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3.1 alge solv

gbooobobooboobbooboobboon.

3.1.1 Poisson_GauSei

oo o
gooooooooooooboobobgobo2000000 2000000000

goooo.

ogd O
call Poisson_GauSei( x, y, rho, eps, boundary, psi, [bound opt], [a],

(b], [c], [d], [e] )

oo o
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boundary  <C(4)> in 4000000000DOO0OOO.
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bound_opt <R(size(x),size(y))> in ogoooooboono.
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a <R(size(x),size(y))> in OO0 10000.
ggooooooo 1.

b <R(size(x),size(y))> in o0 20000.
ugooooboboooo.

c <R(size(x),size(y))> in ub 30boano.
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3.1.2 Poisson_Jacobi

oo o
OoOoooooobD2000000 200000000000000. OpenMP O
goooooooon.

oo O
call Poisson_Jacobi( x, y, rho, eps, boundary, psi, [bound opt], [al,

(bl, [c], [dl, [e]l )

oo 0O

“lopoo bound_opt(1,:), bound opt(size(x),:), bound opt(:,1), bound opt(:,size(y)) 00O
goooOooooooa
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googboooboobboboobboobbobboobooboobon
gbggbuogobuoobuoobooboboobuobooboobooonoad
gooooboobom™moooob 400000obo00ooooooooooog
O0??0000000000000000000 bound\_opt="abcd’ 0000
gbooaood

e IO UOODLOOODLDOODLOOLOODLOODLOODLDOODLOOOODLOONn
gboobooobbooobbooobooobbooobboooobboon
U000-000000000000000000000boundary J 1,30
o0’y oobooOooo0opoooobo0oobooooooooobooOoo
gooooobogoboog

e J0O0OOUOOOOODOOCODOVound\_opt DOOOOOOOOOODOOODO
D0000D000™®00000000000000000000000000
googoobooobgoooo

oY o

=t =g

Oz oy
00000DbO00o0bOOo0D f,g0000DOO00OD0DOO00O0O0ODOODODOO
dodbodoboodouoooouoooouooooooooooo

e DUIO0ODDOOODDOOOa, b, ¢, d, eJODOOOODOOODODO
gobbooogoboboogboooobobo 1oboooboooobooooboo
gboboooboooboboobbuooobboobboooboooboobon
goooboobooboobooboooboobooboobbooooboon
goooooooooooboooobogooobgoon

e OUOUO0OODOOODLDOOODLDDODLOOOODLDbOUOODLDOOODLDOn
gboogoboboobooboboobooboobboon.

3.2 basis

goboboboogobobooogobobooooboobooboooooooboboo
ubboobuooboobbooboooboo
gboboobooboobbooboobooboobboobooobooboon.

4 N
type dtime ! 000000
integer :: year.d ! 00
integer :: monthd ! 0O
integer :: dayd ! [
end type dtime

/

20000 bound_opt(1,:), bound opt(size(x),:), bound opt(:,1), bound opt(:,size(y)) 00O
goooOooooooa
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3.2.1 c2i_convert

oo o
gbooooooobogogoo

oo o

result = c2i_convert( cval )

ogd O
cval <C(100)> in gogooo.
ggono <I> inout OOOOOOO.
goo d
0ogd.
g O
0d.
3.2.2 c2r_convert
ogd O
O0000o0oo0oooooao
g O
result = c2r_convert( cval )
oo o
cval <C(100)> in oooooo.
OO0 <R> inout O00O00OOOOO.
ggo d
0gd.
g O
oQ.
3.2.3 i2c_convert
g O

gboooboobooobogoaoo
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oo o

result = i2c_convert( ival, [forma] )

o0 O
ival <I> in Ooooooo.
forma <C(x)> in oo0oooo.
goog <e> inout OOO0OOOO.
oog O
a0o.
o0 0O
00o.

3.2.4 r2c_convert

oo o
ooooooooooogn

oo o

result = r2c_convert( rval, [forma] )

o0 0O
rval <R> in ooooon.
forma <C(*)> in gooooo.
ogoog  <e> inout O0OOOOOO.
ooog O
ao.
o0 O
ao.

3.2.5 rand_make

oo o
gboogooboobooonooboobooon

oo O
call rand make( L, output )
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oo o

L <I> in ooboooooo +1000.
output <I> inout UOOOOOOO.

uoo O
000000000 2, 0000000 «,b0000O

x, = mod(ax,—1 + b, L)

gboooooooboonooboobooooobobobobobooooooooonoo
ooborLoobdbOobae,b Lz OODUODODODOODOODODOODOOOODOD

ooooo
a=11,b=12

goooobooboboboLcboobobobobobobDobD +v1obooooog
O00ze00DO00D0O00000O0Fortran DOOOOOOOOO time() OO0

gbooobobooboobobooboooo

oo o
aoo.

3.2.6 counter_day

oo o
gboboobbooboobbooboooodgd

oo o

result = counter_day( stime, etime )

oo o
stime <type(dtime)> in 00000 DODODO.
etime <type(dtime)> in oooooooooo.
oo <I> inout JOOQOOOOOO.
goo o
ao.
oo o
go.
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3.3 derivation

gobobobooobobooogobobooooooboobobooobooboboo
ubooobooboooboooboo2boo00oboooboooboobooboobobooobooo
gbooobooboobooboobooboolbooboobooboobooong
ooooo
ubobo,0bboobooobobooboooboobbooboobboobooooog
OO000000O0O00DO0o0bOoOO0oooooogooz??0on

3.3.1 curl

oo o
200000000000000A0.

og O
call curl( x, y, u, v, val, [undef], [hx], [hyl, [ord] )

ud o
X <R(:)> in ooooooo.
v <R(:)> in ugaoooono.
u <R(size(x),size(y))> in xdooooooog.
v <R(size(x),size(y))> in yOooooooooo.
val <R(size(x),size(y))> inout 0O0O.
undef R in goog.
hx <R(size(x),size(y))> in xO0OOOOooooo.
hy <R(size(x),size(y))> in ydoooooood.
ord L in O0ooOooooooooo (ooog).
ooo O

D00000D0000000 (er,es,e3) 0000000 (x1,20,23)0000,00
00 20000000 carlOOOO0OO
1 8(h2U2) 8(h1u1)

1= -V = —
curl = ej X U I D Dg

DD|:|DUIU1€1+UQ62+U363DDDDhl,hQ,hP,DDDDD .CCl,xQ,ngDDD
gooboooooobooooooboooooooooooon

Ty X, X2 Yy, Ul I u U2V,

hy : hx, ho : hy, curl : val

main.tex 20120 70110 (QOO0O)
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OO0000oooobogbodhm =14Lh=1h=1000000000

gooooooooon

oo o

o JIUIUDord0 00O OUOUOUOOOOODODDODOODODOOOOOOO
.true. : OO0, .false. : JUOUOO

O0000D0OD00O0D0 .true.00000fse OO OD0OOOOODOOODOO
ooooooooog

1 a(hQUQ) 8(h1u1)

1= —eq- = —
cur es-Vxu Il 1 Oig

e JIDUOODLOODOODOODLODLOODOODOODODDODOOD
goboooobobooogoobooboboboobooboooooboobobog
gbooobooooboobooa.

3.3.2 curl_3d

oo o
sogbobobo 30ooogooog.

ogd O
call curl 3d( x, y, z, u, v, w, zeta, eta, xi, [undef], [hx], [hyl, [hz]
)

oo o

main.tex 20120 70110 (QOO0O)
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<R(:)> in oooboooo.
<R(:)> in gooboooo.
<R(:)> in ugboobgoooo.

<R(size(x),size(y),size(z))> in xO0O0o0oOooooo.
<R(size(x),size(y),size(z))> in yooooooood.
<R(size(x),size(y),size(z))> in zO0OODODOODOOO.
zeta <R(size(x),size(y),size(z))> inout xOUOOOOODO.
eta <R(size(x),size(y),size(z))> inout yOQOGOODOOO.

% < £ N < M

xi <R(size(x),size(y),size(z))> inout zOODOODOODO.
undef <R> in goon.

hx <R(size(x),size(y),size(z))> in xODO0OO0ODoOoOooo.
hy <R(size(x),size(y),size(2))> in yodoooooood.
hz <R(size(x),size(y),size(z))> in zOOOOOOOOO.

oo o
0000000000000 (er,e2e3)0000000 (21,20,23) 0000, 00
00 30000000 rot DO0OOO0O
1 . d(hguz)  O(haus)
hihahg | ' O Oxs

t ey {8(h1u1) 3(h3U3)}

div=V xu=

(9.%3 8901

8(h2U2) . O(hlul) .
+es{ By B = Cer+mnex+Ees

DDDDu:ulel+u2e2+U363DDDDhl,hg,hg,DDDDD J,'l,[EQ,[BgDDDD
goooboboobuoobboobuoobboobbooboo

r1 X Xy 'y, T3 :@ Z
up :uw, U Vv, U3 : W,
hy : hx, hgo : hy, hs : hz
¢ : zeta, 17 : eta, &£ : xi.
O00000000000A =1Lh=1,h3=1000000000
div:el{gzz_gz}+e2{%_gﬁ}+e3{gzi_gg}
O00oooooooon

oo o

e IO OODLOOODLOOODOODLODLOODLOODLOODODDODLOOn
gooboobooboobooboobobobooboobooboobon
gboogboaoobodgbooaa.
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3.3.3 div

oo o

200000000000000A0.

oo o

call div( x, y, u, v, val, [undef], [hx], [hy] )

oo o
X <R(:)> in ooooooo.
y <R(:)> in ocoooooo.
u <R(size(x),size(y))> in xooooooog.
v <R(size(x),size(y))> in yOooooooooo.
val <R(size(x),size(y))> inout 0OO.
undef <R> in goog.
hx <R(size(x),size(y))> in xdO0O00oOooood.
hy <R(size(x),size(y))> in yoooooooog.
ooo O
0000000000000 (e1,e) 0000000 (z1,22)0000,0000 2
OooDO0oOo0O divOOOoOoDoo
. 1 G(hgul) 8(h1U2)
div=V.u=
v v h1h2 8:51 + 6:62
O000u =uje; +ugex U0 00A LA D000OO z,2,0000000000
ooobooboooooooboobobOoooo
1 X, Xy iy, Ul :u UV,
hy : hx, he : hy, div : val.
OOo0DOoOobooOoooOm=4Lh=100000000D0
di 8u1 8U2
Vv=—4+
0:61 81‘2
Oo0opDooooooon
oo o

e IO UOODLOOUODLOODLOODLODLOODLOODLOODLOLDDODLOOn
gobobooboobooboobobbobooboobooboobon
goooooooooooog.

main.tex 20120 70110 (QOO0O)



STPK OOODOO

Jub0noogooo

17

3.3.4 div_3d

un

U
Jubognoooobooonobon.

oo o
call div.3d( x, y, z, u, v, w, val, [undef], [hx], [hy], [hz] )
oo o
X <R(:)> in oo0ooooo.
y <R(:)> in ooooooo.
z <R(:)> in ooooooo.
u <R(size(x),size(y),size(z))> in xO0O0O0OoOoooog.
v <R(size(x),size(y),size(z))> in yoooooooog.
W <R(size(x),size(y),size(z))> in zO0OOODOOOOO.
val <R(size(x),size(y),size(z))> inout 0O0O.
undef <R> in ogooo.
hx <R(size(x),size(y),size(z))> in xODO0O0ODoOoOooo.
hy <R(size(x),size(y),size(2))> in yooooooood.
hz <R(size(x),size(y),size(z))> in zOOOOOOOOO.
ooo o
0000000000000 (e1,e2,e3) 0000000 (x1,22,23)0000,00
00 30000000 divOOQnoooo
1 d(hsh d(hzh d(hi1h
vV u— (23U1)_|_ (31“2)+ (hihous)
h1h2h3 81‘1 8.21?2 8.7}3
DDDDUZU161+U262+U363DDDDhl,hQ,h?,DDDDD xl,a;g,a:g,DDDD
00000000000 000O0O00000O000000o0n
r1 X, X9y, T3 Z
up ou, Uz IV, U3 : W,
hi : hx, ho : hy, hs : hz
div : val.
O0000oDOooOoOoO0O0mMm=1,hh=1h3=1000000000
. aU1 6u2 8U3
div= —+——"F+—
8$1 8332 8933
O0o0o0o0o0ooooon
main.tex 20120 70110 (QOO0O)
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RN

e JO00UD0ODOLDODODLODOODOUDOLDODODLODODLODLODODO
gboobodbooobooboobobbobooboobooboooboon

goooboooobooboo.

3.3.5 grad_1d

oo o

googooobogooooo.

oo o

call grad 1d( x, u, val, [undef], [hx] )

o0 O
X <R(:)> in oogoo.
u <R(size(x))> in xO0O0OoOOoOo0oooooao.
val <R(size(x))> inout 0O0OO.
undef <R> in oooo.
hx <R(size(x))> in xO0O0O0OOOoOOoOoono.
ooog 0O
00 (z)000000«w00000O0O
1 Ou
d=——
gra hlal‘l
000000000000 00000
1 : X, w :u hp:hx, grad : val.
00000000000 =1000000000
ou
d=—
gra 021
O0o0oooooooo
o0 0O

e IO OODLOOODLOOODOODLODLOODLOODLOODODDODLOOn
gooboobooboobooboobobobooboobooboobon

gboogboaoobodgbooaa.
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3.3.6 grad 2d

oo o

gooooobg 20000000000000.

oo o

call grad 2d( x, y, u, valx, valy, [undeff], [hx], [hy]l )

oo o
X <R(:)> in oooooo.
y <R(:)> in oooooo.
u <R(size(x),size(y))> in oooooooon.
valx  <R(size(x),size(y))> inowt x0O000O0OOODO.
valy <R(size(x),size(y))> inout yOQOOOOOOOO.
undef <R> in goog.
hx <R(size(x),size(y))> in xdO0O00oOooood.
hy <R(size(x),size(y))> in yoooooooogd.
ooo O
000000 (e1,e) 00000000 (21,20) 000000 «000000
e1 Ou ey Ou
d=———+—-—
sra h1 (3.%‘1 * hg 8:1}2
Oo0DOoO0ooooobooooogoo
1 X, Ty Yy, u:u hy:hx, he: hy,
1 Ou 1 1 Ou 1
—— : valx, —— : valy.
h1 0x1 7 ha Ox2 y
OO0O0DO0OO0000bDm =1h=1000000000
de e u+e ou
rad = e; — —
& 18.7)1 261’2
Oo0oDoDoOoooooon
oo o

e IO UOODLOOODLOODLOODLODLOODLOODLOODLOLDDODLOOn
gbobooboobooboooobbobooboobooboooboon
goooooooooooog.
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3.3.7 grad_3d

oo o

gooooobg 3gbooonoboooooon.

oo o
call grad 3d( x, y, z, u, valx, valy, valz, [undeff], [hx], [hyl, [hz]

)

oo O
X <R(:)> in
y <R(:)> in
z <R(:)> in
<R(size(x),size(y),size(z))> in
valx <R(size(x),size(y),size(z))> inout
valy <R(size(x),size(y),size(z))> inout
valz <R(size(x),size(y),size(z))> inout
undef <R> in
hx <R(size(x),size(y),size(z))> in
hy <R(size(x),size(y),size(z))> in
hz <R(size(x),size(y),size(z))> in
ooo O

000000 (e1,e3,e3)00000000 (z1,20,23) 00

rad = 100 €2 0u | ey Ou
& - h1 8.%1 hg 8332 h3 (91’3

gooooooooooooooon

1 X, Xy :y, T3 :z w:u hy:hx, ho

1 Ou 1 1 ou 1 1 Ou
——-—— ! valx, ——_— : valy, —_-—
hl 6951 hg 8x2 y h3 83:3
O0ooooooooom=1000000000
d ou n ou n ou
rad = e1— ey — e3—
& ! 8901 2 83?2 3 8.%'3

goooobogooboog

gbooooo.
gooooo.
ugbooaoo.
oboooooboon.
xODOoooooooo.
yooaooooogod.
zOOODODOOOOO.
goog.
xODoooooood.
yooooooooo.
zO00OO0OODOODOO.

oo« 00o0o0oo

: hy, hs : hz

. valz

oo o
e IO OODLOOODLOOODOODLODLOODLOODLOODODDODLOOn
gooboobooboobooboobobobooboobooboobon
gboogboaoobodgbooaa.
main.tex 20120 70110 (QOO0O)
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3.3.8 laplacian_1d

oo o
gooooobooooooo.

oo o
call laplacian 1d( x, u, val, [undef] )

o0 0O
x <R(:)> in o0oogo.
u <R(size(x))> in xO0OOO0O0OO0O0O0O000.
val <R(size(x))> inout 20000.
undef <R> in gooa.
ooo O

00 (x1) 000000 w0 2000000000

0%u

laplacian = —
P Ox?

goooboobooboobboobd

r1 : X, wup : u, laplacian : val.

OO0 O
e 00D DDDOODODOODOODOOODODDDDDDNDDDNDNDDDDOOOO
0000000000000 0000000000DDDDOONODOoOn
Do0000OoO0Ooooooo.
3.4 flts

FFT (OOOUOOOOO0)00000000O0. FFTOOOOOOOOoOoOo,??700.

3.4.1 c2r_ffttp_1d

oo o
100000000 FFTOODOODOOO
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oo O
call c2r ffttp_1d( nx, a, b, [prim] )

oo o
nx <I> in oooooo.
a <CP(nx/2)> in ooooooooo.
b <R(nx)> mout OOOOOOOO.
prim C(1) in O0oooooooom
o) =0000,’x’ =000000
ooo o

NODOOOOOOOODO 2(k), k=0,---,N—100000NOOOODOOOO
00000000000 &()0
N—

>_A

]‘ x —27TZN l

k:0

0,-N-—1

gboooobooaobooo

=

A Qﬂzlk
z(k) = z(k)e*™N, k=0,---N—1

l

I
o

U0oo000nbogooD Temperton DOOO0OO0OD0OOOO0OO FFTODOODODOO
o000 FFTOOODOODOOOO,?2?000

oo o

e D prim 00000 NODOODOODOOODODODODODOOODOO x?
gbooobooobobbobobooboobooboobooooboobooooon
0000000000000000000000000 N =2%3%<7¢000
OO00O00FFTODOODOOO

e 000D ODOIDDODOODOOODO N/2000 a(1) DODODOOODOODOOODO
oooood

3.4.2 ffttp_1d

oo o
100000b00b0b0 FFTOOOO

oo O
call ffttp_1d( nx, a, b, csign, [prim] )
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oo o
nx <I> in oooooo.
a <CP(nx)> in oo0ooooooo.
b <CP(nx)> inout O0OOOODOOOO.
csign C(1) in Oooooon
v =000, i’ =0000
prim  C(1) in O0o0o0oooooom
o) =0 000,’x? =000000O
goo o

NODOOOOOOoOOOOO x(k), k=0,---,N—1000000000000000
00000 2(i)0

N-1
A 1 72m'ﬂ
z(l) = — xz(k)e "™N, 1=0,---N—1
N
k=0
gogooobobobobooo
N-1

w(k)=>_ &(k)e*™N, k=0,---N-1

O000000000 Temperton U0 ODOODOODOODOO FFTOOODOO

oo o

e D prim 00000 NODOODODODOOODODODODODODOODOO 0x?
gbooboobobbopoooboobooboobooboboobon
D000D00000000000D0D000000000 N =243%7¢000
OO0O00O0FFTODOODOO

3.4.3 fittp_2d

oo o
20000000000 FFTODOO

oo O
call ffttp_2d( nx, ny, a, b, csign, [prim] )

oo o
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nx <I> in lopooooog.
ny <I> in 20000000.
a <CP(nx,ny)> in ooooooooo.
b <CP(nx,ny)> inouwt OOOD0OOOOOO.
csign C(1) in ooooooo

v’ =000,’1> =0000
prim  C(1) in ooooOooooood

o’ =000, ’x? =0000O0OO

ooo o
(N,M)000000O00000 ak,l), k=0,---,N—1,1=0,--- ,M—1000
00000000000000000 &(m,n)0

gbooooboabod

M-1[N-1 km .n
2k, 1) = [Z:L‘(m,n)e27”N] ™M, k=0,---,N—1,1=0,---,M—1

n=0 Lm=0

U000000000 Temperton UO0UOD0OO0OD0OD0OO FFTOOOOO

oo o

e Ul prim 00000 NOOUODOOOODOOODOOODOOOOO »x?
gbooboobobbobbooboobooboobooobobooboon
D000000000000000000000000 N =2%3%7¢000
Ooooorrrooooog

3.4.4 r2c_ffttp_1d

oo o
1g00ogoooog FFTODOOO

oo o
call r2c ffttp_1d( nx, a, b, [prim] )

oo o
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nx <I> in gooooo.

a <R (nx)> in oooooooo.

b <CP(nx/2)> inout OOOOOODODOO.
prim C(1) in oooooooooond

o’ =0 000,’x’ =00000O0O

000 O
NOOOOOOOOOO «z(k), k=0,---,N—100000NDOOODDOOOO
00000000000 2()0

N

5, 1 —27Tiﬂ
x(l):N z(k)e "N, [=0,---N—1
k=0
oo0ooooooooo
N1 1k
z(k) =Y #(k)e*™N, k=0,---N—1

=0

O0O000000o0D Temperton DO OO0OOOO0OOODOO FFTOOODODOO
o000 FFTOOODOODOOOO,??000

oo o

e D primU00 00O NODOUODOODUOOODODODODDODODODOODOO x?
ggboboooobooboboooogobobooobooboboboobobog
D000DD00000000000D0D000D000000 N=243%5°7¢000
OO0O0O0O0oFFTODOODOO

e JIDUOODODODODDODOODLOODOODODDODOODOOD
0000000000000 000000O0000O0000ooOoO0O N/20
b(1) OOO0D0OOO000OO

3.5 file_operate

joo0ofooo.0ooooooooooo0oooooooobooooooooon.

e 4000DOODOOODO.
e mgdsst 0 0O0O.
e JODODOODODOODODO.

e gtool3 DO ODOODODO.
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3.5.1 auto_read_file

00 O
200,300000004000000000000000000000 read_file
00000000 (CReSSOO).

o0 O
call auto_read file( file_name, d2n, d3n, d2val, d3val,
ad2val, ad3val, nx, ny, nz, d2var,

d3var, [specnz], [intvnz] )

oo o
filename <C(*)> in ooooooooo.
d2n <I> in oooo 2000000.
d3n <I> in oooo 30o00oooa.
d2val <C(*)> in 0000 20000000 (O0O)
d3val <C(*x)> in 0000 30000000 (00)
ad2val <C(*x)> in 0000 20000000 (00).
ad3val <C(*)> in 0000 30000000 (00)
nx <I> in xdogoooo.
ny <I> in yooooood.
nz <I> in zOOOoOoo.
d2var <R(nx,ny,d2n)> inmout 200000.
d3var <R(nx,ny,nz,d3n)> inout 300000.
specnz <I> in zO0OOODO 10 (OO).
intvnz <I(2)> in z00OOODOOOOO (O0O).
oo o

call read file O 0O.

oo o

e 40000DOLOODLODO 2,3,2,300000000 10000000DO0
gooooooooooooooo.

e d2val, d3val, ad2val, ad3val UOO0O0OOO0O0O0OOO0OOOOOOO0O
0,2,3,2,30000 4,3,4,0000000ooooo0On,

d2val = ’0001°’, d3val = ’000’, ad2val = ’0000’, ad3val =
710000’

goo,0bo0b,b0b0 2000000 400,000 3000000 10
gboooobodb,d2n =1, d3n=100000000.
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e specnz JUOOODOODODDO,3000000 nz0O00O0OO, specnz 000
gbooooboobgoo.

e intvnz 0000000000 ,3000000 nzO0OOO, intvnz(1) OO
intvnz(2) OO0 0ODOOOOOOO.

3.5.2 line_number_counter

oo o
goooooooooooooobooobooboobooboobogobooog.

oo 0O

result = line number_counter( file name )

od O
file name <C(x*)> in oooooooooooo.
oood <I> inout 0O0O.
goo gd
ggoono.
g O
ggoono.

3.5.3 read file

oo o
gobobooobooobooboobooboob 20000000000 0DO0O.

oo o

call read file( file name, nx, ny, rec_num, var )

oo o
file name <C(*)> in gooooooono.
nx <I> in goooooag.
ny <I> in goooooag.
rec_num <I> in nxxny 0000000000000 0O0O0O0O0O.
var <R(nx,ny)> inout O0O0000O00O.
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ood0o O
1 open(unit=11, file=file_name, access=’direct’, recl=4*nx#*ny,
2 read(11,rec=rec_num) ((var(i,j),i=1,nx),j=1,ny)
3 close(unit=11, status=’keep’)
ogd O
oooo.
3.5.4 read file gtool3

oo o

gtool3 000D O0OOOODOODOODOODO.

oo o

tatus=’0l1ld’)

call read file gtool3( file name, nx, ny, nz, tstr, tstep, tnum, var )

oo o
file name <C(x)> in ogoooooood.
nx <I> in ooooooag.
ny <I> in gooboobo.
nz <I> in ooooooa.
tstr <I> in Ooooooo (oo).
tstep <I> in O0000ooooo (oo).
tnum <I> in ooooooo (o).
var <R(nx,ny,nz,tnum)> inout O0O0OO0O0O.
ooo o
oooo.
oo o
e tstr, tstep, tnum U000, 1 0000000000 tmax 0D OODOODOO
oooooobooooodd,
tstr + tstep * (tnum - 1) <= tmax
000000 DoOoOoOoOoOo0O00.000,tstr =1 00,000000000
0000000. O000ooboo0oooobooooooooa.
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STPK OOODOO Jub0noogooo 29

3.5.5 read_file_gtool3_header_c

oo o
gtool3 0D O0OO0OOOO0OOO,0b00b00ObObOObOobOOoboOoOO.

oo o

call read file gtool3_header_c( file name, header, var )

o0 0O
file_name <C(*)> in ooooooooo.
header <C(x)(:)> in goooooo.
var <C(16) (size(header))> 1inout header OO OOOOODO.
ooo O
oogoo.
o0 0O

e HODOOOONO,
http://www.riam.kyushu-u.ac. jp/taikai/lab/others/Gtool/node111.html
Jdddddoooo. ood, Fortran OO0O0OOOO unit, size 0000
O,uni, sizO00O0O00O0O0O0O.

3.5.6 read_file_gtool3_header_i

oo o
gtool3 0D UDO0OO0O0O0OO0OOO,0b0bObObOobOobOoboObOO.

oo o

call read file gtool3 header_i( file name, header, var )

o0 O
file name <C(*)> in O0o00oooooo.
header <C(x)(:)> in gooooono.
var <I(size(header))> 1inout header OO OOOOODO.
ooog O
oooo.
o0 0O
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e JOOOOOOO,
http://www.riam.kyushu-u.ac. jp/taikai/lab/others/Gtool/node111.html
Oo000oOoooono. DOd, Fortran DOODOOOO unit, size DO0O0O
O,uni, sizO0O0QOQOQOQOQ.

3.5.7 read_file_gtool3_header_r

oo o
gtool3 DO0DOOODOOOOOOODO,0000DOODOO0OODOODOO.

oo o

call read file gtool3 header r( file name, header, var )

o0 0O
file name <C(*)> in O0o00oooooo.
header <C(x)(:)> in gooooono.
var <R(size(header))> 1inout header OO OOOOODO.
o0oag O
ooogo.
o0 0O

e JODOOOOOO,
http://www.riam.kyushu-u.ac.jp/taikai/lab/others/Gtool/nodel11.html
OO0000DO0O00. 000, Fortran DOOODOOODO unit, size OO0
O,uni, sizOOOOOOO.

3.5.8 read_file_text

oo o
gobogoobooboonoboobooobon.

oo o

call read file text( file name, nx, ny, var, [skip], [formal] )

oo o
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file name <C(*)> in gooooooono.

nx <I> in uo.

ny <I> in go.

var <C(nx,ny)> inout O0O0OOODOO.

skip <I> in OOoooooooo.

forma <C(*)> in O00000ooooooD (oo).

uaoo O
goo,0b0000b0o0b00bbo0boobbD. nxb 10000000D0O0
Uobobod,ny000oooooobon0. 000, skipd00oooooooo,
skip DO OOO4O0OoooooOoon.

oo o

e N UODOO,0DU00DU0DO skipbOuooooooog.

3.5.9 read _mgdsst

oo o
O00 MGDSSTOOOOOODODOOOOODOO.OoOooOoooog,bood
0.

oo o

call read file( fname, var )

oo o

fname <C(x)> in ooooooooo.
var <R(1440,720)> inout sstO00O0O.

ugd o
O000. (MGDSSTOOOOoooooooooog,
http://near-goosl. jodc.go. jp/rdmdb/format/JMA/mgdsst . txt
00.)

oo o

e 000D ODODODODODOODOOOOO (DO 0°, 00 —89.875°) 000, O
gbooboooog,bogbooobooobooobooobuooboooobooon.

e IOIODONO 999.0, 000000 &L000DOOODOOODO.
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3.5.10 write_file

oo o
gbooopobooboobbooboobbo 2000000000000D0O040.

oo o

call write file( file name, nx, ny, recnum, var, [mode] )

oo o
file name <C(*)> in ooooooooo.
nx <I> in ooooooo.
ny <I> in ooooooao.
rec_num <I> in nxxny D 0000000000 0000.
var <R(nx,ny)> inout OOOOOODO.
mode <C(*x)> in goooooooooooon.
ogoo o
1 open(unit=11, file=file_name, access=’direct’, recl=4*nx*ny, status=mode)
2 write(11l,rec=rec_num) ((var(i,j),i=1,nx),j=1,ny)
3 close(unit=11, status=’keep’)
oo o

emode I Fortran 00000 status=000O00OO0O00OO0O.

3.6 math const

gbooooboo.booboboobooobooobboon.

|0o0 |0 | ooo |ooooo )|
| pi | <r> 314159265 | DOO |
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3.7 matrix_calc

gobooboo,boobobooog,obooobooooboobooobogbo. o

ocoooooboooooooooo,??Do0.

3.7.1 Gau_Sei

oo o
goooooooooooo 1gboobobobooobon.

oo O
call GauSei( a, b, eps, x )

ogd O
b <R(:)> inout 0O0DOOOOO (DO).
a <R(size(b),size(b))> inout OO (O0O).
eps <R> in 0oooo (oo).
X <R(size(b))> inout 0OOOOOOO (ODO).
ogogd O

00 ay, 0000 b 00000,
ai;r; = b;
goboboouboodoboodoo ez, dbood. g0, 0dooo0dgood
aij : a(i,j), =z; @ x(j), b : b(i)
O00.000000000D00ooobooooogoz??o0d.

oo o

e 0 epsUODOO0ODOOODOOOOODOOD,DO00D00DOO0 eps0O0

gbooooboobooaobobgod.

3.7.2 Jacobi_algebra

oo o
gooooooob 1oboboboobooooon.
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oo O
call Jacobi_algebra( a, b, eps, x )

ud o
b <R(:)> imout 0DOODOO (DD).
a <R(size(b),size(b))> inout OO (0O).
eps <R> in ooooo (@o).
X <R(size(b))> inout 0OOOOOOO (ODO).
oaoo O

00 ay, 0000 00000,
aj;r; = b;
goboododooooooobd z;00dd. oodd,oooododood
a;j + a(i,j), x; : x(3), by : b(i)
O00.000000000bOO00ooaz??o0.

oo o

e U0 epsUODOO0ODOOODOOOOODLOOD,DO00D00DOO eps0O0
goooooooooooooon.

3.7.3 Jacobi_eigen

oo o
gbboobboobuodgboobbooboobboobooon.

oo o
call Jacobi_eigen( a, lambda, [eps] )

ogd O
a <R(:,:)> in O0oooooooo (o).
lambda <R(size(a,1))> inout OO0 (O0O).
eps <R> in O0000oooo (o).
ood O

00 ay;, 0000 00000,

a@-jxj = )\l’l
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goboooooooooo aobob.obo, A0 bobobb. oo
gb,g0bogabooab

a;j : a(i,j), A : lambda(k)

O00. k00000000000 1ambda(k) OOO. OOOOCOOOOOODOO
oooz?000.

oo o

e cps ODOO0OOODOODODODOO,100D0000000DODOODODOO
00 eps U0 0O0O0DOO0OOOODODOODO.

3.7.4 LU_devs

oo o
gooooooooob Lubogooboboboo.

oo o

call LU devs( a, b, x, itermax )

oo o
b <R(:)> inout OOOOOOO (OO).
a <R(size(b),size(b))> inout OO (O0O).
b <R(size(b))> inout O0OO0OOOOO (ODO).
itermax <I> in gogooooo.

ood O

00 ay, 0000600000,
aj;r; = b;
bobooodooooooobd z;00dd. oodd,ooooodoog
a;j + a(i,j), x; : x(3), by : b(i)
OO00.000o0o0o?2?00.

oo o
good.
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3.7.5 SOR_Gau_Sei

oo o
SOROO00O0O00DOOOOO0O0DOOObO 100000 OOoOoDboOoooO.

oo o
call SOR Gau Sei( a, b, eps, accel, x )

ud o
b <R(:)> mowt DODODOD (OO).
a <R(size(b),size(b))> inout OO (OO).
eps  <R> in 00000 (OO0).
accel <R> in SOROODOOO (0O).
b <R(size(b))> inout 0OOOOOOO (ODO).
gogd O

00 ay, 0000 400000,
ai;r; = b;
boooodoooooooboo »;0000.0000,000000000
aij : a(i,j), =z @ x(j), b : b(i)
Oo00.SorRODDO0000000DOO00DOO0O0ODooOOoOoDOOoOo??o00.

oo 0O

e 0 epsU0OODODOODOODLDODODLDO,DO0DLOD0O0ODO epsODO
gboooobogboabobgad.

e I00,00000 200000000 0DLODODLOLOO.ODOODODAO,
20000000000DO,000D00D00O0DODODO.

3.7.6 SOR_Jacobi_algebra

oo o
SORUU0O0OO0O0OU0DOOoOoboOoo1goboouoooooboooon.

ogd O
call SOR_Jacobi_algebra( a, b, eps, accel, x )
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o0 O
b <R(:)> inout
a <R(size(b),size(b))> inout
eps <R> in
accel <R> in
X <R(size(b))> inout
ooo O

00 a;,0000K00000,

aijwj = bz

ooooooo (0o).
0o (oo).

0Ooooo (OO).
SOROOOO0 (O0O).
0ooooooo (Oo).

goboboouboodoboodgob ey dbood. doboo,0doo0aood

a;; ¢ a(i, j), =

> x(3),

b; : b(i)

O00.S0RO0ODOOO0O0OO0ODOOOODOOOO??OO.

oo o

e 0 epsUDOODOODODOODLDODODO,DO0D00D000DO epsODO

goooooooooooooon.

e 00, 00000 200000000000 0O0ODOOODLD. ODOODOOO,
200b0000D00DOO0ODO,0D00D0O0DOO0DODODO.

3.7.7 determ_2d

oo o
20000000000.

oo o
result = determ_2d( a )
oo o
a <I,R(2,2)> in O0OOOOO.
goo o

20000 A0000 |A|D

<A_<“ b), = |4l=
c d

goo.

= ad — be
c d
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oo o
gooag.

3.7.8 eigenvalue_power

oo o
gboogoobooboboobbooboooboobbooboooboooDba
gooag.

oo o

call eigenvalue power( a, eps, lambda, 1lv )

ogd O
1lv <R(:)> inout OOOOOO (OO).
a <R(size(lv),size(lv))> inout O00O0O00OO0OOO (OO).
eps <R> in 000O0D00OO (OOD).
lambda <R> inout OO0 (ODO).

oaoo O

Oday, 0000z, 00000,
aijxj:)\xi

000000000000 AODQOQOO. 000, 000 (bOODODODOOoOoOOoOD
0,)00000000000,00000000000000000O0O0DODO. O
ooo,0b00b0b0Dbo

a;j : a(i,j), A : lambda, x; : 1lv(i)
go0.dbodoboobouobobobobgo?z?oo0O.

oo o
oooo.

3.7.9 gausss

oo o
gboooobooboobbooboobbooboo.

oo o

call gausss( a, b, x )
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ogd O
b <R(:)> inout OOOOOODO (ODO).
a <R(size(b),size(b))> inout OO (OO).
x <R(size(b))> inout 0OOODOOO (OO).
ood O

00 ay, 0000 b 00000,
ai;r; = b;
goooodooooooobobo ;0000 0000,000000000
aij : a(i,j), z; @ x(j), b : b(i)
O00.0000000D00D00DO00DOO0goO??700.

oo o
good.

3.7.10 invert_mat

oo o
gooooobooobooooo.

oo o

call invert.mat( a )

oo o

a <I,R(:,:)> in ooooo.
b <I,R(size(a,1),size(a,1))> inout aO0O0O.

ogoo O
oooboobooooboobobooobOo.oooooooo?2?00.

oo o
oooo.

3.7.11 schumit_norm

oo 0O
gbobooobuogbboobooobuoobboobbooboooboaobdg
goooo.
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oo o

call schumit_norm( u, v )

oo o

u <R(:,:)> in Oo0o00oOo0oooo.
v <R(size(u,1),size(u,2))> inout OO0O0OOOOO0O.

uaoo O
DDDDDDDD{u}jDDDDDDDDDDDDDDDDDD{v}jDDDDDD
gbooaboboogobgdaoo

n 7—1
{'U}j = { }] ) {v,}j = {“}g - Z ({u}] Avh) {v}e
v, pard
gono.
oo o
gooo.

3.7.12 trans_mat

oo o
oooooooooooo.

oo o
call transmat( a )

0o O
a <I,R(:,:)> inout O0OOOOO.
000 O
00 A;0007TA0 A;000.

oo o

e 00 inout DODOUODOODOODOO,0000000000000000O00.

3.8 max_min

gbooooobo,obbooboobooboon.
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3.8.1 max_val 1d

oo o
1000000bobooboobbooobooboboooboooboooon

oo o

call max_val_1d( var, mamn, mamv, [undef] )

o0 0O
var <R(:)> in 10000000.
mamn <I> inout O0O0O0OOOOOOOOOOOO.
mamv <R> inout vardgoogQg .
undef <R> in oooooooo.
ooog O

o0 1o00o00b00bobobooboobobobooboooboboboo
gooooooood

oo o

e JOUIDDOODOODDOODOODDOOODOODLOO

3.8.2 max_val 2d

oo o
2000000000000 000bO00bLbOOoObOo0bOOObLbOn

oo o

call max_val_2d( var, mamn, mamv, [undef] )

o0 O
var <R(:,:)> in 20000000.
mamnx <I> imout O000O000OOO0OOOOOO 1000000.
mamny <I> inout O0O0O00O0O0O0OOO0OOOOO 20000000.
mamv <R> inout varggogag .
undef <R> in oooooooo.

ooog O

o0 10000b00b0obobobobobobobobobooobobobooo
gboooobooooog
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oo o

e IO DOODOODDOODUODLDbOOODOODLOO

3.8.3 max_val_3d

oo o
Juboobobooobouoobboobooboboobobooboobobon

oo o

call max_val_3d( var, mamn, mamv, [undef] )

o0 0O
var <R(:)> in 30000000.
mamnx <I> inout O0O0OO0OO0OOOODOOOO 1000000.
mamny <I> inout 0O0OO0OO0OOOODOOOO 2000000.
mamnz <I> inout O0O000O0O0OOOODOOO 3000000.
mamv <R> mout varQggnono .
undef <R> in oooooooo.

o0oag O

oo 1oboobgobooobooobooboogbooobuoobooobgoonad
gbooooooooDd

oo o

e IO DOOODLOOODDOODLUOODLDOOODOODLDOO

3.8.4 min_val_1d

oo o
100gbogobooooobogobobobobobgoboboboooboobon

oo 0O

call min_val_1d( var, mamn, mamv, [undef] )

oo o
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var <R(:)> in lgoooooo.

mamn  <I> inout DOOOOODOOOOOOOOO.
mamv  <R> inout vard oo .

undef <R> in gooooooao.

uaoo O
gboo 10b000b00bo0booobooooooboooboobooboong
oooooooood

oo o

e 000U DOODOODOODODODODODODODODO

3.8.5 min_val_2d

oo o
200b0000b00b00DbODbODODbODODODODLODODLODO

oo o

call min_val_2d( var, mamn, mamv, [undef] )

oo O
var <R(:,:)> in 20000000.
mamnx <I> inout O00OO00OOOOOOOOO 1000000.
mamny <I> inout O0OO0O0OO0O0O0OOOOOOO 200000A0.
mamv <R> inout varoogoang .
undef <R> in oooooooo.

o000 O

gob1l1o00o00boboboboboboobobobobobooooboboboo
goooooooog

oo o

e IO DOOODLOUODDOODLUOODLDOOODLOODLOO

3.8.6 min _val 3d

oo o
Juboobobooobooobbooboobobooboboobooobobon
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oo o

call min_val_3d( var, mamn, mamv, [undef] )

o0 O
var <R(:)> in 30000000.
mamnx <I> inout O0O00O00O0OOOODOOO1000000.
mamny <I> imout O0OO0O0O0OO0O0O0OOOOOO2000000.
mamnz <I> inout 0000000000000 300000A0.
mamv <R> inout vardgoggng .
undef <R> in ooo0ooooo.

ooog O

o0 10000b00boboboooboobobobobooboobooboboobooo
gooooooood
oo o

e 000U DOODOODOODODODODODODODODO

3.9 phys_const

0000000. 00000000000000000000000. 0000000
(2008) OO .

|0Doo [ o | ooo ooooo | 0o |
Me | <R> | 5.9736e24 ooooo [kg]
g <R> 9.81 0000000000 | [m?/s]
omega | <R> | 7.29e-5 00000000 [1/s]

radius | <R> | 6.357e6 000000 [m]

3.10 poly_function

gboboooobooooboob. ooobooobobooboobooooboob,00oon
0000 interface 000000000, 000000000000000,000000
uboboooboooboboobbao. bo,g0obboobobooooboboobod
oooog??00.
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3.10.1 chebyshev

oo o
0—nUO0000D0O0ODOOODODOOD0O.

oo o
call chebyshev( n, x, che )

oo O
n <I> in oooooooo.
x <R,DP(:)> in oooooao.
che <R,DP(0:n,size(x))> inout O0O0O0OODOOODO.
ooag O

n00000000000 Th(x)OOOO,

oo o

e JO0DOOODOOOODOODOOOD.DODODOOODODODO?IOO.

3.10.2 gegenbauer

oo o
0—-nUD00000OOO0DOOOOODODOOO0.

oo o

call gegenbauer( n, x, p, lambda )

oo o
n <I> n gooooooo.
b'd <R,DP(:)> in ooooono.
p <R,DP(0:n,size(x))> inout O0OOOOOOOOOO.
lambda <R> n goooooooon.
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0oo o
n0000000000000 CXMz)00O00,

2"I(n+ A) n l—-n 1
A n .
Ci(z) = P TV T F< 5 "9 1—n—X) 2>.

goo,rFO000b0Ooooboooon.

oo o

e JO0DOOUODOOOODOOUDOOOD.DOODOOOODOODOO??IOO.

3.10.3 hermite

oo o
0-n000000000000000.

oo o

call hermite( n, x, p )

oo O
n <I> in ogooooooo.
x <R,DP(:)> in oogoooo.
p <R,DP(0:n,size(x))> inout O000O0OOOOO.
ogoo o

nO0000000000 Hy(x)OOOO,

[n/2]

B (-D*k—-1)!n!
H"(“’)_kzo 2k) U (n—2k) 1 "

oo o

e JODOOU0DOOUOUODOUODOUUD.DODODOUOUDODODO??IOO.

3.10.4 jacobi_poly

oo o
0—-n0000000000000.
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oo o
call jacobi_poly( n, x, p, alpha, beta )

o0 O
n <I> in ooodooooa.
X <R,DP(:)> in ooo0ooo.
p <R,DP(0:n,size(x))> inout OODOOOO.
alpha <R> in gooog 1.
beta <R> n ooooo 2.
oOoag O

n00000000 Ga(a, 8; 2)0000,

¥n! I'a+n+k)I(B)
Gnla, _1+Zr'n—r‘F(a+n) (ﬁ—l—k)xk

oo o

e JO0DOOUODOOOODOOUDOOUOD.DODODOOUODODODO?IOO.

3.10.5 laguerre

oo o
0—nUO0000DO0ODOOODODOO.

oo o

call laguerre( n, x, p )

oo o
n <I> in oooooooao.
x <R,DP(:)> in oogoooo.
p <R,DP(0:n,size(x))> inout O0OOOOODO.
ooo o

n000000000 Ly(x)0OOO,
n

= iR R

ku ukv :
=0

oo o

e JO0DOOODOOOODOODOOOD.DODODOOOODODODO?IOO.
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3.10.6 legendre

oo o
0—nUO0000D0O0ODOOODODOOD0O.

oo o
call legendre( n, x, p )

oo o
n <I> in oooooooao.
x <R,DP(:)> in oooooo.
p <R,DP(0:n,size(x))> inout O00OOD0OOODOO.
ooo o

n00000000000 P(r)0D0OO,
oo

=kt D)n—k+2)nn+1)-(n+k)

EVE!
k=0

oo o

e J0DOOUODOOOUODOUDLOOUOD. DOODOOULUDODODLO?IOO.

3.10.7 sonine

oo o
0—-n0000000000000.

oo o

call sonine( n, x, p, lambda )

oo o
n <I> in oooooooao.
X <R,DP(:)> in oooooo.
P <R,DP(0:n,size(x))> inout O OODODOO.
lambda <R> in ooooo.
ooo o

n00000000 S)x)0000,

" —DEn+ M)
Sé(x):kzok!( ) (n+A) k

mtr—k) 1 k!"
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oo o

e 10DDO0DODOOUOUDDODDOUOUD. DODODODOOODDODODOO?IOO.

3.11 special _function

gboobooboobobo. oo, boboobobooboa,ooboooboboaon
oo0,00000oog?»20o0ooooog.

3.11.1 Full _Ellipl _Func

oo o
gbooobooobogooa.

o0 O
result = Full E1lipl Func( k )

o0 0O
k <R> in oo.
000 <R,DP> inout 0O00O0O0O.
ooad
w/2 1
K(k;):/ — 0.
0 1—k2sin260
o0 0O
oogo.

3.11.2 Full_Ellip2_Func

oo o
goooooooogoooog.

oo o
result = Full E11ip2 Func( k )

oo 0O
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k <R> in ao.
O0Od <R,DP> inout OO0OO.
oon
w/2 1
K(k:):/ —df.
0 1—k?sin*0
o0 o
oooo.
3.11.3 bessj
oo o
OO00O00oO0oooooooog.
oo o
result = bessj( m, t )
oo o
l <I,R> in ooooooooo.
t <R,DP> in oo.
000 <R,DP> inout 0O00ODO.
ooo O

mO10000000 J,¢)0000,

) o (_1)k ¢ 2k+m
Jm(t)—zkgf(k+m+1) (2) .

k=0

ooo,I'm0mOO0O0O0O0OOODOO.

oo e JI0O0O0OO0OOOUDOOODOUUDO.OUIDDOOODOOUODOO??OO.

3.11.4 bessy

oo o
goooooooogoooog.

oo o
result = bessy( m, t )
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oo o
m <I,R> in ooooooooo.
t <R,DP> in ao.
OO0 <R,DP> mout O0OOO.

ooo o

mOO0000000 Y,()0000,

m—1

N A 2k—m
Yin(t) = Jo(t) Int — % 3 (m:'l)' <t>

2
k=0
1S (—1)F 1 1 1 1 £\ 2 m
_Z 7 (1424 4= Z .
s mm (ot )+ G )| ()

ooo,I'm0mOOO0O0OO, J,6)DmOOOOOOOOOO.

oo e JI0O0OO0O0OOOUODOOODOUUDO.OUDDOOODOOUODOO??OO.

3.11.5 beszero

oo o
goooooooooooogoooog.

oo o

call beszero( nmax, mmax, k )

ogd O
nmax <I> in goooooooooo.
mmax <I> in gboobooooo.
k <R,DP(0:nmax,mmax)> inout 000000 (ODOOO).
ggg O

gobooboboo oobonbOO0O0DO0ODO0DmOOOODOOOOD. OO
go0,00b0b00oboboobobooboo.

N nmax, m . mmax.

oo e U000, n00 mUI0000DO0O0ODOOODOOODDOO, call beszero(
n, m, k(0:n,m) )OOO0O0O0,kx(n,m) OOO00ODODODODOOOOOOOOO.
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3.11.6 beta_func

oo o
googooooogoo.

oo o

result = beta func( x, y )

o0 O
X <R,DP> in gooo.
y <R,DP> in oooo.
OoO0dO0d <R,DP> inout 0OO0O0O.
ooag O

000000 B(z,y) 0000,

1
B(z,y) = /0 T L1 —t)vtdt, a2,y >0

un e J0D00O0OO0DOOODOOODOUOULDO.ODUODOODOOOODOO??OO.

e JOIODOODDOODOODDO,

B(z,y) = B(y,z)

gbooab,ggooabboon.

3.11.7 delta

oo o
gboooobooobooaoboobgd.

oo o
result = delta( i, j )

o0 0O
i <I> in oooo.
j <I> in opooo.
OO0 <R> inout OOOO.
ogoagd
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oo o
gooag.

3.11.8 df bessj

oo o
goooobooboobobooD.

od o
result = df bessj( m, t )

oo o
m <I,R> in uboooooboooood.
t <R,DP> in guo.
gob <R,DP> inout OQOOO.

uaoo O

mOd0O00O0O0000000 Im(t)DDDD,
Ln(t) = i T (it).
DDD,Jm(t)DmDDDDDDD,iDDDDDDDD.

un e J00O0O0O0OOOODOODOOUOUDO.ODUODOODOOOODOO??OO.

3.11.9 df bessy

oo o
gooooooooooooooo.

oo o
result = df bessy( m, t )

oo o

m <I,R> in ooooooooooo.
t <R,DP> in oo.
oodd <R,DP> inout O0O0ODO.
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ogoo O

mOO0O00000000 K,(t)OODOO,

Kin(t) =

2 sin mm

ooo, L,(t)0mOOODOOO0O0OOOOOO.

7 L(t) = Lu(t)

un e JI0DOO0O0ODOOODOODOOUUDO.DUODOODOOOODOO??ZOO.

3.11.10 epsilon

oo o

goooooboobooooboooboo.

oo o

result = epsilon( i, j, k)

oo o
i <I>
j <I>
k <I>
googd <R>

ooo

oo o

ogoono.

3.11.11 gamma func

oo o

n
n
in

mout

gbooooobooaoo.

oo o

result = gamma func( x )

oo o

oooo.
oooo.
gooo.
oooo.
1 ood
Eijk = —1 000
0 OO0

main.tex
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uo.
goog.

X <I,R> in

OO0 <R,DP> inout

ugoo O
000000 I'(z)0DOooO,

oo
I'(x) —/ t*te7tdt, x>0
0

00 e 00000000 ODDOODOUU.DODODUOUDUDODODDOOD??OO.
3.11.12 kaijo
oo O
ooooood.
o0 O
result = kaijo( i )
oo O
i <I> in oo.
000 <I,R> inout OOOO.
ooo
il=ix(i—1)x--+x2x1
oo O
oooo.
3.11.13 sp_bessj
oo O
000000000 0ooooDooo.
o0 O
result = spbessj( m, t )
oo O
m <I,R> in oooooooooo.
t <R,DP> in oo.
OO0 <R,DP> inout O 0O0O0O.
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ogoo O
mOO0O0O00O000O0O 4,)0000,

s

it = (2 ol

000, J,(t) D mOOOOOOOOOO.

un e JI0DO0O0O0OOOODOODOOUOUDO.ODODOODOOOODOO??OO.

3.11.14 sp_bessy

oo o
gboooobgogboabogd.

oo o
result = sp bessy( m, t )

oo o
m <I,R> in ogoooooooon.
t <R,DP> in ao.
000 <R,DP> inout 0O00OO.

ogoo o

mO00000000 j,)0000,

s

ym(t) = <§) v Ym+1/2(t)'

000,Y,¢t)OmOOOOOOOOoOoOO.

oo e JO0UDUDOUODODODODODOD. ODUODUODODODOD??O0D.

3.12 statistics

gbooooobooog,obg,bb,ob0boboobboobooboboon.

3.12.1 Anomaly_1d

oo o
l1b000b0ooboboobooobbooboooboo
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oo o

call Anomaly_1d( x, anor, [error] )

OO0 O
b'd <R(:)> in 100000.
anor <R(size(x))> inout O x(1)O0OOOODODO.
error <R> in gooooono.
o000 O
000o00o0oood -, 000000000000000 e, 000000000
oOooa
1 n
aizﬂfi—gz.ﬁp
p=1
oo O

e IO OODOODOODLOOLOODLOODODDODDODOODLOODn

U000Db0o0b0O0o0obobb0o0obbobbO errord0ngonooonOO
0oood

3.12.2 Anomaly_2d

oo o
2000000000 00D0DbOoO0ODbO0ObLDbDOn

oo o

call Anomaly 2d( x, anor, [error] )

oo o
X <R(:,:)> in 10o0oono.
anor <R(size(x,1),size(x,2))> inout 0O x(i,j)IO0O0O0ODOO.
error <R> in goooood.

ooo o

gobogbooooobd ez, 0000000000000 00 e, BOOODOODOO

oooono
1 n m
Qij =xij—%22xm
qg=1 p=1
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oo o

e O UDOUOOOLOUOLOODLOOLOLOODLODODDLODLDDObLOODLOOn
gobooobooooobobboooooodn error 000000000
gon

3.12.3 Anomaly 3d

oo o
sOognooboobooobooboobooboboooboonDg

oo o

call Anomaly 3d( x, anor, [error] )

oo o

b'd <R(:)> in 10000n0.
anor <R(size(x,1),size(x,2),size(x,3))> inout 0O x(i,j,k) 0000000,
error <R> n goooooo.

ooo O

0000000000 24, 000000000000000 a1, 0000000
000000

1 n m

oo o

e JIDUOODOODLOODOOLODLOODODDODDODOODLOOD
Ub0o0o0oDb00booobobboobbobbO errord0ngonooonOg
oo

3.12.4 auto_interpolation_1d

oo O
1000000000000 D00Db00000b000b0b0DbO0DOinterpo_search 0O
OO0 interpolation U D UOODODOOUODOUODODOOODOOODOOOODOO.

oo o

call auto_interpolation_1d( x, r, u, v, undef )
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oo o
X <R(:)> in ooooooo.
T <R(:)> in ooooooooog.
u <R(size(x))> in 00 x0000O0OOOOQOoOooOOg.
<R(size(r))> nout 00 rO0000O00O0O0OOOO.
[undef] <R> in oooo.
ooo o

OO0x00000x(ODOODOOOO0OOwHODODOOODOOODOxOOOO
goooooooooooooooo0o rod0r()obobobobg v
oooboooooobD.Oboooboo?»?00oboOoooboon.

oo o
goog.

3.12.5 auto_interpolation_2d

oo o
20000000000000000000DO00DO0O0O00Ointerpo_search 0
000 interpolation U OO ODODODO0OOOODODOOODOOOOOOODOO.

oo o

call auto_interpolation 2d( x, y, r, p, u, v, undef )

oo o
X <R(:)> in ooooooo 1.
y <R(:)> in oooooog 2.
r <R(:)> in oooooobooo 1.
p <R(:)> in Ooooooboogo 2.
u <R(size(x),size(y))> in OO0x,yoOOoOoooooooog.
v <R(size(r),size(p))> inout OO0 r,pO0000OO0OOODOODO.
[undef] <R> in goog.
ooo O

O0x,yOUDUOD x),y(HpOoOoOooooobo0dw@,ppobbobobooon
x,yo0ouooooooooboooboooooooo0 r,p000 r(1), pm) O
ooboooodbov@QamOO00OO000O00O000. oboooo?2?0bb0OonDO
goo.

oo o
gooag.

main.tex 20120 70110 (QOO0O)



STPK OOODOO

Jub0noogooo 60

3.12.6 auto_interpolation_3d

oo o

J0000b00b0oo0obobobobobo0b0dbOodlUdinterpo_search 00
U000 interpolation UU D OODODODOODOODDOOODOODOOODOO.

oo o

call auto_interpolation 3d( x, y, z, r, p, q, u, v, undef )

oo o

<R(:)>
<R(:)>
<R(:)>
<R(:)>
<R(:)>
<R(:)>
<R(size(x),size(y),size(z))>

< £ Q" H N < X

<R(size(r),size(y),size(z))>
[undef] <R>

uaoo O

in
in
in
in
in
in

in

goooooo 1.

goooooo 2.

goooogo 3.
gbooooooooo 1.
googooobogoo 2.
gooooooooo s

ol x,y,z00OOOOOOODOOO.

inout OO r,p,qU0000000OO0ODOO0.

1

goog.

00 x,y,200000 x(1),y(j),z&k) 000000000 u(i,j,k») 00000
00000x,y,z0OOODODOOOOOO0O000000000000O r,p,q000
r(1),p(m),q() 000000000 v(A,n,n)00000000000.0000

ogo??2000000000.

oo o
goog.

3.12.7 Cor_Coe

oo o
2000000000000 b00000.

oo o

call Cor_Coe( x, y, cc, [error] )

oo o
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<R(:)> in 1o0o00o00o.

<R(size(x))> in 100000.
cc <R> inout O0OO0O.
error <R> in aooo.

ooo O

gbobogd 20000 zp,y, UOOO0DOOO0OOO0OOO0O0O ccOOOO0ODOO

gooon
cov

stv(z) X stv(y)
oo, 0bobooboooooooag.

cCc =

n n

cov = Z (x; — @) (y; — 1), stv(p) = Z (ps — 5)2

i=1 i=1

O00OOcov 0000, stv(p) 0 ¢, 0000000000O0ODOOO. 00,000
gooooooooooo.

oo o

e IO DOOODLOOODDOO,bO0DLO,0Db0DbO0ODLOOODODO.

3.12.8 LSM

oo o

gbobobooboboboboobooboboboobobboboooboooboo
gbooooboobooonooboo.

oo o
call LSM( x, y, slope, intercept, [undef] )

oo o
X <R(:)> in goooo 1.
y <R(size(x))> in ooooo 2.
slope <R> inout ODOOODOODOODOODOO.
intercept <R> inouwt OOOOOOOOOOOO.
undef <R> in goooood.

ooo O

gboooboobooobodb z,y, D000 0O00DOO0O0OO0OOO0O0ODbOO0O0Od
0000000000 F(z,) OOOODDDOODOOOO

F(l’z) = a1x; + ag-
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O00O00oOooooooooooon
x; : x(1), a1 : slope, ag : intercept.
0000000000000 O0o0ooooooooooog??o00

oo o

e IOOODODODODODODODODODDODDOOOOOODODOODOODODODODODDODO
god

3.12.9 LSM _poly

oo o

gboboooooboooboboboooboboonooooooooobooooobg
goooobooboobobooboo.

oo o
call LSM.poly( x, y, a, intercept, [undef] )

oo o
X <R(:)> in ooooo 1.
y <R(size(x))> in ooooo 2.
a <R(:)> inout ODOOODOODOODOODOODODO.
intercept <R> inout OOO0OD0OO0OOOOOOOOOO.
undef <R> in goooooo.

ood O

gbooooobooobodb z,y, DO00O00O0OO0DOOO0OO0OOOOODOO0O0Od
000000 mOO0O00O F(z,) DOOODDOOOOOOO

m
F(xz) = Z (Ijl‘g + aop.
Jj=1

goobooooooboooooood
z; + x(1), a; : a(j), ap : intercept.

gbbooobuoobboobboobuoobbo abboobbooobooaoobg
O0o00boooboooboobobobooboobiddlintercept OO a00O0O
O00000DD0O0ODODO interceptU 0 0O0O0O0ODaO)UOODOOOODOODO
goobOOoOoooooboOooboboOoooOooboboobooo??00D
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oo o

e OODODODDODODLDDLDDODLDDDDOOOOUOUODLDDLODLDDODDODODDDDDODDO
godg

3.12.10 Mean_1d

oo o
1000booboooobooooo

oo o

call Mean_1d( x, ave, [error] )

oo o
X <R(:)> in 1000ono.
ave <R> mout 0OO0O0OOOO.
error <R> in goooooo.
ogoo o
0000000000 00 0000000000000 avedOO0O0O0OOOO
oooa
1 n
cwe:ﬁpr
p=1
oo o

e OO UOODLOOODLOOODLOOLODLOODLODODODDOLOODLOOn
gooooobogn

3.12.11 Mean_2d

oo o
200000000000000

oo o

call Mean_ 2d( x, ave, [error] )

oo o
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X <R(:,:)> in 200000.
ave <R> inout O0O0OOO0OO.
error <R> in goooooo.

oo O
0000000000 =z, OOOO0OOO0OO0OO0OO0O0O0O0 aveOOO0OOO0OO
ooooo

1 n m
ave:%ZZwm
q=1 p=1

oo O

e IO UOODLOOODLOOODLOOLODLOODLODODDODLDDOLOODLOOn
gooooobogn

3.12.12 Mean_3d

oo o
Jubooboboooooanoog

oo o

call Mean 3d( x, ave, [error] )

oo O
X <R(:,:,:)> in 300000.
ave <R> mout OOOOOOO.
error <R> in gooooono.
ooo o
goooooouod g, 000000000 d aeveddooooogd
ogoood
1 n o m l
e E.3) ) yr
r=1qg=1 p=1
oo o

e IO UOODOODLDOODLDOOLOODLOODODDODDODOOODLOODn
gooooobogn
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3.12.13 Reg_Line

oo o
goooooooo.

oo o

call Reg Line( x, y, cov, [error] )

oo O
X <R(:)> in 1000o0.
y <R(size(x))> in 1gogoog.
cov <R> imout O 0O0O.
error <R> in goo.
oo0o0o O

gbooobog 20000 z,,y, 0000000000000 coo0O0OD0OOODOO

ooogd
n
cov:Z(xi—f)(yi—@)
1=1
I A A A A I A

oo o

e OO OODLOOODDOO,bO0O,0D0DbO0OOOODODOO.

3.12.14 covariance

oo 0O
20000000000DO0DODAO.

oo o

call covariance( x, y, cov, [error] )

o0 O
X <R(:)> in 100000.
y <R(size(x))> in 100000,
cov <R> inout O0O0O.
error <R> in ooo.
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ogoo O

oobooboo 20000 z,,y, 000000000000 cooOD0OODOOOO
goog

n

cov = Z (x; — %) (y; — 7)

i=1
gboboobboobuodabooboboon.

oo o

e J00D00ODOODOODODOD, OO0, DO0DODODODODO.

3.12.15 interpo_search_1d

oo o
100000000000 0000000000O0000O00O0000000pointO
gbooboboobooboobobuooboobbooboobooboooboom™

oo o

call interpo_search 1d( x, point, i, [undeff] )

oo o
X <R(:)> in 1oo0oooo.
point  <R> in gogoono.
i <I> inout point 00 O0O0DOO0ODODO x(4)
gooooooon.
undeff <I> in ooooooooooog.
gooooooao.
goo o
ooooo??.
oo o

e 000U O0O0O0ODLODODODOOOOOUODDDODODOUOUOOO uwndeff 00000
goooobooboooboobooobooboxbooboobobon
gbooobooabd
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3.12.16 interpo_search 2d

oo o
200000000000000000000000DO0O000DO0O0O0Opointx,
pointy U O 0ODODOOOOODOOODOODLOODODOOOODOODOODODO
00

oo o
call interpo_search 2d( x, y, pointx, pointy, i, j, [undeff] )

oo O
X <R(:)> in 100poooo.
y <R(:)> in 100000Qg.
pointx <R> in x000O0DooooOo.
pointy <R> in yuodoodooooo.
i <I> inout pointxO0O0OO0D0DOONO x(1)
o0oooooooo.
j <I> inout pointyO0O0O0O0O0OODO y(3j)
ooooooooo.
undeff <I> in 00D0o00oooooDooo.
oooooooo.
ooo o
oooog?.
o0 O

e DD DOUOO0O0O0ODDDODDOOOOOUDDDDODOOUOUOO uwndeff 00000
gbboobobooboobobuoobooobuoobboxbooboobbod
gbooooooon

3.12.17 interpo_search_3d

oo o
J00000obOboo0obobbooooboboooobboo0o0bibddpointx,
pointy, pointz0 U000 00OD0OODOO0OO0OO0O0OODODOOOOOOODODOO
gboooboot

ogd O
call interpo_search 3d( x, y, z, pointx, pointy, pointz, i, j, k, [undeff]
)
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od o
X <R(:)> in 1000o0go.
y <R(:)> in 1000000.
z <R(:)> in 1o000oog.
pointx <R> in xgdoooooooo.
pointy <R> in yOoOGooooooo.
pointz <R> in zUO0ogoooooo.
i <I> inout pointxO0O0OO0OD0DOOO x(1)
OOo0ooooooog.
j <I> inout pointyO0O0O0O0O0OODO y(3)
ooooooobooog.
k <I> inout pointzOOOO0DOONO z(k)
ooooooobooo.
undeff <I> in ooooooboooooo.
oooooooo.
ooo O
oooog??.
ogd o

e 000U 0O0O00ODLODODODOOOOOUODDDODOOUOUOO uwndeff 00000
gbooooboobooobooboooboobboxboobooobobon
ooooooooo

3.12.18 interpolation_1d

oo o
100000b00o0ooobooboboooboboooboooboboobobooon
gbooooooooooooooooooooooooon

ogd O
call interpolation_1d( x, y, point, val )

oo o
X <R(2)> in Oo0o00oOoOoooooan.
y <R(2)> in xOOooooooooao.
point <R> in goo.
val <R> inout OOOOOO.
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ogoo O
Oooog??. 000000 2, 000000000000 00D y, 000000
020,z 0000z, D000 0000000000O0O0O00O0000O000O0
00y, 000 2000000000000000000000

_ Yi+1 — Yi

in = Ui +dx * (x; — x;), dx .
Yip = Yi ( ip z) Tl — @

dododoooooouoooood
i+ x(1), w1 0 x(2), oy 2 y(A), yip 2 y(2),
Tip : point, y; : val

oo o

e 1000x(1:2)JIII0I0O0O0O0OOOOpoint0 00 OOOOinterpo_search_1d
0000000000000 0O0O0000O0ooDoDooOoDOoOO

3.12.19 interpolation_2d

oo o
20000000000 DO0ODODODOODOOODODODOOODLODODODO
gooooooooobooooooooooooooooon

oo o

call interpolation 2d( x, y, z, point, val )

oo o
b <R(2)> in xdoooooooooooog.
v <R(2)> in yuooooooooooaad.
z <R(2,2)> in x, ybooooooooo.
point <R(2)> in  x, yOOOOO.
point(1) O x, point(2) 0 yO O O.
val <R> imout OOOOO0O.
goo o

0000072000000 z,,y, 00000000000000O0O 2,,00000
00 40 (x’hyj)v(mi-‘rlvyj)?(xivyj-‘rlaxi-i-hyj-f-l)DDDDDD (mpayq)DDDDDD
OO0000oooooo0oooodooooon 0004000000000
Zitlj — Zij (2p — 1) + Zz‘j—l—l_zz‘j(
Litl = Li Yj+1 — Yj

(2p — i) (yq — ¥j)

Tiv1 — i) (Yj+1 — Yj)

Zpg = Zij + Yg — Y5)

[2i41541 = Zij+1 — Zit1s + 2] (
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000000®00000000000ooonoooon
zp 0 x(1), w1 x(2), y; 2y, oy y(2),
Zij : Z(l,l)7 Zi—l—lj : 2(2,1), Zij—‘rl : Z(1,2), 2i+1j+1 : 2(2,2),
xp : point(1), gy, : point(2), %z, : val

oo o

e 000Dx(1:2), y(1:2)OUOODOOOOODOUDOOpointd 0O OO0 Ointerpo_search-2d
Jo0ooooooooooooooooooooooooon

3.12.20 interpolation_3d

oo o
soboboobooooobobobooboooboboboboobobobOoonoo
gbooopobooboobboobuoobbooboooboon

oo o

call interpolation 3d( x, y, z, u, point, val )

ud o
X <R(2)> in xoooooooouoaoo.
y <R(2)> in yooooooooooooo.
z <R(2)> in zO0ODODODODOOOoOooooo.
<R(2,2,2)> in x, y, zUOO0000QOOOODO.
point <R(3)> in x, y, z00000.
point(1) O x, point(2) O y O,
point(3) 0 zO O O.
val <R> inout OOODOO0O.
gogd O

Oooog??. 000000 2,ym, 2 000000000000000 upy 00O
00000 80000000 (zp,yq,2,) 0000000000000 O0OOOOO

“Oopooooo??00.
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00000000 2000 8000000000

Tp — i Yo = Uj
Upgr = Wijk + (Uit1jk — Wijk) (zp — i) + (Wij+1k — Uijk) o ~ 45)
Tivl — X4 Yj+1 — Yy
Zr — 2
+ (Wijk+1 — wijr) (or = 2)
Zk+1 — Zj

) (xp — i) (Yg — Yy)
Titl — T Yj+1 — Y5
) (zp —m) (20 — 21)
Ti+1 — Lj Zk+1 — Zj
(Yg — y5) (2r — 2n)
Yji+1 — Yj Zk+1 — 25

+ (Uit 141k — Uija1k — Yit1jk + Wijk

+ (Uig1jh41 — Uikt 1 — Wit 1jk + Uijk

+ (Uij k1 — Wijh+1 — Uij4+1k + Uijk)

+ (Wit 1 1h+1 — Wij1h+1 — Wit 1jh+1 + Yijht1 — Wit1j4+1k + Wij+1k + Yit1jk — Wijk)
% (xp — ;) (yq - ?Jj) (20 — 21)
Tit1 — L5 Yj+1 — Y5 2Zk+1 — 25

O0o0D0D00™pooO0OD0000000OD0DDO0Oo0o0oo
i x(1), w0 x(2), y; oy, yip - y(2),
zr - z(1),  zpa1 : z(2),
Zigk + z(1,1,1), zipe - 2(2,1,1), zijpe 2 2(1,2,1), zjper - 2(1,1,2),
Zittj+1k ¢ 2(2,2,1), zipper 0 2(2,1,2), zZijpaksr 0 2(1,2,2), zZipgirien ¢ 2(2,2,2),
xp : point(1), y, : point(2), 2z : point(3), g : val

oo o

e JO00ODOx(1:2), y(1:2), z(1:2) DO UOOO0DO0OOUOOOOpeint OO0
O00Ointerposearch 3d0 00000000 O0O00OOO0O0O0O0OOO0OO0O
googn

3.12.21 nearest_search_1d

oo o
10000000000 b0000b0b000o0boo0oboo0bobddpoeint
googoooobogood

oo o

call nearest_search_1d( x, point, i )

“Opooooo??700.
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oo o

x <R(:)>
point <R>
i <I>

ogoo O
oooog??.

oo o
o0

in
in

inout

3.12.22 nearest_search_2d

oo o

1oooooo.
oooogd.

point 00000 x(1)
ooooooooo.

200000000000DO0O0O000DDOOOO0ODLDDOO0O0ODOOOpointx,
pointy OO 0OO0OO00OO0O0OOO0OO

oo o

call nearest_search 2d( x, y, pointx, pointy, i, j )

oo o
X <R(:)>
y <R(:)>
pointx <R>
pointy <R>
i <I>
j <I>
oggg O
ooooao??.
ugd O
gon

in
in
in
in

inout

inout

1000000.
10o0poooo.
x000ooooooog.
yOOoooooooo.
pointx 000 OO x(i)
ooooooooo.
pointy 0O OO0 y(3)
ooooooooo.

main.tex

20120 70110 (QOO0O)



STPK OOODOO

Jub0noogooo

73

3.12.23 nearest_search_3d

oo o

J0000obobooobobbooooboboooobboboo0o0bibddopointx,

pointy, pointzU 00D 0OODOO0OO0ODOOODODOO

oo o

call nearest_search 3d( x, y, z, pointx, pointy, pointz, i, j, k )

ogd o
X <R(:)> in 1o0ooog.
y <R(:)> in 1000000.
z <R(:)> in 1000000.
pointx <R> in xgooooooono.
pointy <R> in yooooooooo.
pointz <R> in zOOOOOooOooo.
i <I> inout pointxO O OO0 x(i)
OOooooooDooog.
j <I> inout pointyO OO OO y(3)
ooooooobooo.
k <I> inout pointzUO D UODOO z(k)
oooooooboo.
ooo O
ooooog??.
oo o
ogdo

3.12.24 stand_vari

oo o
2000000000000 bOoobOo.

oo o
call stand vari( x, anor, [error] )
oo o
X <R(:)> in 100000.
anor <R> inout OO QO0O.
error <R> in oood.
main.tex
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ogoo O
gbobobbooodd «, 00dooobbuooooob steggonooooyg
godg

n

sty = Z (z; — T)?

=1

gboboobbooobodobooboboon.

oo o

e J00D00ODOODOODODOD, OO0, DO0DODODODODO.

3.12.25 Move_ave

oo o
10000000000 ob00ooo

oo o

call Move_ave( x, n, y, [error] )

oo O
X <R(:)> in 1000o0.
n <I> in ooooooono.
y <R(size(x))> inout O OOODOO.
error <R> in goooooo.
oo0o0o O

gboboboobd ¢, 0Db00b0b0o0b0obobob yO0b000b0bonbd
Ub0o000U0n0OO000000O000D0000O0

i+n—1

1
Yi = ﬁ Z Tp
p=i

oo o

e 000000 DODOOOLODOOLOOOOLODOLODODOLDOOLOOOLODOODOLO

e JIDUOODLODUODLUODUDDODLOODLOUDLDODDODOO nODO
gbogogbuogobooooboobuooboboobbobbooboobod
gogd
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3.13 Thermo_Advanced_Function

gboooooooooooooog,boboobooooboooooobooooon.

3.13.1 CAPE

oo o
00000000000 (Convective Available Potential Energy) 0000000
ao.

oo O
result = CAPE( p, z, qv, temp, z.ref, [undeff], [opt] )

ogd O

P <R(:)> in 00 [Pal.

z <R(size(p))> in OO0 [m].

qv <R(size(p))> in oooooo [keg/kg).

temp <R(size(p))> in 00 [K].

zref  <R> in 0000 [m].

ooo  <m> inout CAPE [J/kg].

undeff <R> in goog.

opt <I> in INBOOOOOODOOOO (ODO).
ugod o

PLFC
/ R(T, — T,)d1np.

PLNB
O0000p00007, 0000000 (DOO0OO0OOO0DOOOOOO0O0O)O0T,0
0000000000000 z.,,000000000000000ROOOO0OO
LFCOOOOOODO (Level of Free Convection)0LNB 0000000 (Level of
Neutral Buoyancy).

oo 0O

e JIDUODOODUOODODUUODLODLDDODDOODOODOODLOOD
gbboobboobuoobboobuobboobuoobboobodaa

e JIDODOUD LKFC, LNBOUOUODOODOOUOODOODOOOODO
e undeff U OD0O0O0ODOOODOOOOOOOOOO
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e JIDUODDODOODOODUODLOOLODLOODLOODOODLOOD
Ooobooooooobooboboooboobb oK.

e opt UOUDOUODOO,00 zINBOOODODOODODODO.

3.13.2 CIN

oo o
000000000 (Convective INhibition) D0 OO0O0ODOOO.

oo O
result = CIN( p, z, qv, temp, zref, [undeff] )

ugd O
p <R(:)> in 00 [Pal.
z <R(size(p))> in 00 [m].
qv <R(size(p))> in 000000 [kg/kel.
temp <R(size(p))> in o0 [K].
zref  <R> in 0000 [m].
000 <R> inout CIN [J/kg].
undeff <R> in gooo.
ggg O

Pref
/ R(T, —T,)dInp.

PLFC
Odd0OpdooorT,000ooon (DDDDDDDDDDDDDDD)DTPD
O00oo0oooooooa zrefDDDDDDDDDDDDDDDRDDDDDD
LFCOO0O00000 (Level of Free Convection)d pper 0 2., 0000

oo o

e JIDUODOIODOODODUUODLODLDDODDOODOODOODLOOD
gbbooboboobuoabboobuobboobuoobbooboay

Oo0DbO0o0 LFC, LNBOOOOOOODODOODOOOOOOODOO
undeff 00000000000 0000O00O0O0O0

goboobooobogobobooooobobooboboooooboobobog
Oo0obDOoOooo0ooDOoOobooOooDoOoonb oK.
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3.13.3 T_LFC

ud o
LFC (Level of Free Convection) 00000000000,

oo o
result = T LFC( zref, z, temp, p, qv )

oo o

zref <R> in 0000 [m].

z <R(size(p))> in OO0 [m].

temp  <R(size(p))> in 00 K]

p <R(:)> in 00 [Pa.

qv <R(size(p))> in oooooo [kg/kg).

000 <k inowt LFC DODO [K].
ood O

Ooobooooooboooooo??o0.

oo o

e HOUDOUODLUODLOUODLODLUODLULDODLDOLODLOODLOODLOOn
gbooboboobooobboobuoobbooboobobooboao

e OU0OODOOOODOODLDOODLDOO,DDbOODDOOO0DOOOn
000 LFCOOO0.000DO,00000000000000O0 20000,0
gbobogboboobooboboobooobaa.

3.13.4 T_LNB

oo o
LNB (Level of Neutral Buoyancy) 00000000000,

oo O
result = T LNB( zref, z, temp, p, qv, [option] )

oo o
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Tref <R> in 0000 [m].

z <R(size(p))> in OO0 [m].

temp <R(size(p))> in 00 [K].

p <R(:)> in 00 [Pal.

qv <R(size(p))> in 000000 [kg/kel.
000 <> inout LNBOOODO [K].
option <R> in oooo (ooon).

ooo O
goobooobooooboobooo??o0.

oo 0O

e JIDUODOODOODODUUODLODLDDODDOODOODOODLOOD
gbboobboobuoobboobuobboobuoobboobodaa

e option O OUOOOO. ODODOUOOOLNBOODOOOODOOO2000000
oobooOoboOoooOol10o0db LPCOOOCODOODOOODO LFCODOO
gooooooobobdbobobobobooooobooDbD LNBODOD
gobgobooogooooogooobobooooooboboboboobobog
OoooooboDoOoooboOoo0oooLrCcOOOOO0 LNBODOOOODDOO
gooobooobboobooboob2b00obo0oboobobooobon
ooobooboooooooboooboboo LkCOooooobbooboobooo
goo0o0od LNBOODODODODOODODOODODOOOOoboboooooooo
gboooboobooboobboobuo0oboobbOodl option = 1
gboobodgbil1oobboooboobooon

3.13.5 precip_water

oo o
gboogooboooboo.

oo O
result = precip_water( p, qv, [undef] )

oo o
P <R(:)> in 00 [Pa.
qv <R(size(p))> in 000000 [kg/kel.
oood  <r> inout 0000 [kg/m?].
undef <R> in ugoog.
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ogoo O
ooooboooboooobooooo??o0.

oo o

e JIDUODOIODOODODUODLUODLDDODDODDbOODOODOOD
gbbooboboobuoabboobuobboobuoobbooboay

3.13.6 qrsg_2 _dbz

oo o
gbooobobooboobboobuoobooboboon.

oo o
result = z LFC( rho, qr, [gqs], [qgl )

oo o
rho <R> in 0000 [kg/m3).
qr <R> in O0ooo kg/kgl.
gs <R> in o000 [kg/kgl.
qg <R> in 0000 [kg/kgl
000 <R> inout 0000000 [dBZ.
ood O

0000000 dBZ O
dBZ = 10logyy Z

O0000000.00000,00 Z0000 Murakami (1990) O (54) OO

ﬁQR 1.75
Z = I'(7)Ngo () 10'8

Tpw N Rro

& — 1 2 Ew — 1 2 Ps 2 ﬁQs L7 18
+ I'(7 N, 10
( ) 5i+2 5w+2 <PW> *0 <7TPSNSO>
2 2 2 — 1.75
g —1 Ew—1 Py > ( PRy > 18
+ I'(7 — ] N, 10
D152 / w +2 ( pw) 9 \xpyNyo

gboooobooboobbooboobbooboobbon
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I'(z)y 00000,
& oooooo.
e, 0000O0D.
Npy 0OO0OOO.
Ny, 0O0000.
N, 00000,
pw O0O0D0O.

Ds oooo.

Pq oooo.

p oboooooog.

000000000 Murakami (1990) 00000000000 OOO,00000
O00000000000O0O0O,0000 (2008 J0000O0DODODOO.ODODODO

oooooooogo??00.

oo o

goog.
3.13.7 z LCL
oo 0O

LCL (Lifted Condensation Level) 0000 00O.

oo o

result = z LCL( z_ref, z, temp, p, qV )

ogd O
z_ref <R>
z <R(size(p))>
temp <R(size(p))>
p <R(:)>
qv <R(size(p))>
Ooo00 <RrR>

oog o

inout

0000 [m.

00 [m].

00 K]

00 [Pal.
000000 [kg/kg.
LCL OO [m].

oooboooboooobooooo??00.

oo o

e JIDUODOODODODODOUODLODDODDOODDOODOODOOD
goboooooooooooooooooooooobooooooogo
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3.13.8 z_LFC

ud o
LFC (Level of Free Convection) 0000000,

oo o
result = z LFC( z_ref, z, temp, p, qv )

oo o
zref <R> in 0000 [m].
z <R(size(p))> in OO0 [m].
temp  <R(size(p))> in 00 K]
p <R(:)> in 00 [Pa.
qv <R(size(p))> in oooooo [kg/kg).
o0O0 <R> inout LFC OO [m].
ood O

Ooobooooooboooooo??o0.

oo o

e HOUDOUODLUODLOUODLODLUODLULDODLDOLODLOODLOODLOOn
gbooboboobooobboobuoobbooboobobooboao

e OU0OODOOOODOODLDOODLDOO,DDbOODDOOO0DOOOn
000 LFCOOO0.000DO,00000000000000O0 20000,0
gbobogboboobooboboobooobaa.

3.13.9 z_LNB

oo o
LNB (Level of Neutral Buoyancy) 00 O0000O.

oo O
result = z LNB( zref, z, temp, p, qv, [option] )

oo o
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zref  <R> in 0000 [m].

z <R(size(p))> in OO0 [m].

temp <R(size(p))> in 00 [K].

p <R(:)> in 00 [Pal.

qv <R(size(p))> in 000000 [kg/kel.
ooo0  <m> inout LNB OO [m].
option <R> in oooo (ooon).

ogoo O
ooooboooboooobooooo??o00.

oo o

3.14

e JO00UD0ODOOLDOODODOODODLOLOOUDODLDODODOLOODLODO
gobooooooooooooooooooooooooooooogo

e option OO ODOOD0. OOODOOOLNBOODOODOODODODO2000000
O00Oo0obO0o0o0O0100b0 LFrCOOOODOOODOOOD LFCODOO
goobboooooobobooobboooooobbooobDoUo LNBOOOD
gbooboboooboobooobooboboobobbobobobooonoon
O0000DOO000bOOoOO0oOoLFCOOOOO0 LNBODOOOOODODO
gobooobooboobobobooooo20b0bo0oboboboboooog
goobOooboOoooooooOoboboo LrkCcooobooobbOobobooo
go0oood LNBOODODODODODODOODDOOoboboboboobooooo
go0o0o0oooooooooooboobobobobobO0obOD option =1
gbooboobo11o00booo0oboooboooon

thermo_advanced_routine

gboooobooboboobooobo,bgobooabbooboobobooboooon
gooboobodob,ooboobbooboobboooboobboooboooo.
oooooobobooooooobboOoooooo??oOoO

3.14.1

oo o

Brunt_Freq

gboooboboobodab 2000000.

oo o

call Brunt Freq( x, y, z, pt, BV, [undef] )
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ogd O
<R(:)> in gogooooo.
<R(:)> in goboooo.
z <R(:)> in ogoooaono.
pt <R(size(x),size(y),size(z))> in 00 [K].
BV <R(size(x),size(y),size(z))> inout OO0O0O0OOOOOO [/s].
undef <R> in goog.
ggg O
00000Db0o0o0oooo NOOODODOOoOoooo
g 00
N?=Z2
6 0z

O00D0O0O00OD0g, 0000000 0O0ODOOODOOOO

oo o
goog.

3.14.2 Ertel PV

oo o
gbooobobooboabboobad.

od o
call Ertel PV( x, y, z, u, v, w, rho, pt, cor, PV, [undef], [sx], [syl,
[sz] )
od o
X <R(:)> in ogoogoood.
v <R(:)> in ogoooood.
z <R(:)> in ocoooooo.
u <R(size(x),size(y),size(z))> in xO0O0oo0o.
v <R(size(x),size(y),size(z))> in yooood.
W <R(size(x),size(y),size(z))> in zOOOOO.
rho <R(size(x),size(y),size(z))> in 00 [kg/m3].
pt <R(size(x),size(y),size(z))> in 00 [K].
cor <R(size(x),size(y))> in ooooooooo [/s).
BV <R(size(x),size(y),size(z))> inout 00000 PV [K/kgs m?].
undef <R> in gooo.
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ogoo O
gooooooooooooo pODOODOODODOD

w, - Vo
p
O0000000w,, 0, p00000000O0DOODO0ODOODOODOO

P =

oo o
goog.

3.15 thermo_const

0000000. 000000000000000000000000. 000000
0 (2008) OO.

| ooo |0 | ooo ooooo | oo |
Ccpd | <R>|  1004.0 Oo0000000 [J/K kg
Cpv <R>|  1870.0 00000000 [J/K kg
LHO <R> 2.5¢6 oooooo [J/ke]
LHS <R> 2.8¢6 00000000 [J/ke]
Md <R> 28.96 00000000 [kg/kmol]
My <R> 18.0 0ooo0o0oo [kg/kmol]
Rd <R> 287.0 Oo0000000 [J/K kg
Rv <R> 461.0 00000000 [J/K kg
e0 <R> 611.0 Oo0000000 [Pa]
ei0 <R>| 611.73 |D00O0O0O0O0COOOOCOO [Pa]

eps_rdrv | <R> | 287.0/461.0 Rd/Rv [1]
kalm | <R> 0.4 oooooo 1]
pO <R> 1.0¢5 o000 [Pa]
p00 <R> | 1.01325¢5 ooooo [Pa]
rhow | <R> 1.0e3 oooo [kg/m?]
0 <R> | 273.15 00000000000 K]
£i0 <R> | 273.16 00000000000 K]

3.16 thermo_function

gbboobobuoobooboobobu. oboo,obbuooobboobbooon
uboboooobooooooobob. obbooooboobooobobo,oo0booo0oobooad
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gooboobooboobboon.
ooo,000b00oboooooboooboooo0obooOooboo7?oboOo,opooo
ubobooboooooga.

3.16.1 LH

oo 0O
00000000 (??7)00000000ooooo0o0ooooooooOoO.

od O
result=LH( T )

oo o

T <R> in 00000 K.
000 <R> inout OO [J/K kg.

uaoo O

LH(T) = LHy — 232(T — Ty), LHy=2.5x 10°.
000,T,=273.15K 0000

oo o
gooag.

3.16.2 RHTP_2 qv

oo o
gooooooooooooooooooooogon.

oo o
result=RHTP 2. qv( RH, T, P )

oo o
RH <R> in ooooooo (%)
T <R> in ooooo K.
2 <R> in 00000 [Pa).

OO0 <R> inout O0OOODOOOOO [kg/kgl

main.tex 20120 70110 (QOO0O)



STPK OOODOO Jub0noogooo

86

ogoo O
gboogooboaog.

RHT 2 e(RH,T) = 0000 e=eP 2 qv(e,P)=000000

oo o
gooag.

3.16.3 RHT 2_e

oo o
goooobooboobobooboo.

oo o
result=RHT 2_e( RH, T )

0o O
RH <R> in ooooooo [%).
T <R> in ooooo [K).
000 <R> inout 0DOOOOOO0 [Pal.
000 O

U000 RHODUOOUODUO e, 0O0OOODOedOnDnd

RH =2 %100
es

Ubo0o00bobobi0bo0bo0bO0DbOl esBolton UOOUOODOOOO

googan

oo o
gooag.

3.16.4 TP_2 _qvs

oo o

gobooobooobbooobboob. booobbuoobboooobobo

es Bolton UOOUUOOOOOOUOOOOOODO.

o0 O
result=TP 2 qvs( T, P )
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RN

T <R> in Doooo [K].
P <R> in O0ooo [Pal.
0D00 <B> inouwt OOOOO0OOO0 [kg/kg).

ugoo O

oo

gooopoboob ¢gsdobogobuoonon

_ P
Pd

qUS

Uo0oooodbp, poOO0OOODODODODOODOODODOODOOOO0OO0
ooooooooooooooooog

_ % _ _Pd_
Pu RUT, Pd RdT

0000000Oes,pg, R, R, TO00000O00O0D0O, 0000000000
000000000000 000000000000000000

Rd €s

Qus = Ep—es

gbooooboobbooobboobooobpbbooboonoboonoba
U0o0obooboobobdbOdbe000000ODODODODODODODOOO
gboooobooboobobooboobobooaboo

O
gooag.

3.16.5 TP_2_rho

oo

oo

oo

O
ooooooooooobog,0oooooooooooogon.

O
result=TP_2_rho( T, P )

O

T <R> in 00000 [K].
P <R> in ooooo [Pal.
000 <R> inout O0OO000 [kg/m?].
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ooo O
ooooooog :
p = pRT.

OobOOp,p, RRITOODODOODOODOODOOODODODODODOLOOOOODODODOO
OooDooooooobD MKSOODOoOoooooo

oo o
gooag.

3.16.6 TqvP_2_TLCL

oo o
Bolton (1980) OO OO LCLOOOOOOOOOOO.

ugd O
result=TqvP_2 TLCL( T, qv, pres )

oo o
T <R> in ooooo K.
qv <R> in O0ooooooO ke/kg).
pres <R> in 00000 [Pa).
000 <R> inout LCLODODO [K].
ugoo O

LCLODOOOD Tt OOODDO

c
alnT —Ine—0b

TicL = + 55, a=3.5, b=4.805, ¢ =2840

gbd,ebobodboog

oo o
gooag.

3.16.7 TqvP_2_thetae

oo o
googoooobooboo.

oo o
result=TqvP_2 thetae( T, qv, pres )
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o0 O
T <> in 00000 [K].
qu > in 000000000 [ke/kel.
pres <R> in 00000 [Pa).
000 <R> inout 0000 [K].
ooo o
oooooe.onoooo
L(TLCL)q’US:|
0. = O exp [
¢Vl CpaTicr

000,84, L,Cpg, TroL,qs 000 0000000000000000000000
O0LCLOOO0O00O0O00O00O00

oo o
gooag.

3.16.8 TqvP_2_thetaes

oo o
gooooooooooooooo.

oo o
result=TqvP_2_thetaes( T, pres )

ogd O
T k> in 00000 K]
pres <R> in O0ooo [Pal.
000 <R> inout 0OOO0 [K].
oggg O
00000006, 00000
L(T
Oes = 0d exXp |: épc)lg—l‘}s:|

000,04 L,Cpu,T,q,000000000000000000000000000
0ooOoooooooood

oo o
oooo.
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3.16.9 eP_2 qv

oo o
gboooobooboobobooboooo.

oo o
result=eP 2. qv( e, P )

o0 O
e <R> in 0000000 [Pal.
P <R> in 00000 [Pal.
000 <R> inout OO0O0OOOO0OOOO [kg/kgl
goo d
_ee 5_@
=P R,

Ry, R,U00D00DO0ODODODOLDODODOD

oo o
gooo.

3.16.10 eT_2_.RH

oo o
gboooboboobooboboooboaa.

oo o
result=eT 2 RH( e, T )

00 O
e <R> in 0000000 [Pa).
T <R> in 0oooo (K.
000 <R> inout 0000000 [%).
000 O

U000 RHODOUOUOUODUO e, OOOOODO edOng

RH = £ x 100

€s

gbgbodbgbobiobuobiboobuiobdlb esBolton UUOUOOOOU

googn
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oo o
gooag.

3.16.11 es_Bolton

oo 0O

Bolton (1980) OO ODOOOOOOOOOOOOOOOOO.

o0 0O
result=es Bolton( T )

oo o

T <R> in ooooo [K).

OO0 <R> inout OO0OO0OOO0OOOO [Pal.

ugoo O

es(T) = egexpal=0, g =17.67, c = 29.65

T—c>

O000,Ty=27315K, e =611.0 Pa, e,(7) 00000000000

oo o
gooo.

3.16.12 es_TD

oo 0O

Bolton (1980) O 0000000000000 O0O0O0O0ODOOOOOOOOOOO

ao.

ogd O
result=es_TD( e )

oo o

e <R> in
000 <R> inowt OOODOOOO [K].

ooo O

To—C

Tp = _
b C+aa—log (e/e0)’

0000000 [Pa).

a=17.67, ¢ = 29.65

main.tex
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O00,Ty=27315K, e =611.0Pa, Tp OO OOOODOO

oo o
goog.

3.16.13 exner_func_dry

oo o
gboooobooobooonobooboooon.

oo o

result=exner func dry( P )

oo o

P <R> in 00000 [Pa).
000 <R> inout O0O00OOO0D0O0O00000 [0OO]).

oog O
oooooob 0000 -

Rd/cpd
et (3
Pbo

O0000.0000p00000000O0000O00000ReC,yO0000O0

gbooopobooobooobbooboonoogd

oo o
goog.

3.16.14 get_ gamma d

oo o
gboogobooobogbooad.

oo o
result=get_gamma d( )

oo o

000 <R> inout 000000 [K/m].
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000 O
000000 [,00000 CyO000000¢g00000
g
Iy=---
Cpa
00 O
0ooo.

3.16.15 goff gratch

oo o
Goft-Gratch OO0 DOO0O0O0O0O0O0DODODOOOOOOOO.

oo o
result=goff gratch( T )

oo 0O

T <R> in 0Doooo K.
000 <R> inout O0OOOOOODD [Pal.

ugoo O

pow = a (t;t _ 1'0> +hlogyg (?) te (10'0Pa(1.07T/tst) _ 1‘0) +d (10'0pb(tst/Tfl.0) N 1.0) ’
ex(T) = po x 107,
oooo
4= —7.90298, b= 5.02808, ¢ — —1.3816 x 10~7, d = 8.1328 x 1073,
pa = 11.344, pb = —3.49149, tst — 373.15, py = 1.01325 x 10°

oo o
oooo.

3.16.16 goff gratch_i

oo o
Goff-Gratch OO O OOODOOOOOODOOODOOOOOOD.
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oo o
result=goff gratch i( T )

ogd O
T <R> in 00000 K.
000 <R> inowt OOOOOOOOO [Pal.
ooo o
tio tio T
pO’U) = qQ (11_‘ — 10> + bloglo % "‘ C (10 — tzo)
es(T) = po x 107,
ogogo
a = —9.09718, b = —3.56654, ¢ = 0.876793,
po = 611.73, to = 273.16.
od o
ogooo.

3.16.17 hypsometric_form

oo o

gboboooboooobbooob. boobbooobboobbooobobd

goooood.

oo o
result=hypsometric_form( p, z, T, [z_t] )

ogd O
P <> in 00000000 [Pal.
z <R> in 0000 [m].
T <> i 00000000 K.
zt <R> in 0000000 [ml.
oobooood 0m.
000 <R> inout ztODOO [K].
ogogd O

O0000000000000000 I'=65K/km 000000 20000 p(z)

O000000000000000000 2000 p(2),T(:)00000

B T(z)+ Iz g/(I'Rq)
p(zt) = p(2) <T(z)+FZt>
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oooo00o. bR, 00000000000000O0O00O0

oo o
gooo.

3.16.18 TP_2. qv

oo o
goooobooboobbooboao.

o0 O
result=TP 2. qv( T, P )
oo O
T <R> in ooooo K.
P <R> in Ooooo [Pa).
000 <R> inout OO0OO0OOO0OOOO [kg/kgl
ooo O

U0000,esBolton U0 O0O0O0OOD0O0OOOODOODOOODOOODOODO E,O

oooad
ceg _&

L B,
P —eq R,
Ry R,OU0000O0OO0O0OO0OOOOUOOODOOOO

Qus =

oo o
oooo.

3.16.19 qvTP_2_RH

oo o
gboboobobooboobboobuoobboon.

ogd o
result=qvTP_ 2 RH( qv, T, P )

ud o
qv <R> in O0ooooooO ke/kg).
T <> in 00000 K]
P <R> in O0ooo [Pa).

000 <R> inout 0000000 [%).
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ogoo O
gboogooboaog.

qvP 2 e(qv,P) = 0000 e=eT 2RH(e,T)=0000O

oo o
gooag.

3.16.20 rhoP_2_T

oo o
goooobooboono,0dgbbooboobboon.

oo o
result=rhoP_2_T( rho, P )

00 O
rho <R> in 0oooo [kg/m?].
P <R> in 00000 [Pa).
000 <R> inout 00000 [K].
o000

gooooooao :
p = pRT.

O00OOp,p, R,LITOODODOODOOOOODOODOOOOOOOODODLDODOOO
00000000000 MKSOODOOOOOOD

oo o
gooog.

3.16.21 rhoT 2 P

oo o
gboooobooboob,oobboobooboboon.

og O
result=rhoT_ 2. P( rho, T )

oo o
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rho <R> in 0oooo [kg/m3].
T <R> in ooooo K.
000 <R> inout O0OOO0O [Pa).

goo o
gooooooao :
p = pRT.

O000Op,p, R,ITOODOODDOODOOOOODOODOOOOOOOOODOODLOOOOO

00000000000 MKSOODODOOOOOOD

oo o
goog.

3.16.22 tetens

oo o
tetens DO O000O00O0OO0OOO0OO0OOOOOOOOO.

oo o
result=tetens( T )

oo o

T <R> in ooooo K.
000 <R> inout OOOD0OODOOO [Pal.

oaoo O

eo(T) = e x 10°ToT00s, | @= 75, b=2317 (T >
s ) a=9.5, b=265.5 (T < TD)

O000,Ty,=273.15K,e,(T)000000O0OOODOO

oo o
goog.

3.16.23 thetaP 2. T

oo o
gboooboooooboooooa.
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oo O
result=thetaP_2_T( theta, P )

00 O
theta <R> in ooooo [K).
P <R> in 00000 [Pa).
000 <R> inout O0OOO0 [K].
000 O
000000 :

P Rd/cpd
r-o(2)
Po

O0000.0000p 00000000O0000O00000R,C,qy0O00000O0
gooooooooooooboooboobgoogon

oo o
gooo.

3.16.24 thetaT 2_P

oo o
gooooooobooboo.

oo O
result=thetaT_2_P( theta, T )

ugd O
theta <R> in 00000 K]
T <> in 00000 K]
000 <R> inout O0OO0O0O [Pal.
ugod o
gooooo -

6

O0000.0000p00000000O0000O00000ReC,yO0O0O0O0O0
gooooobooboobobooboonoobd

T de/Rd
(3

oo o
gooog.
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3.16.25 theta_dry

oo o
gboooooboobooooooo.

oo O
result=theta dry( T, P )

00 O
T <R> in ooooo K.
P <R> in 00000 [Pa).
000 <R> inout 0000000 [K].
000 O
0o0oo0oo :

- ()

O00000.0000p000000000000O00000ReC,qy0O00000O0

ooooooooooooboooboobgoon

oo o
gooo.

3.16.26 theta_moist

oo o
goooooboobooooboo.

oo O
result=thetamoist( T, P, qv )

oo o
T <R> in ooooo K.
P <R> in O0ooo [Pa).
qv <R> in O000ooo0ooo [ke/kg.
000 <BR> inowt OOOOOOO [K].
ooo o
0o00o00o0oOoooooooag
Po\Pow Ry 14 qy/e
0 :T(—> ,  Pow = —
m P de 14 g, % (va/de)
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00000.0000p00000000000000000 Ry, Cpa, Re,Cpy 0D
000000000000 000000000,0000000000000000
oooQ

oo o
gooo.

3.16.27 thetae_Bolton

oo o
Bolton (1980) DOOOOOOOODOOODO.

oo o
result=thetae Bolton( T, qv, pres )

oo o
T <> in 00000 [K].
qu > in 000000000 [kg/kel.
pres <R> in O0ooo [Pa).
000 <R> inout 0000 [K].
ooo O

ooobooeOnonoon

a(1—bqus)
0. =T bo exp < Gus _c (1+dqys) ¢, a=0.2854, b=0.28, ¢ = 3376, d = 0.81
p TrcL

000, T,po,p, Thew, qus 000000001000 hPa0 OO0 OLCL OO0 OO0OO
0oooO

oo o
gooag.

3.16.28 thetaes_Bolton

oo o
Bolton (1980) DO ODOOOOOOOOOOODO.

oo o
result=thetaes Bolton( T, pres )
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ogd O
T <> in 00000 [K].
pres <R> in O0ooo [Pal.
Oo00 <R> inowt OOO0OO K.
ggg O

00000 6,,00000

a(1—bqus)
0oy =T < . ) exp {qu (T) (1+ dqu)}, a=0.2854, b=0.28, ¢ = 3376, d = 0.81

000, T,po,p,qus 000000001000 WPa0 000000000000

oo o
goog.

3.17 Trajectory

gboooooooooooooooooooooooooooonoo

3.17.1 Forward _Trajectory_2d

oo o
2000000000000 DO00O0O0DDO0ODLOO0ODDO0OO

oo o
call Forward Trajectory_2d( dt, stime, step, ini x, iniy, t, x, y, u,
v, trajx, traj.y, FTF, [opt], [udef] )

oo o
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dt <R> in 00000000 [8.
stime  <R> in Oooooooo [s).
step <I> in goooaoooobon.
inix  <R(:)> in 0000 x [m].
ini.y = <R(size(ini_x))> in 0000 y [m].
<R(:)> in O0000ooooooo (Co).
X <R(:)> in 0000000 [m).
y <R(:)> in 0000000 [m).
u <R(size(x),size(y),size(t))> in x0o0O0o0oooo (oo).
<R(size(x),size(y),size(t))> in yOoooooo (oo)
trajx <R(step,size(ini x))> inout 0000 xO0O00OO [m].
traj.y <R(step,size(ini x))> inowt OO0O0 yOOOO [m].
FTF <C(len=6) (size(ini x))> inout 0OOOOOOODOO (ODO).
opt <C(*)> in Oo0000ooooo (o).
ggooooobooooooood.
undef R in O00000ooooo (o).

ooo O
gdddddoooouuouooo gy, oo oboon
O0o0oobooboooooD ¢, 00d00000 00000 oooooonog
oooobog?»7obbo0ooboooooobobooobbooobooooooDO
000000000000 00000O0OOoOOoOoOoOoOoO0oO0O0O0O (ryy)0OO
002000000 »(r,y,t) 0000000000000 O0O0DO0OOOOOOO0O
00000 z(x,y,t) 0
ox(x,y,t) = v(z,y,t)dt

gbobooboobooobobooboooobooobooooboooooobooaooad
000000000000000000 =(x,y,t)0000000000O00O0O0ODO
goboobobooobobooboobooobobooboooobooooooboooboo
gboooobooobobooobbooboooobooobooboooboooooooooad
gbogoboobooobooboooboooboo

g

O??0000000000D0O00O0O00DOOObDOObOOO

ts : stime, dt : dt, nt : step, n : size(t),
ti : t(1)

oo o

e JOUODoptIOUIDOLDOOIDLODLOODODOOLODODOLODOODO
gooooooooooooooooogn

EUl 00 1000000000000.
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HOl1 0000000 (Doooooooon).
MEl1 OO0OD0OO0OOO0OCOO.

RK3 3000000OO0O0O0ODO.

RK4 40000000O0ODODO.

OO00DO0oO00OoO0o0oDoooboooooo??0O0O

gbdbx, yOODOOODODODODOOOOOODOOODOODOOoOOoOOoooDOo
goboboooobboooboobo0obbOoobo0ob0b00D trajx, trajoy
Ub0000uwdef DO00O0OO0OO0O0O0DOOO0DOOOOOOOOOODO.0OO
gbooooooooboogn

size(inix) 0 200000000000 0O00OOOOOODODOOOOOOO.

FIFOOOOOOOO,000000000000000000.  .true. O
goobbooogg, .false. DOOOOO0ODODODOOOOODODO. .true.
goobooboobobobobgo,boboboboboobooobD oobOOO
undef DO O0O0OO0ODO.

3.17.2 Forward Trajectory_3d

oo o

sogobooobobobobobobobobobobobobob

oo o

call Forward Trajectory_3d( dt, stime, step, ini x, ini.y, ini_ =z,

t, X, y, z, u, v, w, trajx, traj.y, traj_z, [opt], [udef] )

oo o
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dt

stime
step
ini x
iniy

ini_z

N <

[

traj_x
traj_y
traj_z
FTF
opt

undef

uoo O

<R>

<R>

<I>

<R(:)>

<R(size(ini x))>
<R(size(ini x))>
<R(:)>

<R(:)>

<R(:)>

<R(:)>
<R(size(x),size(y),
size(z), size(t))>
<R(size(x),size(y),
size(z), size(t))>
<R(size(x),size(y),

size(z), size(t))>

<R(step,size(ini x))>
<R(step,size(ini x))>
<R(step,size(ini_x))>
<C(len=6) (size(ini_x))>

<C(*x)>

R

in
in
in
in
in
in
in
in
in
in
in
in
in
inout
inout
inout
inout

in

in

0ooooooo fs).
Dooooooo [y
goooooooon.
0000 x [m].
0000 y [ml.
0000 2 [ml.
000000ooooo (o).
0000000 [m].
0000000 [m.
0000000 [m].
x0000000 (00).

y0O0OOoooo (oo).
20000000 (00).

0000 x0000 [m).
0000 yOOOO [m).
0000 20000 [m).
0000000000 (00).
000000000 (30).
0000000000000000.
0000000000 (00).

000000000000000# 00t 000-~0000000000000
0000000000000 ¢+00d00000n 0000000000000
000000??2000000000000000000000000000000
0000000000000000000000000000000 (z,y,2) 00
0003000000 v(z,y,2¢t)0000000000000000000000
0000000 (z,y,2,t) 0

dx(x,y,z,t) = v(x,y,z,t)0t

gbobogbobooobboobbooobooobbooobooobooboanbbd
O000000000000000000 =(x,y,2,t)0000000000O0O0O0ODO
gboboobobooboobooboobooboboobobooboobooboon
gboboooboobboobbooboooboobboobbooobooanoobg
gboooobooboooboobooobobooobobon

0

o??0000000000D000O0O00DOOODbDOObOOO

ts : stime, dt : dt,

: step,

n : size(t),
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t; + t(i)

oo o

e IO OoptOIDOODODDOODOODODDODOODODDOD
gbobooobobogobuaobbooboa
EUl1 OO0 10000000000DO.
HOl1 0000000 (D0oooooooo).
MEl1 OO0OD0OO0OOO0OCOO.
RK3 30U0000OO0O0O0ODO.
RK4 40000000O0ODODO.

OO00DO0oO00OoO0o0oDoooboooooo??0O0O

e 000 x, y, zOUODDOOOOOODOOODODODODOODOOODO
oboooobbooooboboobbobobbooobbOo0oon trajx,
trajy, trajzUO0O0O0O0Ouwndef 000000000000 OOOO0DOOO
googoonoboobobooboobbon

e size(inix) 0 2000000000 OLODOO0OODLOOOOODOOOODOOO.

o FIFLUUUUODODODOO, D000D0ODO0O0ODDOOOO0OOnDO. .true. O
goobbooogg, .false. DOOOOO0ODODODOOOOODODO. .true.
goobooboobobobobgo,boboboboboobooobD oobOOO
undef DO O0O0OO0ODO.

3.17.3 Stream_Line_2d

oo o
20000000000D00DO0DODODOD

oo O
call Stream Line 2d( dt, step, ini x, iniy, x, y, u, v, trajx, traj.y,
[opt], [udef] )

oo o
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dt <R> in 00000000 J3.

step <I> in gooooooooo.

inix  <R> in 0000 x [m].

iniy <R> in 0000 y [m].

X <R(:)> in 0000000 [ml.

v <R(:)> in 0000000 [m].

u <R(size(x),size(y))> in xO0Ooooooo.

v <R(size(x),size(y))> in yoooooogd.

traj x <R(step)> inowt OO0 xOOO0O0O [m].

traj_y <R(step)> inout OO0 yOOOO [m].

opt <C(*)> in Oo0o00ooogo (o).
ggodooooboboooooood.

undef R in 00000ooooo (oo).

uaoo O
0000000000 (z,y) 00002000000 w(z,y) DOOOOOOOO
000000000 oo0oUooooood z(x,y) 0

dx(z,y) = v(z,y)ot
goooooooooooooooooooooon

oo o

e JIIDOOoptOIDOODODOODOODLODDODOODODDODO
gooooooooobooogoooobgno
EUl 00 1000000000000.
HOl1 0000000 (Doooooooon).
MEl1 OO0O00OO0OOO0OOO.
RK3 300D00DOO0OOOoDOO.
RK4 40000000000DO.
gooboOoooOoooooboooooo??0ObO

e 00 x, yOUUODODODOODODOODODODODODODDOODO
gbobogooooooooooooboboboooodn trajx, trajoy
U0000uwdef 0000000000000 OO0OOOODOOODODOOOO
ooooooooogoonog

3.17.4 Stream_Line_3d

oo o
Jobooobooboooboboobooonbog
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oo o

call Stream Line 3d( dt, step, ini x, ini_y, ini_z,
traj_z, [opt], [udef] )

X, y, 2z, u, v, w, trajx, traj.y,

ood o

dt <R>

step <I>

ini x <R>

inily <R>

ini z <R>
<R(:)>

y <R(:)>

z <R(:)>

u <R(size(x),size(y),
size(z))>

v <R(size(x),size(y),
size(z))>

W <R(size(x),size(y),
size(z))>

traj.x <R(step)>

traj.y <R(step)>

traj.z <R(step)>

opt <C(*)>

undef R

ooog o

in
in
in
in
in
n
in
in

n

n

n

iout

out

mout

n

n

oooooooo fs).
ogoooooooo.
0000 x [ml.
0000 y [ml.
0000 z [m].
0000000 [m].
0000000 [m].
0000000 [m.
xO0oooooo (oo).

y0OOOOooo (oo).
0000000 (00).

000 xO0000 [m).
000 yOOOO [m).
000 z0000 [m].
000000000 (00).
0000000000000000.
0000000000 (00).

O000oooo0Od (»,y,2) 000003000000 v(z,y,2) 0000000
0000000000000 00O0OD000000 ®(x,y,2)0

dx(x,y,z) = v(z,y,2)0t

gboooboboobooboboobobooboooboo

oo o
e NUUOOOoptOUDOUOODLODLDDOOOOODLODLDDOLOOODLODDOn
gboooboobooobooooooooog
EUl 00 1000000000000.
HOl1 0000000 (Dooooooooo).
ME1l1 DO0O0O0ooooooo.
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RK3 300D00DOODbOODbDOO.
RK4 400000000DOO.

goobDoOoooOoooooboooooo??0OO

e 100 x, y, zUOOOODODOOODODOOOOOOOOOOOOOOOOO
goddooooouoooobooouooooooouoooon traj-x,
traj.y, trajz00000wdef JO0O00000000000O000O000O0OO0
googoobboobbooboobbod

3.18 typhoon _analy

gbooboboooboobuoobo.gobbobooboobuooboobboobobooo
ubboobuoobboobuoobboobooobn

3.18.1 grad_wind _pres

oo o
googobooobooboooboobon

ogd O
call grad wind pres( r, coril, v, rho, r_ref, p_ref, pres )

ugd O
r <R(:)> in 0000 [m].
coril <R(size(r))> in Oooooooog [1/s).
v <R(size(r))> in 0000 [m/s].
rho <R> in D00ooooooo [kg/m?.
rref <R> in O00o0o0o0ooO [m].
p-ref <R> in rref 0000 [Pal.
pres <R(size(r))> inout 000000 [Pal.
ggog O
ooooog )
% 10
gy, =P
r por

oboboooo0oo0o0oooooooooOoOoOOObOO00OOYV, 00004, poooo
OOpO0O0D0Or 000000000 f0000DOCO0ODDOOODOOODOO
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googobooboobodb -000o0boon

9 r 2
Gpdr:/ p| =L+ 1V, | dr
Tref r T0
doodoboooouoood
r V2
P(T)_Pref‘i‘/ P 7g+fvtq dr
Tref r

gobogobooboobboobuoobboobooboooboobooo

oo o
goo.

3.18.2 hydro_grad_eqb

oo o
gbooobobooboobboobooobbooboobboon.

oo O
call hydro_grad eqb( r, z, coril, v, pres_s, rho_s, pres, rho, [error]

)

ugd O
r <R(:)> in 0000 [m].
z <R(:)> in 0000 [m].
coril  <R(size(r),size(z))> in ooooooooo [1/s).
v <R(size(r),size(z))> in Oo000 [m/s].
pres_.s <R(size(z))> in OO0ooOoooooo [Pal.
rho.s <R(size(z))> in 0000000000 [kg/m3).
pres <R(size(r),size(z))> inout OO O OO0 [Pal.
rho <R(size(r),size(z))> inouwt OOO0O000 [kg/m?.
error <R> in coboooooooood.
00000 =107°.
ggg O
ooooooooooogog
9p
9, 9P
goooobobooon
92 10p
— 4+ ng = —_ =
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gobooobolbooobboobbooobbooobooobboooobobo
ooooooooov,oboooo,pbob00Ob00p00O00r000000000
fooooboo0oobOOoO0ooOoOooOooooooOobbO0boobooDboooDooo
googoboobboobboobooboboobboobooobooobo
0000000000000 000000000000000000™00000
gboboobooooboooboboooboooboooooboooooobooooa
googobooobooobooobooobobooboboobobooobo
O00DO000O00D0O0o0bDOoOgn r(ar), nr=size(r) JOOOODO

1. ogboboobooboooboobo -0o00boobo

[20- [

gbooboboodrd0bO0oO0ObOO0O0ODbO0O0O0DbOo0ObObOObObOObDO
o0

‘/;72
T‘i‘f‘/:q

2

r v
p(r)zp(ro)+/ p 79+ng

T0

gbooboboobooboooobbobooboobooboooboon
ooogd

2. 000000 p(r,z) 0000000000 O0DOOOODOOOOOOOOOOO
gooooooood

gbooobooobooobbloobooboogbibderrordbooonooonOd
goooooboooboo

oo o
goo.

3.18.3 tangent_mean anom scal

oo o
gbobobooooobobooooboboooooobooooooobo,bbooobooog
googooooooo.

oo o

call tangent mean anom scal( x, y, xc, yc, u, r, theta, v )

oo o

®000000000000000 Emanuel (1986) 00000
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<R(:)> in gooooooo.

<R(:)> n ogooooooo.
XC <R> in 0000000000000 (0O).
yc <R> in 0000 yOOOOOOOOO (o).
u <R(size(x),size(y))> n oooooooooood

gooooao.

r <R(:)> in gooooooooa.
theta <R(:)> in 0000000000 [rad].
v <R(size(r),size(theta))> inout OOODOO0O.

uaoo O
2000000000 (ry,y)OOOOO (z,y) DOOOOOODOOOO (r,0) 00
goobobooooboogoobe0DbOOODOOOLDOOODOOODODOODOOOO
000000 (x,y;) 0000000000000 ;000000 (1,60, 000
ooooogoow,d000000

uz+173 — uivj (Z,U ula]+1 — uivj

m xz) +
Tit1l — T4 Yj+1 — Y5

(xm — ) (Yn — ¥5)
Tit1 — xz‘)(yj+1 - l/j)

Umn = Uij + (yn - yj)

[Ui+1,j+1 — Ujj+1 — Uit1,5 T Uz]] (
ooo0o00o00000000o0ooooon
Ti CX, Yj LY, Ui U, Upp tV,
rm : ¥, 0, : theta

oo o

e OUODODOODOO 3.100.

e 000000 OODDODODODODODODDOO (zeyye)OODDOODODODOOOO
gbhobooboobooobobobobooboooboboboobooooooboan.

3.18.4 tangent mean_anom scal Cart

oo o
gboouobouboboboboboooobuobobobo,oboboooobg.

oo o

call tangent mean_anom scal( x, y, xc, yc, scal, r, theta, scal_anom )

Opoo??000
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oo O

XC

yc

scal

r

theta

scal_anom
ooo o

<R(:)>

<R(:)>

<R>

<R>
<R(size(x),size(y))>

<R(:)>
<R(:)>
<R(size(x),size(y))>

in
in
in
in

in

in

in

inout

oooooooo.

0ooooooo.
0000z000000000 (O0).
0000y000000000 (00).
000000000000
oooooo.

00ooo0o0ooo.
0000000000 [rad).
0000000000000,

tangent mean scal 0000000000 0DO0O0O,0000000000000
gbogboodb.gobobooboobobooboboobooobooboa,bd
gbobooboooobobooooboobooooo,bbobooooboboooooobog
ooooooogo.

oo o

e J000OUDDOODDDODOODDOOOUDOD (z,ye)DOODODDODOODODOO
goboobooboobooboobooobooooooooboobooooboon.

3.18.5 tangent_mean_anom._vec

oo o

gooobooboobooobogo 20000000000 00000Db000D0O0O
goobo,bgoooobob,oo00oboo0bob. oboobo,0o0b0b0ooboo

gboog,bgobooobboobuogboobobg.

oo o

call tangent mean anom vec( charc, x, y, xc, yc, ul, u2, r, theta, v )

oo o
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charc <C(6)> in oooooooooo
ooooooooo.
"scalar” =0000000O0.
"vector” =0000000O0.

<R(:)> in ogooooooo.
<R(:)> in gooooooo.
XC <R> in 0000000000000 (00).
yc <R> in O000yOOO0OO0OOOooOOoO (oo).
ul <R(size(x),size(y))> in Oo0o0o0opooooooooooo.
z0O0O.
u2 <R(size(x),size(y))> in oo0ooOooooOooooooog.
y .
r <R(:)> in gooooooooa.
theta <R(:)> in O00O0O0O0ooog [rad].
v <R(size(r),size(theta))> inout OOOOODO.

ooo O
U00D00 tangentmean.scal DO O00OO00. 000000 charcOD0OODOO
gobooboobooboobooboo,0oobooboobooboobOobobOond
ooooo,0ooobooocooobooooobooboooooobooboooooon
u=(u,u) 0000000000000 0OO r=re,J00000O0Oe, 00
goboodoobooboboobboooboboooooobooboooboOoOooboOonod
Oo0oo0oo0r=(s,y) 000000000 O0OOODODOODOOOOOD

rou = |r|fu

0000000000000000000w00000000000000000
00000000000000000000000000000000O00000
00000000000000000000000000000000O000O000
00000000000000000000000000000000000000
2000000000 (2,9) 00000 (z,5.) 00000000000 (r,6) 00
0000000000000 00D0000000000000000000000

oo o

e JJ0IU0U0OUUODDDODODODODODDOO (zeyye)ODODOODDODODOOOO
gbobobooboooboboboboobooobobobobooooooban.
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3.18.6 tangent mean scal

oo o
gbooopoobooboobbooboobbooboobobo,obooboboon.

oo o

call tangent mean scal( x, y, xc, yc, u, r, theta, v )

oo o
<R(:)> in oooooooo.
<R(:)> in oooogooog.
xc <R> in 0000000000000 (0O).
yc <R> in 0000 yOOOOODODOOO (oO).
u <R(size(x),size(y))> in ooboooooobooooo.
r <R(:)> in oooooooooo.
theta <R(:)> in 0000000000 [rad].
v <R(size(r))> inout OOOOOODOODO.
ooo O

2000000000 (ryy)OODOOO (2e,ye) DODDDOOOODOOO (r0) 00
gooooOooboOoOobe0ODOOODOOODOOODOOODOOODOOOOO
000000 (x,y;) 000000000000D0 w,; 000000 (1,60, 000
ooooodddy,, 0000000

Ui+1,j_ui,j(xm_xi)+ui,j—i—l_uz’,j
Ti+l — Ti Yj+1 — Yj
(Tm — ) (Yn — Yj5)
Tit1 — i) (Yjr1 — Yj)

U = Ui 5 + (Yn — ¥j5)

[Wit1,j4+1 — Wijr1 — Wit1j + Ui j) (
0000000000000 00000000
Ti 0 X, Yj Y, Uiy P W, Upp oV,
Tm : r, 0, : theta

oo o

e OUOIDODODODOO 3.100.

e 00U OIUOUOUDDDODODDDODDOO (ze,ye)OODOODDODOOOO
gbobobobooboboboboboooboboboboooobob.

“oogoo??000
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U 31l:0000b0o0ooboooboooobuoobobooboo. ooboogn myeO0O0d
goooobg,bobooboojo0boobobo,booboob«:bo0obobo
uo.

3.18.7 tangent_mean vec

oo o
gbooobooobooboooboo 2000000000000 000o0o04ao0
gobog,obbooobobdo. gobo,000bobooobooo,gooba
goooooooooooooon.

oo 0O

call tangent mean vec( charc, x, y, xc, yc, ul, u2, r, theta, v )

oo o
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charc

XC

yc
ul

u2

theta

uaoo O

<C(6)>

<R(:)>

<R(:)>

<R>

<R>
<R(size(x),size(y))>

<R(size(x),size(y))>
<R(:)>

<R(:)>
<R(size(r))>

in

in
in
n

in

in

in

inout

dooooooooo
ooooooooo.

"scalar” =000000O0O.
"vector’ =000000O0O.
oooooooa.

ooobooooa.

0000 000000000 (00).
O000yOD0OO0OOOOOOO (oo).
0o0bOOoooooooooooa.
z0O0O.
ooooooooooooooan.

y .

oooooooooo.
0000000000 [rad].
oobooooooo.

U00D00 tangentmean.scal DO O00OO00. 000000 charcOD0OODOO
gobooboobooboobooboo,0oobooboobooboobOobobOond
oooobo,0oobooocoooboboooboboboboooooboooooooboood
u=(u,u) 0000000000000 0OO r=re,J00000O0Oe, 00
goboodoobooboboobboooboboooooobooboooboOoOooboOonod
Oo0oo0oo0r=(s,y) 000000000 O0OOODODOODOOOOOD

rou = |r|fu

gbooboboooboobobobtbte, 00000000 0o0b0obooaong
googoboobboooboooboobboobboobooobooobo
gbobooobuoobbooobboobooboboobboobooobooaobd
gboboooboboobooboboobobobooboboobobooooan

oo o

e JJ0IU0U0OUOODDDDODDODODDOO (zeyye)ODODDOODODODOOOOO
gbobobooboooboboboboobooobobobobooooooban.
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40 UOOoUO0Udootud

gboog,boobbooboobbooboobboboboobooboooobooan.

4.1 0OO0O0O0OO0O0OO0O0OO0OOOOODO

demo 0O 0ODOODOODO,0Db0D00O0O0O0ODLODO0ODOODLDOODOODODLDOODOO
OO0.0booooboooooogoboo STpPKOooOoooooooooboooobooo
OO,NetCDF OODOOO, gtools DO0DOOODOODOOODOOODOODOOODOO. O
O0000D00O0C0000D00 NetCODFOODODDOOOOODODODO,00000000D0RO
ugboooobodan.
OoboooobOoobobooboooonn, demo/Mkinclude HOOOOOOOOOOOO
goobooboob. booboobboobbooboobbooobg.

a )
FC STpPK OOOOODOOOOOOO0ODOO.

FFLAGS 0UO0O0OO0O0DOOO0ODLOOODDbOODbDOO.
ISTDIR STPK OOOOOOOODOOOOO.
INSTNC netcdf OOOOOODOOODOOOO.

INSTGT gtoolb DO D OUOODOOODOOOO.
o %

O00000 demo UDOUODOODOO make DODOODOODOODOODOO.
O0O0,DCLFO 0000000000000 O0, make draw OO0OO00D00O,200
OO00O000DOOo0DOo0bOO00O0o0DobD araw0D000O0. OO, Ruby-DCL O
obooooooooobod,dbob0ob0o0obgobo0onDgnd delplot DO g, 00O
O00ooooo0ogoDn gnuplot UO00O0OO0O000O0O0O0OO0DOOOO. OO delplot
O Ruby OODOODOOODO, ruby delplot DOOO0OO,000000000O0DOO0OO
Uo0bo0obo0bboob wageDOOOOOO0ODOOO,000000000A0.
UOdraw U0 O0OO0000D0O0OD0OO00,D0000000D000000000D000 draw-
oboobobobobol .nml OO0O000000O0O0ODOODOO0O,000, poison OO
O0Db00b0bo0odbO poison.ncUODOOODOOODODO, ./draw < draw_poison.nml
gbobobobobob. 0baraw 00000 O0O0OOOOOOOODOOOODO
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oo0ooooo.
a I
&drawinput
fig type =1 ! OOOO 1: OO0O, OOOO
' 2: 000, Dooo, ooodad
' -1. OJOoOoog, oooo
! -2: JOoOooad, oooo
' 00000000, cont_val ODOOO,
' JO00000000, shade_val OO OO,
' Jooooooaa.
' Jdoooooo, Ooooododd xmax, xmin [0
| 0000000000000 cmin, cmax, smin, smax [
ooo,
! cmin, cmax JOOO, smin, smax DO OOOOOO.
! shade_val, cont_val OO0 0O0O00O00OO00OOOOOOO
a
' Jo0oooooooo.
! ymin, ymax 0000000000 0O0OOO0O0OO0O yOOO
' x 0000000000 (0oog) boooag.
' 00 1 O0000000, ymin =ymax DOOOOODO.
' Jodododod, dodddddoooooooooooono
ao.
lex. 000000 xmin, xmax O O 0O, OO OO0 O
U ymin, ymax
! gooooooooooa.
nx = 100 !' JO0OOOO0O
ny = 100 ! O00O0OO0OOO
xmin = 0.0 ! O0OOOO
xmax = 1.0 ! O0OOOO
ymin = 0.0 ! OOO0OO
ymax = 1.0 ! OOOOO
fname = ’poison.nc’ ! OUOOO netcdf ODUODODO
txtname = ’° | JOUO0OOOOOOO
cont_val = ’rho’ ! OOOODOOOO
shade_val = ’psi’ ! OJUO0OO0OOO0OOOOO
vx_val =’ | OO0 xdOoOoodooo
vy_val =’ | J0O0O0 yOooooooo
cmin = -4.0 ! JOOOOOO
cmax = 0.0 ! JOUOOO0OO
smin = 0.0 ! OOOOO0OOODOO0OO
smax = 5.0 ! DOOOOOOOOOO
x_axis = ’x’ ' O00O0O0O0OO
y_axis = ’y’ | OOOOOO
sfact = 1.0 ! OJOOOOOOOOO
cfact = 1.0 ! JOOOOOOOO
vxfact = 1.0 ! OOO0OOOOOO x
vyfact = 1.0 ! 000000000 y
title = 7’

N

/

00 draw OO O
Ooo0oooooood

gbbodbooobooobboooboob. obboobobod
gooooobo,0boobbooboobooooobaon.
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4.2 0O000O0O0O0O0O0O0O

4.3 advection

gbobg ffttep0 0000 oobo0. b0 1b00obo0obooboboo,booon
ubobooboboobooboooobg.
O0000000000000000 1000000 wuw(z,t)000000O0O0OOOOO

ou N ou 0

- cC— =

ot ox
good. oo oooooo,oooobooooooooooooooa
gooopoo. dg0opoooggobooouogggn advection.nml OO OOODODO.

goog o

~

program advection

2 use ffts ! FFT OJUO0O0O

3 use file_operate ! JOOODOOOO

4 use Math_Const

5 use gtool_history

6 implicit none

7 integer :: nx ! x U0OOOOOO

8 real :: dt ! JOOOOO

9 integer :: nt ! UOO0ODOOO

10 real :: xmin ! x OJOOO

11 real :: dx ! x JQOOOOO

12 integer :: j, k

13 real, allocatable, dimension(:) :: x ! x OO

14 real, allocatable, dimension(:) :: y ! OOOODO0O

15 real, allocatable, dimension(:) :: time ! OO

16 real, allocatable, dimension(:,:) :: amp ! OODOOODO
17 complex, allocatable, dimension(:) :: fml1 ! OOODOOO
18 complex, allocatable, dimension(:) :: fm2 ! OOODOOO
19 complex, allocatable, dimension(:) :: fm_tmp ! OODODOOO
20 complex, parameter :: i=(0.0,1.0)

21 namelist /input /nx,dt,nt,xmin,dx

22 read (5, input)

28 if (mod(nx,2)/=0)then

24 write(k,*) "s*xx ERROR **x"

25 write(*,*) "nx must be even number. Stop."
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26 stop
27 end if
28 allocate(x(0:2*nx))
29 allocate(y(0:2#nx))
30 allocate(time(nt+1))
31 allocate(amp(0:2*nx,nt+1))
32 allocate(fm1(0:2#nx))
33 allocate(fm2(0:2#*nx))
34 allocate(fm_tmp(0:2+*nx))
35 x=(/((xmin+dx*real(j)),j=0,2+*nx)/)
36 time=(/((dt*real(j-1)),j=1,nt+1)/)
37 do j=0,2*nx
38 y(j)=sin(x(j))
39 amp(j,1)=y(j)
40 ! y(j)=exp(-(x(j)-0.5*real (2*nx+1) *dx) **2)
41 fm_tmp(j)=y(j)
42 end do
43 call ffttp_1d( 2*nx+1, fm_tmp, fml, ’r’, ’0’ )
44  '-- gtool history (netcdf dump)
45 call HistoryCreate( & ' goooooo
46 & file=’advection.nc’, title=’spectral advecting model’, &
47 & source=’Sample program of gtool_history/gtool5’, &
48 & institution=’GFD_Dennou Club davis project’, &
49 & dims=(/’x’,’t’/), dimsizes=(/2*nx+1,nt+1/), &
50 & longnames=(/’X-coordinate’,’time /), &
51 & units=(/’m’,’s’/), &
52 & origin=0.0, interval=real(nt*dt) )
53 call HistoryPut( ’x’, x ) ' 000000
54 call HistoryAddVariable( & 1 ogog
55 & varname=’amp’, dims=(/’x’,’t’/), &
56 & longname=’amplitude’, units=’1’, xtype=’float’)
57 '-.- 000000
58 do j=1,nt
59 '--CROOODOOO
60 fm2(0)=£fm1(0)
61 do k=1,nx
62 fm2(k)=((1.0-0.25%(dt*real (k) )**2-ixdt*real(k))/ &
63 & (1.0+0.25%(dt*real (k) )**2))*fml (k)
64 fm1i(k)=fm2(k) ! OOODOOOOO
65 end do
66 do k=1,nx
67 fm2 (nx+k)=conjg(fm2(nx-k+1)) ! O0O0O0OOOOOOODOO
68 end do
69 call ffttp_1d( 2*nx+1, fm2, fm_tmp, ’i’, ’0’ )
70 do k=0,2*nx ! OOOOOO
71 y(k)=real (fm_tmp(k))
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72
73
74
75
76
7

amp (k, j+1) =y (k)
end do
end do
call HistoryPut( ’amp’, amp ) 1 gpooog
call HistoryClose
end program

ugboboobooaboobg o

(j./advection < advection.nml i)

0000, advection.nc JOOODODO. OO, 0000000000000000
goo.

&input

nx=100 ! OO0OO0ODO
dt=0.05 ! OOOO
nt=100 ! OOOOOOO
xmin=0.0 ! OO0O0O
dx=0.0628 ! OOOOODO

/
oooo o
4.4 cov

00000 statisticsUU0UOO0U000000. O00000O0000O0O0ODODO data.org
oo, oboboobobooboobob.oob,o0obobooooooboboooa,ood
gooooo.

ugboodg o

SIS TR T SN

program cov

use Statistics
use file_operate

use max_min

use Basis

implicit none

real, allocatable, dimension(:) :: x, y, xa, ya
integer :: nx, i

main.tex
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amp and amp

CONTOUR INTERVAL = 2.000E-01

041 00000.

1.00

0.60

0.20

-0.20

—0.60

—1.00

9 real :: a, cc, slope, intercept
10 real :: xmax, xmin, ymax, ymin, xmean, ymean
11 integer :: xmim, ymim, xmam, ymam
12 character(10), allocatable, dimension(:,:) :: cval
18 nx=line_number_counter( ’data.org’ )
14 allocate(cval(2,nx))
15 allocate(x(nx))
16 allocate(y(nx))
17 allocate(xa(nx))
18 allocate(ya(nx))
19 call read_file_text( ’data.org’, 2, nx, cval )
20 do i=1,nx
21 x(i)=c2r_convert( cval(l,i) )
22 y(i)=c2r_convert( cval(2,i) )
28 end do
24 call Cor_Coe( x, y, cc )
25 call Reg_Line( x, y, slope, intercept )
26 call Mean_1d( x, xmean )
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27 call Mean_1d( y, ymean )

28 ! call Anomaly_1d( nx, x, xa )

29 ! call Anomaly_1d( nx, y, ya )

30 do i=1,nx

31 xa(i)=x(i)/xmean

32 ya(i)=y(i)/ymean

38 end do

34 call max_val_1d(xa, xmam, xmax )

35 call max_val_1ld(ya, ymam, ymax )

36 call min_val_id(xa, xmim, xmin )

37 call min_val_1d(ya, ymim, ymin )

38 WELTE (k%) 2 skokoskokokkokkokskokok ook ok ok ok ok ok ok ok ok ok ok Kok ok ok ok 2
39 write(*,*) ’slope =’, slope

40 write(*,*) ’intercept =’, intercept
41 write(*,*) ’Cor_Coe =’, cc

42 write(*,*) ’data number =’, nx

43 WELTE (%, %) 7 sk kokokokskokokkok ook ok ok Kok ook Kok kK ok ok ok Kk ok ok 7
44 deallocate(x)

45 deallocate(y)

46 deallocate(xa)

47 deallocate(ya)

48  end program

gboobooooono O
goooobooboobobooboob,o0obboobobooboooboobg.

~

sk sk ok ok o ok ok sk ok ok o o sk ok ok ok o ok sk sk ok ok ok o ok ok ok ok ok ok o kK ok ok
slope = 4.4496446E-06

intercept = -3.6121133E-07

Cor_Coe = 3.6029361E-02

data number = 246

>k >k 3k 3k 5k >k >k 3k 5k 5k >k %k >k 3k 5k >k %k >k 3k 3k >k >k >k 5k 5k >k >k %k >k 5k >k >k *k >k %k >k

4.5 diffusion

gboobog ffttp000000O00DOO0. D0 10000000000 0OO,0000
obooboooooooooooogon.
O0000000000000000 1000000 uw(z,t)D0D00OODOOOOOOO

ou 0%u

ot “oa2
ot. gtdddoobdooobotdooon, oo oobooooooooon
Uddood. doddodobouoouooudood diffusion.nml OOOOOO0O.
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goog o

~

program diffusion

2 use ffts ! FFT 00O OO
3 use file_operate ! OOOOOOOO
4 use Math_Const
5 use gtool_history
6 implicit none
7 integer :: nx ! x OOOOODOO
8 real :: dt ! OOOOOO
9 integer :: nt ! UOO0ODOOO
10 real :: xmin ! x OJOOO
11 real :: dx ! x dOooononO
12 integer :: j, k
13 real, allocatable, dimension(:) ' x 00
14 real, allocatable, dimension(:) ' go0oonoo
15 real, allocatable, dimension(:) :: time ! OO
16 real, allocatable, dimension(:,:) :: amp ! OOO
17 complex, allocatable, dimension(:) :: fml ! OOODOOO
18 complex, allocatable, dimension(:) :: fm2 ! OOODOOO
19 complex, allocatable, dimension(:) :: fm_tmp ! OODODOOO
20 complex, parameter :: i=(0.0,1.0)
21 namelist /input /nx,dt,nt,xmin,dx
22 read (5, input)
28 if (mod(nx,2)/=0)then
24 write(k,*) "s*x+x ERROR **x"
25 write(*,*) "nx must be even number. Stop."
26 stop
27 end if
28 allocate(x(0:2*nx))
29 allocate(y(0:2*nx))
30 allocate(time(nt+1))
31 allocate(amp(0:2+*nx,nt+1))
32 allocate(fm1(0:2#*nx))
33 allocate(fm2(0:2#*nx))
34 allocate(fm_tmp(0:2+nx))
35 x=(/((xmin+dx*real(j)), j=0,2+*nx)/)
36 time=(/((dt*real(j-1)),j=1,nt+1)/)
37 do j=0,2*nx
38 ! y(j)=sin(x(j))
39 y(j)=exp(-(x(j)-0.5*real (2*nx+1) *dx) **2)
40 amp(j, 1=y (j)
41 fm_tmp (j)=y(j)
42 end do
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43 call ffttp_1d( 2*nx+1, fm_tmp, fml, ’r’, ’0’ )
44  '-- gtool history (netcdf dump)
45 call HistoryCreate( & ' goooogo
46 & file=’diffusion.nc’, title=’spectral advecting model’, &
47 & source=’Sample program of gtool_history/gtool5’, &
48 & institution=’GFD_Dennou Club davis project’, &
49 & dims=(/’x’,’t’/), dimsizes=(/2*nx+1,nt+1/), &
50 & longnames=(/’X-coordinate’,’time /), &
51 & units=(/’m’,’s’/), &
52 & origin=0.0, interval=real(nt*dt) )
53 call HistoryPut( ’x’, x ) ' 0o0gooDo
54 call HistoryAddVariable( & ' oooo
55 & varname=’amp’, dims=(/’x’,’t’/), &
56 & longname=’amplitude’, units=’1’, xtype=’float’)
57 '-- 000000
58 do j=1,nt
59 !'-—crROOOOOO
60 fm2(0)=£fm1(0)
61 do k=1,nx
62 fm2(k)=((1.0-0.5*dt*real (k) **2)/ &
63 & (1.0+0.5*dt*real (k) **2))*fml (k)
6/ fm1(k)=fm2(k) ! OOO0DOOOOO
65 end do
66 do k=1,nx
67 fm2 (nx+k)=conjg(fm2(nx-k+1)) ! OO0O0OOOOOOODOO
68 end do
69 call ffttp_1d( 2*nx+1, fm2, fm_tmp, ’i’, ’0’ )
70 do k=0,2%nx ! 0JOOOO0O
71 y(k)=real (fm_tmp(k))
72 amp (k, j+1) =y (k)
73 end do
4 end do
75 call HistoryPut( ’amp’, amp ) 1 gooo
76 call HistoryClose
77  end program

ugboboobooaboobg o

(. /diffusion < diffusion.nml

)

gbo00d, diffusion.nc 00 0O0O0O0O. O0O,0000000000000000
goo.

&input
nx=100 ! OOOO0OO
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dt=0.05 ! ODOOO
nt=100 ! 0OOOOOO
xmin=0.0 ! OOO0O
dx=0.0628 ! JOOOOO

/
goog o
amp and amp
100
1.00
90
80 0.60
70
60 0.20
+ 50
20 -0.20
30
~0.60

20

10
—1.00

CONTOUR INTERVAL = 2.000E-01

042 00000.

4.6 matrix_test

sboogbooboobooooboooobboobooobooooboooboboooDo.

gooo o
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1 program matrix_test

2 use Matrix_Calc

3 implicit none

4 integer, parameter :: nx=3

5 real, dimension(nx) :: x, z

6 real, dimension(nx,nx) :: a, b

7 integer :: i, j, k

8 real :: eps, accel, val

9 write(*,*) "input the method."

10 write(*,*) "[1]=gauss, [2]=LU, [3]=Gau_sei, [4]=Jacobi,"
11 write(*,*) "[5]=SOR_Gau, [6]1=SOR_Jacobi, [7]=invert, [8]=eigenvalue."
12 write(*,*) "[9]=Jacobi engen."

13 read(*,*) k

14 if(k==9.or.k==8)then ! 9 OO0, eigen.dat OODO.
15 open(unit=10,file=’eigen.dat’,status=’0ld’)
16 else

17 open(unit=10,file=’data.dat’,status=’0ld’)
18 end if

19 do i=1,nx

20 read(10,*) (a(i,j),j=1,nx), z(i)

21 end do

22 close(unit=10,status="keep’)

23 write(*,*) "output reading array"

24 do i=1,nx

25 write(*,*) (a(i,j),j=1,nx)

26 end do

27 eps=1.e-6

28 accel=1.0

29 select case(k)

30 case(1)

31 call gausss( a, z, x )

32 do i=1,nx

33 write(*,*) x(i)

34 end do

35 case(2)

36 call LU_devs( a, z, x, 10 )

37 do i=1,nx

38 write(*,*) x(i)

39 end do

40 case(3)

41 call Gau_Sei( a, z, eps, x )
42 do i=1,nx
43 write(k,*) x(i)

44 end do

45 case(4)
46 call Jacobi_algebra( a, z, eps, x )

47 do i=1,nx
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48
49
50
51
52
58
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
78
74
75
76
77
78
79
80
81
82
83
84

write(x,*) x(i)
end do
case(5)
call SOR_Gau_Sei( a, z, eps, accel, x )
do i=1,nx
write(x,*) x(i)
end do

case(6)

call SOR_Jacobi_algebra( a, z, eps, accel,

do i=1,nx
write(x,*) x(i)
end do
case(7)
b=0.0
call invert_mat( a, b )
write(*,*) "answer is,"
do i=1,nx
write(x,*) (b(i,j),j=1,nx)
end do
case(8)
b=0.0
x=0.0
call eigenvalue_power( a, eps, val, x )
write(*,*) "eigenvalue is ", val
write(*,*) "eigen vector is"
do i=1,nx
write (x,*) x(i)
end do
case(9)
b=0.0
x=0.0
call Jacobi_eigen( a, x, eps )
write(*,*) "eigenvalue is "
do i=1,nx
write (x,*) x(i)
end do
end select

85 end program

gooo o

X )

gbobooobogooboboooboob. boboo,gobobooobobooboaoobog
goog,bo00bbooobdoobb.gooboobboobooboboob.
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a )
1. 0gboboobooboo,300booooooboon.

2. LU00000O0,3000000000000.

. 0ogbooboooooooo,3gbobobobobon.

4. 00ooooogo,3b0obobobooboooo.

5. 000000000 sorROOOODOOO,300bOO0O0O0DOOObOO.
6. 00000 SORODOOOOOO,30b000b0b000DOO0D.
r.30000b0boooboonoobon.

. UObuooobobh 30g0noboboooobobooobobboooooboon
gbobobobo.

9. 0booboooo,3b0o0opooooboooboobooooo.

4.7 mnormal _poly

U000 polymormal, special function U UOUOODOUOO. dOOOOOOO
oooooooooooooooooo,boboboobbobooLbboooobooooD.
googbooooboboobobooooboobooooboooobooooboon
OO00000D ruby OOOOD delplot OOOOOOOOOOODOODOOO.

ugbod o

~

program normal_poly

2 ! 000, O0obOooboobono

3 use poly_function

4 use special_function

5 implicit none

6 integer, parameter :: n=4, nmax=100
7 integer i, j, num, m

8 real :: xmin, xmax, dx, ymin, ymax
9 real :: x(mmax), p(0:n,nmax)

~
=

real :: yO(mmax), yl(nmax), y2(nmax), y3(nmax), y4(nmax)

~
~

real :: alpha, beta, lambda
character(10) :: title
' 000000000000, booooooooo

~N
NCIER )
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14 write(*,*) "input the calculate num."

15 write(*,*) "1->Legendre."

16 write(*,*) "2->Hermite."

17 write(*,*) "3->Laguerre."

18 write(*,*) "4->Jacobi."

19 write(*,*) "5->Gegenbauer."

20 write(*,*) "6->Chevishev"

21 write(*,*) "7->Sonine"

22 write(*,*) "8->Bessel"

28 write(*,*) "9->Gamma"

24 write(k,*) "10->Neumann"

25 write(*,*) "11->df_Bess"

26 write(*,*) "12->df_Neum"

27 read (*,*) num

28 select case (num)

29 case(1)

30 xmin=-1.0

31 xmax=1.0

32 dx=(xmax-xmin)/(nmax-1)

33 do i=1,nmax

34 x(i)=xmin+dx* (i-1)

35 end do

36 call legendre(n,x,p)

37 title="LEGENDRE"

38 case(2)

39 xmin=-5.0

40 xmax=5.0

41 dx=(xmax-xmin) / (nmax-1)

42 do i=1,nmax

43 x(i)=xmin+dx* (i-1)

44 end do

45 call hermite(n,x,p)

46 do j=0,n

47 if(j.eq.0)then

48 m=1

49 else

50 m=j*m

51 end if

52 do i=1,nmax

53 p(j,1)=(exp(-0.5*%(x(1)**2)))*p(j,1)/(sqrt(2.0%*j*m))

54 end do

55 end do

56 title="HERMITE"

57 case(3)

58 xmin=0.0

59 xmax=20.0

60 dx=(xmax-xmin) / (nmax-1)

61 do i=1,nmax

62 x(i)=xmin+dx* (i-1)
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63 end do
64 call laguerre(n,x,p)
65 do j=0,n
66 if(j.eq.0)then
67 m=1
68 else
69 m=j*m
70 end if
71 do i=1,nmax
72 p(,1)=(exp(-0.5*x(i))/m)*p(j,1i)
78 end do
74 end do
75 title="LAGUERRE"
76 case(4)
77 xmin=-1.0
78 xmax=1.0
79 dx=(xmax-xmin)/(nmax-1)
80 do i=1,nmax
81 x(i)=xmin+dx* (i-1)
82 end do
83 write(*,*) "input the alpha, beta."
84 read(*,*) alpha, beta
85 call jacobi_poly(n,x,p,alpha,beta)
86 title="JACOBI"
87 case(5)
88 xmin=-1.0
89 xmax=1.0
90 dx=(xmax-xmin)/(nmax-1)
91 do i=1,nmax
92 x(i)=xmin+dx* (i-1)
98 end do
94 write(*,*) "input the lambda."
95 read (*,*) lambda
96 call gegenbauer(n,x,p,lambda)
97 title="GEGENBAUER"
98 case(6)
99 xmin=-1.0
100 xmax=1.0
101 dx=(xmax-xmin) / (nmax-1)
102 do i=1,nmax
108 x(1)=xmin+dx*(i-1)
104 end do
105 call chebyshev(n,x,p)
106 title="CHEBYSHEV"
107 case(7)
108 xmin=0.0
109 xmax=20.0
110 dx=(xmax-xmin)/(nmax-1)
111 do i=1,nmax
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112 x(i)=xmin+dx* (i-1)
113 end do
114 write(*,*) "input the alpha."
115 read(*,*) alpha
116 call sonine(n,x,p,alpha)
117 do j=0,n
118 if(j.eq.0)then
119 m=1
120 else
121 m=j*m
122 end if
123 do j=0,n
124 do i=1,nmax
125 p(,1)=(exp(-0.5*x(i)))*p(j,1i)
126 end do
127 end do
128 title="SONINE"
129 case(8)
130 xmin=0.0
131 xmax=10.0
1382 dx=(xmax-xmin) / (nmax-1)
133 do i=1,nmax
1384 x(1)=xmin+dx* (i-1)
1385 p(0,i)=bessj(0,x(i))
136 p(1,i)=bessj(1,x(i))
137 p(2,i)=bessj(2,x(i))
138 p(3,i)=bessj(3,x(i))
139 p(4,i)=bessj(4,x(i))
140 end do
141 title="BESSEL"
142 case(9)
148 xmin=-0.5
144 xmax=2.0
145 dx=(xmax-xmin)/ (nmax-1)
146 do i=1,nmax
147 x(1)=xmin+dx*(i-1)
148 p(0,i)=gamma_func(x(i))
149 p(1,i)=0.0
150 p(2,1)=0.0
151 p(3,1)=0.0
152 p(4,1)=0.0
153 end do
154 title="GAMMA"
155 case(10)
156 xmin=1.0
157 xmax=10.5
158 dx=(xmax-xmin) / (nmax-1)
159 do i=1,nmax
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160 x(i)=xmin+dx* (i-1)
161 p(0,i)=bessy(0,x(i))
162 p(1,i)=bessy(1,x(i))
163 p(2,i)=bessy(2,x(i))
164 p(3,i)=bessy(3,x(i))
165 p(4,i)=bessy(4,x(i))
166 do j=0,4
167 if(p(j,i)<-1.0)then
168 p(j,1)=999.0
169 end if
170 end do
171 end do
172 title="NEUMANN"
178 case(11)
174 xmin=0.25
175 xmax=3.0
176 dx=(xmax-xmin) / (nmax-1)
177 do i=1,nmax
178 x(i)=xmin+dx* (i-1)
179 p(0,1i)=df _bessj(0,x(i))
180 p(1,i)=df_bessj(1,x(i))
181 p(2,i)=df _bessj(2,x(1))
182 p(3,1i)=df_bessj(3,x(i))
183 p(4,i)=df_bessj(4,x(i))
184 end do
185 title="DFBESS"
186 case(12)
187 xmin=0.5
188 xmax=3.0
189 dx=(xmax-xmin) / (nmax-1)
190 do i=1,nmax
191 x(1)=xmin+dx* (i-1)
192 p(0,i)=df _bessy(0,x(i))
193 p(1,i)=df _bessy(1,x(i))
194 p(2,1i)=df _bessy(2,x(i))
195 p(3,i)=df _bessy(3,x(i))
196 p(4,i)=df _bessy(4,x(i))
197 do j=0,4
198 if (p(j,1)>10.0)then
199 p(j,1)=999.0
200 end if
201 end do
202 end do
203 title="DFNEUM"
204 end select
205 do i=1,nmax
206 y0(i)=p(0,1i)
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207 y1(i)=p(1,i)

208 y2(i)=p(2,1)

209 y3(1)=p(3,i)

210 y4(i)=p(4,1i)

211 end do

212 select case (num)

218 case(10)

214 ymin=-1.0

215 ymax=1.0

216 case(11)

217 ymin=0.0

218 ymax=10.0

219 case(12)

220 ymin=0.0

221 ymax=10.0

222 end select

223  !-- text writing

224 open(unit=10,file=’normal_poly.dat’,status=’unknown’)
225 write(10,°(1000a)’) "’x-axis’, ", "’", trim(title), "’,", "’", trim(title), "’,","’",
226 write(10,°(1000a)’) ">, 27, 22, 20 00 oo

227 do i=1,nmax

228 write(10,’(£10.5,1a,f10.5,1a,f10.5,1a,f10.5,1a,f10.5,1a,f10.5)’) x(i), ’,’, yo(i),
229 end do

230 close(unit=10,status="keep’)

231  end program

oooo o
gbobogooboobooobooboooboo,bgobobooboboobooboo
goooooooooooo.googooobooboobooboobooDo.
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4.8 poison

2000000000000 00000000000000. 00000000 O0O0O
gddoooooooooouoooouooooo.
oooooooon
0%y 0%
o "o
oo00. 000,00 20000000, p0 200000000,00000,0000
gdooouooooooooa.

goooon O
00000000000 poison.nml.

nx <I> Doooooo.
ny <I> Doooooo.
tp <c(4)> 000000000 (0O0Ooo0).
method I 0000000000 (0ooo).

ugboog o

program poison
use gtool_history
use Alge_Solv
implicit none
integer :: nx, ny
integer :: i, j
real :: dx, dy
real, allocatable :: x(:), y(:)

©W N Y NN N~

real, allocatable :: rho(:,:)
10 real, allocatable :: psi(:,:)
11 integer :: method

12 character(4) :: tp

18 namelist /input /nx,ny,tp,method
14 read(5,input)

15 allocate(x(nx))

16 allocate(y(ny))

17 allocate(psi(nx,ny))

18 allocate(rho(nx,ny))

19 dx=1.0/real (nx-1)

20 dy=1.0/real(ny-1)

21 x=(/(dx*(i-1),i=1,nx)/)

22 y=(/(dy*(i-1),i=1,ny)/)
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23 rho=0.0

24 ! do i=1,nx

25 ! do j=1,ny

26 ! rho(i,j)=exp(-10.0*%((x(1i)-0.5)**2+(y(j)-0.5)**2))

27 ! end do

28 ! end do

29 do i=1,nx

30 do j=1,ny

381 if ((((i-50)**2+(j-50) **2) *dx*dy) <0.05%0.05) then

32 rho(i,j)=-1.0e4/8.85

33 end if

34 end do

35 end do

36 select case (method)

37 case(1)

38 call Poisson_GauSei(x,y,rho,1.0e-6,tp,psi)

39 case(2)

40 call Poisson_Jacobi(x,y,rho,1.0e-6,tp,psi)

41 end select

42 !-- gtool history (netcdf dump)

43 call HistoryCreate( & ' goooooo
44 & file=’poison.nc’, title=’poison model’, &

45 & source=’Sample program of gtool_history/gtool5’, &

46 & institution=’GFD_Dennou Club davis project’, &

47 & dims=(/’x’,’y’/), dimsizes=(/nx,ny/), &

48 & longnames=(/’X-coordinate’,’Y-coordinate’/), &

49 & units=(/’m’,’m’/), &

50 & origin=0.0, interval=0.0 )

51 call HistoryPut( ’x’, x ) ' gJodooo
52 call HistoryPut( ’y’, y ) ' Joodooag
53 call HistoryAddVariable( & 1 ogog
54 & varname=’psi’, dims=(/’x’,’y’/), &

55 & longname=’psi’, units=’1’, xtype=’float’)

56 call HistoryPut(’psi’,psi) ' 0ogogn
57 call HistoryAddVariable( & 1 ogog
58 & varname=’rho’, dims=(/’x’,’y’/), &

59 & longname=’forcing’, units=’1’, xtype=’float’)

60 call HistoryPut(’rho’,rho) ' 0000
61 call HistoryClose

62 end program

ugboodg o
gbooooboobobooobboobooboboobbooboooobooooobag
0411000.

oo e IIDUDUOO tpUbOIDLOODLODOODDOODLODLDODOODOODOODLO,d
goooooboooo s, 3.1.200.

e IIDDOODOO method U, 1 0000O0OOO,200000.
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gbooboo,0oobbooboogoboog.

4.9 adjust

oooooooo.oo0 1000 fO0OO0O0OOOODO,0000O0DOO0CDO0OO
gbboobodgboobbooboooboboooog.
oboboobogooog s1.2000

oboooooooooo o
O0000000 adjust000000D00COO00. 0000 netedf 00O 1
gobobooooobooboboooobobobo,bobbo 200000000
oooboooboboooobobooboo0obobOobb0lbO init.datDOO
gbobgooobobobo. boobobobooboboboboboboon
goboboooboobobobooboobobobobobooboo4120bdO
gbobobobobobobobobobobooboboooooo

goboooboooooboobooon

[ ./adjust < adjust.nml

)
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0.5 - B

depth

0.0 - B
—-0.5 - B

—-1.0 -

T T ST TSNS SN SO R
3000 4000 5000 6000 7000
(m)

x—coordinate

U412 000000000O0O.
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U000, adjust.oml 0 oname OO0 00O 0OD0O0OO0O0OOOOO0O0DOODOODOO
a.
gboooobooobooobobooboooon.

&input
height = 1.0e2 ' 000000000 [m]
corioli = 1.0e-1 ' DOoooooogo [1/s]
fname = ’init.dat’ ! DOOO0OO0O
oname = ’result.nc’ ! JOOOOOOOO
nt = 1000 ' Jooooooa
dt = 0.1 ' O0Oo0 [s]
dmpstep = 1 ' J000000oooon
nx = 100 ' x 0oooooao
x_axis = ’x’ ' Joooooog x oogogd
val_h = ’h’ ' J00o0oo0ooooooooo
val_u = ’u’ ' J0000000 xgoooooad
val_v = ’v’ ' J0000000 xOooooooa
/
ogooo o

googoboobboobbooobooboboobbuoobbooobooobo
00000000000 31m/sO0000000O0 300 mO00000000CO
gboooobooobobooboooobooboboobobooboooooooooba
000000000 4.13(a), 4.13(b)000O0O

00 414(a)00000000000000O000O0OOOOOOOOODOODODOO
O000000000000004.14b)000O0O

00000041500 4.13()00000000000O0O0OOOOOOOO, 00
gooooboobboobboobooobooobuoobbooobooobo
O000000000000000000 30m/sO00000000O0O0OODO0ODO
gboooooobooobooboobodg 200000000000000004d
goboooooooooooooobooboobooboobobobgn

4.10 read mgdsst nc

mgdsst D000 netedf 000 O0O00O0O0DOOOOCOOO.

ugbobgobuoaboobg o
O000,0000 mgdsst UO0DO0O0OODO sstlist 00 0OO00O0OOOODOOO
OoO0OD0O0ODODODODOD. 0000000000000 .nc00000O0O netedft 00O
gboooobod. obg,oboobboo,booboobboobooaoobd
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shade
(x10% s)
18
16
14
12
)
g 10 1.15
H
8 0.8
0.4
8
0
4
-0.4
2
-0.8
-1.15
3000 3500 4000 4500 5000 5500 6000 6500 7000
(m)
x—coordinate
(a)
shade
(x10% s)
18
16
14
12
[0}
g 10 4.92e-2
4
0
8
—0.08
6
—-0.16
4
—-0.24
2
—0.32

4500 5000 5500 6000 6500 7000
(m)

3000 3500 4000

x—coordinate

(b)

04.13: (o) 0000000000000 OOOODOOOO(M) ODOODODODOOODOO
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0.5

depth
o
(@)

—-0.5

-1.0 -

|

L L L l
3000 4000

L L L 1 L L
5000 6000 7000
(m)

x—coordinate

|
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3000 4000
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2000 6000
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(0.1x s)

900
800 | |
700
800

500 1.42

time

400

300

200

100

3000 3500 4000 4500 5000 5500 6000 6500 700D
(m)

x—coordinate

0415 0000000O0DO0ODODODODOD.
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Onetedf 00ODOOOODOODO.

$ ./read mgdsst.nc

0000,000000 mgdsst 00000000000 8LUOOO, 00000
god,0dfnd 2e3.0 k000gooooooOO.

oooo o
OoO0O0O0ODODOOO0O00000 netedf DOOOOODODOOOOOOOOO 4.16
goo. booboobooboooobooooboobooboobo,00boobOoon

DDDDDDDDDDDDﬁigdSSt.Maygl

A

303.0

297.0

291.0

latitude

285.0

279.0

‘ ‘ ‘ ‘ 273.0
40 80 120 160 200 240 280 320

longtitude
CONTOUR INTERVAL = 1.666E—-02

0 416: netedf 00 O0DO0OO0OOCOO0O0OOODODODOCOOOOOOODO.

4.11 SEQ

Pendergrass and Willoughby 2009 (MWR) OO OO 200000000000000
0000 (SEQ)UOO0D0. 00000000000 bOOo0o0o0,00000oUooooo
000000000, 000,000000000000 2000 (DOODOOD +00D0)
00000000 (Doooooooooo).
demo/SEQ D0 UIDO0O00D0OO0OODOOOD. demo/SEQUUIODOOOOODO,O000O

main.tex 20120 70110 (QOO0O)
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gobogooboooboboobbooobo,oobbo0o. booobbooobooba
gbboobobooboobboobooboon.
oo, 0b0oobbooboobooooobooon.

ugboboobooaboobg o
goboooobgo 30b00boobobooboobbgo 2000000000.

1. soundmake U 10000000000O000O0O0O0O00O0O0O0O0O. ODOO
gbooopobooboob,goboogboboobooboboon.

2. initialmake 000 1 00000000000000O 2000000000.
gbo0,bobgobooboboobobobob 1ob0oobobob,0b0o0od
gb,00b0o0boobooobooboobboobooboboon.

. 00 2000000000000000000 1000000000000,
gooopoooog,20000b000booon.

a I
$ ./sound.make < SEQ.nml

oo, sounding.dat U0 .

$ ./initial_make < SEQ.nml

Ubooodbd, OO0 sounding.dat O OO0, 2 OD0OO0ODOOODOO
initial.nc OJOOOODO.

$ ./SEQ < SEQ.nml

oboodbd,initial.nc 00 2000000000000 0O00O. 0000
O result initial.nc D0 0O0OO0O0OOOOO0OOO. OO0O,0000000
oooobooogb,bob0b00bo0bboobo0oboOonog, openMP OO
goooo.

export OMP_NUM_THREADS=[number]

U000, [number] DOOOOOOOOO. O0O,openMP OOODOODOODO,
../Mkinclude O Fortran OO0 DO ODOOOOO openMP OOODOOODOOODO

O0O00 make OOOOOOODOODOOOO. )
-

gbo,00b0oobobooboobobooboobbooboooboog.

&input
nr = 751 ! radial grid number
nz = 21 ! vertical grid number

dr
dz

2000.0 ! radial interval [m]
1000.0 ! vertical interval [m]

bc = ’1112° ! boundary conditions for poisson solver
! bc(1:1) = bottom
I bc(2:2) = center
I bc(3:3) = top
! bc(4:4) = outside
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! 71’ = rigid 1id, ’2’ = non flux

fname = ’initial.nc’ ! forcing profile data (2d)
sound_name = ’sounding.dat’ ! sounding data (1d)
/

ugbod o

Dglht) 00000000 RL 03P RREO000 417000,
/J 5.00

_ 4.00

—
<
S

18 —1

16 [

14 [
i 3.00

_ 2.00

] 1.00

_ 0.00
U

12 [

>

0 1 2 3 4 5 6 7 8 9 10
(x10%)
CONTOUR INTERVAL = 4.000E-01

0 417: 000000000 2000 (00)000000000 (0D00), 00000
0000 (00O0)o00o.

oo o
gbobobobobobobobobooobooobooboooooon

[$ make draw ]

oopooOoo,SEQO000O00DbO0oO0DOO00b0O000O00DO arawd 00O
O0.draw 00 O0OD0OOO??00.
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4.12

thermo

Thermo Function U0 UD0DO0OO000OODOOOO,00000000000. 00,0
u,0oobooobboo,bobboobooboooboooboooboooboo.

oggd O

1 program thermo ! thermo OUUDUODODON

2 use Thermo_Function

3 implicit none

4 real :: temp, pres, rh, rho, es, qv, tmp

5 write(*,*) "pres"

6 read(*,*) pres

7 write(*x,*) "temp"

8 read(*,*) temp

9 write(*,*) "rh"

10 read(*,*) rh

11 es=RHT_2_e(rh,temp)

12 qv=eP_2_qv(es,pres)

18 rho=TP_2_rho(temp,pres)

14 tmp=tetens (temp)

15 write(*,*) "tetens", tetens(temp)

16 write(*,*) "goff-gratch", goff_gratch(temp)

17 write(*,x) "goff-gratch_i", goff_gratch_i(temp)

18 write(*,*) "es_Bolton", es_Bolton(temp)

19 write(*,*) "es_TD", es_TD(es)

20 write(*,*) "LH", LH(temp)

21 write(*,*) "eP_2_qv", eP_2_qv(es,pres)

22 write(*,*) "TP_2_qvs", TP_2_qvs(temp,pres)

23 write(*,*) "qvP_2_e", qvP_2_e(qv,pres)

2/ write(*,*) "theta_dry", theta_dry(temp,pres)

25 write(*,*) "theta_moist", theta_moist(temp,pres,qv)

26 write(*,*) "thetaP_2_T", thetaP_2_T(temp,pres)

27 write(*,*) "thetaT_2_P", thetaT_2_P(temp,temp)

28 write(x,*) "TqvP_2_TLCL", TqvP_2_TLCL(temp,qv,pres)

29 write(*,*) "thetae_Bolton", thetae_Bolton(temp,qv,pres)

30 write(*,*) "thetaes_Bolton", thetaes_Bolton(temp,pres)

31 write(*,*) "TqvP_2_thetae", TqvP_2_thetae(temp,qv,pres)

32 write(x,*) "TqvP_2_thetaes", TqvP_2_thetaes(temp,pres)

33 write(*,*) "RHT_2_e", RHT_2_e(rh,temp)

34 write(*,*) "eT_2_RH", eT_2_RH(es,temp)

35 write(*,*) "RHTP_2_qv", RHTP_2_qv(rh,temp,pres)
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36
37
38
39

Write(* > *)

"quTP_2_RH", qvTP_2_RH(qv,temp,pres)

tmp=exner_func_dry(pres)

write (k,*)

write (k,*)

40 write(k,*)
41 write(k,*)
42 write(k,*)
43 write(*,x*)
44 write (*,%)
45 end program
4.13 Thorpe

"exner_func_dry", tmp

"hypsometric_form", hypsometric_form(pres, 0.0, temp, 100.0)
"rhoT_2_P", rhoT_2_P(rho,temp)

"rhoP_2_T", rhoP_2_T(rho,pres)

"TP_2_rho", TP_2_rho(temp,pres)

"get_gamma_d", get_gamma_d()

"moist_laps_temp", moist_laps_temp(pres,temp,pres-10000.0)

Thorpe and Bishop (1995) 000000000 PVinversion D 300000000 2
0o0o0ooooooooooooo. 0o0b0bob0bbO0O PVOOOQO0oooog, oo
do00odobOoobOoooOodoodooboOo. obo0ooooooOoobOooobooooo
0,000000000D000O00000DO00O000O0O0DOo0. Doo0oDoOo,bo0oo
000OO00bOO0o0booOOoobOo0obooOoobOoOoooooog.

goooooooooo o
gbooooboobooobooboaboo.

$ ./Thorpe < Thorpe.nml
OO00000D0O0000d Thorpe.nc JODODOODO.

go,00bogbbooboobbooboobboobooobooo.

&input
nx=100
ny=100
tp=’1111"
method=2
/

ugboodg o
gooooooooobdobob 200b0b0bO0O 419000, 2000000
goo,bd000 100gbobooobbooobb. booobbooooboobo
gbooobooobogooa.
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SF and Vg
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X

CONTOUR INTERVAL = 1.000E+01

0.8

0.9

1.0

12.0

7.20
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-12.0
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4.14 sound_analysis

goboobooobogobobobobobooboooooooooboobob.obooooo
OO0, Fortran 90 0 DCLOODOOOOOOODOOOOOODO.
goooboobooboboogooboobogoobobooboobboooobboooobooo
gbobooooboboobooboboboooboooboobon.

ugbooooog o
goboobboobooboboobooboobog.

sound_conv [
000000 oOOooOoOo0O0000d00dooooooooooon, CReSS
0 1000000000000 000000O00. 000000 Og bCcLoO
0000000000000 00000000.

sound_1d O
sound_conv 00000000000, 0000000000O0DO0O00,0000
0000000000000 0000000. 0000 DCLOOOOOooOO
ooogoooooon.

sound_2d 0O

sound_conv OO0 O0O0OO0OOO0OOO,0000000000000O00O00O0
g,gbbooobobooobobooobobooobboooob. booo
bDCLOoOoOoOoOoOooooooooooono.

ugbooooog o

DCLOODOODO0D0OO0D0O0O0O00O0DO,000 CReSSOOODDODODOODOOO
oooag,

[$ make sound_conv )

U00000,00000000 sound_conv 0000000000 OOO0OODO.
ODCLOOO0ODOOODOOO0ODOOO,00bDOoOobobo0ooDooOooo,

[$ make sound_draw ]

gboooob,0b0b0o0bdd sound-1d, sound2d U0 OOOOOO.

ugoog o
gooobboobooboobboobooboboooobg.

$ ./[program file] < [program file] .nml
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googpobOo423000000000. 0000000000 sound_conv 00
gboobboobuoobboobuooboobboan.

ugboooon o
gobooobooobboobbooobboooobooob. boooobobo
gbbodobobuoobboobbuobboooboooboboobbooon
goobooobooo,booboboboobooobooboooobo,obbooooooad
gbob 10 100000000 100gobboobobooobbuooooobo
0.0000,201103.dat OO 201203.dat OO 13 000000000000
00000, test.dat DOODOOODOOO

\
201103.dat
201104.dat
201202.dat
201203.dat
\_ /

gbbooobbgodoab. bbooobooobboobbuoobbooobobdyg
gboooboboobood, test.dat 000 gng.

go00d, sound-1d, sound 2d U0 0O0O0, 000000000 OO0ODOO0O0OO
goobdo,1boo0boooooboooob,20000,000000b000Db00
U0 yyyymmddhh OO0 O 00000000000, ODOOOO0OOO0ODOOOOO0O 2
goooooboobooo.obogooboobooa,

- R
201103.dat 2011030100
201104.dat 2011040100
201202.dat 2012020100
201203.dat 2012030100
N J

00do0o0o0oOoobOO0bOoooooOOoo0bOo. 0boobooo,00boooooa
O00d0DO0doo0odooDo0ooodooOodoDoooooooooooog
000000OO00bOO00 1 0000b000bOo0oo,0booooon.
Oo00Oo00,00000000000D0O0bOO00D0OOoO00ooDoOoobOoOoOooooOog
unknown” OO O 0OO00000,000000000O,O0000000000A0Q,
0000000000 DO000D00000D0. sound2d 000000, 00000
00dddooooo oo0d,0d0d oo o. ooooooooooon
00000 "unknown” OO OOOO0O.

sound_conv [

&input
fname = ’list.dat’ ! OOO0OO0OO0O0O0O0O0O0O0OCOOOOOCOOO
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sign_flag = ’0a000000065100000000324000000000000000000° ! OODODOOOO
od

! ’1’ = height

! 72’ = temperature

! ’3’ = pressure

! ’4°> = vapor

! 75’ = yest wind ! positive value is from west to east

! 76’ = south wind ! positive value is from south to north

! 27 = tmpl

1’8’ = tmp2

! 29’ = tmp3

! 7’0’ = no read

! ’a’ = starting observation time [s] (option)

undef = ’--> | OO00O0O0O0OOO0OOOOOODOO

conv_undef = -999.0 ! JO00ODO0OOO0ODOOOODO

skip.num = 8 ! JO00O0OO0OOO00O0O0O [DODOOOODOOO]

unity = ’m’, ’degC’, ’hPa’, ’%’, ’degree’, ’false’ ! OO

! unity(1:1) = 'm’ .or. ’km’ ! OOO0OO

! unity(2:2) = ’K’ .or. ’degC’ ! DUOOODO

! unity(3:3) = ’Pa’ .or. ’hPa’ ! OOODO0O

! unity(4:4) = %’ .or. ’g/kg’ .or. ’kg/kg’ ! OOODOOOO

! unity(5:5) = ’m/s’ .or. ’rad’ . or. ’degree’ | 0OOO0O

! unity(6:6) = ’true’ or ’false’ ! OO

' 00, 00D0O000DO0O000DO0O000D00 red ODOOODOO, ODODODOO,

' 00, 0ooooooooooo.

| JO0o0doboooooooobooodng, "west wind" OO0, "south wind" [

' 000000000000 sign_flag OOOODO.

! unity(6:6)

! DO00o0ooO00oooo0oooopoooon ’true?

! 0000000000000 0oOb0ooDog false’

! [exam.] : OOOOO0O, ’true’, OOOOOODO0O0O °false’.

limit_height = 500.0 ! reading start height [m]

snd_height = 100.0 ! JOOOOO [m]

output_name = ’tested.dat’ ! U0 0OOOD0OOOO0ODOOOODOOOOOOOOO
0ood

conv_inter = .true. ! UOOO0OO0O0OO0OO0OO0OOO

dz_conv = 100.0 ! conv_inter = .true. OO0OO000O0O [m]

/

sound_1d O

&input

z_ref = 1500.0 ' 000000 O0oooo0ooon [m]

p_ref = -999.0 ! OO00OO0OOOOODODOOOODOO [Pal

V00, zref JO0OOD0OO0OO, p_ref = -999.0,
' pref JODOO0ODOODO, z_ref=-999.0 0OOOU

list_name = ’tested.dat’ ! sound_conv U0 0O0OO0O0O0O0OOOOOO0O
dmp_flag = .true. ! JO0O0O0OODOOOOOOODOODOODOOOQO [truel.
draw_flag = ’ooc0o’ ! DOOOOOOOO

' o = dn0uooogoogoo. x> =000og.
| Jboo0oooboooboooogooon
!
!

! draw_flag(1:1) = 00O, 0000, OOOOOOOOOOOO
! draw_flag(2:2) = Skew-T 0000
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Skew-T DUOOOOOOODOOODOO.
Skew-T DU 0OODOODOODOODOOOODOOOO

draw_flag(3:3)
draw_flag(4:4)

.
draw_region_z = 100.0, 17000.0 ! OOO0OOD0OOOQO [m]
draw_region_p = 10000.0, 100000.0 ! OOOOOOO0O I[Pal
! draw_region DO O OOOOO 20 1 0000000,
! draw_region(1l) O0O0OOOODO, draw_region(2) OOOODODOO
oo.
IWs = 2
undef = -999.0 ! OO
/
sound_2d [0
&input
flist = ’tested.dat’ ! UOO0OO0OODOOOOODOO
' Jooooob0 1 gpooooog,
' 2000 yyyymmddhh OO0O00000O000O0O
conv_dat = ?’ ! sound_1d 0000000000 OOOOOOOO,
' goboooooon.
conv_list = ’tzpxxoxx’ ! conv_dat DOUUOOOO, OOOOOOOOOOO
' Joodooon o D000, x> OOODOO.
' ¢ OO0O0Ooo0Oooogoboo
' 00 e’ ODOOOOOOODO, ODOOOOOOOO
'y gooo.
'z, p OOOO0OO0OOOCODOOOOOOOO0OO
O
' gooobooooon.
' J00ooooooooog, ooooooooag.
conv_undef = -999.0 ! conv_dat U QOQOQ.
dz = 100.0 ! OOOO [m]
z_bot = 500.0 ! OJOOO [m]
z_top = 17000.0 ! O00OO0O0O [m]
Iws =2 ! DCL ODOODOOO
title_txt = ’equivalent PT’ ! OOOO
cmin = 300.0 ! ODOOOOOO
cmax = 400.0 ! OJ0OOOOOO
smin = 300.0 ! ODOOOOOO
smax = 400.0 ! O0OOOOOO
cont_val = ’ept’ ! DOOOOODOOODOO0O0Ox*
shade_val = ’ept’ ! DUOODOO0O0OOD0ODOODOO*
vec_val = .true. ! DUOO0O0OOOO0O0O0O0O [true OODO]
cnum = 10 ! OJO0O0O0OO
snum = 10 ! O0OO0OO
undef = -999.0 ! ODOODO
/
' J0000000bOO0o0oboOon
! 7temp’ = 00
! ’rh’ = 00
! pt? = 00
! 7ept’ = 0000
! ’sept’ = 000000
! Jeast’ = 000
! north’ = 00O
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gooo o
gbobobobobooooob 2000000004.19000.2000000
ogogo,0bdb 1000b00b0ooo0ob0obob0. boboboboboobOoo
gboboboboboboo.

SF and Vg

12.0

7.20

’

2.40

N (« Y
Ny

G

—2.40

—7.20

-12.0

0.0 0.1 o2 03 04 05 06 07 08 09 1.0
X

CONTOUR INTERVAL = 1.000E+01

0 419: 00000000000000 PVOOOOOOOOOOOOOO0 (000)0
000 (00D0)0oo.

4.15 wind

00000 Derivation, Trajectory UUOOODOOOOOOOODOOO.
obooooboobgoo,bobgoboobooobobooboo,boboobooobgoo
oboboboobogo,0o0oboo0bobgobooooob. bobobooooboobobob
0000000000000 000000000O0U0. 00000000 p(e,y) O

p(x,y) = cosx + cosy

goo.
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S make sound_conv

v

YRR 771 IV DIERK (fname)

]

S ./sound_conv < sound_conv.nml

| output_name ICEhhic

T7IVICE#REZD
TIBNEINTNS.

ERINTT7(IVEE

S make sound_draw

v

output_name ICHAIN 7
BMBT—IDY AN T7(IL %
im&EL, B2 2 7IBICEEAT S

y

S ./sound_1d ¥
< sound_1d.nml

L

v

$ ./sound_2d ¥
< sound_2d.nml

v

- BTEK - BE—RF R
C RIS A—HD SRS A= RIIE
BERAT—% (sound_1d THAIN

BRIIT— 9D OEHAL)

0 4.20: sound_analysis DO DO O00OO00O0OO0O0OO.

ggog O
1 program wind
2 ' DOO0O0O0OOO0O00, booOoooboooooboOooooDbDbOOoooDobooooo.
g 0O0,0000000.
4 use Math_Const
5 use trajectory
6 use Derivation
7 use gtool_history
8 implicit none
9 integer :: i, j
10 integer, parameter :: nx=300, ny=300 ! O0OOOO0O
11 integer, parameter :: tstep=20000 rogobooaooan
12 real, dimension(nx,ny) :: u, v ! OO0O
13 real, dimension(nx,ny) :: rot_2d, pres ! O00OO0OOO0O
14 real, dimension(tstep,1) :: tx, ty ! OO0 x, y OO
15 real :: x(nx), y(uny) ! OOOO
16 real, parameter :: xmin=-pi, xmax=pi, ymin=-pi, ymax=pi googono
17 real, parameter :: dt=0.1 ! U0OO0O0OOOO0OO
18 real :: dx, dy ! 00000
19 character(3) :: sche
20 dx=(xmax-xmin)/ (nx-1)
21 dy=(ymax-ymin) / (ny-1)
22 x=(/((xmin+dx*(i-1)),i=1,nx)/)
23 y=(/((ymin+dy*(i-1)),i=1,ny)/)
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2/ write(*,*) "input scheme of time integration."
25 write(*,*) "EUl or RK4."
26 read(*,*) sche
27 do j=1,ny
28 do i=1,nx
29 pres(i,j)=cos(x(i))+cos(y(j)) ' OODODOOOODOOOO
30 end do
31 end do
32 do j=1,ny
38 call grad_1d( x, pres(:,j), v(:,j) ) ! dp/dx OOO
34 end do
35 do i=1,nx
36 call grad_1d( y, pres(i,:), u(i,:) ) ! dp/dy O OO
37 end do
38 V==V
39 call curl( x, y, u, v, rot_.2d ) !'w, v OOOQOOOOOODO
40 call Stream_Line_2d( dt, & ' O00OO0O
41 & tstep, & ! 0O00O0O0O
42 & 0.1, 0.1, & !'000000DOOO (x,y) OO
43 & x,y, & !'x,y(Q04odQ
44 & u, v, & !'x, yOODOOOODOOOODO
45 & tx(:,1), ty(:,1), & ' 00000000
46 & sche ) ! O0O0O0O0O0O
47  !'-- gtool writing (netcdf)
48 call HistoryCreate( & ' o0gooooon
49 & file=’wind.nc’, title=’derivation test program’, &
50 & source=’Sample program of gtool_history/gtool5’, &
51 & institution=’GFD_Dennou Club davis project’, &
52 & dims=(/’x’,’y’/), dimsizes=(/nx,ny/), &
53 & longnames=(/’X-coordinate’,’Y-coordinate’/), &
54 & units=(/’m’,’m’/), &
55 & origin=0.0, interval=0.0 )
56 call HistoryPut(’x’,x) ' 000000
57 call HistoryPut(’y’,y) | 0oo0o0oo
58 call HistoryAddVariable( & 1 ggod
59 & varname=’pres’, dims=(/’x’,’y’/), &
60 & longname=’pressure’, units=’1’, xtype=’float’)
61 call HistoryPut(’pres’,pres) 1 ogod
62 call HistoryAddVariable( & rooon
63 & varname=’rot’, dims=(/’x’,’y’/), &
64 & longname=’rotation’, units=’1/s’, xtype=’float’)
65 call HistoryPut(’rot’,rot_2d) o000
66 call HistoryAddVariable( & 1 o0ogo
67 & varname=’u’, dims=(/’x’,’y’/), &
68 & longname=’X-wind’, units=’1’, xtype=’float’)
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69 call HistoryPut(’u’,u) ' 0000
70 call HistoryAddVariable( & 1 ggogd
71 & varname=’v’, dims=(/’x’,’y’/), &

72 & longname=’Y-wind’, units=’1’, xtype=’float’)

73 call HistoryPut(’v’,v) ' gpooo
74 call HistoryClose

75 open(unit=10,file=’wind.dat’,status=’unknown’)

76 do i=1,tstep

77 write(10,*) tx(i,1), ty(i,1)

78 end do

79 close(unit=10)

80  end program
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Uobooooboobog424,0000000000000000000 4.25,0
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4.16 NMO1

gobooboboooooooboobbobooooooooboooboobobooooooobooon
gobooboobbooboooboobbooboob,0obboobboooba
ugb.obgobooaoobgaoo.
o0o0o0000o0o0oOo (reD0OD0O000D0 +r0000 200000000060000
gooobooooboobooobobbobooboobobboobooboobobo
gbooboobobobobbooboouoobooboboobooboobooooboo
ubooobooboobooooboobobboboobooboboobooboooboooboo
googobooooboboooboooboooboboboboooboboobooboboon
0000000000000D00000000000000000000 710

ubbooobooboobboobod o
gbooobood 20000000000 00000b00ooooooooaoonoo
goog.

1. 0000000 o0obD,0000000Omake init, VRWSOO OO OO.

(¢ oo )

2. make_init 0000000000 O0DO00DOOOOOOOO. ODOODOODO
gboooobg,bboobobooboobbooboan.

. VRws OO Ooooooboboogooo,0oboobooboooobooboonbo
gboooboboobooboobbooboobboobooon.

l0pOo00O000000O0000O00.
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a I

$ ./make_init

000000, 0000b0doooodb0oobOooDOoo0boOoobooooooa
O000,0000000000.0000000000000000 netedf O
oood.

$ ./initial make < NMO1.nml

000000, OO sounding.dat JOOD0ODO, 2 OO00ODO0OOOODO
initial.nc OO OOODO.

$ ./VRWS < namelist.nml
0o0o00doo,000b00bo0oboooooooooooboooooo. o
0000 namelist.nml 0 foname 0000000 O0OOO0ODOOOOOODODO0O
00,00000000O000O000D0O00, 000000000 oooooa
O0,openMP OOOOOOO0O.

export OMP_NUM_THREADS=[number]

000, [mumber] 0O0OOO0OOOODO. OO0O,openMP OODOOODOOO,
../Mkinclude 0 Fortran OO0 DO O0O00OOO openMP O OODOODOOOODO

OO000 make OOOOOOODOOOOOO. )
-

gb,00o0oobbooboobboobuoobbooboobobg.

&input
nr = 196 ! radial grid number
hnt = 90 ! tangential truncation wavenumber

! tangential grid number is equal to "2 * hnt + 1"
nt = 72000 ! calculating time step
rmin = 0.0 ! radial center [default]
dr = 4000.0 ! radial grid interval [m]
dt = 0.5 ! time interval [s]
dmpstp = 500 ! dumping time step

! dumping time interval is equal to "dmpstp * dt"

finame = "initial.nc" ! data for axisymmetric profiles
foname = "result.nc" ! result data

ni = 200 ! radial grid number in "finame"

nl_flag = .false. ! flag of non-linear term

I "false" is not calculating a non linear terms

r_dmp = 600000.0 ! effective radius for Rayleigh damping

! the damping is forced outside this radius
time_flag = ’2’ | time scheme :

ro[1]

! [2] = Leap Frog

! [3] = 1th Explicit Euler
force_flag = ’ooxoooxoxx’ ! forcing flag

4th order’s Runge-Kutta

! 70’ = calculating, ’x’ = neglecting
! force_flag(1l:1) = linear advection term

! force_flag(2:2) = corioli term
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! force_flag(3:3) = diffusion term

! force_flag(4:4) = Reiley dumping term

I force_flag(5:5) = non-linear advection term

! force_flag(6:6) = centifugal force term

| force_flag(7:7) = divergence term [only "depth"]
! force_flag(8:8) = gravity wave term

| force_flag(9:9) = temporary value [not using]

! force_flag(10:10) = temporary value [not using]

diff r = 1.0 ! radial diffusion coefficient [m~2/s]
diff_t = 1.0 ! tangential diffusion coefficient [m~2/s]
init_n = -1 ! initial non-axisymmtric wave number
! -1 = random wave
/
gogogd O

gooooooooooooooboobooboobooboobg4280000.

oo o
U000000o0oboob0ob0ob0obO0obOn drawpolar UOUODOOOOO
oooDooOobo.booOoooooobooooooo 2200,
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