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APPENDIX A

Standard Useful Constant

Gravitational constant

Acceleration due to gravity at sea level
Mean radius of the earth

Angular speed of rotation of the earth
Universal gas constant

Gas constant for dry air

Specific heatof air at constant pressure
Specific heatof dry air at constantvolume
Ratio of specific heats

Mass of the earth

Standard sea level pressure

Standard sea level temperature

Standard sea level density

G = 6.673 X 10-1LN m2 kg-2
go = 9.81 ms-2

a = 637 X106 m

Q = 7.292 X 10-5rad -1

R* = 8.314 X103 JK-! kmol"1
R = 287 JK-lkg-1

P - 1004 JK-1kg-1

cv = 117 JK"1kg-1

y = Cp/Cy — 14

M = 5.988 X 1024 kg

pp = 101.325 kPa
To = 288.15 K

po = 1.225 kg nr3



APPENDIX B

We will show thatany vector V can be written in the form

T = vr+ Ve

where Vrisanondivergentvectorand V € an irrotational vertor, that is,

Vxve =0 and Vovr=o
In order to prove eq.(B.1) we define avector such that

V2 o =-V

And using avector identity we may write

V2 o=V ) VX Vxow

W e nextdefine a scalar potential Xandavectorpotential A asfollows
X =V, A = Vx w
From (B.2)-(B.4) we find that

V = Vx+Vx A

Butitcan be shown by direct expansion into components that
ViVi=o  and Vo (Vxa)=o

thus, VX = Ve and Vxa = Vi which was to be proved.

(B.)

(B.2)

(B3)

(B.4)

(B.5)
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If V isatwo-dimensional vector, V. = 1U+JV, then V X A must have its

component zero. In thatcase A =kAz = k\|/ andwe may write

V= vy =kxvis (B.6)

Thus in the two-dimensional case v lis uniquely determined by the streamfunction vy.

The complete two-dimensional velocity field can thus be written in cartesian components as
dy  dx dv+3x
V -
G = dT+d? Ay dy (B.7)

From which it follows that

v du fdr+ dn v
dx dy  (dx) dy2)

du dv d2 d2°
dx - dy [dx2 dy21



APPENDIX ¢

PROGRAM NWPI
¥xxkx DATA INITIALIZATION **x**
THIS PROGRAM CAN COMPUTE STREAMFUNCTION
FROM WIND VELOCITY FOR 2-LEVEL MODEL
wy IS THE WIND VELOCITY ( MI/S)
WD IS THE WIND DIRECTION (DEGREE)

IS THE WIND VELOCITY IN-X DIRECTION (M/S
VIS THE WIND VELOCITY IN-Y DIRECTION (M/S
A IS THE FORCING FUNCTION

PARAMETER (L=38 M=19 IN=2 ,LC=40)

DIMENSION U(L M.N) V(LMN) PSI(L MN)
ALMN) WLMN)Y T (L, N)

COMMON DX (M)IDY.PHI(M) ,COR(M)DPSI (L M)

P1=3.1415927

RAD=PI/180

LC1=LC-1

L1=L-1

Mi=4 —1

N PSIC(LC MN) 1
N
:

CALL CONST(DX,DY.PHI ,COR,L M N)
CALL INPUTV(WV MD KA HB' L M N)
PRINT* 11

B 1 )
IR0 B SR
8 i

oK X )
g ;Ww AR

35 ! l
oo\/ﬁ‘%wﬁ At
36
PRINT* 1
PRlNT* Hoy kR gy Kk K K gy Kk Kk K Kk Kk Kk Kk ok K ok ok kK sk Kk ok kX Kk sk kK ok k 1%y
PRINT* 1 TWO- LEVEL
PRINT* 1

WRITE(6 798)
798  FORMAT(8X ' UNO VNO EPS )



*

2006

2007

2008

2009

VNO=0.0
UNO=0.0

DO 999 K=IN

VNO=V( 1 M K) *DX (M)[/) VLM, %

UNO=ABS[v( 1'M K)) DX(M)2,+AB

DO 2006 1=2.LI
UNO=UNO+ABS(V( | M W 2*DXM

V

WNO=VNOHV( T MK
CONTINUE
VNO=VNOH LMK'Y +U(L 11, g*DY/
UNOEUNO- ﬁ/] L,M,K *DY/2 +ABS( (L,1K))*DY/2.
DO 2007 J=2.M1

UNO=UNQ+ABS (L K))*DY

VNO=VNO+U(L I K)'D
CONTINUE
VNO=VNOV(L 11 K)*DX( 1)/2 +V/(L, ,Kg DX(ll)IZ.
UNO=UNO (LllK) (1 +ABS (v( 111,K))*DX(1)/2.
DO 2008 1= 2LI

UNO= UNO+ABS(V ))‘DX()

VNO=VNO-V( 11 ) X(1)
CONTINUE
VNO=VNO-U( 1 11 K) *DY/2 +u 1MK) *DY/2.
UNO=UNO+ABS (11 K))‘DY12 +ABS(U( 1IM,K) ) *DY/2 .
DO 2009 J=2

I\O=UNCI+ABS (Kl )) *DY

VNO=VNO-U(1 ,J *DY
CONTINUE

(ML
MK) *DX (M)/2 +UNO

c 999 CONTINUE

o o

799

2010

2011

|
(TR TTTH LT M+ H-+ HoH-
EPS=(VNO/UNOJ* (-1.0)

CORRECTION TO THE QUTWARD NORMAL VELOCITY
IS PROPORTIONAL TO ITS MAGNITUDE

FORMATCI0X.3E12. 3{/
WRITE(6,799) UNO.VNO.EPS
PRINT* 1

PRINT*’

f ++++++++++++++ 4

DO 111 K=1N
DO 2010 1=1.L

V%I 11 IZ%:V& 11 K +EPS*ABS%\\//&|I :I{/IK%

Vv K)=V(l ,M,K)-EPS*ABS K
CONT

K)=U(L JK;+EEFE§IQESSH ﬂ U

Zl_l—\ =

U

M
E
CONTE JJE i % ’U:K



111 CONTINUE

%C IIII[IIIHH-H-H-H-H-H-HIIIIIII
C ASUVE POINT (LMK) IS KNOMN. THE REVAINING
¢ BOUDARY VALLES AR COVAUTED USING THE CORRECTED
¢ COWRD NRWE VELCCITY
hend o
b ) ?h}l_% =PSI(1-L MKHV( MK)#V(I~L MK)*DX(M)?2
AL 1333=1M

KI=PSI (L 2+ K)+(U(LJ K)HU(L 31 K)*DYL2
2013 | 1 1

2014 K)=PSI( 11,1 K)-(V(I 1 K)+V(1+11,K)*DX()/2

»Z)Mm 1,3-LK)-(U(L JK)U( L0-1 K))*DYR2.

FEEPERERPERECETEEIE PR TH L 1 1TM

WA R SRR R e T

PRINT*,"

BEI NT* ', PROGRAM 1S OPERATING
PRINT* 1

CALL RELAXT(PSI,ADX,DY,LMN)

OO D

o INTERPOLATE PSI AT LEVAL 250 MB AND 750 MB
o 0 5
33300\%15 JEPSI(.2)PSI(1,0.0)
00 444 J=LM

e oL TSRS MBS SRl s

S INTERPOLATE FINISH
(@)

At L ERIRRIE M



PRINT*'
% TOUT(PSIC LCMN)
PRINT* 11/PROGRAM CALCULATING INITIAL STREAI\/FU\ICTIO\I HAS FINISHED!
IFD)FFRQIINNTT " IFYOU WANT TO FOROAST THE WEATHERR ?
PRINT | e PRINT  NAPF ............
STOP
B\D
SUBROUTINE CONST
PARAVETER {\%:38 M=19 N:%
COVMIN DX(M),DY,PHI(M),COR(M)
DPHI=2.5
SLAT=0.0
=3.1415997

DY=DPHI*RAD¥ 6.37*1000000,
PHI(L)=SLAT

0 Co\ﬁ_hlu'?llhlu i )+dphi

*********************************



PULC-LIK)=(Z(LIK)Z(LI K20

20 CONTINUE
15 CONTINUE
RETURN f

B B e e I R W e R R 8 ]

SUBROUTINE RELAXT(X,Y,DX,DY,LMN)

DIMENSION X(L,M,N) ,Y(L,M,N),DX(M)
ERR=2.0

at FA=n fTh

NPTS=(L-2)" (M-2)

M1=M-1

|A=1000

DO 100 K=1N
NSC=0

L SC=-1

15 NREL=0
D02 J=2M1
D02 1=7 LI
IMI=1=

if(imil1t.i) IM=L1

RAXPLI KX 102 11,0 K9 IDX(D) = 2¢(X( 1,341 K
R_i 131 K (*x&l,J DY LI

(Nlu *DY*D
IF c c) 9930
x x J K)*ALFA

() LEERR NREL-NREL+1

+
IFC&\IREL -NPTS) 13,14 14

% IF(LSC.GENNSC) "GO TO 300

ESC-LSC+L
13 IPFFsll\II\ISrgll_TIA) @ TO 15
201 FORI\/lA\mBXl'PROGRESS OF RELAXATION NPTS NREL NSC 1IALEVEL")

WRITE(lﬁ 201
200 FORMAT(5X5

WRITE!6 200N NATS \REL NSC IAK
PRINT® 1
100 CONTINUE
BRINT*,

wW
RO ©O

18



SUBROUTINE INPUTV( ,WD,HA,HB,L,M,N)

W%%MN WOLMN) HAIN HB(N)
ALENAVE CF WIND VELOOTY
WT_ 3 FILE=FIACDESS SEQUENTIAL' STATUS0LD)

READL3 FMT=L1)HAK
2 NN
3R=L01B

MR ) £21 1

%ﬁ ! 9Fl7.1)
\[TE13 STATUS-KEEP)
PRIND JF L1HS BEEN FEAD ALREADY
HD

************** fa*t*p**t**x  **

SUBROUTINE OUT(PSIC,LC,M,N)

DIVENSION PSIC(LCIMN)

CHARACTER 10 F

PRINTE” STREAVLINE FILEWE (" ")
OPEN(UNIT=13 FILE=F ACCESS='SEQUENTIAL' STATUS=INEW)
[0 30 K=1N

WRITE(UNIT=13 FMT=10) (PSIC J K) .1=120

WRITE(UNIT=13 .FMT=10 SIC(ll JK) 1=21 L)

WRITE(6,10)(PSIC(i,d K),1= OE

WRITE(6,10)(PSIC(I,J K},1=21,LC)
CONTINUE

10 FOR AT(20E9. 2g
CLOSE(UNIT=13 STATUS='KEEP")

END

19




APPENDIX D

THE NUVBRR OF HOURS FOR THE FORECAST .
PS|
UBROUTINE "INIT"

PROGRAM NAFF

=
-
S | B2ag U %
e e g o e
HM o ====29 = o
o) —===n—_; = =
23 < SSEe—=r o= m
m_._um M <= Mmmmmw M.l.lmmn - ArlunE
o e mmm S FEED & Ip
. 37" &555 M e e e W%
= == -
Qoo

o 0O OOV LOB

A3(1,3,2)-2 *(LAND&*2) *PSI 1 (1 ,J 2)

(12072
555 CONTINE

A3
CALL ENERGY(PSI L M\N,DX,DY, TIME,AK, TEND)

90 QONTI

C

(@
o



o %@@M@Wm
e C?ﬁ% 2

mﬁ*h}@ 1,1)

S HERE TIVE INTEGATION ARE CALCLLATE BY MTSLND SOHEVE

T B

. ) B1=A3( 1 J KHCI(1 JK)DT
o I-EREM 1S RELAYED TO GIVE A NBWRSTL .
(@)
C

o AR H A BV VAR

CALL JCC(B2,PSII,L,MN,DX,DY)
[0 112 J=2M1

By s&sw('ws 133)
%JAC&?PSI&Q DXD Y l
%%’@%}ﬁ ]IVIN2

810 TN Y o rs20.0 1)
126
@%m

A4(l J K)=A3(1U,K)+CL(1,J,K)'DT

81



127 CONTINUE
CALL RELAXFE
CALL RELAXT
CALL JCC(B2PS
DO 130 J=2,M1

DSk 1L, 1}

PSK| ,J 2
c 130 CONTINUE'

CALL

TIME=TIMEDT
PRINT-1'
|F(TIME .LE .TEND) GO TO 555

[qp e gy

TIME=(TIME- DT)/3600
PRIII\TI

rr|—|

fr@x 'FORECASTING FOR TIVE =' .F6.2," HOURS HAS FINISHED!
CALL OUT(PSI,L,M N)

BRINT-

PRINT-

PRINT- 772 IF YOU WANT TO PLOT WD FIELD PRINT
PRINT- ~ PLOT

STOP

SUBROUTINE ABYOR(ACOR L MNK)

DO OO

DIMENSION A(LMN) ,COR
oL N TR

0 1 2
] K) A(l ,J KHCOR()

82



00 00

00 00

00

300 CONTINUE
RETURN
D
SUBROUTINE CYCLE(Z.LMN)
DIMENSION Z(L,MN)
DO 15 K=L N
m%ﬁ%ﬂum
15 CONTINUE "~ "
RETURN
BND
CFFFXE o F ] poqF Fn><FF R oK c* 1 <
SUBROUTINE JCC(B2,P,L MN ,DX,DY)
[Blll\[IELN?ION B2(L,M,N),P(L,MN) DX(M)
NiT=M-1
DO 100 J=2MI
B2(1 jTL)-((P(1,J+1,2)-P(1.3-1,2))/(2.*DY))*
! (i) MH.J,l)l-)P[g{i J.li /()(2.|DX()
) &P(Il]+| ) ‘I,J-l )52.*D
3 U0 2)-P (-0 .2))/(2 " DX(
0 Bz(llNJUEl)- P(1,341,2)-P(1.3-1.2))/(2. *DY))*
O TR
+1.1)- - *DY))"
B 3t kY
B2(LJ 1)="B2(l,J11)
100 CONTINUE
CALL BOUND(B2.L MN 1)
RETURN
END

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

DIMENSION PSI(L,M,N),DX(M),AK(N)
L1=L-1

83
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— ='0
—_— ) —
e AR
TN T 1 -+ — —_—
X AT

~— ~

A== AT
Qo o— —T=—

PROGRESS CF RELAXATICN NPTSINRELINSC, 1AY)

SUBROUTINE JAC(A,B ¢ ,DXDY L MN K)

= |
2= =T
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00 00
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o
—

99 CONTINUE
DO 700
<I Oo moa
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o 8
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to
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5
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Vi



00

M (J-D+DPHI

Ao

-----------------------------

SUBROUTINE BOUNDIA L MN K)
DIMENSION A(LMN)
A{I Wk A MR Mk
15 CONTINUE
RETURN
BD
'SUBROUTINE LAP(ABIXDY L MN K)
DIMENSION A(L.M.N) ,B(L,M,N) DX(M)
L1=[-]
M=
, Al K)_(-%.(*'B+(||’J,J'},<})<+2)BB'><1 i KE%BQ 0+l Kt
3 B(1,3:1K): B(I K))/
90" CONTINUE
m,g%lJlew-(B(ZJ K+Bl; (<
SRR Ki }} 2+(B(1,J+1,K)+
B(1'D- | K)-2.*B(1 k))/H**z



00 00

AlLJ KI-A(1IK)
91 QONTINE
CALL BOUND(ALMNK)
RETURN
EM)

SUBROUTINE RELAXT(X.Y ,DXDDY 1L IMN LAVDAK)

DIMENSION X(L M.N) ,Y(L M,N) DX(M)

ERR=1000

~oo
H
;U_—
A o
o=
=

—

i W@%kﬁ;é&% '

(S ]
—20 2O =0
11 1]
o=
<

Lo
nNOO—
% %é

IF RELNPTS 13.14.14
% |L§ LSCGENS Q) T0 300
13 IF NSC LT IA) 0 TO 15
300 INUE
200 FORMAT| 86 , 93
WRITE( 6 200)NPTS NREL INSC , 1A
RETURN

*******************************

SUBROUTINE INPUT(PSI L MN)

DIMENSION PSKL.M.N)
CHARACTER 10 F

-2

AR

J,

2 DX(g ) *2+é

| ,J K

Jt1 K
1

(K

)

)

87



" INPUT FILENAME: "' . 1
T=13 FILE=F ACCESS="SEQUENTIAL" ,STATUS="0LD")

,’FMT-lO EE%IIH N K;f,llf%,fog

20 CONTI
10 FORMAT(20E9.2)
CL%(U\HT_ {3 STATUS=IKEEP 1)

PR
PRINT' | "INPUT FILE: ' F,” HAS BEEN READ ALREADY !!!"
PRINT'" 1

ED

SUBROUTINE OUT(PSIL,MN)

DIMENSION PSI(L.M.N)
CHARACTER' 10
PRINT' I' QUIPUT FILE NAME 'L . "7

READ'TNAVE
OPEZN(SUNIT' [%3 FILE=FNAME ,ACCESS="SEQUENTIAL" ,STATUS="NEW )

DO 20 K=1,

0O 30 J-1
WRITEEUNITZlB,FMTZlO%PSI 1.J.K).1=1.20
WRITE(UNIT=13FMT=10)(PSI(I ,J,K),1=21,L

20 CONTINGE
10 FORMAT(20E9.2)
o ](uqu_ {3 STATUS="KEEP")

PRINT' ," QUTPUT FILE: " FNAME, 'HAS BEEN CREATED ALREADY !!!1"
i
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