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THE MODIFIED CANADIAN SPECTRAL FORECAST
MODEL : DISCUSSION AND DOC UMENTATION

I . INTRODUCT ION

The Canadian spectral forecast model (CSFM) is a multi-dimensional global model of the

atmosphere in sigma coordinates using spectral decomposition of dependent variables in the

horizontal (Daley, et al., 1976). This model is currentl y being used at N R L  for various atmos-

pheric research programs. It was chosen because of its computational efficiency and extensive

docu tati on.

However , one of the disadvantages of the CSFM is that  it does not conserve energy wi th

its vertical differencing scheme. We have , therefore , replaced the vertical differencing scheme

with one which conserves energy. In connection with this  modification , we have also altered

the boundary layer approximation s and the dry convective adjustment procedure. Other minor

changes have been made to the original CSFM to allow the model to run on the N R L ’s Texas

Instrument computer (ASC). The entire modified code is documented in Appendix I .

In the section which follows , we describe briefly the procedure used by the CSFM to

generate forecasts and introduce the hydrodynamic equations solved by the model. Section III

gives a derivation of the modified equations used for the energy conserving grid , and the final

section compares the results obtained from these two models.

°Manuscript submitted January 16 . 1978 .
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II. MODEL DESCRIPTION AND EQUA TIONS

The CSFM is primarily a spectral model which implies that the dependent variab les have

been expanded (in the horizontal ) in terms of spherical harmonics. The use of fast numerical

transforms between the grid network and the spectral system gives this method computationa l

efficiency for relati vely small grids. Further , since the horizon tal differentiation is done “exact-

ly ”, a spectral model conserves energy for the horizontal grid up to the truncation of the spec-

tral series and nonlinear aliasing generated on the Gaussian grid.

For the vertical grid , the CSFM divides the atmosphere into a number of layers. In the

CSFM , th e variables 41, ~ and D are defined at the levels while T, y and W are defined between

the levels , Fig. ( la) The finite difference form of the equations in the vertical direction using

this scheme does not conserve total energy. For short range forecasts ( 1-2 days) energy con-

servation is not critical but for medium and long range forecasts (3-10 days) the forecast model

must conserve energy in order to retain any skill. In order to conserve the total energy, we

define the variables 41, ~~, D and Tat the levels and y and W between the levels Fig. (Ib ) .

Figure la shows the vertical differencing scheme used in the original CSFM. The

modified scheme is shown in Figure lb . Although the differences in the geometry of the two

schemes appear slight , the modifications to the model are extensive since the vertical

differencin g scheme plays an important role in the semi-implicit algorithm used by the CSFM ,

as well as in calculation of the non-linear terms.

The equations solved by the CSFM are Equations (37) - (42) in Daley, et al ., ( 1976).

These equations are

In__ _L_.~ — — (a (.4 , B)} IP I ,
I 

(1)2
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ODf’____ — a 2 1(I + l ) P / ” — (a (B, — A)  — a 2V 2
~~f’,

(2)
4

o 2 P in
Ii + Ry °W/ ” R {a (UT’ . VT’) BT} r .

u ffut  3

o win
+ D/ ” = {— & l f ’.

Ij(T (4)

— — W’~ = 08t -
. 

(5)

T” — —

R ô o ~ (6)

where

10/2 210
(ç~~flt = ~~ f f FU U o~ I) }7” (A 9)  cos OdA do

21T — ir/2 0 (7)

and

• F IT = f F c k r F _ f F d r

In the equations above we use the following definitions for the non-linear terms which appear

on the right hand sides of Eq. (1 - 6)

a (X. Y) = 
1 

~~~ + cos U -
~~
-

~~ , where U = latitude , 41 = longitude
cos 2~ ~41

A = (~ +f )  U + o ~-~-~ +~~‘~cos ø M — cos U- -- -,
~ r a 2 a

B (~ + f)  V — a -
~~

-
~~~ 

— + cos 0
~~ a~~~0~ a

G = 

cos 2 O 
+ V cos 9~~~ J .

3 
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E (U 2 -l- V2 )
2 cos 2 U ‘

— ( r  — 1) (Ô + 13) + O~ + ~~

and

B~ =S D  ~~~~~~ +t~
z — 

GL(T d ) J  
x i__ + G  — ô  _ 13J + H~ — H ,,,

Equations 1 and 2 are the vortic ity and divergence equations respectively. Equation (3) is a
modified form of the thermodynamic equation , using the variable P 

~ + RT0q. Equatio ns
(4 ,5) are forms of the continu ity and surface pressure tendency equations respectively. The hy-
drostatic equation is given by equation (6). The definitions of the symbols used are

.1 = Coriolis parameter ,

V = horizontal vector wind [with components (U. V) J

C — vertical component of vorticity k V x V,

D = horizontal divergence = V . I’ ,
T = the absolute temperature ( °K)

q =In (p, ) ,

RT O Ty = static stability = — — —

C1,,ff &(T

a- = vertical motion in sigma coordinates

(o — 1 ) ( 1 3 + V~~Vq) +fr’  + i~’~~~~Vq

c1 = geopotent ial height ,

F = the horiz ontal frictiona l force per un it  mass,

H r = the diabat ic h eating,
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R is the gas constant for dry air,

C,, is the specific heat of dry air at constant pressur e.

Special variables are defined by

P~~~ 1 + R T4q

W ( r (T ( G + D )

and

W~~~~W (,r l ) — ( G + D)

The ( )° notation indicates a h orizontal mean and ( ) - is the  deviation from that  mean. Thu s

T = T4 + T’. The ( )/ “ indicates the coefficient of a spherical harmonic Y~’ defined

Y/ ” ( A U )  = \• /tI  (sin I) )e .i,iA

where vJ” a re the associated Legendre funct ions of the first kind of order ( I .,n) .  in is t he  east-

w est (zonal ) wave number , I is the  degree of the Legendre funct ion , A is longitude and U is la-

t i tude.  The expansion is defined by

J
(F)  = 

~~ F) / ’ y I 1

— J I

This assumes rhomboidal t runcat ion .  As long as a “suff ic ient ” nu mber of harmonics are re-

tained . the re does not appear to be any advantage of using the  t r iangular  t run ca t ion  scheme
j  +1

ove r the computat ional ly  more efficient  rhomboidal  scheme. The vertical coordi-
/ I, —I

nate is u- = p/p s where p
~ is su rface pressure and p is pressure.

III . DIFFERENCING FOR ENER GY CONSERVING VERTICAL GRID

We will  us e the following def ini t ions  for weighted varia bles and difference operators

5 
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IA ,, ) = (A ,~+i + A ,, ) /2  —

~ (A ,, ) = (A ,,+i — A
fl

)

= In (
~~~,,+I /

~~~II~~

In (a- ,, + Ia- ,, )

and N is the total number  of levels (see Figure 1) in the model. The (— )  denotes the  dashed

lines in Fig. ( 1) , which represent layers. The spacing between the levels is on a logor ithmic

scal e so that ~I ( a -)  need not be a constant.

The hydrostatic Equation (6) becomes

F~ ( 1 ,, ) = — Rd,, IT ,]
(8)

where we have dropped ( ) f ’ notation in this aod all of what  follows. Thus these equations

apply to each spectral coefficient. When the non-linear terms are to be formulated , a n i n verse

transform to a real Gaussian grid must be performed. At the surface we impose an artificial

boundary layer defining a lapse rate at the lowest level:

I .
0/: — 

g (9)

where F is the lapse rate. In the version of the model discussed here , I ’ is held at 6°/km; later

ver sions of the model will contain explici t  boundary layer formulations which will  generate I .

Using Eq. (9) we define a surface temperature T,

T, = T~5 = Cr T
~

. .
IT A

Equations (8) and (9) then define a matrix equation of the form

t~ , cI + t11~ / (i \~~~~ 
= _ f M ,I T

( 10)

where

6 
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—l id ,, ,  =‘

= +1/ d , ,j  = i + I
0 , otherwise

1 , 1 = ,
(M I,), , 1 ,1 = i + 1

0, otherwise

with

= I + C7

- - In the above equation both Tand 41 are vectors of length N, and T, and 4 , , th e surface values .

a re carried separately. The delta notation , 6 ~~
, i s used to indica te that the term ct~ /d~ wil l  be

i ncluded only with the equation for T~. In order to compute T froni~~ we use Eq. ( 10) to ob-

ta m

T = — -.~~ - EM ’ M , ’t’ + MIT ’ ~ ( i i )

— (M,, 4 + 
~~~~ 

M,7~’ 6 ~ 4~Id\ 1

The finite difference form for y, the stati c stabil i t y,  becomes

I R 8(7;, )
= — 

~~~~
— IT ,, ) —

IT ,, t— p Il ( 12 )

At the surface we define ‘y., by using Eq. (9)

R RI’
y ., ~~~~~~ 

-

~~

-- — —

I, ‘~ 
( 13)

We can rewrite Eqs. ( 12 , 13) in the followin g form

y M~~T

where the vectors are

7 
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= 
~Y t ’  y2 ....y~ ~~

.

T,f = (T 1, T2 ~~, T5, T, )

and the matr ix M~ is

I R I -
— + —  for , ‘

,r , 2c~, d ,

1 R
— 

— — — -  — —  f o r i = i + 1
= 

a- , 2C,, (I ,
)‘ I ,,

C T [-p— — _
~~~~~

-
~ for , = \ and i = N + I

0. otherwise

There is no rela tion between T0 and T1 a nalogous to Eq. (9) . In addition , since ~~~ = 0 , we

ca n not differen tiate with respect to a- at the top boundary in our log (a-)  coordinate system.

Thus , for the  top boundary,  we wil l  use a s imp l e deviative wi th  respect to a- (see below ) ,  ra ther

tha n -
~
- -i-- — i/tn (a-~~,/ a - ,,).

At this point we describe th e procedure used for dry convective adjustmen t . If the lapse

rat e exceeds the dry adiabatic lapse rate (y < 0) ,  the lap se rate is adjusted to be adiabat ic  in

such a way that  the total pote nt ia l  energy of the column is conserved. We de fine the q u a n t i t y

( Manabe et al. )

PL = 5 T C1, il~r ( 14)

which  is pr oportional to the potential energy of a column , and let the last e lement  of the  y

vector contain PE. We then modify M~ ~y addi ng elements

=

to the last column.

8
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In the case of convective adjustment we can then determine a new temperature profile

consistant with Equation (14) by setting -
~‘~ 

elements which are less than zero to zero and mul-

tiplying by M~~
1 to obtain T. This procedure has the affect of adjusting the temperature

profile to obtain stability while conserving potential energy .

We now derive an equation for the vertical velocity. Starting with Eq. (4) which is given

in finite difference as

8 ( W) ~~
— — a -~~(D~ +G ~) .

Using the boundary conditions on

W0 — 0

W~ — — (a + 13

we can write the matrix equation

w = M; ’ ( D + G) ;
(15)

where

— 
~~~~~~~~~~~~~~ I = j and  I > 1

— + 1/ ~~
_
~, i =j + I a n d i >  1

~~~~~ = — l/ d ,, i = l ,j  = 1
0, otherwise

W
T — (W 1, W2 WN _ t , W5 )

and

(D + G) T = (D1 + G1, D2 + G2, ‘ ‘  ‘ , DN + GN ) .

To develop the correct form for the geopotential we begin with the thermodynamic equa-

t ion

9 
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— y a  — - ? - ?  — —a ( U T ’, VT’) + 8T
(16)

Since ë — W + c~ (a + b) we defi ne the quantities y ¶r at the intermediate levels. Thus the

finite difference form for Eq. (16) can be writt en as

-j -- — W — a ( UT’, VT’) + Br
(17)

where we define the matrix operator M2 as

M2 Ma +M ~

— 

y , / 2 for ] I . I ~ N, (y ~
= y , / 2 for ] — / — 1, I < N

0 otherwise

- RT
(Mb ) ,1 81.N ~~~~ —4

~ 
(y , .~ ~~~ + y 1~~,)

p

Now we use the defi nition of P 4 + R Tq ,  together with Eq. (10)

to yield

2 
_ _ _T — — M

~ 4 +_j M,1’ dN

or

- 2 -

T — — M,,[ P — RqT*J — — MiT 1
R dN (18)

where

1ç1 =* J t ,,1 M I .

8Substituting this equation into Equation (17) and noting that —i-— — 0 and -

~~~~~ 

— W~ we

10
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obtain

+ W — R M~ T ’ W, a (UT ’ , VT’) — Br

Collecting terms by noting that

W = M ~,(D + G)

and defining

M 1 (M 2 — R M ~~T ) M ~

we obtain

M~ + f
~ D = a (UT’, VT’) — Br — M1 G

(19)
where

pT (p
1
p
2

... EN)-

The equations appear the same in spectral form except that the non-linear terms on the ri ght

hand side will appear as integrals and be writt en in the bracket notation ( } as per Eq. (7) .

Thus in spectral form we have

M,, -~~-~- + ~~ D~ = (a ( UT’, VT’) Br M 1 G) ,~,,
(20)

for the thermodynami c equation.

Within the numerical model , time histories of C. D, P , and q are carried. The other vari-

ables , T,U, and Vare then calculated for diagnostic purposes.

The use of an semi-implicit time integration scheme allows us to use time steps larger

than that given by the CFL condition for the Lamb wave. We have also used a frequency

filter similar to the one described by Asselin ( 1972), to control the time splitting. The finite

11
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difference form of Eq. (2) for a semi-implicit integration becomes

+ a —2 (/) (I  + 1 ) ~ ± P 
= 

D ’~~~’ +

(a (B, — A )  — a 2 V 2 L1,

and Eq. (20) for the temperature becomes

Ii 
___________  + ~~, V’

~~ 
+ DI~~~ Ij

— —
(a (nT’ , VT ’) — BT — M1 G1 + M~ ~

QI+AI  + Q~”~The use of the notation ~~ 2 simplifies the notation and allows us to rewrite

these two equations as

D ’ +~~t a 2 l ( I + 1 ) P ’ =D ’~~~’ +~~i { a (B , — A) — a 2 V 2 E~
(21)

and

P ’ + ~ tM~” M 1 D ’ = F’ ~~~~
‘ + ~~t MJ ,’ ’  (a (UT ’, VT’) — Br) — ~~t Mp~~ M 1 G.

(22)

By substituting (21) into (22) and defining M = M~’T ’ M 1 we obtain

[1 + (At ) 2 a 2 
~ (I + 1) Af ]  P’ = P ’ ~~~~~

+ A t M ~ “1(a (UT’, VT’) — BTI

+A1 M ( — G — D — t & i (a (B, — A ) — a 2V 2 E}}
(23)

Equations (1, 4, 5, 21 and 23) form a closed set.

IV. COMPARISON OF MODELS

A five level version of the model with two horizontal resolutions , namely 10 and 20

waves, has been integrated for three days. Figure (2) shows the 500 mb temperature forecast
12

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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for the  Northeast  United States using both models as well as observed data for verif icat ion.

This location was picked at random ~ other  locatio ns yield similar  results. The new model clear-
I

ly sho ws an increase in skill  for one and two day temperature forcasts over the previous model.

Beyond two days both models deviate considerably from observations , the p rimary problem be-

i ng lack of moisture and t rea tment  of the upper boundary condi t ion.

In orde r to i l lustrate  fu r ther  some of the  dynamics  of the  model , we show the  ional har-

monic str ucture at 45°N lat t i tude for each level in Fig. (3) . Examina t ion  of the  II~u res indi-

cat es that the forecast of the planetary scale waves (M  = I — 3) is improved as are the  synop-

tic dist urbances (M = 5 — 8) near the  surface. The improvement  in the surface forecast is

p robably a direct result of adjustments  in the  lower boundary made in the  modified model. We

expect that  even better results could be obtained wi th  the incorporation oF a complete boun-

da ry layer model.

For tests on extended range forecasts , we find tha t  energy tends to accumulate in the

upp er levels of the  model for large zonal wavenurnb c r  for forcasts longer than  three  days. Thi s

seve rly degrades medium range forecasts. We at t r ib ute th is  effect to the  use of a simple pres-

sur e difference at the upper boundary region rather  than the  logr i thmic  der ivat i ves  used else-

where.
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Appendix I

Listing of the Spectral Forecast Model

1. Block Diagram of the Model I-li

2. Index to Subroutines I-u i

3. Listing of the Computer Code 1-1

I-i
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~~~~~~~~~~

GARP DATA (81) 1N0’1, 4-9k 1969
I SPECTRAL COORDINATES

MOUNTAINS (83) (5) CONTROL CARDS

“garptape ° (42) ( PRESSURE GRID)

_________

(RPTS 6 I CONVERTS FROM PRESSURE
• I I CO-ORDINATES TO

SIGMA IN VERTICAL
“sigmet ” (52) (P P/Ps)

CONTROL (5) RSPW 6 MODELING PROGRAM
(IN o- CO-ORDINATES )

PRECIPITATION (74)
(IF WET )

(INITIAL PRESSURE HEIGHTS )
“met ” (72)

~ ~___I CONVERTS TO PRESSURE

CONTROL (5) “ .-
~ 

RSTP6 —
~‘tMAPS]

“Airmet ° (82) CAN BE USED AS
° Sigmet ” (52) FOR RESTARTS

Fig. 4 — Block diagram of the interaction of the form modules of the model and the history tapes which they generate .
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MEMBER

ABC!! 1
ALPAS2 2
ALPDR2 3
ALPNM2 4
BPFT 5
CFVAL2 6
CHIC 7
CONADJ 8
CONTOR 11
CRIRLH 14
DELEK 15
DELTAQ 17 —

DEWPNT 18
DFDS 19 - -

DFDSM 20
DFDSQD 21
DIMCAL 22
EGRAFS 23
EKLAT 24
ENERD 25
ENOUT 28
EPSIL2 30
FASP2 31
FCONW2 32
FFGFW2 40
FFWFG2 42
FOUR2 44
FPAK 46
GAMSAT 47
GARPIN 48
GARP6~ 53
GAUSSG 55
GGASP2 57
GWAQD2 59
GZFBP 61
HTVOCP 62
INPOC 63
INPIGG 65
INS 67
!NVRSI 69
LLFXY 70
LNER 71

• MATMLT 71
MHANLW 72
MHEXPW 75
MTXINV 77
NEWBP 79
NEWC 80

• lndicates a control program (see block diagram)

I — h i
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MEMBER
NEWES 81
NEWP 82
NEWPS 83
ORDLEG 84
PBLMAT 85
PCOF2 87
PCPADJ 88
PERM 90
PHSCON 91
POUT 92
POUTF 94
PTS6 96
QDAW2 101
RCOM 103
RHSSI 104
RPTS6* 105
RSGGP 106
RSPW6* 108
RSTP6* 110
SAVPCP 112
SAVPRG 113
SCOF2 115
SEAFLX 116
SECOND 117
SETL 118
SETOLD 119
SETZT 120
SFDRAG 121
SGTPRE 122
SMOV2 124
SPAF2 125
SPAGG2 126
SPAPS2 128
SPCHUM 131
SPLAB 132
SPLAT2 134
SPMCON 136
SPW6 138
STBADJ 145
STMCAL 147
STP6 148
TERPI 153
TERP2 155
TERP2E 157
TFBP 159
TFGZ 160
TMCAL 161
TSIG 162

l.iv

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  - -
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MEMBER
VEMFLX 163
VRTIGW 164
WETCON 168
WSGGP 170

I-v
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SUBR DUTINE ABC!! CDT , A , ~~~~~~ Z R )

PAR A P- 4E T E R 1 Lx 5 , t i z I L s i ,  IR$~ 2~ , ZR M .2*IR$+l

THIS SUBRDUTII~E CALCUL ,A TES THE VERTICAL DIFFERENCE MAT R IX
F~~P THE IP~PLICIT TIME STEP CAL CUL ATI~ N DF PEE. SINCE THE MAT R IX
DEPE NDS DN EDT” , IT HAS 10 BE C ALLED EACH TIME Dl IS Ci-IANGEC,
NAM ELY A T THE 8~ G!N~’.I?~G CCTiDEET/2) AP~D AT THE $ECDND T IME
STEP WHEN (DIaDEET)

PEE (T) X (t+(DT/A )**2*L (L4I)*ti ) a RIGHT HAN D SIDE
Ml S THE TERM IN BRAC KETS FOR EAC H VA LUE OF L (THE WAVE N L M e F R )
HP! a INVERSE OF EAC H M l SD IS DIMENSI ONED M PIC !LEV , I L E V ,TRp~)
Mi IS USED SI~L EY AS A S C R A T C H  HA T I P X

RE AL M I,MXI ,M II MI ,P’t,~ 2,MP ,HPMt ,P4,HW,MPI ,M2M1
CDMP’~ N / N E W M A T  / MI (IL,IL ),P.IIICIL,IL),MI!M1(IL,IL ,),M1 (IL,IL ),

* tP2C IL, IL),MP(IL,IL ),MPPI1 (IL,IL),MCIL,!L ),
* ‘-4Nc !L ,IL),HPI (IL,IL,IRM) ,P12M1( IL ,IL)

IR2P1;2*IR4I
DIS = (DT/A)**2
CD 11 L = 1, IR2PI
FNSsFL6AT((L—1 )*L ) * CIS

00 10 ~.J = 1, ILEV
00 10 I = 1, I L E V

10 Ml(I,J) = FNS * M ( I , J )
00 12 ~ 

a 
~~~~ I L E V

12 M i d ,!) ; P4i~ !,I) • 1 ,
ii CALL MTX INV (MPI(i,i,L), P’1 , ILEV )

RE IL RN
E N D

I —  I

L ~~~~~~~~~~~~~~~~ • .~~~~~~~~~~~~~~~~ •~~~~~



SUB ROUT INE ALPAS2 (ALP,LAL P,LM ,WRKS )

* AL P(LAL P ,LM ) CAN CONTAIN THE LEGENDRE POLYNOM IALS CALCUL ,ATEC
* BY SUBROUTINE ALPHN2, OR THEIR N.S DERIVATIV ES CALCULATED
* BY SUBROUTINE ALPDR2 .
* THE SYMMETRIC AN D ANTISYMPI ETR IC VALU ES IN EAC H ROW OF ALP
* ARE OR IGINA LLY IP,TERLEAVED . E.G. RO W I a C0,1,2,3,...LALP).
* THIS SUBROUTINE SEPARA TES EACH ROW INTO TWO PARTS .
* E.G. R~ W I a (o,2,~~,..LALP/2, i,3,5...LALP ) .
* W RKS IS Al’l SCM WORK FIELD OF LALP WORDS .

* WAR NING — L.ALP MUST BE EVEN .

DIME NSION ALP (LALP ,1)
DIHENSION WRKS (1)

L ALPH:LALP/2
LALPHIILA LPHSI

DO 30 M:1,LPI

* TRAN SFER ONE ROW I’F ALP TO WRKS,

DO 20 N:j ,LAL P
20 W R K S ( N ) A L P (N , M)

* PLI THE SYMMETRIC VALUES IN WORDS I TO LAL P/2 OF ALP.

NSYM .1
DC 22 Na i, LA L PI4
NSY M:N SY M+ ?

22 A L P C N ,M ) : W R K S C N S Y H )

* PLT TH E A~1IISYP5 PIEIPIC 
V ALUES IN WORDS LAL P/2+l TO LAL P . 

—

N AS H :0
00 211 NSLALPI4I,LALP
N A SM MA S

p q A L P ( N ,M ) I W R K S C N A S M )

30 CONTINU E

PET Li P N
END

I —  2
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SLJ P RC UT ! N E ALP DP2 (CALP ,AL P,LALP ,LM ,EPSI )

* CALCULA TES N.$ F~ERI VAT IV E S OF EACH A SSOC IA TEC LEGEN ORE POLYN OM IA L
* DALP(LALP ,LM) WILL CO N TAIN N— S DER IVAT IVE Or ALP .
* ALP (LAL P ,LM) CON TAINS LEGE ’~DRE POLYNOM IAL S FOP ~)N( LATITUCE .
* EPS !(LALP ,LM) C~ NTA INS PREV IBUSLY C A L C U L A T E D  C O N S T A N T S .

* WARN ING — LA L P M US T BE EVEN .
* — LA ST ELEM E P~T OF EACH ROW IS SET TO ZER~ .

DI HEP~SI~ P1 DAL P (LA LR ,I ),ALP(LALP ,t ),EPSI(LALP ,1)

LALPM :LALP I

D~ 30 P~:I,LU

C~ 2 0 N :1,LA LP~
FNS FLOA T (U+N.fl
AL P IL I O ,
IF(N .GT .i) A LPILP’ :A LP( N~~1, H)
0 A L P ( J ,’~ ) :(F~~S . 1 ,) * E PS!  CN ,H )*ALP !LM — FNS *EPSI (P’i+l,”)*A LP(N 43 ,h’)

2(’ C O N T I N U E

30 D A L P ( L A L P ,~~):0 .

~EIL R’~

I —  3
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SUP R~ UTt P1( AL PNM 2 (AL P ,L ALP,LH ,SINLAT,EPSI)

* PLYS LEGE~4DRE POL’~PA P-4IALS IN ALP (LA LP ,LM ) FOR ONE LATITUDE .
* SINLAT IS THE SINE OF THE PEGUIRED LATITU DE.
* EPSI IS A F IE LD OF CON STAN TS THE SAME SIZE AS ALP .

* TI- F SYMM ETRIC A PID ANT ISYMP4 FTR IC VAL UES I” ALP APE INTE RLEAVED
* IN EAC H ROW . E.G. ROW I ‘ C 0,I,2,3.,.,L.ALP 1 ,

* WAR NI N G — LALP ‘~U5T BE EV EN , ITS M IN IMUM VALUE IS a,

• 0 IMLP~SION AL PCLAL .P ,1),EPSI (L ALP ,I)

CCS2:1,.SINLAT**2
PR OCI1 .

P50 ,

* LOOP ~0 COVE RS LONG !TIJCINAL WAV F P~UP~BERS 0 TO LM—i.

00 30 M 1,LU
FM SP LO A T ( M — 1 )
IF(M .EQ .1) GO TO 12
A :A s 2 .
8 :B42 .
PROC :PPCD*COS2*A /P

* COM PUTE TIlE FIRST Ti~ ELEYIN1TS OF THE R O W •

12 A L P( i , M) SQ PT ( , 5.r~R D )
4LPC2 ,W)zSQRT (2,.F~’.3. )*S%NLA T*A LP (1 ,M )

* N0i~ COM PUTE ELE’~ENTS 3 TO L ? IP-! THE RO~ IN PA IRS.

CC 20 N:3,LALP ,2
ALP (N,P’):(SINLAT*ALP (N .l,M ) FPSI (N .1,M)*ALP (N .2,M)) / EPSI N ,t
ALP (N,1,M) (SINLAT aAL P (N, P’) EPSI (N ,M )*ALP (N.1 ,M )) / EPSI(N,1,’~)

20 CONTINU E

30 CONT INUE

R(T LPN
END

I . £$ 
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SUBROUT I NE BPFT (PEE,T,PS,PHIS ,LA ,LRS,L M ,ILEV ,TMEAN ,RGA S, SF)

* CALCULATES PEE FROM T,PS,PHIS ,TMEAN BY INTEGRATING UP FROM THE G

* IF MODEL IS HEM ISPHERIC PEE,T ARE SYMMETR IC.
* EA CH LEVEL IS DIMENS IONED (LRS,LM).
* EACH LEVEL IS SEPA RAT ED BY LA COMP LEX WORDS .
* PEE AND T MAY RE COLIVALENCE D ,

COMPLE X T(LA, 1),PEE (L A,I),PHTS (t),PS (1)
DI MENSION TMEAN(1 ),5P (j)
C OMPLEX PSURF

ILEVP = I L E V  + ~ILEVM S ILEV — I

L 00 30 M:I ,L M
MR:(Pi . 1)* LRS
00 30 N= 1 , L R S
IL:MR+N

PSIJRF RGA S * THEA N CI L EV P ) * PSCIL )
IFCIL.GT. 1) PSURF = P~~UR F I PHI5 (IL)

P E E C I L , I L EV )  : PSURF
+ S F ( I L EV )  * 0.5 * RGAS * ( T ( I L , I L E V P ) , T C I L , I L E V ) )

2 — R G A S  * (T M E A N ( I L E V P ) . T P I EA N ( I L E V ) )  * P5 ( IL)
CO 10 1HZ 1, ILEVW

a !LEV • IHI
P E E ( I L , I I 4 )  a P E E ( I L , I H + 1 )
P EE C IL,II.1) a ~E E ( I L , ! H )  • S F ( I H ) * o ,5 * R G A S * ( T ( !L , ! H + 1 ) + T ( I L , I H ) )

10 PEECfl ,TH ) a PEE(IL,IW) — R G A S * P S ( I L ) * ( T U E A N ( I H + 1 ) _ I H r A N ( I H ) )

30 CONT INUE

— RETLRN
END

I . 5
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SUB ROUT INE CPVAL2 (VAL,CFC ,Nw,RLON )

* EVALUAT ES COMP LEX FOURI ER SERIES IN CFC TO WA VE NUMBER NW
* ~T POINT PLON (RADIANS),
* ~~. ~ ACTUAL LY CO NTAI N S THE POSITIVE HALF OF THE COMPLETE
* COMP LEX SERIES , THE MEAN IS IN CFC(I),

DI MENSIO N CFCC I )

NW P1aNW $ I
VALID .
00 20 MP:2, NW PI
HM:P’p.Mp
FMX IRLON *PLOAT(MP .1)
SINMXX SIN (FMX )
COSHXaCOS (FMX)
V AL ;VAL+COSMX *CFC CMM 1 ).SINMX*CFC (M14 )

20 C ONTINU E
V AL :2.*V AL .CFC (i)

PET LRN

1 6

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~ •• •~~~~~~~~~~~~ •~~~~~~~~~~~~~~~~~~ .
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FUNCT ION CHIC(H, HC)

FO R H BETW EEN MC AND 1.0
*CHIC* IS A L I N EAR FU P4 CT I~~N CF H

IF (H .GE. i.) GO T O I

CHIC a (H.HC)/(I..HC )
- , 

RETURN

I CHIC a 1. 0
PETLRN

- 
END 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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SU BR OUT INE CONAOJ (T ,Q,PCP ,PRES$G, W,P,ST ,NUPS,NSUPS, ILEV M,DEL)

a PERFORMS CONVECTI V E ADJ USTMENT
* CO M P U TES B~ TH LARGE AND SMALL SCAL E rRECI PITA TION
* COMPUTES EVAPORATI ON OF FALLING PRECI PITAT ION

COMHON/ACJPCP /HC ,HF ,HP’,AA ,DEPTH ,LHEAT ,M OIADJ, MO IFLX
DIME NSION T (I ),Q (1),P(1),ST (ILEVrI,1)
DI MENSIO N DELCI)
L OGICA L AO J,WLT

* GAM ,G AC STABILITY FAC TOR AN D ITS CR IT ICAL VA LUE
• * MS CRIT ICAL SAT u RAT ION RE LAT IVE HUM IDITY

* DTF TE M PC RAT LRE CHAN GE CAUSED RY A CONV ECTIVE ADJUST MENT
* 0TH TEMPEPA Y L P E C HA NGE CAUSED BY A RELEA SE OF LAT ENT HEAT
* DOF MOISTURE C HAN G E CAUS ED BY A C ONV ECTIVE ADJUST ME NT
* OC R MO ISTUR E EC U IV A L E NT T O PRECI P ITAT IO N AMOUNT

• 
* DCI, 00J S A T U R A T I O N  DE FICITS

PCP;0 ,0
I T E R S O
PC PC H a P R E S S G * D E PT H
WE Ta , FALSE .

5 A DJ: ,FA L SE.
IT ER: IT ER+1
D Q RIO .0
C~ 50 I: i , ILEVM

J I+1
GAC : O .0
DTF : O . 0
DT HSO .O
DCF:O .0
DC H a 0 • 0

* * * * * * * * * * *a*  * ** **** * * **
* CONV ECTIVE ME AT FLLX *

a COMPU TE GA M
T T :S T  (I, I) *T (I) +51(1,2) *T
GAM:TT+$T (I,3)* CT (I )•T(J))
* CO M P UT E H
H ;Q ( J ) / S P C M U M(T ( J ) , P( J ))
* COMPUTE MS
HS : A M I N I ( H ,1, )
IF(W .GE ,0,0) GO TO 15
IFCH .LE ,H M ,OR .ITE R .NC .I) GO TO 10
HSZCPIPLH (I4M ,M,AA)

1 0 IF(H .MOIADJ ,LT .HC) GO TO 15

I —  8



* COM PUTE GAC
OS T IS P C M UM (T T , P (J ) * ST ( I , 6 ) )
GAC IC I-4 1CC I1,H C ) * G A U S A T ( T T , G S T )

15 I F C G A M .GE. GA C )  GO TO 20

IF C G A C . NE. 0.0) W E T; .TRUE.
DTFSST (t,4)* (GAC—G&I -’)

• T (I):TCI)sDTr*ST (1,51
1 (4) 1 (3 )  sO T F

* MO IST U R E  FLUX a

******** * * **  *****20 Q S J : H S * S P C H U M ( T ( J ) . P ( J ) )
D Q J : Q S J — Q ( J )
IF( CQJ. GE .0 .0) G O TO £45
IFCDTF * M C I F LX ,EC .0 .C) GO TO 30
CSI :A t - ’AX I (H S , HF )a $ PC H L M ( T ( I ) , P( I ))
0QI:QSI.Q (I)
IFCDOI .LE .0.O) GO TO 30

DCF:AMAXI (OQI/ST (I,5),00J)
C (I):Q (I).DQF*ST (I,!)
DGJ aQSJ.Q (4)

30 I FC HS .LT .4 M I N 1( H C , P~P’ ))  GO T O £45
•********aa******a.4*********** * * * ** * * ** * * ** * * **
* CONV ECT IV E OP STAPLE HEAT ING RY CON DENSAT ION *
******a**** **** * * * * * * * * * * * * * *a *  * ****** * * * **** * * *D O N Z D E L T A Q ( I C J )  ,Q S J , D C J , H S)
fl 0 14 : L I-s E AT I C DO M.D I) 4) 4 DC 4
DTM:.HT V OC R CT (4 )  ) *DCH*L)-~E AT
I (4 )  aT Ci) +0114
Q (J) uQ ( 4 )  .0014

**a * * ** * ** * * ** ** * * ** *a* * * ** *  **** ******
* C ONV EC T IV E  OP S T A B L E  PR ECI P ITAT IO N a

******aa *******e****************a*t***
QQP DOP + D E L( I+ 1) * C Q H

‘45 IFCDTF.(DTF.PTI4).GT .0,O1 ) ADJI S TRUE.

50 CONTINU E

PCP I PCP • DG R* PC PCI4

I c c A D J )  GO T O

I F ( I T E R .EQ .1) GO 10 60
NUP$.NUPSsI
IF (WET) NSUPS:NSUPS+I

60 RETURN

_
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END
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SUBROUTINE CON TCRCC , XV ,VQ ,NX,NY ,NL !N,MCONT,NXI,NX2 ,NYI,NY2,TITLE ,
a S U B T I T , V* R ! , PX N C . P O R )

THIS CONT O UR RO UTINE IS GEN E RAT ED T O REP LACE R O B E R T ’ S  ROUTIN E
THE CO NTR O L VARIAB LE S AR E THE SA M E A S IS THE CA L L. THE ADDIT IO NA L
VARIA B LES FINC AN D FO R AR E USED IF THE USER W IS HES T O SPECIFY
THE ORIG IN AND INC REM ENT HIMSELF . ORIGIN AND INCREMENT AR E PICKED
IF FINC IS SET T O ZE RO • PROGRESS IVE CH ARACTER S ETS FOR PLOTTI NG
A RE US ED~ NUMB ERS FOR C ONT OURS GREATER THAN OR IGI N ,LETTE RS
FO R PLOT S LESS T HA N OR IGIN , CHANGE THE EXT ERNAL CALl. FOR VARIOU S
S I T U A T I C N S I

RP LOT — LA RGE PLOT , DENSE POINT FIELD
IPL OT • LARGE PLOT , SPARSE POI NT FIEL D

EXTERNA L RPLOT
EX TERNA L IPLOT
D IMENSION O ( NX, NY )
DIMENSION X V ( N X ) , Y O ( NY ) , D( I O 0 ) , D1 ( 10 0) ,D2 ( I00 )
INT EG ER T !T L E ( 5 ) , S U B T I T { 2 ) , C H A R I  ( I 0 ) , C HA R 2 ( I0 ) , Z E RO ,T IT (12 6) ,00 LLAR

IR ,B LA NX
DATA ZERO/’O**a ’/,PLANK /’ ‘/,DOLLAR/ ’$$S$’/
D A T A  C HA R 1/ ’ l  2 3 ~4 5 6 7 8 9 • ‘,

D A T A C MA R2 / ’ A  B C 0 E F C H I 4 ‘/
FI N C SR IN C
F OR :R OR
NCON T:MCO NT
00 88 4:2,6

88 TIT (J)’TITLE (J—l )
TIT (7)’DCLL,AR

D ETE R MING MAX I M UM A N D MINIMUM

N S sNX
111 8 Il s I’A XVAL (O)+ i

I2:~ INVAL (O ).1
IKI:II/NS
IK2’I2/NS
1J2 ;12—C1 K2* N$)
IJ1II1.(IKI*NS)
IK1~ IK1s1
!K2:1K2 ,i
F M X Z O ( X J 1 , I K I )
F M N I O ( ! J 2 ,1K 2 )
XF(ABS (PI4X .FP4N).CT .i.0Eu 9) GO TO 520
WR lIE (6, 954456)
RETURN

520 CONTINUE
984 54 F O R M A T ( ’  VA LUE IS T O O  SMALL FOR THIS P LO TTER ’ )

IF(FINC .NE.0) GO TO 60

SELECT CONTOURS

I • I I



98 IF(NCONT.GT .MCON T ) NCONTIMCONT
AIALOGIO((FMX .FMN ),NCONT),.l505
l.A 0064000
IF CA .LT.0)I~ !—l 0065000
B.! 0066 000

CsA . I 006 7000
FINCz 1O .** B 006 8000
IF(C.LT ..1505) G ø T O 9 006 9000
FINC :10,**B*1.5 0070000
IF (C .LT ..3010) GO TO 9 007 1000
F!NC.10.**8a2 0072000
IFCC .LT ..45 16) GO 76 9 007300 0
FINC .t0 ,*aB*3 00741 000

• IF(C.L T ..6505) C’ 10 9 0075000
FINC 1O .**8a5 0076000
IF (C.LT ..84190) GO TO 9 0077000
FINC .jO ,.*B*7.5 0078000

9 CONTINUE 007 9000
IIFHN/FINC 0080000
FO RiIaF INC 00 81 C00
IF ( FMX * FMN .LE .0)F O RIO 0082000

60 lii
RST:—1
IF( FM N .GT .FO P) RST s I

DETERMINE ORIGIN

0 (1) iF OR
20 !F( D( t ) . LE. FPIN. A ND. C( 1) IF !NC.G E .FMN ) GO TO 10

D( 1).0( 1), FINC* RST
GO T O 20

10 CONTINUE
X .I.s
IF( I .GT ,MC O NT +2 0 )  t~R IT E(6 ,455)I
IFC I .GT .MC O NT S 2 O ) GO T O 98

‘455 FOR MA T (’ NUMBER OF C~ NTOURS EXCEEDS MCONT (‘,Io,’)AUT OMAT IC
ISC ALI NG BEGUN’)

4146 FOR I~A TC ’ ONLY ONE CONTOUR PLOTT E D , RES CAL ING ’ )
D (!).D(I—I)+FINC
IF C E~CI ).LT.FMX ) GO TO 10
IFC I.LE .2) W P IT E (4 , IILIA)
IF C I .LE .2) GO TO 98
NCONZI
I tT  ( 1 ) z~L AN N
CA LL NO GR ID
REMOVES GRID
CALL U5XUSY CXV CX ),XV(NX),,FAL SE .,Y0C1 ),Y0(NY),,FAl.~t.,TIT )

PLOT ORIGI N

I —  12
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201 11.0
I2a0
DO 11 Jal,NC CN
I F ( A B S ( D C J ) • F O R ) . L T ,1.OE.’i * FINC) GO TO 11
IF (C(J ) ,LT .FO R) CO TO 70
I1~ I1+I
D i c I l ) :0 (3)

70 IFC D(J h GT .T O R )  G O 10 11
12:12+1
D2( I2 ) :C ~(J)

11 CO NT INUE

P LOT C ON T 0 U PS G R E A T E R  T HAN O RIG IN

IF (I1.EQ .0) GO 10 200
DC 100 4:1,11
H:(J .1)aO .1 •1.OE.’4
T IT ( 1 ) ;C P4 A R I (J . M* 10 )

• 100 CA LL C N T O U R C O ,NS, X V , l , NX ,YQ ,1,NY , D 1C J ) , I P LO T ,T IT )
200 I3:12

IF (13 .LE .0) GO TO 300

PLOT CON TOURS LESS T HAN OR IG IN

D O 1O~ 411,1 3
1:12.3,1
MZ (J—1 )*O ,1 +1 ,0E.U
TIT (1)SCHAR 2 (J.MalO )

2 0 2  CA LL. CNTOUR(0 ,NS,X V , I ,N X , Y 0 , I,NY ,D2(I) ,XPLOT ,TIT )
300 T IT (1)ZZERO

CALL C N T O U R ( O ,N$, X V , 1,NX ,Y Q , j ,NY ,FOR ,IPL CT, T I T )
WR ITE (6,51) FMX ,FMN ,FOR ,PINC
W R I T E C b ,52) SUBT t TC1 ), SUeT ITC 2 ),VA R!

51 F O RM AT( , M AX IM U P’ :’,G 12 , 4,’ M IN I M UM: ’,G 12.4,. OR IGIN (0) .$ ,C 12 .il
I, ’ INC RE M E NT I ’ ,G%2 , 4)

52 FOR M A T (I  $ ,2A4 ,’ a ‘,G12 ,3 )
RET URN
END

I — 13



FUNCTION C44IRLH (MM.H,AA )

* COMPUTES *CRIRLNa ,THE CRITICAL sAT URAT ION RELATIVE HUM IDITY

IF’(H.LE.l.) DH a AA*(H.HM)**3
IFO.GT .1.) DHIAA * (2..PIM.l4)**3 + H • 1.
CRI RLM * H • OH
RET UP N
END

I •  1’4
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• SUB RO UT I N E DE l .EKC CT ,LA ,LPS, LM ,EF,ILH,ILEV ,A LP,D ELAL P ,
LA L P,KHEH, IR ,ILG, WO C SL, W RK S)

* THE LA PLA CIA N OF KINETIC ENERGY MUST BE ADDED TO TH E —

• 
* DI VERGENCE TENDENCY CT. THIS IS ACTUA LLY A LINEA R TERM AND COULD
a BE DONE SPECTRALL Y , BUT IT IS PERFORMED ON THE GRID TO SAVE
* THE SPACE IN CORE OF A COMP LEX SPECTRAL E FIELD .

a T HE T E R P4 IS COM PUTED AND ADDED TO CT THE NORMAL WAY SIMPLY 
—

* BY CON V E RT I N G AL P 10 N* (W+1)*ALP AND USING FASP2 .

* E FCI LG IILA T ) GR ID VALU ES OF ((J**2+V**2). CILM:ILG/2)
* A LP a LEGENOPE P~ LY~ OMIAL5 ,
a DELALP a W OR K FIELD FOR N(~ +1)ALP ,

* NOTE — IN THE P R O G R A M  DAL P IS USED FO R DELAL P SC 11415 ROUT INE
* MUST BE CA LLE D LAST IN THE LAT IT UD E LO O P .

C O MP LEX C T ( LA , L ) . E F C I L H ,1)
DIM ENSION A L P ( L A I P , 1 ) ,C E LA L P( L A L P ,1)

a CO M PUTE N a ( N + 1 ) *A L P  IN DELALP .
* IF MODEL IS HEM IS P HERIC SY M M E T R I C  VALUES OF AL P ARE IN
* T HE FIRST HALF OF EACH PO W IN ALP .

LP:L ALP
IF( KN E M ,NE.0) LR:LAL P/2

DC 210 Ma 1,LM
DC 210 N l,LR
N 5: H + N —2
IF (KM EH .NE.0) NS :NS i(F ~— 1 )
FNS :FLOAT (NS* (N3+jfl
DEL ALP C N, ~1) a F N S * A LP (N, H)

21 0 CONT INUE

* C ONV E RT GRID VALUES T O FO URIE R CO E FF ICIE NTS.
* INCLUDE IN W O C S I  T~~ F ACT O R .5 TN THE DEFI NIT ION C~’ NE.
a ADO DELSQC KE) TO CT .

CA LL FFWFG2 ( EF , I LH .EF , I LC ,  ID , ILG, W R KS , ! L EV )
W D C S I : W O C S L * ,5
IF(KH E M .NE, 0) WO C $I .NC CSL

00 31 0 Ls1,ILEV
310 CA LL FASP2CCT (1,L) ,LRE,LM ,EE (t,L) ,DFLALP,LALP,WCCSI)

RE IL. RN
END

I • 15
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FUNCTION D E L T A O ( T ,O5,00 ,HS)

* COMPUTES THE HOISTURE RELEASE *DtL.TAQa AT TEMPERAT URE T
a WHEN THE SPECIFIC HLP’IOITY IS GREATE R THAN ITS CRITICAL VALLE OS
a BY AN AM OUNT 00 .
a MS IS THE CRIT ICAL RELAT IV E HUM IDITY TO WHICH CS CORRESPONDS
* REF . LANGL OIS, TELLU$ 25,1973,84—87

C O M M O N/ E P S / A , B , E P S X  ,EPS2

EPH :EPS2/(HS*EPSI)
H.I -TV O C P (I)
Y=B/ (TaT)aGS* (1 .+Q5*EPI4)

HYXHaY
H Z . H Y / ( T * ( 1 , + H Y ) )

DELTAG • OQ/ CL .+HY) a ( 1 .O+D Q/Y * HZ * 14Z * ( B * (Q S * E P H+0 .5 ) . T )  )

RETU RN
END

I • 17 
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FUNCT ION DEW PNT (Q ,P)

a COMPUTES DEW POINT TEM PERATURE *DEWPNT* USING
a SPEc IFIC HUIIIDITY C AN D PRESSURE P(N8)
a E IS THE VAP OR PRESSURE RELATED TO a0EW pNT~ BY
a EaEXP (A—S/DEWPN1 )

CO MHO N/ EPS/A,B,E PS I ,EPS2

EaQa P/ (EP51+ EPS2ar ~3

O EWP NT a B/ (A .A LO G ( E) )

RETURN
END

I • 18 
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SU BRO UTI NE DFDS (G,F,5,NN ,CONL ,CON2)
DIME NSION G(NN),F(NN ),SCNP4 )

* GIV EN A FUNCT ION F AT NN UNEVEN LY SPA C ED POINTS , TH IS ROUT IN E
a CALCUL AT ES IT S FIRST DIFFE RENCE G AT THESE PO INTS .

a S MUST CONTAIN THE INVERSE OF TH E I NT E RVA L LENGTHS .
* BOUNDA RY CONDIT IONS SPECIFIED BY CO NI ,CON2 , (SEE BELO W) .

M N MaN N—I
00 10 N:1,NNM

10 G (N+1)aSCN)* (F(N+l) F(N))

A :G( 2)

DO 2 0 N.2, NNM
20 G ( N) : (S  ( N ) * G ( N+j  )+S(N .1 ) * G (N )  )/ (S (N)+$ ( N•1) )

a BOUN DARIES

CCI ) aCON leAf (1.— CONI ) aG (2)
G ( N N) :C ON 2*G( NN) s C 1 . .CON 2 ) * G ( N P~M)

RETURN
END

I —



SU PP OUT IME D F D S M ( G , F , S , N N )

* GIV E N A FUNCT IO N F AT NP. UNEV EN LY SPA CED POI NTS , THIS ROUT INE
a CALCUL ATES ITS FIRST DIFFERENCE G AT THESE INTERNAL P’!NTS.
a 5 MUST C O N T A I N  TH E INVERS E OF TH( INTE RVAL LENGT HS .

C INENSION C C I )  ,F( 1 ),S ( 1)

NNM;NN—1
DO 10 Na I, P~’.

M
10 G ( N + 1 ) Z S C N ) * ( F  ( N +j ) . F C N ) )

CC 2 0 P4a2 , NI. M
20 G( ~4 ) a ( S ( N ) a G ( N + l  ) s S ( N . 1) * G ( ’ - )  )/ C S ( N ) + S ( N 1 ) )

RE TL H N
END

I • 20
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SUBROUTINE DFDSQD (G,F,PR,S,~ N)

THIS ROUTINE IS THE SAME AS OFOS EXCEPT THAT THE END DER IVATIVES A
FOUN D FROM DIFFE RENTIAT ING THE Q UADRATI C THRO UGH THE THE LAST TH R E
POINT S AT EACH END.
CLE AR LY , NN MUST BE GREATER THAN 2.
PR AR E THE COOR DINAT ES OF THE DA T A  , A ND S ARE THE INVERS E OF THE
SEPERATI OM • IDENTICAL TO S P1 tWOS.

DIMENSION G ( I ) , F( 1) , P P ( 1) , S ( 1)

CA LL DFDS H(G ,F ,S ,N N)

G(1) • F ( 1 )a ( 2 * P P ( 1) . P p (2 )— P P ( 3 ) ) / ( ( P R C I  ) •PR(2)  ) * ( P R ( 1 ) — P R ( 3 ) ) )  +
I F( 2 ) * ( P R ( 1) . P R( 3 ) ) / ( ( P R ( 2 ) . P R ( 1 )) a ( P R ( 2 ) .p R ( 3 ) ) )  +
2 F( 3 ) * ( P R( 1) . P R C 2 ) ) / ( ( P R ( 3 ) . P R ( 1 ) ) a ( p R C 3 ) — P R ( 2 ) ) )

G(NN ) a F(NN—2)*
I C PR( NN) . PP( PN. 1) ) / ( ( PRC NN .2 ) .PR( NN.1) ) * (pp( NN .2 ) .pR( MN) ) ) +
2 F(NP4.1)*
3 (PRCNN).øR (NN.2))/( (PR(NN.1)~ PR(NN.2))a(PR(Np4.~ ).PR(NN)))+£4 F ( N N ) * (2 a P R ( N N ) . P P (4 J N — 1 ) . P P ( N P J — 2 ) )  /
5 ( ( P R ( N N ) . p R ( N N— 2 ) ) * ( P R ( PJ N) . P R( N N a l f l )

PET UP N
END

1 — 2 1
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SUB RO UT INE D I M CA L ( LR S ,LRA ,LRU ,LRV ,LALP ,LM ,LA ,L A W , I R ,KHEM)

* CO MP UTES R OW LENGT HS A ND DIMENS IONS FOR SPECTRAL ARRAYS
a GIVEN THE RESOLUTIO N (IR) AND THE REGION OF INTEGRATION ( K H E M ) S

a IF THE MODEL IS GLO BAL LPSaLRA :IR+1, LRU .LRV .LALPaIR+2.

* IF THE MODEL IS HEM ISPHERIC ALL. FIELDS ARE EITHER SYMMETRIC
a OR ANT ISYMMETRIC, AND THE ZEROE$ ARE SQUEEZED OUT .

* LPS • POW LENGTH OF SYMM ETRIC FIELDS
* URA ROW LENGTH OF ANT ISYMM ETR IC FIELDS
* LRU a PO~ LENGTH OF E— W RIND COMPONENT PIELC
* LRV • ROW LENGTH OF 14.8 WIND COMPONENT FIELD
a LAIR = ROW LENGTH OF LEGENDRE POLYNOM IALS (ALP)  AND
* ASSOC IAT ED ARRAYS (DALP ,EPSI).
* LM a NUMBER OF ROW S IN EACH FIELD .
a L A W • SEPA RATION BETW EEN SUCCESSIVE LEVELS ~F W I ND F I E L D S ,
* LA • SEPARATION BETWEEN SUCCESS IVE LEVELS OF ALL OTHER FIELDS .

* IR • RESOLUTION OF THE MODEL.
a K HEM~ 0 FOR GLOB AL , I FOR N HEM , 2 FOP S HEM .

LRS:IR,l
IF(NH EM .NE. f l)  LRS:IP/2+l

LRAz IR+ l
IF(NMEM .NE .O) LRA :CIR$1 )/2

LRU:LRS+ 1
IFCIO4EM .NE .0 .A NC .MO C ( IR ,2) .EQ ,0) LRU:LRS

LRVz LRA +1
IF( KM EM .NE ,~~.A ND .MC 0( IP ,2) .NE .0) LRV LRA

LA LP:IR+2
IF(HC D( IR ,2) , NE ,0) LA LP :LA LP+ I

L Ma !R+3
L A 

~L~ S *
LAWI LPU* LM

RET U P N
END

I • 22
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SUBRO UTI NE EGRA FSCET OTS ,LTOT ,NSPLAT,IGE,IGM ,IGQ ,IGD3

a GRA PH ENERG IES, MOH ENTUM ,VO RTICITY ,DIVERGENCE IF REQUESTED.
* TH E S IX LEVELS OF ET OT CONTAIN NS P LAT VALU ES OF ,, .
* 1) K INET IC E N ERGY
* 2) POTENTIAL ENERGY
a 3) TOTA L EN E RGY
* ~

) E—W MO M ENTU M
• 

* 5) MEA N SQUAR E V O R T I C I T Y
* 6) M EAN SQUA RE DIVE RGE NCE
* EACH IS A M EAN VAL UE OF A LL THE LEV ELS IN THE MODEL
* A T  ONE T I M E S T E P .

DI MENS ION ET O T S ( L T O T , b )

! F ( N S P LA T .LL .0) RE T U R N

* S U B T R A C T  INIT IAL V A L U E S  OF KE, PE AND TE TO GET C HANGES ONLY .

• D O 20 3:1,3
EZERO:E TOTS (1,3)
DO 20 IaI,NSP LAT
E T O T S ( I ,J ) : ET OTS ( I , J ) — EZ ER O

20 CONTINUE

* NOW CRA W THE GRA PHS . EACH GRAPH PICKS ITS CNN SCA LE.
a G RAP HS TU RN ED OFF IF IGE,IGM ,IGQ , IGO SET TO ZERO RESPECTIVELY .
* OTH ER W ISE THESE N UM BE RS A CT AS THE GR APH INTERVA L S .

CA LL S P LA T Z ( E T C T S C I  .1) ,LTOT ,3 , NSP LA?, IG E,0 . , fl .)
CA L L S P LA T 2 ( ET O T S ( 1 , ’4 ) , LT O T ,  1 ,NSP LAT , IG M ,0 . , 0 .)

• C ALL SPLAT 2CETOTS(1,5),LTOT , 1,NSP LA T ,!GQ,0.,0,)
CALL SPLAT2 CET OTS (l,6),LTCT , 1,NSRLAT ,IGD,0.,0,)

RETURN
END

I —  23 
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S UBRO UT I NE E K L A T C T C T K ,E G, PRESSG,ILG,! LEV, WO C S I , KH E M)  —

a TI-IS SUBROUTINE IS PURELY DIAGNOS TIC.

* T HIS SUB RO UTIN E C A L C U L A T E S  KINETIC ENERGY AT ILEV LEVELS
a IN lO IN  FOR LAT E R USE IN SU BRO UT INE ENERD.
* IF ENERD IS R E MOV ED FROM THE PROGRAM , EKL. AT CAN A LSO BE.

* E G • U**2 +V * * 2
a PRESS G : SURFA C E PRESSURE

D IMENSION EG( ILG , I),PR ES S G ( l ) , T C T K ( 1 )  - •

W X X ; .5 * W O C S I / F L O A T ( I L G )
IF(K HEM ,NE. 0) PIXXIWX X +I~$ X X

DC 20 IK:1, ILG
00 20 L:1, I LEV

• 20 T O T K ( L ) a T O T K ( L ) . EG ( I K .L)a PR E S S G ( I K ) * W X X

RETURN
END

I •

L •
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SUBROUTINE (NERD (P ,C,T,U,PS,PHIS,PRESS ,LA,L.AW ,
LR5,L RA ,LRI~,LM , ILEV,K HEM ,TME*N ,TME ANI-4,5F ,CS,

2 T O T K , T O T P , T O T E , T O T M ,P S IT O T ,C H IT C T ,E T O T )

* THIS SUBROUTINE IS PURELY D IAGNOSTI C .
* CA LCU LA T ES ENERGEIICS FOP SPECTRA L MULTILEVEL MODEL .
* NOTE — TOTK ~AS BEEN CALCULA TED PREVIOUSLY .

* IF MODEL IS HEMISPHERIC, P IS ANT ISYMMETRIC.
* ALL CTHFR FIELDS ARE SYMMETR IC.

CO MPLEX P (LA,l ),C (LA , I ),T (LA,1 ),UCLAW , 1)
COMP LEX P$(1),P14I5(1 ),PRESSC1 )

DIMENSIO N IM EA NC ) ),TMEANH (1),SF(t),CS(1),ETOT (6)
DI MENSION TOTK(1),TOTP (l),TCTE (1) ,TOTM (1),PSITOT (1),CHITCT (1)

CO PIMON /PARAM S/ WW ,TW , A ,ASQ ,GRAV ,RGA S ,RGCCP ,PGCASQ ,CPRES

COMP LEX T~ AR C15) ,TTO P ,PPXX ,PPX P, PPXM

I L EV M: IL EV —l
SORT2 :SQRT(2.0)
CPOASQ:3,5*RGAS/A$Q
PB ARsPR(SS(t)/SCRTZ
Ca NS A SO/PBAR *0,S
Ca NSM SQRT (R.0/S.0)/3.0.Wh

DC 1 IH :1,ILEV
TOTE (jH)30. 0
T O T M ( I W ) : 0 .0
TOTP (IH):0,0
PSITOT (IH)=0.0
C H I T O T ( I h ) : O .0

1 C ONTINuE

a P O T E N T I A L  EN E RGY.

DO £4 0 M:I,LM
DC 110 N:1,LRS
IL: (M.j )*LPS.U
TT OP a (SF ( 2 ) a T ( X L , 1 )  + S F ( t ) * T ( I L , 2 ) ) / ( S F ( 1 ) + S F ( 2 ) )
h O P  • 1.5aT ( IL, I3 .0 . !*TTO P
DC 36 IH:1,ILEVM

36 T B A R ( I H )  a T ( I L , I H ) a C P O A S Q
TRAR (j) • T RA R ( 1 ) + 0 .5 * T T C P * C P O A S Q
Tt~AR C IL EV ) 0.5*T (IL,ILEV )*C°OASQ
IF(IL. G T . 1 ) G O  TO 37
D C 38 IN a 1,IL.EVM

38 T8AR(IH) • TBAR(74.1).TMEANH(IH)*SQRT2*CPOASQ
TRA R(1 ) a T !3AR (1)+O,5aTMEAN(I )*S~ RT2*CPO ASG

I • 25
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T B A R ( I L E V )  = TBAR (ILEV )+0 .5*TMEANN(1LE~l)*SQRT2*CPCASQ37 CONT INUE
DO 3P  IM a 1,XLEV

3Q T BA R ( I H )  = T B A R ( I H )  • PNISCIL)*FLCAT (ILEV) /A SC
DO 110 XM :1,ILEV
PRXP TBA RCIH)*CONJG(PRE S$CIL ))
PR %P zPRXP cc ON JO PRX P)
I FC M ,EQ .1) PRXP PR XPaO .5
TOTP (IH):TOTP (IH),PRXP

40 CONTINUE

* MOMENTUM S

1~6 60 U t,ILEV
DC 60 Mz1,LPl
DC 60 N :I,LRS
M N (Pl.) )a LRUCN

PR X ~:U C MN ,L ) cC ONJG (PRESS (MX) )

IF(~~.EQ .1) P RX M.P RX Ha O, 5
T 0TH CL. ) :TC T M (U) cPR

60 CO NT INUE

a SCUAR E DIVERGE NCE.

C O 65 L:1,ILEV
D C 65 P4:1,LM
DC 65 N:1,LRA
MN a (M • 1) * UR A .  N
PSI5Q:P (MN ,L)*CfINJG (P (MN,L))
Ir (H.GT .t ) PSISC:PS18Q.PSIS~PSITOT(L):PSITOT (L).PSISO

65 CONT INUE

* S~ UAR( VORT ICITY.

CC 70 L:1,IL E V
D O 7fl M:1,LH
DC 70 N z1,LRS
MN: ( M j )  * L RS cM
CM ISD C (M N ,L)*CCNJG(C(MN ,L))
IFC M .GT .1) CHISG .C HIS D.CMI SC
CP4 IT O T ( L ) CH IT O T ( L ) , C H I SQ

70 CO N TI NUE
a COMPUTE VERT ICA L SUMS IN ETOT .

DO ~3 N:1,683 ETCT(N) :fl,
~(s3

I —  26
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IF( I~MEN .NE,0) K:2
DC 85 IHaI,ILEV
TOTH CIH )aCTOT’4C1H ).CONSMaPRESS (K) )*CONS

• TOTW (IM ): TOTK(IW )aCON S
TDTP(IH)’ TOTP(IH)aCONS
CH ITOT CI H)ISORT CCMITOT(IM )aO .5)
PSI TOT(IM ) SQRT(P$ ITOT (IN)*0 .5)
TCTE (IM): TOTK (!M),TOTP (Ih)
ET Ch ( 1) : ET OT ( 1)  .05 (1k) a T O T K  ( IN)
(T OT C2):LTCT(2)+TOTP (IW )/FLOAT CI L V
E T 0 7 C 4 ) : E T O T ( 1 1 ) , D S C I H ) * T O T M ( I H )
ET C T ( 5 ) : E T O T ( 5 ) , D S ( I H ) * D S I T O I  (IN)
ETCT (b ):ETCT (b ),CS (IM)aCNITCT (IH)

85 CC’~.TINUEETCT (3):ET~’TCl )+ETCTC2)

RE TL RN
E~~r

I — 27
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SUBROUTINE ENOUT(P ,C,T,U,PS ,PHIS,PRESS,T MEANI4 ,TM(AN ,SF,D5,
TOT K,JR , ILEV ,p(H(M,(TOTS ,LTOT, NOGR , !EPR ,DIVC I-)

* TI-IS SUBROUTINE IS PURELY DIAGNOSTIC.
a C A L C U L A T E S  ( NE RGETIC S FOR SPECTRA L MU LTILEV EL MODEL ,
* PRINTS DIAGNO STICS AN D FILLS GRA PH ARRAY IF REQUESTED.
a NOTE • TCTK HAS BEEN C A L C U L A T E D  PREVIOUSLY .

PARAM E TER SILVaIS, S L EV :0 , S L V : 10 ,$IL T:52, $ILGI64 ,$ ILT Ha2b ,S 1R120
C OMP LEX P (j )  , C C 1 )  ,T (1) ,UU)
CO MPLEX P5(i) ,PH75 ( 1) ,PR ESS (1)
DI M ENSIO N E T O T S ( L T C T , b )

DI MENSIO N TM(AN(I ).TM (APJH(I),SF (1),DS (i ),TOTK(1 )
C O M M O N / T I H ES /  D E E T , K O U N T , K S T A R T , K T O T A L , I F D I F F

DIMFN SION TOTP (SILV), TCTECS ILV ),TOTP4 (cILV ) ,PSIT OT (SILV),
a C H I T O T ( $ I L V ) , ( T O T C o )

NSPL A 1 N  OUNT .KST AR T+ I
CALL DIMC AL CLR S,L RA ,LRU ,LRV ,L ALP ,LM ,LA,L A N, IR ,KHEM )
CALL (NERD (P ,C,T,U,PS,PHIS ,PRE SS ,LA ,LA W ,

LRS ,LRA ,L RL,LM ,ILEV ,IcMEH ,Tt~EA N ,T M EANH ,SF ,0S ,
2 TOTK, T C T P ,TOT (,TOTM ,PSITOT,CHITOT ,ETOT )

a ET O T S  MO LDS TH E M E A N V A L U C S  T O DC G RAPH ED A T  THE END OP TI- C RLN .
* IF NOGP O NO GRAP HS ARE DRAW N AN D (TOTS IS NOT FILLED.

IF (NCGR .EQ .0) GO TO 84
DO 82 3:1,6

82 E T O T S ( N S P LA T ,J ) :ET O I(J )

a IE~ R IS TH( INT E RV AL A T WH ICH THE EPIER ( IES AP E TO PC PRINT EC.
* IF IEP~~~

0 PlO PRINTI NG IS DONE .

84 IF (IEPR ,LE ,0) GO T O 8b
I F C H O D ( N S P L A T — 1 , I E P R ) . NE.0)  GO T O 86
PS OO = PS (  1) /SORT (2 .)
POAR :PR (SS(i )/SQRT (2.O)
MR ITE (6,6080) KOUN T ,PSOO,P B A P ,P T O T
W R I T E (6 , 608 2) CL , T O T H C L) ,  TOI P C L)  , T O TE ( L) , T C T t ~(L) ,PSITOT (L),

C HIT CT (L) , L : 1, I LEV)

~ IF THE MEA N DIV EPGE ~.C E EX C E E D S  C IVC H T HE MO CE L IS FORCE r’
* T O T E R M I NA T E  PY S E T T I N G  KOU ~~T a NTOTA L + 1.
a IF DIVCH O , THIS TEST IS NOT PE RF0~~ ED.

86 I F ( C IV C M . G T .0 . SAND . ETOT (6).~ T .DIVCH) KOUNI ,KTOTA L ,1
RETURN
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6080 F O R M A T ( 7 H O K O U N T Z ,Iu,1OX ,1IHLN SF PR(Sa ,E14 ,7 , 18X, A M SF PPES: ,E14 .7
I //1211 TOT AL Ku ,Ej 1~.7,oH P:,E14.7,bH K,Pa,(14.7,
2 oH MOH:,E14.7,oH VORT ;,E1a ,7,OH D I V — ,(111.7)

6082 FORMA T (II1 ,I5,oE2O.7)
END
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SUBROUTINE F.PSIL2 ((PSI,LALP ,LM )

a CA LCUL ATES EPSILON(N ,M ) a SORT (CN**2.M**2)/ (iI*N**2 • I))
* FOR N FROM 0 TO LAL~ — 1, AN D H FRO M 0 TO LM— 1 IN EPSI (LALP ,Lfr ).
a EPSILON IS A FIELD ~F C O N S T A N T S  USED IN TH E SP EC TRA L  MO D ELS.

DIME NSION EPSI (LALP ,1)

DO 20 M 1,LP1
S a M — i

IF(HS .EQ .0) N1.2
DC 20 N~ Nl,LA LP
NS P’S+N—I
F N U H : F L CA T ( N S * *2  • MS * * 2 )
F() E p . : F LO A T C4 * M $ a a 2  — 1)

20 EPSI (N,M )ISQPT (rNuM,FCEN )
EP S I(j , j ) :0 .

RET UP N
END
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SU BRO UTI NE F A S P2 ( S C , L P , L M ,C F C ,A LP , LAL P ,W F IG HT )

a CONT R IBUT ION OF COM PLEX FOURIER WAV ES IN CFC AT ONE LATITUDE
* ADDED TO SPECTRAL COEFF IN SC(LP ,LM).
a THIS SURROUTINE IS CA LLED ONCE FOR EA CH GAUS SIAN LATITUDE .
a BEFORE THE FIRST CALl. SET ALL OP SC 10 (0,,0.),

* IF SC IS GLOBAL, ROW I CONTAI N S WAV E S 0,I,2...CLR—1 ).
a IF sC IS SY11P4ETR !C, P O W  1 CONTA INS WAVES o,2,~~...2a(LR—i ).
* IF SC IS ANT ISYMME TRIC , R O W 1 CONTAI NS WAV ES I,3,S ...2*CLR.t )+I.
a A L P ( LA L P ,LM) CONTAINS LEGENDRE POLYNOM IALS FOR ONE LAT ITUDE .
* ITS ROWS MUST HAVE THE SAM E STRUCTURE AS THOSE OF SC ,
a WEIG HT IS THE GAUSSI A N W EIGH T FOP THAT LAT ITUDE .

CO MP LE X S C C L P ,t ),CFC(1)
DIMEN SI ON ALP (LAL P ,1)

* C A L C U L A T E  (W ( I G I .4 T C C F C ( M ) * A L P ( N ,P 1) )  FOR EACH H AND N~

DC 20 M:1,LM
CFCR : REAL (CFC (M ))a~~EIGHT
CFCI:A IMA G (CFC (M ))aWEIGN T
00 20 Nsl,LR
SC (N , ‘1):SC (N, M )+cMP LX (CFCR*AL P (N , H) , CF’C I*ALP (N,M) )

2fl C ONTINUE

RE TURN
END

L
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SU BRO UT INE FCO NW 2(Z , C I NT ,SCAL E,L I , LJ , IW ,JW ,LL,MH, MT Y PE)

* MAP S LU BY MM W I P1 C OW FROM POINT (IW ,JW) IN G R I D  2 ( L I , L J )
-

• a THE CONT INENTA L OUTL INE iS INTERPOLATED FROM A 1/2CM SCA LE GRID
* OF S I Z E  (~~I,55) WITH NORTH POLE AT (26,28).
* RIGHT AND TOP GRID POINTS OMITTED FOR STAR GRIDS IF U NEGATIVE.
a CONTOURS FROM 0. IF CINT .GT ,0, F R O M  • .5 * C I P i T IF CINT .LT .O

* MTYPE a PO5~ 6 LINES/INCH, M E G ,  8 L I N E S / I N C H

* MT Y P E a 0 EXIT A ITH NO MESSAGE
a MTYPE I TO 3 MTYPE = GRID DISTANCE IN INChES
* MTYPE = 21 TO ‘10
a MTYPE :HAPSCL+HESH. MESH CAN BE ANY VAL UE FROM 1 TO 10 EXCEPT 7~
a MAPSCL :20 FOR 1/jQN , 30 FOR 1/3CM (AS SUMING GRID 01 ST OP 381KM ).
* PRINTS FOUR LOWES T ORDER DIGITS OP SCALED FIELD
a EVERY 2* HESH CR10 POINT S FROM ( IW ,J M) ,
* 1/2DM — PRINTED POINTS EVE RY 1.5 INCHES , 16*MESH GRID SPACES P(R
a 1/3DM — PRINTED POINTS EV (RY 1.0 INC HE S , 25*MESP1 GRID SPACES PF~
* ILLEGAL CALL GENERA TES MES SAGE AN D RET URN S

* HA P  UNITS REFER TO A C OOR DI N AT E SYSTEM C ORNER E D ON (IW ,JW)
a I~- WHICH ONE INCH ECUALS 11140 UNITS .

DIMENSIO N Z(L I ,UJ)
DI MENSION X ( 1 0 0 ) , Y ( I 0 0 )
INT EGE R NPRL I N( j3 tj ) ,NA P C D ( 8 )  ,NLM R(R( i0)

• D IM E NS IO N LW R ( 8 , 2 4 2 ) , LW I  C 2 5 6) , L I 4 2 ( 2 5 b ) , L W 3 ( 2 5 6 ) ,L W 4 ( 2 5 6 ) ,
M S (256)  ,L W 6 (256)  , L~ 7 (256) ,L W8( 1411 )E r~U IVALE NC E (LWB (1 , 1) ,LM I ( 1)) ,  (U W R ( I ,  33)  ,L W 2 () i  ) , CLW BC1 ,b~~) ,L W3 (1))

E QUIVALE N CE (LWB (1,97 ),LW4 (1)), (LWR C 1 ,I29),LW~~(I)), (LWP() ,I6l ,
* LW t ( 1 ) ) ,  ( LW B ( 1 , 1 9 3 ) , L N 7 ( 1 ) ) , ( L W B C 1 ,2 2 5 ) , LW 6 ( 1 ) )

D A T A  NABC D/ 1P4 ,IHA ,tl -  . IHB,1H ,1HC,1H ,IHD/
DAT A NUMBER/1 I4O,1H,,1H2 ,iM3 ,1H ’1,1h~ ,lMb ,I H ? ,iI-8,1H 9/
DATA NRLANK ,NPLUS ,NMINU S, PIST 4R ,P1DOT/IH , IMP , II-— , 111*. 1P4 ,/
DATA NDPC ,NDPL,N P CL ,INCN ,INCHAH /I11’4,2’40,125 , 1 4’40,21b0/

a A R R A Y LWA CONTAINS rH( CON TINEN TAL ~~~~~~ C~~OW[) INATES FOR
* 2112 PRINT LINES Or A t/20t1 5CALC ~A A P. EAC H PRINTED LINE CA N HAV E
* A MAX IMUM ~F 8 POINTS . 

PAC KED FOUP TO A WORD IN TWO SUCCESSIVE
• WO R D S CF LWD . HAP SCALES OTHER TH A N f/2QM A PE INTER POLATE D .

DATA LW1 /
*178 ,303 , 0, 0, 0, 0, n, 0,177 ,185 ,189 ,198 ,201 ,303 , 0 , o,
*174 ,182 ,1 92,195,203,302, 0, fl ,i72 ,180 ,204,29~~, 0, 0, 0, 0.
*171,180 ,204.297, 0, 0, 0, O ,1 71 ,17~ ,20b ,2 64 ,2 72 ,2 94 , 0 , 0,
*tlo,i77 ,207 ,235, 0,266,281 ,290 ,170 ,177 ,2O9,230 ,239,257,285, 0.
*178 ,222,225 ,251,2514 , 0, 0, 0,1o7 ,179,2~lb , 0, 0, 0, 0, 0,
•106,17q, 0, 0, 0, 0, 0, 0,159 ,1~,2,179 , 0, 0, 0, 0, 0,
*157 ,179, 0, 0, 0, 0, 0, 0,155,179, 0, 0, 0, 0, 0 , 0 ,
*153,174,177 , 0, n , o, 0, 0,152, 0,168 ,171 , 0, 0, 0, 0,
*1S2,1b~~, 0, 0, 0, 0, 0, O ,149,I6’1, 0, 0, (I, 0, 0 , 0,
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* 0,141 ,1144,1611, (1, 0, 0, 0,138, 0, 0,165, 0, 0, 0, 0,
*135,1o7 , 0, 0, 0, 0, 0, 0,132 , 0,152 ,155, 0,168, 0, 0,
*131,149 ,158,1 68, 0, 0, 0, 0,129,1146,159,169, 0, 0, 0, 0,
*128,144,161,170, 0, 0, 0, 0,127 ,i’114,I62,17 0, 0, 0, 0, 0,
*1411,164,165, 0, 0, 0, 0, 0,124,143 , 0, 0, 0, 0, 0, 0,
*123,143, 0, 0, 0, 0, 0, 0,122,143 , 0, 0, 0, 0, 0, 0,
*120,1143, 0~ 0, 0, 0, 0, 0,120,1 43, 0, 0, 0, 0, 0, 0/
DAT A LW2/
*120 ,143 ,188 , 0, 0, 0, 0, 0,122,11414,185,189, 0 , 0 , 0, 0 ,
*122,1114,184,189, 0, 0, 0, O ,144 ,1~~9 , 0 , 0 , 0, 0 , 0, 0,
*122,145 ,183 ,188 , 0, 0, 0, 0,122, i’16,183 ,188 , 0, 0, 0 , 0,
a 122,147 ,182 ,187 , 0, 0 , 0 , 0 ,121, 149 ,179 ,186 , 0, 0 , 0 , 0 ,
*120,150,1611,176, 0,186 , 0 , 0 ,113,119 ,153 ,159 ,167 ,173 ,186 , 0 ,
*1 11 ,117 ,187, 0, 0, 0, 0, 0,111, 0,188, 0, 0, 0, 0, 0,
*111,191, 0 , 0, 0, 0, 0, 0,111 , 192 , 0, 0, 0, 0, 0, 0,
* 111,193 , 0~ 0, 0 , 0, 0, 0,111 , 107 , 0, 0, 0, 0, 0, 0,
*111,198 , 0, 0, 0, 0, 0, o ,1 1t, 198, o, 0, 0, 0, o , 0,
* 110.198 , o, 0, 0, C, 0, 0,111,197, 0, 0, 0, 0, 0, 0,

• * 111 ,1 97 , 0, 0, 0, 0, 0, 0,111, 198, 0,000, 0, 0, 0~ 0,
*111 ,199 , 0, 0, 0, 0, 0, 0,111, 200 , 0, 0, 0, 0, 0, 0,
*1 11,201, 0, 0, 0, 0, 0, 0,112 ,203, 0, 0, o , 0 , 0, 0 ,
*11 3,204, 0, 0, o, 0, 0, 0 ,113 ,206 , 0, 0, 0, 0, 0, 0,
* 113 ,2 07 , 0 ,  0, 0, 0, 0 , 0,113 ,207 , 0 , 0 , 0, 0 , 0 , 0 ,
*112,209, 0, 0, 0, 0, 0, 0,111,2 12 ,215 , 0, 0, 0, 0, 0/
DAT A LW3/

*111 ,21 6, 0, 0, 0, 0, 0, o ,t i i,2i~~, 0, 0 , 0 , 0 , 0 , 0 ,
*111,219 , 0, 0, 0, 0, 0, 0,111, 215 ,218, 0, 0, 0, 0, 0,
*112,212 , 0, 0, 0, fl , 0, 0,113 ,210 , 0, 0, o , 0, 0, 0 ,
*113 ,210, 0, 0, 0, 0, 0, 0,18e ,1Q 1 ,210 ,356,359, 0, 0, 0,
*113, 188,192 ,213, O,349,362,365,113,187 ,192, o,216,348,362,36e ,
*114 ,186 ,192 ,219,347,371,377 , 0,115 ,186 ,191,3411, 0 , 0 , 0, 0 ,
*117 ,186,191,341, 0, 0, 0, 0,119 ,18 3,192 ,218,332,335 ,338, 0,
*121,180,192,215 ,330, 0, 0, 0,122,17~ ,1e2 ,21~~,32°, 0, 0, 0,
*177 ,192 ,326, 0, 0, 0, 0, 0,t2 6,17’1,1~~1 , 0,210 ,326, 0, 0,
a126 ,174,191 ,203 ,21 0,326, 0, 0,127,173 ,191, 201 ,207,3211, 0, 0,
*128 ,174,192 ,200,323, 0, 0, 0,128 ,1714,192,200,322, 0 , 0, 0 ,
*129,176,197 ,321, 0, 0, 0, 0,130 ,178,320, 0, 0, 0, 0, 0,
*131,179 ,320, 0, o, 0, 0, 0,131 ,180 ,204, 0, 0, 0, 0, 0,
*132,183 ,220,224,319 , 0, 0, 0,132,184 ,218, 0,225 ,318 , 0, 0 ,
*132,186 ,216,225,317 , 0, 0, 0, 2~ , 31,133 , 0,1P4 ,215 ,22’I ,316 ,
* 29, 30,1314,177 ,l 83,21S ,22’1,315 , 2~ , 32,135 ,173 ,180,213 ,224,311/
DAT A LW4 /

* 33,135 , 0,17o ,211,223 ,309 , 0, 0,135 ,166, o ,210 ,2 22, 309 , 0 ,
*1611,209,22 3 ,294,297, o ,3o~, 0,135 ,16~ ,207,22~ , 0,291,300,308 ,
*135 ,164,206,224,288, 0,300,308 ,135 ,162,204,22’4,285,302,305 , 0,
*134 ,I61,203,224,285,303 , 0, (,134,161,203,224,285,!03, 0, 0,
*134 ,159,197,201,223,286 ,303, 0,134 ,156,194,222,287,303 , 0, 0,
*13’4 ,1S5 ,l9’1,221,287,303 , 0, 0,133 ,193,22 1 , 0, 0, 0, 0, 0,
a132,153 ,19M ,219, 0,28.5,299,306,130,153 ,194,218 ,279, o,2 96 ,3oo ,
*123,128 ,152 ,195,216,276 ,296,3O5 ,120,152,l 97,213 ,275 ,293,3O5 , 0,
a120,152,197,212,275 , 0,305, 0,125 ,198,209,273 ,291 ,306, 0, 0,
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*117 , 120, 152, 201, 207,272,290, 3u6 , 1 17, 126, 152,203 , 207, 272, 290, 306 ,
*129 , 0,150,206,269, 0, 0, 0 ,132 , 1 147, 0, 0, 0,251,2~ Q,30b,
* 0,138 ,143 , o ,2148 ,254 ,290, 3o6 ,1ao ,245 ,255 ,2 o1, 0,267,288,305,
a 0 , 2 4 2 , 254 ,2 6 0 ,2 8 8 , 3 0 5 , 0, O ,114O ,2142,254,260,288,305,312, 0,
*138 ,143 ,234,240,257,2q1,308, 0,139,146,231,2914,315 , 0, 0, 0,
*140 , 1117,230 ,294 ,315, 0, 0, 0,149,296, 0, 0, 0, 0, 0, 0,
a 0,13 8 , 150,228 ,29 7 ,3 17 , 0, 0,135, 0,150 ,228,?97,3 17 , 0, 0/
DA TA LPd5/

i~~3L4 ,j50,22 7 ,299,3~ 8, 0, 0, 0,134 ,150,228,320, 0, 0, 0, 0,
*13 11, 150 , 228 ,296 ,320, 0, 0, 0,132,152,22 8 ,294,320, 0, 0, 0,
* 131, 1 54 ,228 , 0,321, 0, 0, 0,131, 155 ,228,297,321, 0, 0, 0,
* 132,1 59 ,300, 0, 0, 0, 0, 0,13 4,161, 0,230, 0,303 ,3114, 0,
*1318 ,163 ,188,230,296,303 ,314 , 0,133 ,166,18b ,191 ,227,293,300,31’4 ,
*,3 1,167 ,183,194,223,293,314 , 0,131, 167 ,182 ,195 ,221,293 ,3114, 0,
*128 ,170 ,176,198 ,21 O,215 ,219,296,125,136, o ,180 ,206,212, 0,31’1,
*1214,1311,138, ~,2o3, o,2Q9 ,31’1,132,300 ,31’1, 0, 0, 0, 0, 0,
*123 ,129 ,139,300,314 , 0, 0, 0,123,127,1140,300,314, 0, 0, 0,
* 122, 125 ,141, 3111, ~~, 

0, 0, 0,122 ,142 ,2~ 9,3 12 , 0, 0, 0, 0,
* 0 , 1 4 3 ,299 , 312, 0, 0, 0, 0,1 414,29~~,311, 0, 0, 0, 0, 0,
*145 ,296,312 , 0, 0, 0, 0, 0,1116,296,312, 0, 0, 0, 0~ 0,
*146 ,299,311 , 0, o, 0, 0, 0,114 6,302 ,308, 0, 0, 0, 0, 0,
*146, 0, 0, 0, )~ 0, 0, 0,14 1 ,146 , 0, 0, 0, 0, 0, 0,
*138 ,144 14,317 ,320 , 0, 0, 0, 0,137 , 0,317 ,321 , 0, 0, 0, 0,
*135,317 ,323 , 0, 0, 0, 0, 0,134 ,325, 0, 0 , 0, 0, 0, 0/

D A T A  LW O /
*134 ,31 8,326, 0, 0, 0, 0, 0,134 ,328, 0, 0, 0, 0, 0, 0,
* 1 3 3 ,322 , ~~~ 0, 0, 0, 0, 0,132 ,323,329, 0, 0, 0, 0, 0,
* 0, 0,132,323 ,330, 0, 0, 0 , 0 , 0 ,131 ,324 , 0 , 0 , 0, 0 ,
* 0, 0,131,325,333, 0, 0, 0 , 0,13 1 ,32b ,336, 0, 0 , 0 , 0 ,
*131, 327, 0, 0, 0, 0, 0, 0,119 ,13 1,328,338, 0, 0, 0, 0,

• *t t 6,120 ,132,329, 0, 0, 0 , 0,1114,11 9,134, 0, 0,33~ , 0, 0,
*1 111 ,11 8,135 ,2911,330,341 0, 0, 0,113 ,117 ,136 ,293 ,297,332, 0, 0,
*1 11, 11 7 ,137 ,293,299, 0,3141, O ,111 ,11 7 ,137 ,293 ,2q9,333 ,3442, 0,
*113 ,119 ,137,293,299,334,3142, 0,1141 ,120 ,138 ,293,JO0 , 0,3143, 0,
*114 ,120,138 ,293,300,335 , 0, 0 ,116 ,120 ,138 ,299 ,344 , 0, 0, 0,
*119 ,135 , 0, o, 29i , 3oo ,33~~,3’~~, 0,135 ,144 , 150 ,291, 300 ,34 0 , 3 4 1 4 ,
a 122 ,13 2 ,1~~1,14 7 ,153, 2q0 ,299 , u,13 1,138 ,155 ,287 ,29’1, 0 , 0 , n ,
* 1 3 1,137 ,155 ,287 ,2914 ,3112,344 5 , 0 ,13’1,135 ,153 ,287 ,291, 339 ,34 7 , 0 ,
*l 5 1 , 2 8 7 ,2 9 1, 336 ,3148, 0, 0, 0 ,150 ,287 ,29 1, 335 ,348 , n, a, 0,
*149,285 , 0, 0, 0, 0, 0, 0,114 9,282,289, 0,329,345, 0, 0,
al44 8,281,290,326,3411, 0, 0, 0,t46 ,27~ ,291,320 ,323,3U2 , 0, 0/
DA TA LW7/

*144,276,293, 0, o, 3~~7,33~~, 0,14 3 ,27 5 , 0,296,314, 0,339, 0,
*1142,273,299,302,305,308 ,311, 336 ,1 4I,271,333 , 0, 0, 0, 0, 0,

• * 1140,270, 332 , 0 , 0, 0, 0, 0,138,27~~, 0, 0, 0, 0, 0, 0,
*138 ,269,336 , O,37~~,377 , 0, 0,138 ,269, 0,342 ,37’1,377 , 0, 0,
*139 ,269,350,356,362,368, 0, 0,1140,269 , 0, 0, 0, 0, 0, ‘1 ,
* 140, 269 , 0, 0, 0, 0 , 0, 0, 140, 269 , 0, 0, 0, 0, 0, 0,
* 1141,267 , 0, 0, 0, 0, 0 , 0 ,14 1 ,265 , 0 , 0 , 0 , 0 , 0, 0,
* 14 3 ,264 , 0 , 0, 0, 0 , 0 , 0 ,144 ,263 , 0, 0, 0, 0 , 0 , 0 ,
*1411,263, 0, 0, 0, 0, 0, 0,146,26~ , 0 , 0 , 0, 0 , 0, 0 ,
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*149 , 0,266, 0, 0, 0, 0, 0, 0,152 ,266, 0, 0, 0, 0, 0~
a153,213 ,267, 0, 0, 0, 0, 0,155, 0,212,216,219, 0,267, 0,
*156,165 ,212, 0, 0,222,267, 0,159,162,210 ,225,267, 0, 0, 0,
*161,170, 209,230, 0,267, A , 0 , 0 ,170 ,209 , 0,233,267 , 0, 0 ,
*171,209 ,236,239,267, 0, 0, 0,173 ,207, 0,2445,267, 0, 0, 0,
*173,207,2142, 0,267, 0, 0, 0,171,206,248,267, 0, 0, 0, 0,
*170 ,206,249,267, 0, 0, 0, 0,169,206,249,267, 0, 0, 0, 0/

DA T A Ua8/
*165,206,251,267, 0, 0, 0, 0,163 ,197 ,20 1,2014 ,252,267, 0, 0,
*162,197, 0, 0,252,267, 4 , 0,1 61,197,254,267, 0, 0 , 0~ 0,
*1o 1,197,255 ,267, 0, 0, 0, 0,16~ ,197,25b ,267, 0, 0, 0, 0,
*j6O,%95 ,25B ,267, 0, 0, 0, 0,159, 0, 0,194,261, 0,267, 0,
*159 ,186,186,19J , 0,263,267, 0,160 ,180,189 ,1914,266, 0, 0, 0,
*lbt,1 79 ,191,1944 , 0, 0, 0, 0,1 62,178 ,191,1914, 0, 0, 0, 0,
*164 ,177 ,191,1044 , 0, 0, 0, 0,166,176 ,192,195, 0 , 0 , 0, 0,
*168 ,175 ,192 ,195 , 0, 0, 0, 0,170,173 ,192,195 , 0, 0, 0, 0,
* 17 1,19 1, 195 , 0 , 0, 0 , 0 , 0 , 0,191 ,195 , 0, 0, 0 , 0 , 0/

* DETERMINE THE MAP SCA LE AND THE GRID POINTS T~ BE PRINTED.
a NCGP = DISTANCE eET~ EEN GRID POINTS IN HAP UNITS .
a NWST MAXI1IU M W I D T H  OF A H4 P STRI P IN MAP UNITS .
a NPPINT = D I S T A N C E  B E T W E E N  PRINTEI) GRI D POINTS IN MAP UNITS .

HTaIABS (MTYPE)
I F (HT .EQ, 0) RETURN
I F C HT .GT .4 0 )  GO T O 98
IF(HTYPF.LT. O ) NCPL ;1~~0
IF( HT ,LE.30) GO TO 11

~‘E5H MT .30
N W S T : I 2 5 a N D P C
NDGP =720/MESH

• NPRINTaINCI .4
G O TO 13

I t  IP (M T ,LT .20) GO 75 12
MESH HT— 2Q
N W5T : 120 aNDPC
NDGP: 1080/MESH
NPRINT !NC MA M
G O TO 13

12 MESM:.1
NQ G PzM T * I NCH
N ST: (  C 12 5* NDPC) ,Nr IG P) * NDG P
NPRIN T:~ DGP

13 NOG P$: NDGp/2
GDIST :NDGP/FLOAT (INCH)
IPOIST aNPR INT /FLOA T (NDGP)
FN DG PH: FLOAT ( NOG ~~H~F NO GP : F L OAT ( N (4 G P)
FNOPC :FLOAT (NDPC )
FNDPLIFL * A T ( N D P L )
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H AP $CL (MT_MESH) *ME
SCL20 20./FLOA T (MAP SCL )

* DEFINE T HE W ! N C C~ T O bE HAPPED ,
* IC MIN , I C MA X  = L E F T  AN D RIGHT SIDES OF W I N D O W IN MA P UNITS .
* JC MIN ,JC MA X = B O T T O M  A ND TO P EDGES OF W I N DO W IN MA P UNITS .
* JCNJ TOP OF THE G RID IN MA P lIMITS ,

I F ( L J . L T .O ) NI LI.1
\J I A B S ( L J )
I F ( L J . L T .0) NJ :~~J — 1
L L L
I F ( I W + L .GT .N I )  L :~~I .I~

I F ( J s H ~~.GT .N J)  ;~~J .J W
I F C N I . L T . 4 , OR .N J .L T .14 )  GO TO 98
I F (  L.LT,3.OR . W .LT .3) C O 70 98

• I F C I ~i .LT .1.~~P.J~~.LT ,1) G O tO 98
I C~’I~~:0
ICMA X :NCGPaL
1CM A X :ICM AX • H CD (IC A X , Ps 0 ~C)IC IW NDG Pa( I I .~.1 )
J C M I N : O
J C M AX N~~G P*M
J C M A X : J C H A X . H C C  ( J C H ~~X , N 0 P L )
JC NJ ;~~DG Pa (~~J . J W )
JC J~~ ’,DG Pa (J~~ f)

a C~~P~~E C 7I~~~S FOR STA R GR ID ~~~ FOR N ON — STA N DA R D PALE .

STC *RX:0.
jF (UJ. LT . 0) STCCRX:FNOGPH/FND PC
STCCRY; 0.
IF (LJ .L~~.0) 5T~~~R~~:FN~~G

PH/FNDPL

~ IPa51.,FLCAT (LI .1)*FLCAT( I~~— 1 )
FJP355,/FLOAT CU —i ) aF L OA T (JW—1 )
PCCPX:F IP*FNDGP/r’~rPC
PC C ~ V = F J P* F HOG P/F ~. DP L

* CA LC U LATE INT E R PO LAT I IN CCN STA ~~TS.

I F ( C I H T .E~~S0 .) GO T ’  98
C S M I F f a o .0
IF (CIN T ,L T .O.) CSH IFT3O ,5
CSC :AB5 (SCALE/C INT )
CSC2 CSC/2.
C SC ‘C SC /6
SIx ’~~:1 ,/6,

I • 3~
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a MA P STRIP LOOP , RET LRP ~ IF LAST STRIP IS FINISHED.
* IPCL.1IPCR : LEFT AN D RIG HT SIDES OF MAP STRIP IN MAP UNITS.
a IPNTL = P O S I T I O N  OF FI RST PRINYLD GRID POINT IN MAP UNITS ,

• IPC RZ IC MIN
*5 IPCL:IPCR

• IF (IPCL ,GE .ICMAX ) GO TO 16
IPCR :IPCL+P4WST
IF (IPCR ,GT.IC MAX) TPCR .ICHAX
NCP4HAXz (IPCR .IPCL)~ NDPC
FPCL :FLOAT (IPCL+ICIM)/FNDPC
IPNTL= IPCL
I P NT C: MOD (I  PC U, N PR I N T)
IFCI PPJTC .N E .0) IPNTLIIPNTL+NPRINT .IPNTC
WRITE(6 ,610) CINT ,S C A L E ,GDIST , IPDIST,LI ,LJ,IW ,JW ,LL,HM,MT

* START OF PRINT L I N E  L~~OP FOR EACH MAP STRIP.
* .3 IDENTIFIES THE LO~ EP SIDE OF THE INNER INTE RPOLAT ION SQUARE.
a 0 = DISTANCE OF THE CURREN T ROW FROM ROW .3 IN GRID UNITS .
* .JPL z POSITION OF CI RRENT PRINT LINE IN MAP UNITS .

JPL=JC MA X
21 4:JPL/NDGP+JW

IFCJ ,G T,NJ— 2i J :NJ .2
I F ( J . L T ,2) .3:2
JDIF :JPL— (J..JW) *NDGP
Q ; F L CA T ( J D I F ) / F N C G P
QA: CS C6 * ( . Q * ( 0— 1 . ) * ( Q . ? ,))
Q5: C$ C2 * (  (Qw 1.)a(0.1 .)a CQ .2 .) )
Q C : C S C 2 * ( . O * ( Q + 1 . ) a ( (~— 2 . ) )
CD C S C 6 * (  Q * ( 0 + 1 , ) * ( 0 — 1 ,))

* $T AP T  OP PRINT C H A R A C T E R  LO O P FO R EAC H PRINT LINE.
* I IDENT IFIES TH E LEFT SIDE CF TH E INNER I N T E R P O LA T I O N  SQUAR E .
* P = D I S T A N C E  OF THE CURRENT PRINT CHARA CTER PRO’~ I IN M4P UN ITS ,

IUAST :—1
NCH O
DO 14~) IPC:IPCL, IPCR ,NrPC
NCH:NCH,j
1:IPC/NDGP+IW
IF ( I . GT .N I—2 )  I:NI.2
IF( I ,LT ,2) 1:2
IDIF:IPC.(l.IW IaNDGP
P:FLOAT (IDIF)/FNDGP
IF( I,EC ,ILAST )  GO T O 39
I F ( I L A S T . G T .0 ) GO TO 38
Z B : CA a Z ( I . 1 ,J . I ) + Q 8 *Z C I . 1 ,J ) + U C *Z ( I . 1 , J . 1 ) + QD a Z ( I . 1 , J . 2 )
Z C z G A * Z ( I  ,J — 1 ) . Q P a Z ( t  , J ) . Q C * Z C I  ,Jsl)+QDaZ (I ,J+2)
ZD :CAaZ (I+1,J .1)+GRaZ(Ipi ,J)sQC*Z (I+1,J+1)+0D*Z (I+1,J.2)

1 . 3 7
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38 Z A . Z 8
z8:zC

Z D : C A a Z C I + 2 , J . 1) . 0 B a Z ( 1 s 2 , J ) + ~ C *Z ( I , 2 , . 3 , 1) s Q D a Z ( I , 2 , J + 2 )
ILA S T:!

39 CO NTIN U E
H P A Z S I X T H a ( . P a ( P . 1 ,) a ( r.2.))

P B: 3 , 5 *(  ( P — l , ) a ( P . l . ) a ( ~~— 2 , ) )
PC 0 ,5* (.P* (Ps1 , ) a ( p . 2 . ) )
PCZSIXTH* ( P a( P , 1  , )* (P.1~~) )
CO NT :PAa ZA.PBaZB .~~C .ZC+ PD*ZC . CSM IFT
N C O N T:I ‘.1 (CC NT)
NCON T IHC C (NCCNT ,8)s1
IF (CONT ,LT .0.) NC~~PsT:7+P~C O N T
N P~~L!’~(PsCM ):N&BCC (NCONT )

~O C~~~TI~~LE

* 0~~A~ LA N C.~~A T E R  E~~U N C A R I F S .
* N J R O *  IS THE CU RR ENT 00” I~ A GL IN THE 1/20” SCA LE MA P ,

PsJRO* : (FLCAT (JPL ,JCJ~
..)/FNCPL • S Y C O R Y  • P C O R V , , S C L2 Q + 0.5

F (NJPC~~,LT ,1 .CR .’.JRO ~~.GT .2142) G~ T~
CC
L L4E (K ,PsJ~~’.,)
IF (LA L ,EG .0) G~ T~ ~4 4
NCB :FL 0A T (L.’~L )aSCL2C .FPCL_ STC ’RX. PCORX+0 ,5
I F  C~’ CR ,G T , r~ ,~~‘ C , ‘.C~ .LE .NCH~’ A X )  ‘~PRL I N (N C8 )3N D C T

~~~~ C O N ’ I ’ ~LE

* P~SER~ G~~I0 ~~~!‘.T VA LU ES IF  ~~ I5 IS A GRID R~~.. T~ BE PRI’ ,T E C .
a FL OA 7 IN G GR ID VA L L E S A R E SCA LED , ROU NDED A N D  CO’~VEPTE~ TO INT ECE
* SI GN AN D L OW E5~ FCLR DIGI TS A R E I~ SE8TED I~.TO NPR LTN .

149
C~ 51 N N : ’.C’~P ,13U

51 “~~ LI’~ C’ ):’.~~LA N ~
(

F L/’~~~I ’T*N0R IN7 .NE .JPL ) CC T~ 57
P~~ J
: F c ~~PL. EC .Jc NJ ) .(:‘J
: F c J p U . E ~~~. J c N J _ 1. I G p )  I(:’4.J ~~ 1

C~ 55 IP ’. T : I P ’~~L , P C R , N P R I N 1

N e — :  ( IP NT ~~I PC L) , N D PC .t
P:~~~( I , K ) * S C A L E
I~~::’. ’ c A B S ( ~~),o .s)

IF (, L’,C , ) NPR L I , (N CM 5):NWINLS
¶~

I —  3~

THIS PAGE IS BEST QUALITY PRLC~Ic.ABL~
IRWA CQk~Y FUB24ISHZD r~ DDC

_ _
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IQ 10 a I Q/ 1 0
NPRLIN (NCH .MN )INUP4BER(IQ—!01fl*1 0+1)

54 10:1010
55 CONT INUE

* PRINT ONE LINE. IF NOT END OF STRIP GO BACK T~ PRINT LINE LO OP
* A T STATEM EN T 21. OT H E RW ISE S TART NEW STR I P A 7 STATE ME NT 15.

H 57 WRITE(6,620) NPRLIN
JPL :JPL—NDPL
IF (J PL .GE .JCMIN) GO T~ 21
GO TO 15

16 C C  17 I X ’ l, L . I

17 X (IX) FLOAT (IX)
DO 18 IY:1,UJ

18 V (IY):FI.OAT CI Y )
CALL CONTOR (Z,X ,Y ,LI,UJ ,0,10,IW ,LL,J W ,MM, ‘ 5’ ,’ S’ ,F L O A T ( M T ~’P E) ,

*0, ,  0,, 0,
RET U RN

98 W R IT E ( 6 , 698)  CINT ,SCALE ,L,I,UJ , T W ,JW ,LL, MM ,MT V P E
RET URN

610 FORMA T (1M I,5X ,8HCONTCLRI,I PEI 1.4,5X,bNSCALE~~,E 1 1 .14,5 X , S 4 GPIC:,
*OpF 7,4,21H INCHES PRINT EVERY,1 3,5X ,6I14,I6//)

620 FORM AT C IH ,130A1)
698 FCRP’ATc22H ILLEGA L CA LL TO PCON4’4,1 P2E1II .4,9I6)

END

• I~~ 30
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SL RPOUT INE FFGFW2(GR ,LGR,F W ,LF W , IR , XLOMG, WR KS ,NL)

* CONVE RTS IR COMP LE X FOURIER COEFFICIE NT S IN F W ( L FW , N L )
* ‘0 ILONG EQUALLY SPACED GR ID POINT VALUES IN G R( LG R,N L)
a B’ v T HE FAST FOURIE R SUB ROUTIN E FO R I2S .

C OMP LEX F W ( L ~~W ,NL) , W R K S ( 1 )
DIMENSION GR (LGR, ’~L)
C O M P L E X  A A ,813 ,CC
DIME NSION NY (3)

IRP I :IR+1
IF (HOD(ILONG,3). E~~.O) GO TO 1 00

a C A S E  I — ILONG IS A POWER OF 2,
* M AX IR IS ILONG/2, WRKS (ILCP4G+1) COMP LEX WORDS,

IF (IR .GT.IL ONG/2 ) WR ITE (6,6010) IR,ILONG
IF (IP,GT .ILONG/2 ) RET URN
ILG2 :ILCNG+2
NPi PIAX: ILONG/2 + I
*PK S ( N W MA X + I ) : ( 0 , , 0 ,)

DC 50 L:1,NL

* C OPY W A V E S  0 T O I~ TO WR I< S, FILL TO WA V E ILONG/2 W ITH ZEROS .

DC 20 ,J:I RP1,NW’~A X
20 ~R K $ ( J) (0 ,, 0 .)

CC 30 J : 1, I R P I
30 MRI (S (J ) :FW( J ,L )

* PERFORM THE FAST FOURIER TRA N SFO R P’ .

N :ILCNG
ISIC N:1
NTYP:.l
CALL FOUR2(W PKS ,N ,4,ISIGN ,NTYP)

* COP Y ILONrP GRID PO INTS FRO M W R K S  T O GR .

NX:O
CC ~4 0 I: 1, I L C N G , 2

GR (I ,L): REAL (wcn<5 (NX) )
G P ( I + 1  ,L ):AIMA G (WR KS(NX ) )

40 CO NT I NUE
50 CON T INUE

RE TURN

* CASE 2 — I L O NG IS 3 T I M ES A P O W E R  OF 2.

1 — 4 0

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~~~~~-~~~~~-~~~~~~~~~~~ •
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* MA X VALUE OF I~ IS ILONG/3 . W R K$ : ( ILONG/6f 1)*8 COM PLEX WORDS .

100 P13 ILONG/3
IF (IR ,GT.K3) WRITE(6,6010) IR ,ILO NG
IFC IR ,GT .K 3) RETURN
P16 = K 3/ 2

- ; KP~~ : P 1 6 + 1
• N~’ h A X  ‘ 2*KPb

W RK S ( 7 * K P b+ 1 )  = (0., 0 .)

CA LL P E PH(W S ( 2 * K +1), WR ~~S C ~~* N P 6 + 1) ,A A ,8 R , K P b ,X 3 )

~~ 150 L:1,NL

C” 120 J:IRP1,N~
.
~M A X

120 p~PP15(J) 5 (0 ,,0,)
DC 330 Jst ,IRPI

130 ~R H 5 ( J )  : FW ( J , L )

C C 160 K:1, KP6
CC CCNJG (WRKSCK 3+2 K))
WRKS (Zl*KP64K) z HRKS (P1) + CC
w~PP( 5 ( 5 *K P 6 . K )  : (WRN5(K)+ ~ R*CC )*WRK$ (2*KP6+K)

160 l~Pk5 (b*KP6+4 () : (WRI(S (K) + AA*CC)*WRKS(3*KP6+Pl )

N : K 3
ISIGN = 1
NTY P —1
NY(1):K3
NY (2) X3
N Y (3) :1(3
CA LL FOUR2( WRKS (44aKP6+1 ) ,NY ,3 ,IS IGN ,PJ TY P )
WFKS (7aKP6) = WF K 5(taKPb+1)

CO 17 0 P1:1,1(6
KP (1(—1)*6
GP (MP+1,L) : REAL (WRK$(i4*1 (Pb+K))
GR (NP+2,L) sPEAL (WRKS(5*KPb+K ))
GR (1(P+3,L): A IMA G (WRKS( b* KPÔ$PC ))
GR (MP+44 ,L)s A IHA G(W RKS (14*KPa+K))
GR (KPsS,L): A IN’AG (WRKS( 5*KPe+K) )

170 GR (KP+6,L): PCAL (WRKS(b *KPbs1 (+1))

150 CO NT INUE
RETUR N

60 10 F O R HAT ~ 34$ ILLEGA L CA LL T O F F G FW 2 ,, IR,ILCN GS ,218)
END

I —  qI
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SUBROUTINE FFW FG2 (FW ,LFW,GR ,LGR ,IR,ILONG,WRKS,NL)

a CO NVER TS ILO NG EQUALLY S PACE D GRID POI NT V ALUES IN EACH LEV EL OF
a G R ( LG R ,NL) TO COM PLEX FOURIER COEFFICIENTS IN FW CLF W ,NL)
* TO WAVE NUM RER IR , USING THE P A S T  FOURIER RO UT INE FORI2S .

COMP LEX FW (LFW ,NL)
DIM ENSION GP (LG i~,NL),W P K S ( t )
C O MP LE X A A , B B
DI MENSION NY (3)

TRPI :IR+1
IF (I~CD (ILONG ,3).F0.0) GO TO 100

* CAS E I — ILONG IS A P~~WER CF 2,

IF ( IR . GT . I LO N G /2 )  W R I T E  (6 ,6010)  IR , ILO NG
IF(IP ,G T . I L C N G / 2 )  RET U RN
ILG2: ILCNG+2
FLINV:1 ,/ F L O A T ( I L O N G )
PRK S( ILG2+1) :0 .

CC 50 L:1,NL

* TR ANSFER CR T~ WRKS A ND D IV IDE BY C 2 * I L O N G ) ,

D~ 20 I = 1 , I L C N G
20 WPK S ( I) : G R( I , L) * F L INV

* PEPPOR P’ TH E F A S T  FOU R IER TR ANSFOR M ,

N ILONG
ISICN:.1
NTYP :Q
CA LL FOUP2 (WPKS ,N ,1,ISIGN ,NTYP )

* TRANSFE R COMPLEX W AV ES 0 TO IR FROM W RKS TO FW ,

C O ~~ J:1 ,IRPI

440 F.~(J , L ) : C ’ P L X ( W R K S ( N X  ) , WRK S ( N X + j  ))
50 CONTINUE

PET UP N

* CASE 2 — ILONG IS 3 TIMES A POWE R CF 2.
* M A X VA LU E 6F IP IS ILO NG/3. W R KS : ( ILO NG/ 6 + 1) * 8  C O MP L EX W OR D S ,

100 FL INV : ,5/FL OA T CIL O N C .)
= ILONG/3

IF (IR ,GT ,K3) WRITC(t,6010) IP ,IL~ NG

I — 4- .
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IF(IR ,GT.K3) RETURN
Kb = 1(3/2
NP6 : 1(6 + 1
WRK S(14aKP6+ 1) ; 3,

CALL PERMCWR KS(14 *KP6+ 1),WPKSC6*1 (P6+1 ),AA,8B,KP6 ,K3)

D~ 150 L j , NL

DO 130 1(:1,K3
KR (P (—1)a3
w R K S ( 8 * 1 ( P6 + 1 ( )  = G P ( K P 4 I , L ) * F L I NV
W R Pc $ ( 10 a K p 6 + X )  = G RC K P+2 ,L ) * F L I 1 ’4V

130 W R 1 ( S ( & 2 * K P 6 $ K + 1 )  : G R ( K P + 3 , L ) * F L I N V
WR1 (S (12*KP6+1) ‘ W P K S ( 1 2* 1( P b + K 3 + 1 )

N~~K3
ISIGN = .1

• NTYP = 0
NY (13:1(3
NY (2) :1(3
NY (3):1(3
CAL L. ~ 00P2 (WR1(S(8*NPb+1) ,NY ,3,IS!GN ,N T Y P )

CALL P C O M C W R K S C 4 * K P 6 4 1 ) , HR K S C 6 * 1 ( P b + 1 ) ,A A , B B , W P 1 ( S ( 8 * K P 6 1 1 ) ,
WR KS (i0*KPb+I) , *IR1 (S (12*KP6+1 ),WRKS (I),KPb,K3)

NX — 1
DC 160 J :1,IRPI
N X ; NX+2

160 FW (J ,L )  : CM PLX (WRKS (NX), WRKS (NX+1 ))

150 CONTINUE
RETURN

60 10 F O R M A T ( 3 4 1 H ILLEGA L CA LL T” FFWFG2 ,,IR ,IL~ NG:,2I8)
END

FAST FOURIE R TRAN SFO RM TO REPLACE “FOURZ ” AN D “FOUP 12S’ IN
THE GLOBEX MODEL , SHOULD BE TFA N SPA REN T TO THE USER .

I • 

•_~~-~~~~~~~~-~~~~~~~--~~—~~~~~~~~~~~~~~~•—~~~~ - --



SUb~~O LJ 1I N U FO UR2 ( r , t , T ,  I5,IT)

C C~~~C~J/FFT0AT/T 1C4o0 ), T2 (400)REA L 0 C 2 ,2 0 0 ) , E ( l ) , F  (2 ,1)
EC I I I V A L E N C E  (0( 1,  t ) , E ( 1) )
DAT A IC ,IH/0,0/

CHEC P1 INPI T DATA — V E F ~Y CURSORY

IF ((P~/2)*2.N E .N) STCP b9
I F ( I T .LT .—1 ,OR ,IT .G T .o)  ST OP 70

IF ( IM .N E . tS .OR .I C . EC . ( )  CA LL  FOUR I N( IS , N)
IM:IS
IC:1
I S~~:IT+2I H 2 = N /2
IN 2 H 1:1 N 2— 1
IN2PI:1N 2+1 - •

• Cl) T’ (t~~2),IS~

tP~O~~SE T~~E T Y P E  OF T R A N S F O R M

I ~~ 1/2 C”'PLLX AR RAY TO A REAL A R R A Y

~ :) A REA L A R R A Y  TO 1/2 C O M P L E X  A R R A Y

I DC 3 I:1,INaP1
CCI, I):F(1, I)

3 C(2 , I) :F(2 , I)
CC 11 I= 1, I?12M 1
D (1, N~~I+1):F( 1, 1+1)

11 C (2,N~ I+ 1 ):.F (
~~, 1+1 )

GO TO 44
2 DC 5 I : 1, 1 N 2

00 5 .3:1,2
S D ( J , I ) : F ( J , I )

C D a I:l,N
~~~ ‘:~~ —1 + 1
C (1 , I 1) SE (I ~‘ )

6 0( 2 , I M ) : 0 ,0
14 CA LL FOURTR(0 ,D,T2, l~,IFIX (A L 9 (,cFLOAT(N) )/ALOG (2 ,)+ 0 ,5))

G O TO (7,10),ISN

PR E PA RE THE O UTPUT A~~R A Y

7 CC B I:1,N
8 E.( I): rl( 1,t )

DO 12 1 1 ,1N 2
DO 1? J :1 ,2

12 F ( J , I ) : f l ( J , j )
RETURN

I —  4)44
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10 DC 9 I:1,IN2P1
DO 9 J:l,2

9 F ( J , I ) :D ( J , I )
RET 1, P N
END

1 — 45

• - - -
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SUB RO U T INE EPA K

DUM MY C u T  THE PACKI NG ROUTINES AND TRAP SPURIOUS CALLS

ENTRY MO V LEV
-

• WP IT F( b ,j )
1 FOPHAT( ’O PACK ING NOT ALLO W ED ON ASC VERSION OF GLOBA L MODEL’)

- R ETURN
END

I —  46 
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FUNCTION G A M S A T ( 7 ,C5)

* COM PUTES aCAM SATa WHICH WHEN MULTIPLIED RY CA PA/S IGMA
* GIVES THE MOIST ACIA BA Y IC LAPSE RATE ØF POTENTIAL TEMP ERAT URE

C OM HON /GAp~S/EPSS,c A FA

HT i - T V O C P ( T )
A :HT*Q$/CC&PA*T)

Ab 4 * E PS S* MT/ T

G A P 4 S A T : T a C A B . A ) / ( 1 , s A P )

RETURN
E N D

I —  £17
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SUBR OUTINE GA RPIN(N FI ,N F M T N ,NF2,NDa,Y,LV,PR,ILG, ILA T ,
MT N , W E T ,K DR ,KIIi T ,K C V , IW ,JW, LL , MH,

2 ~ip~ 2 ,M pT ,M~ W ,MpW S P ,MpG Z S,M pS p,p 4 pCR ,p lpW T ,p4 PCV )

* THIS PROG RAM GETS S PEC TRA L D A T A  FOR ONE DAY (P1D A Y ) FROM THE
a G A RP TAPE (NE?) AND CONV ERTS TO GAUSSIA N GRIDS FOR OUTPUTCNF2).

a ALL SPEC TRAL FIELOS ON TH E TAP E A R E DI M E NS I O N E D (27,26) ,
* P U T  TH~:Y A RE TRUNCA TE D AT ‘I&VL NUMBER 25 SO THE LAST COMPLEX

* NUMBER IN EACH R C A  IS UNUSED. SUBROUT INE SMCV 2 IS USED TO
* CONV ERT TP~ESE F IELDS T O TH E S T A N D A R D  (26,26) SIZE .
* NOT E — P11 1,05 L ,V I-AVE SIZE ( 2 7 , 2 b)  IN THE PROGRAM ,

* GE O PO TEN T IALS (GZ) £ R F  CO’ IPIJT EI) FR OM TEMPERA TURES (TGG)
* AN D SURFA CE PRESSURE (PSGG). r,Z AND TGG A RE STORED ON NF2.
* “IWO COM PO1,ENTS (L.V) AR E C~~~PUTED FRO M VOR TIC ITY (0) Ap~D
* DIVE RGENCE (D~ AN D SAV ED O’~ NF2).
* NOT E • A C T U A L  W I N I S  C O MP UTED AR E (U ,V ) * C O S ( L A T ) , ( E A R T H  P A C I L S )

* THE DAYS ON T k E T A P E  A R E N O V  ‘4 ,5 ,6 , 7 ,$ , q  ( 106q) ,
* T,C,D A RE A V A I L A B L E  CM 10 PRESSURE LEVELS.
* TP- E ORDER CF THE PRF S5LRE LEVEL DA TA ON THE TAPE IS
* S0,1S0 ,250,35C,445o,550,b~~0,750,850,950 

UP .

PA PA IE T E R SILV:15,!LEV:0,!LV :10,~~tLT :S2,5ILG :ã4,~~ILT fr:26.$IR:Z0
LO GICAL M YN
LOGICAL WET ,KDP ,XW T ,KCV
DIM EN SI ON PR(Lv )
DIM ENSI O N M PT ( 1  ),MPc.Z ( 1  ), P~P W ( j ) , M P W S P ( 1)

C OM PLEX G,0, ( ,V
COMM ON /LCMI/ Q (26 ,2E~) ,D(26,26),U(27,2b) ,V (27,26)

CCMHOM /LCM2/ GG (33B0),GG P (2’Pfl0),~1RKL (I3o)

cC HMO p /LCM3/P5cG(33e0),GZS (33~~0),Tr,GC33efl,I1),r.UMNY (33BO)
DI M E NS IO N G Z ( 3 3 e 0 ,I1)
E CU I VAL EN CE (GZ C 1, 1) , TGG (1,2) )

C C V I f r O N / A L P C O M /  A L~’ (2 R ,24’ ) ,EF’S I (28 ,26 )
C C U ON’ r, A US S / ~ C .~ IL ‘r H ) , C 5 ( 1L  TN) , C CA (S IL T I-) , S I A (5 IL 1’ H) , PA D (S  IL T H)

a , A NG ( S ILT H)
CI~~€ N S I O N  W R K S ( 3 0 n ,2 ) , P R L  (10)

* OUTPUT PA CK IN G DFN S ITTE S. NO PA C K I N G  IF S ET T o 1.

D AT A NPGZS ,’PGZ ,NPT ,~!P’1d ,1 . S ,NP.~T,NPCV, NPCR
/ 1, 1, 1, 1 , 1, 1, 1. 1 /

* IN ITIAL FIELDS A PE GLC IRAL A ’JD CON TA IN TO W AV E 25.
a ILA LP = PC” Lr~~~T H ~F A LP,EPSI C P’U ST RE EVE N A N D CT !IPP2),

I —  ‘lB
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ILA LP~~26
I N HEM :0
IKSYM:0
IIR:25
IIRP1~~IIR+1
IIRP2:IIR+2

* SET C O N S T A N T S .

A = 6 ,37 122E6
GRA V :q ,806 16
P G AS 287
RG C CP u2 ,/7,
ILATM : ILA T /2
ILGI:ILG+1
LGG :XLGI*ILAT
CALL EPSXL2 (EPSI,ILALP,I!RPI)
CALL GAUSSG (ILATI4 ,COA ,W ,SIA, RAD ,WOCS )

* PPL CONTAINS THE LOG OF SUCCESSIVE PRESSURE PAT IOS
* FOR LATE R USE IN THE HYDRC 3TA T IC EQUA T ION INT EGRAL.

CC 15 Lal,9
15 PRL (L)1ALOG (PR(L+1)/PR(L))

PRL (1O) ALOG (1000 ./PR(1 O))

ID :0
RE W IND N Fl

* IF P4T NS: ,F, JUST SET PIO UNTA IN FIELD TO ZERO . OTHER W ISE R EA D
* SPECTRAL MO UNTAINS FROM N FM TN ONE ROW AT A TIME AND C O N V E R T
* TO GAUSS IAN GRID , CONV ER T FROM METERS TO GZ AND SAVE ON NF2.

* NOTE — MO UNTAINS HAVE SIZE (26,26) ON THE FILE.
* NOTE - MOUNTAINS ARE NOT (IN THE GARP TA PE . USER MUST SUPPLY.

00 20 I:i,LGG
20 GZS (I)50,

I F (Ø NOT .MT N) GO T O 23
DO 21 Mi1,IIRP1
REAC (5,5020) (Q (N ,M3, N=1 , IIRP1 )

21 CONT INUE
C A LL S~ AGG2 (GZS ,ILGI , ILAT H ,COA ,IKHEM ,

Q,!IRP1 ,IIRPI,IKSYH ,AL P,EPSI,IL ALP ,W RKS ,WR1(L)
DO 22 I:I,LGG

22 GZS (I):GZS(I)aGRAV
CALL . FCONW2 (GZS ,.500 ., I ,/GP4V ,ILGI,ILAT ,IW ,JW ,LL, MM ,MPGZS) -

23 CALL W $GGPCGZS ,ILGI , IL AT ,NF2,ID ,44H GZS , 1,NPGZS,GGP ,WRKS)

* READ SPECTRAL TEMP ERATLJPFS (DEC C). CONVE RT TO GAUSSIA N GR IDS .

I —
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C C 24 ND24,~
DO 24 L 1,t 0
REAC (NF1,51U%) U
IF (ND.EQ .NDA Y) M q ITE (6,~~O3o ) L,ND

• IF(N?),EQ .NCAY ) C A LL 5”CV?(Q ,IIR PI ,U, IIRP2 ,IIRP1)
IF (ND ,EC .N~~4y) CALL SPACG2(TGG (1 ,L), ILGI ILAT I- ,C CA ,IKH EM ,

1 ~~
, I IRPI , T I R P I  , IKSY~ , ALP ,EPSI , IL ALP ,WRKS,WP1 (L)

2~ CONTI N UE

* C~~NVE PT T~~H P~~PATU~ E~ TO DEG K AND S A V E  ON NF2 .

CC 32 L s l ,IU
Dl) 31 I:1,LGG

31 TGG(I ,L):TGG (I,L) + 2 13 ,10
C A LL F C C N ~~2 ( T G G ( l , L ) ,  S .,1,, ILG I , I LAT ,IW ,JW ,LL, MM ,MP T ( L ) )
C A L L  ~S G G P ( T G C ( 1  ,). ), I LG I , I LA T ,NP2, ID,4H T ,L, NPT,GGP ,”RKS )

• 32 C~~NT T N U E

* GET SPECTRAL ~SL PRESSURE (NP), CONV ERT T O G A U S S I A N  GRI D.

C~ 3~ ND:44,9
REA C (P.JF 1 ,5j 01) U
IF(N0 ,E~~.N 0 A Y ) ~RITE (b,60(~~) NC
i~ (Nr’ .Et;.N D A Y )  CA L L  S V 2 ( O ,IIRPI, U,IIPP2 ,IIRPI)
IF (Ni),E~~.NDAY ) CALL SPA GG2 C P5CC ,ILGI,I LATH ,CCA ,IKHEM ,

1 ~,II~~P1 ,TTRPI,I K SY” ,ALP ,EPSI ,ILALP ,~~PKS ,WPK L )
36 C”~ T I 1 U E

* C~~MPLTE TI 000 FROM Tq50 ASSU M ING 0.6*(DRY LAPSE RATE).

C C N :( 1 0 00,/950.)aa (RGAS /GPAVa S ,9E.3)
00 42  !s1,LGG

442 TGG (I ,1% ):TCG(I ,1cl )*CCN
CALL FCON W2(1GG(1,11),5,,1.,ILG1 ,ILAT ,I~~,JK ,LL,PlM ,~~PT (1 1))
CALL FCC N~~? (PSCG ,5.,I ,,ILG1 ,ILAT ,I~~,JW ,LL ,MM ,MPSP )

C~~~P~..TE G ZIOOC ) pRO P’ P (MSL)ANC 11000 , ASSU M IN G T (P4SL):Tl000 ,

cr’ ~4 I:1,LGG
44 GZ (I ,11) :PGAS*TGG (1,11)*ALOG(PSGC(I) /l000 .)

* COM PUTE THE GEO POT EN T IAL S PY INT EGRA TING THE HYDRO STATIC
a EQUATION UP FROM TWE lOot) M~ LEVEL.

C C Qb KK I,1O
L 1  1—K K
C’ £46 I=j ,LGG
GZ(I,L):GZ (1,1.1) • ~GA S * ,5* ( T G G ( I , L ) + T G G ( I ,L+ 1) )a P RL( L )

46 C r1 NT I NUJ E.

I — So
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* SAVE G E O P O T C P J T IA L S  ON FILE N F 2 ,

SC AL :1,/ (IO ,*GRAV )
DO 48 L:1,10
CA LL FCONW2 (GZ (l,L) • 6 , O , S C A L , ILCI, ILA T , IW ,JW ,LL,MP1 ,MPGZ(%.))
C A LL WSGGP( GZ(1,L) , ILGI, ILAT , NF2,IU,4H GZ ,L,NPGz,GGP,WRNS )

418 CONT I NUE
CALL FCC NW2(GZ (1, 11),~~.u,SCAL, ILG1 ,ILAT ,IW ,JW ,LL,MM ,MPGZ (I1))

* READ SPECTRAL VO RT ICITY (Q) AND DIVERGENCE CD) FROM TA PE.
* CONV E RT TO W IND COM PON ENTS OW GAUSS IAN GRIDS. SAVE ON FILE NF2 .
a W~ W~ SPEED IS C O MPUTE D FOR D IA G N O S T I C  P UR POS ES ONLY ,

DC 50 Nr:44,NDAY
DC 50 L 1,10
RE A C ( N F 1,5101) U
c~EAC (NF1,SI01 ) V
IF(NO .LT.~JOA Y) G~ TO ~o

~RITECo,605u ) L,N O

* COM PUTE W IN D COMP ON EN TS FROM VORT IC ITY AN D CIVERGE~ CE.

CALL SMOV2 (D , IIRP1,L,IIRP2,IIRP1)
CALL SMOV2 (D,IIRP1,V ,IIRP2,IIRP1 )
CA LL QDAW2 (U, V ,0,D,EPS!,HR KS (1,1),WRKS (I,2),

IIR P2,IIRP2,IIRP1,IIRPI,ILALP ,URPI,IKHFM ,II R )

a C O N V E R T  U T O G A U S S I A N  GRID A ND S A V E  OW FILE NF2 .

CALL S P A G G 2 ( G G , ILGI, ILAT H , C O A ,IKH EM ,
U , I I RP2 , t ! R P 1 ,s I K S Y M ,A LP ,EPS I , ILA Lp, WRK S ,~~R KL)

C A LL F C O N W 2 ( G G ,10 ,,A ,ILGI , ILA T , I~~,JP1,LL, MM ,M P W ( L ) )
CALL W S G G P ( C G ,ILG1, I L A T ,NF2 ,IO,4k U,L,NPA ,GGP ,W R K S )
DC 

~91 I~~1,LGG4$ 9j P SGG C I) GG( I)

a CONVERT V ‘TO GAUSSIAN GRID A N D SAVE ON FILE NF2 ,

CALL SPAGG2(GG ,ILG 1,IL A’FH,C C A ,IKHEM ,
V ,IIPP2,IIRPI,.IKSYM ,ALP ,EPSI,ILAL P,WRKS ,WPKL )

C A L L  FC C NW 2 (GG , 10 ,,b, ILG1, ILA T , IM ,JP1,LL ,M$ ,MPW C L ) )
CALL W S GG P (GG,ILGI,ILAT ,NF2,ID,.Di V ,L ,NPW ,GG P ,W R K S )

* CO M PUTE W IND SPEED A ND MAP IF REQUESTED ,

CC 492 Ia1,LGG
‘192 PSGG(I):SQRT (CG(I)**2 + PSGG (I)*a2)

CALL FCONW2CPSGG ,1O ,,*,!LGI ,ILA T ,IW ,JW ,LL ,MM ,MPWSP (L))
IF (L .EG .1O ) GO TO 52

50 CO NTINUE
52 REWIND NFl

I — 51
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* T HE GRID PHYSICS FIELDS A RE SET TO A R B I T RA R Y  PUT R EA L I S T I C
* V A L U E S  FO R T HE P U R POS E OF T E S T I N G  THE S PEC IPA L MODEL .

* SUR FACE DRAG IS SIMPLY A FUNCTI’W OF THE CRESS 1AN DRAG
a COEF FICIENT AND T I- (  ~‘OU N TA IN MEIGHTS .

IF ( I NCT .K C R )  GO T O 55
C RC SSD : l .2 E .3
DO S~ I:1,LGG

541 CG( I ) : C P ESS Da( 1 .0 + G Z S C I ) / 1 . E + ’ 1 )

C A LL FCONPI2 (GG ,20d., t ,E5,ILGI ,IL A T,I W ,JW ,LL ,MP ’ ,’APDR)
CA LL W S C G P ( G r ,,ILG L, ILAT ,UF2 ,IU, 4H OR , 1, NPOP ,GG P ,WRK S )

a “AT ER TEU PERA TURE IS A FUNCTI ’N OF LATITU DE .

55 I EC . NCT .K.~T)  GO T O 57
D O 56 J:7 , I LA T
IF (J .LE .ILA T N) ~TE M P 2 73 , + .5 a F L 1 AT ( J )
IF (J .GT .I LA T U )  W T E M P : 2 7 3 , + , 5 * F L O A T  ( I LA T . l— J )
CC 56 K:1, IL G 1
I:(J.1)*ILG1 + K
G~~(I ) :W TEH P

Sb C O N T I N U E
CA L L  FC ON ~~2 ( G G , 3,, 1.0O,I LGI , ILA1 , IW ,J~~,LL ,MU ,M PW T)
CA L L  W S G G P ( G G , ILD,1 , I LA T ,NF2, ID, 4k NT , 1,NP~~T,G G P ,WRKS )

* SI. A C O V E R  IS C E T E P P ~INED F RC t ~ T W E M O U N T A I N S  A ND A N ASSUM~ D PO LA P
* 5-~~N CO V L R ~F 0 LA T I T U D E  C I P C L F S .

57 jF(.N~’T,KCV ) CO TO c~C O S R J= I , IL A T

X F ( J .L E ,6 .OP .J .CE . ( I L A T . 5 ) )  SN C ~~:1.
C1’ SB K 1,ILG1
I:(J~~1)aILC1 + 1<

IF (C-ZS (I).GT .999. ,OR , SNOW ,G T .U ,) GG (I):0.
58 CONT I NUE

C A L L  F C O N W 2 ( G G ,.I ) ,, 10 ,0, ILCI , I L A T ,  IW ,JW ,LL, MM ,’4 PCV )
• CA LL M S GG P C GG ,ILGL ,ILAT ,NF2 ,ID,~~H CV ,l,NP CV ,GCP ,W R)( S)

99 p~~T(, PI~j

• 5020 F ORP ~A T ( 10 F 8 . 3)
5 10 1 F O R U A T ( 6 E 1 2 .5)
6030 F O P U A T ( 1 1 t 4  T EMP L EVE L ,13,SM I ” V , I 2 , I SW  R EAD F ROM T A P E )
6 014 0 F O R M A T ( 2 2 H  SU R FAC E PP ESS UR F N ’V ,12, lSh  REA D F RO M T A P E )
6050 FO RUA T (15H V O R T ,0 T V  LEV E L ,13,5 I-  ‘,OV ,I2 ,1SH R EA D F R O M  T A P E )

END

I — 52
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PROG RAM GARP6

* CON TR” L PRO GRA M FOP GA RPI N .
• * R EADS 10 LEVEL D A T A  FROM TH E CARP TAPE FOR DA TE N DA Y

* FOR INPUT TO THE M U L T I L EV E L  SPECTRAL MO DEL .

TH E PA R A M ETER S T A T E M E ~.T IS USED TO DEFINE THE MA X I M UM NUMBER OF
LE VELS OR POINTS ALLO W ED FOR EAC H TYPE OF MATRIX

$ I LV  NUMBER C~ S I G T M A  LEVELS (NOT COUNTING 0,1)
S L EV MOISTURE L E V E L S
SLV : PRESSURE LEVELS
SILT : LA T T IT U D E  PO I N T S  IN GRI D
SILG M AXIM IM NUM BER CF G RID PO INTS  IN L1’~.G IT UCE CIRCLE
SILT I-I : $ ILT/2
SIR ‘AX IM UM NUMB ER OF W A V E S  PERM ITT ED
SILPI  : SILG + 1
S L A W  (SILG s j)*SILT OR (SIR + 2)*(SIR + l)*$ILV

P A R A M E T E R  5I1. V : 1 5 ,$ L EV : 0 , 5 L  V :1f l ,$ ILT :52 ,$ILGz6’J ,S ILT H:26,S1R:2 0

LOGI CAL MTW ,WET ,IcCR ,KWT ,KCV ,KDIV
DIME NSIO N PR (SLV ),SIC(SILV ), 11)AT IU (14)
DIME NSIO N MPGZ(j1),MPT (j1),MP~~(10),M PW SPC 10) H

S S S S 3 S S S S • • • S ~ S ~ • ~ • ~ S ~ ~ S S S ~ S ~ ~ S S S S S

D A T A  LV ,P R/ l O , So ,, i5o,,250 , ,350 . , a R o . , s so . , os o . , T s o . , B so . , csc , /
D A T A  I DA T I M/ 6 * O ,7a ’ X ’ ,O/

* ~ A P C O N T R O L S  (0 M E A N S  NO HA P ) ,

D A T A  I~~,J~~,LL ,MN/ 1,1 ,32,52/
D A T A  MP G Z/  0, 0 , 0 , 0 , 0, 0 , 0, 0 , 0 , 0, 0 /
D A T A  lIP! / 0 , 0 , 0, 0 , 0, ~~, 0, 4’ , 0, 0 , 0 /
D A T A  M PW / 0 , 0 , u, 0 , ~~, 0, 0, 0, 0, 0 /
D A T A  MP~~5 P /Ø , 0 , o , 0• 0, 0, 0, 0 , 0, 0 /
D A T A  MP G Z S ,MPSP ,MP CR ,I~PWT ,M P C V /  0 , 0 , 0, 0, 0 /

* INPUT T A P E  (
~~F 1), M O U N T A I N  FILE (N FI’TN ) ,  OU TPUT FILE ( N E ?) .

D A T A  NFt , NF1’ T~J ,NF2/  8 1 , 03 ,42 /

* SPE CIF Y  THE D A T E  P. DA Y ( ‘ C V  4 TO q ) .

CA LL IW O UM P
E A C ( 5 , S O 1 O )  N DA Y
?‘PT(5):22
M PW SP (S )~~22
MPS P 22
PP ~P :2?

1 5 3
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* R EAD MO DEL P A R A M E T E R S  FROP ’ CARDS .

REA C (5,501O) ILC ,ILAT ,KHEM , IR ,LEVS,DEET
REAC (5,5 030) IW ,J~~,LL,MM
RE AC(5,5012) NK , (SIG (N).P’:l,NK )
P LA C (5 ,5015)  MT N ,W E T , KDR , K W T , K C V .KDIV ,S C O R L , S C C P N
PE AC (5,5010) ,(START ,KTCTAL ,IPRG ,IPC P

• * ~~ ITE CONTRO L LAB EL ON FILE NF2.

CALL SPLAB (NF2,2,LV ,PP ,NK ,SIG ,LLVS, lUG, I1.AT .KHEPI , IR ,DEET,
-

• 1 MTN ,NET ,PCP ,KW T ,KCV ,KDIV ,KSTA RT ,KTO TAL, IP PG ,IPCP ,ID AT IM)

* R EA D THE G* RP TAP E AN D ~UT O U T P U T  f~t~ FILE NF2.

CA L L  GA RPI~ (NFI ,NPP’TN ,NF2 ,NOAY ,LV ,PP ,ILG, IL AT ,
1 MTN ,NET ,KDR ,K~I,T ,KCV , IW ,JN,LL, MM ,
2 MPGZ ,MPT ,MPW ,MPNSP ,M PGZS ,MPSP ,MPC R ,MPWT,MPCV )

5010 FORMAT(5 14 ,F8.O)
5012 FOR PAT (I5 ,1SF’5 ,3)
S O i S  F O R M A T ( 0 L 4 ,2F8 ,2)

STO P
E N D

1 — 5 4  
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SUAPOU TIN E GA U S S G ( NZ E R f l ,F, l~T ,S IA ,R A D , W O C S )

a THIS R OUTINE CALC ULATES THE ROOTS (F) OF THE ORDINA RY LEGEN CRE
* PO LY NO M IALS OF ORDER P4ZERO , TP4E FIRST STEP IS TO MAK E AN
* IN ITIAL GUESS POP EA CH ROOT AN D THE N T O USE THE OR DI NARY
* LEGENDRE ALG ORITHM (ORDLEG ) AN D NEWTO NS M E T H OD  TO REPINE
* THE SO LUTION UNTIL THE C R IT E R ION X LIM IS SATISF I ED .
a 

~ 
: COSIN E OF C O LAT IT UDE

* NT z CORR ESPONDING GAUSSIAN W E IG HT
* 514  = SINE OF C O LA T IT U D E
* PAD = COLAT ITUDE IN RAD IAN S
* W OCS = GAUSSIAN WEIGHT / COS(COLA fl**2

DI M E NSION F ( t ) , IsT ( j  ) ,S IA ( 1) , RA C (1) , W O C S ( 1  ) 
• 

-

XLIP’il, OE—Oo
Pt : 3.141592a535590
IR : 2a NZE RO

• FI F L O A T ( I R )
FI1:FI+1,
F N*FL~ A I (NZERO)

C O 20 I:1,NZEPO
OCT :PLOAT (I—I)
F(I):.PI* ,5 * ( D C T + .5 ) / F N  + PI* ,5
F (I) $ S IN( F( I) )

20 CONTINUE

DN : FI,SQRTC 4,*FI*FI.1 ,)
DNI :FI1/SQRT(14 ,A FII*FI1 .1 ,)
A = DN I*FI
B = DN *FI1
IRP : IR $ 1
1PM = IR —1

CC 50 I:I,NZERC
£42 CA LL OROLEG (G ,F(I),IR)

CALL OROLEG (GM ,F(I),IRM )
CALL ORDLEG (GP ,F(I),IRP)
C T :  (A * G P . B* G M ) / ( F ( I ) * F ( I ) — l ,)
FTCM P F (I) — G/GT
GTEP’P : F(I) —

F (I) = FTE MP
IF( ABS (GTEMP).GT .XLIW ) GO TO ‘42

so CO NTINUE

Dl) 60 I;1,NZ ERO
A: 2 ,* ( 1 ,.F (I)**2)
CAL L C ROL EG ( B, F( I) , IRM)
P :

I -  55
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-
~ RAD (I) : ACOS (F (I))

- 514(1) $ S I N ( R A C ( t ) )
- W C C S ( I )  I W T C I ) / S I A C I ) * * 2

60 CONTINUE

RET URN
END

I -  Sb
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SUB ROUT INE GGASP2 (P ,LR ,LH ,KSM ,GG,ILGI ,IL A TH ,COA ,W ,KHEM ,
• 1 ALP,EP5I,LALP ,~1 RKS ,NRKL )

* SPECTRAL ANA LY S IS OF GAUSSIAN GRID GG ,
a PUTS SPECTRA L COEFF INTO P (LR ,LM ).
* IF GLOBAL. GG~ (ILG1,1LATH*2), OT HERW ISE GG:(IL.G1,IL. AT H ).
a LATITUDE IS ZE RO AT LEFT OF GRI D AND POSIT IVE EASTWA RD .

* KHEM 0 x GL O BA L ,  N HEll ONLY, 2 = 5 HEM ONLY .
* KSM +1 5yM14E !RIC, OaGLOBAL , •1:&NTISYMHE’TPIC
* COA (ILATH) CONTA IN S THE COS INES OF THE COLA TITUD E (N TO 8).
a W C I L A T H )  C O N T A I N S  THE G A U S S I A N  W E I G H T S  (N HEM , N TO S ) 5
a ALP(LAL P ,LM) IS A WORK FIELD FOR LEGENDRE POLYNOMIALS .
* EPSI IS A FIELD OF C O N S T A N T S  THE SAME SIZE AS ALP .
* W RK S ,WRK L AR E SCM ,LCM W O R K ARRAYS OF (ILG+2) WORDS .

• * FAST FOURIER TRANSFORM REOUI RES THAT ILONG BE A POWER CF 2,

* WARNI N G — KHEM AN D KSM MUST BE p0TH ZERO OR BOTH NON ZERO,
* . ANT ISYMM ETR IC FIELDS ANALYSED FROM A HEMISPHERE
* WILL AL NA Y S HAV E A M EA N OF ZERO .

COMP LEX P(I)
DIME NSION GG (ILGI , I ) ,A L P C I ) ,LPSI( 1) , W R K L( 1  )
DIME NSION C O A CI ) ,w( ~ ) ,WRKS (1)

a CALCUL AT E CON STANTS AND SET P TO ZERO .

= ILG :ILCI—1
ILG H:ILG/2
MA XF :L N.
ILP:1
IF (KSPI ,LT .0) ILP:LALP,2+I
NP:LR*LP’
CC 10 MN 1,NP

10 P(MN) (O,,0 ,)

* DO NORTH ERN HEM ISPHERE IF RECU(5TED (NHEM:o ~~ i).

IF (KI4EM ,EQ ,2) G O TO 38
DO 30 IM: 1,ILA TH
JR X :ILATH+1 .IH
IF (KHEM ,EQ .Q) JRX: JRX4 ILAT H
SINLA I’: COA(IH3
CALL ALPNM2(AL P ,LAL P ,LM ,$INLA T ,EPSI)
IF ( KSM ,NE .0) CALL A L P A S 2 ( A L P ,LAL P ,LM ,W R K S )
CALL FF NF G 2(W R KL , ILGH ,G G C I , J RX )  , ILG1, MA X F ,ILG ,W RKS , 1)
C ALL FAS P2CP ,LR ,LM ,NR KL ,ALP (ILP),LALP ,W (IN))

30 CONTINUE

* DO SOUTHE RN HEN ISPHEPE IF REQu ESTED (KHEP~~fl O~ 2).

1 —  ‘57
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3B IF (KMEN S EQ .I) CO T ’~ 50
CC 140 IN :1,ILATH
JR ~
: -4

SINLAT :— COA (IH)
CA LL AL PNM2 (ALP ,LALP ,LM ,SINLAT ,EPSI)
IF(KS~ .NE ,O) CALL A LPA S2 (ALP ,LAL P ,LM ,WRKS )
C ALL FFNFG2 (WRKL ,ILGH ,GG (1,J RX ), ILGI , M A XF ,ILG,WRKS,1)
C A LL FA SP2 (P,Lp ,LM ,NPKL ,ALP (ILP),LALP ,WC !H))

410 CONTINUE 
- •

* IF ONLY ONE HE’~IS PH E RE WAS ANALY SED , DOUBL E ALL COEFF IN P ,

50 IF(N$EM S NE.0) CALL SCCF2 (P ,LR ,LM ,2)

RETURN

I —



SUB ROUT INE GNAOC2(Q ,D,LRQ,LRD,LM ,UGG,V CG , ILGI, ILAT H ,COA, WCCS,K HEM ,
ALP,QALP ,EPSI,LALP ,WR KS,WRKL )

* CONVERTS GAUSS IAN GRIDS OF U,V IN UGG ,VGG (ILGI,NLAT).
* T O SPECTRAL. COEFFICI EN TS OF VO PT ICIT Y Q (LRQ,LM )
* AN D DIVERGENC E CCL R C ,L. M).
* IF GL O BAL, NLAT ILAT . IF HEM IS PH ER IC , N L A T : I LA T H .
* NOTE V IS ACT UA LL Y V *COS (LAT )/ (EARTH RADIUS). SANE FOR U.

* KNEll U : GLOBAL , 1 N hEM ONLY, 2 S HEM ONLY.
* COA (ILA TH ) CONTA INS THE COSINES CF TI.~E COL AT ITUDE (N TO S),

• a WC~ 5(~ LA TH) C N TA I I~S (GAUSSIAN 4~EIG HTS)/COS(COLAT) (N TO 5),
* ALP(LAL P ,L M) IS A WORK FIELD FOP LFGEN DRE POLYNO M IAL S .
* OAL P (LA LP ,LlI ) IS FOP THE N—S DERIVATIVES CF ALP .
* EPSI IS A FIELD OF CONSTA N TS THE SA ME SIZE A S ALP .
a “RKS IS AN SCM W O RK ARRAY CF L NGTH LR COM PLEX WORDS.
* WR KL IS A N  LCP~ r~CRX ARRAY OF LENGT H LR COMP LEX WO RDS.
* FA ST FOUR IER TR A N S FO RM REGL IPES THAT ILONG BE A POWER OF 2.

C OMPLEX QCLRQ, 1),D (LPC,1),WRKL. (1)
DIME N SION UGG( ILGI, t),VGG( ILGI, 1)
DIME NS ION ALP(1),CALP (I),EPS!(l)

DIMEN SION COA (1) ,WOCS (1).WR K S (t)

a IN ITI AL CONSTA N TS . SF! Q .D TO ZERO .

ILG:ILGI .1
ILG HZILC/2
ILP:t
IF ( u ~w EM .NE.0~, ILP~~LA L P / ? + 1
ILAT :ILATr4*2
N LAT : I LA T4 I
IF KMEM .E0 .0) N L A T : I L A T H a 2
CAL L SCOFZ (Q ,LRO,LM ,0 )
CALL SCOF2 (D,LPD,-L.M ,0)

* PER FORM THE CONVE RS ION ON( R0.. AT A TIME.

C C ‘10 JR:j, NLAT

I h :J R
IF (JR ,GT SILA TII ) IH:ILAT+1 .JP
IFC KH EM .EQ .1 ) I ILATW ,1 .JR
SINL A’:.CCA(IN)
IF (JR ,G T .ILATN ) SINLA T :CCA( I4’)
IF( KW EM ,E0 .1) SI NLAT :CCA( IM )
* E I C H T : W C C S ( I H )

a CO M PUTE AL P ,O4 LP A N D RE O R D E R R O W S  IF G R ID S A~~E HEM IS PHERIC.

I —  ~~ 



I
CALL AL PNM2 (ALP ,LAL P,LM ,SINLAT ,EPSI)
C ALL A LPD R2CDA L P ,ALP ,L ALP ,LM,LPSI)
IF (KkEM ,NE .0) CALL ALPAS?( AL P ,LAL P ,LM ,WRKS)
IF( K H E M S NE. 0)  CA LL ALPA S2(DALP ,LALP ,LM , WRK S )

* TE RM S DEPENDING ON L,

CALL F F W F G 2 ( W R K L ,  ILGN ,UGG( i , JR) , ILG1,LM.1 ,ILG, W RKS , j )
C ALL FASP2CQ ,LRQ,LM ,WRKL ,CALP (ILP ),LALP , WEIGHT)
DC 22 14:1,LM
FM~~ FLCAT (M. 1)
~RKL (M):CMPLXC .FM 5aAIMAG (WRKL (M )),FMS*REAL(WRK LCM )))

22 CONTI NUE
C ALL FASP2 (D ,LRD ,LM ,W PKL,ALP ,L ALP , WEI GHT)

* TERMS DEPENDING ON V.

C A L L  FFNFG ?(WRKL ,ILGN ,VGG (I,JR ),ILG 1 ,LM_ t , ILG ,HPKS,I)
• C A L L  FAS P2 ( D,L R0 ,LM ,W P K L , D A L P ,LA LF ,.~ EIG HT )

00 24 M:l,LM
FMS F LO AT ( M . 1)
NRKL (H) C M-RLX ( . FM S*A I TM A G ( WRK L C M )  ) , F MS* R EA I. ( W R KL (M)))

2a CON TI NUE
C ALL FASP2 (Q,LRa ,LM ,WPKL,4L P(ILP),LALP , WEIGHT )

40 CONTINU E

* IF GRIDS AR E HETM ISPhE RIC , DOUBLE A LL. CO E FF IN Q AN D D.

IF C KH E M .NE.0) CAL L 5CCF2V~,LRQ ,LM ,2)
I FC K HE M ,NE ,0, CALL 5C~ F2 (0,LR0,L l4,2)

WET U P N
END

I — 60
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SU8RCUTINE GZFBP (PHI ,PEE, PS , T M EA N , PEE MPI ,PSh ’N , L.A ,
LPS,LP’,ILEV,RGAS )

- * CALCULATES GZ T N PHI FROM BIG P IN PEE FOR ILEV LEVELS . 
-

a IF MODEL IS HEMISPHERIC PEE,~ HIS,PS APE SYMMETRIC.
* EAC H LEVE L IS DIMENS IONED (LRS,LPI).
* EACH LEVEL IS S E P ARATED BY LA CO MP LEX W OR DS.
a PEE AND PHI CAN BE EG U IVA LE NC E D .

C O MP LEX PHI(LA , 1) , PEE( L A , 1) , P S C 1 )
REA L T M E A N C 1) , P E E M N ( I )

DO 3 0 L:I,ILfv

DC 20 M:1,IM

DO 20 N:t,LRS
MN:MR+N

20 P41 I (MPJ ,L):PEE(MN ,L) • Rr,A5 aTMEA r~(L)*P5(HN)

30 PMI (1,L ) :PHI (1,L),p (EMN(L).RGAS*TMEAN (L)aPSMN

RET URN
END
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FUNCT ION HTVOC PCT)

a COM PUTES *HTVOCP * ,TME RATIO OF
a LAT ENT HEAT CF VA POR IZAT ION OF WAT ER OR ICE TO
a SPECIFIC HEAT OF AIR A T CON STANT PRESSURE CP
* REF SM ITHSON IAN TABLE s ,lqse
T SGE .T1S H TV CC PCWA T E P) ~ (3 ,15213E+b—2.380E43*T)/CP
T .LE .T2S HTvOCP( ICE ) = (2,80053E .b—0 ,167E+3*T)/CP

W IT H LI N EA R IN TERP OLAT ION IN BETWEEN

PARA M ET E RS COMP UTED IN A C J PAR
WTC P/T IS, T~~$ , A l ,  SI , AW~ B SU P

IF(T .GE, T 1S ) G O T O I

IF(T .LE .725) GO 10 2
• H TVOC P : SLP *C (T.T~~S )*(AW .BW *T) + CTIS.T)* (AI.SIa !)

RET UR N

I ~TVOCP : AW.B~l*T
RETURN

2 u- TV OCP : A I—BI *T

~ E T U P  N
END
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SUB ROUT INE I N P O C ( LC . IL EV , NV AR)

* PRINTER OUTPUT C O N T R O L  FOR SPECTRAL MULTILEVE L MODE L.
* LC : OUTPUT SW ITCHES pOP EACH TIME (NT), LEVEL(ILEV ), AND VA P IAB U

* LA B : A LPHANUMERIC LABEL FOR EACH VA R IAB LE (iJ CHARACTERS).
* CS : CONTOUR IN TE RVA L AND SCA LE FACTOR FOR EA CH VARIA BLE .
* KGGPI z GG W INDOW A N D M AP SCALE FOR EACH TIME (IW,,JW ,L.L,MM ,M5).
a KPSPI $ PS GRID S!ZE,POLE AND HAP SCALE FOR EACH TIME
* (NI,NJ,IP ,JP,ll5).
* MAX IM UM POSSIBLE VALUES ... ILEV IS, NVAR = 1 0,

DIMENSION LCC3, ILEV,1 ),LCR(3, 15)
CO HP’CN/PCOM1/ LRPR,LMPP ,KGGPI(5,3),KPSM(5,3) ,D60,OGRW ,NHCPI
CC MMON/P COM 2/ LAS (10),CSC2,10)

DIMENSIO N LABX (1 0),CSX(2,10)
DATA CSx/— 1400., L.E,7,— 4100., 1 .E,8,.20.,1 .,120 .,1 ,,5.,.01,.500,,I .,

500,,100., 6*0 , /
DA TA LA BX /4HVCRT, 41H DIV, LIHTEMP,41H PHI,4HSFPR,LIHPHIS,4M ES,3a 0 /
D A T A  L A S T / U M X X X X /

* FIRST COPY CSX TO CS AN D LA BX TO LAS .

C O IS I:1,NVA R
15 LA B( l ) LA B X ( I )

DC 17 I:1 ,N V A R
DO 17 K:1,2

17 C S ( K ,I):C S X ( K ,I)
C S (2 , L4) : 1 ./q ,80616
CS (2 , 6) =CS (2 , LI)

* S ET D E FA U LT V A L U E  C~ ALL S W I T C H E S  TO ZERO (I.E. NO OUTPUT) ,

(4 0 20 NV :j,NVA R
DC 20 L I,ILE V
DC 20 NT z1 , 3

20 L C C N T , L , NV ) 0

* READ KG G M AND KPS M F RO M C A R D S .

RLAC (5,5020) KGGM
W R I T E(h ,b020)  KGG M
NEAC (5,5020) KPSM ,D6 0.DGR W ,NHE M
WRITE(6,6030) KPSM ,C60,DGRW ,NME I’

* RE AD C ONTRO L CAR D , CHECK LABEL , INSERT IN CORRE CT PLACE IN LC.
* REPEAT UNTIL ALL CAR DS HAV E BEEN REA D (LAST CAR D CONTA INS X X X X  )

26 REA 0~ 5,5030) LAPR , ((LCR (NT ,L),N T 1 ,3),L 1 ,ILEV )
IFCL ABR .EQ .LAST ) GO TO ‘40

1 — 6 3
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DC 35 NV :1,NVAR
IF C L A B R .NE. L A B C N V ) )  G O T O 35
DC 32 L;I,ILEV
00 32 NT;1,3

32 LC (N T ,L,NV) :LCPCNT,L)
35 CONT I NUE

GO TO 26

* W R I T E  LC ON TH E PRINTE R .

410 00 ‘15 N V Z 1 , N V A R
45 W R I T E ( 6 , b 0 4 1 Q )  L A B ( N V ) , ( ( L C ( N ,L , N V ) , N 1 ,3 ) ,L 1I , I L E V )

RETURN

• 5020 F OP H A T C  15I3 ,E1o, 3 ,F10.2 , 13)
5030 F O P M A T (A 4 ,15 (1x ,311) )
6020 FORM A T ( 6H U K C GM S ,3(2X ,5I3))
6030 F O R M A T ( b H  KPSM: ,3 ( 2 X ,5I3), SX , 1LI HDbO ,O G RW ,NHEM$ ,E1O ,3,Fl0. 2, IS)
6040 F O R M A T ( 1 H O ,A4 ,ISH O UT P UT C O N T R C L , 10 ( 2 X ,312))

END
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SUBROUTINE INPTGG (NF1, NF2 ,C R PA K ,HTP AK ,C V PA M~,ILGj , ILATM ,KHEP4 ,
KDR ,Ic W T ,KCV, NPDR ,NP WT,NPCV ,GG,GGP,WRKS)

* GETS GAUSSIAN GR IDS OF DRAG, W AT E R .T E M P,  AND SEA .COVER.
* FO P THE SPECTRA L MULTILEVEL MODEL.
* THEY ARE ALSO WRITTEN TO FINE NF2 FOR POSSIBLE RESTART .

* KOR , ETC LOGI CAL SW ITCHES FOR EACH VARIA BLE .
* IJPDR,ETC = PACK ING DENS ITIES FOR EACH VAR IA BLE IN THE MODEL .
* (A LS O USED FOR OUTPUT PACKING ON NF2).
* GG ,GGP , WR KS A R E W O R K  FIELDS USED IN PACKING ,

* INPUT FIELDS ON FILE ~FI C AN BE IN A N Y OPOER , BUT
* THEY SMOULD OCCUR AT TWE REG INN ING OF NFl TO M INIMIZE THE
* EFFECT OF THE REW INDS.

DIME NSION ORPA K (1 3,W T PAK C I ) ,CV PA K (1)
DIMENS ION GG (ILGI,1 ),GGPC1)
DIMENSIO N WRK S (13

L OG ICAL. OP(,KDR,K WT,KCV

* /MAPG G/ CONTAINS ~*P CONTR OLS (SET IN THE MAIN PG M) ,

COMMO N /P~A PGG/ MGGDP ,MGG4I T,NGG CV

IDSO
NLAT $ ILAT H
IF(KHEM .EQ .0) NL41’$IL ATH *2

* D RAG FI EL D CCRESS HA N DRAG COEFFICIE NT • NO NC I M E N S I O I 4 A L ) .

IF (.NOT .KDR ) GO TO 30
REW IN D NFl
CALL RSGGP ( D RPA K ,ILGI ,NL A T ,NFI,ID ,4 I.4 OR , I ,OK ,GG P ,W R K S )
CALL WSGGP (DRPAK ,ILG1 ,NLAT ,11F2,ID ,4H DR , 1,NPC R ,GGP,WRKS)
C ALL FCCNW 2 (DRPA K , 100 ., 1 .E5 ,ILGI ,NLA T ,1 , 1 ,ILGI.NL A T,MGGOP)

* WA TER TEM PERATUR E (DEC K).

30 XF (.NOT ,KWT ) GO 10 40
REW IND NFl
CALL R S G G P ( W T P A K ,ILGI, N LAT ,PJ FI,ID ,IIH W I,  j ,CK ,GGP ,W R W $ )
CALL. WSGGP (WTPAN ,ILGI ,NLAT ,NF2,ID ,4N W I, I ,MPWI ,CGP ,WRKS )
CALL FCO NW 2CW T PA K ,3.,1,,ILG I, IILAT ,1, I ,ILGI,NLA T ,MGGW T )

* LAN D — SEA COVER (EPACTION 3F WA TE R 0, TO 1,).

40 IFC .NOT ,K CV ) GO TO qq
REW IND NFl
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C ALL RSGGPCCVPA K ,ILG1 ,NL AT, NF1,ID,IIH CV , j,OK ,GG P,WPKS)
CA LL WSGGP(CV PAK ,ILGI,NLAT ,NF2,ID,4H CV , l,NPCV ,GGP ,WRK S )
CALL FCONW2 (CVPAK ,.lOO., lOO .,ILGI ,NLAT, 1,1,ILGI ,NL.AT,P4GGCV )

99 RETURN
END
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SUBROUTI NE INPTSP (NFI ,ID,NF2,PHIS,PS,PHT,P,C,ES ,LA,LPS,LRA ,
LM ,ILE~~,LEVS ,

K HEM ,ILG 1,IL ATH ,CO A ,W ,WCCS ,GG ,CGX,GC P,
2 ALP ,C4L P,EPSI,L ALP ,WRK S,i~RKL )

* P E R F O R M S  S P E C T R A L  A N A L Y S I S  OF GAUSSIA N GRIDS (ILGI ,ILAT )
* FOP INPUT TO TW E M ULTILE VE L SPECT RA L MODEL.
* LRS ,L RA AR E ~~~ L E N G T H S FOP SYMMETR IC AND A N T ISYMM ETRIC
* SPECTRA L A RR A Y S , THEY DIFFER ONLY IF THE MO DEL IS HEM ISPHER IC .

* KM E M 0 s GLO BAL, I N HEM ONLY , 2 ; S HEM ONLY. (CC)

a INPUT IS ON SECL - E N T IAL FILE NFl ~~ 
TME FOLLO WING ORDER ,...

* P-.IS ,PS,PHICILEV) ,(L ,V (ILEV )),ES (ILEV) ,

COM PLEX PHI5 (I),PSU),PHI (LA,t ),P (LA ,1 ),C (LA, 1),FSCLA , 1)
DIM EN SI ON ALP(i ),CALP(1),EPSI (t)
DIM E N SIO N CCA( 1 ),~~(I),~~0CS (l),WPK S (I)

* GG, GGX A~ E W O R K  FIELDS FOR GAUSSI A N GR IDS (ILGI , NLAT ),
* GGP IS A W ORK FIELD USED ON LY I~ N F l  CON TA IN S PACKED FIELDS.
* ~~KS ,~ PWL AR E SCM ,LCM ~CRK A RR AYS CF (ILG+2) .~C R D S .

CIUE N S ION GG (1) ,GGX (I) ,GG PCI ) ,~~PKL (1 )

L O G I C A L  OK

a O~.T PL T  P A C K I N G  D E N S IT I E S  (SE. ! P- ‘~A I N  P R O G R A M ) ,

C~~’”~’N / P K ’ 1 T/ N PGZ,NPSP ,NP~~,NPF S

PEAI~ D N F l
cSY’:1
IF (~~~Eu ,~~~,0~ K5 Y M : C

-~~L A 1 I L A T N

I F C ~~k E M , EG .0 )  N L A ! : I L A T H * 2

* ~ N~~A !N FIEL~ (~~/SEC )**2 REA D FROM FILE N Fl ,
* ‘~~TE — M O U N T A I ~,S AR ~ ~R IT7EN TO FILE NF2.

CALL PSGGP (GG ,ILG I , N L A T ,N FL , , 4 W  CZS ,I ,~~~,GG P ,WR KS )
CALL GGA S P2(PNIS ,L R S ,LM ,KHEM ,GG ,ILGI ,IL A TH ,C O A ,A ,KSYM ,

A L P ,E PSI ,LALP , -
~~

KS ,WRK L )
CALL 5PA GG2 (CC , ILG 1 , 1LA T~~,COA ,K HEM ,PMIS ,LRS ,LM ,KSYM ,

AL~
’,EPSI ,LA LP , ARK S ,~~

RKL)
CA LL ~SGG PCG G ,ILG 1, N L AT ,NF2, o,~~ M G7 S , l ,~.~~GZ ,GG P , WRK S)

* L~~G OF SUR FACE PPESSL~~E 
(UILLI~~A p 5)  ~ EA F R O T M  F ILE NFl .

* C~~~yERT Fp~~u ~ ILLI B A R S I’ (~~E W T ~~N$ / M a * 2 ) .

CA LL RSGGP (GG ,!LGI, N L AT ,NFI ,IrJ,LSHLNSP , 1 ,OK ,GGP ,~ RKS )
CA LL GGAS P2( ~S ,LR5 ,LM ,KHE M ,GG ,ILGl,I L 4TN ,CC A ,~~,KSY~~,

1 — 6 7
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1 ALP ,EPSI,LALP,W R K S ,MRKL )
P5(l) : PSC1)+ALCC (l00.)*SQRTC2 .)

* r ,IOPOTEN TIALS (M/SEC)*a2 READ FROM FILE NFj,

CC 250 LL1,ILEV
C A LL RSGGPCGG, ILG1 ,NLA T, NF1, ID ,4H GZ,L,OK,GGP, WRKS )
CALL GGASP2(PHI(t ,L ),LRS,LM ,KHEM ,GG ,!LG1,IL AT H ,COA ,W ,KSYM ,

1 ALP ,EPSI ,LALP ,W RKS ,MPKL )
250 CON T IN UE

a 
~‘INO COMPONENTS (L,V)*CCS (PHI)/(EARTH RA D IUS ) READ FROM FILE N F l

* CONVERT TO V O R T IC ITY (1./SEC) AND DIVERGENCE (1./5(C).

C~ 350 L 1,ILEV
C ALL RSGGP ( CC , ILGI ,N L A T , PIF1, ID ,4k U,L, OK ,G G P ,W R K S )
CALL RSGGP (GGX ,ILG I ,NL AT, NF1,IO,4H V ,L,OK ,GGP ,WRKS)
CALL GWAOD2CP (I,L) .C (l,L) ,LRA ,LRS ,LM .GG ,GG X ,TLG I,ILATN ,CO A ,WC CS ,

1 KHEM ,AL P ,DALP ,EPSI,LALP ,WRKS,~ R KL)
• 350 CONT INUE

a DE~ PO INT DEPRESSIONS ES (DEG C ) READ FROM FILE NFl .

I F ( L E V S ,L Q .0) GO T~ 999
DO LI50 N :I,LEVS
L:(ILEV .LEVS) + N
CALL PSCGP (GG ,ILGI ,NL A T ,N F I  , ID ,LIH ES ,L ,OK,GGP ,WRKS )
CA LL GGASP2 ( ES (~ ,N),LRS,LM ,KHE~1,GG ,ILG1,IL.ATH ,COA , W ,KHEM ,

I ALP ,EPSI,LAL P ,H R K S ,WRKL )
LISO CONT INUE

999 R L T L P N
END

-
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SU BRO UT INE INVRSI ( PEE RA R,A I , B I ,C ! , D I , LA ,LRS ,LP~,ILEV ,KH t M)

* THIS ROUTINE 15 RECUIRED TO IMPLEMENT THE SEM I— IMPLICIT
* A LG ORITHM . THE T RI .C IA GON AL MA T R I X  DEFINED 5Y A I,BI, AND CI
* IS SOLVED TO OBTAIN THE PEEBA ~ FRO M THE PHS (CI)  FO R EACH
* HOR IZONTA L MODE. THE GENERAL TR !.DIAGONAL MATRIX SOLVER
* RCSR I2 IS USED FOR SOLUT ION .

- • 

* IF MODEL IS HEM ISPHER IC, P E EP AR ,DI ARE SYMMETRI C.
* EA C H  LEVE L. IS D I H E N S I O P J E D  (LRS,L.M).
* EA C~I LEVEL IS SE PARA T E D BY LA COMP LEX WOR DS.
a ~~~~~~~~~~ VA LUE OF ILEV IS 15 .

COM PLEX P (ERAR (LA , 1),CI(LA,I )
DIME NSION A I (ILEV , 1),~-I (ILEv, li,CI (ILEV,1)DI M E NS ION PEBP( 15) , P ER t  ( 15) , D IR( 15) , DI I (15) ,W O R K ( 1 5 )

• C O ~o M:l ,LM
00 4u N:l,LRS
IL:(M.1 )*LRS+N

IF (KH EM .NE .O) NS:NS, (N— i )
NSP:Pa5, 1

D C 30 IH:1,ILEV
DIR (IH ) = REAL (DI (IL,IH ))
DII (IH) A IMA G(D I(I L ,II-~) )

30 C O N T I N U E

CALL R0SR12 (P (BR ,47 (i,~:S P),8I(I,NSP),CI (1,NSP) ,DtR, t
~oRK ,ILEv)

CALL ROSRI2 (PEBI,A I (1,NSP),HI (l,N$P),CI (1 ,NSP ) ,OII,WOP K , ILEV)

CC 31 IH 1,ILEV
P( E PAR ( IL,IH) CMP LX( PESRCP) ,DEBI(IH) )

31 C6~ T IN UE

40 C~~~TtNUE

RETURN
END
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SUBROUTINE LL FXY CDL A T,CLON ,X,Y,Db 0,DGRW ,NHE M )

* CA LCULATE LATITUD E AN D LON G ITUDE IN DEGREES OF POINT (X,V )
* ~EASUR EO FROM T HE POLE . ( LON GITUDE IS P O S I T I V E  E A S T W A R D ) .
* G RID IS PO LA R S T E R E O G R A P H I C  W I T H  STA NDARD LAT ITUDE A T  60 D EC .
a A ND GRID SIZE D60 M ETE R S .
* Z E R O  DEGR EES LONGITUDE IN THE GRID IS (DGRW ) DEGREES
* IN MAP CO OR DINATES ,
* NHE~’ ~ 

: N O r TH ER N HEM ISPHERE. NHE M 2 3 SOUTHERN HEP~ISPHERE .
* 1.8bb0 25 :( l+SINbO) ,  6 .371 E,6 iEART H RADIUS IPJ METERS ,

RE:1 .866025*6 .371E,t,D60
RE2 RE*.2
C 1:180 ./3,14159

a IF PO I NT IS AT POLE SET COOP C TO (0 ,,90.3.

• D L A T * q 0 .
DLON:O .
IF (X .EU .0. S AN D , V ,EG ,0.) CI) T~ 3~’

* CALCULATE LON GI TU DE IN P~AP C ’ O R C I N A T E S .

IF ( X .EQ .0.) OL~~~z S I G N ( 9 O . , Y )
IF (X .P4E.0.) DLON :AT AN (Y/X) *C I
IF ( X .LT .0.) DL CN: DLON+ SIGN (180 .,Y)

* A D JUST LONGI TUDE FOP GR ID O R IENTA T IO N S

CLC N:OLON~ 0GR W
IF (DLON ,GT .+18 0,) cLC~.=r)LO N— 36o .
IF (CLON .LT ,.180.) DLCI~:DLOh+3bO .

* CALCU LATE LATITU DE.

R2=X **2+Y aa2
r-LA T:( RE2 .p2)/cpE2.R2)
C L AT :  A S I N ( D L A T ) * C 1

* CHANG E SIGNS IF IN ~CLJ T I-ERN H(M I S P F I E R ( .

39 I~~(P’ H E~~.E Q .2)  OLAT :,CLA T
IF (NH E M .EO .2) DLO N: — DL O P
RETUR N
E~~D

I — in  
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• SUBROUT INE LNER (CT,PEET ,SDS ,CM ,PEEM ,LA,LPS,L M , ILEV ,DT ,RGAS, SF)

* A DD LIN EAR TERM S OF RNS TO PEET,SD S .

PARA METER $IMV : 1W = 5, SIR = 25, 1PM i 2* SIR + l

* IF MODEL IS HEM ISPHER IC , A LL FIEL DS A RE SYMME TRIC .
* EA CH LEVEL IS DIMENS ION ED (LRS ,LM).
* EACH LEVEL IS SEPARATED BY LA COMPLE X WORDS.

COMP LEX CT (LA ,l ),PEET (LA ,1),SDS (LA ,1),CM(LA ,1),PEEM (LA,l)
COH P LEX T E M P ( $ I t IV )
REA L MI ,MI I ,M II P-’1,P’l ,M2 ,MP ,,~PM 1,MM ,NW ,MPI ,M2M 1CO M M ON / N E M MA T / M I( IM ,I~-~),MII( IM ,IM) ,MI IM 1( IM ,IM), M l ( IM ,I f r ) ,

* M 2 ( t M ,~ P4 ) , MP( IM ,IM), MPM 1( IM ,IM) , MM( IM ,IM),
* MH( IM~~1M),MP I(IM ,IM ,IRM),M2M 1 (IM ,IM )

DIM ENSIO N 3 F ( 1)

ILEVM :ILEV .1

D C 30 M:l,LM
D C 30 N : i , L R S
I L C M . i ) * L R S + N

DC 20 IH:l,ILEV
SDS (IL,IH) : •SDS (IL,TH) — DT*CT(IL,IH) • CM (IL,IH )

20 C ONT INUE

• DC 24 IH :i,ILEV
T EMP C X~

-
~
) :0.0

D O 2U IK :l,ILEV
24 TLHP (IH):TEMP (IH) + M PM 1 (IK ,IH )*PEET(IL, IK)

t~ 25 IH:1 ,ILEV
25 T E MP C I M )  : DT * TE M P ( IN)

CD 26 I H : 1 , I L E V
26 PFET (IL ,IH) = TEM P (IM ) + r E E M C I L , I H )

30 CONT INUE
RE TURN
END

S U B R O U T I N E  MAT M LT (X1, X2, X3,N)
DIMENS ION X l (N , N ) , X 2 ( N ,N ) , X 3 ( N ,N)
DO I J:1, N
DI) 1 I3l,N
X 1 ( I , J ) : 0 .0
DI) 1 K:l,N
X1(I,J)~ X % (I,J ).X2(I,K)*X3 (K,J)
RETURN
END
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SUBR~ UTINL MHANLW(P T ,CT,PrET,SDS,TDtJH ,E$T ,f$DUP4,PRESS.LA,
PLTF,PVTFSTUTF ,TVTF,PEETF.$CSF,EF,YF,SUSF,SVSFS

2 ESTF ,EsF ,PPESSF, Z LH, ILN .LRS .LRA ,LM ,
3 ALP ,DAL P ,L A LP,WRK S,I.L,WOCSL ,IL (5NG,KHEM ,ILEV,LE~ S)

* CONVE RTS ILONG GRID VAL UES 1’ FOURICP COEFF THEN CA LCULA TES
* cONT RIRUTIO~JS TO SPECTRAL FIELDS ~OR ONE GAUSSIAN LATI TUCE .
* MO ISTURE VAP IA 8LE S mM ITTED IF LEVS = 0,

• IF THE MODEL ~5 HEM ISPHE~RIC PT IS AN TISYMMETRIC .
* ALL OTHER SPECTRAL FIELDS ARE SYMMETRIC.

* ALP(LALP ,LM) C0P~T A t t~S LEGE P4DRE POLYNOMIAL S FOR ONE LATITUDE.
* DALP (LALP,LH ) CONT A IN S N— S DER IVAT IVE O~ ALP,
* WR ~~5 IS AM 5C~ W O R K  AR RAY USED BY THE FAST FOUR IER TRAN SFOPP~.

COMPLEX PT (LA,1) ,CT CLA ,l ),PEET (LA,I) ,SDS (LA, 1)
COM PLEX EST (LA , 1),TCUM CL A ,1 ),ESDUM (LA ,1 ),pPESS (1)

C~ MPLEX PUTF (ILH,1),PVTF( ILH , 1),TUTF (IL H ,1 ),TVT FULH,1)
C~ MPLEX PEETF (ILH , 1) ,SDSF (ILN , ) ) ,ET (IL)4, 1) ,TF (IL~4, 1)
C OMP LEX SUSF CILH , 1) ,SVSF (ILH , 1 ) ,ESTF (ILH, I) ,ESP (ILk . I)
C OM PLEX PPESSFU )

CI~
iF NS IOM DALP (1),4LP(I),W R KSC I )

* IF MO DEL IS ~~MISF hER IC , THE. SY MM E TR IC AND *NTISY~4M ETR IC
* COE FF IN THE R0I.IS OF AL P ,DALP HAV E BEEN SEPARATED .

ILrv p= ILEv+1
ILP I
IF (KHEM .NF.Q) ILP :LALP/2+1
IR:LM~ 1

* ALS O , ~I AND ~OCSI A PE DO tJ R L~~
) TO A CCOW~T FO P Tp.~ MI S5~~ G HEM .

IF(KHCM ,~ E, O) W I~~ L4~ L
~OCSI:~ 0CSL
IF(KHiM .NE .~~) WOcS!~~.CCSL4 WOC SL

* CONVERT GRID PO INT VA LUES TO FOURIER COEFF .
* ILH,ILM REA L ,COM PLEX DIPA E~ SIONS OF PEETF,ETC (ILM:2*ILPI),

C ALL FFWFG2(PEETF ,ILH ,PEET F ,ILM ,IR ,ILO NG, WRK S ,ILE V)
CA LL FF~ F G 2 C TUTF , IL~ , IUTF , ILM , IR , IL ONG .HRKS , ILEV )
CALL FFWFG2 ( TVTF ,ILH , T V TF ,ILM ,IR ,ILONG, WRKS ,ILEV )
CALL FFWFG2 ( PUTF , ILk , PUT F , ILP~, TR , ILI~NG,WR)(S, ILEV)
CALL FFWFG 2C PVTF ,ILH , PVT F ,ILM ,IP ,ILO NG ,N RKS ,ILE V)
CAL L FFMFG2 C 50SF , ILk , 50SF , ILM , IR , ILO NG ,WRKS , ILEV)
CA LL FFwFC,2 ( TF ,ILM , TF ,ILM ,IR ,ILO NG,W RK S ,ILEVP )

1 — 7 2



C ALL FFWFG 2CPRESSF,ILI .,PRESSF ,ILM ,IR ,IL~ NG,WR i~S,1)

* ~OISTU RC VA RTAe L ES (Ot~ITT~ D Zr LEV S O).

IFCLEVS .E~~.O) GO 1~ 13
CALL FFWFG2( SUSF ,ILPI , SUSF ,ILP~,t R,ILONG, WRKS ,LEVS )
CALL FFWFG2( SVSF ,ILM , SVSF, ILI~,IR ,ILONC,NRKS,LEVS )
CALL FF’~FG2 ( ESTF ,IL M , E$TF ,IL~ ,IP ,IL~ NG,NRK$,LEVS)CA LL FF WFG2 ( ESF ,IL~ , E5F ,I~ M ,IR ,~ LI~NG,WPKS,L~ V5)

* F OURIE R C~ NT R InL T II~NS A T OP~E LAY C’~NVLRTED TO SPECTRAL COE FF .
a F~ R V V~RTIC!TY AN D D IVIR G E~,CE—TYPE TER MS OF PT ,CT,PEET ,EST ,

* CA LCULATI O N ~F NO~ T~ .SOUTH DERI VATIVE TERMS.

13 r~ 20 L:1, ILEV
CA LL FASP2 (PEIT(1 ,L),L PS ,LM ,TVTF (1.L ),flALP ,LALP ,.~ OC SI)
CALL FASP2 C PT (i ,L. ),LRA ,LM ,PVTF(t ,L),DAL P (ILP),LALP , W~ CSI )
CA LL FASP2( CT (1 ,L ),LRS,L~ ,PUTF(1,L),CAL P ,LA LP , .~OC SI )

• 20 CON T IPIUE

A M~~ 51$JR~ VA P IAP LES C~ M ITTEc IF LLVS:O)

IFCLEVS .EQ .0) G’ TO 30
00 21 L :i,LEVS
CA LL FASP2 ( EST(1 ,L),LMS ,LM ,SVS FCI ,L),0&LP ,LAL P , W0C51)

2 1 C O~ TtNU E

• 
* EAS T — WEST DE R IVA TIV E TEPIdS CALC ULA TED

30 C~ 36 L:1,ILEV
FSO = WOCS !/W I

CO 32 ~:1,LM
FL ~~~ C P4 1) *F5C

SC R : — eI *AIM ACCTUTFC M ,L))
Sd :
P E E T F ( M ,L) = PEETr (~~,L) + CP’PLX (SCR ,SCI)

32 CONT INUE

DO 33 M :1,LP4
P1 : FLOAT (M—1 )*FSG
5C R 6IA AI I~AG(~’kJ TFC M ,L))
SCI = _ B I*REA LC PUTF( IL4,L))
PUT FcM ,L ) = CM PLX C SCP ,SC I )

33 CONTINUE

00 34 M= 1,LM
= FLOA T (M—1 )*FSQ

- 
5C R = .PI*A IMAG(P VTF( P~,L))
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SC! = BI*REAL (PVTF (M ,L))
PVTF (M .L ) CP4PLXCSCR .SCI )

34’ C ONT INUE

CALL FA SP2C PT (l,L),LRA,LM ,PUTF (1,L), AL PCILP ),LALP, WI) 
*

• CA LL FASP2C CT (1,L),LRS,LM,PVTF (1,L), ALP ,LALP , WI)
36 CONTINUE

* ~~ISTURE VA R IAeLES (O MITTED IF LEVSiO)

IF (UVS .EQ .O) GO TO ~c
DO ‘46 L 1,LEVS
FSQ WOCS I/WI

DO ~1 M t,LM
= FLOAT(M .1)*F5Q

5CR = 6IAAIMAG (SUSF (M ,L))
SCI = .BIAREALCSUSF (M ,L))
ESTF (M ,L) ESTFCH .L ) + CMP LXCSCR ,SCI)

• 411 CONT INUE

46 CONTINUE

* A DD THE REMA IN ING TERMS .

44q CO 50 L= 1,ILEV
CALL FASP2 (PECT (1 ,L ),LRS,Lt~,PEET F(1,L) ,ALP,LALP ,WI)
CALL FAS P2 ( SDS (1 ,L),LRS ,L~ , SDSF(1,L) ,ALP ,LALP ,W!)
CALL FASP 2CTDUMC I ,L ),LRS,LM , TF (1,L) ,ALP ,LAL.P,WI)

50 CO NTINUE
C ALL FASP2 (1’DUM (l , ILEVP ) ,LR$,L~ , TF(I, It.EVP),A1.

P,LALP ,W2)
CALL FASP2(PRESS ,LRS,L M ,PRESSF,ALP ,LALP ,WI)

* MO ISTU RE VA R IABLES (OMITTED IF LEVS O).

IFCLEVS S EO .0) GO io qq
DO 52 L:1,LE VS
CALL FASP2 ( EST(1 ,L ),LRS,LM , ESTF (1,L ),ALP ,LAI.P,wI)
CALL FASP2 (ESDU M CI ,L) ,LPS,LM ,ESF (1,L) ,ALP ,LALP, WI)

52 CONTINU E

qq RL TLRN
END
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SUBR OUTINE MM~ X PW (PF,CF , Tp,ESF,U,,Vp,PSDLF,PSDPF,PRE35F, It.M , ILM ,
P,C,T,ES,U ,V,PS,L*,LAW ,L,RS,LRA ,LRU,L RV ,LN,ILEV ,LEVS ,

• 2 !LONG,IOEPi ,ALP ,DAL.P,L-ALP ,WRKS)

* CONVERTS ARR AYS OF SPECTRAL COEFP TO FOURIER COEFF
* A ND THEN TO h ONG GRID VALUES FOR ONE GA USSIAN LAT ITUDE.

a IF MODEL IS HEM ISPHERIC C,T,ES ,U,PS ARE SYM METR IC,
* P,V ARE ANT ISYMMETRIC .
* LEVELS OF U,V AR E SEPARA TED BY LAW COMPLEX WORDSS
* AL L OTHER VARIA BLES USE LA COM PLEX WORDS .

* ALP (LALP,LM ) CONTA INS LEGEPJDRE POLYNOMI AL S FOR ONE LATITU DE.
* t~4L.P(LALP,LM ) CONT A INS N—S DER IVATIVE OF ALP.
* MRKS IS AN SCM I~~RK AR RAY USED BY THE FAST FOUR IER TRANS FORM .

COMP LEX P(LA,I ),C (LA , j),T (LA, 1) ,E$(LA ,i)
COMP LEX U (LAW ,1),v (LAN.1 ),PSC1)

COM PLE X PF(IL.H, 1 ),CFCILI4, 1),TF(ILH , 1),FSF (ILH ,1)
COM PLE X UF(ILH ,i),VF(ILH,1)
C OMP LEX PSDLFU) ,PsCPr(~ ),PR E S S F C 1

DIMENSI ON ALP (j ),DALP(1)
DIMENS IO N WPMS (1)

* IF MODEL IS HEMISPHERIC , THE SYMMETRIC AND AN T ISYMMETR IC
* COEFF IN THE R~ WS ~F ALP ,DALP HAVE BEEN SEPARAT ED .

ILEV P:ILEV+1
ILP 1
IF(MPEM .NE.0) ILP LAL P/ 2 +1
IR:LM.1

* FOURI ER COEFF OF P,C,T,U,V.

DO 70 L= 1,ILEV
CALL SPAF2(RF (1 ,L),P(1,L ),LRA ,I.M ,ALPCILP ),LALP )
CALL SP AF 2 (CFC1 ,L),C (1,L),LRS ,LM ,ALP ,LALP)
CALL SPAF2 (TF(1 ,L),T (1,L),LRS ,L~’,ALP,L ALP)
CALL SPAF2 (UFC1,L),L(1,1.),LRU ,LM ,ALP ,LALP)
CALL SPAF2 (VF(1,L), V (1,L),LRV ,LM ,ALP (ILP),LALP)

70 C O NTI NUE
CALL SPAF 2 (IF(j, ILEVP) ,T (1,ILEVP ,,LRS ,LM .ALP ,LALP )

* FOURIER COEFF OF PS AND ITS N—S AND E~ W DERI VA TI VES.

CALL SPA F2 (PRESSF ,PS ,LRS,L H ,ALP ,LALP )
CALL SPAF2( PSDPF ,P5 ,LRS,L M ,D A L P,LAL.P)

PSDLF(1)= (0 .,0.)
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CO 72 M~ 2,LM
FMS.FLOAT(M .1)
RPS; REAL (PRESSF(M ))
CR5: A !  MA G (PRESS F (IA))
PSDLF (M):CMPLX( .FMSACPS , FM$*RPS)

72 C ONT INUE

~ CONVERT FOURIER C~ EFF TO GRID POINT VALUES.

CA LL FFCFM2 (PF, ILV ,PF , Ith , IR, ILO NG,~ RXS ,ILEV )
• CALL FFGFWZ(CF ,IL M ,CF ,!LM ,IR ,ILO NG ,WRKS ,ILEV )

CA LL FFGFW2(TF ,IL~’,TF ,ILM ,IR ,ILO NG,WRK 8 , ILEV P)
CAU FFGF,W2(UF ,ILM ,LF ,ILM ,IR,ILO NG,WRKS ,ILEV )

• CALL FFG FW2 CV F ,!LM ,V F ,ILM ,IR ,ILONG, WRXS ,ILEV )
CA LL PFG FW2 ( PSPLF ,ILM , PSDL F,ILM ,IR ,ILO NG ,NRKS ,1)

• CA LL FFGFW 2C PSC°F ,IL~ , PS C PF ,ILP4 ,IR ,ILONG,~ RkS .1)
CALL FFGFW 2(PRESSF ,IL’~,PR E SSF , ILI.,IR ,ILO NG,WR KS , 1)

* ‘OISTLRE VAR IABLES (OMITTED IF LEV S g O ) 1

IF(LEVS ,EQ .O ) G~ TO qq
C O ~0 L :1,LEVSCA LL SPAF2 (ESF (t,L) ,ES(j,L ),LPS ,LP4 ,ALP ,LALP)

• qo C ONT !~ LE
C A LL F FGF ~~2 (ESF , IL” ,E SF , ILl , ZR , IL ONG,WRKS ,LEVE)

qq PET LRN
END
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SUBR OUTINE HTXINV (A ,Z,N)

0 FINDS THE INVERSE OF MAT R IX ZCN ,N) BY THE EXCHANG E METHOD .
* MAX VALUE OF N IS 15. RESULT IS PUT IN A (N,N),

DIMEN SION A(N ,N),Z(N,N)
DIME NSION IXC1S),ICc1!)

06 10 J:1,N
IX (J):0
DO 1D I:1,N

10 A (I,J):2(I,J)

o~ ~B:o.0
00 2 J:j,N
IF(IX(J).GT .0) GO TO 2
S = ABS (A( K ,J))
IF(S .LE .B) GO T O 2
B:S
L:J

2 CONT INUE
IX(L):K
C O (4 J 1 , N
D:A (K,J)/AC K ,L)
I F ( J .E Q .L ) GO T O 44
DO 3 I 1 , N

3 A(I,J):A(I,J).D*A (I,L)
A (K ,J )— D

44 C O N T I N U E
O = 1.0/A (l(,L)

411 I:1,N
(4 1 A (I,L) D*A(I,L)

A (K ,L ) = 0
42 CO NTINUE

* REOR DER ROWS AND COLUMNS .

C O 4 5 I:1,N
4’S IC (IX (T)):I

CO 7~ K:1,N
IF(I X (X).EQ.X) GO TO eQ
CD 51 L:1,N
IF (IX(L).EQ .K) CO TO 53

51 CON TINUE
53 00 55 I 1 , N

C:A (I,K)
A (I ,K):A (I,L)

55 A (I,~~):D• IX (L3 :IX (K)

1 — 7 7  
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60 IFCICCK) .EQ .K) GO T~ 70
DO 61 u .N
IF(IC (L).EQ ,K) GO TO 63

61 CO NTINUE
63 DO 65 Ju1,N

QuA (K, J)
A(K,J):A (L,J)

65 ACL ,J)z0
IC (L)=ICCK)
IC K):K

70 CONT INUE

RET 1JRN
END

1 —  78
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SUBROUTINE NEWBP (P(E,PEEM ,PEFRAR ,LA ,L RS ,L.M ,ILEV ,FPEE,IFDIPF)

* PERFORMS ONE TIMESTEP FOR PEE FROM PEEM ,PEEOAR .

* IF MODEL IS HEMISPHERIC PEE,PEEP’,PEEBAR ARF . SYMMETRIC .
* EACH LEVEL IS DIMENSIONED (LRS,LM).
* EACH LEVEL IS SEPA RAT E D BY LA COM PLEX WORDS .

* IFDIFF...1 FOR E44ARO TIPIESTEP, 0:CEP4TERED TIMESTEP .
* FPEE IS A TIME FILTER FOR PEE .

COMPLEX PEE (LA , ) ,PEEM (LA ,1 ) ,PEEB AR (LA, 1)
COMP LEX PEEP

DO 30 L=I,ILE V

DO 20 M:1,LM

DO 20 N :1,LRS
r4N:P’R~ N
PEEP:2.*PELEBA R(MN ,L)—PEE MCMN,L.)
PEE (MN ,L);PEE (MN ,L) + FPEE* (PEEP$PEEM (MN,L).2. *PEE (MN ,L))
IF(IFDIFF .EQ .0) PEEM (MN ,L):PEE (PIN ,L)

20 P(E (MN,L):PEEP

30 C ONTI NUE

RET L. RN
EF4D

I —
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SUBROUT INE NEWC (C,cP,CT ,PEEBAR,LA ,LRS ,LM ,ILEV,ASQ ,
DIFUSO,DT ,FC,IFDIFF,KHEM)

* PERFORMS ONE TII1ESTEP FOP DIVERGENC E CC) FROM CM ,CT ,PEEBA P .

* IF MODEL. IS HEMISPHERIC C,Ctl,CT,PEEBAR AR E SYM METRIC.
* EA CH LEVEL IS DIMENSIONED CLRS,L .M).
* EA CH LEVEL IS SEPARATED BY LA COMPLEX WØRDS •

* DIFUSO HOR IZONTA L DIFFUSION OF DIVERGENCE.
* OT IS THE LENGTH OP THE JUMP (DEE? IF CENTERED, DEET/2 IF FWD).
* FC IS A TIME FILTER FOR C,
* IFDIFF ...1=FORE WAR D TIMESTEP , O C E NTERED TIME3TEP.
* KP Ep430 FOR GLOBAL, I ‘R 2 FOR HEMISPHERIC .

COMPLEX C (LA, 1),CM (LA , 1 ).CTCLA, 1),PEE3AR (LA,1)

COM PLEX CP

• F ACTD :1./(1.+2.*DT*CIFUSD )

00 30 L 1,ILEV

DO 20 M :3,LM
HR (Pl~ 1)*LRS
00 20 N 1,LRS

NS:(M.1)+(N—1)
IF (KMEM .NE.0) NS :P’1S+(N—1 )
FNSI FLOA TCUS* (NSsI))

CP:2.*DT* (FNS1*PEEBA R(M ~ ,L)/ASC + CT (MN,L)) + CM (P~4,L)
CP CP*FACT O
C (MN ,L):C(M’4,L) + FC* (CP+CM (P4N ,L)~ 2.*C(Pl N,L))
IF (IFOIFF .EQ .0) C~l (MN ,L):C (MN ,L)
C (MN ,t.):CP

20 CO NTINUE

30 CO NT INUE

RE TL RN
END
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SUB ROUT INE NEWES (ES,ESM ,EST,LA,L RS,LM ,LEVS,AS Q,
DIFUSS,DT ,PS,IFDI FF,KHEM)

* MULTILEVEL SPECTRAL MODEL TIMESTEP SUBROUT INE .
* OBTAI NS VALUES AT THE NEXT TIMESTFP Op DEW .POTNT DEPRESSION (ES)
* FROM THE TENDEP4CIES (EST) AND THE PREVIOUS VALUES CESM) .

* IF MODE L IS HEM ISPHERIC ES,ESM ,E$T AR E SYMME TRIC.
* EA CM LEVEL IS DIMENS IONED (LPS,LM).
* EA CH LEVEL IS SEPA RATED BY LA COMP LEX WORDS.

* LEVS = NUMBER OF MO ISTURE LEVELS IN THE MODEL.
* TO OM IT MO ISTURE CA LC ULA T IONS SET LEVS = 0,
* DIFUSS = HOR IZONTAL DIFFUSI ON OF ES .
* DT IS THE LENGTH OP THE JUMP (DEET IF CENTERED, DEFT/2 IF FW D ) .
* PS = TIME FILTER FOR ES.
a IFDIFF. ..1:POREWARC TIMESTEP , 0:CENTERED TIMESTEP .
* KHEM:o FOR GLOBAL, I OP 2 FOR HEM ISPHERIC .

COMP LEX ES(LA, 1) ,EST (LA , 1 ),ESM(LA , 1)

COM PLE X ESP

IF(LEVS .EQ.0) RETUR~’IF ACTS:DIFUSS/AS O

06 ‘40 M:t ,L l1
DO ‘40 N :I,LRS
IL:(P4~ 1 )*LRS+N
NS:P 4N.2
IF(l (HEH .NE.0) NS IN S+CN—1 )
FMS~ :FLO A1(NS* (NS+1))

28 CIFLPS zFACTS*FNSI

00 30 IH I,LEVS
ESP:FSM( IL. IH),2. *D T* CEST (IL’ IH ).DIFLPS*ESM( IL~ 

1H) )
ES (IL ,!H) (S (IL,IM) • FSA( ESP+ESM (XL ,IH )—2,*ES (IL ,Ib) )
IF (IFDIFF .EQ .0) ESM(IL,IH) ES (IL, Il4 )
FS (IL, IM ) ESP

30 C ONTINUE

‘40 CO NTINUE

RE TL RN
END
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SUB RO UT INE N(WP (P.PM ,PT,LA ,LRA ,L M ,ILEV ,DT,FP,IFDIFF)

* PERFORM S ONE TIMESTEP FOR VO RT IC ITY (P) FROM ~ M AN D PT ~

* IF MODEL IS HEM ISPHERIC P,PM ,PT AR E AN TISYMPETRIC
* EA CH LEVEL IS DIMENS IONED (LPA ,LM ).
• EACH LEVEL IS SEPARAT ED By LA COM PLEX WOR DS ,

* OT IS THE LENGTH OF THE JUMP (OUT IF CENTERED, DEET/2 IF FlD).
* ~P IS A TIME FILTER FOR p,
a IFD!FF ,..1:F6PE~ A DC TIMESTEP , OuCENTERED TIMESTEP .

C~’~M PLEX P (LA , j),P~~(LA , 1),PT (LA, 1)

C OM PLEX PP

C~ 3” L :1,ILEV

DO 20 M 1,LM
• P.IR: (M _ 1 ) * L R A

C O 20 N :1,LRA
MN : P~ R N
PPsF#~(~ N,L) + 2,aDTaPT(~ N ,L)
P ( M N ,L ): P (MN ,L) • FPa (PP+PM (M~1 ,L).2,*P (MN ,L))
IF (I FC!FF ~~~~~ P~~(MN ,L )$P (UN ,L)
P (~~N ,L ) :P P

20 C~ NT INLE

30 CONT !’~uE

RE T L P N
END
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SUB RO UTI NE ~EWPS (PS, PSM ,PEET,PEE RAR,LA ,LRS ,LM , ILEV ,A HB DA ,SF ,AVE RT,
R GA S ,D1,F PS,IFDIFP)

PA RA M ETE R 111:5, IRM ;2*25+1

* PERFORM S ONE TIMEETEP FOR LN (SURFACE PRESSURE) IN PS
* FROM PSM ,PEET AND PEEBAR ,

a IF MO !~FL IS I- 4E PIS PHF R IC PS,PS~i ,PEET ,PEERA R AR E SYMM ETR IC.
* EACH LEVEL IS ~IM CNSI 0NED (LRS ,LM ).
* EAC M LEVEL IS SEPA RAT ED BY LA C~’MPLEX W ORDS .

* DT IS THE LENGTH OF THE JUM P (flEET IF CENTERED , DEET/2 IF FlD).
* FF5 IS A TIME FILTER FOR PS ,
a IrDIFF ,..1 :FOREWARD TIM ESTEC~, OuCENTEPED TIMESTEP .

CI~MPLEX PS (1),PSM(1 ),PE (T(L A , 1) ,PEEBAR (LA , 1)

DI MEN SION A M BDA CI ) , SF (1)

COMP LEX PSP ,TEP’P (15)
PEAL MI, M tI , HII~’I ,M1 , H2 ,MP ,M PM 1 ,MM ,p’W ,M2 M 1
C OM M ON / NE~ M4T / U ICI M ,IM),M II (IM ,IM),M IIM I (IM ,IM),
* Mt (IM ,IM),M2 (IM ,IM ),MP (IM ,IM ),MP M1 (IM ,IM ),
* M~~(IM ,IM ),MW CIM ,Irl ), HPI (I M ,IM ,IRM ),M2M 1(IM ,IM

ILEVM:I LEV—1

CO 20 H:1 ,LH
HP: ( M~~fl A LPS
00 20 N=%,LRS
IL HR+N

PSP:0,0
00 10 IM :1,ILEV

10 PSP :PSP+CPEET (IL,I,- )~~PEEBA R (IL,IH))*M2M1 (IH ,ILEV)
PSP = PSM(IL ) s2.aPSP
PS (IL):PS (IL )+FPS* (PSDsPSM (IL)—2 .aPS (IL))
IF (IFDIFF .E~~.0) PSM (IL):PS(IL)PS (IL) :PSP

20 CONT INUE

RET L P U
END
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SUBROUT INE ORDL,EG (SX ,COA ,IR )

* THIS ROUT INE IS A SUBSET OP OELOUSOV S ALGORITHM
* USED TO CALCULAT E ORDINA RY LEGENDRE POLYNOM IALS .

a SX = LEGENDRE PO LYNOM IAL EVALUATED AT COA
* C~~A : COSINE OF COLA T ITUDE
* IR : WAV E NUMBER

= 3,1415~ 2o5358qe
$0R2:SQRT (2,)
IRPP = IR + I
IRPPM : IPPP — 1
DELT A = ACOS (COA)
SIA : SINCOELTA )

T HE T A uDE LT A
C1:50R2

C O 20 N :I,IRPPM
FN :FLOAT (N)
FN2:2.*FN
FN2SQZFN2*FN2
CI CI* SQ RT (1.0—1 .O,FN2SQ )

20 C ONT INUE

N:IPPPM
A NG:FN* T H E T A
51:0.0
C ~4: 1 .0
A — 1 .0
e=0.0

CO 27 KK I,N1,2

IF (K ,EC ,P4) C41~ Q15*C4
S1 :S1+C44a CO SCA NG )
A :A + 2 .0
P:B. 1.0
FK :FLOAT (K)
A1JC:THETA*(FN.FI(.2, 0)
C41:(A* (FN—B .1,0)/(B*(FN2.A)))aC4

27 CONT INUE

SX:s1*C 1

• RETLP N
E U 0
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SUBROUTI NE POLHA T (RGAS, RGOCP ,S,SH,SF,SHF ,AMBDA,TMEAN, GPAV ,
* C,AM P4A. ILEV)

PARA M ETER IL;5, II ILsI, IR$:?5, IRM 2a IRS+ l

THIS ROUT INE SETS UP THE MATRIC IES TO BE USED IN THE
VERTICAL PIFFERENCING SCHEME

IL IS THE NUM BER OF LEVELS — SA~1E AS HLV IN NRL (P’ODIFIEC)
CANAD IAN MO DEL

REAL S(IL) ,SH (IL) ,SF( IL) , SHF( IL) ,A H BDA( IL )  ,T MEA N( I1)
RE AL M !,MII,p-IIIM 1,M 1 ,M2,HP ,MPM I,M ,MW ,MPI,M2M I
CO MMON / N EW NA T / MI(IL,IL),MII (IL ,IL),MIIM I (IL,IL,,

* M1 (IL,IL),M2 (IL,IL),MP (IL,IL),MPMI(IL,IL),
* M (IL,IL),M.(IL,IL),MPI (IL,IL,IRM),

• * M2M ICIL,I L )

ILMIIL .I
CN :S(IL)** (RGAS*GAMMA /GRAV )
CN z 

~ / CN
DO 12 K 1, IRM
DO 3 J = 1, IL
DI~ 3 I 1, IL
IIPI (I,J,K) = 0, 0
MW (I, J ) = C) • ()• M C I.J )0 .0

Pi P(I,J):O ,t)
M2 (I,J):O ,Q
Ml (I,J) 0.0
MIIM1 (t ,J) : 0,0
MII (I,J) = 0.0

3 MI (I,J) : 0.0
12 C ONTINUE

SET UP THE MA TR Ie IE S

DO 2 I = I, ILM
1411 (141,1) 1 ,0

2 M IICI, I ) : 1 .0
MII (IL,IL) : CN a 1.
CALL MT X INVC P IIIM I , 911,IL )
~~ 5 I : ~~, ILM
MI(I+1,I);1./SF (I)

5 111 (1,1) : (—1. ) / SF (t)
MI(IL,IL) = (—1.) / SF (IL)
CALL MAT MLT (’~IP ,Mj ,Pi IIM I ,IL )
CO NST :2./RGAS
DO (4
DO 4 !1,TL

4 MP (I,J):CONSTaMP (I,J)

I — 85
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CA LL MTX I NV ( I4 P M I , MP,IL)
00 7 I~ 2,1t.
141 (1,1) : C•1.) / SHP (I—1)

7 14 1( 1—1,1) ‘ 1. / S$F (I—1)
141(1,1) = (—I.) / SHCI)
C A LL ~~~~~~~~~~~~~~~
DO 6 J ‘ 1, IL
DO 6 I * 1, IL
IFC I .EQ .1.A ND.J.EQ .1) GO TO 6
MW (I,J) = 5(J) * 14W (I,J)

6 CO NTINUE
DO 13 J:1.IL
DO 13 I:1.IL
IF (ABS (MW (I,J) ) .LT .1.E.07) VW (I,J):.O

13 CONT INUE
00 8 I = 1, IL

8 M2(I,I) = 0.5 * AMR QA (I)
DO IS I = 2, IL

18 142 (1—1,1) : 0.5 * AMBDA (I .1)
DO Q I:2,ILM

q M2(IL,1) : 142 (IL,I)
* — 0,5 * ( S H( I ) a A H B D A ( I ) s S H( 1 1)aA H BOA ( I . 1) )
* a RGOCP * TMEAN(I)

142(IL,1) : M2 (IL ,1) . o , SaS H( I ) * A M B D A ( 1 )  + RG’CP*TMEAN(l)
“2(IL,IL) : H2CIL ,IL)

* •0,5* (SH(ILH )*AMSDA( ILM )+AMBDA (IL))
a + RG0 C~ * TMEAN (IL )

C ALL MA T M L T ( M I , 142 ,HPPI I,IL)
00 14 I:1 ,IL

14 Hl(I,I):M1(I,I)_ RGAS *TMEAN(I)
C ALL M TX INV (H2HI,M 1,IL)
DO 10 I = 1, IL
SUM 0.0

~
fl ~ J : 1 , IL

11 SUM : SU11 • TMEA N (J ) * MP( J, I)
SUM : SU’~ * R GAS

10 P12(IL,I) : ~2(IL,I) — SL~9CALL MA TM L TC M I , MW ,P’2,IL)
CA LL MAT M LT (M ,M1 ,HPM1,IL)
END
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SUBROUTINE PCOP2CSC,LR,LH ,NPR ,MPR )

* SC(L.R ,LM ) CONTA INS COMPLEX SPECTRAL COEFFICIENTS,
* THIS SUBROUTINE PRINTS NPR COEFF PROM EACH OF THE FIRST
* MPR ROWS OF SC ,

COMPLEX SC (LR ,LM )

NLIHSNPR• IF (NLIM .GT.LR) NLIMSLR
MLI MaMPR
IP (MLIM .GT .LM) P4L.IM;LM
WP !TE (b ,bO 1O) LR,LM ,NLIM ,MLIM

DO 30 M.1,MI.IM
145:14—1
WRITE (b,6020) MS
wRITE~ 6,603O) C SC(h ,M ),Nc1 ,NLIM )

30 CONT INUE

RET LRN

6010 FORMAT (IHI/ 1~4I4 COMP LEX AR RA Y ,214,4X ,5HPRI NT,214/)
6020 PORfrA T (3t~ M ,I2)

• 6030 FORMA ~~((1H ,‘IC4X ,IPEI3.6,114,,IPEI3.6)))
END
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SUBR OUTINE PCPADJ (PRECIP,STBROW , ILG1 ,ESG,TG,OMEGAG ,PRESSG, ILM ,
TMEA NH,SH,STAW S ,ILEV,LEVS,LTBS, NUPS,NSUPS,KOUNT,DEL)

* CALCUL ATION OP ROTH SMALL AND LARGE SCALE PREC IPITATION ,
• * C ALCULA TION OF CONVE C T IVE HEAT AND MOISTURE FLUXES

* THROUGH A CONVECTI VE ADJUST MENT PROCEDURE,
* CA LC U LATION , EVENTU ALLY , OF PRECIPIT AT ION EVAPORATIO N
a FOR ILONG POINTS ABOUT ONE GAUSSIA N LATITUDE CIRCLE .

PARA M ETER $ILV~ 1S, $LEV*0.$LV IO, $ILT S2,SILG.64,SILTM*26,SIR.20

DIME NSION PRECIP (1),5?BROH (j)
DIMENSIO N ESG(ILM ,1 ),TG (ILM , 1),OMEGAG (IL.M ,1 ),PRESSG (i)
DIMENSION TMEANPI(1),SH (1),STAW S (I ),DEL (1)

DIME NSION VEPTT (cILV ) ,VERTQ CS ILV ,PMB($ILV )

ILO NG= ILG1— 1
ILE VM = ILEV—1
ILEVP~ ILEV ,1

00 600 IK:1,ILONG

* VERTT : VERT ICA L COLUMN OF TE’IP AT EVEN LEVELS .
* VERTO = VERT ICAL COLUMN Or SPHH AT EVEN LEVELS
a PM5 = VERTICA L COLUMN OP PRES$URE(~ B) AT EVEN LEVELS

DO 12 IN:I,LTBS
12 VERTQ(IH) :1.E.R

DO 1 3 IH:1,ILEV
13 VERTY (IH) TCC IM , TH )+TME ANH(IH)

DO 14 IH:1,ILFV
1~ 

PP4BCIH):S’4 (IM)aPRE5SC CIK)/100 ,
CO 17 IH:j,LEVS
TD:VERTT (IH4LTBS)—ESG (IK, TM )

17 VE RTQ (114.LTI3S):SPCHLM (TD,PHB (IH+LTBS))
LPEP ILEV/2+1
W :OHEGAG C II~ ,LREP)PRESG :PRESSG(IK)
N SUP X N S UPS
CA LL C ONADJ (VERTT ,VER TQ ,PCP ,PRESG ,W ,PM8,STAWS ,NUPS,PJSUPS,

ILEVP ,CEL )
IF(KOUNT .E0.0) PRECI PCIK) 0,
IF(KOUNT.E0 ,1) PRECIP(IK).PCP
IFCK OUNT .GT .1) PRECIP (IK):PRECIP (IK)+PCP* .5
IF ($OU NT .EQ .0) STeRCH(IK):FLOAT(N5UPS~ NSUPX )
IF (KOUNT .GT .0) 5TBRCW (IK)=STBR~ W (IM)+FLMAT (NSUPS .NSUPX )

* RESTORE CORR ECTED V ERTI CA L COLUMNS OF TEMP AND ES.

CD £40 IHII,ILE V
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40 TG (IK ,II4) ‘ VERTT (IM).TMEANI4C1P1)
DO ‘12 II4’l,LEVS

42 ESG(IK, IM)uVERTT (IH*I.TB5)øDEWPNT(VERT0C1H+LT8$),PMBC~~~LTB$))

600 CONTINUE
RETU RN
END

I • Sq
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SUBROUTI NE PERM(WORKA, WORKB ,AA,BB, KPb,K3)

* CALCULA TES SETUP FIELD FOR 3 TIMES POWER SF 2 TRA N SFOR M

COMPLEX WO RKA (1 ).WORKBCI ),AA ,Be

: 3,14~ 592o5358q7e
F A CT s 2.*PI/3 .
A A = CM PLX CC OS(PA C T ) ,5IN (FAC T ))

= C O NJGCAA )
FT * FA C T /? LOA TCK 3 )
DO 125 K I1 ,KPb
FM = F TaF L OA T (K—I )
WO RKA( K) : CP4PLX (COS(FK),SIN(FK))

125 WORKS (K) a CONJG (WORKA (K ))

• RETLR N
END

•



SUBROUTINE PI4SCONCSEAC O N,RK,CEEACH,RKL,OETA,8,OEL,!LEV )

a CALCULA TES CONSTA NT S FOR SPECT RAL M ODEL PHYSICAL EFFECTS .

DIMENSION RK (1),SC1),DEL (1)

CO MMON/PA RAM S/WW, TW ,A ,ASQ ,GRAV ,RGA S ,RGO C P ,RGOA $Q,CPRES

* CONSTANTS FOR SEA SURFACE FLUX

SEAC ON a GRAV *CEEAC H*SETA *A/CRGA S*DELCILEV ))

* CONSTANT S FOR EDDY VER TICAL MOM ENTUM FLUX CAL CULATIONS

ILEV M a ILEV—1
IZIP = 273.

DO 20 IH :1,ILEVM
ST CS (IH)+5 (IH+1))a.5
RM (IH) = (RKL/DEL (IH))* (GRAV*ST/(RGAS*TZIP))**2

20 CONTINUE

RETURN
END

I —  q~
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SUBR O UT IN E POUT (P ,C,T,PHI, PRES S ,PHIS,ES ,LA,LRS,LRA ,LM , ILEV ,LEVS ,
PEE.PS,PEEMN ,PSMN .TMEAN,T MEAN H,RGAS,IPR ,LC,KSY M ,

2 GLL . ILGI , IL 4TH ,CO A ,KHEM ,ALP,EP$I,LALP,WRKS ,WRMU )

* CONT ROLS PRINTED OUT PUT POP SPECTRAL MULTILEVEL MODEL.
a EA CH VAR IAB L E IS PA SSED TO SUBP POUTF FOR OUTPUT.
a LC CON TA INS THE CONTR OL PARAM ETERS FOR OUTPUT ,

C OM PLEX P(LA ,1),C (LA . 1),T (LA,1),PHI (LA,1),PRESS(1),PHIS(1)
COMP LE X ES(LA ,i),PEE(LA , 1),PS(1)
0I~ ENSI0N GLL (1 ),ALP (1 ),EPSI (1),WRKI. (1)

DIM EN SION PEEMN (1). TMEAN ( 1) ,TMEANH (1)
DIMENSION WRKS(j),COA( 1)
DIME NSION LC (3,ILEV ,1)
C OMP LEX TOZZ

C RMM ON/TIM ES/ DEET ,KOUN T,K$TART ,KTOTAL,IFDIPF

* AL W A YS OUTPUT INITIAL AND FINAL TIMES . OTHER WISE EVERY IPR TIMES

IF (KO U N T .EQ .KSTAR T .O R .KOUNT .E0.KTO TAL ) GO 10 82
IFCI PR.EQ .0) RETURN
F(HODC (M~ UNT.4 (STAR7) , IPR) ,NE ,0) RETURN

82 KT :j
IF  ( K r ~Ur~ .GT ,KST AR T) ~Ta2 + (~

(1UNT~ KSTART )/(KT0TAL .K5TAR T)

* V m P T 7 C I 7 Y ~ LE VELS I TO ILEV ,

DO loo L :l,ILEV

IF (~~O .G T . 0) CAL L P O L T F ( j , K O ,KT ,KO UN T, P( 1,L) ,L RA ,LM ,L,— K S Y H ,
GLL ,IL~~I ,ILATH ,COA ,KHEM ,ALP,EP5I,LALP, WR KS ,W PKL)

100 C O N T I N U E

* t ’ IV E R G E NC E ,  LEVELS 1 10 ILEV .

00 200 L:1, ILEV

~D=LC ~ ’~T ,L ,2)
IF(P (O .G T .0) CA LL POLTFC2 , VO ,KT ,K OUNT , C (1,L),LRS ,LM ,L, KSYP’ ,

GLL, ILGI,I LA TH ,C OA ,KHEM ,ALP ,EPSI,L ALP ,P4RKS ,wRKL )
200 C 0 N T I , ~~ E

a TE MPER AT URE, LEVELS I TO ILEV .
• NO TE — T C O NT A I NS THE D E V IA T I O N  ON LY , SO MUST ADD TMEANH(L ).

CD 300 L 1,ILEV
K0:LC CMT ,L,3)
T0ZZ:T(t~ L)T(1,L)aT (1,L)$TM~ A NH(L).S0RT(2,0)

I —  ~� a
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IPCIC O .GT.0) CALL POLTFC3,PCO,KT,KOUNT, TCI,L),LR$,LM,L, XSYM .
I GUL,ZLGI,IL.ATH,C OA ,KHEM ,ALP,EPSI,LALP,WRKS,WRKL )
T(1,L3zTDZZ

300 CONTINUE

* GEOPOTENT IALS, LEVELS I TO 11EV .
a FIRST CONVERT PEE TO GZ AT ALL LEVELS.

CALL GZFBP (PHI ,PEE,PS,TME AN ,PEEMN ,PSMN ,LA,L PS ,LM ,!LEV ,RGA S )
00 1100 Lu1,ILEV
KOaLC (KT,L,4)
IFC M0 00T.0) CALL POI.,TF(4,KO,KT,KOUNT ,PHICI,L ),LRS,LM ,L, K SY M ,

1 GLL,ILGI,ILAT H ,COA ,KHEH ,ALP,EPSI,LAI.P,W RMS ,WRKL )
1100 CONT INUE

* SURFACE PRESSURE.

KO:LC (Ml, is 5)
ZF(KO .GT.0) CALL PA LTFCS,KO ,KT ,K OUNT,PRESS,LRS,LM ,I, K SY M ,

1 GLL,1LG1,IL ATH ,COA ,KHEM ,ALP,EPSI,LALP ,WRM S ,WRKL )

a MO UNTAIN FIELD.

KO LC (KT,j,6)
IF (KO .GT.0) CALL. POLTF C6,KO ,M7, KOUN T, PpUS,LRS,~ P4,3, MSYM ,

1 GL.L, ILGI. ILAT H,C 0A ,KHE$ ,AL P,EPS!,LALP,W~ kS,WR KL,

* DEW POINT DEPRESSION, LEVS LEVELS ENDING AT ILEV .

IF (LEVS .EQ .0) RETURN
00 700 Nz1.LEVS
LIILEV—LEVS+N
icO=LC (KT,N ,7)
IF (K O,GT.0) CALL POUTF (7,K0 ,KT,KOUNT , ESCI,N ),LRS ,LM ,L, XSYP’,

I GLL,ILG1,ILAT H,COA ,KHEM ,AL.P,EPSI,t.ALP ,W R K S ,WRXL )
700 CONTINUE

RETURN
END
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SUB ROUTINE PO UTP ( NV, KO , KT,KOUN T ,SC, LR ,LM, L,KSM,
GLL,ILGI,ILAT M,CO* ,KHEM,ALP,EPSI,LALP,WRKS ,WRML )

* PRINTS SPECTRAL COEFF , MA PS GAUSSIAN GRID GLL (ILGI,NLA T ),
a O R MA PS POLAR STEREOGRAPHIC GRID GLLCNI,NJ)
* FOR COMPLEX COEFFICIENTS IN SC (LR ,LM).
a GLL IS AN LCM WORM FIELD FOR MAPS (NI*NJ OR ILGI*NLAT ).
a COA( ILATH) CONTAI NS THE COSINES O~ THE COL AT ITUDE (N 10 5).
* ALP (LALP,LM ) IS A WOR K FIELD FOR LEGENDRE POLYNOMIA LS .
a EPSI IS A FIELD OF CONSTANT S THE SAME SIZE AS ALP .

COMPLEX SC(1)
DI MEN SION GLL (t).ALP (1),EPSI (1),WRKLC I )
DI MENSION WRKS (I),COA(1)

CO M14O N/PC OM1 / LRPR,LMPR ,KGGM(5,3),KPSM (5,3),DC0 ,DGR W ,NME M
COMMON /PCOM2/ LAR(10 ),C$ (2,10)

CINT:CS (i,NV )
SC ALsCS (2,NV) • 

- 

-

* IF THE 4—BIT OF MO IS 1, PRINT THE SPECTRAL COEFF ICIENTS .
* L.RPP COEFF AR E PRINTED PROM THE FIRST LMPR ROWS OF SC.

IFC $ O ,LT .4) GO 10 211
CALL PCOF2(SC,LR,LM,LRPR,LMPP)
W R ITEC b,6010) LA BCNV ),L ,MO UNT

* IF THE 2—BIT OF MO IS 1, pREPARE THE GAUSS IAN GRID ,
* IF KH(Mafl THE MODEL IS GLOBAL AND GGa(ILGI,ILATHa2) .
* OTHERWISE THE MO DEL IS HEM ISPHERIC AND GG .CILG1,ILATI4).
* THE WINDOW M AP PED IS LL 8Y MM WITH LOW ER LEFT CORNER (IW ,J~ ).

211 IFCMO D (KO, 4).LE.1) GO TO 2C
NL A T:I LAT H
IF(P (HEPI.E0.Q) NLAT:ILATH*2
CALL SPAGG2 (GLL,ILG1,ILAT ~ ,C6A ,KHEM ,SC,LR .LM ,MSM ,

ALP ,EPSI,LALP, WRIC S,PIRKL)
IW KGGM( 1,KT)
JW :MGGM (2,4(T)
LLaKGGM (3,KT)
MM:IcGGM (1l,KT)
CALL FCON W2(GLL,CINT,SC A L,ILG1 ,U LA T , IW ,JW ,LL,1414,KGGM(~ ,KT))
WRITE(6 ,6010) LAR (NV ),L ,KOUP’.T

* IF THE 1—BIT OF MO IS 1, PREPAR E THE POLAR STFPEOC PA PMIC r~ Ir.
a Ti~E GRID IS (NI,NJ) W ITH POLE AT CtP ,J~

), GRID SUF 060 14.
a AT 60 DEG . AN D GREFNW ICH IS ORIENTED AT DGRW DEGREES .
a NM~ M~~ CO MPUTES THE N HEM , NHEM:2 THE S HEM .

26 IF (MOD (KO,2).NE .1) RETURN

I —
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NI:MP$M(1,MT)
P4JaKPSM(2,Ml)
IPSKPSM(3,KT)
JPaKP$N (4, 4(T)
CALL $PAPS2CGLL ,NI,NJ, IP ,JP,060,OGRW ,NHEM ,SC,LR ,LM ,KSM ,

ALP ,EPSI,LALP,WRKS ,WRKL )
CALL FCONW2 (GLL,CIWT,SCAL,NI,NJ, I. 1,NI,NJ,MPSM(5,KT))
WRITE (6,6U10) LAS(NV) ,L,KCUNT

RETURN
6010 FORMAT (IHO ,A4,714 LEVEL ,12,1 OH AT STEP .14)

END

~~~~



SU B RO UT I P~E PTSb(Np 1 ,NF2,GZ,T,U,V,ES,GZS ,SP ,GLL,LG,
LV,P R,NK ,SIG,ILG,IL AT ,KME M ,WET,KCR ,KWT ,K CV )

a INT ER PO LA TES NM SIG~ A LEVELS PROM LV PRESSURE LEVELS
* OF GA USSIAN GR IDS CIL G1 ,NLAT) .

* IF K 4 4 E Ma O TH E ~0CEL IS GLOBAL AND NLAT :ILAT ,
• IF P (MEM I,2 THE MODEL IS HEMISPHERIC AND NLA T ILAT/2

• LEV EL S A~ E NU M B ERED F ROM T M L TOP C’~ N (AS TN A RRA Y PR).
a M A X I M U M  NUMBER OF L V V E L S  — PRE$SURE 15, STGMA: 15.

a PSP UT IS ON S EWJE NT IA L  FILE N Fl IN THE F~ LL OW IN G ORDER ....
* GZ S ,GZ(LV),T(LV),((~~,V)(LV)),ES (LV),CDR ,WT,CV )a D L T P L T  IS ON SECU ENT IAL FILE NF2 IN THE FOLLOWING ORDER ....
* GZS ,LNSP ,GZ (N1< ),((U ,V)(NK)),ES (~JK),(DR ,NT ,CV)

• C~~ E M AY BE SHARE C 9Y (GZ,U,ES),(T,V).
* GLL IS A WORK FIELD OF LA WORDS IN LCM .

PARA U E T E R SILV :15 , SLEV O ,$LV :10 , SILT 52,SILGI 6II,SILTMI2Ô,$IRC2O
PA PA ~4E TER $ILPI :SILV+ 1

CI M E N S ION GZ (LG, I ),T (LG, 1) ,UCLG , 1),V (LG,1),ES (LG, 1)
C I M F• NS I~~’~ G Z S ( 1 ) , 5 P ( 1 ) , r ,LL( I)

L O G I C A L  W E T ,W D R ,K~1T ,M C V
~I~~F.NSIDN PR (1),SIG (1)

* 5C~ ~OR I< ARR AYS ,

DIM EN SI~~’ ZL csr Lv ),TL ($ILV) ,ULC~~ILV ) ,VL ($ILV), SL ($ILV), TUL (S!LV),
*T VL ($ILV ), 1S1 (SILV), SG ($ILV ),SUL(SILV),SVL ($ILV ),SSL ($ILV ),
*SGF (~~IL V ),SGZL($ILV ),S($ILP1),WRK S (130)

* ~~ T P UT P A C W I w G  C O N T R O L S .

CC~-4M ./ P~ C O P 4 / NPGZS , NPSP ,NPGZ ,N PW , NPES , ~- PWT ,N PCV, ~.PDP

L O G I C A L  OK
DAT A G RAV ,RGAS / ~~~~~~~~~~~~ 2 87 ./

* SET CON STANTS .

10:0
ACC : , 1 a~~ AV
RG A SIN 1 ./RGAS
N LA ~ :1 L A T /2
IF (KHEM ,EQ ,0) NLAT :ILAT
ILG 1:ILG+ 1
LAS IL G I aN LA T

I —  ~6
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L V I L V — t

• C~~NV ERT P~ TO LOGCPPESSURE ).

CD 2 ~s 1 , L V
• - 2 PR( L ) ALOG (PR (L))

DLNP PR C LV )— PR CL V ~ 1)

* SET SG TO LOC (SIGMA).

DO ~4 K t , NK
• LI SG (K) a

a AVERAGE SC TO EV EN LEVEL S IN SGE.

NK U I  = N M— I
5 K:1, NKM 1

• 5 SCECK): .~~ * ( S G ( K ) + S r , ( K . l ) )
SG E (N K ) : .5* $ G ( NK)

C D t L: 1,LV I
6 S(L):t ,/ (PR(L+i)—PR CL))

a R~ A (~ ~-‘D ijN TA IN FIELD (h/SEC)*a2,
* RE#~) GEO POT ENT IALS CM /SEC)*a2 AND TEP~PE RATURES (DEC K ) ,
a GZ AND I M A Y  BE IN 6 NY ORDER IN NFl ,

CALL RS GG PCG ZS ,ILG 1,NLA 7 ,NFI, IC, 4M CZS~.1 ,OK ,GLL ,WRK S )
R E W I N D  NFl
DO 2 10 L:1 ,LV

210 C ALL RSGG P (GZC I ,L),IL G I ,NL AT ,NF I,ID ,4M GZ ,L ,OK ,GLL ,WRKS )
R E W I ’ ~D NFl
00 220 L I ,LV

220 C ALL RSGGP ( T (%,L), IL G 1, N LA T ,NF 1,ID ,4h T , L, O4 ( ,GLL ,W P~~S)

* CALC ULA T E SUR FA C F PCESSURE 4Np INTE R PO LA TE 4-EIGHTS TO S I G MA  SFc.

CD 2 70 I:l,LA

D~ 245 L 1,LV
ZL(L):GZ (I,L)
TLCL):.RGAS*T (I,L)

2145 CONTINUE

GZSI:GZS(I)
GUESS PR(LV ) S GZSI/ (RGAS*250.)
CA LL TF~R P 1 (CUESS,GZSI ,ZL,TL,PR ,ACC ,LV)
SP (I)=GUESS

D~ 250 K:1,NI<

I —
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XLNP=SP (I)+SG (K)
RL APSE (TL (LV)—TL(LV .1))/ DLNP
C ALL TERP2(SGZLCK),DUWMY,XLNP ,ZL,TL,PR,LV ,RL A PSE )

250 CONTTNU E

DO 255 K:1,NK
255 GZC I,4 ():SGZLCK)

270 CO N TINUE

a OUTPUT SURFACE GEO PO TENT IAL (M/SEC)**2,
* OUTPUT LOG SURFACE PRESSURE (MILLIBARS) .
a OUTPUT CEOPOTENT IALS (M/SEC)aa2 ,

CALL WSGGP (GZS,ILGI,NLAT,NF2,ID, aM GZS,1,NPGZ$,GLL,WRKSI
CALL WSGGP ( SP,ILG1,NLAT,NF2,ID ,4HLNSP, 1,NPSP,GLL,WRKS )
00 280 K;1,N M

280 CALL W56GP (GZ(1,4(),ILGI ,NLAT, NF2,ID ,444 GZ,K ,NPGZ ,GLL,WRKS )

* READ W INDS CU,V)a(U,V)*COS (LAT)/ (EARTH RADIUS)

DO 310 L:i,L.V
C ALL RSGGP C U (I,L),ILGI ,NLAT, NF1,ID,LIH U,L,OK ,GLL ,WRKS )
C AL L RSGGP ( V (1,L),1LG1,NLA T,NF1,ID ,LIH V,L,OK ,GLL,WR4(S)

310 CONTI NUE

* COM PUTE VE RT ICAL CERI VAT IV E AN D INTERPOLATE ONE COL AT A TIME.

DO 371 I:1,LA

06 3146 L:1,LV
Ul_ C L ):UCI,L)
vL (L):vCt,L )

346 CONT INUE

C ALL OFOS (TUL,UL,S,LV, 1.,1.)
TUL (l) 0,
C A LL DFOS (TVL,VL,S,LV,1.,1.)
TVL Cl ):0,

DO 351 K:1,NI(
XLNP:SP (t)+SG (K)
RLA PSE: (TUL (LV).TUL(LV.I))/ DLNP
CA LL T E R P2 ( S U L ( K ) , DUM MY ,X LNP ,UL, TU L, PP ,LV ,RLA PS E)
RL APSE :(TVL (LV) .TVL (LV—1 )) / DLNP
C AL L TERP2(SVLCK ),DLP’MY ,XLNP ,VL,TVL,PR ,LV ,RL APSE )

351 CONT INUE

DO 35o Kal ,NK
U (I,K):SULCK)
V (1 ,4() VL (PC )

I —



356 CONTINUE

371 C ONT INUE

* OUTPUT MINDS ON FILE P’F2.

06 381 Kal,NK
C ALL WSGGP ( U (I,K),IL,G1 ,NLAT,NF2,ID,4H U,K,NP W ,GLL,WR4(S)
C ALL WSGGP( V (I,K),ILGI,NLAT ,NF2,ID,4H V,K ,NPW ,GLL,WRKS )

381 CONTINUE

* READ DEW POINT DEPRESSION (DEC C) PROM FILE NFl .

IFC.NOT ,WET ) GO TO 510
DO ‘410 L’l,LV
CALL RSGGP (ES(1 ,L), ILCI ,NL AT, NFI,ID,4H ES,L,OK ,GLL,WRMS )

1110 CONTINUE

* COMPUTE VERTI CAL DER IVATIVE AND INTERPO LATE ONE COL AT A TIME .

00 1172 Izl,LA

00 ‘4~~7 L2 1,LV
4’~7 SLCL ):ES (I,L)*RGAS

CALL DFDS(TSL,SL,S,LV , 1 ,,1,)
T$L ( 1)

DO LI5~ K zj , NK
XLNP:SP (I)+SGE (K)
RLAPSE :(TSL (LV) .T$L (LV .1)) / DLNP
C ALL TERP2 (SSL(K) ,DLM~ Y ,XLNP ,SL,TSL,PR ,LV ,RLA PSE)

£452 CONT INUE

DO £ 4 5 7 K:1, NK
1457 ES ( ! ,4 ( ) :5 5 L (4 ( ) a R GA S I N

‘4 72 C ONT INUE

a OUTPUT DEW POINT DEPRESSIONS ON FILE NF2.

CO ‘162 4(:l,N K
‘162 CALL WSGGP (ESCI ,M),ILG1 ,4LAT ,~1F2, ID,4M ES,PI ,NPES ,GLL, WRKS )

a TR ANS FER GAUSSI AN GRID PHYSICS FROM N~ 1 TO NP?.

St O IF(,NOT ,KDR) GO TO 520
CALL. RSGGP (SP ,ILG1,NL4T ,NF 1 ,I0,(IH DR ,1, OK ,GLL,WR KS)
CALL WSGGP (SP ,ILGI ,NL AT ,NFP ,TD.4H OR ,t,NPOR ,GLL,WRKS )

520 IFC, NO T S KWT GO TO 530

I -
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CALL RSGGP(SP ,1L61,NLAT ,NF1,ID,’4H WT ,1, OK ,GLL,WQKS)
CALL WSGGP (SP, IL G1.NL *T ,NF2,ID,1414 WT , 1,NPW T,GLL,WRMS )

530 IF(.NOT .KCV) GO TO c~ c
CALL RSGGP (SP ,ILG1,NL AT ,NP1,ID,~IH CV,1, OK ,GLL,WRKS)
CA LL WSGGP (SP ,TLG1. NL AT ,NP2,ID,4M CV ,1,NPCV,GLL,WRKS)

999 RETURN
END

I — 100
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SUBROUTI NE QDAWP (U,v , P,C,EPSI,PROW ,CROW ,
URU.LPV ,LRA,LRS,LALP ,LM ,KHEM ,IR )

* SPECTRAL CALCULAT !O4~ OF WINO COMPONENTS U(LPU ,Lp4) , V (LRV,LM )
* PROM RELAT IVE VO RT ICI TY P(LRA ,LM) AND DIVERGENCE C (LRS ,LM).

a IF MODEL IS HEMISPHERIC , U,C ARE SYMMETRIC,
a V,P AR E ANTISYM METRIC .

a PROW ,CRO W AR E W OR M ARRA YS FOR ONE UNSQUEEZED ROW OF P.C.
* THEY MUST HAV E A LENGT H OF IR+2 COMPLEX WORDS.

COMP LEX U (LPU,j),V (LRV,1),P (L.RA, l),C (LRS,1)
DIMEN SION EPSICLALP,1)
COMP LEX PRO~~(1),CROW (j)

L OGICAL HEM I
COMP LEX PR ,CR ,PL,CL, I!

IF(KMEM .NE .0) HEMI: ,T RLJ C.
IRP2:IR.2
IZ:(fl,,l.)
06 12 M 1,IRP2
P ROI.. (4) :  (0,, 0, )

12 CROW (4);(0,,0,)

DO £10 M= 1,LM

FHS :FLOAT (MS)

a PLT UNSQUEEZED ROW OF P,C IN PROW ,CROW .

DO 14 N :l,LRA
Wa N
IF (HEMI) K:PJ+N

• PROW (K)a PCN ,M)
111 CO NT INUE

DO lb N:1,LRS
MaN
IF (HEMI) 4(:NIP4.1

• CROW(K )aC (N ,M)
16 CONTINUE

* COMPUTE ONE ROW OF U,
* N INDEXES THE (PoSSI~ LY ) SQUEEZED POW Op U.
* K INDEXES THE UNSGUEEZED ROWS OF P,C,EPSI .

06 20 I4s1,LRLI
NSaM+N 2
TFC P-f MX ) N$:P45,(N.1)

I — 101
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IF (NS,EQ .0) GO TO 20
FNS:F4_ OAT CN S )
CON :FMS/(FNSa (FNS.1,))
WaN
IF(P’EMI) W:N+N.1
IF(M .LT .IRP2) EPSRsEPSI(K.I ,M)/(FNS+1 ,)
EPS :EPSI(K ,M)/FNS
PR:(fl.,O,)
IF (P(.LT .IPP2) PRa PPCW (4(+1)
P L =( 0 ,,0 ,)
IF(K .GT ,1) PL :PPOW(W.1)

— EPS aRL + EPSRaPR • IZ*CROW(K3a CON
20 C~ NT INUE

a COM PUTE ONE R OW OF V .
• N INDEXES THE (POSSIBLY) SQUFFZED MOP ’ OF V .
a ~ !‘J C~EX ES THE L’NSCLFF ZEr R’WS m~~ P,C,EPSI,

D~ 3~) N:1 ,LR V

IF (I-EMI ) N5:N5pP.
I F C N S ,E Q . 0 )  GO 10 3C
F’~5:FLO4T (NS)
c . : F M S / ( F N S * C F S-a . l , ) )

c:N
I F ( H F M I)  K:Ne~.
IF (M .LI.IRP2) F~~SRgE PSI (Kf1 ,P’)/(FNS$l ,)
E~~S :EPSI($ ,~’)/FNS• CR: (0,,0,)

• IF (K .LT ,IR P2) CR:CPeW(K+I)
CL: (U ,, U ,)
I F ( W ,GT ,1) CL:C r~~. ( W . l )

• V (N ,M): + EPS * C L  • EPSP*CR — IZaPROW(K) *CON
• 3C~ CONT I NUE
• -~o ceN T IN u~

a SET THE M EA N VA LUE S OF J AN D V.

I F ( P - EM I )  U( 1 ,1) :  P (1,1)*EPSI(2,l)
IP(. NOT ,HEM I)  U (1,1)I P(2,I )aEPSI(2,1)
IF(.NOT .I-EM I) V( t ,1):.C(2, 1)aEPSI(2 ,1)

• RE T L RN
• E ND

I — 102



SUBROUTI NE RC OM (W ORKA ,WO RKB ,AA ,BB ,DA TA ,DAT B ,DATC,FIN,KP6,K3)

* COMPLETES GRID TO FOLR IEP TRANSFOR M ~OR 3 TIMES A POWER OF 2.

COMP LEX WO PKA (1 ),HO PKP( 1 ),AA ,RR ,CC,00
COMPLE X DATA C1 ) , OA TE (1),DA TCC 1 ),FIN(1)

DO 10 0 K :l,KP6
cc = .,

~ORKB(4 ()aDATB(K)
DO W C R W A ( K ) * D A T C ( W )

4 (3+2—K
FIN (K) a DA TA (K) + CC + 00
FIN(KP) = CO NJ G (DAT ACW ) + AA aCC + BB* O D)

100 CONT INUE

P1 ~ L P P.
END

7 • 4 0 3
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SU R RO UT INE RHSS I ( P E E RA R ,P E ET ,S C S , LA , L RS , L H , ILEV ,SF, DT)

PARA M E T E R TM = 5, $7P ‘ 25, 1PM = 2aSIR+1

* THIS ROUTIN E IS REGU IREO TO IM PLEMENT THE SEMI.IMPLICIT TIME— STEP
* M (THOD.MEFERENCE 54-OLLI) BE MAC E TO THE NOTES.

a IF MO DEL IS HEM ISPHER IC , DI ,PEET ,SDS ARE SYMMETRIC.
* EA CH LEVEL IS DIMEN SIONED (LRS ,LM).
* EAC H LEVEL IS SEPA RAT ED ~Y LA COMP LEX WOR DS .
• MAX IM U M VALUE 0F ILEV IS 15 .

C OMP LEX P E EB A R C L A , 1),PEETCLA ,1),SDS (LA ,1),TEMP(IM)
C OM PLEX SUM
DIM EN SION SF (1)
REA L M I ,M II ,M II M 1 ,M 1,~ 2,14P,PlPM1, M ,MW ,MPt,H2M1
C OMM ON , N E W M A T  I MI(IM ,IM),M II (IM ,IM),MX IM1 (IM ,IM ),M1 (IM ,IM ),

a M2(IM ,I’4),M P (IU ,IM ),MPM1 (IM ,IP’),M (IM ,IM),
* MN( IM ,IM),M PICI M ,IM ,IPM),M2P~1C IM ,I M)

I L E V M : I L EV — 1
L M S C  a L PS

r ’ 1 ILl = 1, L r ~S
C~ 1 71. 2 = 1, L~IL : (IL2—1 )*LRS + ILl

ILl + IL? • 1
06 2 = 1, ILEV
1EM P( I H)  :
CD 2 JH : j ,  11EV

2 TEM P (tk ) TE~-~P~~~H~ + SDS(IL,JH)a~~CJH ,IH)
r~ 3 ~~~ 

: 
~~, ILLV

3 1EMP (I~~) a PEET(IL,IH ) + 01*TEMP (IH)
00 5 IM = 1, ILEV
SUM a 0,0

~O ‘4 JH : ~~ ILE V
£4 SUM = SU~ $ TEMF’ (JH)*MPI (JH ,IH ,IP )
5 PEE PAR (IL ,IP4 ) = SUM
1 CONIPJUE

P F IL P N
EN ()

I — 10/4
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PROGRAM PPTS6
* C~ NTP0L PROG RAM FOR PTS6 .
* INTERPOLATES NM SIGMA LEVELS FROM LV PRESSURE LEVELS.

PARAM ETE R SILVa1S , ~LEVg0,$LV :1O , IILT 52,SILG;6’4,$ILT M.26,SIRa2O
PARAM ETER SLAW = (SILG+1 )*SILT

C OMHO N //GZ (SLAW ,SILV ) ,T (SLAW ,%ILV),GZS (Si.AW ),SPCSLAW ),GLL (SLAW)
• DI MENSION U(1),V (t),E$(j)
• EQ UIVA LENCE (U,ES,CZ) ,CV,7)

a SPECTRAL PIODEL CON TROL PARA PIETERS .

LOGIC AL P4TN ,WET ,KDR ,Kt..T,KCV ,MDTV
CO H MON /PS CO P1/ LV , PR Ci LV ), NK,S I G (Si LV )
C O P I M O N / D T C O H /  I D A T I M C 1 O )

* OUTPUT PACKING CON TR OL S .

C~ MM ON/ PKCDP1 / NPGZS , NPSP,PPGZ ,NPW ,NPES,NPWT ,NPCV ,PLPDR

D AT A NFl ,NF2,HPGZS,NPSP ,NOGZ,PJPW ,NPES ,NPWT,NPCV ,NPDR
/ 42, 52, 1, 1, 1, 1, 1, 1, 1 , 1 /

* READ CONTR OL L~~’EL 
FROM FILE NFl AND COPY TO FILE N F2,

C ALL INDUM P

C ALL SPLAR(N F1, 1,4_ V ,PR ,NK ,SIG,LE VS, ILG ,ILA T ,KHEM ,TP ,OEET ,
MTN ,WE? ,KD P ,KW T ,KCV ,KCIV ,KST A R T ,KTOTA L ,IPRG ,IPCP ,IDA TIM )

IF(LV .EC .0) STOP
C ALL SPLAP(NP 2 ,2,Lv ,PF ,NK ,SIG ,LE VS , ILG ,ILAT ,KP4 E~~, IP ,OEET .MT N ,W E T ,KDR ,K W T ,K C V ,W DIV , K S T A P T ,K T O T A L , IPRG ,IPCP ,IDA IIM)

a P p P F OR M  T HE  V E R T I C A L  I N TE R PO L A TI O N.

* LG IN DEX ES THE PP LJ L T IL EV E L A R RA YS INSIDE PTSS .

NLAT ILAT/2
• IF (WMEM .EQ ,O) NLATa ILA T

L Ga N LA Ta C IL C + 1)
CA LL PTS6(NFI ,NF2 ,GZ ,T,U,V ,ES ,G ZS ,SP ,GLL,L G ,

LV ,PR ,NK ,SIG , ILG , ILA T ,KMEM ,WET ,PCCR ,KW T ,WCV )

A RITE(6 ,60q0) CIOA T IM (I ) , 1a7, 13)
STOP

6090 FORP ’AT (1M0,7A’4 ,6X ,19H ENrI S P EC I RA L RP1Sb)
END

I — 105
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SUBROUT INE RSGGP (GG, NLG ,NLAT ,NF , I0,NAME,N ,OK ,GGP,WRMS)

a PEA DS ARR AY GG (NLC, NL AT) PROM SEQUENT IA L PILE NP
* PRECEDED BY AN ICE PT IFYINC LABEL OF 7 WORDS ,
a WR ITTEN BY SUR ROLT INE WSGGP .
* IC a IDE NT I F ICAT IO N NUMP EP FOR THE RECORD .
* NAM E = AL PHANUMERIC LABEL FOR THE FIELD .
a N a ‘JUP4ERIC LABEL pOP THE FIELD,
a OK a •T , OR •F~ AC C 6R DI~JG TO WHET HER FIELD IS FOUND OR NOT ,
a GCP ,WRK S A RE i~ORK FIELDS USED ONLY IF FIELD IS PACKED.
* GG P = NLATa (CP.LG .1)/NPA CK+2 ) WOR DS IN LCP’.
a WRX 5 a NLG ~OM DS 7P~ sr~~.
DI MENSI ON GCC1 ),r,r~P(1) ,~-aRK S (t)• LOGICA L OK
DIME NSIO N LAB C 7 )
DATA KFLO/ ‘4P- 4G RIU /

TRU E.
IF(NF .LE,0) RETUR N

* R EAD LA BEL OF TUE NEXT RECOR D ON FILE NF ,

15 R E A C ( NF ,END :16) L A P

GO TO 17

a IF LABEL IS NOT FOUN D PEFORE CMD OF— PILE IS ENCOUNTERED
a SET OK :,FA LSE ., REa INO THE FILE, AND RETURN .

16 OW :.FALS E .
REW IND NF
W RITE (6,6 1 O )  HF, ID,NA M E ,N ,P.LG ,NLAT
PET U P N

a IF LAPEL NOT CORRECT GO BACK AN D READ THE NEX T REC~ RD .

i7 IF(~~FLD .NE . LA B ( 1) )  GO TO 15
IF ( ID ,NE.LABC2) ) GO TO 15
IF (N AWE .NE .LAB(3)) CO TO IS
IF ( N .NE.L AB(4)) GO 70 15
TF( NLG .NE .LAR(5)) GO TO 1C
IF (KLAT .NE .LAA (6)) C” TO IS

* IF LAPF L IS CORREC T , BAC K SPA CE TO ~PEPARE FOR READ ING THE FIELD.
* GET THE PACK IP. ( D E N S I T Y  FR O ~~1 THE LA BE L .

B A C K S P A C E  ~~~

NPACK:LAP(7 )

a 7F THERE IS HO r’AC K IN( REA D DC DIREC TLY AN D RETURN .

I — 106



IF(NP A CK .GT .1) CO 16 2S
• LA :NLGaNLAT

RLAD(NF ) LAB , (GG (t),I:l, LA )
WRITE (6,620) ID,NA M E ,N ,PJLG ,NLA T ,NPA CK ,NF
RETLPN

A N  E R R O R  H A S  BF F N  ~~~~~~~~~~~~~~~~~~ IN THE L A B E L  F I E L D

25 CALL FPAK
99 RETURN

610 F O R M A T (I H  ,13H ..EOF ON F I LE ,13 ,18H L O O K I N G  FOR  GRI t ) ,16 ,A 4 ,315)

620 F O R M A T ( 1 H  ,15,2X ,A4,13,6H GR I D ,I S ,I 4 ,8H N P ACK :,12 ,

1. 1614 REA D FROM FILE,I~~END

I — 107
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P H O G R A M  R S PW 6

a CON TR O L PPOGp4P~ FOR MULTILEVEL SPECTRAL MODEL • VERSION 6,

PA RAM E TE R $ILV:15, SLEV :O , 5LV :1I’, SILT:52,SILG:6~ ,SILTH z26,$IRI20

LOGI CAL MTP4, MET ,KDP ,KN T ,KCV ,KDIV
C D~lP~O N/ S W C 6 P 4 / HIM , i..ET ,KDR , KW T ,M C V , K D I V
DIME NSIO N PRC$ LV ) ,SIG (!ILV), IDA T I I~(1~~)

C6~”~O N/TI~1LS, CEE T.KOL NT, KSTA PT ,KT OTA L, IFDIFF
COMM ON,P APA M2 , BETA , AV E PT ,DIVCH ,FP ,FC ,FPEE,FPS,F5
CO MMON/ PAR A M 3 / ~IFU5D ,t~IFUSS,VIrLSS
COMMON, PA RAM 4, CE EA C H ,RKL
COMM ON / AD .3 ~C P/NC, H F~ 

HM , A A , DEPT I~’ , L HEAT ,MO IA D J,MO IF LX

DIME N5I~~N LCC3, SI LV ,1O )
COMM ON /PCO M I/ LRPR,LMPP ,KGC P4 (5,3),KPSM (5,3),060,DG~~ ,N MEM
COMP ~OP4/PCO~’2/ LAB(1C ),CS(2, 10)
COMMON ,H A PGG/ MGGDR ,MGG WT ,M G G C V
COM HON/PK ~~UT/ NPGZ,I~PSP ,NPW ,NPES
COM M ON/ EGRA PH, ET~~TS (Ie1,6)

* NFl = jPJP UT F ILE,  HF? = OUTPUT FILE, NFPC P = ~RECIP OUTPUT.

D A T A  HF 1, NF2 , NFP CP, c2 ,  72, 74 /

a MOD EL PA RA M E T E P S .

DA TA IFDIFF/ 1 /
DA TA BETA , DI V C~

., A VE RT , FR , FC, FREE , FPS, FS
/ 1., 2~ oE— S , .25, .05 , .05, ,~ 5, ,05 , .05 /

DATA CEEAC H ,RKL/ 1.2F— 3, 20. /
DATA flIFUSD ,DIFUSS ,’~IFUSS/1 ,E— 5 ,I ,E,5, 0.0 /
CA TA P1C ,PiF ,HM/ 1,o ,C.~~,O.8 /
CA TA LHE A T ,M O IA rJ ,PO I F L X /  I , 1 , I /

a PR INTER OUTPUT CON TRO L S .

DATA •lGGDR ,~~GGWT ,PCG C V /  0, 0, 0 /
DAT A ‘JVAP ,LT’T/ 7,lfl /
DATA LPPR ,LMPR / 12,1’ /
D ATA IGE, IG~1 ,IGC,IGC/ 0,0,0,1 /

D AT A PJPGZ, NPSP ,HP~
..,P~PES ,NPPCP/ 1,1,1~~t,1 /

a ~~~~ CO NTROL LA BEL FROM FILE N Fl AND COPY TO FILES NF2,NFPCP .

C ALL INDUMP
CALL SPLAR(N F1, 1 LV ,PF ,’JK ,SIG LLVS ,ILG ,ILA T ,KHEM IR CEET

MTN ,WET ,KD~ ,
KWT ,MCV ,W DI~~

,4 (ST4pT,KTOTA L , IPR& ,I~ CP ,I&ATIM)

I • 105
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IF (L V .EC .0) STOP

IF(.NOT .WE1) LEVS .0
IFC WET .AND .LEVS .EG ,C) HE T:.FA LSE ,
CALL SPLABCNF2,2,LV ,PP ,NK ,SIG ,LE VS, ILG, !LAT ,KHEPI , IP ,DEET ,

1 MTN ,WET,KDR ,KW T ,MCV ,KDIV ,KSTART ,KTO TAL, IPRG , IPCP, IDA T IM)
CALL SPLA BCN FPCP ,2,L V ,PR,NK ,SIG ,LEVS, ILG ,ILAT ,KHE H,IP ,DEET ,

1 MTN ,WET ,KDR ,4(l~T,KCV ,KDIV ,KSTAPT ,KT OTAL ,IPRG ,TPCP ,IflAT IM)
ILEV~ NK

a RE AD M O D E L  I/O C ON T R O L  P A R A ME T E R S ,

REAC(5,5010) IPR ,IEP R ,NOGR,NT EST
C ALL INPOC (LC,ILFV ,NVAR )

a P E R F O R M  THE F~~R E C A S T .

CA L L  S PW b C T L G , I L A T ,K P 4EM , IR ,ILEV ,L.EVS ,SIG ,

• 1 NF 1, NF2,NFFCP ,LC,ETOTS,LT OT ,IEPR,NOCR,IPR ,

~iTEST , IPRG , IPCP,NPPCP, IDAT IH )

a DRAW ENERGY GRAPHS IF REQUESTE D ,

IF (NOGP .FQ .0,OR .KOUP ’ T.LT,NOGR) GO TO qq
C A LL EGRAF S(ETOTS ,L1OI ,KOUN T+ 1,IGE , IG’~,t GQ, 1DM

99 W RITE (6,6090) CTDAT IM (I),1 7,13)
STOP

5011) FOPP AT (613)
6005 FORp-AT( 1’41//32P4 P.E , SPECTRA L MODEL — VER SION 6)
6090 FOR MA T( 1 k 0 ,7A4 ,6X ,I9H END SPECTRA L RSPWo )

END

I • 109
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PRO G RA M PSTP6

a CONT ROL P R O G R A M  FOP STP6,
* CONVERTS UK SIG”A LEVELS OF GAU SSIAN GRIDS TO LV PRESSURE LEVELS

PARAM E T E R SILV z1S ,$LEV:0, SL V :1fl,SILT:52,SILGa64 ,!ILTN=26,SIR .20
PAR A U E T E R SLA M : (5IL ~~+1)*SILT

C OM~~O N//GZ C SLAW , S ILV ) ,T C SL A W , S IL V )

DI MENSI ON 0(1 ) ,V ( 1  ),ES (1
EU UIV A L E N CE (U,ES,GZ), C y sT)

LO G ICAL MTN , WET ,KD R ,KA T ,KCV ,KDIV
C I ’ 4E N S I O N  P R (SL V ) ,5 I G ( S ILV ) ,  I DA T T ’ ( 1 4)

DIM EN SION MPGZ ($LV) ,MPT (5LV), P1P~~(~~LV ),MPWSP(SLV ),M PES (SLV )

CA TA N FI,NF12 ,Nrz/ 72, 42 ,~~2 
/

DA TA NPSP ,NPGZ,NPT,NP~~,N PES/ 1,1 ,1 ,1,1 /

* REA D C~~NT POL LAP EL FR OM FILE N Fl AN D CO PY TO FILE NF2 , -

•

CA L L INDIJMP
CA LL SPLA 9 (NFI, 1 ,LV ,PR ,~.K ,SIG ,LE V S, ILG ,ILA T ,KHEu ,IP ,DEET ,

MT~
, ,~~ET ,KDP ,i~~

T ,,((V ,KCI V ,KSTA PT ,KTOTAL,I PRG ,IPCP ,IDAI IM )
I F(LV .E~~.0) STOP
CA LL SPLA U(~~ 2,2,Lv ,PP ,HK ,SIG ,LE VS, ILG, ILA T ,KHEM ,IR ,DEET ,

MTN ,W ET ,KDR ,e
~
WT ,KCV ,KDI V ,K5TA RT ,KTOT A L, IPRG ,1PCP ,ID AT IM )

IF T’~E 
U DDEL IS ~-E’I 5 PHER IC (KPiEM =1, 2) CA LC L LA T I~ NS A R E  C O N E

~ r,p IkE S O J T M E’~. MEM ISPPE RE ~‘t.LY .

NLA T: !LA T
7F (KHEM ,NE .0, NLA T: IL~~T/2
LGG :NLA Ta (ILG+1 )

* R EAD OUTPU ’ CO~•TRO LS F~~”M CA R DS AND PER FORM IkT E RP O LA TIO N .
a R E PEAT UN T IL NS TEFS IS ~EG A T IV E , THEN STOP .

1 1 0  P E A C ( S,5 0 1 f l )  ~.STE Ps , M APS ,~~PSP ,IA ,J.~,LL ,MM
IF (NSTEPS .LT .O )  ~R I I E ( b , 6’~9 0 )  CIDA TIM (I),I:7 , 13~
IF(NSTEPS .LT ,@) ST6~

* ~F MAPS :O, ~A P CON TRO L S AR E N~~T REA D .

IFC MA PS .EG .0) GO TO 210
R L A C ( 5,5 O 1 0 )  (M P r .Z C L )  ,L :l , L V)

PEA C (5,5010) ( PRT (L),L :I,LV)
REAC (5,5010 ) ( MP~.CL),L:I ,LV )
RE AC (5, 5010 ) (‘~P).5p CL ) , L :1,L V )

PEA C (5,50 1O) (frPES(L),L :1,LV)
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21 0 CA LL STPo (NFI ,NFI2,NF2,PR ,LV,SIG,NK ,GZ,T,U,V ,ES ,LEVS,LGG,
- I ILG,NL47,NSTEP$, MA PS,HPSP,MPGZ,HPT,MPw ,MPW$p ,p.qpf3,
- 

IW ,JN,LL ,M!~,UP5P ,PlPGZ,P4P T,NPw .NpE5)

GO TO 11 0

5010 FOR MA TC 15I 3 )
6090 FORt .4A TCLHQ,7 A !4,6X ,I9H END SPECTRA L RSTPb )

END

I — UI
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SUB ROUT INE SAVPCP (PCPPAK ,STOPA K ,ILGI,ILATH, KHEM ,NPPCM ,
KOUNT,KSTART,IPCP ,NFPCP,NPPCP,GLL ,WRKS)

a SPECTRAL MO DEL PRECIP AP.1~ S T A B IL I T Y  COUNT SAV I NG ROUTINE .
* SAVES GAUSSIAN GRIDS OF PRECIPITATI ON AND STABILI TY COUNT
* EVE RY IPCP TIMESTEPS IF REQu ESTED .

a KSYM a 0 MO DEL IS GLOBAL AND COM PLETE GRID IS SAVED.
a KSYPI = I MODEL IS HEMISPHERIC A N D  ONE 1-lEN , ON L Y  IS SA V E D .

DIM EN SI ON PC P PA K C I ),STRPAK (1) ,GLL (ILG1, 1)
DIMENSIO N MRKS (1)

* S A V E  EV E R Y  IPCP T IM E S T E P S  P R O V I D I N G  IPCP .NE .O

IFC IPC P .EQ .0) RETURN
IF (~~OD (CKO UNT— K STA RT ), IPCP),NE ,0) RETURN

a SET CON STANTS

NLAT :ILATH
IF (KHEM .E~~.0) NLAT :ILA TH *2
I0:KOUNT

a W R I TE TUE GRID ON F IL E  HF WITH ~AC K IN G 1-JPPCP,

CAL L W SGG PC PCPPAK , ILG I, PILA T ,NFPCP , ID,aH ~~~ 1,NPPCP ,CLL,M RKS,
CALL W SGGPCSTBP AK , ILG I, NL A T ,NFPCP , ID,4b SIB , I,NPPCP ,GLL, MRKS )

~ETL RPJ
END
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SU8ROUT INE SAV PRG (N F2,PHI,U,V ,E$,PNIS,PS,PEE,TMEA N ,PEEMN ,PSMN S
RGA S , LA , L A ~i ,LR S ,L R A ,LR U ,LRV , LM ,ILEV, LEV S , I (SYM ,

• 2 KS TAP T ,KTO TA L , Pc OUNT,IPPG ,GG,GG P,
3 ILG I ,ILA IN ,COA ,K HEM ,AL P ,EPSI ,LALP ,WRKS ,WRK L )

a SAVES SIG~1A LEV EL G AUSS IA N G~~ZD FORECAST ON PILE NF2.

COMPLEX PHZCLA , 1 ),UCLA H ,1),V( LAI ,1 ),E5(LA ,1)
C OM P L E X  Pi~jIS (1 ) ,P5 Cl) ,PEE (LA , 1)
DIME NSIO N TMEAN (1),PEEMP (1)

a ~~P IS A WORK F IELD USED ~NLY IF FCST IS TO BE PACKED.
a (IT MAY BE FCU IVA LENCED 1~ GD ).

DIMEN SION GG (1 ),GG P(1 ),ALP(1),EPSI(l),MRK L( I)
DIM EN SI ON COA ~ ),

..~PW S ( 1)
COMP LEX PSi

* OLTPL J T PAC K ING DEN SIT IES (SET IN MAIN PROGRAM ),

CO MMO N/ PK ’OUT/ NPGZ .~~PSP S NPW ,NP FS

NSTEP S aX OUN T— K 5 I A PT
ID :NSTEPS
N LA1 ~a ILAT U
IF(KH EM ,E0 .0) N LA T ILA THa2

a N~ PP~~c IS 5AVEC IF NVERIF :o. OTHFRI.15E PR~~G IS SAV ED ~T
a ~N~~T~~A L AND F INA L TIMES A~jD A T INTE RVA LS OF IPRG TI~~FSTEPS.

IF (IPRD ,EQ ,0.OR .NF2 .EC ,0) PETUR
I F C KO U NT .EG .KT O T A L ) G’ TO IS)
IF (NO t JN T .EQ .KSTA PT ) G’ TO 150
IF (MO r~(HSTEPS ,IPPG, .NE,o) RETURN

* CONV ERT LOG OF SURFA CE PRFSSLRE FROM (N/Ma*2) TO CM5).

150 P5t :PS (j)
P5 (1) ’ PS( I ) fP $h ~N .A L O G ( 1 I ) 0 .)*SDRT (2.)

C A L L  SP A G G 2 (G G ,IL G j , IL8Tk ,C O A ,N H F~~ , PS ,LRS ,Ll~ ,KSYM ,
A LP ,EPS !,LA L P ,A R K S ,M R K L )

CALL W SG G PCG G ,ILDj , NL A T ,NF2 ,ID,4HL~JSP ,1 ,NPSP ,GGR ,W RK S )
PS (1)=PSI

a C A L C U L A T E  PH I F R O M  ~ EE pAp ILEV LEVELS.
a CON V ERT TO GAUS S IAN GRIDS A N~ ~~ ITE OP~ FILL ~F2 .

C ALL GZFBP (PHI ,PCE ,PS ,TM EA .4,PEtMN ,PSM~~,LA ,L PS ,LM ,ILEV ,RGA S)
CO 310 L 1,ILEV
CALL SPAGG2 (GG ,1LG 1 ,ILAT H ,COA ,KHE ’,PHI (1,L),LRS ,LM ,K SYM ,

AL P ,E PSI ,LA L P , ~PKS , WPKL)
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C ALL WSGGP(GG, ILGL , NLA T ,NF2, 10,414 CZ ,L,NPGZ,GGP,WRKS)
310 CONTINUE

a CONV ERT U,V TO GA LSS IAN GRIDS AN D SAVE ON NP? ,

DO 410 L 1,ILEV
C ALL 5PAGG2 (GG, ILGI ,ILA TH,COA ,K14EM , UCI,L ),LRU ,LP1, K5YP-l ,

1 AL p ,EPSI ,LALP ,WRKS ,WRKL )
C ALL WSCGP (GG , ILG 1,NL~ T,NF2, ID, ’1I4 U,L,NPW ,GG P,WRKS )
C ALL SPA GG2 CGG ,ILGI ,!L ATl1 ,C0A ,KHEI~, V (t,L),LRV ,LM ,.KSYM ,

1 ALP ,EPSI,L ALP,WRKS ,WRKL )
CA LL WSGCP(GG , ILG I ,NL A T ,NF2, ID,4P4 V ,L,NPW ,GGP ,WPKS)

410 CONTINUE

a C ON VERT ES TO G A U S S I A N  GR I D S  A N D  S A V E  ON N F2~
a MO ISTURE OM ITTE D IF LEVS’O.

IF(LEVS ,EQ .0) GO Ti 99
DO 510 N 1,LEVS
L :CILEV .LEVS ) + N
CALL SPAGG2(GG ,ILG1 , ILAT H,COA ,K HEM , ESC1,N),LRS,LM ,KSYN ,

1 ALP,E PSI,LALP ,W RKS ,WR KL)
CALL W SGG PCGG , ILGI, N LA T ,NF2,ID,41-1 (S,L,NPES ,GGP ,WRKS~

510 CONT INUE

qq RE TURN
END
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SUB ROUTI NE SCOF2 (SC,LR ,LM ,KIND)

a ZERO OR DOUBLE THE COM PLEX SPECT RAL COEF FICIEN TS IN SC (LR ,LM )
* DEPENDING ON THE VALUE OF KIND .

COMP LEX SC (LR ,1)

a IF KIMP:0 SET ALL O~ SC TO (fl .,0.),

IFC K IND .NE.0) GO TO 3C
DO 20 M:1,LM
CO 20 N:1,LR

20 SC (P ,H) (0.,0.)

a IF KIND :2 DOU~iLE A LL OF SC.

30 IFC KIND ,NE.2) GO TO 99
CO 110 M:f,LM
CO 40 M:1,I_R

40 SC (N ,M):SC(N,I1)+SC (N,M)

q9 RETURN
END
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SUBR OUTINE SEA F’LXCTG ,ESG,UG,VG ,TMEAN, ZLM ,ILONG, !LEV ,LEV$,DT,
SIA I,SEACON , RGOCP ,SH,TSEA,CBV)

* FOR ILONG POINTS ABOUT ONE GAUSS IAN LATITUDE CIRCLE
a CALCUL ATES CORRECTIONS TO TG ,ESG IN LOWEST LAYER CAUSED BY
a SEN SIBLE HEAT A N D  M O I S T U R E  F L U X E S  pROM UNDERLYING OCEAN ,
a SUCH A PROCEDURE IS EQUIVALENT TO A LAGGING
a OF THE FLUX TERMS IN TIME.

* TSEA IS SEA SURFACE TEMP IN DEGREES K
a cOy IS FR A C T I O N  OP L A N D  IN GR ID SQUA RE

DIMENSIO N TG(ILM ,1),ESC (ILM , I),UGCIL M ,1 ),VG (ILM , 1)
DI MEN SION TMEAN (1 ),SH(1),TSEA CI),COVC I )

~OT2 ~ 51118./(273,*273.)

ILE~~PsILEV +1

C’~ 1 00 IK;1 ,ILONG

IF (COV (IK).LE .O.) GO TO 100
TLEV • TG(IK ,ILEVP) + TMEAN (ILEVP )
r - T S E A  a T S EA CIK ) • TLEV *SFCEXT
~ :Nr=~~c~~T c UG (IK ,!LEV )aa2 + VG(IK ,ILEV )*a2
FAC IICOV (IK )a $EACONaHIND a 2 .*DT/ (TLEV*$I.&I)
~~~

_ 
(~~T5E A ,LT .O,) DTSEA’O .O

T4~~~~,I L Ey P )  = TG (IK ,T L EV P )  + FACT*015(A

IF (LEVS.E0.0) GO TO too
= SH (ILEV )aEX P ( PO T ? * ( TSEA C IK) • TLEV + E S G( IK ,L E V S ) ) )

CTOSE A C Q SO Q • I, ) / BOT?
I F C ~~TDSEA .LT .o .0) CTCSEA :0 .0

~SG (I~c ,LEVS) a ESG (IK , L E V S )  + FA C T a( O TSE A — DTDSEA )

100 ~~~~~~~~

PE TL P~
END
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SUBROUTINE SECONC (1)

X:n ,0
RET URN
END

11
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SUBROUTINE SETLCSCT,SCP,LA,ILEV )

a COPIES COMPLEX SPECTRAL COEFF IN SCP INTO SCT ,
a EACH A R R A Y  HAS IL. EV LEVELS OP LA WORDS .
* BOTH ARRAYS ARE IN LCM .

CO MPLEX SCT(LA ,1),SCFCLA ,1)

DO 20 L:1,ILEV
DO 20 MNaI,LA

20 SCT (MM,L):SCFCMN ,L)

RETLRN
• END
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SUBROUTINE SETOLD (PM ,CM ,PEE M ,ESM,PSH ,P,C,PEE,E5 ,P5,LA,ILEV,LEVS )

a COPIES CURRENT VA LUES OF P,C,PEE,ES,PS INTO THE FIELDS MOLDI NG
• * THE PREVIOUS TIME VALUES Pt1 ,CM ,ETC.

COMP LEX PM(LA , I),CMCLA ,I),PEE M(LA,1 ),ESMCLA ,1),PSM (1)
COMPLEX P (LA ,I), CCLA ,1), PLE(LA ,1), ESCLA ,1), PS (1)

CALL SEILC P11 , P ,LA ,ILEV )
CALL SETL ( CM , C ,L A ,ILEV )
CALL SETL (PEEPI ,PEE ,LA ,ILEV)

CALL SETLC PSP4, PS,LA, I )

IF (LEVS ,GT.0) CALL SETL (ESM ,ES,L A ,LEVS )

RETURN
END
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SUBROUTINE SETZT (PT.CT ,PCET,SOS,TDU M ,EST ,ESOU M ,PRESS ,
LA, LRS ,LRA ,LP1 ,ILEV,LEVS )

a I N I T I A L I Z E S  SPE C TRAL A R R A Y S  TO Z ERO B EFOR E STARTING THE
* LAT ITUDE LOOP IN THE SPECTRAL MULTILEVEL MODE L,
a MOISTURE VARIA BLES OM ITTED IF LEVS a 0,

a IF MODEL IS HEMISPHERIC PT IS ANT ISYMM ETRIC,
a ALL OTHER FIELDS AR E SYMMETRIC.
* EACH LEVEL IS SEPARAT ED BY LA COMP LEX WOR DS .

CO MPLEX PTCLA,1),CT (L4, 1),PEET (LA ,1)
COMP LEX SDS (LA ,1),TCUM (LA ,I)
CO MPLEX EST (LA ,t),ESDUM (LA,1)
COMP LEX PRE5S(i)

DO 20 LsI,ILEV
CALL SCOF2( PT(1,L),LRA ,LM ,0)
CALL SCOF2C CTC1,L),LRS,LM ,O)
CALL SCOF2CPEET (1,L),LRS,LM ,0)
CALL SCOF2 ( SDS(I,L),LRS,LM ,0)
CALL SCOF2 (TDUM(I,L),LRS,LM ,0)

20 C O N T I N U E
C A L L  S CO F 2 ( T D U M C I  , IL E V + 1 )  ,LRS ,L11 ,0)

C ALL SCOF2(PRESS.LRS,Lt4 ,0)

IF (LEVS ,EQ .O) GO TO 9~
CO 73 L .i,LEVS
CA LL SCO F2C EST (1,L),LRS ,LM ,J)
CALL SCOF2 (ESDUPi(1,L ),LRS ,L1 ,0)

73 CONTINUE

9~ RETUR N
END
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SUB RO UTI N E S F D R A G C P L T G , PV T G , U G , V G , T G , T M EAN ,C D RA GG , ILM , !LEV , ILC NC ,
G RA V, A ,RGAS ,D5 ,SIA I)

* A DDS CONTRIBUT ION OF SURFAC E DRAG TO PUTG,PVTC
* FOR ILONG POINTS ABOUT ONE GAUSS IAN LATITUDE CIRCLE .

DIME NSION PUTG (ILM , 1),PV TG (ILtI ,1),U G (ILM ,1 ),VG (ILH,1)
DIMENSI ON TG (ILM , 1),TP~EAN C 1 ) ,CDRAGG(1) ,D5C1)

ILE VP :ILEV+ 1
00 20 IK :1,ILOHG
PAC T a CDRAGG (!K aGRAVa(A /SIA I )/CRGA SaDS(IL EV ))
VMA GiSQ RT C UG(IK ,ILE V **2 + VG (IK ,ILEV)a*Z )
PAC T a FACT a VMA G / (TG (IK ,ILEV P),TMEANCILEV P))
PUTG C 1K , ILE V)aPUTG( IN , ILE V ) + F A C T a  V G ( I K ,  ILE V )
PVTG (1K , ILEV) PVTG(IK , IL(V).FAC TaL-G(IK , ILEV)

20 CONTINUE

RET U RN
END
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SU B RO U TI N E SGTPRE (FX ,FOER ,SIGPI A ,SP ,LA ,L6,PRL,LV ,SG,F,G,NN ,GLAPSE ,
I EXTRA P,MIND,GZPI,SFCPI)

* EXTRA PI1, FOR HEIGHTS AND TEMP , 0. FOR WIN DS .
* GLAPSE IS LAPSE RAT E PELOW SIGMAa 1. SELECT SOME POSITIVE VA LUE
a FOR GEOPOTENT IALS . SET TO ZERO FOR ALL OTHER VA R IABLES .
a GZ PIu GZ IN ITIA L ON PR SFC. SFCPI’ INI TIAL LN (SF PRES),

* KIND2I RETURNS VERTIC A L DEPIVAT IVE I~l FDER . (OFF IF ~(IN0~ 0)
* NOT! • I~ LA :LP , F X OP PDER MAY B! EQUIVA LENCE D TO SIGMA .

SGTPRT DOES VER TICAL IN TEP POLA T ION ON A FIELD SIGMA , ASSUMED KN OWN ON
NN SIGTM A LEVELS AT LA PO INTS PFP LFVEL, STORED CONSECU TIVE LY,
PRODUC ING AN OUTPUT FX CL A ,LV), LOCAT FO AT THE SAM E HORIZ ONTAL POINTS ,
BUT AT THE PRESSURE LEVELS LOCA TED BY PRL (LV ), INT ERPOLATION IS DONE
USING THE LOGA R ITHM OF PRESSURE,SIGPIA AS THE VERTIC AL COOPOINATE .
FDERCLA ,LV ) CONTAINS THE VE R T ICAL DER IVA T IV E OF FX IF KIN D I,

SP (LA) IS A FIELD OF LOG OF SURFACE PRESSURE, FOR SIGMAIPRESSURE
CONVERSION. PRLOG IS THE LOG OF THE DESIRED PRESSLRE LEVE L, (IN THE
SAME UNITS AS SP) W1-4ILF SGC 1JN ) CON TAINS THE LOGS CF THE SIGMA LEVELS .
NOTE THAT DIFFERENT SIGMA LEV ELS AR E STORED LB POINTS APA RT IN SIGMA .

NOTE ALSO THAT IF THE FIELD SP IS 0,0, THE ROUTINE CAN BE THOUGHT O~
A S A RE LAT IVE LY GENE RA L PURPOSE INTERP O LA TO R, GIVI N G FIELDS AT THE
COOR DI NAT E PRL~ G , IN TER MS OF FIELDS AT THE COORDI NA TE S SG (~1M),

DIM E PJS IOM FX C LA ,LV) ,FOER(LA ,LV ) ,GZPI (LA ,LV)
D IM E N S I O N  S IGM A (L B , 1-.N),SPCI. A ) , SFC P I ( LA )
DIME NSION SG(NN),F (NN) ,G (NN) ,PRL(LV )

TOLAPS Q .
SENTR :0 ,S

DC 20 T:i,LA

CO 10 N 1 , MN
1 0 FCN ) = SIGMA (I,N)

C ALL ISIG (G,F ,SG ,NN ,T’LAPS,SENTP ,2,0)

DC 20 L :I,LV
PPL (L) • SPCI )

IF(EXT RAP ,GT.O.) XIaPRL(L) .SFC~ I CI )
IF(EXT RAP .GT .O.) FI:GZPI (1,1.)
CALL T (PP2E C FX IL ,OE M IV ,X ,!,G,SG ,NN ,EXT RA P ,GL APS (,FI ,XI)
FX (I,L)zFXIL
IF (NI ND ,E0, 1) FDE R (I,L)aDERIV

20 CONTINU E

RET URN
END
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SUBROUT INE SMOV 2 (QC ,LRC ,OI,LRI,Lp..)

a FILLS CI’MPLLX OC (LRC,LM ) FROM QI (LRI,LM ) BY EXTRA C T IN G
a THE FIRST L~ C COM PLEX ~OPDS FROM EA CH ROW OF QI .
a NOT E • LRC SMO LLC NOT EXCEED LRI.

CO MPLEX QC (LRC,I),CI (LRI,1)

CO 210 M :i,LM
CC 21 0 ~~ j,LRC210 CC (P ,M ):DICN ,M)
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SUBROUTI NE SPAF ? CC FC ,SC ,LR,LM ,ALP ,LAL P )

* CA LCUL ATES CO TM PLEX FOURIER COEFFI CIENTS IN CFC (LM )
* F R O M  S P E C TR A L  C O E F F I C I EN T S  IN SCCLR,LM ).

a CFC W ILL CON TA IN ~AVE S 1) TO CL M.1).
a IF SC IS GLOBA L, RCA I CO NTAINS WAVES 0,1,2,.,CLR— 1 ),
a IF SC IS S YM M E T R I C ,  R OW I CO N TA INS WAVES 0,2,4.,.2a(LR.1).
a IF SC IS A N T T S Y M M ( T R I C ,  RO~ I C O N T A I N S  W A V E S  1,3,5..,2a (LR.1),1 ,
* AL P (LA L P ,LM ) CONT A INS L !GENDPE PO L YN OM IA LS FOR ONE LAT ITUDE.
* ITS ROW S MUST HAVF T~-i F. SA ME STRUCTURE AS THOSE OF SC ,

CO MP LEX CFC(1),5C(LR,1)
DI MENS ION A LP(LA LP ,1 )

C O 30 M :t,LM
FCP:0 ,
PC 1:0,
DO 20 N=1, LR
FCR:FCR4ALP(N ,M )a REA L (SC (N ,?~))
PC I:FC I+ALP (N ,fr ) aA IM £~- C SC (N ,P4) )

20 C ONTI N UE
CFC (H) ;CMPLX CFCR , rc I)

30 CONTINUE

• RE T LRN
END
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SUBROLJ T INE SPAGG2 ICC , ILG1 , !LATH ,CiA ,K~ EM ,r,LR ,LM ,KSM ,
AL P ,EPSI ,LALP , APKS ,~~RW L )

• a PRO~~L~~ES GAUSSIA N GRID FROM SPECTRAL COEFF IN P(LR ,LM).
* ~ p t LO 8A L GGZ(ILC1 ,ILATI- *2), OTW ERW ISE GG (ILGI ,ILATM ).
* LA T ITU DE IS ZER O A T LE FT OF GRID AND POSIT IVE EA ST~~APD.
a LEFT COLU’~N IS CO PIED Ir~TO THE RIGHT COLUMN .

* X~~E’~ 0 a GL O BA L , 1 a P. HEM ONLY , 2 a S HEM ONLY .
a ~~~~ ,I:5YMMCTRX C, 0aGL 3BA L~ —I a4NT !SYMME TR IC
a COA (ILA TH) C ON TA IN S T~ E CO SINES CF THE C 0LA TIT U DE (~ 

TO 5),
a A L P ( L A L P ,L~~) IS A ~~~RK r IEL~ FO~ LEGEND RE PO LYN OM IA L S .
a E FSI IS A FIE L D ‘~ C O - S T A ~~T S T W E  S A M E SIZE AS ALP .
* ~R K S ,*PK L AR E SCM ,LCM ~- ‘R~ A~~~A YS OF CILG.2) WO RDS .
* F A 5 T  FOU R IE R T R A N S F O R P~ RE~~U IRE5 THAT ILG BE A POWER 0! 2.

C?~~~LEX ~ C 2 )
DIU E N S ION GG (ILGI ,1 ),COA(1 )
r~IU ENS I* ~ A L P ( 1 ) , E P S I C I  ),~~R K S C 1 ) , A R X L C 1 )

ILG : ILGI .t
ILGH ILG/2

ILP :1
I~~(( S U .L7 Ø 0)  ILFZ LA L P I2.1

a ~~ •,Oc T~~EP~
, ,EUI~~~M E R E IF EC~. ES T EC CKr ~EM :0 OR 1) .

I F C ~~l-E~~.EG ,2) G~ T O ~~
~ O 30 I s : 1 , I L A T ~-
$ P . LA T : r O A  C I~~)
J R X : I L A T ~~,j — I~Ic C ~

_ EW .E~~,-3) J~~X :J~~X p I L A T M
CA LL A L P 2C A L ~~,L A L F ,L’~,St NL 8T ,E~~Sl)
IF (~~Su .NE .fl) CALL A L P A S 2 C A L~~,L ALP ,L~~,AR XS )
C A L L  S P A F 2 C ~~RK L, P ,L R ,L~~,A L P CIL ) , LA L P)
CAL L FFG~ A 2 (GG(t,J RX ), !LGI ,- ‘R’< L , TLGs ,’~AXF ,ILG, ARK S ,1
GG (ILGI, JRX):G G (t,JRX )

30 C NTI,L.E

* C~ ~~~~~~~~ ~E IS - E R E  IF R E C ’ ~E5 T E D  C~’~~EM :0 ~R 2).

3~ rF~~~~Eu .E~~.1) T~~ç~
‘~0 I~’:t,ILA ’~

SINL AT:.CO4 (1- )
J Px =I—
C A L L  AL . ‘ 2 ( A L” ,L~~L~ ,L’~, 5~~~L4 T ,C~~S I )
I F ( K 5 ~~.~~E .O) C A L L  A L P A S 2 ( a L ~~,LA L P , LW ,~~~<S )
CA LL SP 2 C A ~~~L,~~,L ,LM ,AL P CI L~~) ,LA L~~)
CALL F F~~F.’2(GS(t, JRX ) ,ILG1, p

~
R
~(L ,ILGH ,M AXF ,ILG,~~RkS, 1)

CC (ILG I ,J RX ):G~ CI, J~~X )
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I - 126
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40 CONTINUE
RETUR N
END

I — 127

I

_ _ _ _ _ _  _ _ _ _ _ _  ~~~~~—-



- —.~--, —--~~~~~- — .—-- . - - -
~ ~~~~~~~~ 

• - -  —. 
~~

-.- -.-

SUB ROUTINE SPAPS2 (G,NI,NJ, IP ,JP ,D60,DGRW ,NHEM ,P,LR,LM ,KSM ,
AL P,EPSI,LALP,WR KS,WRKL )

* CALCUL ATES POLAR STEREOGRAP H IC GRID GCN I,NJ) WITH POLE CIP ,JP)
* FROM COMP LEX SPECTRA L COEFP IN P(LR ,LM).
a PS GRID SIZE IS A SSUM ED TO BE 060 METERS .
a PS GPID ORIE N TAT ION HAS ZERO DEGREES LONG . AT (DGRW DEGREES .

a NHEN I = NORTHERN HEM ISPHERE. NMEH 2 = SOUTHERN HEM ISPHERE.
* ALP(LALP,LM) IS A W O R K FIELD FOR LEGEN DRE POLYNOM IA LS.
* EPSI IS A FIELD OF CONSTA N TS THE SAME SIZE A S ALP .
a WR KS IS AN SCM W O RK FIELD OF LA LP WORDS ,

* WRK L IS AN LCM W ORK FIELD OF LU COMP LEX WORDS ,

COMP LEX P(j)
DIMENS ION G (NI,NJ),C~~5I (I) ,

ALP (I )
DIMENSI ON WRKS (1),W RKL (1 )

CRC ON:3.Ihl I’59/180,
MA X F :LM—j
ILP: 1
IF (KSM .LT .O) ILP:~ A~ P~ 2+1

* SET GRIt ) TO LAR GE IN ITIAL VALUE .

GFILL :1 • 1 IE+75
DO 10 J:1,NJ
DC 1 0 I:I,NI

10 G (I,J) GFILL

* LOOP OV ER THE ENTIRE GRID .

00 20 J:I,N.J
JY :J~ JP
YP :JY
D C 20 I:1,NI
!X : I— IP
XP:IX
IF (C(I,J).NE .GFILL ) GO TO 20

a OB TAIN THE LATITUDE OF POINT CI,J ) AND GET THE F0URIER COEFF
a FO R THAT LAY pROP ’ THE SPEC TRA L COEFF IN P,

CA LL LLPXY (DLAT ,DLOK ,XP ,YP ,D60,DGRW ,NHEP1 )
SINL AT:S INCD LAT*D-RCeN )
CALL AL PNM 2 (A L P ,LAL P ,LM ,SIN LA T ,EPSI)
IF (KSP4 ,NE ,0) CALL AL PAS2 (A LP ,LALP ,LM ,WPKS)
CALL SPAF2(WRKL, P ,LR ,LM ,ALP (ILP) ,LALP)

a GET THE CO O R D INA TE S CF EACH OF THE POSSIBLE EIGHT POINTS
a IN THE GRID THAT LIE ON TME GIVE N LAY CIRCLE.

I — 129
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II:IP+IX
J J J P+Jy

• x:XP
• Y :YP

ASSIG N 12 TO NPT
TO 19

12 II IP .IX
X —XP
ASSIGN 13 T O PI PT
GO T O 19

13 JJ:JP.Jy

ASSIGN I~ 
T O ~PT

GO TO 19
14 II :IP+IX

X X P
ASSIGN iS TO NP !
G O TO 19

15 II~~IP+ JY
J J J P p j X
XaYP
Y:XP
A S S IC ,N 16 T~ NP!
GO T O 19

16 II :IP— JY
X=— YP
ASSIGr ~ 17 TO ~PT
GO TO 19

17 JJ J P— IX
Y :—XP
ASSIGN 18 TO NP?
GO TO 1 9

18 II :IP +JY
X
ASSIGN 2fl TO NP !

* MAK E SURE PO INT IS p0TH I~ SICE GRID AN D NOT A LREADY DONE,
* G ET LO NGI TU D E A N D EV A LUATE FOUR IER SERIES AT THAT POIN T ,

1 9 IF (IT ,LT ,1 .CR .II.GT ,N1 GO TO 1~~IF (JJ .L!,1.OR .JJ. GT .NJ) GO TO 1 95
IF (G (II, JJ ).N!.GFILL ) GO TO 1’~S
CALL LLFXY (DLAT ,DLCP. ,X ,Y , D 6 f l ,DG RN ,NHEM )
RLON :DLONaDRCON
CALL C FVA L 2 ( GIJ ,~~R~~L, MA X F, RLON )
G (II,JJ):GIJ

1~~S GO 
T O NPT ,(i2,13 ,14 ,t~~,I6 ,17 ,I8 ,20)

20 CONTINUE
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RETURN
END
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~ C~~
MP

~~~E5 5 F E C I F IC  H L M I C I T Y  *5 rC~~UM* U SI~~G
* DE~ P 0 1 . T  T EM P E RA T U R E YD A N D PR(5SURE P(~~9)
* E ~5 

T~~[ VA P O C P R E S S L ~~E R E L A T E D  TO TC pv
* E ;EXP (A— P/TD )
a F~~R SA ’~~R A T IO~ V A L L E S  T~~~E TEUPER AY L P E RE PLAC E S TD IN M AI N

C ’Mfr~~~/E~~S/A ,~~,E P5t ,Ee52

E : E X P ( A . E / T ~~)

5PCHL M :EPS I *E/ C~~— L P52’E )
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SUBROUTI NE SPLAB (NF ,KI ND,LV ,PR ,NK ,SIG ,LEVS ,ILG, IL AT ,KHE’l,IR ,DEET ,
MTN ,WET ,KDR ,IOt~

T,KCV ,KCIV ,K5 TA RT ,KTOTA L ,I PRG,IPCP,XDATtM)

* THIS SUBROUTIN E REA DS/WRITES THE CONTR OL LABEL FOR THE
* SPECT RAL MODEL PR~~GR AM SEQUENCE ON FILE NP.
* ~IND :1 READS, KIND 2 WRI TES .

* PP (LV ) CONT AINS THE LV IN IT IAL PRESSURE LEVELS.
a SIG (NK ) CONTA INS THE NK MODEL SIGMA LEVELS.
a LE VS jS THE NUMf ~ER OF MOI STURE LEVEL S USED IN THE MODEL,
a (ILG+1,ILAT ) a GA U SS IAN GRID DIMENSIONS CGLOBAL).
* KHEH ~J :GLOBAL , IaN HEM , ZaS HEM ,
a IR ,DEET = MODEL RE SOLU T ION AND TIMESTEP ,
* 

,
~lTN ,W (T,KDR ,KWT ,KCV ,KDIV AR E LOGICA L SW ITCHES FOP MOUN TAINS ,

* PiCIS TURE ,DRA G ,WA TER_ TEM P ,S!A.COVER ,INITI AL DIVERGENCE.
a KSTART, KTO TA L a MODE L START ING AN D ENDING TIMESTEP NUMBERS ,
a IPPG,IPCP = FOR ECAST AND PRECIP SAV E INTER VALS .
a IN ITIAL DATE TIME GRO IIP IS IN IDATIM

DIME NSIO N PR(LV),SIG (NK), I f l AT I M ( 1~4 )
L O G I CA L MT~.,WET ,KDP ,K~~T,KCV ,K 0IV
D AT A HEAD ER ,TDFNT ,NAMF / 4HLAB L , 0, L~HINFO /

REW IND NF

* PEA D THE LA BEL IF K IN D 1,

IFC KINO ,EC~,I ) PEA D(NF ) HEA D ,ID,INF O ,
LV ,(PRCL ),L 1,LV ),NK ,(SIGCN),N:1,NK),LEVS,D(ET ,

2 ILG,ILAT ,KHEP’,IR ,MTN ,WET ,KDR ,KWT,KCV ,KDIV ,
3 KST*RT ,K TOTAL, IPRG , IPCP , IDA TI M
IF (KIND ,E0 .1 ) WR ITE (6 ,631 0) NP

a WR ITE THE LABEL IF

IF ( K I N t ) ,LQ . 2)  WR ITE (NF) HEA DER ,IPENT, NA M E ,
LV ,(PP(L),L I,LV ),PJK ,CSIG (U),N 1 , NK ),LEVS,DEET ,

2 ILG,IL4T ,KHE I~,IR ,P’TN,WET ,KOR ,KWT ,KCV ,KDIV ,
3 KSTART ,KTOTA L ,IPPr .,IPCP ,IDATIM
jF (KIND ,E0.2) WRITE (6,6020) ~1r

* PRINT OUT ALL LA B EL J rJ F OR U A T IO N .

30 ~RITE (6,6030) LV ,PR
NRITE (6,b 032) NK ,SIC
WRITE (6,6040) LEV S ,ILG, ILAT ,K 9Et1 ,IP ,DEET
WRITE(ø ,6045) MTN ,WE T ,KDR ,KW T ,KCV ,KDIV
WPI !EC6 ,6050) KSTA RT ,~‘tOT A L, IPPG ,IPCP
~RITE (6,b060) IDAT IM
RETUR N
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~0io FORMA T (3IHOSPECTPA L LAP E L READ FROM FILL ,I~4)6020 FORMA T(3 IHO SP ECT PA L LAB EL W R ITTEN TO FILE ,14)
6030 FORMAT (22h IN ITIAL PPESSLRES ,IS ,15F6.0)
6032 FCRHA T (22H MODEL SIGMA LEVELS ,I5,IBFb.3)
ooue FOR MAT (Z9H LEVS , ILC, LA T ,KPIEM , IR ,DEET:,SIS ,Fe ,2)
6045 FOPMAT (29H MTN ,WET ,Kc; R ,K~~T ,KCV ,KDIv :,6L5)
6050 FORP ’A T( ZQH KSTART , KTO TLL ,IPRG,I PC P :,~4I5)o0~ n FOR P~AT(22H DATE .TIME GP O IJP ,2X ,613 ,7A4 ,112 )

END
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SUBROUTINE SPL AT2 (A,LI,NC,II, INCR ,GM IN ,GMAX )

* PLOTS UP 10 6 CURVES ON THE SAME GRAPH.
* PLOTS EVERY INCR POINTS FROM 1 TO II IN ACLI ,NC)
a CU RVES I TO 6 USE SYMBOLS A ,B ,C,D,E,F ,
a VALUE O~ LAST CURVE W RITTEN A LONG X .AXIS UNLESS INCR IS NEGAT IVE
* NO GRAPH DRAWN IF IP.CR O OR NC=Q .
a GRAPH LIM ITS GMIN ,GW AX AND MIDDLE VALUE PRINTED AT START ANC END
* IF GHIN=GMAX GRAP H LIM ITS CALCULATED FIRST .
a IF THE RANGE IS STILL ZERO, IT IS RESET TO I.

DIME NSIO N A (LI,NC )
INTEGER N GC1OI ),S(4), IGR (~~)
DATA S/IH ,1l4I ,1H~ ,1Ha/DATA IGR/ IHA ,IHB ,INC,IHO ,IHL, tHE,

• IF (INCR .EQ .0.OR .NC .LD .0) GO TO 99
INC :IABS CINCP )

A M A X:G HAX
IF(A M IN .LT .A M A X )  GO TO 1’~AMIN:4 ( 1, 1)
A M A X :AM IN
CC 12 J:1,P’~C
DC 12 I:I,II,I NC
T:A(I,J)
IF (T,LT .AM IN) A P ’IN T
IP(T,GT .A~1A X) A ’~AX:T

12 CONT INUF
IF(AM IN .F0.A M AX ) A P ’ A X A P’ IN+ I .

1~ 
RAN GE tA HA X~ A MIN
0 4 100:100 • / PA N GE
A X (A~~AX+AM !N )*.S
WR ITE (6,605) IGR (’,C ),RA NG E
W R ITE Cb ,613 ) AM IN ,A X ,A M A X
WR ITE (6,615)

CO 24 I:1,II,INC
DO 15 K:I,I 01

15 NG(K):S(I)
NG (SI ):S(2)
IF (I,10*1fl ,EQ .I) NG(51):S(3)
00 20 Ja1, NC
YI (A (I,J).*MIN)*DAIOO,1 .5
K:INT(Y)
IFCK .GE ,1 .AN D .K .LE .101) NC(I<)str,R (J)

20 C O NT INUE
IF (I NCR ,GT ,0) WR ITE(6 ,820) T ,A ( I , P-.C ) ,~JG
IF (INCR ,LT .0) WR ITE(b,625) P:G
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2~ CO NTINUE

- W RTTEC6 ,615)
- W R ITE Cb ,610) A tJ IN ,A X , AP 4AX

99 RETL RN

605 FC RMA TC SH 1 CURVE ,A1 , T87,7HRAPI GE :,IPE12,S)
610 FO RMA T (tH ,L 6X,1PE12 ,5,TE8,L12.S,TI1 8,E12 .S)
bjS FOR P ’AT (th ,21X ,j0 (10HI__ ~~.~

.
~
.),1HI)

620 FO P PA TCI M ,Ia ,IPE1S,6,2X,I OI A 1 )
25 FORP’AT (lH ,2tX ,Iflt A I )

END

I — 13S
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SUBR O UTI N E S P P I C O N ( S , S H , S P , S H F , D S , D E L , F V C R T , P I , GA M M A ,  TLEV )

* SETS CONSTA N TS FOR THE MULTILEVE L SPECTRA L P~ODEL.

DIMENSION 5(1 ),SH(l),SF(1) ,SHF (1),DS (1),DEL(1)
COMM CN /PA RAMS/ WW ,TW, A , A SQ ,GPAV ,RGAS,RG OCP,RG OA $Q, CPRES
ILEV M = ILEV —1

a ,~W a ~ AR Th R O T A T I O N  RAT !  (1/3(C).
* A = EA R T H  RAD IU S (P4 ) .
a GR*V a GRAVITY ACCELERAT IO N (M/SEC**2),
a RGA S a DRY AIR GAS CON STA N T (JOUL.E/ (KGaDEG)).
* PGOCP a RG AS/(DRY A lP SPFCIFIC HEAT)
a G A M HA  = LA0SE RA T (  FRO M TFI( LOWEST LAYER TO THE SURFAC E

*~-= 7 .292E—5

GAMMA 5,q0E~~03
A:6,37122E06
A SQ a 4*4
G RA V : Q .P 0# ~1a
RG A S 287,04
RGOC P=2 • /7 .
PGOaA SQ:R GA S/A SI)
CPRES ;PGAS /RG OCP

* F V O R T  = V O R T I C I T Y  CF EA R T H  R O T A T I O N ,

P1:3 , 14 15926535 1307
FV0PT:T~ *SUPT (2./3.)

• S = SIGM A AT THE OrD LEV EL S.
a SM SIG MA AT T~( EVEN LEVE LS
* OS = DELTAS IGMA BLT AEF N EVEN LE VELS .

CC 30 IH:i,ILEV”
30 CELC IP ’ ) a S( IH+ 1)  — S C I H )

O E L ( I L E V )  = I. • SCI L EV )

D~ 40 1W = 1 , ILEV H
40 5 H( IM)  a S Q R T ( S C I H ) a S ( I H 4 1 ) )

S P ’ ( I L EV )  a S Q R T ( 5 ( I L E V ) )

C S ( 1 )  a S H( I)
DC 5° Ih:2,ILEVM

SO 05d M ) = SHCIH )~ SHCIH .I)
DS(ILEV) a 1.—SH (ILEVM)

00 60 IM :1,ILEVM
60 SF(IW) = A LOG (SCIH ,1 )/SC IM ))

SF (ILEV) = AL ’G (1 .,~~(ILEV ))

I — 136
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CO 70 IPl:1,ILEVP’
70 SHF (IH) ALOG (S$(IH+3)ISHCIH ))

SHF CILEV) :ALCG(1 .,SHCILEV))
RETUR N
END
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SUBROUTINE SPW 6(ILG,!LAT,KP4(P’,IR ,ILEV ,L(VS,S,
NP 1 ,NF2 ,NFPCP,LC,ETOTS,LTOT, IEPR,NOGR , IPR,

2 P4TEST,IPRG ,IPCP,NPPCP ,IDAT IP4)

a SPEC TRAL IMPLIC IT M ULTILEVEL WET MODEL — VERS ION 8.
* pØR A COMPLETE DESCR IPTION OF THIS PROGRAM , SEE....
a (THE 0,P,R , MULTIL EV EL SPEC TRA L MODEL PROGRAM • VERSI ON 6)
* AND OTHER DOCUM ENT S (AVAILABLE AT D,P•R, MONTRE AL, CANAD A) .

-
• 

a NFl a INPUT PILE ~ OR ALL V aR IABLES AND PHYSICS GRIDS.
* NF2 = OUTPUT PILE F~ R PH1,PHIS,LNSP ,U,V ,tS.

- • a NFPCP = OUTPUT FILE FoR PPEC IO ITA TION .

* I/O A R RAYS AN D PARA M ETERS ,

CIMEN 3I~ N LC d! ),ETOIS(L TOT ,c),IDA T IM C 1 4 )
LOGIC AL PTN , W (T,KDP ,K~

.-T ,KCV ,KDIV
CCMfr0 N /S~ CCM / P’TN, WET ,KDR , KHT ,KCV ,KDIV

* LCM COM PLEX MULTILEVEL AR RAY S

PARAM (TFR $ILV :15, $LE’V:!),~~LV :10 ,$ILT2~ 2, VILG :b4,$ILTH:26, VIRC2O
PARA METER $LA a C3IR+2 )* (51R+1)

• PARA M E T E R SLA M a $LA *JIL V
PA RA M(T(R SLAX $L/~*CSLEV +1 )
PARA METER SILL = SILY + I
PARAM E TE R $LW L a $LA a SI L I
PARA METER $LGG a ¶ILG *SILT
PAPAM E. TER SLGP a ($ILG+2)* ILT
PARAM E T ER $IRL = (2*$!R+1)a$ILV
PARA METER ~CR a $ILCaSILV
PARAMET ER $CS = $ILG aC~~LEV+1 )
PARA METER SCR1 = SILGaS IL 1
PA RA M E T ER SILG3 = SILC + 2

COM PLEX P,C,PEE,P$, PM ,CM ,PEEP I ,r’SM , PT,CT,PEET
COMP LEX U,V ,PHI,T ,SCS,ES,ESM ,EST

* PEEM ($LAw ),PSM ($LA ),PT (SLA W),CT ($LAW), PEET (SLA W ) ,U(.St_ Aw ) ,V ($LA~ ).
* P P 4 I ( 5 L W 1) ,  1 ( $LW 1) ,  $CS ( S L A M )  ,ES C $L AX) ,ESM (SLAX ) ,EST (SLAX )
C0MPLEX TDU?~(1 ),l’I C1),PEEI3AR(1),E$DUM (I)
EQU IVALE N CE tTDUM ,PHI),COI ,V ),C PEEBAR ,SDS),(ESDtJ M ,PEE)

* LCM PHYSICS — 1 LEV EL COMP LEX ARRAYS

COMPLEX PHIS ,PR(SS
CO MP’ON//PHIS C$LA ) ,PRESS (SLA)

* LCM PHYSICS — GAUSSI A N GRIPS AND WORK ROW S.

COM MON,GG PA~~/DRPAg CSLGP ), WTPAK (SLG P ),CYPAK (SLGP), PC PPAK C $LGP),
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A STB PAK ($LGP) 
-

• LC~ ~4 O R K  ARR AYS

CC MMON /A L PCOM /AL PCSLA ),DA L PC SLA) ,EPS I (iLA)
CCM MCN /IA I (SIRL ),PI (SIRL ),CI(%IRL),WRK L (300)

C ON4 M ON/,PRESSG C S ILG ) , ~SnLG ($ILG) ,PSDPG C ¶ILG) ,CUMD UM C !ILG),
*PG (SCR) ,CG ($CR),
*TG ($CPI), UG($CR),VC (SCR),EG($CR),PUTG (SCR),PVTG($CR),TUTG($CR),
*TVTG (%CR),ESG (5CS), EEETG (SCR), SDSG ($CR), AM BD PG($CR),OMEGAG ($CR)
DIMENSI ON SIJ SGC 1 ) , SV SG ( 1) ,ES TGC 1)
EQUIVALENCE (SUSG (1), PG (I)), (SVSGCI),CG (1)), (ESTG(I), A MBDPG (1 ))
DI MENSIO N GLL(1)
EC~U IVA L EN C E (GLL (I), PPE SSGC1 ))

a SC~ ‘WO RK AN D I/i FIELDS .

CO MM C N/GAUSS / N C t IL TI-), W ~ CS C ~ IL T U) , C C A SILT H) ,SI A (SILT H) , R AC (S I UT 14)
COMMO N/SCM I/WRKS ($ILG3 ,R)

a THE FOLLO W IN G A R R A Y S  A RE FOR FUN CTI ON S OF ILEV.
a CURREN TLY SET FOP A M A X I M U M  CF 10 LEVELS.

CO MP LEX P2 ($ILV )
DI MENSIO N STAMS (SI(. 1,IIL I ),STAI S ($IL1, SILI ),STAWS (SIL1,6 ),

a P CPS Ho Cs IL V ) , A Me CA ( S I  L 1) , P E EM N (S IL V) , R K (S IL V ) , TM E A N CS IL 1),
*S(SILV ),SH (SILV),SF ($ILV ), SP-iF (SILV ), DS ($ILV ),CEL ($ILV) , TOTK (S ILV )

* SC M C~~~MCN BLOCKS FOR MODE L PARA M E T E R S

CO HMOP4 /TIMES/ DEET,KO LN T ,KSTAP T ,K TO TAL , IFOIFF
CO MMC N /PARAMS/ WW ,TW ,A ,AS Q ,GF~AV ,RGAS ,RG1CP, RG OAS Q ,CPPE5
CO MM ON /PARAM 2 , BE TA ,AV FR T ,DIVC H ,FP ,FC ,FPEE ,FPS ,FS
CCM MO N /PARA M 3 / DIFLJS D ,CIFUSS,V IFU5S
COMM ON /PA RA M4/ CE EA C H ,PKL

. . . . . . .• .• . . .. . . • .. . • .. .. . . . . ..• . • . . . . e. . • .. ., . , . . . .. . .. ..  . . ..• . ,  . . . .. .
p A T A NPD R ,NPWT ,N PCV, NR PCM /1 ,1 , ~-, 1/

a SECTI ON 1 • CONSTA NTS #~-D DATA PR E PARAT ION .

IF (NTEST. NE .O) CA LL SEC~~ND (S(C2)
WRITE (6,6005)
WRITE(b ,o01U) K S TA RT ,KT CTA L, IFCIFF
aRITE (6,6012) DF (T ,f~ETA ,DIVC W ,FP ,FC ,FPEE,r PS ,FS

~kIT (co,60I2 ) DIFUSC ,rIFUSS ,CEU~~ck ,RKL

* CA LCUL ATE CONST A NTS.

K CUP. T K  ST ART
ILEV P :ILEV+ i
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IL AT Ma ILAT /2
ILGI ILG+ 1
LTBS ILEV—LEVS
ILM:ILG
ILH ILM/2
KSYMZ O
IFC KHEM .P~E.0) KSY P4=1
DT:CEET
IF(IFDIFF .EQ .1) DT :DEET/2 ,
CALL DIMC ALCLR S ,LR A ,LPLJ ,LRV ,L ALP ,LM ,LA,LA W ,IR ,KH!M )
WRITE (b,bC15) LRS ,LR A ,LPU ,LRV ,LAL P,LM ,LA,LA W

C ALL SPMCON (S,SH,SF,SHF ,DS ,OEL ,FVORT ,PI,GAMMA , ILEY)
CALL EPSIL2 (EPSI,LALP ,LM)
CALL GAUSSG (ILA TH ,CC A ,Iw ,SIA ,RAD ,WCCS )
CALL PHSCON (SEACON ,RK ,CE EAC H ,RKL ,BETA ,S,DEL, ILEV )

IF (W(T)CALL W (TCCN(STAWS,RCPSHD,S,SH,5F,DEL,RGOCP ,IL!V .1,LEVS)
CALL STM CAL (STAi45,STA IS,S,SM ,SF ,SNF ,PGOCP,

RGAS ,GPAV ,GA MM A , ILEV , ILEVP ,EXTRAP )

* READ INPUT FIELDS FRO” SEGUEN TIAL FILE NFl .

CA LL IN PTGG (NP1 D NP2,DRPAK ,WTP 4~
(,CVPAK , ILGI , ILA TH ,KMEM ,

KDR ,KWT ,KCV, NPDR ,NPWT, NPCV ,GLL,PM ,WRKS)
ID:KST ART
CA LL INPTSP (NFl ,IC ,P.F2,PHIS ,P5,PHI,P,C,ES ,LA ,LRS,L RA ,

LM ,ILE V ,LE VS ,KHEM ,ILGI, ILA TM ,COA, W ,WOCS ,GLL,PM ,PT ,
2 ALP,DA L P ,EPSI ,LALP ,WRK S , WRKL)

* SET INITIAL DIVERGENCE TO ZERO IF REQUESTED,

IF (.NCT ,KDIV) CALL 5C0F2 (C,LA ,ILEV ,0 )

* COMPUT E I FRC’~ GZ, SET TO T.PRIME, SAVE M(~~NS IN TMEANH ,

C A LL TFGZ CT ,PHI ,PH IS ,LA ,LRS ,LM , ILE V ,SF ,RGAS ,S,GPAV ,GAM MA)
DC 150 L=1,ILEV r ’
N: (L.1 )aLA+ 1
TTME &NCL ):REA U (T(N)),SQRT (2.)

15° T (N):(0 ,,0.)
CALL TM CAL (TM EA N ,A M R DA ,S,SH ,SP,PGCCP ,STAM S, ILEV ,ILEV P)
CALL PRLMA T (RGAS ,RGCCP ,S,SH ,SF ,SHF ,AM BDA, TM EAN ,GRAV ,GAM MA , ILEY)

* SET PS TO PS— PR IME , SA V E M EAN IN PSMN ,

PSPI N :P5 (1)
P5(1 ):(o,,0,)
PSMP.R2zPSMI~J/S QPT (2.)

* C~~MPUTE ME AN S CF PEE PROM GZ. STORE IN PEEMP. .
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CC 160 L t,lt.EV
N: CL— 1) *LA + 1

180 PLEMN (L) REAL (P~-I (N )) + RGA S *TME4 i~(L)a P5MN

* SECTION 2 • BEGIN TIME STEP . CALCUL A TE (U,V) FROM (P ,C),

200 IF(NTEST .ED ,0) G~ TO 210
SEC 1=SEC2
CALL SECONC( SEC2 )
TIM( :SEC2.5EC1
HR aX CUNT *flE(1/3~~.) 0
~RITE (b,602O) KCIJN T V HR ,TIV E

21 0 CO 220 L :1,ILEV
NUV :(L .j)*LAM+1
NPC (L.1)*LA +1
CA LL QO AW2 CU (NUV), V (NLV ), P( PC),C (NPC),(PSI ,~~R~~5(j, I ),~~RKS (1,2),

1 L PU, L R V 1 L PA , L P S,LA L~~, L , ~ 
‘-I F M , I R)

220 CON TIN UE

* A C~ E A R T H  R O T A T I O N  TO V O R T IC ITY . SET TE N DE ICI E S TO ZER O .

DC 230 L :l,ILEV
Na C L — I )  *LA+ 2 .K$YH
P2(L):P(N)

230 P (~J ) a p ( N ) $ C H P L X ( F V O R T ,O .)

CC 240 L :1,ILEV
240 TCTK (L):0.

CA LL SFTZT (PT,CT ,PEE T ,SDS ,TDUfr ,EST, E5DU M ,PRESS ,
I t A ,LPS,LPA ,L t’ ,ILE V ,LEVS )

* SECTIO N 3 • LA I ITL PE LOO P .
a THE NORT H ERN HE~1ISP I ERE IS D~~~E FIRST , FOLLO WED BY T HE
a SOUTHERN MEP~!SPP4EPE . EITHER CAN BE OM IT TE D IF NO T NEEDED.
* NM :t FOR NORTHERN HEM ISPHERE, NN:2 FOP SOUTHERN HEM ISPHERE .

N UPS: 0
P. SUP S :0

DC 720 NH I,2
— IF(NH .!0,t ,AND . E M ,1~~.2) GO 10 720

IF (Np4 .EQ .2,AND ,KW EM ,Er,,t) GO TO 720

* LATI TUD E LOOP I~ ON~ HE~IISP~-4(P!.
* IHEM COUNTS pPCM THE POLE I) THE EQUAT OR .
* IHGG P.OEXES THE RO~~$ P. THE GAU $ SIA P. GR InS STORE D IN CO RE ,

~O 7fl0 IMEM :IIIL A TH
IMGG :IHEM

I • 141

_ _ _ _  _ _  ~~- .  --~~~~~~~~~~~ . ---~~~~-.----~~~ ~~~~-~~~ -— ---~~~~~~~~~~~~~



— — — -~ —- r~~~.r _  - ~~~~
—T- 

~~~~~~~ - _ - ~~ -S - - - - ~~~~~~~ ~~~~~- -  

~~~~
-

IF (N H .EQ. 1.AND.VPIEM .EG ,1) IHGG=CI LAT P4+ 1—IHEM)
IF(P.H.EQ , 1 .A ND, (p1 .Er..o) IHGG (ILATH+I IHEH)+IL*TH
SlA t : SIA (IHEP4 )
COAI :— CCA CIHEM )
IF (NH .EQ.&) COA I :COA(IMEM )

a C C’~PUTE ALP ,DALP AND REOR DER ROWS IF GRIDS A PE HEMISPHERIC.

CA LL ALPN ’~2 (ALP ,LAL P ,LM ,C ’OAI ,EPST)
CALL AL POR 2C DA L P ,ALP ,LA L P,LM ,EPSI)
IF( KM EM ,NE ,0) CAL L ALPAS2 ( AL P ,LALP ,LM ,WRKS )
IF (xMEM .NE .o) CAL L ALP AS2 (DALP ,LALP ,L?1 ,I~ER KS)

* COMPUTE GRID POINT VA L U E S  FRCH SPECTRAL COEFF .

CALL MI.
~EX P W(PG,CG ,TG,ESG, UG ,VG ,PSOLG ,PSDPG,PRESSG ,ILH , ILH ,

1 ~‘,C , T,ES ,U ,V ,PS,L.A ,LA~~,LRS ,LPA ,LRU ,LRV ,LM , ILEV ,LEVS ,
2 tLC ,,KI-CM , ALP ,OAL P ,L AL P ,WRK 5)
CC ~120 IKa l,ILG

42° PRESSG (IK):EXP (PRESSG

* CAL C U LAT E DYNA M IC PA RTS CF RI- S.

CA LL STB ADJ (A’IPCPG , TG , A N BCA , ST A P~S ,STAI S ,
I ILM ,ILEV ,ILE VP ,ILG ,WI JPS ,WET ,EXTPA P )

CALL V RTICW( PUTG ,rVTG,TLITG, TVTD,!Q,SCSG,OELT (- ,O~’(GAG,
1 PG ,CQ, TC ,LG ,V Q,PSDLQ, PSDPG,!LM ,!LG,ILEV ,LEV$,
2 AMBOPG , A P’PC A , TME AN, 5, 5H,SF , 5HE ,05, PF.L,SI A t , RET A ,
3 SU5G ,SVSG,CSG ,ESTG ,LTPS, RCPSHD ,AVE PT )
CALL E KLA T (TO TK ,EG, PRFSSG , ILG , ILEV ,’~OCS (IHEP4 ),KHEPI )

* WET CONV EC T IVE A D J UST ME NT AN~. CALCULA TI ON OF PREC I P.

IJ :(IMGG— 1 ) aI(~~~,%
IF (.NCT .WET ) GO TO 30~
CA LL PCPADJ(PCPPAK(IJ) ,SIR PAK (I.J ), IL QI, (SG,TG, OP ’ECA G , PPrSSG , ILM ,

* TMEA N ,SH ,STAW S ,ILEV ,LEVS,LTPS ,NUPS,NSLP3,KOU ’~1T ,CfL )PCPP AK C IJ+ ILG1) :PCPFA P. C IJ)
STB PAK (IJ+ILG1 ):STBFA ~~~IJ)

a PHY SICAL EFFECTS IF REI’I I~E5TEC ,

300 IF(KDR ) CALL SFCRAG (PLTG ,PVTG ,LG ,VG, TG, TM EA N ,DR RAk(!J), tL~~,ILEV ,
aILG,G RAV , A ,PGA S ,DS,$I AI)
IF (KWT .AND ,KCV ) CALL SF~~FLX (TG ,ESC ,UG ,VG ,10EAP ..,IL M , ILG , ILEV ,

aLE VS 1 ~
T , SIA !, SEAC ON , RGOCP , SM , W T PAK ( IJ) V PA P. ( IJ~ )

CALL VEM FL X(PtITG,PVTG ,L Q,VC .,RK,DS ,ILM , ILEV ,ILG )

a CO N V ERT GRID PO INT VA L U E S PACK TO SPECTRAL COEFF .
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CALL MHANL W (PT,CT ,PEET ,SDS,TDUM ,EST,ESDUM ,PRESS ,LA ,
I PUTG,PV TG, TUTG ,TVTG ,PEETG ,SCSG,EG ,TG,SUSG,SVSG,
2 ESTG ,ESG,PPESSG,ILPI ,1LP4 ,LRS.L RA ,LM ,
3 ALP ,DALP ,LALP ,WRK S, W (IHEM),WOCS(IHEM ),ILG ,KHE M ,ILEV ,LEVS)

a ADD DELSQ (KE ) TO DIVERG ENCE TENDENCY.

C ALL DELEK (CT ,LA ,LPS ,LM ,EG, IL P4, ILEV ,ALP ,DAL P,LALP ,K I-IEM ,
I IR ,ILG, WOCS(IHE PI),WRKS )

700 CONTINUE
720 CONTINUE

* SECTION 4 • END OF LATITUDE LOOP .

a RESTORE RELATIVE VO PT IC ITY . WR ITE OUT UNSTABLE POINTS .

DC 740 L :1,ILEV

740 P(N):P2(L)
IF (NTEST ,NE ,o) ~RtT E (6,6040) NIJPS, Pd SLJP$

* RESTORE CON VECT IV EL Y CO RRECTED T,ES FROM TDLM ,ESDU M .

CALL $ETLCT ,TDU M ,LA ,ILEVP )
IF (WET) CALL SETL (ES, ESOU M ,LA ,LEVS)

* CALCULA TE NEW ~EE FROM THE NEW TE~’PEPATURES .

C ALL BPPTCPEE ,7,PS ,F MI S ,LA ,LRS ,LM , ILE V ,TMEAN ,RG A S,SF)

* IF FWD STEP, SET PREV IOUS VALUES TO CURRENT VALU E S,

IF(IFDIFF .EQ .1) CALL SETOLD
1 CPM ,CM ,PEEM ,ESM ,PSM ,P,C,PEE,LS ,PS ,LA ,ILE V ,LEVS )

* ADD LINEA R TERMS TO CT, PEET.

C ALL LNEP (CT,PEET ,SDS ,CM ,PEE P ,LA ,LPS,LM , ILEV ,CT ,PGAS ,SP )

* SECTIO N 5 — OUTPUT 3 FC T I O N .

a CALCUL ATE ENERGY CIAGNOS T ICS IF R~~Q1I~ STED ,

800 IF (P.OGR,GT .0,CR ,IEPR ,GT ,0,OP ,DIVCM ,GT ,O ,) CALL ENOL’T
1 (p ,C,T,U,P$,PHIS,PPES$,TMEAN,TMPAN ,S F,PS,
2 TCT K ,IR ,ILE V ,KHEM ,ETOTS ,LTC T ,N CGR ,IEP R ,D IV CM)

* PRINT COEFF A~~0/OR MA PS EVERY IPR STEPS IF REQUESTED,

CALL POUT (P ,C ,T,PHI,PRESS ,PHIS,ES ,LA ,LR~ ,L RA ,LM , ILE V .LE VS ,
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I PEE,PS,PEE HN,PSMN ,TPiEAN ,THEAN ,RGAS,IPR,LC,K$YM ,
2 GLL ,ILGI,ILA T H,CCA ,KHEM,ALP,EPSI,LALP,WRxS,WRKL )

* SAVE FORECAST ~N FILE NF2 IF REQUESTED.

CALL SAVPRG (NF2,PHI,U ,V ,ES,PHIS,PS,PEE,TMEAN ,PEE MN,PSMP.,
1 RGAS ,LA ,LAW ,LRS,LRA,LRU ,LRV, LPI , ILEV,LEVS, KSYM ,
2 KSTAR T, KTOTA L ,KOU NT. IPRG ,GLL ,GLL,
3 ILGI, IL AT H ,COA ,KHE M ,ALP ,CPSI,LALP ,WRK$ ,WRKL )

* SAV E PRECIP ON FILE NFPCP EVERY IPCP STEPS IF REQUESTED.

C ALL SAV PCP (PCPPAx ,STPP Ax ,ILGl,XLATN , P~HEM ,WPPCM ,
I KCU NT ,N STA RT , IPCP ,NFPCP ,NPPCP ,GLL,WRxS)

* SECTION 6 • PERFORM ONE IM PLICIT TIMESTEP .

IF (KOUNT .GE .NTO TAL ) RETURN
IF (K OUNT ,LE ,KSTA PT+1 ) CALL ABC ZI (DT, A, ILEV , ZR)
CALL RHSSI(PEEBAR ,PLET ,SDS,LA ,LRS ,LM ,ILEV ,SF ,DT )

* GET NEW P5,P,C,PEE, COMPUTE NEW T,

CALL NEWPS(P5,PSM ,PEET ,PEEBA P ,LA ,LRS ,LM , ILEV ,A P4BDA, SF ,AV ERT ,
1 RG 4S,r’T,FPS,IPDIFF)
C ALL NEMP (P ,PH ,PT ,LA ,LRA ,LM , ILE V ,DT,FP , IFDIFF )
CALL NEWC (C ,CM ,CT,PEEPAR ,LA ,LRS ,LM ,ILEV ,ASQ ,

1 OI FUSC,DT ,FC,IFCIFF ,KHEM)
CALL NEWBP(PEE ,PEE P4,PEEB A P,LA ,LRS ,LM ,ILE V ,FPEE,IFOIFF )
IF (WET) CAL L NEWESCE S ,ES P4 ,EST ,LA ,LRS,L M ,LEVS,ASQ ,

I DIFUSS,D T ,rS ,IFDIFF,KMEM )
CALL TFBP (T ,PEE ,PS,PHIS ,LA ,LPS ,LM ,ILE V ,TME AN ,RGA S ,SF ,(XTR AP)
DT:OEET
IFDIFF:O
KOUP-~T:KOUNT+t
GO TO 200

ÔO05 FORHA T (1HI//32H P,E, SPECTRAL MODEL • VERSION 6)
6010 FORHAT (7H0 SPIMW ,15IS )
6015 FCPMAT( 33HOLRS ,LRA ,LPU ,L RV ,LALP ,LM ,LA ,LA M :,8I5) —

60)2 FCRMAT( 7P4 0 SDIMW ,1P10E12,3)
6020 FORMA T (12HOEND OF STEP ,I5,6H UP:,F8,2,6H TIIIE,F8 ,2)
6040 FORM AT (I ‘,ÜSX ,’NU P$ a ‘~~ 5,’ NSUPS = ‘,I5)

END
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SUBROUTINE STBADJ (A tBD PG, TG ,APIBDA ,STAMS ,STAIS, ILM ,ILEV,ILEVP ,
ILONG, NUPS,WET ,EXTRAP )

* THIS SUBROUT INE IS TO BE CALLED BEFORE VERTIG IN THE
* DRY MULT ILEVEL SPECTRAL MODEL.
* COM PUTE PRIMED STATIC STABILITIES IN AMBOPG AWl )
a CORRECT THE VERT ICAL TEMPERATURE PROFILES IN IG
* FOR ILONG POINTS AB OUT ONf GAUSS IAN LATITUDE CIRCLE.

DI MENSION AMBDPGC ILM ,1 ),TG (ILM ,1)
DI MENS ION STA M SCX LEV P , 1),STAIS(ILEVP , 1)
DI MENSION AMBDA( I)

LOGICAL WET

ILEV M: ILEV—1

C C 300 JR a I, ILEV
IH1 =
IH2 = JH + I
CO 300 I K I ,ILONG

* CALCULATI ON OF PRIME STATIC STABILIT Y

£MBCPQCIP (,JH):o.f)
CC 300 IH:INI,IM2
AMRCPG ( IK ,JM) AMRD PG dI P. ,JH)+STAMS (IH,JH)*TG (1K , IN)

300 CONTINUE

IF (WET) RETURN

* DRY CONV ECTIVE ADJ USTNENT

CO ~oo IK :1,ILOt-~G

00 30 JH = 1, ILEV
a CALCULATI ON OF TOTAL STATIC STAB ILITY lA M BDA
TA MBDA = AMBOPG(IK ,JH ) p AMBDA (JH)
IF (TAMBDA .GE .0.) GO TO 30

* DAMB DA IS THE STA B ILITY CORREC T ION ADDED TO AMBO PG
DAMBDA :.TAMR DA*1 .0001
f)AM PDA SDAMADA f 10.
AMBC PG (IK ,JH )~ AMBDPG (IK ,JH )+DAMP. DA
* CA LCULATIO N OF THE ADJUSTED TEM PERATURES
00 20 IHaI,ILEV

20 TG(IK ,IH):TGCIK , IP4)+DAMRDA *STA IS(JH ,IH)
TG (Ix ,ILE VP):TG (IK ,ILEV )*EXTPAP
N UP S a N UPS + I
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30 CONT INUE

600 CONTINUE

PETLRN
END
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SUBROUTI NE STMCAL (STAHA T ,STAINV ,3,$M,SF,SHF,RGCCP ,RC AS ,GR A V ,
G AMMA, ILEV ,ILEVP,EXIR AP)

a CALCULATE THE DRY CONVECTIVE ADJUSTMENT MA TR IX “S TA MA TTM AND
* ITS INVERSE “SIAI NV” . TO INSURE CONS ERVATIVE ENERGY
* REDISTRIBUTION, THE RIGHT HAN D COLUMN (STAMAT (I,ILEV+1)) IS
* FILLED WITH AN IN TEG RATING VECTOR WHICH DEFINES THE ILEV+1
* ELEMENT OF AMBC A AS A CONSTANT WHICH DEPENDS ONLY UPON THE
* TOTAL POTENT IA L ENERGY IN THE VERTICAL

DIMENSION S (l),SH(1),SF C1),DEL (1)
DIMEN SION STAMA T C IL EV R , 1 ),STAINV( ILEVP , 1),SHF (1)
ILE VM ILEV— 1

EXI RA PaC I ./S(IL (V) )** (RGA $aGANP 4A/G RAV )
CP PGAS /RGCCP
DC *0 J = 1, ILEVP
DC 10 I a 1, ILEVP

10 STA MAT C I ,J ) 0,

DO 1 I :1,ILEVM
STA MA T (I, I): (PGOCP*O .5+ 1./SF (I) )/SH(I)

I ST A PAICI.1 ,I) :(RGCCPaO ,5—1, /SP(I) )/SH(I)
ST AM AT C ILE V 1 ILE V): (RQCCP—RG4 SaQAP1 I~A /GRA V)
DC 2 I a 2, ILEVM

2 STAMAT (I, ILE.VP):S (Is1)—S(I.1)
STAH A IC ! , I (.EVF’):S (2)—S (1)

• STA MA T (ILEV , ILEVP ):1..SCILE VM )
ST AP’AT CI L EVP , ILE VP):1 .—S (ILEV)
C O 3 I:1,ILEVP

3 STAP’AT(I,ILEVP) n .SIS TA M A T CI , ILCVP )aCP
CA LL UTXIN V(S TA INV ,STA M A T ,ILE VP)

RE IL RN
END
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SUBROUTI NE STPÔ (NE1 ,NF12,NF2 ,PR ,LV ,SIG,NK ,GZ,T,U,V,ES ,LEVS,LGG,
ILG ,P.LAT,NSTEPS, PIAPS,MPSP,f1PGZ,MPT,PIPW,MPWSP,NPES,

2 I W , J P., L L ,M H ,N PS P, N PG 1 ,N PT, NP W 1 N P

* CONVE RTS NP. LEVELS OF FORECAST GAUSSIA N GRIDS TO L~ PRESSLRE LEV

* INPUT UNIT S GZ,GZS CM/SEC)**2, LNSP:CMB ).
* T:(DEG P.), U,V ( M/SEC )/CEARTH RADIUS)

a GZ IS A WORK FIELD FOR Nx+1 ORb FIELDS CF FORECAST PHI (SIGP’A )
* AN D LV GRID FIELDS OF FORECAST PMICPRES).
a T IS FOR LV LEVELS ~F TEM PERAT URE .
* LJ ,V ARE FOR W INOS , THEY CAN BE EQU IVA LENCE F ) TO GZ AND T,
* PR CONTAINS THE PRESSURE LEVELS IN M ILL IBARS .
* $10 CONTA INS THE SIC HA LEVELS .

* MPSp,MPGZ ,MpT,MPW ,MPI~5P,WPES A RE MAP CONTROLS FOP
a P’S~ PR ,GZ,TE~~P,(L,V), W It~D S~ EEO, DEW PO INT DEPRESSION,
* IF MAPS O CONTRO L CAPr )S WERE NOT REA D. NC MAP S ARE PRODUCED.

CIME NSIO~ GZ (LGG, 1),T (LGG , 1),IJ (LCG, 1),V (LGG,I),ES (LGG ,1)
CI MENSI~~N PR(LV ),SIGC~~K)
DIMENSI ON MPGZ ( t),MPT (l),~~PW(L ),MP W SPC 1) ,MPES (I)

a SCM W ORK FIELDS ,

PAR AM E TER sILV :1~~,~~Lr V :n,$LV :10 ,;ILT :52,$ILG:64,SILTHI2b ,$IR :20
PARA METER 31L01 $ ILV+I
PAR AM E TE R $LA .~:1ILT*CTIL G+ I)

DI MEN SION ~~~ CSLV ),F (ILPI ),G (!ILPI),SG(SILP1),SGE ($ILPI)
DI MENS ION WRKS (130)

a LC’~ 
WORK rIELcs ,

CO MHON/ LCM I /PSC5LA W),~~GGt1LAW), GGP($LAW ),WRKL (I30)

L IGICAL OP.

* SET CONSTA N TS.

RGCCP :2./7.
PG AS 3287
GRA y a q ,80616
ERA C o,371F+b
ILGI ILG,I
P.SGL NK+1

* SET SO TO LCr,(SIGMA) AN D PR T~ LIGCPRESSURL ).
* SGE IS LCGC S IGMA ) OP. THE EVEN LEVELS.
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DO 15 N:i,NK
iS SGCN):ALOG (SIG(N))

SG (NSGL) O.
00 t o N:1,NI(

lb SGE (N)s.5*CSG (N).5G (N+1))
DC 17 Lz1,LV

17 PRL (L)ZALOG (PR(L))

a REA D IN ITIAL LN(SF.PRES .) FROM N Fl ,

= 0
RE WIN D NFl
CALL RSGGP (PGG ,ILGI ,NLA I,NF1,IC ,4P4LNSP, 1,OK ,GG P,WRKS )
IF (.NOT .OK ) RETURN

* READ IN IT IAL PRESSURE LEVELS OF G2 FRO M P4F 12. PUT INTO V .

REaIND NFI2
10 :0
DC 251 L I,LV
CALL RSGGP ( V (1,L),ILGI, NLAT ,NFI2, ID ,4H GZ ,L,O Ic ,GGP ,WRK~~)
IF (.MOT .CX) RETUR N

251 CONTINUE

* READ MOUNT AINS AN D FORECAST OF LNSP ,~~MI FROM FILE NFl .

305 ID=NSTEPS
RE W IND NFl
CALL RSGGP(GZ (1,N SGL~~,I~ GI,NLA T ,NF1 , fl,4H GZS ,1 ,OX,GGP ,’~~KS)
CALL RSGGP (PS ,ILGI, P.LA T,NF1, ID, 4HLNSP , I,OK ,00P ,WRKS)
DO 3 10 Naj ,NK
CALL RSGGP(GZ (1,P-4 ),ILGI ,ML AT ,P4F1,ID ,4H GZ,l-J ,CK ,GGP ,P.P~(S)
IFC .NCT .OK) GO TO 505

3 10 CO NTINUE

* INTERPOLAT E FROM SIGM A LE ’dELS IN SG TØ PRESSURE LEVELS IN PI~.
* TH E CA LCU LAT IONS A R E DCU E I~ 

P LAC E FOR GZ ’  TEM PERAT U RE S A RE IN I
* IN ITIAL PRESSURE LEVE L S OF G~ ARE IN V.

GLA PSE = 6.SP.3/GR*V
EX T R A p I .0
KINC :1
C ALL SGTPRE (GZ ,T ,GZ,PS ,LGG,LGG, PRL,LV ,SG,F ,G,NSGL ,GLA PSE ,EXTRAP ,

K!ND ,V ,PGG)

* MA P GZ IF REQUESTED AND SAV E OW NF2 WITH PA CK ING DENSITY NPGZ.

DO ~1I 0 L 1,LV
IFCM AP S .NE.0) CALL FCONP.2

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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CALL WSGGPCGZ (1 ,L),ILGI ,NLAT,NF2,ID, i4H GZ,L,NPGZ,00P,WRKS )
410 CONT INUE

a T A CTUALLY CONTAINS •RGAS*I . CONVERT 16 DEC K ,
a MAP T IF REQUESTED AND SAVE ON NF2 W ITH PACK ING DENSITY NPT ,

CO 420 L:1,LV
DO 415 I:1,LGG

415 T (I,L)=T (I,L)* (—1 ,/RGAS )
IFC I~APS .NE .0) CALL FCONW2

CT(1,L ),5,,1.,ILGI,NLAT, IW ,JW .L.L,MH ,MPTCL))
C ALL WSGG PC T (1,L),ILGI,NLAT ,NF2,1D,4H T,L,NPT ,GGP ,WRK S )

420 CONTINUE

* COMPUTE MSL PRESSLRE (USING THE FOLLOW ING ASSUMPTIONS),,.
* A) .oa (DRY LAP SE RATE ) FR Ol LOWEST TEM PERAT URE TO 1000 ME ,
* e) MSL TEMP ERATU RE ECUAL S 1000MP TEM PERATURE .
* MAP IF REQUESTED ANt’ SAVE O~J NF2 W ITH PACKING DENSITY M PSP ,

CC 440 I:1,LGG
T1 000:TCZ,LV)* (l000./PR (LV))**C.6*RGOCP )
GZI 000;GZ (I,L V ). .5*RG AS. CT I 000+T (I,L V) ) *ALOG( 1000./PR (LV) )
GGP (I):100O ,*EX PCG Z100 0/ (PG~1S*Tt00fl))

440 CONTINUE
IF (HAPS ,NE .O) CALL FC~ NW2

(GG P,5..1,,ILG1, NLA T ,!I1l ,JW ,LL, MM ,MPSP)
C ALL WS GG PC GOP ,ILG1, N LA T ,NF2,ID,4HSFPR , t,NPSP ,GGP ,WRK S )

* RE A D FOREC A ST GR ICS OF U,V FROM FILE NFl,

505 IDaNSTEPS
CO 510 N:1,NK
CALL RSGGP ( U(1,N ),ILGI ,NLA T ,NFI,ID ,4H U,N ,CK ,GGP ,WRKS )
IF (.NOI ,OPc ) GO T~ oCS
CALL RSG GPC V(1,N),ILGI,NLA T ,NF1,ID ,4H V,N,OK ,GGP,P.RKS)
IF (.NOT .OK) GO TO 605

510 CONTIN UE

* INT ERPO LATE FROM SIGMA LEVELS IN $0 TO PRESSURE LEVELS IN PR ,

GL APS EXO .
EXTRAP aO,
KINDaD
CALL SGTPRE (U ,DUMMY ,U,PS,LGG ,LGG ,PRL,I.V ,SG ,F,G,N K ,GLA PSE,E XTPAP ,

KIND ,DLMHY, DU MMY)
CALL SGTPRE (V ,DUMI~Y ,V ,PS,LGG,LC .G,PRL,LV ,SG,F,G,NK ,GLAPSE,EXTP*P ,

KINO ,CLMMY ,DUHNY )

a MA P U,V IF REQUESTED AND SAV E ON NF2 WITH PACKING CENS ITY ~MPW ,

DC 520 L’l,LV
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IF (~~APS .NE .0) CA LL FC~’N~~2
1 (U(1,L),10 ,,ERA C ,ILG1 , NLAT ,I~~,J P.,LL,~

4M ,M PWCL ))
CALL ..SGG P( U (l,L), ILCI ,NLAT ,’JF2,ID, 4N L,L,NP~ ,00P ,WRKS )
IF (MA PS ,P.E.0) CALL FCCN..~2

1 (V (1,L),1 fl .,ERAC ,ILGI, NLAT ,IW ,J~~,LL,~~u ,MP~~(L))
CA LL 1’SGGP ( V (1 ,L ),ILG1, NLAT, NF2,ID ,4H ~~~~~~~ ,GGP ,WR KS )

520 CONT INL E

* W IN D SPEED IS MA PP E D I~ REDUESTED.

C O 530 L :1,LV
IF (MP~~SP (L) .EQ ,0) GO TO 530
D O 526 I I,LGG

526 GGP (I ):SGRT (UCT,L)a*?.V (I,L)aa2 )
I F C MAO S .P.E.0) CA LL FC O N - ~2

1 (GGP ,10 .,ER A C ,ILGI , P.LA T,IW ,Jv~,LL, MM ,~IPWSP (L))
53() C ON T T P~LC

a R EA D FO R ECAST GR ICS OF ES FRO ~
1 F IL E N Fl .

oOS IC :P.STEPS
IF (LEvS .EG ,0) RE TURN
C O 610 P. l,LEV S

~:(~~I(~~LEVS ) + K
C A LL RSGGP ( U(~ ,N) , ILD’I ,NL A T ,r; F 1, ID ,~4Pi ES ,N ,O,~,GG P ,WR~~S)
IF (.NOT .OK ) RETU RN

61 0 CONT INU E

* FILL r~’ 
M ISSI~~ LE~’ELS OF ES.

LDLJMINK .LEVS
IF (LCUM ,EQ .0) GO ID
CO 6IS P. :1,LDUM
r-~ t15 I 1,LGG

615 ES (I,~~)aES (I,LC LM, I )

* I~~7ERPOL ATE FR5 ’~ 5IG~~A LE VEL S IN SO! TO ~~E5SURF LEV EL S I’-

61 8 GLAPSE :0 .
EX TR AP:0.
K INC
C A LL SGTPRE (ES ,r~~

M
~~

’V ,rS ,PS ,LGG ,LGG ,PRL ,LV ,SGE,F ,C.,NK ,GLA PSE
I EXTRAP ,W t Nt ’,DUMMY ,OUUUY)

~ M~~P ES IF R (CLrSTE (~ A~-D SA VE ON NF2 W ITh PAC K IN G DE’~SIT Y WR E S ,

CO e2 0 L I,LV
IF c~~A PS ,\E .O) C ALL F C N ~~2

I (E$ (1,L),5.0, 1.O, IL GI ,N LAT ,I~~,J~~,LL ,’~~,MP E SCL) )
C A LL ~SGGP (ES (I .L) , ILGI ,NL AT ,~~F? ,IC ,’~ ES ,L,N~~E5 ,GGP ,aRK S )
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~ 620 CONTINUE
RETLRN
END
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SUBROUTINE TERP1 (X ,FX ,F,C,Y,ACC,NN)
DIMENSIO N F (NN),G (P.N),Y (NN)

4

* GIV EN THE VALUES OF A ‘4ONOTONIC FUNCTION F AN D THE VALUES OF ITS
* DER IVATIVE C AT N?-. POINTS YCI ) TO Y (NN), THIS ROUTINE FINCS X
* POINT AT WH ICH F AS SUMES THE SPECIFIED VALLE FX .

* N T E  AT INPUT A FIR ST GUESS SHOULD BE PROVID ED FOP X ,
a N OTE ~‘E ASSU ME FX LE F (1)

IF (FX ,LE ,F (NN)) GO T~ liD

IF (FX ,GT .F (1) ) WRITE (6,b0Q )

a INTERPOLA TION

DC 10 Naj,NN
IF (FX .GT .FCN ) ) GO TO 2i

i~ C~~NT INUE

2° Fj:F(N .1)
FQ F (N)
GI2G (N—1 )
00 :0(N)
Y1:Y(~~_ l )
l a y  ( N )
CY :Y1~~Y0A a , F 1 /0y
P:.F 0/D Y
C:(C-0+G1)/DY**2 — 2.a(F1.F0)~ DYaa 3
CC:(vlaGO+YOaGI .(A ,B)* (v1.Y0))/Dv**2

a N E W T O N  F O RM u LA IT E PAT I~ ’. 
~~~~

30 PaX— Y D
Q:X.Y~
RZCaX—C c ,
EP:AaP+BaQ+P*G*R— FX
IF (ARS (ER).LT .A CC) RE TUR N
OER:A+B ,PaR,Q*R+C*PaD
X a X —ER/DER
GO TO 30

40 IF (FX .EQ .F(NN)) GO TO 
~
O

a EXTRA PO LAT ION

FlgF(NN— 1)
FOaF CNN )
01:0 CN N— I )

- GO :G (NN)
Y l aY  ( N N— 1 )
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Y0:Y (NN)
ROOT G0**2 • 2.*(Gfl.Gt )*CFQ~ FX)/CY0 .Yt)

a IF ROOT GE 0 USE CUADRAT IC EXTRA POLATI ON
* IF ROOT LT 0 USE LINE AR FORM ULA

IF (ROOT.GE .0.) GO TO 50
X:Y0.(Fx.FO)/G0
RE IL RN

50 RCOT SQRTCROO T)
X :Y0—(Y0~ Vt )* (GO+ROIT)/(G0.C1)
RETURN

ô O X : Y ( N N )
RETURN

600 FO RHA TC1 2HI TERP I ERR OR )
END
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SUBROUT INE TERP2 (FX,GX ,X,F,G,Y,NN,RLAPSE )
DIMENSION F (NN),G (N P.),Y(NN)

* GIVEN A FUNCTION F AN D ITS FIRST DERIVATIV E C A T A SET OF NN
* UNEVENLY SPACED POINTS Y, THIS ROUTINE CALCULATES FX ANC CX ,
a THE VALUES OF F AND C A T THE SPECIFIED POINT K ,

* RLAPSE IS A LAPSE RA T E USED FOP EXT RAPO LA T IN G .

* EXTRAPOLATION

IF (X.GT.Y (1)) GO TO 10
GX G(L )
Fx:F(1 )+(x .y (1))*GCI)
RETLRPJ

10 IF CX .LT .Y(NN)) GO TO 20
GX:G (tJN)+ (X.Y (NP.) )aRLAP SE

• FX:F (NN)s ,5*(X— YCNN ))a(GX+G (NPJ ))
RETU RN

* INT ERPO LATI ON

20 DO 30 P-:2,N J
IF (X,LT.YCU) ) GO TO I J O

30 CONT INUE

Sb FAa F (N— j )
FB:F (p~)
GA aG (N.I)
GP :G (N)
A :y (N—I)
Pay (N)

a GIVEN FA ,PB ,GA ANC ~ e 
T HE V A L U E S  OF F AND C AT POINTS A AND A

a RESPECTIV ELY, THIS CUBIC INT ERP O LAT ION A LGO PITHM GIVES FX A ND
* Cx TH ( VALUES OF THE FUNC TION S F AND C AT THE INTERM EDIA TE PCI

DaB—A
EaX ..5*(A+B)
R;, 125.DaD— .5*E*F
FM U: , 5* (FA
FM1:(FB FA) /D
FM2: (GB—GA) /0
FM 3 :(GB+GA .FHI.FM1 )/ (D*~~)

• FL2:FM2+2.aE*FH3
FLIIF M IsEaFL2
FLO :FMO+EaFMI
F X sFLO— RaF L2

- GX:FLl.2.*R*F1~3RETU RN
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END
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SUB ROUTINE TERP2E (FX,GX ,X ,F,G,Y ,NN ,EXTRA P ,GL A PSE ,FI, XI)

a G IVEN A FUNCTION F AN D ITS FIRST DE RIVATIV E C AT A SET OF NN
a UNEVEN LY SPACED PA INTS Y, THIS ROUT INE CALCULA TES FX AND CX ,
* THE VALUES OF F AND C AT THE SPECIFIED POINT K.

* EXTRAP I. FOR HEIGHTS AND TEPP , 0, FO R WINDS.
* PLAP SE IS A LAP SE RAT E USED FOR EXT RAPO LA TING .

DIMENSION F (NN), G (NN), Y (NN)

* EX TRAP O LA T ION A B OVE TOP LEVEL.

IF (X ,GT .Y(l)) GO TO 10
GX G(1)
FXaF (1).(X—Y (j))*G(1 )
RET UP N

a EXTRAP O LATION BEL OW SIGI!A :I .

10 IF (X ,LT.Y (NN)) GO TO 20
TL APS E a ,142857 *EXTRAP
CX = G(NN)* (1. + TLA P$EaCX— Y(NN )))
FX = F (NN) + .S*(X~~V(NN ))a (GX+G(NN ))*CXTPAP
IF (EXTRAP .LE.0,) RETURN
IF (X !—Y(NN) .LT . .001) RETURN
TMI = (F(NN).FI)/XI
FX a F (NN) • THIaX
CX = G (NN) + GLAP SE* (FCNN)— FI)
RETUR N

* INT ERPO LATION

20 CC 30 N:2,NN -

IF CX .LT.YCN )) GO TO OQ
30 CONT INUE

40 FA:F(N .i)
FB :F(N)
GA:C (N—i)
GB G(N)
A :y (N—i )

~:Y (N)

a GIVEN FA ,FB ,GA AND GB THf VAL UES OF F AND .G AT POINTS A AND B
* RESPEC TIV ELY, THIS CUBIC INT ERPOLAT ION ALGOR ITHM GIVES FX A NO
* CX T HE V A L V E S  OF THE FU NCTI O NS F AND C AT TH E INT E RMEDIATE POt

0 : 0—A
E X  ,5a(A+0)

- R:,125*D*D.,5*E*E
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I
FMO :,5a(FA+pe)
FMII(FB.FA)/D
FP’2: (GB.G A)/D
FM 3 : (Gp +GA— FPI1—F P41)/(fl*C) • -

FL2 FM2.2,*E*FM3
FLI :FM 1PL*FL2
FLO :F’i0.E*FPI 1
FX:FL O—R*FL2
GX :F11a2 ,*R aFM 3
RETUR~-J

END
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• SUBROUTINE TFBP CT ,PEF ,PS,PHIS,LA ,LRS,L~
4, ILEV ,TMEA N, RGAS, SF ,EXI RA P)

* CA LC ULATES T FROM PEE ,PS,PHIS .

* IF MO DEL IS HEM ISPHERIC T.PEE,PS,PHIS ARE SYMMETRIC.
a EACH LEVEL IS DIMENSIONED (LRS,LM) .
* EACH LEVEL IS SE PARAT ED BY LA COMPLE X WORDS .
* T AN D PEE MAY BE EQUIVA LENCEC .

CO MPLE X ~~LA , 1),PEE (LA,I),PSCI ),PHTSC I )

DIMENSIO N TMEAN(I) ,5F (1)

COMPLEX PHIS1,PSURF

PHISI :PHZS(1)
PHIS(j):(0,0,0.0)
ILEVM ILEV— 1
ILE VP :ILEV .1
CT:2,/((1,+EXT RA P)aRGAS *SFCILEV ))

DO 30 ?-4:1,LM
MR: (M~~1)*LRS
DC 30 N:1,LPS
IL :MR+N

PSURF aR GAS ATM EAN (ILEVP)*PS (IL)+PHIS(IL)
T (IL,TLEV ):CT* (PEE (IL,ILEV)_PSLRF+RGAS*PS (IL)*

I (TMEAN (ILF•VP)_T M EAN (ILEV)))
I (IL, ILEVP ):EXTR A PA T (IL, ILF~V)
DC 50 IH:l,ILEVM
IHI ILEV—I H

50 T(IL ,IH1):.I(IL,If11,1 )—2 .*(PEE (IL ,IHI+1 )—PEE(IL , IMI )— RGAS *
* (TMEAN(IHI+j).TIIEAN(IHI))aPS(IL))/ (RGAS *SF(IHI))

30 CONTINU E

PHI 5(1): P HISI
RETURN
END
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SUBROUTINE TFGZ (T ,PHI,PHIS,LA ,LRS ,LM , ILEV ,SF,RGAS ,$,GRAV, GA PNA )

a CALC ULAT E TEM PERATURES (I) AT ODD LEVELS FROM GEOPOTENTIALS
* AT ODD LEVELS, ASSU ME SURFACE TEMPERATURE FROM A LAPSE
* RATE OP ~GAM MA ”

a IF MODEL IS HEM ISPHER IC T,PHI A PE SYMMETRIC .
* EACH LEVEL IS DIMENS IONED (LRS,LM),
* EA CH LEVEL IS SEPA RA TED BY LA COMPLE X WORDS .
a I AND PHI CAN RE EQUIVAL ENCEC .

COMPLEX T (LA, 1),PNI (LA,1),PHIS (1)
DIME NSION SF(1),5(l)

ILEVM ILEV—1
ILEV P a ILEV + 1
EXTRAP:1./S(ILEV)** (PGAS*GAMMA,GR AV )
CON: .2./(PGAS*SF(ILEV)* (I.+E XTRAP ))

DO I I a 1, LA
1 PH! (I,ILEVP) PHISCI)

DC 30 H 1 ,LH
?-~R ( M—l )*LRS
DO 30 Na1,LRS
MN:P’R-p~

T(MN ,ZLEV) CPI41 (MN,jLEVP )~~PHI (M?1 ,ILEV ))aCON
I (M?- • IL! VP) E X TR A P * T  (MN, IL! V)
DC 20 L:2, ILEV
L1 :ILEVP ’L

20 TCMN ,L1 )~~ T (MN ,Ll+1 ).2.*CPHI(MN ,L1+1 ).PHI(MN ,L2 ))/(PGASaSP(Ll))
30 CONTI NUE

~ETL R P l
END
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SUBR OUT INE TM C &L (TME A P.,AMIjDA,S,S H,SF,RG OCP ,STAMS,ILEV ,ILEVP )

a $U~ ROUTI ?-1E CALCU LATES HOr IZONTALLY AVERAGED TEHPERATURES AT
- 

a T HE FULL LEVELS ANC A LSO THE H ORIZO NTA LL Y AVERAG E D STATIC S TABI L I

DIMEN SION TMEAN(1) ,AMPDA (1),S(1 ),$c (i),SHCI),$TAMS (IL (VP , 1)

WRITE (6,6012) (TMEAP.(L),L:I,ILEVP )

* SET A M B D A  IC A V E R A G E  S T A T I C  STABILI TY AT HALF LEVELS.

CO 30 .JH:1,ILEVP
A M B C A ( J H )  = 0.
00 30 IHLI,ILEVP

30 A ? - 4 RC A C J H) a A H B D A C J H )  + STA PI S( IH ,JH )*T ? -4EAN( IH )

• 

WR ITE (6,6Q12) (AMBDA (L ), L :1,ILEV P)

RETURN
6012 FOP M A T C 7 H O  TM CA L,I P 1OEI2, 3 )

END

4
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SUBR OUT INE TSIG (RT ,GZ,5G,NN ,TOLAPS,SENTR ,CON)
DIME NSION RT(NN),GZ (NP.),SGCNN )

a GIVE N GEOP OTENTIALS , GZ, AT A SET OF (UNEVENLY) SPACED POINTS ,
THIS ROUT INE COM PUTE S RTS.RGA$ *TEMPERAT URE AT THOSE SAME POINT

a SC MUST CONTAIN TfrE POINT CO—ORD iNA TES.
a DO t JN DA RY CC~40ITjON S SPECIFIED BY TOLA PS ,SENTR ,CON CS!! BELOW ).

DC 10 N:2,NN
10 RT (N):(GZ (N)•GZ(N—1 )),(SG (N)—SG (N.i))

A :RT(2)

NNM Nt b—1
DC 20 N:2, NNM

2~ RT(N):( (SG(N+1 )—SGCN ) )*RT (N)+ (SG(N).SG(N—1))*RT (N+1)) /
(SG(N+i).SG (Na1))

* BOUN DARIES

PT(1)ZSENTR* ((3.+TOLA PS)**.(1,+TOLAPS )*RT(2))
PT (NN )CCN*RT (NN)s CI ..Cl~ 1)*RI (NNM)

RETURN
END
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• SUBROUTINE VLMFLX (PUTG,PVTG,UG ,VG ,RK,0S ,ILM ,ILEV,ILONG )

* CALCU LAT ES VERTICAL EDDY MOME N TUM FLUX EXCEPT FOR CC?--TR IBLTIONS
* AT THE GROUND (THE Su R FACE DRAG TERM)
a FOR ILONG POINTS ABOUT ONE GAU SSIAN LATITUDE CIRCLE ,
* EACH A RRA Y HAS ILEV LEVELS . MAX VALUE IS 15.

DI MENSION UG(ILM , 1 ),VD (ILM ,1),PUTG(IL M ,i),PVTGCILM ,1 )
DIME NSION RK (1),US (1)
DIME NSION TAUX (I5),TAL YC I5 )

ILEV M a ILEV .1
ILEVP = IL !V+I

TA UX (1) = 0.
TAUY( 1 ) = 0.
TA U X (ILLVP ) ; 0.
TAUY(ILEVP) = 0.

CC 30 Il(:1,IL’NG

DC 15 IH I,ILEVM
= IH+1

IAUX (Iu4P) = RK(IH)a (IJG(IK ,IHP) — uiC (IN,IH))
TAU Y (IMP ) a •RK(Ik)a(VG (IK ,IHP)—VG (IK ,IH))

IS C ON TI NUE

DC 20 IMrI,I LEV
IMP a IH+1
PUTC(IK ,IH) a PUTG(IK ,IH)+ (TALY (IMP)—TAUY (IH) )/DS (IH)
PVTG (jl (,IH) = PVTG(IK ,IH) • (TAUX (IHP) • IAUX(IH))/DS(IH)

2fl C O NT INUE

30 CONTINUE

RETURN
END
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SUB ROUTINE VRTICW(P LTC,PVTG, TUIG, TVTG ,EG,SDSG,PEET G , OMEGAG ,
1 PG,CG, TC,UG, VG,PSDLG,PSOPG, ILH, ILONG,ILEV ,LEVS ,
2 AMRD PG ,A P~Bfl A ,IMEA N ,S, SH,SF,SHF ,DS,CEL,STAI,BETA ,
3 SUSG,SVSG,ESG,!ST C ,LTBS,RCPSHD ,AV ERT )

* CALCULA TES DYNAM IC PARTS CF RHS OF SPECTRAL MODEL EQUA TIONS
* FOR ILONG POINTS A BOUT ONE GAUSS IA N LATITUDE CIRCLE.
* LEVELS IN THIS SUER AR E NUMB ERED DOWN FROM THE TOP
a START ING W ITH SIG MA = 0, EVERy SECOND LEVEL DOWN FROM HERE
a TO THE SURFA CE IS CALLED AN EVEN LEVEL. THE OTMEPS ARE ODD ,

RE AL PUTC (ILM , 1),PV IG(ILM ,1),TUTDCILM , 1 ),TVIG(ILM , 1)
REAL !G(ILM ,1),SDSG (ILU ,i),PE~~TG (ILM ,1 ),CM !GAG (ILM ,1)
REAL PG (ILM , 1),CG(IL M , 1),TG(IL M ,1 ),UG(IL M ,1),VG (ILM ,1 )
REA L SUSG CILP4 ,I),SVSG(IL M ,1),ESG (ILM ,i),ESIG(ILM ,1)
RE AL PSDLG (1) ,PSC)PD (1) ,AMBDPG (ILM , 1)

• DI MEN SION AMBDA(1),IM !AN (I),S (I),SH(t) ,SF(l),CS(1)
DIM EN SION RCP5HD (t) ,DEL (1),SHF (1)

COMM O~~/PANA M S/ W~~~7W , A , AS~~,G RAV ,RGA S ,RG 1CP ,R t O A S Q ,CF R ES

WO RK AR RAYS FOR THIS SUBROUTINE. MAX LEVEL IS ~~LV

FA RA M E T E R SILV= 16 , ILEV:O, $LV*10 ,$ILT :32,$ILG 64,SILT H 26,SIP:20

DIM E NS ION CIGH ($ILV ),UICHC$ILV ) ,VIGH (SILV ) ,$DH ($ILV),DUSH (SILV ),
*DV $J..($ILV ),TGF ($ILV ),UGH (IILV),VGH ($ILV),CGM ($ILV),SDDUS(SILV ),
*SDD V SCS I LV ), V E~ 

TIC S IL V ) .VE RISC $ IL V ) ,~~S S H 
(S~ Lv) ~ ,~ A 

~~ 
LV), H ~ C -! IL V )

*,IGH($ILV ),VE PTH($ILV)

D ATA EPS/.62197/

ILEV M= ILEV—1
IL! VP3ILE V+1
RECCSQ:1 ,/ (SIAIaa2)
00 14 IH :I,ILEVM
WA (IM) = (SHCIH)•S(IH, )/(S(IH+1)—S(IH))
WB (IH) = (S(IH+i)—SH (IM)),(S(IH+I).S(IH))

jSl CONT INUE

DO coo IK= 1,ILCNG

* VERTT = VERT ICA L CCLU P N Or TEMP AT ODD LEVELS .

DO 16 IH :1,ILEVP
16 VERTT( IM ) = TG (IK ,TH ) +TM EA NCIM )

a (CIV ,(J, V ) BARS IGMA A T EVEN LEVELS .
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CIGH (ILEV) a —C fl (IK ,IL!V )aCS (ILEV)
LICH C ILEV ) = — UG( IW ,ILEV )*DS(ILEV )
vIGM (ILLV) = —V G( IK,ILEV) *DSCILEV )
CI’ 1 0 IMI:i,I LEVM
IH :ILEV—I HI
CIGH(IH ) = CIG I (IM.1) — CG (IK ,IH )aOS (IH)
LIGI -C I M ) a UIGH(IH+1 ) — UG(IK ,IIi)aDS (IH)

10 VIGH(IH) = VXGH(1p4 .1) — VG(IY.,Ih)*DS(IH)

* LAT AN D LONG DE R IV ATIV ES OF LNSP , A DV EC TION 0F LNSP .

PSDPOC :PSOPG(IK)aR!CCSD
PSDLCC :PSDLGC II~ )aRECCSC
VMDPS :U!G M ( 1 )*PSDLOC+V I’H Ci )*PSOPOC
DPSCT :CIGP~( j)+V~ OP5

* SIGMA D ’? AT EVE N LEV ELS .

CC 20 IM= I,ILE v U
SIC: 1 ..SW (Ik)
50k (IH)aS!GaCIGH(1).CIGH(IH.1 ),

CSI G aUI GHCI )—LIGH(IH +1 ))aPSDLOC +
2 CSIG a V IGH (1).VIGN (IH+1 ))aPSDPCC

20 CONTINUE
SP~i C ILEV ) :AVERTaSDH C IL EV M )

a D(U,V)/D (SIG~ A ) 81 EVE N LEV EL S .

DC 30 IH: 1, ILEV M
CL S~~(IM) a (UG(II~,IH+j ) — UG( IW ,IM ))/DEL(IM)

30 C V Sfr(I H ) a (VG(IK ,TH+1) — VG(I K ,Ii.~))/DE.L(IM)

* (CIV,L ,V) A V F PA I~ED TO EVE N LEV EL S ,

DC 35 IN S 2,ILEV
LGN (!H—t ) = UG (I~

(,T l-—1) *A B (I~- — l )  •
V C - H ( I H — i )  a VG (IK ,IH.1 )*W~~(I~~~i) • VG(I K ,IM )*.~A (IM.i)

35 CG~~(IH •I) = CG(I~~,T ~-— j )a~’P (I’- — I ) + CG(I~< ,IM )*~~A (IM —1 )
UG II C IL EV ) = B E T A a I ~C • ( I~~,ILE V )
V G H C I L E V )  = RE TAa V C -(t~~,ILEV )
CG~~~ILEV = BEI’A *cc(IV ,TL!v )

* V E RT I CA L ~~ TI’~, A l EV E N LEV ELS. :~

DC 36 Ik :1,ILEV
0MG a S~~(IH)* (LGH(IH) *PSDLOC • VGM (I~~)aPSDPCC) ~
O~~ED A G (IK ,IM ) = CUG + S~~(IH)*rPSDT • SDkC IPI )

36 C ONTINUE L -
~~~

* TEM PE RA TU RE LO G A~~E~~A GE C TI’ OrD LEVELS.
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CC 37 IH I,ILEV
37 TGF (IH):TG (IK ,IH )

* AN D TO EVEN LEVELS

CO 38 IH:2,ILEV
• TGH(IH):(SHF (IH)aTG(IK,Ih)+SHF (IHs1)*TC (IK ,IM+t )),

*(5MF (IH)+SH(!H.1))
30 VERTM(II ’4):(VERTT (IH)aSHr CIH )4VERTT (IH+1)*SHFCIM_ I ))/

*CSHF (IH)+SH (IH.1))
TGM (I):(TG(IK ,1)*ALCG(S (2)/SM (1))+TG (IK ,2)aALOG (SF4 (1)/S(l)))/

aSF (1)
VERTH (1 ) (VERTT (1 )*ALCG(S (2)/SH (i ))+VERTT (2)*ALCG (SHCI)/S(1))),

a5F (1)

a 5IGMA DC Ta D (~J ,V)/D (SIr,”A ) AT ODD LEVELS,

DO lb Ik:2,ILEVM
SCDLS (IH) = CDEL (IH—1)*S (IH)*DIJSH (IH) + SDHCIH— 1)*CLJSHC!I4.j)*

I DELC I H))/ (DEL(IH) + DEL (IH .l))
110 SDDVS (IH) a (DEL (IM.l )*SDHCIH)*DVSH(IH) + SDH(IH—1 )aCVSH (IM—1 )a

1 CEL (IH))/(DEL (IH) + DEL (IH .i))
SDDLS(i) a SC1 )aSOH (i )*DUSH(I )/DSCI )
SDDVS (1) = S d  )*50I-(1)*DVSH(I)/D5(t)
SCDLS(ILEV) = DEL CILEV) *SCH (IL !V I~)aDUSH (ILEVM )/DSCILEV)
SCDV S (ILEV) = DEL (ILEV )aSDH(ILEVM )*DVSH (IL !VM )/DS (ILEV )

a ~~~ BEGI N TI’ CO’4PLTE THE PIGNT HAN D SIDES.

DC 51 IH :i,ILEV
PVTG (IK ,IM):PG(IK ,TH)*VC (IK ,IH )— SDDUS (IM)

1 •TGFCIH )*RGOASQ *PSDLC (IK)
PUTC (IK ,IH):PG (IK ,fl- )aLGC !K ,IH)+SDCVS(IH)

I +IGF (IH)aRGCASQaPSDPG(IK )
51 CON TINU E

DC 53 IM :1,ILEV
TUTG (IK ,P4):TGHCIH )*LGH(IH)

53 TVT C (IK ,IM ):TGH(IH)*VGM (Ih)

DC 55 IM :i,ILEV
SDSG (1K , Ik ):UG (IK, II- ) IPSDLOC+VC (1K, IH)*PSDPOC

55 EG (IK , Ih1) :UG (IK , IM)I*2+VG(IK ,IH)*a2

DC 60 IHzI,ILEVM
RGOCPTIRGOCP*VERTH(IM )
PEETG(IK ,IH):.Tr,M (IH )aC H(IH) .RGOCPT* (UGH (IH)aPSDLOC .

60 CO NT INUE
RG0CPT RG OCP*VE PTH(IL~~V )

I - lbo 



PEETG (IX, ILEV )z—TGW( IL! V)*CGM ( ILEV) .RGOCPT*BEIA*SDSG (IX , ILEV )
*eRCCCP*TGH (ILEV )aDP5DT.AVERT *Ap~BDPG (IK,ILEVPl )aSDH (ILEVM )

* MO ISTURE VARIA BLES (OMITTED IF LEVSaU),

IF (LEVS .EQ .0) GO TO R00
DI’ 61 IH:1,LEVS
SUSG (IK , IN) a ESG(IK ,IH)*UGH (IH+LTRS)

61 SVSG(IK ,IH) = ESG(IK ,IH)*VGH(IH+LTBS)

DC 64 IH :1,LEVS
64 VE.RTS (IH) ESG (IK ,IH)

CALL DFDSQD (DSSH ,VERTS,S H (LTBS-P1),PCPSHD,LLVS)

00 70 IH :1,LEVS
TO IVLRTT(IH+LIBS ).ESGCIK ,IH)
ESTG (IK , IH) : SDH (IH+LTBS)/SH(IH+LTBS)

1 + (UTGH ( 1)+LGH (IH+LTBS) )*PSDLCC
2 + (VIGH(1)+VGH(IP1+L !8S))aPSDPOC + CICH (1)
ESTG (IK ,IH) = ESTG(IK ,IM )a

I RGOCP a(VERITCIH+LTBS) .TD*TD/CEPS*HTVOCPCTD )))
ESIG (IX ,IH ) a ESTG (IK ,IH ) • ESG CIK ,IH)*CG HCIH+LTBS)

1 — SDM(IM+LTBS)*DSSH(IH)
70 CONTINUE

900 CONTINUE
RETURN
END

I — 167 
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THE MODIFIED CANADIAN SPECTRAL FORECAST MODEL: DISCUSSION AND D——ETCCU )
MAR 78 w w .JONES. R V MADALA . H R SCHOEBERL

UNCLASSIFIED NRL—MR 3698 SBIE—AD— E000 3.93 NL
3or3 fl~~~~~~~~ END

~~~~~~ — —• ~;7fl

t
. H



s U$ Re~’T I~E ~E1c~N C5 1,~ CF5~ C. 5 ,5~s ,5F,O L, QGO CP , !l.EVH,l..~ V 5 )

* C~ $PUT E5 SI , 7~’E $ T A B I t . I 2 A 1 1 ~~P . h A l R I X  SUC P T H A I
* IT S ST 1* T CL f ~W CR) s ST Z a T ( e PP ER)
* ~~~ TI • 5 T 3* ( T ( I , e’ i’~E R ) . t ( L P P E R ) )
a C T ( ~.PPE~~) SS T 4 * ( G A C . G A h ~)
* ~T c ~ew E R~ ~ST5 * t ~T (~ PPE~ )
* C~ MPUT ES RC PSH D , ~~~~ REC IPRI~CA L ~F 0 CS~l)

CI ~~E~~SI (D~ S T C IL(V ~~,e) , RC P S I~D C 1 ) , S C 1  ), 5~~(1),$~~(j )

* ~ A R A ~” E T E R S  L S L C  ~~ FLf ~C 1Z~~ IT V ~ CP

C ~ ~ / IC P / I IS, 125 , A I , A , B ~~, 5 L D

* PA p A ~lET E~ S LSU~ PY FL~.c 1I ’~ , ~~ w p P ~T , SPC~ L M , ~(LT

* PA RA U E’rER$ LS E~ R~ F L P C T I~~ G A M S A T

C 0” IC LU S /E S ,c
* P A P A ~~~T E PS U S EC I~ C~~~A C J

S

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0 I M f ’~S I 0 N  C~~L C I )

* ILEV ~’ IS JU ST ILE~ — 1 .  LIBS IS ~T
).4 E P~U~ BER SF UISS ING ~EI L E V E L S .

L1B5:( ILEV M+I ) . L E~ S

~~ 10 I : 1 , I L E V ’ .
X : 1 ,/ ( S F ( I )  + S r C i + 1 ) )
5 1( 1 , 1)  ; X * ( S F C T , 1 )  , 2 . * S r c I ) ) , 3.
5 1 ( 1 , 2)  : x a ( S F ( I )  2 .~~5 F ( 1 + 1 ) ) / 3 .
5 1 ( 1, 3 )  : 2. * X / R G ? C ~5 1 ( 1, 5 )  •D~ L ( I + 1 ) , r E L ( ! )

10 ST ( 1 ,b ) :  CS ( I ) / S U ( I + 1  ) ) **? ) !P~

C’ 2 0 I :1, I L E V ”
20 S T C I , ~S) : 1 ./ ( S T C I , 2 ) . S ! ( I , 3 ) , S T ( I , S ) * ( 3 1 C 1 , 1 ) 4 S I ( I , 3 ) ))

L E V S M :L E V S —  I
0~ 30 I : 1 , L E V S ’

30 ~CP 5 u r5 c I ) :  1.0 / (S~~C t + L T ~ S + 1 ) . S P~( I+ LY B S ) )

G~ A V : Q  • ~06 to
CEP1~

I — 1~~



~~ JT1

CPilOoa ,5
CA P A .R G O c P

18$ 273 16
• T2Sa258~~16

AW 1 3.15213E+6/Cp
8W s2,3~ E+3/CP
A J $2 .6$053E .pbi’CP
a Is O , 167E.3/CP
3L .Pa1 ,/(1IS—T25)
*321 .656
e:5a18.
~PS1~ O.622
EPS2~o. 378
EPS$s EPS1

IF(I M.L’r ,l,) *A: 1.,(6, *C1 . .HM)** 2)

P~ TLRN
END

I •



suBROUTINE WSCGP (GG,NLG,NLAT,NF, ID,NAMF,N,WPA C K ,GGP,WRKS )

* WRITES A RRA Y GG (NLG,P4LAT) ONTO SEQUENTIAL FILE NF
* PRECEDED By AN IDENTIFYING LABEL OF 7 WARDS.
* ID a IDENTIFICAT ION NUMBER FOR THE REC8RD S
* NAME I ALPHA NUMERIC LAPEL FOR THE FI!LM .
* N a NUMERIC LAB EL FOR THE, FIELD.
* GGP,~lRK $ ARE WORK FIELDS USED ONLY IF FIELD IS PACKED .
* OCR NLAT* ((NLG~ 1 )/NPACK+2) WORDS IN LCM .
* W RK 5 a NLG WORDS IN SCM .

DIP1EN$ION GG (1),GGP(1),WRKS (1)
DATA K~ L0

/ 4I~GR1D /

* IF THERE IS NO PACKING, wRITE THE LAPEL AND FIELD
* DIRECTLY ONTO FILE NF AN D RETURN .

IFCNP ACK.GT.1 ) G O TO 25
LA a N L C * NL AT
WRITE (N p ) KFLO,Ifl,NAME ,N ,NLG,NLAt ,NPAC K,(~ O (7),Zz2,LA)
WRITE (6,b2O) ID,NAME ,N,NLG,NL A T,NPA C K ,P~JF
RETURN

AN ERR~ R HAS 8EEN ENCOUNTERED IN THE LABEL FIELD

25 CALL FRA K
RETURN

620 FORMAI (IPI ,6nX ,I5,2X ,AL~,I3,6H GRID ,15,14,PM NPACKa ,12,
8H TO FILE.13)

END

I • 17 ( ~
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