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C**x**xSUB*****CALCULATION OF INITIAL FIELDS
SUBROUTINE INITF (ZTO,ZTM,P0,PM)
PARAMETER (JMAX=32,MMAX=16)
PARAMETER (JMPL1=JMAX+1, IMPL2=JMAX+2, MMPL1=MMAX+1)
PARAMETER (JM2PL1=JMAX*2+1, MM2PL1=MMAX*2+1)
IMPLICIT REAL*8 (A-H,O0-2Z)
DIMENSION ZTO0 (JMPL2), PO (JMPL2)
COMPLEX*16 ZTM(MMPL1,JMPL1l),PM(MMPL1, JMPL1)
DATA PI/3.1415926536D0/
COMMON/CONST/RAD, UTIME, SCLP, SCLQ, SCLV
COMMON/TRIG/CN (JM2PL1), SN (JM2PL1)
COMMON/WIND/UBAO (JMPL1) , U0 (JMPL1)

C

c
WRITE (6,7 (//"" *kx**x TINITIAL FIELD ****%x77 /}7)

C

AV CLAT0 = 0.0/180.0*PI mv
©PSLAT = 15.0/180.0%PI (4

ZINIT = 100. / SCLQ / 10000. Q

C (ZINIT : nondimensional "amplitude of vorticity)
MO =1
WRITE (6,’ (1H ,10X,15HCENTER (LAT) , F12.0)7) CLAT0/PI*180.0
WRITE (6, (1LH ,10X,15HHABA (LAT) , F12.0)7) SLAT/PI*180.0
WRITE (6,’ (1H ,10X,15HINITIAL WAVE NO, F12.0)") MO
WRITE (6,’ (1H ,10X,15HVORTICITY INT. ,1PE12.3)7) ZINIT

C
CALL ZETSET (2T0,%TM, ZINIT,CLATO,SLAT,M0)

C

C **CORRESPONDING STREAM FUNCTION

C
CALL POZTO (PO, ZTO0)
CALL PMZTM (PM, ZTM)

c
RETURN
END

C

C

C

C*****SUB MOUNTAIN DEFINITION

SUBROUTINE ZETSET (ZT0,ZTM, ZINIT,CLATO,SLAT,MO0)
PARAMETER (JMAX=32,MMAX=16)

PARAMETER (JMPL1=JMAX+1, JMPL2=JMAX+2 , MMPL1=MMAX+1)
PARAMETER (JM2PL1=JMAX*2+1, MM2PL1=MMAX*2+1)
IMPLICIT REAL*8 (A-H,0-Z)

COMPLEX*16 ZTM(MMPL1l,JMPL1)
DIMENSION ZTO (JMPL2)
DIMENSION AREAL(MMAX,JMPL1)

COMPLEX*16 CTEM (MMAX)

COMMON/TRIG/CN (JM2PL1) , SN (JM2PL1)
COMMON/GRID/DT, DLAT, FLATO, NMAX
COMMON/CONST/RAD, UTIME, SCLP, SCLQ, SCLV
COMMON/PARM/NLNR, NWW, NUZI, NFORCE, NOUTLP, NOUTDI
DATA PI/3.1415926536D0/
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C
WRITE (6, (//""' ***%k%x VORTICITY SETTING **%%%r7/)r)
c
C
C***x**ZONAL MEAN COMPONENT
C
DO 20 J = 1,JMAX+2
ZT0(J)= 0.0
20 CONTINUE
C
Cx****[WAVY FORCING
C (PLACED AT J)
DO 50 J = 1,JMAX+1
FLAT = DLAT*FLOAT (J-1)+FLAT0
DO 30 I = 1,MMAX
FLONG = 2.0*PI*FLOAT(I-1)/FLOAT (MMAX)
CTEM(I) = ZINIT*EXP (- ((FLAT-CLATO)/SLAT)**2)
& * SIN(FLOAT(MO) * FLONG)

30 CONTINUE

CALL FFT(CTEM,MMAX,-1.0)
CTEM (MMAX/2+1) = CTEM(MMAX/2+1)/2.0

DO 40 M = 1,MMAX/2
ZTM (MMAX/2-M+1, J)
$ = CONJG( CTEM (M+1)/SQRT (FLOAT (MMAX) ) )
ZTM (MMAX/2+M+1, J)
S = CTEM (M+1)/SQRT (FLOAT (MMAX) )
40 CONTINUE
ZTM (MMAX/2+1,J) = 0.0
50 CONTINUE
DO 60 M = 1,MMAX+1
ZTM(M,1) = 0.0
ZTM (M, JMAX+1) = 0.0
60 CONTINUE

WRITE(6,f (/"7 INITIAL ZONAL VORTICITY'’)")
CALL WRTZ(zZT0,JMAX+2,SCLQ,-0.5)

WRITE(6,’ (/' INITIAL WAVE VORITCITY'’)’)
CALL REWA (AREAL, ZTM)

CALL WRTLL (AREAL, SCLQ)

RETURN
END
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TIME-INTEGRATION OF
A SPECTRAL BAROTROPIC MODEL IN A SPHERICAL DOMAIN

* *
* *
* *
* < version 0 > *
* for VP-400 / VP-2600 *
* + Temperton’s FFT *
* *
* *
* *
* *

Shigeo Yoden (Dept. of Geophysics, Kyoto Univ.)
May XX, 1990 / JuUuLy 1, 1991
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PROGRAM FRUNVP

IMPLICIT REAL* 8 (A-H,0-Y)
IMPLICIT COMPLEX*16 (Z)

* transform resolution parameters
INCLUDE (FPARA)
PARAMETER ( DUMMY = 999.9 )

parameters
grid resolution
NLON = number of longitudes (must be an even number)

IMAXP = number of sampling points for ZP and SENG
DT = a time increment
e A o s O O o o e o e a2 o o

*

*

*

* NLAT = number of latitudes

* NLOH = NLON/2

* NLAH = number of latitudes between pole and equator
* gpectral resolution

* MT = maximum wavenumber for triangle truncation
* MCOE = total number of spectral components

* time-integrations

* IMAX = number of time integrations

* IMAXE = number of sampling points for TENG

*

*

DIMENSION

ZP (0:MT,0
REAL - ING(

:MT)
TENG(0 XE)

A

* ZP : spectral coefficients of stream functions
* TENG : total energy to be saved

* TENS : total enstrophy to be saved

* SENG : energy spectra to be saved

* SENS : enstrophy spectra to be saved

UHZWZMHOZ;QEHZAOUZHV~ JMAX (0 :MT)
* JMIN, JMAX : index arrays for one-dimensionalization

DIMENSION COLAT (NLAT), GW(NLAT)
DIMENSION PMN (NLAT,0:MT,0:MT), DPMN(NLAT,0:MT,0:MT)

* COLAT : colatitude(deg) of the Gaussian grids
* GW : Gaussian weight
* PMN : normalized Legendre functions
* DPMN : d(PMN)/d(COSCLT)
DIMENSION IFCTR(2:5)
DIMENSION TC(NLOH), TS(NLOH), TC2(NLOH), TS2(NLOH)
* IFCTR : factor of 2, 3, 4, and 5 for Temperton’s FFT

*

TC , TS : cosine and sine values for FFT
* TC2, TS2 : cosine and sine values for FFT



COMMON /GLINDX/ JMIN, JMAX

COMMON /GLLATS/ COLAT, GW

COMMON /GLFUNC/ PMN, DPMN

COMMON /GLTRIG/ IFCTR, TC, TS, TC2, TS2
COMMON /CONSTS/ OME, RNU4

CHARACTER CRDAT1*50, CRDAT2*50, CWDAT1*50, CWDAT2*50

DATA CRDAT1/’X57071.ZCOEF.DATA(T85F) /
DATA CRDAT2/‘X57071.AINIT.DATA(A??)/
DATA CWDAT1/’X57071.AZ###.DATA(A??)"/
DATA CWDAT2/‘X57071.AE###.DATA(A??) "/

* initialization of index arrays for 1-dim. data
. CALL ININDX~

* initialization-of Legendre functions
Owﬁh HZHHQUA JCRDAT1 )

* HbHﬁHmHHNmﬁHOS of FFT
CALL INIFFT
* mHmo ormow IFCTRs in INIFFT

©P<m some” “éxperimental constants
IJK 50 * 2**IIT.
OME = 1.0D0 * IJK
RNU4 = 1.0D-6

.- oo Ho III= Hrw
»

WRITE (CWDAT1(10:12),’ (I3.3)") IJK
WRITE (CWDAT2(10:12) ,7 (I3.3)’) IJK

e S——— ) |¢ B4 ¢ H"H 7 8

WRITE (CRDAT2 (20:20),7 (I1)")
WRITE (CWDAT1(20:20),’ (I1)")
WRITE (CWDAT2 (20:20),7 (I1)")
WRITE (CRDAT2 (21:21)," (I1)")
WRITE (CWDAT1 (21:21),7 (I1)")
WRITE (CWDAT2 (21:21),' (I1)")

QUG HHH

* read initial conditions
CALL INITIA( CRDAT2, ZP )

OPEN (11, FILE=CWDAT1l, ACTION='WRITE’, STATUS='SHR’)
WRITE (11) IMAX, IMAXP, DT, OME, RNU4

* time integrations
CALL INTEGR( ZP, TENG, TENS, SENG, SENS )
CLOSE (I1)—

>+

output
CALL OUTEE( CWDAT2, TENG, TENS, SENG, SENS )

wfz. 20  CONTINUE
10 CONTINUE

STOP
END
B R R R S R R Rt R R R R R S R e R R S S S R e S R R

SUBROUTINE ININDX

* ININDX initializes index arrays for 1l-dim. data



IMPLICIT REAL* 8 (A-H,0-Y)
IMPLICIT COMPLEX*16 (Z)

* transform resolution parameters
INCLUDE (FPARA)
PARAMETER ( DUMMY = 999.9 )

DIMENSION JMIN(Q:MT), JMAX(0:MT)
COMMON /GLINDX/ JMIN, JMAX

* get the index arrays
JMIN(Q0) = 1
JMAX(0) = 1 + MT

DO 10 N=1,MT
JMIN(N) = JMAX(N-1) + 1
JMAX (N) = JMIN(N) + MT - N
10 CONTINUE

RETURN
END
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SUBROUTINE INILGD( CRDATI1 )
INILGD initializes Legendre functions at Gaussian latitudes

On entry:
CRDAT1 - data set name to be read

IMPLICIT REAL* 8 (A-H,0-Y)
IMPLICIT COMPLEX*16 (Z)

* transform resolution parameters
INCLUDE (FPARA)
PARAMETER ( DUMMY = 999.9 )

DIMENSION COLAT (NLAT), GW(NLAT)
DIMENSION PMN (NLAT,0:MT,0:MT), DPMN (NLAT,0:MT,0:MT)

CHARACTER CRDAT1*50

COMMON /GLLATS/ COLAT, GW
COMMON /GLFUNC/ PMN, DPMN

* read Gaussian weights and Legendre functions
OPEN (1, FILE=CRDAT1l, ACTION='READ’, STATUS='SHR')
READ (1) NMT, NNLAT, COLAT, GW, PMN, DPMN
CLOSE (1)

IF (NMT.NE.MT .OR. NNLAT.NE.NLAT) STOP ’ZCOEF’

RETURN
END

Ak kKA rRk AR hh ARk h A AR kA Ik A A A A AR KR AR RA KRR A A Ak A A hhk kAR hkhhkhkkhkhkhkkkkkkhkk
SUBROUTINE INITIA( CRDAT2, ZP )

* INITIA gives an initial condition.

*

* On entry:

* CRDAT2 - data set name of the initial condition
* On exit:

*

zZp - spectral coefficients with initial values



IMPLICIT REAL* 8 (A-H,0-Y)
IMPLICIT COMPLEX*16 (Z)

* transform resolution parameters
INCLUDE (FPARA)
PARAMETER ( DUMMY = 999.9 )

DIMENSION ZP (0:MT, 0:MT)
CHARACTER CRDAT2*50, CT*5

* gset initial values
OPEN (2, FILE=CRDAT2, ACTION='READ’, STATUS='SHR’)
READ (2) CT, NMT, NNLAT, ZP
CLOSE (2)

IF (NMT.NE.MT .OR. NNLAT.NE.NLAT) STOP ‘AINIT’

RETURN
END
Ak hkkhkhk Ak d kA AR A AR A AR I AR AR I IR Kk Ak hhhkhkkhhhhkkhkh Xk kkhkhkhkkkkkhkkhkdhxk*x

SUBROUTINE INTEGR( ZP0O, TENG, TENS, SENG, SENS )

Time integration by Runge-Kutta scheme
On entry:

ZPQ - spectral coefficients with initial values
On exit:

TENG - total energy to be saved
TENS - total enstrophy to be saved
SENG - energy spectra

SENS - enstrophy spectra

* % % ok ok o % X

>*

IMPLICIT REAL* 8 (A-H,0-Y)
IMPLICIT COMPLEX*16(Z)

* transform resolution parameters
INCLUDE (FPARA)
PARAMETER ( DUMMY = 999.9 )

REAL TENG (0 : IMAXE), SENG(MT, 0:IMAXP)

REAL TENS (0: IMAXE), SENS (MT, 0:IMAXP)

DIMENSION ZPO (0:MT,0:MT), ZK1(0:MT,0:MT), ZK2(0:MT,0:MT),
+ ZK3 (0:MT,0:MT), ZK4(0:MT,0:MT), ZWK(0:MT,0:MT)

K e e e o e - o - — — — —— ————————————— - o T S T S S — — ————— — — — ——————————— ———— ———— S o

ISTPE = IMAX / IMAXE

ISTPP = IMAX / IMAXP

IE = 0

IP = 0

* time-integration loop————————————-—-——— e
DO 10 I=0,IMAX
* storage of energy and enstrophy for each ISTPE steps
IF(MOD(I,ISTPE) .EQ. 0) THEN
CALL ENGENS( IE, zP0O, TENG, TENS )
IE = IE + 1
END IF

* storage of ZP, energy and enstrophy spectra for each ISTPP steps
IF(MOD(I,ISTPP) .EQ. 0) THEN
CALL SEEZP( I, IP, ZP0O, SENG, SENS )
Ip = IP + 1
END IF



IF(IE.GT.IMAXE .OR. IP.GT.IMAXP) GO TO 999

* computation of tendency
CALL DELTA( zPO, ZK1l )
DO 21 M=0,MT
DO 21 N=M,MT
ZK1 (N,M) = DT*ZK1(N,M)
ZWK (N,M) = ZP0O(N,M) + 0.5D0*ZK1 (N,M)
21 CONTINUE

CALL DELTA( ZWK, ZK2 )
DO 22 M=0,MT
DO 22 N=M,MT
ZK2 (N,M) = DT*ZK2 (N,M)
ZWK (N,M) = ZPO(N,M) + 0.5D0*ZK2 (N,M)
22  CONTINUE

CALL DELTA( ZWK, ZK3 )
DO 23 M=0,MT
DO 23 N=M,MT
ZK3 (N,M) = DT*ZK3 (N,M)
ZWK (N,M) = ZPO(N,M) + ZK3(N,M)
23 CONTINUE

CALL DELTA( ZWK, ZK4 )
DO 24 M=0,MT
DO 24 N=M,MT
ZK4 (N,M) = DT*ZK4 (N, M)
24  CONTINUE

* one step foreward
DO 30 M=0,MT
DO 30 N=M,MT
ZP0 (N,M) = zZPO(N,M)
+ + ( ZK1(N,M) + 2.DO0*(ZK2(N,M) + ZK3(N,M)) + ZK4(N,M) )/6.DO0
30 CONTINUE

*check overflow
SUM = 0.DO
DO 40 M=0,MT
DO 40 N=M,MT
SUM = SUM + ABS( ZPO(N,M) )
40 CONTINUE
IF(SUM .GE. 1.Dl1) GO TO 999

10 CONTINUE
999 CONTINUE

RETURN

END
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SUBROUTINE SEEZP( I, IP, ZP, SENG, SENS )

SENG - energy spectra
SENS - enstrophy spectra

*

* ENGENS computes energy and enstrophy.

*

* On entry:

* I - step #

* Ip - step # for energy spectra calculation
* ZP - spectral coefficients

* On exit:

*

*



IMPLICIT REAL* 8 (A-H,0-Y)
IMPLICIT COMPLEX*16(Z)

* transform resolution parameters
INCLUDE (FPARA)
PARAMETER ( DUMMY = 999.9 )

DIMENSION ZP (0:MT,0:MT)

DIMENSION JMIN(0:MT), JMAX(0:MT)

DIMENSION ENG (MT), ENS (MT)

REAL SENG (MT,0:IMAXP), SENS(MT,0:IMAXP)
COMPLEX ZOUT (MCOE)

COMMON /GLINDX/ JMIN, JMAX
COMMON /CONSTS/ OME, RNU4

* compute energy and enstrophy spectrum
DO 10 N=1,MT
ENG(N) = 0.5DO*N* (N+1) *ABS(ZP (N,0)) **2
ENS(N) = 0.5DO*N* (N+1)*ABS(ZP (N,0))**2 *N* (N+1)
DO 10 M=1,N
ENG(N) = ENG(N) + N*(N+1)*ABS(ZP(N,M) ) **2
ENS (N) = ENS(N) + N*(N+1)*ABS(ZP(N,M))**2 *N* (N+1)
10 CONTINUE

DO 20 N=1,MT
SENG (N, IP)
SENS (N, IP)

20 CONTINUE

I

ENG (N)
ENS (N)

* store in one-dimensional array
DO 30 L=0,MT

M= -1
DO 40 J=JMIN(L),JMAX(L)
M=M+1
N=M+ L
N=M*+L
ZOUT (J) = ZP(N,M)

40 CONTINUE
30 CONTINUE

WRITE (11) I, ZOUT

RETURN
END
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SUBROUTINE OUTEE( CWDAT2, TENG, TENS, SENG, SENS )
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SUBROUTINE DELTA( ZP, ZFUN )

DELTA computes the time derivative of each dependent variables.

ZP - spectral coefficients
On exit:

*
*
* On entry:
*
*
* ZFUN - time derivatives for each components

IMPLICIT REAL* 8 (A-H,0-Y)
IMPLICIT COMPLEX*16 (Z)

* transform resolution parameters
INCLUDE (FPARA)



PARAMETER ( DUMMY = 999.9 )

DIMENSION ZP (0:MT,0:MT), ZFUN(O:MT,0:MT),
+ ZV (0:MT, 0:MT), Nq>vo MT, 0 :MT)

DIMENSION GIP (NLAT/NLON), JLO!
+ GIV (NLAT,NLON), GJV (NLAT, ZbOZV\
+ GJA (NLAT, NLON) ;

COMMON /CONSTS/ OME, RNU4

ZIX2 = (0.D0,2.D0)

* compute the vorticity
CALL LGPSTV( Nm‘ ZV )

* compute gradients in g Qm,
CALL LGGSTG( ZP, S
CALL LGGSTG( N< ,OH<swmﬁ<

* compute nonlinear terms in grids
CALL LGGNON( GIP, GJP, GIV, GJV, GJA )
—— — — e
* convert the nonlinear terms into spectral coeff.
CALL LGGTS( m@»

* compute ZFUN for the QmHP<mﬁH<mm
DO 10 M=0,MT
DO 10 N=M,MT -
ZFUN(N,M) = ZJAC(N,M)
+ - ZIX2*OME*M*ZP (N, M)
- + - NHxM*OZM*Z*NmAZ M)
+ — RNU4A*N*N** (N+1) * (N+1) *ZV (N, M)
10 CONTINUE

* gpecial section for m=0
ZFUN(0,0) = (0.D0,0.D0)
DO 20 N=1,MT
ZFUN(N,0) = - ZFUN(N,0) / ( N*(N+1) )
20 CONTINUE

* all other m and n
DO 30 M=1,MT
DO 30 N=M,MT
ZFUN(N,M) = - ZFUN(N,M) / ( N*(N+1) )
30 CONTINUE

RETURN
END
hhkhkkkhhhkhkhkhhhkhhhkhkrAhAhhA kA AR AA KA AR AR KA AR A hhhhhhhhrhhkhkhkkkhkkkdrkkkkxhxkx

SUBROUTINE LGPSTV( ZP, ZV )



