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I.  INTRODUCTION 

Numerical weather prediction with the aid of primitive 

equations has now been performed operationally for several 

years (Reiser, 1969; Shuman, 1968).  Forecasts for one and 

two days by primitive equations indicate some improvement 

when compared with forecasts with the quasi-geostrophic and 

filtered equations.  However, it has not been shown in a 

clear and convincing way whether this is solely due to the 

unfiltered part of the equations or to purely numerical 

improvements such as improved vertical resolution, an 

alternating grid, and the introduction of new physical effects 

such as sensible heat, latent heat, radiation, etc.  When the 

forecasts with the primitive models are extended further in 

time, the improvements achieved with these models seem to be 

more obvious. 

If a quasi-geostrophic model is compared with a primitive 

model with a resolution of three to four vertical layers or 

less, it will be found that the computational time (and cost) 

for the forecast with the primitive model is roughly about 

ten times as large as for the quasi-geostrophic model, if 

explicit time-integration schemes are used.  The grid lengths 

now in use for operational weather prediction are still about 

300 to 400 km. 

- 3 - 



Since significant weather disturbar.ces have dimensions 

which are only three to five times that size, it is obvious 

that the truncation errors in the computation of the horizon- 

tal finite differences are much too large. 

That grid distances of 30 0 km and more have been used 

for such a long time is naturally due to insufficient com- 

putational capacity, but may also partly be due to accustomed 

routine.  However, a decrease in the horizontal grid length 

to half the size implies an increase in the number of grid 

points by a factor of four for the same computation area. 

Due to the criterion of Courant, Friedrichs and Lewy, 

the time step must be decreased by a factor of two in order 

to maintain computational stability.  If the computations 

can be organized in the same way as for the larger grid, a 

halving of the grid length, therefore, implies an eight-fold 

increase in the computation time.  From the operational point 

of view, therefore, a primitive model should be compared with 

a quasi-geostrophic model where the horizontal grid length 

has been decreased to half the size. 

When the forecasting areas are small and cover only one 

third or less of a hemisphere, the horizontal boundaries will 

fall in meteorologically active areas.  This disadvantage does 

not create any large problem for the filtered models and a 

moderate horizontal smoothing in the neighborhood of the 

boundaries is sufficient.  For the primitive models the 
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problem is much worse, since high-amplitude gravity waves are 

generated at the boundaries.  These waves propagate into the 

area and greatly affect the meteorological information. 

Except for some successful experiments (Bushby, 196 7, 196 8; 

Gerrity, 19 69) , there has not been reported any adequate 

technique to avoid this in the general case.  For this reason, 

forecasts for restricted areas with the complete equations in 

operational use imply considerable difficulties. 

It may now be argued that it is of no use to apply a 

quasi-geostrophic model to a fine mesh, since that means the 

model will predict (or try to predict) scales of motion 

characterized by large Rossby numbers.  For instance, when 

the Rossby number is on the order of one, all the terms in 

the vorticity equation are of equal magnitude.  The quasi- 

geostrophic models will thus, according to this analysis, 

give rise to intolerably large errors for small and intense 

vortices, especially at low latitudes.  However, it has been 

shown (Bengtsson and Moen, 19 71) that substantial improvements 

in forecasts from quasi-geostrophic models are obtained if 

the grid size is reduced from 300 to 150 km. 

The reason for this is that the higher order terms in 

the vorticity equation to a considereible degree cancel each 

other.  It is only in the final stage of the cyclone develop- 

ment, when the flow becomes very deformed, that these terms 

become important. 



It is also possible, as will be shown in this report, to 

include these terms in the integration and estimate them with 

the aid of quasi-geostrophic divergence. 

It is the experience of the author that filtered models 

still are very useful for short-range predictions at medium 

and high latitudes.  It is also very probable that unsuccess- 

ful predictions of especially rapid cyclogenesis are due to 

inaccuracies in the initial state and to unsatisfactory ways 

of including topographical effects, parameterization of 

dissipation, and the heating mechanisms.  Recent comparisons 

performed in Sweden between filtered and primitive equation 

models support this view. 



2.  PROGNOSTIC EaUATIONS 

The vorticity equation, thermodynamical equation and 

the continuity equation read: 

|1 = - vvVn - f  D; (2.1a) 
dt 

ir 

^  =   -   -D; (2.1c) 

where 

w = IkXVcj), 

D  = v-w, 

^d^ 
1 

pc 
P 

r = 8T 
8p   • 

, and 

We will now introduce some special model assumptions.  We 

assume that the atmosphere is bounded by a pressure surface 

near the surface of the earth, P=P^r   and an upper pressure 

surface, p=p-, , near the tropopause.  We will further assume a 

third interjacent pressure surface, P=P™/ which separates the 

atmosphere in two layers.  We will now represent the wind 

field in the following way: 
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p-p 

»' = ^^m - ^^19:4. p o ^m 
P ~P 

V - NV^ + ^2   p -p, 

V=(NV^+ 2V2) 2- 

layer 1 

layer 2 

layer 3 

LAYER 3 

LAYER 2 

LAYER I 

p=o 

Pm 

W = Ws 

Figure 1.  Vertical representation of the wind for a 3-para- 
meter model . 

According to the definition, equations for D and ? will have 

the same form as those for V.   Equation (2.1a) can now be 

integrated between p=p  and p=0 with the boundary conditions 

a)(p=0)=0 and co(p )=w . 

This gives a prognostic equation for the vertically 

integrated vorticity: 

It (^m ^ ^1^2 - ^2^1^ = - ^Vm-^(^3%-^2^1+^4 4-^^7f) 

-\V^.V(-C2nj^+C5Ci) - \V2*V(c4Tij^+CgC2''2c7f) +Cgfa3^   (2.2) 



where 

2p ^     _   ^Pm-2Pl 
^^4        6p^-3p^ 

.     -        ^1 
'        ^Po-Pl 7       6p^-3p^ 

2(Po-Pm) ^          ^Po-^Pm 
5       6p^-3p^ 

2 

-2          2p^-p, ^8   -   2p^-p^ 

_   6p^-4p^ 8p 
r      -            ^ 

^        6p^-3p^ ^        6p^-3p^   • 

The next two prognostic equations are computed from the 

difference between the vorticity equation at level p and p 

and the corresponding difference for p, and p .  We will now 
1    '^m 

get two vorticity equations valid for layer 1 and layer 2: 

H' -^ ^V^2)-^^2 ■'\^2-^(V^2^ + f D^ = 0.       (2.4) 

From these two equations we will now eliminate the diver- 

gencies D, and D with the aid of the continuity equation 

(2.1c) and the thermodynamical equation (2.1b).  We will first 

integrate the continuity equation between the two levels p 
Si 

and p, : 

Pb 
a}(p^) = ui(py^)   + /  D dp. (2.5) 

a P. 



We will now put p =p, P^^Po ^^^ 'Jj(P„)='^„ and will, thereby, 

get an expression for Lo(p) in layer 1: 

2 2 (p-p )  - (p -p ) 
a3(p) = 0.^ + (p^-p) D^ +  ""p^-p^ ^r       (2.6) 

With p =p, p^=p  and oj(p ) from (2.6) we get the following 
'^a b   ^m m 

expression   for  to  in  layer   2: 

(     -   )2 
c.(p)    =   .3   +    (P„-P)    D^  -    (p^-pj    D^   +  ^^^ D^. (2.7) 

ml 

With p =p,   Pvj=0   and  oj(p=0)=0  we will  have   for  layer  3: 

.(p)   =   -^   (D^+   20^). (2.8) 

Finally we get a relation between D^, D^, D^  and to^ with the 

aid of an integration of the continuity equation from the 

top to the bottom of the atmosphere: 

D = c„D, - c,D„ - c_LO . (2.9) 
m    2 1    12    8 s 

We now introduce the stream function into the thermo- 

dynamical equation and integrate through layers 1 and 2. 

(r -r) is assumed to be constant in every layer and {^) 
°- pm 

(||)   =0. 

Pi 

- 10 - 



d^. 
2f dt ■2W^'n^  . R(r^-r)^ /°-| dp . ^ in(^) (f) 

PJH P  ^m    Po 

d^p. m 
0) 2f .^" = -2fV -V^l;- + R(r,-r)„ /  _ dp (2.10) 

The integrals / — dp can be computed with the aid of 

equations (2.6), 2.7) and (2.9), and the system (2.10) can be 

written 

m, D  + in-D  = H ; 

Vl + "2^2 = «2' 
(2.11) 

where 

m, = I (r^-D^ 
Pn(p^-P^)^+P^^(2p^-Pl)      p^ 

- • m (—) 1 '^o  m 
(p -p )(2p -p,) ^o ^m  ^o '^l 

2p^-p^   + ^ (Po-'Pm) - 2P^ 

"^2 ="1" ^V^^l 2Po-Pl 

p     2p (p -p ) 

m 2Po-Pl 

"1 =1(^^)2 
p (p -p )     p     2 (p -p ) (p -p. ) 
1 ^o '^^m  T  , m,     '^o '^m '^m '^l 

11 



n„  = —   (r  -D 
2    ^   d   '^2 

PTP   (2p   -p   ) p 

(2P^-P,)(P^-P^) W \ 2p^-p^ 

+   =-   (p  +p. )   -   2p 
2     '^m '^l ^m 

H,   =  f   ^+  W   -Vil;,   -   j^    in(-°).(|Q) 

- (r -T) 
2   ^   d     ''l 

2Po-Pl 

p 2(p  -p   ) 

Pm 2p^-p^ 
Wc 

9ij;. 
R 

«2 == f 3T -^ %-^^2 --r(V^)2 ln( 
2Po-Pi Pi 

2P^^ 
CO, 

From the system (2.11) we can easily express the diver- 

gencies in an explicit way: 

°1 ^ -^1«1 ^ ^2^2' 

°2 = ^1^1 - ^2^2' 

(2.12) 

where 
-n. 

a-, = 

b. - 

^1^2"^1^2 
-n. 

"^1^2-"l^2 

-m. 

2   m, n„-n,m„ ' 

-m. 
b,. = 
2   m^n2-n^m2 
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Introducing these expressions for D, and D„ into the 

prognostic equations (2.3) and (2.4) and expressing the wind 

and vorticity in terms of the stream function gives: 

+ a^f^Ji^^ji^^)   -   a^f  J(4'j^;^2^ " ^3^'^S ~ ^1^"      (2.13) 

2 ^^2      2 ^^^2      2 ^'^l 
^  It^ - ^2^ -Bt^ ^ ^1^ — = - J(^n,'?2^ - ^(^2''^m+2?2) 

-  bj_f^J(i|^j^;4^3_)   + h^f^J{^iJ^',^l>^)   + b3fa)g  + b^fH 

Here we have 

(2.14) 

^3  "  ^1^1       ^2^2' 

b3  = b^s^  -  b2S2; 

where 

R, ^1 = ¥'a-'h 

-2   =f(Vr)2 

2Po-Pl 

, p 2(p  -p   ) 

m 2Po-Pl 

5T P 2(P      -Pn   ) 

2Po-Pl Pi 2p^-p^ 

H  =  7  In   (—)    {^)        =  h,    (-3^)^ with  h,   =  -^  ln(—) . 4c 'p'dtp Idtp^ 1       4c p' p '^m '^o o p ^m 

We will   also  introduce  the  stream  functions   into  equation 

(2.2)   and  define  4^^^ by  ^jj^=^^ -  c^il)^+c-j^i)2- 
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This results in the equation 

- J{^^;c^n^+c^^^+2c^f)   + Cgfo)^. (2.15) 

The equations (2.13) through (2.15) now constitute our 

system of prognostic equations.  The only thing which we now 

have to do is to find an expression for the non-adiabatic 

heat H, and the lower boundary condition, w . 

14 - 



3.  BOUNDARY CONDITIONS 

3.1  LOWER BOUNDARY CONDITIONS 

We now assume that co  can be separated into two parts; 

one part which depends upon the dissipation in the boundary 

layer oo' and one part which depends upon topography to".  We 
s 

thereby assume: 

"s " ^s ^ ^s • (3.1.1) 

From the Ekman theory about the variation of the wind in 

the friction layer, we could easily derive the following 

expression: 

'^s ^ ~ ^^o J 2f   '^'^o    ^^^^^ F = 1 + c'sinO - ccosB, 

the wind in the surface layer has a magnitude c |v |, the 

angle between the geostrophic wind and the surface wind is 

given by 0, K is the turbulent coefficient of the viscosity, 

and p^ is the density of the air at the surface.  Inserting 

the following numerical values: 

K = 10 m/s;  g = 9.81 m/s^;  f = lo'^s""*";  T  = 280°K; 

R = 287;  p^ = 100 cb;  gives 

03^ = - 2.729597 F-?^ = -2 . 729597-F(?^-2?^) .       (3.1.2) 

15 



F(c,0) can be given a constant value in the model or we can 

also assume different values over land and sea. 

The following values will be used: 

Over land 0 = 10° and c = 0.78 gives F = 0.36 635, 

that is 0)' = -l.c,   . s      o 

Over sea G ^^ 5°;  c = 0.85 gives F = 0.22734, 

that is,tjo' = 0.62055 Z '   s o 

If k„ is assumed to be that part of the air which is 

forced over the mountains, we get 

OJ" s ^2\^o-^Ps =  ^2 ^V^^^l^-^Ps (^-l-^) 

k_ = 1 will be used in the model. 

The equations (3.1.1 - 3.1.3) now give the lower boundary 

condition for co .  For further information see Bengtsson s ^ 

(19 69).  This way of treating the topographical effect as given 

by equation 3.1.3 is quite unrealistic and seems to underesti- 

mate the effect of the topography.  (This will be especially 

true for steep and/or small scale mountains.)  A new way to 

treat mountains as impenetrable vertical barriers has recently 

been published (Egger, 1972).  A similar way to include 

mountains in vertically integrated balanced models will be 

described by the author in a coming investigation. 

3.2  LATERAL BOUNDARY CONDITIONS 

The model can use two different kinds of lateral boundary 

conditions namely: 



Constant  Inflow 

!!i   !l2   !in   , 
9t    9t    dt 

5^{t) = 5j^(t=0)   (= constant in time) 

C (t) = ?2(t=0)   (= constant in time)        (3.2.1) 

?,„(t) = c_(t=0)   (= constant in time) m      m 

b.  Variable Inflow 

di>-^     di>^     31/;^^ 
The values  for  rrr-/   Knr-r   KZ~r   ?T /   So/   and  <;     along 

ou    oL    ot     L Z m 

the boundary are generated through an integration for a 

larger area which includes the actual area.  Interpolation 

in time and space is necessary to syncronize the boundary 

values.  A technical description of this is found in section 

10. 
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4.  PARAMETERIZATION OF PHYSICAL PROCESSES 

4.1  SENSIBLE HEAT 

In the computation of equation(2.10) we assume that ^ 

decreased linearly to 0 from p^ to p^.  The sensible heat 

which is transported to the atmosphere from the underlying 

surface, is introduced in the following way: 

(4?)   = (AJV^|+A„) (T^-T )  over sea, if T >T ; dt p     I'o'^    so so 
^o 

(4.1.1) 

(^)   = 0 over land and over ocean areas if T^<T_; 
dt p s  o 

o 

where A, and A^ are empirical constants A2=10A^ 
_r> _2       —1 

= 5.10   m(sec)  (deg)  .  T  is the sea surface tempera- 

ture and T  is the air temperature near the sea surface. 

An approximative temperature at the level P^^ =" -j (Po"'"%^ 

is obtained through an integration of the hydrostatic equation: 

2f 
T  =    2  ;j;^ . ' (4.1.2) 
X PQ  "^1 

We now assume that T   is constant in the layer and is 75% of 

r,.  We therefore get 

^o =  ^x-^°'^^ ^d |(Po-Pm) =  
Po 

0.75 R(P^-PJ 
1 + c (p +p ) p '^o ^m 

^^1. 

R l^(^) (4.1.3) P ^m 



In equations  (2.13) and (2.14)the sensible heating (H) was 

defined to be: 

« = 4C- 1^^ (pH^  ^dt^   • 
p Po 

Substitution of (-3^)   from equation (4.1.1) and using the 'dt Po 
expression for T  from equation (4.1.3) gives 

H = h,-10~^(0.5«10~-'-|v 1-0.5) (T -h 'ijj ) 
i w O     i^     X 

(4.1.4) 

where 

R  ,  ,^o^ 
4F- 1" ^W~^    ' 

p    ^m 

2f 

R In (^ 
P ̂m 

1 + 
0.75 R(p -p ) 
 ^o ^m 

c (p +p ) p ^o ^m 

4.2  PROGNOSTIC EQUATION FOR HUMIDITY 

The specific hixmidity can be predicted by the following 

equation: 

12 
at = - \V • Vq WTr^+e-r + AVq . 

3p ^ (4.2.1) 

Here e denotes evaporation, r condensation, and A is the 

coefficient of dissipation.  We will disregard e and r will 

be introduced in a different way.  Using the continuity 

equation we get the following prognostic equation: 

ll = - V. (q \V) - -|- (qo)) + AV^q. (4.2.2) 

- 19 



Since our model has a very low vertical resolution we have to 

parameterize the vertical distribution of humidity.  We will, 

therefore, use precipitable water as the prognostic variable. 

The precipitable water is defined as 
p 

p-/pdz=-/qdp (4.2.3) '^w     ^w     g   ^  '^ 

where 

p  = the density of water vapor and p^ is the pressure at 

the level over which we can disregard the humidity.  (Here 

we have p„ -   30 cb and p  = 100 cb.) 

A new quantity 

w =  —  p (4.2.4) 

which may be called normalized precipitable water is intro- 

duced.  We assume that q(x,y,p,t) = gE(p)w(x,y,t) where E(p) 

describes the vertical variation of q computed from the 

standard atmosphere under the assumption that the relative 

humidity is 50%.  The expression (4.2.4) is now introduced 

into (4.2.2) and we then integrate with respect to p from p^ 

to P-, to give 

~ ^  -   V-(\Vw) - wd'cOg + AV^w (4.2.5) 

where 

1   ^o E(p^) 
V = -—=-    f    \V(p) E(p) dp and d' = --—- 

PO-PT P^ PO Pa 
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With W = IkxVij;  +  Vx  equation   (4.2.5)   can be written 

II = - J(i>,vj)    -Vx-Vw- wV X - wd'o)^ + AV w (4.2.6) 

where 

^ =  ^m^m "" ^1^1 "" ^2^2 ^""^  V^x = D = e^D^+e-LD3_+e2D2. 

4.3  LATENT HEAT 

There are two conditions for condensation: 

(a) (jj-j^ < oj^^^ (where ^^^^  ^^   ^  given tolerance) 

(b) the relative hiimidity should exceed and be equal 

to 80%. 

If these two conditions are valid, the latent heat is 

computed by the aid of expression (4.3.1) 

"lat ' 4^ ^"^ ^^^ ^dt^lat= ^1 ^dt^lat 

where (4.3.1) 

(|2,^^^ = -x..S^Fa„aF = ^-^ [(|f^)j 

P      P 

+  R  T ,^ 
c  p ^3T 'p^ 
P 

q is the maximum specific humidity. If the conditions (a) 

and (b) are not valid, we put H, . = 0. Also see paragraph 

8.4. 
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5.  COMPUTATION OF THE VERTICAL MOTION 

The integrated vertical motions in the two layers 1 and 

2 are computed in the model.  With the aid of the equation 

(2.6) and (2.9) we obtain: 

1    Pn       Pr>''"PiT.~Pi      T(2Pn-3p -p ) (p -p ) 
0). = —^ /° a)dp =  ; "^  ^ 0)  + 3  ^1  ^m ^o^ ^^o ^m' 

o "m p^       -^o ^1   •=        ^Po"Pl 

^2'' (5.1) 

P (p -P ) ^m ^o ^m 

2Po-Pl    2 

^ =   H'^s + t2D^ - t3D2. 

In the same way we obtain from the equation (2.7) and (2.9); 

,7, -  1   ?i" ^     Pm       Pm^Po"Pm^ 
^   PmPl  p^       2p^-Pi  ^    2p^-p^    1 

+ ^^'Pp-Pl^^Pm-Pl^-Pm^^Po-Pm-Pl) , 

2Po-Pl 2' 

0)2 = t^o)^ - t3D^ + t^D^ 

(5.2) 

Here we have 

P +P -P-. 
t =  o J"  1 
1    2p -p^ 

^o '^l 

-, (2p -3p -p ) (p -p ) 
t  = —   1  ^m ^o ^o ^m 
'2   3       2p -p, 

^o ^1 

P (P -P ) ^  _ "^m -^o ^m 
'3    2p -PT 

^o '^l 
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t. - '- 4   2p^-Pi 

t^ = 
|(2p^-Pl)(p^-Pl) - Pm(2Po-Pin-Pi) 

5 (2p^-Pl) 

The physical parameters are computed by the subroutine C0EFF3P, 

(See appendix B to this report) 
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6.  NUMERICAL VALUES OF THE CONSTANTS 

For the levels p^ = 100 cb, Pj^^ = 50 cb, p  = 30 cb and 

the stabilities (T^-T)^ = 0.422222, (T^-T)  = 0.511111 we get 

the following numerical values for the constants: 

c^ = jy = 0.588235   m^ = ~ 826.330       s  = 28.230856 

C2 == jy = 0.588235   ^2  "  ~   688.40        s  = 10.645832 

C3 = If = 0.941176   n-^ = - 532.92        a3 = 0.044374 

c^ = IY = 0.470588   ^2 = - 10.58.36      b  = 0.012258 

C5 = fj- = 0.784314   a^ = 2.0828-10"^     h^ = 0.495351-10"-^ 

Cg = |j = 0.784314   a2 = 1.3546-10"^     h2 = 0.110953-10"^ 

h^ = 1.03552-10"^ 

h. = 0    .  . 
4 . ^ -v., 

h^ = 0. 492929-lO"""" 

'-        h^ = 1.0 3552-10"^ 

c^ = 5Y = 0.588235   b-|_ - 1.0475-10""^     t^ = 0.705882 

2 --^ ■' "'■ ■ 
Cg - YTQ = 0.0117647 b2 = 1.6261-10 "^     t2 = -18.627500 

■ . ^ . t^ = 14.705900 

■- t^ = 0.294118 

t^ = -2 8.627500 
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7.  INTEGRATION OF THE COMPLETE VORTICITY EBUATION 

7.1  GENERAL ASPECTS 

Very little knowledge exists about the effect of the 

small order terms in the vorticity equation: the advection 

of vorticity by the divergent wind, Wx'VC; the product of 

relative vorticity and divergence, ^V* \V; the vertical 

advection of vorticity, IXI-T—;   and the twisting term Ik • (TT-XVCO) . 

If these terms are used it is necessary, in order to 

conserve the total energy for an adiabatic model, to use the 

complete balance equation.  If this is not the case, the model 

will not conserve total energy and after a certain time the 

development starts to deteriorate.  This judgment has been 

mainly qualitative and we do not know the size of the error 

due to this inconsistency.  It may be that this error is 

relatively small in comparison to other errors, as for instance, 

uncertainties of the initial state, and uncertainties in the 

description of the dissipation and the heating mechanisms. 

Therefore, it is necessary to perform a more detailed study 

of the problem and base our decision on a quantitative 

investigation. 

It is by no means evident that we should use the same 

kind of assumptions in the formulation of models for short- 

range predictions (24 hours) as for models for medium- and 

long-range prediction.  An example will illustrate this. 
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If one is interested in long-time integrations of the baro- 

tropic vorticity equation, it is necessary to use a finite 

difference expression which conserves kinetic energy, 

vorticity, and mean-squared vorticity.  A finite difference 

expression which conserves these identities has been derived 

by Arakawa.  However, if one is interested in short-range 

predictions, the so-called "Arakawa Jacobian" is not 

recommended since the phase-speed error is larger than the 

conventional finite difference analog to the Jacobian operator 

which only conserves vorticity.  Experiments have shown that 

for forecasts up to four or five days it is not necessary to 

use an energy consistent Jacobian operator since the error in 

the kinetic energy is much smaller than errors due to other 

effects. 

One of the problems which we have with the simplified 

vorticity equation is the over-prediction of anticyclogenesis. 

This seems due mainly to the lack of the term CV*V in the 

vorticity equation: 

II = -(f+C)V-\V. (7.1.1) 

In areas of convergence, relative vorticity is mostly positive, 

or will be after a short time.  This means that the relative 

vorticity will increase faster in such areas if the complete 

expression (7.1.1) is included.  On the other hand, in areas 

of divergence, the relative vorticity is mostly negative, or 
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will be after some hours.  If the complete expression is used, 

the relative vorticity will decrease more slowly than if we 

use the simplified expression.  It is easily seen that this 

term will create an asymmetry in the vorticity pattern which 

is also observed in reality. 

Also the vertical advection of vorticity seems to play 

an important role, especially in cyclone development.  During 

the development of the cyclone the activity is mainly con- 

centrated in two different areas. 

One area is in front of the warm front or, later in the 

development, the occluded part of the front.  The other area 

is found below the upper-air low or trough, where a special 

center of activity is created in the later stages of the 

cyclone development.  During the development of the cyclone, 

an area of sinking motion is concentrated under the upper- 

air low. 

Wt~     ""^ (7.1.2) 

It is easily seen from the vorticity equation (7.1,2) that 

this effect will give an increase in the relative vorticity 

in areas of sinking motion and where the vorticity increases 

with height. 

Upward motion over a surface low yields, in the same 

V7ay, an increase in the vorticity for the levels above. 

Therefore the vertical advection of vorticity will increase 

the speed of occlusion.  Figure 2 shows two different 12-hour 
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predictions with a 5-layer quasi-geostrophic model.  Solid 

lines indicate a prediction performed with a quasi-geostrophic 

energy consistent model.  Dashed lines indicate a prediction 

where the terms -(<;V* V + ^g^^ have been included. 

7.2  DERIVATION OF THE FORECASTING EQUATIONS 

The complete vorticity equation reads: 

3^ 
If = - W^-Vn - w^-vn - fV.\v^ - <; v-y^ - ^^If + lk-(g^xV(^). (7.2.1) 

Here V, is the non-divergent wind and V the divergent 
^ X 

wind.  The terms 1, 2, 3 and 4 are denoted non-geostrophic 

terms.  Integrating through layer 1 by the representation of 

V, C and D given in section 2 yields 

(P.-P^) [ 
^m    1 

o ^m' '3t 

3\Vi.Vc, 

at (Po-Pm^ -^•^(V^l-^f) +^^l-^(Vf) 

f(V°l) - ^m^V^l) ^ h^% -   3^1^ 

+2^-J_(J0-^ -   2\k- (V-LXVO)^) 

Integration through layer 2 and layer 3 yields in a 

similar way 

(7.2.2) 

3? 3?. 

(Pm-Pl^ f3t^^ 3t ,^ (Pm-Pl^ -\^m-^(Wf) -^^2-^(?m-^f) 

f V2-V?2 - f(VD2) - ^m(V^2) " '^l^^'ra'^l^ 

+   2?2'J^2 ~ 2 Ik- ( ^^^xS/ui^) (7.2.3) 
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2?! 
—ill + 2 - 
dt 9t -   2P1 - ( V^*,2\V ).Vf - £( W +2V„)-V(? +2?0 m 2' •-   3^ ^"m'""2' • ^''m"-'=2' 

■f(D^+2D2) - 3(5^+2^2^ (0^+20^) 

+ Ik' UV +2 W^) xVoo^ m    z     o 

- (^2^2^ '^S 

(7.2.4) 

where to, and to„ are given in (5.1) and (5.2) and co- is given 

by: 

1  Pi 0)^ = —  /  codp 
^1 o 3   p. 

(7.2.5) 

If we now add (7.2.2), (7.2.3) and (7.2.4) and divide by 

2p -Pn o  J- we get a prognostic equation for the vertically mte- 
2  ' 

grated mean vorticity.  From now on we will only keep the 

non-geostrophic terras on the right hand side of the equation. 

3t(V^1^2-^2^l) =   ^-(^Vx)^-V(c3n^-c2?,+C4?2+^7f) 

-(Vx^l-^(-^2V^5^1^ - ( Vx)2-V(c4V^6^2 + 2c^f)}^ 

+ ^'=8^m'^s+^2^l(V3°l) - ^2(^4\-^6°2) "^   ^m(^7V2^7°2^ ^2 

+Cg{2C-L00^+2C2^2 ~ ^^m^^^2^^3^3 "^^8^ Ik- [-2^-^x7(0-1^-2^2x7^2 

+ (\V„+2\V2)xV^3]}4 (,_2.6) 

The two remaining prognostic equations are computed from the 

difference between the vorticity equation for p  and p  and 

the difference between the vorticity equation for p, and p . 

We will then have two vorticity equations valid for layer 1 

and layer 2 respectively.  The geostrophic terms are omitted. 
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^1 
-{(V2?l)V^lV2-' ^K^   (%--s)> p -p   m s  3 

-*(FV"^- ■«'*>l"""n,-"s">4 (7.2.7) 

- ^(^m-^2C2)D2 + ^2V2^ ^^^^2 ^^l-^m^^S m  1 

' ^^7'^*^^^^^2^^('^1-V^>4 (7.2.8) 

Subscript 1 indicates contribution fromW 'Vri 

Subscript 2 indicates contribution from C'Vy 

g r 
Subscript 3 indicates contribution from co-^r-^- 9p 

Subscript   4   indicates   contribution   f rom |k • (TT^XVLO) ^ dp 

to     and  (JO,   are  the  vertical  motion  at  level  p     and  p, ml '^m '^l 

respectively. 

The non-geostrophic terms will be approximated by the 

divergence computed from the geostrophic part of the equations 

for the preceeding time step. 

We can now express the forecasting equations in the 

following formal way (compare (2.2, 2.13 and 2.14). 

V^ itr   {^1   +C,4^_~C„I|;T) } = F ^ 9t  ^m  1^2  2^1      mG 
t 

-i-"P    +P^    +T^^    +T-^ 
ml   m2   m3   m4 (7.2.9) 



^  3F" ■" ^1^ W ^   ^2^     9t  - ^IG 

^  8t^ - ^2^  8t^ -^ ^1^  3t- = ^2G -^ ^21 "^ ^22 "^ ^23 ^ ^24 

(7.2.11) 

F „^  F^^ and F„^ are the geostrophic and non-adiabatic mG   IG     2G        3     r- 

terms.  They correspond to the right hand part of the equa- 

tions 2.2, 2.13 and 2.14. 

The non-geostrophic terms are the same as in the equa- 

tions (7.2.6), (7.2.7) and (7.2.8). 
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8.  NUMERICAL SOLUTION OF THE 3-PARAMETER MODEL 

8.1  GENERAL ASPECTS 

The equation of the model will be applied on a polar- 

stereographic projection.  The polar-stereographic plane is 

assumed to cut the sphere at a latitude c() In the numerical 

computations (p     is put equal to 60°N, however, other values 

of 4)  can easily be chosen.  The grid-distance d can also be 

chosen arbitrarily.  For further details see the program 

description in Appendix B. 

The computational area can have any form, from an irregu- 

lar octagon to a square.  The only geometrical condition is 

that the inner angles of the area must be 90° or 135°. 

The coordinate axis of the grid is positively oriented 

(see Figure 3).  The computational area is specified by the 

coordinates of the corner points (x /y  ••• x /y ) and by the 
11      o  8 

coordinates of the north pole (x , /y  -, ) . ^ pole'^-^pole 

12 

11 

10 

9 

8 
7 
6 

5- 

4 

3 

2- 

x^/y^ 

T  
"6/^6 

'<p/>'p» 

x^/Vl 

JMINCI) 

xj/yg 

Xs/yg 

U'U 

"T ' 1 1 1 1 1 1- 

d  1   2   3   4  5   6   7   8   9   10   11   12   13   14 
->    1 

Figure 3. Example computational area. 
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If the area is reduced to a rectangle x  = x , y  = y , 

X3 = x^, y^ = y^, etc. 

8.2  FINITE-DIFFERENCES 

In order to transform the differential equations to 

finite-difference equations we will introduce the following 

finite-difference notation and operators (a and 3 are 

arbitrary quantities) : , j,;. 

X - iAs .-;   .     ^   '_ 

y - jAs , , . ■■ ..,;^. 

.  t =^ TAt 

f(x,y,t) ^ f^ . 

''^  -^  -^2^'- '' . (8.2.1a) 

■  -      ^^^'^^^ ^''^"'^^ (8.2.1b) 

9a ^ A g 
9t ^ eAt   • , (8.2.1c) 

(^'«)ij = o..^i,j + a._^^. + a.^.^^ + a.;._^ - 4a. ,  (8.2.2a) 

^(a;6) =   (a.^/- a._^).(B.^^ - 3j_,). 

- ^"j+l - ^'j-l^i^^i+l - ^i-l^j (8.2.2b) 

T= 0 yields a^ -a  and e=% 

1=  h  yields a  - a  and e=l 

T ^ 1 yields a''^"^-'- - a"^"""- and e-2 ( B . 2 . 2,G) 
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l+sincf) 
Introducing the map-scale  factor m = .—r— and inserting 

d^ the quantity u = {-r)     we get: 

2 2 
V2(A^^) - a^--^ (Ail;^) + a^-f- (AiJ;^) = F3_^^ (8.2.3) 

2 2 
^2(A^2) - b^-^ (A^2) + b^-^ (A^^) = F^^^ (8.2.4) 

q is an empirical constant to adjust for the very long waves, 

-12 -2 
q = 0.75*10   m ^. 

Here we have (for simplicity we from now on put J) = J) : 

^IG   ^1  ^ n ' 

^2G = ^2' "^ ^2"' 

F-j_' = - eAt-|-(a3a)g+a-j^H) , 

F^" = - eAtJ [J^+J2+f^(a2J4-a^J3)], 

^2' = - ^^t| (b3a3^+b^H), 

F2" = - eAtj [J5+Jg+f^(b-j^J3~b2J4) ], 

^mG= - ^^4 [^7+^8+J9-4f^8'^s^- 

We further have: 

^2 -   %-2c,, 

h  ^ ^3^m-^2^1+^4^2-'^7f' 

^8 = -^2V^5^1' 

^9 = ^4V^6^2^2c^f 
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1     ^m 

Jo = J(4^n 

J3 - J(^^ 

^4 -  ^('^m 

J^  = J(^m 5      m 

Jg = J(4^2 

J{^. m 

Jg = J(^^ 

J9 = J(^2 

5-^)/ 

^2), 

C2) ' 

Be). 

B7) , 

B9) . 

10 J(V2^1'Ps) ' 

c^ is an empirical constant and a function of the exchange 

coefficient of momentuin in the boundary layer. 

8.3  COMPUTATION OF SENSIBLE HEAT 

Equation (4.1.4) reads in finite-difference form: 

«SENS = 0-5-10-2 h (0.1)y|((i,v'+(Vo^^^ •^l)(^s~h2 "^^l^ 

over ocean, if (T -h2^-])>0 / (8.3.1) 

H^^^„ = 0 over land and if (T -h^iii,) <0 • SENS s  2 1 

' Mo = [^jn^^"^^)"2'^l^^+^)^~^'^m^^"^)"2'^l^^"^^^ 

i^^^  =   [i'j3 + l)-2^^{j+l)]-[i>j3-l)~2^lJ^{j-l)] 
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8.4  COMPUTATION OF LATENT HEAT (See Gambo 1963) 

The latent heat is introduced in the model by the 

expression: 

«LAT   =   -^^'^*^* 
if   to     ^~5, 

«LAT   =   ° if  0),   >~5-, (8.4.1) 

\AT ^ 0 if  -rrrr <tolerance 

u*  =  -(6^+62)   if  w-^   <-{&^+6^) 

-   2 

CO*  =  -Ifi^l   if  -   (6^+62).<^,.<-6i 

(8.4.2) 

6, and 6„ are here two tolerances with the same dimension 

as u ,  r is the precipitation, and ^2  ^^   introduced for 

operational purposes. 

F* ^ F*(p,T) = 
e- E(T) 
P 

£L 
C 

-T 

2 2 
pT^+^-^E(T) 

P 

(8.4.3) 

E(T) = E e 
o 

e   = 0.622 

L = 2.5-10' 

£L ■ 1 
R ^T 

o 
- ¥ 

p zr p 
P  +P 
m o 

mean 

C = 1004 
P 

T  = 273 o 

E  = 0.611 o 

2f 
T = 

Rln(p^) 
m 

P -^1 = ^6^1 
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8.4.1  Computation of V and D 

We will compute the humidity in the layer 

P^ = 100 cb and P^ = 30 cb ; defining \^  as 

l     100 

^ " 70"  / ^''^^   ^^^^ ^P 
30 

and inserting the wind profile yields 

^^ ^ ^m^^m + ^l^^l + ^2\^2 (8-4.4) 

where 

^m==7U-fl^^(^°°)^100+25E(70)a^Q + 20E(50)a5Q+10E(30)a3Q] , 

^r7i^^^^^^°°^^100^^^^^"^°^^70+20E(50)b5Q+10E(30)b3Q] , 

^2" 70f^^^^^°°^''l00+^^^^'^°^''70^^°^^^°)''50^^°^^^°)''30^ ' 

(8.4.5) 

The constants a , b  and c , where p assumes the values 

10 0, 70, 50, 30 are computed for the three following 

alternatives: 

I II III 

Pm^P^Po Pl^P^Pm 0^p<p^ 

ap = 1 a = 1 a  = P- 
P P P   PT 2(p-pJ ^1 

^p ^ - p -p      ^p - 0 b = 0 
'^     '^o ^m        ^ P 

c  = 0 c  =  ^  c  = 2£ 
P P   P^-Pi P  Pi 

E(100)=2.5415, E(70)=0.9683, E(50)=0.3527, E(30)=0.0613 
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Correspondingly we get 

D = eD  +e-,D, +eD  =fp+p>r-^n  .!./■ 
e c_w 
m 8 s 

8.4.2  Computation of Precipitation 

Equation (4.2.6) reads in finite-difference form (the term 

VxVw disregarded and w replaced with q): 

T+1     T-1     .    T 
q    = q    + eAt H , 

q 

The precipitation is computed in the following way (precipita- 

tion is indicated by r) : 

%AT^ >0 then q"' = 0.8 q^^^ , If (q^'^l-O.S q^^^) >o then a^+1 

r = Ap(q^-^l-0.8qg^^) . 

If (q""  -0.8 qg^^) <0 then r = 0 and if 

(q   -0.2q   )  <0 then q'^'^l   =   0.2   a .      r« /i ■7^ 
t^AT ^mod    •  ^SAT       (8.4.7) 

r is accumulated for every timestep and printed out at certain 

prescribed times.  See Appendix B. 
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8.5  NUMERICAL SOLUTION OF THE NON-GEOSTROPHIC TERMS 

The finite difference analogues for (7.2,9), (7.2.10) and 

(7.2.11) read: 

(8.5.2) 

r (A^2) - ^2^ (^^2^ -^ ^1^ (^^l) =^2G-^ .f/2i 

-p2 ^2 *   4 

(8.5.3) 

^ml = - ^^^X„-^f^3(Vf)-<^2^1-^^4^2+^7f^ 

^7 

+ VXi-n-C2(C^+f)+C5Ci] 

^8 

+ Vx2.nc,(?,+ f)+c,C2H-2c,f]} (3_3^,^^ 

^9 

^m2 ^ f°l(^l?l+^2^2+^3V + °2(^4^1+^5^2^^6V 

■*■ '^s(^7^1+^8^2+^9^m)] (8.5.4b) 

^m3 = f°1^^10^1+^11^2+^12^m) + °2 ^^13^1-''^14^2+^15^in) 

+ "s (^16^1+^17^+^18 W] (8.5.4c) 

^m4 = I^^'^l-^t^l9V^20°2+^2l'^s] 
V. 

^7 
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+   V^2-^f^22V^23V^24'^s^ 
v_ 

^8 

+ n^-nk^^j^^+yi^^D^+k^^^^n (8.5.4d) 

^9 

^11  "   "   2^'''^m''^^l'^'^^l*'^^^m'^^~^^l^^ (8.5.5a) 

^2   =   [^l(k28^rW-^V29^1-'^^30^1^ (8.5.5b) 

^3  =   t^l(^3lV^32V^33'^s)^ (8.5.5c) 

^14  =  l^^^l'^fk3lV^32V^33'^s]> 

^10 

(8.5.5d) 

^21  =  -  I^^X^-^^2+^X2-V(C^H-f+2C2)} (8.5.6a) 

^22   =   ^V34^2+°2f^35^2-^in^   ^  ^s^30^2^ (8.5.6b) 

F23  =   [C2(k3gD3^+k37D2+k3ga)^)] (8.5.6c) 

^24   =   2^^^2'^[^36°l+^37°2+^38'^s] (8.5.6d) 
V y 

The computation of the non-geostrophic forcing function 

4 4 4 
^^ I   F .•  i^  E  F, .  and ^^  E  F,. 
y  i=l  "^1    ^  i=i  11       1^  i=l  21 

are performed by a separate program.  See Appendix B. 
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1 
read: 

8.5.1 Numerical Coefficients for the Non-geostrophic Terms 

Expressions for constants of the non-geostrophic terms 

o    6 s  7 1  8 ^ 

% = ^9'^s+h0^1+tll°2 

"l  =   ^12^s+H3VH4°2 

Pi 

Pi t     =-c     -± 

Pi 

^9  =   1-  ^8(Po-Pm^ 

^10 "  ^^^"^^ (P^-P^) 

t, T      =     -     C,   (p     -p     ) 11 1 '^o *^m 

Pi 
^12  =   ^8  ^ 

Pi 
h4  =   (-1-2)   ~ 

^1  =  -2^-2-1^ 

^2   =   --2-4 

k3  =   C2C^ 
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■^1^2 

^5   "   ''l°4"'^6 

kg  =   c^(2-c^) 

^7  "   """2^8 

^8  "  ^4^8 

kg  =  Cg(l-c^) 

'^lO   "   ^^2^8 

^11  =   -2(V^)^8 

^12   "   ~h^8 

^13  =  -2t3C3 

^14  =  2(t5-tg)Cg 

^15  "   ""^8^8 

^16  "   ^^1^8 

^17  =   2(t4-tg)Cg 

^18  ~   ""^6^8 

^19  "  ^^2^8 

^20   "   "^^3^8 
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^^21  =   ^Vg 

k22  =   -  2(t3-^t7)Og 

^23  =  2(Vtg)c3 

^24  =  2(Vt^)Cg 

^25   ~   ""^7^8 

^26  ~     '''8^8 

^27 — -^6^8 

^28 
= 2-C2 

^29 
= 

-^^1 

^30 
= + ^8 

^31 
= Ho 

^32 
= Hi 

(Po-Pm) 

k33 = 
(Po'Pm^ 

34 

•35 
c,-2 

^10   ^13 
■36 -1¥:;^=¥^ 
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^ll"''^14 k. 
"37   (p -p,) 

For p =100, P =50 and p-,=30 we have the following 

niimerical  values   for  the   constants: 

t, = 0.0588235 
6 

t^ =-2.941175 

tg = -7.058825 

t„ = 0.411765 
y 

t^Q = -20.588250 

^11 " -29.411750 

t^2 = 0.176471 

^13 "^ -8.823525 

t^^ = -21.176475 

k^ = -0.438291 

k2 = -0.276816 

k^ = 0.034602 

k^ = -0.346020 

k^ = -0.507498 

kg = 0.083045 

k^ = -0.006920 

kg = 0.005536 

kg = 0.011073 

^10 =~0-'^38294 

^11 " -0.276817 
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'12 

'13 

'14 

'15 

'16 

17 

18 

•19 

'20 

'21 

'22 

'23 

'24 

'25 

'26 

'27 

'28 

'29 

■30 

■31 

'32 

■33 

■34 

'35 

=  0.034602 

=  '0.346021 

=  -0.507498 

=  0.083045 

=  0.016609 

=  0.005536 

= -0.000692 

= -0.438293 

= -0.346021 

= 0.016609 

= -0.276817 

= -0.507497 

=    0.005536 

=   0.034602 

=  0.083045 

=  -0.000692 

= ] .411765 

= +0.588235 

= +0.0117647 

= 0.411765 

= 0.588235 

= 0.0117647 

= -0.588235 

=-1.411765 
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^36 ^ -0.588235 

k^^ = -0.411765 

k^g  =  0.0117647 
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9.  INITIALIZATION 

The stream functions Tp  are computed from the geopotential 

Z by the relation 

gV^Z = V (fVijj)   or 

V^i)  =  IV^Z - jVf-Vi,', (9_1) 

inserting 

V^J = I^VZ     yields 

V^i)  =  fv^Z - 2_vf.VZ. (9.2) 
f 

The boundary values of Tp  are computed by the relation (y is a 

constant) 

If we assume that there is no net flow out of the area it is 

easily seen that y ="7- 9  f- T"^^ •  '^^^ integration is performed 

along the boundary of the area in positive order.  The integra- 

tion starts in point x,/y, where we put 

^(-I'-^i) = fOv^) ^(-I'-^i^- '    ^'-'^ 

Z is computed from I|J in a similar way using the following 

equation: 

V^Z = -V^i) +  -Vf-Vilj. (9.5) 
g     g    ^ 

Boundary values for Z are computed initially and stored in a 

special string.  See Appendix B. 
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9.1     NUMERICAL   SOLUTION 

Equation   (9.2)   r^ads  in  finite  difference  form: 

^ 2f 
(9.6) 

where the standard five point formulas are used to compute 

V^ip, V^Z and VfVZ is defined as 

Vf tz =(fi+i-fi)j(Zi+i-Zi)j + (WiVWi)j 

+ (^i+i-fj^i^^i+r^j^i ^ (fj-fj-i^i^^j-^j-i^i- 

Equation (9.3) reads in finite difference form: 

ijj. 
\+r\ 

k+l 
= \ -^ 2g f^^^TlTff + Y(As)j^ (9.7) 

where 

y = - - 2g  Z 

k+l k 

N-1 \+r\ 
k=l •^k+l'*'^k 

(9.8) 

Figure 4 defines k and the order of integration. 

N-2 
N-l ♦ 

x(As), 

(As) 

(As), 
K+l K + l 

K 

K-l 

Z to i|; and ^  to 

Z is computed by 

the program STREAMF 

(see Appendix B) . 

\^ 4 5 6 7 
K 

Figure 4.  Definition of k and order of integration 
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9.2  INITIALIZATION OF THE SPECIFIC HUMIDITY 

Since we  are  using the i|)-functions  as  the  time-dependent 

variables,  we have  to modify  the  initial  humidities  in order 

to make  them consistent with  the time-integration. 

Therefore,  we  put 

%at   ^%^ 
^ " "^analyzed ;^T (9.2.1) 

^sat   ^^Z^ 

T    -     2g     ,^500~^1000,   g     ,^   ,   .^ 
^Z  -  RlH2   ^ 2 )   f     i^^Z^i^+h^?.^) ,   and 
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10.  TIME-INTEGRATION AND TREATMENT OF LATERAL BOUNDARY VALUES 

The forecast is basically computed in 6-hour intervals 

but this interval can easily be changed.  The first time step 

in each interval is non-centered.  Smoothing, elliptization 

and printing of results (if so desired) are performed at the 

end of every interval. 

N 

at 

ND 

kT 

N 

~ Ai(; 
eAt At = 1 hour in this example (10.1) 

number of At for the interval 

time step index; k = 1,2,3...ND+1 

index for every interval integration (e.g., 6-hour 
interval) 

N Forecast length 

0 0 

1 +6 

2 +12 

3 +18 

• • 
• • 
• • 
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Initial height fields Z" are stored on secondary storage 

during the whole computation.  In the case of variable 

boundary conditions, Z° is followed by Z^ (N=l,2,3 ) 

(forecasts for each interval). 

Assuming 

9^   g 9Z      ,N ,o  g ,„N „o, 
8t " T" at  °^  '^ "^  = I" (Z -Z ) (10.2) 

the stream function at time step k can be interpolated from: 

/ = (^° - a z°) + I [(l-a^) Z^ + a^Z^+l]       (10.3) 

where 

kT-1 
'\ ND 

At each time step this interpolated stream function is mixed 
]^ 

with the forecasted stream function is in the following prog ^ 

way: 

k k k Boundary values if;  -, = 4^    + ■wl{^  -\i) ) ■^ ^mod  ^prog     ^  ^prog 

1 grid point inside , v  k 
the boundary i'     ^  =  '^ + vrl (i)  -i) ) ^ ^mod   ^prog        ^prog 

2 grid points inside , k  !<■ 
the boundary ifj ■,  =  4) + VJ3{^  -ii ) •^ mod   ^prog prog 

3 grid points or more , 
inside the boundary   ^      ■,  =  i) /tn   A\ ^        ^mod   ^prog (10.4) 

wl, w2 and w3 are 3 predetermined constants with o^wl, 

w2, w3<l 

The following flow diagram illustrates the treatment of 

the boundary values: 
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Flow diagram: Treatment of boundary values. 

Z° from tape 

Solve the streeun 
function 

!(,<■ = f(z°) 

Store  i|i°   in i(i 

Store  Z"  in Z N+1 

VAR.      A.      FIX. -*—v>—^ 
store   (i|i°-|z'>) 

 r~r~- 
store iti" 

izir 
Move  \ii^*  il)*"-"- 

^ 
VAR. FIX. 

Move   Z^+^-Z^ 

Z from tape 

,t+l     . ii is comp. prog '^ 

VAR. 
-*  

FIX. 

*^*1  =   <rpn   + I [(l-a^_i)z'' +  a^^iZ^+l ] ,.T+1 =   * 

,T+1       .     ,T+1    . ,        , ,T+1 
"''prog  *   ^^  mixed -»■ i(i 

store ij)'^*-'- in <li'^ 

Move 1)1'^ + ij)'^"''' 

solve Z^^l - f(/+l) prog    * *  ' 

Boundary val. from 

Parameter Fieldname 

< ZHl 

^l Zll 

^^ Z21 

^N+l 
m 

ZM2 

zfi Z12 

zN- Z22 

,i,° - a z» 
'^m   f  m 

STRM 

t£ - 1 zj STRl 

*2 - 1 ^2 STR2 

Prognostic subroutine 
STEP3P 
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II.  THE CRITERION OF ELLIPTICITY 

An iterative procedure is used to modify a stream- 

function field so that the ellipticity criterion 

V^iJ; + I > 0 

is valid in all points of the field. 

Each point is tested with the following formula: 

yV^iJ; + I - e = 6 

where 

„2 

' * = *i.io * h-i,i - *i,j.i * h,j-i - ^-h.j 
and 

e = 0.001-f. 

If 6 < 0, i|j. .is modified by 

'^i,j "^ ''^i,j ~ TiT   '^  where k is a convergence parameter. 

This means that the vorticity increases by 2(e-6)'k in 

the point (i,j) and decreases by 0.5 (e-6)«k in the four 

surrounding points (i+l,j), (i-l,j), (i,j+l) and (i,j-l). 

This procedure guarantees that 6 becomes positive in the point 

(i,j), but not necessarily in the surrounding points.  The 

test must therefore be repeated for all points until the 

criterion is valid in the whole field.  With a suitable choice 

of k the method is convergent. 

k can be found empirically and is estimated to be of the 

order k - 0.85. 
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APPENDIX A 

GENERAL PRINCIPLES 
IN THE 

PROGRAMMING OF THE THREE PARAMETER MODEL 

The programming has been performed in a very general 

way.  It is therefore possible: 

a. to generate initial fields and run the model in a 

channel with variable cyclic boundary conditions (this is the 

case for the actual program). 

b. to run the model with constant boundary values on 

a given area (see above). 

c. to run the model with variable boundary values, the 

boundary values taken from another model. 

The model needs 13 fields in the core; 

1 field for the coriolis parameter F, 
2 

1 field for y = \ MY, 
d 

1 special field indicator MARK, 

10 fields for the model computations        Fl-FlO. 

In addition to this, 40 fields (28 for the quasi-geostrophic 

part of the model) are specified on secondary memories (disks, 

drums or large extended core). 

"Household" programs: 

PUTl:     This program computes FPAR (see common. 

Subroutine JMIMA) 
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MARKF:    This program computes a special integer field 

MARK.  The program MARK specifies status of 

the field.  Points outside the area = 0, points 

inside the are <0 and points on the boundary 

>0.  The corner points etc. ace specified 

according to given examples. 

MYFF:     This program computes f and y and puts the 

result in the fields F and MY. 

RANWT:    Writes fields on secondary storage e.g., disk 

drums, or extended core storage. 

RANRD:    Reads fields from secondary storage e.g., 

disk, drums, or extended core storage. 

MAP:      Prints pattern on line printer;0 (zero) points, 

resolution and map scale are specified. 

GENCH:    Generates initial state for a channel flow. 

BMOVE:    AcSministrates computation of cyclic boundary 

conditions for a channel flow. 

Since the axis of the grid is defined differently from 

what is used in Fortran,the programming of finite difference 

operators should be performed in a special way.  This is not 

necessary, but speeds up the computation considerably.  As 

an example, subroutine JACOB reads: 
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MI = M-1 

D(}) 10 I = 2,MI 

Jl = JMIN(I)+1 

J2 = JMAX(I) -1 

K = (Jl-1)*M+I 

D(J)   10   J  =   J1,J2 

C(K)    =    (A(K+1)    -  A(K-l) *(B(K+M)    -  B (K-M) ) 

10   K   =   K   +   M 
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APPENDIX B 

PROGRAM SPECIFICATIONS 

The following programs are written for the 3-paraineter 

model. 

Level 1: Main program 

Level 2: Subroutines called by level 1 

Level 3: Subroutines called by level 2 

Level 4: Subroutines called by level 3 

Level Program 

1 PR0G3P 

2 PUTl 

3 JMIMA 

2 C0EFF3P 

2 MARKF 

2 MYFF 

2 STREAMF 

3 BDRGDR 

3 BDRVAL 

2 SATUR 

2 RANWT    (RANRD) 

2 ELLIPT 

2 GENCH 

2 ASMUT 

2 MAP3P 

3 MAP 

2 STEP3P 
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Level Program 

3 JACOB 

3 ABSVOR   (RELVOR) 

3 MIXF 

3 HELM   (POIS) 

3 HELMSYS 

3 BMOVE 

3 ■ STEPEXT " 

4 GRADPR 

4 VELPOT 

- 62 - 



Program PROGS (Main program for 3-parameter model, see flow 
=  diagram B-1 and description.) 

Arrays 

Name 

Fl-FlO 

F,MY (real) 

Dimensions 

MARK 

UPS, UPM, UPl 

WX 

Description 

Working fields in core.  See flow 

diagram B-1. 

Fields for Coriolis parameter, f, 

,m, 2 and y = (g-) m is the mapscale 

factor for a polar stereographic 

projection and d is the grid 

length.  F and MY are generated 

by the subroutine MYFF. 

Marking of each grid point by a 

special integer (index).  See 

description.  MARK is generated 

by the subroutine MARKF. 

Zonal wind profiles at the levels 

p , p  and p, for the initial 
'^s  ^m    ^1 

fields in the channel case.  The 

values are introduced by DATA 

statements. 

Working array for generation of 

initial fields in the channel 

case.  Dimension shall be at 

least equal to the number of grid- 

points across the channel. 
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Name 

NX, NY 

Dimensions 

PSIC, PSIS, 
LAMC, LAMS 

ZB,PSIB,FB,SB 

IT 

Description 

Wave numbers for perturbations 

of the initial fields in the 

channel case in x and y direc- 

tions.  The values are introduced 

by DATA statements. 

Amplitudes (PSI) and phase lags 

(LAM) perturbations of the initial 

field with cosine and sine profiles 

in the y direction respectively. 

For both profiles a sine wave is 

used in the x-direction.  The 

values are introduced by DATA 

statements.  See further descrip- 

tion of GENCH. 

Boundary strings for storage of 

boundary values in counterclock- 

wise order, starting with corner 

point 1 (see FPAR).  Used by the 

subroutine STREAMF. 

Storage of the number of iterations 

for the solution of a): the system 

of two Helmholz equations and b): 

the Helmholz equation for the 

mean field.  Values for an inte- 

gration interval are stored in the 

array by the subroutine STEP3P. 
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Name 

MAPHOUR (1) 

NSMUTT (1) 

MELLIPT (1) 

LETACC (1) 

Dimensions Description 

Integers giving the hours for 

mapping (2). 

Integers giving the hours for 

smoothing (2) . 

Integers giving the hours for 

ellipticity (2). 

Integers giving the hours at 

which the accumulation of 

precipitation shall be 

interrupted (2). 

The values shall be given in DATA statements and must be 
multiples of the integration interval (e.g., 6 hours).  Unused 
positions are indicated by -1. 

(2) 
This value can be increased if this is necessary. 
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Common areas 

/FPAR/ 

Name Type 

IC(8) ,JC(8) integer 

XPOL,YPOL real 

R 

RE 

real 

real 

DS real 

JMIN(IOO), 
JMAX(IOO) 

integer 

M,N integer 

KIND integer 

Description 

i- and j-coordinates for the 

corner points of the area, 

i- and j-coordinates for the 

north pole.  Specified relative 

to the origin of the grid, 

radius of the earth. 

Distance from the pole to the 

equator on the map in grid-length 

units. 

grid-length (in meters). 

minimum and maximiom j-coordinate 

for each i-coliimn in the field. 

Dimension of the field arrays. 

Channel indicator.  Channel = 1, 

No channel = 0.  Value shall be 

given by DATA statement. 

/FORMl/ 

IC1(8),JC1(8)  integer Same as IC(8),JC(8) for actual 

field.  Values introduced by DATA 

s tatement. 
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Name 

JMINl(lOO), 
JMAXl(lOO) 

XP,YP,D1 

/KANAL/ 

FIM 

NFLD 

SL 

Type     Description 

integer  Same as JMIN(IOO), JMAX(IOO) 

real 

real 

/DRM/* 

MN integer 

NDIM integer 

integer 

real 

Same as XPOL, YPOL, DS.  Values shall 

be introduced by DATA statements. 

Dl is given in km. 

Used for channel computations. 

Latitude for the middle of the channel. 

Used for computation of B-plane.  To 

be given by DATA statement. 

=M*N.  To be computed in main program 

Core memory space available for field 

arrays.  The arrays Fl-FlO, F,MY,MARK 

must be included in this area. 

Additional space is used for storage 

of fields in COMMON area//. 

Number of field arrays in core 

Working area for core memory fields. 

The dimension must be at least SL(NDIM) 

Arrays stored at extended core, disks or drums.  1 in the end 

of the name indicate timestep x, 2 in the end of the name 

timestep T-1. 

* 
Not necessary to specify if only extended core storage is used. 
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PSIM1,PSI11,PSI21 
PSIM2,PSI12,PSI22 

HUM1,HUM2,DIV1 
DIV2,WS,HEAT 

J789,J12,J56,J3 

PS,TS,PREC 

real 

STRM,STRl,STR2, ZMl 
Z11,Z21,ZM2,Z12,Z22 

H11,H21,HM1 

H12,H22,HM2 

H13,H23,HM3 

V1,V2,VM 

real 

real 

ID(200)* 

Storage arrays for stream func- 

tions.  See flow diagram B-1. 

Storage arrays for humidity, 

divergence, vertical velocity 

at the lower boundary, and heat* 

Storage arrays for Jacobians. 

Storage arrays for surface 

standard pressure, sea surface 

temperature, and accumulated 

precipitation. 

Storage arrays.  See Chapter 10 
(lateral boundary mixing). 

Fields for advection of vorticity 

by the divergent wind, thickness 

field (1,2) and mean field (M). 

^Jt^  ?V*\V for thickness fields 

(1,2) and mean field (M). 

Twisting term for thickness fields 

(1,2) and for mean field, M. 

Velocity potential for thickness 

fields (1,2) and for mean field 

(M) . 

integer  Catalog array for direct memory 

access. 

iruser^^^""^ ^° specify if only extended core storage 
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/COEFF/ 

A1,A2 ,T5 real 

/C0EFF2/ 

T6,TF ,T38 real 

/RUNPAR/ 

DELT 

NTSTEP 

ALFASYS, ALFAM 
ALFAZ,ALFAPSI, 
RESSYS,RESM, 
RESZ,RESPSI 

real 

integer 

real 

Constants used in the model. 

Computed by the si±)routine 

C0EFF3P from given values on 

stability and pressure levels. 

Constants used for the computation 

of the non-geostrophic terms. 

Computed by C0EFF3P from given 

values on stability and pressure 

levels. 

Timestep in sec. computed in the 

main program. 

Number of timesteps for an inte- 

gration interval (6 hours). 

To be defined in a DATA statement. 

Overrelaxation coefficients (ALFA) 

and maximum residual in the solu- 

tion for the system of the two 

Helmholz equations (SYS), Helmholz 

equation for the mean field equa- 

tion (M) , solution of Z from i|j 

(Z) and solution of ^  from Z 

(PSI).  To be defined by a DATA 

statement. 
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WGT1,WGT2,WGT3 real 

Q,FOCEAN,FCONT     real     The Helmholz term for the mean 

field equation, friction coeffi- 

cients over ocean and land.  To 

be defined by a DATA statement. 

Weights for mixing near the 

boundary of boundary fields with 

forecasted fields.  To be defined 

by a DATA statement. 

Diffusion coefficient for humidity; 

it is defined by a DATA statement 

Parameters only specified in Data statements. 

ADIFF real 

STABl 

STAB2 

PNIVS* 

PNIVM 

PNIVl 

IVAR 

KIND 

Static stability of layer 1 

Static stability of layer 2 

Pressure level P„ 

Pressure level P m 

real 

real 

real 

real 

real     Pressure level Pi 

integer  Indicates if variable lateral 

boundaries are used; IVAR=0, constant 

boundary values; IVAR=1, variable 

boundary values. 

integer  Indicates if channel is used 

(cyclic boundary conditions); 

KIND=1, channel; 

KIND=0, no channel (polar stereo- 

graphic projection). 
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Subroutine STEP3P(Fl,F2^F3,F4,F5,F6,F7,F8,F9,F10,MY,F,MARK, 

IT,IVAR,M,N) 

The subroutine performs a computation for a time interval 

(6 hours) by the 3P-model including humidity and precipitation 

prediction.  (See Flow Diagram B-2.) 

Subroutine Parameters        Description 

Fl-FlO Working fields . 

MY y-parameter field. 

F Coriolis parameter field . 

MARK Field indicator field. 

IT Array to store number of 

iterations for every timestep. 

IVAR Indicator for constant or 

variable boundary conditions ; 

IVAR = 0 constant boundary; 

IVAR = 1 variable boundary. 

M,N Field vector. 

Parameters specified only in DATA statements 

RGAS R = 287 

EE E = 0.622 

HL L = 2.5-10^ 

CP Cp = 1004 

TO To = 273 

EO Eo = 0.611 

DELI 6^ 

DEL2 6 

TOL Tolerance 

For explanation see chapter 8.4. 
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Subroutine MARK 

The subroutine mixes field FA (corresponding to 

limited area) with FB (corresponding to a field taken 

from a large area). 

FB 

large comp, 
area 

FA 

-w 
1 

9 __ 
r   ■ ^n 

'3   1 

1—   . _l 

limited 
comp. area 

MN 

Weight factors 
Field vectors 
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MARK-field 

The MARK-field generated by the subroutine MARKF 

can be described by the following examples. 

Channel field. 

0 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 
0 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 ~1 -1 -1 -1 -1 
0 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 
0 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 
0 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 ~1 -1 
0 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 
0 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 
0 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 
0 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 
0 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 
0 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 
0 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 
0 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 
0 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 

j   0 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 
0 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 

i   0 

0 
-1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

2.  Or dinary 

0  0 

oc 

0 

tag ona 1 field. 

\o 0 0 0 0 ll 10 10 10 10 10 10 10 9" 0 
0 0 0 X '1^ ̂ 4 -8 -8 -8 -8 -8 -8 -8 -3" \8^ \0 0 0 0 
0 0 /^ 1> ^^ -10- ■10- 10- -10- 10- ■10- -10- ■10- ■10^ -^" -^^ ̂  0 0 

^\ 
13 

-9 -10 
-9-10 
-9-10 
-9-10 

•1 -: 

.0 
■1 -": 
■1 -1 -■": 
■1 -1 -1 

1 -1 -1 -1 -1 -1 -r -1 - 
1 -1 -1 -1 -1 -1 -1 -1 - 
1 -1 -1 -1 -1 -1 -1 -1 - 

-1 -1 -1 -1 -1 -1 -1 -1 -1 -1 - 
-1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 
-1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 
-1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 
-1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 

1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 
1 -1 -1 -1 -1 -1 -1 -1 -1 -1 
1 -1 -1 -1 -1 -1 -1 -1 - 
1 -1 -1 -1 -1 -1 -1 -1 - 

J-0-10-10-10-10-10-10-10-1 
^5 -6 -6 -6 -6 -6 -6 -6 - 

-1( 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0  0 

STM)  0 
^0 

-3 
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3.  Fields with 2 rectangular points. 

-I 

10 10 10 10 10 10 10 10 10 10 10 10 
-9 -8 -8 -8 -8 ~8 -8 -8 -8 -8 -8 -8 - 

-10-10-10-10-10-10-10-10 
-1 -1 -1 -1 -1 -1 -1 - 
-1 -1 -1 -1 -1 -1 -1 - 
-1 -1 -1 -1 -1 -1 -1 - 
-1 -1 -1 -1 -1 -1 -1 - 
-1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -lJ-10 
-1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1-10 
-1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1-10 
-1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1-10 
-1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1-10 
-1 -1 -1 -1 -1 -1 -1 -1 -1 -.1 -1-10 
-1 -1 -1 -1 -1 -1 -1 -1 -1 -: -1-10 
1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1-10 

-7 
-7 
-7 
-7 
-7 
-7 
-7 
-7 
-7 

5 -6 -6 -6 -6 -6 -6 -6 -6 -6 -6 -6 -7 
0-10-10-10-10-10-10-10-10-10-10-10 

6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

2 18 

3 

1 10 10 10 10 10 10 10 10 10 10 10 10 10 

3 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
17 

4 -8 --8 -8 -8 -8 -f -8 -8 -8 -8 -8 -8 

-10 
-10 
-10 
-10 
-10 
-10 
-10 
-10 
-10 
-10 

0-10-10-10-10-10-10-10-10-10-10-10-10 
-10 
-10 
-10 
-10 
-10 
-10 

1 ^1 „i _i ^1 „i _i _i „i „i _i 
1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 
1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 

-1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 
-1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 
-1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 
-1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 
-1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 
-1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 
-1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 
-1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 
-1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -: 

-1 
-1 
-1 
-1 
-1 
-1 
-li-lO 
-1-10 

-7 
-7 
-7 
-7 
-7 
-7 
-7 
-7 
-7 
-7 
-7 

19 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

-9 
•10-10-10-10-10-10-10-10-10-10-10-10 
-6 -6 -6 -6 -6 -6 -6 -6 -6 -6 -6 - 

-^ i 
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S lib routine RANWT (A, ALFA) 

This subroutine writes field A (in core) to field ALFA 

(in secondary storage). 

Subroutine RANRD (A,ALFA) 

This subroutine reads field ALFA (in secondary storage) 

into field A (in core). 

Subroutine MIXF(FA,FB,MARK,W1,W2,W3,M,N) 

This sxobroutine mixes field FA (corresponding to limited 

area) with FB (corresponding to a field taken from a large 

area). 
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Subroutine HELMSYS (Zl,Z2,F0RC1,F0RC2,F,MY,FMY,A1,A2,B1,B2, 

ALFA, RESIDUE , IT ,M:,N) 

This subroutine solves the following system of Helmholz 

equations by relaxation: 

2 2 
V^(Zl) - Al^ (Zl) + A2|- (Z2) = FORCl 

2 2 
V^(Z2) - B2^ (Z2) + Bl^ (Zl) = F0RC2 

Subroutine 
Parameter 

Z1,Z2 

FORCl,F0RC2 

F 

MY 

FMY 

A1,A2,A3,A4 

ALPHA 

RESIDUE 

IT 

M,N 

Description 

Fields to be solved by relaxation, 

First guesses in Z1,Z2 before 

using subroutine. 

Forcing functions. 

Coriolis parameter field. 

y-parameter field. 

Working field . 

Physical parameters (constants). 

a-overrelaxation coefficient. 

Residual, R, in the solution 

of the system. 

Niomber of  iterations . 

Field vectors. 
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Subroutine MAP3P (11,12 ,13,14,15 ,16 ,17 ,18,19 ,110 .in ,F1 rF2 . 

F3,F4,F5,F6,F7,F8,F9,F10,F,MARK,M,N,IDAY,ITIHE,NTIME,PNIVS, 

PNIVM, PNIVl, ZBl, ZB2 , ZB3) 

Printing on line-printer of forecast fields in zebra 

patterns.  Heights are computed from stream functions. 

Stibroutine Parameters   Description 

11-111 

Fl-FlO 

F 

MARK 

M,N 

I DAY 

ITIME,NTIME 

PNIVS,PNIVM,PNIVl 

ZB1,Z.B2,2B3 

Indicators. 1=0: no printing 

1=1: printing.  The numbers 

refer to the following fields : 

II 
12 
13 
14 
15 
16 
17 
18 
19 

Surface pressure . 
Height for level p . 
Height for level p^ . 
Thickness (p -p ).        
Lower vertical velocity to, . 
Precipitable water • 
Accumulated precipitation . 
Relative humidity . 
Stream function for level p 

110: Stream function for level p 
111: Stream function for level p^. 

Working fields. (See flow diagram B-2) 

Coriolis parameter field . 

Indicator field (see MARKF) . 

Field dimension . 

Year, month and day as one integer. 

Initial and forecast time . 

Pressure levels in the model . 

Working arrays for boundary strings . 
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Subroutine  STREAMF   (Z,PSI,R,F,MARK, ZB,PSIB,FB,SB,GAMMA,IND, 

IT,M,N) 

The subroutine computes the linearized balance equation. 

Subroutine Parameter    Description 

Z 

PS I 

R 

F 

MARK 

ZB 

PS IB 

FB 

SB 

GAMMA 

IND 

IT 

M,N 

Z field. 

PSI field. 

Forcing function for the 

Poisson equation in the 

2 
solutxon of V ijj = F(Z) or 

V^Z = Z(ip) . 

Coriolis parameter. 

MARK-field. 

String of boundary values for Z, . 

String of boundary values for 4J, . 

String of boundary values for f, ♦ 

String of boundary values for 

(AS)^. 

y- 

See siibroutine comments. 

Number of iterations for solving 

the Poisson equation by relaxation. 

Field vectors. 
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Subroutines called by STREAMF 

BDRGRD(SB) Computes SB. 

BRDVAL(A,AB,M,IND) Computes boundary values from 

field A and stores the boundairy 

values in string AB or reverse: 

IND = 0, AB = A; IND = 1, A == AB, 

M Field parameter 

IND See subroutine comments 

POIS is an entry point in HELM for the solution of a Helmholz 

equation by Liebmann relaxation. 

HELM(Z,FORC,Q,ALFA,RESIDUE,IT,M,N) 

Subroutine Parameter      Description 

Z Z-field. 

FORC Forcing function. 

Q Helmholz coefficient. 

ALFA Overrelaxation coefficient. 

RESIDUE Residual. 

M,N Field vectors. 

IT Counts the number of iterations 

required to obtain a solution. 
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Subroutine  SATUR(TM,QSAT) 

This subroutine computes QSAT, integrated mixing ratio 

at saturation as a function of the mean temperature between 

500 and 1000 mb.  TM values of QSAT are given for each whole 

degree between -50°C to +20°C in the subroutine.  Linear 

interpolation between whole degrees is employed and the result 
2 

QSAT is given in TON/m /cb. 
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Subroutine MAP(Q,M,N,PS,QZ,QD,SCALE) 

Prints a field in "zebra pattern" on line-printer. 

Subroutine Parameters   Description 

Q Field to be printed. 

M,N Field vectors. 

^S Grid distance (meters) 

Q2 Isoline corresponding to 000,the 

line towards 99 9 on printer 

(indicated by heavy line below). 

Resolution indicator (see below). QD 

000000000 
000000000 

111111111 
111111111 

222222222 
222222222 

QD 

QD 

^CMJE Map   scale   factor, 

(unit  10^  m) 
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Subroutine JACOB(A,B,C,M,N) 

This subroutine computes; a Jacobian operator (of the form) 

C = J(A,B) = (Ai+rAi^i)j(Bj^l-B.^^),. 

- (A.^^-A._^).CB.^,-B._^). ^ 

Subroutine parameters   Description 

A,B,C Fields according to formula. 

M,N Field vectors . 
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Subroutine AESVOR(PSI,VORyF,MY,MARK,M,N) 

This subroutine computes the relative or the absolute 

vorticity. 

a. T]  =  y? T|; + f 

b. c = V^'f^^ 

Svibroutine Parameters 

PS I 

VOR 

F 

MY 

MARK 

M,N 

ABSVOR 

RELVOR (via entry point) 

Description 

^  field . 

n or C field . 

Coriolis parameter field 

y parameter field . 

Field indicator array. 

Field vectors . 
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Sijbroutine  GENCH(PSI ,M,N,PSIO,U,NU,NWAVE,NX,NY,PSIC,LAMC, 

PSIS,LAMS,WX) 

Subroutine Parameters 

PSI 

M,N 

PSIO 

u 

NU 

NWAVE 

NX 

NY 

PSIC 

LAMC 

PSIS 

LAMS 

WX 

Description 

Result field. 

Field vectors. 

Constant value (il» ) 

Zonal wind speed. 

Resolution of zonal wind speed. 

Number of waves. 

Wave numbers as a function of 

channel length in x-direction (nx). 

Wave numbers as a function of 

channel width in y-direction (ny). 

Amplitudes of the cosine function 

Phase differences for the cosine 

functions (ij;^) in whole degrees. 

Amplitudes of the sine functions 

(^g) in whole degrees. 

Phase differences for the sine 

functioAs(A   )   in whole degrees. 

Adjustment of the wave near  the 

rigid boundaries: 

Boundary, WX =  0; 

+1 row from the boundary, WX = 0.33; 

+ 2 row from the boundary, WX = 0.64; 

+3 and more, WX = 1. 
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Fields are generated according to the formula: 

N 

+ (4^^)^ sin {(nx)^(x)- ^(A^) ^}sin(ny) ^] 

Example Prediction Area 

Nx = 1 

Nx = 2 

Nx = N 

Ny = 1 

Ny = 2 

Ny = N 

1 wave in x-direction over the area (solid line) 

2 waves in x-direction over the area (dashed line) 

N waves in x-direction over the area 

1 half wave in y-direction (solid line) 

2 half waves in y-direction (dashed line) 

N half waves in y-direction 

The zonal wind speed is specified with an arbitrary 

resolution across the channel.  All parameters are given by a 

DATA statement. 
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Subroutine STEPEXT(Fl,F2,F3,F4;F5,F6,F7,F8,F9,F10,MY.F.MARK. 

M,N,I1,I2,I3,I4) 

The subroutine computes the forcing functions 

2  F  ,  E  F^., and  Z  F„. 

and stores the result in the fields HM3, H13 and H23 

respectively on secondary memories (see Flow Diagram B-3). 

The program is a subroutine to STEP3P. 

S\3broutine Parameters    Description 

Fl-FlO Working field. 

MY y-parameter field. 

F Coriolis parameter field. 

MARK Field indicator array, 

11,12,13,14 Computational parameters. 

M,N 

11 = 0 vy^-vn - 0 

11 = 1 ■«y^-vn ^ 0. 

12 = 0 c-v\v = 0. 

12 = 1 ?-W 7^ 0. 

13 = 0 3? 
"3P  = 

0. 

13 = 1 9?  ^ 0. 

14 = 0 |k.(||xVa)) = 0. 

14 = 1 |k.(||xVa3) ^  0. 

Field vectors. 
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Siobroutine  VELPOT (KSI ,FORC,M,N, RESIDUE ,ALFA) 

This subroutine computes the velocity potential from a 

known divergence field 

V^X = D. 

In finite-difference form 

The solution is performed by Liebmann relaxation with an 

overrelaxation coefficient ALFA equal approximately to 1.4, but 

its size depends on the area and mesh width.  The residual 

RESIDUE must also be given (0.5«10   recommended value). 

Subroutine Parameters    Description 

KSI 2D array for the x field. 

FORC 2D array for the forcing function. 

^^FA Overrelaxation coefficient. 

RESIDUE •    Residual. 

M,N Field vectors. 

Remark:  A first guess must be put in x field before the 

execution. 
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Subroutine GRADPR(A,B,C,MARK,M,N) 

This subroutine computes a finite difference operation of 

the form VA«VB. 

+ (A.^,-A.) (B.^,-B.) . + (A.-A..^) (B.-B..,) , 

Subroutine Parameters Description 

A,B Fields for operational vector. 

C Result field. 

MARK Field indicator array. 

M,N Field vectors. 
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APPENDIX C 

PROGRAM LISTINGS 

Three programs for the three-parameter model in 

Fortran IV are presented:  PR0G3P, STEP3P, and STEPEXT. 

The other subroutines may be obtained from ENVPREDRSCHFAC 

by request. 
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PROGRAM PR0G3P 

PR0GJ?AM PR0G3P(0UTPUT,TAPE6a0UTpUTiDATAilNPUT»DATA) 
BAROCUINIC BALANCED INTEGRATED 3-PARAMETER MODEL INCLUDING HUMIDITY 
AND PRECIPITATION. BOUNDARV VALUES CAN BE VARIASLE* CONSTANT OR OF 
CHANNEL TYPE. 

DIMENSION Fl(57i57),F2(57,g7),F3<57,57).F"^(57,57>,F5(57,57). 
1 F6(57,57>,F7(57.57),F8(57,57>.F9(57,57),F10<57',57), 
2 F(57.57),MY(97.57),MARK(57,57) 
DIMENSIOM UPS(10)»UPM<10)»UPl(10)»WX<l5)»NX<20)'NY(20)'PSlC(20)' 

X PSIS(20),LAMC<20),LAMS(25) 
DIMENSION ZB<250),PSIB«290),FB(250).SB(250),IT{2,25) 
DIMENSION MAPHOUR(10)ILETACC<10)',NSMUTT(10),NEULIPT(10> 
DIMENSION MSMUTT(IO) 
DIMENSION MELLIPT(IO) 

COMMON/FPAR/IC(8>.JC(a).XP0L.YPOL.R.RE.DS,JMIN(i00).JMAX(i00). 
X M,N,KIND 
C0MM0N/F0RM1/ICH8).JC1(8). JMIN1(100).JMAX1UOO),XP1,YP1.D1 
COMHON/DRM/MN,NDIM,NFLD 
COMMON/KANAL/FIM 
COMMON F 

PR0G3P.2 
PROG3P.3 
PROG3P.4 
PR0Q3P.5 
PR0G3P.6 
PR0G3P.7 
PROG3P.8 
PR0G3P,9 
PR0G3P.in 
PR0Q3p.li 
PR0Q3P,12 

JUN12,2 
JUN12,3 

C PR0G3P.13 
C PR0G3P.14 

PR0G3P.15 
PR0G3P.1A 

PR0G3P.17 
PR0G3P.18 
PR0G3P.19 
APRl4,2 

COMMON/ECS/ PSIMl.PSIll.PSl2J,PSIM2,PSI12iPSI22,HUMl.HUM2,DIVi.   PR0G3P.2? 
2DIV2,WS,HEAT.J789.J12,J56,J3,PS,TS.PREC.STRM,STR1,STR2.ZM1.Z11.Z21PROG3P,30 
3.ZM2,Z12.ZZ2,H13,H23,HM3,HM2,H12'.H22,H11,H?1.J4,VM,V1,V2 PR0G3P.3i 
C0MM0N/C0EFF/A1»A2.A3»B1.B2.B3»C1«C2.C3»C4IC5IC6IC7.CB»DIDELP.EMI PR0G3P,32 

X Ei.E2,Hl,H2.H3.H4,H5,H6,PMEAN,Sl.S2,Tl,T2.T3.T4,T5.   PR0G3p,33 
X PO.PM.Pl PR0G3P.34 
C0MM0N/COErF2/T6.T7,T6,T9,TlP,Tll,T12,T13,T14, PR0G3P.35 

X K1.K2»K3.K<.K5.K6.K7.K8.K9.K10.K11.K12.K13»K14.K15. PR0G3P.3* 
X K16,Kl7,Kl8,Ki9,K20,K21,K22,K23.K24.K25,K26.K27,K28,PROG3P.37 
X K29,K30iK3iiK32.K33.K34,K35,K36,K37,K38 PR0Q3P,38 
COMMON/RUNPAR/DELT.NTST£P,ALFASYS,ALPAM.ALFAZ.ALFAPSI.RESSYS,RESM.PROG3P,39 

X     RESZ,RESPS1,Q,F0CEAN.FCONT.WGT1,WGTZ,WGT3,ADIFF PR0Q3P.40 
REAL MY PR0G3P.4i 
REAL K1.K2'K3'K4»K5«K6.K7'K8.K9.K10»K11»K12.K13'K14.K15' PROQ3P.4? 

X K16.Kl7.Kl8iKl9,K20,K21.K22,K23iK24,K25.K26.K27.K28.PROQ3P.43 
X K29IK30,K31,K32.K33,K34,K35,K36,K37,K38 PR0Q3P.44 
DATA PSIM1,PSI11.PSI21,PSIM2,PSI12,PS122,HUM^,HUM2,DIV1, APR14,3 

•DIV2.WS,HEATIJ789.J12»J56.J3.PS,TS,PREC.STRM.STRI,STR2.ZMI,ZII,Z21APR14,4 
•.ZM2,Z12.Z22.H13,H23,HM3'.HM2.H12",H22.H11.H21,J4,VM.V1,V2 APR14,5 
•/I.3250.6499,9748.12997.16246.19495.22744.25993.29242.32491,33740.APRI4,A 
*38989.42238.45487,48736,51985,55234.58483,61732,64981.68230, APRi4.7 
#71479,74728,77977,81226.84475,87724.90973,94222,97471.100720, APRi4!8 
•103969,io72l8.110467,113716.116965.120214.123463,126712/ APRi4,9 
NAM6Ll9T/rPARR''IC.JC.XP0L.YPpL.R'.RE.pS.JM;N.JMAX.M.N".KIND 
DATA(ICl<l).I«1.6)/l,1.57.57.57,57.1.1/ 
DATA<JCl(I),I,l,e)/l,l.l'.l,57,57',57,57/ 
DATA XPl.YPl.Dl /»21,i29..95,25/ 
DATA FIM/ 50, / 
DATA KIND/0/ 
DATA ICASE.IDAY.ITIME/1.660922.00/ 
DATA ALFASYS.ALFAM.ALFAZ.ALFAPSI/,85.1.45,l,4,l,e/ 
DATA RESSYS,Rp8M.RE3Z.«E8PSI/,5B5..5E5».5. .565 / 
DATA Q.FOCEAN.rcONT.wQTl'.HQTZ.WQTS.ADirF/   o,0 ,.62,1.,1,,,5,.2. PR0Q3P.54 

*   . 0.0/ PR0G3P.55 
DATA STABl,STAB2,pNlVS,PNlVM,PNIVl/,422222,,511111,100..50..30./ 

NTSTEP IS NUMBER OF TIME STgPS IN 3 HOURS 
DATA NTSTBP/4/ 
DATA NBND/48/ 
DATA IVAR/ 0   / 

PR0Q3P,45 

PR0G3P,46 
PR0G3P.47 
PR003P,48 
PR0G3P,49 
PR0Q3P.50 
PR0Q3P,5i 
JUN12,4 
PR0Q3P.53 

PR0Q3P.56 
APRl4.tO 
JUNlS.g 
APR14,12 
PR0G3P.59 
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PR0G3P'(Continued) 

c 0 AJD ADIFF HAVE TO BE DEFINED *♦* PROG3P.6'^ 
C MAPHO'JR QIVES THE HOURStMULTlPLE OF 6) FOR MAP-PR I NT ING . PR0G3P.61 
C LETACC GIVES THE H0URS(HULTIPLE OF 6) AT WHICH THE ACCUMULATED PPECIPIPROG3P.6P 
C SHALL FJE PUT =0 AGAIN, PR0G3P,63 
C NSMUTT GIVES THE HOURS(MULT IPLE ^F   6> FOR SMOOTHING, PR0G3P.64 
C.   fELLIPT GIVES THE HOURS (MULTIPLE OF 6) FOR ELLIPTICITY TEST, PR0G3P.65 

UATA MAPHOl)R/0.12,24,3^,48.-1,-1.-1,-1|-1/ JUN12,6 
DATA (LETACCd ). I=l»l'))/0.1.2,24,36,48,-1,»1,-1,-1,-1/ JUNl2,7 
DATA(NSMUTT(I).1=1,10)/0.3.6.9,12,15,18.21,24,-1/ PR0G3P.6fl 
DATA (MSHUTT(!)•I=l«10)/27«3n'33'36.39»42»45»4B.-i.-i/ JUN12,8 
OATA(iJELLIPT(I).I=1.10'/n,3,6,9,12.16,18,2l,24,-l/ PR0G3P.< 
DATA CMELLIPT(I).I=1.11)/27,'^0.33.36,39,42,45.48,-l,-l/ JUN12.9 
3=9,806 • PROG3P.70 
F0=1.03E-4 PR0G3P,7l 

C  TIME STEP IN SECONDS APR14.14 
iJELT = i,*i.6E3/NTSTEP JUN12.10 
LAPEL = lUH PUTl PR0G3P.73 
3TI^E = SECOfJiHFAKE) PR0G3P.74 
-.;RITe(6.8000) 8TIME PR0G3P.75 

eUOn FORHATdHO, *BTIHE = *, FIT,4) PR0G3P,7A 
CALL RUT-1 .      . ^ . PR0G3P.77 
QTIHE = SECO'JD(FAKE) - BTli^ PR0G3P.7P 
WRITE(6.8005) LABEL. DTIME PR0G3P.79 

8"0s FORHATdHO, •TIME TO EXECUTE*, AlO, FlO,4) PR0G3P.8n 
LABEL = lOH COEFF^P PROG^P.Sl 
=3TnE = SECONU(FAKE) PR0G3P.82 
i^RITE(6.8000) BTIME PR0G3P.83 
CALL C0EFF3P(STAB1,STAR2.PNIVS.PNIVM,PNIV1) PR0G3P.84 
nTHE = SECOND(FAKE) - BTIME PR0G3P.85 
WRITE(6,8005) LABEL, DTIME PR0G3P.86 
Hi4   = H*N PR0G''P.87 
NDIM = 2oooo '' PROG'P.aq 
LABEL = lOH MARKF PR0G3P.89 
9TIHE = SECOND(FAKE) PR0G3P.9n 
WRITE(6,8000) BTIME PR0G3p,9t 
CALL HARKF(MARK.M,N) PR0G3P.9? 
OTIIE = SEC0ND(FAKE> - BTIME PR0G3p,93 
WRITE(6.8005) LABEL, DTIME PR0G3P.94 
LABEL = IOH MYFF PR0G3P,9'5 

BTI'-IE = SECOND(FAKE). PR0G3P.96 
^RITE(6,8000) BTIrlE PR0G3P.97 
CALL MYFF(MY,M.N) APRI4 16 
DTIME = SECOMD(FAKE) - BTlME PR0G3P.»« 

WRITE(6'8005) LABEL' DTIME PROGSP.lJf 
DO 9 Isl,MN PR0G3P.111 

9 FKl)=n,0 PR0G3p,in« 
LABEL = IOH RA^IWT PR0G3P.1P3 

BTPIE s SECOND(FAKE) PROG3P.104 
WRITE(6.80D0) BTIME PR0G3P.lt)5 
CALL RANWT(VM,F1) PR0G3P.ln6 
CALL HANWT(V1,F1) PROQ3P,107 
CALL RANWT<V2,F1> PROG3P,108 
DTME = SECONDfFAKE) - BTIME PRgG^P,ln9 
WRITE(6,8005) LABEL, DTIME PROG3P,liO 
NTIME = 0 PR0G3P.111 
IF(KINn,NE,0) GO TO 45 PR0G3P.112 

C INITIAL FIELDS, NO CHAKINEL. PR0G3P.113 
C THE SUBROUTINE INITF HAS TO BE WRITTEN *♦* PR0G3P,li4 
C INITIAL Z-FIELDS AT THE LEVELS PS.PM AND P^ TO F^.FZ AND F', THE HUM!DPROG'P.I'S 
C FIELD 0 TO F4. STANDARD SURFACE PRESSURE PS TO F5 AND SEA LEVEL TEMPERPROG3P.116 
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PRbG3P   (Continued) 

C TS TO F6, DEFINITION  O"0,0354892*M(850)*0,0363689*M<700)*n.029099l*M(PROQ3P.ll7 
C 0,0145476*M{300) WHERE M(P> ARE MIXINQ RATIOS iN MTS»uNlTS, PS«101.325PROG3P.li8 
C AT SEA SURFACE. PR0Q3P.li9 

LABEL ■ lOH INITF PROGSP.ljO 
BTIME ■ SEOQND«FAKE) PR0G3P.1J1 
WRITE(6,8'""1) BTIME PR0G3p.l32 
CALL INITF<F1.F2,F3,F4.F9.F6.F7(1.1),F7(1,5),F7(1,9),F7(1.13),    PR0G3P.123 

•F7(1,17).F7(1.21),F7(1.29).F8,M,N) APRl4,i7 
SCALE»20. PR0Q3P.1?5 
OTIME s SECOND«FAKE) • BTlME PR0G3P,lj>6 
WRITE(6.8(105> LABEL. DTIME PR0Q3P.137 
LABEL 8 lOH MAP 6X PR0G3P.128 
BTIME ■ SECONDCFAKE) PR0G3P.129 
WRITE<6,8000) BTIME PROGSP.ljO 

C SOLUTION! OF STREAMFUNCTIONS PR0Q3P.139 
LABEL n loH STPEAMF 1 PROG3P.140 
BTIME = SECOND(FAKE) PR0G3P.141 
WRITE(6,8CIC0) BTIME PR0G3P.142 
LABEL ■> lOH STREAMF PR0Q3p.l43 
3T1ME ■ SECO^D(FAKE) PR0G3P.144 
//RITE(6'8000) BTIME PR0G3P.145 

l"? CALL STREAMF(F1.F7.FlO.M*RK,ZB.PSIB.FB.SB.GAMMA,0,ITl.M.N) APR14,l8 
DTIME = SECOND(FAKE) - BTIME PR0G3P.147 
'IRITE(6.8005) LABEL. DTIME PR0G3P.148 
LABEL » ION STREAMF 2 PR0G3p,149 
3TIME a SECONn(FAKE) PROG3P.150 
»(RITE(6.8000) BTIME PR0G3P,151 
CALL STREAMF(F2.Fa,FlO,MARK,78,PSIP,FB.SB,GAMMA.O,ITS.M.N) APR14.19 
DTIME = SECOND(FAKE) - B^IME PR0G3p,153 
WRITe(6.a005) LABEL. DTIHE PR0G3P.154 
LABEL = lOH STREAMF 3 PR0G3P.155 
BTIME = SECOND(FAKE) PR0G3P.156 
'JRITE<6,8000) BTIME PR0G3P.157 
CALL STREAMFCF3,F9.F10,MARK,7B.PSIB.FB.SB.GAMMA,0,IT3,M,N) APR14.20 
DTIME = SECOMD(FAKE) - BTIME PR0G3P.1'59 
■^RITE(6.8005) LABEL, DTIME PROG3P.160 
DO 20 1=1.MN PR0G3P.1A1 
F5(n=F5(l)»0,l . PR0G3P.1*2 
Z = F2(I) PRCIG3P.1«3 
F2<I)=.5*(Z-F1(I)) PR0G3P.lft4 
F3(n = .5*(F3(I)-7) PR0G3P.165 
rl(I)=Z PR0G3P.166 

20 CONTINUE PR0G3P.1(!,7 
C ADAPTION OF HUMIDITY FIELD PR0G3P.1(S8 

DO 21 1=1.MN PR0G3P.169 
TZ = U*(H3*F2(I)*H4*F3(n)/FO PROG3P.170 
TPSI = .5»(H3*(F8(I),F7(I))*H4*(F9(I).F8(I))) PR0G3P.171 
GALL SATUR(TZ.OZ) PR0G3P.172 
CALL SATUR(TPSI.OPSI) PR0G3P.173 

C THANGE IfJ F4 SINCE F4 IS RELATIVE HUMIDITY PR0G3P,'174 
F4(I)=F4(I)*0PSI PR0G3P.175 

C     F4(I)=F4(I)»ipSI/QZ PR0G3P.176 
Z = F4(I)..8*QPSI PR0G3P.177 
IF(Z.GT.O.O) F4(I) = ,8*'3PSI PRDoSP.lya 

21 CONTINUE PR0G3P.179 
C STORE Z-FIELOS FOR BOUNDARY MIXING PROG3P.180 

LABEL = lOH RANWT 3X PROGSP.lfll 
STIME = SECQND«FAKE) PR0G3P.182 
i^RlTE(6.80tlO) BTIME PR0G3P.183 
CALL RANWTtZM2,Fl) PR0G3P.1R4 
CALL RANWT(Z12.F2) PR0G3P.185 
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PR0G3P (Continued) 

CALL RANWT(Z22«F3) PR0Q3P.196 
DTIME 1 SECOND(FAKE) " BTlME PR0Q3p.l87 
WRITECfi.eOOS) LABEL. DTIME PROGSp.lgS 

C TEST FOR ELLIPTICITY OF PSI-FIELDS PR0G'P.la9 
LABEL » lOH ELLIPT 3X PROG3P.190 
BTIME ■ SEC0ND<FAKE) PR0G3P.191 
1JRITE(6,8000) BTIME PR0Q3P.192 
CALL ELLIPT(F7.MY,M,N) APR14.21 
CALL ELLIPT(F8.MY,M,N) APRlt.SZ 
CALL ELLIPT<F9,MY,M,N) APRI4,23 

DTIME » SECOND(FAKE) - BTIME PR0G3P.196 
WRITE(6,8005) LABEL. DTIME PR0G3P 

c COMPJTATIOM OF PSIM.PSU AND PSI? PROG3P 
DO 25 I«l,MM PR0G3P 
2=F8(I) PR0G3P 
F8(I)«.5»(Z-F7<I)> PR0G3P 
F9(I) = .5*(F9<n-Z) PR0G3P 
F7(l)sZ PR0G3P 

25 CONTINUE PR0G3P 
IF'IVAR.EQ.Q) GO TO 31 PR0G3P 

C STORE FIELDS FOR BOUNDARY "IXlNG PR0G3P 
DO 30 1=1,MN PR0G3P 
Z=F1(I) PR0G3P 
Fl(I)=F7(I) PR0G3P 
r7(I)=F7tI>»G*Z/FO PR0G3P 
Z=F2( I). PR0G3P 
F2(I)SF8(I) PR0G3P 
Fe(I)=F8(n-G*Z/FO PR0G3P 
Z=F3(I) PR0G3P 
F3(I)=F9(I) PR0G3P 
F9<I)=F9<1)-G*Z/FO PR0G3P 

30 CONTINUE PR0G3P 
■3Q   TO 36 PR0G3P 

31 DO 35 1=1.MN PRnG3P 
F1(I)=F7(I> PR0G3P 
F2(I)=F8(I) PR0G3P 
F3'l'=F9<ll PR0G3P 

35 CONTINUE PR0G3P 
LABEL = lOH RANWT 3X PR0G3P 
3TIME = SECO'.ID(FAKE> PR0G3P 
'^RITE(6.8000) BTIME PR0G3P 

36 CALL RANWTtSTRM.F?) PR0G3P 

CALL RAMWT(STR1,F8) PR0G3p 
CALL RA''J'n(STR2,F9) PROQSP 

DTIHE = SEC0ND<FAKF) - BTI"E PR0G3P 
i^RlTE(6,y005) LABEL, DTIME PR0G3P 

C   F'RiMT NUMBER OF ITERATIONS IM THE SOLUTION OF PSI                      PR0G3P 
41 .^RITE(6,?02) IT1,IT2.IT3 PR0G3P 

'O? F0RHAT(///1X,33HNUMBER OF ITERATIONS IN STREAMF ,3(l4)) PROG'P 
:iU TO 53 PR0G3P 

L '.E'IE^ATION OF INITIAL FIELDS FOR THE CHANNEL VERSION, PSI-FIELDS A^E  PROG3P 
r GEMERA'''ED IN THE SUBROUTINF HENCH FROM PARAMETERS GIVEN IN DATA'STATEMPROGSP 

C HUMIDITY-FIELD CORRESPONDS Ti 50 PERCENT RELATIVE HUMIPITY, PS IS loO PROG3P 
C A.Jn TS 273 DEGREES EVERYWHERE, PR0G3P 

45 CALL GENCH(F7,M.N,PSIP<;,UP«;,NU,NWAVE.NX,NY,PSIC,LAMC.PSIS.LAMS.WX)PR0G3P 
.JRITE(*.FPARR) PR0G3P 
CALL GEMCH(F8,M,M,PSIP'SUP^,'''U.'''KAVE.NX,^Y.PSIC,LAMC.PSIS.LAMS,WX)PR0G3P 
CALL GENCH(F9»M»N»PSIPI.UPI,NU»NWAVE«NX.NYIPSIC.LAMC«PSIS»LAMS.WX)PR0G3P 

C COMPUTATION OF PSjM.PSll,PSI?,HUMIDITY,PS AND TS PR0G3P 
46 (ID 5o 1=1,MN PROG'P 

I97 
I98 
199 
200 
201 
2n2 
203 
204 
205 
206 
207 
2ri8 
209 
2tO 
211 
212 
213 
214 
2l5 
216 
217 
218 
2l9 
230 
2?1 
2?2 
2?3 
2?4 
2?5 
226 
237 
2?8 
259 
230 
231 
232 
233 
234 
235 
236 
237 
238 
279 
840 
241 
242 
243 
244 
245 
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PR0G3P   (Continued) 

f"l(I)=F8(I> PR0G3P;246 
r2<Il=.5*<F8«I>"F7<l)> PR0G3P.247 
F3(I)«.5*(F9(l>«Fe(I)> PR0G3P.248 
F5(n» loo, PR0G''P,Z49 
F6<I)= 273. PRgG3P.250 
TPSIS H3*F2<I)*H4«F3(l) PR0Q3P,291 

CAUL SATUR<TPSIiQPSI > PR0Q3P.252 
r4(I)=.5*QPSI PR0G3P.253 

=0 CONTINUE PROG'P.254 
C STORE PSI-FIELDS I^ STRM.STRI AND STR2 PR0Q3P.255 

CALL RANWT(STRM'Fl) PR0Q3P.256 
CALL RANklT(STRl,F2) PR0G3P.257 

CALL RANWT(STR2,F>') PROG'P.258 
C SMOOTHING OF INITIAL FIELDS PR0G3p.259 

53 IFtN3MUTT(l).NE,0) GO To 55 PR0G3P.26I) 
LABEL = lOH ASMUT 6X PR0G3P.261 
BTIME = SECOND(FAKE) PR0G3P.262 
'(RITE(6.8000) BTIME PR0G3P,263 
CALL ASMIIT(F1.F10,M,IM, .5) PR0G3p.2«s4 
CALL ASHiJT(Fl,F10,M,N,.,g)                                      , PROQSP 265 
CALL ASMUT(F2'F10»M.N« .9) PR0G3P.2S6 
CALL ASMUT(F2.Fl[l,M,fJ,.,9) PR0G3p.2«7 
CALL ASMUT(F3.F10,M,N, .5) PROG'P 268 
CALL ASMUT(F3.F10,M,N,,^5) PROQSP 2*9 
nTIME B SECQND(FAKE) - BTIME PROG3P.'270 
iJRlTE(6.B[)t)5) LABEL, DTIME PR0G3P.271 

C LOADING OF INITIAL FIELDS, ZPRO TO ACCUMULATED PRECIPITATION PR0G3P,272 
55 DO 56 Ul.MN PR0G3P.273 

F10(I)30.0 PR0G3P.274 
56 CONTINUE PR0G3P.275 

LABEL «= lOH RANWT lOX PR0G3P.276 
BTME = bECOND(FAKE) PR0G3P.277 
WRITE(6,8000) 9TIME PR0G3P.278 
CALL RANWT(PSIM1,F1 ) PROG'P 279 
CALL RANWT(PSI11,F2 ) PROG3P.2flO 
CALL RANWTtPSI2X,F3 ) PRnG3p.28l 
CALL RANWTCHUMI, Fl ) PR0G3P 282 
CALL RANWTCPS .F5 ) PR0G3P.283 
CALL RANWT(TS .F6 ) PR0G3P.284 
CALL RANWT(PREC ,F10) PR0G3p.2«5 
CALL RANwT(WS ,FiO) PR0G3P.2a6 
CALL RANi^T(DIVl ,FlO) PR0G3P.2fl7 
CALL RANWT(DIV2 ,FlO) PROGSp.ZgS 
DTllE = SECOND(FAKE) - BTlME PR0G3P.2fi9 
WR1TE(6.8005) LABEL, DTIME PROG3P.290 
IF(HAPHOUR(1).NE.O) GO T1 60 PR0G3P.291 

C MAPPRINTING OF FIRST TIMESTEP PR0G3P.292 
IFCKIND.NE.O) GO TO 58 PR0G3P.'2<)3 
LABEL = lOH MAP3P PR0G3P.294 
3TI1E = SECOMD(FAKE) PR0G3P.295 
t^RITE(6.8000) BTIME PR0G3P.296 
CALL MAPJP(l,l,l,1.0,2,o.2.0,0,O.Fl,F2,F3,F4,F5,F6,F7,F8,F9,Fin,  APRl4,24 

X        MARK.M,N.I DAY,IT I ME,NjIME,PNIVS,PNivM,PNIV1.Z8,PSIB,FB>   PR0G3P.298 
DTIME a SECOND(FAKE) ' BTIME PR0G3P ?<59 
k/RITE(6.8005) LABEL, DTIME PROGSplSnO 
GO TO 60 PROG3p!3ol 

58 CALL MAP3P(0,0,0,0,0,0.0.0.1,l,l.Fl,F2,F3,F4.F5.F6,F7.F8.F9,Fl0.  APRi4,25 
X       MARK.M.N.IDAY»ITIME,NTIME.PNIVS,PN1VM.PNIV1,ZB.ZB,ZB) PR0G3P.3B3 
LABEL = lOM FORECASTS PR0G3P 314 
BTIME = SECOND(FAKE) PROG3P.305 
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PR0G3P   (Continued) 

»(RITH<6,8000> BTIME PR0Q3P.3(i6 
C THREE HOURS FORECAST STARTS HERE PROG3P.307 

60 DO 61 I«1,MN PROQJP.JQS 
?l«l)» 0.0 PROQ5P.3O9 

61 CONTINUE ' PROQ3P.3iO 
CAUL. RANWT<DlVliFl> PR0Q3P.3il 
CALU RANWT(DIV2.F1) PR0Q3P.3i2 
CALL.RANRDtHUMl.FZ) PRnQ3p,3i|:3 
CALL RANWT{HUM2,F2) ■_ PR0Q3P,3i'4 
CALL RANRD(PSim'F2> PR0G3P.3i5 
CALL RANWT(PSIM2,F2) PR0Q3P.316 
CALL RANRD<PSJ11,F2) PR0Q3p.3i;7 
CAUL RANWT(PSI12,F2) PR0Q3P.3i8 
CALL RANR0(PSI21,F2) ''«0Q3P,3i9 
CALL RANWT(PSI22,F2> PROG3P.330 
IF(IVAR.EQ.O) 00 TO 70 PR0G'P,3?1 

IF<KIND.ME,0) QO TO 70 PR0G3P.3?2 
C INPUT OF BCUNDARY FIELD EACH SIX HOUR                               PR0G3P.3?3 
C THE SUBROUTINE ZINPUT HAS TO BE WRITTEN •**                           PR0G3P.324 

CALL RANRD(ZM2,F2) PR0G3P.3!'5 
CALL RANWT(ZM1,F2) PR0G3P.326 
CALL RANRD(Z12,F2) PR0Q3P.3?7 
CALU RANWT(Z11.F2) PR0G3P.328 
CAUL RANRD(Z22.F21 PR0G3P.329 
CAUU RANWT(Z21IF2) PROG3P.330 

C     CAUU ZINPUTO ZPS.ZPMIZPI TO FIEUDS F1.F2 AND F3,                 PR0G3P.331 
DO 65. ISI.MN PR0G3P.332 
Z=F2(I) PR0G3P.333 
F2<I)=,5*(Z-F1(I)) PR0G3P.334 
F3(I>=.5*CF3(I>«Z) PR0G3P.335 
F1(I)=Z PR0G3P.336 

65 CO'JTINUE PR0G3P.337 
CAUU RANWT<ZM2.Fl' PR0G3P.338 
CALU RANWT(Z12.F2) PR0G3P.339 
CAUU RANWT(Z22.F3) PROG3P.340 

C GE-JERAU THESTEP THREE HOURS AHEAD PR0G3p.341 
70 CAUU STEP3P(FI.F2,F3.F4.F5.F6,F7.F8.F9.F10.MY.MARK,IT.IVAR,M.N,   APR14,26 

NCOUNT SMTIME PR0G3P,343 

MTI'-IE'MTIME + l JUN12,ll 
11=NTSTEP*1 PR0G3P.345 

C PRINT NUMBER OF ITERATIONS PR0G3P.346 
^RITE(6.200) NCOUNT,NTIMF PR0G3P.347 

DO 71 1=1.11 ESS'^ o-^*a 
i^RITE(5.201) IT(1,I).IT(2.I) PR0G3P.349 

71 CONTIi>|UE PROG3P.350 
C SMOOTHING AND EUUIPTICITY TEST PR0G3P.351 

IlsQ PR0G3P.352 
12=0 PR0G3P.3S3 
DO 80 1=1.10 PR0G3P.354 
IF<AqS(FUOAT(NSMUTT(I))-NTIME),UT.0.1) Il»l JUNl^.lZ 
IF(ABS(ruOAT(MSMUTT(I)).^TIME),UT.0,l) Il=l JUNl2,l3 
IF(ABS(FLOAT(MEUUIPT(n)-NTIME>.LT.0.1> 12=1 JUNl2,l4 
IF(ABS(FLOAT(NEUUIPT(I))-NTIME>.UT.0.1) l2=l JUN12,15 

80 CONTINUE PR0G3P.357 
IF<Il.EQ.0.AND.l2iEQ.0) r,0 TO 95 PR0G3P.358 
CAUU-RANPD(PSIMl.Fl) PR0G3P.359 
CAUU RANRD(PSI11,F2) -'.                                PROG3p.360 
CAUU RANRD<PSI21.F3) PR0G3P.3(Sl 
DO 85 Iil.MN PR0G3P,362 
ZsFK I > • PR0G3P.363 
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PRQG3P   (Continued) 

F1<i)=z.2*r2(I) 
F3(I) , Z*2.*F3(I> 
r2(i)=z 

85 CONTINUE 
1F( U.EQ.O) GO TO 86 
CAUL ASMUT(Fl,F4,M.N, .5) 
CALL ASMUT(Fl.FttM,N.-.5) 
CAUL ASMUT(F2,F4.M.N, ,5, 
CALL ASMUT(F2'F4»M'N»".55 
CALL ASMUT(F3,F4,M,N, .5) 
CALL ASMUT(F3.F4,M.NI-.5) 

96 IF(I2.EQ.0) QO TO 90 
IF(KIND/IE.O) GO TO 90 
CALL ELLIPT(FltMY»M.N) 
CALL ELLIPT(F2.MY,M,N) 
CALL ELLIPT(F3,MY,M,N) 

90 DO 93 ISI.MN 
Z=F2(I) 
F2<I)=,5*(Z-Fl(I)) 
F3(n = ,5*(F3(n-Z) 
F1(I)SZ 

93 CONTINUE 
CALL RA,'g»JT(PSIMl,Fl) 
CALL RANWT(PSI11,F2) 
CALL RANHT(PSI21.F3) 

HAPPf^INTlNG 
95 no 96 1=1.10 

IFtMAPHOURd ) .EQ.NTIME)   r,0   TO   97 
96 CO'JTINUE 

•30   TO   100 
97 IFlKUn.SiB.Q)   GO   TO   98 

CALL   HAP3P(l,i,l,0.1.1.1.1.0.0,0,Fl,F2.F3,F4.F6,F6.F7,F8.F9,Fio, 
X        'URK.M.N,IDAYiITIMF.NJTIME.PNIVS.PNIVM.PNIVI.ZB.FB.SB) 
GO TO 100 

98 CALL (lAP3P(0.0.0.0.1.0.0.0.1.1.0.Fl.r2.F3,F4,F5,f6,F7,F8,F9.Flo. 
X        MARK«M«iMDAY» ITIME.MTIML»PNIVS«PNIVM.PNIV1.7B»ZB.Z8) 

ZERO TO ACCUnULATED PRECIPITATION 
100 DO 105 1=1.10 

IF(LETACC( I).tO.NTIME) GO TO 106 
105 CO^JTI'^IUE 

30 TO 115 
106 JO 110 1 = 1.MiN 

Fl( I ) = 0.0 
110 CONTINUE 

CALL RANWT(PREC,F1) 
POO F0RHAT(29HlNUMi3ER OF ITEFJATIONS HETWEEN, I3. 4H AND,l3.6H HOURS) 
^01 F0RMAT(tx.2(i4)) 
115 IF(''lENiJ,LE,NTIME) STOP 

Jj TO 60 
END 

PR0G3P.364 
PR0G3p.3n5 
PR0Q3P.366 
PR0G3P.3(S7 
PR0Q3P,368 
PR0G3P.369 
PR0G3P.37Q 

PR0Q3P.371 
PR0G3P,372 
PR0G3P.373 
PR0G3P,374 
PR0G3P.375 

PR0G3P.376 
APR14,27 
APR14.28 
APR14 29 
PR0G3P.3SC 
PR0G3P.381 
PR0G3p.3fl2 
PR0G3p,383 
PR0G3p,3e4 
PR0G3P,385 
PR0G3P,3fl6 
PR0G3p.3fl7 
PR0G3P.3S8 
PR0G3P.389 

PROG3P,390 
PROG^P.Spl 
PR0G,3P.392 
PR0G3P.393 
PR0G3P.394 
APR14.30 
PR0G3P.396 
PR0G3p.3q7 
APR14,31 
PRnG3P.399 
PROG3P.4nO 
PROG3P.401 
PR0G3P,4n2 
PROG3P.403 
PROG3P.404 
PR0G3P.4n5 
PR0G3p,4n6 
PR0G3P.4n7 
PR0G3P.4n8' 
PR0G3P.4n9 
PROG3p.4-{o 
PR0G3P.4il 
PR0G3P.4i2 
PR0G3P,4l'3 
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SUBROUTINE STEP3P 

SUBROUTINE STEP3P(Fl,r2.F3,F4,F5,F6.F7.F8,F9,FlO.MY,M*RK,IT, 
X JVARiM.N) 

SIX HOURS FORECAST BY 3p.MODEL 
DIMENSION Fl(i),F2(l)iF3(l),Fil(l),F5(l).F6(l).F7(i).r8(l).f9(l' 

X        F10(l).MY(l>.r(l)iMARK(l),lT(2,l) 
COMMON/FPAR/IC(8),JC(8).XPOL,YPOL,R.RE,DS,JMIN(100),JMAX(100), 

X        MX.NX.KIND 
COMMON/ECS/ PSIMl,PSIll.PSI21,PSIM2.PSI12.PSI22.HUMi,HUM2.DIVi, 

2DIV2.WS.HEAT.J789.J12.J56.J3,PS,TS.PREC.STRM.STR1,STR2.ZM1,Z11. 
3.ZM2.Z12.Z22.H13,H23,HM3;HM2,H12.H22,HH.H21.J4,VM,V1,V2 
C;0M10N/CQEFF/A1«A2.A3«'?1.B2.83»C1.C2.C3«C4.C5.C6.C7,C8.D.DELP.E 

X E1.E2.H1.H2.H3.H4,H5.H6.PMEAN,S1.S2,T1.T2.T3.T'1,T5. 
X PO.PM.Pl 
COMMON/COEFF2/T6,T7,T8,T9.T10,T11.T12.T13,T14, 

X Kl.K2.K3.K4.K5.K6.K7.K8.K9.KlO.Kll.K12.K13.K14.Kl 
X Kl6.Kl7.KlS,Kl9,K2 0.K2l,K22,K23.K24,K25,K26,K27.K 
X K29.K30,K31,K32,K33.K34,K35,K36,K37,K38 

COMION/RUNPAR/DELT.NTSTEP.ALFASYS.AUFAM.ALFAZ.ALFAPSI.RESSYS.RE 

M. 

RESZ.RESPSI.Q.F0CEAN.FC0NT.WGT1.WGT2.WQT3.ADIFF 
COMMON F 
'•^EAL MY.KEFF 
REAL K1.K2.K3,K<I.K5,K6.K7.K8,K9.K10.KH,K12.K13,K14,K1 

X K16,K17,Kie,Ki9.K2o,K21,K22,K23.K24,K25,K26,K27,K 
X K29.K30»K31«K32.K33.K34.K35.K36.K37.K38 
DATA RRAS,eE.HL.CP.To.Eo.DELl.DEL2.TOL/287,..622.2.5E6.10 04 ,. 

X 273,,,611.0.0,0.0,0.0/ 
DEL1,DEL2. A^O TOL HAVE TO 8F DEFINED     ******* 

OELlBO.OOOl 
aEU2=0.001 
TOL=0.0 

COJSTANTS FOR   COMPUTATION Op LATENT HEAT 
CCl = l./TO 
CC2 » EE'HL/KQAS 
CC3 =■ GE*HL/CP 
CCt = CC2*CC3 
CC5 = 1EL1+DEL2 

iriKIND.EQ.O) !;L1 TC 5 
WQTlrl.O 
<(GT2=.67 
/JaT3=.33 

5 MN='I*N 
1D=NTSTEP+1 
M1=H-1 
TO I7O KTsl, )D 
EPS = 2, 
IF(KT.LT.3) EPS = .5*KT 

************«**************J4C08IAN C'JMPUTATIONS**«**t 
ALL JACOBIANS ARE COMPUTED AND STORED 

CALL RANRD(PSIMI,FI) 
CALL RANRD(PSI11.F2) 
CALL RAN9D(PSI21.F3> 

CALL ABSV0R(Fl.F4.MY.MARK.M,N) 
CALL RELV0ri(F2.F5,MY,MARkf,M,N) 
CALL RELV0R(F3.F6.MY.M4RK,M,N) 
■<EFF«1,0" 
CALL RANRD(PS,MY) 
CALL 0 )0-C;<F5<MY.M.N.KEFF) 

*********** i 

APR14,46 
STEP3P.3 
STEP3P.4 

. STEP3P.5 
STEP3p.6 
STEP3P,7 
STEP3P.8 
STEP3P.1P 

Z21STEP3P.19 
STEP3P.2n 
STEP3P.21 
STEP3P..2? 
STEP3p.23 
STEP3P.24 
STEP3P.25 

28.STEP3P,2A 
STEP3P.27 

SM,STEP3P.2fi 
STEp3p.29 
APR14,47 
STEP3P.3n 

5. STEP3P.3i 
28,STEP3P.33 

STEP3P.33 
STEP3P.34 
STEp3p,3? 
STEP3P.36 
STEP3P.37 
STEP3P.38 
STEP3P.39 
STEP3P.4n 
STEP3P,4l 
STEP3P.4? 
STEP3p.43 
STEP3P.44 
STEP3P.4'? 
STEP3P.4A 
?TFP?P.47 
STEP3P.4P 
JUN12,16 
JUN12,17 
STEP3P.51 
STEp3p,5? 
STEP3P.53 
STEP3P.54 
STEP^P.55 
STEP3P.5A 
5TEP3P.57 

***STEP3P.5fl 
STEP3P.5q' 
STEP3P,6n 
STEP3P,6l 
STEP3P,6P 
STEP3P.63 
APR14,48 
APR14,49 
APRl4,50 
STEP3p,67 
STeP3P.6<l 
STEP3P.69 
STEP3P.71 
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STEP3P   (Continued) 

DO 10 t«l,MN STEP3P 7i 
r7<J) a c3*r1(I).c8*F5tn*c4*F6(I) « CT*F(I) STEPSp'?? 
FBCl) ■»C2*F4( n*C9«f5(r) STPPTPST 

^  r9(I) • 04*F4(n     ♦C6»F6tI)*2*C7«r(I) STEP3P 74 
lO CONTINUE STip3P:75 

CTCPTFP T* 

CALL JACOB(F1,F7.F10,M.N> STEP3Pl77 
CALL JAC0a(F2,F8ir7,M,N) STEP3P 78 
CALL JACOBCF^.FS.fa.M.N) STPp3p'7o 
CALL OROG(F7.MY.M,N,KEFF) STEPSPIBO 

r,^ ,  . STEPJP.'si 
DO 20 1=1,MN STEP3P 89 
Fio(i) = Fio(n+F8(n+F7i:i) STEPSP'SS 
F9 (I) s F4 (I).2*F5(:) STEP3P'84 

20 CONTINUE STEP3P;B9 

CALL RANWT(J789,F10) STEP3P.'87 
CTCpSp  go 

CALL   JAC0B(F2.F9.F7.N,M) STEPlp'fio 
CALL   0R0G(F7.MY.M,N,KEFF) STFPSpon 
CALL   JAC0B(F1.F5.F8.M,M) STEP3P.'9I- 

00   30   1=1.MN STEP3P"9T 
FlOd)   a   F7(I)*F8(I) STEp3p   94 
F9(I) = F4(I)*2*F6(n STSPlP'gi? 

30 CONTINUE STEP3P:n 

CALL RANWT(J12.F10) STEP3P.'9S 
STEP3p 00 

CALL JAC0B(F3.F9.F7 ,H,N, STEP3P inO 
CALL JAC0B(F1'F6'F8 -M-N) erpPTP ini 
CALL JAC0B(Fl,F3,F9 .H.N) STEP3P in2 
CALL JACUB(F1.F2.F10,M,IN) CTFp3p'in3 
CALL OROG(F10.MY.M.N,KEFF)                                      . iTiP3P;in4 

CALL RANWT(J3.F10) STEP3p!in6 

^0   Fin<I,,F;7(I)*F8(I) STEp3p"9 
CALL   RAMWT(J56.F10> STEPTP   iin 
CALL   RANRD(PS.FlO) CTFPTP'IVI 

2,,,T ;::'.?^.5...        „ STEP3P.113 

c 

F7(I)=Fl(I)-F2(I)*ppM*(F10(n,P1) -.pp3p' -4 
F8(I)=PPM*F5(I).(FlO<n.PM).F4(I)*F(I) STEP3P ll5 
^^<"=^1°<" STEP3P:II6 

CALL JAC0B(F7.F4.F5,M,V) STEP^p'tlfl 
CALL MYFF(MY,M.N) »PRI4 ii APRl'',5l 

r n  ^    „ STEP3P.1?0 
C***.*.♦♦**,*♦,,*♦*♦.♦,.*♦*.SLOWER BOUNDARY CONDITI0N****»**«*.***»,*«»*STEP3P 191 
C INFLJENCE FROM TOPOGRAPHY AND FRICTIO OVERR LAND OR OCEAN SURFACE     STEP3P'l92 
C OCEA-J SURFACE IS ASSUMED WHERE STANDARD PRESSURE PS IS 101.35 CB OR M0STEP3P 153 

no 50 1=1.^N STEP3P 154 
IF(MARK(I)) 49.50,50 -       STFP3p'i25 

fpff.ll) STEP3P.1?6 
STEP3P 197 

IF(PP.LT.101.35) CF=FCONT STEP3P 198 
F4(I) = .25*MY(I)*F5(n*cF*F8(I) STEP3p'l?9 
riO(I)=PP STFPTP ITn 

5" CONTINUE STip3P:i32 
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STEP3P-(Continued) 

C STEPSP 
CALL RANWTtWS,F4) STEP3P 
CALL RANRD(TS.P5) STEP'P 

C*******•***•*««***«*«***««**SENSIBLE HEAT******************************STEP3P 
C HEATINQ FROM OCEAN SURFACE WHEN THE AlR IS COLDER. PQ IS THE TEMP DIFFSTEPsP 
C OC(?A^^ SURFACE IS ASSUMED WHERE STANDARD PRESSURE PS IS 101.35 CB OR M0STEP3P 

00 59 I»2.Ml STEP3P 
Jl»JMIN(n*l STEP3p 
J2'JMAX(I)-1 STEP3P 
K»(Jl-l)*M*I STEP3P 
DO 59 J«J1,J2 STEP3P 
PP«F10(K) STEP'P 
PQ=F5(K),H2*F2(K) STEP3P 
IFtPP,LT.l01.3?4) GO TO 97 STEP3P 
IF(PQ,LE.O.O> QO TO 57 STEP3P 
PR = SQRT(.2S*MY(K)*(<F7(K*1)-F7(K-1))*(F7(K*1)-F7(K-1))♦ STEP3P 

X            (F7(K*M)-F7(K-M))*(F7(K*M)*F7(K-M)))) STEP3P 
F5(K) = .5E-2*Hl*(,l*PR-l.)*PQ STEP3P 
f50 TO 58 STEP3P 

57 F5<K)=0.0 STEP3P 
5« K=K*M STEP3P 
59 CONTINUE STEP3P 

C***********************»****HUMIDITY F0RECAST********************«««***STEP3P 
C F:M,E1.E2 A^E COEFF FOR COMP OF MEAN STREAMFUNCTI ON STEP3P 
C ^Sl,SS2.SS3 ARE COEFF FOR COMP OF Mg^N D'VERGtNcE. D IS ZERO OVER LANDSTEP3P 
C THE HUMIDITY IS GIVEN IN T^N PER SQUAREMFTER AND CENTIBAR STEPSP 

CALL RANRU(DIV1«F6) STEP3P 
CALL RA.MRD(DIV2.F7) STEP3P 
CALL RAN'^D(HUM1.F8) STEP'P 

C STEP3P 
551 = El*E.'UC2 STEP3P 
552 = E2-E;I*C1 STEP3P 
553 =-EM*Cb STEP3P 
no 61 1 = 1. .MN STEP3P 
PU s D STEP3P 
PP = F10( I ) STEP3P 
IF(PP.LT.ini.35) POso.n STEP3P 
F7(I) = Fb(I )*(SS1*F6(I)*SS2*F7(I)+F4(I)*(PQ*SS3)) STEP3P 
F5(I) a EM*Fl{n*El*F2(I)*E2*F3(I) STEP3P 

61 CUNTINIE STEP3P 
CALL JACn3<F6.F8.FlO.M.fg' STEP3P 
■)(J 62 1 = 2. ril STEP3P 
Jl = JMrJ(n*l STEP3p 
J2=JMAX(I)-1 5TEP3P 
< =(J1-1)*I*I STEP3P 
:n 62 ,J = jl.j2 STEP3P 
F6(K) = F8(K*M)+F8(K-M)+r8(K*l)*F8(K-l)-'»*F8(K) STEPSP 
<=K+M STEP3P 

b7   CONTI>i;iE STEP3P 
C PTEPSP 

nEPS = EPS*DELT STEP3P 
jj 63 1 = 1.'IN STEP3P 
IF(MARK(1).GE.O) 00 TO 63 STEP^P 
r3(I)=-DEPS*(.25*HY(I)*FlO(I)*F7(I).ADlFF*MY(I)*F6(I)) STEP3P 

63 CJ^ITIN'iE STEP3P 
C STEP3P 

CALL RA-JPU(HUM?,r6) STEP3P 
00 65 1=1.t1N STEP3p 
IF(IARK(I)) 64.65,65 STEP3P 

64 F6!I) = F6(I)+F8(I) STEP3P 
65 CONTIN-JE STEP3P 

C*****«**********************PF!ECIRITATI0N******************************STEP3P 

132 
L33 
L34 

L35 
L36 
L37 
L38 
L39 
L40 
L41 
L42 
L43 
L44 
.45 
.46 
.47 
.48 
■ 49 
L50 
L51 
L52 
L53 
L'i4 
L55 
L56 
L57 
L58 
L59 
.60 
L61 
L62 
L63 
U4 
L^5 
.66 
L67 
L68 
L69 
• 70 
L71 
L72 

L73 
L74 
.75 
.76 
•77 
L78 
.79 
LPO 
.SI 
i<^Z 
.fl3 
.fl4 
.35 
.S6 
.37 
LR8 
.R9 
.90 
.91 
192 
L93 
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$TEP3P   (Conti nued) 

C    THE 

65 

67 

6n 

69 
7t) 

71 

C * * * 1 

179 
I90 

HA 
sa 
DO 
IF 
TE 
CA 
PQ 
IF 
F6 
r7 
IF 
IF 
GO 
F7 
Pa 
IF 
F6 
zo 
CA 
JO 
Fa 
cO 
CA 
CA 
CA 
CA 

CA 
CA 
JJ 
IF 
f6 
CO 

IN FO 
UAREH 
70 I 
(MARK 
,-lP 
LL SA 
= F6 

(PQ) 
(I) = 
(p = 
(KT.E 
(KT,E 
n 7 

(I) = 
= Fb 
(PO) 
(I) = 
MTI^'U 

LL RA 
71 I 

(I) = 

LL RA 
uL RA 
LL RA 
LL RA 
*•• * 

LL RA 
LL RA 

ItiO 
< -lARK 

(I) = 
"JTPJ'J 

□ NE 
ER 
.HfJ 
)) 6 
*F2( 
R(TE 
)-.0 
,68. 
*3SA 
5P3* 
1) F 
2) F 

TIMESTEP IS ACCUMULATED. THE RAIN IS GIVEN IN MM OR 

6,70.70 
I)*H4*F3( I ) 
MP.nSAT) 
QSAT 

67 

DELP*PQ 
7(I)=0.C 
7(I) = 2*F7( 1) 

(l). 
6^P.7 
.?*a 
E 

= 1. 1 
Fa( 

E 
M JT' 
ri-(D( 

* *• * 

N^J( 
M^i)( 

1 = 1, 
(D) n* 
E 

.2*0SAT 

O.7O 
SAT 

PHEC»Fa> 

I) ♦ F7(I) 

PREC.Fa' 
HJH1.F8) 
HJM1,F6) 
HiJM2,F3) 
************LATE^lT HEAT********* 
DIV1.F6) 
DIV^.FS) 
H\) 
179,l80,lUn 

F4( I )*T?*Fb(I)-T3*F8( I ) 

k******** ********* 

IJ 190 1=1,:'1'^ 
IF("1ARK(1)) 187,l9n,l9n 

137 RAr>l = F7( I)/EPS/OELT 
IF(RAI I.LT.T'IL) GO TO IBP 
\/ERT = F'JC I ) 
IF(VERT..JT.-nELl) GO Tn la« 
JSTAR = \/ERT 
IF(VERr.:iE.-CC'5.AND.VERT.LF.-DELI) OSTAR = • ABS ( VERT*VERT/CC5 ) 
TEMP = Hh*F2(1) 
X   = CC^*(CCl-l./TEMP) 
c   = EO*tXP(X) 
FSTAR a cE*TEf'P*E* ( CC3.TF''"'P )/P'^EAN/( PMFAN*TE^P*TEMP ♦ CC4*E) 
HLAT = ' U*HL*0STAR*FSTA'' 
3U TO 189 

18<1 'ILAT = 0.0 
185 F3( I ) = F5(n * HLAT 
]9o CU.MTI.NJE 

CALL RAN^T(HEAT,F5) 

11=0 
12=0 
13 = 0 
14 = 0 

CALt bTEPE'<T(Fl,F2,F3,F4,F5,F6,F7,Fa,F9.H0,MY,MARK,M,N, 
X 11,12.13,14) 

C****************************FORCING FUfJCTIONS*******************' 

KSTEP3P.1<}4 
STEP3P J^5 
STEP3P.196 
STEP3P.197 
STEP7P.I98 
STEP3P.199 
STFP3P.2nO 
STEP3p.2nl 
STEP3P.2n2 
STEP3P.203 
STEP3P.2n4 
STEP3P.2n5 
STEP3p.2n6 
STEP3P.2n7 
STEP3P.208 
STEP3P.209 
STEP'p.^iO 
STEP-^P.2il 
';TEP3P.2I2 
STEP3P.2?3 
STEp3p.2i'» 
STEP3P.215 
STEP3P.216 
STEP3P.217 
STEp3p.2l8 
STEP3P.219 

,*STEp3P.2?0 
STEP3P.2P1 
f;TEP3p.2?2 
STEP'P.2?3 
3TEP3P.2P4 
STEP3P.2?5 
STEp3p.2?6 
STEP3P.2?7 
STEP3P'2?8 
STFP3P.229 
STEP3P.230 
STEP3P.231 
STEP3P,232 
STEP3P.233 
STEP3P.234 
STEP3P.235 
STEP3p,236 
STEp3p.237 
STEP3p.238 
STEP3P.2:«9 
STEP3P.240 
STEP3P.241 
STEP3P.242, 
STEP3P.243 
5TEP3P.244 
STEP3P.245 
STEp3p,246 
STEP3P,247 
STEP3P.24a 
STEP3P.249 
STEP3P.2=;0 

.APR14,56 
STFP3P.2';3 

******STEP3P,2';4 
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STEP3P   (Continued) 

17- 

7"? 

70 

CALL RA.NRD( J789,F10) 
UEPS = .25*DELT*EPS 
no 73 Isl.MN 
IF(MARK(I)) 72.73,73 
°Q = 4*F(I)/MY( I ) 
F8(I) a-DEPS»(riO(I) - Cfl*F4(I)*Pa) 
F6'I) = PU*(A3*F4(I)+Al*r5<I>) 
F7(I)=PQ*(R3*F4(I>*B1*F5(I)) 
CO'JTINUE 

rML RANRUC J3,F10) 
CALL RANRU<J12.F4) 
CALL RA»JRU( JS6.F5) 

i)J 30 1 = 1,MM 
IF(MARK(I)) 79.an.80 
PQ = F(I)*F( I ) 
F6(I) 3.nEPS*(F4( I )*PlJ*(42*F9( I) 
F7(I) =-iiEPS*(F5< I )*PQ*(R1*F1 0( 

30 CONTINUE 
r;***»************************SOLllTI ON i;F FORECAST FQ, *****•*•**♦*♦*** 

CALL riANt-iU(HM3,F4) 
CALL RArjRD(Hl3,F5) 
CALL RANWD(H23.F10) 

JEPSl=nELT*EPS 
no 81 1 = 1'-IN 
F8(I)=Fa(I)*nEPSl/MY(n*r4(n 
r6( I ):F6(n*uEPSi./MY( n*rb( n 

81 F7(I)=F7(I)*DEPSl/MY(n*FlnCI) 
CALL   HAN,<J(PSI12.F5) 

*   CALL   RANRD(PiI22.FlO) 
c 

ilij   90    I = 1..1N 
89   F2( n = ^*(F2( I)-F5(,I)) 

F3(I)=2*(F?(I)-Fl0(I)) 
91    CONTIJuE 

.A1*F10( I ) )*F6( I )) 
; >-B2*F9(I))-F7<I)) 

JO'I 

fluO'5 

LAB 
■il\ 
AWX 
FOR 
CAL 

OTI 
•IKI 
FOR 
IT( 
JA'L 
CAL 
CAL 
CAL 

EL   = 
1E   = 
TE(6, 
■1AT(1 
L   H!:L 

1E = 
TE(6, 
■lATd 
1,KT) 
L A^l 
L ASM 
L ASM 
L   ASM 

IQH 
SEC 
rtOO 

H . 
ISY 

■iTI 
riOO 
H    . 

UT( 
UTC 
)T( 
'IT( 

O'JD 
0) 

*B 
S(F 

I 
ME 
5) 

*T 
ITS 
F2, 
F2, 
F3. 

F3. 

LMSYS 
(DU-IM 
BTIME 
TIME = 
2.F3, 
TSYS' 
-   SEC 
LAfJEL 
IMF   T 
vs 
Fl.M, 
F4,M. 
F4,M, 
F4.M, 

Y) 

*,   F10.4) 
F6,F7,MY,F4,A1,A2,B1,B2.ALFASYS.RESSYS, 
,1 • 'J) 
aiOU(DiiMMY) 
, DTIWE 
0 EXECUTE *. AlO, F10.4) 

"1. ,=>) 
N.-.5) 
N . ,'' ) 

99 

I 00 

JO 10 0 I=1.M.N 
IF(lARKtI)) 99.100,100 
TFILT = il.4 
IF( 1AR<( I ) .ET.-IO) TFILT = 0." 
rF(iARK(1).EJ.-l) TFILTal, 
F5(I )=F5( I ) + TFILT*F2!I) 
FlO(I)=FlO(l) + TFILT*F3(I) 
F4(I) = ^VHYCI) 
CONTINUE 

STEP3P.255 
STEP3P.256 
STEP3p.257 
STFp3p.2'i8 
STEP3p.2i59 
STEP3P.2iS0 
STEP3P.2(^1 
STEP3P.2f2 
STEP3p.263 
STeP3P.2*4 
STFP3P.?/;5 
STEP3P.2iS6 
STEP3P,2ft7 
STEP3P.2S8 
STEP3P.269 
STEP3P.270 
STEP3p,27l 
STEP3P,272 
STEP3P.273 
STEP3P.274 

♦**STEP3P.275 
STEP3p.276 
STEP3p.277 
STEP3P.278 
STEP3P,279 
STEP3P.2P0 
&TEP3P.2nl 
STEP3P.2B2 
STEP3p.2p3 
STEP3P,2P4 
STEP3P.2B5 
STEp3p,2B6 
STEP3P.2R7 
STEP3p,298 
STEP3P.2R9 
STEP3p.2oO 
STEP3P.291 
APRl4'57 
APR14,58 
APRl4,59 
APRl't.frO 
APR14,M 

STEP3P.293 
APR14.62 
APRl4.ft3 
APR14.64 
STEP:'P.2'>4 
JUN12.18 
JUN12.19 
JUN1?.20 
JU'^1?.P1 
'^TF:P3P.295 
STEP3P.296 
STEP3P.297 
JuNl?.?2 
JUNl2,?3 
JUNl?,24 
JUN12.25 
JUNl?,?6 
STFP3P.3nO 
STEP3P.3"1 
STEP3P.3'12 
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STEP3P   (Continued) 

119 

12 
C*** 

CALU RANRD<PSIM2,F6) 

00 110 I"1.MN 
109 ri(!> = 2*(Fin)-F6lI)) .C?*F2tl) *C1*F3(I) 
110 :oNTiigiiE 

CALL HEL'1(F1,F8.F4.ALFAM.RESM,ITM.M.N) 

IT<2,KT) B ITM 

::ALL ASMJT(FI,F4,M,N, ,S) 

'JALL ASr1iJT(Fl'F4'M''-l'-.5) 
OJ 120 l = l,Mr-J 
IF<MARK(I))119.l20,l20 
TFILTs.4 
IF(iARK(n.EQ.-lO) TFILT30.7 
IF<1ARK( I) .EQ.-l) TF!LT = 1. 
F6(I)=F6(I) * TFILT*Fln) + C2*F2(I) 

$-C1*F3<I)) 

n CONTINUE 
**»♦*****♦*♦.***«********MIXING WITH BOUNDARY FIELDS* 

CALL fAN'^D(S'''RM,F4) 
IF( IVAR.EQ.O) QO TO lb6 
IF(KINn.^JE.O) QO TO 156 
CALL RAMPD(ZHl,F7) 
CALL RANRD(ZM2.F8) 

n 
^F = (KT-1)/''D 
FW = l.-WF 
3 = 9,80(, 
30 130 1=1,MrJ 
IF(^AR><(I)) 129,13n,13'l 

1^9   r7(I) = G*(FW*F7( I )*WF*F'^( I ) )/F( I ) 
13f) CO'*JTIM.|E 

CALL MIXF(F6.F7.MARK.>JnTl .yGT2iWGT3.M,N) 
CALL RANRD(STR1,F4) 

C 
CALL RA''KD(Z11.F7) 
CALL RANJKD(Zl2'Fe) 
03   I4U    1=1,(IN 

■ IF(-lARKC I) )   iSo.l'fo.l'tn 
130 F7(I)    =   r,*(Fw*F7( I)+wF*FS(I ) 1/F( I ) 

i.4n   CONTI1I IE 
CALL   MIXF(F5,F7,MARK,Wf5Tl . WGT2,HGT3.H,N) 

CALL   RANRD(STR2,F4) 

] 49 
15 

151 

C**» 

ALL   RANRD(Z21,F7) 

ALL   RANKU(Z22'F8) 
0   I5O    I=l,MiN| 
F(iARK(!))   l49,l5o,l5n 
7(1)    a   ii*(Fw*F7( I)+wF*F<^( I ) 1/F( I) 
0'>IT(NiJE 
ALL   HIXF(Fin.F7,MARK, -.'GT1,WGT2,WGT3,M.N) 

Q   TO   156 
ALL   MIXFCF6,r4,MARK,WnTl,WGT2.WGT3,M,N) 

CALL   RANKD(STRM,Ft) 
CALL   i'llXFcFS   . F4, HARK, WGTl, WGT2, WQT3, M, N > 
CALL   HANRD(STR1.F4) 
CALL   MIXF(FlCI,F4.MARK,WGTl.WGT2,WGT3.M,N) 
CALL   RANRD(STR2,F4) 

♦♦•♦******»**********«**«STORE   NBA   TIMESTEP**** 

n 
I 
F 

0   C 
c 
3 
C 

>******* 

STEP3P,3!)3 
STEp3p.3o4 
STEP3P,305 
STEP3P.3n6 
STeP3P.3fl7 
STEP3P.3n8 
STEP3P.309 
STEP3P.310 
STEP'P.3il 
Ju'^ia.s? 
JUN12.28. 
STEP3P.312 
JUNl2,29 
JU'^12,30 
JUN12.31 
JUN12,32 
J|JMl?.?3 
JUN1^,34 

STEP3P.3l^ 
***«*********STEP3P,3l. 5 

STEP3P,3I'6 

STEP3P.317 
STEP3P.318 
STEP3P.319 
STEP3P,3?0 
STEp3p.32i 
STEP3P.3?2 
STEP3P.3P3 
STEP3P.3P4 
STEP3P.3?5 
STEP3P.3P6 
JUM^.'S 
STEPJP.SPS 
STEP3P.3?9 
STEP3P.330 
STEP'p.33i 
STEP3P.332 
STEP3P.333 
STEP3P.334 
STFp3p,335 
Ju'^12.36 
STEP3P.337 
STEP3P.338 
STEP3P.339 
STEp3p.34o 
STEP3P.341 
STEP3P.342 
STEP3P.343 
STFp3p.344 
JU^12,37 
STEP3P.34b 
STEP3P.347 
STEP3P,348 
STEP3P.319 
STEP3P.350 
STEP3P.351 
STEP3P.3'^2 
STEP3P.3';3 
STEP3p.3«:4 

************»STEP''P.355 
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$TEP3P   (Continued) 

156 ir(KT.LT.3) ao   TO 157 
CALL ^ANWDtP^IMl.Fl) 
CALL KA,1^!D(PSI11.F'') 
CALL rtANRD(PSI2l,F7) 

-.57 CALL RA,JHT(P3IM1,F6) 
CALL RA'J,tT(PSIll.F5) 
CALL rU-WT(PSl2l.F10) 
If"(KT.,LT.3) JJ m 158 
CALL ■^ANHT(PSIH2.Fl) 
CALL ti\ J,;T(PSI12,F4) 
CALL rM'IJT(PS!22,F7) 

15^ CALL .-iAf|i?;j( J^^.FlO) 
CALL f!A l')D(HEAT,F5) 
CALL KAIMU(WS,F8) 

1.5 9 

1 60 

75l2 
17n 

°Hin   7512.KT 
FOHMATdX.-^HKT: 
CU ITIN'JE 
■?ET JRN 

, l3) 

STEP^P.S^e 

STEP3P.357 
STEP'P.SSB 
STEP3P.3'=i9 
STEP3P.36D 
STEP3P.361 
STEP''P.362 

STEP.lP,3*3 
STEP3P.3«4 
STFP3P.3(S5 
STEP3p,3fr6 

**C'^MPUTATI0."1 OF 1)IVERGFNCE******************STEP3P.3«7 
STEP3P.3A8 
STEP3P.3A9 
STEP3P.370 
STEP3P,37l 
STEP3P.372 
STEP3P.373 
STEP3P,374 

► F8(I) STEP.TP.375 
►F8(I) STEP3P.376 

STEP3P.377 
STEP3p.378 
STEP3P.379 
STFP3P.3S0 
STEP3P.3ni 
STEP3P,3fl2 
STEP3P.3P3 

STEP3P.3<"t 
STEP3P.3f^5 
STEP3P,3fl6 
STEP3P.3R7 
STEP3P.388 
STEP3P.3R9 

STEP3P.390 
STEP3P.391 

"U = l./EPH/;JELT 
DO 160 1 = 1.M'l 
IF(MARK(I)) 159,160,161 
T=]R-1l = F(I)*(PQ *F2( I ) + .25*''1Y( n*FlO( I ))-F5( I )-Si 
TERMS = F(I)*(PQ *F3( I ) + .25*^'Y( n*F9 (D)      -S2 
F2(I) =- Al*TERMl ♦ A2*TFR"^2 
F3(I) = H1*TERM1 - B2*TE''M? 

CONTINJE 

CALL RA JJT(DIV1,F2) 
CALL RANWT(DIV?,F3) 
CALL RA'IRD(P3I'11,F1) 
CALL RA''Ra(P5Ill,F5)) 
CALL RA:1RJ(PSI21.F10) 
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SUBROUTINE   STEPEXT 

SUBROUTINE STEPEXT (Fl. r2',F3.F4,F5,F6,F7.F8.F9, no, MY. MARK. M.N, APRlt.ft? 
1 11.12.13.14) STEPEXT,S 

C THIS SUBROUTINE COMPUTES THE CONTRIBUTION FROM THE HIGHER ORDER TEPMS STEPEXT,4 
C IN THE VORTICITY EQUATION, STEPEXT,5 
C Ii HDICATES THE VORTICJTY ADVECTION BY THE DiVERQENT VlND STEPEXT,,) 
C 12 INDICATES THE RELATIVE VORTICITY*DIVERGENCE STEPEXT,7 
C 13 INDICATES THE VERTICAL ADVEcTION OF VORTIcITY STEPEXT.fl 
C 14 INDICATES THE TWISTINGTERM STEPEXt,9 
C 11=0 NO CONTRIBUTION  U DIFFERENT FROM o CONTRIBUTION FROM H STEPEXT,io 
C 12 = 0 ^^0 CONTRIBUTION  12 DIFFERENT FROM 0 CONTRIBUTION FROM Ig STEPEXT.1,1 
C 13=0 NO CONTRIBUTION  13 DIFFERENT FROM 0 CONTRIBUTION FROM I3 STEPEXT,t2 
C I4«0 NO CONTRIBUTION  14 DIFFERENT FROM 0 CONTRIBUTION FROM I4 STEPEXT,13 
C PSIM IS IN Fl.PSIl IS IN F?.PS!2 IS IN F3.WS IS IN F4 STEPEXT.14 
(.:   STEPEXT NEEDS 10 FIELDS IN THE FAST CORE MEMORY F.MY AND MARK MUST STEPEXT,15 
C ALSO BE IN FAST CORE MEMORY STEPEXT.I6 

DIMENSIOM Fl(l).F2(l)»F3(l).F4(l).F5(l)>F6(l).F7(i),F8(l).F9(l). STEPEXT.j? 
1 F10(1).F(1).MARK(1).MY(1) STEPEXT.18 
COMMON F APRl4,68 
COMMON/COEFF/Al.A2,A3,fll,B?,B3,Cl.C2,C3.C4,C'5,C6,C7,C8.D,DFLP,FM. STfPEXT.l' 

1 El'E2'Hl<H2.H3'H4»H5.H6'PMEAN.Sl.S2.Tl.T2«T3'T4.T5. STEPEXT,PO 
?. PO.PM.Pl STEPEXT.?! 
COHMON/COEFF2/T6.T7,T8.T9.TiO,Tll,Ti2.Tl3.Tl4, STEPFXT.?2 

X Kl.K2.K3.K4,K5,K6,K7,Kfl.K9,K10,Kll.Kl2.Kl3,Kl4,Kl5. STEPEXT.'3 
X K16,Kl7,Kifl,Kl9,K2n,K21,K22,K23,K24,K25.K26.K27,K28.STEPFxT.94 
X K29.K3n«''31't<3?'K33.K34.K35.K36.K37.K38 STEPFXT.pS 
COMMON/ECS/ PSIMl.PSIll.°SI2i,PSI*12.PSIl2.PSI22.HUMi.HI)M2.niVl, APPl4.69 

2:)lv2,US.HEAT.j7a9,Jl2,j5«,,j3.ps,TS.PREC.STPM.STRl,STp2.ZMl,Zll,z2lAPR1^.70 
3.Z''^2,Z12,Z^2-H13.H23,H'13,HM2,H12.H22.H11,H21, J4,VM,V1.V2 APR14.71 
REAL MV STEPFXT,:i4 
i^EAL Kl.K2.K3.K4.'<5.K6,K7.Ke,K9,KlO.Kll,K12.Kt3.K14.Kl5, STEPEXT.35 

X K16,K17,KIR,K19,K20,K21.K2?,K23,K24,K25,X26.K27,K28,STEPEXT.^^6 
X K29,K30,K31,K32,K33,K34,K35,K36,K37,K38 STEPEXT,"^7 
KINDrB APRI4,72 
>1,'J= 1*iJ STEPEXT.-^8 
RESIDUE =,SE4 STEPFXT."^9 
ALFA=1,4 STEPEXT.4O 

C JACOrfUl J4 TO SECONDARY STORAGE.DIVERGEhcItS TO FAST MEMORY STEPEXT.4I 
CALL RANWT(J4,F9) STEPEXT.42 
CALL RANi<U(DlV5 .F5) STEPEXT.43 
CALL RA;)iiD(DIV2.F6) STEPEXT.44 
DO 9 1=1.Ml STEPEXT.45 
IFCHARKCD) ?,7,7 STEPFXT,46 

7  F''<n = 0.0 STEPEXT.47 
F5(I)=n.n STEPEXT.48 
F6(I)=0.0 STEPEXT,49 

9 CONTIN )E STEPEXT,"^O 
IFtKUfi.F'J.O) no TO R STEPFXT.Kl 
CALL emVE(F4,M,N)     , STEPEXT.■i2 
CALL BIUVE(F5.M,N) STEPFXT.'53 
CALL U>1QVE(Fft.M,N) STEPEXT,S* 

• 8 CONTIJ'I IE STEPFXT.55 
IF< M.EQ.o.AND. I3.EQ.0.AND. I2.EJ.0.AND. Il.EO.o'  GO TO 170 STFPFXT,';6 
IFtM.EO.O)    CiO   TO   44 STEPEXT."S? 

C;rOipJTE   THE   TW I ST I NGTERM, I 4 STEPEXT."58 
iU   10    1 = 1,MN STEPEXT."59 
F7(I) = '<31*F5(I)+K3?*F6(I)*K3:?*F4(I) STEPEXT,AO 

m   F8( I )=r<36*F5( I )*K37*F6( M+K3«*F4( I ) STEPFXT,<,I 

CALL   '!UDPR(F2.F7.F9,.URK,H,N) STEPFXT,«,2 
CALL   URAnPR(F3,F8,F10,'lAPK,M,N) STEPEXT.63 
nO   11    1 = 1,MN STEPFXT,'>4 

F9(I):n.5*MY(n*F9( I) STEPEXT,f5 
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STEPEXT (Continued) 

11 F 

2p 

3n 

41 

44 
45 

45 

40 

c cO'i 

6n 

65 .) 
F 
F 
r 7-1 

Go 

9n 

94 

9? 
91 

C i.Q-l 

c 1:0-I 

95 

10(1) 
ALL R 
ALL R 
U 20 
7(I) = 
8( I ) = 
ALL tS 
ALL G 
0 30 

7(1) 
ALL Q 
a  40 
8(1) 
ALL hi 
0 TO 
0 46 
8( I ) 
ALL 
ALL R 
ALL H 
F(I2 
ALL R 
ALL R 
ALL R 
r(i2. 
F( 12. 
TATIO 

0 60 
Id) 

2(1 ) = 
>5( I) = 
TATIO 
F( 13 
0 TO 
U 70 
1(1) = 
^(I) 
3<I) = 
0 90 
Id) 

5*M 
WT(H 
'JT(H 
l.MN 
9*F5 
2*F5 
)PR( 
JPR( 
l.HN 
5*F5 

[)PR( 
I'MN 
d( I ) 
HT(H 

Y(I)*FlO(I) 
13.F9) 
R3'FlO) 

(I)*K2D*F6(I)+K21*F4(I 
( 1)+K23.F6( n+i<24*F4( I 
F2,F7,F9,f^»RK,*^/^) 
F3.F8»F10»^A^K.M.M) 

( I ) + K26*F6( I 1+K27*F'»( I 
Fl.F7,F8,M«R'<,'^/'l) 

+ F9( I)+F10(I))*0.5*MY( 
■^S.FB) 

I ) 

■1N 

T'HIJ. 
T(H23. 
T(Ml3. 

O.A'In. 
OR(FI, 

U=^(F2' 
0R(F3, 

O.AfiU. 
0) GO 
F THE 

I)*(Kl 
F7( I ) ) 
I)*(K2 
I)*K34 

F THE 
0 ) GO 

.■1M 

FH' 
F8) 
F8) 
I^.EQ.O.A'JU, U.EQ, 
F7,MY,MARK,"/I) 

0) GO TO 163 

F 8' M Y • M A R I' '"1 • M ) 
F9,MY,nARK.M,'l) 
I^.EJ.O) TO TO 9l 
T" 1^5 
RELATIVE yORTIClTY*DIVEPGtNCE.I2 

*Fa( I )*'<2*f"9( I )*K3* 
*F4(1)*(K7*F8(I)+K8 
8*F8(I)*F7(I))*F6( I 
♦ r9( I)+F6(I)*( 
VERTICAL 4U"ECTIOtj 
TO 91 

F7d ) )+F6d )*(K 
*F9(I)+K9*F7(I) 
)*K29*f 6(I)+F4( 
K35*F9( 1) + F7( n 
OF VORTICITY. 13 

100 
c :iOL 

2( I) = 
3d ) = 
0 TO 
0 92 
ld) = 
2 ( I ) = 
3( I) = 
ALL R 
ALL R 
ALL R 
TATIO 
TE FO 
Fdl. 
0 100 
1(I) = 
2(1) 
3( I ) 
THE 

ALL K 

l.MN 
(I)+F5(I)*(K10*FR(I)*K11*F 

F6(I)*(K13*FH(I)*Kl4*F 
F4( I)*(K16*F<1( I )+K17*F 

CI)+F8d)*(K31*F";(I)*K32*F 
(I)+F9(I)*(K36*FS(I)*K37*F 

9( I )*K12*F7( I ) ) 
9(I)*Kl6*F7(I)) 
9(I)*K18*F7(I)) 
6(I)*K33*F4( I) ) 
6(I)*K38*F4( I ) ) 

'IN 

(H'1 
(HI 
(H2 
TH 

GFi 
) C 
.MN 
F5( 
(I) 
(!) 
SOJ 
(VM 

2.ri) 
2,F2) 
2.F3) 
E APVECTnN OF VQRTIC 
MCTION FQ" THP VELOCI 
0 TO 166 

ITY RY THE DIVt 
TYPOTEfJTiAL 

I)-Cl*F6(I).CR*F4(I))/MY(I ) 
/MY(I) 
/MYd ) 
EOUATION qY RELAXATION PJ ORDER TO G 
.F4) 

STEPEXT. 46 
STEPFXT. ,f7 
STEPFXT. f,S 
STEPEXT. f.9 
STEPFXT. 70 
STEPEXT, 7l 
STEPEXT. 72 
STEPFXT, 73 
STEPFXT, 74 
STEPEXT, .75 
STEPEXT. ,76 
STEPEXT. ,77 
STEPEXT, ,78 
STEPEXT, .7? 
STEPFXT, ,R0 
STEPFXT, ,"1 
STEPEXT, .m 
STEPEXT, ,03 
STEPFXT, ,P4 
STEPFXT, ,A5 

STEPEXT, ,<*6 

,APR14,73 

APR14.74 
APRl4,75 
STEPFXT, ,90 
STEPFXT, ,91 
STEPFXT, ,<32 
STEPEXT, ,<53 

4* F8( I )*K>;»F9( I )*STEPFXT, .94 
) STEPEXT, ,95 
I) • K30 ♦F8(I) STEPFXT, ,g6 
) + F4( 1 )*K30*F9( DSTEPEXT, 

STEPFXT, 

STEPEXT, 
STEPFXT, 
STEPEXT, 
STEPFXT, 
STEPFXT, 
STEPFXT, 
STEPFXT, 

,97 
,98 

,ion 
,1.01 
,10? 
,103 
,104 
,105 

+ STEPFXT, ,106 
4- STEPFXT, 

STEPFXT, 
STEPFXT, 
STEPFXT, 

STFPFXT, 
STEPFXT, 
STEPFXT, 
STEPPXT, 
STEPFXT, 
STEPEXT, 
STEPFXT, 
STEPEXT, 

,107 
,10«( 
,109 
,iin 
/ll 
,113 
,113 
.114 
,11,5 
.1,16 
,117 
.118 

RRENT WIND -I1. STEPFXT .119 
STEPFXT .120 
STEPCXT .121 
STEPFXT .12? 
STEPFXT .123 
STEPFXT .124 
STEPEXT .125 

ET VELOCITYPOT, ,  STEPPXT .126 
STFPFXT, .127 
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STEPEXT   (Continued) 

CALL RANHD(V1,F5) 
CALL RANRU(v2,r6) 
CALL VELP0T(F4,F1,M,N,RESIDUE,ALFA) 
CALL VELP0T(F5«F2»M'N.RESIDUE.ALFA) 
CALL VELP0T(F6.F3,M,N.RESlnUE.ALFA) 
CALL RANWT(VM.F4) 
CAllL RANWT(V2,F6) 
CALL RANWT(V1.F5) 
DO 110 1=1,MN 
Fl( I)xF7(I)*F(I)-2.«F8(I ) 

im F2( I)iF7( I )*F(I)*2»F9( I ) 
CALL GRADPR(F4,Fa,F3,M4RK,M.N) 
CALL GRA0PR(F5.F1.F1C.'1ARK,M.N) 
DO l2o 1=1,MM 

1.20 FIO(I)=-0.5*MY(I)*(F3(I)*F10(I)) 
CALL RANUT(Hll«FlO) 
CALL QRAL)PR(F4,F9,F3,M4RK,M,N) 
CALL GRA[)PR(F6,F2,F10,MARK,M,N) 
DO 130 1=1,MM 

13c FlO(I)=-o.5*MY(I)*(F3(I)*FlO(I)) 
CALL RANWT(H21,F10) 
DO 140 1=1,M^J 
Fl(I)=C3*(F7(I)+F(!)).C2*FS(I)+C4*F9(I)+C7*F(I) 
F2<I>=-C2*(F7(I)*F(I))+C'5*F8(!' 

140 F3(I)=C4*(F7(I)*F(I))+C6*FO(!)+2.*C7*FM) 
CALL GRAiiPR(F4,Fl.F7,MARK,M,ig) 
CALL GRAtiPR(F5,F2.Fa,HARK', «^,N) 
CALL GRAnPR(F6,F3,F9,MARK,M,M) 
DO 150 I=liMM 

151"   Fl(!)=-0,5*MY(I)*(F7tI)+FB(I)*F.9(I)) 
CALL RANHD(HM2,F2) 
CALL RA JrtD(HM3,F3) 
CALL RA'^RD(H11.F4) 
CALL RAi'JRD(Hl2'F5) 
CALL RANRD(H13.F6) 
CALL RAivJRU(H21,F7) 
CALL RA,JRDtM22,F6) 
CALL RANRD(H23.F9) 
au 160 I=1>M-I 
Fl( I ) = F1( I )*F2( I)*F3<n 
F4( I )=F4(I)*F6(I)+F6<I) 

160 F7(I)*F7(I)*F8(I )*F9(I ) 
QO TO 190 

]6-5 CALL RAMRDtHM3,Fl) 
CALL RAMRl)(H13,F4) 

CALL RAfJ,^D(H23,F7) 
10 TQ 190 

166 CALL RAN.^0(HM2,F2) 
CALL RANRU1HM3.F3) 
CALL HA;^IRU(H12,F5) 
CALL RArjRD(Hl3,F6) 
CALL RA'JRD(H22.F8) 
CALL RANRD(H23«F9) 
00 l67 1=1.MN 
Fl( I)=F2( n+F3( I ) 
F4( I )=F5(I) + F6(I) 

167 F7(I)=F8(I)+F9(I) 
10 TO 190 

170 DO 180 1=1.MN 
F1 ( I ) = 0 . 0 
F4( I) = 0,0 ■■  ■       ' 

180 F7'I ) = 0.0 

STEPEXT. 128 
STEPEXT. i29 
STEPEXT, {30 
STEPEXT. 131 
STEPEXT, 132 
STEPEXT, ,33 
STEPEXT 134 
STEPEXT 135 
STEPEXT 136 
STEPEXT l37 
STEPEXT I3B 
STEPEXT 139 
STEPEXT 140 
STEPEXT i"! 
STEPEXT 142 
STEPEXT J43 
STEPEXT 144 
STEPEXT 145 
STEPFXT 146 
STEPEXT l(f7 
STEPEXT 148 
STEPEXT 149 
STtpEXT 150 
STEPFXT 151 
STEPEXT 152 
STEPEXT 153 
STEPFXT 154 
STEPEXT 155 
STEPEXT 156 
APR14,7< 
STEPEXT 'l58 
STEPEXT 159 
STEPEXT 160 
STEPFXT I6i 
STEPEXT 162 
STEPFXT 163 
STEPFXT 164 
STEPEXT 165 
STEPEXT 1 66 
STEPEXT 167 
STEPFXt 168 
STEPEXT 169 
STEPFXT 170 
STEPEXT l7l 
STEPFXT .17? 
STEPEXT 173 
STEPEXT .174 

STEPFXT .175 
STEPFXT .176 
STEPEXT .177 
STEPFXT ,l7fl 
STEPEXT .179 
STEPEXT .180 
STEPFXT .181 
STEPEXT 182 
STFPEXT 183 
STEPFXT 184 
STEPFXT 185 
STEPEXT 186 
STEPEXT .187 
STEPEXT .188 
STEPEXT .189 
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STEPEXT   (Continued) 

190 

^On 

C;ALL >RArJ^T(HM3iFl) 
CALL RAM-JT(Hl3.F4) 
CALL RA'',IT(H23,F7) 
CALL WA^I-(U(PSIM1<F1) 
CALL RA;>I'*U(PSI11.F2) 
CALL ftA,'>lr(D<PSl2l,F3) 
CALL RAN'1D(WS,F4) 

CALL RAfJf!U(MEAT,F5) 
CALL RAiNlr<iJ( J4»F9) 

STEPFXT, ,19fl 
STEPEXT, ,191. 
STEPEXT, ,192 
STEPEXT, ,t93 
STEPEXT, ,194 
STEPEXT, ,195 
STEPEXT, ,196 
STEPFXT, ,197 
STEPEXT, ,198 
STEPEXT, ,199 
STEPEXT, ,?00 
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