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THE MODIFIED CANADIAN SPECTRAL FORECAST
MODEL: DISCUSSION AND DOCUMENTATION

I. INTRODUCTION

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 currently being used at NRL for various atmos-
pheric research programs. It was chosen because of its computational efficiency and extensive

documentation.

However, one of the disadvantages of the CSFM is that it does not conserve energy with
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 approximations and the dry convective adjustment procedure. Other minor
changes have been made to the original CSFM to allow the model to run on the NRL’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.




JONES, MADALA, AND SCHOEBERL

Il. MODEL DESCRIPTION AND EQUATIONS

The CSFM is primarily a spectral model which implies that the dependent variables 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 computational
efficiency for relatively small grids. Further, since the horizontal differentiation is done "exact-
ly", a spectral fnodel 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., the variables ¢, £ and D are defined at the levels while T, y and W are defined between
the levels, Fig. (1a). 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 ¢, £, D and T at the levels and y and W between the levels Fig. (1b).

Figure la shows the vertical differencing scheme used in the original CSFM. The
modified scheme is shown in Figure 1b. Although the differences in the geometry of the two
schemes appear slight, the modifications to the model are extensive since the vertical
differencing 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

9 m
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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)

1 X oY i
X, Y) = e 9 ——|, where 8 = latitude,
a ( ) c0520[a¢ cos 6 =) where atitude, ¢
A= +f)U+a'—a—V +ﬂcoseﬂ —coso—ﬂ-
80’ az 60 a'
. 9U  RT 9 Fy
= V—¢2x -2 2 .
B =@+, o 7 +c050[al
1 aq ‘)
. = U2L + veoso 2L
G g, ax cos 39
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v+ vy

E
2cos? g

¢ =( —1) (G+ D) +G” + D,

By =TD +yo —-‘é—(c’;+b) +¥G+HT.

P 4
and
2
-ih o 88 IRT BRI g S LE o
B, =SD "a«r+c,, GL(T)) X5 +G -G ~-D| +H; —H,

Equations 1 and 2 are the vorticity and divergence equations respectively. Equation (3) is a
modified form of the thermodynamic equation, using the variable P =¢ + RT*q. Equations
(4,5) are forms of the continuity and surface pressure tendency equations respectively. The hy-

drostatic equation is given by equation (6). The definitions of the symbols used are

S =Coriolis parameter,

V. =horizontal vector wind [with components (U, V)]
I'4 = vertical component of vorticity = k- V x vV,

D =horizontal divergence =V - v,
T =the absolute temperature (°K)

9 =In(p),

: o RT aT
y static stability [C,,c 30 I’

o =vertical motion in sigma coordinates

=@ -1)(D+V-Vg) +D" + i . vg
® =geopotential height,
F =the horizontal frictional force per unit mass,

Hp =the diabatic heating,

et
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R is the gas constant for dry air,

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

Special variables are defined by
P =& + RTY
W=¢ —o (G+D)
and

W

5

I

Wi =1) = — (G + D).

The ( )* notation indicates a horizontal mean and ( ) "is the deviation from that mean. Thus

T =T*+ T. The { )" indicates the coeflicient of a spherical harmonic Y, defined
Y (A8) =x/" (sin A)e™

where x/" are the associated Legendre functions of the first kind of order (/,m). mis the east-
west (zonal) wave number, / is the degree of the Legendre function, \ is longitude and 6 is la-
titude. The expansion is defined by
J ot +1
1 SR i O )
mo=—=J 1 =|m|

This assumes rhomboidal truncation. As long as a "sufficient” number of harmonics are re-

ltained, there does not appear to be any advantage of using the triangular truncation scheme

.5

=0 M=~—/

over the computationally more efficient rhomboidal scheme. The vertical coordi-

nate is ¢ = p/p, where p, is surface pressure and p is pressure.

III. DIFFERENCING FOR ENERGY CONSERVING VERTICAL GRID

We will use the following definitions for weighted variables and difference operators
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[All] s (All+l + An)/z
b (An) = ('4/1+l ——AII)

An =In ((}n+l/(;u)

dll =In (Un-H/‘rn)

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 logorithmic

scale so that & (o) need not be a constant.

The hydrostatic Equation (6) becomes

8 (b,) = —Rd, [T,]
(8)

where we have dropped ( );” notation in this and all of what follows. Thus these equations
apply to each spectral coefficient. When the non-linear terms are to be formulated, an inverse
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:

. o SRR

G S ©)
where [’ is the lapse rate. In the version of the model discussed here, 1" is held at 6°/km; later
versions of the model will contain explicit boundary layer formulations which will generate I'.
Using Eq. (9) we define a surface temperature T,
Rl/e

o CTTN'

T\ 3 TN l_‘_;:

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

= g ) R =
MI¢ +¢\/l/\'8~ = —'TM”T

(10)

where
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~1/d, | =i
(M,],., ={+1/d, .j =i +1}
0 , otherwise

Ihe =

IMIIII./ = l,/ =] +1
0, otherwise

with
IM/I]N,N o S
In the above equation both Tand ¢ are vectors of length N, and 7, and @, the surface values,

are carried separately. The delta notation, & N is used to indicate that the term d /dy will be

included only with the equation for Ty. In order to compute T from & we use Eq. (10) to ob-
tain

T = —% M, M, + M 8N /dy] i

2 e A
e S [M,,(" +‘7€M”l SN(D\/(IN]

The finite difference form for v, the static stability, becomes

=_1_[~[ _s(r,,)l
& : (12)

Il

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

R _m_-‘
(13)

y =Cr ITyl— —
3 7 Nl(l,

We can rewrite Egs. (12, 13) in the following form
y = I\jly 0

where the vectors are
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YuT = (y1, 72 YA —1-7\'0)

FT (o DT =i Fp 1,

and the matrix MY is

—!— i S £ forj =i
7, 12¢, d,
Al —}’_‘21({ o forj =i + 1
(r( ) !
‘Mylf./ iy i
CT—R— S fori =Nandj =N + 1
G, g
0. otherwise

There is no relation between T, and T, analogous to Eg. (9). In addition, since o, =0, we
can not differentiate with respect to o at the top boundary in our log (o) coordinate system.

Thus, for the top boundary, we will use a simple deviative with respect to (see below), rather

than ELIgN: SR Uin (o, /0 ,).
o do

At this point we describe the procedure used for dry convective adjustment. If the lapse
rate exceeds the dry adiabatic lapse rate (y < 0), the lapse rate is adjusted o be adiabatic in
such a way that the total potential energy of the column is conserved. We define the quantity

(Manabe et al.)

Q
P = [ TC, do
‘ (14)

which is proportional to the potential energy of a column, and let the last element of the y

vector contain PE. We then modify M, by adding elements

lMY]’~-\ +1 _— AU’I.

10 the iast column.
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In the case of convective adjustment we can then determine a new temperature profile

consistant with Equation (14) by setting y ; elements which are less than zero to zero and mul-

tiplying by M.,'l to obtain 7. 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

5(W,)
A

= -0, (D, +G,).

n

Using the boundary conditions on W:
Wy =0
W, = —(G+D)
we can write the matrix equation

W =MD+ 060

(15)
where
—1/A;,, i =jandi > 1
[_ +1/A’_l,l=j+landl>l
Mw]u =|-1/6,i=1,j =1
0, otherwise
WT = (WI' Wz, WN—l’ Ws)
and

(D+G6GT=( +6G,D, +G,, ---,Dy + Gy).

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

tion
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aT . _ RT* 3q N
b e B = —a(UT, VT) + By.

Since ¢ = W + ¢ (G + D) we define the quantities y "o at the intermediate levels. Thus the

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

%Z - MyW = —a(UT, VT) + B,
! a”n
where we define the matrix operator M, as
My =M, + M,
y;/2forj =i i €N, (yy = 7))
[M,,l,J =y /2forj =i —1,i < N
0 otherwise
v RT/‘. 1 " =
(Mb)i,/' -5LN “'_C —E'('y,-_l 0’,-_1 +'y,~0',-)
3
Now we use the definition of P = & + RT*, together with Eq. (10)
to yield
N
v 7 =iy B8
T-_MP¢+7M” dN
or
]
% 2o q’saN
T = -M’,[P — RqT* _TM” T
N (18)
where

7 = . =
M, =& M;' M,

; : 9D, 9
Substituting this equation into Equation (17) and noting that —ar =( and -—q-at = W, we

10

LA
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obtain

9P = C Lo ) 4
Collecting terms by noting that

W=M, D+ G)

and defining

M, =My —RM, T My
we obtain

,,%f + M, D =a(UT,VT) = By — M, G
y 19)

where
PT = (P, P, + Py).

The equations appear the same in spectral form except that the non-linear terms on the right
hand side will appear as integrals and be written in the bracket notation {} as per Eq. (7).

Thus in spectral form we have

M,—™ + M, D}, =|a(UT, VT) —B; —M, G}}, )
20

for the thermodynamic equation.

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

ables, T,U, and V are 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

Dl+A! + D' =At

P:+m o P;—m Dr—Ar

—+a2 () U +
T a o) (+1) 3 e
{a(B, —A4) —a’?V2E,
and Eq. (20) for the temperature becomes
- P1+AI + Pr—.‘\r = [DI+AI + DI—AI
e ) +
, 241 My | 2
- - PI —Atr
-— {a (nTI, VTI) = BT 7 Ml G} + MP Ar
Qr+At + Qt-m
The use of the notation Q' = > simplifies the notation and allows us to rewrite

these two equations as
D'+ Ata21(1+1)P' =D'"8 + At{a(B, —4) —a?V2E
(21)

and
P!+ AtM,\ My D' = P78 + Ar M,V (o (UT, VT) — By) — At M, M, G.
(22)

By substituting (21) into (22) and defining M = My"! M, we obtain

0+ (AN2a =21 +1) M] P! = p' =2
+ At M, Na (UT, ¥T) - By

+AIM{=G =D'M — Ar{a(B, —4) —a?V? H)
(3)

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

n———

.
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for the Northeast United States using both models as well as observed data for verification.
This location was picked at random; other locations yield similar results. The new model clear-
ly shows 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 primary problem be-

ing lack of moisture and treatment of the upper boundary condition.

In order to illustrate further some of the dynamics of the model, we show the zonal har-
monic structure at 45°N lattitude for each level in Fig. (3). Examination of the figures indi-
cates that the forecast of the planetary scale waves (M =1 — 3) is improved as are the synop-
tic disturbances (M =35 — 8) near the surface. The improvement in the surface forecasl is
probably a direct result of adjustments in the lower boundary made in the modified model. We
expect that even better results could be obtained with the incorporation of a complete boun-

dary layer model.

For tests on extended range forecasts, we find that energy tends to accumulate in the
upper levels of the model for large zonal wavenumber for forcasts longer than three days. This
severly degrades medium range forecasts. We attribute this effect to the use of a simple pres-
sure difference at the upper boundary region rather than the logrithmic derivatives used else-

where.
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Appendix 1

Listing of the Spectral Forecast Model

1. Block Diagram of the Model

| Lii
{ 2. Index to Subroutines I-iii
1 3. Listing of the Computer Code I-1




T

GARP DATA (8l)

[NOV. 4-9,1969 ]
SPECTRAL COORDINATES

MOUNTAINS (83) GARPIN |=—— (5) CONTROL CARDS

'

"garptape” (42)

+_____

|

RPTS 6 |

l |

"sigmet" (52) |

! |

|

CONTROL (5) — | RSPW6 |
{ I
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MEMBER

ABCII 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
INVRSI 69
LLFXY 70 i
LNER 71
MATMLT 7 | .‘
MHANLW 72
MHEXPW 75
- MTXINV i
NEWBP 79
NEWC 80

*Indicates a control program (see block diagram)

I-iii
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MEMBER

NEWES
NEWP
NEWPS
ORDLEG
PBLMAT
PCOF2
PCPADJ
PERM
PHSCON
POUT
POUTF
PTS6
QDAW2
RCOM
RHSSI
RPTS6*
RSGGP
RSPW6*
RSTP6*
SAVPCP
SAVPRG
SCOF2
SEAFLX
SECOND
SETL
SETOLD
SETZT
SFDRAG
SGTPRE
SMOV2
SPAF2
SPAGG2
SPAPS2
SPCHUM
SPLAB
SPLAT2
SPMCON
SPW6
STBADJ
STMCAL
STP6
TERPI
TERP2
TERP2E
TFBP
TFGZ
TMCAL
TSIG

l-iv

81

82

83

84

85

87

88

90

91

92

94

96
101
103
104
105
106
108
110
112
113
115
116
117
118
119
120
121
122
124
125
126
128
131
132
134
136
138
145
147
148
153
155
157
159
160
161
162




MEMBER

VEMFLX
VRTIGW
WETCON
WSGGP

163

164

168

170 |
|
|
1
4

Iv
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12
11

SUBROUTINE ABCII (DT, A, ILEV, IR)
PARAMETER IL=S, IiaIL+1, IR$225, IRMB2#aIR§+1

THIS SUBROUTINE CALCULATES THE VERTICAL DIFFERENCE MATRIX

FOR THE IMPLICIT TIME STEP CALCULATION OF PEE, SINCE THE MATRIX
DEPENDS ON ®DT", IT HAS TO BE CALLED EACH TIME DT IS CHANGEC,
NAMELY AT THE BEGINMNING (LT=DEET/2) AND AT THE SECOND TIME

STEP WHMEN (DT=DEET)

PEECT) X (14(DT/a)as2aL(Le1)xN) = RIGHY KAND SIDE

M1 = THE TERM IN BRACKETS FOR EACH VALUE OF | (THE WAVE NUMBER)
MPI = INVERSE OF EACH Mi SO IS DIMENSIONED MPI(CILEV,ILEV,IRM)
M1 IS USED SOLEY AS A SCRATCH MATIRX

REAL MI,MIT,MIIM1,M1,M2,MP,MPMY, M, MW, MPT, M2MY

COMMAN / NEWMAT / MICIL,IL) MITCILAIL) P MITMICIL,IL) o MICIL)IL),
* MECTL,ILY,MPCIL,IL)  MPMLICIL,IL) MCIL,IL),

* MhCIL,IL),MPICIL,IL,IRM) ) MMICIL,IL)

1R2P1=2+IR¢}
DTS = (DT/A)%x2

CO 11 L =1, IR2PY
FNSSFLOAT((L=1)%L) # CTS

DO 10 J = 1, ILEV
0O 101 3 1, ILEV
MICI,J) = FNS » M(1,J)
00 121 =1, ILEV
MICI,I) B MI(CI,I) ¢ 1,

CALL MTXINV (MPIC1,1,L), M1, ILEV)

RETURN
END
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SUBROUTINE ALPAS2(ALP,LALP,LM,WRKS)

*» % % » % % % W%

»

ALP(LALP,LM) CAN CONTAIN THE LEGENDRE POLYNOMIALS CALCULATEC

BY SUBROUTINE ALPMN2, OR THEIR NeS DERIVATIVES CALCULATEC
BY SUBROUTINE ALPDR2,
THE SYMMETRIC ANC ANTISYMMETRIC VALUES IN EACH ROW OF ALP

ARE ORIGINALLY IMTERLEAVED, E,G, ROW § = (0,1,2,3,,,,LALP),

THIS SUBROUTINE SEPARATES EACH ROW INTO TWA PARTS,
E.Go ROW 1 = (0,204000LALP/2, 1,3/5¢0abALP ),
WRKS IS AM SCM WORK FIELD OF LALP WORDS,

WARNING = LALP MUST BE EVEN,

DIMENSIAN ALP(LALP,1)
DIMENSION WRKS(1)

LALPHzLALP/2
LALPHiELALPH+1

DO 30 M=zi,LM

*

TRANSFER ONE ROW fF ALP TO WRKS,

DO 20 Ns=i,LALP
WRKS (N)ZALP(N,M)

*

PLUT THE SYMMETRIC VALUES IN WORDS 1 T8 LALP/2 OF ALP,

NSYMzei

D6 22 N=si{,LALPH
NSYM=NSYMe?2

ALP (N,M)aWRKS (NSYHM)

*

PLT THE ANTISYMMETRIC VALUES IN WORpS LaALP/2¢1 10 LALP.

NASM=0

DO 24 NaLALPH{,LALP
NASMENASMe2

AL® (N,M)BWRKS (NASM)

CONTINUE

RETURN
END
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SUBROUTINE ALPCR2(DALP,ALP,LALP,L¥,EPSI)

* CALCULATES NeS PERIVATIVES OF EACH ASSOCIATEC LEGENDRE POLYNEMIAL
» DALP(LALP,LM) WILL CONTAIN NeS DERIVATIVE OF ALP,
* ALP(LALP,LM)  CONTAINS LEGENDRE POLYNOMIALS FOR INE LATITUCE, |
+ EPSIC(LALP,LM) CONTAINS PREVIOUSLY CALCULATED CONSTANTS, |

* WARNING = LALP MUST BE EVEMN, |
* = LAST ELEMEMT OF EACH ROW IS SET TO ZERE, |

DIMENSIAN DALP(LALP,1),ALP(LALP,1),EPSI(LALP,1)
LALPMzALP=1
pe 30 M=i,LM

Ce 20 N=i,LALPM

FNSSFLOAT(M4+N=2)

ALFILY=0,

IF(N,GT,1) ALPILM=ALP(N=],M)

CALP (VM) (FNS+1  )#EPST(N,M)*ALPILM =« FNS#EPSI(Ne1,M)aALP(N4],M)
CANTINUE

CALP(LALP,M)=0, |

RETLRN
ELD




SUBRAUTINE ALPNM2(ALP,LALP,L¥,SINLAT,EPSI)

PLTS LEGENDRE POLYNAMIALS IN ALP(LALP,LM) FOR ONE LATITUDE,
SINLAT IS THE SINE OF THE REGUIRED LATITUDE,
EPSI IS A FIELD AF CONSTANTS THE SAME SIZE AS ALP,

. »

»

THF SYMMETRIC AND ANTISYMMETRIC VALUES IN ALP ARE INTERLEAVED
* IN EACH ROW, EeGo, ROW | = ( 0p190203600ellALP ),

* WARNING = LALP MUST BE EVEN, ITS MINIMUM VALUE IS8 4,
CIMENSION ALPCLALP,1),EPSICLALP,1)

C0S221,-SINLATA#2
PROC=1,

A3y,

Bso,

« LOOP 30 COVERS LONGITUDINAL WAVE NUMBERS 0 T0 LMai,

£0 30 M=q1,LM
FMsFLOAT(M=1)
IF(F,EQ,1) GO TO 12
AsA¢2,

8=B+2,
PROC=PRAD*COS24A/8

# COMPUTE THE FIRST ThP ELEMEMTS BF THE ROW,

12 ALP(1,%)sSQRT(,S+PRED)
ALP(2,M)=SQRT(2,+FM43 , 2aSINLATRALP (1 ,M)

* NOGw COMPUTE ELEENTE 3 TA LR IN TKE ROk IN PAIRS,

CO 20 N=23,LALP,2

ALP(N,M)S(SINLAT#ALP (Naf M) = EPSI(Nel,M)aALP(Na2,M)) 7/ EPSI(N,™)

ALP (N41,M)=(SINLAT#ALP(N,M) o EPSI(N,M)*ALP(Nal,M)) /7 EPSI(Nel,™)
20 CONTINUE

30 CONTINUE

RETURN
END
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30

—

SUBROUTINE BPFT(PEE,T,PS)PHIS,LA,LRS,LM,ILEV,TMEAN,RGAS,SF)
* CALCULATES PEE FROM T,PS,PHIS,TMEAN BY INTEGRATING UP FROV

IF MODEL 1S HEMISPHERIC PEE,T ARE SYMMETRIC,
EACH LEVEL IS DIMENSIONED (LRS,LM),

EACH LEVEL IS SEPARATED BY LA COMPLEX WARDS,
PEE AND T MAY RE EGUIVALENCED,

» % » »

COMPLEX T(LA,1),PEECLA,1),PHIS(1),PS(1)
DIMENSION TMEANC1),SF(1)
COMPLEX PSURF

ILEVP = ILEV + i
ILEVM 3 TLEV = §

DO 3In M=zg,LM
MR=(Me1)%LRS
00 30 N=1,LRS
IL=MRe¢N

PSURF = RGAS * TMEANCILEVP) » PS(IL)
IF(IL.GT.1) PSURF = PSURF ¢ PHISCIL)

PEECIL,ILEV) = PSURF
+ SFCILEV) % 0,5 » RGAS « (V(IL,ILEVP)+T(IL,
= RGAS » (TMEANCILEVP)=TMEAN(CILEV)) » PS(IL)
C4 10 IHI = 1, ILEWM
IH = ILEV = IHI

ILEV

THE G

))

PEECIL,IM) = PEECIL,IF¢1)

PEECIL,IH) = PEE(IL,Ik) ¢ SF(IKF)%0,5%RGAS*(T(IL,IH+1)+TCIL,IN))
PEECIL,IH) = PEECIL,IF) = RGAS*PS(IL)«(TMEAN(CIN41)=TMEAN(CIK))
CONTINUE

RETURN

END




20

SUBROUTINE CFVAL2(VAL,CFC,NW,RLON)

EVALUATES COMPLEX FOURIER SERIES IN CFC TO WAVE NUMBER NW
“©C ACTUALLY CONTAINS THE POSITIVE HALF OF THE COMPLETE

*
* AT POINT RLON (RADIANS),

*

* COMPLEX SERIES, THE MEAN IS IN CFC(1),
DIMENSION CFC(1)

NWP1eNWel

VALs=0,

O 20 MP=2,NWP{

MMzMP e MP

FMXSRLON®FLOAT (MPel)

SINMX=SIN(FMX)

COSMXsSCOS(FMX)

VALSVAL4COSMXRCFC (MMel)eSINMXACFC (MM)
CONTINUE

VAL=z2 ,#VAL+CFC(1)

RETURN
END




FUNCTION CHMIC(H,HC)
FOR H BETWEEN HC AND 1,0

#CHIC* IS Ao LINEAR FUNCTIAN OF H

IF(K,GE.14) GO TN 1}

CHIC = (HeMC)/(1,.=FC)
RETURN

CHIC = 1,0
RETURN
END




SUBRGUTINE CBN‘CJ(TiQ'PCP'PRESSGQN'P'ST'NUPS'NSUPS'ILEVM,DEL)

* PERFIRMS CANVECTIVE ADJUSTMENT
* COMPUTES BPTH LARGE AND SMALL SCALE PRECIPITATION
* COMPUTES EVAPORATION OF FALLING PRECIPITATION

COMMON/ACJIPCP/HC ,HF ,H¥ ) AA,DEPTF,LHEAT,MOTADJ,MOTFLX
DIMENSION T(1),QC1),P(1),STC(ILEVM,1)

DIMENSION DELC(1)

LOGICAL ADJ,WET

GAM,GAC STABILITY FACTOR ANC ITS CRITICAL VALUE

i %
i * HS CRITICAL SATURATIAN RELATIVE HUMIDITY

*» OTF TEMPERATURE CHANGE CAUSED BY A CONVECTIVE ADJUSTMEANT

*= DTH TEMPERATLRE CHANGE CAUSED BY A RELEASE OF LATENT HEAT

+ DGF MOISTURE CHANGE CAUSED BY A CONVECTIVE ADJUSTMENT

= DGR MOISTURE EGUIVALENT TA PRECIPITATION AMOUNT

» DGI,DQJ SATURATION DEFICITS

PCPz0,0

ITER=0

PCPCHSPRESSG#DEPTH

NETg.F‘LSE. i

S ADJs,FALSE.
ITERSITER+1
DGR=0,0

CO s0 I=1,ILEVM

Jalet

GAC=0,0

DTF=0,0

DTH=0,0

DGF=0,0

DGH=0,0
AARREAAARRARRARRARARR P ARRR
* CONVECTIVE KEAT FLUX *
ARRRARRARAANRRRRAR AN R RN R AR

* COMPUTE GaM

TTIST(I,1)RT(I)I4ST(1,2)2T ()

GAMETT+ST(I,3)a(T(I)=T(J))

* COMPUTE H

H2Q(J)/SPCHUM(T(J),P(J))

* COMPUTE HS

HSSAMINI(H,5,)

IF(W,GE,0,0) GY 10 IS
IF (K, LE HM,OR,ITER,NE,1) GO YO 10
HS!CRIRLH(HM.H,AA)

10 IF(K«MOIADJ,LT,HC) GA T0 15




* COMPUTE GAC
QSTESPCHUM(TT,P(J)aST(1,6))
GACSCHIC(H,HC)AGAMSAT(TT,QS8T)

1S IF(GAM,GE,GAC) GO TO 20

IF (GAC,NE,0,0) WETs,TRUE,
CTF2ST(1,4)*(GAC=GAM)
TCI)=TCL)4DTF%ST(I,S)
T(JI=TCJ)+DTF
RAARAA AR RARRRATAR
* MOISTURE FLUX #
RAARARAAAARPRARAR
20 GSJ=HSASPCHUM(T(J),F(J))

DQ@J=2QS5JI=Q(J)

1IF(CQJ,GE,0,0) GO T0 4S
IFC(CTFaMOIFLX,EC,0,0) G0 10 30
CSI=AMAX] (HS,HF)ASPCHUM(T(I),P(I1))
DQI=0S1=0(I)

IF(DGI, LE,0,0) GY 70 3o

DGFsAMAX1(DQI/ST(1,5),00J)
Q(I)sSQ(I)+DQF2ST(I,%)
G(J)=R(J)+DQF
PGJ=QSJ=Q(J)
30 IF(HS,LT,AMINL(KC,FM)) GO T6 4S
AP AR RN RAR AR RN AR AN AR AP AR R RARR R A AR ARARARR AR RN
* CONVECTIVE AR STAPLE HEATING BY CONDENSATION #
RERAP AN AANRN RN AR AN RRARNR AN R RARR R R AR AR AR RS R Ry
PORSDELTAQ(T(J),05J,DCJ,HS)
NAH=LHEAT* (DQHeDBJ)+DGCJ
DTH=HTVOCP (T (J))nDCHALHEAT
TCJIST(J)I+DTH
ACJ)=Q(J) +DQH
R AR A AR KRR R KRR R AARAAR AR AN A RAR R AR AN
® CONVECTIVE OR STABLE PRECIPITATIAN »
AAARARARARARRARNRRARRRARANARAR AR A ARRAARR
DAR 3 DGR + DEL(I+1)*CAH

4S5 IF(CTF«(DTF=~DTH),G7,0,01) ADJ=,TRUE,
S0 CONTINUE
PCP = PCP « DQRxPCPCH

IFCADJ) G0 70 §
IF(ITER,EQ,1) GO TO0 60
NUPS=NUPS+1

IF(WET) NSUPSsNSUPS+!
60 RETURN
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520
98456

SUBROUTINE CONTORCO,XV,YQ,NX)NY,NLIN)MCONT)NX1,NX2,NY1,NY2,TITLE,
*SUBTIT,VARI,RINC,ROR)

THIS CONTOUR ROUTINE IS GENERATED TO REPLACE ROBERT'S ROUTINE
THE CONTROL VARIABLES ARE THE SAME AS IS THE CALL, THE ADDITIONAL
VARIABLES FINC AND FOR ARE USED IF THE USER WISHES TO SPECIFPY
THE ORIGIN AND INCREMENT HIMSELF, ORIGIN AND INCREMENT ARE PICKED
IF FINC IS SET TO0 ZERN , PRAGRESSIVE CHARACTER SETS FOR PLOTYING
ARE USED: NUMBERS FOR CONTOURS GREATER THAN ORIGIN,LETTERS
FOR PLOYTS LESS THAN ORIGIN, CHANGE THE EXTERNAL CALL FOR VARIOUS
SITUATIONSS

RPLOT = LARGE PLOT, DENSE POINT FIELD

IPLOT « LARGE PLOT, SPARSE POINT FIELC

EXTERNAL RPLOT

EXTERNAL IPLOT

DIMENSION O(NX,NY)

DIMENSION XV(NX),YG(NY),D(100),01¢100),02¢100)

INTEGER TITLE(S5),SUBTIT(2),CHAR1(10),CHAR2(10),2ZERDO,TIT(126),COLLAR

§1R,BLANK

DATA ZERG/'Ox%a'/,BLANK/! '/,00LLAR/"'888S"'/

DATA CHARYi/'Y 2 3 4 H 6 7 8 9 [ v/
DATA CHAR2/'A B c ) E F G H 1 J '/
FINC=RINC

FOR=RAR

NCONT=SMCONT

D0 88 J=2,6

TIT(J)STITLE(J=1)

TIT(7)sDOLLAR

DETERMING MAXIMUM AND MINIMUM

NS=NX

11sMAXVAL(8)+1

I123MINVAL(0)+1

IK1=I1/NS

IK2=12/NS

1J2312=(IK2aN§)

IJiell=(IK12NS)

IK13IK1+¢1

IK2zIK2+¢1

FMXz0(IJ1,1IK1)

FMN3B(1J2,1K2)

1F (ABS(FMXaFMN),GT,1,0E«9) GO TO 520
WRITE(6,98456)

RETURN

CONTINUE

FORMAT (' VALUE IS T00 SMALL FOR THIS PLOTTER!)
IF(FINC,NE.0) GO TO 60

SELECT CONTOURS

1= 11




98 IF(NCONT,GT MCONT) NCONTEMCONT
AZALOG10((FMXaFMN) /NCONT)4+,1505

1eA 0064000
IF (A LT,0)I=]=y 0065000
Bsl 0066000
Cshe] 0067000
FINC=10,%%B 0068000
IF(C.LT,,1505) GO T0 9 0069000
FINC=10,%%B#1,5 0070000
IF(C,LT,.,3010) GO TO 9 0071000
FINCS10,%%Bn2 0072000
IF(C.LT,.4516) GO TO G 0073000
FINCE10,%#B23 0074000
IF(C.LY,,6505) G T8 9 0075000
FINC=10,24B#5 0076000
IF(C.LT,.8490) GO 1O 9 0077000
FINCE10,%%B2a7,5 0078000
9 CONTINUE 0079000
ISFMN/FINC 0080000
FORzIxFINC 0081000
IF (FMX#FMN,LE,0)FOR=0 0082000
60 1sy
RSTzey

IF(FMN.GT,FOR) RST=1
DETERMINE ORIGIN

D(1)2FOR
20 TF(DC1) LE«FMN,AND,CCL1I4FINC.GE,FMN) GO TA 10
D(1)sD(1)+FINC#RST
G0 TO0 20
10 CONTINUE
Izle}
IF(I,GT,MCONT+20) WRITE(6,455)1
IF(1.GT,MCONT+20) GO TO 98
4ss FORMAT(' NUMBER OF CANTOURS EXCEEDS MCONT (',I6,')AUTOMATIC
§SCALING BEGUN')
446  FORMAT(' ONLY ONE CONTOUR PLOTTED,RESCALING')
D(I)=D(I=1)+FINC
IF(ECI)LT,FMX) GO TO 10
IF(I.LE,2) WRITE(6,44€)
IF(I,LE,2) GO 10 98
NCON=]
TIT(1)sBLANK
CALL NOGRID
REMOVES GRID
CALL USXUSY(XVE1),XVINX), FALSE,,YQ(1),YQ(NY),oFALSE,,TIT)

PLOT ORIGIN




201

70

11

100
200

101
300

51
52

I1sQ

1250

DO 11 J=3,NCON

IF CABS(DCJ)=FOR),LT,1,0E=4*FINC) GO TO {1
IF(C(J),LT,FAR) GO TO 70
It=sI1+1

P1(I1)=D(J)
IF(CC(J).GT,FAR)Y G TO 11
12z12+1

p2(12)=D(J)

CONTINUE

PLOT CONTAURS GREATER THAN ARIGIN

IF(I1,EQ,0) GO TO 200

DO 100 J=1,11

ME(J=1)0,1 +1,0E=d

TIT(1)sCHARI(JeMx10)

CALL CNTOUR(O,NS,XV,1,NX,Y8,1,NY,D1(J),IPLOT,TIT)
13=12

IF(I3,LE,0) GO TO 300

PLOT CONTOURS LESS TWHAN BRIGIN

DO 10y J=1,I3

IslgeJed

ME(Je1)20,1 +1,0Fey

TIT(1)SCHAR2(J=M210)

CALL CNTBUR(D, NS, XV,1, Nx,vo,x,rv D2(1),IPLOT,TIT)
TIT(1)3ZERD

CALL CNTOUR(O,NS,XV,1,NX,YQ,1,NY,FOR,IPLOT,TIT)
WRITE(6,51) FMX,FMN,FOR,FINC

WRITE(6,52) SUBTIT(1),S8UBTIT(2),VAR!

FORMAT (! MAXIMUMZ1,G12,4,' MINIMUM=',G12,4,' ORIGIN (0) =!,G12,4
1, INCREMENT=',G12,4)

FORMAT (! ',2A4,' = 1,612,3)

RETURN

END

e
T




FUNCTION CRIRLH(HM,H,AA) .
* COMPUTES #CRIRLM* ,THE CRITICAL SATURATISN RELATIVE HUMIDITY

IFCF.LEole) DH 3 AA%(HeKM) 223
IF(HeGT,1,) DHEAAR(2,erMeN)24] ¢ H = |,
CRIRLHE H =« DH

RETURN

END
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210

310

SUBROUTINE DELEK(CT,LA,LRS,LM,EF,ILH)ILEV,ALP,CELALP,
i LALP,XKHEM, IR, ILG,WOCSL ,WRKS)

THE LAPLACIAN OF KINETIC ENERGY MUST BE ADDED T6 THE

DIVERGENCE TENDENCY CT, THIS IS ACTUALLY A LINEAR TERM AND COULD
BE DONE SPECTRALLY, RUT IT IS PERFORMED ON THWE GRID YO SAVE

THE SPACE IN CORE OF A COMPLEX SPECTRAL E FIELD,

* % % ¥

THE TERM IS COMPUTER AND ADDED TO CT THE NORMAL WAY SIMPLY
* BY CONVERTING ALP TO Nw(N+#1)#ALP AND USING FASP2,

% EF(ILG,ILAT) = GRIC VALUES AF (Uwxr24Vex2), (ILH=ILG/R)
* ALP = LEGENDRE POLYNOMIALS,
% DELALP = HWORK FIELD FAOR N(N+1)ALP,

* NOTE = IN THE PRAGRAM DALP IS USED FOR DELALP SO THIS ROUTIANE
* MUST BE CALLED LAST IN THE LATITUDE LO9P,

COMPLEX CTCLA,1),EFCILH,1)
DIMENSION ALP(LALP,1),CELALP(LALP,1)

%« COMPUTE Nw(Mel)#ALP IN DELALP,
*+ IF MODEL IS HEMISPHERIC SYMMETRIC VALUES OF ALP ARE IN
» THE FIRST HALF OF EACH ROW IN aLP,

LR=LALP
IF(KHEM NE.O) LR=LALP/2

DO 210 Msi,LM

DO 210 N=§,LR

NSeM4eNap

IF(KHEM,NEL0) NSNS+ (t=1)
FNSSFLOAT(NSx(NS+1))
DELALP(N,MISFNS®ALP (N, M)
CONTINUE

* CONVERT GRID VALUES Tr FOURIER COEFFICIENTS.
* INCLUDE IN WOCST ThHE FACTOR 5 IN THE DEFINITION OF KE.
* ADD DELSQ(CKE) T8 CT,

CALL FFWFG2CEF)ILH,EF,ILG,IR,ILG,WRKS,ILEV)
WOCSI=WOCSL%,5
IF (KHEM,NE,0) WOCSImsWBCSL

00 310 L=zi, ILEV
CALL FASP2CCTC1,0)s RS, LMIEFC1,LY,OELALPILALP/WOCST)

RETLRN
END
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FUNCTION DELTAG(T,QS,C0,HS)
»
*
*
*
*

COMMON/EPS/A,B,EPS),EPS2

COMPUTES THE MOISTURE RELEASE aDELTAG% AT TEMPERATURE T

WHEN THE SPECIFIC HUMIDITY I8 GREATER THAN ITS CRITICAL VALLE @S
BY AN AMOUNT D@

HS IS THE CRITICAL RELATIVE HUMIDITY TO WHICH QS CORRESPENDS
REF, LANGLOIS,TELLUS 25,1973,86-87

EPH=EPS2/ (HS*EPS1)
HekTVOCP(T)
YSB/(TaT)aGS*x(1,+QSxEPH)

HYsMaY

HZEHY/(Tx(1,+HY))

DELTAG = 0Q/ (L, 4HY) * (1,0¢DQA/YRHZRHZA(B*(QSREPH+0,S)=T) )

RETURN
END




i

FUNCTION DEWPNT(Q,P)

L 2 2B 2B 2

COMPUTES DEW POINT TEMPERATURE #DEWPNT® USING
SPECIFIC HUMIDITY C AND PRESSURE P(MB)

18 THE VAPOR PRESSURE RELATED TO #DEWPNT BY
ESEXP(A=B/DEWPNT)

COMMON/EPS/A,B,EPS1,EPS2

EzsQeP/

(EPS1+EPS2#0)

DEWPNT=B/(A=ALOG(E))

RETURN
END
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20

SUBRAUTINE DFDS (G,FsSsNN,CANL,CON2)
DIMENSION GCNN),F (NN),S(NN)

» GIVEN A FUNCTION F AT NN UNEVENLY SPACED POINTS, THIS ROUTIME
* CALCULATES ITS FIRSY DIFFERENCE G AT THESE POINTS,

* § MUST CONTAIN THE INVERSE OF THE INTERVAL LENGTHS,
*» BOUNDARY CONDITIONS SPECIFIED BY CAN1,CON2, (SEE BELOW),

NNMaNNe |

00 10 N=zi,NNM
G(N+1)SS(N)a(F(N¢1)=F(N))
AsG(2)

D0 20 N=2,NNM
GIN)S(SCNIRG(N+1)+S(N=1)*G(N))/(S(N)+S(N=1))

% BOUNDARIES

G(1)=CON1wA#(1,=CON1)G(2)
GCNN)SCON2AGINN) +(1,=CAN2)=G(NNM)

RETLRN
END




SURROUTINE DFDSM(G,FsSoNN)

« GIVEN A FUNCTION F AT NN UNEVENLY SPACEN POINTS, THIS ROUTINE
* CALCULATES ITS FIRSY DIFFERENCE G AT THESE INTERNAL POINTS,
« S MUST CONTAIN THE INVERSE OF THE INTERVAL LENGTHS,

CIMENSION G(1),FC1),8(1)
NNMZNNe |
DB lo N:"hhy

10 GCN®1)ES(NI«(F(N+1)=F(N))

CO 20 Nz2,NMLM
20 G(N)SCSCN)*G(N®L1)eS(P=1)2C(N))/Z(SCN)*SIN=1))

RETURN
END




1
2
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SUBROBUTINE DFDSQD(G,FsPRsS/»NN)

THIS ROBUYTINE IS THE SAME AS DFDS EXCEPT THAT THE END DERIVATIVES A
FOUND FROM DIFFERENTIATING THE QUADRATIC THRBUGH THE THE LAST THRE
POINTS AT EACH END,

CLEARLY , NN MUST BE GREATER THAN 2,

PR ARE THE CONRDINATES NF THE DATA , AND 8 ARE THE INVERSE OF THKE
SEPERATION « IDENTICAL TO S IN DFDS,

CIMENSION G(1),F(1),PRC1),S(1)

CALL DFDSM(G,F,S,NN)

G(1) = F(l)n(2*PR(1)=PR(2)=PR(3))/((PR(1)=PR(2))*(PR(1)=PR(3))) +
F(2)%(PR(1)=PR(3))/((PR(2)=PR(1))*(PR(2)=PR(3))) +
F¢

3)x(PR(1)=PR(2))/((PR(3)=PR(1)Ix(PR(3)=PR(2)))
GC(NN) 3 F(NNe2)»

:PR(NN)'PR(LN'S))/((PR(NN'E)'PR(NN‘l))*(PR(NNGZ)'PR(NN)))O
(NNef)2
(PR(NN)=PR(AN®2))/ ((PR(NNe1)=PR(NN=2))# (PR(NNnl)=PR(NN)))+
F(NN)#(2aPR(NN)=PR(NNe1)ePR(NN=2)) /
((PR(NN)«PR(NN®2))a (PR(NN)=PR(NN=1)))
RETURN
END
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SUBRAUTINE DIMCALCLRS,LRA,LRU,LRV,LALP,LM,LA,LAW,IR,KHEM)

» % % % % % ¥ % »

»

COMPUTES ROW LENGTHS AND DIMENSIONS FOR SPECTRAL ARRAYS
GIVEN THE RESOLUTION (IR) AND THE REGION OF INTEGRATION (KHEM),

IF THE MODEL IS GLOEAL LRSzLRAsIR+1, LRU=LRVe_ALP=IR¢2,

IF THE MODEL 1S HEMISPHERIC ALL FIELDS ARE EITHER SYMMETRIC
OR ANTISYMMETRIC, AND THE ZEROES ARE SQUEEZED OUT,

LRS = ROW LENGTH OF SYMMETRIC FIELDS
LRA = ROW LENGTH OF ANTISYMMETRIC FIELDS
LRU = ROW LENGTH OF E=~W WIND COMPONENT FIELC
LRV = ROW LENGTH OF NeS WIND COMPONENT FIELD
LALP = ROW LENGTK OF LEGENDRE POLYNOMIALS (ALP) AND
ASSOCIATEC ARRAYS (DALP,EPSI),
LM = NUMBER AF REWS IN EACH FIELD,
LAW = SEPARATION BETWEEN SUCCESSIVE LEVELS CF WIND FIELDS,
LA = SEPARATION BETWEEN SUCCESSIVE LEVELS OF ALL OTHER FIELDS,

IF = RESOLUTION OF THE MODEL.
KMEM30 FOR GLOBAL, 1 FOR N HEM, 2 FOR § HEM,

LRS=IR+!
IF(KHEM NEL0) LRS=IR/2¢1

LRASIR®
IF (KHEM,NE,0) LRA=(IR+1)/2

LRUZLRS+1
IF (KHEM NE,0,ANC ,M0C(IR,2),EQ,0) LRU=LRS

LRV=ZLRA+1
1F (KHEM (NE 40 (AND ,MBD (TR,2) 4NE,0) | RV=_RA

LALP=IRs2
IF(MODC(IR,2) NE,0) LALP=LALP+

LM=IR+}
LASLRS*| M
LAWSLRU*LM

RETURN
END

I = 22
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SUBROUTINE EGRAFSCETOTS,LTOT,NSPLAT,IGE,IGM,1GQ,IGD)

* GRAPH ENERGIES,MOMENTUM,VORTICITY,DIVERGENCE IF REGUESTED,

« THE SIX
* 1)
* 2)
* 3)
] 4)
* S)
* 6)
» EACH IS
* AT ONE
DIMENSIAN
IF(NSPLAT,

* SUBTRACT INITYIAL VALUES OF KE,PE AND TE T® GET CHANGES ONLY,

LEVELS OF ETOT CONTAIN NSPLAT VALUES of,,,
KINETIC ENERGY

POTENTIAL ENERGY

TOTAL ENERGY

E=W MOMENTUM

MEAN SQUARE VORTICITY

MEAN SQUARE DIVERGEMNCE

A MEAN VALUE NMF ALL THE LEVELS IN THFE MODEL
TIMESTEP,

ETOTS(LTET,6)
LE.0) RETLRM

00 20 J=1,3
EZERO=ETOTS(1,J)

D8 20 I=1,NSPLAT
ETOTS(I,J)=ETATS(I,J)=EZERD

CONTINUE

* NOW DRAW THE GRAPKS, EACH GRAPH PICKS ITS OkN SCALE,

*» GRAPHS TURNED OFF IF IGE,IGM,IGQ,IGD SET Th ZgRO RESPECTIVELY.

* OTHERWISE THESE NUMBERS ACT AS THE GRAPH INTERVALS,

CALL SPLATR(CETOTS(1,3),LYOT,3,NSPLAT,IGE,Q.,0,)
CALL SPLAT2CETOTS(1,4),LT0T,1,NSPLAT,IGM,04/90,)
CALL SPLATR2(ETATS(1,5),LTAT,1,NSPLAT,IGA,04,0,)
CALL SPLAT2(ETOTS(1,6),LTAT,1,NSPLAT,IGD,0,,0,)

RETURN
END
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SUBROUTINE EKLATC(TOTK,EG)PRESSG,ILG,ILEV,WOCSI,KHEM)
* TFIS SUBRAUTINE IS PURELY DIAGNOSTIC,

»

THIS SUBRAUTINE CALCULATES KINETIC ENERGY AT ILEV LEVELS
IN TOTK FOR LATER LSE IN SUBROUTINE ENERD.
IF ENERD 1S REMOVED FROM THE PROGRAM, EKLAT CAN ALSO Be,

» »

»

EG = Uan2eVaa2
PRESSG = SURFACE PRESSURE

»

CIMENSION EGCILG,1),PRESSG(1),TOTK(1)

WXX3,S*WOCSI/FLOATCILG)

D0 20 IK=1,ILG
00 20 L=y,ILEV
TOTK(L)ISTOTK(L)+EG(IK,L)*PRESSG(IK) #WXX

RETURN
END
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SUBROUTINE ENERD (P,C,T,U,PS,PHIS,PRESS,LA)LANW,

» % %

»

*

LRS,LRA,LRI)LM)ILEV,KHEM, TMEAN, TMEANKH,SF,0S,
TOTK,TOTP,TOTE, TOTM,PSITAT,CHITOT,ETOT)

THIS SUBROUTINE IS PURELY DIAGNOSTIC,
CALCULATES ENERGETICS FOR SPECTRAL MULTILEVEL MODEL,
NOTE « TOTK HAS BEEN CALCULATED PREVIOUSLY,

IF MODEL IS HEMISPHERIC, P IS ANTISYMMETRIC,

ALL OTHFR FIELDS ARE SYMMETRIC,

COMPLEX P(LA,1),C(LA,1),T(LA,1),UCLAW,T)
COMPLEX PS(1),PHIS(1),PRESS(1)

DIMENSION TMEAN(1),TMEANM(1),SF(1),DS(1),ETOT(6)

DIMENSION TOTK(1),T0TP(1),TOTECL), TOTM(1),PSITOT(1),CHITAT(S)

COMMAON/PARAMS, WW,Th,A,ASQ,GRAV,RGAS,RGOCP,RGOASQ,CPRES

COMPLEX TBAR(1S),TTOP,PRXK,PRXP,PRXM

ILEVMsILEV=1
SQRT2=8QRT(2,0)
CPOASG=3,5*RGAS/ASE
PBARSPRESS(1)/SGRT?2
CONS=ASQ/PBAR%0,S
CONSMaSORT(8,0/5,0)/3,0eWk

DO 1 IMsi,ILEV
TOTE(IH)30.0
TOTM(IM)=0,0
TOTP(IH)=0,0
PSITOT(IH)=0,0
CHITOT(IM)=0,0
CONTINUE

POTENTIAL EMNERGY.

DO 4o M=1,LM

00 4o N=i,LRS

IL=(Mal)«LRS+N

TTOP = (SF(2)#T(CIL,1) ¢ SFCLIRT(CIL,2))/(SF(1)+SF(2))
TTOP = {,5«T(IL,1)=0,5=T7T0P

00 36 IW=i,ILEVM

TBARCIH) = T(IL,IH)«CPOASQ

TRAR(C1) = TBAR(1)40,52TTOPaCPAASE
TBARCILEV) = 0,5#«T(IL,ILEV)+CPRASQ
IFCIL,GT,1)GY T8 37

00 38 IN = {,ILEVM

TBARCIM)

TBAR(CIH)¢TMEANH(IH)#SQRT2+CPAASG

TBAR(1) = TBAR(1)40,54TMEAN(1)#SQRT24CPAASG
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37
39

40

60

65

70

83

TBARCILEV) = TBAR(ILEV)+0,5aTMEANH(ILEV)*SQRT2#CPOASG

CONTINUE
00 39 IK = 1,ILEV

TBAR(IH) = TBAR(IH) + PHISCIL)*FLOATCILEV)/ASG

DO 40 IKW=1,ILEV
PRXP2TBAR(IH)*CONJG(PRESS(IL))
PRXP=PRXP+CONJG (PRXP)
IF(M,EQ,1) PRXP=PRXP#%0,5
TOTP(IH)=TOTP(IK)+PRXP
CONTINUE

« MOMENTUM,

B0 60 L=1,ILEV

DO 60 M=1,LM

DO €0 N=1,LRS

MN2 (M=l )L RUSN

MXz(Ma])aLRSeN
PRXMzU(CMN,L)*CONJG(PRESS(MX))
PRXM=PRXM+CONJG (PRXM)
IF(M,EQ,1) PRXM3PRXM2(,5
TOTMCLISTOTM(L) #+PRXM

CONTINUE

* SGUARE DIVERGENCE,

tO €S L=1,ILEY

DO 65 M=1,LM

PO 65 N3j,LRA

MNz (Me] ) RASN

PSISQ=P (MN,L)*CANJG (P (MN,L))
IF(M,67,1) PSISC=PSISQePSIST
PSITOT(L)=PSITOT(L)+PSISA
CONTINUE

* SGUARE VORTICITY,

CO 70 L=1,ILEV

DO 70 M=zq,LM

DB 70 N=i1,LRS

MN=(Ma])2LRS+N

CHISA=C (MMN,LIRCONJG(C(MN,L))
IF(¥,GT,1) CHISGsCHISG+CHISGE
CHITOT(L)=CHITOT(L)+CKISQ
CONTINUE

* COMPUTE VERTICAL SUMS IN ETOT,
00 83 N=z1,6

ETOT(N)=0,
Ka3




8%

IF(RHEM,NE,0) K32

DO 85 IW3],ILEV
TOTMCIH)S(TOTM(IN)=CONSMaPRESS (
TOTK(INH)= TOTK(IN)=CONS
TCTP(IH)Z TOTP(IN)=CONS
CHITOT(IM)2SORT(CHITOT(IN)®0,5)
PSITOT(IN)ZSQRT(PSITOT(IN)#0,5)
TOTE(CIN)S TOTK(IK)TOTP(IN)
ETOT(1)=ETOT(1)+0S(IM)aTOTK(IN)
ETOT(2)SETOT(2)+TOTF(IM)/FLOAT(
ETOT(U)SETOT(U4)+DSCINITTM(IH)
ETOT(S)SETCT(S)+DS(IM)IPSITOT(]
ETOT(O)SETOT(6)¢CS(IMIChITEOT(I
CONTINUE
ETOTCI)=ETOT(I)GETOT (L)

RETLRN
ENG

K))*CONS

ILEV)

H)
H)
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SUARBUTINE ENBUT(P,C,T,U,PS,PHIS,PRESS, TMEANN, TMEAN,SF,DS,
1 TOTK,IR,ILEV,KHEM,ETOTS,LTOT,NOGR, TEPR,DIVCH)

THIS SUBROUTINE IS PURELY DIAGNOSTIC,
CALCULATES ENERGETICS FOR SPECTRAL MULTILEVEL MODEL,
PRINTS DIAGNOSTICS AND FILLS GRAPH ARRAY IF REGUESTED,
NOTE = TOTK HAS BEEN CALCULATED PREVISUSLY,

» » 5 %

PARAMETER $ILVa1S,$LEV=0,8LV=10,8ILT=52,8ILG=264,8ILTH=26,31R=20
CAMPLEX P(1),C(1),T(1),U(1)

COMPLEX PS(1),PHIS(1),PRESS(1)

DIMENSION ETOTS(LTOT,6)

DIMENSION TMEANC1),TMEANHC1),SF(1),DSC1),TOTK(L)
COMMON/TIMES/ DEET,KAUNT/KSTART,KTOTAL,IFDIFF

CIMENSION TOTP(STLV),TOTE(SILV),TATM(SILV),PSITAT(SILY),
*CHITOT(SILV),ETOT(6)

NSPLATSKOUNTeKSTART+1

CALL DIMCALCLRS,LRA,LRU,LRV,LALP,LM,LA,LAW,IR,KHEM)
CALL ENERD t,C,T,U,PS,PF1S,PRESS,LA,LANW,

1 LRS,LRA,LRL,LM, ILEV,KHEM, THEAN, TMEANH, SF,DS,
2 TOTK,TOTP,TOTE,TOTM,PSITOT,CHITOY,ETOT)

* ETOATS HOLDS THE MEAMN VALUES 70 RE GRAFHFED AT THE EMND OF THE RUMN,
* IF NOGR=0 NO GRAPKS ARE DRAWN AND ETOTS IS NOT FILLED.

1IF (NOGR,EQ,0) GO TO 84
D8 €2 J=i,6
82 ETOTS(NSPLAT,J)=ETAT(J)

* IEPR IS THE INTERVAL AT WHICK THE ENERGIES ARE TO RE PRINTEC.
* IF IJEPR=0 NS PRINTING IS CONE,

84 IF(IEPR,LE,O0) GO TA Be
IF(MOD(NSPLAT=1,TEPR) ,NEL0O) GO T® 8%
PSOA=PS(1)/5GRT(2,)
PDARSPRESS(1)/SGRT(2,.0)
WRITE(6,6080) KOUNT,PSOG,PBAR,FTAT
WRITE(6,6082)(L,TOTKCL), TOTPCL),TATECL),TOTH(L),PSITAT(L),
1 CHITOT(L),L=1,ILEY)

*+ IF THE MEAN DIVERGEMNCE EXCEELS CIVCH THE MOCEL 1S FORCED
* TC TERMINATE RY SETTING KOUNT = RTOTAL ¢+ 1,
* IF DIVCH=0, THIS TEST IS NOT PERFORMED,

86 IF(CIVCHsGT 40, oAND, ETOT(6)aGT(DIVCH) KOUNTaKTITAL I
RETURN




6080 FORMAT(7HOKOUNTS,I4,10X,14KLN SF PRESa3,E14,7,18X,8HSF PRES=,E1d,7
1 /7120 TOTAL Ke,E14,7,6H Ps,E14,7,6H KePz,E14,7,
2 6H MOMz,E14,7,6H VORTs,EQ14,7,6H DIVs,E14,7)
6082 gORPATtlH 0 15,6E20,7)
ND
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; SUBROUTINE EPSIL2(EPSI,LALP,LM)

| %« CALCULATES EPSILON(N,™) = SORT((Naw2eoMax2)/(UaNaw2 = 1))
# FOR N FROM 0 TA LALFe3, AND M FROM 0 TO LMel IN EPSI(CLALP,LM),
? + EPSILON IS A FIELC AF CONSTANTS USED IN THE SPECTRAL MOCELS.

NIMENSION EPSICLALP,!1)

Do 20 M=1,LM

Fs:“-l

Nisi

1IF(MS,EQ,0) Ni1s2

DO 20 NaN1,LALP

NS=MS4Nat

FNUMSFLOAT(NS®k22 = MSanr?)

FUOENSFLEAT(4aNS#x2 = 1)
20 EPSI(N,M)BSQRT (FNUM/FREN)

EPSI(101)=0'

RETLURN
END
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SUBROUTINE FASP2(SCsLRsLM/CFC/ALP,LALP/WEIGHT) {
{
1

]
]
*
*

CONTRIBUTION OF COMPLEX FOURIER WAVES IN CFC AT ONE LATITLDE
ACDED 7O SPECTRAL COEFF IN SC(LR,LM).

THIS SUBROUTINE IS CALLED ONCE FOR EACH GAUSSIAN LATITUCE,
BEFORE THE FIRST CALL SEY ALL OF SC 70 (0,,04),

IF SC IS GLMBAL, ROw § CAONTAINS WAVES 0,1,2,4.(LR=1),
IF SC IS SYMMETRIC, ROW 1 CONTAINS WAVES 0,294ee022(LR=1),
IF SC IS ANTISYMMETRIC, RAW | CONTAINS WAVES 1,3,5,..2%(LRel)et,
ALP(LALP,LM) CONTAINS LEGENDRE POLYNOMIALS FOR ONE LATITUCE,
17TS ROWS MUST HAVE THE SAME STRUCTURE AS THOSE OF SC,
WEIGHT IS THE GAUSSIAN WEIGHT FAR THAT LATITUDE,

» % % % B %

COMPLEX SC(LR,1),CFC(1)
DIMENSION ALP(LALP,1)

* CALCULATE (WEIGHTaCFC(M)»ALP(N,M)) FOR EACH M AND N, |

DO 20 M=1,LM

CFCR= REAL(CFC(M))anEIGHT
CFCISAIMAG(CFC(M))*hEIGHT

DO 20 N=l,LR
SC(N,M)ZSC(N,M)+CMPLX(CFCRaALP(MN,M),CFCI*ALP (N,M))
CONTINUE

RETURN
END




SUBROUTINE FCINW2(2,CINT,SCALE,LI,LJ,IW,JW,LL,MM,MTYPE)

> % % % % 5 % % B %% ¥ ¥ ¢ %S

*

MAPS LL BY MM WINCOW FROM POINY (IW,JW) IN GRID 2(LI,LJ)
THE CONTINENTAL OUTLINE IS INTERPOLATED FROM A 1/20M SCALE GRID
OF SIZE (51,55) WITH NARTH POLE AT (26,28),
RIGHT AND TOP GRIC POINTS OMITYED FOR STAR GRIDS IF LJ NEGATIVE,
CONTOURS FROM 0, IF CINT,GT,0, FROM « ,S«CINT IF CINT,LT,0
MTYPE = PAS, 6 LINES/INCK; NEG, 8 LINES/INCH
MTYPE = 0 EXIT wWITH N MESSAGE
MTYPE = § 10 3 MYYPE = GRID CISTANCE IN INCHES
MIYPE = 21 T8 U0 ..,
MTYPE=MAPSCL+MESH, MESH CAN BE ANY VALUE FROM 3 TO 10 EXCEPT 7,
MAPSCL=20 FOR 1,20M, 30 FOR 1,/30M (ASSUMING GRID DIST OF 381kv),
PRINTS FBUR LOWEST BRDER DIGITS OF SCALED FIELD
EVERY 2aMESH GRIN POINTS FROM (IW,JW),

1/20M = PRINTED POINTS EVERY 1,5 INCHES, 316aMESH GRID SPACES PER
1/30M « PRINTED POINTS EVERY 1,0 INCHES, 252MESH GRID SPACES PER
ILLEGAL CALL GENERATES MESSAGE AND RETURN,

MAP UNITS REFER T0 A COOBRDINATE SYSTEM CORNEREC ON (IwW,JW)
IN WHICH ONE INCH EGUALS 1440 UNITS,

DIMENSION 2(LI,LJ)

DIMENSION X(100),Y(100)

INTEGER NPRLIN(13¢),NABCD(8),NLMBER(10)

CIMENSION LWR(8,242),LW1(256),LH2(256),LW3(256),Lwd4(25¢6),
*LWS(256),LW6(256),LFT(256),LW8(144)

EGUIVALENCE(LWR(1,1),LW1 1)), (LWRCL,33),LWe(

(LWB(1,65),LW3(1))

193,
EQUIVALENCE (LWB(1,97),LW4(1)), (LWR(CT,129),LWS(1)),(LWF(1,161),
* LWEC1)) ) CLUB(1,193),LWT7(1)),s(LHBCT1,225),LWB(L1))

DATA NABCD/IKW ,iHA,1F ,1HB,1H ,1HC,1H »1KHD/

CATA NUMBER/IHO,1H1, 1K@, 1H3, 1HU,)1KHS,1HE, 1 KT, 118,119/
CATA NBLANK,NPLUS,NMINUS,NSTAR,KDOT/1H ,1He,1He, 1Hx, 1K,/
DATA NDPC NDPL,NPCL,INCH,INCHAK/144,2140,125,1440,2160/

* % » »

ARRAY LWB CONTAINS THE CONTINENTAL NUTLINE CPARDINATES FOR

242 PRIMT LINES OF a 1720 SCALE MAPe EaCH PRINTED LINE CAN HAVE
A MAXIMUM O6F 8 POINTS, PACKED FquP T@ A WORC IN TWe SUCCESSIVE
WORDS OF LWDB, MAP SCALES NTHER THAN 1,20M ARE INTERPOLATEC,

CATA LwWy/

»178,303, o0, 0, O, O, O, 0,177,185,189,198,201,303, o, O,
«174,182,192,195,203,302, 0, 0,172,180,204,299, o, 0o, o0, O,
«171,180,204,297, o, 0, O, 0,171,179,206,264,272,294, 0, 0,
‘170'177'207'235' 0,266,?51,?90,170,17712090230,239;2571255, 0.
%«178,222,225,251,254, o0, 0, 0,167,179,246, o0, O, 0, O, O,
’1bbli7q' 0| o' o' 0' 0, 0'159'102'179' 0, 0' 0’ 0' 0'
‘157'179' 0' 0' 0' 0. 0' 00155'!7°' 0. 0, 0' 0' 0' 0'
*«153,174,177, o, o0, 0, O, 0,152, 0,t68,17t, o0, o0, O, O,
x152,165%, o0, 0, 0o, 0, O, 0,149,164, o, o0, o0, 0, 0, O,
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® Oll“l"ua'lba, O, 0' 0, 00138' 0' 0'165' 0' 0' o' 0,
'13501670 00 0' 00 0, 0, 0'132‘ 0"52'!55' 0'165' 0' 0,
*131,149,158,168, o0, O, O, 0,129,146,159,1€¢9, o0, o0, o0, O,
.128'1“0'16l'170' 0' 0' 0' 0'127’1““"62'170' 0, O, 0' 0'
w1l4,164,165, 0, o0, O, O, 0,124,143, O0, O, O, 0, O, O,
*123,143, o0, o0, 0, O, O, 0,122,143, o0, o0, o0, o0, O, 0,
*x120,143, o0, o0, o0, 0, O, 0,120,343, 0, O, O, 0, 0, O/
DATA LW2/

x120,143,188, o, o0, O, O, 0,122,144,185,189, o, o0, 0, O,
x122,144,184,189, o, 0, O, 0,144,189, o, 0, 0, 0, 0, O,
t122'145,183,163, a9, 0, 0' 0'1221146'183'188' 0' 0' 0, 0'
*122,147,182,187, o, O, O, 0,121,149,179,186, o0, 0, O, O,
%x120,150,164,176, o0,1R6, 0, 0,113,119,153,159,167,17%,186, O,
*111,117, 137, 0, o, 0, 0, 0,114, 0,188, o, o0, o0, 0, O,
*111, 1910 o, o0, o0, 0, 0, 0,133,198, 0, 0, 0, 0, 0, O,
111,193, o, o0, o0, O, O, 0,111,197, o0, O, O, O, O, O,
*»111,198, o, o0, o0, O, O, 0,113,198, o0, 0, O, O, O, O,
x110,198, 0, O, o0, C, O, 0,111,197, O, O, o0, O, O, O,
*111,19?, o, o0, O, O, O, O 11,198, 0,000, O©0, o0, 0, O,
*111,199, o, o, 0, O, O, 0,113,200, O, O, O, O, O, O,
%x111,20¢,, 0, o0, 0, O, O, 0,112,203, 0O, O, 0, 0, O, O,
.1130204' O' 0' 0' 0, 0’ o 130206' 0' O. 0' 0' 0, o,
*113'207' 0' 0' 0' 0' o' 0 13'207' O 0' 0' 0' 0' o'
*112,209, o0, o0, O, O, O, 0,111,212, 215' o, o0, 0, 0, 0/
DATA LwWw3l/

*x114,216, o, 0, 0, O, O,
%111,219, o0, 0, 0, O, O,
x112,212, 0, 0' 0, a, 0,
113,210, O, 0, 0, O,
«113,188,192, 213; 0, 3“9 352,369

0 1,219, o0,

0

0

0

’
%114,186,192, 219,307 371,377, ©

0

0

0

0

1 0
11,215,218, o, o0, 0, O, O,
13,210, 0, 0y 0, 0, 0, 0,

’ ol OI nl 0,

1
1
1
189,191,210,356,359, o, 0, O,
13,187 192, 0216 Jae 3oa,zbe,
115,186,191,344, o0, o0, 0, O,
11°,183,192,218,332,335,338, 0,
122,179,192,214,32%9, o, o0, O,
177 192 326' 00 0; 0' 1260170‘191’ 0,210'326' 0' 0'
*x126,174,191,203,210, 326, 0, ,127,173,191,201,207,324, 0, O,
%128,174,192,200,%23, 0, o0, 0,128,174,192,200,322, o, 0, O,
.‘29p17°,197'3210 O‘ 0' 0, 0,130,178,320' 0, 0' 0' 0, 0,
131,179,320, o0, o0, O, O, 0,131,180,204, o0, O, O, O, O,
w132,18%,220,224,319, o0, o0, 0,132,184,218, 0,225,318, o0, O,
x132,186,216,225,317, 0o, O, o. 29, 31,133, 0,184,215,224,316,
* 29, 30,134,177,183,215,224,315, 29, 32,135,173,180,213,224,311/
DATA Lwa/
~ 33,135, 0,170,211,223,309, o0, 0,135,166, 0,210,222,309, O,
%164,209,22%,294,297, 0,309, 0(,135,164,207,224, 0,291,300,308,
%135,164,206,224,286, 0,300,308,135,162, 204,220 285, 302,305, 0,
il3",161,203,22“.265,303, o, 0,134,161,203,224,285,%03, o, O,
%134,159,197,201,223,286,303, 0,134, 156,194 eaz 287 303, o0, O,
*13“,155 1°“.221 287, 303, 0, 0,133,193, 221, o, o, 0. Oy 04
»132,153,194, 219. 0, 2#5 299,306,130,153,194,218,279, 0,298,306,
-\23,128,152.195,216 276,296,305,120,152,197,213, 275,293.305, 0,
'120'152'197;2120275' 0,305' 0"25019802090273.29"306' 0, 0,

-117,186,191,301, 0, o, 0,
%x121,180,192,215,330, o, 0,
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%x117,126,152,201,207,272,290,30¢,117,126,152,203,207,272,290,306,
%129, 0,150,206,269, 0, O, 0,132,147, 0, O, 0,251,290,306,
= 0,138,143, 0,2“5,25“,2905306'1“0,2“50255;26‘, 0‘26792569305'
* 0,242,254,260,288,305, ©0, 0,140,242,254,260,28R,305,312, O,
%x138,143,234,240,257,291,308, 0,139,146,231,294,315, o, 0, O,
*140,147,230,294,335, o0, 0, 0,149, 296, o, o0, ©O0, 0, O0, O,
* 0,138,150,228,297,317, o0, O, 135, 0,150,228,297,317, o0, O/
CATA WS/

x134,150,227,299,318, o0, O, 0,134,150,228,320, o0, o0, O, O,
%134,150,228,296,320, O0, O, 0,132,152,228,294,320, o0, o0, O,
x131,154,228, 0,321, o, 0, 0,131,155, 226,297 324 s, 04 .50, 0
*132,159 300, o0, O, 0, 0,134, 161, 0 230, 0,303, 314, 0,
.‘300163 lee 230 296 303 31“' 0'133,16b'166p191'227 293 300'31“,
*x131,167, 153,1°“,223 293,314, 0,131,167,152,195,221,293,310. 0,
t128,170.176,198,210.215,219,296,125,136. 0,180,206,212, 0,314,
%x124,134,138, (,203, 0,299,314,132,300,314, o0, 0, 0, 0, O,
%123,129,139,300,314, o0, O, 0,123,127,140,300,314, o0, 0, O,
*122,125,141,314, o0, o0, 0, 0,122,142,299,312, o0, 0, 0, O,
* 0,143,299,312, o, 0, O, 0,144,299,311, o0, o0, o0, 0, O,
x145,296,312, o, 0, O, 0, 0,146,296,312, 0, 0, 0, 0, O,
x146,299,31¢, o0, 0, O, O, 0,146,302,308, 0, o0, 0, 0, O,
*1“6' 0' 0, 0, 0' 0' 0, 0,1“1.1“6' 0, 0, 0, 0’ 0' 0‘
%x138,144,347,320, o0, o0, O, 0,137, 0,317,321, o0, O, 0, O,
%x135,317,323%, o, o0, O, O, 0,134,325, o0, 0, O, O, 0, O/

CATA Lwe/
$134,318,326, 0, 0, 0, 0, 0,134,328, o0, 0, 0, 0, 0, O,
%153, 322: 0, 0, 0, 0, 0,132,323,329, o, o0, 0, 0, O,

* 0, 0, 132, 323 330, 0, 0, 0, 0, 00131'320, 0, 0, 0, 0,
* 0, 0,131,3%25,333%, o, O, 0, 0,131,326,336, o0, 0, 0, O,
*131 327 0' 00 O' 0’ 0' 0'119,131'325,338, 0' 0, 0‘ 0,
*116 ‘20 132 32q 0' op ] 11“,119 13“' 0' 003399 0, 0'
*11",118 135,294,330, 3uo, 0,113,117,136,293,297,332, 0,
*111,117,137, 293 299, 0, 341, 0,111,117, 137,293 299, 333 342, 0,
ﬁ113,119.137,293.299,330 342, 0,114,120,138,293, soo, 0,343, o,
ax10.120,138,293,300,335, 0, © 116,120,138,299,3aa, o, 8, 0,
*119'135' 00 0,291'300,339,3“u o'135'1001’50'291'300’340'3a0'
*122,132,141,147,153,290,299, 0,131,138,155,287,294, o0, o0, O,
*131,137,155,287,294,342,345, 0,134,135,153,287,291,339,347, o,
%151,287,291,336,348, o, 0, 0,150,287,291,335,348, 0, o0, O,
*x149,285, o, o, 0, O, O, 0,149,282,289, 0,329,345, o0, O,
#148,281,290,326,344, o0, 0, 0,146,279,291,320,323,342, o0, 0/
DATA LW7/

*104,276,293, o, 0,337,339, 0,143,275, 0,296,314, 0,339, o,
%x142,273,299,302,305,308,311,336,141,271,333, o0, o0, 0, 0, O,
‘1400270,332' 0' 0, 0' 0, 0,138,270' 0' o' 0, 0 0' 0'

x138,269,336, 0,374,377, o0, 0,138,209, 0,342,374, 377, 05 . 05
ﬁ .‘39'269'350'356'362'368’ 0' 0’100'269' 0' 0, O, n' O, q'
«140,269, 0, 0, o0, O, O, 0,140,269, 0, 0, 0, 0, 0, O,
‘ %141,267, 0, o0, 0, O, O, 0,141,265, 0, O, O, O, 0, O,

’
’
’
’
’

143,264, o0, o0, 0, O, O, 0,144,263, o0, o0, 0, 0, 0, O,
.laa'sz' o, 0, 0' 0, 0, 0,146,26", 0, 0' 0, o' 0, 0,

1 « 34
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w149, 0,266, 0, 0, O, O,
153,213,267, o0, o0, O, O,
*156,165,212, 0, 0,222,267,
*161,170,209,230, 0,267, 0,
*171,209,236,239,267, 0, 0,
‘1730207.202' 0'267' 0, 0,
*170'206,2a9.267' O' 0' °'
CATA Lwn8/

.1651206'2510267' 0' O' O,
*162,197, 0, 0,252,267, 0,
ﬁ1010‘97,255'2§7, 0, 0, 0,
*1600‘9502551267' 0, 0' 0,
*]Sq'lebllaellq“' 0'263.267'
®161,179,191,194, o, 0, O,
*1bull77'191'1°q’ 00 0' 0'
%168,175,192,195, o, 0, O,
-17l'l°1'195' 0, O' 0’ 0'

NCGP =
NWST =
NPRINT =

» % ¥ »

“MTaIABRS(MTYPE)
IF(MT,EQe0) RETURN
IF(MT.GT.40) GO TH S8
IF(MTYPE.LT40) NOPL3170
IF(MT,LE.30) GO TO {1
MESFaMTe30
ANWST=125%NDPC
NDGP=720/MESH
NPRINT=INCH

GO TO 13

IF(MT,LT,20) GO T9 2
MESFSMT=20
NWST=1204NDPC
NOGP=1080/MESNH
NPRINT=INCHAK

GO T8 13

PESPS-]

NOGP=MTxINCK

DETERMINE THE MAP SCALE AND THE GRID POINTS To
DISTANCE RETWEEN GRID POINTS IN MAP UNITS,
MAXIMUM WICTE 0F A MAP STRIP IN MAP ULMNITS,
DISTANCE BETWEEN PRINTED GRID POINTS IN MAP UNITS,

ANWST=((125*NDPC)/NNGPYRNDGP

NPRINT=NDGP
NDGPH=NDGP /2
GDIST=NDGP/FLOAT(INCH)

IPDIST=NPRINT/FLOAT(NCGP)

FNOGPH=FLOAT(NDGPHK)
FNDGP=FLOAT(NDGP)
FNDPC=FLOAT(NDPC)
FNOPL=FLMAT(NDPL)

0, 0,152,266, 0, o0, 0, O,

0,155, 0,212,216,219, 0,267,
0,159,162,210,225,267, 0, 0,
o' 0'170'209' 0,233'267' 0'
0,173,207, 0,245,267, 0, O,
0'17‘1200'2081267' o, O' 0’
0'169'206'249'267, 0' 0' 0'

0'103,lq7'201'2001252'267' 0'
0,161,197,254,267, o0, 0, 0,
0,161,197,256,267, o0, 0, O,
0,159, 0, 0,194,261,
0,160,180,189,194,266, 0, O,
00162,178019‘0194' 0, 00 0,
00166'176p1920‘q50 0, 00 0'
0,170,173,192,185, o, o0, O,
0, 0,191,195, o, o, o0, O,

BE PRINTED.
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MAPSCL=(MTeMESH) aMESH
SCL20=20,/FLOAT(MAPSCL)

» DEFINE THE WINDOw TO BE MAPPED,

» ICMIN,ICMAX = LEFT AND RIGHT SIDES OF WINDAW IN MAP UNITS,
« JCMIN,JCMAX = BOTTOM AND TOP EDGES OF WINDOW IN MAP UNITS,
« JCNJ = TOP OF THE GRID IN MAP UNITS,

NI=(I

IF(LJLLT,0) NIzLl=y

NJ=1ABS(LJ)

IF(LJLT,0) NJstlat

LsLL

IFCIWeL (GTNI) Latleln

MMM

IF(IN+M GTNJ) Mt Jedh

IFC(NT LT U ORNJ LT 4) GO TO 98
IFC LotTe3eR, M, LT,3) GO TH 98
IF(I“.LTnloan.JN.LTgl) GU ?o qe
ICMIN=0

ICMAXSNDGP #|
ICMAX=ICMAXeMOD(ICMAX,NDPC)
ICIw=NDGP*(Iwey)

JCMIN=0

JCMAXSNDGPaM

JCMAX=JCMAXeMOC (JCMAX,NDPL)
JCNJ=DGP 2 (NJeJh)
JCJIweh OGP (Jwel)

* CORRECTIONS FAR STAR GRID AND FOR NAN=STakpaRn PALE,

STCARX=0,

IF(LJ,LT,0) STC3RX=FNPGPH/FNDPC
STCCRY=O0,

IF(LJ,LT,0) STCORY=FNCGPH/FNDPL
FIP3S5),/FLOAT (LIl )aFLOAT(Ine])
FJP3SS, /FLAAT(LJ=1)sFLOAT (Jhel)
PCORX=FIP&FNDGP/F IFC
PCORY=FJPxFNDGP/FADPL

* CALCULATE INTERPBLATIAN CONSTANTS,

IF(CINT,EQ,0,) G®& T* S8
CSHIFTeEO0,0

IF(CI“T.LTOOOJ CSFIFTBO,S
CSC=ABS(SCALE/CINT)
€sce=Cscre2,

CSCesCSC/6,

SIxTw=t,/6,
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21

* MAP STRIP LOOP, RETLRN IF LAST STRIP IS FINISKED,
#» IPCL,IPCR = LEFT ANR RIGHT SIDES OF MAP STRIP IN MAP UNITS,
*» IPNTL = POSITION OF FIRST PRINTED GRID POINT IN MAP UNITS,

IPCRSICMIN

IPCL=IPCR

IFCIPCL,GE,ICMAX) GO TO 16

IPCR=IPCL #NWST

IFCIPCR,GT,ICMAX) IPCRmICMAX

NCHMAX= (IPCReIPCL)/NDPC
FPCL=FLOATCIPCL+ICIW)/FNDPC

IPNTL=IPCL

IPNTC=MODCIPCL,NPRINT)

IFCIPNTC,NE,0) IPNTL=IPHNTL4NPRINTIPNTC
WRITE(6,610) CINT,SCALE,GDIST,IPDIST,LI,LJpIW,JW,LL,MM,MT

% START OF PRINT LINE LAOP FOR EACH MAP STRIP,

* J IDENTIFIES THE LNWER SIDE OF THE INNER INTERPOLATION SQLARE,
* Q@ = DISTANCE OF TFE CURRENT RAW FROM ROW J IN GRID UNITS,

» JPL = POSITION OF C'.RRENT PRINT LINE IN MAP UNITS,

JPLzJCMAX

J3JPL/NDGP#JW

IF(J GTNJ=2) JaNJe2

IF(J.LT,2) Js2
JDIF=JPLe(JaJW)sNDGP
QsFLOAT(JDIF)/FNDGP
GA2CSCox(=0x(0ef ) (U=2,))
GB=CSC2x¢( (Qel )2 (Q4+41,)2(0=2,))
QC=CSC2x(=0x(Q+1,)n(R=2,))
GD3CSCex( Ox(A¢1,)a(0=1,))

* START OF PRINT CHARACTER LOAF FOR EACH PRINY LINE,
* 1 IDENTIFIES THE LEFT SIDE OF THE INNER INTERPOLATION SGUARE,
%« P = DISTANCE OF THE CURRENT PRINT CHARACTER FROt* I IN MAP UNITS,

ILAST==1

NCH=0

08 40 IPC=IPCL,IPCR,NCPC

NCH=SNCHe+d

I=IPC/NDGP¢IW

IF(1.GTNI=2) IzNle2

1IFClsLY2) I=2

I0OIF=IPC=(l=IW)aNDGP

P=FLOAT(IDIF)/FNDGP

IFC 1,EC,ILAST) GO TO 3¢

IFCILASTGT,0 ) GO T® 38

ZB=CAn2 (o), Ju))40Ba2(l=l,J)+0ChZ(Te),Jel)+@N2r2(1lal,lJe2)
ZC3GAAZ (I ,Je1)+QR*Z2 (1 ,J)+QCwZ(I ,J¢1)+QD2xZ(1 ,J¢2)
Z0=CAwZ (T41,J1)+0R*Z(T1¢1,J)+QC 42 (T¢1,J+1)+0D%Z(I¢1,J42)

1« 37
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38 ZA=aZB
28=2¢C
4 2C=2C '
, %E:g::?tIOZ,J-l)+GB*Z(IoZ,J)#?CtZ(IoZ,Jﬁl)OQDOZ(I¢Z,J¢2) P
39 CONTINUE i é
PAZSIXTha(ePa(Pel )2 (Fe?2,))
PBz  Q,S%( (P=1,)2(Pe1,)n(P=2,))
PCe 0,Se(ePa(Pe1, )2(Fe2,))
PCaSIXTHa( Pa(Pet )a(Pel,y))
{ CONTaPARZAGPBAZBR+PC+2C+PDa2C ¢ CSKIFY
4 NCONTIINT(CONT)
NCONTaMOC (NCONT,8) ¢
IFCCONT LT,0,) NCONT=ST4NCENT
NPRLINCNCH)ISNABRCD (NCONT)
40 CONTINLE

| * DRAw LANDewATER BAUNCARIES,
' * NJRO®w IS THE CLRRENT POm IMAGE IN TWHE 1720 SCALE MAP,

|
NJREAz (FLAAT (JPL4JCJIN)/FNCPL o STCORY o PCORY)/

I‘(“JP"*oU.l.59.".!“0»,51’.2“2) Gr T4 49 y/SCL20 ¢ 0,5
CO 4y xk=1,8
LnusLAB (X, NJFPAa)
EF(L'UUEGOOJ G8 TP 44
CB2FLBAT(LAL)#SCL20=FPCL=STCIRXePCORX40,5
I‘(*CS.GT,A,ANc_\ce.LE.Ncp»‘x' VPRLIN < o

44 CONTINLE ' LINCNCRI RO

* INSERT GRID P&I%T VALLES IF THIS 18 4 GRID R~ T8 |
% . n BE PRINTEC.,

* FECATING GRIC VALLES ARE SCALED, ROUNDED ANC CSNVE;$EC %0 §ETEGE

» SIGN AND LOWEST FELR DIGITS ARE INSERTED INTO NPRLIN,
i 49 NC=PzNChet i
I Ca S1 NNE,CHP, 130
I S1 APRLIN(NN)=NELANK

IF(JPL/NPRI“TA\PRINT NE,JPL) GO T® §7

K=J

IF(CPLGEC,JCNS ) x=hJ
IF(JPL.E:.JCKJ.\CGD] K=\J-1
IF(JPLLEGC,0) KN
NPRLIN(1)=SNSTAR
NPRLIN(NC=)SNSTAR
£ S5 IPNTSIPNTL,IPCR,NPRINTY
13I1FNY/NCGPeln

NC=z (1PNTeIPCLY/NDPCoe
P2Z(I,K)*SCALE

G=I“T(ABS(P)+0,5)
NPRLIN(NCHeS)SNFLLS

IF(F,LT,0,) APRLIN(NCheS)SAMINLS
C? Su NN3Y,4

THIS PAGE IS BEST QUALITY PRACTICABLE
FROM COFY FURNISHED TO DDC -
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NPRLIN(NCH=NN)sNUMBER(IQ=1G10410+1) :
S4 10=1010 i
SS CONTINUE

* PRINT ONE LINE. IF NOT END AF STRIP GO BACK To PRINT LINE LCOP
* AT STATEMENT 21, OTHERWISE START NEW STRIP AT STATEMENT 15,

§7 WRITE(6,620) NPRLIN
JPLEJPL«NDPL
IF(JPL,GE,JCMIN) GO TO 21
GO T0 15

16 CO 17 Ixsi,LI

17 X(IX)SFLOAT(IX)

DO 18 1v=1,LJ

18 Y(IY)=FLOAT(IY)

CALL CONTOR(Z,X,Y,LIoLJy0,10,IW,LL,JW,MM," §',"' $!,FLOAT(MTYPE),
#0490,,0,)
RETURN

98 WRITE(6,698) CINT,SCALE,LI,LJ,IW,JW,LL,MM,MTYPE
RETURN

610 FORMAT(1M1,5X,8HCONTOLRn,1PE11,4,5X,6HSCALE=,E11.4,5%,SHGRICz=,
*0PF7,4,21H INCHES  PRINT EVERY,I3,5X,614,I6//)

620 FORMAT(1IH ,130A1)

698 FORMAT(22H ILLEGAL CALL TO PCONW,1P2E14,4,916)
END
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40
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SURROUTINE FFGFW2(GR,LGR,FW,LFW, IR, ILONG,WRKS,NL)

*» CONVERTS IR COMPLEX FOBURIER COEFFICIENTS IN FW(LFW,NL)
* 7O ILONG EQUALLY SPACEC GRIC POINT VALUES IN GRCLGR,NL)
*+ By THE FAST FOURTER SUBROUTINE FOR{2S,

COMPLEX FWCLFW,NL),whRKS(1)
CIMENSION GR(LGR,NL)
COMPLEX AA,BB,CC

DIMENSION NY(3)

IRP1zIR¢1
IF(¥ODCILANG,3),EQ,0) GO TO 100

+ CASE 1 = ILONG IS A POWER 9F 2,
* MAX IR IS ILONG/2, WRKS=(ILONG+1) COMPLEX wORDS,

IFCIR,GT.ILONG/2) WRITE(6,6010) IR,ILANG
IF(IR,GT.ILANG/2) RETURN

ILG2=ILONG#+2

NWwMAXSILONG/2 + |

WRKS (NWMAX+1)=(0,,0,)

DO S50 L=1,NL
* COPY WAVES 0 TO IF TO WRKS, FILL TO WAVE ILONG/2 WITH ZERCS,

DO 20 JsIRP1,NW"¥AX
wWRKS(J)=(0,,0,)
L0 30 J=i,IRP{
WRKS (J)=FW(J,L)

* PERFARM THE FAST FALRIER TRANSFORM,

NSILONG
ISICGN=1
NTYF:-l
CALL FCUR2(WRKS,N,1,ISIGN,NTYP)

*« CCPY ILONG GRID POINTS FRAM WRKS TO GR.

NX=(

CO 40 I=1,ILONG,?

AXShX41

GRC(I ,L)= REAL(WRKS(NX))
GR(I+1,L)SAIMAG(WRKS(AX))
CONTINUE

CONTINUE

RETLRN

* CASE 2 = ILONG IS 3 TIMES A PAWER OF 2,

1 - 40




* MAX VALUE OF IR IS ILONG/3, WRKSs(ILONG/6¢1)#8 COMPLEX WORCS,

100 X3 = ILONG/3
IF(IR,GT,K3) WRITE(6,6010) IR,ILANG
IF(IR,GT,K3) RETURN

' K6 = K3/2

| KP6 = K6 + 1

NWMAX =3 22KP§

WRKS (7aKP6¢1) = (0,,0,)

CALL PERM(WRKS(2#*KFE&+1),WRKS(3*hPb+1),AA,BB,KP6,K3)
CO 150 L=§,NL

CM 120 J=IRP1,NaMAX
120 WPKS(J) B (0,40,)
PO 130 Jmi,IRPY
130 wRKS(J) = FW(J,L) |

CO0 160 K=1,KP6

CC = CONJG(WRKS(K3+c=K))

WRKS (UxKP6+K) = WRKS(K) ¢ CC

WRKS (SaKPo+K) = (WRKS(K)#RBxCC)nWRKS (2*KP6+K)
160 WPKS(6aKP6+K) = (WRKS(K) + AARCC)«WRKS(3I*KPo+K)

N=K3
ISIGN = 1
NTYF = =t
NY(1)=K3
NY(2)=K3
NY(3)=2K3 ,
CALL FOUR2(WRKS (4xkPb+1),NY,3,ISIGN,NTYP)
WEKS (T+KP6) = WRKS(6*KPH+1)

CO 170 K=1,Ké
KP = (K=1)%6
GR(KP+1,L)= REAL (WRKS(U*KPe+K))
GR(KP+2,L) EREAL (WRKS(S*KPE+K))
GR(KkP+3,L)= AIMAG(WRKS(6*KPg+K))
GR(KP4U,L)s AIMAG(WRKS (UrKP6+K))
GR(KP+S,L)% AIMAG(WRKS(S5aKPo6+K))
170 GR(KP+6,L)= REAL(WRKS(6xKP6+K¢1))

150 CONTINUE
RETURN

6010 FORMAT (34H ILLEGAL CALL TH FFGFW2 ,IR,ILONG=,218)
END
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100

SUBROUTINE FFWFG2C(FwoLFWsGR)LGR, IR, ILONG)WRKS,NL)

* CONVERTS ILONG EQLALLY SPACEC GRID POINT VALUES IN EACH LEVEL OF
* GR(LGR,NL) TN COMPLEX FOURIER COEFFICIENTS IN FW(LFW,NL)
x T0 WAVE NUMRER IR, USING THE FAST FOURIER ROUTINE FOR12S,

COMPLEX FW(LFW,NL)

CIMENSION GRCLGR/NL)/WRKS(1)
COMPLEX AA,BR

DIMENSION NY(3)

IRP1=IR¢1
IF(FOD(ILONG,3),FQ,0) GO TA8 100

» CASE | = ILONG IS A PAWER OF 2,

IFCIR,GT.ILONG/2) WRITE(6,6010) IR,ILONG
IF(IR,GT.ILONG/2) RETURN

ILG2=ILONG+2

FLINV=1,/FLOAT(ILONG)

WRKS(ILG2+1)=0,

€I S0 L=1,NL
= TRANSFER GR T3 WRKS AND DIVIDE BY (2*2ILONG),

D3 20 I=1,ILONG
WRKS(I)SGR(I,LIAFLINV

» PERFORM THE FAST FOURIER TRANSFORM,

N2ILONG

ISIGNz=t

NTYP=0

CALL FOUR2(WRKS,N,1,ISIGN,NTYP)

* TRANSFER COMPLEX WAVES C© TA IR FRNAM WRKS TN Fu,

NXze]

COH 40 J=1,IRPY

NX=NXe?2

FACJ,L)SCUPLX(WRKS(NX ), WRKS(NXe+1l 1))
CONTINUE

RETLRN

* CASE 2 = ILONG IS 3 TIMES A POWER OF 2.
* MAX VALUE OF IR 1S ILANG/3. WRKSS(ILONG/6+1)#8 CoMPLEX WERCS,

FLINV = ,S/FLOAT(ILONG)

K3 = ILONG/3
IF(IR,GT,K3) WRITE(6,6010) IR,ILANG

I = 42




130

160

150

6010

IF(IR,GT.K3) RETURN
K6 = K3z

KP6 = K6 + 1

WRKS (14*KP6+1) 3 0,

CALL PERM(WRKS (4aKPe+1),WRKS(6*KP6+1),AA)BB,KPE,K3)
0O 1S5S0 L=1,NL

DO 130 K=3,K3

KP 3 (Kel)wl

WRKS (8aKPo+K) = GR(KP+1,L)aFLINY
WRKS(10aKP64K) = GR(KP+2,)L)*FLINV
WRKS(12#KP6+Ke1) = GR(KP+3,L)*FLINV
WRKS (124KP6+1) B WRKS(12*KPo+K3+1)

N3Kk3

ISIGN = e}

NTYP = 0

NY(1)=K3

NY(2)=K3

NY(3)=K3

CALL FOUR2(WRKS (8xKP6+1),NY,3,ISIGN,NTYP)

CALL RCOMCWRKS(4*KPE+1), WRKS (6%KP6+1) AAIBB ) WRKS(B*KPE+1),
1 NRKS(10'KP6¢1),NRKS(12iKPb01)'hRKS(l)uKPb,K3)

AN 5 =i

D8 160 J=1,IRP}y

NX = NXe2

FW(J,L) = CMPLX(WRKS (NX),WRKS(NX+1))

CONTINUE
RETLURN

FORMAT(34H ILLEGAL CALL T FFWFG2,,IR,ILANG=,218)
END

FAST FAURIER TRANSFORM T0 REPLACE "FOAURZ™ AND "FOURj12S" IN
THE GLOBEX MODEL. SHOULD BE TFANSPARENT TA THE USER,
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SUBRAUTINE FOUR2(F Ny To15,1T)

COMMAN/FFTDAT/TI(400),T2(400)
REAL D(2,200),E(C1),F(2s1)
EGUIVALENCE (DC1,1),EC1))
DATA IC,IH/Q,0/

CHECK INPUT DATA « VERY CURSHRY

IF((N/2)#2 ,NEN) STEP 69
IFCIT LT o= ,OR, IT,GT,0) STOP 70

IF(IH."EOISOHR.IC-ECoC) CALL FGUuIN(ISON)
IH=]IS§

1C=1

ISW=1T+2

IN2a3Ny/2

IN2MI=IN2e)

IN2P1=IN2e}

GO TN (1.,2),1ISw

CHAYSE THE TYPE AF TRANSFORM

=» 1/2 CAOMPLEX ARRAY TO A RFAL ARRAY
s> A REAL ARRAY 1A 1/2 CAMPLEX ARRAY

Ny —

I
sF(1,1+1)
='F(21141)

0y S J=1,2

D(J,1)=2F(J,1)

Ct & I=s1,N

IM=hale}

CCL,IM)=sECIM)

0(2,IM)s0,0

CALL FOURTR(D,D,T2,h,IFIXCALNGCFLRAT(N))ZALAG(2,)+0,5))
GO TO (7,10),1ISk

PREFARE THE OUTPUT AFRAY

F(J,1)=D¢(
RETLRN




10 DO § Is31,IN2P}
00 9 J=1,2

9 FWJ,1)s0(J, 1)
RETURN
END




SUBROUTINE FPAK
DUMMY OUT THE PACKING ROUTINES AND TRAP SPURIOUS CALLS

ENTRY MAOVLEV |
WRITE(6,1) i
FORMAT('(0 PACKING NCT ALLOWED BN ASC VERSION OF GLOBAL MODEL') |
RETLRN

END ]




FUNCTION GAMSAT(T,GS)

* COMPUTES aGAMSATa WHICKF WHEN MULTIPLIED BY CAPA/SIGMA
* GIVES THE MOIST ACIABATIC LAPSE RATE OF POTENTIAL TEMPERATURE

COMMON/GAMS/EPSS,CAFA

KT=FTVOCP(T)
AzHT2GS/(CAPART)

ABSA®EPSSxMT/T

GAMSAT=Tr(ABeA)/(],+AR)

RETLURN
END




SUBRAUTINE GARPIN(NF1,NFMTN,NF2,NDAY,LV,)PR,ILG,ILAT,
1 MTIN,WET ,KDR KT, KCV, IW,JWsLL MM,
e MPGZyMPT ,MPW,MPWSP ,MPG2ZS,MPSPosMPCR,MPWT ,MPCV)

%« TF1S PROGRAM GETS SPECTRAL DATA FOR ONE DAY (NDAY) FROM ThE
GARP TAPE (NF1) AND CONVERTS TH GAUSSIAN GRIDS FOR OUTPUT(NF2),

ALL SPECTRAL FIELCS ON THE TAPE ARE DIMENSIONED (27,26)

RUT THEY ARE TRUNCATEN AT WAVE NUMBER 25 SO THE LAST COMPLEX
NUMBER IN EACH RAw IS UNUSED, SUBRAUTINE SMOV2 IS USED TO
CANVERY THESE FIELDS TO THE STANDARD (26,26) SIZE,

NOTE e WINDS U,V FAVE SIZE (27,26) IN THE PROGRAM,

= % % 5 %

GEMPOTEMNTIALS (G2) ARF COMPUTED FROM TEMPERATURES (TGG)

AND SURFACE PRESSLRE (PSGG)e 6Z AND TGG ARE STORED ON NF2.
WIND COMPANENTS (Lov) ARE CAMPUTED FROM VORTICITY (Q) AND
CIVERGENCE (D) AND SAVED A" NF2),
NOTE « ACTUAL WINLS COMPUTED ARE (U,V)*COS(LAT)/(EARTH PACILS)

» % % % »

* THE DAYS ON THE TAPE ARE KOV 4,5,6,7,8:9 (1669),

* T,G,0 ARE AVAILABLE 6N 10 PRESSURE LEVELS,

* TFE ORDER 0OF THFE PRESSURE LEVEL DATA ON THE TAPE IS
* 5¢,150,250,350,4%0,5%50,6%0,750,850,950 “P,

PARAMETER $ILVz15,8LEVz(s®LV=10,3TLT=52,8ILG=64,8ILTF=26,81R=20
LOGICAL MTN

LOGICAL WET,KDR,KWT,KCV

CIMENSIAN pR(LV)

DIMENSION MPT(1),MPGZ(1),MPW(1),MPWSP (1)

COMPLEX G,D,U,V
CAMPAN/LCMI/ G(26,26),D(26,26),U(27,26),V(27,26)

COMMAN/LCM2/ GG(33R80Q),6GP(2000),WRKL(130)

COMMON/LCMI/PSGG(3380),625(33R0),T66(3380,11),RUMMY(3380)
DIMENSION GZ(3380,11)
EGUIVALENCE(GZ(1,1),766(1,2))

CONMANZALPCOM/ ALP(28,26),EPSI(28,26)

CAMM AN/GAUSS/ACEILTHF) ,wrCSC ILTH),CoACSILTH),STACSILTH),RADCSILTH)
A, ANG(SILTH)

CIMENSION WRKS(300,c),PRLC(10)

* OLTPUT PACKING DENSITIES, NA PACKING IF SET Tn 1§,

DATS NPGZS,' PGZ,NFT,NPW, LPES,NFuT,NPCV,NPCR
1 / 1' 1' 1, " 1, 1' 10 , /

*» INITIAL FIELDS ARE GLURAL AND CONTAIN TO WaVE 25,
+ ILALP = ROw LENGTEF ®F ALP,EPSI (MUST RE EVEMN AND GT I1IRP2),

I = 48




ILALP=28
IKHEM=(
IKSYM=0
I1IR=25
IIRP{alIIR+!
1IRP2=11R¢+2

* SET CONSTANTS,

A = 6,37122E6

GRAV=9,80616

RGAS=z287,

RGOCP32,/7,

ILATH=ILAT/2

ILG1=ILG+1

LGGSILGY*ILAT

CALL EPSIL2CEPSI,ILALP,IIRP1)

CALL GAUSSG(ILATH,COA,W,SIA,RAD,W0CS)

* PRL CONTAINS THE LOG OF SUCCESSIVE PRESSURE RATINS
* FOR LATER USE IN THE HYDROSTATIC EQUATION INTEGRAL,

0O 15 L=1,9
1S PRL(L)SALOG(PR(L+1)/PR(L))
PRLC10)=ALOG(1000,/PR(10))

I1D=0
REWIND NF1

« IF MINS=,F, JUST SET MOUNTAIN FIELD T9 ZERO, OTHERWISE READ
« SPECTRAL MOUNTAINS FROM NFMTN ONE ROW AT A TIME AND CONVERT
x TO GAUSSIAN GRID, CONVERT FROM METERS TO GZ AND SAVE ON NF2,

* NOTE « MOUNTAINS KAVE SIZE (26,26) ON THE FILE.
* NOTE =« MOUNTAINS ARE NOT OGN THE GARP TAPE, USER MUST SUPPLY.

D6 20 I=1,LGG
20 GZS(I)=0,
IF(,NOT ,MTN) GO TO 23
00 21 M=1,1IRPI
READ(5,5020) (Q(N,M),N=1,1IRPY)
21 CONTINUE
CALL SPAGG2(GZS ,ILC1,ILATH,COA,IKHEM,
1 Q,IIRP1,I1IRPY,IKSYM,ALP,EPST,ILALP,WRKS,WRKL)
DO 22 I=1,LGG6
22 GZS(1)=GZS(I)*GRAY
CALL FCONWR(GZS,«500,,1,/GRAV,ILG1,ILAT,IN,JW,LL,MM,MPG2S)
3 23 CALL WSGGP(G2ZS,ILG1,ILAT,NF2,ID,4H 6ZS,1,NPGZS,GGP,WRKS)

* READ SPECTRAL TEMPERATURES (DEG C). CONVERT TA GAUSSIAN GRICS,

i I « 49
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COH 24 ND=4,9

DO 24 L=1,10

READ(NF1,5101) U

IF(NDLEQ NDAY) WRITE(E,6030) L,ND

IF(ND,EQG,NCAY) CALL S™Bv2(G,IIRP1,U,ITIRP2,1]IRP1)

IF(NOLEQ NDAY) CALL SPAGG2(TGG(1,L),ILG1,ILATE,COA,IKHEM,

1 Q,IIRPJ,TIRPYL,IKSYM, ALP,EPSI,ILALP,WRKS,WPKL)
24 CONTINUE

T

* CONVERT TEMPEPATURES TO DEG K AND SAVE ON NFE,

03 32 L=1'10
£9 31 I=1,LGG
» 31 TGG(I,L)=TGG(I,L) + 273,16
: CALL FCONW2(TGGCT, L)y SurlesILGE, TLAT, TN, JN,LL,MM, MPT (L))
: CALL wSGGP(TGG(1,L),ILG1,ILAT,NF2,I0,4K  T,L, NPT,GGP,WRKS)
3 32 CONTINUE

* GET SPECTRAL "SL PRESSURF (MR)., CONVERT TO GAUSSIAN GRID.

CY 34 ND=4,9 {
REAC(NF1,5101) U |
IF(ND,EQ,NDAY) WRITE(6,6040) NO
IF(ND,EQ,NDAY) CALL SMPV2(G,IIRPL,U,IIRP2,IIRPY)

IF(NDER,NDAY) CALL SPAGG2( PSGG ,ILG1,ILATH,COA,IKHENM,
1 Q,IIRP1,TIRP1,IKSY", ALP,EPSI,ILALP,WRKS,WRKL)
36 CONTINUE

* COMPUTE T1000 FROM 1950 ASSUMING 0.6*(DRY LAPSE RATE),

CONS(1000,/950,)#x(RGAS/GRAV2S5,9E=3)
DO 42 Is4,LGG

4 42 TGG(I,14)=TGG(I,10)»CON
CALL FCONWR(TGG(1,11),5.03es LG, ILAT, IW, JW,LL,MM,MPT(11))
CALL FCANW2(PSGG,5,,1.,ILGY, ILAT,IW,JW,LL,MM, MPSP)

! + COMPUTE GZ1000 FROM P(MSL)ANC T1000, ASSUMING T(MSL)=T1000,

C® 44 I=1,LGG
44 GZ(1,11)=RGASxTGG(1,11)«ALAG(PSGG(I)/1000,)

* COMPUTE THE GEMPOTENTIALS RY INTEGRATING THE HYDROSTATIC
* EQUATION UP FROM TRE 1000 MB LEVEL.

L3 Uue KK=1,10

L=11l=KK

D7 46 I=1,LGG

GZ(I,Ly=6GZ(l,Le1) ¢+ RGAS* Sa(TGG(I,LY)+TGG(I,L+1))+PRL (L)
u6 CONTINUE 3




* SAVE GEOPATENTIALS ON FILE NF2,

SCAL=1,./(10,2GRAV)

DO 48 L=1,10

CALL FCONW2(GZ(14L)y 6409SCAL,ILGL, ILAT,IW,JW,LL, MM, MPGZ(L))

CALL WSGGP( GZ(1,L)oILG1,ILAT,NF2,ID,4F GZ,L,NPGZ,GGP,WRKS)
48 CONTINUE

CALL FCONWR2(GZ(1,11)96a09SCAL,ILGYL, ILAT,IW,JW,LL,MM,MPGZ(11))

* READ SPECTRAL VORTICITY (Q) AND DIVERGENCE (D) FRAF TaAPE,
%« CANVERT T0 WIND COMPONENTS 9N GAUSSIAN GRIDS. SAVE 8N FILE ANF2,
# WIND SPEED IS COMPUTEDP FOR DIAGNOSTIC PURPOSES ONLY,

00 S0 NP=d,NDAY
00 S0 L=1,10

REAC (NF1,5101) U
REAC(NF1,5101) V

1F (ND,LT,"DAY) G® T8 S0
WRITE(6,6050) L,ND

* COMPUTE WIND CAMPCNENTS FROM VORTICITY AND CIVERGEMCE.

CALL SMOV2(Q,IIRP1,L,1IRP2,IIRP1)

CALL SMOV2(D,IIRPL,V,1IRP2,I1IRP1)

CALL QDAW2(UV,V,8,D,EPSI,NRKS(1,1),WRKS(1,2),

1 IIRP2,I1IRP2,1IRP1,IIRPY,ILALP,IIRPY, IKHEM,TIR)

* CENVERT U T8 GAUSSIAN GRID AND SAVE ON FILE NFE,

CALL SPAGG2(GG,ILG1,ILATH,CO4,IKHEM,
1 U,IIRP2,1IRP1,+IKSYM,ALP,EPSI,ILALP,WRKS,WRKL)
CALL FCONW2(GG,10,,A,ILGY,ILAT,Iw,Ja,LL,MM,MPW (L))
CALL WSGGP(GG,ILG1,ILAT,NF2,I0,4K U,L,NPW,GGP,WRKS)
PO 49y I=1,LGG
493 PSGG(I)=6G(I)

* CONVERT V TP GAUSSIAN GRID AND SAVE ON FILE NF2,

CALL SPAGG2(GG,ILG1,ILATH,C3A,IKHEM,

1 V,1IRP2,11RP],=1KSYM,ALP,EPST,ILALP,WRKS,WRKL)
CALL FCONW2(GG,10,,A,ILGY,ILAT,IW,JW,LL,MM,MPK (L))

CALL WSGGP(GG,ILG1,ILAT,NF2,1D,4H V,L,NPW,GGP,WRKS)

* COMPUTE WIND SPEEC AND MAP 1F REQUESTED,

PO 492 13§,LGG

492 PSGG(I)=SORT(GG(I)nn2 & PSGG(I)x*2)
CALL FCONW2(PSGG,10,,8,IL01,TLAT,IW, JW,LL, MM, ¥PUSP (L))
IF(L,EC,10) GO T8 S2

§0 COMTINUE

g2 REWIND NF1

D LA |




sS4

55

56

57

56

29

5020
5101
6030
6040
6050

THE GRID PHYSICS FIELDS ARE SET T8 ARBITRARY pUT REALISTIC
VALUES FOR THE PLRPOSE OF TESTING THE SPECTRAL MODEL,

» ¥

»

SLRFACE ORAG IS SIMPLY A FUNCTIAN OF THE CRESS“AN DRAG
COEFFICIENT AND THE MOUNTAIN HEIGHTS,

»

IF ( NOT KDR) GO TO SS

CRESSD=1,2E=3

08 Su I=z1,L66

GGCI)=CRESSD#(1,0 ¢ G2ZS(I)/1.E+4)

CALL FCONW2(GG,20¢.,1,E5,ILG1,ILAT,IW, JW,LL, MM, PDR)
CALL WSGGP(GG,ILG1,ILAT,NF2,I0,44 DOR,1,NPDR,GGP,WRKS)

* WATER TEMPERATURE IS A FUNCTIAN OF LATITUDE.,

IF(NOT KWT) GO T3 S7

DO S6 J=1,ILAT

IF(JLLE,ILATH) WTEMF=S273,+,5«FLOAT(J)

IFCJGT ILATH) WTEMFZ273,+4,5#FLAAT(ILAT+1=J)

DC S6 K=z1,ILGH

I=(J=1)2ILGL + K

GGCI)=WTENP

CONTINUE

CALL FCANW2(GG, 3,,1,00,ILGt,TLAT, IW,JW,LL,MF,MPWT)
CALL WSGGP(GG,ILG1,ILAT,NF2,TD,4H WT,1,NPwT,GGP,WRKS)

* SEA COVER IS DETEFMINED FRO® THE MOUNTAINS AND AN ASSUMED PECLAP
* SufW COVER AF o6 LATITUDE CIRCLES,

IF(.NOT KCV) GO T8 G§

DO SA J=1,ILAT

SHflnz0,

IF(J LE,6,0R,J,GE,(ILATS)) StOW=1,

Lr s@8 K=1,ILGY

1=(J=1)2ILG] + K

GG(I)=1,

IF(GZ25¢I),GT,.999, .CR, SNOW,GT,0,) GG(I)=0,

CONTINUE

C‘LL FCUNNZ(GG,'1').'10.0'1'.-5"ILAT,IN,JN,LL'HP,WFCVJ
CALL WSGGP(GG,ILGI,ILAT,NF2,ID,44 CV,1,NPCV,GGP,WRKS)
RETLRHN

FORMAT(10F8,3)

FORMAT(6EL2,5)

FORMAT(LIH TEMP LEVEL,I3,5K tAV,12,15h READ FRAM TaAPE)
FORMAT(22H SURFACE FRESSURF NAV,12,15H REAR FRAM TAPE)
FORMAT({5H VORT,NIV LEVEL,I3,5+ ~NOV,12,15K READ FROM TAPE)
END
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PROGRAM GARPG

» CONTRAL PROGRAM FOR GARPIN,
+ READS 10 LEVEL DATA FROM THE GARP TAPE FOR CATE NDAY
* FOR INPUT TO0 THE MULTILEVEL SPECTRAL MODEL,

THE PARAMETER STATEVMEMT IS USED TH DEFINE THE MAXIMUM NUMBER OF
LEVELS OR POINTS ALLOWED FOR EACH TYPE OF MATRIX

SILYV NMUMBER OF SIGMA LEVELS (NOT COUNTING 0,1)

SLEV MOISTURE LEVELS

$LV = PRESSURE LEVELS

$ILT = LATTITUDE POINTS Ih GRIC

$ILG MAXIMIM NUMRER OF GRID POINTS IN LONGITUCE CIRCLE
SILTH = SILT/2

§IR = MAXIMUM NUMBER BF WAVES PERMITTED

$ILPL = SILG + 1

SLAW = (SILG + 1)«SILT BR (SIR ¢ 2)»(SIR + 1)x8ILV

PARAMETER $ILVel%,SLEV=0,8LV=10,3ILT=52,8ILG264,8ILTH=26,81R=c0

LOGICAL MTN,WET,kDR,KwT,KCV,KN]IY
DIMENSION PR(SLV),SIG(SILV),IDATIM(14)
DIMENSION MPGZ2(11),MPT(11),MPW(10),MPWSP(10)

e & & 6 e ® s s s e ® 8 P & 0 ° 4 6 6 O 0 & ¢ & P & 9 o 0 o 8 0 o

DATA LV,PR/10, S0,,150,,250,,350,,450,,550,,650,,750,,850,,55C, /
DATA IDATIM/6x0,7#+'  X',0/

2 MAP CONTROLS (n MEANS NO& MAPY,

CATA Tw,JwW,LL,MM/ 1,1,32,52/

CATA MPGZ/ Q4 0, 0, 0, 0, 0, 0, 0, O, 0, 0 /
DATA MPT / 0, 0, G, 0, 0, 0, 0, 0, 0, 0O, 0 ¢/
DATA MPW / Q, 0, Uy 0y 00 o, 0, 0' 0, 0/

DATA MPWSP/O, 8, O, B O Gp 63 U5 0 7

DATA MPGZS, MPSP MPRR, MPWT,MPCVY/ 9, 0, 0, 0, 0 /

* INPUT TAPE (MNF1), MOUNTAIN FILE (NFMTN), OUTPUT FILE (NF2),
CATA NF{,NFMTN,NF2/ 81,83,42 ¢/

* SPECIFY THE DATE ANDAY (HLOV 4 TH Q).

CALL INDUMP

REAC(5,5010) NDAY

MPT(5)=22

MPWSP(S)=22

MPSP=22
¥PDR=2?2

I = 953

Se—
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* READ MODEL PARAMETERS FROM CARDS,

REAC(5,5010) ILG,ILAT,KNEM,IR,LEVS,DEET
READ(5,5010) IW,JW,LL,MM
REAC(S,5012) NK,(SIG(N),M=1,NK)
! REAC(5,5015) MTN,WET,KDR,KWT,KCV,KDIV,SCORL,SCORW
‘ REAC(5,5010) KSTART,KTOTAL,IPRG,IPCP

* WRITE CONTROL LABEL ON FILE NF2,

CALL SPLAB(NF2,2,LV,PP,NK,SIG,LEVS,ILG,ILAT,KFEM,IR,DEET,
1 MTN,WET,KDR,KhT,KCV,KDIV,KSTART ,KTOTAL,IPRG,IPCP,IDATIM)

* READ THE GARP TAPE AND PUT AUTPUT AN FILE NFZ,

CALL GARPIN(NF§,NFMTIN,NF2,NDAY,LV,PR,ILG)ILAT,
1 MTN,WET,KDR,KNT,KCV, IW,JW,LL,MV,
2 MPGZ,MPT,MPW,MPWSP ,MPGZS,MPSP ,MPCR ,MPHT ,MPCV)

5030 FORMAT(SIY,F8,0)
5012 FORMAT(15,15F5,3)
5015 FORMAT(6L4,2FB,2)
STOP
EnD

1 - 54
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SUBROUTINE GAUSSG(NZERO,F,WT,SI1A,RAD,WOCS)

* THIS ROUTINE CALCULATES THE ROOTS (F) OF THE MRDINARY LEGENCRE
» POLYNOMIALS OF ORCER NZERO, THE FIRST STEP IS TO MAKE AN

# INITIAL GUESS FOR EACH ROOT AND THEN TO USE THE OROINARY

* LEGENDRE ALGORITHM (ORDLEG) AND NEWTONS METHMOD TO REFINE

» THE SALUTION UNTIL THE CRITERION XLIM 1S SATISFIED,

* F = COSINE OF COLATITUDE

* WY = CORRESPONDING GAUSSIAN WEIGHT

* SIA = SINE OF COLATITUDE

* FAD = COLATITUDE IN RADIANS

+ WOCS = GAUSSIAN WEIGHT / COSCCOALAT)aw2

CIMENSION F(1),wT(1)oSIAC1),RAC(L1),WOCS(L)

XLIM2],0E=06

PI = 3,1415926535898
IR = 2=xNZERS®
FISFLOAT(IR)
FIi=FlI+i,
FNeFLOAT(NZERD)

CO 20 I=1,NZERN
DOTSFLOAT(I=1)
F(I1)=aPl*,52(DOT+,S)/FN ¢ PI=*,5S
FCI) = SIN(F(I))

20 CONTINUE

DN s FI/SQRT(4,xFIxFle=1,)
CNISFI1/SQRT(4,aF]12F]lel,)
A = DON1«FI

B = DN=»FI

IRP = IR + 1 1
IRM IR ef

CH S0 I=1,NZER®
42 CALL ORDLEG(G,F(1),IR)
CALL ORNLEG(GM,F(IY,IRM)
CALL ORDLEG(GP,F(1),1RP)
GT = (A«GP=BaGF)/ (F(I)aF(I)=1,) j
FTEMP = F(1) = G/GT
GTEMP = F(I) = FTEMP
F(1) = FTEMP
IF( ABS(GTEMP),GT XLI¥) GO TO 42
S0 CONTINUE

£9 ¢0 I=1,NZERO

A2 x(]1,°F (1)%*2)

CALL OROLEG(B,F(I),IRM)
B = BuBaFIxF]
WT(I)aAx(Fl=,5)/8

I = 58
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RAD(I) = ACOS(F(1))
SIACI) = SIN(CRAC(I))
wOCS(I) SWT(I)/SIA(I)
CANTINUE

anQ

RETLRN
END




SUBROUTINE GGASP2(P,LR,LM,KSM,GG,ILGI,ILATH,COA,W,KHEM,
1 ALP,EPSI,LALP,WRKS,WRKL)

SPECTRAL ANALYSIS OF GAUSSIAN GRID GG,

PUTS SPECTRAL COEFF INTO P(LR,LM),

IF GLOBAL GG=(ILG1,ILATH*2), OTHERWISE GG=(ILG1,ILATH),
LATITUDE 18 ZERO AT LEFT AF GRID AND POSITIVE EASTWARD,

» % % »

KHEM 0 = GLMBAL, § = N HEM ONLY, 2 = S HWEM ONLY,

KSM +12SYMMETRIC, O0sGLOBAL, =13ANTISYMMETRIC

COACILATH) CONTAINS THE COSINES OF THE COLATITUDE (N T8 8),
W(ILATH) CONTAINS THE GAUSSIAN WEIGHTS (N HEM, N TO S),
ALP(LALP,LM) IS A WORK FIELD FAR LEGENDRE PALYNOMIALS,

EPSI 1S A FIELPR OF CONSTANTS THE SAME SIZE AS ALP,
WRKS,WRKL ARE SCM,LCM WORK ARRAYS OF (ILG+2) WORDS,

FAST FOURIER TRANSFARM REAUIRES THAT ILONG BE A POWER OF 2,

*» % % % * % * ¥

»

WARNING = KHEM ANC KSM MUST BE pOTH ZERO OR BATH NON=ZERO,
e ANTISYMVYETRIC FIFLDS ANALYSED FROM A HEMISPHERE
* WILL ALWAYS HAVE A MEAN OF 2ERO,

»

COMPLEX P(1)
DIMENSION GGCILG1,1),ALPC1Y,EPSTI(1),WRKL()
DIMENSION COA(CY),vcL),WRKS(1)

* CALCULATE CONSTANTS AND SET P T0 ZERO,

ILG=ILGL=1

ILGF=ILG/2

MAXF=s| Ma}

ILP=y

IF(KSM LT, 0) ILP=aLALP/241
NPzLR#LM

00 10 MN=i,NP

10 P(MN)=(0,4,s0,)

* DO NORTHERN KEMISFHERE IF REGUESTED (KHEM=0 0P 1),

IF(KHEM,EQG,2) GO TO 3R

DO 30 IH=1,ILATH

JRXZILATH+1=1H

IF(KHEMEQ,0) JRXsJRX4ILATH

SINLAT: COA(CIH)

CALL ALPNM2(ALP,LALP,LM,SINLAT,EPSI)

IF(KSM,NE,0) CALL ALPAS2(ALP,LALP,LM,WRKS)

CALL FFWFG2(WRKL,ILGH,GG(1,JRX),ILGL,MAXF,ILG,WRKS,1)
CALL FASP2(P,LR,LM,WRKL,ALP(ILP),LALP,w(IH))

30 CANTINUE

* DO SOUTHERN WEMISPHERE IF REGUESTED (KHEM=0 OR 2),

) L




38

40

50

IF (KHEM EQ,§) GO TH SO

DO 40 IH=1,ILATH

JRx=sIHK

SINLAT==COA(IH)

CALL ALPNM2(ALP,LALP,LM,SINLAT,EPSI)

1F (KS™ NE,0) CALL ALPAS2(ALP,LALP,LM,WRKS)

CALL FFWFG2(WRKL,ILGH,GGC1,JRX),ILGY,MAXF,ILG,KRKS,1)
CALL FASP2(P,LR,LM,wRKL,ALP(ILP),LALP,W(IH))

CONTINUE

* IF ONLY ONE HEMISPHERE WAS ANALYSED, DOUBLE ALL COEFF IN P,
IF (KMEM,NE,0) CALL SCOF2(P,LR,LM,2)

KETLURN
END




SUBROUTINE GWAGP2(Q,D,LRA,LRN,LMyUGG)VGGsILGL)ILATH,CO0A,WOCS, KHEM,
i ALP,DALP,EPSI,LALP,WRKS,WRKL)

®
]
*
]
®

CONVERTS GAUSSIAN GRIDS OF U,V IN UGG,VGG(ILG1,NLAT),
Te SPECTRAL CAPEFFICIENTS OF VORTICITY GQ(LRG,LM)
AND DIVERGENCE O(LRD,LM),
IF GLPRAL, NLAT=ILAY, IF REMISPHERIC, NLAT=SILATH,
NOTE V 1S ACTUALLY V#COS(LAT)/(EARTH RADIUS), SAME FA3R U,

KREM 0 = GLOBALc 1 3 N KEM ONLY, 2 = § HEM ONLY,
COACILATH) CANTAINS THE COSINES OF TWE COLATITUDE (N TN §),
WOCS(ILATH) C®NTAIMNS (GAUSSIAMN WEIGHTS)/COS(COLAT) (N T9 S),
ALPCLALP,LM) IS A WORK FIELD FOR LEGENDRE POLYNNAMIALS,
DALPC(LALP,LM) IS FOP THE NeS CERIVATIVES OF ALP,

EPSI IS A FIELD OF CONSTANTS THE SAME SIZE A4S ALP,

wRKS IS AN SCM WMRK ARRAY OF LENGTYH LR COMPLEX WORDS,

WRKL IS AN LCM wORK ARRAY OF LENGTH LR COMPLEX WORDS,

FAST FOAURIER TRANSFARM REGUIRES TMAT ILONG BE A POWER OF 2,

* % % % % % % % ¥

COMPLEX G(LRG,1),DCLRC, 1)/ WRKL (!
CIMENSION UGG(ILG1,1),VCG(ILGL,!
DIMENSION ALP(1),CALP(1),EPSICY)

)
)

CIMENSIAON COA(1),WOCS(1)sWRKS(L)
« INITIAL CONSTANTS, SET G,D T® ZERO,

ILG=ILG1l=1

ILGH=ILG/2

ILP=1

IF(KHEM NE,Q) ILPaLALP/2¢}
ILAT=SILATH®Z

NLATSILATH

IF(KHEM ,EQ,0) NLAT=ILATH#?
CALL SCOFR2(Q,LRG,LM,0)
CALL SCOF2(D,LRD,L¥M,0)

* PERFORM THE CONVERSIAN ONE REw AT A TIME,
CO 40 JRs{,NLAT

IH=JR

IF(IJR,GT ILATH) IK=sILAT4layp
IF (KHEM ,EQ,1) IH=ILATRe1=JR
SINLATs«COA(IH)

IF(JR,GT ILATH) SINLAT=COA(IN)
IF(KHEM ,EQ,1) SINLAT=COA(IN)
WEIGHT=WOCS(IN)

*+ COMPUTE ALP,DALP aANC REORQDER RAWS IF GRIDS ARE HEMISPHERIC,




22

24
40

CALL ALPNM2(ALP,LALF,LM,SINLAT,EPS])

CALL ALPDR2(DALP,ALP,LALP,LM/EPST)

IF(KHEM (NEL0) CALL ALPAS2( ALP,LALP,LM,WRKS)
IF(KHEM NE,O0) CALL ALPAS2(DALP,LALP,LM,WRKS)

* TERMS DEPENDING ON L,

CALL FFWFG2(WRKL,ILGH,UGG(1,JR),ILG1,LM=1,ILG,WRKS,1)
CALL FASP2(Q,LRG, M, WRKL,CALP(ILP),LALP, WEIGKT)

DO 22 Msi,LM

FMSIFLOAT (Meq)

WRKL (M)SCMPLX («FMS#AIMAG (WRKL(M)),FMS#REAL (WRKL (M)))
CONTINUE

CALL FASP2(D,LRD,LM,WRKL ,)ALP,LALP, WEIGHT)

* TERMS DEPENDING 8N V,

CALL FFWFG2(WRKL,ILGK,VGG(1,JR),ILG1,LM=1,ILG,WRKS,1)
CALL FASP2(D,LRO,LM,WRKL DALP,LALF,=WEIGHT)

DO 24 M=1,LM

FMSzFLOAT (May)

WRKL (M)SCMPLX (=FMSaAIM™AG(WRKL (™)) ,FMSxREAL (WRKL (M)))
CONTINUE

CALL FASP2(Q,LRQ,LM,WPKL,ALF(CILP),LALP, WEIGHT)
CONTINUE

* IF GRIDS ARE HWEMISPHERICs DNUBLE ALL COEFF IN G AND Do

IF (KHEM,NE,0) CALL SCOF2(q,LRG,LM,2)
IF (KHEM NELQ) CALL SCPF2(0,LRD,LM,2)

RETLRN
END
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1

SUBROUTINE GZFBP (PHI,PEE,PS,TMEAN,PEEMN,PSMN,LA,
LRS,LMyILEV,RGAS)

« CALCULATES GZ IN PHI FROM BIG P IN PEL FOR ILEV LEVELS,

% IF MODEL IS HWEMISPHERIC PEE,PHIS,PS ARE SYMMETRIC,
* EACH LEVEL IS DIMENSIONED (LRS,LM).

» EACH LEVEL IS SEPARATED BY LA COMPLEX WORDS,

» PEE AND PHI CAN BE EQUIVALENCED,

COMPLEX PHI(LA,1),PEE(LASL),PS(Y)
REAL TMEANC1),PEEMN(E)

DO 30 L=1,ILEV

DO 20 Mz1,LM

"RS(H-I)'LRS

D8 20 N=t,LRS

MN=VMR¢N

PRI (MN,L)SPEE(MN,L) =« RGASaTMEAL (L) 2aPS(MN)

PHIC1,L) sPHI(1,L)¢FEEMNCL)=RGAS*TMEANCL ) 2PSMN

RETLRN
END




FUNCTION HTVECP(T)

» COMPUTES
* LATENT HEAT OF VAFORIZATION OF WATER OR ICE
* SPECIFIC HEAT OF AIR AT CANSTANT PRESSURE

*

TWGE,TLS
T.LE,T2S

*HTVOCP+

¢+ THE RATIO

oF

REF SMITHSONIAN TABLES,1958

PARAMETERS CAMPUTEL IM ADJPAR
COMMAN/HTCP/T1S,T125,A1,81,AW,Bh,S5LP

IF(T,GE,T1S)
IF(T,.LE,T28)

NTVOCP
RETLRN

FTVOCP
RETLRN

RTVACP
RETLRM
END

SLPa( (TeTCS)w(AW=BWAT) ¢ (T1S=T)2(Al=gIxT) )

ANeBWaT

AJeBIaT

G9 19 1
Ge T8 2

cP

70

HTVOCP(WATER) 3 (3,15213E+¢6=2,380E+3xT)/CP
HTVRCP( ICE ) = (2,8B0S3FE+6-0,167E+3+T7)/CP
WITH LINEAR INTERPALATION IN BETWEEN




SUBROUTINE INPOC(LC,ILEV/NVAR)

PRINTER OUTPUT CONTROL FOR SPECTRAL MULTILEVEL MODEL,
LC = OUTPUT SWITCHES FOR EACKH TIME(NT), LEVEL(ILEV), AND VARIARL

LAR = ALPHANUMERIC LAREL FOR EACH VARIABLE (4 CHARACTERS).,

CS = CONTOUR INTERVAL AND SCALE FACTOR FOR EACH VARIABLE,

KGGM = GG WINDOW AND MAP SCALE FOR EACH TIME (IW,JW,LL,MM,MS),

KPSM = PS GRID SIZE,PALE AND MAP SCALE FOR EACH TIME
(NI,NJ,IP,JP,MS),

MAXIMUM POSSIELE VALUES,,, ILEV=15, NVAR=t0,

* % % % % ¥

DIMENSION LC(3,ILEV,1)sLCR(3,15)
COMMON/PCOML/ LRPR,LMPR,KGGM(S,3),KPSM(S,3),060,0GRW,NHEM
COMMAN/PCOM2/ LAB(10),C5(2,10)

DIMENSION LABX(10),CSX(2,10)

DATA CSX/=wld400,,1,E47,=400,,1,E48,220,,1,+1204,1.+549,01,500,,1,,
| 500,100,, 620, /

DATA LABX /4HVORT,dH DIV,4HTEMP,4H PHI,4HSFPR,4HPHIS,4H ES,3*0 /
DATA LAST/UHXXXX/

* FIRST COPY CSX TO CS AND LABX TO LAB,

CO® 15 I=1,NVAR

1S5 LAB(I)=sLABX(I)
DO 17 I=1,NVAR
Do 1?7 K=l.2

17 CS(K,I)=CSX(K,I)
CS(2,4)=1,/9,80616
CS(2,6)=CS(2,4)

* SET DEFAULY VALUE OF ALL SWITCHKES T8 ZERO (I.E. NO GUTPLT),

DO 20 NvVsi,NVAR
D8 20 L=1,ILEV
DO 20 NT=4,3

20 LC(NT,L,NV)=0

* READ KGGM AND KPSM FRAM CARDS,

REAC(5,5020) KGGM

WRITE(H,6020) KGGM

KEAL (5,5020) KPSM,D60,DGRW,NHEM
WRITE(6,6030) KPSM,C6C,DGRW,NHEM

* READ CONTROL CARD, CHECK LARBEL, INSERT IN CORRECT PLACE IM LC.
* REPEAT UNTIL ALL CARDS KAVE BEEN READ (LAST CARp CONTAINS XXXX )

26 READ(5,5030) LABR, ((LCR(NT,L),NT=1,3),L=1,ILEV)
1F (LABR,EQ,LAST) G8 T8 40




32
3S

40
4s

S020
5030
6020
6030
6040

DO 35 NV={,NVAR
IF(LABR,NE.LAB(NV)) GN T9
DO 32 L=1,ILEV

00 32 NT=1,3
LC(NT,L,NV)ISLCR(NT,L)
CONTIMNUE

GO TO 26

% WRITE LC ON THE PRINTER,

DO 45 NVEQ1,NVAR
WRITE (6,6040) LAB(NV), ((LC

RETURN

35

(NoLoNV),N=1,3),L31,ILEV)

FORMAT(1513,E10,3,F10.2,13)

FORMAT (A4, 15(C1X,311))
FORMAT(6HOKGGMe,3(2X,S13))

FORMAT (6H KPSMz,3(2X,813),5X,14HD60,0GRW,NHEM= ,E10,3,F10,2,15)

FORMAT(1M0,A4,15H OLTPUT C
END

ONTROL,10(2X,312))

1 « 64
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40

1

SUBROUTINE INPTYGG(NF1,NF2,0RPAK,WTPAK,CVPAK,ILGY,ILATH,KHEM,

KOR,kwT,KCVyNPDR,NPWT,NPCV,GG,GGP,WRKS)

»

GETS GAUSSIAN GRICS OF DRAG,WATER=TEMP, AND SEA=COVER,
FOR THE SPECTRAL MULTILEVEL MODEL,
THEY ARE ALSO WRITTEN TH FINE NF2 FOR POSSIBLE RESTART,

» »

KDRJETC = LOGICAL SWITCHES FOR EACH VARIAPLE,
NPDR,ETC =

(ALSO USED FAR OUTPUT PACKING ON NF2),
GG,GGP,WRKS ARE WORK FIELDS USED IN PACKING,

> % ¥ %

»

INPUT FIELDS ON FILE NF1 CAN BE IN ANY ORDER, BUT
THEY SHOULD OCCUR AT THE BEGINNING OF NF1 Y0 MINIMIZE THE
EFFECT OF THE REWINDS,

» %

DIMENSION ORPAK(1),nTPAK(L1),CVPAK(L)
DIMENSION GGCILG1,1),GGP(})
DIMENSION WRKS(1)

LOGICAL OK,KDR,KWT,KCV

% /MAPGG/ CONTAINS MAP CONTRALS (SET IN THE MAIN PGM),
COMMON/MAPGG/ MGGDR,MGGWT,MGGCYV

10=0

NLATZILATH

IF(KHEM ,EQ,0) NLATsILATH®?

* DRAG FIELD (CRESSMAMN DRAG COEFFICIENT = NONDIMENSIONAL),
IF (,NOY KDR) GN TO 30

REWIND NF1

CALL RSGGP (DRPAK,ILG1,NLAT,NF{,ID,4N DR,1,0k,GGP,WRKS)
CALL WSGGP (DRPAK,ILG1,NLAT,NF2,ID,d4n OR,1,NPCR,GGP,WRKS)
CALL FCONWR2 (DRPAK,100,,1,E5,ILG1,NLAT,1,1,ILG1,NLAT,MGGOR)
* WATER TEMPERATURE (DEG K),

IFC.NOT,KWT) GA TO 40

REWIND NF1

CALL RSGGP(WTPAK,ILG1,NLAT,MNF1,ID,4H WT,1,0K,GGP,WRKS)
CALL WSGGP(WTPAK,ILG1,NLAT,NF2,1D,4H WT,1,NPWT,GGP,WRKS)
CALL FCONW2(WYPAK,3,,1,,ILGY,NLAT,1,1,ILG1,NLAT MGGNWT)

* LAND = SEA COVER (FRACTION JF waATER 0, TO 1,),

IFCNOT ,KCV) GO T8 §9
REWIND NF1

I « &5

PACKING CENSITIES FOR EACH VARIABLE IN THE MOCEL.
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CALL RSGGP(CVPAK,ILGY/NLAT,NF1,ID,4H CVy1,0K,GGP,WRKS)
CALL WSGGP(CVPAK,ILGI)NLAT,NF2/IDs4H CVo1/NPCV,GGP,WRKS)
CALL FCONW2(CVPAK,«100,,100,,ILGY,NLAT,1,1,ILGY,NLAT,MGGCV)

99 RETURN
END

S s i it

i}
L




SUBROUTINE INPTSP(NF1,ID/NF2,PHIS,PS,PHY,P,C)ES,LA/LRS,LRA,
1 LMpILEV/LEVS  KHEM, ILG1, ILATH,COA,w,W0CS5,G66,66X,GCP,

2 ALP,CALP,EPSI,LALP,WRKS,nRKL)

« PERFORMS SPECTRAL ANALYSIS OF GAUSSIAN GRIDS (ILG1,ILATY
*+ FOP INPUT T@& TWE MLLTILEVEL SPECTRAL MODEL,
* LRS,LRA ARE R&w (ENGTHS FOR SYMMETRIC AND ANTISYMMETRIC

)

« SPECTRAL ARRAYS, TREY DIFFER ONLY IF THE MOCEL 1S HEMISPRERIC,

2 KREM 0 3 GLORAL, ! = N HEM ONLY, 2 = S MEM ONLY,

INPUT IS ON SEGUEMTIAL FILE NFQ IN THE FOLLOWING ORDER
* Pr1S,PS,PHICILEV) (L, V(ILEV)),ESCILEY),

COMPLEX PHIS(1),PSCL),PHICLAPL)PCLAVPLI))CCLA,L), ESCLA,T)
DIMENSIAN ALP(3),CALP(1),EPSI(L)
CIMENSION COA(1),4(1),%08CS(C1),nRKS(1)

* GG,GGX ARE WORK FIELCS FER GAUSSIAN GPIDS (ILGI,NLAT),

(GG)

* GGP IS A WORK FIELC ULSED ANLY IF NF1 CONTAINS PACKED FIELCS.

*# WRKS,wRKL ARE SCM,LCM “ERK ARRAYS OF (ILGe2) wORDS,
CIMENSION GGC(1),GGX(1)sGGP (Y)Y, wRKL (1)

LaGICcal Ok

* OLTPUT PACKING CENSITIES (SET 1n MAIN PRAGRAM),
COMMAN/PKIUT/ NPGZ,APSP,\Pn , \PFS

RE~IND NF)

KSYv=1

IF(RYEM,EQ,0) XSyMs(C
NLATZILATH

IF(KHEM EQ,0) NLATSILATH®?

* MAONTAIN FIELD (M/SeC)*wc  REAC FROM FILE NFU,
* ANOTE « MOUNTAINS ARE ARITTE: TA FILE NF2,

CALL RSGGP(GG,ILGY, MLAT,NFL, 0,44 GZS,1,0F,GGF,wWRKS)
CALL GGASP2(PHIS,LRS,LM,KHEM, GG, ILGL,ILATH,CAA,w, KSYN,
l ALP'EPSIlL‘LP""ﬂKs'WRKL)

CALL SPAGG2(GG,ILG1,ILATH,COA, KKEM,PHIS,LRS, LM, KSYN,

1 AL";EPSI,LALP,«FKS,NQKL)

CALL wSGGP(GG,ILGY,NLAT, NF2, 0,d4H G7S,1,KPGZ,GGP,WRKSE)

* L"G 9F SURFACE PRESSLRE (MILLIRARS) READ FROM™ FILE \FI,
* CA\VERT FRAM wmyp| | JRARS T® (1 EwTang/uneld),

CALL QSGGP(GG'[LGI,NLAT,NFI,ID,““LNSp'I'BK,GGP,wQKS)
CALL GGaSP2( PS ,LQS'LV,KFE“oGG,ILGl'ILATHICOAﬁW;KSY”;

ve e




1 ALP,EPST,LALP,WRKS,WRKL)
PS(1) = PSC(1)+ALNG(100,)*SQRT(2,)

* GEAPOTENTIALS (M/SEC)an2 REAC FROM FILE NFi,

CO 250 L=1,ILEV
CALL RSGGP(GG,ILG1,NLAT,NF1,ID,4H GZ,L,0K,GGPyWRKS)
CALL GGASP2(PHI(1,L),LRS,LM,KHEM,GG,ILG1,ILATH,COA,W,KSYM,
1 ALP,EPST,LALP,wRKS,WRKL)
250 CONTINUE

* WIND COMPONENTS (L,V)*COS(PHI)/(EARTH RACIUS) READ FROM FILE NF1
* COANVERY TO VORTICITY (1,/SEC) AND DIVERGENCE (1,/SEC),

CY 350 L=1,ILEV

CALL RSGGP( GG,ILG1,NLAT,NF1,I0, 4K  U,L,0K,GGP,wRKS)

CALL RSGGP(GGX,ILGY,NLAT,NF1,ID,u4H Vol oOK,GGP,wRKS) 1

CALL GWAGD2(P(1,L),CCt,L),LRA,LRS,LM,G6,GGX,ILG1,ILATH,C"A,n0CS, |

1 KFEM, ALP,DALP,EPST,LALP,WRKS,WRKL)
350 CONTINUE

* DEW POINT DEPRESSIONS ES (DEG C) READ FROM FILE NF1,

IF(LEVS ,EQ,0) GO T™ 969
DO 450 N=1,LEVS
L=C(ILEV=LEVS) ¢ N

CALL GGASP2( ES(1,N),LRS,LM,KHEM,GG,ILGY,ILATF,COA,W,KHEM, h
1 ALP,EPSI,LALP,»RKS,WRKL)

450 CONTINUE

999 RETLRN i
|




30

31

40

» % % % %

SUBROUTINE INVRSI(PEERAR,AI,BI,CI,DI+LA,LRS,LMsILEV/KHEM)

THIS ROUTINE IS REGUIRED TO0 IMPLEMENT THE SEMIIMPLICIT
ALGORITHM, THE TRI-DIAGONAL MATRIX DEFINED BY AI,BI, AND CI
IS SOLVED TO OBTAIN THE PEEBAR FROM THE RHS (CI) FOR EACH
HORIZONTAL MODE, THE GENERAL TRI=DIAGONAL MATRIX SOLVER
ROSR12 IS USED FOR SOLUTIGON,

* IF MODEL IS HEMISPHERIC, PEEBAR,DI ARE SYMMETRIC.
* EACH LEVEL IS DIMENSIONED (LRS,LM).

« EACH LEVEL 1S SEPARATED By LA CAMPLEX WARDS,

% MAXIMUM VALUE OF ILEV IS 15,

COMPLEX PEERARCLA,1),CICLA,1)
CIMENSION ATCILEV,1),RICILEV,1),CICILEV,1)
CIMENSION PEBR(1S),PERT(15),DIR(15),DII(15),WIRK(15)

0O 4o M=1,LM

CO 40 N=1,LRS

ILs (M=l ) RS+N

NSzMeNe?

IF (KHEMNE,Q) NS=HS4+(hel)
NSP=NSe¢

DO 30 IKW=1,ILEV

CIRCIH) = REAL(DI(IL,INW))
CIT(IH) = AIMAG(DICIL,IH))
CONTINUE

CALL ROSR12(PERR,AT(1,NSP),BI(I,MNSP),CI(1,NSP)sDIR,)ORK,ILEV)
CALL ROSRI2(PEBI,AT(1,NSP),FIC1,NSP)sCIC1,NSP)sDIT,WORK,ILEV)

0o 3t IW=1,ILEY

PEERAR(CIL,IH) = CMPLX(PERR(IM),PERI(IH))
COMTINUE

CONTINUE

RETURN
END

ey

i ittt s P i i




39

SURROUTINE LLFxY(DLAT,CLON,X,Y,D60,0GRW,NHEM)

CALCULATE LATITUDF AND LONGITUDE IN DEGREES OF POINT (X,Y)
MEASUREND FROM TWE POLE, (LANGITUDE IS POSITIVE EASTWARD),
GRID IS POLAR STEREOGRAPHIC wITKH STANDARD LATITUDE AT &0 CEC,
AND GRID SIZE De0 METERS,
ZERO DEGREES LONGITLDE IN THE GRID IS (DGRW) DEGREES
IN MAP COORDINATES,
NFEM § = NOPTHERN HEMISPHKERE, NHEM 2 3 SOLTHERN FEMISFHERE,
1,866025=(1+SIN6O), 6,371E+6sEARTK RADIUS IMN METERS,

» % % % % » % %

RE=1,866025%6,371E4€/060
RE2=REw*w?2
C1=180,73,14159

« IF POINT IS AT POLE SET CH8RC T8 (0,.,90.),
CLAT=90,

DLAN=0,

IF(X,EU,0, (AND, Y,EG,0,) GO TA 39

# CALCULATE LANGITUCE IN MAP CPORDINATES,
IF(XEQ,0,) DLANZSICN(90arY)

IF(X NE.O,) DLONSATAN(Y/ZX)ACY

IF(X,LT,0,) DLON=DLAONSSIGN(180,,Y)

* ACJUSY LONGITLDE FOF GRID ORIENTATION,
CLON=DLON=DGRW

1F (CLON,GT,4180,) CLON=DLEN=360,
IFCCLON,LT,=180,) CLON=DLON+360,

* CALCULATE LATITUDE,

R2aXww2eYun2

CLAT=(RE2=R2)/(RE2¢R2)

CLAT= ASIN(DLAT)*(C1

* CHANGE SIGNS IF IN SOUTHERN HEMISPHERE.

IF (NHEM ,EG,2) OLAT=DLAT
IF(NHEM,EQ,2) DLON=e<DLON
RETURN

EMD
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24
25
26
30

SURROUTINE LNER(CT,PEET,SDS,CM,PEEM,LA)LRS,)LM,ILEV,DT,RGAS,SF)
* ACD LINEAR TERMS OF RHMS TO PEET,SDS,
PARAMETER S$IMV = 18, IM = 5, $IR = 25, IRM a 2»§IR+|

» IF MODEL IS HMEMISPHERIC, ALL FIELRS ARE SYMMETRIC,
+ EACH LEVEL IS DIMENSIANED (LRS,LM),
* EACH LEVEL IS SEPARATED RY LA COMPLEX WORDS,

COMPLEX CTCLAs1) PEET(LAPL),SDSCLA/L))CMCLA,1)/PEEM(LA,L)

COMPLEX TEMP(SINMV)

REAL MI,MITI,MIIM{,M1,M2,MP,MPM], 4M, MW, MPT M2M]

COMMON , NEWMAT / MI(IM,IM), MIT(IM,IM),MIIMLI(CIV,IM),ML(IM,IN),
Na(I”,;P‘)."P(IH,IM),HP"I(!N,IH),“‘M(IM.I").
M (IM TM) ,MPI(IM,IM, IRM) M2ML(IM,IM)

CIMENSION SF(1)

ILEVMsSILEV=]

CH 30 M=f,LM
0/ 30 N=1{,LRS
ILs(Mel )% RSN

0O 20 IH=1,ILEV
SCSCILsIH) = »SDS(ILsTIH) = DT#CT(IL,INH) = CM(IL,IH)
CONTINUE

DO 24 IH=1,ILEV

TEMP(IN)=0,0

08 24 IK=1,ILEV

TEMP (IM)STEMP (TH) & MPM{(IK,IM)*PEET(IL,IK)
p® 25 IH=1,ILEV

TEMP(IH) = DT & TEMP(IK)

co 26 IK=sy,ILEV

PEET(IL,IH) = TEMP(IH) ¢ FEEM(IL,IH)

CONTINUE

RETURN

END
SUBROUTINE MATMLT(X1,X2,X3,N)
DIMENSION X1 (N,N),X2(N,N),X3(N,N)
DM § J=1,N
DO 1 I=1,N
X1(I,J)=0,0
DO § K=1,N
X1(1,d)BX1(1,0)ex2(1,X)*xX3(K,J)
RETURN
END
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SUBRAUTINE MHANLW(PT,CT,PFET,SCS,TOUM,EST,ESDUM,PRESS,LA,

1 PUTFoPVTF,TUTF,TVTF,PEETF,SCSF/EFsTF,SUSF,SVYSF,
2 ESTF,ESF,PRESSF,ILH,ILMoLRS,)LRA,LM,

3 ALP,DALP,LALP,WRKS , WL ,WOCSL,)ILONG,KHEM,ILEV,LEYS)

* CONVERTS ILONG GRID VALUES T® FOURIER COEFF THEN CALCULATES
* CONTRIBUTIONS TA SPECTRAL FIELDS FOR ONE GAUSSIAN LATITULE,
* MOISTURE VARIABLES AMITTEC IF LEVS = O,

* [F THE MODEL IS HEMISPHERIC PT IS ANTISYMMETRIC,
+ ALL OTHER SPECTRAL FIELDS ARE SYMMETRIC,

* ALPCLALPsLM) CONTAINS LEGENDRE POLYNOMIALS FOR ONE LATITUDE.
DALPCLALP,LM) CONTAINS N=S DERIVATIVE OF ALP.
% WRKS IS AN SCM WORK ARRAY USED BY THE FAST FOBURIER TRANSFORM,

»

COMPLEX PTYCLA,1),CT(LA,1),PEETC(LA,1),SDS(LA,Y)
COMPLEX EST(LA,1),TCUM(LA,1),ESDUMCLA,1)/PRESS(1)

COMPLEX PUTF(ILH,1),PVTFCILH, 1), TUTFCILH,1),TVTF(ILK,1)
COMPLEX PEETF(ILM,1),SDSFCILM,1),EF(ILH, 1), TF(ILK,1)
CAMPLEX SUSF(ILH,1),SVSF(ILH,1),ESTFCILH)1),ESF(CILH,1)
COMPLEX PRESSF(1)

CIMENSION DALP(1),aLP (1), WRKS(1)

+ IF MODEL IS HEMISFHERIC, THE SYMMETRIC AND ANTISYMMETRIC
* COEFF IN THE ROwS OF ALP,DALP HAVE BEEN SEPARATED,

ILEVP=ILEV+!

ILP2t

IF (KHEM NEL0) ILPzsLALP/2+1
IRs| M=l

* ALSH, WI AND WOCSI ARE DOUBRLED TO ACCAUNT FOR THE MISSING KEM,

WIlswl

IF (KHEM NEL,0) WIzsWlL 4wl
wiCSI=wacsL

IF (KHEM NE,0) WICSI=WCCSL+wOCSL

* CONVERT GRID PSINT VALUES TO FOURIER COEFF,
* TLHsILMSREAL,CAMPLEX DIMENSIONS OF PEETFsETC (ILMS2wILH),

CALL FFWFG2(PEETF,ILH,PEETF,ILM,IR,ILONG,WRKS,ILEV)
CALL FFWFG2( TUTF,ILk, TUTF,ILM,IR,ILONG,WRKS,ILEV)
CALL FFWFG2( TVTF,ILW, TVTF,ILM,IR,ILONG,WRKS,ILEV)
CALL FFWFG2( PUTF,ILk, PUTF,ILM,IR,ILONG,WRKS,ILEV)
CALL FFWFG2( PVTF,ILK, PVTF,ILM,IR,ILONG,WRKS,ILEV)
CALL FFWFG2( SDSF,ILM, SDSF,ILM,IR,ILANG,WRKS,ILEV)
CALL FFWFG2( TF, ILK, TF,ILM, IR, ILONG,WRKS,ILEVP)

I = 7




CALL FFWFG2(PRESSF,ILF,PRESSF,ILM,IR,ILANG,WRKS,1)

» MOISTURE VARIABLES (OMITTED IF LEVS=0),

IF(LEVS,EQ,0) GO TA 13

CALL FFWFG2( SUSF,ILH, SUSF,ILM,IR,ILANG,WRKS,LEVS)
CALL FFWFG2( SVSF,ILKM, SVSF,ILM,IR,ILONG,WRKS,LEVS)
CALL FFWFG2( ESTF,ILK, ESTF,IL¥,IR,ILONG,WRKS,LEVS)
CALL FFWFG2( ESF,ILK, ESF,ILM,IR,ILANG,WRKS,LEVS)

* FOURIER CONTRIAUTIANS AT OME LAT CONVERTED T® SPECTRAL COEFF,
+ FAR VARTICITY AND DIVERGENCE=-TYPE TERMS OF PT,CT,PEET,EST,
* CALCULATION OF NARTreSOUTH DERIVATIVE TERMS,

13 00 20 Ls1,ILEV

CALL FASP2(PEET(1,L)sLRS,LM,TVTF(1,L),NALP +LALP,=W0OCSI)
CALL FASP2( PT(1,L),LRA,LM,PVTF(1,L),DALPCILP),LALP, WOCSI)
CALL FASP2( CT(1,L)sLRS,LM,PUTF(1,L),CALP sLALP, wOCSI)

20 CONTINUE
* MOISTURE VARIARLES (®MITTEC IF LEVS=0)

IF(LEVS,EQ,0) G® TO 30

00 21 L=i,LEVS

CALL FASP2( EST(1,L),LRS,LM,SVSF(1,L),DALP,LALP, WOCSI)
21 CONTINUE

* EAST = WEST DERIVATIVE TERMS CALCULATED

30 00 3¢ Ls=i,ILEY
FSQ = wOCSI/WI

CO 32 M=zi1,LM

BI = FLOAT(Me1)2FSG

SCR = = BIXAIMAG(TUTF(M,L))

SCI = BIARFAL(TUTF(™,L))

PEETF(M,L) = PEETF'(™,L) ¢ CMPLX(SCR,SCI)
32 CONTINUE

DO 33 M=z=1,LM

BI 3 FLBAT(M=1)2FSG

SCR = BI*AIMAG(PUTF(M,L))

SCI = «BIaAREAL(PUTF(M,L))

PUTF(M,L) = CMPLX(SCR,SCI)
33 CONTINUE

DO 34 Mzi,LM
BI = FLOAT(M=])%FSQ
SCR = =RIAAIMAG(PVTF(M,L))




SCI = BI®REAL(PVTF(M,L))
PVTF(M,L) 3 CMPLX(SCR,SCI)
34 CONTINUE

CALL FASP2C PT(1,L)oLRA/LM,PUTFC(1oL)s ALPCILP),LALP, WI)
CALL FASP2( CT(1,L)sLRS/LMyPVIF(LsL)s ALPoLALP, WI)
36 CONTINUE

* MOISTURE VARIABLES (AMITTED IF LEVS=0)
IF (LEVS ,EQ,0) GO TO 46

DO 46 L=1,LEVS
FSG = WOCSI/WI

DO 4l M=1,LM

Bl = FLOAT(M=1)*FSG

SCR = BIAAIMAG(SUSF(M,L))

SCI = «BIXREAL(SUSF(M,L))

ESTF(M,L) = ESTF(M,L) ¢ CMPLX(SCR,SCI)
41 CONTINUE

46 CONTINUE

* ACD THE REMAINING TERMS,

49 CO S0 L=1,ILEV
CALL FASPR(PEET(1,L)sLRS/LM/PEETF(1,L)sALP,LALP,W])
CALL FASP2( SDS(1,L),LRS,L¥, SDSF(1,L)sALP,LALP,WI)
CALL FASP2(TDUM(1,L) LRS,LM,  TF(1,L),ALP,LALP,W])

S0 CONTINUE
CALL FASP2(TOUM(1,ILEVP),LRS,LM,TF(1,ILEVP),ALP,LALP,H])
CALL FASP2(PRESS,LRS,LM,PRESSF,ALP,LALP,W])

* MOISTURE VARIABLES (OMITTYEC IF LEVS=0).

: IF(LEVS,EQ.0) GO TO 99
1 D0 52 L=1,LEVS
CALL FASP2( EST(1,L),LRS,LM, ESTF(1,L)sALP,LALP,¥])
CALL FASP2(ESDUM(1,L),LRS,LM,ESF(1,L),ALP,LALP,WI)
52 CONTINUE

99 RETURHN
END
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SUBROUTINE MHEXPW(PF)CF,TFoESFoUF)VF/PSDLF,PSDPF,PRESSF,ILK,ILM,

PseCeTosESsU,VePS,LA,LAW,LRS,LRA,LRU,LRV,LM,ILEV,LEVS,
ILONG,KFEM,ALP,DALP,LALP,WRKS)

CONVERTS ARRAYS OF SPECTRAL COEFF TO FOURIER COEFF
AND THEN YO ILONG GRID VALUES FOR NNE GAUSSIAN LATITUDE,

IF MODEL 1S WEMISPHERIC C,T,ES,U,PS ARE SYMMETRIC,
P,V ARE ANTISYMMETRIC,
LEVELS OF U,V ARE SEPARATED BY LAW COMPLEX WORDS,
ALL OTHER VARIABLES USE LA COMPLEX WORDS,

ALPCLALP,LM) CONTAINS LEGENDRE POLYNOMIALS FOR ONE LATITUCE.
DALP(LALP,LM) CONTAINS N=S DERIVATIVE OF ALP,
WRKS 1S AN SCM WARK ARRAY USED BY THE FAST FOURIER TRANSFORM,

COMPLEX P(LA,1),CCLAC1),TCLA/L),ES(LA,L)
COMPLEX UCLAW,1),V(LAW,1),PS(1)

COMPLEX PF(ILH,1),CF(ILH,1),TFCILKH,1),ESF(ILH,1)
COMPLEX UF(ILH,1),VF(ILH,1)
COMPLEX PSDLF(1),PSCPF(1),PRESSF(1)

DIMENSIAN ALP(1),DALP(})
DIMENSION WRKS(1)

IF MODEL IS HEMISFKERIC, THE SYMMETRIC AND ANTISYMMETRIC
COEFF IN THE RIWS AF ALP,DALP HAVE BEEN SEPARATED,

ILEVPSILEV+L

ILP=1

IF(KHEM NE,O0) ILP=sLALP/2¢!
IR=_Me}

FOURIER COEFF OF F,CsToUnrVe

PO 70 L=3,ILEY

CALL SPAF2(PF(1,L),PC1,L),LRA,LM,ALPCILP),LALP)
CALL SPAF2(CFC1,L),CC1,L),LRS,LM,ALP,LALP)
CALL SPAF2(TF(I,L),TCL, L) LRS, LM, ALP,LALP)
CALL SPAF2CUF(1,L),LC1,L),LRU,LM,ALP,LALP)
CALL SPAF2(VF(1,L),VC(1oL))LRV,LM,ALPCILP),LALP)

70 CONTINUE
CALL SPAF2(TF(1,ILEVP),T(1,ILEVP),LRS,LM,ALP,LALP)

FOURIER COEFF OF PS AND ITS N=S AND E=W DERIVATIVES,

CALL SPAF2(PRESSF,PS,LRS,LM,ALP,LALP)
CALL SPAF2( PSDPF,PS,LRS,LM,DALP,LALP)

PSOLF(1)=(0,,0,)

e e ———




RPS:z

CALL
CALL
' caLL
3 CALL
CALL
CaLL
CALL
CALL

CaLL
CALL

ENC

CO 72 Mz2,LM
FMSESFLOAT (M=)

REAL (PRESSF (M))

CPS=AIMAG(PRESSF (M))
PSOLF (M)3CMPLX (=F4S4CPS, FMSaRPS)
72 CONTINUE

* CONVERT FOURIER CPEFF TO GRID POINT VALUES,

FFGFW2(PF,1LY,PF, 1R, IR, ILONG, wRKS, ILEV)
FFGFW2(CF,ILM,CF,ILKH, IR, ILONG,WRKS,ILEV)
FFGFWR(TF,ILM,TF, 1L, IR, ILONG,WRKS,ILEVP)
FFGFW2(UF,ILM,LF,ILH, IR, ILONG, wRKS,ILEV)
FFGFWR(VF, IL™,VF, I N, IR, ILONG,WRKS,ILEV)
FFGFwW2( PSCLF,ILM, PSDLF,ILM,IR,ILONG,WRKS, )
FFGFW2( PSCOF,ILY, PSCPF,ILH,IR,ILANG,wRKS,1)
FFGFW2 (PRESSF,IL~,PRESSF,ILF,IR,ILONG,WRKS,1)

* VOISTLRE VARIABLES (OMITTED IF LEVS =0),

IF(LEVS ,EQR,0) G TC 99
L& S0 L=3,LEVS

SPAF2(ESF(1,L)ESC1/L),LPS,LM,ALP,LALP)

90 CONTINLE

FFGFwW2(ESF,IL%, ESF,ILN,IR, ILONG,WRKS,LEVE)

99 RETLRN
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55

SUBROUTINE MTXINV(A,Z,N)

* FINDS THE INVERSE OF MATRIX Z(N,N) BY THE EXCHANGE METHOD,
= MAX VALUE OF N 1S 15, RESULT IS PUT IN A(N.N),

DIMENSION A(NyN),Z(N/N)
DIMENSION IX(1S),IC(1%)

00 {0 Jsi,N
IX(J)=0

CO 10 Isai,N
ACI,J)=2(1,J)

DO aa KSI'N

B=0,0

DO 2 J=si,N
IFCIX(J)oGT,0) GO TO 2
S = ABS(A(K,J))
1F(S,LE,B) GO T8 2
B=S

L=J

CONTINUE

IX(L)=K

DO 4 J=i,N
D=A(K,J)/ACK,L)
IF(J,EQG,L) GO T¢& 4
0O 3 Isf,N
‘(I,J)=A(IOJ"D*‘(I'L)
A(K,J)==D

CONTINUE

D = 1,0/A(K,L)

0N 4y I=1,N

ACI,L) = DaACI,L)
A(K,L) = D
CONTINUE

* REOGRDER ROWS AND COLUMNS,

CO 45 I=1,N

ICCIx(I))=1

CO 70 Ksi,N
IFCIX(K)EQ.K) GN TO ¢0
CO St L=1,N
IFCIX(L)EQ,K) GO TO S3
CONTINUE

PO S5 I=1,N

C=A(1,K)

A(T,K)sA(CI,L)

A(CI,L)=D

IX(L)=IX(K)

I« 7




60

6!
63

65

70

IX(K)=K

IFCIC(K).EQ,K) G& T 70
DO 61 Lsi,N
IFCICCL)EQ.,K) GO YO 63
CONTINUE

DO 65 J=i,N

D=A(K,J)

A(KpJ)=A(L,J)

ACL,J)=D

IC(L)=IC(K)

IC(K)=K

CONTINUE

RETURN
END

1

78
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SUBROUTINE NEWBP (PEE.,PEEM,PEFRAR,LA,LRS,LM,ILEV,FPEE,IFDIFF)
« PERFORMS ONE TIMESTEP FOR PEE FROM PEEM,PEEBAR,

* IF MODEL IS HEMISPHERIC PEE,PEEM,PEERAR ARE SYMMETRIC,
* EACH LEVEL IS DIMENSIONED (LRS,LM),
* EACH LEVEL IS SEPARATED BY LA COMPLEX WORDS,

* IFDIFFoeelSFOREWARD TIMESTEP, 0OaCENTERED YIMESTEP,
* FPEE 1S A TIME FILTER FOR PEE,

COMPLEX PEE(LA,1),PEEM(LA,1),PEEBAR(LA,1)
COMPLEX PEEP

DO 30 L=1,ILEV

DO 20 M=1,LM
MRz (Me} )QLRS

DO 20 N=1,LRS

MN=MR¢N

PEEP=2 ,«PEEBAR(MN,L)=PEEM(MN,L)

PEE(MN,L)=PEE(MN,L) ¢ FPEE*(PEEP+PEEM(MN,L)=2,#PEE(MN,L))
IF(IFDIFFL,EQL0) PEEM(MN,L)=PEE (MN,L)

PEE(MN,L)=PEEP

CONTINUE

RETLRN
END
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SUBROUTINE NEWc(C,cM,CT,PEEBAR,LA,LRS,LM,ILEV,ASQ,
DIFUSD,DT,FC,IFDIFF ,KHEM)

« PERFORMS ONE TIMESTEP FAR DIVERGENCE (C) FROM CM,CT,PEEBAR,
* IF MODEL IS HEMISPHERIC C,CH,CT,PEEBAR ARE SYMMETRIC.

EACH LEVEL IS DIMENSIONED (LRS,LM).
EACH LEVEL IS SEPARATED BY LA COMPLEX WORDS,

* %

DIFUSND 3 HORIZONTAL DIFFUSION OF DIVERGENCE,

OT I8 THE LENGTH OF THE JUMP (DEET IF CENYERED, DEET/2 IF FWD),
FC 1S A TIME FILTER F9R C,

IFOIFF,,,1SFOREWARD TIMESTEP, 0=CENTERED TIMESTEP,

KFEM30 FOR GLOBAL, 1 "R 2 FOR HEMISPHERIC,

» % % » %

COMPLEX CCLA,1),CM(LA,1)/,CTCLA,1),PEEBARCLA,1)
COMPLEX CP

FACTD=1,/(1,42,xCT+CIFUSD)

RO 30 Le=i,ILEV

DO 20 ":"L"

MR=2(Me1) x| RS

D0 20 N=1,LRS

MNsSMR¢N

NS (Mel)¢(Nel)
IF(KMHEM,NEL0) NSNS+ (N=1)
FNSI=FLOAT(NSx(NS+1))

CP22,#DT#(FNS1#*PEERAR(MM,L)/ASG + CTIMN,L)) ¢ CM(MN,L)
CP=CP*FACTD

C(MN,LISC(MN,L) ¢ FCa(CP+CM(MN,L)=2,2C(MN,L))
IF(IFDIFF,EQ,0) CM(MN,L)SC(MN,L)

C(MN,L)=CP

CONTINUE

CONTINUE

RETLRN
END

1 - 80
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SUBRAUTINE NEWES(ES,ESM,EST,LA,LRS,LM)LEVS,ASQ,
DIFUSS,DT,FS,IFDIFF,KHEM)

MULTILEVEL SPECTRAL MODEL TIMESTEP SUBROUTINE,

» »

* IF MODEL IS MEMISPHERIC ES,ESM,EST ARE SYMMETRIC,
EACH LEVEL 15 DIMENSIONED (LRS,LM).
EACH LEVEL IS SEPARATED BY LA COMPLEX WORDS,

» ¥

LEVS = NUMBER OF MOISTURE LEVELS IN THE MODEL,
TG OMIT MOISTURE CALCULATIONS SET LEVS = 0,
DIFUSS = HORIZANTAL DIFFUSIIN OF ES,

F§ = TIME FILTER FOR ES,
IFDIFF,.,.1SFOREWARD TIMESTEP, 0=CENTERED TIMESTEP,
KHEM=0 FOR GLORAL, 1 BR 2 FOR NEMISPHERIC,

* % % % % » %

COMPLEX ES(LA,1),EST(LA,1),ESM(LA,L)
COMFLEX ESP

IF(LEVS,EQ,0) RETURN
FACTS=DIFUSS/ASG

CO 40 M=t,LM

DO 40 N=1,LRS
ILs(Mel )% RS+N

NSsMeNe?

IF(KHEM NE,0) NSaNS+(Nel)
FNSI=FLAAT (NSx(NS+1))
CIFLPSSFACTS2FNSY

D0 30 IW=1,LEVS
ESPSESM(TLsIH) 42 «DTR(EST(IL,IF)=DIFLPS*ESM(IL,IH))
ESCIL,IM)SESCIL,IH) & FSa(ESP+FSM(IL,IH)=2,%ESCIL,IH))
IF(IFDIFF,EQ,0) ESM(IL,IH)=ES(IL,IH)

FSCIL,INH)=ESP

CONTINUE

CANTINUE

RETLRN
END

O0BTAINS VALUES AT THE NEXT TIMESTEP OF DEWePOINT DEPRESSION (ES)
» FROM THE TENDENCIES (EST) AND THE PREVIOUS VALUES (ESM),

DT IS THE LENGTH €F THE JUMP (DEET IF CENTERED, DEFET/2 IF FwD),




- SUBROUTINE NEWP (P,PM,PT,LA,LRA,LM,ILEV,DT/FP,IFDIFF)

* PERFORMS ONE TIMESTEP F&R VORTICITY (P) FROM PM AN[L PT,

* IF MODEL IS HEMISPHERIC P,PM,PT ARE ANTISYMMETRIC

* EACH LEVEL IS DIMENSIONED (LRA,LM),

+ EACH LEVEL IS SEPARATED By LA COMPLEX WORDS,

* DT IS THE LENGTH EF THE JUMP (DEET IF CENTERED, DEET/2 IF FwD),
| *« FP IS A TIME FILTER FOR P,

b « IFDIFF,,.1=sFOREWAPC TIMESTEP, 0=3CENTERED TIMESTEP,

CIMFLEX PCLA,1),PHM(LA,1),PT(LA,T)

COMPLEX PP

0" 317 Lsl,ILEV

Ce 20 Msy,LM

! "R:(“-‘)QLR‘

| C& 20 N=1,LRA

| MiyZMReN

| PP2FM(MN,L) ¢ 2,#DTaPT(MN,L)

P(MN,L)SP(MN, L) « FPa(PPRePM(MN,L)=2,2P(MN,L))
IFCIFDIFF,EQ,u) PM(MN,L)SP(MN,L)

P(MN,L)=PP

20 CONTINLE
30 CONTINUE

RETLRN
i END
|
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SUBROUTINE HEWPS(PS,PSM,PEET,PEERAR/,LA/LRSoLMyILEV,AMBDA,SF,AVERT,
RGAS,DT,FPS,IFDIFF)

PARAMETER 1IMz5, IRM=z2#25+1

» PERFORMS ONE TIMESTEP FOR LN(SURFACE PRESSURE) IN PS
+ FROM PSM,PEET ANC PEEBAR,

» IF MOPFL IS HMEMISFHERIC PS,PSM,PEET,PEERAR ARE SYMMETRIC,
* EACH LEVEL IS PIMENSTONED (LRS,LM),
» EACH LEVEL IS SEPARATED BY LA CAMPLEX WORDS,

* DT IS THE LENGTH OF THE JUMP (DEET IF CENTERED, DEET/2 IF FAD),
» FPS IS A TIME FILTER FOR PS,
« IFDIFF,,,13FOREWARD TIMESTEP, 0aCENTERED TIMESTEP,

CAMPLEX PS(1),PSM(1),PEET(LA,1),PEEBAR(LA,1)
DIMENSION AMBDA(1),SF(1)

COMPLEX PSP,TEMP(15)
REAL MI,MII,MIIM1,ML,M2,MP,MPM],MM, MW, 2M]
COMMAON / NEWMAT / MI(IM,IM),MIT(IM,IM),MIIMICIM,IM),
MLCIM,IM) M2 (IM, IMY,MP(IM, IM) ,MPMY(TIM,INM),
MM CIM IM) MW CIM, IH) ,MPTCIM, IV, IRM) , MM (IV,INM)

ILEVM=ILEV=1

L0 20 Ms1,LM
MR= (M=) %L RS
008 20 N=3i,LRS
ILSMReN

PSP=0,0

DO 10 IW=1,ILEV
PSP=PSP4(PEET(IL,IF)=PEEBAR(CIL,IH))aM2M1 (IH,ILEV)
PSP = PSM(IL) ¢+2,#PSP
PSCIL)SPS(IL)+FPS«(PSP4PSM(IL)=2,#PS(IL))
IF(IFDIFF,EQ,0) PSM(IL)=PS(IL)

PS(IL)=PSP

CONTINUE

RETURN
END
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27

SUBROUTINE ORDLEG(SX,CO0A/IR)

THIS ROUTINE 1S A SUBSET OF BELOUSOVS ALGORITHM
USED T® CALCULATE ORDINARY LEGENDRE POLYNOMIALS,

» »

§X = LEGENDRE POLYNOMIAL EVALUATED AT COA
CAA = COSINE OF COLATITUDE
IR = WAVE NUMBER

* % »

PI = 3,141592653589¢
SQR2=SQRT(2,)

IRPP = IR ¢+ 1|

IRPPM = IRPP = |
CELTA = ACOS(COA)
SIA = SIN(DELTA)

THETA=DELTA
C1sSQR2

CO 20 N=1,IRPPM
FNSFLBAT(N)

FN232 ,2FN

FN2SQaFN2aF N2

C1=Ci» SQRT(1,0=1,0/FN2SQ)
CONTINUE

NSIRPPM
ANG=FNaTHETA
§1=0,0
Cd=s1,0
A"l.o

B=0,0

NiSNed

LC 27 KK=3,Ny,2

KEKK=1

IF (K,EQ,N) C4=0,52C4

S1=S1+Cun COS(ANG)

AzA+2,0

B=B+1,0

FKsSFLOAT(K)

ANGETHETA* (FNaFKe2,0)
Cdz(Ax(FN=Be1,0)/(Br(FN2=A)))2C4
CONTINUE

SX=51xC1
RETLRM
END

1 « 84
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SUBROUTINE PBLMAT(RGAS,RGNCP,S,SH,SF,SHF,AMBDA,TMEAN,GRAV,

GAMMA, ILEV)
PARAMETER IL=S, 11=slL¢i, IR$325, IRMz=2«1RS+1

THIS ROUTINE SETS UP THE MATRICIES TO BE USED IN THE
VERTICAL DIFFERENCING SCHEME

IL IS THE NUMBER OF LEVELS = SAME AS SILV IN NRL(MODIFIEC)
CANADIAN MODEL

REAL SCIL),SHCIL),SFCIL),SHFCIL),AMBDA(CIL),TMEAN(CIY)

REAL MI,MII,MIIM|,M1,M2,MP,MPM] M, MW, MPT, MM}

COMMON / NEWMAT , MICIL,IL),MITCIL,IL),MIIMICIL,IL),
MICIL,IL) M2CILSIL) MPCIL,ILY, MPMI(CIL,IL),
MCIL,IL) oMW CIL, IL) MPICIL,IL,IRMY,
MaM1(IL,IL)

ILMEIL =1

CN=S(IL)*2a (RGASAGAMMA/GRAV)
CN 31, / CN

PO 12 K = {, IRM

e IL

MII( .
MI(I,J) = 0.0
CONTINUE

SET UP THE MATRICIES

DOZI:!,
MITCI+1,1) =
MIT(CI,I1) = 1,
MIICIL,IL) = CN ¢+ 1,

CALL MTXINV(MIIM1,“1I,IL)
D8 S I =1, ILV
MI(I+1,1)=1,/SF (1)

MICI,I) = (=1.) 7 SF(I)
MICIL,IL) = (=1,) 7/ SF(IL)
CALL MATMLT (4P, MI,NIIML1,IL)
CONST=2,/RGAS

D8 4 J=1,IL

DO 4 I=1,IL
MP(T,J)=CONSTaMP(1,J)

L~
1,0
0
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CALL MTXINV(MPMY,MP,IL)
08 7 1s2,1L
MICI,I) = (=1,) /7 SHF(I=1)
Mi(I=1,I) 3 |, / SHF(lel)
M1(1,1) = (=1,) 7/ SH(1)
CALL MTXINVIMW,M1,1IL)
Do &6 J = 1, IL
Do 61 = 1, IL
IF(1,EQ,1,AND,J,EQ,1) GO TO ¢
MW(CI,J) = S(J) » MW(I,J)
CONTINUE
DO 13 J=i,IL
00 13 I=sy,IL
IF(ABS(MW(I,J))elT ., 1.E=07) MW(I,J)=,0
CONTINUE
0o 81 =1, IL
M2(I,I) = 0,5 = AMBDA(I)
DO 181 = 2, IL
M2(I=1,I) = 0,5 » AMBDA(]I=}1)
D0 9 Is2,ILM
M2CIL,1) = M2(IL, D)
@ 0,5 % (SH(I)*AMBDA(I)+SH(I=1)2AMBDA(Ie1))
+ RGOCP = TMEAN(I)
M2(IL,1) = M2(IL,1) = 0,54SH(1)%AMBDA(L) ¢ RGACPaTMEAN(])
M2CIL,IL) = M2(IL,IL)
=0, S«(SHCILM)=AMBDACILM)+AMBDA(CIL))
¢+ RGACP » TMEAN(IL)
CALL MATMLT (M1 ,M2,MPML,IL)
DB 14 I’loIL
M1(I,I)=M1(1,1)=RGAS*TMEAN(I)
CALL MTXINV(MaM,M{,IL)
pe 10 I =1, IL
SUM = 0,0
Do 11 J =1, IL
SUM = SUM + TMEAL(J) = MP(J,I)
SUM = SUM « RGAS
M2(IL,I) = M2(IL,I) = SUM
CALL MATMLT(MY,MWw,M2,IL)
CALL MATMLTY(M,M1,MPML,IL)
END
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SUBROUTINE PCOF2(SC,LRyLM,NPR,MPR)

# SC(LR,LM) CONTAINS COMPLEX SPECTRAL COEFFICIENTS,
» THIS SUBROUTINE PRINTS NPR COEFF FROM EACH OF THE FIRSY
» MPR ROWS OF SC,

COMPLEX SCCLR,LM)

NLIMaNPR
IF(NLIM,GT,LR) NLIM3LR
MLIMSMPR

IFCMLIMGT.LM) MLIM3LV
WRITE(6,6010) LR,LMyNLIM,MLIM

00 30 Mei,MLIM

MS=Vey

WRITE(6,6020) MS

WRITE(6,6030) ( SC(N,M),Nsi,NLIM)
30 CONTINUE

RETURN

6010 FORMAT(IH1/ 14K COMPLEX ARRAY,214,4X,SHPRINT,2147/)

6020 FORMAT(3IH Mz,12)
6030 FORMAT((LH ,4C4X,1PE13,6,1H,,1PE13,6)))

END

1 - 87
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SUBROUTINE PCPADJ(PRECIP,STBROW,ILG! ,ESG,TG,OMEGAG,PRESSG,ILY,
TMEANH ) SHoSTAWS, ILEV, EVS,LTBS,NUPS,NSUPS,KOUNT,DEL)

* CALCULATION OF ROTK SMALL AND LARGE SCALE PRECIPITATION,
* CALCULATION OF CONVECTIVE HEAT AND MOISTURE FLUXES
* THROUGH A CONVECTIVE ADJUSTMENT PROCEDURE,

* CALCULATION, EVENTUALLY, OF PRECIPITATION EVAPORATION

* FOR ILANG POINTS ABOUT ONE GAUSSIAN LATITUDE CIRCLE,

PARAMETER $ILV=1S,SLEV=0,8LVs10,8ILT=252,8ILGs64,SILTHR26,31RaC0
DIMENSION PRECIP(1),STBROW(1)

DIMENSION ESG(ILM,1),7G(ILM,1),0MEGAGCILM,1),PRESSG (1)
DIMENSION TMEANH(1),SH(1),STAWS(1),DEL(Y)

DIMENSION VERTT(SILV),VERTG(SILV),PMB(SILV)

ILONG=ILGl=1

ILEVMsILEVel

ILEVPIILEVel

DO 600 IK=1,ILONG

* VERTT = VERTICAL COLUMN OF TEMP AT EVEN LEVELS,

* VERTQ VERTICAL CALUMN OF SPHM AT EVEN LEVELS
* PMB VERTICAL COLUMN OF PRESSURE(MB) AT EVEN LEVELS

DO 12 IH=1,LTBS

VERTQ(IH)=1,E=8

DO 13 IH=1,ILEV

VERTT(IH)STG(IK,TH)+TMEANK(IK)

DO 14 IH=1,ILFV

PMB(IH)=SH(IH)*PRESSG(IK) /100,

C? 17 IH=1,LEVS

TD=VERTT(IH4LTBS)=ESG(IK,IH)

VERTQ(IH¢LTBS)=SPCHLM(TD,PMB(IH+LTBS))

LREPSILEV/2+1

WsOMEGAG(IK,LREP)

PRESG=PRESSG(IK)

NSUPX=NSUPS

CALL CONADJ(VERTT,VERTQ,PCP,PRESG,W,PMB,STAWS ,NUPS,NSUPS,
ILEVP,CEL)

IF (KAUNT,EQ,0) PRECIP(IK)=O,

IF(KOUNT,EQ,1) PRECIP(IK)®RPCP

IF (KOUNT,GT,1) PRECIP(IK)EPRECIP(IK)+PCP%,5

IF (KOUNT,EQ,0) STBREW(IK)SFLOAT(NSUPS=NSUPX)

IF (KOUNT,GT,0) STBREW(IK)aSTBRAW(IK)+FLOAT(NSUPSeNSUPX)

* RESTORE CORRECTEC VERTICAL COLUMNS O©F TEMP AND ES.

CO 40 IWsi,ILEV




40 TG(IK,IH) ® VERTT(IH)=TMEANH(IH)

D8 42 IWs1,LEVS
4e ESG(IK.IH)lVERTT(IH#LTBS)-DENPNT(VERTG(IHOLTBG),PNBC!N#LTBS))

600 CONTINUE
RETURN
END
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SUBROUTINE PERM(WORKA,WBRKB,AA,BB,KP6,K3)
* CALCULATES SETUP FIELD FOR 3 TIMES POWER OF 2 TRANSFORM
COMPLEX WORKA(1),WORKB(1),AA,BE ]

Pl = 3,14159265358979

PACT s 2..’1/3.

AA = CMPLX(COS(FACT),SINCFACT))

BB = CONJG(AA)

FT 3 FACT/FLOAT(K3) ]

D0 125 K={,KP6

FK = FTaFLOAT(K=1)

WORKA(K) = CMPLX(COS(FK),SIN(FK))
125 WORKB(K) = CONJG(WORKA(K))

RETLRN
END

it e oot . -
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SURROUTINE PHSCON(SEACON/RK,CEEACH,RKL/BETA,8,DEL,ILEV)
%+ CALCULATES CONSTANTS FOR SPECTRAL MODEL PHYSICAL EFFECTS,

DIMENSION RK(1),8(1),DEL(1)

COMMON/PARAMS/WW,TwW,A,A8Q,GRAV,RGAS,RGOCP,RGOASQ,CPRES

* CONSTANTS FOR SEA SURFACE FLUX

SEACON = GRAVCEEACF®BETAwA/(RGASADEL(ILEV))

* CONSTANTS FOR EpDY VERTICAL MOMENTUM FLUX CALCULATIONS
ILEVM 3 ILEVet

TZIP = 273,

0O 20 IH=1,ILEVM

ST = (SCIH)*S(IH+1))#,S

RK(IH) = (RKL/DEL(IK))%(GRAVAST/(RGASaTZIP))ws2
CONTINUE

RETURN
END
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100 CONTINUE

200 CANTINUE

SUBROUTINE POUT(P,C,T,PHI,PRESS,PHIS)ES,LAJLRS,)LRA,LM,ILEV,LEVS,
1 PEEPS,PEEMN,PSMN, TMEAN, TMEANH,RGAS, IPR,LC,KSYV,
2 GLL,ILG!,ILATH,COA,KHEM,)ALP,EPSTI,LALP,WRKS,WRKL)

* CONTRALS PRINTED OUTPUT FOR SPECTRAL MULTILEVEL MODEL.
*» EACH VARIABLE IS PASSED TO SUBR POUTF FBR 6UTPUT,
* (C CONTAINS THE CONTROL PARAMETERS FOR OUTPUT,

COMPLEX PCLA#1) CCLAZT),TCLAVL),PHICLAPY) PRESSC1)/PHIS(L)
COMPLEX ESCLA,1),PEECLA,1),PS(1)
DIMENSION GLL(C1),ALP(1),EPSICL),WRKL(})

CIMENSION PEEMN(1),TMEANC1), TMEANKH(1)
DIMENSION WRKS(1),C0A(1) ]
DIMENSION LC(3,ILEV,1)
COMPLEX TDZZ

COMMAN/TIMES/ DEET,KOUNT,KSTART,KTOTAL,IFDIFF

* ALWAYS OUTPUT INITIAL AND FINAL TIMES, OTHERWISE EVERY IPR TIMES

IF (KOUNT ,EQ,KSTART,0R, KOBUNT (EQ,KTATAL) GO TO 82
IFCIPR,EG,0) RETURN

IF(MOD L (KOUNT=KSTART),IPR) ,NE,0) RETURN

KTsi

IF(KNMUNT ,GT (KSTART) KT824(KIUNT=KSTART)/(KTOTAL=KSTART)

# VORTICITY, LEVELS 1 7O ILEV.

DO 100 L=1,ILEVY

KAaLC(KTsLol)

IF(K8,6T7,0) CALL POLTF(1,KO,KT,KOUNT, P(1,L),LRA,LM,L,=KSY¥,
i GLL.ILGI;ILATH,CUA,KHEN;ALPpEPSI,LALP,HRKS,HRKL)

# DIVERGENCE, LEVELS 1 T0 ILEV.

on eoo L=1,ILEY
LE(KT,L,2)

xr(xn GT.0) CALL POLTF(2,K9,KT,KOUNT, CCi,L),LRS,LM,L, KSYV,

1 GLL,ILGY,ILATH, COA KHEM,ALP,EPSI, LALP wnxs WRKL)

* TEMPERATURE, LEVELS 1 T8 ILEV,
* NOTE « T CONTAINS THE DEVIATION ONLY, SO MUST ADD TMEANH(L).

£LO 300 L=1,ILEV

KC=LC(KT,L,3)

T0ZZ=T(1,L)

TCL L)ET(1,L)+TMEANK (L) *SQRT(2,0)
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IF(KA,GT40) CALL POLTF(3,KO,KT,KOUNT) TC1sL)sLRS,LMsLs KSYV,
{ GLLsILGY,ILATH,COA,KHEM)ALP)EPST,LALP,WRKS,WRKL)
T¢t,L)sTD22

300 CONTINUE

* GEOPOTENTIALS, LEVELS 1 TO ILEV,
*» FIRST CONVERT PEE TA GZ AT ALL LEVELS,

CALL GZFBP (PHI,PEE,PS,TMEAN,PEEMN,PSMN,LA,LRS,LM,ILEV,RGAS)

DO 400 L=i,ILEV

KOsLC(KT,L,4)

IF(KA,GT,0) CALL POLTF(4,K8,KT,KOUNT,PHICL,L),LRS,LM,L, KSYV,

1 GLL,ILG1,ILATH,COA,KHEM,ALPJEPST,LALP, WRKS, NRKL )
400 CONTINUE

* SURFACE PRESSLRE,

KO=LC(KT,1,5)
IF(K0,6T,0) CALL PALTF(S,K0,KT,KOUNT,PRESS,LRS,LM,1, KSYM,
1 GLLoILGI,ILATK,COA,KHEM,)ALP/EPST,LALP,WRKS,WRKL)

* MOUNTAIN FIELC,

KOsSLC(KTy106)
IF(KO,GT,0) CALL POLTF(&,KD,KT,KOUNT, PHIS,LRS,LM,1, KSYM,
1 GLL,)ILGL ILATH,COA, KHEM,ALP,EPSI,LALP,WRKS,WRKL)

* DEW POINT DEPRESSIAN, LEVS LEVELS ENDING AT ILEV,

IF(LEVS,EQ,0) RETURA

D0 700 N=1,LEVS

LSILEVeLEVS+N

KOSLCC(KT)N,7)

IF(K“.GT.O) CALL POLTF(7,KO0,KT,KOUNT, ES(!:N),LRS,L”,L. KSYP.

| GLL,ILGY,ILATH,COA,KHEM,ALP,EPST,LALP,WRKS, WRKL)
700 CONTINUE

RETLURN
END
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SUBROUTINE POUTF(NV,KO,KT,KAUNT,S8CoLR)LMoLoKSM)
1 GLL,ILGYoILATH,COA,KHEMsALP/EPST/LALP,WRKS ,WRKL)

PRINTS SPECTRAL COEFF, MAPS GAUSSIAN GRID GLL(ILG1,NLAT),
OR MAPS POLAR STEREOGRAPHIC GRID GLL(NI,NJ)

FOR COMPLEX COEFFICIENTS IN SC(LR,LM),

GLL IS AN LCM WORK FIELD FOR MAPS (NIaNJ OR ILGI#NLAT),

COACILATH) CONTAINS THE COSINES OF THE COLATITUDE (N T8 8),
ALP(LALP,LM) IS A WORK FIELD FOR LEGENDRE POLYNOMIALS,

EPSI IS A FIELD OF CONSTANTS THE SAME SIZE AS ALP,

» % % % %%

COMPLEX SC(1)
DIMENSION GLLC1),ALPC1),EPSTIC1),WRKL (L)
CIMENSIAN WRKS(1),C0A(1)

COMMON/PCOMI/ LRPR,LMPR,KGGM(S,3),KPSM(S5,3),D€E0,DGRW,NHEM
CoMmMON/PCOM2/ LAR(C10),CS5(2,10)

CINT=ZCS (1,NV)
SCAL=CS(2,NV)

* IF THE 4=BIT OF kO IS 1, PRINT THE SPECTRAL COEFFICIENTS,
* LRPR COEFF ARE PRINTED FROM THE FIRST LMPR ROWS OF SC,

IF(KO,LT,4) GO 7O 24
CALL PCOFR(SCoLR)LMyLRPR,LMPR)
WRITE(6,6010) LAB(NV))L,KOUNT

IF THE 2<BIT OF K8 IS 1, PREPARE THE GAUSSIAN GRID,
IF KMEMan THE MADEL IS GLOBAL AND GGa(ILG1,ILATH#2),
OTHERWISE THE MOCEL IS HEMISPHERIC AND GGe(ILG1,ILATH),

THE WINDOW MAPPED IS LL BY MM WITH LOWER LEFT CORNER (Ih,Jn),

» % % %

24 IF(MOD(KP,4),LE,1) GO ToO 2C
NLATSILATH
IF (KHEM,EQ,0) NLATSILATH#*2
CALL SPAGG2(GLL,ILG1,ILATH,COA,KHEM,SC,LR,LM,KSHM,
1 ALP,EPSI,LALP,WRKS,NRKL)
IWSKGGM(1,KT)
JWEKGGM(2,KT)
LLEKGGM(3,KT)
MMSKGGM (4, KT)
CALL FCONW2(GLL,CINT,SCAL,ILG1,NLAT,IW,JW,LL, ™, KGGM(S,KT))
WRITE(6,6010) LARCNV),L,KOUNT

IF THE 1=BIT OF k0 IS 1, PREPARE THE POLAR STEREOGRAPHIC CRIP,
THE GRID IS (NI,NJ) WITH POLE AT (1P,JP),» GRID SIZF D60 M,

AT 60 DEG, AND GREFNWICKH IS ORIENTED AT DGRW DEGREES,

NEMz{ COMPUTES THE N HEM, NHEMz2 THE S HEM,

» % » »

28 IF(MOD(KO,2) NE4l1) RETURN
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NIZKPSM(1,KT)

NJEKPSM(2,KT)

IPSKPSM(3,KT)

JPEKPSM(U,KT)

CALL SPAPS2(GLL,NI,NJ,IP,JP,D60,DGRW,NHEM,SC,LR,LM,KSM,
1 ALP,EPSI,LALP,WRKS,WRKL)

CALL FCONW2(GLL,CINT,SCAL,NI,NJ,1,1,NI/NJ,KPSM(5,KT))
WRITE(6,6010) LAB(NV),L,KBUNT

RETURN

6010 FORMAT(1HO,A4,7H LEVEL ,12,108 AT STEP ,14)
END
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SUBROUTINE PTS6(NFI,NF2,GZ¢ToUsV,ES+GZS¢SPyGLLILG,
1 LV,PRyNK,SIG,ILG, ILAT,KHEM,WET,KCR,KWT,KCV)

* INTERPOLATES NK SIGMA LEVELS FROM LV PRESSURE LEVELS
* OF GAUSSIAN GRIDS (ILGI,NLAT),

* IF KHEM=0 THE MOCEL IS GLOBAL AND NLATSILAT,
%« IF KmEM=1,2 THE MODEL IS HEMISPHERIC AND NLAT=ILAT/2

*» LEVELS ARE NUMBERED FROM THE TOP D9Y4N (AS IN ARRAY PR),
* MAXIMUM NUMBER OF LFVELS = PRESSURE=1S, SIGMA=1S5,

INPUT IS ON SEQUENTIAL FILE NF1 IN THE FALLOWING ORPER,,,..
GZS,GZELVY, TeLVY (U, VI(LY)),ESCLV), (DR, NT,CV)

BUTPUT IS ON SEGUENTIAL FILE NF2 IN THE FOLLOWING BRDER,,..
GZS,LNSP,GZ(NK), C(U,V)INK)),ES(NK),(DR,WT,CV)

» % % %

* CORE MAY BE SKAREC BY (GZ,U,ES),(TsV),
* GLL IS A WORK FIELD OF LA wWORDS IN LCM,

PARAMETER $ILV31S,sLEV=0,5LV=10,8ILT352,SILGu64,SILTHE26,51RE20
PARAMETER SILPI=SILV+{

DIMENSION GZCLGs1),TCLG,1)oUCLG, 1) V(LG,1)sESCLG,1)
CIMENSIAN GZS(1),SP(1),6LLCY)

LOGICAL WET,KDR,KWwT,KCV
DIMENSION PR(1),SIG(1)

* SCM WORK ARRAYS,

DIMENSIAN ZL(STLV),TLCSILV),ULCSILV), VL (SILV),SLCSILV),TULCSILY),
ATVL(SILV), TSL(SILV),SGCSILV),SULCSILV)»SYLC(SILV),SSLCSILV),

*#SGE ($ILV),SGZL(SILV),S(SILP1),WRKS(130)

* BUTYPUT PACKING CONTROLS,

COMMAN/PKCOM/ NPGZS,NPSP,NPGZ,NPW, NPES, NPWT , NFCV,NPPR

LOGICAL OK
DAT4 GRAV,RGAS/ 9,70616, 287, /

* SET CONSTANTS,

I0=0

ACC=,1#GRAYV
FGASIN=],/RGAS
NLAT=ILAT/2
IF(KHEM,EQ,0) NLAT=ILAT
ILG1=ILG+1

LA=ILGIaNLAT




210

220

b 245

LVisLvVey
« CONVERT PR T® LOG(PRESSURE),

Do 2 usi,LV
PR(L) = ALOG(PR(L))

CLNP = PR(LV)=PR(LV=1)

* SET SG TO LOG(SIGMA).

Df 4 Kzi,NK
SG(K) = ALOG(SIG(K))

* AVERAGE SG TO0 EVEN LEVELS IN SGE,

NKM{ = NKei
DY S Kz31,NKM}

SGE(K)= ,5 % (SG(K)¢+SG(K+1))
SGE(NK)=,5%SG (NK)

C0 ¢ L=1,LVI
S(L)=14/(PR(L+1)=PR(L))

* READ MOUNTAIN FIELD (M/SEC)#e2,
% READ GEOPOTENTIALS (M/SEC)*x2 AND TEMPERATURES (DEG K),
* GZ AND T MAY BE IN ANY ORDER IN NF1Q,

CALL RSGGP(GZS,ILG1,NLAT,NF1,I0,4K GZS,1,0K,GLL,WRKS)
REWIND NF 1
DO 210 L=i,LV

CALL RSGGP(GZ(1,L),ILGI,NLAT,NF1,1D,4H GZ,L,0K,GLL,wRKS)
REWIND NF1

DO 220 L=1,LV

CALL RSGGP( T(1,L),ILG1,NLAT,NF1,1D,4H T,L,0K,GLL,WRKS)

* CALCULATE SURFACF PRESSURE AND INTERPOLATE FEIGHTS T8 SIGMA SFC,

DO 270 I=1,LA

D3 245 L=1,LV
ZL(L)=6Z(1,L)
TLCL)==RGAS*T(I,L)
CONTINUE

GZSI=GZS(I)

GUESS= PR(LV) = GZSI/(RGAS*250,)

CALL TERP1(GUESS,G28I,2L,TL,PR,ACC,LV)
SP(1)=GUESS

DA 250 K=1,NK
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2s0

255%
270

280

310

346

351

XLNP=SP(I)+SG(K)

RLAPSE=(TL(LV)eTL(LV=1))/ DLNP

CALL TERP2(SGZL(K),DUMMY, XLNP,ZL,TL,PR,LY,RLAPSE)
CONTINUE

D0 255 K=1,NK
GZ(I1,K)=SGZL(K)

CONTINUE

* OUTPUT SURFACE GEOPOTENTIAL (M/SEC)w*2,
* OUTPUT LOG SURFACE PRESSURE (MILLIBARS),
» OUTPUT GEOPOTENTIALS (M/SEC)=»2,

CALL WSGGP(GZS,ILGIsNLATINF2,ID,4H G28s1/NPGZSsGLL I WRKS)
CALL WSGGP( SP,ILG1,NLAT/NF2,ID,4HLNSP,1/NPSP,GLL,WRKS)

DO 280 K=1,NK

CALL WSGGP(GZ(1,K),ILG1,NLAT,NF2,1D,4H GZ,K,NPGZ,GLL,WRKS)

* READ WINDS (U,V)s(U,V)*COSCLAT)/(EARTH RADILS)

0O 310 L=1,LV

CALL RSGGP( UC(1,L),ILG1,NLAT,NFY,ID,4H  U,L,0K,GLL,WRKS)
CALL RSGGP( V(31,L),ILGY,NLAT,NF1,ID,4H  V,L,0K,GLL,WRKS)
CONTINUE

* COMPUTE VERTICAL CERIVATIVE AND INTERPOLATE ONE COL AT A TIME,
08 371 I=f,LA

DO 346 L=t.LV
UL(L)=UCI L)
vh(L)=sv(I,L)
CONTINUE

CALL OFDS(TUL,UL,SoLVslarnle)
TUL(1)=30,
CALL DFDSCTVLsVLeSsLVelarle)
TVL(1)=0,

DO 351 K=zi,NK
XLNP=SP(1)+SG(K)

RLAPSE= (TUL(LV)=TUL(LV=1))/ DLAP

CALL TERP2(SUL (K),DUMMY , XLNP,UL,TUL,PR,LY,RLAPSE)
RLAPSE=(TVL(LV)=TVL(LV=1)) / DLNP

CALL TERP2(SVL(K),DUMMY,XLNP,VL,TVL,PR,LV,RLAPSE)
CONTINUE

UCI,k)=SUL(K)
v(I,K)28VL(K)
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s i st

356
371

381

410

447

4s2

4s7
472

uge

510

520

CONTINUE

CONTINUE

= OUTPUT WINDS ON FILE MF2,

DO 381 K=1,NK

CALL WSGGP( U(1,k),ILGY,NLAT,NF2,1D,4H UsKoNPW ,GLL,WRKS)
CALL WSGGP( V(1,X),ILG1,NLAT,NF2,ID,4H VoK,NPW ,GLL,WRKS)
CONTINUE

* READ DEW POINT DEPRESSION (DEG C) FROM FILE NFQ,
IF(.NOT,WET) GO TN S10

DO 410 L=1,LV

CALL RSGGP(ES(1,L),ILG1,NLAT,NF1,ID,44H ES,L,0K,GLL,WRKS)
CONTINUE

* COMPUTE VERTICAL CERIVATIVE AND INTERPOLATE ONE COL AT A TIME,
DO 472 I=1,LA

00 447 L=31,LV
SLCL)SES(I,L)*RGAS

CALL DFDS(TSL,SL,S,LV,1.01,)

TSL(1)=0,

DO 452 K=1,NK

XLNP=SP(I)+SGE(K)

RLAPSE=(TSL(LV)=TSL(LV=1)) ¢/ DLNP

CALL TERP2(SSL(K),DLMMY,XUNP,SL,TSL,PR,LV,RLAPSE)
CONTINUE

DO 457 K=1,NK
ES(Isk)=SSLIK)*RGASIN

CONTINUE
* OUTPUT DEW POINT CEPRESSIONS ON FILE NF2.

CH 482 K=1,NK
CALL WSGGP(ES(1,Kk),ILGY,NLAT,NF2,1D,44 ES,K,NPES,GLL,WRKS)

* TRANSFER GAUSSIAN GRID PRYSICS FROM NF1 T8 NF2,

IF (,NAT ,KDR) GO T8 520

CALL RSGGP(SP,ILGy,NLAT,NF1,ID,4H DR,1, OK ,GLL,WRKS)
CALL WSGGP(SP,ILGY,NLAT NF2,1D,4H DR,1,NPDR,GLL,WRKS)

IF((NOT KWT) GO TO 530




CALL RSGGP(SP,ILG1,NLAT, NF1,ID,dH
CALL WSGGP(SP,ILG1,NLAT,NF2,ID,4H

S30 IF(,NOT,KCV) GO TO 699
CALL RSGGP(SP,ILG1,NLAT,NF1,1D,4H
CALL WSGGP(SP,ILG1,NLAT,NF2,1ID,4k

999 RETURN
END

IS S fa  onaae St

1 = 100

WT,1, 0K ,GLL,WRKS)
WT,1,NPNT,GLL,WRKS)

CVyly OK ,GLLIWRKS)
CV,1,NPCV,GLL,WRKS)




12

14

16

{

SURROUTINE GDAW2(U,V,P,C,EPS1,PROW,CRON,
LRUSLRV,LRA,LRS,LALP,LM,KHEM,IR)

» SPECTRAL CALCULATIAN OF WIND COMPONENTS UCLRU,LM), V(LRV,LM)
FRAM RELATIVE VORTICITY P(LRA,LM) AND DIVERGENCE C(LRS,LV),

»

»

x

IF MADEL 1S HEMISPHERIC, U,C ARE SYMMETRIC,

VeP ARE ANTISYMMETRIC,

PROW,CROW ARE WORK ARRAYS FOR ANE UNSQUEEZED ROW OF P,C,

THEY MUST HAVE A LENGTH OF IR+2 COMPLEX WBRDS,

COMPLEX UCLRU,1)»VCLRV,$),P(LRA»1),C(LRS,1)
DIMENSION EPSI(LALP,1)
COMPLEX PROY(1),CROK(1)

LOGICAL HEMI
COMPLEX PR,CR,PL,CL, I2Z

HEMI=,FALSE,

IF (KHEM,NE<0) WEMI=,TRUE,
IRP2=IR¢2

Iz=(ﬁ.'1|)

0O 12 K={,IRP?2
PROW(K)=(04/s0,)
CROW(K)I=(0,,0,)

Dﬁ 40 ":1’LM
MSeley
FMSsFLOAT(MS)

* PLT UNSQUEEZED Row AF P,C IN PROW,CROW,

DO 14 N=1,LRA

K=N

IF(FEMI) KzNeN
PROW(K)=P(N,M)
CONTINUE

DO 16 N=1,LRS

K=N

IF(KEMI) KsNeNel
CROW(K)SC(N,M)
CONTINUE

* COMPUTE ONE ROW OF L,
* N INDEXES THE (POSSIBLY) SQUEEZED RAOW 0F U,
» K INDEXES THE UNSGUEEZED ROWS OF P,C,EPSI,

D0 20 Ns1,LRU
NSEMeNe2
IF(FEMI) NSSNSe(Nei)
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20

30
40

IF(NS,EQ,0) GO TO 20

FNSSFLOBAT(NS)

CONSFMS/(FNS*(FNS+1,))

K=N

IF(FEM]I) KsNeNel

IF(K,LT,IRP2) EPSREEPSI(K+1,M)/(FNS+1,)
EPS =gEPSI(K,M)/FNS

PR=(0,,0,)

IF(K,LT,IRP2) PRSPREW(K+1)

PL=(0,,0,)

IF(K,GT,1) PL=PROW(K=1)

UCN,M)s = EPSaP| ¢ EPSRaPR « IZaCROW(CK)ACON
CONTINUE

* COMPUTE ONE ROW OF Vv,
* N INCEXES THE (POSSIPLY) SQUFEZED ROW OF V,
* K INDEXES THE UNSRUEFZED RYWE AF P,C,EPSI,

gR 30 N=1,LRV

N3=Me¢Ne?

IF(FEMI) NS=NSeN
IF(NS,EQ,0) G TO 3¢
FHSEFLOAT(NS)
COMSFMS/(FNS2(FLS+1,))

KaN

IF(HEMI) Kshen

IF(K,LT,IRP2) FPSRsEPSI(k41,M)/(F~S+1,)
EPS =EPSI(K,M)/FNS

cR:(olloo)

IF(K,LT,IRP2) CR=sCREW(K+1)

CL=(0"U.)

IF(K,GT,1) CLSCF™n(Ke=])

V(N,M)s + EPSaCL o EPSR«CR « IZ#PRAW(K)*CON
CONTINUE

CENTINUE

* SET THE MEAN VALUES BF U AND Vv,
IF(FEMI) U(1,1)= P(1o1)*EPSI(2,1)
IF((JNOT HEMIY) U(1,1)3 P(e,1)*EPSTI(2,1)
IF (LNOT,HEMIY V(1,1)=eC(2,1)*EPSI(2,1)

RETLRN
END

I = 102
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SUBROUTINE RCOM(WORKA,WIRKB,AA,BB,DATA,DATB,DATC,FIN,KP6,K3)
* COMPLETES GRID T® FOLRIER TRANSFARM FOR 3 TIMES A POWER OF 2,

COMFLEX WBRKA(1),WARKR(1),AA,BB,CC,DD
COMPLEX DATA(1),PATE(1),DATCC(1),FINCY)

DY 100 K=1,KPé6

CC = WORKB(K)*DATB(K)

DD = WORKA(K)IRDATC (K)

KP = K3s+2eK

FIN(K) = DATA(K) ¢ CC ¢ OD

FIN(KP) = CONJG(DATA(CK) ¢ AA*CC ¢+ BB+DD)
100 CONTINUE

RETLRHM
END




SURRBUTINE RHSSI(PEERAR,PEET,SCS,)LAJLRS,LMoILEV,SF,DT)

|

PARAMETER IM = 5, $IR =3 25, IRM = 2«8IRe} '
* THIS ROUTINE IS REGUIRED TO IMPLEMENT THE SEMIIMPLICIT TIME<STEP

* METHAD,REFERENCE SKOLLD BE MACE TO THE NOTES, 4

« IF MODEL IS HMEMISPHERIC, DI,PEET,SDS ARE SYMMETRIC,
*+ EACH LEVEL IS DIMENSIONED (LRS,LM), 1
* EACH LEVEL IS SEPARATED BY LA COMPLEX WORDS,
* MAXIMUM VALUE AF ILEV IS 15,

COMPLEX PEEBARCLA,1))PEETCLAPL) sSDSCLAPL)TEMP(IM)

COMPLEX SUM

DIMENSIAN SF (1)

REAL MI,MII,MITIM{,M1,"2,MP, MPM], M, MN,MPT MM

COMMON s NEWMAT / MI(IM,IM), MITI(IM,IM),MITIMYCIM,IM), ML (IM,IV),
* ME(IM,IM)MPCIM, IM)  MPML (IM,IM),M(IM,IM),

* MW (IM,IM),MPICIM, IM, IRM) MM (IM,IM)

ILEVM=ILEV=]
LMSGSLRS*LM

re
cr
TL

IL1 = 1, LRS
IL2 = 1, LM
(IL2=1)*LR35 + IL1
IF ILL ¢ IL2 =
Do Ik =1, ILEVY
TEMP(IK) = 0,0
L8 2 JH = 1, ILEV
2 TEMP(TIH) = TEMP(IH) ¢ SDS(IL,JH)2M(JH,IH)
CR 3 IK = 1, ILEV
3 TEMP(IH) = PEET(IL,IK) ¢ CT2TEMP(IH)
00 S Ik = 1, ILEV
SUM = 0,0
00 4 JH = 1, ILEV

" o=

~n

4 SUM = SUM ¢ TEMP(Jk)*MPI(JK,1IH,1IP)
S PEEPAR(IL,IH) = SuM
1 CONTINUE

RETLRN
END i




PROGRAM RPTS6
* CONTRAL PROGRAM FOR PTS6,
% INTERPALATES NK SIGMA LEVELS FROM LV PRESSURE LEVELS,

PARAMETER SILV=1S,8LEVE0,8Ly=10,8ILT=52,8ILG=s64,8ILTHE26,85IRsCO
PARAMETER SLAW 3 (SILG#f)*SILT

COMMON//GZ(SLAW,SILV), T(SLAW,SILV),GZS(SLAW),SPCSLAN),GLLC(SLANK)
DIMENSIAON U(C1),V(1),ES(1)
EQUIVALENCE (U,ES,G2),(V,T)

» SPECTRAL MADEL CONTROL PARAMETERS,

LOGICAL MTN,WET,KDR,KWT,KCV,KDIV
COMMON/PSCOM/LY PRCELV) NKsSIGCSILYV)
COMMON/DTCOM/ IDATIM(14)

* OLTPUT PACKING CONTROLS,
CIMMON/PKCOM/ NPGZS,NPSP,MNPGZ,NPW,NPES,NPWT,NPCV,NPDR

CATA NF1,NF2,MPGZS,NPSP,NPGZ,"PH,NPES,NPHT,NPCV,NPDR
) 42, S2, 1, 1, 1 1, 1, 1, 1, 1/

* READ CONTROL LAREL FRAM FILE NFi AND COPY TH FILE NF2,
CALL INDUMP

CALL SPLAR(NF1,1,LV,PR,NK,SIG,LEVS,ILGyILAT,KKEM,IR,DEETY,

1 MIN,WET,KCR,KWT,KCV,KDIV,KSTART,KTOTAL,IPRG, IPCP,IDATIM)
IF(LV,EG,0) STAP

CALL SPLAB(NF2,2,LV,PF, LK,SIG,LEVS,ILG,ILAT, KKE!,IR,NEET,

* PERFORM THE VERTICAL INTERPOLATION,
* LG INCEXES THE MULTILEVEL ARRAYS INSIDE PTSS,

NLAT=ILAT/2

IF (KHEM,EQ,0) NLATaILATY

LG=NLAT#(ILG+1)

CALL PTSe6(NFi,NF2,G2,T,U,V,ES,GZS,SP,GLL,LG,

1 LV,PR,NK,S1G,ILG,ILAY, KHEM,WET ,KCR,KWT,XCV)

ARITE(6,6090) (IDATIM(IN,I=7,13)
STOF

6090 FARMAT(IHO,TA4,6X,15K END SPECTRAL RPTSS)
1 END

I =» 10S
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SURBROUTINE RSGGP(GGoNLG,NLAT/NF,IDsNAME,N,OK,GGP,WRKS)

PEADS ARRAY GG(NLG,NLAT) FRAM SEQUENTIAL FILE NF

PRECEDED BY AN ICENTIFYING LABEL OF 7 WORDS,

WRITTEN BY SURROLTINE WSGGP,

IC = IDENTIFICATIEN NUMRER FAR THE RECORD,

NAME = ALPHANUMERIC LABEL FOR TWE FIELD,

N = NUMERIC LAREL FOR THE FIELD.

ok = ,T, OR ,F, ACCORNING TO WHETHER FIELD IS FOUND OR NOT,
GGP,WRKS ARE WORK FIELDS USED ONLY IF FIELD IS PACKED,
GGP = NLAT#((NLGe1)/NPACK42) WORDS IM LCM,

WRKS = NLG WARDS IN SCM,

* > % X % % % B % »

CIMENSION GG(1),GhAP(1),4RKS (1)
LOGICAL fK

CIMENSION LAB(7)

CATA KFLD/ 4KHGRIOD /

8k=,TRUE.
IF(NFOLEGO) PRETURN

* READ LABEL OF THE NEXT RECORD ON FILE NF,

REAC (NF,END=16) LaAR
Go 1o 17

« IF LABEL IS NO8T FOUND REFARE ENDeOFFILE IS ENCAUNTERED
+ SET OK=,FALSE,, REwIND THE FILE, AND RETURN,

0K=.FALSE|

REWIND NF

WRITE(6,610) NF,ID,NAVE N, NLG,NLATY
RETURN

* IF LAREL NOT CARRECT GO BACK AND READ THE NEXT RECPRD,

IF(KFLD,NE,LAB(1)) GO TO 15
IF¢ IO, NE.LAB(2)) GO TO 1S
IF(NAME NE,LAB(3)) GO TO 15
1F (¢ N,NELLAB(4)) GO TO 1S
IF( NLG.NE,LAB(S)) GO TH 1F
IF(NLAT NELLAB(E)) GY TO (S

ST

* IF LAREL IS5 CORRECT, RACKSPACE T® PREPARE FOR READING THE FIELD, |
* GET THE PACKING DENSITY FRNOYM THE LABEL. y

BACKSPACE NF
NPACK=LAR(7)

* IF THERE IS MM PaACKING PEAC GG DIRECTLY AND RETURN,

I = 106




IF(NPACK.GT,1) GM T8 25

LASNLGANLAT

REAC(NF) LAB,(GG(I),Is1,LA)

WRITE(6,620) ID,NAME,N,NLG,NLAT,NPACK,NF
RETLRN

AN ERROR HAS BFFN ENCTUMTERED IN THE LABEL FIELD

25 CALL FPAK
99 RETLRN

610 FORMAT(IN ,13H,  ENF O\ FILE,I3,18H LAOKING FOR GRID,16,A4,315)
620 FORMAT({H ,15,2X,A4,1%,6H GRIC,I1S5,14,8H NPACK=z,12,

1 16H READ FReM FILE,I3)

END

I = 107




PROGRAM RSPKWé
* CONTROL PROGRAM FOR MULTILEVEL SPECTRAL MODEL = VERSION 6,
PARAMETER S§ILV=1S,SLEVS0,8LV=10,81LT=52,8ILG=64,8ILTH=26,81R320

LOGICAL MTN,WET,KDR,KWT,KCV,KDIV
COMMAN/SWCOM/ MTIN,wET,KDR,KWT,KCV,KDIV
CIMENSION PR(SLV),SIGCEILV),IDATINM(14)

COMMON/TIMES/ CEET,KAUNT,KSTART , KTOTAL,IFDIFF
COMMON/PARAM2/ BETA,AVEPT,DIVCH,FP,FC,FPEE,FPS,FS
COMMON/PARAM3/ DIFUSD,DIFUSS,VIFUSS

COMMON/PARAMY, CEEACH,RKL
COMMAN/ADJPCP/HC ,HF , W™, AA,NEPTK,LHEAT,M91ADJ,MOTFLX

DIMENSIIN LC(3,8ILV,10)

COMMON/PLOML/ LRPR,LMPR,KGGH(S,3),kKPSM(5,3),060,DGRN,NHEM
CAMMAN/PCI¥2/ LAB(10),CS(2,10)

COMMAON/MAPGG/ MGGDR,MGGWT,MGGCV

COMMAN/PKAUT/ NPGZ,NPSP,NPW,NPES

COMMON/EGRAPH/ ETITS(181,6)

*» NF1 = INPUT FILE, NF2 = BUTPUT FILE, NFPCP = PRECIP YUTFLT,
DATA NFQ,NF2,MFPCPy S2, 72, T4 /
*= MONEL PARAMETERS,

DATA IFRIFF/Z t /

DATA RETA, DIVCH, AVERT, FP, Fc, FPEE, FPS, FS
/ fo0 2,0B<S, 25, «05, «05, «05, <03, 05 /

DATA CEEACH,RKL/ 1| ,cE=3, 20, /

CATA DIFUSD,DIFUSS,VIFUSS/) ,E=S,1,E45, 0,0 /

CATA HC,KF,HM/ 1,0,04%,0.8 /7

CATA LHEAT,MATACJ,MOIFLX”Z % , 1 , { /

*+ PRINTER AUTPUT CANTRALS,

CATA “GGDR,“GGwWT,MGGCV/ 0, 0, 0 /

CATA NVAR,LTAT, 7,181 /

DATA LRPR,LMPR / 12,11 /

CATA IGE,IGM,IGG,IGC/ 0,0,0,1 /

CATA NPGZ,NPSP,NPW,NPES,NPPCP/ 1,1,10s101 /

» READ CONMTROL LABEL FRAM FILE NF{ AND COPY T8 FILES NF2,NFPCP,
CALL INDUMP

CALL SPLAR(NF1,1,LV,PF,NK,S1G,LE
MIN,WET, kDR, kAT, kcV, DIV, K

e

S,I1LG,ILAT,KHEM, IR, DEET
TART, kT67Tal, 1PRE, 1ACP, 10ATIM)




— T ———

IFC(LV,EC,0) STAP

IF(,NOT,WET) LEVSED

IF(WET,AND,LEVS,EQR,C) WET=,FALSE,

CALL SPLAB(NF2,2,LV,PR,NK,SIG,LEVS,ILG,ILAT,KKEM,IR,DEET,

1 MTN,WET,KDR,KWT,KCV,KDIV,KSTART,KTOTAL,IPRG,IPCP,IDATIM)
CALL SPLAB(NFPCP,2,LV,PR)NK,SIG,LEVS,ILG,ILAT,KHEM,IR,DEET,

1 MTN,WET,KDR,KkT,KCV,KDIV,KSTART ,KTOTAL,IPRG,IPCP,INATIM)
ILEV=sNK

* READ MODEL 1/0 CONTROL PARAMETERS,

REAC(5,5010) IPR,IEPR,NAGR,NTEST

CALL INPOCCLC,ILFV,NVAR)

» PERFORM THE FPRECAST,

CALL SPWe(TLG,ILAT,KHEM,IR,ILEV,LEVS,SIG,
1 NF1,NF2,NFPCP,LC,ETATS,LTAT, IEPR/NAGR, IPR,
2 MTEST,IPRG,IPCP,NPFCP,IDATIN)

« DRAW ENERGY GRAPRS TF REGUESTED,

T1F (NOGREQ,0,AR,KALUNT LT,NOGR) GN TO 99
CALL EGRAFS(ETATS,LTOT,KOUNT+1,IGE,16*,1G6Q,IGE)

99 WRITE(6,6090) (INATIM(1),I=27,13)
sTOP

5010 FORMAT(613)
6005 FARMAT(IHL//32H P,E, SPECTRAL MEDEL = VERSIAN 6)
6090 FORMAT(1H0,744,6X%,1GH END SPECTRAL RSPhkg)

END
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PRAGRAM RSTPé

* CONTREL PRIGRAM FER STPe,
« CONVERTS KK SIGM"A LEVELS NF GAUSSIAN GRIDS TO LV PRESSURE LEVELS

PARAMETER S$ILV=1S5,8LEV=0,5LV=10,8IL7=52,8ILC=64,8ILTH=26,81Rac0
PARAMETER SLAW = (SILA41)=SILT

COMMEN//GZCSLAW,SILV), T(SLAW,SILV)
DIMENSION U(1),V(1),ES(1)
EGUIVALENCE (U,ES,G2),(V)T)

LOGICAL MTN,WET,KDR,KnT KCV,KDIV
CIMENSISN PR(SLV),SIG(SILV),IDATIM(14)
CIMENSION MPGZ(SLV) ,MFT(SLV) MPH(SLV),MPWSP(SLV),MPES(SLV)

CATA NF{,NF12,NF2/ T2,42.,82 /
DATA NPSP,NPGZ,NPT, AP ,NPES/ 1,1,1,101 /

x READ CANTROL LAREL FROM FILE NFi AND COPY TO FILE NF2,

CALL INDUMP

CALL SPLAR(NF1,1,LV,PR,"K,SI1G,LEVS,ILG,ILAT,KFEM,IR,REET,

1 MT*,WET,KDR, KT ,KCV,KCIV,KSTART, KTATAL,IPRG,IPCP,IDATIM)
IF(LV,EQ,0) STAP

CALL SPLAR("F2,2,LV,PFR,NK,SIG,LEVS,ILG,ILAT,KrREM,IR,DEET,

1 MTN,WET,KCR, kwT,KCV,KDIV,KSTART ,KTOTAL,IPRG,IPCP,INATIM)

* IF ThRE MOCEL IS FEMISPHERIC (KrEMz1,2) CALCLLATIANS ARE CCNE
* FAR THE SANUTWEDPK FEMISPHERE EONLY,.

NLATSILAT
TF (KHEM NEL0) NLATIILAT/2
LGGSNLAT*(ILG+1)

* READ BUTPUT CSNTRELS FRAM CARDS AND PERFORM INTERPALATIAN,
* REPEAT UNTIL NSTEFPS IS MNEGATIVE, THEN STOP,

REAC(S,5010) ~STEFS, MAPS,YPSP,Ia,Jn,LL,M™
IF(NSTEPS,LT,0) WRITE(6,6060) (IDATIM(I),I=7,13)
IF(NSTEPS,LT,0) Ster

* IF MAPSzO0, 4P CONTRALS ARE ANJT READ.

IF(MAPS ,EG,0) G? Te& 210

REAC(5,5010) (MPGZ(L),L=1,LV)
REAC(S5,5010) ( MPT(L),L=1,LV)
REAC(S5,5010) ¢ MPwWw(L),Ls1,LV)
KEAC(5,5010) (MPwSP(L),L=1,LV)
REAC(S5,5010) (MPES(L),L=1,LV)
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210 CALL STP6(NF1,NF12,NFZ,PR,LV,SIG,NK,GZ,T,U,V,ES,LEVS,LGG,
! ILG/NLAT,NSTEPS, MAPS,MPSP,MPGZ,MPT,MPW,MPWSP,MPES,
2 IW,JhyLL M, NPSP,NPGZ,NPT,NPW,NPES)

GO TO 110
5010 FORMAT(1S13)

6090 FORMAT(1HO,7A4,6X,19K END SPECTPAL RSTP6)
END
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»

* EVERY

* KSYM
* KSYM

10=KOUN

RETURN
END

T

SURRAUTINE SAVPCP(PCPPAK,STBPAK,ILG1,ILATH,KHEM,NPPCM,

KOUNT,KSTART, IPCP,NFPCP,NPPCP,GLL »WRKS)

« SPECTRAL MODEL PRECIP AND STABILITY COUNT SAVING ROUTINE,
SAVES GAUSSIAN GRIDS AF PRECIPITATION AND STABILITY COUNT

IPCP TIMESTEPS IF REQUESTED,

0 MODEL IS GLOBAL AND COMPLETE GRID 1S SAVED,
{1 MODEL 1S HEMISPHERIC AND ONE HEM, ONLY IS SAVEL,

IF(IPCP,EQ,0) RETURMN
IF(“OD((KOUNT=KSTART),IPCP) NE,0) RETURN

* SET CONSTANTS

NLAT=ILATH
IF (KHEM,EN,0) NLAT=ILATH2

1

DIMENSIAN PCPPAK(1),STBPAK(1),GLL(ILGL,1)
CIMENSION WRKS(1)

* SAVE EVERY IPCP TIMESTEPS PROVIDING IPCP.NE,O

‘ * WRITE THE GRID AN FILE NF WITH PACKING NPPCP,

CALL WSGGP(PCPPAK,ILG1,MLAT,NFPCP,ID,uH PCP,1,NPPCP,GLL,WRKS)
CALL WSGGP(STBPAK,ILG1,NLAT, NFPCP,ID,d4N STB,1,NPPCP,GLL,WRKS)

- 112
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SUBROUTINE SAVPRG(NF2,PHI,U,V,ES,PH1IS,PS,PEE,TMEAN,PEEMN,PSVMN,
RGAS,LA,LAW,LRS,LRA,LRUJLRV/LM,ILEV,LEVS,KSY¥M,
KSTART,KTOTAL,KOUNT,IPRG,GG,GGP,
ILGY,ILATH,COA,KHEM,ALP,EPSI,LALP,WRKS,WRKL)

* SAVES SIGMA LEVEL GAUSSIAN GRID FORECAST ON FILE NF2,

COMPLEX PHI(LA,1),UCLAW,1),V(LAY,1),ES(LA,L)
COMPLEX PHIS(1),PS(1),PEE(LA,1)
DIMENSION TMEAN(1),PEEMNC(])

* GGP IS A WORK FIELD USED ANLY IF FCST IS T8 BE PACKED,
* (IT MAY BE EGUIVALENCED TA GG),

DIMENSION GG(1),GG6P(1),ALP(1),EPSI(1),wRKL (1)
DIMENSION COA(1),WRKS(1)
COMPLEX PS1

*+ OUTPUT PACKING DENSITIES (SET IN MAIN PRAGRAM),
COMMAN/PKAUT/ NPGZ, PSP, NP ,NPES

NSTEPS=KOUNTeKSTART
ID=NSTEPS

NLAT=ILATH

IF(KHEM,EQ,0) NLATSILATH=®2

+ NO PROG IS SAVED IF NVERIF=z0, ATHERWISE PR®G IS SAVEC AT
* INITIAL AND FINAL TIMES ANC AT INTERVALS AF IPRG TIMFSTEPS,

1F(IPRG,EQ,0,0R NF2,EG,0) RETURN
IF (KOUNT,EC,KTATAL) G* TO 150
IF(KO!NT,EQ,KSTAPT) G* TO 150
IF(MOD(NSTEPS, IPRG) NELN) RETURN

* CONVERT LAG OF SURFACE PRFSSLRE FROM (N/Mxx2) T8 (MB),

PS1=PS(1)

PS(1) = PS(1)+4PS¥NeALOBG(100,)xSORT(2,)

CALL SPAGG2(GG,ILG)1,ILATH,CMA,kHFY, PS ,LRS,LM,KSYM,
ALP,EPSI,LALP,wRKS,¥RKL)

CALL WSGGP(GG,ILG1,NLAT,NF2,1D,4HLNSP,1,NPSP,GGP,WRKS)

PS(1)=PS1

* CALCULATE PHI FROM PEE FAR ILEV LEVELS.
* COANVERY T0 GAUSSIAN GRIDS AND WRITE ON FILE NF2,

CALL GZFBP (PHI,PEE,PS,TMEAN,PEEMN,PSMN LA,LRS, ™, ILEV,RGAS)

0O 310 L=1,ILEV

CALL SPAGG2(GG,ILG1,ILATH,CB8A,KHEY,PHI(1,L),LRS,LM,KSYV,
ALP,EPSI,LALP,WRKS,WRKL)
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CALL WSGGP(GG,ILG1,NLAT,NF2,1Ds4H GZ,L,NPGZ,GGP,WRKS)
310 CONTINUE

* CONVERT U,V T GALSSIAN GRIDS AND SAVE 9N NF2,

0O 410 L=1,ILEV
CALL SPAGG2(GG,ILGY,ILATH,CHA,KHEM, UC1sL))LRU,LM, KSYM,
1 ALP,EPSI,LALP,WRKS,WRKL)
CALL WSGGP(GG,ILG1, NLAT,NF2,1D,4H U,L,NPW,GGP,WRKS)
4 CALL SPAGG2(GG,ILG),ILATH,CPA,KHEM, V(1,L),LRV,LM,=oKSYM,
1 ALP,EPSI,LALP,WRKS,WRKL)
CALL WSGGP(GG,ILG1,NLAT,NF2,ID,4H V,L,NPW,GGP,WRKS)
410 CONTINUE

* CONVERT ES TO GAUSSIAN GRIDS AND SAVE ON NF2,
* MAISTURE OMITTEN IF LEVS30,

IF(LEVS,EQ,0) GO T9 99
DO 510 N=1,LEVS
LS(ILEVLEVS) + N
' CALL SPAGG2(GG,ILG1,ILATH,CO0A,KHEM, ES(1,N),LRS,LM,KSYM,
1 ALP,EPSI,LALP,WRKS,WRKL)
CALL WSGGP(GG,ILGY{,NLAT,NF2,ID,41 ES,L,NPES,GGP,WRKS)
S10 CONTINUE

99 RETLRN
END
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SUBROUTINE SCOF2(SC/LR/LM)KIND)

* ZERG ®R DOURLE TWHE COMPLEX SPECTRAL COEFFICIENTS IN SC(LR,LM)
+« DEPENDING ON THE VALUE OF KIND,

COMPLEX SC(LR,1)

* IF KIND=0 SET ALL AF SC 70 (0,4,04),

IF(KIND,NE,O0) GO TO 3¢C
DO 20 Mz1,LM
00 20 N=1,LR

20 SC(N,M)=(0,409,)

*x IF KIND=2 DOUALE ALL 9F SC.

30 IF(KIND,NE.,2) G% T8 99
CO 40 M=31,LM
CO 40 N=3,LR

' 40 SC(N,M)SSC(N,M)+SC(N,*)

99 RETLRN
END
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SUBROUTINE SEAFLX(TG/ESGeUG»VGr TMEAN,ILMoILONG,ILEVILEVS,DT,
{ SIAI,SEACON, RGOCP,SH,TSEA,COV)

FOR ILONG POINTS ABOUT ONE GAUSSIAN LATITUDE CIRCLE
CALCULATES CORRECTIONS 76 TG,ESG IN LOWESTY LAYER CAUSED BY
SENSIBLE HEAT ANC MOISTURE FLUXES FROM UNDERLYING OCEAN,
SUCH A PROCEDURE IS EQUIVALENT TO A LAGGING
0F THE FLUX TERMS IN TIME,

» % B B %

» TSEA 1S SEA SURFACE TEMP IN DEGREES K
* COV IS FRACTION OF LAND IN GRID SQUARE

DIMENSION TG(ILM,1),ESGCILM,1))UGCILM,1),VG(ILM,1)
DIMENSION TMEAN(1),SH(1),TSEA(L1),COV(L)

SFCEXT=S1./SH(ILEV)=*RGOCP
ILEVPeILEVe!

0O 100 IKs1,ILONG

IF(CAV(IK).LE,0,) GM T3 100

TLEV m TG(IK,ILEVP) + TMEAN(CILEVP)

DYSEA = TSEA(IK) « TLEVwSFCEXT

WIND=SORY( UGCIK,ILEVI®22 ¢ VGCIK,ILEV)%x=®2 )
FACTRCOV(IK)®SEACON-WIND#2 ,#DT/(TLEV2SIAI)
IF(CTSEA.LT,0,) DTSEA=Q,O

TG(IK,ILEVP) = TG(IK,TLEVP) ¢ FACTAaDTSEA

IFCLEVS,EQ,0) GN TO 100
QSAG = SHOILEV)I*EXP( ROT2 % ( TSEACIK) = TLEV ¢ ESG(IK.LEVS) ) )
DTDSEA = ( QS0Q « 1, ) /7 AOT2

IF(DTDSEA,LY,0,0) CTDSEA=0,0

ESG(IK,LEVS) = ESG(IK,LEVS) + FACT«( DTSEA « DTDSEA )

T 100 CONTINUE

RETURN
END
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SUBROUTINE SECONC (X)
x=0,0

RETLRN

END

1« 117

T




20

SUBROUTINE SETL(SCT,SCF,LA,ILEV)

% COPIES COMPLEX SPECTRAL COEFF IN SCF INTO SCT,
*+ EACH ARRAY HAS ILEV LEVELS OF LA WORDS,

« BOTH ARRAYS ARE IN LCV,

COMPLEX SCTCLA»1),SCF(LANY)

DO 20 Ls1,ILEV

DO 20 MN=i,LA

SCT(MN,L)SSCF (MN,L)

RETURN
END
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SUBROUTINE SETOLD(P¥,CM,PEEM,ESM,PSM,P,C/PEE,ES,PS)LA,ILEV,LEVS)

* COPIES CURRENT VALUES OF P,C,PEE,ES,PS INTO THE FIELDS HOLDING
* THE PREVIOUS TIME VALUES PM,CM,ETC,

COMPLEX PMCLA,1),CM(LA,1),PEEMCLA,1),ESMCLA,1),PSM(1)
COMPLEX P(LA,1), CCLA,1), PEECLA,1), ESCLA,1), PS(1)

CALL SETL( PM , P ,LA,ILEV)
CALL SETL(C CM , C ,LA,ILEV)
CALL SETL(PEEM,PEE,LA,ILEV)
CALL SETL( PSM, PS,LA, 1)
IF(LEVS,GT,0) CALL SETL(ES™,ES,LA,LEVS)

RETURN
END
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99

SUBROUTINE SET2T (PT,CT,PEET,SOS,TDUM,EST,ESOUM,PRESS,

1 LA,LRS,LRA,LM,ILEV,LEVY)

» INITIALIZES SPECTRAL ARRAYS YO0 2ER0O BEFORE STARTING THE
* LATITUDE LOOP IN THE SPECTRAL MULTILEVEL MACEL,

%« MOISTURE VARIABLES OMITYED IF LEVS 3 0,

IF MODEL IS HWEMISPHERIC PT IS ANTISYMMETRIC,
* ALL OTHER FIELDS ARE SYMMETRIC,
%« EACH LEVEL IS SEPARATED BY LA COMPLEX WORDS,

COMPLEX PT(LA,1),CT(LA,1),PEET(LA,L)
COMPLEX SDS(LA,1),TCUM(LA,1)

COMPLEX EST(LA,1),ESDUM(LA,1)
COMPLEX PRESS(1)

DO 20 L=1,ILEV

CALL SCOF2( PT(1,L),LRA,LM,0)

CALL SCOF2( CT(1,L),LRS,LM,0)

CALL SCOF2(PEET(1,L),LRS)LM,0)

CALL SCOF2( SDS(1,L),LRS,LM,0)

CALL SCOF2(TOUM(1,L),LRS,LM,0)
CONTINUE

CALL SCOF2(TOUM(1,ILEV+1),LRS,LHM,0)

CALL SCOF2(PRESS,LRS,LM,0)

IF(LEVS,EQ,0) GO T8 99
CO 73 Lai,LEVS

CALL SCOF2C EST(1,L),LRS,LM,0)
CALL SCOF2(ESODUM(CL,L),LRS,L¥,0)
CONTINUE

RETURN
END
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SUBROUTINE SFDRAG(PLTG,PVTG,UG)VG,TGsTMEAN,CNRAGG,IL™,ILEV,ILENG,
1 GRAV,A,FGAS,DS,SIAL)

‘ ’ *+ ADDS CANTRIBUTIAN AF SURFACE DRAG TA PUTG,PVTG
[ » FEGR ILONG POINTS ABOUT ONE GAUSSIAN LATITUDE CIRCLE,

| DIMENSION PUTGCILM,1),PVTGCILM,1),UGCILM 1)) VGCILM,Y)
‘ CIMENSION TGCILM,1),TMEANC1),COPRAGG(1),DS(1)

ILEVP=ILEYV ¢!
D6 20 IK=1,I1LONG
FACT = CDRAGG(IK)a«GRAVA(A/SIAI)/(RGASADS(ILEV))
VMAGaSGRT( UG(IK,ILEV)##2 ¢ VG(IK,ILEV)an2 )
FACT = FACT » VMAG / (TG(IK,ILEVP)+TMEANC(CILEVP))
PUTG(IK,ILEV)=SPUTG(IK,ILEV)+FACTaVG(IK,ILEV)
PVTG(IK,ILEV)SPVTG(IK,ILEV)=FACT«UG(IK,ILEV)

20 CBMTINUE

RETLRN
END
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SUBROUTINE SGTPRE(FX,FDER,SIGMA,SP,LA,LB,PRL,LV,SG,F,G,NN,GLAPSE,
1 EXTRAP,KIND¢GZPI,SFCPI)

EXTRAPE], FAR HEIGHTS AND TEMP, 0, FOR WINDS,

GLAPSE IS LAPSE RATE RELOW SIGMAsy, SELECT SAME POSITIVE VALLE
FOR GEOPOTENTIALS, SET 7O ZERO FOR ALL OTHER VARIABLES,

GZPIs GZ INITIAL &N PR SFC. SFCPI= INITIAL LN(SF PRES),

» % ¥ »

* KIND=1 RETURNS VERTICAL DERIVATIVE IN FDER, (OFF IF KIND=0)
* NOTE « IF LAS|B, FX 8R FDER MAY BF EQUIVALENCED T@ SIGMA,

SGTPRT COES VERTICAL INTERPOLATION ON A FIELD SIGMA, ASSUMED KNOWM 6N
NN SIGMA LEVELS AT LA POINTS PFP LFVEL, STORED CONSECUTIVELY,
PRODUCING AN AUTPUT FX(LA,LV), LOCATED AT THE SAME HORIZONTAL POINTS,
BUT AT THE PRESSURE LEVELS LOCATED RY PRL(LV), INTERPOLATION IS DENE
USING THE LOGARJTHM OF PRESSURE/SIGMA AS THE VERTICAL COCPDINATE,
FDER(LA,LV) CONTAINS THE VERTICAL DERIVATIVE OF FX IF KIMND=1,

SP(LA) IS A FIELD OF LOG OF SURFACE PRESSUREs FBR SIGMA/PRESSURE
CONVERSIAN, PRLAG 1S THE LOG OF THE DESIRED PRESSURE LEVELs C(IN THE
SAME UNITS AS SP) WHILFE SG(NN) CONTAINS THE LOGS OF THE SIGMA LEVELS,
NOTE THAT DIFFERENT SIGMA LEVELS ARE STORED LB POINTS APART IN SIGMA,

NOTE ALSO THAT IF TWE FIELD SP IS 0,0, THE ROUTINE CAN BE THOUGHY OF
AS A RELATIVELY GENERAL PLRPOSE INTERPALATAR, GIVING FIELDS AT THE
COORDINATE PRLAG, IN TERMS AF FIELCS AT THE COORDINATES SG(NN),

DIVMENSION FX(LASLV),FDERCLA/LY),GZPI(LAVILY)
DIMENSION SIGMACLB,NN)»SPCLA),SFCPTI(LA)
DIMENSION SG(NN),F(NN),G(NN),PRL(LV)

TOLAPS=0,
SENTR=0,5

08 20 T=1,LA

CO 10 N31,NN
10 F(N) = SIGMA(I,N)
CALL TSIG(G,F,SG,NN,TOLAPS,SENTR,2,0)

DU 20 L=1'LV
X = PRL(L) = SP(I)
IF(EXTRAP ,GT,0,) xIaPRL(L)=SFCPI(I)
IFCEXTRAP,GT,0,) FI=GZPI(I,L)
CALL TERPRE(FXIL,DERIV,X,F,G,SG,NN,EXTHAP,GLAPSE,FI,XI)
FXCI,L)=FXIL
IF(KIND,EQ.1) FDER(I,L)=DERIV
20 CONTINUE

RETURN
END
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SURROUTINE SMAV2(QC,LRC,OI,LRI,LM)

* FILLS CPMPLEX OC(LRC,LM) FROM QICLRI,LM) BY EXTRACTING
* THE FIRST LRC COMPLEX WARPS FROM EACH ROW OF 0I.
* NOTE « LRC SHALULC NAT EXCEED LRI,

COMPLEX QCCLRC,1),GI(LRI, 1)

C8 210 M=1,LM
GO 210 N31,LRC
210 GC(h,M)=GI(N,M)

RETLRN
END




P——

SUBROUTINE SPAF2(CFC,SC,LR,LM,ALP,LALP)

*+ CALCULATES COMPLEX FOURIER COEFFICIENTS IN CFC(LM)
*» FROM SPECTRAL COEFFICIENTS IN SC(LR,LM),

* CFC WILL COMTAIN WAVES 0 TO (LMei),
» IF SC IS GLABAL, RO 1 CONTAINS WAVES 0,1,2,,,(LR=1),
« IF SC IS SYMMETRIC, ROW { CAMTAINS WAVES 0,2,de,e2%(LR=1),

] + IF SC IS ANTISYMMETRIC, ROW 1 CONTAINS WAVES 1,3,5,,.2%(LR=l)e1,
* ALP(LALP,LM) CONTAINS LEGENDRE POLYMOMIALS FOR SNE LATITUCE,
» ITS ROWS MUST MAVF TWF SAME STRUCTURE AS ThHOSE OF SC,

COMPLEX CFC(1),SC(LR,1)
DIMENSIAMN ALP(LALP,1)

Ce 30 M=si,LM

FCR=0,

FCI=o,

D8 20 N=§,LR

FCR=FCReALP(N,M)« REAL(SC(N,M))

FCISFCI®ALP(N,M)xATMAC(SC(N,M))
20 CONTINUE

CFC(M)sCMPLX(FCR,FCI)
30 CONTINUE

FETLRN
END
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38

SUBROUTINE SFAGG2(CC,ILG1, ILATH,CRA,KNEM,P LR, LM, KSH,

1 ALP,EPSI,LALP,nRKS,rRKL)
* PRODLCES GAUSSIAN GRID FROM SPECTRAL COEFF IN P(LR,LM),
* IF GLOBAL GG3(ILGlsT1LATH*2), OTHERWISE GG=(ILGY,ILATK),
# LATITUCE 1S 2ERO AT LEFT OF GRID ANC POSITIVE EASTWARD,
» LEFT COLUMN IS CPPIFD INTO THE RIGHT COLUMN,
« XKREM 0 =z GLYBAL, 1 = N REM ONLY, 2 = S WEM ONLY,
* KSM ¢1SSYMMETRIC, OSGLIBAL, ~13ANTISY“METRIC
» COA(CILATK) CANTAINS THE CHASINES OF THE CALATITUDE (N T8 §),
« ALP(LALP,LM™) IS & w*®k FIELD FOF LEGENDRE POLYNSMIALS,
2 EFST 1S A FIELD 9F (A .STALTS THE SAME SIZE AS ALP,
+ WRKS,wRK| ARE SCM,LCM *"Rk ARRAYS OF (ILG+2) wORDS,
* FAST FOURJER TRANSFORM REGUIRES THAT ILG BE A PAWER OF 2,

COMBLEX P(1)
CIMENSIEN GG(ILG1,1),C04(1)
DIMENSTIAN ALP(1},EPST(1),“RKS(1),nRKL (L)

ILG=ILGL=1

ILGR=ILGZ2

MAXF3{ Vel

ILP=y

IF(xS™,LT,0) ILF=sLALP/2s])

2 [® LORTHERY wEMISENERE IF PEGUESTED (XMEMa0 8R 1),

IF(K~EY ,EG,2) G TE 38

02 20 Iws{,ILATK

SINLAT=CBA(IN)

JRXSI ATrela]n

IF(R=EM EG,0) JRXSJFX4ILATK

CALL ALPN“Z(ALP,LALFP,LM,SINLAT,EPS])
IF(KSH NE,0) CALL ALPAS2(ALP,LALP,LM,nRKS)
CALL SPAF2(~RKL,P,LR,LY,ALP(ILP),LALP)
CALL FFGFm2(GG(Y,JR%), 1061, RKL,TILG,4AXF,ILG,nRKS,{)
GG(ILGY,JRX)=2GG(1,JRX)

CANTING

* DY SALTHER', REY]ISPRERE IF REGLUESTED (KWEM=z0 AR 2),

IF(MNEM EG 1) RETLRA

CC uo Iwzy,I(LAT~

SINLAT=eC2A(I~)

Jﬂx:xn

CALL ALF“Y2(ALP,LaLFP,L™,SINLAT,LPST)

IF(KSM NE,0) CALL ALPAS2(ALF,LALP,LM,4RKS)

CALL SPaF2(maxL,P,LR,L¥,ALP(ILF),LALP)

CALL FFGFm2(GG(],JRX), LG, nRKL,ILGH,“aXF,1LG,"RXS,})
GG(ILGY,JRX)=G6(1,J5X)
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| 40 CONTINUE
5 RETURN
END
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SUBROUTINE SPAPS2(G)NI,NJ,IP,JP,D60,DGRA)NHEM,P,LR,)LM,KSY,
ALP/EPST,LALP/WRKS,WRKL)

CALCULATES PALAR STEREOGRAPHIC GRID G(NI,NJ) WITH PALE (IP,JP)
FROM COMPLEX SPECTRAL COEFF IN P(LR,LM),
PS GRID SIZ2E IS ASSUMED TM BE D60 METERS,
PS GRID ORIENTATION WAS ZERO DEGREES LONG, AT (DGRW) DEGREES,

» % % »

NHEM | = NORTHERN HEMISPHFRE. NMEM 2 3 SOLTHERMN HEMISPHERE,
ALP(LALP,LM) IS A WBRk FIELD FOR LEGENDRE POLYNAMIALS,

EPST 1S A FIELD OF CONSTAMNTS THE SAME SIZE AS ALP,

WRKS IS AN SCM WORK FIELD OF LALP WORDS,

WRKL IS AN LCM WORK FIELD OF L™ COMPLEX WORDRS,

» % » ¥ »

COMPLEX P(1)
DIMENSION G(NI/NJ),EPSI(1),ALP (1)
DIMENSIAN WRKS(1),wRKL (1)

CRCAN=3,14159/180,
MAXF L Mal

ILP=1

IF(KSM,LT,.0) ILP=zLALP/2+!

* SET GRID TO LARGE INITIAL VALUE,

GFILL=1,11E+75
DO 10 J=1,NJ
D¢ 10 I=1,NI
G(I,J)=GFILL

* LOOP OVER THE ENTIRE GRID,

Do 20 J=10NJ

JYzJaJP

YP=JY

0O 20 I=s1,NI]

!X:I-IP

XPsIX

IF(G(I,J) . NE,GFILL)Y GO TH 20

* ABTAIN THE LATITUCE OF POINT (I,J) AND GET THE FAURIER COEFF
* FOR THWAT LAT FROVM THg SPECTRAL COBEFF IN P,

CALL LLFXY(DLAT,OLON,XP,YP,D60,0DGRW,NHEN)
SINLAT=SIN(DLATACRCEN)

CALL ALPNM2(ALP,LALF,LM,SINLAT,EPSI)
IF(KSM NEL0) CALL ALPAS2(CALP,LALP,LM,WRKS)
CALL SPAF2(WRKL,P,LR,LM,ALP(ILP),LALP)

* GET THE COORDINATES OF EACKH OF THE POSSIBLE EIGHY POINTS
* IN THE GRID THAT LIE ON THE GIVEN LAT CIRCLE.
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12

13

14

15

16

17

18

19

195
20

I11zIPe+lIX
JJI=JP+JY

X=XP

Y=YP

ASSIGN 12 TO NPT
GO TO {9
I11=IPelX

XseXP

ASSIGN 13 TH NPT
Gt TO0 19
JJsJPeJY

Y:-Yp

ASSIGN 14 T8 NPT
GO T8 19
1I=sIP+1IX

xsXP

ASSIGN 15 TM NPT
GO TO 19

11=1IP+JY
JJ=JP+IX

X=YP

Y=XP

ASSIGMN 16 TA NLPT
GO TO& 19
I1=IPaJY

XseYP

ASSIGN {7 T8 NFT
GO TA 19
JJ3JP=IX

YseXP

ASSIGN 18 TO NPT
GO TA 19
II=IP+JY

X=YP

ASSIGN 20 TO NPT

* MAKE SURE POINT IS R0Th INSICE GRID AND NOT ALREADY DONE,
* GET LONGITUDE ANp EVALUATE FOURIER SERIES AT THAT POINT,

IF(IT LT 1,0R, II ,GT NI) GM TO 195
IF(JJI LT, 1.0R,JJ,GT NI GP TO 195
IFC(G(ITI,JJ)NE,GFILL) GO TO 19S

CALL LLFXY(DLAT,DLOK,X,Y,C60,0GRW,NHEM)

RLON=DLANADRCON

CALL CFVAL2( GIJ ,wRKL,MAXF,RLAN)
G(II,JJ)=GlJ

GO T/ NPT, (12,13,14,15,16,17,18,20)
CONTINUE
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RETLRN
END
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FLNCTION SPCHLM(TR,F)

CIMPLTES SFECIFIC “LMIDITY »SPCHUM2 USING
DEw P3INT TEMPERATLRE TL AND PRESSURE P(MB)
E IS TRE vaPOF FRESSLRE RELATED T8 TC BY
ESEXP(A=R/TD)
FOR SATURATION VALLES TRUE TEMPERATURE REPLACES

» % % » %

CIMMAN/EPS/A,8,EPS1,EPS2

ESEXP (a«E/TD)

SPCHUMSEPS{*E/ (PepPS2aE)

Te

IN MAIN




SUBROUTINE SPLAB(NF,KIND,LV,PR,NK,SIG,LEVS,ILG,ILAT,KHE™,IR,DEET,
1 MTN,WET ,KDR,KAT,KCV,KDIV,KSTART ,KTOTAL,IPRG,IPCP,IDATIM)

THIS SUBRAUTINE REACS/WRITES THE CONTROL LABEL FOR THE
SPECTRAL MODEL PRAGRAM SEQUENCE ON FILE NF,
KIND=1 READS, KIND32 WRITES,

» %

PRCLV) CONTAINS THE LV INITIAL PRESSURE LEVELS.

SIGC(NK) CONTAINS THF NK MBDEL SIGMA LEVELS.,

LEVS IS THE NUMRER 8F MOISTURE LEVELS USED IN THE MODEL, 1

CILG+1,ILAT) = GAUSSIAMN GRID CIMENSIONS (GLOBAL),

KMEM (sGLOBAL, t1=sN KEM, 23S KEM,

IR,NEET = MODEL RESALUTIBN AND TIMESTEP,

MTN,WET,KDR ,KWT ,KCV,KDIV ARE LNGICAL SWITCHES FAR MOUNTAINS,
MAISTURE ,DRAG,WATER=TEMP,SEA=COVER,INITIAL DIVERGENCE,

KSTART,KTATAL = MCEDEL STARTING AND ENDING TIMESTEP NUMBERS,

IPRG,IPCP = FORECAST AND PRECIP SAVE INTERVALS,

INITIAL ODATE TIME GROUP IS IN IDATIM

» % % % % B % ¥ ¥ % ¥

DIMENSION PRCLV),SIC(NK)»INATIM(14)
lﬂchAL MT’J,NET'KDQ'KWT"‘CV'KDIV
DATA HEADER,IDENT,NAME/ 4HLABL, 0, 4HINF® /

REWIND NF
* READ THE LABEL IF KIND=1,

IF(KIND,EQ,1) READ(NF) HEAD,ID,INFO,

1 LV, (PRCLY,L=1,LV),NK, (SIG(N),N=1,NK),LEVS,DEET,
2 ILG,ILAT,KHEN, IR, MTN,WET ,KDR, KWT,KCV,KDIV,
3 KSTART,KTOTAL,IPRG,IPCP,IDATIM

IF(KIND,EN,1) WRITE(6,6010) NF

* WRITE THE LABEL IF KIAD=z2,

IF (KIND,EQ,2) WRITE(NF) HEADER,IDENT,NAME,

1 LV, (PRCLY,L=1,LV) NK,(SIG(N),N=1,NK),LEVS,DEET,
e ILG,ILAT,KHEM,IR,MTN,WET,KDR,KWT,KCV,KDIV,
3 KSTART,KTOTAL,IPRG,IPCP,IDATIM

IF(KIND ,EQ,2) WRITE(6,6020) NF

* PRINT OUT ALL LABEL INFARMATION,

f 30 WRITE(6,6030) LV,PR

WRITE(6,6032) NK,SIC

WRITE(6,6040) LEVS,ILG,ILAT,KHEM,IR,DEET
WRITE(6,6045) MTN,WET, KPR, KWT, KCV,KDIV
WPITE(6,£050) KSTART,KTRTAL,IPPG,IPCP
WRITE(6,6060) ICATIVM

RETLRN
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6010
6020
6030
6032
6040
6045
6050
6060

FORMAT(3IHOSPECTRAL LARFL RFAC FROM FILE,I4)
FORMAT(31HOSPECTRAL LABEL WRITTEN TO FILE,14)
FORMAT(22H INITIAL PFRESSILIRES 2+ 15,15F6,.,0)
FORMAT(22H MODEL SIGMA LEVELS s 15,15F6,3)
FORMAT (29H LEVSpILG'IL-\T'KHEM'IR:DEETngISIFEUZ)
FORMAT (29N MIN,WET,KLR, KT, KCV,KOIV  =,6L5)

FORMAT(29H KSTART,KTATAL,IPRG,IPCP =,415)
FORMAT(22H DATE-TIME GPRAUP 12%,613,744,112)
END




12

14

15

20

SUBROUTINE SPLAT2(A,LI,MNC,II»INCR,GMIN/GMAX)

PLOTS UP TM ¢ CURVES ON THE SAME GRAPH,

PLATS EVERY INCR POINTS FROM § TO II IN A(LI.NC)

CURVES 1 T0 ¢ USE SYMBOLS A,8,C,D,E,F,

VALUE OF LAST CURVE WRITTEN ALONG XeAXIS UNLESS INCR IS NEGATIVE
N® GRAPH DRAWN IF INCR3(Q OR NC=0,

GRAPH LIMITS GMIN,GMAX AND MIDDLE VALUE PRINTED AT START ANC END
IF GMIN=GMAX GRAPF LIMITS CALCULATED FIRST,

IF THE RANGE IS STILL ZERS, IT I8 RESET 70 i,

» % % » % * % ¥

DIMENSION ACLI,NC)

INTEGER NGC101),S(¢4),IGR(6)

DATA S/1H ,1HI,IHe,1Ha/

DATA IGR/{HA,1HB,1HC,1KD,1HE, {FF/

IF (INCR,EQ.0,.0R ,NC,ER.0) GO T3 99
INC=TABS(INCR)

AMINSGMIN

AMAX=GMAX

IF (AMIN,LT, AMAX) GO T& 14
AMINZACL, 1)

AMAXZAMIN

£0 12 J=1,NC

Lo 12 I=1'II'INC

T=A(I,J)

IF(T,LT.AMIN) AMINaT
IF(T.GT,AMAX) &VBxXzT

CONTINUF

IFCAMIN, FQ AMAX) AMAXZAMINGY,

RANGE=AMAX=AMIN
DA100=100,/PANGE
AX=S(AMAX+AMIN)®,S
WRITE(6,605) IGR(NC),RANGE
WRITE(6,610) AMIN,AX,AMAX
WRITE(6,615)

O 24 I=z1,I1,INC

DM 1S k=1,101

NG(K)=S(1)

NG(S1)=S(2)

IF(1/10410,E0,1) NG(51)=5(3)

DM 20 J=1,NC
YS(A(L,J)=AMIN)«DAL100¢1,5

K=INT(Y)

IF(K,GE,1,AND K LE,101) NG(K)SIGR(J)
CONTINUE

IF(INCR,GT,0) WRITE(6,620) T1,A(CI,NC),NG
IFCINCR,LT,0) WRITFE(6,625) "G
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24

99

605
610
615
620
625

CONTINUE

WRITE(6,615)
WRITE(C6,610) AMIN,AX,AMAX
RETLRN

FORMAT(8H] CURVE ,Al1,TR7,7HRANGE =,1PE12,5)
FORMAT(IH ,16X,1PE12,5,T68,E12,5,T118,E12,5)
FORMAT(IH ,21X,10(10H]ewenncnas),{H])
FORMAT(IH ,14,1PE15,6,2X,101A1)

FORMAT(1H ,21X,101AY)

END
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SUBROUTINE SPMCAN(S,SkoSF,SHF,DS,DEL,FVORT,PI,GAMMA,ILEV)

* SETS CONSTAMTS FOR THE MULTILEVEL SPECTRAL MODEL,

CIMENSIAN S(1),SH(1),SF(1),SHF(1),05C1),DELC(L)
COMMAN/PARAMS/ WW,Th,A,ASQ,GRAV,RGAS,RGOCP,RGOASQ,CPRES
ILEVM = ILEVel

% WW = EARTH ROTATION RATE (1/SEC).

* A = EARTK RADIUS (M),

* GRAV = GRAVITY ACCELERATIAN (M/SECax2),

* RGAS = DRY AIR GAS CONSTANT (JOULE/(KG=DEG)),
+ RGOCP = RGAS/(DRY AIR SPFCIFIC KEAT)

* GAMMA = LAPSE RATE FRAIM THF LAWEST LAYER TN THE SURFACE
whz7,292E=5

TwSWWeWW

GAMMAZS [90E=03

AsS6,37122E06

ASA=AxA

GRAV=9,R(0Ak16

RGAS=287,04

RGOCP=2,/7,
RGAASQ=RGAS/ASA
CPRES=RGAS/RGACP

* FVART = VARTICITY OF EARTH ROTATIAN,

PI=3,1415926535897
FVAFT=TWaSART(2,./3,)

» 8 SIGMA AT THE OrD LEVELS,
* Sk SIGMA AT THE EVEM LEVELS
» DS DELTASIGMA BETWEFN EVEN LEVELS,

CO 30 IW=1,JLEVH
CEL(IH) = S(IM+1) = S(IH)
DEL(ILEV) = 1, = S(ILEV)

D% 40 IH = 1,ILEVM
SH(IM) = SQERT(S(IHIaS(IK+1))
SH(ILEV) = SGQRT(S(ILEV))

CS(1) = SH(1)

DO Sn fH=2,ILEVM

DS(IM) = SH(IH)=SH(Ih=1)
OSCILEV) = 1,=SH(ILEVM)

DO &0 Ik=1,ILEVM

SF(IH) = ALAG(S(IH+1)/S(IH))
SFCILEV) = ALAG(1,/3(CILEV))
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08 70 IKWs1,ILEVM

70 SHF(IH)=ALAG(SH(IH#+1)/SH(IN))
SHF (ILEV)=ALOG(1./SFCILEV))
RETURN
END

e T
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SUBROUTINE SPW&(ILG,ILAT,KHEM,IR,ILEV,LEVS,S,
{ NFL1,NF2,NFPCP,LC,ETOTS,LTAT,IEPR,NAGR,IPR,
2 NTEST,IPRG,IPCP,NPPCP,IDATIM)

SPECYRAL IMPLICIT MULTILEVEL WET MODEL = VERSION 6,
FOR A COMPLETE DESCRIPTIBAN OF THIS PROGRAM, SEE.ess
(THE D,P,R, MULTILEVEL SPECTRAL MNDEL PROGRAM =« VERSION &)
AND ATHER DOCUMEMNTS (AVAILABLE AT D,P,R, MONTREAL, CANACA),

» B B »

» »
z Z
-
nN e
o nn

INPUT FILE FOR ALL VARIABLES AND PHYSICS GRIDS,
QUTPUT FILE FRR PHI,PHIS,LNSP,U,V,ES,
= BUTPUT FILE FAR PPECIPITATION,

* 1/%Y ARRAYS AND PARAMETERS,

DIMENSION LCC1),ETOTS(LTNT,0),IDATIM(14d)
LOGICAL MTN,HET,KDR,KT, KCV, KDV
COMMAN/SWCOM/ MTN,WET,KDR,KWT,KCV,KDIV

* LCM COMPLEX MULTILEVEL ARRAYS

PARAMETER §ILV=15,8LEV=9,%LV=10,81L7=252,8ILG=64,81LTH=26,8IR=220
PARAMETER $LA = (3IFR+2)a(FIR+])

PARAMETER SLAW = §LA=FILYV
PARAMETER SLAX = SLAX(SLEV+1)
PARAMETER SIL! = SILV ¢+ 1
PARAMETER SLwl = §LA*SIL!
PARAMETER S$LGG = <SILG#SILT
PARAMETER SLGP = (SILG#2)*SILT
PARAMETEP SIRL = (2#SIRe1)#SILV
PARAMETER SCR = SILGaSILV

PARAMETER $CS = SILG*(SLEV+Y)
PARAMETER S$CR1 = SILG#*SILI
PARAMETER $ILG3 = SILG ¢ 2

COMPLEX P,C,PEE,PS, P¥,CM,PEEM,PSM, PT,CT,PEET

COMPLEY UyVyPHIT,SCS,ES,ESM,EST

COMMAN//PSLAW) C(SLAN) ,PEE(SLAW),PSCSLA) ,PH(SLAW) yCM(SLAK),

*« PEEM(SLAW) PSM(SLA),PT(SLAY),CT(3LAW),)PEET(SLAW),UCSLAW), V(SLAW)Y,
*PHI(SLW1), T(SLW1),SCSCSLAW),ES(SLAX),ESMCSLAX),EST(SLAX)

CAMPLEX TDUM(1),Dl(1),PEERAR(L),ESDLM(1)

EGUIVALENCE (TCUN,pFI),(DI'V),(FEEBAR,SDS),(ESDU",PEE)

% [ CM PHYSICS « 1 LEVEL CHOMPLEX ARRAYS

COMPLEX PHIS,PRESS
COMMON//PHIS(SLA)Y,PRESS(8LA)

* LCM PHYSICS = GAUSSIA* GRIDS AND WORK ROWS,
COMMAN/GGPAK /DRPAK (SLGP ) WTPAK(SLGP),CVYPAK(SLGP),PCPPAK(SLGP),
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*STBPAK (SLGP)
x LCM WARK ARRAYS

COMMON/ALPCOM/ALP(SLAY)DALP(SLA),EPSI(SLA)
COMMON//AT(SIRL),PTI(STIRL),CIC(SIRL),WRKL(300)

COMMON//PRESSG(S$ILG),PSNLG(SILG),PSDPG(SILG),CUMDUM(SILG),
*PG(SCR),CG($CRY,
*TG($CR1),UG(SCR),VC(SCR)EG(SCR),PUTG(SCR),PVTG(SCR),TUTG(SCR),
*TVTG($CR),ESG($CS),FEETG(SCR),SDSG(SCR),AMBDPG(SCR) ,"MEGAG(SCK)

CIMENSION SUSG(1),SvSG(1),ESTG(1)

EQUIVALENCE (SUSG(1),PG(1)),(SVSG(1),C6(1)),CESTG(1),AMBDPG(1))

CIMENSIAON GLL(1)

EQUIVALENCE (GLL(1),PRESSG(1))

* SCM wORK AND I/9 FIFLDS,

COMMAON/GAUSS/W (SILTH),wCS(SILTH),COACSILTH),STA(SILTH),RAD(SILTH)
COMMAN/SCMY/WRKS(SILG3,8)

*+ THE FOLLOWING ARRAYS ARE FAR FUNCTIAONS OF ILEV,
*+ CURRENTLY SET FOR A MAXIMUM 6F 10 LEVELS.

COMPLEX P2(3ILV)

DIMENSION STAMS(SILL1,2IL1),STAISCSILY,SIL1),STAWS(SILL1,6),
*RCPSHD(SILV)  AMBLA(CSIL1),PEEMHCSILV) RK(SILV),TMEAN(SILL),
*SCSILV),SHCSILV),SF(SILV),SHF(SILV),DS(SILV),CEL(SILV),TOTK(SILV)

* SC™M CMMMON BLECKS FAR MEDEL PARAMETERS

COMMAN/TIMES/ DEET,KOLNT,KSTART , KTOTAL,IFRIFF
COMMON/PARAMS/ WW,Th,A,ASQ,GKAV,RGAS,RGACP,RGYASG,CPRES
COMMAN /PARAM2/ RETA,AVERT,DIVCH,FP,FC,FPEE,FPS,FS
CIMMAN/PARAMI/ DIFUSD,CIFUSS,VIFUSS

COMMON/PARAMY, CEEACH,RKL

DATA NPOR,NPWT,NPCV,NFPCM/1,1,%,1/
2+ SECTION 1 « CINSTANTS AND DATA PREPARATION,

IF(NTEST,NE.O0) CALL SEC®ND(SEC?Z)

WRITEC6,6005)

ARITE(6,6010) KSTART ,KTATAL,IFCIFF
wRITE(6,6012) OFFETY,BETA,DIVCH,FP,FC,FPEE,FPS,FS
WKITE(6,6012) DIFUSC,PIFUSS,CEEACK,RKL

* CALCULATE CANSTANTS,

KOUNT=KSTART
ILEVP=ILEV+]
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150

ILATHSILAT/Z?

ILGI=ILG+1

LTBS=ILEVeLEVS

ILM=ILG

ILHsILM/2

KSYMzQ

IF (KHEMNE,0) KSYM=z]

CT=CEET

IF(IFDIFF ,EQ,1) DT=sCEET/Z2,

CALL DIMCAL(LRS,LRA,LRU,LRYV,LALP,LM,LA,LAW,IR,KHEM)
WRITE(6,6015) LRS,LRA,LRU,LRV,LALP,LM,LA,LAW

CALL SPMCON(S,SHsSFySHF,NS,DELFVORT,PI,GAMMA,ILEV)
CALL EPSIL2(CEPSI,LALP,LM)

CALL GAUSSG(ILATW,CO0A,w,SIA,RAD,WOCS)

CALL PHSCON(SEACON,RK,CEEACH,RKL,BETA,S,DEL,ILEV) !

IFCWET)ICALL WETCAN(STAWS,RCPSHD,S,SH¢SF,DEL,RGOCP,ILEV=1,LEVS)
CALL STMCAL (STAMS,STA1S,S,SK,SF,SHF,RGOCP,

1 RGAS,GRAV,GAMMA,ILEV,ILEVP,EXTRAP)

* READ INPUT FIELDS FRO' SEGUENTIAL FILE NF1i,

CALL INPTGG(NF1,NF2,NRPAK,WTPAK,CVPAK,ILGY,ILATH,KHEM,

1 KDR,KWT,KCV,NPRR,NPWT,NPCV,GLL,PV,WRKS)

ID=KSTART

CALL INPYSP(NF{,I1D,NF2,PHIS,PS,PHI,P,C,ES,LA,LRS,LRA,
1 LM, TLEV,LEVS,KHEM,ILGY,ILATH,COA, W, WOCS,GLL,PM,PT,
2 ALP,DALP,EPSI,LALP,WRKS,WRKL)

* SET INITIAL DIVERGEMNCE TO ZER® IF REGUESTED.
IF(NOT KDIV) CALL SCOF2(C,LA,ILEV,0)
+ COMPUTE T FROM GZ, SET TA T<PRIME, SAVE MEANS IN TMEANH,

CALL TFGZ(T,PHI,PHIS,LA,LRS,LM,ILEV,SF,RGAS,S,GPAV,GaMNA)
Df® 150 L=si,ILEVP

NE(Lel)xLA+1

TMEAN(CL)=REAL (T(N))/SGRT(2,)

T(N)=(0,40,)

CALL TMCAL (TMEAN,AMRDA,S,SH,SF,RGNCP,STAMS, ILEV,ILEVP)
CALL PRLMAT(RGAS,RGACP,S,SH,SF,SHF,AMBDA,TMEAN,GRAV,GAMMA, ILEV)

* SET PS TS PSePRIME, SAVE MEAN IN PSMA,
PSMA=PS (1)

PS(!)=(0.:0-’

PSMAR2=PSMN/SART(2,)

* CAMPUTE MEANS OF PEE FROM GZ, STORE IN PEEMN,
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0o 180 L=1,ILEV
N(Lel)rlAs}
180 PEEMN(L)=REAL(PFRI(N)) ¢ RGAS*TMEAN(L)xPSMN

» SECTION 2 « REGIN TIME STEP, CALCULATE (U,V) FROM (P,C),

200 IF(NTEST,EQ,0) GN T€ 210
SEC1=SEC2
CALL SECOND(SEC2)
TIME=SEC2-SEC]
HRSKOUNTADEET/3600,
WRITE(6,6020) KOUNT,KF,TIVE

210 CO 220 L=1,ILEV
NUVS(Lel)x AW+
NPCa(L=1)aLA ¢
CALL QnDAW2(UCNUV)Y,V(NLV),P("PC),C(NPC))EPSTI,WRKS(1,1),wRKS(1,¢),
! LPU,LRV,LRA,LRS,LALP,LMynHEM,IR)
220 CONTINUE

* ACD EARTH RSBTATIAN TA VARTICITY, SET TENCENCIES TO ZERS,

£0 2%0 L=1,ILEV
Na(Lel)alAe2eKSYM
Fe(L)=P(N)

230 P(N)SP(N)+CMPLX(FVART,0,)

PO 240 L=1,ILEV
240 TOTK(L)=0,
CALL sFfyZT (PT,CT,PEET,SDS,TPUM,EST,ESDUM,PRESS,

i | A)LRS,LRA,LF,ILEV,LEVS)

* SECTIAN 3 = LATITLDE LOAP,

*# THE NORTHMERN MEMISPMERE IS DANE FIRST, FOLLAWED BY THE

*» SOUTHERN HEMISPHERE, £ITHER CAN BE OMITTECD IF NOT NEEDED,

* Nk={ FOR NORTHFRN HWEMISPRERE, NH=2 FOR SOUTHERN HEMISPHRERE,
NUPS:O

NSUPS=0

PO 720 NH=1,2
IF (hH,EQ, 1, AND KHEV (£5,2) 63 T8 720
TF (NHLEQ. 2. AND LKHENMJEGL1) GY TR 720

* LATITUDE LOAP IN ONE HEMISPHERE,

* {NgM COUNTS FPRPOM Tkg POLE T9 TWwg EQUATOR,

* IKGG INDEXES THE RAuS IN THE GAUSSIAM GRINS STOREC IN FORE,
C9 700 IHEM=1,ILATK

IHGG=IHEM
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IF(MNHGEQaldAND JFHEM,ER.1) THGG=(ILATH41=INHEM)
TF(NHGEC o1 ANDGKHEMGEG Q) IHGGS(ILATHe1=TIHEM)¢ILATH
SIAI= SIA(IHEM)

COAI==COA(IHEM)

IF(NH,ER41) COATI=COA(CIKEM)

« COMPUTE ALP,DALP AND RENRDER RAWS IF GRIDS ARE HEMISPHERIC,

CALL ALPN“2(ALP,LALP,LM,CNAL,EPST)
CALL ALPDR2(DALP,ALP,LALP,LV,EPS])
IF (KHEM,NE,0) CALL ALPAS2( ALP,LALP,LM,wRKS)
IF(KHEM NE,O) CALL ALFAS2(DALP,LALP,LM,nRKS)

* COMPUTE GRID POINT VALUES FROM SPECTRAL CREFF,

CALL MMEXPW(PG,CG,TG,ESG,UG,VYG,FPSDLG,PSDPG,PRESSG,ILF,ILM,
1 p‘c'T'ES'U'V'PSJLA'LAW'LRS'LFA'LRU’LRV'LF'ILEV'LEVS'
2 ILG,KFEM,ALP,DALP,LALP,WRKS)
CO 420 IK=1,ILG
420 PRESSG(IK)=EXP(PRESSG(IK)+PSMNR?2)

* CALCULATE DYNAMIC FARTS OF RkS,

CALL STBADJ(AMBCPG,TG,AMBDA,STAMS,STALS,
1 ILM, ILEV, ILEVP,ILG,NUPS,WET,EXTRAP)

CALL VRTIGW(PUTG)PVTIG,TUTG,TVTCEG,SCSG/PEETCE,YMEGAGY

1 PGoCGrTGCrLGoVGrPSPLGIPSOPGIILMrILGIILEVILEVS,

2 AMBOPG,AMPCA, TMEAN,S,5H,SF,SHF,DS,PEL,STAT,BETA,
SUSG,SVSG,ESG,ESTG,LTRS,RCPSKHD,AVERT)

CALL EKLAT(TOTK,EG,PRFSSG,ILG,ILEV,wOCS(IHEM),KHEM)

* WET CONVECTIVE ACJUSTMENT AL CALCULATION RF PRECIP,

IJs(IHGG=1)#ILG1+1

IF( NIT WET) GO TH 200

CALL PCPADJ(PCPPAK(1J),STRPAK(IJY,ILG1,ESG, TG, "MEGAG,PPFSSG,ILM,
* TMEAN, Sk, STARS, ILEV,LEVS,LTRBS,NUPS,HSUPS,KAUNT,LFL)
PCPPAK(IJ+ILG1)=PCPFAK(TJ)

STBPAK(IJ+ILG1)=STRFAX(IJ)

* PHYSICAL EFFECTYS IF REGUESTEC,
300 IF(KDR) CALL SFCRAG(PLTG,PVTG,LG,VG,TG,THEAN,CRPAK(TJ),ILY,ILEY,
*ILG,GRAV,A,PGAS,DS,SIAT)
IF(KWT ,AND KCV) CALL SEAFLX(TG,ESC,UG,VG,T*EaN, ILM,ILG,ILEY,
LEVS,DT,814],SEACON,RGOCP,SK,WTPAK(IJ),CVPAK(IJ))
CALL VEMFLX(PUTG,PVTG,LG)VG,RK)DS, ILM,ILEV,ILE)

* CONVERT GRID PMINT VALUES RACK 1O SPECTRAL COEFF,
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CALL MHANLW(PT,CT,PEET,SDS,TDPUM,EST,ESDUM,PRESS,LA,

1 PLTG,PVTG,TUTG,TVYG,PEETG,SDSG,EG,TG,SUSG,SVSG,
2 ESTG,ESG,PRESSG,ILH, ILM,LRS,LRA,LM,
3 ALP,DALP,LALP,WRKS,W(IHEM),WOCS (IHEM),ILG,KHEM,ILEV,LEVS)

* ADD DELSG(KE) TO CIVERGENCE TENDENCY.

CALL DELEK(CT,LA,LRS,LM,EG,ILH,ILEV,ALP,DALP,LALP,KHEM,
1 IR,ILG, WOCS(IHEM),WRKS)
700 CONTINUE
720 CONTINUE

* SECTION 4 « END OF LATITUDE LAOP,

« RESTORE RELATIVE VORTICITY, WRITE OUT UNSTABLE POINTS,
CO 740 L=1,ILEV

NS(Lel)wlLAs2=KSYM

740 P(N)=P2(L)
IF(NTEST,NE,0) WRITE(6,6040) NUPS,NSUPS

* RESTORE CONVECTIVELY CORRECTED T,ES FROM TpLM,ESDUV,

CALL SETL(T,TDULM,La,ILEVP)
IF(WET) CALL SETL(ES,ESDUM,LA,LEVS)

* CALCULATE NEwW PEg FROM THE NEW TEMPERATURES.
CALL BPFT(PEE,T,PS,FKIS,LA,LRS,LM,ILEV,TMEAN,RGAS,SF)
* IF FWp STEP, SET PRFVIOUS VALUES THh CURRENT VALUES.

IF(IFODIFF,EG,1) CALL SETALD
1 (PM,CM,PEEM,ESM,PSM,P,C,PEE,ES,PS,LA, ILEV,LEVS)

* ACD LINEAR TERMS T8 CT, PEET,

CALL LNER(CT,PEET,SCS,CM,PEEY,LA,LPS,LM,ILEV,CT,RGAS,SF)
* SECTION S = QUTPUT GECTION,

* CALCULATE ENERGY CIAG!ASTICS IF REQUESTED,

800 IF(NAGR,GTe0,0R IEPRGGTo0.NRDIVCH.GTL0,) CALL ENOUT
1 (PsCoToUsFSs)PHIS, PRESS) TMEAN, TMFAN, sF,DPS,
2 T6TK,IR,ILEV,KHEM,ETOTS,LTOT,NOGR,IEPR,CIVCH)
*+ PRINT COEFF ANN/MR MAPS EVERY IPR STEPS IF REQUESTED.

CALL POUT(P,C,T,PHI,PRESS,PHIS,ES,LA,LRS,LRA,LM,ILEV,LEVS,
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1 PEE,PS,PEEMN,PSMN, THEAN, TMEAN,RGAS,IPR,LC,KSYM,
2 GLLoILGL,ILATH,COA,KHEM)ALP/EPST,LALP,WRKS ,WRKL)

» SAVE FORECAST ON FILE NF2 IF REQUESTED,

CALL SAVPRG(NF2,PHI,U,V,ES,PHIS,PS,PEEsTMEAN,PEEMN,PSMN,

, 1 RGAS,LA)LAN/LRS)LRA,LRUSLRVILM)ILEV)LEVS,KSYM,
g 2 KSTART,KTOTAL ,KOUNT,IPRG,GLL,GLL,

‘ 3 ILG1,ILATH,COA,KHEM,ALP,EPSI,LALP,WRKS, WRKL)

* SAVE PRECIP SN FILE NFPCP EVERY IPCP STEPS IF REQUESTED.

{ CALL SAVPCP(PCPPAK,STRPAK,ILG1,ILATH,KHEM,NPPCM,
i { KOUNT,KSTART,IPCP,NFPCP,NPPCP,GLL ,WRKS)

* SECTION 6 = PERFORM ONE IMPLICIT TIMESTEP,

i ' IF (KOUNT (GE ,KTOTAL) RETURN
IF(KOUNT,LE ,KSTART+1) CALL ABCII(DT, A, ILEV, IR)
CALL RHSSI(PEEBAR,PLET,SDS,LA,LRS,LM,ILEV,SF,CT)

* GET NEW PS,P,C,PEE. COMPUTE NEW T,

CALL NEWPS(PS,PSM,PEET,PEEBAP,LA,LRS,LM,ILEV,AMBDA,SF,AVERT,
| RGAS,DT,FPS,IFDIFF)

CALL NEWP (P,PM,PT,LA,LRA,L™,ILEV,DT,FP,IFDIFF)

CALL NEWC(C,CM,CT,PEERAR,LA,LRS,LM,ILEV,ASG,

l DIFUSD,NT,FC,IFCIFF,KHEM)

CALL NEWBP(PEE,PEEM,PEEBAR,LA,LRS,L¥,ILEV,FPEE,IFDIFF) ‘
IF(WET) CALL NEWES(ES,ESM,EST,LA,LRS,LM,LEVS,ASQ, |
1 DIFUSS,DT,FS,IFDIFF,KHEM) |
CALL TFBP(T,PEE,PS,PHIS,LA,LRS,LM,ILEV,TMEAN,RGAS,SF,EXTRAP)

DT=CEET

IFDIFF=0

KOUNTaKOUNT 41

GO TO 200

6005 FORMAT(1HI//32K P,E, SPECTRAL MODEL = VERSION ¢)
6030 FORMAT(THO SPIMW,1519)
6015 FORMAT(33HOLRS,LRA,LRL,LRV,LALP,LM,LA,LAW =,815)
6032 FORMAT(THO SPIMW,IP10EL2,3)
6020 FMRMAT (12HOEND CF STEP,IS,6H  MR=z,FB,2,6H TIME,FB8,2)
6040 FORMAT(! 1,45X, 'NUPS = 1,15, NSUPS = ',I5)
END
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SUBROUTINE STBADJ(AMBLPG,TG,AMBDA,STAMS,STAIS, ILM,ILEV,ILEVP,

ILONG,NUPS,WET,EXTRAP)

THIS SUBROUTINE 1S T8 BE CALLED BEFORE VERTIG IN THE
ORY MULTILEVEL SPECTRAL MODEL,

COMPUTE PRIMEC STATIC STABILITIES IN AMBDPG AND

CORRECT THE VERTICAL TEMPERATURE PROFILES IN TG

FOR ILONG POINTS ABAUT ANE GAUSSIAN LATITUDE CIRCLE,

» % % % BN

DIMENSION AMBDPGCILM»1),TG(ILM,Y)
CIMENSION STAMSCILEVP,1)sSTAISCILEVP,1)
DIMENSION AMBDA(1)

LOGICAL WET
ILEVM=ILEV=]

€O 300 JH = 1, ILEV
IHY} = JH

IH2 = JH ¢+ |

CO 300 IK=1,ILONG

* CALCULATION AF PRIME STATIC STABILITY

AMBCPG(IK,JH)=0,2
CO 3n0 IHsIH1,Ik2
AMBCPG(IK,JH)=AMBOPG(IK,JH)+STAMS(IH,JH)*TG(IK,IH)

CONTINUE
IF(WET) RETURN
* DRY CONVECTIVE ADJUSTHMENT

D8 €00 IK=1,ILONG

0O 30 JH = 1, ILEV

* CALCULATION OF TATAL STATIC STABILITY TAMBCA
TAMBDA = AMBDPG(IK,JHW) ¢+ AMBDAC(JH)
IF(TAMBDA,GE,0,) G& TO 30

* DAMBDA IS THE STARILITY CORRECTION ADDED TO AMRDPG
DAMBDAS=TAMBRDA%],0001

DAMBDASDAMBDA+1O,

AMBCPG(IK,JH)SAMBDPG(IK,JN)+DAMRDA

%« CALCULATION AF TKE ADJUSTEC TEMPERATURES

DO 20 IHM=i,ILEV
TG(IK,IH)=TG(IK,IH)+DAMRDARSTALIS (JH,IH)
YG(IK,ILEVP)STG(IK,ILEV)®EXTRAP

NUPSsMUPS+1
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30 COCNTINUE

600 CONTINUE

RETURN
END




.....

10

SUBROUTINE STMCAL (STAMAT,STAINV,S,SH,SF¢SHF,RGOCP,RGAS,GRAV,
\ GAMMA, ILEV, ILEVP,EXTRAP)

CALCULATE THE DRY CONVECTIVE ADJUSTMENT MATRIX "STAMAT™ AND
I1TS INVERSE "STAINV", T8 INSURE CONSERVATIVE ENERGY
REDISTRIBUTION, THE RIGHT MAND COLUMN (STAMAT(I,ILEV+1)) IS
FILLED WITH AN INTEGRATING VECTOR WHICH DEFINES THE ILEV+l
ELEMENT OF AMBDA AS A CONSTANT WHICH DEPENDS ONLY UPON THE
TOTAL POTENTIAL ENERGY IN THE VERTICAL

» % % % ¥ ¥

DIMENSION S(1),SH(1),SF(C1),DEL(1)
DIMENSION STAMAT(ILEVP,1),STAINV(ILEVP,1),SHF (1)
ILEVM = ILEVel

EXTRAP3(1,/S(ILEV))ax(RGASwGAHMA/GRAV)
CP=RGAS/RGOCP

pe 10 J = 1, ILEVP

0O 10 I = 1, ILEVP

STAMAT(I,J) = 0,

DO 1 I=1,ILEVM
STAMAT(I,I)=(RGOCP*0,5+1,/SFC(I))/SH(I)
STAMAT(141,1)=(RGOCP*0,S5=1,/SF(I))/SH(¢I)
STAMAT(ILEV,ILEV)S(RGOCP=RGAS*GAMMA/GRAY)
DO 2 I = 2, ILEVM
STAMAT(I,ILEVP)=S(J+1)=5(1=1)
STAMAT(1,ILEVP)I=S(2)=S(1)
STAMAT(ILEV,ILEVP)=1,=S(ILEVM)
STAMAT(CILEVP,ILEVP)=1,=SCILEV)

CO 3 I=1,ILEVP
STAMAT(I,ILEVP)=n,528TAMAT(I,ILEVP)CP
CALL MTXINV(STAINV,STAMAT,ILEVP)

RETLRN
END
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SUBROUTINE STP6(NF1,NF12/NF2)PR,LV,SIG/NK,GZ,ToU,VsES,LEVS,LGG,
1 ILG,NLAT,NSTEPS, MAPS,MPSP,MPGZ MPTyMPW,MPWSP,MPES,
2 IW,Jh,LL,MM,NPSP,NPGZ,NPT,NPW,NPES)

CONVERTS NK LEVELS 9F FCRECAST GAUSSIAN GRICS TO LV PRESSLRE LEV

*+ INPUT UNITS GZ,G2S=(M/SEC)wx2, LNSP=(MB),
T=(PEG K), U,V=(M/SEC)/(EARTH RADIUS)

»

G2 IS A WORK FIELC FOR NK+1 GRID FIELDS OF FORECAST PHI(SIGMA)
ANC LV GRID FIELDS OF FORECAST PHI(PRES),

T IS FOR LV LEVELS "F TEMPERATURE, |

U,V ARE FOR WINDS, THEY CAN BE EQUIVALENCED TO GZ AND T,

PR CONTAINS THE PRESSURE LEVELS IN MILLIBARS,

SIG CONTAINS THE SICMA LEVELS,

> % % % % %

MPSP,MPGZ,MPT ,MPW,MFWSP,MPES ARE MAP CONTROLS FOF
*  MSL PR,GZ,TEMP,(LsV), WIND SPEED, DEW POINT DEPRESSION,
* IF MAPS=0 CANTREL CARNS WERE NOT READ. NO MAPS ARE PRODUCED.

CIMENSIAN GZ(LGG,1),T(LGG,1),U(LGG,1),V(LGG,1),ES(LGG,1)
CIMENSIAN PR(LV),SIG("K)
DIMENSIAN MPGZ(1),MPT(1),"PW(1),MPWSP(1),MPES(1)

* SCM WARK FIELCS,
PARAMETER §ILV=15S,8LfVv=0,8LV=10,3ILT=52,8ILG=264,8ILTh=26,8IR=c0

PARAMETER SILPI1=SILV+!
PARAMETER SLAWSFILTA(C3ILG+1)

DIMENSIAN PRLCSLV),F(STILP1),G(SILP1),SC(SILP1),)SGE(SILPY)
DIMENSIAN WRKS(130)

%« LCM WARK FIELCS,
COMMAN/LCML/PS(SLAW) JFGGCSLAW) )GGP (SLAW) s WRKL(130)
LAGICAL OK

* SET COINSTANTS,

RGOCP=2,/7.

RGAS=287,

GRAY 2 9,80616

ERAC=6,371F+6

; ILG1=ILGe1
NSGLZNK+1

* SET SG TO LOG(SIGMA) AKD PR T9 LAG(PRESSURE).
* SGE IS LOG(SIGMA) AN THE EVEN LEVELS.
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DO 15 Ns1,NK
SGCN)SALOG(SIG(N)Y)
SG(NSGL)Y=O,

DO 1o Nzl,NK
SGE(N)3,S*(SG(N)+SG(N+1))
00 17 Lst,LV
PRL(L)=ALOG(PR(L))

% READ INITIAL LN(SF.PRES,) FROM NFl,

1D = 0

REWIND NFY

CALL RSGGP(PGG,ILGY1,NLAT,NF3,IC,UNLNSP,1,0K,GGP,WRKS)
IF(,NOT,0K) RETURN

* READ INITIAL PRESSURE LEVELS 9 GZ FROM NF12, PUT INTO V,

REWIND NF12

I = 0

DO 251 L=i,LV

CALL RSGGP( V(1,L),ILG),NLAT,NF12,10,4H GZ,L,0K,GGP,WRKS)
IF(.NOT,0K) RETURM

COMTINUE

x READ MOUNTAINS ANC FARECAST AF L NSP,PHI FROM FILE NFi,

I1D=NSTEPS

REWIND NF1Q

CALL RSGGP(GZ(1,NSGLY,ILGt1,NLAT,NF1, 0,4H GZS,1,CK,GGP,~°KS)
CALL RSGGP(PS,ILG1,NLAT,NF1,ID,dHLNSP,1,0K,GGP,WRKS)

DO 310 N31,NK

CALL RSGGP(GZ(1,N),ILG), NLAT,NF1,ID, UK GZ,N,BK,GGP,hRKS)
IF(NOT,0K) GO TO S(QS

CONTINUE

% INTERPOLATE FROM SIGMA LEVELS IN SG 7O PRESSURE LEVELS IN PH,
* Tpg CALCULATIONS 4Rp pONE IN PLACE FOR G2, TEMPERATUPES ARE IN T
# INITIAL PRESSURE LEVELS 9F G2 ARE IN V,

GLAPSE = 6,5F=3/GRaAV

EXTRAP=1,0

KINC=1

CALL SGTPRE(GZ,7,GZ,PS,LGG,LGG,PRL,LY,SG,F,G,NSGL,GLAPSE ,EXTRAP,
KINB,V,PGG)

* MAP GZ IF REQUESTEC AND SAVE ON NF2 WITH PACKING RENSITY NPGZ,
D9 410 L=1,LV

IF(MAPS,NE,0) CALL FCANW2
(GZCLoL)p6e0,14/98,0616,ILGY,NLAT,IW,JW,LL,MM,MPGZ(L))
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CALL WSGGP(GZ(1,L),ILG1,NLAT,NF2,1D,4H GZ,L,NPGZ,GGP,WRKS)
410 CONTINUE

* T ACTUALLY CONTAINS «RGASaT, CANVERT TO DEG K,
*+ MAP T IF REGUESTED AND SAVE ON NF2 WITH PACKING DENSITY MPT,

CO 420 L=1,LV

DO 415 I=1,L66
415 T(I,L)=T(I,L)*(=1,/RGAS)

IF(MAPS,NE,0) CALL FCANWe

1 (TC1oL)sSarlarILGL,NLAT, TN, JW,LL,MM,MPT(L))

CALL WSGGPC T(1,L),ILG1,NLAT,NF2,1D,dH ToL,NPT ,GGP,WRKS)
420 CONTINUE

COMPUTE MSL PRESSLRE (USING THE FOLLOWING ASSUMPTIONS)ese
A) ,0*(DRY LAPSE RATE) FROM | BWEST TEMPERATURE T® 1000 ME,
B) MSL TEMPERATURE ENUALS 1000MP TEMPERATURE,

MAP IF REQUESTED ANPM SAVE ON NF2 WITH PACKING DENSITY NPSP,

* % ¥ ¥

CO 440 1=1,LGG
T1000=T(L,LVI*(1000,/PR(LV))*%x(,62RGACP)
6210005G2(I,LV)=,54RGAS«(T10004T(I,LV))I*ALOG(1000,/PR(LV))
GGP(I1)=1000,#EXP(GZ21000/(RGASxT1000))
440 CONTINUE
‘ IF(MAPS,NE,0) CALL FCANW2
; { (GGP,5,,1¢sILG1,NLAT, TW,IW,LL,MM,MFPSP)
‘ CALL WSGGP( GGP ,ILG1,NLAT,NF2,1D,4HSFPR,1,MNPSP,GGP,WRKS)

* READ FORECAST GRICS OF U,V FROM FILE NF1,

S05 I10=NSTEPS
L S10 N=1,NK
CALL RSGGP( UC1,N),ILG1,NLAT,NF1,ID,4H  U,N,0K,GGP,WRKS)

| IF(,NOT,0K) GO TA 05

| CALL RSGGPC V(1,N),ILGI,NLAT,NF1,ID,4H  V,N,0K,GGP,wRKS)
1F (,NOT,0K) GO T 605

510 CONTINUE

* INTERPOLATE FROM SIGMA LEVELS IN SG TO® PRESSURE LEVELS IN PR,

GLAPSE=0,

EXTRAP=0,

KIND=Q

CALL SGTPRE(U,DUMMY,U,PS,LGG,LGG,PRL,LY,56,F,G,NK,GLAPSE,EXTRAP,

| KIND,DLMMY,DUMMY)

CALL SGTPRE(V,DUMMY,V,PS,L66,LGG,PRL,LY,5G,F,G,MK,GLAPSE ,EXTRAP,
k 1 KIND,CLMMY,DUMMY)

* MAP U,V IF REGUESTEC AND SAVE 8N NF2 WITH PACKING PENSITY NPW,

0O S20 L=1,LV
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IF(MAPS,NE,0) CALL FCANW?

1 (UCL,L),10,,ERAC, ILGL,NLAT, TwypJdw,LL MM, MPh (L))
a CALL wSGGP( U(1,L),ILG1,NLAT,NF2,1D,44 U,L,MNPw ,GGP,WRKS) |
i IF(MAPS ,MNELQ) CALL FC®Nw2
! ; 1 (VC1 L) o 10, ERAC, ILGL,NLAT, Iodn, LL, "™, MPW (L))
] CALL ~SGGP( V(i.L),ILGI,NLAT,NFZ,ID,IJH Vpr"Pw 'GGP,WRKS)
S20 CENTINUE

* WIND SPEED IS MAPPER IF REQUESTED,

/ Ce® S30 L=g,LV
: IF(MPWSP (L) ,EQ,0) G* TO S30
re s2e 1=1,LGG
526 GGP(I)=SGRT(UCT,L)=22+V(I,L)2n2)
IF(MAPS NE,O0) CALL FCANW2
1 (GGP,10, ,ERAC,ILGY ,NLAT, IW,Jn,LL, MM, MPWSP (L)) |
830 CSNTINUE

* READ FCRECAST GRICS OF ES FROM FILE NFi,

60S IC=MSTEPS
IF(LEVS ,EQ.0) RETURN
C® €10 k=y,LEVS
NS (ANKeLEVS) ¢ K |
CALL RSGGP( U(y,N),ILGY, NLAT,NFY,ID,dn ES,N,O0K,GGP,wRKS) :
IF(,NOT,0K) RETURN
610 CONTINUE

* FILL IN MISSING LEVELS 5F ES,

LOUMEBNKeLEVS
IF(LCUM,EQ,0) GO TC e18
CO €15 K=si,L0UM
CY €15 1=1,LGG

615 ES(I,x)=sES(I,LCLMeY)

* INTERPOLATE FROM SIGMA LEVELS IN SGE T® PRESSURF LEVELS I* FR,

618 GLAFSE=0,
EXTRAP=Q,
KINC=0
C‘LL SGTPEE(ES,PL”“V,Es’ps'LGG,LGG"RL.LV,SGE'F'G‘NK'GLAPSE'
1 EXTRAP ,KIND,PUMMY,DUMMY)

* MAP ES IF REGUESTEC A%D SAVE ON NF2 WITH PACKING DENSITY NPES, .

Cd €20 L=1,LV
IF("APS NELO0) CALL FC*Nw2

: 1 (ES(1,L) 5S40, 1,0,ILGY,NLAT, Tn,Juw,LL,M 4, MPES(L))
b CALL ~SGGP(ESC(1,L),ILGY,NLATY, F2,1C,4% ES,L,NPES,GGP,wRKS)
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620 CONTINUE

RETLRN
i END
i
i
!
i
'
|
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SUBROUTINE TERPL (X,FX,FsGsY,ACC,NN)

* GIVEN THE VALUES OF A MANATONIC FUNCTION F ANC THE VALUES OF ITS
* DERIVATIVE G AT NN POINTS Y(1) TO Y(NN), THIS RAUTINE FINCS X
* POINT AT WHICH F ASSUMES THWE SPECIFIED VALUE FX,

»

NATE AT INPUT A FIRST GUESS SHAULD BE PROVIDED FOR X,
* NOTE wE ASSUME FX LE F(1)

IF (FX,LE,F(NN)) GA T* a0
IF (FX,GT.,F(C1) ) WRITE(6,€00)

* INTERPOLATION

D8 10 N=1,NN
IF (FX,GT,F(N)) GO T8 2¢
CANTINUE

Fl:F(N-l)

FO=F (N)

G1=G(Ne=1)

GO=G(N)

YI=Y(H-1)

Yy (N)

CYsYleYO

Az+F /DY

PsefFO/CY

C=(C0+G1)/DYrn2 @ 2, 2a(Fi=FO0)/DYxn3
CC=(Y12G0+Y0aGle(AE )2 (YI+YO0))/DYun?

* NEWTON FORMULA ITERATINYN LEONP

PeXeY(

GsXeYy

RzCaXaCl
ER=A2P4B2Q4Pa0aReFX

IF (ABS(ER),LT,ACC) RETURN
DER=A¢B4PaR¢QnR4+C PG

X = X «ER/DER

GO TO 30

IF (FXJEG.F(NN)) GO T€ &0
+ EXTRAPOLATION

Fl1=F(NN=l)
FOsF (NN)
G1=G(NNe1)
GO=G(NN)
YizsY(NNel)
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60

YO=Y(NN)
ROOT = GOwe2 « 2,x(GOaGi)a(FO~FX)/(YO0eY1)

» IF ROOT GE 0 USE GUADRATIC EXTRAPOLATION
* IF ROOT LT 0 USE LINEAR FARMULA

IF (ROOT.GE,O0,) GO TA SO
XsYO0¢ (Fx=F0)/GO
RETLRN

ROAT=SART(RAAT)
XSY0e(YOeYL1)*(GO+RAPT)/(GR=G)
RETURN

X2Y(NN)
RETURN

FORMAT(12H1TERP] ERFOR)
END
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SUBROUTINE TERP2 (FXsGX,X,F,G,Y,NN,RLAPSE)
CIMENSION F(NN),G(NM),Y(NN)

%« GIVEN A FUNCTION F AND ITS FIRST DERIVATIVE G AT A SET OF NN
® UNEVENLY SPACEC POINTS Y, THIS ROUTINE CALCULATES FX ANC GX,
% THE VALUES OF F AND G AT THE SPECIFIED POINT X,

»

RLAPSE 1S A LAPSE RATE USED FAR EXTRAPOLATING,
x EXTRAPOLATION

IF (X,GT.,Y(1)) GO TC 10
GX=G(1)
FxsF(l)+(x=Y(1))xG(1)
RETURN

IF (X,LT,Y(NN)) GO T0 20
GXSG(NN)+(X=Y(NN))#RLAPSE

FXSF (NN)#,Sx(XaY (NN))2(GX4GC(NN))
RETURN

* INTERPOLATION

DO 30 MN=2,NN
IF (X ,LT,Y(N)) GO TC 40
CONTINUE

FAsF (N=1)
FBaF (N)
GASG(N=1)
GR=G(N)
AzY(Nal)
B=Y(N)

* GIVEN FA/FBsGA ANC GB THE VALUES ®F F AND G AT PRINTS 4 aANC R
*  RESPECTIVELY, THIS cURIC INTERPOLATIAN ALGOPITHM GIVES FX ANp
*  GX THE VALUES OF THE FUNCTIANS F AND G AT THE INTERMEDIATE POI

D=Be=A
ESX=,S5*(A+E)
R=,125#DaD= Sk xF
FMOs ,Sx(FA+FB)
FMi=(FB=«FA)/D
FM2=2(GB=GA) /D
FM3IZ(GB4GA=FMiaFM])/(NaD)
FL22FM242 ,2EAFM3
FLIsFML+E=FL2
FLOSFMO4E2FM)
FXsFLO=R#FL2
GX=FL w2, xRaFM3
RETURN

I = 135




END

1 = 156




10

20
30
40

SUBROUTINE TERPE(FXsGXyXsFsGyo Y NN,EXTRAP ,GLAPSE,FI,XI)

x GIVEN A FUNCTION F AND ITS FIRST DERIVATIVE G AT A SET OF NA
*  UNEVENLY SPACEC PAINTS Y, THIS ROUTINE CALCULATES FX AND GX,
* THE VALUES OF F AND G AT THE SPECIFIED POINT X,

* EXTRAP=1, FOR HEIGHTS AND TEMP, 0, FOR WINDS.,
* RLAPSE IS A LAPSF RATE USED FAR EXTRAPALATING,

DIMENSTION F(NN),G(NN), Y (NN)
* EXTRAPALATION AROVE TAP LEVEL,

IF (X,GT,Y(1)) GO TO 10
GX=G(1)

FX3F (1)+(X=Y(1))2G(1)
RETURN

* EXTRAPOLATION BELAW SIGMA=1,

IF (X ,LT,Y(NN)) GO TO 20

TLAPSE = ,142857+EXTRAP

GX = G(MN)x(1, ¢+ TLAPSEx(X=Y(NN)))

FX 3 FONN) ¢ S(XaY(NN))IR(GX+G(NN))I®EXTRAP
IF(EXTRAP,LE,O0,) RETURN
IF(XTeY(NN),LT,,008) RETURN

TMI = (F(NN)eFI)/XI

FX = F(NN) = TMI#X

GX = G(NN) ¢ GLAPSEx(F(NN)=FI)

RETURN

* INTERPOLATION

0O 30 N=z2,NN
IF (X LT.Y(N)) GO TC 40
CONTINUE

FAsF (Ne=1)
FBsF (N)
GAzG(N=1)
GB=G(N)
AzY (N=1)
B2Y(N)

* GIVEN FA,FB)GA ANC GB THE VALUES AF F AND.G AT POINTS A AND B
* RESPECTIVELY, THIS cURIC INTERPOLATION ALGORITHM GIVES FX AND
* Gy THE VALUES OF THE FUNCTIONS F AND G AT THE INTERMEDIATE POl

C=BeA
ESXe St (A+B)
R=,125#D4De ,S*E «E




G i

FM0s,5%(FA+FB)
FM13(FB=FA)/D
FM22(GB=GA)/D
FM3S(GB+GA=FMiaFM1)/(NuL)
FL23FM2e2 ,#ErFM3
FLIsSFMi+E=FL2
FLOSF1O0+ExFM]
FXsFLO=R%FL2
CXSFL =2, #RaFMY

RETURN

ENC
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SUBRBUTINE TFBP(T,PEF,PSsPHIS,LA,LRS,LM)ILEV,TMEAN,RGAS,SF/EXTRAP) J

* CALCULATES T FROM PEE,PS,PHIS,

» IF MODEL IS HFMISPMERIC T,PEE,PS,PKIS ARE SYMMETRIC, §
* EACH LEVEL IS DIMENSIONED (LRS,LM).

» EACH LEVEL 1S SEPARATED BY LA COMPLEX WORDS,
*+ T AND PEE MAY BE EQUIVALENCEC,

COMFLEX TC(LA,1),PEECLAS1),PSC1),PHISC(L)
CIMENSION TMEAN(1),SF (1)
COMPLEX PHIS1,PSURF

PHIS1=PKIS(1)

PHIS(1)=(0,0,0,0)

ILEYM=ILEV=]

ILEVPSILEV+]

CT22,/7C(1 +EXTRAP)*RGASASF (ILEV))

Do 30 MSIILM
MR=(M=]1) xRS
D8 30 N=1,LRS
IL=MR«N

PSURFaRGAS*TMEAN(CILEVP)«PS(IL)+PHIS(IL)
TCIL)ILEV)=SCT*(PEECIL,ILEV)=PSURF4RGAS*PS(IL)*
1 (TMEANCILEVP)«TMEAN(ILEV))) :
TCIL,ILEVPYSEXTRAPAT(IL,ILEV) 4
DO S0 IH=1,ILEVM
IH{=ILEV=1IH
1 50 T(IL,IHE)SeT(IL,IH141)=2,%(PEECIL,IH141)=PEECIL,IH]1)=RGAS
. *(TMEAN(CIH141)TMEAN(CIF1))#PS(IL) )/ (RGASASF(IH1))

30 CINTINUE

PHIS(1)=PHIS1
RETURN
END
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SUBROUTINE TFGZ(T,PrI,PHIS)LA,LRS,LM)ILEV,SF,RGAS,8,GRAV,GAMMA)

« CALCULATE TEMPERATURES (T) AT ApD LEVELS FROM GEOPOTENTJIALS
« AT 00D LEVELS; ASSUME SURFACE TEMPERATURE FROM A LAPSE
* RATE OF "GAMMA"

« IF MODEL IS WEMISPHERIC T,PHI ARE SYMMETRIC,
* EACH LEVEL 1S DIMCNSISNED (LRS,L M),

» EACH LEVEL IS SEPARATED BY LA COMPLEX WORDS,
« T AND PHI CAN RE EGUIVALENCEC,

COMPLEX T(LA,1),PHI(LA/1)/PHIS(1)
DIMENSION SF(1),S(1)

ILEVM=ILEVe]

ILEVP = ILEV ¢+ 1

EXTRAP=1,/SCILEV)*« (RGAS*GAMMA/GRAV)
CONze2,/(RGASASF (ILEV)2(1,+EXTRAP))

0B 1 I = 1, LA
PHI(I,ILEVP)=PHIS(I)

D8 20 M=zg,LM
HR:(M-1)*LRS
DO 20 N=1,LRS
MN=MR¢N

T(MN,ILEV)=(PHI(MN,ILEVP)=PHI(MN, JLEV))*CON

T(MM, TLEVP)SEXTRAP&T(MN, ILEV)

08 20 L=2, ILEV

LIsILEVPeL

T(MN,L1)2=T(MN, LLs1)a2,# (PRI(MN,L141)«PHI(MN,L1))/(RGASeSF(LY))
CONTINUE

RETLRN
END
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SUBROUTINE TMCAL (TMEAN,AMBDA,S,SH,SF,RGACP,STAMS,ILEV,ILEVP)

| 2 * SUBROUTINE CALCULATES HOPIZONTALLY AVERAGED TEMPERATURES AT
i * THE FULL LEVELS ANC ALSO THE KORIZONTALLY AVERAGED STATIC STABIL!

DIMENSIOM TMEANC1),AMRDACL),S(1),SF(1)sSH(L),STAMSCILEVP,1)

WRITE(6,€012) C(TMEAMN(CL),L=1,ILEVP)

* SET AMBDA T8 AVERAGE STATIC STABILITY AT HALF LEVELS.

00 30 JH=3,ILEVP

' AMBCA(JH) = 0,

! 00 30 IH={,ILEVP

i 30 AMRCA(JH) 3 AMBDA(JF) ¢ STAMS(IH,JH)XTMEAN(IH)
WRITE(6,6012) CAMBCA(CL),L=1,ILEVP)

RETURN
6012 FORMAT(7HO TMCAL,1P10E12,3)

k END
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SURRAUTINE TSIG (RT,G2,SG/NNsTOLAPS,SENTR,CON)
CIMENSION RTCNN)oGZCNN) SGCNN)

2 GIVEN GEOPOTENTIALS, GZ, AT A SET OF (UNEVENLY) SPACED POINTS,
THIS RAUTINE COMPLTES RT=«RGAS«TEMPERATURE AT THOSE SAME POINT

* SG MUST CONTAIN THE PAINT CO=ORDINATES,
* BOUNDARY CONDITIONS SPECIFIEC RY TOLAPS,SENTR,CON (SEE BELOW),

DO 10 N=2,NN
RT(N)=(GZ(N)=GZ(N=1))/(SG(N)=SG(N=1))

A=RT(2)

NNMz=Kle i

CO 20 N=22,NNM
RT(N)S((SG(N+1)=SG(N))ART(N)+(SG(N)=SG(N=1))2RT(N+1)) /
1 (SG(N+1)eSG(N=1))

* BOUNDARIES

RT(1)=SENTRA((3,+TOLAFS)*Ae(1,+TOLAPS)*RT (2))
RT(NN)SCON®RT(NN)+(1,=CAN)2RT (NNM)

RETURN
END
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SUBROUTINE VEMFLX(PLTG,PVTG,UG,VG,RKyDS,ILM)ILEV,ILONG)

* CALCULATES VERTICAL EDDY MOMENTUM FLUX EXCEPT FOR CONTRIBLTIONS
* AT THE GROUND (THE SURFACE DRAG TERM)

» FOR ILONG POINTS ABOUT ONE GAUSSIAN LATITUDE CIRCLE,

« EACH ARRAY HAS ILEV LEVELS, MAX VALUE IS is5,

DIMENSION UGCILMs1),VECILMo1) ,PUTGCILM/1)oPVTG(ILM,1)
DIMENSION RK(1),DS(1)
DIMENSION TAUX(15),TALY(1S)

ILEVM = ILEVetl
ILEVP = ILEV+t
TAUX(1) = 0,
TAUY(1) = 0,
TAUX(CILEVP) = 0,
TAUY(ILEVP) = 0,

CO 30 IK=1,ILNNG

DO 1S IWsg,ILEVM

INP = IH+1{

TAUX(IMP) = RK(IK)a(UGCIK,IHP) « LGCIK,IF))
TAUY(IHP) = «RK(IH)a(VG(IK,IMP)=VG(IK,IH))
CONTINUE

00 20 IW=1,ILEV

IHP = JHe¢l

PUTGC(IK,IH) = PUTGCIK,IH)+ (TALY(IHP)=TAUY(IH))/0S(IN)
PVTG(IK,IN) = PVTG(IK,IH) ¢ (TAUX(IHP) = TAUX(IH))/DS(IH)
CONTINUE

CONTINUE

RETURN
END
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SUBROUTINE VRTIGW(PLTG,PVYG,TUTG,TVTG,EG,SDSG,PEETG,OMEGAG,
1 PG,CG,TG,UG,VG,PSDLG,PSDPG,ILM,ILONG,ILEV,LEVS,
2 AMBDPG""BO"TMEAN'S' SH,SF,SHF,DS,DEL,SIADBETA.
3 SUSG,SVSG,ESG,ESTG,LTBS,RCPSHD,AVERT)

CALCULATES DYNAMIC PARTS OF RHS OF SPECTRAL MODEL EQUATIONS
FOR ILONG POINTS ARAUT ONE GAUSSIAN LATITUDE CIRCLE.

LEVELS IN THIS SUER ARE NUMBERED DOWN FROM THE TOP

STARTING WITH SIGMA = 0, EVERY SECOND LEVEL DOWN FROM HERE
TO0 THE SURFACE IS CALLED AN EVEN LEVEL. THE OTHERS ARE 6ODC,

* * % % W

REAL PUTGCILM,1),PVTGCILM,1),TUTG(ILM,1),TVIG(ILM,1)
REAL EG(ILM,1),SDSG(ILM,1),PEETG(ILM,1),0MEGAG(ILM,1)
REAL PG(CILM,1),COCILM, 1), TGCILM,1),UGCILM,1),VG(CILM,1)
REAL SUSG(ILM,1),SVSG(ILM,1),ESGC(ILM,1),ESTC(ILM,L)
REAL PSDLG(1),PSDPG(1),AMBDPG(ILM,1)

CIMENSION AMBDACI),TMEAMNCL),S(1),SH(L1),SF(1),0S¢1)
DIMENSISN RCPSHD(1),DEL(1),SKHF (1)

COMMA'/PARAMS, WW,Th,A,AS3,GRAV,RGAS,RGICP,RGOASA,CPRES
WARK ARRAYS FOF THIS SUBRMAUTINE, MAX LEVEL IS $1LV

FARAMETER §ILV=16,$LEVs0,8LV=10,51LT=52,8ILG=64,8ILTH326,81F=220
CIMENSIAN CIGHCSILV) LUIGHCSILV) ) VIGHC(SILV)SDHCSILY)oDUSH(SILY),
*pVSHCSILY) o TGFCSILY) s UGHCSILY) o VGHCSILV) v CGHCSILV)»SODUSCEILY)
*SpOVSCSILV) o VERTTC(SILV) o VERTSCEILYV) yDSSHESILV) pWA(SILV) pWR(SILY)
*, TGH(SILV),VERPTH(SILV)

DATA EPS/,62197/

ILEVM=ILEV=1

ILEVPILEV+!l

RECCSQA=1,/(SIAI»#2)

DM 14 IK=1,ILEVM

WA(CIH) = (SH(IM)=S(IFI)/(S5(IK+1)=S(IH))

WB(IH) = (S(IH¢1)aSK(IN))/(S(IK+1)eS(IH))

CONTINUE

DO 600 IK=1,ILONG

* VERTT = VERTICAL COLUMN BF TEMP AT ODD LEVELS,

CO0 16 IHs1,ILEVP
VERTT(IH) = TG(IK,IF) +TMEANCIHK)

% (CIV,U,V) BARSIGMA AT EVEN LEVELS,
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CIGR(ILEV) = «COR(IK,ILEV)I*DS(ILEV)
VIGR(ILEV) = =UG(IK,ILEV)#DS(ILEV)
VIGF(ILEV) = «VG(IK,ILEV)I«DSCILEV)

C* 10 IHI=§,ILEVM

IrRSILEVeIHI

CIGk(IM) CIGH(IH+1) o CG(IK,IHIADS(IK)

UIGK(IHel) = UG(IK,IN)=DSC(IF)
VIGH(IH®1) < VG(IK,IH)*DS(IN)

VIGH(IHM)
10 VIGH(IH)

* LAT AND LONG DERIVATIVES OF LNSP, ADVECTION OfF |NSP,

PSDFOC=PSDPG(IK)«RECCS®
PSOLOC=PSOLG (I%)*RECCSC
VMDPS=UIGH (1) #PSCLEC+VIGH(1)»PSDPAC
CPSCT=CIGH(1)+V“DPS

« SIGMAD™T AT EVEN LEVELS,

CO 20 IW=i,ILEVM
SIG=1,=SN(IN)
SCH(IHIBSIGACIGH(1)=CIGH(IF+1)+
1 (SIGWUIGK(1)=LIGK(IK*1))#PSDLOCS
2 (SIG#VIGK(1)=VIGH(IN+1))+PSDPOC
20 CONTINUE
SOMCILEV)ZAVERT#SDK (ILEVM)

* D(U,V)/D(SIGMA) AT EVEN LEVELS,

CO 30 IwW=3,ILEVM

CUSKk(IH) =2 (UG(IK,Ike1) = UGCIK,IW))/DEL(IN)
30 OVSF(IH) = (VG(IK,Tkel) = VGCIK,IN))/DELC(IN)

* (CIVoUrV) AVFPAGEL TO0 EVEN LFVELS,

O 35 Ik = 2,]ILEV

LGHR(IMm1) = UG(CIK,Tret)awB(Iheml) ¢ LG(IK,IH)xhA(INal)

VER(IHel) = VG(IK,IFel)aWB(Ikaul) ¢ VG(IK,IH)xnA(IN=1)
35 CGH(INMet) = CO(IK,Irat)awl(Ilel) ¢ COG(IK,IN)anA(IH=1)

UGH(ILEV) = BETA®LUG(Ix,ILEV)

VGHR(ILEV) = BETA«VG(IK,ILEV)

CGH(ILEV) = BETA«CG(I¥,ILEV)

* VERTICAL MOTIAN AT EVEN LEVELS,

CC 36 IH=y,ILEV
AMG = SKH(IH)®(LGH(IFY aPSCLAC ¢+ VGH(IH)«PSDPAOC)
OMECAG(IK,IH) = OMG ¢ SH(IK)*CPSDTY ¢ SCH(INW)

36 CONTINUE

* TEMPERATURE LOG AVE®AGEC T® ®[0D LEVELS.
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CO 37 IW=1,ILEV
37 TGF(IH)=TG(IK,IH)

» AND TO EVEN LEVELS

CO 38 IH=2,ILEV
TGH(IH)S(SHF (IF)aTG(IK,IH)+SHF (1K1 )aTG(IK,IF¢1))/
*(SHF (IH)+SA(IHe1))

38 VERTH(IH)=(VERTTY(IF)aSHF (IK)SVERTT(IH+1)aSHF (IKel))/
% (SHF (TH)+SH(IHe1))
TGH(1)S(TGCIK,1)wALEG(S(2)/SH(1))+TG(IK,2)*ALAG(SH(L1)/S(1)))/
xSF (1)
VERTH (1) (VERTT(1)#ALOG(S(2)/SH(1))+VERTT(2)%ALOG(SH(1)/S(1)))/
*SF (1)

* SIGMADOT#D(U,V)/C(SIG'“A) AT ODD LEVELS.

00 40 Ih=2,ILEVM
SCOULS(IH) = (DEL(Ik=1)%SPH(IK)ADUSH(IHN) ¢ SPH(IH=1)aDUSH(IKef)w
1 DEL(IM))/(DEL(IK) ¢+ BEL(IFe1))

40 SDDVS(IK) = (DEL(IRe1)aSDH(IH)ADVSH(IH) + SOH(IH=1)#DVSH(Ike1)#
1 CELCIH))/(DEL(IK) ¢ REL(IK=1))
SDDLS (1) = SC1)#SDR(1)*DUSK(1)/DS(1)
SOOVS(1) = SC1)aSDE(1)#PVSH(1)/DS(1)
SCOLS(ILEV) = DEL(ILEV)#SDH(ILEV~)2DUSK(ILEVM)/NDS(ILEV)
SCOVS(ILEV) = DEL(ILEV)*SDHCILEV™)aDVSH(ILEVM)/DS(ILEV)

* NGW BEGIN TA COUPLTE THE RIGHT HWAND SIDES,

D8 S1 IW=1,ILEV
PVTG(IK,IH)SPG(IK,TH)*VG(IK,IH)=SDDUS(IH)
1 «TGF(IF)*RGOASGAPSDLG(IK)
PUTG(IK,IH)SPG(IK, IF)#LG(IK,IH)+SDDVS(IH)
1 +TGF(IF)*RGOASA*PSDPG (IK)

S1 CONTINUE

DO S3 IKW=1,ILEV
TUTGCIK)IH)STGH(IH)ALGH(IR)
S3 TVTIG(IK,IH)STGR(IN)I*VGK(IR)

00 S5 IW=i,ILEV
SOSCG(IK,IH)=UG(IK,IF)2PSDLOC+VE(IK,IH)*PSDPOC
5SS EG(IK,IH)SUGCIK,IN)#224VG(IK,IF)un2

DO €0 IWsi,ILEVM

RGOCPT=RGACPAVERTH(IN)

PEETG(IK,IH)SaTGH(IFI*CRH(IH)=RGACP TR (UGH(IH)2PSOLOC+

*VGH(IH)2PSDPOC) =AMRCPG(IK,)IN)*SDH(IH)=RGOCP*TGH(IN)*DPSDT
60 CONTINUE

RGOCPT=RGACP*VERTH(ILEV)




PEETGCIK)ILEV)=s=TGR(ILEVIACGH(ILEV)~RGOCPT*BETAxSNSG(IK,ILEV)
*eRGOCPATGH(ILEV)*DPSDT=AVERT*AMBDPG(IK, ILEVM)ASDH(ILEVM)

* MOISTURE VARIABLES (MMITTED IF LEVS=0),

IF(LEVS,EQ,0) GO TM 990

0O 61 IH=1,LEVS

SUSG(IK,IH) = ESG(IK,IH)*UGH(IK+LTBS)
61 SVSG(IK,IH) = ESG(IK,IM)*VGH(IF+LTBS)

DO 64 IHsz1,LEVS
64 VERTS(IH)SESG(IK,IK)
CALL DFDSQD(DSSH,VERTS,SH(LTBS+1),RCPSKHD,LEVS)

DO 70 IM=1,LEVS
TO SVERTT(IH4LTRS)=ESG(IK,IK)

ESTG(IK,IH) = SDH(IH+LTBS)/SH(IH+LTBS)
i +(UTGH(1)+LGH(IH+LTBS))*PSDLOC
2 +(VIGH(1)+VGH(IH+LTBS))»PSDPOC ¢ CIGH(1)

ESTG(IK,IH) = ESTG(IK,IH)»
1 RGOCPa(VERTT(IF+LTBS)=TDaTD/ (EPS*HTVOCP(TD)))
ESTG(IK,IH) = ESTG(IK,IH) ¢ ESG(IK,IH)*CGH(IH+LTBS)
1 = SDH(IH4LTRS)*DSSH(IH)
70 CONTINUE
960 CONTINUE
RETURN
END
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SUBROUTINE WETCON(ST FCPSHC,S,SH,SF,DELRGOCP,ILEVM,LEVS)

CAMPUTES ST, THME STABILIZATION MATRIX SUCK THAT
TT 3 STLiaT(LOWER) ¢ ST22T(LPPER)
GAM & TT +STIx(T(LOWER)=T(LPPER))
CT(LPPER) =STU4«(GAC=GAM)
DY(LEWER) =STS«CT(UPPER)
COMPUTES RCPSHD, THE RECIPRACAL OF D(SH)

L R R N B 4

CIMENSION ST(ILEVM,&),RCPSFD(1),S(1),SH(1)/SF(1)

* PARAMETERS LSEC 8Y FULACTI®HN mTVOCP
COMMON/NTCP/T1S5,T25,A1,3L,A4,Bn,SLP

* PARAMETERS USEDR PY FUNCTINY DEWPNT, SPCRUM, DELT
COMUAN/EPS/A,B,EPS),EFS2

* PARAMETERS USER BY FULNCTIAN GAMSAY
COMMON/GAMS/ERSS,CAFA

* PARAMETERS USEC I% CAeNACY

COMMON/ADJPCP /KRG, 1F ,+Y, A4 ,0EPTH ,LREAT ,MOTADS,MOTIFLX
DIMENSION CEL(1)

* ILEVM IS JUST T_LEV=t, LTRSS 1S THE KUMBER OF MISSING “ET LEVELS,
LTBSs(ILEVMel1)elEVS

THIRC=s1,73,

C3 10 I=s1,ILEVYM

X 3 1 ,/7(SF(I) ¢ SF(I+1))
ST(I,1) & Xa(SF(le1) ¢ 2,%SF(1))/3,

ST(I1,2) = x#(SF(I) + 2,28F(1+1))/3,
ST(I,3) = 2,#X/RGSCF
ST(I,5) = «DEL(l+8)/PEL(])

ST(I1,6)3(S(I)/Sr(1¢1))eaTHIRE

C® 20 1=1,ILEVH
ST(1,4)31,/7(ST(1,2)=S (¢ re3)eST(L1,S)0(3T(L,1)¢S5T(1,3)))

LEVSMelEVSet
0® 30 I=§,LEVS™
RCPSMD(I)= 1,0 / (SF(I+LTRS+1)eS~(I4+LTBS))

RAURS | ,E*+3

GRAv=9,80610
CEPTR = | ,/7(RAUA*SRAV)

I = 169

-




CP=1004,5
CAPA=RGOCP

" T188273,16

’ T253258,16

A AWa3,15213E+6/CP
Bws2 ,3BE+3/CP
Al=2,88053E+6/CP
BI=0,167E+3/CP
SLP31,/(T1S=T2S)
As21,656
B=5418,
EPS130,622
EPS2=0,378
EPSSSEPS]
AAs0Q,0
IF(PMLTo1,) AAS1,/ (6 %x(1,=HM)nn2)

T

RETURN
END

I « 169
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SUBROUTINE WSGGP(GG,NLG)NLAT,NF,ID,NAME,N,NPACK,GGP,WRKS)

WRITES ARRAY GG(NLG,NLAT) ONTO SEQUENTIAL FILE NF
PRECEDED BY AN IDENTIFYING LABEL OF 7 WORDS,
ID = IDENTIFICATION NUMBER FOR THE RECORD,
NAME = ALPMANUMERIC LABEL FOR THE FIFLE,
N s NUMERIC LABEL FOR THE FIgLD,
GGP,WRKS ARE WORK FIELDS USED ONLY IF FIELD IS PACKED,
GGP 3 NLAT#((NLG=1)/NPACK+2) WORDS IN LCM,
WRKS = NLG WORDS IN SCM.

L AR B BN B B 3 A 2

DIMENSION GG(1),6GP(1),WRKS(1)
DATA KFLD/ 4HGRID /

* IF THERE IS NO PACKING, WRITE THE LABEL AND FIELD
* DIRECTLY ONTO FILE NF AND RETURN,

IF(NPACK.GTo1) GO TO 25

LASNLG®NLAT

WRITE(NF) KFLD,IN,NAME,N,NLG,NLAT ,NPACK, (GG(T),I31,LA)
WRITE(6,620) ID,NAME,N,NLG)NLAT,NPACK,NF

RETURN

AN ERRAR HAS BEEN ENCOUNTERED IN THE LABEL FIELD

CALL FPAK
RETURN

620 FORMAT({H ,60X,I15,2X,A4,13,6H GRID,15,14,8+ NPACKa3,12,

1 8H T0 FILE,IZ)
END

I« 170




