFILM= Y
W= 0. 1E= 24 KMAX= 15 VEG= 0. XCLAY= 9.
CAM= 1.0080E-02  ZXAUT= 1.0000E-01 QEFTG= 5.0000E-01 CDFFTH=  1.0900E-01 ZBOT= 9.
TDEEP= 2.8816E+02  TWATEF=  2.8816E+D2 JE= 24 pY= 7.5900E+62  CAMi= 5.0000E-03
SINULATED INITIAL CORDITIONS
K . .PPRES UPRES VFRES TPRES CPRES R.H. THETA
1 6.00GOE+01 1.0000E+01 0. -2.5006E+01 0. 0.0 2.7000E+02
2 6.26C0E+01 1.00005+01 0. -2.2614E+01 0. 0.9 2.7000E+02
‘3 6.40C0E+01 1.00003+01 9. © -2.0276K+01 9. 0.0 .2.7600E+02
4 6.60G0E+0 | 1.00007+01 0. -1.79B8r+01 9. 0.0 2.7000E+02
[ 6.800G0F+0 | 1.0000z+01 0. -1.5756E+01 0. 0.0 2.7600E+02
6 7-0000E+01 1.0000%+01 9. -1.3537E+01 0. 9.0 2.7000E+02
? 7.2000E+0 1 1.0000Z+01 0. ~1. 1408E+01 e. 0.0 2.7000E+02
8 7.4000E+01 1.0000E+01 0. -9.3016E+00 0. 9.0 2.7000E+02
9 7.6000E+01 1.9000L+01 0. -7.2346E+00 9.. 8.9 2.7000E+02
10 7.8B00GOE+0 1 1.0000C+81 0. -5.2058E+00 °. 0.0 2.70600E+02
11 8.0009F+01 1.0000C+01 0. -3.2134E+00 0. 8.0 2.7000E+02
12 8.2009L+0 8 1.9000L+01 0. -1.2560E+00 0. 0.0 2.7000E+02
13 8. 4000NE+0 1 1.00008+01 0. 6.6797E-01 0. 0.0 2.7000E+02
14 8.5000E+01 1.0000E+01 0. 2.5598E400 0. 0.0 2.7000E+02
15 8.3009L+01 1.0900E+01 0. 4.4207E+00 °. 0.0 2.7000E+02
16 9.90COT+01 . 1.0600F+01 0. 6.2520E+00 9. 0.0 2.7000E:02
1?7 9.2000E+0 | 1.0000E+0 1 0. 8.0547E+00 0. 0.0 2.7000E+02
18 9.4000E+01 1.9000E+01 °. 9.8299E+00 0. 8.0 2.7000E+02
19 9.6000E+01 . 1.0000F+01 0. 1. 1579E+01 0. 0.0 2.7000L+02
20 9.BOCAE+01 1.0000E+01 0. 1.3302E+01 0. 0.0 2.7000E+02
21 1.€090F+02 1.0000E+01 0. 1.5000E+01 0. 0.0 2.7600E+02
9-D CAUSSIAN HILL . ‘
1= 1 2 3 4 ] 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20
21 22 23 24
J=24¢ . 0. Q. o, .. 0. 0. e. 0. 0. e. 9. °. 0. .o o. 0. °. e.
0. 0. Q. o.
J=23 0. 9. Q. .. 9. o. 0. a. 1. t t. 1. 1 1. 9. e. 0. 0. 0.
0. 9. a. .. .
J=22 0. 0. a. .. e. °. 1. 1. 2. 2. 3. 3. 3. 3. 2. 2. 1. 1. 0. 0.
0. e. e e . :
J=21  o. 9. 0. ¢. 0. 1. 2. 3. - 7. 1o0. 1. 1. 1@. 7. 3. 3. 2. 1. 0.
°. 0. 6. 6. :
J=20 °. g. a. €. 1. 2. 4. 8. 14 20. 26. 29 29, 26. =20. 14. 8. 4. 2. 1.
0. . 0. G.
J=19 e'). a. 0. 5. 2. 5. 11. 208. 33. 48. 62. 70. 70. 62. 48. 33. 20. 11. 5. 2.
. 0. a. @. :
J=18 - ’o. 0. 1. 2. 4. 11. 23, 43. 76. 102. 131. 149, 149. 131. 182. 7e. 43. 23. 11. a.
2. 1. 8. a. .
J=17 0. 0. i. a. 8. 20. 43. BO. 131. 191. 245, 278. 278. 245. 131. 131. 5.  43. 20, 8.
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Table 4. Sample Output (Initial'Conditions continued)

3. f. 0. 8.

J=16 0. 0 2. 3. 14. 33. 70. 131. 216. 315. 404. 450. 458. 404. 315. 216. 131. 70. 33. 14.
5. 2. 0. 0.
J=18 0. 1. 2, 7. 20. 48. 102. 191. 315. 458. 3580. 666. 666. 588. 4%50. 318. 191. 102. 48. 20.
7. 2. 1. °. .
Jeis 0. 1. 3. 16. 26. 62. 131. 245. 404. GBB. 735. B55. B56. 755. 660. 404. 245. 131. 62. 26.
10. 3. 1. 0.
J=13 0. 1. 3. 1l. 29. 70. 149, 27B. 438. 666. B355. 969. 969. B36. 666. 438. 278. 149. 70. 29.
1. 3. 1. 8.
J=12 0. 1. 3. 11, 29, 70, 149. 278. 438. 666. B835. 969. 969. 855. 666. 458. 278. 149. 7T0. 29,
1. a. 1. 0. :
ETT 0. 1. 3. 10. 26. 62. 191, 243. 404. 688. 756. 855. O55. 755. B8R, 404. 245. 131. 62. 26,
10. 3. f. 0. . '
J=10 g. 1. 2. 7. 20. 48. 102. 191. 313, 488. G80. 666. 666. SB0. 458. 315. 191. 102. 48. 20. -
2. 1. 0. . .
J= 9 : 8. 2. 3. 14. 93 70. 131. 216. 310. 404. 458. 450. 404. 315. 216. 131. 76. 33. 14.
. 2. 0. o.
J=8 . o. 8. 1. 3. 8. 20. 43. 80. 131, 191. 245. 278. 278. 245. 191. 131. 80. 43.° 2. 8.
3. 1. 0. 0.
J= 7 g. 0. 1. 2. 4. 11. 23, 43, 70. 102. 131. 149. 149. 131. 102. 76. 43.  23. 1. 4.
. 1. 0. 0. . T
J= 6 0. 8. 0. 1. 2. 6. 11. 20. 33. 48. 62. 70. 70. 62.. 48. 33. 20. (1. s. 2.
1. 0. . 0.
J= 8 o. e. 0. 0. 1. 2. 4. 8. 14. 20. 26. 29. .29, 26. 20. i4. 8. 4. 2. 1.
0. 0. 0. 0.
J= 4 0. 0. 0. 0. 0. 1. 2. 3. 8. 7. 10. 1. 11. .10, 7. 5. 3. 2. 1. °.
°. 9. 0. o. v
J= 3 e. 0. 0. o. 0. 0. 1. 1. 2. 2. 3. 3. 3. s. 2. 2. 1. 1. 0. 0.
0. 0. 0. 0.
J= 2 e. 0. 0. 8. 0. 0. 9. 0. 0. 1. 1. i. 1. 1. 1. o. - o. 0. 0. 0.
0. 0. 0. o. . ‘
J= 1 0. e 0. 0. 0. 0. °. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. o. -eo.
e. 0. 0. 0.
PCUT BASED ON 7ZBL
[ 1 3 4 5 6 7 8 9 10 11 12 13 is 15 16 17 18 19 20
21 22 293 24 25 )
J=28 98.8 98.80 98.0 98.8 98.8 98.8 98.8 98.8 98.8 98.8 98.8 98.8 98.8 98.8 98.8 00.8 98.8 98.8 98.8 98.8
98.8 90.8 98.8 98.8 98.8
J=24 98.8 98.8 98.8 98.8 98.8 98.8 98.8 98.8 98.8 98.8 98.8 98.8 98.8 98.8 98.8 98.8 98.8 98.8 98.8 98.8
98.8 98.8 98.8 98.8 98.8 .
J=23 98.8 90.8 98.0 98.8 '98.8 98.8 98.B 98.8 98.8 98.8 98.8 98.8 9A.8 98.8 98.8 98.8 95.8 98.8 90.8 98.8
98.8 98.0 98.0 98.8 98.8 , :
J=22 98.8 98.8 98.8 98.8 90.0 98.8 98.B 98.8 98.8 98.8 98.8 98.7 98.7. 98.7 96.8 98.0 9A.8 98.8 98.8 . 98.8
98.8 98.8 91.0 98.8 98.8 .
Je21 98.8 98.8 96.8 98.8 98.B 98.8 98.8 98.8 98.7 98.7 98.6 98.6 98.6 90.6 98.6 98.7 98.7 98.8 90.8 98.8
98.8 98.8 90.8 98.8 98.8
J=20 93.8 9.8 9R.0 98.8 98.8 90.8 98.8 98.7 98.6 98.3 968.4 90.3 - 98.3 98.3 98.4 98.5 98.6 98.7 98.83 98.8
90.8 96.8 94.4 IN.4 90.8 i :
J=19 98.8 98.8 98.8 98.8 98.8 OR.8 98.7 90.6 96.4 9B8.1 97.9 -97.7 97.6 97.7 97.9 98.1 90.4 98.6 98.7 948.8
98.8 98.8 9.0 9R.8 90.A
J=18 98.8 98.8 9s.11 90.8 98.8 98.7 98.6 98.3 97.9 97.6 97.0 96.7 96.8 96.7 97.0 97.8 97.9 98.3 98.6 98.7
98.8 98.8 9.8 9A.8 on.n .
J=17 98.8 9n.8 °4.8 OA.B MN.7 9A.6 98.4 97.9 97.3 96.8 95.7 95.1 94.9 95.1 95.7 96.5 97.3 97.9 98.4 98.6
93.7 90.8 91.8 90.8 9H.8
J=16 90.8 90.8 90.8 9.8 98.7 98.3 98.1 97.6 96.8 95.3. 92.7 91.8 91.8 91.8 92.7 95.3 96.0 97.5 98.1 98.8
98.7 90.8 91.8 96.0 9R.8 S -
J=18 98.8 98.8 9r.0 90.0 98.6 98.4 97.9 97.0 98.7 92.7< 91.1 96.0 89.6 90.0 91.1 92.7 95.7 97.0 97.9 98.4
98.6 °0.0 <i.4 9.0 98.8 S : o
J=14 98.8 90.0 2.8 9R.7 98.6 98.3 97.7 96.7 93.1 91.8 90.0 AN.¢ 068.1 68.6 90.0 9.8 93.1 96.7 97.7 98.3
98.6 9N.7 9n.f .0 98.8 .
J=13 90.8 96.0 9IN.A 9B.7 90.6 98.3 97.6 96.3 94.9 91.6 R9.6 AA.1 N7.6 AR. 1L B9.6 *1.B 94.9 96.5 97.6 98.3
90.6 90.7 9.6 9B.0 90.8 . .
J=12 9.8 9N.A °".A 9.7 IN.6 90.3 97.7 96.7 9G.1 91.0 90.0 aA.6 08.1 68.6 90.0 1.4 9%5.1 96.7 97.7 98.3
9.6 0L an.A 98.0
J=11 98.8 90.8 ¢i.1 ou.8 98.6 98.4 7 9%.7 97.0 97.9 98.4

97.9 97.0 95.7 92.7 91.1 90.0 09.6 906.0 91,1 92,



Table 4.

9%

10
7.62
7.62
7.62
7.63
7.63
7.64
7.66
7.70
7.73

'7.87

6.74
6.79
6.80
6.78
6.74
7.86
7.72
7.69
7.66
7.69
7.63
7.62
7.62
7.62
7.62

COMPLETED 8 CYCLES. ELAPSED SIMULAT:ON TIME IS 8.0000E+00 SEC
U VELOCITY TIME CYELE= 8 K LEVEL: 15
1 2 3 8 6 7 a8 9
21 22 23 23
J=28 7.64 7.62 7.62 7.62 7.¢2 T.62 7.62 7.62
7.62 7.62 7.62 7.62
7.64 7.62 7.62 7.62 7.€2 T.62 7.62 7.62
7.62 7.62 7.62 7.62
7.64 7.62 7.62 7.62 7.€2 T.62 7.62 7.62
7.62 T7.62 7.62 7.62
7.64 7.62 7.62 7.62 T.€2 7.62 7.62 7.62
7.62 7.62 7.62 7.62
7.64 7.62 7.62 7.62 7.€2 7.62 7.62 7.62
7.62 7.62 7.62 7.62
7.64 7.62 7.62 7.62 7.€2 7.61 7.62 7.62
7.62 7.62 7.62 7.62
7.64 T.62 7.62 7.61 7.61 7.61 7.61 7.63
7.61 7.62 7.62 7.62
7.64 T7.62 7.62 7.61 7.686 7.89 7.60 7.64
7.61 T7.61 7.62 7.62
7.64 7.62 7.62 7.60 7.599 7.88 7.59 7.64
7.60 T.61 7.62 7. 7.62
7.64 7.62 7.62 7. 7.89 7.67 7.66 7.%8 7.64
7.58 7.60 7.61 7. 7.62
7.64 7.62 7.61 7. 7.8 7.9 7.54 7.56 ?7.70
?.857. 7.60 7.61 7. 7.62
7.64 7.62 7.61 7. 7.57 7.%4 7.52 7.55 ?7.70
.87 2.89 7.61 7. 7.62
7.64 .62 7.61 7. 2.57 7.54 7.61 7.85 7.71
7.56 2.59 7.61 7. 7.62
7.64 7.62 7.61 7.60 7.57 7.54 7.52 7.55 7.70
7.87 2.59 7.61 7.62 7.62
7.64 7.62 7.61 7.60 7.58 7.8 7.53 7.56 7.69
?7.857 7.60 7.61 7.6 7.6
7.64 2.62 7.62 7.60 7.59 ?7.%2 <7.89 7.57 7.64
7.89 .60 7.61 7.62 7.62
7.64 7.62 7.62 7.61 7.60 7.59 7.58 7.59 7.64
7.60 7.61 7.62 7.62 7.62
7.64 V.62 7.62 7.62 7.61 7.68 7.60 7.60 7.63
7.61 7.61 7.62 7.62 7.62
7.64 7.62 7.62 7.62 7.61 7.61 7.61 7.61 7.63
7.61 7.62 7.62 7.62 7.62
7.64 7.62 7.62 7.62 7.62 7.62 7.61 7.62 7.63
7.62 7.62 7.62 7.62 7,62
7.64 V.62 7.62 V.62 7.62 7.62 7.62 7.62 7.62
7.62 7.62 7.62 7.62 7.62
7.64 7.62 7.62 7.62 7.62 7.62 7.62 7.62 7.62
7.62 7.62 7.62 7.62 7.62
7.64 7.62 7.62 7.62 7,62 7.62 7.62 7.62 V.62
7.62 7.62 7.62 7.62 7.62
7.64 V.62 7.62 7.62 '7.62 7.62 V.62 7.62 7.62
7.62 7.62 7.62 7.62 '7.62
7.64 7.62 7.62 7.62 7.62 7.62 ?7.62 7.62 7.62
7.62 T.62 7.62 7.62 7.62
V VELOCITY TIME CYCLE= 3 K LEVEL= 1§
1 2 3 ] [ 7 8 9

‘10

DAY=

11
7.62
7.62
7.62
7.63
7.64
7.66
7.70
7.77
7.90
6.88
6.87
6.92
6.95
6.92
6.86
6.87
7.89
?.76
.70
7.66
7.64
7.63
7.62
7.62
7.62

11

12
7.62
7.62
7.63
7.63
7.68
7.68
7.79
7.83
8.02
6.93
7.06
7.16
7.20
7.15
7.04
6.91

'8.01

7.84
7.723
7.68
7.65
7.63
7.63
7.62
7.62

TIFE=

‘13
7.62
7.62
7.63
7.63
7.68
7.69
7.76
7.88
8.08

6.99

7.16
v.28
7.34
7.27
7.13
6.97
8.07
7.87
7.75
7.69
7.68
7.68
7.63
7.62
7.62

13

14
7.62
?.62
7.63
7.63
7.68
7.68
7.78
7.86
a.e4
6.94
7u69
7.20
7.28
7.19
7.07
6.93
8.03
7.85
7.74
7.68
7.63
7.63
7.63
7.62
7.62

14

Sample Output (5 Cycle Run)

13
7.62
7.62
7.62
7.63
7.64
7.67
7.71
7.79
7.94
6.78
6.92
6.97
7.00
6.97
6.91
6.78
7.93
7.78
7.70
7.67
7.64
7.63
7.62
7.62
7.62

16

6.15. 8

16
7.62
7.62
7.62
7.63
7.63
7.68
7.67
7.71
7.77
7.79
6.67

'6.72

6.73
6.72
6.66
7.79
7.76
7.71
7.67
7.65
7.63
7.63
7.62
7.62
7.62

17

7.62
7.62
7.62
7.62
7.62
7.63
7.64
7.65
7.66
7.68
7.62
7.64
7.63

7.64

7.61
7.67
7.66
7.64
7.64
7.63
7.62
7.62
7.62
7.62
7.62

18
7.62
7.62
7.62
7.62
7.62
7.62
7.61
7.61
7.60
7.89
7.68

7.88

7.67
7.57
7.58
v.59
7.60
7.61
7.62
7.62
7.62
7.62
7.62
7.62
7.62

19

7.62
7.62
7.62
7.62
7.62
7.61
7.61
7.60
7.58
7.86
7.64
7.52
7.82
7.62
7.54
7.56
7.58
7.60
7.61
7.61
7.62
7:62
7.62
7.62
7.62

19

20
7.62
7.62
7.62
7.62
7.62
7.62
7.61
7.60
7.88
7.57
7.65
7.84
7.83
7.54
7.55
7.57
7.58
7.60
7.61
7.62
7.62
7.62
7.62
7.62
7.62

20



LY

Table 4.

23 24A

Sample Output (5-Cycle Run continued)

15 .08
.18 .09
.12 .08

.09 .68 .03

00 .00

12 -.00
15 -.09
153 -.08
10 -.06

.07 -.06 -.04

o2 -.o01

00 -.00

9
24
207.872
287.873
207, 868
207,473
287.0156
207,471
207.822

21 22 25
J=23 0.00 .00 00 .00 .00 .00 .00 .00 .00
-.00 -.60 -.00 -.00 -.00
J=24 0.00 .00 00 .00 .00 .60 .60 .00 .00
-.00 -.00 -.60 -.00 -.00
Js23 0.00 .00 06 .60 .60 .00 .00 .00 .00
-~.00 ~-.00 -.00 -.00 -.00
J=22 0.60 .00 .00 .00 .60 .00 .00 .0l .01
.00 =00 -.00 -.00 =-.00
J=21 6.06 .00 .00 .00 .00 .00 .01 .0t .02
-.06 -.00. -.00 -.00 -.00
J=20 6.00 .60 .00 .00 .00 .01} .02 .03 .03
-.01 -.00 -.00 -.00 -.00
J=19 0.00 .60 .00 .60 .01 .62 .03 .08 .06
-.01 -.60 -.00 -.00 -.00
J:18 @.60 .60 .00 .61 .01 .03 .66 .07 .10 .11
: -.01 -.81 -.00 -.60 ~-.00
J717 @.00 .60 .00 .01 .02 .03 .06 .09 .13 .16 .
-.02 -, 01 -.00 -.00 -.00
Ja16 6.06 .60 .00 .01 .02 .04 .07 .10 .16 .18
-.02 -.01 -.00 -,00 -.00
J=18 6.00 .00 .00 .01 02,03 .06 .09 14 .18
-.802 -.01 -.00 -.00 -,00 '
Jsi4 6.00 .00 .00 00 .01 .02 .03 .06 .07
-.01 -.00 -.00 -.00 -.00
Jei3 6.00 .00 -.00 -.00 60 .00 .06 .00 .00 60 .
-.60 .60 .00 -.00 -.00
J=12 6.00 ~-.00 -.00 -.00 -.01 -.02 -.03 -.06 ~-.07 -.09 =-.08 -.0§
.04 .80 .00 .00 .00
J=1} @.00 -.060 -.00 -.01 -.02 -.03 -.86 -.09 -.14 -.15 -.
.02 .01 .00 .00 .00
J:10 6.60 -.00 -.00 -.01 -.62 -.04 -.07 -.10 -.16 -.18 -.
.62 .01l .00 .00 .00
J=9 0.00 -.60 -.00 -.81 -.02 -,03 -.06 -.09 -.13 -.16 -
.82 .01 06 .80 .00
J= 8 0.0 -.00 -.06 -.01 -.01 -.03 -.05 -.07 -.10 -.I1 ~-.
.01 .01 L0000 .00
7 06.00 -.00 -.00 -.00 -.01 -.02 -.03 -.05 -.06 ~
.01 .80 .60 .00 .00
J= 6 ©6.00 -.00 -.00 -.00 -.00 -.01 --.,02 -.03 -.03 -.
.01 .60 .60 .00 .00
J=. 5 ©.00 -.006 -.00 -.60 -.00 -.00 -.01 -.0L -.02 -.02 -,
L0000 .00 .00 .00
J= 4 6.60 -.60 -.00 -.00 -.00 -.00 -.00 -.01 -.01 -.01 -.01 -.00
.80 .00 00 .00 .00
=3 .60 -.00 ~-.00 -.00 -.60 -.00 -.60 -.00 -.00 -.00 -.
.00 .00 00 .00 .00
Ja 2 6.006 -.00 -.00 -.00 -.00 -.00 -.00 -.00 -.00 -
.00 .00 00 .00 .00
J= 1 6.00 -.00 -.00 -.00 ~.00 -.00 -.00 -.00 -.00 -.
.00 .00 00 .00 .00
TEMPERATURE TIME CYCLEs 6 . K LEVEL= 18
= 1 2 3 4 6 6 7 8
16 1?7 18 19 20 21. 22 23
J=24 207.476 207.8749 287.87:) 237.073 287.673 267.873 2087.073 2087.872
207.072 287.073 207.673 237.873 207.073 2H7.873 207.673 207.873
J=23 207.876 287.873 207.87) 227.87) 287.873 207.873 287.872 287.870
2H7.0869 2087.870 287.872 207.872 207.873 207.873 2087.473 207.873
J=22 2017.876 207.873 207.673 287.873 207.872 207.071 207.0660 207.863
2017. 057 207.863 207.068 2B7.871 2087.6872 207.4873 207.06L00 207.673
J=21 2087.876 287.873 207.873 207.872 257.870 207,066 0857 287,842

287,

.00

.00

.00 -,

.00

.00 -,
.00 -,
.01 -,
01 -,
N ) B
.01 -,
00 ~,

~-.01
~.01
~.01
~.01
~.00

~.00
-.00
-.00

10
287.0871 .
287.866
207 . 149
287.7948

.00 -.,00 -.00
.00 -.00 -.00

0y -.00 -.00
00 -.01 -.01
.01 ~-.02 -.02

02 -.03 -.04
03 -.66 -.07
03 -.69 -~.11
07 -.14 -.16
o8 -.14 -.18
07 -.11 -.14
04 -—-.08 -.09
.00 -.00 -.00

.04 .08 .09

.07 .18 .14
.08 .14 .18
.07 .14 .16
.00 .09 Y
.03 .06 .87
02 .03 .04
.01 02 .02
00 .01 .01
.00 .00 .00
.00 .00 .00
.00 .00 .00

11 12
287.871 287.87!
207.864 287.863
207.842 287.838
287.777 287.765

.01

~.06
-. 10
-.13
-. 16
-.18

.06
.04
.02
.01
.00
.00
.00

287.871 287.871
287.863 287.865
287.838 287.0840
287.766 2087.779

13

.00 -.60 -.00
.00 -.00 -.00
.00 -.60 -.00
.01 -.00 -.90
01 -.01 -.01
.63 -.02 -.el
.83 -.03 -.e2
.08 -.05 -.03
\10 -.87  -.04
11 -.87 -.04
.10 .06 -.04
.06 -.24 -.02
.00 -.00 -.00
.06 .94 .02
.16 .p6 .04
.11 .87 .e4
.10 .07 .04
.08 .05 .63
.05 .93  .e2
.63 .62 .ei
.1 .e1 .ol
.61 .00 .00
.00 .00 .00
.00 .00 .00
.00 .60 .o0e
19 18
287.872
287.867
207.850

287. 800
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APPENDIX A

Glossary of Input Variables.

The set of input variables required to define a SIGMET simu-

lation are presented in the following table. ' Variables are input
in standard CDC namelist format in either NAMELIST /OUTPT/ or
NAMELIST /START/ as indicated.

Variable

ISTART:

IEDIT:
IPLOT:
IOUT:

IFILM:

NCYCLS:

KBEG:

KBGPL:

NAMELIST /OUTPT/

Description

Starting parameter
= 0 for initial run
> 0 for restart runs. For restart runs save tape should

be mounted on logical Unit 7
Frequency of edit cycle
Frequency of printer'plot
Frequency of debug edit cycle

'Frequency of film plot

Total number of time cycles

Starting edit level
(If IEDIT is non-zero printer edit is provided level
by level for all variables from K = KBEG to KMAX)

If IFILM is non-zero plots on horizontal slices
K=KBGPL to KMAX are to be prepared :
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Variable

KMAX:
IE:

JE:

DX:

DY:
DELTAT:

GAM
| TNPRS
GAM1
PINV

ANGLE:

ZBOT:

TG:

GW:

HRATE:

TWATER:

TDEEP:

| XORG
XCLAY
XSAND

VEG:
ZNAUT:

NAMELIST /START/

Description

No. of vertical levels

No. of computational zones in x-direction
No. of computational zones in y-direction
Grid size in x-direction in meters

Grid size in y-direction in meters

Time step size in seconds

By assigning a non-negative value to GAM the measured
‘Rrofile of temperature (TPRES) can be replaced by one
with TNPRS (in YC) at ground decreasing with altitude
at lapse rate GAM (in ©C per meter). An inversion
layer can be simulated by having a smaller lapse rate
GAM1 (in ©C/meter) starting at a level where pressure
is PINV (in millibar).

X-axis rotation measured counter clockwise from East
in degrees

Ground elevation (AGL) of measurement location if
available

A two-dimensional array at least IE x JE long repre-
senting ground temperature is ©C, If measured values
for TG are not available, they can be extrapolated
from the measurement of temperature in the atmosphere.
This is done by setting the value of GDEPTH negative.

A two dimensional array at least IE x JE long repre-
senting ground moisture expressed as fraction of the-
eaturated humidity of air near the ground

A two-dimensional array at least IE x JE long repre-
senting external ground heat .source, if any

Temperature in 9K of water body, if any, present in
the region of eimulation ‘

Temperature in °K of underground soil assumed constant
everywhere

Composition of soil in.the region of simulation, in
fraction by mass of organic materials, clay and sand
respectively

Vegetated fraction of the total surface area

Roughness leagth in meters typical to the terrain over
the region

&
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Variable

DLAT:
DLONG:
Q:

CX1l, CX2:

CX3, CX4:

GMTMHR :

DAYBEG:
PTOP:

PBOT:

‘UPRES
VPRES
TPRES
CPRES

PPRES:

NPRES:
THETA :

RELHM:

Description

Latitude in degrees of region of simulation
Longitude in degrees of region of simulation
One dimensional array of at least KMAX +1 long for

¢ values

Two parameters specifying the log-linear distribution
of o -levels

Two parameters specifying. o values according to a
geometric progression series

Note: If one of two parameters is zero o values
are not computed and preset values (read
through Q) are used

GMT hour (in fraction notation) corresponding to
initial simulation time

Julian day of initial simulation.

Pressure in millibar corresponding to the top level of
the model

Standard sea level pressure in millibar

Ambient (usually obtained from soundings) values of
horizontal wind in meter/sec:or .in mph; ‘temperature
OC,. humidity in Kg/Kg. These are one dimensional
arrays of length 30 each

One dimensional array of size 30 representing pressure
in millibar where UPRES, VPRES etc. are measured

No. of entries of UPRES, VPRES etc. (£ 30)

A one dimensional array of at least NPRES length
representing angle in degrees of wind vector measured
clockwise from north. If the measurement is available
in magnitude/direction format, UPRES should contain
the magnitude .in meters per sec and THETA the direction.
If component measurements are to be entered, UPRES
should contain the East-West component, VPRES should
contain the North South component; both in miles per
hour and all THETA should be set at zero.

An array of at ‘least NPRES elements representing values
of relative humidity at NPRES levels of the atmosphere.
Expressed as percentage of saturated value for air at
given temperature. If any of RELHM is non-zero, the
measurement CPRES 'i1s replaced by new values calculated
from RELHM and TPRES.
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Variable

ALPH:

ZBL:

‘IRAD:

W
TRANS
SUREM
QEFFG

GDEPTH:

IJCOLM:

Descriptibn

Time smoothing parameter to damp out high frequency
temporal oscillations, O<ALPH<1

Boundary layer height in meters above which an inter-
polated value from UPRES, VPRES is used for initiali-
zing the velocity field. Below ZBL a power law profile
is used.

Frequency of cycles when radiation subroutines are
called. If zéro, radiation contribution is completely
ignored. '

Radiation parameters

Length scale in meters required for solution of ground
temperature '

A two dimensional array of size IE x JE, each element
corresponding to a given vertical column. A non-zero
value will result in printout of a column (12K<KMAX)
ot tlow variables every IOUT cycles.

52



APPENDIX B

Computer Listing




PROGPAM—MAIN———T6/T/h—NPT=2

FIN—GTReS087045 30— JUN—RO—TH456666———PAGF

——— —————Cem===THIS— I S- AN--EXPLI CTFVERSTAN-OF—STAMFFHYDROS FAT I C—CONE—IN- =N ST GINF

—PROGRAM--MA EN { INPUT-«OU TPy FAPER = INPUT+ TAPE A =0UTPU T TAPFT+TAPER~ SH+G3PE-2
FTII.MsTAPEY0=F It M) STG3DF.3
STG3NF, 4

s Cm=e==WITH LATEST CHANGES MANF IN. MAY.1980 MEW,§
SIGINF,.7
—_— — - —_ -CO“MONIAQQAY!/UA(?6w2?o%§41VA4?61’?v+ql.FA(Zgo?lr{§+rlﬁ(?§-211+§)—(0MM0N.=
COMMON/ARRAY2/UR(2622¢15) s VR(2A9224+15) sCR(25:21415)4TR(25:2)+15) COMMON,3
i COMMON/ZARRAY3/U(2he22¢15) 9V (2he22e¢)15) o (2521151 T(25.21415) COMMON, &
———— 10 - ————— e COMMON/ARRAYGAUTENA2AR 922 1S ) e VTENLD 6422415} o CTEN (26 ¢ 2241 5)-———COMMON.. 5.
TTEN(Z26+22415) . COMMON, A
POMMON/ARQAYS/PNI(?5.2!.15)oPH'DI‘(?qo?loIS)ODHIPIY(?Q 211%) COMMON,7 . °
-COMHONIAQQAYG/QAL25~2¥+¥6l4QRLZS»Z}+¥6L430IFH(?q42443:‘ COMMNON,B
; ; COMMON/ARRAYT/PSA(P25:21) «PSR(2Se21) «PTFN(25+21) oHM(2S62]1) o COMMON, 9
18 PUA(?S'Z?)-PUR(?5077)QPCUT(7697?)OCONVAR(?G-??) COMMON, 10
'OMﬂONIAPPAYﬂ/?H(2§o?++v¥6+25'?%+v§15“°(25«21)1FF%?§¢?I)r———~——~—~f0“MﬂN.‘;
. GWI25¢21) «HRATE (2S5921) « TUCOLMI2S2Y) COMMON, 12 -
CONNONIARQAYQ/UPRE§(3O)oVPRES(?O)oCPPFQ(ﬂﬂ)-TPQF§(10)QTHFTA(10)1 COMMON .13 -
PPRES {301+ RELHMAL20)-+HADATLRITANAT(R)  RATELE .}
20 CONMON/QADIAT/QADTN(?ﬁo?l'16)oQAnTn(?Sc?lcl6)0°ADQN(?5.71016)9 COMMON, 15
RANSN(25.21416) COMMON 16
PQMNONISCQACHIﬁACJQR+2}’¥6L~EAC1@F+2}~45+4$0079(?L#]AL — e GOMMON,, ‘1—7
SDOTL (21416) LT COMMONG1R
CGMHONI“ATPIKIFC(IS)'FT(IG)9FU(16)qFV(lﬁ)oFT()ﬁ)-EU(I6)A' . © COMMON,19
as COMMONLMESCLNLTHT (1642 +OL LA o8 {16} o BALLE) o DOT{LE) cAKTILLE) n7l\A\-rnvmnM T >
. ALT(16)op(l6)-Qrptlﬁ)oD'FM(lﬁ)-DTFH(lﬁ)opY(lﬁ)o COMMON, 21
DVELDZ (1A} COMMON, 22
'"“""MIBERUGS#SAVE%4+6+~SﬁV52+lB¥rﬂA¥F3446++$A¥FA+%6L+SAV‘C'“‘ —GOMMON. 23—
E; COMMON/RADAT%/QFLUX(!G).FLUXL?(I6).T&QTG(I6).0FFF(16)v Lo 'ijCOMMDN.?Q;i
30 . QFFFGvVEG'TQAN§9?09ANG.SINANGQRLAT.PLONGQDLONGoQQ.Y‘COMMON.ZF~‘ 7 o
- CA uuu KAI‘YI\II! I‘l\l‘ff’l I‘I\f:l‘ﬂ Cﬂc’fhl f\AVDfI‘ nl AT A CﬂMMf\kI'Q'L
. DAYNOV 4 A7MUTHeSTRMA Q4 HRANGL « TAN7FNcSTNAZoC0§A7- © CNMMON, 27
- SOLCONSOLARN TRADRTOINRTNFWPRECIP WW 4 XSAMD COMMON, 2R
———————————————————————————1——————————————*Fti¥v*ﬂoﬁv*Sﬂ*bvﬁHF°¥HT¥HEEPW4Hﬁ*FRvGGGGv — COMMON29
35 . < HHHH G ELEE e RRRR + SSSSoeNPLT «NPLTTHSHIREM - o - COMMNN,30 . -
CGMMONISCALAQIQTvnFLTAToICYPL-QIMTMIoQIMTIMsNPYCLS-7FDYT¢7PL0T01 COMMON 31 ..,
s FFARE v KMAK KM AR D v KEMv P TP PRATvHT AP - V0P~ FOMMAN3R
. CT0P. TTODoZBOTvZNAUToKLNoIQUToIFILM.LOUT.NPRFSan COMMON, 33
. CPNTF «RPNTIF ¢ 781 o RHNFAC «GAM IF s TEND G TFM1 s TSaKSeNXe COMMNN, 34
ey . ROX-rROXHRAGTRAXTATORSOWNORD A Y-+ FSUNHY TSUNM e FSHNS—ROMMAONTIS
. AGMYNHP GUNYRGDIFDeNTIFIeNYsRNY+RNYHIRNYSLRDYY16s - COMMON, 36
. RDYSNs JF » JFNDoJFMloJ§9JRFGcAIPH,P‘NVqTNPPGQGAMlo " COMMON, 37
——————-————————————————————7—————————————*ﬂEGvKGGPtv+§¥ﬁ°¥vN€¥Ftvt¥ﬁPFT€*+TG*?TFX%v»n~ EAMMONIf——
COMMON/ADAQAY/THUM COMMNON, 30
45 LEVFL 2.UBWWVACAITASUBeVBICReTReUGVCoTUTFNVTFNGCTENSTTENWPHT, COMMON, 40O
—————f————————————"——*——;———-7——*————9H¥Pf*vpﬂfPT*TQ&TQBTHB*FH#R*E*NTﬂﬁHTGVRAWQNTPﬁDQG - EAMMANG4H
- e . ’ _ ) ' . . © . COMMON,42?
CNMMON/1GS722/7¢200) ; . ) : rOMMPL_, 2
COMMONZTRANSFZ T TRXSTTRY v TRN(26522) CHAMMPI—
sn SIG3NF,10
CBRORDINOBOBo0UNNN0OBORDI0D00D0DERNINDOON0RNU00BANRIRGNODLROBRRDORBEOBBRGTGINE,]]
— T DEFINE  THE INTTIAtSTATE OF THF SYSTFM————————————————#G1 G3InF12
CHOONONC000BNINADORIDRIBN0RBI00RERRNDEILDRRODRRINRRBBBORBLLNOLDBODNBRRBRASTGINFL1
CALL INTTAL SIGINF .14
55 C INTT AT ZEF L PLOTTFR —STGINFTIS
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PROGRAM-—MAIN———T67/76— NP T=> FTNGTBeSNRZNGS — 3N JUN—RO T4 B4TAG
——————————————— M 6 CAL T MORE S v Aot T HS T INF—PEOTSY SHEINE1 &
T NCYCL=0 SIG3INE,.17
LTAPE=N NFV.ﬂ
—CAEL—OUYTPHT saialilarg i)
)] TIF(IOUT.EQ.1}Y LOUT=) 15305 19
SIG3NFE .20
DL 255000 A0 0000 S50 0TI 00D L0003 0000 210 00 48 BT GIDF2Y
ce CALCULATIONAL LOQP #STIG3INF 22
T L Yy Y Y Ty Yy Yy LTS ek [y LA x
S NO—400—N=T¢NCYCLS ST6INES24
NCYCL=N STG3NF .25
ICYCL=TCYCL+) NEW,.7
- SE63DF-Rh—
C=====VISCOUS EFFFCTS ~ HORIZONTAL = FVALUATFE AT T=T(N=1) SIGINE .27
70 CALL FRICH STGINE .28
- - SH6IPE29
famea=fORPM UsVeTsC FIFLDQ STG3INE .30
CALL FIFLDS STG3NE L3I
SHGIRF-+I>
75 Cme===FORM HORIZONTAL TFEMS SI1G3NF .33
CALL TFNDH STG3INE .34
- - SHA30F35
C-==-=FNRM PRESSURE TERMc °. L . SIG3NE .36
CALL PRFSUR " SIG3NE .37
80 . S163RF+38—
C=====NRTAIN RADTATIVE FLUX FIFLDS STG3NF .39
IF(IRAD.GT.N) CALL RADFLD STSKINE .40
S1-GADE-o4-}
Eﬂ C-====CALCULATE VERTICALLY: CQUPLFD QUANTITIFS SIG3NF .47
/S N0 300 1=1,1F . . SIG3INE .43
NO_300— J=1} Jr E!I:‘IHE"AI.
15=1 STG3NF .45
JsS=J SIG3NE L4k
SFGIADK 47
90 Co====YFRTICAL ADVECTION AND” CORIOLIQ TERMS o SIGINF 48
= CALL . TENDV - . . L CSIGANE .49
- SI-63IDELSH
Cr====NDFTERMINE VERTICAL MIXING COEFFICTFENTS SIGIANF.S1
CALL FRICV SIG3NF .57
Qs SHGAAFES3—
g Gm====DETERMINE EXTRAPOLATED “ADIATTVF FlUX LA _ SIG3INE.S4
i IF(IRAN,GT,.N}. CALL RADFLX" i Cele STGINF.55
- SHEIRE56—
Ce====DN0O VERTTICAL DIFFUSIIN IMPLICITLY ZLONG WITH HFEAT RALANCE RET. SDILSIGINE.S7
100 CALL DIFFV STG3NF.SR
ST6INE-£59
-  Ce=e===CONTRIRUTION OF RADTATTVF FILLUX TO FNEDGY FON. S1IG3INE AN
' ) IF(IRAD.EQ.0} GO TO 112 - - SIG]OF 61
N nl} ““l )-( } “"“L ‘1 YHJr.rlf
105 117 TTEN(ISeJSeKI=TTEN(ESeS+K) +9, 18 FLUXL2 (Ko 1) =FLUXL? (K} =RFLUX (K»1) STG3INE .63
« ¢+PFLUX(K) ) #DQT (K) /(HDFAC®1004, 0“(1 N+CPDIFEC LTS US K ) SIGANF .64
. ~QA‘F=€{='\'J' \”"p‘;A:fjvu‘7"¥=] )'§' ""”. "V.Fl"".a_
112 CONTINUE STG3NE .65
N SIGINF .66
H-0 & APP—ANY—SHRFAEF—HFAT—SOAREES SI-GANF- 6T




PROGRAM—MATN T&7 TR NPT=? FTMNGTRYROB/04S

FFEN-ET- SIS e KMAK )= FTEN-AFS v SvRMAK IS HRATEAT So IS HTA-(FGv S Sv KM

“30IUNTRO

YT al Tkl

FARLE

SS

NFW,9
/TISeISeKMAX) NFW, 10
ST6INE .69
s HODATE—AL L—QUANTITHES ST-GINF- 70
115 CALL UPDATE SIGINE.T)
300 CONTINUE SIG3INF.T?
SEGINE T3
Coomm- SFT LATFRAL ROUNDARY CONDITIOMS ON VFCTORS SIG3INE. T4
CALL UVROUN SIG3INF.75
120 S1GINF, T4
Cmmmmm ANVANCE THF TIME STG3NE.T7
SIMTIM=SIMTIMsNELTAT o SIG3NE.7R
GALL—SSYUTCH-A6¢KSTAR)—$—50-T0{3494350)KSTOP S163INELAH
C====<PPODUCF ANY PEQUFESTED 0OUTPUT SIG3INE.AL
125 350 CALL NuUTPUT SIG3NE.8?
— &0 0-CONT-INYF—-— SI1G3ANF-«A3
. SIG3NE .84
C-=m=- WRTTF DUMP TAPE TO RE 1)SSN FOR RESTART STG3NF .85
3491, TARE=} SIGANE.RE
130 cAt.L OUTPUT S1G3NF.87
Co====CLOSF FILM ELOTTFR OUTPUT FILF SIGINF.RA
TE (TEILMeOT.o 0)—CAL L EXITGAZ) _SI163NE.B9
SIG3INE.90 -
STOP CSIGANF.O1 . .
138 END SIG3INE, 92 -
CARN NP, SFVERTTY DFTAILS NIAGNGSIS OF PROBLEM
1723 1 AN TF STATEMFNT MAY BE MORF FFFICIFNT THAN A 2 OR 3 BRANCH COMPUTEDN GO TO STATEMENT,
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SURROUTINE—CON=HR——F 6/ TA—OP =7 PN TR+ SOR/04S 30 ~JUN—RO—Tavbbs 06— PAGE
T—————————————%—————————————~——€HRQ9H$+NE—GGN*HR+V#PT+B+MT+Mﬁ¥~ﬂMﬂ*vﬁ*wﬁ¥1%’v?7??5) CONFURS2
' CONTUR, ]
¢ THIS CONSTRUCTS CONTOUR PLOTS NN A RNRTZONTAL SLTCF 1ISTNG RKY CONTUR &
€ FGSNEAR-PLOT—PACKARE - EONTURSS
5 ) . ;. CONTUR,6
COMMON/1GS222/77(200) , COMMPL_, 2
COMMONATRANGF/LFRYy 1 TR+ FRNA-2 A2} - COMMPI—3
NTIMENSTON VAR(IDIMeJMAX) CONTUR A
NIMENSTON CCL (40) CONTUR.Q
1-0 CONTUR-1-6
C=====SFT UP PLOTTER TO FITY plan NICFIY ON R.5X11 PAPER .~ CONTIHIR, 1]
XNIM=0,9 CONTUR,12
Y.0)]-M=0- W, y . Fnh‘l!’l\lp.l“)’
) TNT=1,0 . CONTUR, 14
15 TF(ITYPELLE,.S) XDIM=xD"M2TLOAT (IMAY= \)/FLOAT(IMAX) CONTUR, 1S
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ASPECT=XDTI™M/YDIM - . CONTUR,17
XX=(IMAX=1,0)#DX ’ © CONTUR,1R
Yo A-SMAX= -1 DY - CONTHR 19
20 XYA=XX/YY AONTUR, 20
TF(XYA,LTLASPECT) GO To 101 CONTUR, 21
X-EN=XD 1M - CONTUR P2
YIN=XIN/XYA ; o . CONTUR .23 .
. 60 TO 102 - CONTUR,. 24
25 1.0 Y IN=YD M CONTUR 25
XIN=YIN®XYA CONTUR, 26
107 XORIG=(TOT~XIN) /2.0 CONTUR,. 27
YORIG=(TOT=Y.IN).L2W-O - CONTUR, 28
) CONTUR, 29
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I \—1 0 COMYLIR..3Y
Yi=1.0 CONTUR .32
X2=FLOAT (IMAX) CONTHIR, 33
Y.2=FL0AT-(JMAX) CONTHRG34
35 ' : TICK=AMAX] (X2,Y2)%#0.01 - K ‘CONTUR, 35
- CALL SFTSMG(741951.0) - - ’ T CONTUR 36 -
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CALL SFTSMG(Z43042.0) . . -~ : ) .+ . CONTY®, 41.
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45 CALL MLTPLA(7 e MAX=24XTaY 4 X oTTCK oYL aX]aY2eX14TTCK,Y?) CONTUR 45
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CALL SFTSMG(Z93001.0) . CONTUR .47
o : CONTHR 4R
€ EONTOUR—LFVELS FONTUR 4O
a0 NCL =9 CONTUR SN
NMAX==1,.E+Q ] CONTUR.S1
OMEN=—17E+R - — CONTHRTS?
NO 910 T=1.TMAX L - . ) ) o . “CONTUR,53 -
. 00 910 J=1,IMAX R . o T RONTUR,.S4
Y——— 55— AMAR=AMA X HOAMA VAR - CONTUR- 65
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CONTINUE CONTUR,S7
NO0= (AMAX-OMIN) /FLNDAT (NCL+1) CONTUR,.S8
A —F=1vNEL: EANTLR50
&0 CCL(T)=0OMIMeI®#FNQ - CONTUR .60
CONT INVE CONTUR 61
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CONTUR 64
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. TTRX=0 CONTUR .66
TTRY=0 - CONTHR .67
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CONTUR .69
70 Cov-==SUPERTMPOSF. THFE TFRRAIN CONTOUS ON THF V AND va##3 CONTﬂURq CONTUR .70
IV PE o LE S ) — GO —T-0—1-10 CONTURLT7Y
NCL=9 CONTUR, 72
QOMAX==1,E+3 CONTUR.73
QUIN=Y Fel CONTUR, 24
75 NO 920 T=14IMAK CONTUR, 7S
NO 920 J=1.JMAK CONTUR .76
DMAX = AMAXL-LOMAL4TRNL-To3)-} CONTUR 2T
OMTIN=AMINY (QMTW  TRM(T v 1) ) CONTUR, 7R .
Q20 CONTINUF . CONTUR, 79
20 NOQ=LNMAX nu;qg/anArgnqLAlg CONTUR 80
NO 930 I=1.NCL CONTUR,R]
CCL(1)=0MIN+I#I0QQ CONTUR.R?
9IN—CONFINYF £0MTUR. A3
o] CALL SFTSMG(7+43040,3) CONTUR. B4 . . ..
as TTRX=0 COMTUR,BS " -
1TRY.=0 = LONTUR 86
CALL CONRFC(TRNoTMAXy TMAXUMAX+CCLONCLa1+00173RR.0) CONTUR .87
 CALL SETSMG(Z+3041.0) rONTUP, A8
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90 CALL PAGEG(7404141) CONTUR,. 9N
: CONTUR,. 91
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END CONTUR,Q3
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1 SHAROUTINF—RAHFV AFFFV?
? NIFFV.3
o UDTFVY EVALUATFS THE VFRTICAL NDIFFUSTON TERMS AT N+) Tn NIFFV.4
€ REMAVE 8 - 8 AEFFFVSS
5 C HFAT RALANCE EQON, RET, SOIL AND ATMOPHFRE TS SOLVEN STHMULTMLY, NIFFV,6
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(oW A =i =l ¥] ll
ARV f
COMMON/ARRAYY/UA(2A022415) s VA(26¢272015)sNA(25¢21¢15)3TA(25,21615) COMMNN,?2
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————*—-——”FOMMON/MM%fPHH?%WPH—Wq% 15y PHIP LY 25+ 2 1453 EOMMON-F
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COMMON/ARQ'\YB/TH(?Q.?I? 1 TG(2571) o STFMP (25,421) CL(PSe21) 0 COMMON, 11
l . GW(25+21) sHRATE(25421) o« TUCOLM(25421) COMMON, 12
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QADS 0-4-25+- 2 -+-1-6) COMMON- V&
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25 GOMMONAMATREX-AEC- 1A I+ F A FVH A R 1R 3 v B - COMMONL- LD
COMMON/ZMISCLN/ZTWT (1642100 (16) 4 A (1A) +NN(1A)4NOTL19) s AKT (16) D716} s COMMONL 2N
. ALT(Y6) sP (1A) sSCRITAYWNTFM(TIA) 9NTFR{TA) +RT (1K) COMMON, 21
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» NAYNOW s AZMUTHASTGMA 4R« HRANGL « TAN7ENLSINAT7 . COSAZ, COMMON, 27
o= es s s e S QL GON o SO -ARN oL RAD R TOLD -« RTNF W POF G-I P o WW-o X SAND COMMON-2R
3s » XCLAY «XORG» XSO «GNEPTHATNEFP«TWATERGGHA COMMON, 20
- HHHH ¢ FLLEF ¢+ RRRR 4 SSSSsMNPLT «MPLTT 4 SUREM ’ . COMMON,30 .
GOMMON /SCALAR /DT« NELT AT 1OV L+ STUTMI o STMTEM ¢ NEY -GS o« T-E DR 0T+ COMMON-3
. ITAPF oKMAX s KMAXP JKF «FEMePTOP 4PROTUTOP4VTOP COMMON, 32
. CTOP«TTOP 4 ZROT o ZHANT o XU Mo TOUT « TFTL Mo OUT «NPRF 34 F o COMMON, 33
40 ~ CPDIF yRPNIFe-ZRI:-e RHAF-AC-v GAMo-TE- o LTEND o FFM)-e 459 KS +P Xy ENMMON 34~
- QDX sRNXHIENX4L «RNXTARNXSNNOWNAY o TSUNHC TSUNM, 'SUNSe COMMON, 35
- GMTMHR « GMAYRG«DTFNeNTIF1oNY 4 PNYsRNYHINYLIRDY TR COMMNON, 36
- RNY SO o1y JEND ¢ )F-M 1) Qo< )REGre-81-PH ¢ PINV-¢ TNPR S« 6 A M - o———EOMMONLIF
. - KRFGKRGPL « TSTART ¢NCYCL 4. TAPF»CX14CX2¢CX3CX4 COMMON, 38
45 COMMON/ADARAY/INUM . COMMON, 10
LEVEL—P vt A VAV C A o TAvHB v VR EBv TRy Vo Ew To ST FN VIEN « ETEN s FFEN «PH-T-——EOMMONc 40
. PH]PTXoPH]pTYo.’)!\qOR-HDIFH-QADTN.RADTO.QADSN. QA0SO _COMMON,. 41
. . COMMON 4?2
AMBESTFX) =038 45XP- 7—?—7"*(—)(-?‘74"‘1'6*‘/'()(-%5 FRA)-Y A V10
50 DMNIST (X) =4098,2/( (X=35,86) % (X=35,86)) DIFFV,11
ZNASAV=ZNAUIT NEW, 12
IO TSI 0 2N AU T=0 17 MAaSay —NEW 3
) i I DIFFV,12
Ce==e="ALCULATE FACTOR. STORF OLD FACTNR ‘DIFFV.13
s F 15O 1 —GO—T 6226 Baada s
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r1FFY —TE7TE OPT=2 - FINTGTR¥S0R/ 04530 JUNRO14shssta——  PAGE— 2

"‘H’) ?I\l "(’—r'K"’Hv n'FFV.}E
T CTOL (JS+K) =FACTOR (IS «K) NIFFV,16
200 ‘ONTINUF NIFFV.17
;\vrru.}e
A0 C~=~==4aDD SQUAREN DENSITY FACTOR TO NIFFUSIVITIES NIFFV,.19
220 CONS=(9,81/PSA(TS¢.S) ) #224DT . DIFFV.20
FEMPE=AL T A0 AT 5+ ZNAHT A ML YT AHFEY2]
FACLOG=ALOG(TEMP) NIFFV,.2?2
DO 300 K=7.KMAX ] DIFFV.23
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RPRTIM=2R7,0#{1,0+RPDIF#CC) ~DIFFV,.26
Duh—lDCA!!S' IC\pnlv\AD‘rnD\ IIDDDYMDTT\ hTC‘K—'\I'7_'7
FACTOR (JS+K) =RHORHOSCONS2AKT (K) NIFFV,.28
70 300 COMTINUE NIFFV,.29
DIFFV-30
r%nuqaoouuoaaoaanonon«:ovaonooanooo«conn . T NIFFV.31
c» : SCALARS ) ° . NIFFV,.32
t:aauaﬂnuadacuzsaoanaauu-:aaaadnaaacanaaaoa . Q!rFU-'I?
75 C~-=--=FNRWARD PASS = TDP ZONF = NO=-FI.UX ROUNNARY CONDITINN DIFFV.34
FACBDT=FACTOR(.1S+2) #*NIFHI2) NIFFV,.3S
AA—CAPQ(\!’G!\Q!(!‘AQ - nvrru_it\ -
T RT=1.07(1.04A4) S R o -~ DIFFV.37.7 ¢
ET(1)=AA®R] : L e . , : -0 T DIFFV.38 "
20 ETII\—lTDl'L,vVIL‘I\Af\?ﬂ?'ﬂ'kll,( WIDEEEE.Y.5 & NIEFEN. 3G
C FCUI)I=(CR{ISeJSs1)+DTHCTFNITSeJUS+1)) #AT NIFFV,40
C-~=~==INTERTOR 70NES NIFFV.4]
no. L00-K=R2KE DIEEV L2
3 CC=FACROT#DCT (K) S ' T T DIFFV,43 T
L1 FACBOT= FACTPR(JQ,Kol)”anH(KOI) S : C . OIFFV.46 .
AA—I:ACQYQ_!'GI\I'I ll(\ : NIFFV 48
RA=1,0¢A4+CC DIFFV.46
N1=1,0/(BR=-CC*FT(K=-1)) NIFFV.47
FET-H-=AASD T —PHFFV- 48—
90 FT(K)-(TR(IS.ls.K)ooToTTEN(Ie.Jq'K)occorT(K 1))»01 _ L. DYFFV,49
FC(K)=(CRITSeJSsK}+NTRCTEN(TSsJSeK) +CORFCIK=1)) #NT" T U DYIFFV.S0
———— 4 O EONTFINUF -~ ——BIFFV5Y
DIFFV,.S2
JSP1=USe] DIFFV,.S3
95 1F (JFE Q4 b —USPI=—— _ - AIFFY-S4—
RPRIM=287.08(1 .0 +RPDIFSCG(ISsJS)) , ] L NIFFV.SS
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100 . EMAX) ¢V (TS JSPTKMAX) sV (TSe1+JSP1,KMAX) ) 88D ) DIFFV.S9
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105 CI=2.46F3%CI NIFFV.64
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€C=FACRAT NI KF) - . A1FFV66
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rvwéﬁﬁﬁ!va7U&¥Fn),\rau\q1-garv9¥ﬂg) AFFFVS-T6H
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‘ 125 . SN0 CONTINUE NIFFV,R2
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130 IF(ETAL.GE.0.07) FS l ?ﬂ70(’.50 ALNNETA) BFTA ; ntFFV.R?
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- €3=0.0 . NIFFV.111
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[ 450 N1=1,0/(BB=CCHFT(KF)) ) ] NIFFV.124
FCKMAX) Z(CRITSsJSKMAX) +NTECTFN( TS, IS KMAX) +CCOFC (KF) ) 20T NIFFV,.125
L5 G—FFGAMO IS THFEHFSvI S APSA-HISvIS+PTOP) OIFFV 126
170 CCO=VAPFACRF TG NIFFV.127
NCHT=DMOTST (TG (I1S+JS) ) 2CC6 NIFFV.128
e MO T (RELHNHMAXE PR 2 MAXP I C DS A L] S SHBFETLKMA K )4 EG AIEFVL1-29.
«+CAS(FCIKMAX) /DSA (TS JS) + (1, 0-FTCI 2 (NCNTHTG(1S+0S) =CCGY)) NIFFV.130
o/ {1 0=ET(KMAXY)#C) /PRATIO (1. 0=FTC) 2CIBNCDT+C4) NIFFV,13]1
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1R0 MY1=M] el » DIFFV.137
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S15 CONTINUE T . ) S ST DIFFVGY39
MzMe] : S R DIFFV.140. " :
1E—(ARS{TEMRAT =)0} LT} 0E~AL)GO-TH-460 L NEW.18 A -
185 IF(M.LT.20) GO TO 455 NIFFV.147
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1a0 STOQ NG b 4 : SIDIEEN 34T -
460 CONTINUF ) ) ] . . DIFFV.148
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OIS +ISI=FIGAGULTIS IS} N N i __DIEEV., 153
Come==CAICULATE THE SOIL TEMPERATURF NIFFV.154
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' . GAVEI(KMAK)-FT(K"AY)“TQROFT(KMAX)— . ’ NIFFV.1SA -
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NO 480 KK=1.KE NIFFV,.161
205 K=KMAX=KK " 5 — —NHFFV-1-67
SAVE]) (X) FT(K)“GAVFI(K’I)‘FT(K) S ' , DIFFV.163
SAVE2 (K)=ET(K) @SAVF2 (K+1) +FC (K) o S DIFFV.164°
4AA—EONTINUE BERFV- 166
C----=SAVEl AND SAVE? ARF UPDATED TA AMD CA NIFFV.166
210 no 508 K=14KMAX NIFFV,167
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GALL ~CONTUR {CONVAR-o-] ENO-y-FF g Ee XD ¥y K Gy 2) ONTRUT 17

_ 902 CONTINUF OUTPUT,. 7R

175 C===~=CONTOUR PLOTS OF QO ON HORIZONTAL Pt ANFS OUTPUT,. 79
N0—903-¥=KAGPL+KMAX OYTPYT--80

KS=K OUTPUT . RY

NO 930 I=1.1F OUTPUT .82

RO-930—d=]-dJE DUTRUT-. B3

130 930 CONVARI(T+J)=QA(T+JeK) NUTPUT R4

CALL CONTUR (CONVARGIFNNSTE¢JE«NXeNYKS43) NUTPUT,AS

—O03-CONTINUE - ~OUTRUT.,.86

C=====CONTOUR PLNOT OF PSA OUTPUT,87

KS=0 - ) OUTPUT,BA

135 CALE—CONTURLPS Ay LE+ Iy )y DX DY K0 44) ayTRUT 89
C-==~=CONTOUR PLOT OF TFRRAIN OUTPUT .90

CALL CONTUR (HMeTE+TE + JFoDXaDY ¢KSeG) NUTPUIT .9

W0 — AUTPYT,92
0 . . C=====PRINTER ENIT OF FIFLD ARRAYS ouTPUT,93
140 o OUTPHT .94

360 TF(LENTT.LF.0) GO TO.370-

fCe==w==ll VELOCITY

WDYIE 44 Csy
3 Yoy

M ISUNS——— _AuTRYT. 95

NUTPUT .96
NUTPUT ,97

AREEE | LAl NS 3 = i & o geoe

OLUIPLHITI-.OR
AXAC R ¥ it oy Sar A

165 NN 3AS K=KRFGIKMAX NUTPUT,99
WRITE (64555) TCYCL K DUTPUT.1NO
WRLEE— 6y S A v Ty TR AUTALT- 101
N0 385 JJ=1.JEND NUTPUT . 1N2
J=JEND+1=4Y ) OUTPUT.102
15 WRI Ay SHI v HFEN O = RN Ot FPH T
385 CONTINUE PUTPUT.105
OUTPUT,106
€ YOS AUTPYTI 107
WRTITF (As554) ouTPUT.10R
155 N0 390 K=KAFGyKMAX NUTPUT,.109
WRIFE v SS6—FE¥Evit AUTFPYT- 110
WRITE (5+565) (TsI1=1,IFND) OuUTPUT. 111
NO 390 JJ=14JEND . : OYTPUT 112
SNBSS — - . OHFPY T+ HI—
140 WRITE (heS61) Jo (VTEN(TaJeK) o T=1 4 IFND) AUTPIT 114
390 CONTINUE : OUTPUT 115
AOUTPHTI16—
C=====TEMPFRATURF OUTPUT 117
WRITE (6+554) NUTPUT,118
+HS AN—IIS~K=KREGVIMAX AUTPUT+19
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WRITE ALUTDOUT- Y20

£-6e I3 ENC ) I
T ey 7 TOUTCOILwIN

AV AR AR S I v}

00T

VRITE (6+573) (T+1=1+1F) nUTPUT, 121
N0 395 JJ=1.JE OUTPUT, 172
F=SEr = . - AUFPUTIPI
170 WRITE (6eS62) Js (TTENLToJeK) 9 T=141F) OUTPUT, 174
195 CONTINUE NUTPUT, 125
YRITE—L6vSHA—TEYEL AUTPUT 126
WRITE (6.573) (T.I=1+1F)" OUTPUT 127
) N0 396 JJ=1.JE NUTPUT.17R
175 S=IJEv it - AUTPUT 29
WRTITE (6:562) Ja{TG(Ied)oI=14TF) , L. T ouTPUTLI30
396 CONTINUE - o © OUTPUTL131
AUTPHT132
’ C-————MOISTURE OUTPUT 133
180 VRITE (6+554) ouTPIT . 134
PO —600—-K=KREGvKMAX - AUFPUT 135
WRITE (6+558) TCYCL K ) : ©.OuUTPUT, 136
MRITE (A+STI) (T41=1,41F) : : CT ouTPUT )37
PO—400—JI=1~+JE - AUTPHT--1A
185 J=JEs1-00 OUTPUT 139
WRITE (6+5633 Jy (CTEN(T o JeK) o T=1o1F) oyTPUY . 140
400 CONTINUE — OUTPUT 141
HOTTE (6+569) TCYCL . T T L outPuT.162 - L
WRITE (6+573) (T+1=1.1F) ) . T OUTPIIT 143 -

IS V. | WSS T, WY Y. Y W N P Y

OUTIRUY.. Y44
L e - o o o g

J=JE+1=-0J OUTPUT 145
WRITE (6+563) Jo (CG(TeN) e1=1TF) NUTPUT . 146
4011 —CONTINUE- — DUTRUT- 347
L T T auTPUT. 148
195 C--——-TURBULENT KINETIC FNERGY . : T S s T OUTPUT G149 1
!p!‘l’r lt. CCI\ - nll‘l’llll'['!:!\ =
00 610 K=KREGsKMAX OUTPUT, 151
WRITE (6+564) TCYCL oK ouTPUT, 162
NRITE (6+573)tIs1=1s AUTAYT-153
. 200 00 410 JJI=1.JF . - - ouTPUT,. 154 - e
7~ P g=JEel=dd . . R ) OUTPUT 188 . &
HD!T:‘: 5‘ .:?I‘FJ gn:\;!vv' il "nu'!'nl;tr!:‘t; N -
41" CONTINUF NUTPUT, 157
OUTPUT, 16AR
205 < COMPUTE A6 v - OUTPUT- )59
370 JIF(LEDITSLTAPE.LE.N) GO TN 380 . o OUTPUT . 1AD
DO 403 J=1.JE "' - . o L o OUTPUT,16]
P43 =t IF - —— ~ - . — TR 1R 2
TFM=29,269PSA(T+J) oUTPUT, 163
210 K=KMAX OUTPUT 164
nnn'u—:i ll '!nl\!fbr‘lfﬁll! ul_e(;: - A!ITpljr_.lA_E
‘ el ctrn«I.J.K)-TEuGRPRINGIIEN(t.i’K)/(PSA(r.1)°A(K)oprop)900(x) OUTPUT 166
I e DN 603 KK=1.KE : . .# . S Sl . o OUTPUT 1RAT
T e KCMA NI . AUTPHF16R
215 RPRIM=(1.0+RPDTF2CTENIT +JeK}} NUTPIIT, 169
CTFN(T4J+K)=CTFN(T+JaKe]) QUTPUT.170
s -.r--aPRiuo¥*enf+vdvx+v%05ﬁ1+vd+*A1K+~o*aProBﬂfkﬂ—-———————ﬂU?Ph---ru
407 CONTINUFE : - NUTPUT 172
i - ) NUTPUT.173
2P0 HHLEA L0 —60—F0—3Ra OHFPUF 174
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IRt

nPT=2

g

FINTG8+S0A70 lo'q-_f! ﬂ_JUN—RO'_T“T‘Vmﬁ—_‘_—WA'GF_—_S‘—_—_T

rT-
FHFE—tAe5SEs)

NN 4046 K=KAFGsKMAX
VRITE (6+566) 1CYCL.X
—WRHFE—6»SAS vy FH)——————————————————————————— AU TPU T}

AYTRYT
NUTPUT . 176
OUTPUT.177

(B 74
Ty

R

404 CONTINUF

275 PO 404 JJ=1.JE NUTPUT, 170
J=IFe1=-JJ ; L OUTPUT 1RO
WRTFF—{ 6o SAT I CHEN-Hv v K v =1 F5) OVTPUT-- 1R
4504 CONTINUF ouTPHT 182
NUTPUT . 1R3
230 € SATL-MNISTURE OUTPUT-1 R4
WRITE (6+554) oUTPUT,.1RS .-
WRITE (6+S70) TFYCL SOUTPUT.IR6F . -
—MRITFE—{ 6+5A%) LT+ 1=+ 1F) 4 AUTPUY 1AT7 = 0"
DN 406 JJ=1.JE OUTPUT 188
235 J=JEe1~0) ) OUTPUT . 1R9
—————————————————————————————UQIJF—{ﬁwS CTERPRrY VS SUFTUNE % W 113 AYTRUTH 100

< . 'OUTPUT 102

NPUTPUT.19Y & %7 7

3 PSA . BTNTE 4~ 175 2R T S
240 WRITE (64+554) OUTPUT, 194
WRITE (6.580) JCYCL OUTPUT 105
WRTITF —(6+573)—(1eTI=1+1F) OUTPUT . 196 ——
nn S00 J3J=1.JE . OUTPIT.197 .
J=JE+1-UJ S . OUTPUTL198: b
245 — WRITE (£+58 1) —Je{ RS AL o =) TF) oUIPUT 190
SNO CONTINUE NUTPUT 200
NUTPUT.201
— NEG=57,29577951 NEW, 176
o PT1=3.1415926536 NFW, 177 4 e
H 250 F10=0.0000000001 - . COUNEWGRTA
L —ISTAT =0 - o MEW 79 = :
00 A71 1=1.7E NFW, 180
NO 871 J=1.JF NFW,. )81
H—HJEOLMt I <E85 —6A—F0—8F - NEW--1-RP
255 ISTATI=TSTATI+1 - . _MFU, 193, ’
WRITE (5.874) : ey - S NEWL 1867
WP EFE v AT S TAT vt v — N5
WPTTE (A+R75) NFW. 186
VRITE(6876) NFW,.187
260 N8R H=TvKMAX - AFW-HR8
KP=Ke1 7 ’. NFW, 189
IF (K.FQ.KMAX) GO TO 882 . . . NFW.190
‘ﬁGt6=ﬂ75*1e*FN*i1d~K+*e*FN++vﬂTKP++—————————————————-———————————NFH—+9+———-—————————————————————~——————————
60 T0 3R3 . NFW#,.102
265 AR2 7AGLO=0.S2CTEN(T+JeKMAX) NFW,193
T —RARYTCONTINUE NEWS194
RPEEDO-SORT(UTEN(I.J-K)’°?0VTFN(!vI,K)°°?) NFV,_195
Cc1=0.5 : E NEW, 196
HF—UTAN T IO T T O M= 1S - - - NEWS 9T
270 NIRO=NFG* (CI1PPTT-ATAN (VIFN{T5 14X) Z(UTFN(TedeK) +E10))) NFW, 198
PATE=TA(1+8+K) /PSA(T ) NFW, 199
WPFWW—TKWﬁT F‘.’ﬁnﬂ—j‘-ﬁ——‘———\l"N—POﬁ——————————————-——-————
B8A1 CONTINUF NFW,.?01
871 COMVINISF NEW,202
'__—_——‘——275‘__—‘——“————371‘fnQntTT”‘—PRﬁFTtE—iT—ﬁfﬂTTﬁN——’—fﬂ—°—f——*“1*3v A= 13 NPT
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2R0

B74 FORMAT(//7)
R75 FORMAT (/)

&= TURB /)
A77 FOPMAT (1X+&F10,3)

380 IF(LFILM.LF,.D)
NN 354 T=1.1END

———————~—————~————————————e?6—FﬁPﬂﬂ¥—+6ﬂH—-~—k6t—————"ﬁPFFﬁ““———ﬂNGFF—“——*FMP“——‘"pOT'”*

MW 06
NFW, 208
NFW.206

NFW520F
NFW,208
NFEW.209

————————-—————————-————6—-'-CﬁM9H¥F—ﬂ—tNG—QTﬂ97——*PﬁfFN—TﬁF"*NFﬁ‘ﬁT‘QﬁME‘DﬁﬂNfe—t€-1ﬁ1Nﬁ—VT———ﬁH*PUf“?0?———‘————-—_—————_————————————‘——‘
RETURN

auTPHY 203
NUTPUT, 204

2RS DA ASH—I=T5IFND HTPHTT20S
NN 354 K=1KMAX : OUTPUT, 206
TTEN(TeJeK) =0 ouTPUT,207
IG4—COMFINHE AHFPHTS208
DO 351 J=JRFG..IE NUTPUT,.2N9
290 JP1=Jel ouTPUT.210
M=t - OUFPUTe21—
Lo IF(JNFLD) 6O TH 353 . . ouTPIT, 212
SrJP1=Y . OUTPUT,.213
M3t AHFP T2 4
295 353 DO 351 T1=2.1E NITPUT, 215
1PI=1+1 oUTPUT,216
*—'“"' } ')UT“p“ﬁ.T-tv .
PTAV=PIJA(T 40} L OUTPUT,21R
PTEN{T«J}=0,D OUTPIIT 219
300 PO-~352—K=Ty KMAX QUTPUT2P0
SCRIK) = ({DBALTIPY 4 oK) =UA(TMl e JeK} } #PDXH ouTPUT 221
C(VA{T+JPLsKI=WALToJM] +K) 1 SRNYH) 200 (K) OUTPUT, 222
= nrc~4rf+r=9%sul' TTPN 31 Y272 NYTPH TARD
Q N 352 CONTINUF ' : R OUTPUT 2?74
N 315 SPOTR(.Je11=0.0 AUTPUT, 225
- NO--355-K=2+KMAXR AYTRIT226
SDOTR( JeK) =SNOTR (JeK=11=(PTEN(T,.1) 2NO0(K=1) +SCR(K=1)) /PTAV NUTPUT 2”7
255 CONTINUE OUTPUT ,,2PR
- “ﬂr3€l~K-1.KMA' OUTRYT--229
310 =K+ OUTPUT,230
OMFG A(KI#PTAVS ( (SDOTR(JsK) +SNOTR(1,KP} 1 20,5/ (K) - NUTPUT,. 2N
wtSOOTR-A=) s KPY.aSOOTRA-S K1 IRDQTAKm 1 (R T 0] 0 Kl (M. g g Kb} SERE XH- AUTAUT, 2372
« (V(14UP1 M) =V (T4 IMI4E) ) #RNYH) OUTPUT.233
i RPRIM=1,0+RPPDIF#0.25% (C(Te oK) s (IMIadeK) 40 (T4 M1 oK) +C1TMT4J% 1K) ) OUTPUT 24
=} 1 — auna_(pvnv0A(K).anpl/(nanruovwalsa(Ttv.u.x)or(rwl.1.Kr-—~————~voutour 235
et T{ToIMI oK)+ T(TMY o IMI oK) }) AUTPUT, 236
TTEN(T4.09K) =—OMFG/RHOG MUTPUT 237
3S1—CONTINE OUTPLT-,- 238
NuUTPUT 219
320 Ce==~=CONDUR PLOTS OF TERRAIN CONFORMAL HORT7ONTAL WINNSPEFRH NFW.210
—HA—93 1K= KR E Plork M AUTPUT-24}
KS=K OUTPUT, 242
N0 940 1=1.TEND OUTPUT . 243
AA—04-f—)=tvIENR OHFPYT P bt
325 QLN CONVAR(T e ) =SORT(UTEN(To oK) 2424 VTEN(T 4 JoK) #82) NFW, 211
CALL CONTUIR {CONVAR G TFNDy TEND 3. JFMD 4 DX o NY ¢KS o h) CAYTPUT . 266
23+ CONFINHF AL TFPHT+24T
~ DO 933 K=KRGPLKMAX - OUTPUT, 248
. KS=K OUTPUT, 249
330 HA—93IA—Fui~TEND OUFPHT2SD
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SHRROTTINFOtTPUT 1677 OPT=2 FINTG R+ SORZ 04530 IIN- RO 1asagca—PAGE
AO—932—Jd=1-+JFNR AUTRLT 25T
932 CONVAR(T» D =TTEN(T«JsK) NFW, 212

CALL CONTUR (CONVARSTENN TEND S JFNN 4 NX o NY 4 KS e 7) PUTPYT 283

I23—FONTINHE AUTRLT254

115 RETURN nuTPUT, 255
OUTPUT . 256

e WRT-TE— AUMP—TAPRF—TO— OMTRYT, 282

391 CONTINUFE NUTPIT 258

L. TAPE=0 OUTPIIT 259

340 RFWEND--8 OUTPUT-, 240
WRITE (2} COM] nUTPUT ,2A1

WRTITE (8) CO™? ouTRPUT, 262

WRITFA (/) CAMT OUTRLIT 263

WRITE (R) COM4 OUTPUT P64

345 WRITE (8) COMS ouTePYT L 265
WRITF—RI—COAMA AYTPYT-2h6

WRITE (R} COM7 NUTPUT . 267

WRITE (8) COMS8 NUTPUT . 268

~WRITE—£8)—CGOMD AUTRLIY R4S

350 WRITE (R) £OMLQ NUTPUT 270
WRTITE (R) COMI oUTPUT,27)

WRITF—(R)-COML.2 AUTRIT.,. 222

WRITF (R) €COM13 NUTPUT 273

WRITE (R) COM14 L OUTPUT,. 2764

356 WRITE—{-8)}—FOMIS NUIRLT . 275
WRITE (R) COM16 oUTePUT 276

WRITF (R) COML7T NUTPUT 277

WRTTE ~(6+80.) OUYTLUT- 278

RFETURN © . OUTPUT,279

360 . : NITPUT.2R0
¢ —& 1/ 0—FORMATS, AUTRUT. 281
534 FORMAT (//) ) ) 0UTPUT.2R2

A0 FORMAT(1OHICOMPLETFDWIS35H CYCLFS. FLAPSED SIMULATION TIMF TS, NUTPUT . 2R3

TP 2o b H—SECSX v 4HPAY = v I3 ¢ SX SHT IME = T3 w1 Ho o T2 v I Hs o 129 ~—OUTPUT--2RG

365 891 FORMAT(//41H DUMP TAPE WRITTEM FOR RFSTART CAPABY!TTY//) NUTPUT,.2RG
' qh: FORMAT (SH T= +20TA7(S5X+2016)) OUTPUT . 2B6
55— FOPMA T Xow £ B--HH—) A2 H—H-Y EEOE Y 2 AN FH T T MF-EX G oy F oy HO— K EEV AT RU T 2R 7
FL=913/1Xe60(1H=)) . ) OUTPHT ,2RR

556 FORMAT (1Xe80(1H~)/12H V VELOCTITY «20XeYIHTIMF CYCLF=eTl4¢104 K LEVOUTPUT,2R9

370 5 FL=y F3£ 1 X o6 0-(YH=)) % OUTOHT<296
SS7 FORMAT (1XsAND(1H=)/12H TEMPERATURF «20Xs 1 THTIMF CYCLE=eT4410H K LEVOUTPUT, 291
SEL=eI3/1X60(1H-)) OUTPUT . 292

Sy '""“ATf+*743++H-+*?5H—$HQHUtEN*—K*NF**F—FNFPG¥1?9Kw%+HF+qF—CY€FE=10UIpU¥T?Qa

oTGs10H K LFVEIL=ZeT3/1XeTA(1H~ 1) NUTPUT, 294

37% GEY FORMAT(3H J=4I12¢20FR.2/7(SXe20FK,2)) OUTPHT , 295
SEP—FORMAT-3H—=v -2 1 SRR 345X v 1S5FRT3)) OUTPUF+296

SET FORMAT(3H J=y 124 15F8,6/(SXe15F8R.A)) OUTPUT,.?297

SART FORMAT(3H J=+12420FR.0/(SXe20FA.0)) aUTPUT ,2QR

ST FORMAT(AH—I =y 12w IS PR/ S XV SR AUTPH T 299

kL] S6&R FOPMAT(]X;&?(]H-)/IQH GROUND TFMPFRATURF 4 13X« J1HTIMF CYCLF=4144/ 0OUTPUT. 3NN
21X W4T (1H=)) oUTPUT .30

SER—FORMAT CIXTA I I H=Y 7T 2H MO TSTHRF 3 PO XTI THT TMF—CY CLE= VT 4w T OH—*—tFVON TPH T30

SEL=I3/1X06N(1H=)) . OUTPUT.303
563 FORMAT (1Xe47 (1H=)/19H ARROUND MOTSTURE «13X ) IHTIMF CYCLF=+T4/ ~ OUTPHT,.304

T HXTE T H- OYFPHTING
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—_———— G FORMATH D 6 0 - A PH A Gty 2 X I H T IMF— Y = v oo L O+ — KV AU TFPHTS 06
T FL=eTI/IXWAD(1H=-)) . NUTPYT 307
S7T0 FNARMAT (1Xs4T7(1H=1/19H SP, HMN, OF SOTIL «13X«]11HTIME CYCLF=s4144/ O0OUTPIIT,30R
" 5 - v eTHH-) OUTFPH =309
IF‘A " 39ﬂ - XA F)QMAT(IXvQQ(I"‘ V/29H. TERRAIN FILFEVATION ARNVF <, '.-qqxillHTTMF FYCLOUTDUY 310
’ F=o16/1X460(1H=-))  ° NuTPUT, 311
—‘—__—_WRHHWWWFHﬂ—_‘_‘—“—GUTDHH
S73 FORMAT(GF T=  L1SIR/(S%151R)) ouTPUT, 3‘3
S8n rﬂo"AT(\)ql‘TllH Y /4H PSA, >AXO\1HTI\1F CYCLE=eT14/YX 047 (1H=)) ouUTPUT, 314
———39‘;——-——‘——-5‘5-}——F6R%-A-T'Hn v iR SFRTIA S Y5 F RT3 - AHTPHT3S
- . , - - : . - i : NUTPUT 316 |
’ Lo FND : I T ' ' : oUTPUT 317

n,

701
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1 GHRRAHFINF—PRESHR : PRESHO--2

T BRFSUR.J
C-memn HERE THE PRFSSURE AND GZOPOTENTIAl GRANTENTS ARE CALCULATEN AND  PRFSUR.4

— e APDEP—TA—THE_FENRRENEY—TERMS PRE SIS
5 : PRESUR .6

COMMON/APQAYI/UA(?6022;‘5)OVA(?ﬁO??Q‘q)'CA(?q'?‘ng)'TA(ZQQ?‘Q’S) COMMON, 2
CAMMONAARRAYZAHR-( 2V 2P 1Sy VAR 692291 50 ER (259 P 191 5 e TR G- 2] w1 53~ CNAMMON 3

COMMNN/ARRAYA/U(26422+15) e V(26221540 (254210151 T (25.21,415) COMMON . 4
R COMMON/ARRAY4L/UTEN (26422 ¢15) s VTFEN(2642215) 4 CTFN(26422415) o COMMON,S
19 v FTENAP AP 2 0 15 EOMMNON . 6
COMMON/ARRAYS/PHI (25421, 1S)OPHIPI!(25'?I']S)QDq‘p'v‘?q 21"5) COMMON .7
COMMON/ARRAYﬁ/QA(?50?11!6).0“(?%9?1']6).HDYFH(?Q.?l.lq) COMMON . 8
COMMONAARRAYT/PSA L2621 1-vREAL2R + 213+ PTFRNL 28 + 21 1o MM 254 21} LOMMON Q.
- . DHA(26022) +PUR(2A422) «PCUT(2A922) yCONVAR(26422) COMMON. 10
1S COMMON/ARRAYAR/TH(2S421)2TG(25421) o STEMP(25421) o NG (25421) 0 - COMMNON L1
v - EUWARG+2 11+ HRATEAR S+ 21 o T EOM A 25+ 2 1) - LCOMMON )2
COMMON/ARRAYQ/UPRES {30) s VPRFS(30) +CPRFSI3N) o TPRES(3IN) o THETA(30)y COMMON, IR
’ T PPRES(30) +RELHM(30) «UADAT (R) » TRNAT (8) . RaATFLE.Y! | .-
——————————————————————————————GQM“GN#QAQ%A;#RAQ;M+?S~J4~4AA~Q%QJQ%Q;wFP+4éﬂqﬂ‘“°“L’“,Z! 16« GCOMMON 1S
20 - RANSN(?2S421e16A) COMMON . 1A
CﬂMMON/QCQACH/FACTOQ(?l-16).FAFTOl(?l.\ﬂ).QDOTD(?I-lﬁ)' COMMNN,17
- Cnnrl lQ‘ ‘f-\ CQMM“P\I'].Q
CﬂMMON/MATPIX/FP(IA)'FTJlﬁ)cFU(lé).FV(!A).FT()A).FU(!&l " COMMON, ) Q

FOMMON/MlﬁrLN/TWT(IS.Z).0(16).A(lﬁ).nO(ls).DOI(I&).AKI(]6).D7(16).COMM0N 20
——__gq”_____-—__————_T““__——‘“-*-———“E¥+45¥Nl~¥$+fgga#+ﬁ++pPFM%J64+O%FH44444344¢AL*_____naumnm 21 =

. DVELDZ (16) COMMON, 27
COMWON/DFPHGQ/SAVc\(lﬁ).SAVF?(‘G)OQAVF1(16)09AVF4(16)vQAVEq(]G\ COMMNN,.?23
[ 'OMMONIQADA¥£/QFLUX4464~FtUXb?44$4«JAC164]6)vQFFF(}G COMMON.o- 24 -
8; . OFFFG»VFGQTPAMSyFOQANG'QINANGvRIATupLONﬁoDLOMG~SS9;-COMMﬁN 25 ﬂm,g
an SACHHHIFACTOMWCOFFF I sCOFFF2+COSZFENDAYREGDLAT, COMMON.2& - ~ ’
—~————~—~——————————————r———~—~————————DA¥N9N«#}MU;H~S+G“4~Q~H°ANGEleN1:N1$4NAJwGOSAJ«———-GDMMDNv2J—————————————————————————————————————
. SOLCONSOLARNCTRAD «RTOI N PTMFWPRECTP, Whe XSAND COMMNON . 2R
. XCLAY s XOPG o XSNIL sGNFPTHTNFEP s TWATFRGHGG COMMNON, 29
HHHH e RRRRv S S S 5w NP - Ty NPL T-T-o SHR F MY~ — e CAOMMAN -3 0
a5 COVMONIGCALAR’DToDFLTATcICYCIvQVVTM]quMTIMoNCYqu~IFDYTQTPLOT- © COMMON, 3
. TTAPF o KMAX o KMAXP 4 KE s KEMGPTNOP 4+ PROT o tITOP ¢ VTP o i COMMON, 32 '
- € HO P T TP« 23O T+ MAG T4 AN+ FAUT v FFHM o« O T NPRFS v Fy——EAMMON3
. CPDYF eRPNIF « 7RL4RHOFACGAMa TF o TEND e IFMY o TSeXSaNXy COMMNN, 34
. FDXsRDXHeRNXGsRNXTA«POXSONOWDAY « ISUNH« TSUNM, TSUNSe COMMON, 35
0 e GMTMHE 4 GMDYRG YN TIF I D TF 14 NY+ PN Y- s RAYH e RAY4vRDY 1re COMMANTIA
. PNYSN e IE e GEND e JEMT 0« JS o JRF G ALPHYPINV s TNPRSGAM] o COMMON, 37
. KBEG+KBGPL s ISTART «NCYCL o). TAPF+CXYeCX2eCX3eCXG COMMON, 3R
—_— € OMMON/ADARAY TP UM “"‘ MMANS3G
LEVEL 2+UAWVACAsTASURIVReCReTARH s VeCaToUTENGVTFNICTFNSTTENGPHT« COMMON,4N
4 o PHIPIX«PHIPTYsQA«NBHNTFHyRANTN«RADTO«RANDSNGRPADSO COMMNON . 4
- ——— COMMANT4L P
C=====CALCULATE GFOPOTENTIAL HEIGMT . ” PRESUR. 10
N0 250 I=1.1F PRESIIR 11
NO~2S0-J=1+UE" - - PRESHR 2
S0 RPRIM=287 .02 (1 . NeRPNDIFHC{T s JosKMAX)) PRFESUR,.13
NUMI=PSA(T«J) «PTOP PRFSIIR, 14
UM =P SA (I TN ATRMAX)IFPTOP PRESURTLIS
PHTI (T e KMAX)=Q BI#HM(T¢J) +RPRIMET (T, JoKMAX) ® : PRESUR.16
«ALODG (DUM1 /DUIMZ) NFWL.213
SS TONT250TKK=2TKNAYX —PRESHR TR




SURRCHTINFEPRESUR T6/T6 NPT=7 FTN GBS 0R704S 3N IINTROTETGGTHS PAGE 4
H=HEMAX P~ KK - - PRESHRS19
T RPRIM=PAT 4 (1., Ne0.S2RPNIFH(C(T 4 JoK) eC(TedeKel))) NFW, 2146
NMIMI=PSA(TJ)2ATK+1) ePTOP PRFSUR.21
PUMZ2=PSA Tt A HCPFOP - PRFESIIR22
2] PHI (T s oK) =PHI (T o)oK ¢ 1) eRPRIME((TIT o JeKIMDUMI =T (T )eKe])¥NIIMD) / NFW.?215
: . (DUMT=DUMZ ) 2ALOG(DIMY/DUM2) + T{T aJeKe1) =T (Ts.14K)) NFW,216
2SS ANTINHF PRESHRT2S
N0 300 T=2.1F PRFSIIR,2A
M1=1-) PRESUR, 27
S FMP=fd PRESHURST2H
IPI=1+1 4 PRFSIIR, 29
TF(T.FEN.2) TM2=] PRESIR, 30
H- AP =1F PRESHR+3}
PO 300 $=JRFG.JE PRFSUR, 32
70 IMY=g-1 PRESHR, 33
MBS PRESURTY4
CJP1=Je1 : PRESIR, 35
TF(J.EQ. 1Y UMI=M2= JPl 1 PRESIR, 3A
- FRs2—iM2=t PRESURTIF
75 IF(J.FNLJF) JPI=JUF PRFSHIR, 38
nPYDX-(DSA(In\)OPQA(YvJMl)-DQA(IMl-J)-PSA(T“IolMl))°Qn¥H PRFSIIR, 39
—-———————————————f«-9940¥-4DSA(¥+d¥+PSA+4M+«&+-PSA444—MH4~D%A(PMPfJM]))#PDYH~—— PRESHIR 40—
NO 300 K=1+KMAX PRFSUR. 4
. DPHIOX—(PHI(I'JqK)oFHI(I JM]-K)-DHI(!MloJ-K)-OHI(IMlol“l-K))“RhYH NEW,217
20 f\Du'[\V—lDulll’ l l(\ AEIJ’I'A‘\vl l(\_l‘JJ.LYl' lu\ ll\ Du'l'u\v Iu'l l(\\dDh"u L‘sflv.!"{\'ﬂ
CSUM:C([.J-K)'C(IW1chK)0C(TvJM]~K)*C(TM]-JMvi) PRESUR 44
TSUM=T (T o JeK) ¢ TIMIaJaK)+T (T IMYaK) eT(TM] e JM] oK) PRFSIIR 47
FAGCT=7 175+ -4+ 53 252G UM PRESUR (4R
5 . PSTG=PUA (T5.) 4 (K) +PTOO PRESIIP. 49
N ]S ‘FACT=FACT#TSUM/PSTGRA (K) PRFSIIR.SO ..
LT EN-LT-ot K\—'WFN#J.J+K+-RUA+¥+J+Q+DﬂH&nXASAclﬁnP¥344———————————————MFW72+9
VTFN(IchK)-VTEN(I'JcK)-PUA(I-J)*(DPHIDY‘FACT"DPTDY) MEW,.220
3N CONTINUE PRESIIR,5A
PRESURLSY
90 Ce====NFRUG PRINT N PRESUR, AN
TF{LOUTLF,.0) RFTURN PRFSIIR,61
JUSO, NO-500-—d=YeJF PRESHR, 67
NN S0 I=1.TJE PRFSUR, 67
IF(TJCOLMI(T o) LLESO)Y GO TN SO0 PRFSLIR, A4
R~ L v e e WP TTRE (B4610). - Tgd — PRESHR. 65
WRITE (6+615) PRFSIIR, 66
NN 450 K=] +KMAX PRESUR K7
WRITE (Ae620) KoUTEM(T o JaKd-e VTFN-{(F oo K3 PRESHR 648
450 CONTINUE PRESIIR, 69
100 WRITE (6.630) PSA(T.J) PRESUR, TN
—~SAQ-CONTINUE i e PRESILIR-,-T)
60N FORPMAT (1PSF25,15) ) © PRESIR, 7?2 ¢
K10 FORMAT (PP2HOPRESUR NQUTPHT. COLIMNST241H.4T12) PRESUR,. 72
- A} o—-FARMAT-tAH H-w PN v GHUY FEN w9 X6 H VTR PRFGHR--T4
105 6?20 FORMAT (1541P2F13,5) PRESUR, TS
AN FORMAT (SH PSA=.1PF13.5) PRFSHIR, 7A

RET

wet

END

URN

PPRESHR T

- PRESUR. T8




-

————SURANYTINFRADFLA76/76—NPT=2 ?TNmﬂfﬂquQTOné 30IHNT RO TaS e PARE

} SHARBUTFNFE—RADFLH AARFLR-2
T COMMON/ARRAYL/UA (26422+15) oVA (264224151 o CA (25421 415) 2 TA (25421 415) COMMON,2
FOMMONZARRAY?/UR(26e22415) s VR (264220151 4CR (254214151 4 TR(25421415) COMMNN,3
—————————————-—————————————FﬂﬂM9N+ARR&¥3A+HMhiﬁHﬂ%&wV+?6~9Pv+%+vFf?SvPJraS)w4(?Gra+;HH-———f0““““.4
5 COMMON/ARRAY4/ZUTEN (26422+15) sVTFN(2A422415) «CTFN(26422415) « COMMON, 5
TTEM(26+22415) COMMNN,6
—————————————————————-———————GGNMQN**QR&¥S*PH%49QTE+v+5+wPH+D4¥4?5w?+w45+vpﬂ1p+¥+?5v?{w+ﬁ4—*———en“““¥.?*
COMMON/ARRAYH /DA (2542101A) «AR(25421916) «HNTFH(25421415) | COMMNN, A
COMMON/ARRAYT/PSA (P5421) «PSR(PS421) s PTFNI(2542)) sHM(25421) s CAMMON. 9
- B AP+ 2 2 PUR-(R6y 22 PEHTH -2 A 922+ EONVAR (244221 COMMAN,-1.0
ol el COMMON/ARRAYﬂ/TH(?E-?]\'TG 254211 o STEMP [25421) 4 CA{PS421) s . COMMONLIY : .
R ',h.w‘-,_. L GW(25521) WHRATE (254211 « 1.ICOLM(25421) COMMAN.12  ~ +* . ..
| " I‘nuMnM[ADDAVOIImDCCI'}I\\ VRRES (30} +LRRES{IN) +TORES (AN TurTAt“An\. COMMON 13 .
. PPRES (30) yRFLHM(30) sUANAT (R) « TRNAT (R) RATELE.]
15 * COMMON/RADTAT/RADTN (754714 16) 4PANTN (25421 +16) «2ANSN (254214161 s COMMON, 1S
nn\ncnl')c Ql l‘.\ C!.\MM(}L‘I_IIA: - -
, COMMON/SCRA(H/FACTnR(?]016)oFACTnl(?\-lé)nGDOTQ(?I'lﬁ).- ) COMMON.17 o
L . t.0 SPOTL(21416) S it COMMON,18 03 .
_ DAMM!\MIMATOYVIEI‘ll‘\ rTlIA\'Fllg!L) Ell(!(\ FT!!L\ l:ll(!t.\ I‘nMMnM'l_q
20 COMMON/MTSCLN/TWT (162) sQU16) oA (16) aDO(16) +DAT(16) « AKT (16) +D7(16) s COMMON ., 20
. CALT(16) oP(16) 4SCRIIE) «NIFMILE) oDTFH(1A) 4RI (1A) COMMON, 21
15 - n\ll.'l h’ll‘\ l‘.l'\MMf\M'??7 —
: B : o COMMON/OERUGQ/SAVF](lﬁ)qGAVFZ(lﬁ)oQAVF?(16)vQAVFA(léloSAV55(16) RCOMMON,23 ..,
: . . o L. COMMON/RADATS/RFLUX (16) FLUXLP(16) «T4STR(16) «AFFF(1R) o i % COMMONG26 -5 o " 7. -
L 26 - QREEL  VED « TRANS+COSANC +STNANG + RLA T+ RLONG.« AL ONG+ 8 S GOMMON, 26 = : . -
. SA s HHHFACTOM COFFF | s COFFF 2+ C0SZFNDAYAEGADLAT, COMMON, 24
. NAYNOW AZMUTHeSTGMA «RoHRANGL ¢ TANZFNSSTNAZ 3 COSAT COMMON, 27
— . SOLGONSALARNTRAN« RTOLD-« RINEW.s RREC TR MWW . XSAND. GOMMON., 28—
3 ' L o« " XCLAY4XORGsXSOILsGDEPTHITOEEP s THATFR4GG6G -~ ' COMMON,29 0 o, . o iih )

, an e e “"HHHH.FLFF.RRR90§§SSvNPITcNPLTT-QUPFM .+ 7 COMMON, 1on,

. TTAPE JKMAX s KMAXP oKF s KFMoBTOP o PROT «UTOP SVTOP COMMON, 32
. CTOP,TTOP 4 ZR0T ¢ ZNAUT e XILN« TNUT s TFTLMy L OUT sNPRES o F o COMMNN, 33
—-———————————————————~—————1——————————————G°BPFTRPH+Fv¥vaGH9FAEvﬁﬁvv{Fw*Ean+FM¥v4§~Kﬂvﬁ*v———eaMMHNTa4—————~—————————————————————————————
as . © - RDX«RDXHeRDX4RDX164RDXSONOWOAY + TSUNHe TSUNM, IQUNS.‘CQMMON 35 %, -
. * GMTMHR « GMNYRBG 9 DIFNNTF14NY4RNYsRNYHIRNYLRDY 1606 . “ COMMON, 36 i
v RHFSAYIEVIENA v T M IS IBF Ay ALPHY BNV TNPRS v G M e COMMANSIT
. KREG «KRHBPL « ISTART o NCYCL oL TAPF4CX14CX24CX34CXb COMMON.Jﬂ
COMMON/ADARAY/ TPUM ) COMMON, 39
gt EVEE P v ATV A VE AT FA VU VR C RV FR U Vo Ey T v U TRN Y FRNS CTENT T FEN e PH v COMMON 46— ]
. PHIPTIX «PHIPIYs0A+QBsHNTFHRADTNGRANTNSRANSNSRADSO . COMMON, 41
t ) : ‘ COMMON (4?2
PATFA—TONEE~TONEFT-AAv O/ N2
IFCISTART.GT,0) TOMCF=1 NEW, 222
45 [ NFW,?23
- = eee =EHF CK—FOR —SUN-RISF— T IMF MF-W-2 24 -
IF(IONCE1.£0.1) GO TO 99 : .. NFEW, 2?25 .. , - :
COSZENI=COS{ (GMNYRG+SIMTIM#Y, l§74074076F-5-1 0)#.017202006) . NEW, 226 . : B *
1F-EE0S7FN<I-T o 0505 AMD5 CASZEN s 6F-+h+-0 +—GO--T0—9A —NFW22TF
S0 - 60 TO 99 NFW,.228
. 98 TONCE1=1 NFW,229
CALL LNCTIM Rt NEW 230
WRITE (6+900) TCYCL o SIMTIMNOWNAY 4 T SUNHe TSUNM, TSUINS MFW, 231
9nn FORMAT (/19H SUN RISF AT CYCLE=«154764 FLAPSEDN STMILATTON TIMF=s NEW,.232
SS TIPF12544H - SECYSXv4HDAY = I 3vS ¥ e SHT TMF=o T3 o tHios 120 tHv 127 MFWSP3I




SURRAUTINE—RASFLY 16776 0PT=? CFTINTGTR4S08/064S 3N IJUNTRO—T4TH4T44  —PAGE
56—F0—1-00— NEW-s 23
T 99 CONTINYF NFW, 235
RANDFLN.S
€ EHEEN—FO—S EF—[F—T IME—F5—REGHT—FAR—NEW—R8 AT-A FFAN—CA L -EUEATE OIN—————R ADF-P6
60 ~ TJFLICYCLLLELIRADY GO TN 100 RADFIN.T
IF (MOD(ICYCL « JRAD) NF,N) RETURN RADFILD.A
ﬂjﬂfl n--O-
CRONIRNBRVDVINBDRARDADDORIRDANIIBIDDNROD QADFLD.]Q
Cc# NFW RADTIATIVF FLUXFS RADFILD.11Y
S -G-8 S DA S A 2 RADFPATIP—
fmee=INSOLATION RADFILND.1IR
100 CALL SNLAR RANFILN, 14
ﬂlﬂfl (a Y

1K
HEtHs Yy

?an rnmttnu 1}

NO SN0 J=1eJF RANFI.N. 1A

70 NnO 500 1=1.1E RADFLN,17
t5=+ RERF AR

- Js=J RADFLN.19

: RADFLD .20

: e PRESSURE-PROFHF RAAFI-D+21

75 N0 200 K=)+KMAXP RADF) N, 22
PIK)=0(X) #PSA(]«J) +PTOP PADFI.D.23

R-ADFA-P-a-24

| Gem==FFFECTIVE WATEP vapnn (C63)

20 - OFFF 1) »0FFFG

AT c S

RADFLN,.?2S
RADFILD .26 -

RADBEW-H

272
LARAL= i au exp g pan

TEMP1=PTOP##] ,6 RADFI.N.2R
NO 300 K=2KMAXP PANFLD, 29
'..-l TEMD)-—DII{\ &L\ K PAQC'LP.')A
2 S REFF (K) =0FFF (K=1) +0.4 hO?‘C FedeK=112(TEMP2-TEMP1) ' " RADFLN.31
85 . TEMP1=TEMP? : L ‘RANFILLD.32
{ 300 CONTINLIE RANFLND33
, RADFILN, 34
C==-===TFRRESTRIAL RADTATION RADFL.N.3S
—GALL RADTER- RAPFI-P+3R
an . RADFILD,LIT -
Com===SOLAR RADIATION RADFLD,.3AR
CALL DAQ(!\L RPADFLP 30
RANFILN,40
C====~3TORE TN A 30 ARPAY RADFI.N.41
———————————Q4——————————~—————+F+¥F¥Ct1tézPRAH)—GO-JB—QGJ RADFE4?
ISN N0 400 K=).KMAXP RADFI.D.43 -
RADTO(T e JoeK)=RADTN(ToJeK) RADFLN.44 .
'\AI\L'I DL -

—_———  RARSO{T- v KIS RARS N e i)

HttHser

400 CONTINUE . RADFLN.4GA

100 IF(1¢J.F0.7) RTOLD=RTNFW RADFLN.47
11 ONGE-cEQ+-03—G0—F0-5N0 RARFLRw4A
450 "0 4R0 K=1,KMAXP RADFLD.49 -

BADTN (T 9 JeK) =FLUXL2 (K) RADFLN.SN

RANSN (193 o K3-=RFLUX—(16) FARFEAS

105 4RO COMTINUE RADFLN,S5?
PTNEW=TCYCL RADFLD.S3

TF (IONEE- FA40)—GN—FO—350 RARFEDTS4

500 CONTINUE RADFI.D.55

_ 1INCF=) RADFLDN.SA
HO0— R=TURN RARF-ASST




SURRONITINF—RADFI N7/ 7K

R TNT g ;qwﬂos'/")‘hé_ﬂlo_.)l'l"l_ﬂﬁﬂ TOUTHY

FROC

w

601




SURROUTINF-RADFLX ——= T6/7h—OPT=D = mmmm omr oo o oo o= oo ETN 43 RSG08/045—— ~30—JUN-BO—Ho3 645 bl —PAGE——

' 1 - SHAROUT INF-RADFL-X e e RANFI-A52
T CGQOQGOGQGOOGQQODGQOOO0060006090006606000060000QOQDGQ#OGQDGGQD“D#QOG SGGCDADFL ' 3
. SRANFLX . &
— —e HRARFLXI—PERFARMS—A— 1 NFAR—EXTRAPOL AT-LAN-UPON-R AR [ 4T [ VF———3RADFLX =S
L:“*n": , S = . i C® - FLUXFS DEFINED AT.TW0D FARLIER TIMES TN ORNER Tn OBATIN AN . CeRADFLX.6 ., , ‘
{ LTS . I ce . UESTIMATE OF THE FLUX AT :THE' CUPRENT TIMF, = - LT SRADFLY.T7 . .-
L 9 A "H'IT‘ '\.'J

CQQ“ﬂ°?““QQ““QQ‘OD““OOQGQOQQOQGQQGQDGQQQGQQ“?“QQ“Q55“’“05QQQQQDQI-QQD.#QQQRA'\FLx 9

COMMON/ARRAY1/UA(2Ae22¢15) ¢VA(P6422415) 4CA(25¢21415)¢TA(25421015) COMMON,2
—€ MMﬂNf#qRﬁV?fUﬂf9ﬁ1ffoS+TVﬁf?ﬁTi?qu+TcPf?sT?fTTqﬁT*Q*29Ti‘t1vl COMMANGI
roMMnN/ARR‘Ya/U(26§?2'lq)OV(ZﬁQZPQ‘q‘QF(?S’thlq‘iT(?SI?"‘S‘ .y, COMMON,

COMMON/ARRAY4/UTEN (26422415) 1VTEN(26422415) +CTREN(26422415) " COMMON, 5. :
L TR 2RI —LOMMAN6 2
COMMON/ARRAYS/PHT (254214151 «PHIPIX (25¢21415) «PHIPIY (25421015) COMMON, 7

COMMON/ARQAY6/QA‘?SO?I9]6)'QR(?qv?]'|6)0HD!FH(?q‘2!vIS’ COMMNON B

COMMONAARRANYTAP GA-LP ALY D LEMA-DE -2 Vg i MAD G- ).
Hvﬁlr1uvr2vrllvr.‘p"l\r "CIT'I’I"'F‘C?’(!I"‘y‘(-’"l";

AMMAN_O.
COMMONTS

OMMON , 10

5/?H(?s,21).rs(?s.?ly.crruptyq.?t) cn(;q.zx). COMMAN, 11" % .
WP A yHRATEAP S 2 FHEOLMAP Sy H COMMAM = 2——

COMMON/ARRAYQ/UPRE<(1O)oVPPFS(?O).FPPFQ(?O)oTPDFC(ﬁo)oTHETh 30) . COMMON,173
PPRFS(30) «RELHM(30) «UUJADAT (R} « TRDAT (8) . B BATELE.!

&%?*?“’PADSO(?S.ZI.IG)

**’W‘¢d~cnnrnla} 1463

&

COMMON/MATQTX/FC(IA)oFT(l6)oFU(16)oFV(]ﬁ)oFT()6)oFU(16) ’ COMMON 19
COMMON/MISCEN/TWT (1642)+Q(1R) A (16} eDOC1A) 4DOT(1A) 4 AKT (16) «NZ(16) s COMMNON, 20

- - Al Tl\Al Dl\‘\ SPDI\A\ I\YCMQIL\ ﬁYCuJJL\ D’l LYA) I‘I\MM(\M 91 -
5 ‘#**SEDVEtnz(ls)ﬁﬁs ‘ AR
onmou/osnuaq/SAvsl(16),5nvr2(16).sav snvza&1a).qavr (6) ¢ 2
l'*numnnunnnnr:/prl IlYIlﬂ\’ I.'IJIYI 9!\‘.\ h 7 CYI‘IL&\ n:c‘:n&s ool ""‘I‘(\MM(\M QL. "
OEFFGIVEG s TRANS s COSANG ¢ STNANGRLAT «RIONG«DLONG«SSs  COMMON, 25
SAyHHHFACTOMCOFFF 1+ COFFF2+COSZFENDAYRERWDLAT, COMMON, 26
DAYNOW. A’MIITH CYI‘MA D I.IDAMI'I TAD\L"FN_’_Q_‘_NAZ,.GOC}T anM’\‘k‘l'z‘l
SOLCON+SOLARN « IRADGRTOLD sRTNFWPRFCTP o Wi o XSAND
XCLAY «XORG o XSOTL GOEPTHTOEFP s TWATERSGAGGS 2. %

L-ILM.“J l.'l :E DDD‘: C:CQ LIDI T AIDI TY C!IDEM

'OMMON/SCAIAQ/DTvDFLTAT-ICYFL-%YMTMI.QTMTIM'NCVCLQnTrDYTvIPLﬁTn EOMMON.31

P
4
3
o.
Z
.

n
uJ

. TTAPF KMAX (KMAXP oKE KEMRTORWPROT A ITOP 4 VTOP ¢ COMMON, 32
e — ETOPTFORVZAOFvANAHTvXEN 3 FOUT v LF T4 Mo 1:01 oy NPRES o F-y-——COMMON ¢33
e AT S e - FDDTFqRPnTFoZRL-QHDFACoGAM.IFo!FND TEM12TSIKSVGXe 7 COMMON, 34 - . ' -
M T R e T el . RDXARDXHaRDXGRNX164BDXSNsNOWDAY ¢ TSUNH TSUNM, TRUNS s COMMON, 35 e RO 4
—— e GMTMHRGMAYRGDFFOvAER DYy RIS BRYH ¢ BN Y bes PDY. 1 COMMON 36 -
. ROYSO s JE o JEND ¢« JEM1 JS s JAFGo AL PHoPTNV, TMPRS 4 GAM I o CNMMON, 37
45 : . KREG +KRGOL o ISTART oNCYCI oL TAPF ¢ CX14CX24CX30CX4 COMMON . 38
— —— COMMON LAD ARAY-LEALM - — : B — COMMONL 30— -
S UL LFVEL 20UACVASCA»TAGURGVARGCRaTR UV ToUTENGYTENSCTENS TTENPHT s - COMMON, 40 PR A ¥
- . PHIPIXsPHIPTY 204408, HDTFH RADTNRADTOCRADSNGPANSO oy " i1z COMMON, 41 - ST ‘o

EOMMON-:-4 P
~tIMMEN 4

sn RADFL. X, 11
NILNEF=RTNFW=RTALN pﬁnFLX 12
NHANOW=FCYCL~RTOLA- - - . —RANDFEA13— . T -
FacT=1.0 N . , : . ‘:,‘ RADFLX 16 -, A - -
TF(NELNFF.G6T,0.0) FACT= DFLNGW/QFLDFF . : T, RADFLX.1S v

- RADFI— %516




—— = SUPROUTINE RADFLX———=76/76 ~OPT=P <~ == === === = == E TN 4TRSS 08/ 04530 JUN—RO—H4Ttts66———PAGE 2

Ceom==m0ORTATIN- CURRFNT~RAR [-A FIVF—FLYXES—V TA-FXTRAPNLAT-1ON QAR X7

nn 200 K=),KMAXP RANDFI X, 18

RFILUX (K)=RANSO(ISsJSeK) +FACT# (RANSN(TS4.JSeK) =RANSN(TS4JSeK)) RADFLX,19

TFARFLUX (K)o LT~ 00 0)—RFLUXAKY =0 ,-0 - m—— - RADFL- %2R

, 60 FLUXL2 (KY=RADTO(IS oS eK) +FACTH(QADTNI(TS» US«K) =RANTN (TS JSK)) RADFI_X.21
200 CONTINUE RANFILX.22

L RANF X223
Cwmme= NFRUG PRINT RANFI_X,24
TF(LOUT,LF,0) RFTHRN RANFI_ X, 2%

A5 L CFJCOUM A T1S4S Y- 1-F o0 ) - RETURPN———— o e o o RADF | X-o- 24
WRITF (AT700) T1SedS RANDFLX .27

WRTITE (64710} RANDFL.X.2R

HO—60-0—K=1KMAXR RADF|-X.-29

WRITE (€4720) KGRFLUX(X) $FLUXL? (X) QANFI X 30

70 600 CONTINUF RADFI X431
WRAT Pl Ay T3 0N R LD FF v REMEW - RIOLADE NN e QADF|-X432

o QADFLX,33

fiemae=T/N FORMATS . RADFLX, 34

7AA-RORMATARIHOOADEL X—OUTRUT « COLUMNS I3 Wyl . DADFX,AS

75 710 FORMAT (SH KeSX+SHRFIUX s 8X o AHFLIIXL ?) RANFI.X 36k
720 FOPMAT (15+1P4E13.5) . . PADFI X, 37

730 FORMATLAH-DELNEE=41RELD, S+ 5 X+ THRINE W= s JPF 13+ 5« S X e ZHRTAL D=4 —RADEL.X..-38

e JPF13,S4SX« THNELNOW=.1PF13.5) RANDFLX,.39

RETURM _ : . RADFLX.40

a0 £ND : RADE| X .4

11T




""SURQOU?INF’Qﬂﬁﬁﬂt——;"“ﬂﬁfqﬁ——”ﬂpT-?’ - o FTM 7R +509/045 30 —JUN—ROV4sh4s446—————PAGE

'

Q- — - - SURROHTINF- RADSOL - - —mwimmrme e RAPSAL-R
T CG-DﬂQﬁﬁ#ﬂGDGOOOQO#DGGGGOQQQD##DDDQ“QGD#DDQQDQDQDOQGOQGQQDQDOGGQGQ'OGDD“OQRADSOL‘ 3
ce SRADSNL . &
ce —-—MRANSNL* - CALCHI-ATES-THE ~RANTANT -FLUX--W T FHIN-THE - A TMOSPHF RF-——8RABSOL+S
s co DUE TO SOLAR INSOLATION. THE PRFSCRIPTION IS THAT NF KATAYAMA  ®RADSOL.6
ce AS WAS INGLUDED IN UCLA"S 3 LEVFL GCM, SRANSNL . 7 R
‘Q.ﬂ 4.0 A RS OL {*]

lad 1P 21l ag™S o)

C§°“6“9‘00’““‘“’0@““9’59““90@9“9090”0“Q““Q"Qﬂﬂ.ﬂ“o““nﬂ@“““ﬁ”“”“”“ﬁ{ 6“5“0“9AOSﬂ'_.9
COMMON/ZARRAY1/UA(PR+22+15) o VA (?60??0‘Q) ¢CA(2SeP1e15)eTAL(2S421+15) COMMON,?

F——————————10————————————————60HMON/QQQA¥24U9+26~221+5+v¥9+?6v?9v19+w(ﬂ(EGr?ioiqr-FR+?GTrFr+S+~COHWGw.q
N COMMON/ARRAY3/ (26422915} eV (26e22415) 9N (2S5¢21015) 4T (2542101%) COMMON 4

COMMON/ARRAY4L/UTEN(26222415) sVTIENI26422415) s CTFN(26422015) @

i’rhll)‘ ‘)Qvll:\

COMMON,.S

nnuur\m &

-t

COMMONIARPAYS/PHI(?Sv?1ul§).PHI°IX(?§'?I0)5)-PHTPIY(ZG 21415)
1S COMMON/ARRAY6E/QA (25421 ¢ 16).0%(?%.?]-lhloHDTFH(quPIQIS)

7Gn43N7uRQﬂ¥4fP§Q+?5vi++vpSB*?QVE++79¥FN+?GT?}ﬂwHM1?§r9k%r————-—-*(ﬁ""ﬁN"9———-———*————'-———*———*————~

vt

COMMON . 7
COMMON,. R

- - PUA (26422) «PUIR(26422) +PCUT (26+22) +CONVAR (264221 . . COMMON. 19 .
T COMMON/ARRAYB/TH (25421} 1 T6.(25521) < STEMP (25, 21) €6 (255211 + COMMON., 11 ' .
. HWHAGRH- HRATEAPS 2 FAEAEMERAS VA1) —— COMMAN R
20 COMMON/ARRAY9Q/UIPRES (30) s VPRES (30) + CPRES (30) ¢ TPRFS(30) « THETA (301 s COMMON. 13
PPRES {30) RELHM{30) «UANAT (R) 4 TPNAT (8) RATFILF.1

’"“HON#RAD%#I#QADIN425~2+’¥6++249¥0+25f2}r+6)wDAQSN+25r2lr+6++——-—fﬂMMOM.!?

L .o - RADSO(25+21416) COMMON ., 16
o ) . L COMMON/SCRACH/FACTOR(21516) «FACTOL (21516) «SNOTR(21416) COMMON, 17
0!: ;nn'nJ:\ |A\ l"!\MMnk!_ln
COMMON/“ATPIX/FC(IE)cFT(]6)vFU(]6)oFV(lﬁ)oFT(lﬁ)-EU(|6) coMMNN, 10

fOHNON/HISClN/TUT(lﬁvz’vo(lﬁ)05(16)vDO(]ﬁ)oDOI(‘G)'AKY(lﬁ)007(‘6)'C0MM0N 2n

- AiTl'LA\ DLlI.\ CPDIIA\ r\'cullt.\ E“_‘_‘_#’_,n_;_‘_“_)_’
SRR T i v e Pw.~ DVFLDZ(1RY “

COMMON -2

. 3 - COMMON, 22 ‘
' -, T an . : - CONMON/DEBUGS/SAVFI(16)-SAVF2(16)nSAVF’(]6)oqAVFh(lﬁ)'qAVFQ(IS) CNAMMON.23. -
LA A _£0 S MMON. 24
- ﬂEFFG.VEGoTQANGoCﬂQANG-QINANGnPLAT-RLONG;DLONG.SQv COMMON .28
. SAWHHHFACTOMGCOEFF1COFFF2+4COSZFNSDAYREGNL AT, COMMNN, 24
—————_— e DAYNOU - AZMU TN ST LM A Hy HRANGL - FANZEN s STNAZ +COSAZ COMMON 27—
hﬁ 1%jf . 35 . LT - e . !;""A SOLCON+SOLARNy TRANDRTOLD+PTNEWPRECTP s WW o XSAND « COMMON.ZQ‘~A_
“,,‘i”‘-- . L . ST e XCLAY s XORGe XSOTL +GDFPTHTOEEP » TWATER < GGGG e COMMON,29 .~ -
i . . 5 o WMHKH YELER L RRRD . GSSC NP T NRLT T« SUREM LOMMON .30 -
CﬂMMON/SCALAR/DTvDFLTAT.YCYCL.SIMTMI.SYMTIMqNCYCLS.TEDYT.IPLO\o COMMON . 31
. TTAPF o KMAX s KMAXP o KE o KFM4PTOP PROT»UTOPVTOP « COMMNON, 37
40— —v CTOR+TTORV-ZROT+-ZNAUT- XN o-FOU T} F-HEM o QU T+ NPRESy Ry FOMMON 433
. '»\1' .. . . E CPDIFoRPDTFc7PL-PHOFACnGA“oIF.IFN0~IFMI'YQ.KQ-DX‘ , COMMON.34 . {
T ~e . 2 RDXeRDXH«RNXG+RDXTARNDXSNeNOWDAY ¢ ISUNH ¢ TSUNML TSUNSy COMMON, 35 N
————————————————————————————r—————~————————QM¥MHRv6“9¥QG'94=AvQ+F+vQ¥vPD¥~QD¥H+9nﬁ' RP¥ 6o COMMON,-3 -
. RNYSNJE o JENN e JFM o IS« JRFGR WAL PHIPINV 4 TNPRS (MY o COMMON, 37
45 . KREGoKRGPL s TSTART 4NCYCL of. TAPF «CX) 4CX?4CX34CX4 COMMON, 3R
Jnunnu lAf\ADAV lvr\nu I'I\MMI\A‘I.’QQ
~ . LEVEL ?,UA.VA'CAvTAyUQ.VR-CQgTﬂgﬂ.V‘C.T'UTFN.VTFN.PTEN TTFN.PHI, COMMON L 40 -
- PHIPIXsPHIPIYsNAOBHNDTFH,RADTNIRADTOWRANSNLRADSO COMMON, 41
COMMONS42
S0 RADSOL . 11
Ce=—==CHFCK T0O SEF IF SUN TS AROVFE HORT7NN PANSNL, 12
HHCOSTEN 6T 00 )—60—TFO—7200 P-ARSHIZ 3
DO 100 K=1.KMAXP RADSNL, 14
- RFLUX(X)=0,0 RANSOL. 15
55— HAA—CONTINYE RAASHOL16




TSURRNUITINE —PARSNL TR/ 76 ——OPT=2

FIN-GTR*SOR/ 04530 JUNTROTE 4444 PAGE

- - 60O TO0 850 -~ RAPSHI-I-F
T . . RANSNI 1R
Co—mm—e RAYLF.IGH SCATYERING ALREND (NNPMALTZFD TO THF SCATTFREN FLUX) RANSOL.19
—m e —mr e G oo PRESCRIPTION-OF —LACTS - AND—HANSON—}34 S -3 1+ PP 1 1R~ ) PADSM- 20
AN 200 PUMZZ=COSZFN/(PSA(TIS) «PTOP) 2100, RANSOL .21
ALCSKY 0. 610/(1 006 438nNtM27) RADSNL .22
- e en ire e amem e e i smmmimme b te ame o - i s b remm AVQADQQL_. ?_3
C-----QUQFACF ALRFnﬂ . RANSNL .24
ALSURF=0.12+0,025%VFG/(0,02+CNS7FN/TRANS) RADNSANI. .25
e AR e e — - e T F (HHH L T4 1240)-GO -TO - 21 0— RADSNE-y-26&
ALSURF=ALSURF«+ (({0.05+0, 029VFG) /7 (N,02+00SZFN/TRANS#2N ,25) =A1 SURF)  PANSAL .27
2 (1. 0-COSZEN/ ({COEFF1+COEFF2)) © RADSOL .78
210—ALSURF=AHTN (] 0+ ALSURF) RANSNL.29
RaDSNL .30
T0 C-====FORM SCATTERED FLUX RANSOL .3
€ NZONE—-ARSNRPTION—(NORMALT ZER—TFO-—SECATFEQRN - FLUX) PANSOL--3R
C-=-=~0Z0NE VFRTICAL COLYMN ASSIGNEN VALUE OF 0.4 RANSNL.I3.
SECZ=35.0/SORT(1.0+1224 ,4COSZFNOCNSZFN) ' RANSOL (34 -
jt\'zel\l—-l\.‘lv - unnan'y:
75 0Z2=070N=SFCZ RANSNI_, 36
ANZ=(0.0325/(1.0+(0.047+0,0003232N7) 807} RANSOL . 37
————————————————~————————————4t~+r66}#++r0*+34r6*07¥110rﬂ05‘of}04P%F¥~0¢++03 AROZ)043 011202 RADSOL--3R—
FLUXS=5S2(1.0-A0Z-ALCSKY)/(1,0-0, 06R<¢AL§URF)°(1 0-ALSHRF) _RADSNL 39 -
FAC2=FACTOM®RDX o - RANSOL .40 © .
80 'rl:un‘l-l e o = -pAr\CnL'A}"v’
QAA=SA°TEMP\ RADSNL (47
RANSOL .43
— ¥l EALCULATE—FHRE—FLUX . , - ~RANDSO) o 4bs -
- TEPP=QFFF{XMAXP)®#SECZ . .., . --. - - . . T RANDSNL .45 -
W ]S 4. DN 300 K=1.kMAXP T L ) 0 .. . RADSOL.46
> TEMR=QEFF{(K)}2SECE . - . . L . DANRSOL 4T
TEMPLI=TFPP+], 667°(QFFF(KMAXP)-QFFF(K)l RADSOL 4R
RFLUX (K)=SAA® (AMAX1(0.Ns1.0-0. ?79°TEM°“°0 303) ~AL SURF#AMAX]) ( RANSOL .49
+ 05 v s -0 P FOSFEMPIOB 030 P+ HUXS — RAPSHLS0—
90 300 CONTINIE - } o : RANSOL .51 .
i ) . T . R RANSOL. .52
€ PERUG—PRINT : - = g RAPSAL53
S50 IF(LOUT.LF.0) RETHUPN RANSOL .54
TF(TIJCOLM(TSJS) .LF.0) RFTURN RANSNL S5
95 WRIFHF Ay T —1S+IS - RADSOLSS6
. ) : WRITE(R720) ) - L } . B RANSNL .57
R NO 600 K=1.KMAXP g o L o , RANSOL .58
M e ——————————— QA BSOS 59
600 CONTINUF RANSNL .60
100 WRITE(Ros7IND) SAFAC2+SAAGALCSKHYALSURF «COSZENIHHHsSFC7 4 VEG RANSOL . A1
ff——*——-——-—'———————————————7¥R#NST€66FF+v€6FFF?TSStPG*ffSTdﬁ+1FtHXq RARSALHP—
T . » , _ - RANSOL.67
C-----I/O FORMATS ’ ’ RANSNI , 64 .
I""‘FUR"FTTf"?ﬂH‘Rﬁﬁﬁﬁr_ﬁufpﬂf__eﬂrﬁMNtTfa“TﬂT_f?f____—————__________p*9%ULo“7 -
105 710 FORMATI{IS«1P3E12.4) RANSNL. .66
T20 FORMAT (SH Ke9X«4HAFFF ¢ RX s SHRFI_UX) RANSNL. .67
T3 FORMAT (BH SA =T IPEI3TSISX T THFAC2 = 1PFI3T575XTTHSAR =7 RANSHLSHR
e IPF13.545X«THALCSKY=91PF13.,5e5X¢/9sRH AL QURF—-!PFI-‘ SeS¥, RANSOL. .69

o THCOSZEN=« IPE13,5¢5X ¢ THHHH = 1PE13.55XTHSECZ =4.1PF13, qvSXQ - RADSOL.T0

7w E6 =3 IPFI 3-S5 THTRANS = I PE T Sy SXTTHENFFF =31 PRI 3757 5XvRANS AT




[ SURROHTTNE - RANSOL 76775

oer=sL

+THEOEFF 2= e 1PE 1535 v SXa/vAH—SS

+ 1P T30S 5%+ THP S A———=v } PE1 355

TTFRINTGURASNA/ A4S 3NTINNTROTIGTUG G

RADSO|5 T2
«SXeTHFLUXS =41FF113,5) RANSNL .73
RF TURN PANSOL . T4
ENR - RANSMFTS
[
= -
1+ . h -
T | §




———SURROUTFINE—RIATER———7 6/ 76 OPT=2 ETN—47R+G0RY/ N45 30— IN-RO— bbb - PAGE—

-

STT

! SHARAUT-INE--RLPTER RANTER 2
CEOna0aa0RI0NRItBTE0BRbNRDRORIRRRRROOdNORR00NDARtEaRGRRIERRRBRROGR0eaBBRANTFR,
ce #RANTFR .4
(o NRADTEAI-DETERMINES—THE—-CONTRIAUTFON-TO-- ATMOSPHERI C—HEATING—RRADTER . 5—
B [ FROM {ONG WAVE RANTATINN, THF PRFSCRIPTINN UTTLIZED IS THAT OF #RADTER, 6
(4 KATAYAMA AS [INCLUDED IN THE 3 LEVFI UCLA GCM (SFF PAGE TI-4), BRADTFR,7 -
e ce THF-EQUAT-TONS -0F--RAD T AT-IVE--TRANSFFR—ARF-SOLVED--SURJF CT—TO-THF- 2RADTER R
- c# ANUNDARY CONNITTONS THAT (1) DNWNWARD TR FLUX TS 7FRO AT THF TOP2RADTFR,9
. Ce NF THE MESH AND (P) THF UPWARD FLUX AT THFE EAPTH®S SURFACF 1S SRANTFR, 1IN
10 o RL-ACK -RADY—AT—THE 2RANTER,-1
ce THE SOLUTION UTTLIZ?ES A BUILK TRANSMISSTON FUNCTION DEFTNED #RADTER, 1?7
ce AS THE PRONUCT OF H20 ANN CO2 TRANSMTSSTION FUNCTINANS, #RADTFR, 11
- G ARSORPIJON-RY._NZONE LIS NEGLECTED . THE-TRANSMISSLON_EUNCTION #OADTER, 14—
. c® 1S ASSUMED LINFAR ACRNSS A CELL SN THAT TRAPFZOINAL INTEGRATION *®RANTFR,1S
15 re CAN BE DOMF, THE CORRFCTION TERM USEN AY KATAYAMA TO ACCOUNT “#RADTER. 1A
(oo FOR--THF--NON=~L- TNF AR T TY—IN-—TAU-FOR-NFARRY—ZOMES — 1S -NEGLEETED,, #QANTER .17
e “RADTFR, IR -
r&aoaoaooﬁooocaouoacquunaaunuodu¢aao#eqo«aaaaaaoocoonoo#poonnonoaooonoeoDADTFQ 19
’0“M0N¢ARRA¥+¢UA(?6+22¢454*¥A02&¢39++SLvGAL?Sq?leJSLoT‘"= 21+15) COMMON.,2
20 COMMON/ARQA(?/UR(Z&.Z?-]G)vVRf?6c??v]§)ofﬂ(?go?) lq).Tn(?G.?l,]S) COMMNN , 3
COMMON/APQAYB/U(2602?¢19).V!?ﬁo??olslv((ZSo?IOIS)nY(?E-ZI-IS) COMMON 4
COMMON/ZARRAYA/UTFN (26422415 e VIEN{26.422415) s CTEN (264 224+.15).0 COMMON,S
X TTEN(26¢2241%) COMMON, 6
COMMON/ARRAYS/PHI(?9021015)vPHTPI'(?Qw?Ivlq}-PHIDIY(?SQZIQIS) - COMMON,7
14 COMMONAARRAY.E LOAL 25421 +16) s 0B 2542} 16) ¢ HOLEH (254214 15) COMMON 8
COMMON/ARRAY7/°§A(>§-2!)vPSH(Zqo?l)cPTFN(ZSv?])cHW(’%-’l)o COMMON, 9
. PUA(?ﬁv??).PUR(?ﬂq??)opCUT(26o??)oCONVdP(?ﬁo??) COMMON, 10
COMMON/FARRBY.B LTH (25421 -9 T6-( 254211« STFUR (254 2)-) -« CO (2R 0 21 )0 ~GOMMON 1.1
GW(EGv?l)-HRATE‘?Sv’])oIIPOLM(2§~PI) COMMNON,12 |
an . o COMMON/APPAY9/UPRF§(30)vVPQFS(?G)vCPPFQ(?O)cTPDFS(WO)oTHETA(10)y -COMMON, 113
. nDDECIJA_\ DEI uul’n\ IlAnATln\ YQDATlﬂ‘\_‘ . DATCI‘_:T_!
COMMON/PAD AT/DADTN(?qo?lvlﬁ)ophDTﬂ(?g.?l~16)9°AD§N(?§~?lv)6)o COMMNN, 1S
RADSN(25+2141A) COMMON, 1A
-——————————-———MMHGN-#SGR AEH/ F-AﬁﬁH%dHﬂGﬂkf}hmMﬁﬁ?ﬂ—’HA%v———h%GMﬂﬂNﬁ%——————-——————
5 - SDOTL{21416) COMMON, 1P
: ’ COMMON/MATQIX/FF(lﬁ)oFT(l6)oFU(]6)-FV(]G)-FT()ﬁ)-FU(I6) . ’ .COMMON, 19
COMMONAMES SENATWIA H oy 2 R-H16 ““)vPG(}ﬁ}vﬂﬁ!({ﬁPv‘”'4}ﬁ4v914‘%}A€0HV“N729
. ALT(16) +P(16) «SCRIIA) «NTIFMI1A) «NTFH(1A) 4RT{1A) COMMON . 21
NVELNZ (16) COMMON 22
*——kﬂ————“eeMMMFMW&WFFHﬁ%SW%WF—?FMﬁ AVEL-CH - SAVES (- !—&)——EO“NON r?_-3———~——-——-———————————————
COMMON/RADATS/PFLUX(lb).FLUXLleﬁ)oTAQYG(lﬁ)yOFFF(lﬁ)o COMMON 24
. QFFFG-VFG.TQANS.CO&ANG.QTNANG.RLAT.QIONG-DLONGcSQQ COMMON, 2S
— G4y HHH A T OMy COFFF I~ EAEFF 2 EOSZAN- A A REG DA T COMMONS 24
. DAYNOW'A7MUTH.SYGMAoPoHDANGLoTAN?FN-QINA?-COSA’- COMMON, 27
4S . SOLCONGSNOLARNGIRANPTOL NWPTNFWePRECTP JWW o XSAND, COMMON, 2R
g tﬁ¥v*9967*96+bvﬁﬁFP*Hv*HFFPv*W&*FQ-G16vv COMMON--25-
. HHHH-FLEF.DQRRvSSSq‘NPI T-MPLTTcg"PFM . COMMNN, 30
COMMON/SCALAR/DT'DFLTAT-lCYFLvSTMTM]9§TMTIM.NCYCL§,[FDIT.!PLOT. COMMNON, 31
. 776“]’ .l’\"lﬂl\.’\"l'll‘\".f\r"‘r"'l'l\ll"p%ﬁ¥‘l’lll"!lv‘?sp‘ \‘:GM;‘:"\IWQ )’
50 . CTOPTTOP«ZROT « 7NAUT s XI Ne TOUT s TFTL Mo LODUT o NPRFSF & COMMON, 33
. CPDIFOPPDIFOZQLORHOFACQGAVOIFQYFND.IFMI!YSVVQQQXQ COMMON, 34

F_—____“———"‘__——_—_“—_—_—“—__‘——“_——“——‘“ﬁﬁfTﬁﬁ*ﬂ‘ﬁﬁ*ﬁ“Rﬁ**ﬁTPﬁXﬁﬁ”NOWﬁQYffﬁﬂNHwﬂﬂﬂNM*PﬁUNST—CGmmuwxaﬂ
GMTMHR ¢ GMNYAG s DIF 0 +NTIFLeNYRNYyRNYHRNYLRDY 164 COMMON , 36
RDYSOQyJE« JEND«JFM1 24 JSe JRFGe AL PHeP TNV TNPRSsGAMY o COMMON, 37
‘———q*‘———"——_‘—-——‘___———-———-*———KﬂFﬁT*ﬂGOtTfﬁ*hP*TNe¥efvt4iPFWF*+vPXrvun1ndu COMMANG3A—




T SURROHTINE RARTER—T67 76— DPF=2—— - FIN-4TR+50870 45 ——30—JUN—RO— L4845 b4————PAGE 2
vr e s . i e .. _?ﬂ;i . - S - L0
i COMMONAADARAYAFAIM— £OMMAN39
T LEVEL ?'UA-VAOCAQTAvlfnovgvcﬁtTRtUonCOTQUTFNOVTFN'CTEN;TVF:N-DHY) COMMON 40
. PHIPTXsPHIPTY «QA+NBHNTEHIRADTNRADTORADSNSRANSO COMMNON .41
— - e ——COMMON 4P —
oo A0 © - . TRCO(DI=AMINI (1.0.1,0- ? 1E=Sep) - ° . . Lo RANTER,2Y .. o 5 . 0 7 . . R
-  YINF = 220, . S : - D L RADTER.22 T Y. 4 - - S SR T,
RARFER2I— - -
(‘_o-GDGGGGQQQGQ@#QQ#GGQGGGQQGDQébQDGQODbb-b DA[)TFR.?I.
ce RLACK RODY FMISSION » . RADTFR, 25
— —65 —COIHBL88.00.00-0-00.00-0-8 8.0-0-0.0-0 8 8-0-00-0-00-0-8-0-0-0.0-0 —- RADIER+26 —
ST _ C-----DEF[NF THFE RLACK RODY FMISSION AT ALL STGM? LEVELS * - - .« .27 < :
- - THFRIV=AT(TSeJSesKMAX) - T(YS.J%.K‘))GAKIgKMA)) * =’ A - FR.2R +
FSURF=T-HFSvISo KMA )+ FOFR TV A=t MA R — e * 7 DANTER+20-
T4ST1G(KMAXP) =5, 6602E-A2TSURF #2464 RANTER, 30
70 T4SIG( 1)=5.6602E-RoT (ISsJSe 1) 204 RADTFR.3)
'-Pv 33“ 123 ?-v\‘#-w\ N - ""!llr"..”
- TSIGMA -T(IG'JSoK)OYWT(Kcl)ﬁT(lSoJ%.K-l)“TNW(K-Z) &  RADTFR .33
. T4SIGIK)=5,6692F-RBTSTGUABS, 7, 5. rzfv AL “RADTFR, 34
- 3S0-EONTINUF— RANTFFRIAS
75 " RADTFR.3A
C-—--ALACK RNDY OF STRATOSPHERFE RANTER,37
FAINF=Cw6692F B0 FINFAR4 — RARTFAL-38
- - FTEETTLLT AN e, n L T RADTER L 39 Ly
ce . Co====BLACK RODY OF SURFACF - EMISSTVITY GIVFN RY! "SURFM# "RANTFR,40 S
R0 F4GND=6 569 2E~RLTG LIS oIS ) R040CUREY T QANTER 41
. RADTFR, 42
22221 222222222 2-2-2-2-2.2-2-2-2-3-2-2-2 22 22 -2 2-2-3-3-% ) QA(‘)TF_R.(.]

ol 1 NEY UPWARD -FLUX S RANTER 4l
i Froo{uﬁaooaoouooonnauboacuwoogooco#oaaoko : ST g % RADTER, 457

C“"’AoBsC TFRMS . OF KATAYAMA UHFRF C 1S

FACGND= T4GND’T6GNDVT“éTG(KMAXP)-TAC]G(KNAX) RADT%Q.AR

FACINF=T4S16(2)-T4S1G()) RADTFR.49
ELUXL2(KMAXR)=0, 0 — — ———QANTER, SO

CFLUxL2c A1=0.05577

)
e ._“ﬁ

\ RADTER.S1 s
RADTER,S2

{RANDTERL. 52
RADTFR .54

P T ux. A‘I’ JALYED'I\D

N0 500 K=2.KMAX
FLUXL?(K)=0.O RANTFR,.SS

'E =) RADRIER-SA
v K~ F- ey - " e o g T T RATHT T RSTYSY
SN . Soi D8 o N .

XKM1=K~1
= NN 400

FAY=TRA} 11\:.::' IV\

- nAnrrn 50
LARCLE S B eagd

FLUXL2(K)= FlUXL?(K)OYAU“(TQS‘G(IOIP-TAQIG(I-P)) RADTFR.A0
FLUXL2 (L) =FLUXL2 (L) +TAUE (TL4STIGIK+ 1) =T4STG(K=1)) RADTFR.61
B CONTINUF RADTER, 62
n QANTER .67
RANTER .64 %

~Z  RAPDIEO A D
RTINSOy

TﬁU—TRAl(OFFF(KMAXP)~QFFF(K))°T9F0¢P(KMAXP)~P(K)) RANDTFR.6K ;

ABD- eunr. c-rrzuj‘ JO
Lal2iry RARANS PLAR AR YAV | LA~

FLUXL2{K) =FLUXL? (K) s TAUSFACGND QANTER.67

sHr e N N e IR Rﬂﬂ‘| FR ?ﬁa S
ff--—--FIUX AT SUQFAFE DUE TO YNTFRIOR 70MES SRk vl RADTER.A9 T ¢
RADTER, TN <

RANFERSTTY




————SHRARNUTINF—FANTFR T67TH 0PT=2 FIN4.8+5N837045 30

RADIER . I

JUNTBU 18,830,799

PR

T——————————————————————F-——--—-Aaﬂ—ﬁ?Q&*9%PH¢P+G—FFFFG¥—¥6—+N'ﬂ“‘"" 7ONES

At

TAU=TRALINFFF(X)=QFFF (1)})2TRCN(P(K) =P (1)) RADTER.73
FLUXLZ2 (K) =FLUXL? (K) s TAUSFACTINF PADTER,.74
RADTFERIS
118 Commee—eem=FLUX AT TOP OF GRTD NUF TO INTERINR ZONFS DANTER.TA
FLUXLZ(I)'FLUXL?(I)OTAU°(T4§IG(K'|)-TAQYG(K-))) RADTER, 77
SHO—CONTFENHF- RAPRTFRTFA
RADTFR,79
Co~mrmmme===DETERMINF. THE QEMAINING AROIINOARY TERMS RANTFR,.BN
— P FLEHRE A tKMAXP YR -2 KMA X P+ O R A N——— . _RADTRRL8Y
FLUXL2¢ P)=FLUXi 2¢( 1) +0 . SHFACINF -RANTER,AP
TaU= TQA](OFFF(V“AXP)-OFFF(I))“Tpcn(p(KMﬁXP)-P(\)) RANDTFR.B3
FLUXLP (KMAXD) SFLUXE2AKMAXD) + TAUSEACINE RADTER .84
FLuxeate 1)=FLuUxL2t 1) +TAUNSFANGND RADTFR RS
175 ’ RADTER,RA
G CAt€UF&TF—"A"—‘NB—“E“—¥FQMS————————~*———————~—————-~—-—————940159187 :
PO 600 K=).XMAXP RANTFR,AR.
SAVEl (X)= TRBY (QFFF (K} =OFFF (1) ) RANTFR,R9 ~
—SAVE2 ) =TREO(L{KI-PTOP) DADI;D_OQ
130 SAVFI(K)=TRAZ (QOFFF (K} =NEFF (1)) RANTFR,.9]
TAU=SAVF] (K) #SAVE?2 (K) . RADTFR.9?
‘LUXLZ(K%—CEUKLZJ&L‘l&”i+210314§Ja(P¥-366v0‘ RADTER,93
TAU=SAVF3(K) #SAVE2(X) RADTER, 94"
FLUXL2 (K) =FLUXL2 (K)+TAU®133,0 . RANTER .95
15— 600—CONTINUF —RADTER Q6 '
FLUXL?2 (1) =FLUXL2() RANTFR.97
RANTFR .98

(3

~DFRUG-PRINT

DAI’\TCD 009

TFLOUT.LE,0) RFTURN ’
140 C IF(ISCOLM(TSJS) LELO0) RETURN

&0 un'?:nL 'II\AL rc lt
&7

LTT

<RADTFR 100 °
RADTER, 101 7

 RARTER.1AR
£R,102

" WRITE (h+705)
no K50 K= l-KMAXP

145 «SAVE3(K)
S0 CONTINUF

RADTER.103
RADTFR.104

———————————————-———————————*—HR{4Fiﬁ144ﬁ+~KvaU*t?+*+vQEFF+K+1P+¥+1¥44+GGKFrQ&VF+4K+14ﬁVEE+K+v—9ABT‘“.}ﬂg

RANDTFR.1N6

RANTER.107 .

RADBIER--}-0/

FAO—FORMAT-(/9PIH RADTED— CHFPUF CO-HMA PN Y] L XY
ORI Ty TR RO T U T Oy GO MIN T e Yy TV Y T

« 13X e4HTRAL 0 13X« 4HTRCO s 12X 9+ 4HTRAZ)

705 FORMAT (SH Ko 11X o6HFIUXL 24 13X «4HOEFF o 16X+ 1HP 4 12X+ 5HT4S TG,

RADTFER.109
RADTER,110

- IPMATHES TP TEL T
o RETURN .
END

RADFFR- T

RADTFR.112

PADTER, 113"




SHAPOUTINF—SOTAR 67T OPF=2 FINTGTReROB/ VG RO IUN- RO T4 4464 PAGE -

3 CHROOHTEMNE—CO A D LO-AR—
t “SHRRONE—SOEAR S5OART?
CO046559#“900“9““6““000““56“60GQQ#QQQQOQGGO#GD#OQQODQQDGODDOQQ“QFOQGQGOGQOLAQ k]
Te #COLAR, 4
Fa USALARS GFTFQM%NEﬁ—*HE—Qﬁt*Q—fﬁﬁﬂt**fﬁN—Fﬁ9—*HF—FHQRFNT————-“€Q!aﬂ.%
5 ¢ . (e " SIMULATION TIME, - _ 2SOLAR, 6

© 8SOLAR,7
) 00000 085038555014 R R
COMMON/ARRAY1/UIA(2A422415) s VA(PE¢22418) 4yCA(PS+P21415)+TA(25:21415) COMMON,.?
COMMON/ARRAY2/UR (2h422415) s VB(26422415) 4CR(25+21515)+T(25421415) COMMON.]

811

—t COMMONZARRAYIAHZ 657223 TSVt 267225 St 2S5 2 1o ISy 252 ¢ 1 5) COMMONT&
: : COMMON/ARRAY4/ITEN{25422415) s VTEN(26422515) sCTFN(26522015) 0 © FOMMON.S
. TTEN{26+22+15) COMMON , 6
COMMONAAR BAYEAPHIL PSPyt S PHEP KA PO P e - PHEP PRS2 115 ENMMONT
. COMMON/ARRAYE/NA (25421 416) oNB (254214161 dHDPIFH(25¢21415) © COMMON,B
1S COMMON/ARRAY7/P§A(?5121)vPQ“(?qc?l).PTFN(ZS.?]).HM(?%-?I). ) COMMON, 9
HAR e 2P PHA A 2 2 v PEUTH 2 6 v PR v CONVARR 6 P24 COMMONT 0
COMMON/ARQAVR/TH(?Rq?l).TG(?So?l)hoFMP(PScZI)oCG(?ScZ¥)v COMMNN . 11
" e GWIP5421) ¢HRATE (254211 4 TJCOLM(P5421) COMMON. 12
- MMONAARREYGAHPREGAT v VPREGA I+ LPREGHI My FPREGEAM v FHET AL —CEOMMAN I Y— o
20 PPRFS (30) yRELHM(0) +11ANAT (R) « TRNAT (B) RATELE .1
*COMMON/RADTAT/RADTN (25421516} «PANTA (25421 516) 4PANSM (254 21s16). COMMON, 15
DAHCALQS: ’)llyll‘L') CQMMI\A‘I_!‘K' 1
COMNON/SCRACH/FACTOQ(?I.16).FACTOl(?lo16)o§DOTQ(?1.16). . " COMMNN, L7 :
) ’ SNOTL(21416) . B COMMON . 18
—T ——————~—————-~—GOMMQN/MAFRIX/F€444H«5444£HﬂFlH4AAwFNH44#Fd=F6"‘ EUHFRI— —COMMONIS
COMMON/MISC|N/rwrtxa.z).0(16).A(\ﬁ).nﬂ(16>.0n1(1s).AK1116).r7(16).connnn 20
. ALT(16) 4P (1A) 4SCR(16) «DIFMILIK) «NTFH{]16) sRT (1R}, COMMON . 21
n\lF_Ln”l {. l A \ Cnuu'r!#"?? -~
- COMMON/DFRUGS/QAVFIllﬁ)qSAVFZ(IG).QAVF\(lﬁl.QAVFA(iﬁ).CaVFQ(lﬁ) " COMMON,.23
30 ! COMNON/RANDATS/RFLUX (16) «FLUXL2(1A) ¢ T4STG(1R) SOFFF (16)y COMMNN . 24
- OEFF6IVEG +FRANS COSANGoSINANG o RIAT-RLONG COLONGSSv—COMMANL RS~
. SAsHHHFACTOM«COFFF14COFFF24COSZFNINAYREGDLAT COMMON.. 26
- NAYNOWSAZMUTH«STAMA 4R HRANGL s TANZENSTNAZ 4 COSAZ COMMNN, 27
- SOLCON ¢ SNLARMN + TRAB+ RTOED « RFNFW + PREG IR o Wi-y X SAND s———COMMAN 28 -
35 . XCLAY $XORG s XSOIL «GDFPTHs TNFEP s TWATER 4 GGGG e © . COMMNN,29 T ‘ :
. HHHH +ELFF RRRR ¢« SSSSoNPI ToNPLTT«SHREM - 7. COMMON.30 ‘ s
COMMONALSCALARADT. 05&1A1++G¥G&~S4N1M4wS+M¥+H~NG¥€F8w+F9+¥+$ﬂb9¥v———GOMMONv3+————————————————————————*——————————
» ITAPF.KMAX;KMAXP.KF-KEM.PTOP.PBOT.HTOP'VTOPc COMMON, 37
. CYOPTYOP o ZBOT o 7NAUT « XI Me TONFT o TFTLM4LOUT sNPRFS-F o COMMON, 37
40 _ — 2o GPD [ Py RAP FFy- 2RI RHAF A C oG AM-a- T E-5- T END-o-T FM 1-9T-5 0K Sog P Xoo———COMMON -3 4-
. S . RNX s ADXHyRDX4+RNX16¢RDXSNNOWNAY ¢« ISUNH+ ISUNM, TSUNSs COMMON, 35 : ' -
. - o GUTMHR «GMOYRGSNTFDNTF Y aDY 4ROY 4RNYHRNYS RDY 16 COMMDN, I . -
—_— e ABYSO VYR ENA IR ISy IR Gy ALPH D ENV ENPRS y A My COMMONE3P
. KRFGoKRGPL e ISTARTSNCYCL ol. TAPF+CX1eCX24CX35CX4 COMMON . 38
45 COMMON/ZADARAY/ TDUM COMMON, 39
‘———————————————~—~——————————~EEVEE—?v“ﬂvV&fFﬁvxﬁvURvVQwGRT*“THTVvPv*rUJFMrV*FNrFJFNvT?FN1FH+v——GﬂMMQNm4‘
. ‘ PH!Plx.lePrv.oa.nn.HntFH.Rnnrm.nAnTo.Ransw.RAoqo : COMMON . 41
. v S " COMMON, 47
- SALARH6
50 C-~==~FORM SNOLAR CONSTANT FOR CURRENT EARTH=SUN NISTANCE SOl AR, 11
C====A7MUTH [S DFFINFD TO RE 7ERO AT MINNIGHT GMT ON JaN 1, §0LaR,12
——————————*————~———————P————+%#¥NBH—Nﬁh—ﬁF*8ﬁ¥5—++NPtUB%NG—FR*F¥1ﬂNﬁ+—MFﬁSUPFﬁ—F96M—Mrﬁwfﬁ4¥———ﬁ0tﬂQ4%3
C -. "3MT ON JAN 1. ) i SOLAR, 14
: : ~ DAYNNW=GMDYRGSTIMTIM®1, 1%7an7an7ar-s L SOLAR,1S
N ad ~d l’l‘ll?“ LOVANMAALL 3 l\\ An '!ﬁl\ﬂnl\( o0

AD-—1A
Ty LARER N A LY AP A, T .Ull"" A AT AR SR TV




SURPODIT NSO AR T67T6H NEF=2 FIN"GTR*SOR/ 04530 JUN—RO— 44446 PLGE— 2

6TT

— e CASATM=EOSAZMITHY . SOLAR-LF
STNAZM=SIN(AZMUTH) SOLAR,18
SOLCON=1353.2/(1.0-0.01A7338CNSA7M) 00D SOLAR.19

C'g;_AD 3!\

a0 : Ceeee=DETERMINE CHRRFMT DECLINATION OF THF SUNM SOLAR,2)
ANGSIIN=4 ,RA57A3- AZMUTH SNLLAR, 22
————————————————————~————————§+G4AﬂﬂNGSHN+Q—004+%4A€+N+ANG%HN++ATGB?68#FGSGANGRHN+—————————~———£OEAD.?3
1=0.000318¢SIN(AHNGSIINeANGSHN) 0, 0001452605 (ANGSHNS ANGSHN) SOLLAR .24
STNDFC=0.3I978¢SIN(SIGMA) SN AR, 25

T COSDEC=SORTIIA~STNDECHSINDRE) SOLAR,-26
. . : . SNLAR, 27

Commeme DFTERMINE THFE CURPENT HOUR ANGLF SOLAR, 28

- 8231435924 N, N3 235V RCTMNAZMaN DAV I2RRBCACAZMAN  NL4N2KT SOLAR .29
IQSIN(A7MUTH0AZMUTH)~O N1SQ129+%C0S (A7MUTHe AZMUTH) S0I.4R, 30

70 HRANGL= (GMTYHR #3600, 0+SIMTIM)#7,272205F -5 -R=-R| ONG SNLAR, 3}
HHH=AMAD(HRANGIA3 A1 7R 643 Ay e Rl ) G0I-AR,-32

) _ SNL.AR, 33

Ce====FORM SOLAR ZFNTTH ANGLF : : : ’ SNLAR. 4
SINL-AT=SIN-RI-ATY - SOL-AR , 35

75 ) COSLAT=COS(RLAT) SOLLAR, 36
COFFFYI=SINDFC#SINLAT SNLAR, 7
CORFR2=COSNEGRCISI-AT- SOLAZ,AR
CNSZEN=COFFF)+COEFF24CNS (HRANGL ) - SNLAR,.39 -

STNZFN=SQRT (1.0-COS7EN®COSZEN) . <. . SDLAR,.4D

- TANZEN=0--0 " SOLAR 4]
TF (ABS(COS7EN) .5T.0,0) TAMNZEN=SINZFN/COSZFN SO AR ,42

SOLAR,43

G mm = = EORM—CURRFNT--NORMAI~-FNSOLATLON SOL-AR. b4
SOLARN=SOLCON#CISZFN : ‘ SOLLAR .45

a5 o . oo SOLAR.46
G MISCELL-ANEQHS - SOILLAR 47
SA=0,349#SNLARN SOI.AR,.48

SS=SNLARN-SA SOLAR .49
SINAZ=COSNEC/SINTIFNSSTN (HRANGE) SOLARLSH

) Q0 COSAZ=(SINI AT#NS7FN=-STNNEC) Z (COSILAT#STNZEN) : SOLAR,.S)
i FACTOM=TANZEN® (SINAZ#COSANG+COSA7#SINANG) - SOLAR,.S?
L l‘f\l AD E‘)
e NFRUG PRINT SOLAR,S54
TF(LOUT.LF.N) RETURN SNILAR.5S

95 WRITEAHv6G0 ) —— - - - SOI-ARSH <

WRITE(64600) DAYNOW,AZMUTHySOILCOMsSTGMAWReRLONG o HRANGL +HHH,RL ATy SOLAR,ST
«COEFF14COEFF24CNSTFNeTANZENCSOLAPNGSINAZ W COSAZWFACTOM SNLAR,.S5R

€ 1/ 0—F ORMATS SOLAR LS9

A . SOLAR, 60

100 600 FORMAT (ARH MAYNCW=31PE13,595%X s THAZMUTH=41PE13.545% « THSOI CON=. SOILAR,A1
AAPEY3 545X e THSLOMA—= v 1 PET 3¢Sy SXvr yAH-R———--= ¢ | PF13 5 ¢ § X-y THOL-ANG—=+GOL-AR 62

c1PF13,.5¢5X« THHRANGL =« 1PF13,5¢5X ¢ THHHH o 1PF11.545XKe THRLAT =, SO AR, A3

«IPF13.Se/¢RH COEFF1=e1PEI3 S4B X e THONFFF2241PF13,545X s THCNS7FEN= SOLAR, 64
TIP3 TSy SXTTHTANZ EN=v - PE 355 v S e THS O ARN =+ 1 PF 13 595X o /- AH—SFNAZ—=¢SOL-A R 65

108 S 1PF13,545XeTHCCSAZ =4 1PF 13,545« THFACTOM=,4}PELI3.545X) SNLAR .66
651 FORMAT(/5173H SrILAR OUTPUT) SNLAR .67
PETURN SOLAR--68

FND. . SOLAR. A9




———————————SHARATINE—TENA-—— T4/ TP T=7

FIN— TR s SR NGS 30 IUN—AO Tttt Gtl—————PARE

RN

I

COMMON/ARPAYZ/HAR(26+422415) s VB (26422315)4CR(25421415) 9 TR(25421415) COMMON.3

t SHRRAYTINF—FENDH TENDH=?
T NFW, 236
foem-- HORIZONTAL ABVECTION TFRMS TN MAMENTUM AND CONSFRVATION E0UATINNS NEW,?37
e ARE— AL R AFED—IN—THE S SUER OB N NF I
s COMMON/BRRAY1/UA(26422415) «VA (244224151 4CAI2545P1 4151 4 TA(25421415) COMMON,2 o .

—_————————— FAMMANAARRAY IAH P2 v 22 F I V2 22 S v ot P S 2 S I T2 50 2 e 1S R OMMON T

COMMON/ARRAYG/UTEN(260224 15 s VTIFNI(26422+415) o CTFN (26422415} COMMON,S
TIFN(26422415) COMMON, 6
————*+O———~—,—'MMM6M/¢WYW?WW9WWH?§“}YrYS e PHIP Y252 1+15) COMMONTF
COMMONZARRAYAR/OA(2542141A) +NB(2542]1916) yHRTFH(2S542141%) COMMON .8
COMMON/BRRAYT/PSA(25¢21) aPSB(2S5421) «PTEN (25421 ) «HM(25e21) COMMON, G -
—————————————————————————————r——————————————pHﬁ*#%n??+waHﬂ+?ﬁvP?+v°FH4fEﬁv??+vFGMVAR4r,VTn COMMAN 10
~ COMMON/ARRAYR/TH(25421) s TG{P5¢21) « STFMP (25421) 4 CH(PG421) COMMON, 11
15 GWI(25421) «HRATF (2521} 4 TIUCOLM(2S421) COMMON,L 12
‘—————————~———————————————————eﬂMMeNfiﬂRA¥9¥H°QF%180+TVPRF9+ﬂﬂ+TPPPF§1401T499F<+%ﬂ)vﬁHE¥ﬂ140+T-PﬂMM6N_1Q———~————*—————~—~————~*———-—‘——————j
" PPRES(30) +RELHM(30) 4JANAT (8) +TRNAT (R) .. BATELF.1-
COMMON/RADTAT/RADTN (25,21 9]6) JRANTO (25421 416) yRADSN(25421416) ’ COMMNN, 15
RADSOADIE 2 -3-5) il COMMON-1-6
RARSOAS vy 16D *OMMONT-&
20 FOMMON/<CPACH/FACTOR(21-161 FACTOL (214161 +SDOTR(21416) 4 COMMON 17
SNOTL (P1416) _ COMMON, 18

COMMON--19

——————~—————~——————————————7-9MMQNAﬂAl“%%AFCF%&FvF¥+46+vFH++6erV446}wF4(ln,vFU:}S) — 1N
. TOMMON/MISCLN/TWT {16421 40 (1A) sA(16) 4NN (1H) 4DAT (16) s AKT (16} <D7 (1€) s COMMON, 2D
*

. ALTU1A) +P{18) 4SCRITA) «NTIFMITAY 4NTFHINS) 4RTItIA) . = COMMON, 21 4
25 AVELDZ--1-6) COMMON 272
‘OMMON/DFQHGS/QAVF‘(lﬁ)OQQJFP(‘G)9§4VF1(16)9§AV74(‘5)OQAVFR(16) COMMNON, 213
COMMON/RADATS/RFLUX (16) o FLIUXLZ2(16) «TA4STG(1A) «NDFFF (]1A) GOMMNN, 24
- e N EFF G e VE A TRANS < EOSANG S TN AN G ATy RIZONG-+ DLONGv§£+——£QMMQNTQE———————————————~——————————————————
N . o SAOHHHQFACTD4OCOFFF1vCOFFF?vCOQ7FNnDAYREGvDLdTv “COMMON, 26 o - -
o an DAYNOWGAZMUTH+STAMA P «HRAMGL s TAN7ENSINAZ7 4 COSA7Z CLCOMMON, 27 ‘. . N
L————-———-——*—————~————-———————v————~——-———————S0ECON*SQ&ARHQLQAG~RJOLQ.QINKM¢RQFG%quM XSAMD . COMMOMN.. 2R
- XCLAY o XORG o XSOTI «GNFPTHTNFEP ¢ TWATER GGG COMMON, 29
HHHH FILEF s RRRR ¢ SSSSoNPI T4 NPLT T SIIRFM rOMMON, 30
— »-—————————CQWON/QCALARAD T+ DELTAT I CACL-o ST UTHL o S TMT-[- My NCA(PL§1—'F EDT-T-o-1P|- "7 GOMMON 3]
35 - TTAPF JKMAX JKMAXP JKE o KEMPTOP PROTUTOPSVTOP, »5 "COMMON, 32 L
. CTOP+TTOP«7BOT o ZNAUT o XI No TOUT o TF T Mo OUT NPRFG.F._ LOMMON,33 ..
- CPD e RRNDFFE 2R~ e-RHOEA LG AM o-LFo-T-F NN o LF-M 1915 o K-Sg-P-X-o COMMONS34
. RDX«RNDXH4RDXM s RNX1ARPNIXSN¢NOWDAY ¢ ISUNH e TSUNM, IGUNSQ COMMON, 3%
. GMTMHR.GMDYBG.DTFO.DTFJoDY.PnY-PDYH.PDYQ.PDY]ﬁv COMMOMN, 34
40 - . wren e RDY S0 0 JE o END ¢ JFM -0 SedRFGe AEPH P INV s TNPRS y GAM - COMMON,-37
. KREG«KAGPL s ISTARTANCYCLoLTAPF+CX14CX2+CX3eCXG M; COMMON, 3R
COMMON/ADARAY /TDHIM . ) ) . COMMON , 39
LFVEL—29UAeVA+CA«TAGUR VR CRe TR eV ¢ Co T o ITFN o VTFN ¢ ETEN+T-TEN-¢PHJv—E OMMNON 40
. PHIPTIXsPHIPTY0AOR.HNIFHsRADTNRANTO+RANDSNPANSO COMMON, 61
4s COMMON , 47
——— R e TENDH ¢ &
f‘o“ﬁﬂ“: L2222 X222 22222 020222222 3372 2-2-3-3°%-3 TFNDH'q
ce HORIZONTAL ADVFCTION OF SCALARS . - .0 TENDH,6
CHSLBLBBBODBEBROLGHBLBBVEDEDDIDGREBBD DL - T.EN’\,H.7
S0 Co=-==n DIPECTION TENDH. A
20 200 K=1.KMAX TENDH,9
20 0—)=1-)F FENNH 10
KS=K . YENDHLI1
BLEN] : T TENDH,12
=5 FS=1 FENOH--3




T SURROUTINETENAR T6ATE—APT=? FIN—GTREGNRZNGE———3NTININ—RO T4 it PAGE
4P-}=de} TENAH- 4
TF(JELFO. 1Y JP1=1 TENNH, 15
CRR=CA(1v.beK} TFENNH,. 16
FRAOT-A-{-tv) oK TRNPH -+
) UAVE=U (1 40P K +U () 4 JeK) TFNDH, 1R
IF (UAVG.LE.0,0) GD TO 14N TENDH,19
PSTA=PRA - E-A-LK)+RTAP TENDH .20
CRR=ENTFRP (PSTG«I) 2PSA(]+J) TENDH, 21
TRAZENTFRP (PSIG«4) #PSA(]+J) TFNDH, 22
——————-———es————————-—-—————;an-;ann4pn94¢ps+a+aaofgau TENOMW,-22
160 FILX1=2,08UAVGECRRA TFENNDH 24
FLX3=2,0%UAVG#TRAR TENDH, 25
AR—70 =) 164 TENDH. 26, —
1P1=1+) TENDH. 27
70 PTUAVGIA(TPE v JPT oK) +UA (TP s JaK) NEW ., ?10
FX2SPE V84 G-t TPy K+ At Eede 6 NFW-o-P4
FLXG=PTUAVGH CTA(TIPY 4 JoK) /PSA(TP) o d) +TA(T 4 JoK) /PSA(T, J)) - NEW, 241 .
TCTEN{(T o JoK)Y =CTEN(Te JoK) = (FLX2=FLX1} #RNX4 : © TFENDH,31
TYE.MII l A(\—TTE‘MI' 1 UI lfl v/ l.'l y')\onnv/ TEMI‘\H"!‘? -
75 FLYI=FLX? TENDH, 33
FLX3=FLX& TENDH, 36
170 CONTINUE ‘I’Fklhu_j‘;
CAR=CA(TE«JsK) . R - TENDH.36 - -
TRR=TA(TE ¢ JoK) .- S CTENDH AT -
n’e III&\_II‘—l.I(!E_M'l'\Y mnl I(\Al‘}g_‘!tklvn [NITA Y Y‘-'M[\H 'lﬂ
IF (UAVGL.GF.0.0) GO TO 180 TFNDH, 39
PSIG=PSA(IF«J) #A(K) +PTOP TFENDH, 40
- 15=1E TRNNH .4}
t3 CRR=ENTFRP (PSIG+3) #PSA(TE +.)) ) . © TENDH, 42 .. | BRI R
RS TRR=ENTFRP (PSTG.4)#PSA(TE4J) .o COTENDHG43 L e T
L FRA=FRRBAPRATAPST--880, 285 — TENDH Ll -
180 FLX2=2.0%UAVGRCRR TFNNH,. 45
FILX4=2,0%UAVGETRA TENDH, 46
EFEN-CFEvd o) = SFENAF Evdv it FEFP =P -0 PR G TENDH4F
an TTENCTIF o JaKY=STTEN(TE e JeK) = (FLX G~ era)»pnxa TENDH, 68
700 CONTINUE TENDH 49 .
'rfkll\ll EA
------ Y NIRECTION TFNNH,51
IF(JE.FQ. 1) GD TO 301 TENDH,S2
95 —- HO—IOO—K=T +KMAX FTENDH S
no 300 I=1,.1E CTENDH,.54
KS=K TFNNH,SS
1S= TENOH56
Js=1 TENDH,S7
100 1P1=14) ) TFNDY .58
CRR=CA (T o14vK) TENDH59
TRR=TA(1414+K) TFENDH, /0
VAVG=V (TPl s 1K) #V(TeleK) "TENDH,61
1F(VAVGTEES 050 GO—TO—210 FENDH AP
1S PSTG=PSA{14)) €A (K)«PTOP TEMDH .63
CRA=ENTERP (PSIG«3)4PSA(T41) TENDY, 64
TRR=ENTERP(PS]634)¢PSACINT) —TFNNH, 65
_ TRR=THR# (PROT/PSIG) &80, 286 TENDH, 66
R 210 FLX1=2,02VAVG#(CRA TFNNDH.6T
LR TENDHTHR—

FIXI=2502VAVGETRA




SURRAUTINF—TENDH———T67TF—NPT=7

FTNTGTRESOA/0GS I JUN—ROIGT4a %% ~PAGE

AAL

AE—2F0—=dFME TENDHT69
JP1=4e1 TENDH, 70
PTVAVG=VA(TPl s JPL1 oK ¢ YA (T JP14K) NEW, 242
- FX2=PIVAY G- (C-tT v v K+ Ct Tdvk ) - —NFW3 243
s FLXG=PTVAVG® (TA(T . JP1 oK) /ESA{T«UP1) +TA(TaJaK)}/PSA(TU)) NFW,244
CTEN(T o JoK)=CTEN(T o JoK) ~(FLX2-FILLX]1) #RDYS TENDH, 74
FFANAv O =TTAN-tCT e )= tFE =R R v e FENAHTTS
FL.X1=FLX2 TENDH, 76
FLXI=F X4 TENNDH, 77
-2 ST N—CONTINEIE TENDHTTS
TRR=TA (T4 .JF4K) TFNDH, 79
CRR=CA(T4JF +K) TENDH, B0
A G AP ENF O R B FFNDHAY
TF(VAVG,GE.0.0) GO TO P2A0 TENNH,,R?
175 PS1G=PSA{T«JF) #2AalK) ePTOP TFNDH,R3
IS=IF " TENDHRYG
"CRR=FNTFRP(PSIGs3) #2SA (T 4JF) TFNDH RS
. TRRA=FNTFRP (PSTG4) #2SA (T4 JF) TENDH RS
FAR=TFARMPROTAPSH -0 28% FENDH=8F
130 PR FLX2=2.0%VAVGHCAR TFNNH,ARB
FLX4=2.0#VAVG#TRR TENNH A9
EFEN-Er Ik T ENHH oy kb PP SRR TENDH90—
TTFN(IcJEvK)‘TTFN(erF-K)'(FLX4 FLY1)“°DY6 . TFNRH, 91
3INC CONTINUE TENDH, Q92
1 ?F '}‘ﬁ,ll I‘f\kl?'lllvlt: - "rl_"h'lqu.g?'
TFNDH, 94
COUBEDBORRORRRORRONLTRBARROBRORDNDODEDS TFNNDH, 95
'S MOMENTM—ADVECTI-ON 2 —TENDH 06
o : ruoowuuoooaaaoouooobqﬁo&:npunuca»on#uva# TENDH,.97
140 Ce====%X DIRECTION TENNH, Q3
O0_40.0_ =) o JMAX . TENDH..99
NN 400 J=JRFGeJE TENPH, 100
NLAENDS] TENNH, 101
JR1=) e - TENDH -1-02
145 IF(J.NFLLY GO YO 4C) TENNH,109
JP1=1 - TENDH, 104
JM].=] - FENDHJ-0S
401 UAFSUA(2eJP) oK) sUA 1aUP1 oK) 42,08 ( JAI2 4. 1sK) ¢UA (14 }eK)) TENDH, 10K
. +UA (29 UMY eK) +UJa 14 UMY wK) TENDH,107
1S40 FLXLE=UAR (U (2 e ol = b CharbaiC)-) TENDH 108
FLX3= UAF”(V(?.I-K)-V(I-J-K)) TENDH, 100
. NO 400 1=2+TE TENDH, 110
T T r . G EI ! TENAH- 111
UAF=HA (TP « JP1 oK) ¢HA (T« JFLaK) 2.0 (1A (TPT 9. JaK) +UJA(T o JoK)) TENDH, 112
155 . SUA(TP L e MY e s (T e MY LK) TENNH, 113
o o e e e e L X 2ZUAF 201 (1P} 0 d € ) #11 £ oah g KD S TENNH, 114
FLXG=UAF2(V(TIPleJeE) ¢V (T adeK)) : TFNDH, 118
UTEN(T o JoKI=UTEN(T o JoK) ~1FLX2=F1 X1 ) #RNX) & TENNH, 116
VIFN{T e e KYSVTEN( T JeK)Y =1 FLXLG=F{=X3)}-4RPNX1-6 TENAH--1-1-7-
1640 FILX1=F|.X2 TENNH, 118
FLX3=FL X4 TENNDH, 119
- Q= OMT TN + momrem oot ot o o e TENDH 120
TENDH,121
Ceem-=Y DIRECTION TEMPH, 122
HS FAJE F 061 —GN—F0—0 1 TENDH 123




T SURPO TINE - TENAR

76/76— N0 T=2 T FINCG TR0/ 145—— =30 JUN—RO— T4t s bt~ PAGE

BOA—500—K=1-KMAX

NN Son 1=2.1E

TENAK. . )-24
My

- &4

TFNNH, 125

IP1=T+1 TFNDH, 126

FM 1ot , _ - — TFMDH, 122

170 VAFSVA(IPL424K) sVA(TIPL o1 oK) 42,08 (VA(T 4P eK)+VA[T14¥)) TENDH, 128
. SVA(TM] e2eK)+VA(TM]l el oK) TFNDH,129

FEXF=V 4ROty P b vt TENAH,130

FLXI=VAF S (VT ePeK) oV (T41eK)) TENNH, 131

DN S00 J=2«JE TENDH, 132

S JP-ad+t TRMOH,-33
VAF=VA(TP14JUP1 oK) sVA(IP14JsK)e?, 0“(VA(Y~lPl'K)OVA(YonK)) TENDH, 134

. *VA(TMI g UPL oK) +VA(IM] 9 JeK) TENDH, 136

kd FAXRA=VARS (T o) y\All" AW TENDH 36
FLX4= VAF”(V(I-JP1.K)0V(InJ.K)) TFNDH, 137

1RN UTEN(T o JoKY=UTENCT 4 JoK) ={FLX2- Fle)“PnY]ﬁ TENDH.13R
VAN - SV S R A AR e ——————————————————TENDH, 139

B FLXI=FLX2 . : . : TFNDH, 140

FLX3=F|X4 TENDH, 141

SH0—CONT-INHE ‘ JENDH 142

1R5 S01 CONTINUF TENDH, 143
TENDH, 144
rel PERYG—PRINT - - . e '?anu_|bcv
IF(LOUTLLEL0) RETURN - - = L e e TENDH, 146
N0 SS0 U=l K - T e . C TENDH, 147 .

100 B50-550—F=}eolE R L A TENDH 148
IF(IJCOLM(Y.J).I "«0) GO TO S50 TENDH, 149

WRTITE(6600) 14J TENDH, 150

WRILTE(6v61-0) — - — — — TENDK 15 —
o - N0 525 K=1oKMAX = . ' " " S CTENDHL152
w 195 WRITF (/4620) KcHTFN(IkoK),VTFN(I'JQK)-'»% o S TENDH1S3 -

' ~FFEN(-L ng}'nrru:v AN "qunu'!cl
S?2% CONTINUFE TFNDY4,155

SSn CONTINUFE TENDH, 156
—HAA—FARMATAPPH—TFENDH—OHTPUTv—E - UMN e~ T2y Hryv 12 FENDHISTF

200 61N FORMAT (6H Ke3X e 4HUTEN qﬂxo“HVTFMnHX'AHTTENoRX'QHFTFN) TENDH, 1SR
B A20 FORMAT (1S¢1P4EL1244) TFNDH, 159

RETHRN— FENPH 166

FND TENDH.161




7

L 2 T INWE V] L£0MMAN-—&

———— - SURROUTFINE—TFNAV—— 76/TA——OPT=2" 'FTN"#TR’qoQ/0“5‘__"3W'ﬂUM_80_T¢7¢474k___:—_-pﬁﬁE—____r__-——-“—j
T SURROUTFINFE—FENPV FENRY-2

T ) NFW, 245
VERTICAL ADVFCTTION JFRMS [N MOMENTUM aND CONSFRVATTOM EQUATTIONS NFW,24K
ARF CﬁLCULﬁ-ro—{N—$HPS*§b3Q9LFYPE T NEW-24F - -
R R RN L UNEWL4B - Sot i oLl )
COMMON/ARQAYl/UA(76072015)'VA(?QQ??C'R)0fA(?S’7lv|q)0TA(7§071915) COMMON, 2 *+ L ia"i
EOMMONAARRANYPAHR- P62 P15} 'V*n‘f?t‘vv??v}‘cvrv\bgfrtl'?‘lv{“:v'Lv?ﬂ(EET!?r'l S5y—€OMMONS, - -
COMMONZARRAYI/11(26422¢15) «V(26¢22015) e (25:21¢15) 4T (25+21415) COMMON .4
COMMON/ZARRAYG/UTEN (2622 15) s VTFN(26422+15) 9 CTFN(2A¢22+15) o COMMON S

FRENHR6vP2viS) FOMMON--6
SCOMMON/ARRAYS/PHI(75421415) sPHTATX (254214 15) +PHIPTY (254 21.18) [ COMMON, 7,
\CﬂMqON/AQRAY6/QA(25021t16)003(?50?1~]6)nHDIFH(?q e 15) A 'COMMONJQL
Lre PSP AOMMOND

. °UA(96077)oPUR(?ﬁo?Z)o°CHT(?6v?2)cCOMVAPl?ﬁo??) COMMON, 10

LAOMMAON

1) ’ COMMON/ARRAYRITH(?qoZI)oTG(ZS.?I)oQTFMP(ZSv?l)oCG(?So?I)o COMMON, l]

T )_\m‘)"LV‘rl"' RATFEARS Hrr‘llvl FCOLMA2 521

—COMMONI> "
OMMON 173 ..
' RATELE .1~

RANSN (25421 416) COMMON, 16
POMMONIGCPACH/FACTOP(ZIo16)cFACTOI(?lolﬁ)cQDOTR(?lol6)- COMMON. 17

cnn'n IQI IA\ —— - - — CAMMHM lﬂ -
‘*chMON/MArkxx/FC(ls)” 116)JFU?\B)*FV(\A)Tsvxlhi.Euilev. }
$O118) VA 116) 300 (16) «NOT(16) 4 AKTTT6) 4N7 633 COMMON [ 205

’“”*‘““VnnrllA\ DllA\ SO LIEVTNTEMELIE) +RIEH{IA) DtllL\‘“ f”*rnuunuvav‘ff“

DVELD7 (16) o ~ CcoMMON, 22
COMMON/NERUGS/SAVE ] (16) +SAVE2 (1A) «SAVFI(16) sSAVFL (16) «SAVES (16)  COMMON,23
rnnuguzplmrrc/om IIY L IA\ fl Jl!l 91 IAL TACY(‘llA\ nfff { IA\ - {‘QMM(\M_?IA

3SAvHHH9FACT0ﬂvCOFFFIoPOFFF?nCOquNQDAYQEGoDLATo QCOMMON o 26 55T

- %
AN AYNOWTAZMUTHL STGMA (R HRANGL« TANZEN ,SINAZ PACA7‘&“ “F FOMMONS 27 TR

. SOLCON+SOLARMe TRANRTOLN«PTNFWPRECIP+WW e XSAND COMMON . 2R
. XCLAY ¢ XORG« XSOIL «GNFPTHe TREEP« TWATFRyGGGR COMMON, 29
" HHHE o+ EL EF+ RARR+SSS S+ NRL T+ NPETT-+ SHRFM COMMON-30

[AF40 K actass

DY'DFLTATQICYCL’S'MTMI' MTYM.NFYCIQ.YEDITQIPLOA
j?ITAPFoKMAXoKMAXpoKE~KF 'PTOPOPROT’”TOPOVTOPO

CTOR Tfﬂn TDI'\'[ TAIAIIY Yl Al 'l\llf [f_llu II\IIT kIDDtC [ 4

et < ABn &

. ! CPDIF.QPQIF-ZBL.QHOFAC.GAM'IFoIFNDoIEMlo!SoKSano COMMON, 34
. ' RDX«RDXHRDXGeRNXTAHGRNXSOGNOWDAY o ISUNH TSUNM, TSUNSe COMMON, 35
: - - - MIMHPwGMﬁ¥96v9+F4wn+F+~ﬁ¥vRB¥vRnVHrRB¥thP-xuv FOMMON +-36-—
& RNDYSQeJE JFND'JFMIQJQoJRFG'AlPH.PINV-TNPOG’GAM OMMON ;377

‘KRFG-KRGPLoISTAPT-NFYCI'ITAPFoCX) CX?.CXW'CXA

enuunm lAnAnA\l I I l'\l I“

OMMON , 38 -

LOMMONLIO

‘ o

LFVEL ?QUA~VA0CAvTAoURoVRvCRcTQquVoCoToUTFNcVTFNvCTEN-TTEN-PHTc COMMON.QO

w-fUﬁi15*1Td§OTTKﬂ%ﬂ*ffiw1wdQWkr-Uﬁ11STd§011K+%ﬂ01f%1dQTK+T*QﬁXH——TENﬁV.V

45 . PHIPIX.PHIPIYoQAoOBoHnIFH-RADTN.PADTO.PADSN.RAD<0 COMMON , 41
COMMON 42
oot e e T PTEN(1S4JS)=0.0 - AN TENDV .6 . -
. S " 377 Cowe=<CALCULATF. NIVERGENCEs "PI" TENDENCY S TENDV, 5 e ’
— PSAT=10/PSAESvIS) . ' ——FFNAVS6 - ;
50 - PTFN(1S+JS)=0.0 . TENDV. 7
PO 200 K=]1,KMAX TFNDV.8

T e o(VA(t%ol.JSol.K)oVA(t%.JSol-K)-vntrsol.JQ.K)-VA(IQ.Jc.K))oqnvn "TENDV.10 -
SCR(K)=SE¥DA(K) - = S e L .. TENDV,.11 --?
—RS—-—MFN( 1SvJS ) =PTEM-(- ts..ryr-semm .

TENDV—LD
TENDVS T




SURRNNTINFTENNV—————78/ThK" OPT=D " ~— 5 === som—— o= S INTGOR 0‘-’03‘/014‘-). IIUNTROTTIS TR TG PAGE

-

. arn
200—CONFINYF—- - —r = oo — e e — e e e TENOV--13
TENDV.14
Feeee=CALCHLATE SIGMA DNT TENNV, 1S
TF OIS FOL Y —60--TO—306 —— FENDV 16
A0 NO 250 K=).KMAXP ] TENDV.Y7
SOOTL (ISeKI=SDNTR (JSeK) TENDV, 18
PSA—CONFINUIE FENPV-.19
300 SOOTR(.JSe1)=0.0 TENDV,. 20
N 350 K=?.KMAX> ] o TFENNV, 21
a5 SPOTRA-IS+Kre SHOTR-( S K= h— PFFAN-ISIS) -0 R (K= 1)+ SER4 =131 8PS A T— TENDV- 22
350 CONTINUF . TFNNDV,.?3
) - TENDV,24 -
I: \'IEQY!PAL Anvgc !I\M OF. cru ADC _TF:ND\I_)‘:
, FTM=0.0 TENDV.?26
70 FCM=0,0 TFNNV,27
HO—LHO—KS I MAX FFNPV--2B.
KP=K e T - . KN L TENDV. 29
TF (K. LT KMAX) o0 T0 aan R s . : a TENDV. 30
crn-—n A ~ - ~ 'I’EMQ\I.}!
75 FTP=0,0 TFNNV,. 32
i GO TO 390 o TENDV,33
3‘!9 r‘rn :r\n'ro: l: wn\o l'rl.l‘rlyo ,\ATAIYC |c w\AYuT“{D l\nl’nl!c |C,YKD\\ TEM_!\\I"II.
. FCP= SOOTR(JG.KP)o(Tur(Kp,?)aCA(ISoJS,K)oYNT(KP.I)“Ch(IQvJG.KP)) . TENDV.35
. 390 CONTINUE - . TN ’ 'TENDV, 36 .
09 - TYE_MI'F lc,v‘()_ﬂc!|£!5vr!:-!’ 4!:]']) CTM!A!\I\!(R\ — — 1'qmnu'_';7'
CTEN(IS+JSeKI=CTEN{ISs IS K} =(FCP=FCM)#NNT (K) TFNDV, 38
FTM=FTP TENDV, 39
Fcu-'rcn - -~ - . — - - - ‘TEMI'\\I'AI\ —
- 400 CONTINUE = .. . . . P - TENDV.41 o e s
]S : . L o TR S YUTENDV .62 :
NTSVE T | . L ‘ " 4 ' R TENDV 4D
YF(JF FO.1) JSMI1=1 TFNDV, 44
IF(JF EN.1) GO TO 101 TFNDV .45
B N lrllJo'ubx-uvaa Sof 3.11 6 ‘[G'ffﬂg T T T - 0 TE‘JQ‘J-L“-
an 101 TF(IS.FO.1) 6O TO 498 . - o T o - TENDV,47
Coe===VERTICAL ANVECTINN OF MOMENTUM - " . = " . o TENDV, 48
HHSFO1—60—F0—694 - - - FENRYS4O:
FUM=0,0 TFNNV.S0
FYM=0,0 TENNV,S1
95 s O—95K="KMA% - - FANPVYSS2
KP=Kel - o o e . TENDV,S)
1F(JS.6T.1) GO TO 480 -~ . ° ) ) ) - : TENDV,.S4
SPOTAY =05 tSHETFRET P+ SO TP} FENPVS55
, GO TO 4RS TFNDV .56
100 4R SDOTAv=o.25°(sroTR(JS-KP)osnorn(JGMI.KD) TENDV .57
N SEOTAISYHPSDOF: tHSMEv P TENDV SR
4GRS TF (K LT.KMAX) GO TN 490 . ’ TFNDV,59
FIP=0,0 T : TENDV .60
FYe=0o1 FENHVT6L
105 SAVFE2 (K) =SNNTAV TENDV .62
G0 1O 492 o ) ) TFNDV .63
GON FUP=SNOTAVe TTWT K 172V AT ST ISTORTWT K Y 1A T SISTR 1) TEMAVSAG
FUP=SONTAVE (TWT(K+1+2) oVA(TISsJSoK) ¢ THT (Ko 191} PVA(ITSeUSeKe1)) TENDV,.6S
SAVE2 (K)=SNOTAV TENDV, 66

N 497 HTFN T STISTKITUTENTTSTSTIO=L FHP=FHMI®NOT-(1) TENDY 6T




TENOV- === JR/Th——PT=p = = == = st ETA GIREGNR/ 045 I JUN R T e 4t PRGE

SURROUTINF® 3
———NFFN(T S US o K =VTEM-CIS o 0)SH K)-=(FVYP=FVM)2NO T (K) TENPV /A
FUM=FUP TFNNV,69
FymzFve TFNDV,T70
— GS5~CANTINHF TENPVSTTH
115 TENDV, 72 |
r-----rnRIOLI< TFRMS TEMNDV,73
£ nﬁ"VﬁAQ¥-ti¥FR—PPﬁFitf-fﬁ-ﬂ@*-ﬂ*Fﬂ—FOP—TN*FRPOtﬂT7N&‘UﬁFOTVGFﬁ————*FNHV—4k———*-——~———————————“—————————_————”
PSAVE= PfUT(ISvJQ) TENDV, 7S
PCUT(1S4JSI=PUA (IS JS)sP700 TENDV,76
120 A1 02 K=TKMAX - ¥ g “FENDVST?
PQIG—PUA(TQ.JS)“A(K)'PTOP . L S TFNDV,.78
KS=K ) < ' N TENDV, 79
IJI‘I:A—.I:lel ﬂp lPs!G_' :; 'Fv‘\!lﬂr‘v‘ nn
VGEO ENTERP(PSIG-Z\ o ) TFNNV, 81
175 UTFN(TgcJSoK)'UTFN(IG.JQ-K)‘F“(VA(YG.JSQK)HPUA(IS-J?I“VGEO) TENNV ,A2
~vv|~_w|x:v.:‘:wfl—'\r‘?gl“:flc;v. St HA Sy ISYiC— PSS HHIGE D —FENAVERT
lﬂ? CONTINUE o " TENDV.R4
[ PCUT(IS.JS5) = PQAVE TFNDV . RS
- FRMAVAE
130 Ce====NFRUG PRINT TENDV AT
498 TF(LOUT.LE.N) RETHRN TENDV RSB
FAIEALM TS vdS) B H—RETURN FENPV--AD
WRITE(64620) 1S4JS S - TENDV.90
WRITF (6462%) : : - TENDV,.91
4:3:, ﬂl\ El\l\ ll '= wnlA\l d Tcn‘lnv.g?
WOTTE (Aebh00) Ko SCRIK) «SDATR! ngKlvﬁAVF?(KI-9AVF3(K)~UTFN(‘S0IS.K)QTFNDV 93
CVTEN(ISsUSsK) o TTEN(TS e IS oK) ~CTEN(TSa JSeK) «SDOTL (LISek) TFMNDV, 94
cnnTDl 13 I} ~ 35\'9\".“5
- L L CONT!NUE : : ) , TENNV,96
140 . T WRITE (6961 0) PTFN(IS,JQ)w' - TENDV,Q7
600 FORMAT LIS RIOE Y2 o4 )— ‘!;Mg\_p-nn
A10 FORMAT (AH PTEN:.IPFlZ.Q) . . TEMDV,99
620 FORMAT (P2HOTENNDV OUTPUTy ZOLUMN=4T241H,s12) TENDV.1OO
———-———-—————-——AZR—FORMAJ-L?-H!\K-A HEGCR-6X 04 EBOT R0 A X b HSHOT- AN + B Xr e HAME e T EN DV -1
145 - .RXoQHUTFNoRXQQHVTFN.QXc&HTTFNoQX,AHCTFN'BXQSHqﬂﬁTLc6XcﬁHQDOTQ- . TENNV,10? . -,
v ' : " RFTURN TENDV.103
END

]’C}lﬂ\‘l l l‘\l




e P UNCTTON TRAY = T Thm=m P T2 e —mm oo -+ e o £ N4 A 4§ 0B/ 045 —30—JUN—BO— 145 bbetst————PAGF

LTT

L} e e e = FYNCTION- TRA L (USTAR) - ———ae G e FRAN- 42
C(DQQODQDQGUGQﬂﬁ{)bbQ“D#ﬁ\"ﬂbdb&ﬂ@#@ﬁ“ﬁﬂﬂﬁﬂOQ#OQOOGQGOGG“DO“QGGQQ&GG(&Q&&D#”TDA1 .3
Cce #TRAL .4
- 8 s == - FORMS WATER--VAPNR--TRANSMISSFON-FUNCTFTON-AVERAGED -OVER-—————2TRA 1. G
s ce# TFMPERATURF, USFS OPTION E NF KATAYAMA ON PAGF TT1=1R, POUTINE #TRAL .6
[ ACTUALLY FORMYS TAlI/?. #TPAL,7
CO———NOTE~ THF~COEF ICTFNTS—4RF--IN- CAS ~HN TS f=- s i 21RA)-,-8
co #TRA1,9
CQGGQQQQQ”OO#O&QQGODQ&DQQDQDQQ’QOGQGQQQ{)GQDODG#DQGQDQDQQ#QOQGQHDOQHOQGQQGTDA]-.10
10- o , TRA)- -1
’ IF(USTAR,LT.0.0001) GO TD 300 TRA1,12
7=ALOGI 0 (USTAR) TRA1,.13
TRAL. 14
) Cmm=== FOP Y“USTAR" GREATER THAN OR ENLIAL TO 1,0 TRA1.15
15 IF(USTAR.LT.1.0) GO TO 200 N TRA1,16
TFRAF=AMA X-1-{-04- 0+ 0 FHRE5+-0-0 1 75070137 )47 TRAY-.1-7
RETURN TRAY,.1R
. ’ R TRAY,.19
€ FOR—MYSTARM_GREATFO —THAN—OR-EOLM—F0—0-00 —AND—LESS—TFRAN—1, 0 TRAL-20
20 200 TRAI=0,1BAS=(N,12975+0,01375%7) 47 TRAY .21
RFTURN TPAY,.?2
i TIRA)...23
Ce====«FNR "YSTAR! LESS THAM N,0001 ‘ ) TRAY .24
300 TRAI=1.0/7(2.0¢597.491STAR) . TRA1,25
25 RF TURN 4 TJRAL 26
FND TRA1.27




FUNCTION—TRAZ 76776 0P T=2 —F TN~ 45RG0R/N4S ANTIUNTRO Y ks s PAGE—

e} s e Y INET TON--TRAZ (HSTARY) FRA2S?
CQO“QDQ#Q&OGOQGGﬂh96DOGODDDODQQQOGOGGGO{H&OCH'QGOGnﬂ690#6606#0Ooﬂﬂﬂﬁb’bﬁbDQTQA?.‘)
ce #TRAZ2,4
co— FORMS—WATER—VAPAR—-TRANSMESSTIAN-FUNCFTON-TAU-TTENE-HSING———4#TRAZS

5 ce R" OPTION OF KATAYAMA ON PAGE T11-1R, ~ ®TRA2.6
re NOTE THE COFFFICIFNTS ARE IN CRS UNITS, #TRA2,.7
co —e BTRADSH
Coa#uoaau#oooona«nnoooﬁaoonouocoooooaanbnonowonoooboqconoco#noﬁanouno.ﬂsnTpA?.o

TRA2,10

10 TFHUSTAR LT+ 0000 H)—~66—FA—300- - TRAZ1
TF(USTAR.GEL10,0) GO TN S00 . . TRAZ,12

7=ALOGL 0 (USTAR) . TRAZ.13

JF(USTAR 1T B 1—5B0-—TA-200 - ~TR AR o

. TRA2,15

15 c--—--rnn MUSTAR"™ GRFATFR THAN OR FOHAL. TN 0,1 AND LFSS THAN 10,0 TRAZ2,16

FUSTAR - T 01— 6GO—FA—2C0 TRAZTHT

TRAZ AMAX) (0.040.254¢(0,C20527~0,1985)%7) . TRAZ,.18

RE TURN : . TRA2,19

——FRA2 2D

2n Comme= FOR *)STAR* GRFATER THAM NR ENUALL TO 0,.0001 ANN LESS THAN 0,1 TRA? .21

200 TRA2=N,216-(0.2827+0,025807) 47 TRA2,.22

nr_'TllDAl - - TF‘)A?.:?’

._' : ’ .- . " TRA2.24

Co===«FOR "USTAR'" LESS THAN D.000} | * ) TRA?,25

?C; 1.'\!\ TDAlJ J‘}'Ill QAE.QCnU‘c'*'r_‘A’:EMc'Ivnn’; YQAeTﬁL

RF.TURN TRA2,27

TRAZ2,.28

[ Commmn=2 ARGUMENT DT DF RANGE _OF rnomn AE ADD. 1GARILITY JRAZ2., 20
N S0N WRITE{64510) USTAR . . ' ‘TRAZ,30
© an SN FORMAT (ROHIPROGRAM TFRMINAT!NG IN "TPA?w ARGUMENT OUT OF RANGF OFTRA?,3}
1L_FORMUL AI-' ARR{ 'PARYI TTV SX AHII(TAD- lDElD S} TDA)w;IQ

STOP TRA?,33

£ND TRA?,34




——SUPROUTINE “TRTING—

767765 AP T=? -

e E TN 4 B9 S 0RY 045 —-—30—J N ROt o5 b4l b ———PARE 3

o] e s e QUARDUT INE—TRING (Ko 8 s Raf oD o XN T oNF) — TRA2 .35
T . TRAZ. 36
NIMENSTON A(NF) oBINF) «CINF) oD (NF) 4 X (NF) TRA2.37
e S TMENS TON- F (10 1o (101 X A H01) TRA2.38
B 5 ' TRAZ.39
IFC(NF=NI) .LTo1) STOPUTRING TP, 40
e o TFAKGENL2) BC T 3+ oo oo m o ot e e TRAR, 41
1 NIP=NI+ TRA2,42
' FANI)=C (NT) /F (NT) 942,43
RSO . DO 2 I=NIPGNF— - o U — (T PP
XA(T)=1.0/(R(1)=A(T)9F (1=1)) TOA? .45
2 E(1)=C(I19XAMD) TRAZ, 46
....... e B FANT) =D ANT) /6 (NT) T082.47
, N0 & T=NIP.NF _ TRA2 4R
15 & FUD=(N(I)=a11)oF (T=1) ) 9XA(T) TRA2.49
X-(NF)-=F (NF) TRA2.,50-
DO S TI=NIPNF o TRA2,51
T=NFeNT=1T . S0 TRA2.82
CEERPETRY.FE TRV ST VA ST S 242,53
20 TRA2,56
RETUWN TRPA2.55
END

TRAZ.56

et




SHRPAUTINE-HRAATE T/ Th—ORF=P— FIN“4TRSNISN4S 30 IUN-RO—Iosb4ses——PAGE t
1 —SHAROUFINF—UPDATE - - ———UPPAFE 2
T COMMON/ARRAY1/IJA (26422416) sVA(2A+P23 151 4CA(25421015) «TAL25421415) COMMNN, 2

COMMON/ARRAY2/UUR(26+422415)4VB (264224151 «CR(25+21415)+TR({2G421415) COMMNN,3I
COMMAONZ/ARRANYI /1 26vP Ry oy VP b 2P0 1 5) -0 € (P25 ¢2 Lo 15) ¢ T (2542 Fel 5H———COMMON 4

S COMMON/ARRAYL/UTEN (26422515) s VTEN(26422+15) o CTFN(26422415) 4 COMMONM, S
. TTEN(26+22415) o COMMON, 6
ENMMONZARRAYGZPHH-P G521 9154 e PHIPFAR G+ P11 5 )- e PH TP FY- (250 P -0 53— FOMMON -7
COMMON/ZARRAYR/NA(PS542]14016) s0R(2542116) sHDIFH(25421415) COMMOM , 8
. COMMON/ARRAYT7/PSA(P5421) oPSR(PSe2P1) 4PTEN(2G+2]1)eHM(25421) s COMMNN, 9
0 PUA (P EvR2 P ¢ PURAPRy221-eRCNTA 2 A v 2 2 e COMVAR-( 26 «22) ENMMON1I-0
COMMON/APQAYQITH(?qo?l).TG(ZS 21 +STEMP (254210 «£R (25421 4 COMMON, 11
. GW(P25e21) WHRATE (25421} 9 1M M(25421) COMMON, 12
GOMMON AARR A¥G/UPRESH 3 B4y VPRFS 4341+ AOREC- (30} -+ TRRESAA N by THETA- (30} COMMAN,- 13—
. PPRES (30) «RELHM(30) +UADAT (R) «TRNAT (8) RATEI Fl 1
15 COMMON/RANTAT/RADTN(PS<21416) «PANTO (25421 +16) s RANSN(25421016) s COMMON, lq
RADSA-L2S5vP vt A)Vrm e COMMON ]
COMMON/%CRACH/FACTOP(Z\'16)-FA#TOI(?lo\ﬂ)oQDOTQ(?l-|6)' COMMON, 17
. SNOTL(21416) L COMMON, 18
COMMON/MATREXZ/F-C-(- 16 -« FF (6 FHHEH e PV )~ F T A B4 100 COMMAON1-9
20 COMMON/MISCLN/TWT (1642)e0(16)48(1A) «NNIIA) ¢DNT(IA) JAKT(1A) «D7(V1A) +COMMOAN,2N
. ALT(16)o°(16).GCQ(]G).DTFM(lﬁ).DIFH(lﬁ).PI(Iﬁ)c COMMON, 21
DVELDZ 14 GOMMON. 22
COMMON/DEBUGS/SAVF1(16)-SAVEZ()ﬁ).QAV¢1(16)oCAVFA(lG).QAwFG(I6) COMMON, 23
roMMON/QADATG/RFLHX(lﬁb-FLUXLZ(IS)-T&QIG(]6)oOFFF(Iﬁ)' COMMON , 24
25 o OEEFGVEG » TRANS y A0S ANG + STNANGHRE-AT-o RU-ONGDLEDNG S S COMMONRS— |
. SAYHHHAFACTNIMCOEFF 1 «COFFF243COS7ZFNJDAYREGHDLAT . COMMON,, 2A
. DAYNOW s AZMUTHSTAMACRyHRANGL s TANZENSSTNAZ 4 CDSA7, COMMON, 27
- SOLCON-+ SOL-ARN.¢ JRADwRT.01N e RTINF W.e-RREC 1.2 WW-o- XS AND ¢ COMMON .- 2R
= T . XCLAY s XORGXSOTL «GDFPTHTNFFPy TWATER«GGOA . COMMON, 20 . -
o 30 < e HHHH o ELEF «RRPR s SSSS o MPIL ToNPLT T« SURFM . COMMON, 30
— anMAkIISCALAD!QT r_\l'.'LTAT ECVI‘L c!u‘ru!fcgu"r!y mrve(c_yr‘r’qj_.;pl_ﬂr _r'nuunm_:agi
. TTAPF JKMAX s KMAXP KE «KEMePTOP JPRATUTOPLVTOP, COMMON, 37
. CTOPTTOP+ZROT s ZMAUT o XL No [OUT« TFTLMoI OUT«NPRFS.F o COMMON, 33
- CPDIF o RROIE4ZR L v RUYOFAC+HAM-LF+-TEND+- T EM s 1S e K5+ D K-y COMMON- 34
35 v e C 77 RDXsRDXHeRNX4 4sRDXTE«PNXSN I NOWDAY ¢ TSUMH« TSUNM L TSUNMS, COMMON, 38
; . GMTMHR.GNDYBG.DIFO-”IF)cﬂV,PDY.RnYH,QDYh.RDY]A. " COMMON, 3R
- RDYSO IF’ J;_Ng_,dgu‘ —)Se MA'_Q.:L,DYM\IvTMDDC l:Au! > rjnMu(\k‘l_?"v’
. KBEGeKRGPL « ISTART «NCYCL o.TAPF+ (X1 4CXP4€CX35CX0 COMMON, 38
COMMON/ADARAY/ TDUM COMMON, 30
___________40—_-_——___———__——E€¥££—JﬂuA+VA4GArlArUBoVﬂqCR+¢R~H¢VrC«¥wUJFNrVIFNoFTENv*JFNvPHIw—*FOMMONvQQ
P s .- el PHIPIXvPH!°YYoOA.GRvHDIFH-PADTM PADTO.QAOSN.PADQO COMMON L 41
L : ~ © COMMON,42
g J’IDHAJEQ
C===«=UPDATE ALL PRIMARY VARTARLFS UPNATE.S
4S UPDATF .6

6o s AR REOLENGY—FH TR AR IMENFEGRATLONTS—USER--ASSEL Mty R HPAATE 7
. Cmmm=m===P.487), ALPH=N. CORPFSPONDS TO NO FTLTFR. FOR BEST PESULTS TIMEUPDATE.S

Cowe=m===-DEPENDANT VALUES FOR ALPH SHNULN RE USED UPDATF.9
ALASELILAL LA S L0
S0 Ce====GCALARS UPNATF .11
PSAVE=PSA(T1SJS) UPDATE .12
PSA-HSvISI =PSB v SHATRI PN S S UPAATF 13—
BSB(1S+.S) =PSAVF+0,52ALOPHH (PSR(1S+.J5) =2, 0#PSAVF+PSA(T1S+US) ) UPNATF .14
NO 100 K=1.KMaX ) UPNATE, IR

[ =4 =4 s ToWRVIFR & WE ¥ T T . . HPDA-FF
N AV LI SaA Eviea aays UPHAFF1-6—




SUAROHTINE—HBMATE 767 TE——OPT=2 ~ F NGRS 0RY 0G4S F0—JUN—RO 4T GGTh6————PAGF

ESAVE=CA--TSv IS5+ ) : UPAAT 17

TACIS s ISsK)=TRIIS . ISsK} sNTETTFN(T1S. S K) UPPATF, 1A

CALISsJSeK)=CR (TS« JSaK}+NTECTFN(TS, JS,K) UPDATF.,. 19

FACA 15 0d 5ok ) T 05 PG A St =05 e e UPPAT F 526

A0 TRUIS.ISeKI=TSAVF+0,S#ALOHS (TRITSeJSeK) =2, 0#TSAVF+TA(T1SeJSK)) LPNATE .21
CRIISJSsK)=CSAVF ¢ N S#ALPHE (CRIISH.ISsK) =2 NHCSAVE+CA(TIS4.JSeK)) UPDATE .22

3-8 0—CONFINIF HPDA TF-23

UPNATF .24

Commem VECTOPS UPDATE .25

AS TF(JF o FN o1 ) -60—F0—P 0V LPDAFR-26
O IF(IS.FN.1.0R,U5,EN.1) 6O TO 300 HPNATE .27

201 TF(IS.FA.1) 6O TO 300 UPNATE, 28

e e IO-2 0 ) - K= )oK MAX LRNDATE 20

’ USAVE=SUA(TS«JSK) UPNATE .30

70 VSAVE=VA(IS4JS,K) ) - LPNATF . 31V
- - WA (1S ¢ J5 e 2URETS o) S oK)+ PTO FRENATS e So K )~ — UPDATE 37
VA(TISeJSeK)I=VR(ISe)S M) sNTHVTFEN (TS JS oK) . UPDATF, 373
UR(ISeJSsK)=USAVE+N ,SHALPH® (UB (TS 1SeK) =2 0PUSAVESUA(TSeJSeK)) UPDATE .34

——VR-(] S Sy K)-SVSAVE 40y SHAL-PHBAVBALS 45+ K} = P-- 0V S AVEA VA L6 4 IS o i) -——HIPNATE, 3G

75 200 CONTINUF LPNATF .36
300 CONTINUF UPDATE .37

- — UPDATE- IR

C-==-==DERUG PRINT UPDATF , 30
IF(LOUTLF.0) RFTURN . - o - UPDATE .40

9.0 I F1JCOIM (1S oI S K- A—RETURN - —HURNATE 4t
WRITF(A«700) 1SeJS UPDATF , 42

WRITE (64730) UPDATE .43

NO-—610—-K=] ¢ KIAX URNATE . 44

€T

WRITE 16+710) K.UA(IS»!G.K)-UR(YS.IQQK)oVA(IQcJ%oK)cVRlYSoJScK)q‘.UPDATE.AS

A5 . TALTIS9ISaK) «TBITSe.0SeK) o CALISsISeK) «CRITSsUSeK) UPDATF .46
&1 Cr}x‘”'! L URNATE 42

WRITF (69740) PSA(TSeJS)PSR(1S4US) . UPNATE , 4R

700 FORMAT(23HOUPDATE OQUTPUTe COLUMN=3T241He«12) UPDATF .49
FHFORMATI 5+ TPIET2w 4} UPRATESSH

90 730 FORMAT(SH Ko lOXo?HUAclOX.ZHURvlﬂX'?HVAv10Xo?HVBoIOX-ZHTAolOXo UPDATE.S1
.?HTB-]OX.?HCA:]OX‘?HCR) : ©UPDATE .52

Y 24— FORMATASH—IGA b e BN e PO Rtm 3D 3D 4} HONATE C1
L Z RN MR A SRS I e Lo 4 7“"'[ ' ‘L“V TA S I =T ITr T I7T « 97 AEAS !.'“‘\'..l.’

RETURN UPDATF , 5S4

END UPDATF .SS




| SURROUHFINEYVROUN—— 6/ T ORP = FIN 4R+ GOR/( 4530 —JUN -RO— T4 46— PAGE -1
} SHFROYTFINF—HVRAUN {VROUN--P—
T UVROUN, 3
Commem THI'S SETS THF LATFQAL AOUNDARY CONPDITINMS FOR THF VFCTNRS UVROUN. 4
YVROINGS
5 COMMON/ARRAY1/UA(26422015) e VA(26422515) 2CA(2S921415) 9 T8 (25421415) COMMON,2
COMMON/ARRAY2/UR(26422¢15) o VB(25022415) «CRI25+21415) «TA(2542]+15) COMMON,3
_—_ e COMMONAARREEIAH Ry 2P T VH R v PR E I P 5 2 ) Sy T 25w 2 1o 5 COMMON4
COMAON/ARRAYL/UTEN(26¢22¢16) e VIFM(26422416) s CTFN(26422+15) 4 COMMON,S
TTEN(26422+15) COMMON . 6
~——————————+ﬁ———~—————————————eﬂMueanRR*VSfpﬁie?sriﬂ11€+wpwfpfx+?§a7+qurwowprv«zs.zfvrsr—~———rnmnuw~7
COMMON/ARRAY6/0A (25421, 16) yQR(25+2141A) JHDTFHI25,21415) | . COMMON, 8
. COMMON/ARRAYT/PSA (254211 +PSB(2%421) oPTFN (25521 ) ¢HM(26421) s - COMMON,. 9
L———————————~—————————————————r—————~————————PHA+?61??WTPUH+3612?+~4¥H¥F+?6v?E+1FOM%AR{?6~??4————~—F9MM0NT4ﬂ————————————————————————————————————
. COMMON/ARRAYR/THI25¢21) ¢ TG(PS5e2 1)1 e STFMO(26,21) oG (25521 ) o FOMMON, 11
15 GW(25¢21) +HRATE (25421) o TJCOLM(25421) TOMMNN, 12
———————————————~—————————————€OMHON/ﬁRQA¥9fUPRF9+%G+rVPPFS+46+wFPPFG+aﬂ+vJPQF§696rv¥HF%&i%0+v——~0MM0N—+%————————~————f—————————————————~———7
. . : PPRES (AN 4RELHM(30) «UADAT () o TRDAT(B) - . RATFLF.1 ’
COMNON/RANDTAT/RADTN (25421 016) «RPANTO (25421 416) «PADSN(25421016) 5. . COMMON,1S -
Q_A‘QC'G 4 ‘):7'_?| | L \ rnunp}‘ar\. kL' -
20 COMMON/SCRACH/FACTOP(?I-l6)oFACTOI(2].16)'§DOTD(21-16)' COMMON,17
. SNOTI(21,16) L COMMON, 18
f‘l\umuluAYQ:xlCI‘l\‘\ FT*}1‘;ﬁFuQ}L-> VF¥€=ﬁ¥'F?€}$"E‘I==V :-Auunu \n -~ -
COMMDN/MISCIN/TWT (1642:0(16) A (1A) oD (16) +DATL16) ¢ AK] 16).07(|6>.rnMM0N 20 2o -
. ALT(16) P {16) +SCR(1K) «DTIFM(16) oDIFH(1A) o 1(16).'. © COMMNN, 21
— 25 . DVELDZ-16) —COMMON R 2 hl
cownnN/nraunq/eAvrl(16).9AVF2(16).<Avr1(16).qnvré(lﬁ).<AVF9¢'61 COMMON, 22
COMMON/RADATS/RFLUX (161 «FLUXL2 (16} « TASTIG (1K) 4 QFFF (161 COMMON . 264
— - QEFEG+VEG +TRANS « £OSANG + S TNANG + RLAT -« RI-ONG-+DLONG -5 S COMMON . 25 —
w . -, SAsHHH.FACTOMyCOEFF1+COFFF2+COSZENSNAYREGNDLAT: -, . COMMONL26 % . .« .
N, 30 . o T DAYNOW.AZMUTH,STGMA IR HRANGL « TANZENCSTNAZ 9+ COSATs  CDMMON,27 7% 7 S
—-— SOLCON. (l!:ADM !an c*rn!_n RINEW. DDC!’!D J‘""J‘S“‘.'P,f Qnuunng_gn —
. XCLAY s XORG e XSO «GNFPTHs TNEEP + TWATFR.GGGR CIMMNN, 29
HHHH FLEF +RRRR¢SSSS NP T o NPLTT s SURFM COMMON, 30
POMMCNJSCALARIDJ¢0£LIAL¢LC¥CL~SLMIML»SIMTLM.chrLS,JED&I.#DEQI~———GDMManJL—————————————-—————————————————~——T
15 ) . TTAPF «KMAX s KMAXP oKE «KEMoPTOP JPROTSUTOPVTOPe .~ COMMON,32
. CTOP+TYOP, ZRBOT 9 ZNAUT e XINe TOUT s TF TLMs L. OUT «NPRFSF s . . COMMON, 33 }-~;~¢. . - e
CRNDNIE DDnll‘ 7m DHOFAC JGAMLIE n.'nn ll.‘ul vc yc na . rnuunu ‘ll - . M
. Rnx.aoxu.noxa.Rnxxﬁ.qnan.unwnav.xsuuu.lqunu.ls1N>. COMMDN, 35
. GMTMHR «GMNYRG«DTFOsNTF 1 oNYsRNY +RNYHIRNY4L RNY 16« COMMOM ., 36
40 - ANYSOr ) v ENAVI M S ARG ALRH A TNV TNPP S o 6 AM1v———COMMON (37
: : . : .KBEG.KBGQLoISTAPToNCYCLoLTAPF,CXI'CXP,CX?'Cla + _COMMNN,38 " RN -
R FOMMOH/ADARAY/IDUM : S ’“»«~CCMM0N 39 7 "
9*¥QwG3v49vHvVva*vHJFNvV*FNVFxFNv$¥FNvpﬂ4v——€ﬂ“M9N140———-—
PHTPIX+PHIPTY+0840R sHNTFHoRADTHRANTO,RENSN 4 RADSO COMMON 41
4S COMMNN 47
- YVROUNF——
Cen===COMPUTE PSA CENTERFD AT UV POINTS ° " o . . T - MVROUN.S 7T "o :
G ALSO UPDATE PCUT 70 ACCOMDDATE CHANGES IN PSa’ RIS SUVIOUNGY =~ .- e
fo¥at A W. % N 1 T ALY LIV ADHN—IA il .
AL L 0 ] LY R L "3 AP AMA ARAT AP M I B
sn I1=1 UVBOUN. 11
™M=~} _ UVARDIIN, 12
A . - - —— —HVROUNT 13— —
IF(ILEN.TEND) TT=IE . . ° e Sl t T . S UVBOMNGYA DL T
DD 101 J=V1+JEND . ’ - oo : S L UNROUN, LS Tt
55 S>3 HVABUNS &




TSURROUTTNE—UVINN 16776 oPT=2 - FIN=GTAE08/ N4 S 30 JUN—RO—T4s44 04— PAGE

M=t i HYROLN 17
TF(J.ER L) UM=] ] UVROUN, 1A
TF(JFALJFNDY JJ=JF 1IVSOUN, 10

T L LT YEX SENWTE-TT.NE PR WIRYTTWE £ SUNTYIY-T-T WS IV T VE X SSm—— LV T, TFT T

A0 PUA(T + 1) =0.258(PSAITIT+JJ)+PSA(TMeJI) +PSA(TTeIM) +PSA(TM, IM)) UVAROUN, 21
PCUT Ty D) =PCUT(1+J) +PUAIT I =PUR (T4 J) UVROUN. 22
FH—EONTINUE UVROIN,.23

UVROIIN, 24

C----<WwFST AND FAST SIDES LESS CORNFRS LVRNIN, 25

-5 AN—300-K=1t-+KMAX YVROHIN., 2K

KS=K ' : UVARNLIN,27

NO 300 J=JRFGyJE ) UVRNOUN. 2R

—JdS=dJ VRO IN..- 29

JM1=J=1 UVROIIN. 30

70 TF(JE.FOL1) JgM1=1 UVRNUN, 3

LIVRON.,32

15=1 . : UVROUN,. 33

USAVE=UA (1 44K) ) - . LVRNUN ., 34

VSAVESYA{]-efe k) YVAOLN,IS

75 PAV=PUA(]+J) VBOUN. 36

PSIG=PAV#A (K) +PTOP UVROUN,, 37

VEL=ENTERP. (PS5 I6 ] {JIVANUN..38

TF(VEL,LE.0.0) GO T0 160 o HVROUN, 39

VA (Y edeK)SVEL #PAV S . < ) . 1JVROUN. 40

n;\ \IAI\_ I'w)—DA:\_lﬂ\_lA l?“’l k!lDllAl’_ 13 mr_\.l 24L9 N

A Gn 10 170 UVROUN. 47

160 PAVI=PUA(2..1) UVBNUN . 47

- UA (1o e i) SPAVEYA (24 e KI-APAV) LNVBOLIN .44

w VA Gl s JoKI=PAVEVA(24JsK) /PAVY UVROIN 45

w . a5 170 UR(YeJeK)=USAVE+0. RaA|OH°(un(1.J.K)-? naUSAVFoUA(l.J.K)) UVRONN, 46

— VR A1) oK) SVSAVESD o SAALDHE (VAL o S0k ) =2 BBVSAVEAVA L oo KD LUVBOUNM 47

UVROUN, 48

1S=1ENND UVBNLIN, 49

- HJSAVE=1IA-{-TEND o :y K) . HVROUN 50—

Q0 YSAVE=VA(TEND JeK) ~ UVROUN,S)

PAV=PUA (IENDe ) . : . : UVROUN.S?

PS TG =P AV-SAL-C)+PTOP- — UVRAUN-52

VEL=ENTERP (2>SIG4 1) UVAOUN.S4

TF(VEL,GE.0.,0) GO TO 180 UVAOIIN,55

9% VAtTENAVI K= VEL#PAY HYROUNS
VATTENDJeK) = PAV“VA(!FcJ'K)/PUA(IFoJ) ) NFW, 250

. . 60 TO 190 . - WVROIIN,SR

HRA—PAVF=PHA ) - - HYROHN-S9:

) UA(TEMND e JeX ) =PAVRUA (TE 4. JeK) ZPAV UVAROUN. 60

100 VA(TEND 4 JoM) SPAVEVA(TE«JsK) /PAV) UVADIIN. 61

——“'——""—“"—‘—l‘ﬁﬂ—tjﬁfl END v =HSAVE - A5 SHALPH{HR-F FNPrectvie) =250 24 CS'AVE*UA EENB IO —HVROUN6 P

VR(TEND s JeE ) =VSAVE +N, ':;“ALPH“(VQ(YFNDquK)-? 08VSAVF+VA(TENN, J,K)) UVRIYN.63

ann CONTINUE HVROUN, 64
N .l;‘V.RUUV.U“I
105 C===~=S0UTH AND WORTH SINFS 1.FESS CORMNERS LVROUIN, 66
TFIJELEQ.YY GO TO 40) 1IVROUN, 67
DO G00 X=THIMAX - - UVROUNTOER—
KS=K ' UVBOUN, 69
DO 400 1=2.1E ) o HWWROUN, 70

10 1S=1— YVROHUNT T




SURROUTINF—VROUN—T76776 0PT=2

FTINTGTRVS 0B/ V4GS 30— NINTBO~ 474606

PAGE

32—t =P AV S A 2y AP B AP

IFIVEL.LELN.D) GO 10 2A0

4}4}_% ‘ Illl'r‘\l}=lk| '1-\

HWYRBOUN, T3

Jds=1 ) UVAROUN, 74

- HSAVE=t At et} UVROUN S
115 VSAVF=VA(T¢]1eK) UVROUN, 75
PAV=PUA(T 1) UVROUN,T77
PSHE=PAVSA-HC+PFOP VRAUNSTR-

VFI_=ENTERP(PSIG.2) LIVROIIN, 79

UVROUN RO

MEW

MEW P51

* VACLeleK)=vFLIPAVY HIVROUN, A7

GO TO 270 UVRBOUN, 83

‘)L.‘l} pA\A\—DIIA{!‘?) lJlugn|_;N-Q'/

UA (T 91 oK) =PAVSUA (T2 ,4K) /PAVY UVBO!IN, 85

125 VA(T+1eK)=PAVEVA(T«24K) /PAV] UVROUN, 86

—————““——————-*-————*“~—?44*HRffwﬂﬂKﬁ‘H?*VF*O—S*#LDH“+UH+fT+T*+-?—ﬁ”H§AVF*”AﬁFrfc%++————~—————UVR0HN.3?

VB(Te] oK) =VSAVF 4N, SEALPH® (VR(T4]14K) =2, 08VSAVFeVA(Te14K)) UVROIN, RR
HVROUN, A9
1< ntur\ 4 O1IN-—-O B

DETDTTNTY

) FHINFH}

130 USAVE=UA (T4 JEND LK) UVROUN, 91
VSAYE=VA (T4 JENN K} UVAROIIN, 92

PAYSALA T+ ENDY HVROUN-93

PSIG=PAVEA (K) +PTOP UVROIIN, 94

VEL =ENTERP (PS16,2) UVAROUN, 95

135 TEAVE L 6B —HH—T2—23 5 HVROUN 86

VA L] o JEND oK) =PAVEUAIT o JF oK) /PUA (T4 JF) NFW,.252

VA (1, JEND K} SVEL#PAL LIVROUN, 9R

60_T0O— 290 l_lVQQL]N..OQ
" , 2R0 PAVI=ZPUA (T+JE) UVROUN. 100

> 140 UALT ¢ JFND K} =PAVE#IIA [T 4 JE oK) /PAV) UVROUN,10] .

VA ([ oJFEND o K).=RAVIAVAL ! ~JE 17 IDA\J: II\ID{\HM' 1 ng
290_UR(I-JFND.K)=USAVE6O‘5°ALPH°(UF(IvJENn-K)-?AO”UQAVEfUA(YoJFNncK)) UVROUNLINT
VAT «JFNDsK) SVSAVE ¢ N S8ALPHE (VA (T4 1FND oK) =2, 0#VSAVE+VA (T« JFNDGK) ) UYVBOUN.10&
: LON—CONTINUF e LVROUN 106
145 401 COMTINUF UVROUN, 106
UVAROUN, 107
Coe===CORNERS UVROUN 1N 8
NO S00 K=14KMAX HVADHN, I NG
KS=K UVARDUN.110

150 15=1—- HVBOUN A1
Js=1 UVROUN, 117
JSP1=JUSe)l UVROUN, 113
IE(JEFO 1SR 1= BYROUN -4
USAVE=UA (1S eJSeK) UVBOUM, 115
155 VSAVE=VA (1S4 JS+K) UYAOUN. 116

AT S +S 0 K)-=PU A 1S+ SI-SUAL TSy S KF/P LA TG4 Jryd S )
VALTSeISsK) =PUA (TSeJS) BVA(TSs.ISPY oK) /P1A (TS e JSPY)
JRUIS oIS XY =USAVE ¢ N SHALPHE (R (TS1.J5¢K) =20 0#USAVE ¢ UA (TS 4 JSoK} b

NEW. . 2683
NP W e 7YY

MEW. 254
UVROUN. 124

e SSRGS A TR AL PO T S S K P A SV S AU A Sy SO ———HYROUNS TS

160 [S=TENN UVBOLIN, 126
JS=1 UVROIINL 127
;S?}-Jﬁvi HYRIUNTT28
TE(JELFEQL.Y) JSPI=] - UVROUN,. 129
. USAVE=UA (1S eJSeK) UVROUN, 130
S VS AVF=VA-FS+d S UHVROUNS1-31




SHRROUTTNF—TYROIIN

— S SR 2 P AT B SO AT S I S K AP A S S

76776 OPT=7

FINT4TRIS0R/ 045~ 30 JUN—BO T 4Tt4s44—————PAGE

NEW. 2CC
NP - v ™

VA (TS+.950K)=PUA (TSeUS) VA TS+ SO LK) /PLA (TS ISPT)
UR (IS JSeK) =HSAVE+ N S2ALPHE (R (1S e JSeK) =2, 0#ISAVF +118 (TS s JS4K) )
VRS Sk he VS AVES A5 58 L PHOA VAT Syt iy K =P VS AV 8 (15400 K-)

NEW,. 256
UVBOUN, 139
UVROIIN, 140

170 TF(JELFNLTY 50 TD S00 UVARDEIN, 141
: 15=1 UVROUN, 147
HSaJEND UVROUN 143
USAVE=1A(T1S+.JS«K) UVANUN, 144
VSAVE=VA(1S4JSK) HVANUN, 145
75 HA- 1S 47} S o K FEPHAHFS 4 SH-BU A5+ +2) S K- )APUA-(TG54+ ] 4-)S) NFEW, 267
. VA(TISe JSeK)=PUA (TS JS)OVAITSe IS=1 4K /PHA(TS s JS=1) MEY 258

T HBUIS e USeK) =USAVE ¢ D SHALPHH (URB(TSs JSeK) =2 NHIISAVF #1A (TS JSeK) )
-_ VRIS IS e K SV AVE AN SR AL PHE (VA S-S K ) m 2 NEVS AV AV A (]S e JS e K3 )— LIVRDUNL IS4

UVROIIN, 183

JS=IFND UVROUN, 185
1”0 JS=JEND L. UVARDUN, 156
YSAVESHALES+IS< k) UVBOUN., 157
VSAVE=VA(1S.JSekK) o , UVAROUN, 15R
UA(TSeUS+K)=PUA LTS ISIBUA(TIS=1eJSeK) /PLIA{IS=14.)S) NFW,?59
VALT-S9IS o K31 =RUAA TS S) -V AAT S oS0 K} /PHA (T S0 S =1} - MEW., 260
185 UR(1S5¢JSeK) =USAVF 40 SHALPHE (1IR(TSe.JSeK) =2, NHUSAVF+UJA (TS ISeK) ) UVRNUN, 166
VR(ISs.JSeK)SVSAVE+N ,SRALPH (VR(TSeJS+K) =2, 04#VSAVF+VA(TSsJS.K)) UVYBOUN,167
S00-GONTINUE UVROUN,.1LAB
UVBOUNL1A9
RETURN UVROUNL170
190 END LIVROLIN..-1- 71

GET




——————————SURROUTENF—VEL Y677 —OPF=2 FTN—43R+S0B7/04S 30—IUN—BO— Y trstrtstets ——PAGE
Ly SUARAUT-INE VL VEC thy Ve Hy T ARy MA K FM o M KM K Py DXy BT GYC I VRV E G
T VFLVEC.3
COMMON/1GSZ72/Z(200) cnMMe) 2
COMMONATRANGF /T RIS T FRYTRN-AP -2} COMMPI-3
5 DIMENSTON U{TMAX s JMAXGKMP ) oV { TMAX 0. IMAX o KMX) oH (TM] 4. 1M1) VFLVEC.S
LEVEL ?2eUsV ) VELVFC.6
P:AAE&ID{I\LI I‘I‘L {q‘l\) IIF{'I'IFC."'
DATA IONGF/N/ ’ VFLVFC.R
_ VFLVFC.9
+Ho - VFEVFES 1Hh
C~~===SET UP TO FIT AN AR,SX1) PAPER : - VFLVEC.11
TF(IONCEL.EQLI). GO TO 100 _ ) . VELVEC.12
— XA MO - VELVFE 3
YNIM=0,65 VELVFQ. 14
s TNT=1,0 VELVFC.15
ASPECT=XDTMAYDIM - VEI-VFET T
CoXYs(IMax-1)epx - . . L .  VFLVFC.17
SYY=(UMAX=1) #DY ) . - VFLVEC,.1R
NN A \'A AW LVAV] MEINMEC 1.0
Radl BE 2 LT N B § vV OV Ce
20 YF(XYA.LT.ASPECT) GO To 1el VFELVEC.20
XTN=XDIM VFLVFC.21
YIN =X INAXY-A - VELVEG4 22
60 TN Ye2 - 1 e . : o VELVFE,. 23
101 YIN=YDIM ) A w . . " VELVFC.?26
?_: VYM—-VYMBVVA \IE_L_V':'I:-ZC
102 XORIG=(TOT-XIN}) /2.0 i VFIVFC,2A
YORIG=(TOT=-YIN) /2.0 VFLVFC.27
nn Y_!'Mll-'l nA‘l’llMA)( | I \IEL\IFI:_Z_Q
ES DFLY= YIN/FLOAT()MAX 12 I I _ VFLVFC.29 -
N 30 AA=0,2 ST ] : ; . L . - VFLVFC.30"
SOSA=1, 0LC0S(AL) - VELVEG.3)
C====="0MPUTF TERRAIN HFIGHTS CENTEREN AT .V POINTS VFLVFC, 32
DO 105 I=1.IMAX VELVFC.33
=1 A - VRLVE (34
as TM=T-1 o , . Lo ' VFILVFC.35
TFUILENL]Y M=) ST e T " VELVFC.36
I Io FOe TMAX)—TI=TMAX~) . - VELVEC, 37
DO 105 J=1.JMAX VFLVEC.3R
i ANEN] VELVFC,39
40. M= =) : - VELVFE, 46
BF(J.FN.1) M=) N S N VELVEC,.41
[F (J.ENLJMAX) JJ-JMAX 1' : T VELVFC.42
—TRAML T od) 20 268 (H CF v Pt H By 3 e M HA My M —— e UEEVRA,43
105 CONTINUE VFLVFC,. 46
4s INNCF =1 VELVEC.45
10 0—CONT INIIF VELVEG 46
: ) .. VFLVFC.67
C-====03JECT AND SUBJFCT SPACE . ) . VELVFE,64R
EAA—SFFSME-(F+19v1504 VEHVFES4S
S0 CALL SFTSMG(Z+2041.0) VELVF .50
CALL ORUCTG(7+0.040.001.041,0) VELVFC.S)
CALL-SURUE 642w+t s 0y +s0v Hh————— e VFIVECTSP
VFLVFC.53
) NO 300 K=KPL s KMX VFLVF, 54
5& - VFIVFE55




" SURRNUTINF~VFIZVFC 16776 NP T=2

T ETNTGTRSS0B/045 "IN TJUN—BO T4ttt PAGE

P~ FESTABLISH-VECTAR-SEALF

UMAG=0.0
UMAX=UJ(1el oK)

'——‘——‘—‘——G(‘M:F’*HN*FL—GE F-HMAX-+IH

VELVER.SR

AN NO 150 .J=1e0MaYx
No 150 T=1.1M8X

VELVEE. 59

VELVEC.A0
VELVFC,.61

XS AMAK AR v s VRLVFE6?2

UMAX=AMAXT (ARS(V (T eJeK) ) dUMAX) VFLVFC.63
UMAG=AMAXY (UMAG 4 SOPT(U(T 1 JeK) 2824V (T4 laK) #82)) VFLVFC.b6
A5 F5A—CANTINUE - - VELVEG 65
TF(UMAY,LF,.0.0) UMAX=1,0 VFLVFC,. A6
SCALE=SCALE/UMAX VFLVEC.67
|.ID!TC 4{. £ 60) rd lIMAI_‘,v!P‘\'H‘L \IF_L\I‘-‘J‘ 6ﬂ
6AN FORMBT (IH K=eI34SXeSHUMAG= 4 1PF)2,445X«AHICYCIL=415) VFLVEC.69
70 VFLVFC.70
— € ARAW—AOLUNPARTIES VELVFG 7Y
’ CALL SFTSMA(Z+30+2.0) VELVFC.7?
CALL AOXG(7+0s0+XORTGsYORTGoXORTG+XINYORTGsXORTGaYNRTRY TN, VELVEG.73 -
- ll—\Dl‘!‘Aqu Vnn'l‘AMIM\ \lEL\ICQ_"II
75 CALL SFTSMB(Z+304,1.0) VELVER.75
VFLVEC,.76
Ykl‘f\u- nELVAvnD!!‘ \lf-"l_\ll?{‘_‘l'l
DO 200 J=1+JMAY, VFLVEC,78~ .
YNOW=YNOW+NFLY VELVEC.79 . : .
o0 XMOW= r\_;‘g_v"\gnogc \ll{l_\lt—'r‘,'nl\
N0 200 I=1.TMAX VELVFC, A}
XNOW=XNOW+ NFLX VEI.VEC.R?
— — \lltl \IF_P_A'!
" . .- C==-=-MOVE TO NFW DATA POINT .. - . = . VELVEC.84 =, T
<3 RS ... cALL LINESF(Z-O.XNON.YNOV)jfg:fc’- VELVFC.BS ¥ .7 = .. .
s - \Il{l \ll'_l‘ R& >
Cmmmee o1.0T THF VFCTOR VFLVER AT
XX=1(] e JsK)®SCA F VELVFC.8R
PV Ay H-0 S EALE VEVEEAS
90 XEND=XNMOW ¢ XX . VFLVFC.90
YFND=YNOW+YY _ VELVEC.91
CALE— L FNESEHZv T XFNB NP VELVFE9P
VELVFC.91
Ce====AND THE ARROW VELVFC .94
95 —Q= ﬂuB“QQRFf*X“17*¥¥“¥¥T*COSk“*—”—**"‘*'“““‘“——“—*———————————————VFFVFu.vﬂ
BA=0.5%3.1415924 * VELVEC.96
TF (XX.NE.0.0) BB=ATAN(ARS(YY/XX)) VFLVEC(.97
————XP=RHCOS{AA+RR) VELVFE95
YP=R#STN(AA+RB) VELVF.C.99
100 TF(UCToJoK) (LT, 0,0} XP=-XP VFLVEG,100
TP (Vo Do st T 050 —¥P=-YP VELVFE 0}
XEND=XNOW ¢ XP VELVFC.102 h
YEND=YNOQUW ¢+ YP ; VELVEC.103
CALLI T INESG(Zy T XFNDVYFNDY VEEVFEET 104
105 200 CONTINUF VFLVEC,.105
) VFLVEC.1n6
C=s===SUPER IMPOSF—TERRATN-CONTOURS—ON—FHF-VECTOR—PLOTS VELVFETHT
NCL=9 VELVFC.108R
- QMAX==1,E+A VELVFC.1n9
o OMIN="TTE+R VECVFES 10—




986/Gt1-0vL-0861 31330 DONILNIHd LNSWNHIAOD "S'N-»

SHRROHTINF—VELVFC— 767 7K OPT=2

ST R TNTGTR SO RZN 4G RO HUN T RO YUt

PAGE:

3

—— AA9RO T MAX—

non 820 J=1.JM8x
OMAX=AMAX] (OMAX « TRN (T 1))

AMI-A

v (s ey
VELVFC,.112
VFLVFC.113

AOMFN=AMENIOMT N FRNAT3 )
920 CONTINUF
D= (AMAX~ QVTN)/F| OAT(N'"L")

VELVFCT o
VFLVEC.115 -
VELVFC.116

l_l'.l ‘IJ' l_l'lll.L
CrI_(1)=0OMIN+T#DRO
G330 CONTINYF

3P €4t SE T ORI TXOR G XN Y ORERTY AR Ty T N1 o FI-0 AT TMAX 4 150

VRIVFES 17
VFELVFC.11A
VFLVEC,119

VELZVFC120

. FLOAT (MAX]) oY) VFLVFC.171

CALL SFTSMG(Z+30.0,3) VELVFC,122

FER K= h VEL-VEE1-23

. TTRY= 0 VFLVFF 174
125 CALL CONPFC(TRNQIMAX-INAXc)4AXnCCL~NFL 1+0¢173RR. 0 VFLVFr, 125
Cv"-LL SFTSHGVLT 1' Y lo\!’ VE":VFET{"?.{‘

CALL ORJCTG{Ze0.010.Cs).061.0) VELVEC.127

CALL SHRUFG(Z+040¢0aCs)e0e1.0) VFLVFCL.1?R

VELVA1RG

130 (m———— EJRECT PAGF VELVFC.130
CALL PAGEG(7s0e101) VELVFC.131

300 CONTINUE VFA-VFE-132

. VFILVFC.133

. RETURN VELVFC.134
135 =D VA VEE-135

¢






