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3.1 alge solv

MRS AR ZEHE TS EY a—)b, BUE, 2 RotT AV MEERIZE T 5 —fi
Rk AR ARRDOKEIRIC L DEBEN—F V2R - LTS,
BE, ATV NVTHAINTOSEEEE - BEELIZOWTIE, 5.1 3],

3.1.1 Poisson_GauSei

Bee
HAY A T (BIRKAEE) 2T, 2 IRTEDOIEFIR 2 BEEERD HER
ZEMET D, AV —F VIFHEHBHEERIAEEDORE R L E GOHBATEEIETLZ
EWHHETHD. TD LD BREEZITOGEIEA T Y 3 V58 inner_bound % % E
THIL.

=X
call Poisson_GauSei( x, y, rho, eps, boundary, psi, &
& [bound_opt], [al, [b], [cl, [d], [el, &
& [undef], [inner bound], [init _flag] )

51
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X

y
rho

eps
boundary
psi

bound_opt

undef

inner_bound

init_flag

EER

<R(:)>

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

<C(4)>
<R(size(x),size(y))>
<R(size(x),size(y))>
<R(size(x),size(y))>
<R(size(x),size(y))>
<R(size(x),size(y))>
<R(size(x),size(y))>
<R(size(x),size(y))>
<R>

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

<L>

in

in

n

in

in

out

in

n

n

in

n

n

in

n

n

R — PERE.

G TR R,

R FREROTREIHE (k)
RAGEDOIRSGAM: (k) .
4 LDOERGM % 525 (k)
BTV VRO,
BERTOM (k) .
T7AIN N FTRTYO.
R (k) .
FTIANDN : TART 1.
&2 (k)

FI7AID T RTEO.
RE 3 (k) .
TI7AIN TR L.
I 4 (k)

T AN TRTEDO.
RE 5 (k)

FI7AID T RTEO.
NI D (F238) .
T7AINN ¥,

R SE SR R (F23h)
TI AN TRTEDO.
InE = a Tk a0 (id) .

RODRMER = p & Ul &, LN TR ZEHET D,

0% 0% 0% 0 o
a($’y)2i£5'+_b<m’y)é%n8y *‘C($ay)z§§§'+‘d($7y)zi;'*‘e(wvy)zi; = p(z,y).
ZDEE, BIBIIATOXNINE T 5,
x:%x Yy:y, p:rho, 1 : psi
a, b:b, c¢:c, :d, e : e.
e
o JEFVRHIE p IZF R TR TUIZOWT, ¥ReFRETIH L, 777 A S
REHETDZEITHYT 5,
o AIV—F VONKEMIZ, KED 1 AT v THith T DMK ERZE D i KA ASRME
UFRIZB e ZJICHBEZKTTDEDIZRELTBY, A7V a Vi eps
X TDIMAEDIEZEFRET D,
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o AIN—F Tk 4005 &M%
1 B (T2 V), 2 0 AlimsER (v, 3 AR M

DIFHETHET DI EMNTED, 22T, HOATY 3 5[ bound_opt %
RELTHITIE, TOMETES2HEdH A TEL (EEimDLGaE. 5l
BOMEZTOEDONRHVOH, HHEEOBEIX, HREZERARICRND 7T Y
JADfEE UTHIBDMENERI NG, Bbs A, FAHERTIXI OMIEEE
ULTERMINAEY), ZO5I8IF 4 XFOXFHRTHY, THTNDIEFIE
K270 &5 Bz UTW\Wd, ZIZ T, 518U bound\_opt=’abcd’ DilH &
LT3,

o WRLMIFAHIIHETET DN, FHERSFMEZREL GG, TOHRMIZEE
B9 2 KWMDOBERE F—DERFMEDEEFZE L TENRIT IR SR,
Bl ZIAX, ¢ S AT AR R & IR L § 2 D THNIE, boundary D 1, 3 X
FHIZ 3 THRITUUERS B, TOLIIZINTOVEVWGEIZIEZ. =5—%
W HRRIZ > T\,

o SRS MEE YA H Hi D556, bound\_opt THREINDMED S b, Bt i
AT D EHERE O % ST, FEHOEE T O % EHEEERHTO
i UT, HHUOG I,

oY o _

%:fv aiy_g
EWVOBRFMTH DG, f,g DIEICHY TS, DFED, ZOA TV a i
BWT, EEIZV—F VU TIRFLAEDEFINFHINRNZ IR D,

o RN FBRRDEBEDMEET a, b, c, d, e CHBN, ZOfE%EBIKT
3 &, EEBOMOEEFIBIBEIITART 1 IZHEIN, TOMIZITART
YOI eEeInNd ($hbb, #fiAR7Y VARROEEERZ), Zhidk, &
EREOMAHE I YOI ETE ., ARANRRRIIRY, ZOAET
MR REFEROETIZ R RZ DO ETH S,

o M HBRARDEEIZZEMZN LU TVWAEETEHHETE I LIZHHETH Y.
ZENE T DS R R TR WA S T EHEIITRETH 5.

o 5% undef IFNERMEIRIC RE R 2 LG EI, REBBTOREIIHL TE
A HbNAHH.

e 5[# inner_bound IFEEFHMEFIZOVWTY O THRUVME, F/2HHREZIIGL
T10 EWOENGEZ6NE. A=Y —Z 205z &R ET D I LT, NEHESE
WAERDIEDEAU - REH I E EZATEHATLIIENTEDS. BARRIZED &
DBBHRTED LD BMEZE 5 A2 0MMIDWTIE, 5.1 22|,

o 5 init_flag |51 psi Z# ML DIZHHLT 2 NE S DT 57 TH
Y, true. QL X, ML EITS. T 7 AN DME true. &R 3. T, &K

EeF N bound_opt (1,:), bound opt(size(x),:), bound opt(:,1), bound opt(:,size(y)) T
EXNTWBHEDZ &,
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FIZ psi DAAN D B FREILE DHIZHLL L T, KEEFHE T 5 R
BRBDIENOLEHECHD T 2T THD. 72720, WEDEGHH DFEETFH
XINDGERERIIGEDG N ON > TVDRENS D UER L -REDINE %
KDDL\ ZREMRIGEIZ UMD, false. B IZAWVIED D LW

3.1.2 Poisson_Jacobi

Bee
YaCEZHWT, 2 ROuDIEFIR 2 B RS G255 9 5. OpenMP (2
& 2 WM HALEE T BE. AV —F VXN TR O R EBHEZ 505 A TEEEA
FTBHIENARETHD. TDOLDRHEZTILEIIA TS 2 V54 inner_bound
ERETHI L.

=X
call Poisson_Jacobi( x, y, rho, eps, boundary, psi, &
& [bound_opt], [al, [b], [cl, [d]l, [el, &
& [undef], [inner bound], [init_flag] )

5l1¥
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X

y
rho

eps
boundary
psi

bound_opt

undef

inner_bound

init_flag

EER

<R(:)>

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

<C(4)>
<R(size(x),size(y))>
<R(size(x),size(y))>
<R(size(x),size(y))>
<R(size(x),size(y))>
<R(size(x),size(y))>
<R(size(x),size(y))>
<R(size(x),size(y))>
<R>

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

<L>

in

in

n

in

in

out

in

n

n

in

n

n

in

n

n

R — PERE.

G TR R,

R FREROTREIHE (k)
RAGEDOIRSGAM: (k) .
4 LDOERGM % 525 (k)
BTV VRO,
BERTOM (k) .
T7AIN N FTRTYO.
R (k) .
FTIANDN : TART 1.
&2 (k)

FI7AID T RTEO.
RE 3 (k) .
TI7AIN TR L.
I 4 (k)

T AN TRTEDO.
RE 5 (k)

FI7AID T RTEO.
NI D (F238) .
T7AINN ¥,

R SE SR R (F23h)
TI AN TRTEDO.
InE = a Tk a0 (id) .

RODRMER = p & Ul &, LN TR ZEHET D,

0% 0% 0% 0 o
a($’y)2i£5'+_b<m’y)é%n8y *‘C($ay)z§§§'+‘d($7y)zi;'*‘e(wvy)zi; = p(z,y).
ZDEE, BIBIIATOXNINE T 5,
x:%x Yy:y, p:rho, 1 : psi
a, b:b, c¢:c, :d, e : e.
e
o JEFVRHIE p IZF R TR TUIZOWT, ¥ReFRETIH L, 777 A S
REHETDZEITHYT 5,
o AIV—F VONKEMIZ, KED 1 AT v THith T DMK ERZE D i KA ASRME
UFRIZB e ZJICHBEZKTTDEDIZRELTBY, A7V a Vi eps
X TDIMAEDIEZEFRET D,
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o AIN—F Tk 4005 &M%
1 B (T2 V), 2 0 AlimsER (v, 3 AR M

DIFHETHET DI EMNTED, 22T, HOATY 3 5[ bound_opt %
RELTHITIE, TOMETES2HEdH A TEL (EEimDLGaE. 5l
BOMEZTOEDONRHVOH, HHEEOBEIX, HREZERARICRND 7T Y
JADfEE UTHIBDMENERI NG, Bbs A, FAHERTIXI OMIEEE
ULTERMINAEY), ZO5I8IF 4 XFOXFHRTHY, THTNDIEFIE
K270 &5 Bz UTW\Wd, ZIZ T, 518U bound\_opt=’abcd’ DilH &
LT3,

o WRLMIFAHIIHETET DN, FHERSFMEZREL GG, TOHRMIZEE
B9 2 KWMDOBERE F—DERFMEDEEFZE L TENRIT IR SR,
Bl ZIAX, ¢ S AT AR R & IR L § 2 D THNIE, boundary D 1, 3 X
FHIZ 3 THRITUUERS B, TOLIIZINTOVEVWGEIZIEZ. =5—%
W HRRIZ > T\,

o SRS MEE YA H Hi D556, bound\_opt THREINDMED S b, Bt i
FAET B EHEE 2O % 2 U T, FEHOEE T Ol % EHEEE R T O
i UT, HHUOG I,

oY o _

%:fv aiy_g
EWVOBRFMTH DG, f,g DIEICHY TS, DFED, ZOA TV a i
BWT, EEIZV—F VU TIRFLAEDEFINFHINRNZ IR D,

o RN FBRRDEBEDMEET a, b, c, d, e CHBN, ZOfE%EBIKT
3 &, EEBOMOEEFIBIBEIITART 1 IZHEIN, TOMIZITART
YOI eEeInNd ($hbb, #fiAR7Y VARROEEERZ), Zhidk, &
EREOMAHE I YOI ETE ., ARANRRRIIRY, ZOAET
MR REFEROETIZ R RZ DO ETH S,

o M HBRARDEEIZZEMZN LU TVWAEETEHHETE I LIZHHETH Y.
ZENE T DS R R TR WA S T EHEIITRETH 5.

o 5% undef IFNERMEIRIC RE R 2 LG EI, REBBTOREIIHL TE
A HbNAHH.

e 5[# inner_bound IFEEFHMEFIZOVWTY O THRUVME, F/2HHREZIIGL
T10 EWOENGEZ6NE. A=Y —Z 205z &R ET D I LT, NEHESE
WAERDIEDEAU - REH I E EZATEHATLIIENTEDS. BARRIZED &
DBBHRTED LD BMEZE 5 A2 0MMIDWTIE, 5.1 22|,

o 5 init_flag |51 psi Z# ML DIZHHLT 2 NE S DT 57 TH
Y, true. QL X, ML EITS. T 7 AN DME true. &R 3. T, &K

2oF Y, bound_opt (1,:), bound opt(size(x),:), bound opt(:,1), bound opt(:,size(y)) T
EXNTWBHEDZ &,
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3.2

FIZ psi DAAN D B FREILE DHIZHLL L T, KEEFHE T 5 R
BRBDIENOLEHECHD T 2T THD. 72720, WEDEGHH DFEETFH
XINDGERERIIGEDG N ON > TVDRENS D UER L -REDINE %
KDDLV ZBRENRIGEIZUD, (false. IXEIZAWIED DAL,

algebra

BATHEA 2 TICHY T —F V&,

3.2.1

518

abst_2d

2 IRTERY MIVOMIHEZ EIE T DIV —F .

call abst_2d( x, y, dis )

x <R(:,:)> in x FRIDRT N IVESSY.

y <R(size(x,1),size(x,2))> in y AEDNRT NIVEST.
dis <R(size(x,1),size(x,2))> inout % COHMEXIE.

EFEN

3.2.2

518K

TV NERERTERI N 2 KTAY bV e = (z,y) OISEZ GRS 5.

abst_3d

3 IRTENRT NIV Z TR T 2 —F .

call abst_3d( %, y, z, dis )
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<R(:,:,:)> in x FRIDNRT NIV .
<R(size(x,1),size(x,2),size(x,3))> in y AIEDNRZT NIV
z <R(size(x,1),size(x,2),size(x,3))> in z FaIDRT NIV
dis <R(size(x,1),size(x,2),size(x,3))> inout £l TOHx1H.
E&EN
TNV NERERTEZR I N/ 3IRITENRY N r = (z,y,2) DKMEEZFIHE T 5.
B&
KRz L.

3.2.3 dot_prod_2d

BERE
2 RILT HIV N EERER DT R TRERIND 2 e Y MVONEEFHHET DI —
F .
=5y
call dot_prod_2d( x, y, u, v, dot, [undeff] )
511
x <R(:,:)> in x KD 1 XT MV
y <R(size(x,1),size(x,2))> in y AEOD 1 X7 NIVEST.
u <R(size(x,1),size(x,2))> in x JFED 2 R NIVAES.
v <R(size(x,1),size(x,2))> in y AEOD 2 X7 NIVEGT.
dot <R(size(x,1),size(x,2))> inout L TDNFELE.
undeff <R> n ARIEFfH.
E&ER
2 FEIHD 2 RITERT MV a, b BT AV NEEZR T,
a=(x,y), b= (u,v)
CEFEINLZEE, TNH6DHNE a - b 1
a-b=zxzu+yv
BB INLDEHEIN—F VDGO SERIILTDOEE ) THD.
(x7 y) _> X7 Y7 (u7 U) % u7 V7
a-b — dot.
N7 MIVDFERIN 1 DOTEREBRETHD2GE, TORTONMEHEIIREREL LS.
8%

Rz L.
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3.2.4 dot_prod_3d

BEBE
TN NEERDEHE TN TERIND 3R MVONREZHE TN —F .
£
call dot_prod3d( x, y, z, u, v, w, dot, [undeff] )
5181
x <R(:,:,:)> in x AD 1 X7 MV,
y <R(size(x,1),size(x,2),size(x,3))> in y AED 1 X7 NIVES.
z <R(size(x,1),size(x,2),size(x,3))> in z Jilald 1 X7 NJVksy.
u <R(size(x,1),size(x,2),size(x,3))> in x HED 2 X7 NIV .
v <R(size(x,1),size(x,2),size(x,3))> in y D 2 X7 NIVEST.
W <R(size(x,1),size(x,2),size(x,3))> in z Jilald 2 X7 NIVksy.
dot <R(size(x,1),size(x,2),size(x,3))> inout KA TONFELE.
undeff <R> in HRAE FH.
E&EN
2 FEED 3 IRGTRY M a, b BT )V DR TIE,
a = (:1:7 y7 Z)7 b - (u7v7w)
CREBEINLZLE, ZNH6DOHNME a - b X
a-b=xu+yv+zw
ERD. INEDEBEIV—F VD5 EOMNIGERIILTDEEY THS.
(r,y,2) = x,v,2, (u,v,w) — u,v,w,
a-b — dot.
N7 MIVDFERIN 1 DOTEREBETHDGE, TOMRTONMREMBEIIREREL LS.
iBE

Rz L.

3.2.5 rectangle_int

L IRGTGT —RETIARS 217,
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X
result = rectangle_int( x, y, bot, top, res [undeff] )
511
x <R(:)> in FE > 2 R,
y <R(size(x))> in R0 BEEL.
bot <R> in FE4r D T ¥,
top <R> in P D V.
ROME  <R> inout FEAME.
undeff <R> in ARIEFAH.
E&E
ERDOEE x & ZTDOEBIZIDOWTOREE f(z) DR -
T2
f(z)dx
1
= BES
N
Z 5 (zr — zk—1) (f (2x) — f(2R-1))
k=2
THETS. 2T, NIk “d_:“ TH5.
T
B&

e undef MKEINTVDGEIE, TDZE L D KM DFEMFHBIXFE L 2.

e bot, top Dfflld x THA LN TR EIZARITNIE, Ao z2EfIEILT
RUEDED.

o %9 bot < top TARITIIZE S A,

3.2.6 vec_prod_2d

BéRE
2 RITT IV N ERERA DB M TERIND 2 IRITERY MIVONEE EHHET S ) —
F .

=52
call vec_prod 2d( x, y, u, v, vecx, [undeff] )

513k
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X <R(:,:)> in x HHED 1 X7 NIV,
y <R(size(x,1),size(x,2))> in y AEOD 1 X7 NIVEST.
u <R(size(x,1),size(x,2))> in x JGED 2 R NIVEKST.
v <R(size(x,1),size(x,2))> in y AEOD 2 X7 NIVEST.
vec <R(size(x,1),size(x,2))> inout L TDHFELE.

undeff <R> in HAE FRfH.

EHEI
2 FEEHD 2 IRGERT MV a, b BT )V N ERR T,

a=(z,y), b= (u,v)
CERINZEE, TNHDHE a x b1
axb=zxv—yu
EBS. INHDEBEIN—F VDOFIBONIGERIZATDOLEE) THD.
(x,y) — %y, (u,v) — u,v,

axb — vec

R MVOEIN 1 DTERERTHD5E, TORTONEEIIRERL LD,
2 ML FHCHRIZEIR T 256, TOFMIZERT S HHDOKE I W DAN
FHREIND Z L IZiHERET S (intent(inout) 2% 1 L AR WVDIE I D7Z0D).

3.2.7 vec_prod_3d

BB

TV N ERERDZEF I TERIND 3 IRTRY MVONEEFHET I —F .
£

call vec_prod 3d( x, y, z, u, v, w, vecx, vecy, vecz, [undeff] )
51
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X <R(:,:,:)>

y <R(size(x,1),size(x,2),size(x,3))>
z <R(size(x,1),size(x,2),size(x,3))>
u <R(size(x,1),size(x,2),size(x,3))>
v <R(size(x,1),size(x,2),size(x,3))>
W <R(size(x,1),size(x,2),size(x,3))>
vecx <R(size(x,1),size(x,2),size(x,3))>
vecy <R(size(x,1),size(x,2),size(x,3))>
vecz <R(size(x,1),size(x,2),size(x,3))>
undeff <R>

THR
9 BEIAD 3 YR ML a, b 93TV b AT,

a=(z,y,2), b =(u,v,w)

CEBINEE, INS5DOME a x b

a x b= (yw— z2v,zu — zw, TV — YU

in
in
in
in
in
in
inout
inout
inout

in

x AIED 1 RT NVES.
y HED 1 X2 NIVES.
z JimD 1 X7 NVES.
x AIFD 2 X7 NVEST.
y HE®D 2 R NIVEA.
z JimD 2 X7 NIVES.
ZRTO x F MDA .
ZRTO x FRDHFEE.
HRTO x F RO FEE.
HRAE F1H.

BB INHDEBEN—F VOFIBONIGERIZATOLEE ) THS.

(r,y,2) = x,v7,2, (u,v,w) — u,v,w,

a x b — (vecx,vecy,vecz).

NI MDA N 1 DTERERTH D5, TORTONBEIZRER L R D

B&
RizkL.

3.3 Dbasis

AKIATI7V%MBHTE ETHRELRLZIN—FUDI>H, EOEYVa—IIlEYTIEE

M2 T AR A IR T H B,

REV 2= FHNELRH Y, BUEIRUTORDL I IZEZH5NTWVS.
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a N
type dtime ! BAZAHODHA
integer :: year.d ! VH&
integer :: monthd ! H
integer :: dayd ! H
integer :: hour.d ! K
integer :: mind ! 7
integer :: secd ! ™
end type dtime
o %
3.3.1 c2i_convert
Hae
SR 2 B AW B,
=X
result = c2i_convert( cval )
5%
cval <C(100)> in g B F
ROME  <I> inout A X N EHL
EERN
Qv
S
AV
3.3.2 c2r_convert
Hae
XFR % RN AT 5,
=X
result = c2r_convert( cval )
515
cval <C(100)> in WY BT
RYfE  <R> inout ZEHI N FEH
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E&ER
U
8%
A
3.3.3 1i2c_convert
BERE
BEOM % RN BT 5,
EX
result = i2c_convert( ival, [forma] )
511
ival <I> in 2 B FEH
forma <C(*)> in B DT .
ROfE  <C> inout ZAH#X N/ F
E&EN
7L
=
7 U
3.3.4 r2c_convert
B
FHI % TR AT B,
X
result = r2c_convert( rval, [forma] )
511
rval <R> in WY 5 EE.
forma <C(*)> in R DI A
ROME  <C> inout A I N7z XF.
E&ER
A
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(]
L.

3.3.5 rand_make

BAaAREZ AW TREELEZ 28T 5,

call rand make( L, output )

518

L <I> in 19 2 AR +1 OBUE.
output <I> inout HJSIINDELLL.
EERN
REGHEEX, B 2, \2DWT, B8 a,b%HNT,

x, = mod(ax,—1 + b, L)

EWVD LR TREI NS BIN K> THREELEZ EK T2 7NV T) AL THD, Z
ZTC. LIFEBHRTHD, a,b, L, xo (ZDOWTIFEEENRGZENTNEDT, A)b—
F VT,

a=11,b=12

EWSEETRA U, F/2, LIEHENLEL T HLEONE +1 OFETRD
5.z lFME— M % EH T D728, Fortran DFLAAAREETH % time () BHE %
FHWNTHEONDRL 2 #HEE L THWS,

B%
2.

3.3.6 counter_day

HREE

FEHMN O THETOHBZE ATV Y NT 5,
N

result = counter_day( stime, etime )
518
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stime <type(dtime)> in A Y MEBOFEAH.
etime <type(dtime)> in AUy M TOFEAH.
RO <I> inout AUV hINZHEK

3.3.7 counter_sec

FItGH»OMR THETOREE DY Y MT 5,

result = counter_sec( stime, etime )

518

stime <type(dtime)> in AV NHBOEH HES R,
etime <type(dtime)> in ATV METOEHHIKES.

ROME  <I> inout HU Y NINFE

REFIZDWT, (EREOIRRE LB S U8 SOHEIRT, XA LYV —VEHEICH

Wa.

call time_zone_convert( factor, itime, ctime )

518
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itime <type(dtime)> in ZHRTOEHH.
ctime <type(dtime)> inout ZHEDEHH.
EERN
U
e

o HIZIX, JST 6 UTC IZ£4H#d 254, factor=-9 £ LT, itime {2 JST T
DL % AI1T D &, ctime (2 UTC DIEZIAEI N 5.

3.4 derivation

WA EZGRAESTHAETIN—F VE, REV 21— IWIHMARENT VDI —F
TlE, IARNTOMAFEIZENT, 2 KEEDOHFLEDELZ TS 23T 5, &
B, FHliEDOAR R T 2 EHEHEBOMICE N TIE, 1 IRKEEIZESOELZE L $Z 8 TILL
HzEzd5,

BH, TRTON—FVTHOLNTWE AT —)VRFOERBERATHIEE ., £ED
JERERIZ BT % A — VIR FOEH GIEIZOWTIR, 7731,

3.4.1 curl
5> 4=15
2IRTENRY MV OIEER R T 5.
£
call curl( x, y, u, v, val, [undef], [hx], [hyl, [ord] )
E1E=
<R(:)> in HFRE— R
<R(:)> in TR R

<R(size(x),size(y))> in X RGN T b,
<R(size(x),size(y))> in NELAS S TWNCIRSRANZ4 DI
val <R(size(x),size(y))> inout M.

4 £ < M

undef R in R .

hx <R(size(x),size(y))> in X D AT — VAT

hy <R(size(x),size(y))> in y MDA — VKRS

ord L in WAETRDIEE 2 ANE A D (fHESR).
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EERN
Eb\Liiﬁiﬁé%fg‘Aﬁ ]\)l/ (61, €9, 63) %%OEEE%EBZ*% (561,.%2,.%3) C:a‘o‘b‘é, gﬁﬁ
U7z 2 X2 MVOEE curl 2E5H8E9 5 -
1 8(h2U2) 8(h1u1)

1= .V = _
cur es X U Il P s

ZZT, u=uijej; +uses + uges ThHY. hi,hso, hs Sy gar el T1,22,T3 NS SINCD
AT —IVRTTHD, ZOLE, BIEIILUTOMNIGET D,

hi : hx, hg : hy, curl : val
T NEERDEE., hi =1, hg =1,h3 =1 THDDT, HHIZ

ZERTD I IR D,
e

o A7V a3V ord IMHEIBEOE, FAEZNKEIELIA T ayTHY,
.true. : WHEIE, .false. : [FEKNIE

ER5, T7AINME true., DF Y, false 2IHET N, AFDEEZLT

SILLFAZTHD,
_ _ 1 8(h2U2) _ 8(h1u1)
curl = —e3 -V xu= Il 01 Do
o REBRMMERINTVDLAIX, TOMICHIET DEP KT RIZASDTVD

Yt TOMTEUHEETE UTHEAL TOW SR TFRTOFEMEN TN TRE
FHEUTHREINTRING.

3IRITEARYT NS 3 RocimEZEHH T 5.

call curl 3d( x, y, z, u, v, w, zeta, eta, xi, [undef], [hx], [hyl, [hz]
)
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518
x <R(:)> in TR — R,
y <R(:)> in TR R
z <R(:)> in G F R = R,
u <R(size(x),size(y),size(z))> in X IZXIRd B RT M.
v <R(size(x),size(y),size(z))> in NS STV RIS
W <R(size(x),size(y),size(z))> in 2 IR g B2 M.
zeta  <R(size(x),size(y),size(z))> inout x (ZXInT 5 [AHE.
eta <R(size(x),size(y),size(z))> inout y IZXET B [H[HE.
xi <R(size(x),size(y),size(z))> inout z (ZXET B [A]HE.
undef <R> in AREFEMH.
hx <R(size(x),size(y),size(z))> in x HEOD AT —)VIA A
hy <R(size(x),size(y),size(z))> in y AFED AT — VKT
hz <R(size(x),size(y),size(z))> in z HED AT — VK.
E&ER
HWIERTDHRENRT M (e, es, e3) & 6 DIHFREERE (11, 10, x3) (251D, JHAL
U7z 3 NI MIVODWGEE rot 23R TS -
. . 1 a(h3U3) 8(h2U2)
div=V x u= Il {el { Dirs D23
8(h1u1) 8(h3U3)
T e { 81‘3 B 81‘1
O(h O(h
+es (houz) _ O(haw) = Ce1 +mnez +§es
8331 aCCQ
ZZIT, u= uiei + ugses + usges TZF) U\ hl, hg, h3 ti%h%m T1,X2,x3 L:ﬂﬁﬁ@k
BAT—IVKHRFTHD, ZDE X, 51 BIILLTONIn%ET 5,
x1 X, Ty iy, I3 : Z
up v, U2 vV, U3 I W,
hi : hx, hg : hy, hs : hz
¢ : zeta, n : eta, & : xi.
TN NEFERDEE, hy =1,hg =1,hy3 =1 THDDT, HHIZ
iy = ey QU 0w Our _ Ouy Ous 0w
div = €1 {3:132 81'3 } + €2 {81‘3 (91131 } + €3 {61'1 83:2}
REHETHILIZAS,
=3
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o REBMNERINTVDIHGIE. TOEICHIET DEIPETRIZASTND
L. TOMT 20K UTHAL TSI RTTOFRMM? T R TERE
B UTHREINTEIND.

3.4.3 div

2 IRITENRT NIV FM A BT 5.

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

518

<R(:)> in TR — AR
<R(:)> in TR TR
<R(size(x),size(y))> in X (ZHIBT N7 M.
<R(size(x),size(y))> in y IR H T L.
val <R(size(x),size(y))> inout F&HL.

undef <R> in R F .

hx <R(size(x),size(y))> in X SFD AT — VAT
hy <R(size(x),size(y))> in y AFD AT —)VRF-.

4 £ < M

E&EN
HWIZERTLHHEENT M (e, ex) € DHIFRELE (11, 20) IZHF D, MU 2
N7 NVOFEHEL div 51T 5 -

div=V.-u=

1 G(hgul) + 8(h1U2)
hihs o0x1 Oxa

ZZT. u=1ue|+ues THY., hi,hg ITTNTN 21, 20 IT)IET DA —IVA
FThd, DL E, G TOXIGZEZ T D,

Ty X, X2y, U U UV,

hy : hx, he : hy, div : val.
THINERERDEGE., by =1,hg =1 THDDT, HHIZ

RERTBH I LR B,
s
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o REBMNERINTVDIHGIE. TOEICHIET DEIPETRIZASTND
L. TOMT 20K UTHAL TSI RTTOFRMM? T R TERE
B UTHREINTEIND.

3.4.4 div_3d
BEBE
3IRITENY NIV DS R E AT B,
=5y
call div3d( x, y, z, u, v, w, val, [undef], [hx], [hy]l, [hz] )
518
x <R(:)> in FHFREH— KRR,
y <R(:)> in TR R
z <R(:)> in G FRE = R,
u <R(size(x),size(y),size(z))> in X IZXIRd B RT M.
v <R(size(x),size(y),size(z))> in y AN T DRI M.
W <R(size(x),size(y),size(z))> in 2 W2 g B2 M.
val <R(size(x),size(y),size(z))> inout FEHK.
undef <R> in AR FRAH.
hx <R(size(x),size(y),size(z))> in x HID A r — VA
hy <R(size(x),size(y),size(z))> in y AD AT — VKT
hz <R(size(x),size(y),size(z))> in z JFED AT — IV
E&EN

Eb\C:lﬁﬁﬂ"é%féﬁf\ﬁ ]\}[/ (61, €9, 63) %‘_’%/)EE%%P‘JZ&E% (.7}1,222,.1‘3) C:BU’%, 5&?[.
U7 3 X7 MVOFERK div 25T 5

1 a(hghgul) + 6(h3h1u2) + a(hlhgu;g)

div=V . -u=
v V-u hlhghg (‘)xl 8:62 8563

ZZT, u= uier + uses + uges wCEF) U\ hl,hg,hg li%%%m T1,T2,T3 L:i@‘ﬁﬁﬁ‘
SAT=IVHFTHD, TDOLE, FIEEIATONIEE T D,

Ty X, X2y, X3 : Z

upy v, U2 vV, U3 I W,
hiy : hx, hg : hy, hs : hz

div : val.
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TV N ERERDLGE. by

ZEMAET S I IR D,
e

o REHRMEMNERZIN T

=1,ho=1,h3=1THDDT, HHIZ

Oup | Oup | Ouy
- 81’1 (91'2 81‘3

55601k, TOMIZHIET 2 MEI BT A->TWVD

L. TOMTF20EE T UTHAL TSI RTTOFHRMM? T R TRE

HHE UTHREINTK

3.4.5 grad_1d

IND.

BEBE
EEABOARZ AT 5.
g
call grad 1d( x, u, val, [undef], [hx] )
511
X <R(:)> in 275 ] JRE L.
u <R(size(x))> in X DERMTEHREINDI LR
val <R(size(x))> inout ZAEME.
undef <R> in AREFAE.
hx <R(size(x))> in x FIRD AT — VAT
E&ER
HERE (21) 1251 28 & 3HTS
1 Ou
grad = hilaigjl
ZDEE, BIBUILLTOXIE%E TS :
r1 ¢ X, wup :u hy :hx, grad : val.
THN NERERDEGE, by =1 THDDT, HHIZ
ou
grad = B
FHETB IR D,
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(]

o KEBMENERINTVDIHGIE. TOEICHIET DEIETRIZASTND
Gith, TOMT2LHERETFE UTHEHAL TSR RTOFEEN TR TRE
HEEUTHREINTEIND.

3.4.6 grad 2d

BéRE
EREZEBOMANT 2 RoTABLNT MVEEFRTD.
=X
call grad 2d( x, y, u, valx, valy, [undeff], [hx], [hy] )
511
X <R(:)> in o — 7S [ A,
y <R(:)> in 5 2 ] R AL,
u <R(size(x),size(y))> in A% FHET 228
valx  <R(size(x),size(y))> inout x ARODAENRZ N,
valy <R(size(x),size(y))> inout y JHADARFNRZ hb.
undef <R> in AREFHAH.
hx <R(size(x),size(y))> in x FFD AT — VAT
hy <R(size(x),size(y))> in y RO A — VK.
E&EN

ST PV (e, e0) THHE TG (21,00) KBV SLMu EHHTS -

e ou €9 ou
d= - — 4+ 22—
gra h1 8x1 + h2 6952

ZDEE, FIBIEMTONIGZE T D,

1 1 X, X3y, u:u hy:hx, hy: hy,

1 Ou 1 1 Ou 1
—— : valx, —— : valy.
hi 0x1 ’ hg Oz y
T NERERDEGE. hi =1,hy =1 TdH2DT, HHIZ
J ou n ou
rad =e;— + eg—
& 18561 281‘2

ZEAET I IR D,
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(]

o KEBMEMNEBINTWVDIGEIX., TOMIZKIGT ZHENIEFEIZADTWD
BE. TORTEZUHE 7L UTHAL TV S TOREMEMAT R TRE
HMHE LU THREINTERINDS.

3.4.7 grad 3d

BEBE
EREBOMIL 3 IRGTABRNRT MV ZEEIHET 5.
X
call grad 3d( x, y, z, u, valx, valy, valz, [undeff], [hx], [hyl, [hz]
)
518
X <R(:)> in B — 7S [ AL,
y <R(:)> in oS 2 ] JRE AL,
z <R(:)> in B = 7S] R,
<R(size(x),size(y),size(z))> in Bl GRS 2
valx <R(size(x),size(y),size(z))> inout x FMHDAENRT L.
valy <R(size(x),size(y),size(z))> inout y AMDAHERZ M.
valz <R(size(x),size(y),size(z))> inout z AFRDAENZ ML,
undef <R> in ARIEFAH.
hx <R(size(x),size(y),size(z))> in x HIED AT — VAT
hy <R(size(x),size(y),size(z))> in y ARID AT — VKT
hz <R(size(x),size(y),size(z))> in z D A — )V AF-.
E&EN

%E@/\ﬁ ]\)1/ (61, €9, 63) ’Cﬁ%i‘ﬂé@ﬁ%ﬁ (l‘l,xg,xg) Cia‘o‘b‘é”}??ﬁu %ﬁ%‘%}—d—é .

rad = 100 €2 0u | 3 Ou
& N hl 81)1 h2 8132 h3 6955

ZOLE IBIFLTONIGE T S,

1 X, X3y, x3:2z, w:u hy:hx, he :hy, hs: hz

1 Ou 1 ou 1 Ou
h—la—xl ¢ valx, h—QTQ : valy, Ea?;; : valz
TV NERERODEE . by =1 TH2DT, HAIZ
ou ou ou
grad = ela—I1 + ega—x2 + ega—x3
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RHETD IR D,
iB5E

o REBMMERINTVDHGIE. TOMEICHIET DEPETFRIZASTND
e, TOMT 2T UTHHAL TSR TOFRMEDNT N TRE
FEE U THREINTRIND.

3.4.8 laplacian_1d

ERELBOLAEZHETS.

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

518

b4 <R(:)> in 25 [ B A

u <R(size(x))> in X DERTERINDEHI.
val <R(size(x))> inout 2 FEAJEIAE.

undef <R> in HRAE F1H.

EE
JERE (1) (B2 EE 0w D 2 MWD %5HH T -

d%u

laplacian = —
P 0z?

ZOLE, S TONIEZ TS :

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

(]

o REBMNERINTVDIHGIE. TOEICHIET DEIETRIZASTND
Gith, TOMTF2LBERETE UTHEHAL TSR RTOFEMEN TR TRE
HEEUTHREINTEIND.
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3.4.9 =zast_2 vel 2d

Hae
terrain following MfER (BAF, terrain ;R) TEHRINDGHD 1 mERIZHS VT, 3
RICEH L S % T 0V SRR T AT B, 72720, 2 CIR B R O£ I
I3, H< ET terrain RO ARICH T KBS % T 7V RS ITE
MDA THD,
=X
call zast 2vel 2d( x, y, zast, u, v, w, uh, vh, wh, [undef] )
51%
x <R(:)> in TV bR AR
y <R(:)> in T AV N R R
zast  <R(size(x),size(y))> in terrain RDEE 1 8
IHBTDHMERE [m].
<R(size(x),size(y))> in zast (ZXFI Y 2 BPHJEGE [m/s].
<R(size(x),size(y))> in zast (ZXT g % i ALJEGE [m/s].
<R(size(x),size(y))> in zast (259 2 $EEGE [m/s].
uh <R(size(x),size(y))> inout ZHERORIGEE [m/s].
vh <R(size(x),size(y))> inout ZHEOFALEME [m/s].
wh <R(size(x),size(y))> inout Z#EZEDOIEFRE [m/s].
undef R in RIE FH.
EERN

BN —F VIBAFELNET AV S EERDAZEE L TWD, SHRINRTE,
terrain RCEZRINTWD R, mit, SMEREZ (U, V,W) & U, terrain RIZH
JOEEHEEE 2 T2 E. THNNESITERLU 2L TR, mih. ShiEEH
173 (u, v, w) IZATFDE D ITEMmIND -

- v
N2
”14—((% \/
& z
) . (
z*
oy ),
ZIZT. BNFE 2T AN bf“%@zfﬁﬂﬂﬁ*ﬂf:ﬂ@ﬁ’jﬁﬂ’@féé’ EzEmRLTW
b5, F-. TOLEIEBEOTOT I AIBITL5 BT TONGEE TS :

(u,v,w) : (uh,vh,wh), (U, V,W) : (u,v,w),
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2*(x,y) : zast(size(x),size(y)), (z,y) : (x,y).

(]

o EFRADEHIINERTT S

o REBMNERINTVDIHGIE. TOEICHIET DEIETRIZASTND
L. TOMT 20K UTHAL TSI RTTOFRMM? T R TERE
B UTREINTEIND.

3.4.10 zast_ 2 vel 3d

HaE
terrain following JERER (PAF, terrain 52) TEZRIND 3 IRGTEGEL D % T H
WV N ERERRENC AT B, 72720, 2 TCIHEEADERIITDRN, HLET
terrain RO T RUZH T D ERBELD % T )V N REDIZEBTLDATH 5,
=X
call zast 2 vel 3d( x, y, zast, u, v, w, uh, vh, wh, [undef] )
515
x <R(:)> in T 71V R — R
y <R(:)> in T AV N R R
zast  <R(size(x),size(y),:)> in terrain ROFE L [m].
u <R(size(x),size(y),size(zast,3))> in zast (2R )G9 2 P EGE [m/s].
v <R(size(x),size(y),size(zast,3))> in zast (2R S B FALEGE [m/s].
W <R(size(x),size(y),size(zast,3))> in zast (2GS 2 BREEGE [m/s].
uh <R(size(x),size(y),size(zast,3))> inout ZHLODHEPEEE [m/s|.
vh <R(size(x),size(y),size(zast,3))> inout ZHEDEHILEZR [m/s].
wh <R(size(x),size(y),size(zast,3))> inout ZEHELDIHEEE m/s).
undef R in RIE FEH.
EHE

AN —=F VIZACESHENNET IV D EEERDAZEL TS, SRINE T,
terrain RCTEZRINTWD R, b, SEREZ (U, V,W) & U, terrain RIZH
JoEEREREE X LD L, THINNKITERL -8 SORPE, i, fhiEEs
B3 (u, v, w) IZEARD XS ITZEHI NG -

v I A
o0z* 2’ oz* 2’

1 1
+(6w>z +<8y>z
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0z* o0z*
(%), (%),
2jL P 2’
o0z* 2*
I C R )
ZZTC, BNF 21T AV NEBIERD 2 TGS WK EARTHZ Z 2R LT
5, £/, TOLIEBEOTOT I LI TZ58IILTONIGETS -

w=W+

(u,v,w) : (uh,vh,wh), (U,V,W) : (u,v,w),

2*(z,y,2) : zast(size(x),size(y),:), (z,y) : (x,y).

T
o EFEADEMIIMNER?7SI.
o RERMEMNERINTVDHEIX. TOMITHIET DA FRIZA->TVD
A, TORTFELAERF L UTHAL TOLBF R CORMRMEN§ RN TRE
FEHE U THREINTRIND.
3.5 ffts
FFT (F# 7 —V T2 ([ZB3 20 —F V. FFT GHROFMIC OV T, 77 2.

3.5.1 c2r_ffttp_1d

1 IRTCFERT — 2D FFT WE# %2175,

call c2r_ffttp-1d( nx, a, b, [prim], [prim_fact], [omega fix], [omegan fix]
)

518K
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nx <I> in T — X DIEK.
a <CP(nx/2)> in BEERBE T T — 4.
b <R(nx)> inout EHREHET—X.
prim c() in FERBHE (BiR),
o) =fRET D, x =RLUR,
prim fact  I(5) in KRB (k) .

omega fix  CP(nx/2,nx/2) in 2,3,5,7 AAADZEKE T D
EfsAT5] (k).
omegan fix CP(nx/2,nx/2) in 2 [rEEfTE] (k).
EHEL
N{HOT—2%EDE M x(k), k=0,--- ,N-1%2%22% (NIXMEE), ZDF—
A D@7 — 1) TIEZA# (1) 1%

w(k) =Y #(k)e®™N, k=0,---N-1

TEHIND, ZH% Temperton DT IVT) A L% HNT FFT T 5, LK
T—A D FFT GHEDFMIZ DOV T, 77 2,

BE

o ¥ prim IFT — AN 2R NEARETL2EDTHY, ZOAT¥avin x
DGEET = AN ZTOEE 7 —) TEBPUIIZE I NS DT, HRDEEH T —
DIEWEITD LR 5, DREETAE TR N = 293571 x e F
ToaEZIT, FFT W 2175, 5l prim fact (ZZ D& T DRKEBIEHD
BEfRETD. DFY),

prim_fact(1:5)=(/a,b,c,d,e/)
VIR ERD.

o 5|8 omegan fix 137 — 4 nx 2B F % FFT THHT 5 EIEE4T75]3 % 4552
95, 5l# omega_fix &7 — XM 2,3,5,7 LIMIDRNE (1 DD DS % HliC
T2E, e MTNUIIH722) ITHINT B EERTH]. NS DITFIEEHIL—F
rotate_calc T 2L MNTX5.

o AIN—F VDMFING, WEE S N/2 1FEF a(1) OERBSITHEML RIT N
(=AY AN

3l HEAT 5 OO M AR R AT SR T T B IR,
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3.5.2 ffttp_1d

BERE
1 RGBT — 25 FFT %2179,
£
call ffttp_1d( nx, a, b, csign, [prim], [prim_fact], [omega fix], [omegan fix]
)
513k
nx <I> in T — X DAEHEL.
a <CP(nx)> in R — 4.
b <CP(nx)> inout MEERLHELT—X.
csign Cc(1) in IEH O RE
p =R i) =,
prim c(1) in RN HE (k) ,
o) =T D, x =R RUAN,
prim_fact I(5) in FRRBHEE (Bid),
omega fix CP(mx,nx) in 2,3,5,7 A DEZKEL T D
#1741 (k).
omegan_fix CP(nx,nx) in [AEf75] (&),
E&ER
NHOT— 2% €& OEFER 2(k), k=0,--- N—12F 25, ZOT— XD T —
D TIEZH (1) 1%
P 1 — —27riﬂ
—— N —0...-N —
z(1) N xz(k)e , 1=0,---N—-1
k=0
TREIND, WEHI
N-1 1k
(k)= &(k)e*™N, k=0,---N-1
=0
TEHIND, ZN% Temperton D7 IVTV AL % FAWT FFT UWHET 3,
=E3

o B¥prim IZT7— XN 2 EZRNENMETL2EDTHY, ZOATVavinx
DLGEIET = AN O EE 7 —) TEBUILIZMIND DT, HRDHEERH T —
VIAMETS ZLIlhD, HMEEITAIE. T—2BA N = 2930570 x e &
THfR%EAT, FFT W Z2175, 518 prim_fact &2 D& TDORKBIEHD
HERETD. DFY),
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prim_fact(1:5)=(/a,b,c,d,e/)
EVIHIHERD.

o 58 omegan fix 137 — 4 nx 2B F D FFT CTHJHT 5 [EIHE4T75] 4 %2 55
$5. 5l# omega fix IE7 — XM 2,3,5,7 LA DRINEL (1 DD DH % HiliZ
FTdL, e MTNIH22) TG T D MEERFTH. N6 DITFIXEHIL—F >
rotate_calc TI1D 2 &M TE 5.

3.5.3 ffttp_2d

BB
2 IGEEFE T — 25 FFT 21795,
X
call ffttp_2d( nx, ny, a, b, csign, [prim], [prim_fact], [omega fix],

[omegan fix] )

5%
nx <I> in 1 IRT— & DI
ny <I> in 2 IRT — X DAFEEL.
a <CP(nx,ny)> in BEBE T — &
b <CP(nx,ny)> inout MEEBEWBLT —X.
csign c(1) in IE AW E
po =R i =,
prim c(1) in R E (Bid),
00 =R D, x? =LAV,
prim_fact  I(5) in KRB (k) ,
omega fix  CP(nx,nx) in 2,3,5,7 A DERELTD
[EHRfT 5 (F2ah ).
omegan_fix CP(nx,nx) in iz 75 (&ak),
EER

(N, M) D7 —2% €& DEFEK 2(k, 1), k=0,--- , N-1,1=0,--- , M —-1%2F X
%, ZOT DT — Y TIEZAH 2(m,n) 1k

o

m=

EHEAT A O M AR RS AT R T B TR,
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TREHIND, IN% Temperton D7 I TV AL %EFAWT FFT WS 5,
wE

oE%WHm@?—&ﬁNéiﬁﬁﬁ%Té%QT%U\l@ﬁf&ayﬁ’w
GEET—ANTDOEE T —) TEAHUEIZEII ND DT, B DT —
Ulﬁﬁéﬁﬁ’ 285, DfEEiTZIE TREN N = 203571 x e F
ToHfEEIT, FFT 5@@’2550 I prim_fact (X2 D& TDRNBIRHD
BEBETD. DFY,

prim fact(1:5)=(/a,b,c,d,e/)
EWVIRIRERD.

o 3% omegan fix ¥ 7 — 4 nx 2B F D FFT THHT 2 [EE475]° % 552
T5. 518 omega fix (&7 — X EA 2,3,5,7 LIADFREIKEL (1 2D DIHH % i
THEL, e MTNIIH-2) ITHIRT D EERTTH. ZNEDITFNIEEHIL—F >~
rotate_calc TFD LMW TX5.

3.5.4 prim_calc

BénE
RO ERAEIZOWT, 2,3,5,7 DERBOHEZITD
=X
call prim calc( n, factor, resid )
5%
n <I> in R D IEREEA.
factor <I(4)> inout 2,3,5,7 DAFZRKREIRE.
resid <I> inout  2,3,5,7 AARDZKEL.
E&ER
LR D IEBEEAE n A
n = 293%5°7% x e
ThHho7256, FOREBIILTDO LD BXIne 25,
n —n, (a,b,c,d) — factor(1:4), e — resid
e

Rz L.
*S AT A D BEMI 7R REIR AT BT 7 B .
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3.5.5 r2c_ffttp_1d
BERE
L REEBT—2 06 FFT %2475,
=52
call r2c_ffttp_-1d( nx, a, b, [prim], [prim fact], [omega fix], [omegan fix]
)
5%
nx <I> in T — X DIEHEL.
a <R(nx)> in TR T— X
b <CP(nx/2)> inout EERBEHRELT—X.
prim c(1) in FNBE (i),
107 = ﬁq:'é—é 1y =/ &beé\b\
prim fact  I(5) in KRB (k).
omega fix  CP(nx/2,nx/2) in 2,3,5,7 A D ZNET D
[mER T8 (k) ,
omegan fix CP(nx/2,nx/2) in 2 [rEfT5] (k).
E&ER
NHDOTF—2%&E2FE K x(k), k=0,--- ,N-1%2%22 (NIIEH., 07—
2 OB T — ) TIEZH 3(1) 1
1 N—-1
8(l) =+ z(k)e ™ N, 1=0,---N—1
k=0
TEHIND, MEHIL
N-1 1k
w(k) =Y #(k)e®™N, k=0,---N-1
=0
TEHIND, ZH% Temperton DT IVT) A L% FNT FFT T 5, LK
T—4 D FFT FHROFMIIDONTIE, 77 2,
=E3
o Hlfiprim IFT — XM N 2R NEAETL2EDTHY, ZOAT¥avin x
GERT—ANTOEE T -V TEAHUIIZE I ND DT, BARDHERT —
VIEWAETD ZLIl85, HMEETRE 72BN N = 2035574 x e &
ToHEZIT, FFT W 2175, 58 prim fact (ZZ D& T DRKEBIEHD
BeiEETD. 2F,
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prim_fact(1:5)=(/a,b,c,d,e/)
VSR B D.

o 58 omegan fix 137 — 4 nx 2B F D FFT THJHT 2 [E#E475]0 % 552
95, 5l# omega fix IE7T — XM 2,3,5,7 LA DRINEL (1 DD DH % HiliZ
FTdL, e MTNIH2) IZHI6T B MERITH. 26 DITFIXEHIL—F >~
rotate_calc TITD 2 LMW TE 5.

o ERT—ZDT—) TEMIIEHILD T — ZBIEHETD T — ZEDHE53 I E
MEXNTWD Z LITHER, /2. ANV—F VOMLREN S, BHEEEES N/2 &
b(1) DEEITHMI NG,

3.5.6 rotate_calc

HaE
T — 8 nx ODEEATH%2EHHT D,
=X
call rotate_calc( nx, csign, prim fact, omega, omegan )
515
nx <I> in T — X DA%
csign C(1) in IR ZHCH|E
) =IEAH 010 =R,
prim fact I(5) in FRRBEE (Bid),
omega CP(prim_fact(5),prim_fact(5)) inout 2,3,5,7 BAADERETD
[EHR1 751,
omegan CP(nx,nx) inout [EHFEATF,
EHEI
N fE DT — 2 DRl 7 — Y AU W B [EERFT5] W4 1
Wik =emMN =01, N~1, k=01 ,N~1
TRERIND, EEHTIES, FLEMIIESTERIND. £/, 2,3,5,7 USNDHERA
B a TOMERFINE ERIZHNT,
N =«
EUEZTTHD.
e

Ol HEAT 51 OO FEM R R AT R T T B IR,
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o 5|# prim_fact I&
prim_fact = (/a,b,c,d,e/)

L9dL, T—AF nx I
nx =2¢3°5°7%¢

EWHERBCTHERINT VWS I E2RLTNS.

3.6 file_operate

IO V—F V& BEMGLTHWE 774 74— MIULTFTDOEED THD.

e ANA ML FVTF—4.
e mgdsst 7 —X.
e TXANANT LT —A.

e gtool3 74— hF—4&.

3.6.1 auto_read_file

2 IRIT, 3IRTCEBIBAED A )3 "NAF V) T 7 A IS T —R 2 iiAHT read_file
D HBLIL—F > (CReSS k).

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

d3var, [specnz], [intvnz] )

518
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file name <C(x)> in BEAHT T 7 A IV,
d2n <I> in AR 2 IRTEETDE.
d3n <I> in FEAIAL 3 IRTTEDE.
d2val <C(x)> in W&;M} 2 RITEBDNEE: (#4ih).
d3val <C(%)> in AL 3 GTAERDIET (H2h).
ad2val <C(*)> in a"'t%kj&ﬂt? 2 IRTCEBDNER: (k).
ad3val <C(*)> in FEAIAL 3 LB DR (4id).
nx <I> in x HIa DB
ny <I> in y S DEEZRHL
nz <I> in z Fim D,
d2var <R(nx,ny,d2n)> inout 2 WITT—X.
d3var <R(nx,ny,nz,d3n)> inout 3 RILT—X.
specnz <I> in z AMDHD 1 & (k).
intvnz <I(2)> in z JIADH 25 e g (k).
EER
call read file .
=E5

e ANA MNAFVF =AM 2 3 2, 3IRILEVINERET 1 771 IVIZHEIHI N
TWAE258 7710 NVIZHWLND.

e d2val, d3val, ad2val, ad3val IEZTNTNHAALEEE RT T Z 7 TH
V,2, 3,2, 3 DIEFHEIZ 4, 3, 4, 5 [HOEEIBKEMINTOBEHE,

d2val = ’0001’, d3val = ’000’, ad2val = ’0000’, ad3val =
?10000’

ERY, ZDGE, BRYID 2 IRGET— XD 4 FH, RED IR T—XD 1%
E@J}mim&a)f d2n = 1, d3n = 1 THAADITL .

e specnz WREINTWDIYA, 3 RLT — Xk nz D H T, specnz HHD
T—RDABPEMIND.

o intvnz NHEEINTVWIEE, 3 RTT — X nz HOHT, intvnz(1) 15
intvnz(2) FHHE THEMIND.

3.6.2 line_number_counter

TX¥ANNT AT =R THRININT NS 7 71 IVOITEEEIET 5.
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X
result = line number_counter( file name )
511
file_name <C(*)> in TREAETZ 7 71 V4.
=X <I> inout 17#KL.
E&EN
Bz L
8%
KRz L

3.6.3 read file grads

grads DY h A=)V 7 7 A IVINLIREDEB % GiArL IV —F V.

call read file grads( fname, val name, dim len, intvz, intvt, val )

518

fname <C(*)> in FAHT IV I OI—IL T 7 A IV,
val_name <C(x)> in B4,

dim_len  <I(4)> in BIRTTDERE (BiR) .

intvz <I(2)> in R AR OFHA N T EEE (Bad) .
intvt <I(2)> in RE G MO F AN T EEZXM (k) .
val <R(F&R)>  inout FrAH U 72BN X D A FK.

=

e x, vy, z, t OFEFEERLMNZDIEEF T dim_len(1:4) DIETHEMI NG,

e intvz, intvt (FFAHLTEE, KT THY , 2TEHATTHAIE intvz(1)=1,
intvz(2)=nz, intvt(1)=1,intvt(2)=nt TIXE LA T NIER 53\,

o HiAHITHDESIX
R(dim_len(1),dim_len(2),intvz(1) :intvz(2),intvt (1) :intvt (2))
THEHELTHZS.

main.tex 2013 £ 9 H 13 H (EHEHR)



STPK v=—a7J)L 3 TIN—Fr—8 44

3.6.4 request_axis_grads

Bee
grads DAY N =)V T 7 A IV & 76 ] FE RSl D R 2 IS 4 2 0V —F .
=X
call request_axis_grads( fname, axis name, x, y )
513k
fname <C(*¥)> in FAHTaY NO—IVT7 71 V4.
axis name <C(¥)> in NG9 2o 4HT (k) .
x <R(:)> inout HUFI DHIDREIEE (k) .
y <R(:)> inout pdef D& XDEADFEREME (k) .
EHEN
Rz L
B

e x, 7, z DENTNDME%E KD DLEE xdef, ydef, zdef DZTNETNE
axis_name ([ZRAFTIUX L.

e x(:) LUTHIEZERD L IDEIIBUIFHATIZ request_dim grads THHE
BEAELTELRITNIER S 20,

e GrADS DY b=V T7 7 AIIZEIFZ/NT A—=ZDHIZ pdef £\\H /35
A—=BDRHBI0D, TDINTA—REFHZAWD L EIDOF TV ay., ZOHE, K
V5 7] OD JEEAZ 7 — 2 WSEIE x (2 A Y, RSl T — 2 SEI By ICAD.

3.6.5 request_dim _grads

HEE

grads DAY "A—=)L 7 7 A I SEBDOEMIRGTTOEZ 2 G T IV —F .
N

call request_dim grads( fname, dim len )
518

fname <C(*)> in FAHT AV MO —ILT 7 A IV4.
dim_len <I(4)> inout RIRTTOEEE (&R) .
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EEN
Rz,
w&

e x, v, z, t DEMEERKNZDIHE T din_len(1:4) DIHTHKMINDS.

3.6.6 request_vardim grads

HeE
grads DAY hO—)LT7 7L IVINSAEEDERODEE D BRI 5 ) —
FU.
=X
call request_vardim_grads( fname, var_name, nz )
515
fname <C(x)> in AT aY v a—IL 7 7 A4,
var_name <C(*)> in HEEZEEZIE U WA D HHT.
nz <I> inout HWf39 % =S EE R
EERN
SN
e
SN

3.6.7 read_file

BB

ALV I NT IR ARADNA F ) T 74N E 2IRTT — R eiiArHTI—F .
£

call read file( file name, nx, ny, rec_num, var )
51
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file name <C(*)> in AT T 7 AN,
nx <I> in RN
ny <I> in oS RS
rec_num <I> in nxxny DA HTT—XDOL 32— RES (Bih)
var <R(nx,ny)> inout AT T—AX.
E&ER
1 open(unit=11, file=file_name, access=’direct’, recl=4*nx*ny, status=’o0ld’)
2 read(11,rec=rec_num) ((var(i,j),i=1,nx),j=1,ny)
3 close(unit=11, status=’keep’)
e
iz L

3.6.8 read_file_3d

BB
ALV I NTIRAERDNAFV 774056 3IRTET — R eiiAHTI—F .
=X
call read file 3d( file_name, nx, ny, nz, rec_num, var )
511
file name <C(x)> in ANT 7 7 A I,
nx <I> in o — BRI
ny <I> in 5 T EREAAL
nz <I> in = R AE
recoum  <I> i BHALLEMBTET—AOLa— RES (i) .
var <R(nx,ny,nz)> inout meAHTT—X.
EHEN
1 open(unit=11, file=file_name, access=’direct’, recl=4*nx*ny, status=’0ld’)
read(11,rec=rec_num) ((var(i,j),i=1,nx),j=1,ny)
3 close(unit=11, status=’keep’)
|
KRz L.
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3.6.9 read_file_gtool3

gtool3 EAD T — & & HAALIN—F .

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

518K

file name <C(*)> in FEAHTT T 7 A IV,
nx <I> in B —EE RS
ny <I> in B8 BRI
nz <I> in 55 = ERAL S,
tstr <I> in FEAG D B KL ().
tstep <I> in e ATRIE T R RE (k).
tnum <I> in G IA D IR (£23).
var <R(nx,ny,nz,tnum)> inout @HAHTT—X.

E&ER

Rz L.
8%

e tstr, tstep, tnum DEERIX, 1 DDF—& 7 71 VT tmax 5 DL T —
AWK I TN D 58,

tstr + tstep * (tnum - 1) <= tmax

EWVDS BRI AT L. T I T, tstr = b PRI 2GR AR &
NdZLilnsd. %B&wﬁﬁﬁfﬂ’@ﬁﬁﬂ%?'ﬁlr IFBELRA.

3.6.10 read file_gtool3_header_c

gtool3 ERDAY A —FT =8 D>, XFEHARDT—Z 2 iRAHTI—F .

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

518
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file name <C(*)> in AT T 7 ANV,
header <C(*) (:)> in N A — DA
var <C(16) (size(header))> inout header IZXNIhd 5T —X.
E&EN
Bz L
=S

o N X —DEHTRE,
http://www.riam.kyushu-u.ac.jp/taikai/lab/others/Gtool/nodel11l.html
CHIUANRTE X5, 72720U, Fortran D FfJFETH D unit, size IZDWVT
&, uni, siz EANTEHI L.

3.6.11 read file gtool3_header_i

gtool3 ERDAY A —=F =2 D>%H BEHAD T — 4 &2 H5Ad )L —F V.

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

518

file_name <C(*)> in AT T 7 A IVA.
header <C(x) (:)> in ~w A —D 44 HT.
var <I(size(header))> inout header (ZMI6T DT —4X.
EEN
Rz L.
"

o N X —DEFRZ,
http://www.riam.kyushu-u.ac. jp/taikai/lab/others/Gtool/node111.html
ERIUARTE 2%, 7272 U, Fortran D F#FETH S unit, size IZDOWVT
&, uni, siz EANITDH I L.
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3.6.12 read file_gtool3_header_r

gtool3 EADANY =T =2 D> 6, FRIWAD T — 4 2 HALdI—F V.

call read file gtool3_header r( file name, header, var )

518K

file name <C(*)> in HAHET T 7 ANV,
header <C(*) (:)> in A A —DEH].
var <R(size(header))> inout header (ZXfInT DT —X.
EHEIN
Rz L.
®E

o NV X —DHFRZ,
http://www.riam.kyushu-u.ac.jp/taikai/lab/others/Gtool/nodel11l.html
CHEIUAIRTE 25, 72720, Fortran D FfIFETH D unit, size IZDWVT
X, uni, siz EANTEHI L.

3.6.13 read_file_text

TXANAT LERD T — A % GARDIN—F V.

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

518

file name <C(*)> in BAHT T 7 A IV,

nx <I> in ke

ny <I> in TR

var <C(nx,ny)> inout #HAHTT—X.

skip <I> in SLUERE ATRIE T 1THL.

forma <C(*)> in FtAIAL 7 A —<w b ().
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EHEN
AV, ANR—AXYPD DT F AN T —X 2 FHMAAL. nx 1X 1 TITEHII TN D
T — X DFIEL, ny IEJHEN SFRAIDITE. 72720, skip PREINTWDHEIZ,
skip 17721t ARIE L TERALhED 5.

(]

o T 74N NTIE, FHAMIEU LI skip IFEDIZHEINT VD,

3.6.14 read mgdsst

HEE
K[RIT MGDSST 7 — & & Gt AA L 720DV —F ¥ LR DOFIE TIEAR <, 2ERD A
XIS
X
call read file( fname, var )
515
fname <C(*)> in AT T 7 A IV,
var  <R(1440,720)> inout sst 7—%.
EHE
FRZ&2 L. (MGDSST 7—4 D7 4 —<3 v MIDWTIE,
http://near-goosl. jodc.go. jp/rdmdb/format/IMA/mgdsst . txt
BI8.)
e

o HERTZD/NIVEDHPMBROEEENG (R 0 °, #EZ —89.875 °) IZAY, fid
FIE—BRIFHA S B BRI S KT T — MBI TIN5,

o RIEFHMEIX 999.0, #EKT — 1% 888.0 LW HETHKEMINS.

3.6.15 write_file

1
AV I NTIRAADNNLF) 774V 2R T— R eESIHTI—F .
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X
call write file( file_name, nx, ny, rec_num, var, [mode] )
511
file_name <C(*)> in AT 7 7 A IV,
nx <I> in B — B RS
ny <I> in %:Ei’fiﬁﬂﬁﬂéﬁ
rec_num <I> in nxxny FitAHTT—XDOL 1— RES.
var <R(nx,ny)> inout #mAHTT—X.
mode <C(*)> in T77ANVOESH LA SV a v,
E&ER
1 open(unit=11, file=file_name, access=’direct’, recl=4*nx*ny, status=mode)
2 write(1l,rec=rec_num) ((var(i,j),i=1,nx),j=1,ny)
3 close(unit=11, status=’keep’)
5%

e mode (% Fortran MEIH U status= IIHREINSEZ KA.

3.6.16 write_file_3d

AL VI NT IRARARDNAF V77 A VIZ 3 WoeT — 2 eHESIHTIN—F .

call write file 3d( file name, nx, ny, nz, rec.num, var, [mode] )

518

file_name <C(*)> in AT 7 7 A IVE.

nx <I> in BRI

ny <I> in o5 BRI AL

nz <I> in PRSIV E

rec_num <I> in AU RGBT T —42DL 1— RES.
var <R(nx,ny,nz)> inout meAHTT—X.

mode <C(*)> in 77ANDOESH LA TV a .
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EHEN
1 open(unit=11, file=file_name, access=’direct’, recl=4#nx#*ny,
2 write(1l,rec=rec_num) ((var(i,j),i=1,nx),j=1,ny)
3 close(unit=11, status=’keep’)

i\

e mode | Fortran DEIH U status= IIHREINDHEZ KA.

3.7 Map_Function

MBI S B - T —F VR

3.7.1 l2radi

B
HBERERTE D 2 2 s OBKE ECOR#E% ZNZNDmOME, RIENSERTS.
£
result=112radi( lonl, latl, lon2, lat2 )
51
lon0  <R> in &1 OFRE [rad].
lat0  <R> in s 1 OFEE [rad].
lon0  <R> in i 2 OFEE [rad].
lat0  <R> in L 2 OFEE [rad].
FUM <R> in 2 AR [m).
E&ER

HB 2 HOME, BIENZNTN (61, M), (62, Ao) THEAHNTVS & X, ZO[H
DOERE EORHEE L 13

L = Rarccos [sin ¢ sin ¢ + cos ¢ cos ¢1 cos (A2 — A1)]

ThHz26N5. RIFHERDEZETH 5.
INS5DORITODNT, EBDOFIBUILL D & 5 2GR L 5 5.

latl,lonl = ¢1, A1, lat2,lon2 = ¢, Ag.
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SYHTIN—F—&

53

(]

o EHRADIEHIE 5.2 2.

3.7.2 rt2ll

Hae

HUBRERIA LD H D #E, ML 2 N UBBEREE X -8 &, TOMMEERTE
INDROMGEEREEFHRTD.

EEM

call rt211( r, theta, lonO, latO, lon, lat )

511
r <R>
theta <R>
lonO <R>
latO <R>
lon <R>
lat <R>

E&EN

in
in
in
in
in

n

TR R D BN L T [P EEAE [m).

i PERER D [F A7 A F5 [E) F4 2 [rad].
R R R AL C DR [rad].
Rt JRE AR R i AU C DAESE [rad].
FEAZE R ST ORRE [rad].

T FEAE S s T ODREE [rad).

HBFEE, B (o, o) ZIRME UMBEERER (r,0) 2F A 5. TD& E, MRk
DA (ro, O0) WSS BRI, R (00, \o) X

. . Tro . To .
¢, = arcsin |sin ¢g cos R + cos ¢ sin R sin 90] ,

Az = Ao £ arcsin [j:

cos 0y
bx

sinrg
cos

s s
—= <6y < 7,

ThB. ZIT,2 DHORE -2 <y <7, %” <0y < or DEFIEE, TR
CREBERD. £/ RIEHROLETH D,

INH5DRIIOWT, EEDOFIEIEILATD & 5 B ISR E 2 5.

r,theta =rg, 0y, lat0,lon0 = ¢g, A9, 1lat,lon = ¢, \,.

B%

o EXHEADIFAHIX 5.2 28,

main.tex
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o EFHEINDIMERRIZEIZ TG IZ OV TEMRTITA L, BRE_ED MR iHE &
ULTREEINDS. /-, FAAFAIZOWTIE, FEA2ROEFHE & U2 FE R
WU SOMETERIN, MEEDH %85, BRO T EDfH
9:% YRBEDICEEINTNS.

3.8 math _const

BN EEBE. BERMTOERD LS IZHEAENTWS.

AR EE-2 T
pi <R> | 3.14159265 F i %
img | <CP> | (0.0,1.0) i BEAAE

PARE parameter JEHED DWTWARWETEEH THD.

EEE # | B | LD B |
romega2 | <CP(0:1,0:1)> | save | 7—%& 2 ® FFT f[E§z1741
(IEZH#H)
romega3 | <CP(0:2,0:2)> | save | 7—%& 3 ® FFT f[E§z1741
(IEZH#H)
romega5 | <CP(0:4,0:4)> | save | 7—%& 5 O FFT f[E§i1741
(IEZH#H)
romega7 | <CP(0:6,0:6)> | save | 7—%& 7 ® FFT f[Efz{741
(IEZH#H)
iomega2 | <CP(0:1,0:1)> | save | 7—X 2 @ FFT AT 41
(W)
iomega3 | <CP(0:2,0:2)> | save | 7—X 3 @ FFT H[EI#E1T 4
(W)
iomegab | <CP(0:4,0:4)> | save | 7—X 5 @ FFT AT 4
(W)
iomega7 | <CP(0:6,0:6)> | save | 7—X& 7 @O FFT H[EI#E1T 41
(W)

3.8.1 rotate_array

Hne
T—A28 23,57 DEEEITHZFHET S,
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=5
call rotate array( )
515
2 U. math_const IZBWVWTRHEIN TV SHEEH omega2, omegal3, omegab, omegal
MNHEFIND.
EERN
3.5.6 DEHFRNIZBWT, N=2,3,5,7 CHELTW.
e

3.9 matrix _calc

BRI AT AT, NI AREOGFE AR DO RMR, FAME - EA XY MLVEHEHOLV—F V£ £
IV—F v DFMBFHEFIEIZOWNTIX, 77 2R,

3.9.1 Gau_Sei

5313
H A A FINEEIZ & B8 1 IRGBERDOKEEITHIIN—F .
X
call Gau Sei( a, b, eps, x )
5181
b <R(:)> inout N7 MVORS (k).
a <R(size(b),size(b))> inout 174 (f&id).
eps <R> in IR Al (£23R).
x <R(size(b))> inout RKOZWARZ MV (iR).
EEN

0l ag;, R RV b £ L E X,
a;z; = b
EWSBIRE /2T RIINY Ml 2RDD. 2D L, 51EE OXISBIRIK
aij : a(i,3), ;@ x(3), bi : b(i)
THhd. AUAYA FIVEIC & 2R AIEOFEMIZ??7SI.

main.tex 2013 £ 9 H 13 H (EHEHR)



STPK v=—a7J)L 3 TIN—Fr—8 56

(]

o 5 eps I3 HK NS D KERIRDOHNGRAZZEK L, ZDHEDKKIED eps LATIZ
Bolb SIIREGFIRZR T4 5.

3.9.2 Jacobi_algebra

Bae
YaAVEIZ KD HE 1 IRARARDOKRFEZTOINV—F .
=X
call Jacobi_algebra( a, b, eps, x )
518
b <R(:)> inout N7 MLVOEG (Hid).
a <R(size(b),size(b))> inout 174 ($&if).
eps <R> in WCR SR (£23d).
x <R(size(b))> inout RO ML (HR).
EER
39 aij, N7 bV b & U2 &,
AijT5 = bi
EWDBERET T RN Moy 23KkdDD. ZD L X, 518 L ORISR
Gij a(i,j), Ty X(j), b; : b(i)
Thd. YICEIZKXDEEAEDFHMII?T?SH.
"%

o 5I£ eps IZHBAN D KERTE DX FRAEZ KL, ZDIEDRKMHED eps BATIC
Bol & SIINEFAEZKTI5.

3.9.3 Jacobi_eigen

Y avkz HOTEREDOENIMTIIO2EAEZRD DN —F .
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=X
call Jacobi_eigen( a, lambda, [eps] )
518
a <R(:,:)> in [ A 1MHE % KD D175 (#2ik).
lambda <R(size(a,1))> inout [EAMHE ($&h).
eps <R> in FAZ DRV ZM: (#25R).
EHEIN
'??ﬁ” Aij, N7 MV ZT; Lk ‘Jé’,
aijxj = /\xi
WO BEREMZTRABN 2 RDD. 22T, N OMEIXTHORTGEEDH D, ZD
b 1 QA DY SPINE EEY S
a;j :+ a(i,j), A : lambda(k)
Thd. k HHOEAEMZ Z ZTld lambda(k) & U7z, ¥ I KT L BEHHESGIED
FEIE?? &2 2.
e

o eps IIXEFITEDINFHESRMETH Y, 1 Bl KEFHA AT T O A D
KIBEM eps ARIZZR /2L JITEHEZKTT 5.

3.9.4 LU_devs

BEBE
ARy T4 7DO% LU BMRETON—F V.
X
call LU devs( a, b, x, itermax )
511
b <R(:)> inout N7 MVODS (k).
a <R(size(b),size(b))> inout 174 (k).
x <R(size(b))> inout RDZWARZ ML (HiR).
itermax <I> in AR DA,
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EERN
15 a;j, N7 bbb & L& &,
ai;x; = b;
EWDBERENZTRMANY bba; 2RkdDD. 2D L X, 518 L OISR IE
aij : a(i,j), =z @ x(j), b : b(i)
THhd. fFMZFHEIXI72H

£
KRz L.

3.9.5 SOR_Gau_Sei

SOR ZHWTH DI AT A TIEIZE BN 1 IRAGBRDKRBEEZITOIN—F .

call SOR_Gau Sei( a, b, eps, accel, x )
51

b <R(:)> inout N7 MVOEG (HiR).
a <R(size(b),size(b))> inout 74 (&ik).
eps <R> in IR (£23d).
accel <R> in SOR DAELREL (123h).
x <R(size(b))> inout KDZWARZT ML ($&k).
EERN
1751 Qij, R My & LE X,
AijT5 = bi
EWSBIRE TG/ RIINY Ml 2RDD. 2D L, 518 E OX ISR
Q5 a(i,j), ZTj o X(j), bl : b(i)
Tdhd. SOR DX AU AT A FIVEIL X DR AEDOFEMIZ??SM.
(]

o 5I£X eps IIFRBFI D KERTE DX FRAEZ KL, ZDIEDHRKIED eps BATIC
Bol & SIIREFRAEEZKT 5.

o HUF b, NEAREUE 2 KiHIZ U R IFIUELEFHENTE RV, KIV—F VT,
2 DLEDEMNREINGE, TT—L B2 ELDIZLTNS.
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3.9.6 SOR_Jacobi_algebra
HaE
SOR Z FHWTV I LIRIZ L BN 1 IRGRERDRIEZITO NV —F .

23

call SOR_Jacobi_algebra( a, b, eps, accel, x )

518K

b <R(:)> inout N7 MVOEG ($iR).
a <R(size(b),size(b))> inout 175 (k).

eps <R> in IR S (F23R).
accel <R> in SOR DAELREL (123d).
X <R(size(b))> inout KDV ML (k).

THR
Tl ag, "7 MV ELEEE,

aijr; = b;
EWVSBREZT RN Moy 2RkDD. ZDL F, 5IEE ORISR
ag : a(i,j), wj : x(j), b : b(i)
Tdhd. SOR D E Y IR LD EHHEAIEOFEMI??7HIE.
"%

o 51# eps IZFBSN D KERTE DX FRAEZ KL, ZDEDRKIHED eps BAFIC
Bol & SIIKEFAEKTT5.

o BUF b, AEMREIL 2 RS LA MIELEHENTE R, AV—F > T,
2 U EDENHREIN/ZGE, TT—LBDEDIZLTVD.

3.9.7 determ_2d

2 RATHIDATHIAZ BT

result = determ 2d( a )
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518
a <I,R(2,2)> in FHT D475

E&EN

2 IRIEATH] A DITFIA Al 1E

A:<a b), = |A| = a b =ad — be
c d c

Thb.
%

=

3.9.8 eigenvalue_power

NEFE 2 HOTUTHORKEGHEE T OEAFEICHIGT SEANRT MV ERD S
N—F .

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

5150

lv <R(:)> inout [EANT ML (1&ik).

a <R(size(lv),size(1v))> inout [EAME%Z KD DITH] (&ih).
eps <R> in RAZ DI R YIZ M (2iR).
lambda <R> inout [EAMHE ($&:d).

P4

EERN
ﬁﬁﬂ Qg , R ]\)l/ T; L7z %,
aijxj = )\xi

EWVSBIREM TR 23kDD. 22T, NOfEIX (HEHEL TV EAERY
T,) fIHDORTEEAEH 2 DT, DD B DIIMEI TR & R D EAMEICHIET D, Z
D& X, 5 E DX IRBEFRIE

a;;j : a(i,j), A : lambda, z; : lv(i)
Thd. NERERIZLDEEGIEOFFMIL??2 SR,

w&
Rz,
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3.9.9 gausss

HeE
HAERY T4 VT DOEHNIADBEEEERITOIINV—F V.
EM
call gausss( a, b, x )
518
b <R(:)> inout N7 MLVOEG (id).
a <R(size(b),size(b))> inout 174 (£&ih).
x <R(size(b))> inout ROZWART ML (HR).
EHEIN
'??ﬁ” Aij, N7 M bi & bf:t%,
AijT5 = bi
EWDBERE T RAANY Mo 23KkdDD. ZD L X, 518 L ORISR
aij : a(i,j), =z; @ x(j), b : b(i)
Thd. WY ADHEKIEDFEMAFIRGIEIX?? S
e

3.9.10 invert_mat

5313
FREIE AT OHITH % KT
=5y
call invertmat( a )
518K
a <I,R(:,:)> in KD B 1751,
b <I,R(size(a,1),size(a,1))> inout a DW{TH].
E&EN
H ADFEEEE FANTHITH 25T 5. sEMlAREHE HIEIZ77S 1.
=E3

Rz L.
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3.9.11 schumit_norm

BERE
RO MVOf%E Y 23y hOEREZ AN TERERNRT MVRIZZE#HT
SIN—F .
£
call schumit_norm( u, v )
515
u <R(:,:)> in FHET BRI MIVA.
v <R(size(u,1),size(u,2))> inout IIEMEIRILNRZ K.
EEN
FRORY MR (), 2 HOICHIBI B ERIES S 2 MUR (o}, 104 5 7-
DY 23y MDERIEIX
v, =
{'U}j = ; o {’Ul}j = {u}g - Z ({u}] vt {v}e
‘{” }j k=0
Thb.
8%
Rz L.

3.9.12 trans_mat

ERIESTHIOHRE 2 KT

call transmat( a )

a <I,R(:,:)> inout HREIZL/Z\.

EHER
391 Ay; DB TA IR A TH5,

B%

e 5IUE inout BHEADNTWVE DT, FIBOFERIFILEBE I N/ETEIND.
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3.10 max_min

FESI DB, B/ MEZIRET SN —F V.

3.10.1 max_val_1d

5313
1 RICEEH DI KAE & Z DIED AN I N TN B EH R = %= iET 5,
£X
call max_val_1d( var, mamn, mamv, [undef] )
515
var <R(:)> in 1 IRt DERRLH.
mamn  <I> inout WAMEPMINTNDEEES.
mamv  <R> inout var MEKAE .
undef <R> in REHEME (k) .
E&EN
B 1 ZBEHNOHAOMEZ LIRS 5, AMENERD > 7256, RO BEEFESD
HNEDPEIND,
\&

o REFRMEMVEZRINTWVDGAEIX, TORESIZ L 2,

3.10.2 max_val 2d

BERE

2 RIChLH D i KA & 7 DIED AN I N TN B RS EEZF S 2GS D,
=52

call max_val 2d( var, mamn, mamv, [undef] )
511
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var <R(:,:)> in 2 IRTCDEEZRELH].
mamnx <I> inout MECFINDRKRMEIZEE LT D 1 Y EERS.
mamny <I> inout FCF A DEBRARMIZEE YT L5 2 Bl ERES.
mamv <R> inout var O&KIE .
undef <R> in AREFME (Bid) .
E&ER
Bz 1 ZEHMOESIDMEZ KT 5, mAEPERD > 7256, b BRESOD
FHONEDMWEIND,
=3

o REBRMMEZINTWVDGAEIX. TORSZ L RV,

3.10.3 max_val 3d

BEBE
3 IRTTHCHI DI KB & Z DIED AN I N TN B ESEEZR S 2 IET 5,
EX
call max_val_3d( var, mamn, mamv, [undef] )
518
var <R(:)> in 3 IRITDEEZRLA].
mamnx <I> inout FCHIANDRKMEIZEELS T LH 1 BHERES.
mamny <I> inout AL DIRKIAIZEE Y T 58 2 Bly| ERES.
mamnz <I> inout ACHNDERAEIZFE YT DH 3 BV EEES.
mamv <R> inout var MEKAE .
undef <R> in AREFEME (Bak) .
E&E

HHHZ 1 BEPSWAIOMEE KT 5, BRAMEPEBD > 1256, &b ERESD

HWEDWEIND,

B%

o REFRMEMVEZRINTWVDGAEIX, TOESZ L RV,
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3.10.4 min _val_1d

BEBE
1 RICHEH DE/IME & ZF DIED AN I N TV B EF EER = %2 HET 5,
£
call min val_1d( var, mamn, mamv, [undef] )
511
var <R(:)> in 1 YRt DERERRELH.
mamn  <I> inout H/MEPKMIN TN EERS.
mamv ~ <R> inout var Of/MHE .
undef <R> in REZM (k) .
E&E
HAZ 1 HEHMOESIOMEZ KT 5, T/IMEPNER D > 72856, b BREE SO
FHNEDMBEIND,
\&

o REBRMENEHZINTWVDLAEIX. TORSZ L 2,

3.10.5 min_val 2d

BEBE
2 RTCEF D E/ME L Z DMEPKEN I N T WD EFEEZE S 2 ST 5,
=5y
call min_val_2d( var, mamn, mamv, [undef] )
511
var <R(:,:)> in 2 IR DEEZR AL H].
mamnx <I> inout AN DERAMEIZEE Y T2 1 BV ERZRES.
mamny <I> inout AN DB/IMEIZEE Y955 2 By ERES.
mamv  <R> inout var ME/IME .
undef <R> in REZME (Bd) .
E&E
HAZ 1 ZEHMOESIDOMEZ KT 5, R/IMEPER D > 72856, b BRE SO
FHONEDMWEIND,
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(]

o REBMEMVERZINTVDLEIX, TOMAZHEL &,

3.10.6 min _val_3d

BB
3 IRTCEF D E/IME L Z DMEPKEN I N T WS EFEEZER S 2 EET 5,
EX
call min_val_3d( var, mamn, mamv, [undef] )
511
var <R(:)> in 3 IRITCDEERELS.
mamnx <I> inout BCHNDERAMEIZEE YT 55 1 By EERES.
mamny <I> inout BLHIADBR/IMEIZEE S 9 D5 2 By ERFE S
mamnz <I> inout AN DR/IMEIZEES T 55 3 BFERES.
mamv <R> inout var Oi/MHE .
undef <R> in REFZME (k) .
EEN

BHIZ 1 BE» SRS Z LT &, BMEDERD - 72856, b EEBRTD

HWEDNEIND,

(]

o REBRMMEZRINTWVDGAEIX. TORSZ L RV,

3.11 phys_const

VI ER B, MBI B DA HEEHE A NORD L SIZ5 R 5. HIUIBIRHMER

(2008) & V.

main.tex 2013 £ 9 H 13 H (EHEHR)



STPK v=—a7J)L 3 TIN—Fr—8 67

EAEIEEE LR Tk B
Me <R> | 5.9736e24 HiBR D & [kg]
g <R> 9.81 HERDEEHESR S NIEE | [m?/s]

omega | <R> 7.29¢-5 HBR D H i £ 3 [1/s]

radius | <R> 6.357¢6 HiBR DM [m]
kB <R> | 1.380658¢-23 RV < Ve [J/K]

3.12 poly_function

ERXZHAZHE TN —F VE ZITERINDIERZHAL—F VI, 5IBOMHE
125 U T interface 5 XN TWS DT, BMEEDFIEE 5 X WXHEKEE T, A E D5
EHZNIEREETHRUZEREE2ET. £7/2, ZITHOOLNTW D ZIHADEHE#
KXOGEHIX?? S

3.12.1 chebyshev

BEBE
0—niIkOF VYT I7LIERNZEHETS.
X
call chebyshev( n, x, che )
518
n <I> in AR D IR
x <R,DP(:)> in BV ARGIE- 8
che <R,DP(0:n,size(x))> inout F Y ¥ =z 74IH.
E&EN
niRF Y I7LHAE T,(z) £ 95L&,
[n/2] k
_ (=1)"n! n—201 2k
T"(x)_;::o(%)!(n—%)!x (1=a%)"
=E3

o EREROFEMIXI LN TRM I T WS, M G EDFEIZ DWW TIX?? 28
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3.12.2 gegenbauer

BERE
0—nIRDOT =7 YN\ T —LIHAZHET 5.
=52
call gegenbauer( n, x, p, lambda )
511
n <I> in AT S mmiIE.
X <R,DP(:)> in P OVARCIE-'S
p <R,DP(0:n,size(x))> inout 7 —7 v\ 7 —%IEA.
lambda <R> in =N T — R
E&ER
niIRT =N T —%HNE C)(v) £ TD L,
Apy o 2L AN) pp(n 1oL
Co(z) = n!F()\)xF 5 5 ,1—mn )\’x2 .
ZIT, FI3AIADBEMEETHS.
5%

o EEEOFHMIFM LA TIEMI N TS, B AEDFEMIZ DOV TIX??SIL

3.12.3 hermite

BERE
0—niIRDTIVI— MNEZIHAZFHETS.
=5y
call hermite( n, x, p )
511
n <I> in BT S I mIRE.
x <R,DP(:)> in KD FE

p <R,DP(0:n,size(x))> inout TJ)VI— NHLIHA.
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EER
nIRTIVI — N BIERE Hy(x) £33 L,

[n/2] k
&Rk - inl
H”(””)_kzo 2K) U (n—2k)1 © "

B%

o ERROFHMIXIL XN THM I T WS, FEAM T EDFEMIZ DOV TIXT? 2L

3.12.4 jacobi_poly

Fée
0—nXDOYILLHEALFHET .
=X
call jacobi_poly( n, x, p, alpha, beta )
518
n <I> in AT D B IREKL
X <R,DP(:)> in KD NBIEL
p <R,DP(0:n,size(x))> inout Y IEZLIEA.
alpha <R> in Y aURE 1.
beta  <R> in Y a R 2.
EER
niIRY ICZHAZ G, (o, B; x) L TD &,
v 1N~ (DM Pla+n+k)D(B)
Gnlas s x)_1+;r!(n—r) I T(a+n) I (B+k)"
3

o EREOFEMIXI LN THM I N T WS, M G EDFEAIZ DWW TIX?? 28

3.12.5 laguerre

HERE
0—nRDI X —IVLIEN%3HET 5.
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EX
call laguerre( n, x, p )
5141
<I> in AR D IR
<R,DP(:)> in ROV ARGIE
<R,DP(0:n,size(x))> inout I —I)IVZIEA.
E&ER
niRZ T —NVEZHA% L,(zv) £§5 L,
zn: o
k1 ( )] k v
=0
B&

o EEEOFHMIFH LA THMI N TS, B AEDFEMIZ DOV TIX?? 2L

3.12.6 legendre

PaE
0—niRDIVY Y Y RVEEHAZFRT .
E:o
call legendre( n, x, p )
518
<I> in A9 D BRI
<R,DP(:)> in OV AREIE S
<R,DP(0:n,size(x))> inout NI ¥ YV RILZIHA.
EERN
niXVI ¥ v RVEEA%E P, (z) £ 35 L,
_i.(_1)k(n—k+1)(n—k:—i—2)~~n(n+1)--~(n+k:) 1—az\*F
R F Uk 2 )
k=0
e

o ERROFHMIXI LR THAM I T WS, FEM T EDFEMIZ DWW TIXT?2HL
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3.12.7 sonine

BERE
0—nikRDY=VZHAEHET 5.
£
call sonine( n, x, p, lambda )
513k
n <I> in T D B
X <R,DP(:)> in SOV ARGIE-@
p <R,DP(0:n,size(x))> inout Y =VZ%IHA.
lambda <R> in Y = UREL
EEHEN
nikY =V ZHAN% S)(x) L TD L,
n k
AN (=D¥(n+A)!
S”(x)_kzzok!(n—k)\—k)!k!x '
\&

o ERXOFEAMIFM LN TREMI I T WS . FEMi T ED I DWW TIX?? 2.

3.13 special_function

KRB Z 1R S B, 2k, UNOBIE~Y =2 7 Vi, BB OERXDAKG U
Th Y, EBEOFMFNIX??2 25 123 0.

3.13.1 Full_Ellipl_Func

HeE

HMSEEHEREEE T .
o

result = Full E1lipl Func( k )
518
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k <R> in K.
RYfE <R,DP> inout afEfEE.
E&EN
71'/2 1
K (k) :/ R —
0 v/1—k2sin20
®E
Bz L

3.13.2 Full _Ellip2_Func

HeE
[ S Tty (Gl E S G A AT
X
result = Full E1lip2 Func( k )
518
k <R> in &8
RYME <R,DP> inout FfELLEE.
EEI
K (k) / SR S
Jo V1—K2sin?0
"E
Rz L.
3.13.3 Dbessj
HeE
RNy IV Z GRS 5.
=Y
result = bessj( m, t )
518
m <I,R> in w2 )V B D IR
t <R,DP> in 2.

RYfE <R,DP> inout afEfLEE.

main.tex 2013 £ 9 H 13 H (EHEHR)



STPK v=—a7J)L 3 TIN—Fr—8 73

EER
m ARy R IVEIEE T (1) LT B L,

IR GV G £a St
Jﬁ(ﬁ'_kzokllwk—+nl+-n <2> .

ZIZT, I(m) EmRHAYEETHS.
#%E o FEEROHMAXIIM L THAM I T WD, B SIEDFERNIZ DWW TIX??7S M.

3.13.4 bessy
HeE
oAy VBB E R TS,
X
result = bessy( m, t )
518K
m <I,R> in ANy 2 )V BT DIREL.
t <R,DP> in .
RUME <R,DP> inout FFELGEE.
EHEI

m iRy IV Z V,,(t) £ 5 &,

m—1

2k—m
Yon(t) = J(t) Int — % Z m—:'—u' @

k=0

li UL B (. AN
2k: .n+k 2 k n+1 n+k 2 '

ZZT, I'(m) W& m iRV BE, T (t) 1Em IRy 2IVEETH .
HE o EBROFHIINIIBEN TRl I T WD, FHli A EOFMIZ DOV TIE??2 .

3.13.5 beszero

—HEARY VRO O R EZERT 5.

call beszero( nmax, mmax, k )
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518
nmax <I> in R v )VEEE D B RIREL.
mmax <I> in KB YT EDOEE.
k <R,DP(0:nmax,mmax)> inout Y HRTOHE (fii52IH).
EEN

B CIVEBD 0 RS n IRETOFEFNS mADOEYOR[EZEHET L. 20D
& &, 5l OFIGBERIZAT D & 51225,

n I nmax, m . mmax.

®mE o HIZIEX, n RO m BEHOX O L TOERDIE%E KD 7-\\5E, call beszero(
n, m, k(0:n,m) ) IEETIE k(n,m) IZZDELOLDEIEHINTNS.

3.13.6 beta_func

N SR AT B

result = beta func( x, y )

518

X <R,DP> in R
y <R,DP> in IR
RUME <R,DP> inout FHEHGEE.

E&EN
N—L % B(x,y) 95D &,

1
B(z,y) = /0 "I -ty tdt, a2,y >0

B o EBOFFMNIFTELURTIMINT WS, FHMliFIEDOFIZ OV TIL??HIE,
o N—REABITITIEEAINEE E D720,
B(z,y) = B(y, )

THDDT, 5| BDNEF X/ DR,
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3.13.7 delta

IRV HN—DTNAEGHET 5.

result = delta( i, j )

518K

i <I> in BER
j <I> in A
RUfE <R> inout nf%%%.

Bz L.

3.13.8 df bessj

ANy VB EIET 5.

result = df bessj( m, t )
515
m <I,R> in IRy IV D IREL.

t <R,DP> in .
ROl <R,DP> inout ZlEfEE.

EE
m RERA Y VB E I,(t) LT &,

In(t) = i ™ T (it).

ZZT, () W& m kA 2V, i IXBECEAITH B

BEE o EEROFERIMA L CTHAM I N TS, FHli GIEDFEMIZ DWW TIX?? 2L
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3.13.9 df bessy

HEEE
—BE ) A~V EREEET 5.
X
result = df bessy( m, t )
518K
m <I,R> in B A~ VB DR
t <R,DP> in .
RUME <R,DP> inout FFELGEE.
E&EN

m IR ) 1< VBIE K (t) £ L,
7 Ln(t) = Ln(t)

2 sin mm

ZZT, In(t) & mIRZERY R IVEBTH .

Kin(t) =

wE o EEROFHERIIMD L CHM I N TS, FHliGIEDOFEMIZ DWW TIX?? 2L

3.13.10 epsilon

Hae
IFAV YO TV EFETD.
=X
result = epsilon( i, j, k)
518
i <I> in H—ER
j <I> in [t
<I> in v
RYOAE <R> inout EMEAEHE.
EER
1 fHiEs
Cije=<{ —1 FArEfH
0 TOfh
mE
Rz L.
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3.13.11 gamma func

Hae
AV BB ZEFETS.
23
result = gamma_func( x )
518
x <I,R> in EES
EUfE <R,DP> inout EFHEHEHE.
EEN
HYBB%E MNz) & ddL,
I'(x) :/ t"le7tdt, x>0
0
HE o EEROFMNIZIELXTIHEI N TS, FHIEIFEDOFHMIZDOWTIZ??SI.
3.13.12 kaijo
HeE
PRz EHHT D,
E
result = kaijo( i )
518K
i <I> in R
RYfE <I,R> inout #rEHEE.
EEX
il=ix(@—1)x---x2x1
e
Rz L
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3.13.13 sp_bessj

HaE
H—FEERAR Y ROV 2 3RS 5.
=X
result = sp bessj( m, t )
518
m <I,R> in BRARw 2 )V BB D IREL.
t <R,DP> in 38
RYUME <R,DP> inout FFEKEHE.
&N
m IRERNX Y RV % j,.(t) £ T5 &,
) 7\ 1/2k
in® = (5) " Jms1(0)

ZIZT, Jp(t) Em iRy IV THS.
EE o FEEROHMAIIFEN T Tl X T WS . G-l HIEDFERIC DWW TIX??7S .

3.13.14 sp_bessy

Bee
HfER ) A~ VBB EEETS.
g
result = sp bessy( m, t )
51
m <I,R> in BR A~V BIBOIREL
t <R,DP> in 2.
RYUME <R,DP> inout FFEKEHE.
E&ER
miRER ) A< VBB E j.(t) £ T L,
1/2k
Ym(t) = <%) Yig1/2(t)-

ZIT, Y1) Emk/) A VBERTHD.
HE o FEEROFHMNIIFMAT TFMI N T WD, FHE G IEDFHMIIOWTIZ??S ],
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3.14 statistics

EERMEHLEITIN A, SEafk, Wi, 7 v T VT WMBERIT O N —F V.

3.14.1 Anomaly_1d

Fe
1 RS DN S DT ) ) —%2E5H8E T 5,
=X
call Anomaly_1d( x, anor, [error] )
511
X <R(:)> in 1 IRIET— 4.
anor <R(size(x))> inout %% x(i) (ZX)nT 21z
error <R> in RIEME (k) .
EHEN
EREOEIDT =25 2, PEIEL GG, TOT )XV — a, FATFTO LD IZEHE
INd,
1 n
a; = T — E pr
p=1
=5

o REMEMNERRINT VDS, FHEIHEDEE., TOMENBA>TWVDE T —X 5
EERIZANRY, F/2, 7/ —2ULUTH error TEHEINTWVWSEZE
K9,

3.14.2 Anomaly_2d

BEBE

2 IRTTECHIDSEHEN S DT ) <) — %3 HET 5,
=5

call Anomaly 2d( x, anor, [error] )
513
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X <R(:,:)> in 1 RTT—A.
anor <R(size(x,1),size(x,2))> inout #&x(i,j) (IXIad DA,
error <R> in RIEME (k) .

E&EN

FEDEIDT —8F] 2 WFAEL GG, TDT )X = Gy FAND & S IZF
BHInd,

n

m
1
Qij = Lij = E :E  Tpq

q=1p=1

BE

o RIBEMNEZINTVDEGEIL, EHHEDE, TOMENBA> TS T —X 5
REBEIZANG N, £/, T /XU —ULUTE error CEHZINTWSHZE
K9,

3.14.3 Anomaly 3d

BB
3 IRTTELHIDEEN S DT ) <) —%EH T 5,
=X
call Anomaly 3d( x, anor, [error] )
518
X <R(:)> in 1 IRIET— 4.
anor <R(size(x,1),size(x,2),size(x,3))> inout £ x(i,j,k) (ZXIET 2 EAE.
error <R> in RIEME (k) .
EHEN
FEEOEIDT —Z5] xppp WEELZGE, TDT /) = apn FAFD X S 12
AHEING,
n m
1
Qijk = Tijk = Z Z Z Lpqr
r=1 qg=1 p=1
3

o RIBENEZINTVILEIL., FHHEDE., TOMEMBASDTVD T —X i
PEHEIZANRN, £/2, 7/ VU—LUTYE error CEHEINTWSEZE
B4 I
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3.14.4 auto_interpolation_1d

HEEE
1 IRICD R B IR IZE T 2 HERE NI —F >, @H. interpo_search L —
F & interpolation DFAADOE TIHFOLNL NN 25w 2HELL 2B D.
X
call auto_interpolation 1d( x, r, u, v, undef, undefr )
E1E=
X <R(:)> in A 0D kY JRE A
r <R(:)> in BN & 17 D HEFE.
u <R(size(x))> in A x TEHEINDES T —4X.
<R(size(r))> inout JElEr TEHINDIES]T—X.
[undef] <I> in AREZHH.
[undefr] <R> in N MR E il (f2ak).
E&EN
JERE x DEMEF I x(1) TEHEINTWVDE u(i) ODfEEZSHEE U T, x L EWRT
WHEET DT REEDO R D HNOEERr DF R r(j) TEHZINTWVBDIE v(])
WZHFEZITOEDTHD. 1 A—VEHI?OEOBEDTH 3.
iBE

o 51 undefr IEAFE DO MM ES AN FHET D ICEEDLT, TD/HDOY
HHNDZWVIE— SN REEM undefr DA, NFFFIZIZZ D undefr T
HEZONIMEIEMIND. O, 512 undef & AT D Z LT, Nff
RUNE BRIEIMNZ D B 0, FHIBNTRE R DOHBIDAREL 2 5.

3.14.5 auto_interpolation_2d

Hae
2 RITD L5 PERERIZE T 2 HEfRIE NV —F >, %, interpo_search )V —
F & interpolation DA/ OETHFLNL NN 28 2HELL 2ED.

=

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

518
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x <R(:)> in AR D FLHE A 1.

y <R(:)> in P f oD BEHE A 2.

r <R(:)> in REIZ AR 217D FREE 1

P <R(:)> in TN 217 D BB 2

u <R(size(x),size(y))> in JEE x,y TEHZINDAELL]T—X.
v <R(size(r),size(p))> inout JEEffir,p TEHRINDESIT—4X.
[undef] <I> in HIE FH.

[undefr] <R> in R R ROR e A (725R).

EER
JERE x,y DEME TR x(1),y(§) TEHEINTWSIEu(, ) OfEZ2REL LT,
x,y CRIRIGICIFAE T DM F R E DR L D RO BEER r,p D& R (1), pm) T
EBEINTVDMHEvA,D) KHFEZITOIEDTHD. 1 A—VIER??OLS2EHD
Thb.

(]

e 5% undefr iVﬂﬁ'ﬁODﬁjﬁuﬁ@ﬁ%#‘HEﬁﬁﬁET%61%557105)7}—“ TORDE
HHMH DN HDEREREME undefr DHFAEIT, A SIZIZZ D undefr T
HZONMEPEMI NG, ORI, glyﬁ undef LEbEdZ T, N
RANE FBFHIBAIMNZ D 2 2, TN TREZR DR REL 2 5.

3.14.6 auto_interpolation_3d

Hae
3 IRICD R D PEFERIZE T 5 HEfE AL —F >, %, interpo_search )V —
F & interpolation DFAADOETIFOLNL NN 25 2HELL 2B D.
=X
call auto_interpolation 3d( x, y, z, r, p, q, u, v, undef, undefr )
518
b4 <R(:)> in PRI 0D FEHE AR 1.
y <R(:)> in PR OD FEYE AL 2
z <R(:)> in N D ELHE AR 3
r <R(:)> in FRR AR 247 D R 1.
p <R(:)> in FERIZ N2 AT D HEAE 2
q <R(:)> in FEERIZAF 217D B 3
u <R(size(x),size(y),size(z))> in JERE x,y,z CEZRINDES]T— 4.
<R(size(r),size(y),size(z))> inout i r,p,q TEZXEINDEFT—X.
[undef] <I> in HRAE FH.
[undefr] <R> in R BERZ RORE Bl (123d).
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EEN
JERE x, 7,z DEK TR x(1),7(§) ,z2(k) TEHEINTWVWDiHu(,]j, k) DiEE SIE
e LT, x,y,z EARITICHFET D& T RECED R R D HID R r,p,q DA
r(1),p(m),qn) CEHINTVEMHEv(L,m,n) ICHFEGFSEDTHSE. 1 A—Y
EH??DESREDTH .

(T

o 51 undefr IFAF DM ES AN FAET D ICEEDLT, TO/MDOY
HOHND DT ABEREREME undefr DGEIZ, AFAIZIEZZ D undefr T
B ZONMEPMMNI NG, ZOMHEIX, 51 undef & &5HOED LT, AfF
FODNE BB D 2 5, FHIRAN TREZ DRI IREL 2 5.

3.14.7 Cor_Coe

2 F— X OB E AT I —F .

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

call Cor_Coe_1d( x, y, cc, [error] )

518

<R(:)> in 1L RGTET— 4.
<R(size(x))> in 1 IRTET—4.
cc <R> inout  MHEAFREL.
error <R> in RIEfH.
EER
FEEDODEID 2 T—38] z,, yp WEHELZ5EE. TOMBBRE cc AFD & 5125
BRI,

cov
stv(z) x sto(y)’

cCc =

Vbl VIS N NP RAN- TR =R LAVAS

cov = Z (x; — @) (yi — y), stv(p) = Z (¢i — )?
=1

=1
2T cov 1B, sto(d) 1 g £ VD F— RFIDEAENE L 225, 72, LRRO
DV ZHIS P R R

(]

o RIBEMMEZINTVDIHAE, FIHEOE, DT —& 23 LA,
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3.14.8 Cor_Coe_2d
BEBE
2 F— X DOMBEREEFET I —F > (2 IRIThFIR).
R
call Cor_Coe_2d( x, y, cc, [error] )
515
<R(:,:)> in 2 RLT — 4.
<R(size(x,1),size(x,2))> in 2T — 4.
cc <R> inout HMHBEALREL.
error <R> in REEAH.
E&EN
2 RItlLH %2 1 IRl N 2, Cor _Coe Z VT W 5.
iBE
o RIBEMNEHZINTVDIIGEIL, GHHEDEE, TDTF—X 2 5HE L AW,
3.14.9 Cor_Coe_3d
52313
2 T — X OMBEREEHET I —F >V (3 IRITEFIK).
X
call Cor_Coe 3d( x, y, cc, [error] )
518
<R(:,:,:)> in 3IRITT—X.
<R(size(x,1),size(x,2),size(x,3))> in 3IRIET — A,
cc <R> inout FHBEILREK.
error <R> in RIEAH.
E&EN
3 otk % 1 IRGTEEHICHENEE R, Cor_Coe & FHNT WS,
=3

o RIBEMMEZINTVDIHAE, FIHEOE, DT —& 23 LA,
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3.14.10 LSM

BERE
HBT—ZINIH U T, BB Tty T1 VT T, BUNRIEIZE>TE
DIEE LY 7 257N —F .
£
call LSM( x, y, slope, intercept, [undef] )
call LSM_1d( x, y, slope, intercept, [undef] )
5l1¥
X <R(:)> in T—REH 1.
y <R(size(x))> in T—REE 2.
slope <R> inout K 5N DKL DOM X,
intercept <R> inout K 5N DI DY Fr.
undef <R> in REgME ($&id)
E&ER
FEEOEXDT =R DM x,, y, PIFELZHE., TOT—X EHR/N_FIEIZEY
DARD &5 BEEBE F(x,) 274y T4 V7T 5,
F(xz) = a1x; + ag.
ZDEE, BIBUXLATOXIRE T 5,
x; + x(1), a1 : slope, ag : intercept.
BH. TOR/NTFEIZ KD EARKZETE ORI 5D 5.3.1 24,
8%

o REMENERINTWVIHEIE, TOMEMNASTWE T — A [ EZFHEIZAN
AQAN

3.14.11 LSM_2d

HEBE
HD2MILT—RINIKUT, FIEERIC T v T4 v 7381, /NI
EOoTZEDMHI LY/ E2HATIIN—F .

=S¢

call LSM 24( x, y, slope, intercept, [undef] )
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5%
x <R(:,:)> in TAEHR L
y <R(size(x,1),size(x,2))> in TR 9,
slope <R> inout K 5N DI DM X.
intercept <R> inout R HNLFILEBOY] Fr.
undef <R> in RIEHE (k) .

EER

2 RotHEH % 1 IRGTCICE S AT, LSM V—F V2 HWT W5,
=E3

o RIMEMMERINT VDL EIX, TOMEPA>TVE T — & & FHRIZAN
BN,

3.14.12 LSM_3d

5231
H3 3 WIET— RN LT, EBEBIZ 7 v T4 V7T 80, B/N_T-IEIC
EOTEDMHE LY/ ZHAETDIN—F .
£
call LSM 3d( x, y, slope, intercept, [undef] )
515
X <R(:,:,:)> in T—REH 1.
y <R(size(x,1),size(x,2),size(x,3))> in T—REE 9,
slope <R> inout K 5N DI DM X.
intercept <R> inout K5 NDFEE DY) Fr.
undef <R> in RIEME (k) .
E&EN
3IRICHEA % 1 ROCICE IR T, LSM V—F V2 HWTW5.
wE

o RIBMENEBZBINTVIHEIX., TOEMNP A>TV T — X HEGHEIZAN

R,
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3.14.13 LSM _poly

HeE
HBT=AFNIH LT, ERRBOZHKAIZ 71w T4 V78I, BNk
L TTDERBBEEFRTZIN—F .
E:o
call LSM poly( x, y, a, intercept, [undef] )
call LSM poly_1d( x, y, a, intercept, [undef] )
518
X <R(:)> in T—REE 1.
y <R(size(x))> in TR 2.
a <R(:)> inout KD SNDLZHADELRE (i) .
intercept <R> inout RKOLNLLZHADYIF (k) .
undef <R> in RiEME (k) .
EER
EEDEI DT —RFIOM x, ypy WIFAEL 285G, TOT— R 2 RN_FIEIZEY
PRDES B mREER F(x,) 1274V T4 V7 F 5,
F(x;) = Zaj:zg + ay.
j=1
ZDLE, I TONIGE T 5,

z; » x(1), a; : a(j), ap : intercept.
SIBOIEPH R THLMNEEDIZ, HlME U Ta2ETEE. €O OERED
ZIHRDEBREIRBE 2D, £/2, A VI —F UIT, intercept L ELHI a (ZHLA
AAT NG EEIBMIT intercept DA E LT, a(0) 2 RATHIXHEZR,
BH, TOBNFIKIZE D BARNRFEOGER I ERD TSI,

(]

o RIEMERINT VDL EIX, TOMEPA>TVE T — & & FRIZAN
BN,

3.14.14 LSM _poly_2d

HET—HINHN LT, ERRBOZHRNIT v 71 V792U, RN
CE O TTOHRRBEFET IV —F > (2 IRILhK).
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=5
call LSM.poly.2d( x, y, a, intercept, [undef] )
518
x <R(:,:)> in TR
y <R(size(x,1),size(x,2))> in TR 9,
a <R(:)> inout KD SNDBLIHADELRE (ih) .
intercept <R> inout KOOLNDLIHADY) (k) .
undef <R> in RiEfE (k) .
EERN
2MIGT — A% 1 RLT —RIZESIHA T, LSM_poly #HNTW 5.
wE
o RIBEMERINTVWIHAIX. TOMENPA>TWDE T — X A% FHHEIZAN
AT
3.14.15 LSM poly_3d
HeE
HBT—AFNINUT, EERBOLHAI T v T4 V75T, /N Rk
L2 TEDRBEEFHE TN —F > (3 IRIhR).
=5
call LSM_poly.-3d( x, y, a, intercept, [undef] )
518
X <R(:,:,:)> in T—REHZ 1.
y <R(size(x,1),size(x,2),size(x,3))> in T—REHR 2.
a <R(:)> inout R SNDLZLIHANDELRE (£
intercept <R> inout ROSLNDLIHADYIF (i
undef <R> in RiEfE (k) .
EERN
3MIGT — A% 1 Rt T —RIZESIHA T, LSM_poly #H TV 5.
e

o RIEMEMEBINTWVAEEIZ. TOMENASDTWVWET—AHZEHEIZAN
R,
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3.14.16 Mean_1d

1 ROLELH DI % GHR T B,

call Mean_1d( x, ave, [error] )

518K

x <R(:)> in 1 RET—4.
ave <R> inout FIHE9 5 A,
error <R> in RIEME (k) .

s
EFxT

FEEOEIDT =R 2, WEELZGE., TDT )XV —ave LA TFD & S IZFHE

REATR
1 n
ave = — T
-
p=1

B%

o

o X
%

FEIZANZ N,

il

3.14.17 Mean_2d

Hae
2 YRCECH DG E % FHE T 5,
X
call Mean 2d( x, ave, [error] )
518
x <R(:,:)> in 2 RIET — &
ave <R> inout FFE9 5 FEME.
error <R> n REEME (i) .
E&EN

BEVEZRINTVDILAEIE FHEHROE, TOMEPA-> TS T —X
B

FROEIDT— R 2y PEIELZHE, TDT /) X)) —ave IZEATFD & 512G
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RInhd,

n m
1
ave = — g g T
mn Pq

g=1p=1

B%

o RIBMEMVEZINTVDGEIE, FHHREDE, TOMEFA>TND T — 4
ZRHRIZANZY,

3.14.18 Mean_3d

BEBE
3 RGTECH DEE = HE T 5,
X
call Mean_3d( x, ave, [error] )
511
x <R(:,:,:)> in 3T —A.
ave <R> inout FHEY L FEHHE.
error <R> in R (18id) .
E&EN
FEREOREIDT— 5 21 PFAELZEGE, TDOT )3V —ave lFEATFD & 5125
"mxhd,
n m I
1
ave = %ZZZ$pqr
r=1q=1 p=1
B&

o RIBEMNEZINTVDEGEIL, EHHEDE, TOMEMBA> TS T — X 5
= EHREIZANZ N,

3.14.19 Reg Line

HEE
B ERROMEE LY T 2 5H 2 —F >,
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=X
call Reg Line( x, y, slope, intercept, [error] )

call Reg Line 1d( x, y, slope, intercept, [error] )

518
b'q <R(:)> in LIRGET — 4.
y <R(size(x))> in LR T— 4.
slope <R> inout  [AIVFERRODME .
intercept <R> inout [FNREFROY] Fr.
error <R> in RAELH.

EERN

FEEOEID 2 T—&5] z,, yp PFEELZGE. TORIFER y, = oz, + B 125
FRMHE o LY % LM NV—F UV EHNTEIHET S,
IERER G R G IR TSR

(]

o KIBEMEZRINTVIHAEI, FIHEOE, DT —X2 &3 LA,

3.14.20 Reg_Line 2d

Hae
2 GET — R DWTCRIFEMRDOME LY 25 E T —F .
X
call Reg Line 2d( x, y, slope, intercept, [error] )
51%8
x <R(:,:)> in 2RITT —X.
y <R(size(x,1),size(x,2))> in 2 RIET — &
slope <R> inout [AVFERRDOMEE.
intercept <R> inout [AVEERRDY S
error <R> in RAEAE.
EERN

2IMIGT — A% 1L IRGLT —RIZESIHAZ T, Reg Line V—F V&N S.
%%

o RIBEMMEZINTVDIHAE, FIHEOE, DT —& 23 LA,
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3.14.21 Reg Line 3d

BERE
3IRILT —RIZDOWTHIFESROMES LY 2 HET DI —F .
=5y
call Reg Line 3d( x, y, slope, intercept, [error] )
511
X <R(:,:,:)> in 3T — A
y <R(size(x,1),size(x,2),size(x,3))> in 3IRITT— A
slope <R> inout [AIFEKROM E.
intercept <R> inout  [EREFROY] fr.
error <R> in RIEAH.
E&EN

3IMLT—4% 1 IRGLT—XIZEZHZ T, Reg_Line V—F V2 H 5.

(]

o REMENERINTVDHAIX, SHROE, TOT—&2 23R LAV,

3.14.22 covariance

2 FT—RDENEEFET D IN—F .

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

call covariance_1d( x, y, cov, [error] )

518
x <R(:)> in 1 RITET—A.
y <R(size(x))> in 1R T— 4.
cov <R> inout L8k
error <R> n RAEMH.
E&EzN

EEDRI D 2 F— 85y, yn BAELIBE, ZOIDE cov AT D & > 123t
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INd,

n

cov = Z (i — @) (yi — 9)

=1
ZZT. EROODWEABIXEEEE XK.
®E

o KIBEMMEZINTVDHAE, FIHEOE, D07 —&2 &3 LA,

3.14.23 covariance_2d

BEEE
2 T—RDHNMEFET DIV —F > (2 IRITELFIRR).
=5
call covariance 2d( x, y, cov, [error] )
51¥
X <R(:,:)> in 2RITLT — XK.
y <R(size(x,1),size(x,2))> in 2 MILT —A.
cov <R> inout J:#Ek
error <R> in RIEAH.
E&ER
QMTET—R%E 1 IRTT—RIZEEZHZ T, covariance V—F V2 5.
=E5

o REMENERINTODGA, SHAEOE, TOTF—& 23R LAV,

3.14.24 covariance_3d

BEBE

2 T—RDHNREFET DIV —F > (3 RITHLFIR).
=X

call covariance 3d( x, y, cov, [error] )
51
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X <R(C:,:,:)> in 3T — 4.
y <R(size(x,1),size(x,2),size(x,3))> in 3IRITLT—X.
cov <R> inout L3 HK.
error <R> in RIEfH.

EERN
3MIET—R%E 1 IRTT—RIZEZHZ T, covariance V—F V2 5.
e

o KIBEMMEZINTVDIHAEIX, FIHEOE, DT —&2 23 LA,

3.14.25 interpo_search_1d

BERE
1 IRSTTOMWIEELH] (ERBNER 2 T IENR KIS RDEH]) OHFT, point %
ARV KDEZRFZZSE2HNITE (DWDWBEIHTATLEDL D R EITD),
=52
call interpo_search 1d( x, point, i, [undeff], [stdopt] )
51#
x <R(:)> in 1 RIS R3]
point  <R> in EiRAVARY=#
i <I> inout point % MABRWVEKD x(1)
WA S 2 ERE S
undeff <I> in WREAN 7 T 7 (15k) .
T 74 MO,
stdopt <L> in TI—Wh75 7 (k) .
T 7 AN NI false.
E&ER
P A 77
=E3

o HERHPHDAFI ERME Y /NI WEZHERL &5 & ULBRIC undeff 2K 9,
BREHF LD RIVWGBRIEDI S B2 L >TEH, x DRAMEIZHY T 5
FIERF S 2K,

o BEREMBERFIFINAFIEL TWDBEGE, 7 7 4 b TIREHER JJIZ Warning
AV —=UNRHEIIIND N, stdopt & .true. [THELTHITIE, HI LA,
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3.14.26 interpo_search 2d

BERE
2 RITDMFERLH] (BRI R 2 T IEN K E <R 5E5) DO T, pointx,
pointy A RV AKDEZEFEFSEHNT L (DYWL AU AGED & S LM%
79
=X
call interpo_search 2d( x, y, pointx, pointy, i, j, [undeff], [stdopt]
)
511
x <R(:)> in 1 IRFEHT AL 4]
y <R(:)> in 1 RO 4.
pointx <R> in x AZDWTHNRZZWD AL
pointy <R> in YISOV TEHANTZWV A
i <I> inout pointx Z#MABLWVEKD x(i)
MY T 5 EHRE S
j <I> inout pointy %A RWEKD y(j)
WZHHY 4 2 ERE S
undeff <I> in BERHIPHAN 7 2 7 (#83k) .
T 74 NI,
stdopt <L> in TI—Wh7o5 7 (k) .
T 7 A4 M false.
EHN
A ?7.
\&

o PERHEPHDALYERME L VNI WVEZEERL &5 & UZBRIZ undeff 2K,
BREHP LD REIVWGEREDI S B2 L >TEH, x DRKAMEICHY T D
HIERES 2K,

o RBRMNERFPIMFIEL TWDHE, 7 7 A4V N TIEEEHENL 11T Warning
AW —=UNHIINDD, stdopt & .true. (TERELTEHIFEX, HHLARW.

3.14.27 interpo_search_3d

HeE
3 T DOMWMELS (BRBPEZ D T IEPRE <A DES]) OF T, pointx,
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pointy, pointz Z A BWVWERKDERFZSZHNTE (WbWL AV AGTD &

DB ELTD ),
=X
call interpo_search 3d( x, y, z, pointx, pointy, pointz, i, j, k, &
& [stdopt], [undeff] )
518
x <R(:)> in 1 RoGHR 31
y <R(:)> in 1 IRTTH AR
z <R(:)> in 1 IRIGHT SRS .
pointx <R> in x AZDWTHNRZZO A
pointy <R> in Y IZDWTHHANO AL
pointz <R> in Z IZDWTHANZO AL
i <I> inout pointx ZMABLWVEKD x(i)
R T D EEF T
] <I> inout pointy %2 RWEKD y(j)
WY 9 5 ERE S
k <I> inout pointz A BLWVEKRD z(k)
WY S ERES.
undeff <I> in RN T Z 7 (1) .
774 Mo,
stdopt <L> in TI—Wh75 7 (k) .
T 7 AV MN& .false.
EHE
BB IE 77,
e

o REHIPADEAMBERMEE Y /NI WEEZHERL &S5 & UBRIZ undeff %R T,
BRHIPH LD KRSV ED LD BRfEZ L >TEH, x DEKEICHY T D
FERF T ZIKT,

o BEREMBERHEPAIMIAFIEL TWDEE, T 7 4 )V N TIFAEREH 712 Warning
AW —UNHIINDED, stdopt & .true. ZERELTEITE, HHLRW.

3.14.28 interpolation_1d

1L T DRIEAF N —F >, WNIiRENFEDOBRIZZHT I mB LT, TORICET
BiEZ Y LIZ, Wi TOEEZFIENIRICE > TRHET D,
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=X
call interpolation_1d( x, y, point, val )

518
x <R(2)> in WHf D A (k)
y <R(2)> in x CEHEINDME (k) .
point <R> in NECT=
val <R> inout K TOIHE.

EHE

BEABIEX??. & 2 FERERLS 2, DE I U TERINT WDy, 2E LI, H
% 2 K mj, wip1 DEDK 24 (BT DMENTFEZFHEL20VETE, ZDOEE W
PR yp ($065 2 SOMEZZRU T, BLFD L SIGEHRING,

dr — Yivrl1 — Yi

ip = Yi +dx * (x5 — x4 .
Yip = Yi ( ip 1)7 Tir1 — T

ZDEE, IBIFLTOXNINE T 5,
i 2 x(1), w1 2 x(2), oy 2y, g1 y(2),
Tijp : point, y; & val

B%

o HANZ, x(1:2) DEMPDONSLRNGEIE, point D% LIZ, interpo_search 1d
V—=F Ve, TNH6DREDHLNUHROTHIFIEL,

3.14.29 interpolation_2d

2 MITDRENTFIN —F >, NFEIRENTFORIZZRTIRBE LT, TORIZHET
Bz € &Il NN TOMEEFIENMIZEL > TERT S,

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

518

main.tex 2013 £ 9 H 13 H (EHEHR)



STPK v=—a7J)L 3 TIN—Fr—8 98

x <R(2)> in x SN DA () .

y <R(2)> in y HNFE RO LA (k) .
z <R(2,2)> in x, y CEZINDMHE (k) .

point <R(2)> in x, y COMNFAL.
point (1) 2¥x, point(2) My IZXf ).
val <R> inout Wi 5L TODAH.

E&HEN
BEABUEE??. 2 JERERCS 2, v DA RIS U TEZEINTODIH 2, &E & 1T,
H2 4 (@i, y5), (Tit1,Y5), (@i, Yjr1, Tiv1, yj1) CHEND K (2p, yq) 1B 1T 2 RUHR
A2 AL 70 e T, CDE S, PRI 2y, 1R 4 KOMEBILT,

Z;—l—lj - j;ij (xp _ xz) + 'Zj-f—l — ;1](

i+1 — T i+1 — Y5
(xp - xi)(yq - ?Jj)

Ti+1 — ﬂfi)(yjﬂ - yj)

Zpq = Zij T Yq — Yj)

[Zit15+1 — Zij+1 — Zit15 + 2ij] (
CHEINDT, Zor X, BIBULFOMIGE T 5,
;o x(1), wipr : x(2), y; oy, yig : y(2),

Zij . Z(l,l)7 zi—l—lj . 2(2,1), Zij+1 . Z(1,2), zi—l—lj—l—l . 2(2,2),

xp @ point(1), wy, : point(2), 2z, : val

B%

o AT, x(1:2), y(1:2) DFEMDONLBNGEIL, point DfE%ZE £ 12, interpo_search_2d
W—=FVEH, IN6DREHSNUDKROTEIFIEL,

3.14.30 interpolation_3d

HEE
3 RILDFIENTFIN —F >, WK ENFOBRIZZRT IR LU, TORITHT
Bz LIl NERTOMZIIENIZL>THET D,

23

call interpolation_3d( x, y, z, u, point, val )

518K

TZOROEHIFITIHHE.
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X <R(2)> in x AN RO EA (#Bif) .
y <R(2)> in y HANFER O (k) .
z <R(2)> in z RN RO AL (k)
<R(2,2,2)> in X, vy, z CEBEINDMHE (k) .
point <R(3)> in x, y, z COWNHA.
point (1) ' x, point (2) My (T,
point (3) A% z [ZXf .
val <R> inout AR TOAHE.

E&ER
BEARNE??. B2 FEEEEEH] 2,0, yYm, 21 DB U TEREINT OB MH Uy
L2, 5 8 MTHEND & (wp, Yy, 2r) IZBIT DI NFREZFE L 20295,
ZDEE, NFE 2y 1FEHE 8 MOMEZZIL T,

Ty — T Yg — Yj
Upgr = Wijk + (Uit1jk — Wijk) (p — 1) + (Wij+1k — Uijk) (o —45)
Tit1 — T4 Yj+1 — Y5
(2r — 2x)
Ui — Ui
+ ( i7k+1 ij') Zhtl — 2

) (zp — i) (yg — ;)
Titl — TiYj+1 — Y5
(zp —m) (2 — 21)
LTi+1 — Tj Rk4+1 — 25

) (Yq —y5) (zr — 21)
Yj+1 = Yj Zk+1 — %§

+ (Uit 141k — Uija1k — Yit1jk + Wijk

+ (Wit 1jk41 — Wik+1 — Yit1jk + Uijk)

+ (Wij1h1 — Wijh+1 — Wij4+1k + Uijk

+ (Wit 1 1h+1 — Wij1h+1 — Wit 1jh+1 + Yijht1 — Wit1j+1k + Wij+1k + Yit1jk — Wijk)
% (xp — ;) (l/q - yj) (2r — 21)
Tit1 — L5 Yj+1 — Y5 2Zk+1 — 25

LEMEXINBT, Zor X, BIBIILTONIGE TS,

i - x(1), w0 x(2), oy oy, yi - y(2),
2 - z(1),  zpy1 o z(2),
Zigk + z(1,1,1), zipe - 2(2,1,1), zijpe 0 2(1,2,1), zpe o 2(1,1,2),
Zivtj+1k © 2(2,2,1), zipjer - 2(2,1,2), zZijpaesr o 2(1,2,2), zigprjpeer ¢ 2(2,2,2),

xp : point(1), vy, : point(2), %z : point(3), Uy, : val

(]

o IHIT, x(1:2), y(1:2), z(1:2) DEBONLRNEGEIE, point DfE%E %
&2, interpo_search 3d V—F VZHW\, INLDKZHOLNUHRDTEH
FIEE W,

B OROEHIFITIHH.

main.tex 2013 £ 9 H 13 H (EHEHR)



STPK v=—a7J)L 3HITIL—Fr—& 100

3.14.31 nearest_search_1d

BERE
1 IRFTOMWIETLH] (BERBNER D T BN RIS RDEH]) OFT, point (2
KELWERFFZ LT D,
g
call nearest_search 1d( x, point, i )
511
X <R(:)> in 1 RS LS.
point <R> in CL VARV
i <I> inout point IZHEHIEV x(i)
WCHHY G S EEERS.
EEN
PR X 27,
8%

2 U,

3.14.32 nearest_search_2d

Hae
2 RITDMFERL ] (BRI R 2 T IEN K EI <R 5H5) O T, pointx,
pointy IZEREEWVWERF ST 2 H NI 5,
=5
call nearest_search 2d( x, y, pointx, pointy, i, j )
515
X <R(:)> in 1RG5
y <R(:)> in 1 RoGH AL .
pointx <R> in x AZDWTHNZWD A
pointy <R> in Y IZDOWTIANRZZWD AL
i <I> inout pointx (ZHE UV x(1)
WY 9 5 ERES.
j <I> inout pointy IZERE TV y(j)
AN 9 5 ERE .
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EEX
R 77

(]
AN

3.14.33 nearest_search_3d

3 GG OWIEELY] (BEREVH A2 T L IENKRELRBES]) OF T, pointx,
pointy, pointz IZIREIEWVERESEZHIT D,

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

518

b4 <R(:)> in 1RG5
y <R(:)> in 1 RO 4.
z <R(:)> in 1 RoGHT i3]
pointx <R> in x AT DWTHAN VKL
pointy <R> in Y IZDWTHFHANO AL
pointz <R> in z IZDWTHNRZV AL
i <I> inout pointx (ZHEE IV x(1)
WY 92 ERE .
j <I> inout pointy IZEREIEVy(j)
(CHHY g B EEEKS.
k <I> inout pointz IZHRE T z(k)
WHYE T B ERES.
EERN
BB IE77.
e
2 U,

3.14.34 stand_vari

2 T —ADBRMERAEZFE TN —F V.
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X
call stand_vari( x, anor, [error] )
call stand_vari_1d( x, anor, [error] )
511
x <R(:)> in 1 RET— 4.
anor <R> inout AEEfR 2.
error <R> in RIESH.
EEN

EEDORI DT =25z, PMFAEL 7256,

Nd,

T DR stv MFD K D IZEHES

n

stv = Z (z; — T)*

=1

ZIT, EMOOWAEBITFIIEE KT

e
o RIEMEMNEHZEINTVDEAIL, FIHEOBE, TOTF— X Z3HHE LR\,
3.14.35 stand_vari_2d
Fee
2 T AR T 2V —F v (2 ROLEFIIKR).
=X
call stand_vari_2d( x, anor, [error] )
511
X <R(:,:)> in 2 LT —A.
anor <R> inout FHEfR 2.
error <R> in RIEMH.
EER
2MILT — R % LIRGET —RIZEZIHZ, stand vari V—F VEHNS.
e
o RIEMEMNEHRINTWVIEAEIE, HEDOE, TOF7—2Z5HEL A,
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3.14.36 stand_vari_3d

BERE
2 F— X ORI & AT 2N —F > (3 YOLRAI).
=52
call stand_vari_3d( x, anor, [error] )
511
X <R(:,:,:)> in 3T —A.
anor <R> inout AEHEfF .
error <R> n RIEAHE.
EHEN
SIILT —H % 1 IRLT —RIZE IR, stand vari V—F V&2 AN,
B&

o REMENEZRINT VD LAR, SHROKEE, TDOT—ZZ2iR LAV,

3.14.37 Move_ave

BEEE
1 IRFTEES OB EAE % GRS,
X
call Move_ave( x, n, y, [error], [offset] )
518
x <R(:)> in L IRGTET— 4.
n <I> in S E & BEE
y <R(size(x))> inout F¥IU7ZAEHR.
error <R> in RiEME ($8id) .
offset <I> in BEIEYS % fth 9 2 BEE S (Bad) .
7 %)V M n.
E&ER

EROREIDT =45 x; BFAEL 7256, TOBET g, ZATFOL S IZEHE I
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%, 12U, n WBEIEETERMTH D,

i+n—1

1
Yi = E Z Tp
p=i

o BENPEYDHAEIFERZATIE EOLSIZEHRL THB D, EEIZHEHD n iz
DWCEHZHAL, DBIIERGEEZF S, BHEZ T EWVWOEEE2ITT>T
W5,

o 5 offset IIBEEIIMONRAZFKTL2EREE TE2HET D, offset=m
Eg5L, FOEHNIIEVWT, REZEHN O L &, BEIEIIFLLRDO LS
IZEHREINDS.

i+n—1

Yi npz::ia:p(z m, n+m)

2T, n>m TRITNERL RN, 2D X, EOBEFFHAMIFHYT ZE5]
2% error BRAING. T 74N MF¥O.

3.15 Thermo Advanced Function

BN FEBOWMIEZ TS EBD S b, DT Y 2 —)VITRTF U 72 5HR 2 17 5 BISUE.

3.15.1 CAPE

BEBE
KA R E T )L F— (Convective Available Potential Energy) % #t#4 % ) —
F .

=5y
result = CAPE( p, z, qv, temp, z ref, [undeff], [opt] )

511
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P <R(:)> in SUE [Pa).

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

qv <R(size(p))> in KSR E L [kg/kg].

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

zref <R> in FAEFE [m).

ROfE  <r> inout CAPE [J/kg].

undeff <R> in ARAE R AH.

opt <I> in LNB FHREOBDO A T a v (k).

PLFC
/ R(T, — T,)d1Inp.

PLNB
ZIT. pBRRE. T, 3EESORE (D). VYT TBHUINDIRE). T, 1E
BB ERIZHE > T, BEGE 2,0 2D BRI ENA—RIVOIRE, RIFKIREE
LFC I3 H AR EE (Level of Free Convection), LNB I&H3Zi% )1 & & (Level of
Neutral Buoyancy).

(]

o HI L UTHADKISNIE, BHRESONIWANL Y HRITEVEE 25 &
1T, DEVEFIE UTT—X 2525813, HREM»SHML T

o EHET—X&|X LFC, LNB Offi%# #HH T2 -DIZOMAEHL TS
e undeff MBEINTWVWAEEDMEITBE I NZ WV,

o LU, HIERE 2 KEIMETH X 255G, Z OBEE T O H ¢ /I ST
TOmEZFRL, TOMEZ5IHL L’C)\m;mi OK.

o opt ZHUIDWTIX, B z LNB TOA ¥ a VIgELH L.
3.15.2 CIN

R T % )L ¥ — (Convective INhibition) # &4 N —F .

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

518
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p

z

qv
temp
z_ref
DK
undeff

ZIT. plRRIE. T, IXBRESBORE (DY,
HHEEE 2. 0 D BRI 8- IVDRE, RIFKEE,

ZREH- T,

<R(:)>
<R(size(p))>
<R(size(p))>
<R(size(p))>
<R>

<R>

<R>

in
in

in

in

inout

in

PLFC

mz%@
(Jm}#[]
FHESE [m).
CIN [J/kg].
HRAE FRAH.

e [keg/kg].

Pref
/ R(T, — T,)d1n p.

VT TSI NBIRE). T, 1

LFC I3 HHXimE (Level of Free Convection). pres 1& zpef TOKUIE.

B%

o SIHE UTHEZADEMINE, HEFRSONIWANIYHRIGEVEE 22 &
ST, DEVEFE L TT—4 252 5BI%, RN SEML TV,

= )

o EET—41E LFC, LNB Offi% 359 % 72012

DAEHAL TN B

e undeff AVHEINTWV D EEDMEIFFEE I AW,
o LU, HEFE2KEHETEZ DG, T OBEBEITOH§/TIEE T
TOREZFFEL, TOMEEZ5IHE L TANNE OK.
3.15.3 T_LFC
11
LFC (Level of Free Convection) TODiRE % F15 9 % BILL.
=X
result = TLFC( zref, z, temp, p, qv )
515
zref <R> in FAEEE [m).
z <R(size(p))> in = [m).
temp  <R(size(p))> in e K.
P <R(:)> in KT [Pa).
qv <R(size(p))> in KAEKRIEA L kg/kg).
RUME  <R> inout LFC TORE [K].
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EEN
WrEAIZ BT % /3T A—Z DOFMIX?7?21E.

(]

o B UTHRDHEHNE, BEREFESD/NIWANK Y HIRITENMEL 25 &
DT, DEVEIME U TT—X %252 28%, #HIREH»SKHL THL,

o HBREMEFETOMYEMNZ FR XL X, O YIEMN —HT 5
HEEMN LFC THD. Z I TIE, FFADORFIFSEMN & R%ET D 2 mERKD, ©
IO EEAMICNFTZ 2 TRERZRET D.

3.15.4 T_LNB

Hae
LNB (Level of Neutral Buoyancy) TOE % G189 % FA%K.
=X
result = T.LNB( z.ref, z, temp, p, qv, [option] )
51
Tref <R> in FAEEE [m).
z <R(size(p))> in EE [m].
temp <R(size(p))> in IE (K.
P <R(:)> in SUE [Pa).
qv <R(size(p))> in KARRIEAL [kg/kg).
RUME  <R> inout LNB TOiRE [K].
option <R> in ARG (HESR).
EER
WIEAX 2B 2 /8T A — R OFEMIX? 7S,
e

o Gl UTHADKIINK, EHRBFSD/NIWLRE Y HRIGENMEE 2D &
ST, DEVEFE L TT—4 252583, RN SEML TV,

e option I FHAD. A TIZ, LNB 23R 42 72dI2, 2 MO Gk
#LBDIEMTES, 1 DOIF LFC &ETORIMMEYSIREMA LFC LV k22
THUREGOMAMEYEMN E R DD REFHEL. TOEEE LNB 954
ETHD, UL, EBOESHREERSBERKENT—2 Tk, BEDOT—X
MRELKEFHTIHELHD7-0, LFC DT ETLNB 282 TCLFEW, IE
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MEIZHBEINBVEERH D, TI T, 2 2O EBLKKER T — X2 0 Eiih
5 N A S AR S EAL 2 FHE U, @S LEC TORIFIAH X IRAL & [ UAE %
W2 -EE%E LNB &§ 25 GIETEE 2475, SO M IRA7 I B8 Tk e
L2 d2H, ZOFiEE L >TEMEIZRY, 774V NTiE option = 1
THY, ZHE 1 DODFIEIZELZEHATH D,

3.15.5 precip_water

HeE
K E % GHR9 2 B
=X
result = precip_water( p, qv, [undef] )
5%
p <R(:)> in SUE [Pa).
qv <R(size(p))> in IKZESIRE L [kg/kg].
RUME  <rR> inout AIBE/KE [kg/m?].
undef <R> in R E FRAH.
EERN
WIEAIZ B 5 /37 A =R DFMIZ?? S .
e

o JIEL UTHAZKMINE, HEBRSDNIVAVELVHRIGENMEEL 2D &
ST, DEVEFIE LTT—4 %252 58I% HMRE»SEML TV,

3.15.6 qrsg_2 _dbz

Fee

BEEYIR A D S HBBIN 72 L — X B GRS % FH53 2 B
=X

result = z LFC( rho, qr, [gs]l, [qgl )
5181
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rho <R> in HUEEE kg/m3).
qr <R> in MKEAL kg/kg].
gs <R> in TRE L ke/kg).
qg <R> in WmiRa I ke/kg).

RO <R> inout L —XKH5RE [dBZ].

EERX
L — &SR dBZ 1%
dBZ = 10logy Z

TEHRINTWD. ABETIE, 20D Z OFHEIC Murakami (1990) O (54) & -
— 1.75
Z = I'(7)Ngo (”QR> 108

Tpw N Rro
2

g +2 Ew + 2 W *0 WPstO
2 2 2 — 1.75
gi—1 ew — 1 Py > ( PQg > 18
+ I'(7 — | N, 10
( ) g +2 / Ew + 2 <pW 90 ﬁpgNgo

rHWTWS, ZIT, Sl SEINTNLUTDOLEY TH D,
I'(z) AV~

&i KD LEEER.
Ew KD LEEER.
Nro WOHEE.
Ny FHOHEE.
Ngo  BOBEE.
Puw IKDEE,

Ps EDEE.
Pq TODBEE.
p FEARG D KRB

BN T A — &1 Murakami (1990) (ZFEHEI N TWSHEEZ WS 2Y, Gl I T
WRWWS T A—=ZIZDONWTIE, BEHMER (2008) D2 SEIZLTWS. L — A4t
SREE D FEMR FHRIE 7?2 IR

&

Rz L.
3.15.7 z LCL
1

LCL (Lifted Condensation Level) % F1%.9 % BI%X.
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=X
result = z LCL( z_ref, z, temp, p, qV )
518
zref <R> in FAEE L [m).
z <R(size(p))> in EE [m].
temp  <R(size(p))> in wmE [K].
P <R(:)> in KUE [Pa).
qv <R(size(p))> in KEKIRE L [kg/kg].
RUME  <R> inout LCL & [m].
EERN
WIEAXIZ B 1T /87 A =X DFFEMIXT? S
e
o L UTHADEAINE, ERFSO/NIWAENLYHBITEVEE 25 &
ST, DEVEFIE LTT—4 252 58%, HRE»SEML TS
3.15.8 z LFC
PRE
LFC (Level of Free Convection) % #1592 B%K.
X
result = z LFC( z_ref, z, temp, p, qv )
E1E
zref <R> in FHESE (m]
z <R(size(p))> in = [m].
temp  <R(size(p))> in e K.
p <R(:)> in SUE [P a]
qv <R(size(p))> in RFAKIEG T [kg/kg]
RUME <R> inout LFC & [m]
EHD
MBI IZ 51T 5 /837 A =2 DFEIZ?? S .
()
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3.15.9

o HIHE UTHEZADEMINE, HEEFSONIWANIYHRIGEVEE 25 &

T, DFEVERFIELTT— X252 281%, HRE»SEML TS
HBRMEFETOMYEMNZ ERXEE &, ORI YSIEMNE BT 5
HBEN LFC THD. Z ZTIE, FFDORFIFSEMN & RET D 2 mERKD, T
IMOEEAMICNETZ 2L TRERZRET S.

z_LNB

LNB (Level of Neutral Buoyancy) % 1459 % BZK.

result = z LNB( z_ref, z, temp, p, qv, [option] )

518

EEX

i
%

z_ref <R> in L
z <R(size(p))> in i [m].

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

P <R(:)> in KU [Pa).

qv <R(size(p))> in KEKIEA L [kg/kg).
RYME  <R> inout LNB & [m].
option <R> in FHRAE (HESR).

[m].

Bf It Bm

WIEAKNIZ B 1 5 /87 A — X DFFEIXT? S

(T

o HIE L UTHADKMANIE, HREZSONIWANL Y HRITENVEL 25 &

ST, DFEVEFIE L TT—4 252583, MR SEML TV,

option IZIFEF N AS. A TIZ. LNB 251579572012, 2 HEHDOTE
LDIEMTES, 1 20X LFC &EE TORIFME LR A LFC V) E22
THURBEG O YR Zh2 HE2HEL, TOEER2 LNB 354
EThd, UL, EBROESHREELEEKEBIH T —2 Tl BEOT—4
MRELKEFHTIHELHZ7-0, LFC DT ETLNB 2382 TCLEW, IE
MEIZEHE I N WG mﬁ‘%éo ZZT. 2200 ilﬁ%ﬂ%@%(ﬁ”T 2D _Eygh
5N A FIZHIFIA M IEAL 2 G UL @) LEC TORAFIAH2MIRAL & [F Ul %
WA 7-EE%E LNB &9 2 AIETEELZTD, SR S RALIE EE TR
BeRdh, ZOFEEL>TEMBEIZR, 774V NTiE option = 1
ThHY, ZHE 1 DODTFIEIZLDIFHETH S,

main.tex
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3.16 thermo_advanced_routine

BN FRBROWMBEIN —F > DT, AN 7 —(HTIER {EAEATH %z K I Uiz
TON=F D56, MDEY 2 —)NIKET LU ZIT5 LD REDLEY 2 —)).

ZTHOWTWE % < DRIZFZBOFEMIZ?? 2,

3.16.1 Brunt_Freq

TR — KR

A TR AR,
TR = R

AL [K].

75V "N B ZHRENL [/s].
RAEFAH.

BEBE
T3V MNA Y IIREHOD 2 F2iHETD.
=52
call Brunt Freq( x, y, z, pt, BV, [undef] )
518
<R(:)> in
<R(:)> in
z <R(:)> in
pt <R(size(x),size(y),size(z))> in
BV <R(size(x),size(y),size(z))> inout
undef <R> in
EER
T3V Y IR E N L TDE, TOEHEIT
2_ 999
N = 0 0z
&%, ZIT, g, IEENTNENNEE L EHMNTH D,
mE

Bz L.

3.16.2 Ertel PV

BEBE
TIITIVDRT VY YIVIBEZEHET 5.

X
call Ertel PV( x, y, z, u, v, w, rho, pt, cor, PV, [undef], [sx], [syl,
[sz] )
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518
x <R(:)> in GF R — B
y <R(:)> in TR R
z <R(:)> in G FRE = R,
u <R(size(x),size(y),size(z))> in x HIDHEE.
v <R(size(x),size(y),size(z))> in y S DHE.
W <R(size(x),size(y),size(z))> in z I ODEE.
rho <R(size(x),size(y),size(z))> in I [keg/m?].
pt <R(size(x),size(y),size(z))> in wAL [K].
cor <R(size(x),size(y))> in AV FVINT A—=4 [/5].
BV <R(size(x),size(y),size(z))> inout TILFTILD PV [K/kg s m?].
undef <R> in R RE FRAH.
EHEN
IITIVDRT VY YIVilERZ P L35 E, TOEHRIE
p_ w, - Vo
o
LB, TIT, we b, pldEhenifoeimeg, \BAL. BETHD,
m&

Bz L.

3.17 thermo_const

BOIFEREE. BNFPFIIBT2EEER UL TNORD LD ICH5 2 5. HELIHRE
# (2008) &Y.

3.18 thermo_function

BO1FICBET 2 B R OLE B, AN, AN T —EHEIRYT &S BRI T
RTZIDEVa— AL END. ZNEEIBIESITH->TE, KIENAHN T —E
BMTHIHEEITOVTEEHAINS.

AREV2A—IVTERINTWDEBUTIEIANT, ATV a3 VB THBIZT Ny 7%
TTaVPREREINTWDE. AA TV aviET 74V MEBE T T, B3I 1 248E T,
Z OEBASE A NaN THIUSEIE KL L TV a— V&2 EEH T 5. 2 2 8ETHIE,
ZTOBEBOLEEFETA2EY a—I%, TUTCEINDMEEZEEN 1T L5185 T
Wb, BB, TRTON—F YV THOLNTWSEBEROEHE XIS, £/, &ilH
ROFEMZEHE FROHI S K.
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IR LR DRIk B
Cpd <R> 1004.0 HZ IR S OD JE T LL B [J/K kg]
Cpv <R> 1870.0 IKFE S D RE LB [J/K kg]
Cvd <R> 719.0 HZJRR D TE R LB [J/K kg]
Cvv <R> | 1410.0 IKFRER D i R EL [J/K kg
LHO <R> 2.5e6 IKZE S DT [J/kg]
LHS <R> 2.8¢6 IKFRSOD 7 HE T B [J/kg]
LFO <R> | 3.337e5 0°C T D KD Rltfif 24 [J/kg]
LFm40 | <R> | 2.357e5 —40°C TOIKD FhfRE [J/kg]
Md <R> 28.96 VIR D )18 [kg/kmol]
Mv <R> 18.0 KELRD & [kg/kmol]
Rd <R> 287.0 HZ IR D LRI E L [J/K kg
Rv <R> 461.0 IKFES D TAREEL [J/K kg
e0 <R> 611.0 B ST DKFESUE [Pa]
ei0 <R> 611.73 1R 5T D IKEERI T DK [Pa]
eps_rdrv | <R> | 287.0/461.0 Rd/Rv 1]
kalm <R> 0.4 IV U RE 1]
pO <R> 1.0e5 BHERTE [Pa]
p00 <R> | 1.01325e5 MR SUE [Pa]
rhow <R> 1.0e3 IKD B [kg/m?]
0 <R> 273.15 FELHE S5 T D 7K OD Y [ At [K]
£10 <R> | 273.16 KD = H 55T DR K]
MFPO <R> 6.6e-8 p00, t0 TO ¥ H AT [m]
3.18.1 Cefp
7151
KRR B O G E A Z GRS 5.
=X
result=Cefp( qv, [d1] )
518
qv <R> in IKESIEA L [kg/kg].
d1 <I> in TNV ITF TV ay
RYOME  <R> inout ARIEHELE [J/K kg).
EHEN
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HARIELIE C 2T B0,

_ 1+ QUva/de
= pd( p ). (3.18.1)
ZZ Ty Cpds Cpuos Qo FTNTNIZIER KD E LB, KEKDEELLE, KEJIES
tkTth s,
e
Rz L.
3.18.2 Cefv
Hae
KSRGS BNERMEZFHET 5.
=R
result=Cefv( qv, [d1] )
515
qv <R> in KFERIEAL ke/kg].
d1l <I> in TNV T X T ay

KOfE <R> inout HARIEBHEN [J/K kgl

EEHEN
HAERILEE O 2T B L
I 1+ chvv/cvd
Cv = Cyd (1 s ) . (3.18.2)
Z 2T\ Cody Covs Qo 1E TN T NHZIER KD EFLLEL, KIARKDER LR, KIRLIR
GlETHh B,
5%
SN
3.18.3 Cl
BEBE
WKDIEEZEEHE T 5.
£

result=C1( T, [dl] )
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518
T <R> in REDIE [K].
d1 <I> in TN TATVav.
RUfE <R> inout &E\ [J/K kg).
EHERN

KDWEE ClET DL,

4190.0 T > 273.15
ClT) = = . (3.18.3)
4770.0 + 0(T — Tref) T > 273.15
== 4770.0 — 4190.0
§ = — =, Ter = 233.15.
40.0 ’ §=233.15
=3
Bz L
3.18.4 DSE_Emanuel
BEBE
Emanuel (1994) TEHI N TV DG T R F—%5HHT D,
EX
result=DSE Emanuel( T, qv, z, [d1l] )
518K
T <R> in RERDUIE [K].
qv <R> in KSR AL [kg/kg)].
z <R> in = [m].
dl <I> in SRAV Y WA V2
ROME  <R> inout HAMRFEHHY T XL F— [J/kg].
E&EN
ha = (cpa + 1¢po) T+ (1 4+ 1)g2 (3.18.4)

MERDD. I Ty pg, Cpy FTNTNHZIER QD E B, KFELKDEEET
HY. T,r g,z FTNTNRE, KEKBESK, EHOIEE, SE2RT,

e
KRz L.
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3.18.5 eP_2 qv
BERE
KARLTE LB HIKARSIBEALLZE5IE T 5.
=52
result=eP 2 qv( e, P, [d1l] )
511
e <R> in REDIKFELIE [Pa).
<R> in KRRDEHE [Pal.
dl <I> in TNV TFX T av.
RUME  <R> inout KREDKELJIEAL keg/kgl.
E&EN
ge Rd
W=p_g E—Fv- (3.18.5)
Ry, R, IZZEh, EIEKRA, KELKDGIRTE,
S
Rz L
3.18.6 es_Bolton
BB
Bolton (1980) D HEE % jeIZfNIKALKEZFHE T 5.
X
result=es_Bolton( T, [dl] )
5%
T <R> in REDiE [K].
d1 <I> in TN TF T ay.
RUME <R> inout KEDENIKASHE [Pa).
E&E
es(T) = epexp CLY;T_TCO, a=17.67, c = 29.65 (3.18.6)

ZIZT, Ty =273.15 K, eg = 611.0 Pa, e (T) IZBARIKELKETH D,
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w&
Rz,

3.18.7 es_.TD

Hae
Bolton (1980) D RDHH T, KEKIEE2H5ZXH L TTDOL IOHEMIRE %A
T5.
=X
result=es TD( e, [d1l] )
515
e <R> in KEDKHKLIE [Pa).
d1 <I> in TNV T F T ayv,
RYME  <R> inout KEKODEARE [K].
EERN

TO —C
a —log (e/e0)’
Z 27T, Ty =273.15 K, eg = 611.0 Pa, Tp IZFEIEETH 5,

BE
Rz L.

Th=c+a a=17.67, c = 29.65

3.18.8 esi_Emanuel

4=t
Emanuel (1994) O X0 5 E % oI OKEIRI CRNKA LKL ZEHR T 5.
£RX
result=esi_Emanuel( T, [d1l] )
518
T <R> in RLADIE [K].
dl <I> in TNV TFX T ayv.

RUME  <R> inout KEKDIKEIMIKERIE [Pal.

(3.18.7)
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E&ER
KEAFIDKRLREE e, EEZ T L T5 L,
111.72784
Ine” = 23.33086 — % +0.152151n 7. (3.18.8)
3
Bz L

3.18.9 eT 2 RH

IKFRSUE LIRE D DN TRE 2 5HR T 5.

result=eT 2 RH( e, T, [dl] )

518

e <R> in KREDIKFELIE [Pal.
<R> in KEADIRE [K].
d1 <I> in TNy TFA T av,
RYME  <R> inout KREDHNEE [%).
EHD
MONRE RH & BIHUKZRSIE 5. KRR DE e DEFEN :

RH = < x 100 (3.18.9)
€s

IGICEIA T 5, 22T, BAN/KAKEIXEEMNS es Bolton 2 HWTEHE L /-1
W5,

e
KRz L.

3.18.10 exner_func_dry

WK SICB T2 7 AF—HEEET 5.

result=exner_func dry( P, [dl] )
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511
P <R> in KERDES] [Pal.
dl <I> in TNV T X T ay,
RYME  <R> inout FZIERSKODT I AF—RAEL [fERoT).
E&ER
T AF—FEf g DEFHEA -
p Rd/opd
mg=T <) (3.18.10)
Po
MERDD. TIT, polFT 7 AF—HBOERELRIETH D, Ry, Cpq lETNTH,
HZIRR SIS BT B SR EBM & EELLBTH 5,
8%

3.18.11 get_gamma d

HeE
HEIRR SR D W AR 2 IS T 5.
EM

result=get_gamma d( [d1] )
518

d1 <I> in TN TF TV av.
ROfE  <R> inout HZJRETEEE K/m).
EHEI
HE SR BN Ty 13 EHE Cpq EEITINEE g 2 FHIWT,

g
Iy=——"-.
Chpa

£
Koz L.

3.18.12 goff gratch

HEHE
Goff-Gratch DX HIRE % Tl ZHAVKALRIEZ5HE T 5.

(3.18.11)
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EY
result=goff gratch( T, [d1l] )
518
T <R> in REDIE [K].
d1 <I> in TN ITFA TV ay,
RO <R> inout KAOMRIKELE [Pal.
EHEIN

pow = a (t;f - 1.o> +blog, (?) +c (10.0?“(1-0—T/f5t) - 1.0) +d (10.0Pb(t8t/T—1-O> - 1.0) ,

es(T) = po x 1077, (3.18.12)
ZIT.

a = —7.90298, b=5.02808, c = —1.3816 x 1077, d = 8.1328 x 1073,

pa = 11.344, pb = —3.49149, tst = 373.15, py = 1.01325 x 10°

3.18.13 goff gratch_i

HEE
Goff-Gratch DA» HIRE % ST KR CRIFNKARIEZ5HRE T 5.
=Y
result=goff gratch i( T, [d1l] )
518
T <R> in REDE [K].
d1 <I> in TNy TH TV ay,
RUME <R> inout KEDENIKASHE [Pa)l.
EERN

tio tio T
pow = a <} - 1.0) + blogyg % +c <1.0 — 751‘0)

es(T) = po x 1077 (3.18.13)
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ZIT,
a=—9.09718, b = —3.56654, ¢ = 0.876793,
po = 611.73, t;o = 273.16.

3.18.14 hypsometric_form

BB
H2EEIZBITDKREOMIEERLITD . SEICHER % 5 2 WX EIELATE Z5HE T
BEMTES.
=X
result=hypsometric_form( p, z, T, [z_t], [dl] )
518
P <R> in HAEZFETOEN [Pa).
z <R> in FAEE L [m).
T <R> in HAEZETOIRE K.
zt <R> in HIEZ17 2 &E [m].
7 7 )V MEIX 0 m.
d1l <I> in S AV A
RYUME <R> inout =zt TORE [K].
E&ER
SHAEIC B 2 AR OSIRMES I =65 K/km & LT, @& 2 TOKE p(z)
iE. BRI, IREDDN > TWSEE 2 TOM p(2), T(2) 2 FAWT,
B T(z)+ Iz 9/(I'Rq)
p(zt) = p(2) <T(z)+FZt> (3.18.14)
MHRDD., T T, Ry lFHZERKRIIB T LM EHRTH D,
\&
KRz U
3.18.15 LH
BEBE

FAEHRY TOX (7?7) D OBBORERENE 2 ZR U ZBRAOEEZFET 5.
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£RX
result=LH( T, [d1l] )
5181
T <R> in KRERDIE [K].
dl <I> in TNV TFX T ay,
RYfE  <R> inout EE\ [J/K kg
E&HEN
LH(T) = LHy — 232(T — Ty), LHy = 2.5 x 10°. (3.18.15)
ZIT, Ty=27315K TH 2,
wE
iz L.

3.18.16 liquid_enthal

HeE
Emanuel (1994) QX0 SIRE & KYEDN SHKT Y ZIVE =257 T 5.
X
result=liquid_enthal( T, ql, [qol, [d1l] )
515
T <R> in REDIRE [K].
ql <R> in WKIEG T [kg/kg).
qo <R(:)> in WBOKEASDKYEIR G kg /kg).
a1 <I> in TN TATVav.
KOfE  <R> inout WKLV AILE— [J/kg].
EERN

WKTZY ANV =%k, TDL.
ky = (de + thpv)T — Lyry. (3.18.16)

Z 2T\ Cpds Cpuy Ly BENTNEIRR KD EELLE, KAKDELELS, BRTH
Do Tor,r BTNTNIE, BOKEAH. KYERASHLOBHTH 5,

(]

o KM DKYIERA I AT TV T I OBFIERICIE T, KELKIZDN
TH ZO5IBUTPET.
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3.18.17 moist_enthal

Hae
Emanuel (1994) O X HE L KYEN SEMET Y 2V E—2517 T 5.
=X
result=moist_enthal( T, qv, [qol, [d1] )
51%8
T <R> in RRDIE [K].
qv <R> in KRR A [kg/kg).
qo <R(:)> in IKEK[UASDKYEIR G [kg/kg).
d1 <I> in TNy TH T av,
RUME  <R> inout ¥HET V2 I)LE— [J/ke].
EERN

A R D A <k O T RN
k = (cpa + recy)T + Lyr. (3.18.17)

Z 2T\ cpa,rp Ly R ENTNEIFR[DEELE, KOWE, BATHY., T,r,m
FTNTNIE, KEKIREAL, KYEESLOBATH S,

e
o KK DKYEIRAHIE A7 T T IR ORI BRI,

3.18.18 MSE_Emanuel

HEE
Emanuel (1994) TEH I N TV 2 IEMFH T RV X —255H T 5.
EE
result=MSE Emanuel( T, qv, z, [qol, [d1l] )
518
T <R> in RADIE [K].
qv <R> in KAERIEA L kg/kg).
z <R> in = [m].
qo <R(:)> in KL DAY EIR A kg /kg].
d1 <I> in TN ITAXTVay.

RYfE  <R> inout MEIEEHKT AL F — [J/kg].
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EEX

h = (cpa +rec))T + Lyr 4+ (1 + 1) g2 (3.18.18)

MOERDD. TI Ty cpa,ry Ly ETNTNEIRK QD EELLEY, UKD, B
THY, T,r,r, g,z ZTNTNIE, KYEES O, KEKIEA, Em
HE, mEEET,

(]
o KLLMD KYEIRAIIET DA T TV T EITHIFFIERITKNT D Z &,

3.18.19 qvP 2.e

HEE
KEKBE L EEND O KEALREZFHET 5.
N
result=qvP 2 e( qv, P, [d1l] )
518
qv <R> in IKARTIR A [kg/kg)].
P <R> in RLADEE [Pa).
d1 <I> in TN TATVav.
RYUfE <R> inout JKZEKJE [Pa).
EERN
KELEZE e LT DL, "
Qv d
= = —. 3.18.19
e=P v fT R ( )
P, qu BETNTNES, KEKIRGHTH D,
e

3.18.20 qvT 2 Tv
HeE
RiREZ EZANSFHET 5.

o
result=qvT 2 Tv( qv, T, [d1] )
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E1E-
qv <R> in READIKAERIEA L [kg/kg].
T <R> in RERDIE [K].
dl <I> in TN T FH T ay,
RUfE <R> inout RIEE [K].
EEN
RiRE%E T, 292 &,
T, = rLE /e (3.18.20)
1+ qu
ZIZT, T,q, I TNTNRKDIEE, KEKQEELRTH D,
wE
Rz L
3.18.21 qvTP_2_RH
HaE
KEKBEG L ERE L ENN SHENEE 58T 5.
£
result=qvTP_2 RH( qv, T, P, [d1] )
C1E-
qv <R> in RERDIKFERIEA L kg/kg].
T R> in KO K.
P <R> in KR[DEE [Pal.
dl <I> in TNV TFX T ayv.
RYfE  <R> inout KEDHNIEE [%).
EER
SRR T TH 5.
qvP_2_e(qv,P) = /KZELJE e=eT 2 RH(e,T) = fHXIZE
EE
Rz L
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3.18.22 qv_2.sh

HeE
KSRGS IR 2 51 H T 5.

23
result=qv_2_sh( qv, [d1l] )

518K

qv <R> in KIBKIEA L [ke/kg].
d1 <I> in TN TATVav.
RYfE  <R> inout M [kg/kg].

EHER

g% sh & 32 L,
Q@
1.0+ 4q,

sh (3.18.21)

qo W FKFELRIEELTH B,

B%

KRR A O AR SURER 255 5.

result=Reff( qv, [d1] )

518

qv <R> in KFEIEAL [ke/kg].
dl <I> in TN TA T ayv.
FYME <R> inout ARIKMAKREE [J/K kgl
E&EN
G5 ERE R &35k,
14 qy/e

R =Rj———. 3.18.22
Tt (31822

ZZT. Ry, qu BTNTNHZIRERKQDOLRMEER, KEKIREALTH S,
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w&
Rz,

3.18.24 rhoP 2T

BEBE
WK K DREBAREADN S, BE L LT 5 A THEZES.
X
result=rhoP_2_T( rho, P, [dl] )
518
rho <R> in KEADEE kg/m?).
P <R> in KRDES] [Pal.
d1 <I> in TN ITF TV ay,
RYfE  <R> inout KEDIEE [K].
E&EN
RKEDRRE S FERX

p = pRT.

ZIZT pp, RTEENTNKREADIES ., B, WRRKDOKAER, KDILE

Thd, TRTOLEIT MKS Bfii R TUHXIND,

e
KRz L.

3.18.25 rhoT 2 P

VIR RADINEHEAN S, HELREZEX TREZED.

result=rhoT_2_P( rho, T, [dl] )

518K
rho <R> in KEADEE kg/m?).
T <R> in RRDIE [K].
a1 <I> in TN TATVav.

RYUfE <R> inout KEDXE [Pal.
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E&EN
REDIRFE /TR -
p = pRT.
ZZT. p,p, RTIFZENTNKRLADIES, BE, HIERKDOLEER, KAOEE
ThHd, TRXTOZEHIF MKS iR TIN5,

w&
Rz,

3.18.26 RHTP_2 qv

Bae
MRS & i & S 2 HKAEKIBA L2 GHH T 5.
=X
result=RHTP_2_qv( RH, T, P, [d1] )
518
RH <R> in KRL[DHENRE [%)].
T <R> in KREDIE [K].
P <R> in RLADEE [Pa).
d1 <I> in TN ITF TV ay,
RUME <R> inout KREDKEKJIEAL keg/kgl.
EERN
FHEEEIILI T TH B.
RHT_2_e (RH,T) = /KAKJE e=>eP_2_qv(e,P)= KAEKIEALL
e

Rz L.

3.18.27 RHT 2. e

R & RS S KR SKEZ 5 5.

result=RHT 2_e( RH, T, [dl] )
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518
RH <R> in KRRDMEN TR [%)].
T <R> in RERDIE [K].
d1 <I> in TNy TX TV av.
RUME <R> inout KEDKAEKIDHE [Pal.
EHEI

MRS RH & BIRUKARSE 0 KK e DEFEN :

RH = 63 x 100 (3.18.23)
ZICIZEE TS, 22T, MFKASEIXIRENS es Bolton #HWTERA L 7-ME
WD,
S
Rz L
3.18.28 sh_2 qv
Hae
IKFRS LI SRR K[IBEG G R 5.
=X
result=sh 2 qv( sh, [d1] )
5188
sh <R> in KIS [kg/kg].
d1 <I> in TNy TH T av,
RYOfE  <R> inout KEAKIEA kg/kel.
EERN
KELIRGIE ¢, £ T2 &,
sh
=10 (3.18.24)

sh IFKEL[HETH 5,

e
KRz L.
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3.18.29 tetens

tetens DEERAD SIRE 2 o IZBINIKRREZFET 5.

result=tetens( T, [dl] )

518K

T <R> in RKEDIEE [K].
dl <I> in TN T F T ayv,
RUfE <R> inout KREDEAMIKASE [Pa).

T—1, { a=75b=2377 (T >Tp) (3.18.25)

es(T) = eg x 10°T=To+b,
a=95,b=2655 (T <Tp)
ZIT, Ty =273.15 K, es(T) IXBRKALIETH D,

BE
Rz L.

3.18.30 thetaP 2T

AL, FEOPOIREZFRET 5.

result=thetaP_2_T( theta, P, [d1l] )

518

theta <R> in REDIAL [K].
P <R> in KRKDET] [Pal.
d1 <I> in TN ITA TV av.
ROUME <R> inout KEDIEE K.
EHEI
AL DEFHEN

P Rd/de
T=0 <p> (3.18.26)
0
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MERDD. ZIT, py RTI AF—BBOEELIETH S, Ry, Cpy RTHZH,
HIRREIT B B LEEBE EIEHETH B,

w&
Rz,

3.18.31 thetaT 2 P

BEBE
BAL, RENSKTEEZEHATD.
X
result=thetaT_2_P( theta, T, [dl] )
511
theta <R> in RERDTAL [K].
T <R> in REDIE [K].
dl <I> in TN TF T ay.
RYOME  <R> inout KSDHEN [Pal.
E&ER
MWALDE A :
T de/Rd
P =pg <9) (3.18.27)
MHERDD. ZIT, po 3T AF—BBOEERETH D, Ry, Cpa oy g ar N
HZIERSUZ BT D LR EB L EELLETH 5,
5%

Bz L.

3.18.32 theta_dry

Bae

IR RRIZB T 2N 2 5H T 5.
=X

result=theta dry( T, P, [d1l] )
5%
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T <R> in RERDIE [K].
P <R> in KREDES [Pa).
dl <I> in TN TF T ay,

RUME <R> inout HARKKDIREAL [K].

E&ER
BAIDEEN : o
B Po Ry/Cha
ba=T <P)
MHRDD. T T, po TV AF—BEORELIFETHD, Ry, Cpd IXENZT N,

FIRRRUTHB I D RURER L EELRTH D,

(3.18.28)

BE

A L PN SRR VA1 AL R

23

result=thetamoist( T, P, qv, [d1l] )

518

T <R> in REDiE [K].

P <R> in KREDET [Pal.

qv R in KEOKEKEAH ke/kel.
d1 <I> in TN TATVav.

RUME  <R> inout WHEKKOMEAL [K].

EFEN
BRI B T B IALOEHEA

Do\ Pow Ry 14 qy/e

= =_2 3.18.29
P> PO T T o X (Coo/Cr) ( )
MHRDB. T T, po ld T AF—BBOIRERIETH D, Ry, Cpa, Ry, Cpy 13T
NEN, FIERLITE T 2 5URER L EIELLEY, KRBT D[RR & F LB
Thd,

em:T(

B%E
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3.18.34 thetae_Bolton

HaE
Bolton (1980) DR & ISR % FH5HT 5.
=X
result=thetae Bolton( T, qv, pres, [dl] )
518
T <R> in REDIE [K].
qv <R> in READIKEJIEA L kg/kg).
pres <R> in READRIE [Pa).
d1 <I> in TNV ITFATVav,
RYOME  <R> inout HMMiRAL [K].
EHEI

MMM Z 0, &5 &,

a(1—bgqys)
0, =T (”’) exp {qu <C> (1+ dqu)}, a=0.2854, b=0.28, c = 3376, d = 0.81
TicL

p
(3.18.30)
Z 2T, T, po,p, TicL, Gus W& TNETNSIME. 1000 hPa, &JE. LCL IEE, MRS
tkth s,
e
Rz L

BEBE
Emanuel (1994) O X0 S HYRALZEHE T 5.
£
result=thetae Fmanuel( T, qv, pres, [qol, [d1] )
5%
T <R> in RADIE [K].
qv <R> in KAERIEA L kg/kg).
pres  <R> in READRIE [Pa).
qo <R(:)> in KL DAY EIR A kg /kg].
dl <I> in TNV TX T ay,

RUME <R> inout  AH4EAL [K].
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THR
WM % 0, 55 &,
6. =T (m)Rd“WW L]
Dd (cpa + )T
2T, T po, p IR Z TN, KESRAI. KBRS LOMRA, S
FEAI. FEJ1. KEHRECH B, F7. cpa, oo, 1y Ray Roy Ly 3T NENGIERRDTE
FELCEA, AGERRDE LIS, WOKD B, A RO RATE, KELD LT,
BT H D,

(]

(H)—er/(cpd+clrt) exp [ (3.18.31)

o IKZELLIMNNDKYEIRAIIE 7 TV T IR OEFERIZHET,

3.18.36 thetaes_Bolton

BéRE
Bolton (1980) DA & RAMIF L IRAL 2 5HE T 5.
£
result=thetaes Bolton( T, pres, [dl] )
51
T B i KKORE K]
pres <R> in KREDRIE [Pa).
dl <I> in TNV TFX T av.
RYOME  <R> inout ML [K].
E&ER

MRYIRALZ Oes &35 &,

a(1—bgqus)
0.s =T <p°> exp {qu (%) (1+ dqu)}, a=0.2854, b=0.28, ¢ = 3376, d = 0.81

p
(3.18.32)
ZZT, T,po,p, Qus W& TNTNSINE. 1000 hPa, &JE. fIFEALTH D,

B%

3.18.37 thetal Emanuel

Hpe
Emanuel (1994) O HBKIEM % FHH T 5.
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X
result=thetal Emanuel( T, ql, pres, [qo]l, [d1l] )

515
T <R> in READIRE [K].
ql <R> in WKIEA T [kg/kg).
pres  <R> in RERDKJE [Pal.
qo <R(:)> in WOKLMN DK PEIR A EE kg /kg).
dl <I> in TN TXTVay
RUME  <R> inout  JEKIEAL [K].
EHD

WK% 0, £ T2 &,

=r(3) ()
(3.18.33)
(=) el
= (it

Rd + TtR )
de + thpv

<de + Tthv) .

22T, T,r,re,po, p R TNTNILE, BUKEAH. KYEIERES ORI, FEHEET,
JENTHD, /2. cpd, pv, Ras R ﬂi%ﬂ’b%%%‘ﬁ;&ﬁ—u@ml—thm IKFRSDRE
PRE H2IR KR D AR E R, 7J<Z%‘s>‘<\0)in42|-<m§5(f%éo

(]

o TRKDADKYIEIREHIZ AT TV T IZHIOESERIZEST, /2. 22
KELRDREGHEEEND,

3.18.38 thetalv_Emanuel

Emanuel (1994) O Xh & AR % FHH T 5.

result=thetalv_Emanuel( T, ql, qv, pres, [qo]l, [dl] )

518
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T <R> in RRDIRE [K].

ql <R> in WOKIEE L [kg/kg].

qv <R> in IKFRSIEA L [kg/kg).

pres  <R> in READRIE [Pa).

qo <R(:)> in ql, qv BMSOKPIERE L ke/kg].
d1 <I> in TN TXTVay.

ROME  <R> inout  JEKARIRAL [K].

EERN
WBOKMIRAL % 0, &9 5 &

(3.18.34)

= (i)
7= Cpd + TtCpo .
ZZT, Ty, i, 7, p0, p WFTNTIURIREE, WKIEA L, KYEES O, Hik
JEH. EITHD, £720 cpa, cpw, Ray Ry ETNTHZIER LD E LB, KFEKD
FEFELLEN, FeIR KRR DSRMRER, KAEKDKBERTDH 5,

(]

o WAKLSMDKYEIRGHIEHT TV T ICHORFIEZIZEST, KEZIZOW
THZDF[HUTET .

3.18.39 thetaw_Emanuel

BB

Emanuel (1994) O X O {EERIEA % 5HH T 5.
£

result=thetaw Emanuel( T, qv, pres, [eps], [dl] )
51
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T <R> in RKLADIRE [K].

qv <R> in READIKFEJIEA L kg/kg].
pres  <R> in KD [Pal.

eps <R> in WS A R A

d1 <I> in TN TATVav.

RYUME  <R> inout EBRIEAL [K].
E&EN
(W B 4R AT % 0, WEBERIEALZ 6, & 95 &

3376
Ocp = Oy €xp [qu(l +0.81¢ys) (0 — 2.54)] (3.18.35)

EVOBBEMRH D, ZOANE MR D REEAET O, IZDWTRDD, 2T,
Qus \FEAFIE A TH V. 6,p I thetae Bolton Z HWTEET D,

e
o IHRHIEMH eps 1&T 7 AN N Tld 1.0e-6 TEHEAINS.

3.18.40 TP_2 _qvs

Hae
RRADME L REN SRS ZEE TS, 22 THW S BRUKASKEDFHRIE
es_Bolton (2L DX EZHVWTITHONDEIED LTS,
=R
result=TP_2 qvs( T, P, [d1l] )
518
T <R> in RERDIE [K].
P <R> in KKDET] [Pal.
a1 <I> in TN TF TV av.
KUfE <R> inout KEDEMIEELH keg/kg).
EERN
RRDFANEGIE s £ T2 L, TOEEND
_ P
Qus = —
pa

Thd, ZTIT. py, pg FTNTINKELRDEE LEHFRRDOELTH D, BHAS
ROREHEANS, TNTNOEEIR

_ €s _ DPd
Pu RUT7 Pd RdT
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Thd, ZIT. es,pg Ry, Ry, T 13T NTNEARIKIERKIE, 21 KKDDIE, K%
L[OKIRER, ZHERK[DOGEKER,. KRADBETHD, £oT,
Ra e

Ryp—es

b, 2T, WRRKODEIIKLGDEE p B SRNKERLGEEZ ALV
DTHZDT, EXIFKYTD, e, ITIREDADEBTH D720, KADIEEL 2
FEZ5 20 RSN EOLND ZWbhsb,

Qus = (31836)

e
KRz L.

3.18.41 TP_2 rho

Bre
HIRRKDREFERADNS, REL[QEEZ S ATEEZES.
=X
result=TP_2_rho( T, P, [d1] )
518
T <R> in RKLADIRE [K].
P <R> in KKDHET] [Pal.
d1 <I> in TN ITFA TV av,
ROfE <R> inout KEDEE [kg/m3].
EER
KRDIRRESLFER -
p = pRT.
ZIT. pp, RTIERETNTNKRKDES ., EE, HERKOTKER, K]OIRE
Thd, TRNTOEHIE MKS BARTUHIND,
e

3.18.42 Tq_2 Trho

HeE
& & AKYE» S BEIRE2EH T 5.
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=X
result=Tq 2 Trho( T, qv, [qol, [d1] )
518
T <R> in REDImE [K].
qv <R> in REDIKASRIEA L kg/kg).
qo <R(:)> in KRS DAY EIR G [kg/kg).
dl <I> in TN TH TV ay
RUME <R> inout ZERE K]
EERN
BEREZ T, 95L&,
1+7r/e
T,=T . 18.
3 T+, (3.18.37)
ZIT, T,r,r I ENTNRKDIRE, KESIRG L, KYEESLOBHMTH S,
(]
o KLLMD KYEIRA I 7 TV TR ORI ERIZHET,
3.18.43 TqvP_2_TLCL
HeE
Bolton (1980) ®X» 5 LCL mETOREZ2HET 5.
X
result=TqvP_2_TLCL( T, qv, pres, [dl] )
518
T <R> in RERDIE [K].
qv <R> in RKEDIKESKIEE . kg/kg].
pres  <R> in KREDRIE [Pa).
d1 <I> in TNV ITF T ay
RUfE <R> inout LCL TORE [K].
EHEI

LCL TO%IR% Tion, £ 52 L,

C

TicL = P R e— +55, a=3.5, b=4.805, ¢= 2840 (3.18.38)
ZIZT, eldKELKETHD,
e
Bz L.
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3.18.44 TqvP_2 thetae

HeE
RN 2 EHEAD SRR T .
23
result=TqvP_2 thetae( T, qv, pres, [dl] )
518K
T B> in REAOBEE K],
qv <R> in READKAERIEAEL [kg/kg).
pres <R> in RRADSE [Pal.
d1 <I> in TNV ITFTVay.
RYME  <R> inout HMMiRAL [K].
EERN

MY Z 0, &35 &,

(3.18.39)

L(T
06 _ 0d exp |: ( LCL)QU5:|

CpaTicL

Z 2T, 04, L, Cpg, Trcw, qus 1 ETNTNEMERSDIRAL, KFESQDIEE, FoIEE T L
#. LCL ihE, fHEAKTH S,

w&
Rz L.

3.18.45 TqvP_2_thetaes

PaE
BRI S IRA 2 R B AN OEIHET .
=X
result=TqvP_2_thetaes( T, pres, [dl] )
515
T <R> in RERDIE [K].
pres  <R> in REDSJE [Pal.
d1 <I> in TN ITF TV ay,

RUME <R> inout HMYEAL [K].
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EEN
BRI IRAL % 0,5 &2 &

(3.18.40)

L(T)qys
Oes = Bgexp [( )1 }

CpaT

ZZTC, 04,L,Cpa, T, qus 1ETNTNRZIER QDR KAKSKDIGE, TlEE B
B, fAAEALTH D,

w&
Rz L.

3.18.46 TqvP_2_thetav

Hae
RN % EZAN ST .
X
result=TqvP_2 thetav( T, qv, pres, [dl] )
518K
T <R> in REDE [K].
qv <R> in READIKELJIREA L kg/kg].
pres <R> in KREDRIE [Pa).
d1 <I> in TN TF TV av.
RYfE  <R> inout KIEAL [K].
EH
AL % 6, &35 &,
pO Rd/cpd
0, =T, (2 . (3.18.41)
p
ZZT, Tyypo, p FTNTHAOREE, B, RADEDTHY, T, 1E7?7 TRDS
N/-flzCIZEHET 5.
e

Rz L.

3.18.47 WSE_Emanuel

Hee
Emanuel (1994) TEZEIN TV HEAKFAT RV X —%23HHET 5.
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=R
result=WSE Emanuel( T, ql, z, [qol, [d1] )
518
T <R> in REDImE [K].
ql <R> in WKEAH [kg/kg).
z <R> in = [m].
qo <R(:)> in WOKLMN DK PEIR A EE kg /kg).
dl <I> in TN THTVay
RUfE  <R> inout  JKFHN T 3L F— [J/kg].
EER
hew = (cpa + ricpy)T — Lyry + (1 +14)g2 (3.18.42)

7b>6ﬂi&)é ZZ T\ Cpds Cpoy Ly FTENTNEIERRDE LB, KK D E I
/n {gﬁfdb U T T, 71,9, % ‘i%ﬂ%ﬂ/ﬂnfg 7J<%E/bbmﬂﬁ@ /b\*n {Tﬁzk?}:_:[lﬁébt\

Eﬁbﬂ@i‘% HEERT,
(]

o WKL DKYEIRGIZZ D A7 TV T RIS RIS 2 Z

72, WK R DT, KELKE Z D5 8IS,

3.19 Trajectory

WESDT =225 2T, i, WIHROFHRE21T 5 V—F V5K,

3.19.1 Backward Traject_2d

2 IRIGNRT MVGD T —ANEFH T T4V TR IRIERENT 217 5,

call Backward Traject_2d( dt, stime, step, ini_x, ini.y,

t, x, y, u, v, trajx, traj.y, FIF, [opt], [undef] )

518K

&, &
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dt <R> in AT B IR [s].
stime <R> in AL IE T DA [s].
step  <I> in SRS AT TR
inix  <R(:)> in AL E x [m].
ini.y  <R(size(ini x))> in FIFARLIE y [m].
<R(:)> in WG T — 2 DH D (#ih).
X <R(:)> in A TSR — PERE [m].
y <R(:)> in A TSR AR [m).
u <R(size(x),size(y),size(t))> in x JEODONZT MV (k).
<R(size(x),size(y),size(t))> in y FHEDNRT 8V ($ih).
traj x <R(step,size(ini x))> inout JREFKRD x A7EMERE [m).
traj.y <R(step,size(ini x))> inout JREFAROD v A7EERE [m].
FTF <L(size(ini_x))> inout FHEBESNEIE 7 5 U (#id).
opt <C(*x)> in R D A F— A (F25d).
T ANV NERIHAA T —AF— A,
undef R in BEISAMLER FH R E Sl (825R).

EEN
B2 6N HEELD T — X D5 t, D5 t, 2T n {EFFAE L, T ORI bEIXIE
—RRE TS, Z0LE, Bt 15 dt ATy T Tt BEIFRIREZHETL & &
ORRBAH??TH D, HELGT — X DBENELTIE, TOFEOEELT— & H
CREANF 21T > CHELBZFIR L TV, MEROERNIE. B (2,y) IV
T, 2WIERY NV w(x,y,t) WEHBINTEY, ZOHELIZRES THREIT L/~
TNV O x(z,y,t) %
ox(x,y,t) = v(z,y,t)dt

VS ROBEEAIZE>TEETLIEDTH D, FMMGIHHEEEZRY, HELGD R
MK TEH D720, N—LIVONE z(x,y,t) ERFEIOBEEE Z>T D Z &R
Db, U, HEGNEFE THNIE EHENRT MVIRRIZEKT LRV DT, /83—
YIVDFIERY MVERRICERET2 23885, ZOZ NG, EHRHE
BZHWT, i MIRIE—Hd 2 Z L b nd,

2202517 2 BB EBIOMNICBERIFILLTDOEE Y TH S,
ts : stime, dt : dt, nt : step, n : size(t),
ti : t(1)
"%
o ATV a Y opt IXIIMHREIEDBRICAT D R ORA AF — L& FEET DA

TvavTh), UFOERENHETH 5,
EUl §i /i 1 KEEDAA T —AF—A.
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HO1 &A1 YV AF—h (WBALT—AF—1).

ME1l BIEA A1 T —AF—A.

RK3 3RV - 7w AF—A.

RK4 4 VT - Iy A F—A.
INSEDAF—ADFHHIZOWTIE, k77208,

o HEILT—& u,v,w BE, KiZlT—4& t B0 S I AN SR T
ASRANAY

o MEMRA x, y CHREINDHEHBIMIBLEL 7256, TNUBDOR AT 712
DWCIEEIRZMET D, T U T, BEINAZRLNIMHY TS traj x, traj_y
DHEFZEIZ|F undef CEZINAEIVERIND, T 7 AN FFRETIE, 0.0 HHK
INBEDHIZRS>TWDB,

e size(ini x) % 2 ML EIZTIUEZEDEDHHUEIZ G U 72 REE G E I NS .

o FTF (IR EAFRAANTIRE I, SIS INZE IDHET F 7. true. M
MM - Z L %, . false. FEMEEBNICHEET D Z L %2/RT. .true.
MONTNBN—LIVZDWTI, TOH L ATy TN 0.0 © L <X
undef DENA-S>TW5S.

3.19.2 Backward_Traject_3d

Bee

3IRTENRY NIGEDT—Z NS4 7 54 THR IR 2175,
=X

call Backward Traject_3d( dt, stime, step, ini x, iniy, ini z,

t, X, y, z, u, v, w, traj-x, traj.y, traj-z, FTF, [opt], [undef] )
5%
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dt

stime
step
ini x
iniy

ini_z

N <

[

traj_x
traj_y
traj_z
FTF
opt

undef

EER

<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))>

<L(size(ini_x))>
<C(*x)>

in
n
in
in
n
in
in
n
in
in
n
in
in
inout
inout
inout
inout

n

n

A9 2 I[P [s).
PR IE T DA [s].
RIS AT TR
FIANLE x [m].
HIAALE y [ml].
FIHIALIE 2 [m).
HEL T — 2 Db DR (k).
A TR — FEEE [m).

A TR R [m).
HFRE ZERE [m).

x AMDNT SV (k).

P

v DAY L (3R).

P4

VARG )

<

TREFFRD x 7B AR [m)].
TIERD y A7 EFERE [m).
TREFERD 7 {78 PERE [m].
FHRAEIRANEIE 7 Z 7 (k).
IR 0 D A — A (k).
T 7 AN NIHTHAA T —AF— A
BRI F R E 224l (F238R).

=

525N HEEGOT—2ANL ¢, 5 t, TTO nlFEFEL. ORI IZIE
—RRE TS, ZOLE, BHt, 1D dt AT T Tt BEITRIREZHETL L&
ORRBAK??TH D, HELT — X DBV TIX, TOFIEOEELT— & H
LB AN 27> CHEEL 2R L T2, HEoERRIE, FEE (2,y,2) 128
WT, 3IRIENRY M w(x,y,2,t) PEBINTH Y, ZOHELIZE -S> THEITS
IN—=X VO x(x,y,2,t) &

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

VS ROBEBA Lo THETLIEDTH D, WMETHE L EZRY, HWELGH IR
MOBEKTEH D720, N—LIVONE z(x,y, 2, t) EREIOEK L Z>Tnd 2 &
Nz, &L, BEGNEFH THIUX, HENRY NVIKRERIHKRE L RO T,
=R IVDAENRYZ MIVERRIHEGFET 2 Z 23885, ZDZehb, EHE
HEZIZENT, AL ML —T 5 2 L2 5b,

72025 1T 2 /AL GIBDNIGERIFEA R D LB TH D,

ts : stime, dt : dt,

: step,

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

(]

o 7Y a Y opt IFTREMREI B OBRIZIT D KEED OO AFT — L2 RET 24

TavThY), UFROZRENTHETH D,

EU1 §i/5 1 IREEDOA A T —AF—A.

HO1 K1 VAF—L (HEAA1T—AF—L4).
ME1 [EIEFA A T —AF—A.

RK3 3RV - 729w AF—A.

RK4 4 (VT - 7w RF—A.
INHDAF—ADFZONVTIX, k2721,

o HELT—X u,v,u BXY, KT — & ¢ IZRZWH SIZ AN SR T UL
RO,

o MR x, v, z CIREINDHEBIMNIEGEL 256, TNLABORM AT v
TIZDOWTIHFHEEZRET D, TUT, BMEINAZRLTHYT S traj x,
traj_y, trajz DEFHEIZIE undef TEZRINMENEIND, 77 4 Mk
FETIE, 0.0 WERIND LDIZAR->TWVWD,

o size(ini x) % 2 PL BTG AUXETDKDOYIAM L U 72 IRBHEGHRE I 5 .

o FTF |IFiEAKRAEATIG I, FHEMFIMMCHINAZ L SOHE T 5 Y. true. W
BN Z 8 %, (false. IFEMAMEBANICHFET S I L 2/RT. true.
MONTWVBN—L VI DT, TOH LI AT TN 0.0 © L <X
undef ODENRA>TWD.

3.19.3 Forward_Traject_2d

Bee
2 RIENY NIVGD T —Z D577 T A VTR G IR %2175,

=X
call Forward Traject 2d( dt, stime, step, ini x, iniy, t, x, y, u, Vv,
traj._x, traj.y, FTF, [opt], [udef] )

518
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dt <R> in AT B IR [s].
stime <R> in AL IE T DA [s].
step  <I> in SRS AT TR
inix  <R(:)> in AL E x [m].
ini.y  <R(size(ini x))> in FIFARLIE y [m].
<R(:)> in WG T — 2 DH D (#ih).
X <R(:)> in A TSR — PERE [m].
y <R(:)> in A TSR AR [m).
u <R(size(x),size(y),size(t))> in x JEODONZT MV (k).
<R(size(x),size(y),size(t))> in y FHEDNRT 8V ($ih).
traj.x <R(step,size(ini x))> inout JREFKRD x A7EMERE [m).
traj.y <R(step,size(ini x))> inout JREFAROD v A7EERE [m].
FTF <L(size(ini_x))> inout FHEBESNEIE 7 5 U (#id).
opt <C(*x)> in R D A F— A (F25d).
T ANV NERIHAA T —AF— A,
undef R in BEISAMLER FH R E Sl (825R).

EEN
B2 6N HEELD T — X D5 t, D5 t, 2T n {EFFAE L, T ORI bEIXIE
—RRE TS, Z0LE, Bt 15 dt ATy T Tt BEIFRIREZHETL & &
ORRBAH??TH D, HELGT — X DBENELTIE, TOFEOEELT— & H
CREANF 21T > CHELBZFIR L TV, MEROERNIE. B (2,y) IV
T, 2WIERY NV w(x,y,t) WEHBINTEY, ZOHELIZRES THREIT L/~
TNV O x(z,y,t) %
ox(x,y,t) = v(z,y,t)dt

VS ROBEEAIZE>TEETLIEDTH D, FMMGIHHEEEZRY, HELGD R
MK TEH D720, N—LIVONE z(x,y,t) ERFEIOBEEE Z>T D Z &R
Db, U, HEGNEFE THNIE EHENRT MVIRRIZEKT LRV DT, /83—
YIVDFIERY MVERRICERET2 23885, ZOZ NG, EHRHE
BZHWT, i MIRIE—Hd 2 Z L b nd,

2202517 2 BB EBIOMNICBERIFILLTDOEE Y TH S,
ts : stime, dt : dt, nt : step, n : size(t),
ti : t(1)
"%
o ATV a Y opt IXIIMHREIEDBRICAT D R ORA AF — L& FEET DA

TvavTh), UFOERENHETH 5,
EUl §i /i 1 KEEDAA T —AF—A.
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HO1 K1 VAF—L (HEAA1 T —AF—L4).

ME1 BIEAA 7 —AF—A.

RK3 3RV - v AF—A.

RK4 4 VT - Iy A F—A.
INSEDAF—ADFEMIZOWTIE, (k7?72 1,

TR x, v CTIRE I ND SN EEL 7256, THLABOREA Ty 7
DWCIEEIRZMET D, T U T, BEEINAZRZIIAHY TS traj x, traj.y
DFEFZIZIF undef TEBEINMEMIEIND, T 74N MEETIL, 0.0 HHK
XINBEDITHR-TWDB,

size(ini x) % 2 PA B2 T UEZDEDOWIHEIZ IS U - RO G E I 5.
FTF |ZIR MR RIS, BHREMEAM IR I N SDHE T T Y. true. B
AN -2 & %, false. IFEIBEMHEBNICHFAET S I L 2mRT. true.
MONTNBN—=LIIZDWTIX, TDOH L ATy TN 0.0 © L < I
undef DEN A -S> TW5.

3.19.4 Forward Traject_3d

5

3IRIGNRY MVEGD T —ANSFH T T4 VTl iR 2475,

N

call Forward Traject_3d( dt, stime, step, ini_ x, ini_y, ini_z,

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

518K
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dt

stime
step
ini x
iniy

ini_z

N <

[

traj_x
traj_y
traj_z
FTF
opt

undef

EER

<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))>

<L(size(ini_x))>
<C(*x)>

in
n
in
in
n
in
in
n
in
in
n
in
in
inout
inout
inout
inout

n

n

A9 2 I[P [s).
PR IE T DA [s].
RIS AT TR
FIANLE x [m].
HIAALE y [ml].
FIHIALIE 2 [m).
HEL T — 2 Db DR (k).
A TR — FEEE [m).

A TR R [m).
HFRE ZERE [m).

x AMDNT SV (k).

P

v DAY L (3R).

P4

VARG )

<

TREFFRD x 7B AR [m)].
TIERD y A7 EFERE [m).
TREFERD 7 {78 PERE [m].
FHRAEIRANEIE 7 Z 7 (k).
IR 0 D A — A (k).
T 7 AN NIHTHAA T —AF— A
BRI F R E 224l (F238R).

=

525N HEEGOT—2ANL ¢, 5 t, TTO nlFEFEL. ORI IZIE
—RRE TS, ZOLE, BHt, 1D dt AT T Tt BEITRIREZHETL L&
ORRBAK??TH D, HELT — X DBV TIX, TOFIEOEELT— & H
LB AN 27> CHEEL 2R L T2, HEoERRIE, FEE (2,y,2) 128
WT, 3IRIENRY M w(x,y,2,t) PEBINTH Y, ZOHELIZE -S> THEITS
IN—=X VO x(x,y,2,t) &

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

VS ROBEBA Lo THETLIEDTH D, WMETHE L EZRY, HWELGH IR
MOBEKTEH D720, N—LIVONE z(x,y, 2, t) EREIOEK L Z>Tnd 2 &
Nz, &L, BEGNEFH THIUX, HENRY NVIKRERIHKRE L RO T,
=R IVDAENRYZ MIVERRIHEGFET 2 Z 23885, ZDZehb, EHE
HEZIZENT, AL ML —T 5 2 L2 5b,

72025 1T 2 /AL GIBDNIGERIFEA R D LB TH D,

ts : stime, dt : dt,

: step,

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

(]

o 7Y 3V opt IZIMHHREI R OIS KBS OO AF— L2 EET D4

TavTHY, UFRORENTRETH D,

EUL #if 1 IRKEDA A 7 —AF —A.

HO1 FAVAF—L (BBAAT T —AF—L1).
ME1 [EIEFA A T —AF—A.

RK3 3V - 7w REF—A.

RK4 4 {RVVIT - 7w A F—A.
INHDAF—LADFEMIZ DOV TIX, AHR??721E,

o JiHMEN x, v, z CHREINDHIBIMIZEL 256, TNUBEORREA T Y
TIZOWTIEEZRET D, TUT, WEINAZBLIHYT D traj x,
traj_y, traj z OHEHEIZIE undef TEHEINZMEMNE I NS, T 74 Mk
FETIE, 0.0 WEIND LDIZER->TWD,

e size(ini_x) % 2 PAEIZTIIZEDZDHIAMIZIIIS U 2 IREKEDET R I NS .

o FTF |XIREMRAENT IS, SHESISIMN IR INAZ L SDOHET T 7. true. M
AN - Z L % . false. FEMASFEBNICHEET S I L Z/RT. .true.
MONTNBN—=LIIZDWTIX, TDOH L ATy TN 0.0 © L < I
undef DENAS>TWN5.

3.19.5 Stream _Line_2d

2 TN IV DT — A PO E T 5,

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

518K
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dt <R> in GRS S IRFFETIEIRA [s].

step <I> in FHEEITD ATy TR

ini x <R> in FIIALIE x [m].

iniy  <R> in AN E y [m].

x <R(:)> in A TR —JERE [m).

y <R(:)> in G F R ZJERE [m].

u <R(size(x),size(y))> in x FEDORT N,

v <R(size(x),size(y))> in y FEDNRT N,

traj x <R(step)> inout JEARD x A7EMERE [m).

traj_y <R(step)> inout JFEARD y ALE MR [m].

FTF <L> inout FHEMEEANVHIE T T U (k).

opt <C(*%)> in R D A — A (Had).
T AN NERAAA T —AF— 4.

undef R in FEISAMLE R E F6fH (£25R).

EER
FARDEHZRIE, BB (2,y) IZBWT, 2 KIEARY M v(z,y) NEZEINTE Y,
ZOBELIIFT S THET /- IVOH z (v, y) %

oz (z,y) = v(z,y)dt
WS RDOBMERDIC L > CEHETIZEDTH S,
=3

o 7Y 3V opt ARG EDBRIZIT S KD OO AF— L% BETDI AT

TavTh), AFOBRENAGETH B,

EUL §i 5 1 IRFEDA A 7 —AF—LA.

HO1 F+1 VAF—LA (HEA A T—AF—L1).
ME1 BIEAA 7 —AF—A.

RK3 3RV - v AF—A.

RK4 4 ROV - 7y AF—A.
INSEDAF—ADFEMIZONTIX. (87751,

o AR x, y CTHEINDMHEHIMENEL 7254, THLEDOR AT Y 72
DWTIHEBEZRET S, T UT, MEINAZFLNIHEY TS traj x, trajy
DHEFEIZIF undef TEBINHEIE I NS, T 74N MERETIE. 0.0 DK
INDELDIZHR-oTWD,

o FTF IXFREAFRARMT I I, SHRMISAMIHINZE SOHET F 7. true. D
BN 22 L %, false. IFFIBEMHEBNICHFET D Z L E2/RT. .true.
MONTND/N—=LINIDWTIX, ZTOHZRLA Ty TR 0.0 £ U <&
undef DMEMNASTWNS.
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3.19.6 Stream _Line_3d

HaE
3 RTLNT MIVEDT =AM HRE T 5.
=X
call Stream Line 3d( dt, step, ini x, ini_y, ini_z,
X, y, 2z, u, v, w, traj x, traj.y, traj.z, FTF, [opt], [udef] )
518
dt <R> in FHALS % IRFFETHIRA [s].
step <I> in FHEEITD ATy TR
ini x <R> in FIALIE x [m].
iniy <R> in FIALIE y [m].
ini_z  <R> in HIFAGLIE 2 [m).
x <R(:)> in HFRE— Fﬁxm
y <R(:)> in A TR T HERE [m).
z <R(:)> in GFERE= fﬁ@ [m)].
u <R(size(x),size(y), in x JAIDNRT MV ($&ik).
size(z))>
v <R(size(x),size(y), in y AEIDNT NV (k).
size(z))>
W <R(size(x),size(y), in z ORI NV (k).
size(z))>
traj x <R(step)> inout FARD x ALE ML [m].
traj_y <R(step)> inout JEARD y ALEHEAE [m].
traj z <R(step)> inout FEARD 7z ALEEEEE [m)].
FTF <L> inout FHAEMEBANEIE 7 T U (k).
opt <C(*)> in IR D A F — L (183d).
T7jwbiwﬁﬁ49 AF—L.
undef R in PEIAMLIR R E Bl ().
EER
TARDEFRNIE, AR (v,y,2) IZBWT, 3IKIEANY Ml o(z,y,2) DERINTES
D, ZOHEGIZES TEENT 23— IVO#f z(z,y, 2) %
ox(x,y,z) =v(x,y,2)0t
VS RADBUEMR A IZE > TEHETEIEDTH D,
"%
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o 7Y 3V opt IZIHAREHEDOBUAT O KD OMD A X — L% fHET DA T

YarvThy, LTFTORENTIHETH S,

EUL 15 1 IXBBEDOAF A 7 —AF—A.

HO1 RV AF—L (BBAAT T —AF—L).
ME1 BIEA A 7 —AF—A.

RK3 3RV - 7w RF—A.

RK4 4 RV - 7w RF—A.
INEDAF—ADFMIZDONTIK, (K772,

o ik x, v, z CHEINDIHEBMIELZL 256, THUBEDORFA T Y
TWZOWTIKFHEERET D, LT, MEINAZRLIHYT S traj x,
trajy, traj z DEFHEIZIE undef TEBRBINZMENEIND, 77 4 Mk
ETIE, 0.0 WRIND LD IR ->TWVWD,

o FTF [ EAKRARATIG (Z, FHAEMIEAMNIMINAZ L SDOHE T T Y. true. W
AN -2 & %, false. IFEIBEMHEBNICHAET S I L 2/mRT. true.
MONTNBN—=LIIZDWTI, TOH L ATy TN 0.0 © L < I
undef DEN A>TV,

3.20 typhoon_analy

BEMBFHD AR Y VIV —F V. T2, TN NEERIZE TS T — X % M6 i
RACEHL . BRSO 2175 DDELIK,

3.20.1 grad_wind pres

M R 8 & W - T SUE S 2 3R %

call grad wind pres( r, coril, v, rho, r._ref, p_ref, pres )

518
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r <R(:)> in BPEPERRE [m].
coril <R(size(r))> in AV AYINTA—=4 [1/8].
v <R(size(r))> in FIXFRI [m/s).
rho <R> in Yo VT v TDEE kg/md).
r ref <R> in R E R DAL E AR [m).
p-ref <R> in r.ref COR/E [Pa).
pres <R(size(r))> inout “FEiHDKE [Pal.
EHE
UL Y- ,
- 12
por

Zimi7zz g kDI, %Ei%0)7kﬂﬁﬁj\¥ﬁ%§+ﬁ'é‘éo Z T, Vo ISHIFRE, p (3R
FE. pI3RUE, r, 2 (3EIEE, SREHERE. fIXTVAVNT A= THD, MR
DANDS, XS FREZ ST r JHFI AR

L am=]
Tref To

2115, ZOXZFIHERTD &,

V’g?
o + ng dr

‘/;]2
TJerg dr

r
p(?") = Pref Jr/ P

Tref
LRDBDT, GAXONIHINFREN S & LERIZB T 2KEDMHENRD SND,

B%
BU.

3.20.2 hydro_grad_eqb

FéRE
Y VT v T L EIRERGE D S - RS OFH R 2 4TS

=X
call hydro_grad_eqb( r, z, coril, v, pres_s, rho.s, pres, rho, &
lerror], [d1] )

51
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r <R(:)> in BPEPERRE [m].
z <R(:)> in SRIEPEAS [m].
coril  <R(size(r),size(z))> in aAYAVINT A=K [1/s].
v <R(size(r),size(z))> in iR [m/s].
pres.s <R(size(z))> in Y VT o v TDRE [Pal.
rho.s  <R(size(z))> in Yo VT v TDEE kg/mi).
pres <R(size(r),size(z))> inout EEDSTE [Pa).
rho <R(size(r),size(z))> inout ‘EH#iHDEE [kg/m?].
error <R> in 12V — 3 VOPREAM:.
T 7 AN E =107°,
d1 <I> in TN TATav.
EHE
BEEIZHWT, @ 5
w__,
BEU, (HRE R V2
g 10p
FREACT s

272 LD, 1 IRTCDY I VT4 VI T —RMNORES. BELONERME %
BIET D, ZIZT. Vo IREIDIFRER, p IZRKQEE, p I 35QUE. r, 2 (SEIRE. SRIEJEEE,
fIEIVAVNRIA=ZTHD, ZNODOMEIRD SN, BHAKARDORES
BANS, BEGEBERIIEONDS, F£/2. INODOFEARENEEL TS &
5T Xid, R O A © RIS ) 3D 2 e b s, IBIED TS
EIE, REEZHWZPORICESBIETH S, U NIZTORNEZ RS, HITIEE
B, [EGESEEICDWTAKE—RRIZGEZATHEL, £/, BIEZ1T 5 BROHERER
RBIIAGESIEDO LI 6087 r(nr), nr=size(r) D& T 5,

L. MR DX S, BNFREZ 7T r ST BUER D

2
_9
T +f‘/g

T 8p /'r V
—dr = p
[0 37" 70

2179, ZTITC, rg B ETERELUAHREEOAZKTHD, ZOXREZFHET

dr

p(r) = p(ro) + /Tp dr

T0

9
L1V,

LRBDT, 52 5ABFFRED 5 &EED PRI B 2 QIEDHEARD
%Méo

2. 35 NEGIE p(r,2) DR FANT, SEE, £LRICB D 5 HEE BT
DBFD BT 5.

O S R D T R D BRI Emanuel (1986) % % S,
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DI, 2R LT, 1 ATY TR DZ{LEN error AR R OKEZKTT
5EDITREL TS,

(]
L.

3.20.3 tangent_mean _anom scal

EREDAN T —&%E T )V NEERD S MR EERICER L, B A RIS U 7~
TRV RGBT S,

call tangent mean anom scal( x, y, xc, yc, u, r, theta, v, &
[undef], [undefg]l, [undefgcl, &
[stdopt], [axis] )

5%
<R(:)> in TR — R
<R(:)> in AT RE R
Xc <R> in x R C OB A (k).
yc <R> in y R T O ME B R ().
u <R(size(x),size(y))> in HFERTOT /XD %
EBDANT —.
r <R(:)> in P 1 JRE A R D Bl 128 R AL
theta <R(:)> in PO 17 AR D B AR [rad].
v <R(size(r),size(theta))> inout 7 ./ <V D1H.
[undef] <R> in RSP Re AN Ol (k)
[undefg]  <R> in PERRE YN C OO RAEAH.
[undefgc] <C(3)> in undefg MVE%E
INze TN (id) .
stdopt <L> in TI—h7 o7 (k) .
T 7 A Mi& .false.
axis <C(2)> in JERER (k) .
EHEN

2 IRGET AV NEEER (2,y) ([CBIF D5 (20, ye) ZIRRE T D MEEER (r,0) 12
ANT—T—REEMU, 0 FAIEELT D, BIEROZE ?ﬁi%}(ﬁﬁ/mﬁ%ﬁio
TN KR (z,y;) CEBINZHD AN T —& v, ; % FREEER (ry,, 0,) CTER
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XNB AN T — 8 vy BT BRI

U:,-l,j - ZiJ («Tm _ «Tz) + u;j-i-l — Zivj(
+1 — L +1 — Y5
(T — 27) (Yn — yj)
Ti41 — !Ei)(yjﬂ - yj)

U = Wij + Yn — Yj)

(Wit 1,541 = Wiyl — Wit1,j + Ui ) (
THd10, Zor X, BB TONEZT S,
Tt X, Y LY, Uj U, Unp -V,
Ym . ¥, 0O, : theta

(]

o FEFERDOMEEXILX 3.1 1.

o BRBRMNHRHPFIMIAFIEL TWDHE, 7 7 A4 )V b TIEEHEL 11T Warning
AW —=INHEIIINED, stdopt & .true. [TEELTEITIE, HHLARW.

o A7 3 VI undef IXEER YT REERRAMAEAET D BRI EDRLFIC
RAINDRKEZBMETHD. 2T, BRI RE LR & 1E, PR AR TR
SEYG AT D ERRD KM r(size(r)) DI ETHD. £ U, ZOFXENEHEME
B x,y OIMIH GG, 1ZAB LU TS ESIETEENT IR, ZOFAHRL
WA D, SEYEWAT Z 78 OFEIBIZ DWW T undef [HEAE I NS LD IZBR->TWD.,

£ L, undef BZEINTVAEVWESIITORRAINTRING.

o 7Y 3 VIS undefgc IFHEAREAFEIRNIZ BT, KIAMHE undefg H°

—:-}'ln—'—»_‘)g

A B &

NTWDEHE, EDOLDITEH 2T 0EHETD. ZDOA TV 3 Uik undefg
DEE I N TR T IUZEEEE L 2\, undefg IZEERRFIEIBNIZEWNT, T4
VSRR TRIBIEDFAET D356, 7 77V NI S HREINONFFOBRIZ 7 /7)1
N RDOZ MR undefg THAUXMERDONIF UL undefg DIENANSEND.

ZORIUZENT, undefge DFEIE

inc BRI E1T OB, MERAF RO —HIZ undefg B E I N TV, T
D L CTOMEIZEIEAE AN, BRIEDA > TN D DA T
2110, ZHUCHIG LT, N RAREBOGEIXT /v ) ERIBERD.

err AP ZAIT OB, FIBRNIR RO —HIZ undefg MFE I NTOIUE,
YAfIE undefg &8 5. 7/ X VERHEIZBWTI, ZO¥HEESRT D

T/ RVEAFEROTRTTRIBLERD.

undefg MFHE XN TH Y, undefge VHEEINTWAWT 7 A4V KTl inc

L UTCERING.

o FIE axis IFEIERMEL LR EEIRT S, BHATOT—Z 1T ) K~
JERERTH BB 5, axis="xy’ LHET L. KAMERFEEERTHDLEH,
axis=’11’ YEETS. T 7 AN DN TR T I MNEERABEEINT NS,

10 pRITITBH,
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3.20.4 tangent_mean _anom scal Cart

HaE
EREDAN T —BEERATIEYIUZT /) — %238, TV NEERIZET .
=X
call tangent mean anom scal( x, y, xc, yc, scal, r, theta, scal_anom,
[undef], [undefgl, [undefgcl, [stdopt] )
518
<R(:)> in T AV — AL
<R(:)> in T 710V 5 R
xc <R> in T 7V Nz RTOMRE R A (Bk).
yc <R> in T AN y R TOMRE AR A (k).
scal <R(size(x),size(y))> in THIVRRTOT )XV %
EBDANT—.
r <R(:)> in P ] JRE A SR D ) 128 A AL
theta <R(:)> in P A7 R AR R D HERBERR [rad).
scal anom <R(size(x),size(y))> inout TAINKRTDT /<Y DA,
[undef] <R> in Bl ge P A OfE (1) .
[undefg]  <R> in PEHEIN T O RIETH.
[undefgc] <C(3)> in undefg MV%E
INE TOMM (k) .
stdopt <L> in To5—-Hh777 (k) .
77 A M .false.
EER
tangent mean_scal Taf% U ZERCEMEEZ VT, STDOT AV MR TOMED T /
SV ZEHET D, TV NEBEREARD S TO M E AR T S DR % I, T D
L OD T 2 Vi C D EEAR SIS 2 NIRLEL L ) £ DN %2 2 DT 1)V N ERER T
DEREEE 9 5.
e

o BRBRMNERHPIMAFIEL TWDHE, 7 7 A4V N TIEEHEL 1T Warning
A —=UNRHIIINDD, stdopt & .true. [IHELTHITIE, I LARW.

o AT 3 VI undef IFHEAREII A RELRAMNAFAET D AR B DL IC
RAINDGRERETHS. T I T, HEHCFITREERE LXK, FIfEEEER THAR
SEYA % AT O FEROTKM r(size(r)) DI THD. & U, ZO¥ENGHEME
B ox,y OAMIHZGE, IZAH U TOESIEEENTEI RN, Zoldst L
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WD, SEYEWAT Z R OFEBIZ DWW T undef HEAEI NS LD IZBR->TWVWS.
H U, undef BEEINTVAWVGEEFITYORRAINTEIND.

o 7Y 3 VIS undefgc IFHEAREAFEIRNIZE VT, KIAMHE undefg AELE X
NTWDEE, EDOLDITEH 2T 0EHETD. ZOA TV 3 ik undefg
ML I N TR T IUEHEEE U R\, undefg ISR EEBINIZBWT, 77
VN ERESR TRIBIEDFAET D356, 7 77V NI S HREINONFFEOBRIZ 7 /7)1
N RO S A undefg THAUXMFERDONIF UL undefg DENANSEND.
ZORIMIZE T, undefge DfHIE
inc #AREEZITOBE, MR RO undefg WREEI N TV, £

D T OMEIFTEIFEAEIZ AN, BREDA 2 TV D DA T
2170, THUCHISE LT, R REBOGEIET /) ) EREBERD.
err HEAROEE (T O BR, MIERNIR SO —HIC undefg MRE I N TV IUL, F
YIfIE undefg 8%, 7/ X VEREIZBWTI, ZOVEE ST D
T/ VEEROINTTRIBE RS,
undefg MHE X NTE Y, undefge WHEEINTWRWT 7 4 )L M Tl inc
L UTCERING.

3.20.5 tangent_mean_anom._vec

Fe
TV NERERTEZRINATED 2 IRIERY NV E T 7)1 N FERER D O [ & A
RICEHBL, B ARIEH L, TOT7 /)3 Ve b, 20X, Hil7 5 7% H0
52 8T, WA & BRI I HITES.

=R
call tangent mean anom vec( charc, x, y, xc, yc, ul, u2, r, theta, v,
[undef], [undefg]l, [undefgcl, [stdopt] )

518
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charc <C(6)> in BeAR o BN 4 D
EH G T B 0.

"scalar” = BEhEEANAI IR
"vector” = AR IRFET KA.

<R(:)> in T AV N A,
<R(:)> in T IV SRR
xc <R> in TV N 2 R TOMREFEER A (
yc <R> in TV N y RO MBS R (i
ul <R(size(x),size(y))> in THAIVKRTOFEITLHRT M.
x k7.
u2 <R(size(x),size(y))> in THIVERTDETERT M,
%
T <R(:)> in P {50 PR A R OD Bl 28 AL
theta <R(:)> in FH i8] R ASE R D HERRPEAR [rad).
v <R(size(r),size(theta))> inout 7./ <V DfH.
[undef] <R> in RO TR AN Ol (2ad)
[undefg]  <R> in PERRT AN T D RIELH.
[undefgc] <C(3)> in undefg MVE%E

TNz SO (R) .
stdopt <L> in TI—Hh7I 7 (k) .

T 7 AN M .false.

EERN

BE

75 X tangent mean_scal X IF LAY HU. T 7 T 2 charc TT AV K
BN MIVEMBERANT NUVZEBL, D567 7 TR DAEANT—L LT
FHETNE, EOMBENERINS, ZI T, FEOTHIVRRIZBIIZRY MLz
u = (u,uz) & U, HEEERDOMENRZ MLz r=re. £35, ZIT, e, dH)
BHEAAEDTEENRY MV THD, ZDLE, ZORBENRY NVIET AV RS
RCRET DL, r=(r,y) TRETETDDT, 7 MNEERFELONREIX

r-u=|r||u

VWO EERBTZILIZRD, TIT, u, lZT IV IR TONRY MVOEIREKS
THhd, £oT, ThEHHCHNITEREAHNNIONRY NURELNE Z LI
B3, BERARORSE ZNEFEEDE X T, MENT NLET AV RRRT K
VOB S KIREHEN Y % 1E &4 2 P& R DR S 2 il T 2 L N TE 5,
2 IRIET 1V NEEKEZR (2, y) 12812 8 (e, ye) ZIHAE T 2 MREREER (r,0) 12,
ANT—T—REEMU, 0 AT 5, BEEROZEBIIMIEANRZ1T,
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o BRI EREFIMNAGFEL TWDGE, 7 7 4V b TR H J71Z Warning

AW —=UNHIINDD, stdopt & .true. (ZERELTEIHE, HHLRW.

7 7Y 3 VI undef (FHERE AT REERIMIAFAE T D AR L B D RELHIC
RAINDRERMETDHD. T I T, BT REERE L L, & EEELR THEM
Y% AT O B REOI KM r(size(r)) DI L ThHD. & U, ZOFENGEE
B ox,y OAMIHZGE, IZAH U TO ST EENTEI RN, ZoikAH L
853D, ST Z R NEIBIZ DWW T undef AR IND LS IZBSOTNS.
£ U, undef DR EINTVAVWEARIFZETONRAINTERINSD.
7 7Y 2 VB undefge IFHEFHEEMHEBANIZH N T, KIBME undefg MRE X
NTWEHE, EDOXDITEETONEYUET D, ZOA TV 3 Vi undefg
DERE XN TWRITIUTEEEE L 2\, undefg IZEHRTITRIENICHENT, T4
VSRR TRIBIEDFAES 2356, 7 77V N S HEINOHNFFOBRIZ T /7)1
N RO SIS undefg THIUIMFRDONHF AL undefg DIENANSND.
ZDRPIZHE T, undefge DfEIE
inc BRI % 1T OB, MESRNIF RO —EBIZ undefg AEE I NTWHIUK, T
D wLTOMEIFEIFEAE I AT, BEDA 2 TV 2 1D A THEIAE
2475, THUTHIE U T, AR RIBOGEIET /) S RIBERD.
err AR Z1TOBE, MIERNIT RO —EIZ undefg MRE I N TV AUK, F
YIfI3 undefg &4 5. 7/ VVEIRIZEWTI, ZOEEEESRT S
T/ RVHAERDOINTTRIBLERD.
undefg MFHE I NTH Y, undefge VHEEINTWAWT 7 A4V KTl inc
LUTERING.

3.20.6 tangent mean scal

Bee
EEDANT — &% T 7))V RN O M A ERER ICER L, B AT 5.
=R
call tangent mean scal( x, y, xc, yc, u, r, theta, v, &
[undef], [undefg], [undefgcl, &
[stdopt], [axis] )
518
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<R(:)> in A TR — A,
<R(:)> in A TR AR,
xc <R> in z R COMREPERERE L (k).
yc <R> in y R COME IR A (BR).
u <R(size(x),size(y))> in HAFRTOVEETEANT—.
r <R(:)> in P i JRE A SR D B A28 A
theta <R(:)> in P i8] A SR D BER AR [rad].
v <R(size(r))> inout HERREIIU AT —.
[undef] <R> in BERROE YT e E RSN O fE (B25R)
[undefg]  <R> in PERRTE YN C D RARAH.
[undefgc] <C(3)> in undefg MV
TN ETOMM (k) .
stdopt <L> in TI—Wh7o5 7 (%) .
T 7 A4 N .false.
axis <C(2)> in FERER (#2ik) .

EEX
2 IRTET AV ML (2,y) (ICBTF D5 (20, y.) ZIRE T D MEMEER (r,0) 12,
ANT—F =R EEHU. 0 ST B, FERER O LIS AT 2175,
FHN DT (25, y;) TEBINEZD D AN T —Ru % FEEER (1, 0,) TER
XNBANT — B vy VCEHT BT
Wit1,j — Uiy (L — 25) + Uij+1 — Uiy
Ti+l — Ti Yj+1 — Yj
(Tm — ) (Yn — Y5)
Tit1 — i) (Yj41 — Yj)

U = Ui 5 + (Yn — ¥j5)

[Wit1,j4+1 — Wijt1 — Wit1j + Ui j) (
THd M, oL X, I TONEEZT 5,

Ty 0 X Y; Ly, Uy -0, Umn -V,

(]

o JEREMDOBEEXIXX 3.1 S,

o RBEFMNERBPIMIAFAEL TWDHE, 7 7 A4V N TIEFEHEN 7112 Warning
AV —=UNRHEIIIND N, stdopt & .true. [THELTHITIE, HI LR,

o 7Y a3 VIS undef | FHERRTFII W REEEAMNIAFIE T B HAR I R OIS
RAINDRKERMETHD. T I T, BRI REERE L IE, PIE LR THEM
Y% AT E RO KM r(size(r)) DI L THD. & U, ZDFENGHEME
W ox,y OAMIH7Z5GE, 1ZAH U TOSEPIE N T IR, ZOIEAH L

Nz pRITTTER,
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WD, SEYEWAT Z R OFEBIZ DWW T undef HEAEI NS LD IZBR->TWVWS.
H U, undef BEEINTVAWVGEEFITYORRAINTEIND.

7 7Y 3 VI undefge IFHHREEMHEBANIZE N T, KIAfE undefg MRE X
NTWDEE, EDOLDITEH 2T 0EHETD. ZOA TV 3 ik undefg
ML I N TR T IUEHEEE U R\, undefg ISR EEBINIZBWT, 77
VN ERESR TRIBIEDFAET D356, 7 77V NI S HREINONFFEOBRIZ 7 /7)1
N RO S A undefg THAUXMFERDONIF UL undefg DENANSEND.
ZORIMIZE T, undefge DfHIE

inc P ZAT OB, FHERNFF RO —EIZ undefg MREINTWIUL, T
D 5T O IR AN, AREDA 2 T B D AT
#2175, THUTHIE LT, NP REBOG ST IS RIBLE 5.

err AT EIT OB, FIERWNIF RO —HIC undefg MFE I NTWOIUL,
YAfE L undefg 785, EYIERIZEWTIX, ZOVHEE2 ST 51
FHREMDINTTREL RS,

undefg MHE X NTE Y, undefge WHEEINTWARWT 7 4 )L M Tl inc

L UTHREAEINS.

I axis IFEHHEILUEY R D MIERZEINT D, BHETOT—X BT AV b
JEMERTH DB 5, axis="xy’ LIEETD. KEEEREEERTHI B,
axis=’11’ Y#ETSZ. T 7 AN N TIETHI MNEERANBEINT WS,

3.1 T AV R & FI A ERSLR A D BUHRTEAR T OB, I EEESR T m, n W2 5K

ONGEIX, TV M EESRT j AN ZEHE L, £ OWEE RS @ RICKIE N

ERSE
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3.20.7 tangent_mean_vec

Hae
T NERERTEZRINATLED 2 IRIERY NV T 7)1 N FERER D 6 [ 14 R
RICEMU, HERAMISEET S, Zor & HHl 75 72D Z 8T, Bt
il & BRI IC D EITE 5.
=X
call tangent mean vec( charc, x, y, xc, yc, ul, u2, r, theta, v,
[undef], [undefg]l, [undefgcl, [stdopt] )
5%
charc <C(6)> in Btk o3 BN R 2 D
EH LI B h.
"scalar” = BSR4
"vector” = BRI IREETAAY .
<R(:)> in T A1)V N .
<R(:)> in T AV R,
xc <R> in T AN 2 R TOME B A ($iR).
yc <R> in T AN y R TOMRE AR A (k).
ul <R(size(x),size(y))> in THIVIRTOEITZ T M.
x iRT.
u2 <R(size(x),size(y))> in THIVNRTDEYIT R M.
%
r <R(:)> in ] i8] B 5 D Bl R PR AR
theta <R(:)> in P {1 R RS R D BERRFEAE [rad).
v <R(size(r))> inout HERREIIU AN T —.
[undef] <R> in BRI T RE SRR AN OfE (825
[undefg]  <R> in BERSEII N T O RAELH.
[undefgec] <C(3)> in undefg MVi%
SN e XOME (i) .
stdopt <L> in To5—Hh75 7 (#Bh) .
T 74 MiX .false.
EERN

75 ML tangent mean scal LIFL A Y U. BT T Y charc TT AV b
BN MV EHBERANT NVICEHBU, TS5 T7 3 Tl DHAEANT—L LT
HETNIE, EOMENERING, ZIT, EEOTHIVIRIZBIIDZRT MLz
u = (up,uz) & U, MEEEROMNENRY MvE r=re, £ 95, TIT. e, 3H)
BHASNIEDEENRY MV THD, ZDLE, ZOMBENY MIVET AV N EEEE
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RTRHTD L, r=(2,y) TRETIDDT, 7 AV NERRETONEIE
row = [rllu

WO EBERETLIILIZRD, ZIT, u, XTIV KNRTORY MVOEERS
THhd, 2T, INZEHFHTENTER LSO MVRELND Z &I
R5, BARORDE ZNERKEDZ X H T, AENT MLVET AV NRART b
WVONFIN S KIREHENY % 1E &4 2 P& R DR S 2 T 2L N TE 5,

BE

o HEREMMEBEREPFHAIMNAFHEL TODEE, 7 7 AV N TIFEHEH 1712 Warning
AW —INHEIINDED, stdopt & .true. IZEELTHITIE, HI LRV,

o 7Y 3 VIS undef | FHARFEII W RELRIMNIAFIET D AR LR OIS
RAINDIRERETHD. T I T, BRI e &1, FIfE AR TR
S AT O PR ORAKME r(size(r)) DI ETHD. U, ZOPEMNEHAME
R x,y OIMIH 725G, 1ZAB LU TS ESIIEINT IR, ZOEFARL
D, SEYINT ZROGEIR I DWW T undef fEANRIND KD IZR>TWD.
£ U, undef DHREINTVARAWVGERITABRAINTEIND.

o 7Y a VA undefge IFHEMEAFEHIRNIZH W T, KIBME undefg MELE X
NTW2HE, EDOLDITEETONEHUET D, ZOA TV 3 Vid undefg
DERE XN TORITIUTEEEE L 2\, undefg IZEHRTFITIRNICEWNT, T4
VN EERER TRIBIEWFAES 2356, 7 77V NI S HEINONFFOBIZ T /7)1
N RO S undefg THIVUIFFERDOAHF AL undefg DIENANSND.
ZDRMPWIZHE T, undefge DL
inc BRI E 1T OB, MERARE RO undefg B E I TV, £

D w T OMEIFEIFEAE I AN, BEDA 2 TV B 51D A T
#1710, THUCHIH LT, N REBOGEIET /) ) ERELRD.
err BEMOTHI%AT 5 BE, MR LO—HIC undefg ASHA I NTVAUL, F
YAfE1E undefg 25, 7/ X VEBEIZEWTIE, ZOVIHEEZ ST D
T/RVEMARDINTTRIBEL RS,
undefg MFHE XINTH Y, undefge VHEEINTWAWT 7 A4V KT, inc
EUTERING.

3.20.8 DC_Braun

Braun (2002) DFEz VT, B RQEOHLZFIET L. ARG I <
5% &, B SEDO N I T HHEIC B 1 B /AT R SERAE DB ND L5128 5.
TR TH UL D BARME CRUFHESREDOHL 2 EERT D &, Z DJRFTH7R KL DRI
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FVIRHT 2 & D18 Z2 2T, Braun (2002) Tl&, AFOEHZOEHIRT
FEEZHNT, ZORIBIR % RET S 2B RKEOHOERE FIE BRI N .

=X
call DCBraun( x, y, fg, pres, search dis, var_dis, center, &
[undef], [stdopt] )
5%
b <R(:)> in x J3lAHERE [m).
y <R(:)> in y JIFEEERE [m.
fg <I(2)> in HEIZHOV S EOR 7 RE
pres <R(size(x),size(y))> in LEEEMTORE ().
search_dis <R> in W7 5 58I [m] (fik).
vardis  <B> in R B U ] (83).
center <I(2)> inout K SN HUL (k).
undef <R> in REFHRM (Bid) .
stdopt <L> in TI—Hh7Z 7 (%) .
T 7 4V ME false.
EHEN
B REDRAR R & 2 —HEEM L UT, TDOREFE 100 km FREDOEM T /RIZDOWT,
TORZHLE U 65 km FREDO I DOWTEREI 2170, 7R
2B T2 T DAY O DEEHERZ %2 R UEDE ZENRE RIK & R 5 s % By
BEAEDOHLEEHETZ2FEEZHNTVWS. LD EEMARTFIEORANERT IZDOWTIE
18577 S8,
=E5

o G4 undef IFFIHEFFHANICKRERMALDH DL EITIBET D L, ZOMEIZEYT
Bk RUIMRAGH RIS U &,

o MRS ERFPAINFAEL TWDB A, 7 7 40 b TIREHEH JJIZ Warning
AV —INHIIND D, stdopt & .true. I[IEELTHITIE, HAOLRW.

o BIB fg I3 —HEEME L R D FIHD x i, y [aADKFEES2525. 2
DT HBESIE x, y DRI ERZBESD L THD. RN ZDE—HEEMHEIZ
XEEHSEOREEPHNOND. fg, center L HIT, FBE—FHD x HBED
BT mEe, B oFED y BEOKTFRETLRD.

o 5I# pres (ZIE—RINIZHEHSEDSH O HND . I DEBUSEEAK KL OBl
k% KD D DIZHND DT, FEEH ETOREZRL EDFEHETE LW, 7
Z U, 1T R OMEP MR RILE DS A, il & 2DOFkE % W T <UL IKIE U
TEBENRDH L. HHFEET VOGS, KL L HIGBERICHDELHRTDY

M2gzp s VBRI SUE D RAKE TR X NS B ESEDOHL E Braun (2002) OFHETEE X N BEHEL
FEDOHLTED & D BRENASLNDDIZDONTIHAHERESRA.
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FRTVIXIEETEEDRY., /2, ZOYHEEIIRAFEICHWS 21
BOT, BAIEEHFRIZDWVTHE— U THIIXMERD AR E HND Z &M
TE5.

e 5% search dis, var_dis DBIRIZX 5.8, 5.9 2. Braun (2002) D H#RIZ
& var_dis & 65 km FRETITD Lk INT WD, Tk, —MHI R BGHE
SUED TR T T B D AMAN T IS 9 5.
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Fa4ET YN TOTS A

ZITI, BENV—F VOB LT O2DY Y IV T 0TI Ak HIFTEL.

4.1 Yo7 7Os5L0aV1IVAE

demo 71 L7 NUBARIZ, KA TV EMANZY Y TINTOT T AHDERIEKI T
Wd. RKY > INTa T T ADFEFIZIE STPK 74 77 UMNEFHIZA VA R—ILINT
B, NetCDF 7177V, gtools 74 77 VNA VAN —IVINTVEIHENRHD. ¥
VINTOT T ADFHERERIZ NetCDF 57— & TH A X N5 720, A ALIZIEA& A8t
V=IVINBETHD.

YU INTOT T LDV I8A )IZIX, demo/Mkinclude % & HDERBEIZE LY THik
ULARTNIEZR SR, Z2ETDARMENH S EFTIEIATOEE) THD.

a )
FC STPK 2 Y A =) U/a /N1 5.

FFLAGS A Y AN—IVFD IV LIV ATV 3 v,
ISTDIR STPK OA VA R—I)IVT+4 L Z K.
INSTNC netedf D1 VY A R—=IFT1 L 27 KV,
INSTGT gtools DA Y Ah—)b T4 L7 KV,
\_ J

3281 )i demo T« L7 MV T make IV YV RZ2EfFTIIEL .

£ U, DCLF90 731 Y A M =)L XNT\5A5, make draw & FET TSI LT, 2 Rt
DT 7 %H{lTEIEDTEDEITT 74 draw WERINSD. 72, Ruby-DCL »°
A VAR INTOVNIE, AT+ L7 MVICFABMI N TS delplot # VT, 7F
ARNT A=Y MDT—R% gnuplot DEDIZT T 7T ELMNTES. 2D dclplot
X Ruby A2 1) 7 N TdhY, ruby dclplot THITT DL, ¥DEDBEHE G A RITH
X SRV END &S24 usage THWOPIHITIND DT, TNeBZIZI N0,

draw I¥ Y RDOMHENFIZOWTIE, £H IV T0a 7o 507 74 IVHZOHINIZ drav_
ENYZDONVIEF .oml DR—L) ARNT 7 AN H DT, FHl 21X, poison % H
WAERIG 5 N2 T — & poison.nc & AFHUL L ZWEEI, . /drav < draw poison.nml
TR T2 ZeMNTES. 20 drav IKHGELEF—L) A7 7 A VOEEBUIZELT
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DEEYTHD.
a I
&drawinput
fig_type = 1 ! BIOFEH 1: FER, Y =— R
12 EERE, Yz— K, RNV
vo-1: BEERTAER, Y — A —
vo-2: fftEhdT AR, v — 01—
P rfg %28l <R 5, cont_val IZBHL,
| ¥Y—N—%5DR5, shade_val (Z£¥4,
VA& RTEAHE.
VBT AR O S, RO R EEIFE X xmax, xmin T
. | 20 L XOMEORMEF X cmin, cmax, smin, smax Tk
‘z-:‘ ~
! cmin, cmax IEHAER, smin, smax XY —H—IZHIG.
. | shade_val, cont_val TNZTHNREINT D & Il
B
I KEWHTEREIND.
! ymin, ymax Ci& I NHHENIFETDHITANTD y HTOD
Ux T — &2 2 @B (Y —H—) THIET .
1 H U 1 ROAMUITNIE, ymin = ymax LE%ET DI I L.
.y U EER T ERODIG G, BT RO 2 B DOEHEREE L TH L

& ymin, ymax

nx = 1

=
<
|
-

Xmax
ymin

ymax

fname
txtnam
cont_v
shade_
vx_val
vy_val
cmin
cmax
smin
smax =
X_axis
y_axis
sfact

cfact

vxfact
vyfact
title

/

N

I ex. M{Hl 4T VAR T xmin, xmax D5 &, M i T

! M OEBIZHIE L TWS.
00 ! HEEHDIE T 22K
U ApEER DR T 2K

o
o

0.0 ! fellloD /e i

1.0 v REEHOA i

0.0 ! o> T

1.0 1 o> b
= ’poison.nc’ ! #AIAL netcdf 77 AN
e=" | TXAMNNITLT—AX
al = ’rho’ ! SFfEARTHI < 2
val = ’psi’ ! AT =Yz — RTHIKZEK

= 1 RNV x B TR EK
= 1L RNy R THIK £
-4.0 ' FEHEROR/IMEA

.0 EERRO B K AE

0 1 AT —Y T — ROB/ME

5 L T —Yz— ROHEKAE
xR O AR

ryo o DA R

0 ! Yx—RDI7 I &—

0 | HEMOT v I R—

1.0 ! BRI MVOEX x
1.0 ! BN MVORY y

=1.
=1.

J

/

D draw FHA—LV AR T 7 A INVERTHUEZHRE R >TWS, ZEXx—LVANT 7
AIWEEY VTN 2 a BT 28, MELAEFE LR TERMETEIIENTES.
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4.2 £7045LDEREA

KTOTS BN —F > - B VO RS F v 795 075 A% unit
YWD F 4 Lo NI, TR ORI 2 N OS5 AIET A L2 N ISK LT
5%, BUFTI, unit & ZALSND T 7T AZOWT, i 5% % R

4.2.1 cov

EVa—)l Statistics DT ANATOI I A, HDH5A6N/ZT—RT 71 ) data.org
%G, MERIEER T 2 70T I A, 72720, TORAM % I mRERR % 5 X, HE MR
et d 5.

RTHE - RITHER
ARTOT T MNIBARTETT 2T THY, TOEIRERIIUTDOLS 1245,

sk sk sk s ok ke sk skl ok o ke sk sk sk ok sk o sk sk sk sk ok e ke sk sksk ok ok ok k sk ok ok
slope = 4.4496446E-06

intercept = -3.6121133E-07

Cor_Coe = 3.6029361E-02

data number = 246
st ok sk ok ok ok ok ok ok ok ok ok ok sk ok ok sk sk sk kst ok st ok sk ok sk ok ok ok ok

4.2.2 fTt_test

FFT V—F>DFANTOT T L ET— 2% 52 TEFFT 2318 U, Bz 1T
WIEDET —RIZRET. RUZE X, BT — R ENETRENH LI N ERRTD. £
72, A UBEIE & U AT DIRE T 2 MY KT . FFT O 7 4 — VY AT A M E3f
RTNDDT, EeFEo-<FAUEELZMERT —V TEBIZDOWTHT, Wi# DETH
MzRRTD. HVET—RIET—ZBOPRIZE—T 2 EDH I TV AHETHS.

EITAE
make §2 &, EITT7 71 fft_test DMERINTVWBIDT, E792 &,

(:Input the data number (odd number). :)

CE»IND. ZHIET—XDEBTH Y, FEFFT BH%2175 720, BEEKTRIY
U S0, IRIZ

main.tex 2013 £ 9 H 13 H (EHEHR)



STPK ¥v=a7JL a7y rs A 172

(ilnput the loop number. j)

CEPND . ZAUXFE CEIEZ TR D KT N2 EET .

(:Do calculate the prime factors? [y/nl] :)

CHEMPNG. ZNET BB ERNBSRET 2N EDNEETWS. I 2y
E§2L, FFT V—F VMR IND T 1B L, MEEfFA25HET 5. K
W—F VT, T—EBNLL< B2 EEHITREB MVRY ZIZRZDH, [BlHETH]
DEFHBETH D720, loop number 2% < & H>TWVWBHEITIE, TN%E 'n? IZUT, &
MICHBE U B2 BESBT 512U 4D, FET KMKD/NT7 4+ —< 2V AlE L.

FIECERES

4 N
Input the data number (odd number).

4096
Input the loop number.
10

Do calculate the prime factors? [y/n]

fft error is 7 .2353985E-04
fft error is 7.6539267E-04

cpu time (rot) is  0.4000240 [s].
cpu time (fft) is 0.2280140 [s].
cpu time (dft) is 1.372087 [s].
\_ /
e
R L.

4.2.3 fft_data

FFT V—FVOMEEI 7O 75 A TFANEROFERT — X %252 CTHEFFT #3&
U, EOARY NV AE T 74 VIZH 1 5.
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RTHE

make 95 &, HITT7 7 A )V fft_data DMEHEINTNSDT, 79D L,

Input a reading file name.

If there is no file, input ’dummy’

LHEIPND. NIRRT FANT—RDT7 7 AN EANTD. L7 7A
MWL, TARHEDAITOZWGE, dunmmy & AT HIEEIW. 58, HHN
U7 7 ANTEABEBOEREDE T —X%Z/EK LT, TD FFT R %2475
T 7ANVDT— ZEABIIMERTE FHTEHRDRN. 22U, GOEEI1EFE FFT
FAHEEZTOHAE R, —BEADT —RIEFHAALBHVZRN. BUF, dummy & AS U
7356 0% RS, IR,

Automatically, sample file is producted.

result prim 2 0 2 0
### Finished calculating.

Input the output file name..

LEPND. THUFANRY MVEIRLUAT 22 NT27 74 V/E AT 5.

Input the calculating period.
(data period)

LHEIPND. ZNFEHBEZTo 27— 2O Z2 AT 5. BAIMERE. ZOEILH
HEINDTFANT—KD "frequency” IZKMIND.

FIECERES

B%

SRR NI ING T —RIFEND

[?&O)/—I\‘%&, B, AT —48 147H, - ]

ERD. T, TAOMMEET & T5L., J—REBn OB E & T—41
T OREfRIE

2mn = kT
Thd, 2%V, LOTF—=RIEZFILTN

B = KB=n, B=k= "

EINTNELTWS, ZNE2EEBELTH Y VT —REZ2AHMAELAEZEDNRH 4.1 T
H5.

o ASIT—A& D dummy TRWEGE, IRIC
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(val) WN1(Black) WN2(Red) WN3(Green)

1.0 ‘

0.9 F 4

0.8 | 4

0.6 | 4

val, val, val

0.5 1 2
(frequency)
frequency
X 4.1: FET— A DARY NV, B F BESTNTNIED ) — KL 142, 14243

D TR L 2T —HDARY MVAAEIHIGL TWS. TT ik (B o 1, 2,3
R U 2SR — 7 R 615,
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CInput the reading number of array. ]

CHEPNDG, ZNET RO T LEPNKOBHDENEANTEEDT, A
075 ATIEANINZATLILIZ FFT #BUTARZ MV TF—& %1 H
F5. £oT, HhT—RIZZOBEMTANUZAT LI 2 7 MEMX
72 (ERROD ) — KRBT — R EWHT— 2 &8I N) EDL LTHAIINS.

4.2.4 matrix_test

3WTTHI R G2, TDT =8 %Y IR BATHEIEN—F V2 RI7$2 7077 L.

RTHE
RIOT T MNIBETEITTUT I, EITTD L, ED &S BEHEEIT S % H»
NHZDOT, FRANTHESZANTD. FFIERATFDOE D ZRIGIZE>TNS.

: N
1. AU ZADEEEZHAWT, 3 JTOEN GERNOREEZITS.

2. LU 2% VT, 3 Juds RO KRMEE TS .

3. HIAYA FINEEZHWT, 3 75 HEROKMEITS.

4. YIALEZHWT, 3 udE L HRREADKRMEEZTS.

5. AU AYA TIVEE SOR THLE U RN 5, 3 siidlr HREARDRKMZE1TS.
6. Y AE¥E%E SOR THEEU RS, 3 o HRERNDRMEZ1TS.

7. 3 RIFCIE T DHATH %GR T .

8. NEFLE T 3 WITOEHTHIOBKREAE & Z UG 5 Ef
R MVEHETD.

9. YIKEZEHWT, 3 RGGIEHGITHIDOREAEZ GRS 5.

4.2.5 mnormal_poly

EYa—)l polynormal, special_function D7 A N7 T A, fE#E AT 5 %K
ZOBEE —EDEBRIIBVCEHREL, TFA NI LT —ZTHATE 70T T A,

ATOT S LADRIFIZE > THNINZTF AR T =Z 77 A VIZEAL T LI b VI
FEHX TS ruby A2V 7K delplot 2E47 9D L TARBICAHMLTES.
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RTHE

RTOT T NIBETEITTDIENTE, F795 L EORBEFHETLINE W
DI RBEANTRET S, FHEZIETOL D ZHIEZE LTWS.

/
1. V¥ RIVZIEA.

2. TILI—MZIHA

3. 27 —INZHEA.

4. Yoz IHEA.

5. 7= VN 7 —%IEHA.
6. FEy7%IER.
7. V= VEIEA.

8. N )L

9. H v~

10. /1~ VB

11. ZRw 2 IVEEL

12. B 1~ VB

\_

~

HEHR Ly Y MILZEROBS

X 42120V Y ¥y Y RIVLIEADGE %2 RT.
TILE— MNSIEADIFZE

M 432V — NEEHADEEEZRT
S —ILZEADIGZE

X 441257 —=IVEZIEHADGE%RT.
Ry )LEHRDIZFE

X 4.5 2Ry 2 I)VEBDGE % RT.
A VBEHEDOEE

M 4.612 1< YEBOLGEERT.
TR~y ILEROEBEES

X 4.7 \ZEBERY 2 IVEEOEES % R
TR A< BERDES

M 48 IZEW ) A VEEDOEES %2 5RT
Ay <BE#DGE

X 4.9 12/ IEBOEBEEERT.
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LEGENDRE

1(red),2(green),3(blue),4(yellow)
1.0 T T T T T T
0.5
0.0 -
—1.0 L TR TR TR . ]
—-1.0 -0.5 0.0 0.5 1.0
X—axis

4.2: WV % v RIVEHIHA (RS 0 1R, ARERAY 1 IR, FRfRAS 2 1R, BHRAY 3 1K, AR

4 7K).

HERMITE

1(red),2(

1.0

ogreen),3(blue),4(yellow)

0.8 7
0.6 7
0.4 7
0.2 7
0.0 7
—-0.2 7
-0.4 7
-0.6 7

-0.8

T

T

I L

X —axis
4.3: TV I — ML (BERAY 0 IR, HRERDY 1 IR, FRRAY 2 IR, BFRRAY 3 IR, B 4
).
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1(red),2(

LAGUERRE

green),3(blue),4(yellow)

T T T T T T

T

5 10
X—axis

4.4: 77 —IVEIER (BARDS 0 IR, AR 1 IR, FRERAY 2 ¥R, HERAY 3 YR, BHRAY 4 1R).

1(red),2(green),3(blue),4(yellow)

10 T T T

0.8
0.6
04+ /

0.2 -/

BESSEL

0.0 |

—0.2 -

—0.4

[T L

T T T T T

2 4 6

X—axis

4.5 N OVBIEL (BARDY 0 IR, JRERAY 1 IR, AR 2 YR, HARAY 3 IR, EARAY 4 IX).

main.tex
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1(red),2(green),3(blue),4(yellow)

O-G‘N‘N‘N‘N‘NNNNN

0.4

0.2

0.0

—-0.2

NEUMANN

~0.4
~0.6 H

—0.8 |

-1.0

1 2 3 4 5 6 7 8 9 10
X—axis
4.6: AV BIE(EARDY 0 IR, ARERADY 1 IR, FRERAY 2 IR, HHRAY 3 IR, HARHY 4 IR).

1(red),2(green),3(blue),4(yellow)

10 T T { T T T T { T T T T { T T T T { T T T T { T T T T
8 —
3 L
] L
D] L
0 L -
[ 6
m L
o4 i
O L
4
) L
jo L _
2 ]
0 7‘ Tt 4!’—ﬁ—“/%
0.5 1.0 1.5 2.0 2.9 3.0

X—axis
4.7: By ROVBIBU (SRARAS 0 YR, ARERDY 1 IR, FERAY 2 ¥R, HRRDY 3 IR, HEARAY 4
).
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1(red),2(green),3(blue),4(yellow)

1 O T 1 1 T T ] LA I B R

deformm NEUMANN

0.5 1.0 1.5 2.0 25 3.0
X—axis

4.8: B A < VBB (RARDY 0 IR, FRERDY 1 IR, #RARAS 2 ¥R, HHRAY 3 IR, FEARAY 4

).

1(red),2(green),3(blue),4(yellow)

2-0 T T T T N T T T T N T T T T N N T

1.5 -
< L B
2 L ,
S 10} -
< L ]
@) L ,

0.5 - -

0.0 L\ I [ [ [ [ \47

-0.5 0.0 0.5 1.0 1.5 2.0

X—axis
4.9: 5V~
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4.2.6 read_mgdsst_nc

mgdsst 7 —4& % netcdf T—XIZEWTS-HDDTTT T A,

EITHE - X—LYRK

FATHNZ, 2925 medsst 77 M)V %E LT sst_list EWIHIRD 7 71T
FARMNTREFELTEL. TOILT7 7 A INVADHILET % .nc & UZAMT netedf 7 7
A IFERI NG, FITIE, BRTEITT L, oDV A MIRI N0 721 BEI
\Z netedf 7 7 A IVICERIND.
$ ./read mgdsst._nc

ZIZTC, AV IFIVOD mgdsst T — ZIFMEKZ R TAEAD 888 TH DAY, ZDEHIZ
Lo T, TDMEIX 263.0 K IZREIND Z L IZHER.

STERER
AKTOT S AORNSELN netedf DT —HZ2ZDFE FHE L /28 DA 4.10
Thd. KEROHEY —IVIEZHL5TIIHEBELTHWARVWDT, FEMHL TS
W—)LEFHWTEBI N,

4.2.7 thermo

Thermo_Function (ZEFKINTWSEBIIOWT, T AMZITD T T I A KL, iR
g IBEEOERE 5 AT, BINAZENZYREDTHINEMAT 2T 0T T A,

EITHE
make 9% &, 177 7 1)L thermo WMEHRINTWVWEDT, Ef7THLLUTDLD

BEMMPSHIING.
e N

pressure [hPa]

1000.0

temperature [K]

300.0

Relative Humidity [%]

50.0
= j

ER, % AJ1d 5L, BAROE S IZEN—F V2 HWTEHRE U ABERPE I NG,
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mgdsst.May31

T

[ Fady T I I ‘ IQ% I 303.0

80

O Vo

4
LN
8

latitude
(@)

I I | I | | F] | I | I | |
40 80 120 160 200 240 280 320

longtitude
CONTOUR INTERVAL = 1.666E—02

-80

4.10: netedf 122X N /2 T — 205 B X 172 BRI KIE.OD 704
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4 I
DEBUG : RHT_2_e in Thermo_Function : 1.76668E+03 [Pa]
DEBUG : eP_2_qv in Thermo_Function : 1.11965E-02 [kg kg-1]
DEBUG : TP_2_rho in Thermo_Function : 1.16144E+00 [kg m-3]
DEBUG : theta_dry in Thermo_Function : 3.00000E+02 [K]
DEBUG : qv_2_sh in Thermo_Function : 1.10725E-02 [kg kg-1]
DEBUG : tetens in Thermo_Function : 3.52565E+03 [Pa]
DEBUG : goff_gratch in Thermo_Function : 3.53320E+03 [Pal
DEBUG : goff_gratch_i in Thermo_Function : 4 .56536E+03 [Pa]
DEBUG : es_Bolton in Thermo_Function : 3.53336E+03 [Pal
DEBUG : es_TD in Thermo_Function : 2.88717E+02 [Pa]
DEBUG : LH in Thermo_Function : 2.43771E+06 [J kg-1]
DEBUG : eP_2_qv in Thermo_Function : 1.11965E-02 [kg kg-1]
DEBUG : TP_2_qvs in Thermo_Function : 2.28030E-02 [kg kg-1]
DEBUG : qvP_2_e in Thermo_Function : 1.76668E+03 [Pal]
DEBUG : theta_dry in Thermo_Function : 3.00000E+02 [K]
DEBUG : theta_moist in Thermo_Function : 3.00000E+02 [K]
DEBUG : thetaP_2_T in Thermo_Function : 3.00000E+02 [K]
DEBUG : thetaT_2_P in Thermo_Function : 1.00000E+05 [Pa]
DEBUG : TqvP_2_TLCL in Thermo_Function : 2.86147E+02 [K]
DEBUG : thetae_Bolton in Thermo_Function : 3.27661E+02 [K]
DEBUG : thetaes_Bolton in Thermo_Function : 3.67287E+02 [K]
DEBUG : TqvP_2_thetae in Thermo_Function : 3.27064E+02 [K]
DEBUG : TqvP_2_thetaes in Thermo_Function : 3.60804E+02 [K]
DEBUG : RHT_2_e in Thermo_Function : 1.76668E+03 [Pa]
DEBUG : eT_2_RH in Thermo_Function : 5.00000E+01 [%]
DEBUG : RHTP_2_qv in Thermo_Function : 1.11965E-02 [kg kg-1]
DEBUG : qvTP_2_RH in Thermo_Function : 5.00000E+01 [%]
DEBUG : qvT_2_Tv in Thermo_Function : 3.02014E+02 [K]
DEBUG : TqvP_2_thetav in Thermo_Function : 3.02014E+02 [K]
DEBUG : exner_func_dry in Thermo_Function : 1.00000E+00 [1]
DEBUG : hypsometric_form in Thermo_Function : 9.88683E+04 [Pa]
DEBUG : rhoT_2_P in Thermo_Function : 1.00000E+05 [Pa]
DEBUG : rhoP_2_T in Thermo_Function : 3.00000E+02 [K]
DEBUG : TP_2_rho in Thermo_Function : 1.16144E+00 [kg m-3]
DEBUG : get_gamma_d in Thermo_Function :  -9.77092E-03 [K m-1]
DEBUG : sh_2_qv in Thermo_Function : 1.13232E-02 [kg kg-1]
DEBUG : Cefp in Thermo_Function : 1.01359E+03 [J K-1 kg-1]
DEBUG : Cl in Thermo_Function : 4.19000E+03 [J K-1 kg-1]
DEBUG : Tq_2_Trho in Thermo_Function : 3.02014E+02 [K]
DEBUG : esi_Emanuel in Thermo_Function : 4.58907E+03 [Pa]
DEBUG : thetae_Emanuel in Thermo_Function : 3.27608E+02 [K]
DEBUG : thetaw_Emanuel in Thermo_Function : 2.55824E+02 [K]
DEBUG : moist_laps_temp in Thermo_Function : 2.96495E+02 [K]
\_ /

4.2.8 thermo?2

Thermo_Advanced _Function (ZEFF XN TWBEBIZOWT, TANZITD TO T J A,
Jordan (1958) DY UV F 4 V7 F—R&E LI, HESEDOERE 5 2T, RIN/EN
ZEBEDTHENEMGEET S T T T A,

EITHE
make 9% &, EIT7 7 A )b thermo2 MWMEMRINTWVWSDT, 7T LUTD LD
BREMMNHETIIND.
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Input the reference height [m].
500.0

lZANTDE, UTFDEIZEN—F V2 HWTEHRE LU ZERBE I INS.

/
DEBUG : precip_water in Thermo_Advanced_Function : 4 .54026E+01 [mm]
DEBUG : CAPE in Thermo_Advanced_Function : 4.07556E+02 [J kgt1]
DEBUG : CIN in Thermo_Advanced_Function :  -2.85806E+01 [J kg-1]
DEBUG : z_LCL in Thermo_Advanced_Function : 9.28418E+02 [m]
DEBUG : z_LFC in Thermo_Advanced_Function : 2.97419E+03 [m]
DEBUG : z_LNB in Thermo_Advanced_Function : 1.15760E+04 [m]
DEBUG : T_LFC in Thermo_Advanced_Function : 2.82911E+02 [K]
DEBUG : T_LNB in Thermo_Advanced_Function : 2.24629E+02 [K]

\_

4.2.9 time_check

Basis EYVa— )VOHKA YV A counter day, counter sec H LU, &1 A
V' — VAWV —F  time_zone_convert DT AN T OV I A EED 2 HRE%2 52T, %
DI DO HE L % £RT 5.

RTHE
FTT2L, LTFDO&L D REMNRRINSDOT, HYNIIEAD.
4 N
Input the start time [yyyy:mm:dd HH:MM:SS].
[Example] 2013:01:01 13:00:01
2012:12:30 23:59:59
Input the end time [yyyy:mm:dd HH:MM:SS].
[Example] 2013:01:01 13:00:01
2013:01:01 00:00:00
You input start time : 2012/12/30 23:59:59

You input end time : 2013/01/01 00:00:00
3 [day], 86401 [sec]
start time (UTC) : 2012/12/30 14:59:59 )
-

Z DA, 2012/12/30 23:59:59 5, 2013/01/01 00:00:00 F TO HE & % G5
TRXRETHD. AtEMERIIRBICERRINTHDEY, HBUX 3 H, B TCHE
T3 & 86401 M ARD. F/z, ®EIZG A /ZEHEBIBIELNIZOWT, JST &KE L
2 ED, TORLNINIET S UTC D%l 2 119 5.
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4.2.10 traj_sample

Forward Traject, Backward Traject D7 A NH TV T A, =ABEHEICEHEZEIL
T2 2 IRGCKE—RRBDIGIZDOWT, i fi - AR ZEHRT 5.

RITHE - RTHER
RIOT I NIRRT EITTDEITITHY, IND & S BREHRFREE A1 2 EM
MFERIND.

- D

input scheme of time integration.

EUl1 or RK4.
RK4

input direction of trajectory for time.

1 = Forward, 2 = Backward.

2
- J

EBAIOERIERE S DAF— ADFETH Y, EUL X 1 IRA A 7 —AF — A, RK4
FARNYT=0YAAF—LTH5S. IROBEMIIESDOAMTHS. 1 IZHTHE
PR, 2 IR TIREAR 2 5 R 5.

STERR
411 134 (0.1,0.1) 2> 5 BAARRH AL T AN —RR R JADRNT W2 HIZ B 1 B 1%

FTREAR DS % RS . RO IIIKFE—FETdH 223, B DWW T = ABEBIIZ 24 b
F5DT, MMIMABICZEL THWD 2 e Bbnd.

4.2.11 wind

EYa—)l Derivation, Trajectory DIV—F V& TFANGTDHTOT T A,
T 2SS 2 5 2 C, TIh O K[EAR 2 51HE UM R 2, € 0/R 5 72 i JUs
DVWTHEZFRL, I HISHES SMMGEIHR 2175 . [UEGO MG L BRRICEHE I N
TR OB N —E T 2 2 L 2 MENDD LN TES. ZITHERDRES p(x,y) I

p(x,y) = cosx + cosy
Thd.

AEER
RN G- 2 72 SRUES IR 4.12, ZOSESG N ORI NS KEHESIXX 4.13, 15
ONHEEGN HFAEINDIMEMEG XX 4.14, KFEEESG 2 L IHEIND
FARIEE 415 TH B, Z 2T, MARIFHEEKP L SREENIETHY., SELD
FERRE FODMEEZERL TV Z & IER,
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(v)

0.0 -

4.11: BB DR

4.2.12 advection

EYVa—)b ffttp DT A NATB T T A I 1 L OBH AR DONT, AT K
NEER FHNTEDORMRIEZFHETS.
FHEE 1T ARRARIZEM AR 1 IRTCOYEE u(z,t) IZDWTOMBIR AR
ou ou
e + Cop ~ 0
THhd. INEEMARITIEZARYZ MVER L, R AMIZIEZ 7 =)0 YV AF— A
ERHWTWS ., EBFEEIEIR—L) A N7 710 advection.nml THEARETH .

RITHE - F—LUR b

(./advection < advection.nml ]
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pressure
s TR Ty 3.00 KR
T~ 1.80
1.80 B
T 0.60
.@ 0.60 r
S : ~0.60
|
> —0.60 T
T~ —1.80
»79
=l
_ 7l
1.80 > ~3.00
;'>

X—axis

CONTOUR INTERVAL = 4.000E-01

4.12: fEITEIZE 2 S N7 K[ED .

rotation

y—axis

CONTOUR INTERVAL = 4.000E-01

4.14: HEGPNHRO SN METRES. X 4.15: EEEGD 5 FHE I D TR O HUE.

ZDFER, advection.nc BWHAINDS. F7/2, F—L V) A NDEKIILTDEEY

-3.00

CONTOUR INTERVAL = 4.000E-01

4.13: [ES D D2 WK O b 7z K

JRGH L5

rotation

CONTOUR INTERVAL = 4.000E-01

Thd.

&input

nx=100 ! Z=RIKEF K

dt=0.05 ! HFfHERE

nt=100 ! FEAT vV T

xmin=0.0 ! FEIEE U

dx=0.0628 ! ZEiF&1-[Hhm
/
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SRR

amp and amp

1.00

0.60

I 0.20

-0.20

-0.60

-1.00

CONTOUR INTERVAL = 2.000E-01
4.16: IRDFFRA.

4.2.13 diffusion

EYVa—)b ffttp DT A NHT O T T AL I 1 ROt DILEARRERITDONWT, ATk
NiEZEANCTEDORMEREZGHET S.
IR AT D AREARIGEM AR 1 IRGTOWHEE u(z,t) IZ DWW TOMAILE AL -
ou_ o
ot~ ‘92
Thd. INZZEMARIIZARZ MVERL, KREAMIZIEZ 207 =23)0) Y AF— A
ZRHWTWD, BRI FEEEIA—L) A N7 74V diffusion.nml THEARETH D.

RITHE - F—LUR b

C./diffusion < diffusion.nml ]

ZDFER, diffusion.nc BWHIIIND. £72, F—ALV A NDEBIILLFD L EY
Thd.
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&input

nx=100 ! ZERIRE 1 s
dt=0.01 ! HFRIREIPE
nt=100 ! FEATY T
xmin=0.0 | FHIAE
dx=0.0628 ! ZEfEt& Rk

/
FTEGR
time series

100
1.00

90
80 0.60

70
60 0.20

+ 50

40 -0.20

30
—0.60
20

10
-1.00

4.17: DR

4.2.14 poison

2 MGEACEHIZ BT DR 7Y VARRZFET S 7075 A @filEIESERO A
BRAEIR % & D7 — TV EI D@EE 2 5 E L TV 5.
AR S AREAIE
Py 0%
ox?  Oy?
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Thd. 2T,y d 2 IRTCORMEE, pld 2 RcORHTH .

ETAHE - X—LYRK
FFF T 0T T L% poison L \WVD OV T LABIKTHS. 2 —LVANT 7AIVIE
poison.nml. ARD K S IZFETTEH I LMNTES.

[:./poison < poison.nml

)

F

— L) ANDEHIILATFDEEY THS.
&input
nx=100 Uox AR
ny=100 Uy AR
tp="1221" ! FHEGEIEEER SN
method=2 ! EHEFE

ter_flag=.true. ! AHHHEIERZE <.
/

ERIO YT A%FETTD L, poison.nc L WD HETD NetCDF 7 7 1 VA S

INd. {EIZIE draw 707 Ax HOAUEE W, 2D & TOREFE T 7 1 IV
draw_poison.nml THhHd. /7, stHEIERD T —XH & & £IT, FHEIZE L 72K
WEHEH T TO LS ICZH I N5.

/

*x*x* MESSAGE [HistoryCreatel] *** "poison.nc" is created (origin=0.
*x*x MESSAGE [HistoryClose] *x* "poison.

nc" is closed

Main solver running time = 1.02846E+01

This Method is Jacobi Method.

%

STEER
FEIS M T — JIVEEBEL O sk 2 5 2 /2 & SORT Y VRO ERERIT
418 ThH 5.

(]

o BERGMDEE tp ERT YV VYINDFIBHEUTEDFEFEEZTNSDT,

REMFOBFOREEIE 3.1.1, 3.1.2 B4,

o KTV UVINDHEE method 1%, 1 BXH DI AV A T)Ib, 2 WY IV

o KN—F VIFWNIHIAEFEDE R = € DR T

ID5IENTED. 2RO S,

ter_bound (& .true. IZHRET D &, NEBEREIBMNGFET IR ECTHAE LT
5. ZONEERMES A EAZETHE U ZFERNRK 4.19 THD.
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rho and psi

1.0
5.00

0.9

0.8

4.00

0.7

0.6

3.00

> 0.5
0.4 2.00

0.3
1.00

0.2

0.1
0.00

0.0

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

X
CONTOUR INTERVAL = 4.000E-01

4.18: FHIEHMT T — T OVEBIRLOEH & 5 A 7258 DRT Y VIRE. T —IRED
DATH Y, FEEVRHDOFEHRTH S,

4.2.15 adjust

BERTOT I A K 1 IRTO fHEAKGRERNIZDWT, AR2ESEZ W THER
FWEIE EBHWRHRNES I AL —ardasrTar5 A,
HRERRA E DML 5.5.3 24,

EITAHE - X—LYRL

FT 7B YT Al adjust £\WV0D T DT T LAEEKTH D, FIHIMEIX netedf TERD 1
PO TR T — R L T O T RTERINZE Y, KEHEE 2 57D T — X0k
MINTHWE 771N EGHEMAD, Y FVHIEIX ruby-netedf 231 > A h—)b
INTVIUSE, make. b L \WVWD AV ) T NEETFTE I ETHERTES. ZOWHIE
F—=RIFKEEENTARTCEY I TEHIDAEEBOFLTRERE D TO 7y
ANT—=RTHD (M4208), BLIOT—XLUNTHELZWEAIZEZET
TAERARTOI L,

EITHEIUTFOaY Y RTH B,

[./adjust < adjust.nml j
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1.0

0.9

0.8

0.7

0.6

> 0.5

0.4

0.3

rho and psi

3.50

2.80

I2.1O

1.40

0.70

0.00

0.4

4.19: FEEFIT T — TOVEIBEL Ol 2 5 A, PERGEIKIC R E RS E © D% A
DRT YV VIRE. AT =MWEEDAATH Y, SFERARHFH DOBIHR TH D, HIKE DRI
MRS T H Y, DR TIRKEF R 27> TRV,

Z DfER, adjust.nml D oname THHEINTWVD 7 7 1 VA TEIEMERN LI I 1

5.

2 =LV ANDEBIILLTOLEEY THD.
&input
corioli = 1.0e-1 P A AVINTA—=& [1/5]
beta = 1.0e-5 ! R—=ZRE [1/m s]
! beta = 0.0 I R—=Z R [1/m s]
mean_height = 100.0 ! JAKEDOFIIEX [m]
fname = ’init.dat’ ! #JEHET 7 AV
oname = ’result.nc’ ! FEROHEHT 7 AN
nt = 20000 VR A Ty 7
dt = 0.1 v IR R [s]
dmpstep = 10 L AEROWE ATy Tk
nx = 100 Ux HA O R
X_axis = ’x’ V #FIHAME T 7 A LD x EHD AT
val_height = ’ht’ ! JAKEOERI A DHHT
val_ubar = ’ub’ ' x HHO—REDLHE]
val_vbar = ’vb’ Uy SiO— RO £ i
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1.0

depth
o
o
I

-0.5

—-1.0 -

PR NI BRI
3000 4000 5000

TR TSR
6000 7000
(m)

x—coordinate

X 4.20: ETFIVHIHIOE X R,

val_h = ’h’ VORI T 7 A VDR S R B D4R

val_u = ’u’ V FIEAME T 7V D x JTIRLEEE D4 i

val_v = v’ ! IR T 7 AV D x BRI E D44

bound = 2 ! BESi4fF "1" = no gradient, "2" = open bound

L3 = SR SR
steady_flag = ’ooo’ ! EHIREOEALGEZHERT —XITANDNE S .

11 XFH = HDO&ET (ht)

2 XFH = x HAOHE (ubar)

! 3 XFH =y AHOFE (vbar)
regist_flag = >0’ | FWHEEANOMNINNEHT 7

! regist_flag(1l)
! regist_flag(2)

regist_coe = 1.0, 1.0, 1.0

FEMEIZ & 2 HPT (REURTE)
T VBRI & ST

! regist_flag THIE L& DFRE
! regist_coe(1l) = KiMERE (v ,v’ ~NODOFH)

! regist_coe(2)

! regist_coe(3)

STERR

PEEUREL (b2 ~NODFL)
IO VEBOAY Y Ty THEE [1/s]

TIANWNIDI =L AMIBEINTODHEINT A—RDORFEM» S, &
TEONAEEILSE &T 31 m/s, BRERIEE LT 300m &8>TWd, 2Dk
I, EFREBL R 528 TOE S DA & MR & > THE) X D Mg =

RUZEBENTN 421,422 TH D,

X 4.23 IXE X DRADORKRINIO A =B B CTERZEDTH D, [[H

RICHUATR DO 02 R U723 4.24 TH 5,
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shade

(x10% s)

E v
b E 4.92e-2
3
0
-0.08
-0.16
-0.24
-0.32
3500 4000 4500 5000 5500 6000 8500 7?::) 3000 3500 4000 4500 00 5500 6000 6500 7000
(m)

x—coordinate x—coordinate

B 421 3 ORGSR L, BEAOAC— 5 490, MEHOISEAZL,
LIGAR,
(m)

0.5

depth
(@]
o

-0.5

-1.0
L P P P L —25 L P P P L
3000 4000 5000 6000 7000 3000 4000 5000 6000 7000
(m) (m)
x—coordinate x—coordinate
X 4.23: EHRETOREX, X 4.24: 7EHIREETOHMTRD D,
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X512, X 4.25 13K 4.21 OB BBHIE S 7210 2R U72EDTH D0, BHE R
BEHEBF LN S LA I IERL TWDE Z eNbhrd, £7/2, ZORRINLE
TEORMEEZHE T2 B LT 30 m/s FETEIORUZHERELE X<E5 2
ENRDMD, WOTRIVEF—IHRIFED 2 FIZHHIT D720, ZOMNLTRILF—
NEOP L LB ICHAMIIEZELU T IRETEHLNTH A S,

shade

(0.1x s)

900
80O |- |
700
800

500 1.42

time

400

300

200

100

3000 3500 4000 4500 5000 5500 6000 6500 7000
(m)

x—coordinate

4.25: B BHIRAIIIC B 1 & B DS SAREE.

4.2.16 Thorpe

Thorpe and Bishop (1995) {2 & > TEHAE X 172 PV inversion @ 3 oGEAHE T IV % 2
RTERRIC U TGRS ¥ 2T 7V, fEEHRIICHEO PV 7/ 3V —%EEL, T
WETDIIART VI Y IVONGEFETD. VYV — AT — ROEHIET S 2 EHT 57217
T, B2 8B4 TDT ) I VICHTIRNERFIRTDEIIENTES. HAfERIE, IAKRT
VIYIET IMOEREI NS MBREDO S HEAHINTND.

RITAE - XF—LYR K
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AKTOT T LILANTD LS IZETT 5.

$ ./Thorpe < Thorpe.nml
AT KD EHHEAERTH S Thorpe.nc WEKIND.

Fo, ETIIRBRERRA =LV AN T 7AINVONFIXUATDEE Y THD.

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

FTEER
ARTOT 5 LOKRD 5072 2 IGERDDAFIX 4.26 12RF. 2 KOGEHETH
%70, WEIE 1 R UDEHRE T 2L IETE RV, A7 —TmUZEIFMKEIZ
FEZEDTEZRLZEDTHD.

4.2.17 SEQ

Pendergrass and Willoughby 2009 (MWR) (Z&1) % 2 IocHixd#Y — v — ) 7 vt
VETIN (SEQ) THD. HERURADIMD 346 & BB OIRERE, BEE %2 ME U 2 W2
BONMiEG 25 L, 7, HERNT Y A% U7z 2 G (1> 70— + ERR)
D EFHET D (Wb i - nERE).
demo/SEQ A FIZE TN —ADBHKEMINTWVS. demo/SEQ DT 1 L 27 M VITIE, '56
IS B EER 2 R U ZMB R I NT WS DT, R I N0, Tﬁa)nrrﬂ)'(@f‘*% 1]
PROFERE L >TVDEZ t#%n Méf%69

RTHE - *—LYR K
ARKIOTIAE3 O2OT DT I LZEIZEFTDHIET 2 IREREZHETS.

1. sound make X 1 YRICOBBM BRI I VT4 VT T 7 A INVEEHKTS. BEIZY
TVUT A VI WRHIBGEE, ZOT O AIBEKTDE I ENTES.

2. initial make IZED 1 IRTCH IV VT4V T T7 74N %E 2 IRFTHENZIEET 5.
ZTORE, ZOTO TS ANTEZINTVS 1 RIGERIZEDWT, HERN S
VA RERNT VAT D LD ITRERSEDKENHEBIET 5.

3. %D 2 OTHIEAMEAERR 710 75 A TR I Nz 1 IRTEER & FEW BN 2D 4346
BEMMEE &I, 2 MBERONAZEIETD.
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SF and Vg

12.0

7.20

’

2.40

| (i
g »

—2.40

G

—7.20

—12.0

"0.0 0.1 02 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
X

CONTOUR INTERVAL = 1.000E+01

4.26: FROMBOBREBRIZE D PV 7 % ) ASMAET 2B AONA (S &
IR, (F 5 —) DI

$ ./sound_make < SEQ.nml

%#FEI79 D L, sounding.dat WEKIND.

$ ./initial_make < SEQ.nml

#=FEFF9 2L, D sounding.dat ZEDWT, 2 IO T — &
initial.nc ERIND.

$ ./SEQ < SEQ.nml

#E179 D&, initial.nc 0O 2 IXfEERD 730 & SWHICEIE T 5. TORER
& result_initial.nc EWD 7 7 A IIZH I INDG. 22T, EfFERENY IV
FATHRETHDR5, ROy R%2F479 25 2 124V, openMP ifiFH3
BEIND.

export OMP_NUM_THREADS=[number]

Z ZC, [number] (ZIXWEFEE AJ19 D, 7272, openMP Wi¥| %175 GEIX,
../Mkinclude ® Fortran I /N1 )7 F 712 openMP #ET§ 24T ay
\%’)UT make UTH S BENRH D Z LITHRE. )
7o, BB ERI =LV AR 7 7AIVONFIUTOLEE) THS.
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&input
nr = 751 ! radial grid number
nz = 21 ! vertical grid number
bc = 1112 | boundary conditions for poisson solver
I bc(1:1) = bottom
I bc(2:2) = center
I bc(3:3) = top
! bc(4:4) = outside
! ’1> = rigid 1id, ’2’ = non flux
fname = ’initial.nc’ ! forcing profile data (2d)
sound_name = ’sounding.dat’ ! sounding data (1d)

coril = 35.0 ! latitude [deg]l (Using of calculating Coriolis parameter)

mom_flag = 1 momentum source flag

"0" = No momentum.
"1" = calculating with Vt.

"2" = reading from the file of "fname".

SHEER
AKTOT T ADOFERNSELNTZ 2 IRTEBRO AR I 4.27 ITRT.

i
T4 L7 MDIZKRIIINTOWSEE 707 L3871 L2 M) T

[$ make draw ]

FETTNE SEQ T4 L7 MVIZY VAR 27 Y U7 INTWD draw 2MHHT
T 3. draw O GIEEIAER?? 2.

4.2.18 sound_analysis

EEDTFANNT AT — R EGAHRAAGULT B 720D T TS LR AIHbD 720
IZ1&, Fortran 90 ikt DCL 231 Y A R —ILINTW D BENHD.

AT TT AR EE RSB ST 2 RO T F 2 N AT LT — 206 IO
DAL E BT S LW HINTERINAZEDTH 5.

7075 LK
RKIOTIMITO IO T 5 ABETRERBEINTWS.

sound_conv
TXANNT LR THENINZREDOME T 7 71T — X5, CReSS
D 1 RGTCHHEZANEK T B 720 DEM T TS A KT 5 A DCL 231
VAR =IEINTWERLS TEEITVAHETDHD.
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(x1000) psi and force
20 C’) I e rrrTTTrTT T T T ‘7
o o /J S ] 5.00
P D ool
16| _ 4 4.00
14 | N
I - 3.00
12 ; T ’ -
‘ i v/
N 10 i 2.00
F o /
8 + 4+ i
[«>]
I 1.00
6F + ) -
F [ )
4+ v | - 0.00
= [ \
2 L ' \ -
\ B
0 1 1 Il L

CONTOUR INTERVAL = 4.000E-01

4.27: BWHNIZRO 57z 2 IRAEER (RED) LIEMBINBAD A (T —), I HITHE
TRARBIEL (SFERR) THD.

il

sound_1d
sound_conv CAMI N/ T —X %2702, ShiET O 7 7 1 IV % ER L, AKX
BEDIRENT A —REFHET LTV T A, FEF7I21E DCL 31 Y A h—)b
INTWDIHBENRDHD.

sound_2d
sound_conv CEM I N/ZT—&X %50\, $hiE 710 7 7 1 VDR X % 7E Ak
U, AR EEDINE/NT A — X ORRFIKEERT 2 70T T A, FFFITE
DCL 23 Y AR —=IVINTWVEHENHD.

AVNRAIVEE
DCL A YA R —=ILINTWRWEE, DF Y CReSS HOXIHMENERK D AT =
WA,

[$ make sound_conv )

CEFTIL, AT L2 MVJIZ sound_conv &\ D T T T AMMERINT WS,
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DCL 231 Y A R =)L INTW25H, 2F D) aJfUb E TV Z2WEA,

[$ make sound_draw )

LEFTNIE, FT 1 L2 MVIZ sound_1d, sound_2d PMEEINTND.,

RITHE
KRIOT T ABFFRTUTO LS BIERTEITPARETH .

$ ./[program file] < [program file] .nml

EFOBRNIEK 4.28 1T RTEH Y THD. AL 2175121347 sound_conv % E
TUTHAMALZODOHEAERITE L 2T IER S50,

S make sound_conv —_— S make sound_draw
YZNT7ZAILDIER (fname) output_name ICHH I N7
BB T—IDY AN T7(IL %
v REL, BN%E 2 5IBICEATS

$ ./sound_conv < sound_conv.nml |

| output_name ICEhhic y ‘l'
ITANERBD
= ' < sound_1d.nml < sound_2d.nml
E]INFT7(IVEE - WrEE - EE—REMER
C RIS A= D - SRS A—SBERIIE
BERIT—% (sound_1d THAIN
BERIIT—IDDFHAL)

4.28: sound analysis 2812 707 T ADEITHN.

x—LY RN
FITIBEBF =LV AN T 7AIVOABRBUTOEBY THD. INHDER—A
DAMIBTANURTNER SR TS DT 7 A IVFIRENrNZ) ANT 7
AI] E0DEDIE, BHUZWT 7 A INVDEBFHET 256, TDT7 74NV 72HD
HZHi%E 1471 77ANVTAiNZ 1 DOV ANT7AINEERT DL NI EKRTH
5. il LT, 201103.dat 75 201203.dat &\\D 13 HD 7 7 1 IV & EHIZEH#HL
ZWeddY, test.dat EWVDET 7 AIIZ
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2

e )
201103.dat
201104.dat
201202.dat
201203.dat
- %

EWSHEEFEITIEID. A=AV ANT7AND £ D7 71 VFIREPN
ZUARNT 7)) IZIE, test.dat DV E%4 T 5.

X 517, sound_1d, sound 2d (ZDWTIE, (ARG 7 71ILY) A NDEMIN
TZ7ANV IR 1 FIEIZ 7 70V ZER L, 2 FIHIZIEK, TO7 7 AR d 5 H
% yyyymmddhh £WD 74— TN L. AU RO X1 MUZZ D 2
FIHOXZENRAINSG. LEDOHIZFHNWS L,

a I
201103.dat 2011030100
201104.dat 2011040100
201202.dat 2012020100
201203.dat 2012030100
\_ J

EVIHERTY AN 7 7NV EERTNIEE Y., BEELRZ LXK, oD 7Tar oL
CRERT 7ANVIERBICKRRT — YDA TR ANAS LT —IBEEZETDT—
HEEE)VANTYTLIE L DDV ANTI7AITHE, LWVWHILTHD.

LARMMI, AL T O T LD) AN 7 74 IVIEFHAAL T —X 7 71 IV
"unknown” & WO HEEZEIAL, A ICHNMNZ AND &, TOHIIREMEHNE L,
RRSIMER 707 T ANTHIKEIRRIND. sound 2d 2 FETTIHE, VANT 7
AN HEFOTmAIE 00 K, H&EE 00 R THR—FT2 8. ZUTE2T—ZRRNG
E1FEiB D "unknown” TRAT S Z &.

sound_conv

&input
fname = ’list.dat’ ! Z¥T DT 7 A NFBEPNZY AT 7 A
sign_flag = ’0a000000065100000000324000000000000000000° ! AT ADHEKY
! 71’ = height
! 7’2’ = temperature
! ’3’ = pressure
! 74’ = vapor
! ’5> = west wind ! positive value is from west to east
! 6’ = south wind ! positive value is from south to north
! ’7> = tmpl
1’8’ = tmp2
1’9 = tmp3
! 70’ = no read
! ’a’ = starting observation time [s] (option)
undef = '-—’ | REFEL U TEBRINT VS XF

conv_undef = -999.0 | ZEDT—XIINT D /RIEME
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skip_num = 8 ! SHODHARIEUITE [Ny 4 —EF %2 HARIET]

unity = ’m’, ’degC’, ’hPa’, ’%’, ’degree’, ’false’ ! Hifif
unity(1:1) = ’m’ .or. ’km’ ! HEDHAL
unity(2:2) = ’K’ .or. ’degC’ ! JEDHAL
unity(3:3) = ’Pa’ .or. ’hPa’ ! KJEDHAL
unity(4:4) = ’%’ .or. ’g/kg’ .or. ’kg/kg’ |\ KELEDHEAL
unity(5:5) = ’m/s’ .or. ’rad’ . or. ’degree’ ! JAGHEDH{L
unity(6:6) = ’true’ or ’false’ ! JA\M

JRARHALEAL, 2D, REFEDVICERET5.

ZDED BB TRHKINT VB E, "west wind" (ZJEGE,

"south wind" (ZH[ADHFAAEND LK DI sign_flag #HETD.

unity(6:6) :

EMRFHEND ArEEE UTHEML TWE5EE true’

BRNT L B HEEE UTHRIL TV 254G 2false’

I [exam.] : JLAEDIERS, true’, Jb& VD DEANERS *false’.

limit_height = 300.0 ! reading start height [m]
snd_height = 100.0 ! BSOS [m]

I
!
!
!
I
!
L E U, JEADEGE Y JEE TRFEINTWEIEEIE rad DAEEZRL,
!
!
!
!
!
!

. output_name = ’tested.dat’ ! LT 7 ANIINEFEIRAENDIVANT 7 A
)%
conv_inter = .true. ! BT —XE[FI < NESH
dz_conv = 100.0 ! conv_inter = .true. D& FD[HF| ZHfE [m]
/
sound_1d
&input
z_ref = -999.0 UORANT A= ZEHEOBROREERE [m]
p_ref = 950.0e2 ! Wifi/NT A —AEHEDOBEOEMEFE [Pa]
' £ U, z_ref 2HHELTLH5, p_ref = -999.0,
| p_ref ZFMEL T BHK5, z_ref=-999.0 £ 52k,
list_name = ’tested.dat’ ! sound_conv CTZAML/ZTF—XVAKNT 71
dmp_flag = .true. ! XN TA—RETFANT XL UTEEFET D [true].
ldraw_flag = ’xoxox’ ! filICBId5 757 .
draw_flag = ’oxooo’ ! fiH|ICEHTET TV,
2o’ = TANMRETHETS. *x = il LA,
| TOMDOLFIT L BEEITIUA TR,
! draw_flag(1:1) = iRA7, HY4IRAL, BORIAHZIRAI %2 ERd 5 .
| draw_flag(2:2) = Skew-T Z{ERd 5.
! draw_flag(3:3) = RUIAKEBED 34 %EFLT D .
! draw_flag(4:4) = FUIEMF/T A —XDFREMEREERRTD.
! draw_flag(5:5) = MEHRZICICART T 7 2/EKT .
draw_region_z = 0.0, 17000.0 ! {9 % &EHEEK [m]
draw_region_p = 10000.0, 100000.0 ! f##d 5 /F 15 [Pa]
! draw_region IZ¥HHELEEH 2 D 1 KukFITHY,
i ! draw_region(1) &2 7 7D i, draw_region(2) 1&7'J 7D L
EE .
IWs = 2
undef = -999.0 ! KIEfH
unit_v = 15.0 ! JAEHDAME KL T HEEOHAI AT ML [m/s]
/
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sound_2d

&input
flist = ’tested.dat’ ! fEHARRS|IT—X 7 71N

CIERAIT— &% 1 FIEICT 7 A V4,

! 2 ¥IHIZ yyyymmddhh JERTZORL%E AND
conv_dat = ’convec_parmtested.dat’ ! sound_id THHINDIAH/NT A —

R % FEAIAA,
! IRRIIR 2 ERR S 5 .
conv_list = ’tzpxxoxx’ ! conv_dat DT —XDIH, < T—EBA>TND
! AT LDIEFIZ 700 DD, 'x BREENZV,
Vooe RIS TV B 4
VR 00 MALTWBIEEIE, BleDRERFIXE LT
VTS
" 1oz, op? IERTRANTD A— R EFEL 2 HEEEE K
| XNTWBFEET.
| RFRAID A A NVIZZENTN, T—RIT70%EEZ SE.
conv_undef = -999.0 ! conv_dat DARTEFEIH.
dz = 100.0 ! FME[EIPE [m]
z_bot = 300.0 ! filil N [m]
z_top = 17000.0 ! fil B [m]
IWS = 2 ! DCL T /N1 A
title_txt = ’Equivalent PT’ ! &1 N
300.0 ! SEHARDH/MA
cmax = 400.0 ! FHARD I AME
smin = 300.0 ! # T —DH/IME
smax = 400.0 ! # T —DHKfHE
cont_val = ’ept’ ! SEfHfRE U TR DEHHA*
shade_val = ’ept’ ! W T —& U THRRTIEHME*
vec_val = .true. ! KEFEEHNRZ MV EHD [true THiL]
cnum = 10 ! FEARDO AR
snum = 10 ! AT —D
undef = -999.0 ! REHH

cmin

* PHEZBOBEIILTDOE B Y
‘temp’ = JRE

'rh’ = R

qv’ = RA

‘pt’ = RAL

’ept’ = EEER YA

'sept’ = FUFIMHXMIEAL

‘east’ = HEPGE

‘north’ = FAdLJmE

= e e s s s e e e SN

SRR

4.2.19 NMO1

BRI BT 2 BRI R ARG 1T DA F N2 FEE R D ORI 2 3HR T2
JERRENA T 1)y RARY NIVETI (ZORIBOFN S, BT T IV & ERE X6
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(x1000) 2011052317 2011052317
; — — / T Zer 1500.0
20 ———7500.0m T T ] - 999 Or:P
] Pref — . a
pref  —999.0hPa | CAPE —999.0J kg~'
18| CAPE  —999.00 kg~! 7] CIN —999.0J kg~!
CIN —999.0J kg™! ] PW  51.3mm
16 | pw 51 3mm / 9 Zier 1741.2m
oL 1741.2m ] N zirc 15200.4m
E V| zine 15704.3m
14 | zire 15200.4m ] pict 821.7hPa
zivg 15704.3m ] pic 126.1hPa
19 | peL  821.7hPa ] pwe  115.9hPa
il 4 (0] / 4
E ptre 126.1hPa H‘ 1 s
115.9hPa ) ] a2 / {
210 PLNB p) i 4] / y / Se y
ot 1 e / \ ) R
o : / y )
sl B / / )
- 500 // / // & S N
6 . / oSN\ ¥ %o [ v [
i / % (o8 Q
/ N> v of
L / /Y, /
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4+ . . / 0/
[ /
[ / S y ° )/
oL ] Y, / NS ’
L 1 I I I ] 1000 L : ~ v 2 .
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Kelvi Temperature
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4.29: sound_1d THAULINBZ YV F ¢ X 4.30: sound_1d THAULINDE YD v T+
V7707 74 (Skew-T ). YITIOT AN (T T T LK.

(x1000) equivalent PT
16 400.0
14
[ 380.0
12
~ I 360.0
E o
o) [
T L
28 340.0
2 8r
et [
m L
6
I 320.0
4
[ 300.0
2
—
24 26 28 31 2 4 6 8 10 12 14 16 U = 25m/s

JUNE
2011

4.31: sound_2d TH ML I N5 & — R W .

#) . FIEETIVOFFMTH 5.

JERER IS R REAER (r, 0). B OFHMIE » HIZIE 2 YRR DO FLAED. 0 HAIZIE
7=V I AR MVIEZ T U7z, ART FIVIRIZE T 2 IERUPIHGEH RIS AL 2 -V T
W53, EEBEI 2 RAG S U, FIIZZ ORI DA F 72 A BRIRIE O L O Rf
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MR 25 RS 5, BRI DOMNINR OB EDI M2 5-A 5 LMHERENT VA4 5 L D12
HAGORI VAN G Z 5D, £z, BIFESRIOIEARIEGIZ DWW TE HR ST 10 Ol
PRIt & FERICBI B S D i % 5 A ERIIFIB CERT D 2N TE D™,
ARETIWFHE—~T O YV OATHEAIE DYV VIVEK (NM01_s) L EB ok v ¥ T
RIS VLTI (WM0Lm) AMFAET S, ¥ Y ZIViklE OpenMP WiFIDAIT> TS
»S, YIVFRlE OpenMP MFNZHNA, / — REHZDWTIE MPIL ¥i5E£17> T\ 3.

oV JIVAR

VA @1V
RKIOATITLIE 2 5O T A%IEIZEITT B Z & CTIEHS RS O RFRE 7 E %
AET 5.

1. MRDax Y Rk, FEfT77 7 1)V (make_init, VRWS) ZKT 5.

(v oo )

2. make_init IXENR A RIDEIRFRIRD MH 7 7 A WV EIERT D, BEIZOMHT7 71
B BGEE, TOTO AIEKTEZENTED.

3. VRWS IXEDHINFRED %2 S 12, 2—A) A~ (#R) THE I N/
DB & FIHE & U T OIEIFR R 2 ORFEIFEZ5HH T 5.

ETAE
PARD I~y R2IHRFEATT 5.
\

$ ./make_init
input the initial file name. (fEE T BHIHT—X 7 7 1 V%)
You have velocity data [y/n]. (EIXIFRD T — X234 D h; k)
$ export OMP_NUM_THREADS=[number] (CPU fi4%(; {£7)
$ ./VRWS < namelist.nml

N )

e make_init Tl&, 2 DHIZE» NS EM T, #iFED T —2 2 RV E XE
"y BEIRYT S, §5 L, make_init IZEXE I N TV D HUARI R B LR 5 R D
ERHNEZ6ND. @EGIIFHEUZBBNR 707 7 A Vo R/ o
VAT B LD BAMINHBIZERING.

o 'n” EENE FITHEMNPHBUAZROEZE IO T 7 A IVDT— R % H> TFHE
IRDIENTED. ZDL X, HiAALEAIX NetCDF FERD AR L TV
%.7n" LERTD L,

IHERRL Y OT T OHMIIAIEE 5.5.2 B,
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input file name and radial grid number.

radial flow is forced to zero 7 [y/mn].

LD 2 ODEMEBMPNDDT, 1 DHIZHARE U7 NetCDF 7 7 1 VD4 Hi
EMETF R, 2 DHIZEIREANL T —X L LT A TWARIEE, TNEEETH
M3 20, Theet¥n UTHELBRWDAZ ANTS. 7Y B5IE, BIREE
FHRITHL AL T

e OMP_NUM_THREADS & OpenMP 5281+ 25 CPU DUSEUIZ 5t IE T 5 ERiE A
BThHY, &L, 3231 IIHFIZ OpenMP OFELFHAEERA TV 2 v % DIFT
BT, TOBRBEEAHOBREIZL > TUHSFHENATHETHS. [number] (I
A AN 5.

e VRWS #H479 D &, StEANBHIBT 5. TDKEEIL namelist.nml @ foname T
BELTWD 77T TIT NS,

F—LYZR b
FATIBE R A=) AN T 7 A IVOABRELTFDOEED TH 5.

&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 = 600 ! dumping time step
! dumping time interval is equal to "dmpstp * dt"

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

ni = 10000 ! 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 = ’1’ ! time scheme :
! [1] = 4th order’s Runge-Kutta
! [2] = Leap Frog
! [3] = 1th Explicit Euler
force_flag = ’ooooooooxx’ ! forcing flag
! 0’ = calculating, ’x’ = neglecting
! force_flag(1:1) = linear advection term
! force_flag(2:2) = corioli term
! force_flag(3:3)
! force_flag(4:4)

diffusion term

Reiley dumping term
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! force_flag(5:5) = non-linear advection term

I 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
/

STERR
KT T T LOKRD 5155 7 FRR R D370 1M 4.32 1I23RT

HiE
W7+ L2 MVITKEMINT WD HE 7027 5 A drav_polar %3795 Z & T
HAARETH D, Z DT OT T LD HIEIIA G 77 28,

< IILF AR

[EE] K70V I L% make AX Y RIZE>T AV /1)L 254, Makefile DY
X . ./../Mkinclude MPI 2RI NTWVWEDT, TI2HEOBRBEIZES-HEILT
52 k.

VAWV
AT T M STPK %232 /81 )V U7 Fortran IV /8 Z L [A—DIAV N 5
TEIRINAZ MPL 24 77 VDRRBETHS. BLE, OpenMPI 12 & 25 {BIEIE
WIZHRELTWD.
ARTOT T ALE 4207005 L%EIZETT D2 & TIHRFRER S ORI E
ZEHET .

1. MFDav Y RIZ&Y, 77 71 )V (make_init, splitter, cpmbinator,
VRWS) %49 5.

(¢ oo )

2. make_init (FENEGIAOIAFNRDO M7 7 1 IV EFEKRT L. BRIZOMT 7 A
IWRHZGEE, DT AFEBKETEIEeNTES.

3. splitter ¥ make init (2L > TIER, HDWVIET TITHEINT WS G T 7
)V % namelist 7 7 1 NVOEREZ € &2 U CHEEIZRHME T — X 120ET 2
(B 7Ty YREHGARD 7 7 A IVIHET D).
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(x108) up and vp(t=0.0)
" i T
1.00
0.60
0.20
]
-
()
<
)
-0.20
—0.60
-1.00
-2 -1 ] 0 ] 1 2
CONTOUR INTERVAL = 2.000E-01
r
(a)
(x108) up and Vp(t=9750.0)
T " i T
1.00
0.60
0.20
]
-
()
<
-
-0.20
-0.60
-1.00

2 -1 o 1 2
CONTOUR INTERVAL = 2.000E—01
r

(b)

B 4.32: IR OG5 NIRRT D > 6, FEMCEESAOEE, 5 —T
BARSTIADEE 2 R g, EISAIHME, T 5 & 2 R AR DR U 72 e 2 oD FE o

PR D734
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4. VRWS I3ZEDHEINFMRO D% L 12, 2 —AV AN ($BR) THE X N/
DR = PIHE e U T2 ORI D O ERR 257 T 5.

5. combinator & VRWS DFHREFER (43E]7 —4) % namelist 7 7 1 VDFRE %
BLLIZ12iIlEaEbES.

EITHE
UFoavy REEREITTS.
~

$ ./make_init
input the initial file name. (fEEXT DHIMAT—4 7 7 1IN %)
You have velocity data [y/n]. (HXIFRDT—X 23 2 H; k)
./splitter < namelist.nml
$ export OMP_NUM_THREADS=[number] (CPU ifi%|#; {£.5)
$ mpirun -np [Wi%1]/ — R# (proc)] ./VRWS < namelist.nml (£&if)
./combinator < namelist.nml

o J

e make_init Tl&, 2 DHIZHEP N EM T, @iFREDO T —2 2 BnE Tk
"y ZIERT D, 95 L, make_init IZEXE I T\ D B R BN G ] D
JERENEZ END . @EGIEEE U BAN R Ta 7 7 A VS RS 5
VAT DI BAGMNHBIIHEIND.

o 'n” BENE FEITEMNMHELUZBOBRETO 7 74 IVDT—X %2 fio TR
IRDIENTED. 2L GAALERIE NetCDF LD A L T
5. 'n" LERT DL,

input file name and radial grid number.

radial flow is forced to zero 7 [y/mn].

LS 2 DOEMEEM»NS DT, 1 DHIFARE L7 NetCDF 7 7 A VD44 Hi
T REEE, 2 DHIZBIREN T —Z L U TA-TWB S, TNEEIHE T
320, Thees¥ne UTEHR LAV Z ANT 2. 7Y 25I1E, BifEE
FHREICHAA D

e splitter |& namelist 7 7 1 VD finame CTREINLZT 7 A INHD T 7 1)
ZHAAR, Z T XY WAL 72O DFEBIE T — X 2 KT 5.

e OMP_NUM_THREADS % OpenMP 325 1F % CPU DM FIEIZ it g 2 BigEZs
BThHD, &L, 3231 IIHFIZ OpenMP OFELFHAEERA TV a2 > % DI T
B, ZOBRBEEHOHREI &> THFHGFHHENEETH S, [number] (Il
I E AT 5.

e Z ZTlX, OpenMPI DUiFFEIFI~Y Y R mpirun % H\\ 5. 5]/ — REUX
namelist 7 7 1 IR E I NS proc THEL TWDIHERUEDEZHWS Z
&, VRWS 21795 &, #EMNBIET 5. TOMEIL namelist.nml D foname
THRELTWD 77 A M TII NG,

main.tex 2013 £ 9 H 13 H (EHEHR)



STPK ¥v=a7JL a7y rs A 210

e combinator (X VRWS THIAINAZRE T 7 ANV %& 1 DIFEETD. TDLE,
FEEINZT 714 namelist 7 71 VD foname THREINZED LD,

x—LY RN

FATIBE LI =LV AN T 7 A IVOABRELTFDOEED TH 5.

&input
nr = 198 ! radial grid number
hnt = 90 ! tangential truncation wavenumber

! tangential grid number is equal to "2 * hnt + 1"
nt = 720 ! calculating time step
rmin = 0.0 ! radial center [defaultl]
dr = 4000.0 ! radial grid interval [m]
dtl = 0.5 ! large time interval [s]
dts = 0.5 ! small time interval [s]
dmpstp = 50 ! dumping time step

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

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

ni = 10000 ! 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 = ’1’ ! time scheme :
! [1] = 4th order’s Runge-Kutta
! [2] = Leap Frog
! [3] = 1th Explicit Euler
force_flag = ’ooooooxxxx’ ! forcing flag
! 70’ = calculating, ’x’ = neglecting

! force_flag(1l:1) = linear advection term

! force_flag(2:2) = corioli term

I force_flag(3:3) = diffusion term

! force_flag(4:4) = Reiley dumping term

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

I 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
/
&para
proc = 2 ! MPI parallel number (nodes number)
/
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SRR
FERIEY VY ZIVERERE U (X 4.32 21H).

HiE
W7+ L2 MVITKEMINT WD HE 7027 5 A drav_polar %3795 Z & T
HAARETH D, Z DT OT T LD HIEIIAE 77 28,

4.2.20 Karman

2QIRTTIRIZBI 2 AN V%Y 32—V a Vv ARENETIVTHD (5 :
HiiE, 2006).

JERERIET )V SRR (z,y). 0 ORI 2 YREEOFLES AL, FEIE
MiRIEY U T, Arakawa Jacobian (Arakawa, 1966) %/ L T3 "2,

VAPV

1. BFO I Y RIZ&Y, FEIT7 7 1) (Karman) % 4EKTSD.

(8 nake )

2. Karman |3 —AV AN (k) TEREINZHYAT—X 7 71 )V finame D
T =R %&TTIZ U TR —EEE2 HOCTREORMFRREZ3HET 5.

EITHE
DPFoaxy Rz25ET7T5.

$ export OMP_NUM_THREADS=number

$ ./Karman < namelist.nml

e OMP_NUM_THREADS % OpenMP WiFiZ51F % CPU DM FIEIZ it g 2 BigE2s
BThHY, &L, 3231 IIHFIZ OpenMP DOFELFHAEERA TV a2 v % DIFT
BIHE, ZOBRBRABOBEIZ L > THHGFHELAFETH D, [number] (ZIFif;
e AT 5.

e Karman #5179 2 &, stEMNHET S, TDFERIE namelist.nml @D foname
THRELTWDE 77 M ITng,

X—L) RN
EIFIIMBERI—LA) AN T 7AIVORRIIUTOEB ) THD.

&input
HBRRG EOE T OFEM I RIS,
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nx = 400 !
ny = 100 !
nt = 100000 !
xmin = 0.0 !
ymin = 0.0 !
dx = 0.1 !
dy = 0.1 !
dt = 0.001 !

dmpstp = 1000
!
finame = "" !

!

!
foname = "resu
inner_file = ’
time_flag = ’1

undef = -999.0
init_type = ’p

ubar = 1.0
eps = 1.0e-4
nu = 0.01

/

REZBIFDIEE

RO BEERFRTEX, colum.txt 7 71 I)VD

X-coordinate grid number
Y-coordinate grid number
calculating time step
X-coordinate original point
Y-coordinate original point

! X-coordinate grid interval [m]

! Y-coordinate grid interval [m]

time interval [s]
! dumping time step
dumping time interval is equal to "dmpstp * dt"
initial data file name.
if there is no, automatically,
being made by the program.

1t.nc" ! result data
colum.txt’ ! inner boundary file

> ! time scheme :

! [1] = 4th order’s Runge-Kutta
! [2] = Leap Frog
! [3] = 1th Explicit Euler

! undefined value
si’ ! the tpe of initial value.

! ’psi’ = strem line, ’omg’ = vorticity.

! mean flow [m/s]

! convergent condition for poisson solver
! diffusion coefficient

JETHD. ZOT7 7ML~V

WEEIAETOIBRICREINDIHDO HEHEIBZRETDEITFAN I 7TAILTHS.
ZZTIE, ATFORMEIFELZE TD colum.txt DFXE FHiEEGIRT 5.

o x,y HFIDKE UL 20 x 10 £

o HIZEAE (ZOBRBERETHEOREIEETEZ) TEX KT

J=t e

VT 2x2 DREX LD (ROEBEOK X IE " MT5 x W4T 0" ).
o BEORBEME TR THATENS 4 5H, Trb 4 KHLT 3.
o BOBREMET 1) 7 LB (KT YV VY UARN—F ¥ OBREMHEET 1

EAEEING)

2D L X, colum.txt DIFE HiEE UTLARDOIRE ) BFHET D.

e TXANTZTAND2FHMNLEZXRDS. 1 THIXE I —HBDTH S MND
EROXTINEZRELTBL I L (XFMATE L),
o 1 FTDFHIL x AHRIDKFRBEFU. 1 A0 FEIE v HRDOKF e
FROXI—H 1 722 RLEDEAZRIZALUTHD (LOFIDOGE, 1 170

UL 20, 1

FIDSTFRIF 11).
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o RSO HIE 0, AR TD AV 0 TRIET 5. Z0 0 Of
FRAHEOTET B 5 5.

o FEOBLRIE "07 TIRACBIRAFOMEE 2T 2 BIMNAS. (SHREMO
R 45523 3RO Poisson Y b/ —F > OMSBER Jeff 5 ¥ 1A U 12

LTHh3).
o 7 L 0 I L TR AL AW, BT, BERFZMBEOBMEN AL R
RO,

o HEIANEE, TFAMTRRINDG y HAOKFRENSIRICTHAAENS
DT, y BEOTFHIEITFRAITWS & 2 [THICERIND.

INOGDOWRFED ZFY BN, EOIREIZEDOTHE L7 colum. txt DHNIIAT
Thd.

- colum.txt DFXEH] ™~

|--- 10 ---[|--- 20 —--|
000000000000000000000000
000000000000000000000000
001111000000000000000000
001--1000000000000000000
001--1000000000000000000
001111000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000

000000000000000000000000
N J

STERER
KT T T LDOKRD 5155 N7 AR & AR D 2RI 4.33 1R

HE
AT+ L2 MRS NTHSHiE 70275 A drav_anim 2 E{79 5 2 & CHiHE
MARETHD. 2D T T T LAOMFHGFEITAASE 27 8.

main.tex 2013 £ 9 H 13 H (EHEH)



STPK ¥v=a7JL a7y rs A 214

psi and omega(t=0.00000E+00)
L L B B L L B

4.0 1.0
8
2.0 0.6
6
0.2
> [To.0
S . -0.2
**************** A ~0.6
o L ]
,,,,,,,,,,,,,,,, 40— mmmmmmm e -1.0
ol v v b e
0 5 10 15 20 25 30 35
X

CONTOUR INTERVAL = 1.000E+00
(a)

psi and omega(t=1.00000E+02)

T T L e e e e e s L e e

1.0
0.6
0.2
-0.2
-0.6
-1.0

CONTOUR INTERVAL = 1.000E+00
(b)

4.33: ML (1) & & ZREHRAMGAL - & X (F) OMHE (75 —) LR
B (S5AR) .
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BOE  fIEx

Ver.1.0.0.0 TR TE. BIIELERARZE DD HfgH.

5.1 alge_solv DI

ZITIE. 2T AN NEERIZE T DR T Y v ARADMEML 2 2R 5, B
BB TIRENEITTH D,
%Y

a('r7y)@ + b(l’,y)

0%
Oxdy

0? 0 0
+ c(x,y)ayqé} + d(x,y)a—i + e(a:,y)a;f =p(z,y). (5.1.1)

22T, x,y WREBEEEZE, o = Y(z,y) ERODE, p(x,y) 1FRT YV v HEX D],
a,b,c,d, e lZEBEMTHD, V—F VTl TNLDRBEFHELTHERSZ LT, i
AUZWHRERREGIIBETD ZEMNTEL L5 THDE, U FNDOHEEFILIZEWT,
r,y HFOBEREZZTNTNG, j £ TD, £7/2. EWAE 2 IEEOFLED AF— A
EHWCIHMEiT2 Z L1295, D& &, SHEHEHIUET D &,

f(x7y) = fl,j

%Y i1y + o1y — 20y

dx? Az2 ;

0% 1

dxdy  4ArAy Wir1j0 + Y11 — (Yic1j11 +Yiv1-1)}
0% it + Yigo1 — 20y (5.1.2)
8y2 AyQ )

Op _ dir1g — Yiry

oz 2Ax

O _ bign =i

Ay 20y
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%%, ZIT, fIMEROANT—EHTHY. W ITBRBHEE BEHEHIZTIANATIN
THMii L7z, F72. b DEEIZDWTOEHRIL

0% N

axay oz <8y>

. 0 Ql)z,]Jrl - wwi,j,1

oz ( 2Ay )

_ 0 (ﬂ%,jﬂ) <¢z] 1)
ox \ 2Ay 0z \ 2Ay

_ b (i =i 1 (i1 — i
2Ax 2Ay 2Ax 2Ay

EWVWHHBEEZRTCEHRELLEDTH D, BF, RIV—F VIIAFHPREEBEEIZENIEL TH
V. FEEOFHHETIZ

Ar=Az; =05 x (z(i +1)—2z(i —1)), Ay=Ay;=05x(y(i+1)—y(y—1))

EWIEREEITOTWS, (5.1.2) REHWD L, (5.1.1) R

Vit T Yic1 — 24
I Ax?

1
+ bi,jm {Wit1j41 + Vi1 j—1 — (Vim1j41 + Vig1,5-1)}

Vi1 + Vi1 — 25
Ay? (5.1.3)
wz—i-l ,J ¢z‘—1,j
2Ax
Yij+1 — Yij—1
2Ay

T Cij
+ d'], ]
T €ij

= Pij-
LD, Iha, KEEMEZDRIZET L,
1

o aij , Cij V|
v {25 5p)) -

(g dig Joy g
[wHLJ<Aw2 2Am>_%w”+1<A 2Ay)

a; Cij €, (5.1.4)
T Yio1g <A:1:2 2Ax) Vi1 < 2Ay>
b; j
+ 4AJ;A {Wit1 41 + Vi1 j—1 — (Vim1j+1 + Vit1j-1)}
—Pi,ﬂ

L%, FEROEETIE, SEAIIZOWTIE,

Vij = ADP, jtiv1j + ¥iji1 + ADM,; jbi j + CEM; i
+ BT j {tit1,j41 + Yi—1,-1 — (Yim1j41 + Yiv1-1)} (5.1.5)
—ACijpi,j]
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EWVDRAREHNTEHEZIT>TWD, ZIT,
ADP, ;=2 2 | G - tij . dij
b Az?  Ay? Az2  2Az )’
ADM: . =492 i, + Cij - Qij di,]
w Az?  Ay? AzZ2  2Az )’
—1
i ci c e
EP, ;=<2 -2 bJ () i
CBPig { (Aw2+ZMP>} <Ay2+2Ay>’
-1
— Qi,j Ci,j Ci,j - €i,j
CEMZJ—{Q (AIEQ +Ay2>} <Ay2 2Ay>7
-1
_ Qj,j Cij b”
BE]-{z A2 ZMF>} 1AzAy’
-1
_ Qg,j Ci,j
AC;; = {2 <Az2 + AyZ)}
Thd,
I, BEREAFIZOWTRARD, AN —F 2 CREIREMILITD 3 e R— UL

TWd,

o T L7 V&M (FEEMmSZM)
o JANVERM (HHmEM)
o MBS St

2055, IR EMFIFERAIROIMUT U E T E R0, il 2 DDBFREMFIZON
TlE, WEHEARAREICEVWTHRETDIIENTEL, N7V VABRAGERV—F Y OA
7Y 3 VE# inner bound IZNEBIZEEAMMAET 256, TORGF R ZBUHIZ & > TH

ETLODEETHD, M5.1121&, PERFEEAMFMEY S & E T inner bound %

RAEY

RNEBTFROBIPRINT NS, KID>H, BRuREHKTHTHE, ZOL X, fHETo
£ BRIEONERERNEET S & X, MO TH /255D inner _bound (25555
HEZELURITNEBRSBZVETH DL, £, RORTHEN-E T AIIRESE 21T
DRNWZ EE2RTME (10) DRAINRITNIER SR, D5 BUZE T AT RERBE R S

EZNUTHINT DMEIF AT IZBR SN D,

UL BRSSO INGE RS O 5EL bound THEINT VDMl %E HBIICRALILT 2D T, 21—

P IRET 2 L EIIR,

main.tex 2013 £ 9 H 13 H (EHEHR)



218

5 {F8%

a7

STPK ~

T

C\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f)
ZEAN AN R R A\ A A R A A A A A A\

Y

RN B N N AN A N A A A A\ A\ A A A

Of‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f\

A

RRE I NDIEF R

Gl

5.1: inner_bound T

2013 4£ 9 A 13 H (TEE#*)

main.tex



STPK =27 5 {I8%

219

- PHRBIR L U CRIET S B 18
8 0 FHEEAL
B 1

iy

T
X

p=11111

il

8 1 [EEsmaedt,

on

719
X
REME 2,-2 = J51AIZ H HmSF,
o EEIFZMAMERREVE (M5.22H),
o BUHIFZIMAMES A& D E (M5.2 2H).,
REME 4,-4 y AN HHIERA

o EMIFZMRMEIS ALY L (X5.2 2,
o BHIFZMND B REY T (X5.2 2,

BREME 3,-3 ARG
o IFAEIEEFEAEIS DU LAS T JE MBS 5L,
o B IZIE R SAVGH B AEIK D D P R,
R EME 8,-8 [HFHIE H H i et

o IEMHIIBIRAMETMA L (5.2 2H),
o BUHIIEFR AN E ENET (K5.2 2,

kEﬁTEﬁE 10 WESBIFEHIEIN, Z DT RTCIRKEFRZITDR,

J

I X HEBER(i,)) DIVEDME ¢ ; #RDDAFTNTN, LTFDESIL85

FXEME 1
Vij = fij

ZEME 2(B5.2 D 1)

Yig = biv1y — fij x Az
REE -2(”5.2 D 2)

Vi =vic1j+ fij X Az
RXEME 4(B15.2 D 3)

Yij=ij1 — fij X Ay
BREME -4(K 5.2 D 4)
Yijg =g+ fij x Ay
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REE 8(H 5.2 D 5, 8)

o 5 DIGE :
Yij = % {iv1,j41 — firrg X Ay} +{Wiy1541 — fijr1 X Az}
= Pit1,j+1 — % [fi+15 X Ay + fij+1 x Az]
o 8 DI :
Yij = % [{wi—l,j—l + fic15 X Ay} 4+ {i—1j-1 + fij—1 X Ax}]

=i 1,j-1+ 5 [fz 1J><Ay—|—f” 1><A:E]

REE -8(K5.2 D 6, 7)

o 6 DGE :
% Hvic1j41 — firg X Ay} +{vi—1 41 + fijr1 x Az}]
=Pi_1,j+1+ 1[ fic1j X Ay + fijr1 x Az]
o 7T DYGH
Vij = % [{¢z‘+1,j—1 + fir1,; X Ay} + {ig1,j-1 — fij—1 X Az}]

_wz-i-l] 1+ = [fz-l—l]XAy ij IXA-T]

REME 3
wnx—l,]ﬁ (Z = 1)
)2, i =nx
T/Ji,j — 2,3 ( B )
¢i,ny—17 ( - 1)
Vi,  (J=ny)
BREME -3
7pmc—l,ny—l (Z =1,7= 1)
o wQ,nyfl (Z =nx ] = 1)
Yij = o
wnx—1,2 (Z =1 ] - y)
() (i =nx,j =ny)

ZZ 7T, fi; | bound opt THEINDHTH D, ZDEFURITEE INDEREMIZEL-
TRETHENEL D, BEWEROL SETOEEFHIMEEZRL, HHmHERD L 3,
FRTOARMEERT, Z0LE, ARIIBTEOAMIZEHREING Z L ITHERE, FCH
HiGREISEETH D DT, M52 ISR ZRT,
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BHB. FHRMEEOES LU, NEEEOBEIE LD U, SLUTLEBULLIFET 28
D DBERZEMENFREINT VD, TOHE, WHINDERLMOBLEIX

1>3>+2, +4, £8

THhd, DF V., EEMEA?E > L L ERENEN,

1 2 3 4

Vi j4+1 A i
fig  Wivng i fig |
—> [ ] L] —_—

o A i "/)i.,j—l

L] L] |

5 6 7 fiv1j 8 fi—l,j_
fij+1 Yit1,541 "/)i—l,ji Jij+1

fij=1 Yix1j—1  Yim1j—1| fij—1
e > e . ———>
%fi—l—l,j %fi—l,j

5.2: KN—F Y THR—=FINTWDAHREREME, TR () X8I 2E2TD
MO E I N5 UE bound opt & B ¢ 22 H3kD D FFH, KRINFIEZEI NS HBLD
] .

5.2 KE=FAX

Z ZTlE, map_function EY a2 —)VIZEHZRINT VDKM ETOMEE - RESOEH,
BREMAMOFEETHONONT WA KREFHENIDOWT, BRA=AIEIC I 28R 2175
F9, HRE=ARICE T 288 CHIIUTO@EY) THD.

IERLER]

sina sin b sinc
p— pr— .2 .
sinA sinB sinC (5.2.6)

R ZE, SISO AU BED S EBED RO BIREMI & o TET B, & UABEDEE T LB E
HTHD2 5, ETFRIREERSMEE UTRHAEIND,
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e RIKEE] ~
cosb = cosccosa + sincsinacos B, (5.2.7)
cosc = cosacosb+sinasinbcos C, (5.2.8)
cosa = cosbcosc + sinbsinccos A (5.2.9)
NS J
g ER AR ~
sinbcos C = coscsina — sinccosacos B, (5.2.10)
sinccos A = cosasinb —sinacosbcos C, (5.2.11)
sinacos B = cosbsinc — sinbcosccos A (5.2.12)
N J

ZDEE, a,bc,A,B,C XX 53D ThHd.

5.3: ¥ 1 OHMNERIZEWTERE INDEKA =M ABC. ZOEKHE A Z2 MK T 5
ZHAIMNEERDO L ZELHDOIRTH .

INGDOEMIIH 54DEDIEZD L, TOF FERAEBIERDBEREIZHEMT S

-
—

main.tex
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EMTED.

5.4: THR%E 2 3 0ICEDERE =M. ZNO6DADE D —HDLDEX r 2RKDZD
DR 112radi THD. FHEEE 2 LIZE DD T, TNODETRIL 2 LORE A LR
D, Y AU I — 2T 5.

B 112radi XX 5.4 IZHWT,

o1, A1, P2, Ao

2RO E U, 26D 2 ORI r 2 RODIBEBTHD. ZhERDDITIE,
(5.2.9) KIZHWNT,

b:g—(ﬁg,c:g—(ﬁl,A:)\Q—)\l,a:r
Bk,
COST = COS (g — cbg) cos (g — ¢1> + sin (g — qbg) sin (g — qbl) cos (A2 — A1)
= sin ¢9 sin @1 + cos Py cos ¢p1 cos (A2 — A1)
LR85, £oT, kddAix

7 = arccos [sin ¢ sin ¢1 + cos ¢a cos P1 cos (Aa — A1)] (5.2.13)
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LR, ZIZT, r iZEAIRKICBIIDAETHDIDT, ERERDKIIBWTIK, rRET5
ZETHEr DORE ETOMAROEIZROOLND LWV ZLIZHEETE S BEHRL,
B =AROEHIMEZNEN, BROPL2EZHEO—EHENLTHZ ™.

5.0 PAS. A LU =P, 7272 L 5.6: 5.5 LRAUZAE. ~72L,
$ (Pr; Aa) BARHDLECH . 7@ 7/2 < 0y < 372, -7 < 6y < —7/2

JERIS BRI AR L TR (o, Ao) IR ORI DIREE.

RS, MEEXRILT (ro 6) £45

INDREERRSE (b, \o) ZEHHET D, 2

ZT, 0 DY DB —7/2 < 6y <

/2, 3w/2 < Oy <27

WIZ, BTN —F > rt211 1FHEE ¢o, BE N ICBWTHAZE D, MUERE (ro, 0p) TR
XNDILTOREE ¢, EREN, ZRODDEDTHD. ZZTEZTVDIGHEEIZX 5.5 D
EOBEETHD. ZOREREOFR A M OERIFERTIER S, BRHE LIZH > M0k
HECHIHND . E 77, AL 5O IZERE O S ¢o, Ao TOELHEEZ L &+
FIAGR % % 0y = ., TG S & 0 = 3?” ELTELNG. THD, =1, %”L
DAL DIERE ro ERETRZL X, N EVSRET—ETHD (FFMEICESTND)
WS ZEIIEETD. ULEDoT, 0y =0,+nm, 2r EOEEOMERE ro 13BN EIZ5
I-HET, AALITND. ZDLDBRERERIZBNT, rg,0) TDRE ¢p,\y TRETD &H
ATl E, FTHMAMDMEIX

®0, Mo, o, To

RDT,
A:)\m—)\g,B:g—eo,a:m,b:g—%,c:g—% (5.2.14)

YOS RSB E S D, I THELATNIES S AVDE, ERIBERASABOL B A
WD E S LABa0RTHSE. 2%, ZORIT 6, @@zﬁ‘% < By < g FTLM

TSHEERD 112radi XA ¢ & RO 1%, HIBRD L2 0 1F THEBOHEICEL TV 5.

THER EOMETE X SGNDMEN L IFRAD 2 L ICHE. BEMOSE XM ORI ITHkE U TEL
45,

B Rbb, ZOFEIZEROFLD S (do, Ao) IMIEL HEME ERT .
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WY @E. BL, T < 9037” DI 0o Db B & 3%, 51 C &AL LCfi%
ANBETHRENDH L. 20 XONCERIX
T

A:/\o—)\x,Cz@o—g,a:ro,b:§—¢o,c:g—% (5.2.15)

LR35, EoT, ARTI, —g <y < g F COHEE % regl, g <y < 3% DHiFH % reg?,
0 = ig % reg3 £ UCZNTENERMET S,

regl XIGTDDIIX 55 THD.
T, HEICAE C ZHOARVDT, (5.2.7) 12 (5.2.14) ZHWT,

sin ¢, = sin ¢g cos rg + cos ¢ sin rg sin fy, (5.2.16)

PELND. IN%E ¢ ITDOVWTEHT S L,

¢, = arcsin [sin ¢ cos g + cos ¢g sin r sin fp), —g < By < g (5.2.17)
BB, G WEOENZDT, ZOfE%E (5.2.14) L& &HIT (5.2.6) ITRATD &,
. _ cos 6y .
sin(A\; — A\g) = p— sin rg

ERBOT, 2Tk N\ I

0
Ae = Ao + arcsin [COS % sin 7«0} (5.2.18)
COS

RANSY

reg2 Mg 5DIEXN 5.6 TH5.
2T, BHEICAE B 2HVARWODT, (5.2.8) 12 (5.2.15) ZHWT,

sin ¢, = cos rg sin ¢g + sin rg cos ¢g sin dy, (5.2.19)
WEOLND. TNk ¢, ITODWTEHETE L,

¢ = arcsin [sin ¢ cos 1o + cos ¢g sin 7 sin O], % < by < 37%, —m < 0y < _r
(5.2.20)
BB, RFZORNK (5.2.17) LA UBRDT, ¢, DEHIZEWTIE, 0y DHEiFH % &
232 2B A—DRTHET DI ENARETH . ¢, BELNZDT, ZOMHE
% (5.2.15) L& & HIZ (5.2.6) ITARATD L,

) sinfy .
sin (Mg — A\z) = ~oos ¢70 sin g
X

ERBOT, ZH&D N\ I

Az = g — arcsin [— O in ro] (5.2.21)

AN
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reg3 Z DT, KD D RPEIEF LA URE L 2D, DAIZ,

Az = Xo. (5.2.22)
/2, FHBLETHD e, BRI 2 HHHE - 137 0 £ B 55 T O
JEAil % W,
(ﬁx = ¢0 + To- (5223)
SIT, 0= OWIKER, 6= 37” DIFEE L5,

PAUEASERIEG 11285 1) 2 JEROHLEMTH L. 22T, LOFEMIEETHRARZRKEL T
WB DT, BAERE EOBEREE rad BALOME LML 85, ko T, EEEOBHHEZ KD
S0, BONDALITEKROERENTD L TEIHETES.

5.3 Statistics D{F5x

5.3.1 =/MNEEZE

BT O, oy VTS, ZOF—AOM% z 2ERETE L,

y = y(x)
EWOHHREED, TOLIBT—AOME 2 IZOWVWTOERDLZIEAIZ & D AKEST
KIILEEZD, LU, TOEBIEZ s TOyDIHEZTD L EOBBOMED 2 Fxsh
INETRB EDITEIEND T 5,
9. fHEOODIZ 2 IZOVWT 1 REBTER T 2525, 2O XOBEEZ
F(z) =ao+ a1z (5.3.24)
Y33, 22T, ag,a Wz, y THKIFELARVERTH D, EBEOT—X T T—X2TH
52DT, x4,y LI T—RDMAEDLELRD, ThbLL, ( HHDOT— XX
yi = y(z;)

Thd, AT 1 IREEE

L85, COEMF(x;) Ly D2 R/ELRNETDHLDIIEDILEERD, DEY, Z
NHOEEE RETD L,

N N
R=> {y(x:) — F(x:)}* = {y(@:) — ap — mz}? (5.3.25)
=1 i=1
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MERNERD EDIZEENBITNER LB, ZO5RMEMZTEEE 2RkD5I12E, F
DR ZERD B z,y [T 2 EH ag, a1 % (5.3.25) WNERD D IceiE L e
WO ZEIZRD, ZD&DRMEE RNEREMEE OV, RO & D BTFEE TR
nad,

1. %% R % ag,a1 IZDOWTHAT 5,
2. TNOENRLEIIXOERD LD R ag, a1 DIEN R DWETH S,

3. RIZFZTDEBEMND. ag,a; D/NT A—RZEFIZEWT, EfE% & D NITMAREKT
HB77D, BENMEETNE TIDRBRMETHD L ND I LIZBR D,

ZDFMEIZ U 72 D3,

8&1
2729 ag,a1 KD B, (5.3.25) Ao,

OR &
dag > {y(zi) — ap — arzi} =0
=1

X (5.3.27)
B ;xl {y(z;) —ap —a1z;} =0
Thd, INEBHETH L,
N N
agN + a1 Z T = Z y(z;)
=1 =1 (5.3.28)

N N N
2
%5 m+a1§xi—§ ziy(z;)
i=1 =1 =1

WD ag,ar WDWTOD 1 PGEN. FRRAPEOLNDE DT, ZNEMBITIE ag, a1 DMESN,
BUNEBEERVPHEOND, (5.3.28) X&M< &,
YR a2 y(w) = N @ S wiy(w)
2
NZfil *73? - (Zz]\;l xz)
_ szj'vzl ziy () — Zz]\il Ly Zivzl y(x;)
- 2
N Zz‘]\il 9512 - (Zij\il xz)

NEOEND, FARDEZ 2 FEIED L, EEOERRBOLIEAMIRIZED 71V T 1
VIMWNHERETH D Z L bnd,

apg =

(5.3.29)

ai
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FTIT, ZITI Fla) =Y apadt LOIBHERATT7 v T v 7§22 8% B R
3, ZZTCHRNEARETHONAETENEHATE 2, %% RIE
N N M 2
R=> {yi—Flz)}’=>_ {yz ag; } (5.3.30)
=1 =1 k=0
YY), ZOMERNMITEIE. ap, (k=0,1,---, M) DRFEHIZOVT, ZHhitLd
BAEOMANT O L BAIZE N, DFV,
OR o
&Z—O,(j—QLZHmM) (5.3.31)

EWND M4 1D 1 YGELGREREZL TR I ENTE S, REBRE M + 1{#i2o0nT,
WL M+ 1 EOEN. FRERP L TOENDDT, ZRIZFAUAZRTHD I LIFHLNT
Hb, THIIFFEIZ-RILINTHDZDT, £ED M+ 1IREZEATELLTH, FEROD
FRTT7 4y T4 VI NTEDILERBLTWD, (5.3.31) A& BARICEIET S &,

N ' M
Ziﬂz{yz—Zakxf}:O, (]ZOalaQaM)
i=1 k=0

ERY, INEBETS L,

N ' N M )
STaly =Y wal =0, (j=0,1,2,-- M) (5.3.32)
=1

i=1 k=0

L%, FEE 2 BIZOWTIE, MAEEDIEE B AT H S 720,

nyl Zakzxﬂ—, (j=0,1,2,--- M) (5.3.33)
1=

L%, Ihe BARIIZETD L. RO LS BB ELNS,

N N N
jZOIGON+G1Z%+"'+CLMZCUZM=Z%
i=1 i—1

i=1

N N N N
j=1 :agin+alzx?+-~+aMZx£V[+l :Z:z:iyi
i=1 i=1

i=1 i=1 (5.3.34)

N N N N

; ) M M1 2M _ M

j:M.CLQZl'i +a12xi+ —I—---—i—aMZaci —in Yi
i=1 i=1 i=1 i=1

INERDE, k=M+117j=M+1FDEHITFIE M + 1 EOFEE a; 1IZDWTOH
N7 MVOREE T D &, ESTHONTI2RDODDH & T, 5B a; WROLNDZ &
285, ZOLE, EATHBRIMIFIE BoT0d Z LITHER,

*()LJ\BIF—C &, RELOBEI NS, y(a:z) =Yi ERELT D,
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5.3.2 RN E

ZZTlE, RI—F VT TN HIEIZDWTEEA U, A T DN AL
WZDWTHEEHZLT D,

I3, AKNV—F VTR, TRTORFIL—F BT, MENFE2IT>TWVS, 20D
W HIEIE. 2 2 A0S ZORIOMEE 2 SMOEMTHREY, TOEM EIEIFET
5L MHELZNFHIETH D, 1 IRTDBERFIEK?UIRINT NS, HDME g1,y DIE
HBINKERD 2 Hai,x 26210, TOMITIFAEY B WSz, TOMIBAHOE y,
I T2 2 A SEtEINAZEMROMES %2 de L35 L,

Yp = Yi +dx * (zp — ;)

T%ﬁ?é:&ﬁ?%éo:@&%\dﬂi%ﬂ;%ikﬁéo
+1 — Lg

ZDFZ % 2 IRTTCZEMITHEE L 72D h, MERENFEE RIS FiEThHY . TORAX
BER?HIRINT NS, 2 BOLZEM 2y, y; CEBINAE 2; O, HBERH 2y, y, TO
I 2,0 1. BUFO & 5 1S3 S h3,

+ “pj+1 — ij(

Yg — Yj)
Yji+1 — Yj 1 !

Zpq = Zpj
Z i, Yis Yj+1 D 2 )f—'ﬂ DWW, %th%;h/l’p 7‘6?\]?@@ Zp.j+1, 2p,j %§+%:L/\ &
NEDIEN S y FEIHIENEL T, 2, 2 kDD LS FHXICAES, LR &SR3
ELATRDEDIZR B,

Zpj+1 — Zpj
oo = g+ L
A J
Zit1j — Zij
=2+ ————(Tp — @4
Y mi — (2 =)
Zinlial — Ziii1
+ Zij+1 + —H_xjil _ J:']-i_ (:L‘p - xl)
7 (2
gy P T )
? 7
T mg—a Yi+1 — Yj
Zi41j — Zij Zij4+1 — Zij
=zij+ ——L(xp— ) + LT—(yy— y;
Y mi - (= % Yi+1 — Yj e = 05)
[2i415 . o . (@p — i) (Yg — Y5) 5.3.35
Zit1j+1 = Zij+1 — Zit+1j + Zz]] (Tir1 — )(y]_H ) ( -9 )
7

&Y, BEEWARE. F(r,y) = a+ bz + cy + dry &\ il EICHIFEFIET S
VWD ZEEMRELEZNFETHD VWD ZERIND,

FIRRDEIRT 3 TOBENIF L FHE TS &7, 3 Wona2M 2, y), 2 TEEI N7MH
wijp D, HBEMK xp, yg, zr CONFE upgr 1. BAFD LS IFIRING,

Upgk+1 — uqu(
Rk+1 — %5

Upgr = Upgk + Zr — 2k)

TERRIEE?2IIRINT VS,
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COHETHRIIE 2 IRITCONFE X 52 3 IRGCIZHEMILR L /-2 Thd, £oT, Lk
Az XSHIIBHET 5 L,

Upgk+1 — Upgk
Upgr = Upgk + - - (zr — 21)
z — Zi
k+1 — %j
Ut 11— U
_ pj+1k pjk
= Upjk + . ' (Yq _yj)
Yj+1 — Yj
Upj — Upj Upjtrik — Upj Zr — 2
pj+1h+1 — Upjkt1 pi+1k — Upjk (zr — 21)
+ | upjk+1 + : W —Yi) —wpik— — ———— W —Yi) |
Yj+1 — Yj Yj+1 — Y5 Zk+1 — Zj
(Yg — ¥5) (zr — 21)
= Upjk + (Upjr1k — Upjk) = + (Upjk41 — Upjk) ———

Yi+1 — Y5 Zk+1 — Zj
) Wa = w5) (2 = )
Yi+1 = Yj 2k+1 — %

+ (upj+1k+1 — Upjk+1 — Upj+1k T Upjk

(zp — i)
= Uijk + (Uit 1k — Wijk) ——
igh + (Ui i) Tit1 — Ti
[ (wp — i) (p — xl)] (Yg — ¥5)
+ | Wijik T (Wig1je1k — Yij4ik) ———— — Wik — (Uit 1k — Uijk
L vt (i a vt ) Ti+l — T4 Y (i ! Y ) Tit+l — Ti| Yj+1 — Y5
+ _u”k 1—|—(U‘ Liktl — Wik 1)M_u ‘k_(u' l'k:_u”k) (1'p—l'l‘) (ZT_Zk)
Y i T o Tit1 — L4 N Y Y i — w2k — 2
[ Ty — T Tp — T
+ | Wijt k41 T (Uit 1541041 — Uijt1rt1) M = Uijk+1 — (Uit 1jkt1 — Uijht1) M
L Titl — T4 Tit+l — T4

Tp — T Tp — T Yq — Yj) (zr — 2k

—Uij1k — (Wit 1j+1k — Wij41k) :;-1:1—;)@ + ugjp 4+ (Uip1jk — Wijk) 3(3:1 — ;,)j ;jil — in ik; — zi
(xp — ;) (yq - ?Jj)
:’U,"k-i- U; ik — Wiik — + (U5 k— WUiik) ————————
) ( 1+1y ) )$i+1 — ( tj+1 (] )yj+1 —y;

) (zr — 2k)

+ (Uijht1 — Uijk
Rk+1 — %5

) (zp — xi) (Yg — Yj)
Ti+l — LTi Yj+1 — Yj
) (xp - xz) (Zr - Zk)
Titl — T4 241 — 25
) (yg — ;) (zr — 2k)
Yj4+1 — Yj Zk+1 — %5

+ (Wi 1j41k — Wij+1k — Uit 1jk + Wijk

+ (Uit 1jk+1 — Yikt1 — Uit 1jk + Uijk

+ (Uijp1k+1 — Uijks1 — Uij1k + Uijk

F (Wi 1 1k 1 — Wi 1hA1 — Wik k1 + Uikl — Uit 1j+1k T Uij+1k + Uit 1jk — Wijk)

(zp — i) (yg = y5) (2r — 21) (5.3.36)
Tit1 — T5 Yj+1 — Yj Zk+1 — 25

X

ER5,
ZIZTRUENTEORIET IV MR EAE L TOB A, EREEERD S5, & HEFEA
B AT — VAT NENTEND IR % 5 BUSR 2 R0 &S REERSTH D85, &
BOFEY, LTEDEER (11,10, 23) BHoOEETE. ZDOLE, INLDMBEICHNT S AT — VKT
(h1, ha, hs) 7%,

hi = hi(z2,23), h2 = ha(zs,z1), hs = hs(z1,x2)
3B EDRPERERDZ & FIZIE, FIEEEE R PRI RIL ZNIZEY T 5.
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TLEORXNTHEZEIR TS Z LN TES.

5.4 Braun (2002) IZ& 2 BT EIEDOHOABERE

Z ZTi3, Braun (2002) THWHNTW S, BUHE TV E T 2 B SE D HLML E
RHEET D HIEICDWTIHRRS.

ZH T L, RAHOBEHELITIXE B UTHNIENT VAL TS DT, B KA
JED UM, HEHE EQE DB Z & DK TR T KREINDS. KCOEARRED 10
km B EO# I FEUETE 7V TIE Z O 5 1F 5 D AR 5 AN BEAR U DBl FR 243 s
#HRLUTOZ, UL, SEETIIEUEET TIVOEGH I - EIREEICEY, BV RKE
DOHNEBT (L 5P 100 km FREE) D% - BI PRS2 F6ICRBLT 2 Z L2t
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Figure 3.2.1 The shallow-water model.
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