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APPENDIX A

S ta n d a r d  U s e f u l  C o n s t a n t

G r a v ita t io n a l c o n s ta n t G  = 6 .6 7 3  X 1 0 - 11 N  m 2  k g -2

A c c e le r a t io n  d u e  to  g r a v it y  a t s e a  l e v e l g o  = 9 .8 1  m s - 2

M e a n  r a d iu s  o f  th e  ea rth a  = 6 .3 7  X 1 0 6 m

A n g u la r  s p e e d  o f  r o ta t io n  o f  th e  e a r th Q  = 7 . 2 9 2  X 1 0 -5 r a d  ร-1

U n iv e r s a l  g a s  c o n s t a n t R * = 8 .3 1 4  X 1 0 3 J K - !  k m o l" 1

G a s  c o n s t a n t  fo r  d r y  a ir R  = 2 8 7  J K - l  k g - 1

S p e c i f i c  h e a t  o f  a ir  a t c o n s t a n t  p r e s s u r e CP = 1 0 0 4  J K - 1 k g - 1

S p e c i f i c  h e a t  o f  d r y  a ir  a t c o n s t a n t  v o l u m e Cv = 7 1 7  JK " 1 k g - 1

R a t io  o f  s p e c i f i c  h e a ts Y = Cp /  Cy — 1 .4

M a s s  o f  th e  e a r th M  = 5 .9 8 8  X 1 024  k g

S ta n d a r d  s e a  l e v e l  p r e s s u r e Po = 1 0 1 .3 2 5  k P a

S ta n d a r d  s e a  l e v e l  te m p e r a tu r e T o  = 2 8 8 .1 5  K

S ta n d a r d  s e a  l e v e l  d e n s i t y p o  = 1 .2 2 5  k g  n r 3



APPENDIX B

W e  w i l l  s h o w  th a t  a n y  v e c t o r  V c a n  b e  w r it t e n  in  th e  fo r m

T  =  v r +  V c

w h e r e  V r i s  a  n o n d iv e r g e n t  v e c t o r  a n d  V e a n  ir r o ta t io n a l  v e r to r ,  th a t i s ,

V X V e  =  0  a n d  V. V r =  0

I n  o r d e r  t o  p r o v e  e q . ( B .  1 ) w e  d e f in e  a  v e c t o r  พ  s u c h  th a t

V2 พ = - V

A n d  u s in g  a  v e c t o r  id e n t i t y  w e  m a y  w r ite

-V2 พ  = - v(v. พ )  + V X V X w

W e  n e x t  d e f in e  a  s c a la r  p o te n t ia l  X a n d  a  v e c t o r  p o t e n t ia l  A  a s  f o l l o w s  

X  =  V .  พ ,  A  =  V x  w

F r o m  ( B .2 ) - ( B .4 )  w e  f in d  th a t

V = Vx + V X A

B u t  i t  c a n  b e  s h o w n  b y  d ir e c t  e x p a n s io n  in t o  c o m p o n e n t s  th a t

V X Vx =  0  a n d  V. (v X A  ) =  0  

t h u s ,  Vx =  V e a n d  V X A  =  V r w h ic h  w a s  t o  b e  p r o v e d .

(B.l)

(B.2)

(B.3)

(B.4)

(B.5)



73

I f  V  i s  a  t w o - d i m e n s i o n a l  v e c t o r ,  V  =  1U +  JV , th e n  V  X A  m u s t  h a v e  i t s  

c o m p o n e n t  z e r o . In  th a t  c a s e  A  =  k  A z =  k  \ | /  a n d  w e  m a y  w r ite

v r =  V x ( k \ | / )  = k x V \ | /  ( B . 6 )

T h u s  in  th e  t w o - d im e n s io n a l  c a s e  V  1. i s  u n iq u e ly  d e t e r m in e d  b y  th e  s t r e a m f u n c t io n  y .  

T h e  c o m p le t e  t w o - d im e n s io n a l  v e lo c i t y  f i e ld  c a n  th u s  b e  w r itte n  in  c a r te s ia n  c o m p o n e n t s  a s

d y  d x  
u  =  ■  d 7  +  d ?

V - d v + 3x
d x  d y ( B . 7 )

F r o m  w h ic h  it  f o l l o w s  th a t

d v  d u  
d x  dy

du dv 
dx dy

f d ^ + d ^
( d x 2  dy2) V

d 2 d 2 ''
[dx2 d y 21



APPENDIX c

PROGRAM NWPI
***** DATA IN IT IA L IZ A T IO N  *****
T H IS  PROGRAM CAN COMPUTE STREAMFUNCTI ON 
FROM WIND VELOCITY FOR 2-LEVEL MODEL 
wv IS  THE WIND VELOCITY ( M /S )
WD IS  THE WIND DIRECTION (DEGREE)
บ IS  THE WIND VELOCITY IN -X  DIRECTION (M /S ) 
V IS  THE WIND VELOCITY IN -Y  DIRECTION (M /S ) 
A IS  THE FORCING FUNCTION

PARAMETER (L = 3 8  ,M =19 1 N=2 ,L C = 40)
DIMENSION U (L .M .N )  ,V (L ,M ,N ) 1 P S I (L  ,M ,N ) ,P S IC (L C  ,M ,N ) 1 

A (L ,M ,N )  ,W ( L ,M ,N )  1พอ( L ,พ ุ, N)
COMMON D X (M )1D Y .P H I(M ) ,C O R (M )1DPS I (L  ,M)
P I = 3 .1 4 1 5 9 2 7  
RA D =PI/ 1 8 0 .
L C 1 = L C -1 
L 1 = L - 1 
M 1=4ฬ— 1

CALL C O N ST(D X ,D Y .PH I ,Ç O R ,L ,M ,N )
CALL INPUTV(WV 1 WD ,KA ,HB ,L  ,M ,N)
PRINT* 1 1 '

DO 11 K=1,N DO 11 J=1,M
U(iTj !k)= ( -1 น ุ•พ น  ,J ,K)*SIN(WD(I ,J,K)*RAD) VU , J ,K )=(-1. ) * wv( I , J ,K) *COS(WD( I ,J,K)*RAD)11 CONTINUE DO 35 K=1,N DO 35 J=2,M1

A( I นิ 1K ) = ( v (  1+11J ,K)-V(I-1 ,J ,K) ) /(2  . *DX( J ) )* -(บ น  1J+1,K)-U(I,J-1,K))/(2.*DY)34 CONTINUEA( 1 ,J ,K)=(V(2 , J ,K)-V(L11J ,K))/(2 . *DX(J) )* - (U(1,J+1,K)-U(1,J-1,K))/(2.*DY)A(L,J,K)=A(11J 1K)35 CONTINUEDO 36 K=1 ,N
A(I น ิ,K)=2.*A(I ,2,K)-A(I ,3,K)A(I ,M,K)=2.*A(I ,M1 ,K)-A(I ,M2,K)36 CONTINUE

PRINT* 1 
PRINT* , 
PRINT* 1 
PRINT* 1 
W R IT E (6 7 9 8 )
FORMAT ( 8 X 1 '

ร * » : * * » * * * * » * * * * * * * * * * * * * * * * : * * ; *  ร * * * * * * » : * * * * * * ! * » :

TW O-LEVEL'

VNO ')7 9 8 UNO EPS



VNO=0.0
UNO=0.0

c
Q  * * * * * * * * * * * * * * * * *  fc

DO 999 K=1,N
c  — ---------------------------------

VNO=V( 1 ,M ,K) *DX(M)/2 .+V(L ,M ,K) * DX(M)/2 .+VNO 
UNO=ABS(v ( 1 ,M,K)) DX(M)/2,+ABS(V(L ,M ,K ))* DX(M)/2 ,+UNO 
DO 2006 1 = 2 ,LI

UNO=UNO+ABS(V( I ,M,K))*DX(M)
VNO=VNO+-V( I ,M ,K) 'DX(M)

2006 CONTINUE
VNO=VNO+U( L ,M ,K) 'DY/2 .+U(L 11 ,K)*DY/2 .
UNO=UNO+-ABS (บ ( L ,M ,K ) ) * DY/2 ,+ABS (บ ( L , 1 ,K ) ) * DY/2 .
DO 2007 J=2,M1

UNO=UNO+ABS(บ(L 1J ,K) ) *DY 
VNO=VNO+U(L 1J ,K) ’ DY

2007 CONTINUE
VNO=VNO-V( L 11 ,K)*DX( 1 ) / 2 ,+ V (1 , 1 ,K)*DX( 1 ) / 2 . 
UNO=UNO+ABS (V( L 11 ,K) ) *DX( 1 ) / 2 ,+ABS (v (  1 11 ,K) ) *DX( 1 ) / 2 . 
DO 2008 1 = 2 ,LI

UNO=UNO+ABS(V(I , 1 ,K )) ‘ DX(1)
VNO=VNO-V( I 11 ,K) • DX(1)

2008 CONTINUE
VNO=VNO-U( 1 11 ,K) *DY/2 ,+U( 1 ,M ,K) *DY/2 .
UNO=UNO+ABS(บ ( 1,1 ,K) ) ‘ DY/2 ,+ABS(U( 1 1M ,K) ) *DY/2 .
DO 2009 J=2,M1

UNO=UNCH-ABS (บ( 1 , J ,K) ) * DY 
VNO=VNO-U( 1 , J ,K ) * DY

2009 CONTINUE 
999 CONTINUE

C I I I-H++-4 I I I I I H I I I I I I I I I I I M +H -I+ H-H-
EPS=(VNO/UNO)* ( -1 .0 )

c
c  CORRECTION TO THE OUTWARD NORMAL VELOCITY
c  IS PROPORTIONAL TO ITS MAGNITUDE

799 FORMATC10X.3E12.3)
WRITE(6 ,7 9 9 )  UNO.VNO.EPS 
PRINT* 1' '
PRINT*,’ -----------------------------------------------------------------------

c  f +++++++++++++++++++++++++++++4
DO 111 K=1,N 

DO 2010 1= 1,L
V(I 11 ,K)=V( I 11 ,K)+EPS* ABS(V( I , l .K ))
V (I ,M,K)=V(I ,M,K)-EPS*ABS(V(I ,M,K))

2010 CONTINUE
บ( 1 , J ,K)=U( 1 1J ,K)+EPS* ABS(บ( 1 ,J ,K) ) 
U(L,J,K)=U(L,J ,K)-EPS* ABS (บ(บ,  J ,K) )

2011 CONTINUE



O 
O 

O 
O 

O 
O 

O

111 CONTINUE
cc I I I I [ I l I H H - H -H -H -H-H-H I I I I I II
Cc ASSUME POINT (1,M,K) IS KNOWN. THE REMAINING 
c BOUNDARY VALUES ARE COMPUTED USING THE CORRECTED 
c OUTWARD NORMAL VELOCITY.
c

“ p s ^ & o . oDO 2012 1=2 LPSI(I,M,K)=PSI(I-1 ,M,K)+(V(I ,M,K)+V(I~1 ,M,K))*DX(M)/22012 CONTINUEDO 2013 JJ=11Ml
PSKL.J ,K)=PSI (L ,J+1 ,K)+(U(L,J 1K)+U(L,J+1 1K))*DY/2.2013 CONTINUEDO 2014 11=1,LI
PSI (I ,1,K)=PSI( 1 + 1,1 ,K)-(V(I ,1,K)+V(I + 1 ,1 ,K))*DX(l)/22014 CONTINUEDO 2015 J=21MlPSI(1 ,J,K)=PSI(1 ,J -l,K )-(U (1 ,J,K)+U( 11 J -l ,K)) *DY/2.2015 CONTINUE 222 CONTINUEc I I I I I I I I I I I I I I I I I II I I I I I I H I น II IM ท

c CALL RELAXT TO SOLVE THE POISSON EQUATION
c VIA THE OVERRELAXATION METHOD.
c

PRINT*,' '
PRINT* ,'
PRINT* , '
PRINT*,’ 1
CALL RELAXT(PSI,A,DX,DY,L,M,N)

PROGRAM IS OPERATING'

INTERPOLATE PSI AT LEVEL 250 MB AND 750 MB
DO 333 J=1,M 
DO 333 1=1 L

DPSI d  ,J)=PSI(I ,J ,2)-PSI ( I ,J ,1 )  333 CONTINUE
DO 444 J=1,M

PSI(I ,J ,2) = (550.0/650.0) *DPSI( I 1J)+PSI(I ,J , 1) PSKI ,J,1) = (50.0/650.0)*DPSI(I ,J)+PSI (I ,J , 1 ) 444 CONTINUE
INTERPOLATE FINISH
CALL EQUAL(PSI1PSIC,L,LC,M,N) 
CALL CYCLE(PSI,PSIC,L,LC,M,N)
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PRINT*,' ’
CALL OUT(PSIC,LC,M,N)
PRINT*,' '
PRINT* 11 ! PROGRAM CALCULATING INITIAL STREAMFUNCTION HAS FINISHED' 
PRINT* ,'* IF YOU WANT TO FOROAST THE WEATHER ??? '
PRINT*,' ’
PRINT’ , ..................  PRINT NWPF ..............
STOP
END

SUBROUTINE CONST

PARAMETER (L=38,M=19 ,N=2)
COMMON DX(M),DY,PHI(M),COR(M)
DPHI=2.5 
SLAT=0.0 
P I= 3 .1415927 
RAD=PI/180.
DY=DPHI* RAD* 6.37*1000000.
PHI(1)=SLAT
” p h i u ? 4 h i u - i )+dphi

10 CONTINUE
DX(J)=DY’COS(PHI(J) *RAD)
COR(J)=2.* 7 . 292E-5 SIN(PHI(J ) * RAD) 

20 CONTINUE 
REHTJRN 
END

* * * * * * < * * * * * * * * * 1 $ * * * # *  *** 4 * * * « 4

SUBROUTINE EQUAL (A ,B ,L ,LC ,M ,N)

DIMENSION A(L,M,N) ,B(LC,M,N) 
DO 100 K=11N 
DO 100 J=1,M 
DO 100 1=1,L

B (I ,J ,K )=A (I,J ,K )
100 CONTINUE 

RETURN 
END

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * : * * * *

SUBROUTINE CYCLE(Z ,PC ,L ,LC ,M ,N)

DIMENSION Z(L,M,N) 1PC(LC,M,N) 
DO 15 K=11N 

DO 20 J=1,M
PC(LC,J,K)=Z(1,J,K)
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PC(LC-1 ,J ,K )= (Z (L ,J ,K )+ Z (1 ,J ,K ))/2 .0  
20 CONTINUE 
15 CONTINUE

RETURN f
END

-J
* * * 4 « * * * t * * 4 « * t *  * t 4 * * * * * * 4 * * * * * * t « t 4

SUBROUTINE RELAXT(X,Y,DX,DY,L,M,N)

DIMENSION X(L,M,N) ,Y(L,M,N),DX(M)
ERR=2.0 
at FA=n fTf!
NPTS=(L-2)' (M-2)
M1=M-1 
IA=1000 
DO 100 K=1,N 

NSC=0 
LSC=-1 

15 NREL=0
DO 2 J=2,M1
DO 2 1= 2 ,LI

IM1=1 — 1
i f ( im i!l t . i ) IM1=L1
R-(X( IP 1 , J ,K)+X( m i 1J ,K)-2 . ■ X( I , J ,K) ) /DX( J) * ’ 2+(X( I ,J+l ,K) 

+ X (I,J -1  ,K )-2 .* X (I ,J ,K )) /DY'‘ 2 
R=(R-Y( I 1 J,K))*DY*DX(J)
IF(LSC-NSC) 2 9 ,2 9 ,3 0

29 X (I,J ,K )=X (I ,J ,K)+ALFA*R
30 IF(ABS(R) .LE.ERR) NREL=NREL+1

2 CONTINUE
NSC=NSC+1
IF(NREL-NPTS) 13,14,14  

14 IF(LSC.GE.NSC) GO TO 300 
18 ESC—LSC+1
13 IF(NSC.LT.IA) GO TO 15

PRINT* 1 ' -------------------------------------------------------------------------------
201 FORMAT( 8X1 'PROGRESS OF RELAXATION NPTS ,NREL ,NSC 1IA,LEVEL' )
300 CONTINUE 

PRINT* 1 ' '
WRITE(6,201)

200 FORMAT(5X,519)
WRITE!6 ,200)NPTS ,NREL ,NSC 1 IA,K 
PRINT* 1 ' '

100 CONTINUE
PRINT*,' ------------------------------------------------------------------------------- '
RETURN
END

c
c  ...................................... ..................« ..............................* * ...............
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c
c

c
c

c
c

SUBROUTINE INPUTV( พ ,WD,HA,HB,L,M,N)

DIMENSION W(L,M,N) ,WD(L,M,N) ,HA(N) ,HB(N)CHARACTER F* 10PRINT’ INPUT FILENAME OF WIND VELOCITY น  '_____.____ 'READ’ FOPEN(UNIT=13,FILE=F1ACCESS='SEQUENTIAL ' 1STATUS='OLD') DO 20 KK=1,N K̂ S-KKREAD(13,FMT=11)HA(K)
READ(13,FMT=10)(WD(I,J,K),I=20,L)READ(13,FMT=10) (พ น  ,J,K) ,1=20,L)30 CONTINUEREAD( 13 ,FMT=11 )IIB(K)DO 3 J=1,MREAD(13,FMT=10)(WD(I,J ,K), 1 = 1,19)READ( 13 ,FMT=10) (พ น  ,J,K) ,1 = 1 ,19)3 CONTINUE 20 CONTINUE10 FORMAT( 19F7.1)11 FORMAT(A60)CLOSE(UNIT=13,STATUS=1 KEEP')PRINT’ 1' 'PRINT’ ,F11 HAS BEEN READ ALREADY 'RETURN

END
* * * * * * * * * * * * * *  t « * t * t * * t * * * « * *

SUBROUTINE OUT(PSIC,LC,M,N)

DIMENSION PSIC(LC1M,N)
CHARACTER’ 10 F
PRINT*,' STREAMLINE FILENAME ( " ____ .____" ) ’
READ* 1F
OPEN(UNIT=13,FILE=F,ACCESS='SEQUENTIAL' ,STATUS=1 NEW' ) 
DO 30 K=1,N

WRITE(UNIT=13 ,FMT=10) (PSICน ,J,K ) .1 = 1,20) 
WRITE(UNIT=13 ,FMT=10) (PSIC( I , J ,K) , 1=21 ,LC) 
W RITE(6,10)(PSIC(I,J,K),1= 1,20)
W RITE(6,10)(PSIC(I,J,K),1= 21 ,LC)

30 CONTINUE 
10 FORMAT(20E9.2)

CLOSE(UNIT=13,STATUS='KEEP')
RETURN
END
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c  PROGRAM NWPF
c “ NUMERICAL WEATHER FORECASTING' '
C * “  “  • TWO-LEVEL MODEL ...............
c FOLLOWING IS A LIST OF ESSENTIAL DATA FOR THE PROGRAM.
C L IS THE NUMBER OF GRID-POINTS IN THE ZONAL DIRECTION.
C M IS THE NUMBER OF GRID-POINTS IN THE MERIDIONAL DIRECTION
C N IS THE NUMBER OF LENTILSc TEND IS THE NUMBER OF HOURS FOR THE FORECAST.
c PARAMETER (L=40 ,M=19 ,N=2 1 LAMDA=0.0672E-5)

DIMENSION A2(L,M,N) ,A4(L,M,N)DIMENSION B1(L ,M,N) ,B2(L,M,N)
DIMENSION C1(L,M,N) ,C2(L,M,N) ,AK(N)
COMMON PHI (M) ,DY ,DX(M) ,COR(M) ,PSI I (L 1M ,N) 1 

PS I (L ,M ,N) ,A1(L,M,N) ,A3(L,M,N)
EQUIVALENCE (A1.A2)REAL TEND,DT AIME
M1=M-1
L1=L-1DT=1800.0
PRINT* 1' 1PRINT' 1' • THE NUMBER OF HOURS FOR THE FORECAST :(HOURS )
READ'1 TEND
CALL INPUT(PSI1L,M,N)
PRINT',' '

Cc INITIAL STATE PARAMETERS, PSI 
c AND PSI I .ARE DEFINED BY SUBROUTINE "INIT".

TIME=0.0 
TEND=TEND‘3600.
CALL INIT 
PRINT*,' 'PRINT * ' *********************************************
PRINT* I' '
CALL LAP (A3 ,PSI I ,DX,DY ,L ,M ,N, I )
CALL LAP(A3,PSII ,DX ,DY ,L ,M ,N ,2)CALL JCC(B2,PSII ,L,M,N,DX,DY)
DO 90 J=1 ,M

A3(I~J ”2)=A3( I , J ,2 )-2  . * (LAMDA* * 2) * PSI I ( I ,J ,2)
90 CONTINUE

555 CONTINUEc
CALL ENERGY(PSI ,L,M,N,DX,DY,TIME,AK,TEND)
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CALL LAP (Al 1 PSI 1DX ,DY ,L ,M ,N , 1 )CALL ABV0R(A1 1 COR 1L ,M,N, 1)CALL JAC(B1 1PSI 1 Al 1 DX,DY,L,M,N,1)c 'CALL LAP(Al 1PSI,DX,DY,L,M,N,2)CALL ABV0R(A1,C0R,L,M,N,2)CALL JAC(B1,PSI 1Al 1DX.DY ,L ,M ,N ,2)C DO 12 J=1 ,M IX) 12 1 = 1 LCH I ,J ! 1)=-B1( I , J , 1 ) —B 1(1 1J ,2)Cl ( I ,J ,2)=-Bl ( I ,J , 1 )+Bl ( I ,J ,2) + (LAMDA- *2) *B2( I ,.1,1) 12 CONTINUE
HERE TIME INTEGATION ARE CALCULATE BY MATSUNO SCHEME

DO 100 K=1,N DO 100 J=1,M
A4U , J ,È)=A3( I ,J 1K)+C1( I ,J,K)*DT 100 CONTINUE

HERE A4 IS RELAXED TO GI\̂ E A NEW PS 11 .
CALL RELAXT(PS 11,A41DX,DY,L,M ,N.LAMDA11)CALL RELAXT ( PS 11 ,A4 ,DX ,DY ,L ,M ,N .LAMDA ,2)c CALL JCC(B2,PSII,L,M,N,DX,DY)
DO 112 J=2,M1

PSI(I ,j !i )=(PSII(I,J ,1)+PSII(I,J ,2))/2 .PSKI , J , 2 ) = ( PS 11 ( I ,J,1)-PSII(I ,J ,2 ))/2 .112 CONTINUE
CALL LAP(A2,PSI1DX.DY.L.M.N.l)CALL ABVOR(A2,COR,L,M,N,1)CALL JAC(B1,PSI,A2,DX,DY,L1M,N,1)
CALL LAP(A21PS I,DX,DY,L,M,N,2)CALL ABVOR(A21COR,L,M,N,2)CALL JAC(B1 ,PSI,A21DX.DY,L1M,N,2)

,J ,1 )-B 1 U  1J ,2 )Cl( I ,J ,2)=-Bl( I ,J ,1 )+Bl( I , J ,2)+(LAMDA* * 2)* B 2(I,J ,1) 126 CONTINUEDO 127 K=1,N DO 127 J=1,M
A4(I ,J,K)=A3(I1J,K)+C1( I,J,K)'DT
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c

127 CONTINUE
CALL RELAXT ( PS 11 ,A4 ,DX ,DY ,L ,M ,N .LAMDA11 ) 
CALL RELAXT ( PS 11 ,A4 ,DX ,DY ,L ,M ,N .LAMDA , 2) 
CALL JCC(B2,PSII ,L,M,N,DX,DY>
DO 130 J=2,M1

P S K I, J , 1 )=( PS 11 ( I 1 J .D + P S IK I ,J ,2 ) ) / 2 .  
PSKI , J ,2)=(PSI I ( I ,J ,1 )-P S II(I  ,J , 2 ) ) / 2 . 

130 CONTINUE
CALL CYCLE(PS I ,L,M,N)
CALL EQUAL (A3 1 A4 1L ,M ,N , 1 )
CALL EQUAL (A3 1 A4 ,L ,M ,N ,2)
TIME=TIME+DT
PRINT-1' -----------------------------------------------------
IF (TIME .LE .TEND) GO TO 555ccc
TIME=(TIME-DT)/3600 .
PRINT',' '
WRITE(6,3)TIME

3 FORMAT(2X, 'FORECASTING FOR TIME =' .F 6 .2 ,'  HOURS HAS FINISHED' 
PRINT- ' '

cc
cc

CALL OUT(PSI,L,M,N) 
PRINT- 
PRINT- 
PRINT- 
PRINT- 
PRINT- 
STOP 
END

??? IF YOU WANT TO PLOT WIND FIELD PRINT •*• ' 
PLOT '

» t * * * * *  »

SUBROUTINE ABVOR(A,COR ,L,M,N,K)*********

DIMENSION A(L,M,N) ,COR(M)
DO 100 J=2,M-1 
DO 100 1=2,L -l

A(I ,J ,K)=A(I ,J ,K)+COR(J) 
100 CONTINUE

DO 200 J= 11M
A (1 1J ,K )= 0 .0 
A(L,J,K)=0 0 200 CONTINUE

DO 300 1=1,L
A (I ,1 ,K)=0.0  
A(I,M ,K)=0.0
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300 CONTINUE 
RETURN 
END

SUBROUTINE CYCLE(Z,L,M,N)

DIMENSION Z(L,M,N)
DO 15 K=1 1N 
DO 15 J=1,M

Z(L,J ,K)=Z( 1 ,J ,K) 
15 CONTINUE 

RETURN 
END

« * ♦ * * * * « « » * I » • <« * * »«><** *• <* • <*  t i <
SUBROUTINE JCC(B2 ,P ,L ,M ,N ,DX,DY)

DIMENSION B2(L,M,N),P(L,M,N) 1 DX(M)
L1=L-1 
M1=M-1
DO 100 J=2,MI

B2(I , j T 1 ) - ( (P( I ,J + 1 ,2 )-P (I ,J -1 ,2 ) ) /(2 .* D Y ))*
1 (P d + l.J  , 1 )-P ( 1-1 , J . 1 ) ) /  (2 . ■ DX( J) ) -
2 ( ( P ( I 1J+l , 1 )-P ( I , J - 1 ,1 ) ) / ( 2 .*  DY))
3 (PU + l 1J ,2 ) - P ( I - l  1J .2 ) ) / ( 2  . ’DX(J) ) 

90 CONTINUE
B 2 ( 1 ,J ,1 ) = ( ( P ( 1 ,J + l ,2 ) - P ( l ,J - l ,2 ) ) / ( 2  *DY))*

1 (P (2 ,J ,1 )-P (L 1 1J , l ) ) / ( 2  *DX(J)) -
2 ((P (1 ,J + 1 ,1 )-P ( 1 , J - 1,1 ) ) / ( 2  * DY) ) '
3 (P (2 ,J ,2 )-P (L 1 1J , 2 ) ) / ( 2  . *DX(J))

B2(L,J ,1)= B 2 ( l ,J 11)
100 CONTINUE

CALL BOUND(B2,L ,M ,N ,1)
RETURN
END

SUBROUTINE ENERGY(PSI ,L ,M ,N 1 DX 1 DY .TIME 1 AK .TEND)

DIMENSION PSI(L,M,N),DX(M),AK(N)
L 1 = L - 1
M 1 = M -1
A K ( 1 ) = 0 . 0
AK(2)=0.0
DO 60 K=1,N
DO 60 J=2,M1
DO 60 1=1,L1
IM 1 = I—1
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j “ 5 ! : P S I(I .J -l,K ))/(2 .: pV)V = (PSI( I+ l,J,K)-PSI(IM l,J,K))/(2 . *DX( J )) AK(K) = AK(K)+ ( บ 2+V *2)/(2*(Ll)*(M l-l)) 60 CONTINUE fTOTAL=(AK( 1 )+AK ( 2) ) / 2.0PRINT' 1 'PRINT' , 1TER=TEND/3600.0 WRITE(6,129) TER Tl=TIME/3600.0 WRITE(G,130) TIME WRITE(6,131) WRITE(6,132) WRITE(6,133)129 FORMAT(3X,130 FORMAT(3X,131 FORMAT(3X,132 FORMAT(3X,133 FORMAT(3X,PRINT* , ' 'WRITE(6,201201 FORMAT (IX,RETURN END

TWO-LEVEL MODEL

a k u )T1AK(2)TOTAL,FORECAST WEATHER FOR ' TINE (DOING) =' 1Fl 1.1, K.E(l)/POINT = ' ,E11 3, K,E(2)/POINT =' ,E11.3, K.E(AVERAGE) =' 1E ll .3)

,F6.2 1' ’ SEC( HOUR(ร) '),F6.2 1ATAT LEVELLE\EL 250750
HR(ร ) ) ') 

mb ' ) 
mb1 )

PROGRESS OF RELAXATION NPTS1NREL1NSC, IA')

cc SUBROUTINE JAC(A,B ,c ,DX,DY ,L ,M ,N ,K)

DIMENSION A(L,M,N) ,B(L,M,N) ,DX(M) ,C(L,M,N) M1=M-1DO 99 J=2,M1 DM = 12.*DX(J)*DY DO 99 1=1,L IF (1-1) 80,80,81 80 IM1=L1I p 1=2 GO TO 83
81 IF (I-L) 8 2 ,8 0 ,8 0
82 IM1=1—1
83 CONTINUE

A(I ,J ,K)-(B( I , J - l  1K)+B( IP11 J - l  ,K)-B( I J+l ,K)-B( I P I , J+l ,K)) ‘ 
1(C(IP1 ,J 1K)-C( I 1J ,K))+(B(IM1 1 J - l  ,K)+B(I 1 J - l  ,K)-B(IM11 J+l ,K)- 
2B( I 1 J+l ,K) ) * (c (  I ,J,K)-C(IM1,J,K))+(B(IP1 ,J,K)+B(IP11 J+l ,K) 
3-B( IM1, J ,K)-B( IM11 J+l  ,K) ) * (c (  I 1 J+1,K)-C(I ,J,K))+
4(B( IP1, J - l  ,K)+B( IP 1 , J ,K)-B( IM1, J - l  ,K)-B( IM1, J ,K) ) *
6(B( IP1 ' J 1K)-B( I ,J+1 ,K) ) * (c (  IP1 ,J+1 ,K)-C( I ,J ,K))+
7(B(I ,J-1 ,K )-B (IM 1,J ,K ))* (C (I ,J ,K )-C (IM 1,J-1,K ))+
8(B( I , J+l,K )-B (IM 11J ,K))* (C(IM1, J + l,K )-C (I ,J,K) )+
9(B( IPI , J ,K )-B (I 1J - l  ,K ))*(C(I ,J,K )-C (IP1 ,J-1,K ))
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99 CONTINUE 
DO 700 บ
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c DPH1=2.5 SLAT=0.0 PI=3.1415927 RAD=ะ PI/180.A=6.37'1000000.DY=DPH I * RAD * A OME=7.292E-5 PHI(1)=SLAT DO 102 J=2,MPHI ( J ) =PHI (J-D+DPHI 102 CONTINUEDO 370 J=1,MDX(J)=DY* COS(PHI(J)*RAD)COR ( J ) =2 . * OME * s IN ( PII I ( J ) * RAD )370 CONTINUE DO 33 J=1,M
PSIId ,J,1)=PSI(I ,J,1)+PSI(I 1J ,2) PSI 1(1 , J , 2 )=PSI( I ,J ,1)-P SI(I,J ,2) 33 CONTINUE RETURN END

SUBROUTINE BOUND(A ,L ,M ,N ,K)

DIMENSION A(L,M,N)
A(I ,1 ,K )= 2.‘A d ,2,K )-A (I ,3 ,K)
A(I ,M ,K)=2 . ’ A d ,M-1 , K ) -  A ( I ,M-2,K) 

15 CONTINUE 
RETURN 
END

t t * t t * t * * t * * * * * t t t t t * t t t * t * t t « * i * * *

SUBROUTINE LAP (A, B 1DX ,DY ,L ,M ,N ,K)

DIMENSION A(L.M.N) ,B(L,M,N) ,DX(M)
L1=L-1
M1=M-1

^  A( I i ^ K ) = ( B (  I + l ,J  ;K) + B n - 1  ,J  ,K)
2 -2 .* B (I ,J ,K) ) /DX(J) * ' 2+(B(I 1 J+ l ,K)+
3 B (I ,J -1 ,K )-2 . , B (I,J ,K ))/D Y **2  

90 CONTINUE
DO 91 J=2,M1

A( 1 ,J ,K )=(B(2,J ,K)+B(L1 1J ,K)
- 2 . , B (1 ,J ,K ))/D X (J ), , 2+(B(1,J+1,K )+  
B(1 1 J - l ,K )-2 .* B (1 1J ,K))/DY**2

23
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A(L , J ,K)=A( 1 , J 1K) 
91 CONTINUE

CALL BOUND(A,L,M,N,K)
RETURN
EM)

SUBROUTINE RELAXT(X .Y ,DX1DY1L 1M1N 1LAMDA1K)

DIMENSION X(L ,M ,N) ,Y(L ,M ,N) ,DX(M)
ERR=1000.
ALFA=0.40
L1=L-1
M1=M-1
M2=M-2
NSC=0
IA=500

91 NPTS=(L1)•(M2)
15 NREL=0

DO 2 J=2,M1 
DO 2 1=1,L1 
IF (I-L ) 3 ,4 ,4

3 IF (1 -1) 4 ,4 ,5
4 R=(X(2,J ,K)+X(L1,J ,K ) -2 . * x ( I ,J 1K) ) /DX(J)* *2+(X (I,J+1,K ) +

1 X(I 1 J - l  ,K )-2 .'X (I ,J ,K ))/D Y ’ * 2-2 . (LAMDA* * 2 ) *x( I ,J,K) (K -l)  
R=(R-Y( I 1J ,K )) *DY DX(J)

5 R = (X (I+ 1 ,J ,K )+ X (I-1 ,J ,K )-2 .’X ( I ,J ,K )) /DX(J)* *2+(X (I,J+1,K )+
1 X(I 1 J - l ,K ) -2 .* X (I 1J ,K )) /DY* 2 - 2 .* (LAMDA* 2) * X( I ,J ,K)‘ (K -l)
R =(R -Y(I,J,K ))* DY DX(J)

21 IF (LSC-NSC) 2 9 ,2 9 ,3 0
29 X(I ,J,K)=X(I,J,K)+ALFA*R
30 IF (ABS(R) .LE.ERR) NREL=NREL+1 

2 CONTINUE
NSC=NSC+1
IF (NREL-NPTS) 13 ,14 ,14  

14 IF (LSC.GE.NSC) GO TO 300 
18 LSC=NSC+1
13 IF (NSC.LT.IA) GO TO 15 

300 CONTINUE 
200 FORMAT( 6X,4 I9)

WRITE( 6 ,200)NPTS ,NREL 1NSC , IA
RETURN
END

* * * * * * * * * * * < « « « * * * : * * * * * « * * * * *

SUBROUTINE INPUT(PSI ,L ,M ,N)

DIMENSION PSKL.M.N)
CHARACTER’ 10 F
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PRINT',' INPUT FILENAME: ' '_____ .___ 1
READ',F
0PEN(UNIT=13,FILE=F,ACCESS='SEQUENTIAL' , STATUS='OLD' )
DO 20 K=1,N
DO 30 J=1,M f

READ(1 3 ,FMT=1 0 )(PSI ( I 1J ,K) , 1 = 1,20)
READ( 13 ,FMT=10)(P SI(I ,J ,K) ,1=21.ฆ)

30 CONTINUE 
20 CONTINUE 
10 FORMAT(20E9.2)

CLOSE ( UN I T= 13 , STATUS=1 KEEP 1 )
PRINT',' '
PRINT' , ' INPUT FILE : ' ,F , ’ HAS BEEN READ ALREADY ! ! ! '
PRINT',' 1
RETURN
END

c

SUBROUTINE OUT(PSI,L,M,N)
c  "  * .................................
c

DIMENSION PSI(L,M,N)
CHARACTER‘ 10 FNAME
PRINT' 1 ' OUTPUT FILE NAME: ' 1_____ .___ ' ’ . '
READ'1FNAME
OPEN(UNIT= 13,FILE=FNAME ,ACCESS= 'SEQUENTIAL' ,STATUS= ’NEW' ) 
DO 20 K=1 ,N 
DO 30 J=1 ,M

WRITE(UNIT=13,FMT=10)(PSI( I ,J ,K ),1 = 1 ,20)
WRITE(UNIT=13,FMT=10)(PSI(I ,J ,K ),1=21,L)

30 CONTINUE 
20 CONTINUE 
10 FORMAT(20E9.2)

CLOSE ( UN I T= 13 1 STATUS= ' KEEP ' )
PRINT',' ■
PRINT' , ’ OUTPUT FILE: ’ .FNAME, 'HAS BEEN CREATED ALREADY ! ! ! '
RETURN
END



CURRICULUM VITAE

M r . C h e r d s a k  K u n s o m b a t  w a s  b o r n  o n  M a y  1 9 ,  1 9 6 7  in  K a n c h a n a b u r i .  H e  

r e c e i v e d  a  B .S c .  d e g r e e  in  P h y s i c s  f r o m  K a s e t s a r t  U n iv e r s i t y  in  1 9 9 0 .
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