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2. V—AT7 57 A )VDOHIZ configure 7 7 A VNFIET H T & 2 fERT 5,
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Intel Fortran AR ~

FC = ifort, FCFLAGS=’-assume byterecl (# ZH) -convert big endian

-openmp’

gfortran hit
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BT 5.
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BT 5.
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IE, src/basis.f90 @D rand make /L —F NIV, time BEUT OV TN D
JEME% external 26 intrinsic ICEW LT, 7477 U A ENLRLAREBT.

IEEIE4
OpenMP ffi K |Z Segmentation fault 325454, OpenMP R H D54 TRl
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Z oy 7R SN D A E Y A b — 7 HEBRICHERT 5 2 L THIEETE 2200 L
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2.2 fELVA

Z 2T, EUNCARTA T T Y DTV 2 — L EMOGAL, YN T —F & A
V—=AT7ANNHDHELT, TOY—REa LA )VTHI L EEZRDH, ZDELE, 7
07T LD iR, TR EZBHOREICEDY ClEEES L OK T
»H5b,

234 T4 -I(includedir D/XR) VY —RT7 7 A )4 -L(prefix/lib D/3R)
-1stpk

FE2ETTHE, aout EWH)FETERO T2 7T ABMERINAITTTH DL, -7 L.
U INANEEDFDOMA T > g 1A A b—)UEFIZ FCFLAGS ICRE LA T v a v %
FTOFFHEH LI INEHTH D,

2.2.1 OpenMP [ZEAT 5T E

KIAT7ZVIFIA Ly RilliFEIT 5 Z &£ A3 A[EEZ: OpenMP & W0 S BEREA S35 L T\ 5
ZOMREE AT B, I AF T a rTIRELRTRIZR LRV (Zh
IZDOWTIHE, 2.1 ). OpenMP 1213V ORBEZHDHE SN TE Y, & HEHHEET
BIEICH T HERE L TR LERD S, UTIIRBWRBRELSEORESIETHDH L.

Z Ly RF OB AEIEET S
$ export OMP_NUM_THREADS=NUM
NUM (21, WHIT 25 ALy ROBEEBECTRET 5.

ALy RBMERT 5774 _X— s A% v I KEOIRE
$ export OMP_STACKSIZE=INT

INT IiX, 7T A N— A X v 7 KEZHEMN KB TEEETRET 5. #ilziX, INT
23 512000 72572854, 512 MB A X v 7 /¥ & & L THRES NI Z &2 5.

2.3 ERSATZVDERICH=--T

KIATZVITHBIMHER, Y —2Aa—FOWREEZIT> THWTHWEEA. £72, K
FTAT TV MM LI LTk o TRAE LZHEEFIABEE I —UBEELZAVEEA. &

“1OpenMP TR STV DBREERICOW T, flziE, 21
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B, K74 77V ERWTZEEWEERT DT TRBEIEOFRAT I TEAE T 7 A 75 )
STPK (Version.???) ZH\\z) LR L CIHITHITENTH S, Eio, 5IHTHERE L TRE
WA, B 2012, Fortran 90 $flfi@hr 4 77 U (STPK) ~== 7 /|
LR L CHHITFUEENTH D,
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3.1 alge solv

KRRy H R Z2 R T 5 2 —b, BE, 2 RoTT BV MEREZRICEIT 5 iK%
72K AR TR RO RKEEIC LA EHEL—F 2R —F LTV 5.
B, REY 22— )L THH I TV DEHEE - BESURIZOWTIE, 5.1 B,

3.1.1 Poisson_GauSei

HRe
T AYA T NE (BREE) 20T, 2 RIEDIEFIR 2 BERIER M R
ERET 5. AL —F AN TR ORE RN BT A T LAY 5 T
EWARETH D, TDO X I RFHEEITHHEITA T > 2 514K inner _bound % 3% 7E
T5HZ L.

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

5%k
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X

y
rho

eps
boundary
psi

bound_opt

undef

inner_bound

init_flag

EEX

<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

FF R PR,
TR A,

HAWITREAOEGIE (Rid) .
) .

FAZIEDOW A (Rl

4 WOEERFM G 25 (Rid) .

T RO,
FERTOME (1Rik) .
TI7HNE T RTER,
R 1 (%) .
7V b 9T L.
R 2 (1Bik) .
TI7HINE TR TEE,
25 3 (f2ik) .
FT7FM N TRTL
¥4 (Rak) .
T7AINE T RTEE,
¥ 5 (1Rak) .
T7HINE T RTCER,
WSRO (k) .
FI7HI)L N Pua,
WL SR (12ak) .
T7AINVE T RTEE,

J§EE B u THHHE T 520 () .

RODKRMEL & p & Lizk &, PIT DR TR EZHET D,

0% 0% 0% 0 o
a(x’y)zi£5'+_b<m’y)é%n8y *‘C($ay)z§§§'+‘d($7y)zi;'*‘e(wvy)zi; = p(z,y).
ZoEE, SIBUILLT ORI ET 5,
x:%x Yy:y, p:rho, 1 : psi
a, b:b, c¢:c, :d, e : e.
-
o FEFWIRANE p IFFHEER T X TIZHOWT, Bu btRETHE, 777 A5
REHET L Z LICHYT 5,
o AN—F L DI EIL, KIED 1 2T v FHi#% T OHERFEFE D I RAE A B
PRt L ZICHBEEZK T THEICRELTEY, A7 a 5l eps
X DREDEZHRET Do
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o AN —F U TliL, 4 DOERFM%=

1 BEEsEER (T )7 VR 2 0 AlimEER (A<M, 3 JEEEER

DOIFHTHET DI ENTED, 22T, BlOA 7T 2 54 bound_opt %
RELTBITIE, T TEAZBEIT2 2N TED (EEmRDLEIEL. 5
BOMEZEDOLOBHWHIL, BHEOSHEEIL, BREERT ISR 7 T v
7 ZDMEE LTHIEDEMEH SN, bHAA, BN CIIZ OMEITRE
LTHRBEENZRY),, ZOFEUE 4 XFOXLFRTH Y, TNENDIREIX
2?20 X9 7extinE LTnD, 22T, 51803 bound\_opt="abcd’ D5 &
XIS LTV D,

BRI EBICRETE 20, BHERRMZRE LTHE. £ OEMICE
9 5 BOMUl OB T & [Fl— D EER R O 2 7R E L TENRITHITR 520,
B ZIX, o W EATRER 2 HW5ER & 35D ThiL, boundary @ 1, 3 3L
FHIZ S TRITNERL20, ZOX SN TV RWESIZIE, =7 —%
ETHARIZ R > T D,

BES S EE 2> H B O %5 bound\ _opt TRESNDHED O 6, Hift BiZ
TAET HEBIEHFETIOME SR L C. BEEMOHA T Ol % EHEEN T D
e LT, BHmOEEIE,

oY o _

%:fv 87y_g
EWVWIBERFMTH LGS, f,g DEICHY TS, 2F0, ZoFT a1l
BT, EBICL—F 0TI EAEOERFINMEH SN2 & ITh D,

RS FRRXOFRE OB EET a, b, ¢, d, e THHN, ZOMEEEKET
B e EEBEORTHEAE IR DRI T T LICRE SN, TOMITT T
Polc@kEshsd (Thbb, fMiR7T Y o FRAOHE L2 5), 2. &
EPEOMOTERAFE T oIl ET D &, TREADEFERERIZRY, ZOFET
PR RE FRROE TlIn A 00EETH 5,

R TR ORI ZEME L TWABAETHHET L Z L IFTRETH Y.,
72 MRS T S N S R R A TR W E S CHEEIZFRETH 5.

514% undef IINERFEIRIC R EEIN 2 & A0, REFH TOIREIZH L TH
Z BN DHAHE.

51%% inner bound (FHFFHE 2 HOWTE B THRUVME, £7-NERERIBICKT L
T10 EWIHERG 26N, 22— =X D3| E2RET S Z & T, NEREER
WAEBEDOEDOH U RERIKEZ 52 CtE T2 6N TE S, BRIICED X
VIR TED LI REE G2 5OV TIE, 5.1 5.

S1% init_flag (35|13 psi 2 AN 2 ITHIHLT BN E I DT T 7 Th
D, .true. D& &, HIHULEITS. T 74/ ME true. £ D TR, &

logy, bound opt(1,:), bound opt(size(x),:), bound opt(:,1), bound opt(:,size(y)) IT&
EINTNDHIED Z &,

main.tex
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WNZ psi DHAAH & DIRRFEISE OFHTFLEL L TV, RKAEFHR 9 5 B4
R B oEEICADO T 7 7 Th D, 1L, IWEOENH HREE T
ENDHEREIINEDZ N D> TODIREN S D LB LI IRREDISE %
KD E VS TEIRERRGAIT LAY, false. [TBIZRWVIE D 28 K.

3.1.2 Poisson_Jacobi

YaeEZHWT, 2 RICOIEFK 2 BB RM S FEXEZHE T 5. OpenMP (2
K DUFNLIERASATRE. AL —F INE IR OARERBEIRE Z 55 CHEtE
THZENARETHD. O X O 72 EEZITHHEILA 7Y 3 > 514 inner_bound
ERETHI L.

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

513
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X

y
rho

eps
boundary
psi

bound_opt

undef

inner_bound

init_flag

EEX

<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

FF R PR,
TR A,

HAWITREAOEGIE (Rid) .
) .

FAZIEDOW A (Rl

4 WOEERFM G 25 (Rid) .

T RO,
FERTOME (1Rik) .
TI7HNE T RTER,
R 1 (%) .
7V b 9T L.
R 2 (1Bik) .
TI7HINE TR TEE,
25 3 (f2ik) .
FT7FM N TRTL
¥4 (Rak) .
T7AINE T RTEE,
¥ 5 (1Rak) .
T7HINE T RTCER,
WSRO (k) .
FI7HI)L N Pua,
WL SR (12ak) .
T7AINVE T RTEE,

J§EE B u THHHE T 520 () .

RODKRMEL & p & Lizk &, PIT DR TR EZHET D,

0% 0% 0% 0 o
a(x’y)zi£5'+_b<m’y)é%n8y *‘C($ay)z§§§'+‘d($7y)zi;'*‘e(wvy)zi; = p(z,y).
ZoEE, SIBUILLT ORI ET 5,
x:%x Yy:y, p:rho, 1 : psi
a, b:b, c¢:c, :d, e : e.
-
o FEFWIRANE p IFFHEER T X TIZHOWT, Bu btRETHE, 777 A5
REHET L Z LICHYT 5,
o AN—F L DI EIL, KIED 1 2T v FHi#% T OHERFEFE D I RAE A B
PRt L ZICHBEEZK T THEICRELTEY, A7 a 5l eps
X DREDEZHRET Do
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o AN —F U TliL, 4 DOERFM%=

1 BEEsEER (T )7 VR 2 0 AlimEER (A<M, 3 JEEEER

DOIFHTHET DI ENTED, 22T, BlOA 7T 2 54 bound_opt %
RELTBITIE, T TEAZBEIT2 2N TED (EEmRDLEIEL. 5
BOMEZEDOLOBHWHIL, BHEOSHEEIL, BREERT ISR 7 T v
7 ZDMEE LTHIEDEMEH SN, bHAA, BN CIIZ OMEITRE
LTHRBEENZRY),, ZOFEUE 4 XFOXLFRTH Y, TNENDIREIX
2?20 X9 7extinE LTnD, 22T, 51803 bound\_opt="abcd’ D5 &
XIS LTV D,

BRI EBICRETE 20, BHERRMZRE LTHE. £ OEMICE
9 5 BOMUl OB T & [Fl— D EER R O 2 7R E L TENRITHITR 520,
B ZIX, o W EATRER 2 HW5ER & 35D ThiL, boundary @ 1, 3 3L
FHIZ S TRITNERL20, ZOX SN TV RWESIZIE, =7 —%
ETHARIZ R > T D,

BES S EE 2> H B O %5 bound\ _opt TRESNDHED O 6, Hift BiZ
TAET HEBIEHE2OME SR L C. BEEMOH AT Ol & EHEEN T D
e LT, BHmOEEIE,

oY o _

%:fv 87y_g
EWVWIBERFMTH LGS, f,g DEICHY TS, 2F0, ZoFT a1l
BT, EBICL—F 0TI EAEOERFINMEH SN2 & ITh D,

RS FRRXOFRE OB EET a, b, ¢, d, e THHN, ZOMEEEKET
B e EEBEORTHEAE IR DRI T T LICRE SN, TOMITT T
Polc@kEshsd (Thbb, fMiR7T Y o FRAOHE L2 5), 2. &
EPEOMOTERAFE T oIl ET D &, TREADEFERERIZRY, ZOFET
PR RE FRROE TlIn A 00EETH 5,

R TR ORI ZEME L TWABAETHHET L Z L IFTRETH Y.,
72 MRS T S N S R R A TR W E S CHEEIZFRETH 5.

514% undef IINERFEIRIC R EEIN 2 & A0, REFH TOIREIZH L TH
Z BN DHAHE.

51%% inner bound (FHFFHE 2 HOWTE B THRUVME, £7-NERERIBICKT L
T10 EWIHERG 26N, 22— =X D3| E2RET S Z & T, NEREER
WAEBEDOEDOH U RERIKEZ 52 CtE T2 6N TE S, BRIICED X
VIR TED LI REE G2 5OV TIE, 5.1 5.

S1% init_flag (35|13 psi 2 AN 2 ITHIHLT BN E I DT T 7 Th
D, .true. D& &, HIHULEITS. T 74/ ME true. £ D TR, &

2o%y, bound opt(1,:), bound opt(size(x),:), bound opt(:,1), bound opt(:,size(y)) IT&
EINTNDHIED Z &,

main.tex

2013 45 A 12 B (B
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3.2

WNZ psi DHAAH & DIRRFEISE OFHTFLEL L TV, RKAEFHR 9 5 B4
R B oEEICADO T 7 7 Th D, 1L, IWEOENH HREE T
ENDHEREIINEDZ N D> TODIREN S D LB LI IRREDISE %
KD E VS TEIRERRGAIT LAY, false. [TBIZRWVIE D 28 K.

algebra

WATEFA 2 FICHY T 5 —F 5,

3.2.1 abst_2d

e
2 WL MV OMEHMEZ GRS 5 —F .
£
call abst_2d( x, y, dis )
1k
x <R(:,:)> in x FDRT ~VEksy
y <R(size(x,1),size(x,2))> in y RO T KNIVRSS.
dis <R(size(x,1),size(x,2))> inout %5 CTOHEXHE.
E&xR
TV NERERTER SN 2 WL M r = (x,y) OffikHEZ R T 5.
=

Briz7e L.

3.2.2 abst_3d

HRE

3 WILT M OFEEZ RS D —F .

call abst 3d( x, y, z, dis )

main.tex 2013 45 A 12 A (iEBER)
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<R(:,:,:)> in x JFRIDXT FIVELSS.
<R(size(x,1),size(x,2),size(x,3))> in y ORI NIV
z <R(size(x,1),size(x,2),size(x,3))> in z HDRT NIV
dis <R(size(x,1),size(x,2),size(x,3))> inout %55 COHaxHMHE.
E&E
TV NEERTER SN 3 RILT ML r = (2,y,2) OMFHEZFHET 5.
=5
Frlzze L.

3.2.3 dot_prod_2d

1
2 WITT J1 v NEFER DRI M CTERIIND 2 Rt MV ONEEFFE T 51—
I
X
call dot_prod_2d( x, y, u, v, dot, [undeff] )
EE
x <R(:,:)> in x FAod 1 X7 Vil
y <R(size(x,1),size(x,2))> in y RO 1 X7 KV
u <R(size(x,1),size(x,2))> in X HED 2 X7 FIVksy.
v <R(size(x,1),size(x,2))> in y RO 2 X7 NIVEST.
dot <R(size(x,1),size(x,2))> inout %K TOHONFE(AE.
undeff <R> n RIEZIE.
E&

2 FEXED 2 RITX7 Fb a, b 5T v BEESR T,
a=(x,y), b= (u,v)

CERINTZEE, INHONFE a - b

a-b=zu+yv
L. ZRHOEKEN—F L OFEORIEBRIILU T O L B0 TH 5.

(r,y) — x,y, (u,v) = u,v,

a-b — dot.

R MVOEGR 1 DTHRERTHLHEE, TORTONEEIIRER L85,

=
FrRIZ72 L.

main.tex 2013 45 A 12 A (iEBER)



STPK ¥v=a7J)

SHIIL—Fo—E& 15

3.2.4 dot_prod_3d

HRE

TV NEER OB AR TERSND 3 KILY MVONEEFHRT HL—F .

X

call dot_prod3d( x, y, z, u, v, w, dot, [undeff] )

5%
X <R(C:y,:,:)>
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))>
dot <R(size(x,1),size(x,2),size(x,3))>
undeff <R>

EHEX

2 FED 3 WItX7 MV a, b BT IV NEER T,
a=(x,y,2), b =(u,v,w)
CEEINZLEEX, ZNHOREa - biE

a-b=zxu+yv+zw

in
in
in
in
in
in
inout

in

X FFID 1 X7 RVEST.
y D 1 X7 kv,
z T 1 X7 MVEST.
X D 2 X7 RVEST.
y SO 2 X7 RV,
z FID 2 X7 N VESy
K T ONETE.
RIEFNHE.

LRB. INLOERE L —F L O3IROMEEREUATOLBY Th 5.

(r,9,2) — x,¥,2,

a-b — dot.

(u,v,w) — u,v,w,

N7 MO 1 D THRERTHDHHE, TORTONBEIIRERE RS,

e

Friz7a L.
3.2.5 rectangle_int
Hae

1L RILT —Z & Il BIERED 217 9.

main.tex
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£xX
result = rectangle_int( x, y, bot, top, res [undeff] )
5%
X <R(:)> in B AR,
y <R(size(x))> in PAE Sy B
bot <R> in FE D T .
top <R> in a5 O L.
BOE  <R> inout FE5E.
undeff <R> in e N
E&X
EEDOER x & ZDOEBITHOWTOREE f(x) OFES
T2
f(x)dx
1
&R IEFE S
N
> 5 @k = 2p-1) (f(2x) = flzp-1))
k=2
TEHETA. 2T, NIX “d;:“ Thb
-

e undef MNHEIN TV DAL, L OMEZ & RO WA ORI EFHE L2z,

e bot, top DAL x THEA LN DT R LIZRT L, Resr 2 aitaEl LT
RLEDED.

e 7, bot < top TAIFIUT/eB 0.

3.2.6 vec_prod_2d

HRE
2 WILT v FEFER DB FRTEFRSIND 2 KLY PV OIMNEZRIE S 20—
T

£

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

51%

main.tex 2013 45 A 12 A (iEBER)
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x <R(:,:)> in x HFED 1 X7 FIVESy.
y <R(size(x,1),size(x,2))> in y RO 1 X7 KV
u <R(size(x,1),size(x,2))> in X HED 2 X7 FIVksy.
v <R(size(x,1),size(x,2))> in y RO 2 X7 NIVEST.
vec <R(size(x,1),size(x,2))> inout %K COIFEE

undeff <R> in REFE

E&ER
2 FFHD 2 IRITX7 RV a, b 3T v B EER T,

a = (z,y), b =(u,v)
CERINLLEE, IRLDHE a x b I
axb=zxv—yu
L%, TNLDEEN—F L OFIHEOMISHERIIUTOLEY THS.
(x,y) — xy, (u,v) — u,v,

axb — vec

NI MVOEZHR 1 D THORERTHLHE, TORTONEEITIRER L 2D,
2 oL CHEIZ R R T 258, T OFHEIZERZ T L MO RE SpG D HH
FHRESND Z LICHEET D (intent(inout) 28 1 FEH L VRV DX Z D= 9).

=
Friz7a L.

3.2.7 vec_prod_3d

HRE

T NEER DK TR CERIIND 3 KILT MVONEEFAT HL—F .
£

call vec_prod 3d( x, y, z, u, v, w, vecx, vecy, vecz, [undeff] )
515
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X <R(:,:,:)> in x Fd 1 X7 ~VEkss.
y <R(size(x,1),size(x,2),size(x,3))> in y HWMoD 1 X7 sVakSy
z <R(size(x,1),size(x,2),size(x,3))> in z HFmD 1 X7 hVEkSy.
u <R(size(x,1),size(x,2),size(x,3))> in x FdD 2 X7 ~VEST.
v <R(size(x,1),size(x,2),size(x,3))> in y HMD 2 X7 VRS
W <R(size(x,1),size(x,2),size(x,3))> in z FED 2 X7 kVEASy.

vecx <R(size(x,1),size(x,2),size(x,3))> inout KA TD x FInDOIFEAE.
vecy <R(size(x,1),size(x,2),size(x,3))> inout %KM TOD x HIAOI/FEIHE.
vecz <R(size(x,1),size(x,2),size(x,3))> inout K TOD x FHM DO/ FEH.
undeff <R> in RIEFAE.

EEX
2 D 3 WL X7 bva, b 3T v N ERER T,

a=(x,y,2), b= (u,v,w)
BINLLE, INHDHMH a x b T
a x b= (yw— z2v,zu — zw, TV — YU
LD, TNODOEBEN—F L DOGIEDOMISERIILLTO LB TH 5.
(x,y,2) = x,v,2, (u,v,w) — u,v,w,

a x b — (vecx,vecy,vecz).

R MVORRGN 1 O THRERTHDHGE, TORTONEMBITRER R D.

5
FrlZ72 L.

3.3 Dbasis

RKIATITVEEHTHETCHELRAZAL—F DL, EOFTa—/MIHEHUTITFE
572 T2 BRI 22 8 AL BB S E T H B,
REY 2 — I TREERH Y, BIEITUTOROLIICHE 26N TIN5,

main.tex 2013 45 A 12 A (iEBER)
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a N
type dtime ! BAZAH O HA)
integer :: year.d ! W&
integer :: monthd ! H
integer :: dayd ! H
integer :: hour.d ! [
integer :: mind ! %
integer :: secd ! ®

end type dtime

3.3.1 c2i_convert

Hae
ST A BRSO SR HAT D,
£
result = c2i_convert( cval )
5|41
cval <C(100)> in BT 5 30T
ROl <I> inout i X7 EEL
E&
L
=
L

3.3.2 c2r_convert

Hae
SCFI % RN W T 5
X
result = c2r_convert( cval )
5141
cval  <C(100)> in WS D SUF
EOE  <R> inout AL X 7-FEEK.

main.tex 2013 45 A 12 A (iEBER)
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E&E
L.

e

3.3.3 i2c_convert

Hae
RO % SCF RN BT D,
&K
result = i2c_convert( ival, [forma] )
EE
ival <I> in TS D BEEL
forma <C(*)> in ZEHRF DO
RYE  <Cc> inout 28 S U7z 30T
E&X
L.
S
L.

3.3.4 r2c_convert

HRE
SR 2 ST RN WG 5
£X
result = r2c_convert( rval, [forma] )
5%
rval <R> in TS 5 FER.
forma <C(*)> in L DI,
RVl <c> inout AL X L7230
E&ER
L

main.tex 2013 45 A 12 A (iEBER)
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=
L.

3.3.5 rand_make

REEREZ AV TREE S AT 5,

call rand make( L, output )

513

L <I> in 4 2 IR 41 O,
output <I> inout H7]ZH5HELIL.

RAEGRIEZ, Bz, 1IZOWT, Bl a,b ZHWNT,

x, = mod(ax,—1 + b, L)

EWV LN THRILSNDEIN L - THREER 2 AR T 27 VT AL TH D, T
ZT, LIFEETH D, a,b, L, xo IZOWVWTUHMEEMENR G AN TWLHDT, AKb—

I T,
a=11,b=12

EWOEEEBRHA LTz, £72. LIMFEHAENLE L T HEEOHE +1 OFAE TR D
DAL, xo IIME—MEZ BRI 5720, Fortran OAALEE TH D time () B %

HWTHRLN LR Z HE L L THW D,

=5
L.

3.3.6 counter_day

HRE

B HNOR THETORIBZ DD M 5,
=5

result = counter_day( stime, etime )
51%

main.tex 2013 425 A 12 H (it
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stime <type(dtime)>
etime <type(dtime)>
ROfE <I>

3.3.7 counter_sec

By MEARROFEH H.
BT METOFEHA.
HorhENT-HEEL

H 7 NBRRDAE A H D
BT NET OFEH AR,
B b ENTZRE.

HRE
BtEH O THE TCOREE Y T 5,
£
result = counter_sec( stime, etime )
EE:
stime <type(dtime)>
etime <type(dtime)>
B0 <I>
E&xR
L
5
7L

3.3.8 time_zone_convert

HRe
REICOW T EEORRE LS & Lz E O HREEIRT, XA LY — U EHEICH
W5,

£
call time_zone_convert( factor, itime, ctime )

5%

main.tex 2013 45 A 12 A (iEBER)
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itime <type(dtime)> in EHRTOFEH H.
ctime <type(dtime)> inout Z#ZEDOHFHH.

o 21X, JST 7226 UTC IZEHT 5555, factor=-9 & L C, itime (T JST T
DG Z A1+ 5 L, ctime I& UTC OFFZINIKEND.

3.4 derivation

WA ZARES CTHET 2NV —F U, REV 2 — /WA EN TV DO L—F
T, TRTOMSFREIZEN T, 2 WIEEOH.LZEDERAE AW TS 27T 5, 7
B, iHMBROR R T DEHEER OISR TIE, 1 REEICES ORI EK E T2 & TR
HET 5,

BB, TRTOAL—F L THOLNTWS X7 —LIRFOEREEATOHEE, FED
JERERIZ I T B A — VIR OB FIEIZOWTIL, 775,

3.4.1 curl
HERE
2 WILRT MM OLIREEZFHET 5.
X
call curl( x, y, u, v, val, [undef], [hx], [hyl, [ord] )
513
x <R(:)> in TR AR
y <R(:)> in T TR AR,
u <R(size(x),size(y))> in X \SHHS T 57 kv
v <R(size(x),size(y))> in y IS D7 FL,
val <R(size(x),size(y))> inout .
undef R in HRIEFEH.
hx <R(size(x),size(y))> in x JF A D A — VIR .
hy <R(size(x),size(y))> in y SR D & — VIR
ord L in MO R DIEE 2 ANEZ 5 (HESR).
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E&xR
HUMIEAT HIJERT M (61, es, 63) % b O iR A (561,.%2,.%3) IZBIT 5, ST
L7z 2 X7 ML OEEE curl Z3HHT 5 -
1 8(h2U2) 8(h1u1)

l=e3-V = —
curl = e3 X u i | 0z Dig

ZZ T, u=uie; +uses + uses THO, hi,hs, hs IXEn<n x1,T9,T3 NS SYNSCE
HAT—NVRFTHD, ZDLE, BT T ORISET 5,

1 X, X2 1Yy, Ul I u U2V,

hy : hx, hg : hy, curl : val

F N NEFEZDBA. hi =1, hs =1,hg =1 THDH DT, HHIC

ZIET L2 LI D,
(o

=10}

o A7V avord IMuHEDK, FAXNIRIELAT v arThHhU,

.true. : WEFHE, .false. : IEAIR
Eled, T 74N ME.true., DEV | false ZfETIE, LUFNOFHEZLT
IZELLFAETHD,

1 8(h2U2) 8(h1u1)
1= —e3- =— —
cur e3-Vxu Il 1 Do

o RERMENPERINTWVDLLEIE., TOMEICKIST 2EMHEFRIZA-TND
B, TOMF BT L LT L TV D48 R CORHRIED 3~ TRE
EELLTRESNLTRSND.

3 WITERT bnb 3 RTimEEFRTS.

call curl 3d( x, y, z, u, v, w, zeta, eta, xi, [undef], [hx], [hyl, [hz]
)
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5%
X <R(:)> in TR — AR,
y <R(:)> in HFRE JEEE
z <R(:)> in TR = JEEE.
u <R(size(x),size(y),size(z))> in X ATKHET DT b,
v <R(size(x),size(y),size(z))> in y KT DT v
W <R(size(x),size(y),size(z))> in 72 \ZXHGT DR Fb.
zeta  <R(size(x),size(y),size(z))> inout x (ZXIxd % [ElELA.
eta <R(size(x),size(y),size(z))> inout y (ZXkHET B EHER.
xi <R(size(x),size(y),size(z))> inout =z L_xﬂf@‘é [EIL
undef <R> in EFfE.
hx <R(size(x),size(y),size(z))> in X jﬂ'ﬂ@x/f‘—ﬂ/%.
hy <R(size(x),size(y),size(z))> in y HaID A — VK-
hz <R(size(x),size(y),size(z))> in z 7D A — VIR
E&
HW(Z L/)Cj_%)%ﬁ’\y \i% (617 eo, 63) %%’Dﬂjﬂn‘?fi‘“ (551,562,563) j‘Z) ST
L7z 3 X7 MVOIRE rot MRS -
. . 1 a(h3U3) 8(h2U2)
div=V xu= Il {el { B B3
8(h1u1) 8(h3U3)
T e { 833‘3 B 81‘1
o(h o(h
+63{ G L) 1U1)H = Cer+mnex+Ees
8331 axg
ZZ T, u=uje; +uses +uges THY, hy,ho, hy (FFINEI 21, 10, 23 (ZKIET
DA —NVRFThHDH, ZOLx, 5IEIILLTORIGSET 5,
x1 X, X iy, T3 : Z,
up v, U2 VvV, U3 I W,
hiy : hx, hg : hy, hs : hz
¢ : zeta, n : eta, & : xi.
THN NEFERDEA, hy =1, hy =1,h3 =1 TH DD T, HHlC
N R Our _ Oug Ous 0w
div = €1 {3:132 61'3 } te {81‘3 (91131 } te {61'1 83:2 }
EHETHZ LD,
S
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o RERENERSNTOBBAIL, £ OMICHIET B HAHFAICA>TND
B, TOBT RIS T & LTHA LTS TR CORHEAS T~ TRE
L LTRESLTES LS.

3.4.3 div

2 WIERT ML REBEFET 5.

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

51%

<R(:)> in TR R
<R(:)> in A TRE AR
<R(size(x),size(y))> in X AT D7 Fov.
<R(size(x),size(y))> in y AT DT b
val <R(size(x),size(y))> inout IFEi.

undef <R> in RIEZEMH.

hx <R(size(x),size(y))> in x F D A A — VK +F.
hy <R(size(x),size(y))> in y FRD A — VKT

4 £ < M

E&E
HWIEARZT HIEERY ML (e, e9) & b DHBRIEEE (11, 20) IZBIT 5, ST LTZ 2
A7 M VOFEE div ZEET S

div=V . -u=

1 G(hgul) + 8(h1U2)
hihs o0x1 O0xa

ZIZT, u=uie; +ugey THY | hy, ho ITTNLI w1, 20 ITHIST D AT — /LA
FTThbD, ZOLE, SIBIILLTOXIEET 5,

Ty X, X2y, U U UV,

hy : hx, he : hy, div : val.
THN NEEZRDOYA, by =1,hs =1 THDHDOT, HfllZ

EEHET D2 LITR D,
"5
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o REFEMNTEBREINTWVAEEIL., T OMHEIZHIET DIEIEF HIZA- TG
B, FORALEZNIE L U THEHA L T A A TORHEENT X TRE
L LTRESNTRENS.

3.4.4 div_3d
Hae
3 WILRY ML EFETS.
£xX
call div 3d( %, y, z, u, v, w, val, [undef], [hx], [hyl, [hz] )
5%
X <R(:)> in TR — AR,
y <R(:)> in i F R R
z <R(:)> in TR =R
u <R(size(x),size(y),size(z))> in X 2T AT kL,
v <R(size(x),size(y),size(z))> in yATKHET DT hoL,
W <R(size(x),size(y),size(z))> in z \ZXHT BT L.
val <R(size(x),size(y),size(z))> inout FEHK.
undef <R> in RIEFAH.
hx <R(size(x),size(y),size(z))> in x JFA D A A — VIR F.
hy <R(size(x),size(y),size(z))> in y D A — VIR -
hz <R(size(x),size(y),size(z))> in z D A — VKA
E&xR

HWIBEART HIEERT L (e1, eq, e3) & & DR (11, v, x3) IZHIT 5, ST
L7 3 X7 b div #5HRT5

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

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

ZZTC, u=uje; +uses +uses THY ., hy,ho, h3 IZTFENZEI 21, 10, 23 IZHKET
DA —NVIRFThDH, ZOLx, 5IEIILLTORIGEET 5,

Ty X, X2y, X3 : Z

upy v, uU2 Vv, U3 I W,
hi : hx, hg : hy, hs : hz

div : val.
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TN NEFERDE ., hy =1,he =1,h3 =1 THDHDOT, HHIZ
8u1 8u2 81@,

div=— + — + —
a 81’1 + (91'2 81‘3

EEET D LT D,
o

o REBENERSINTWVDLHEIL. TOMEITHICT DELFEFRICA->TND
Yitr. T OB & LT L TV DR CTORMREN T~ TRE
L LTHRESNLTREND.

3.4.5 grad_1d

HeE
FEEABO AR R T 5.
X
call grad 1d( x, u, val, [undef], [hx] )
1k
X <R(:)> in 22 P PR,
u <R(size(x))> in X DR CERINDHIEH.
val <R(size(x))> inout HAEME.
undef <R> in RTE A
hx <R(size(x))> in X MDA — VKA
EER

JERE (21) (BT DB uw ZFHHET 5

& "~ hy 01y

ZoLE, SIBUITUTORISZET S ¢
r1 ¢ X, wup :u, hy :hx, grad : val.

FHI NERER DA, by =1 THHDOT, HH

ou
a=2"
gra o

PHETHZ LD,
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e

o REFRMEANTE SN TV DIHEEIL., ZOMEICHIET HEP T HICA>TND
Gt T OB ZLHEE T & LT L CO SR CORMRER T ~TRE
FEE L TRESNTREIND.

3.4.6 grad 2d

HaE
EEEBOMSL 2 WL ARANT MVEFRT 5.
£
call grad 2d( x, y, u, valx, valy, [undeff], [hx], [hy] )
5%
X <R(:)> in o — 22 W FEAR.
y <R(:)> in o 2SR PEAR.
u <R(size(x),size(y))> in AR FHE T DA
valx  <R(size(x),size(y))> inout x FMOAET kL.
valy <R(size(x),size(y))> inout y HMODOA/AZ kL.
undef <R> in ARIEFAE.
hx <R(size(x),size(y))> in X DA — VIR -
hy <R(size(x),size(y))> in y DR — VKT
EERX

JEEEST BV (e1, €0) CEH SNV DHER (a1,22) ILB1 2 XM u £FT 5 -

e ou €9 ou
d=—— 42—
gra h1 8x1 + h2 8952

DL X, B TOXNE T D,

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

1 Ou 1 1 Ou 1

——— : valx, —— : valy.

h1 0x1 ’ hg Oz y
T IV NERERDGE, by =1,hy =1 THDHDOT, HHIZ

ou ou
grad=e;— + eg—

8:61 aLL‘Q
EERETLZ LD,
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e

o REHENERSNTOBHAE. ZOMICHIET B EIHE T AT ASTND
Sibr. ZOMT R MBS T L LCHA LTS8 TR T ORI~ TRE
BiEE LTRESNTESHS.

3.4.7 grad 3d

HERE
EEAEBOMSL 3 WL AFA~Y M AR T 5.
£
call grad 3d( x, y, z, u, valx, valy, valz, [undeff], [hx], [hyl, [hz]
)
EE
X <R(:)> in B — 2] A
y <R(:)> in o 7 A
z <R(:)> in o = 22 W FEAR.
<R(size(x),size(y),size(z))> in N A FHR T DA
valx <R(size(x),size(y),size(z))> inout x FHDOAELRT kL.
valy <R(size(x),size(y),size(z))> inout y FRIOHAET KL,
valz <R(size(x),size(y),size(z))> inout z HFMOAKIZ kL,
undef <R> in KT FAH.
hx <R(size(x),size(y),size(z))> in x JFA D A — VIR
hy <R(size(x),size(y),size(z))> in y Jim D& — VIR
hz <R(size(x),size(y),size(z))> in 7 RO A7 — VK F.
E&xR
FEEARZ BV (e, ez, e3) TEFE SIVDERE (21, 19, 23) \ZBT DK u ZFHH T 5 -
e] ou €9 ou €3 ou
d=——7"+——"—7+———
gra hl 81)1 + h2 8132 + h3 6955
ZoEE, ST TOMISET D,
1 X, X3y, x3:2z, w:u hy:hx, he :hy, hs: hz
IR T I T
h1 Oz1 P e ho Oxo Ve hs Ox3 L valz
TN NEEROEE, b =1 ThHOT, HfiC
d = % + % +e %
grac = 6181‘1 6281‘2 383:3
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BHETLZ LTS,
wE

o REZBENER SN TWVDLEEIL. TOMEITHICT DHEDFEFRICA->TND
B, TOMF S LT L TV D48 COFHRIED 3~ TRE
FEELLTRESNLTRSND.

3.4.8 laplacian_1d

HeE
EEEBOAREFHET 5.
£
call laplacian 1d( x, u, val, [undef] )
1k
x <R(:)> in 22 i) JHEAEE.
u <R(size(x))> in X DR CTERINDLEH.
val <R(size(x))> inout 2 FEAJAECAHE
undef <R> in RTE TR
E&
JERE (2 1B D28 S u D 2 B Z3H T 5 -
laplacian = @
P - 022
DL E, BIEIILLTORSET S -
r1 : X, wup : u, laplacian : val.
B&

o REBRMANEREINTOVLHAIT, TOMISHIET HEPHEFRUTA>TND
Bt T OB ZLHEE T & LT L CO S8R CORMRER T~ TRE
FELLTRESNTREIND.
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3.4.9 =zast_2 vel 2d

Hae
terrain following FEFE%R (LA, terrain &) TEFRSNDHD 1 @EBIZBWNT, 3
RICH K53 % T 0 v RO S S D, 7272 L. 2 2 CIRABEE R O
1o, &< £ T terrain ROKFRUTRIT D FBEK T &2 T /b b RIRITITE
T DDHTh D,
£
call zast 2vel 2d( x, y, zast, u, v, w, uh, vh, wh, [undef] )
513
X <R(:)> in T IV R R,
y <R(:)> in T AV SR R
zast <R(size(x),size(y))> in terrain SROME 1 /8
BT DENEEE [m].
<R(size(x),size(y))> in zast (TR 2 HPUEUE [m/s].
<R(size(x),size(y))> in zast (ZkFIGT 2 B ALEGE [m/s].
<R(size(x),size(y))> in zast \ZXHE T 2 $RE A [m/s].
uh <R(size(x),size(y))> inout Z#if% D HVEEGE [m/s|.
vh <R(size(x),size(y))> inout Z#fi %i@%itﬂL [m/s].
wh <R(size(x),size(y))> inout ZH#fEOFHEEE [m/s].
undef R in RIEFNE.
EHEX

KN —F AIKRFEFENNET v NEER DR ZRE L TV D, SHBRITETE,
terrain R TEFR I TWDH A, Fb, SHEREZ (U, V,W) & L. terrain SRIZEH
J DR E X LT DL, TV MRAICAER LT b 2o, Ak, SR
%53 (u, v, w) IZEL T O XD ICEH I D -

) )
) ¢ ().

ZIT WF 2 ET AN MEERO 2 TRE S T AKEAR TH D Z & E2R LT
Do £lo, ZOLEEEBROT T T LIBTL5EIIUTOMEZT 5

(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).

e

o TFADBEHIIfTEkTISH.

o REFRENERSNTVDHEEIL. TOMEICKIST DEMP KT RIZA-TND
Bitr. T OB & LT L TV D F R CORMERMEN T~ TRE
HELE L TRESNTRSNS.

3.4.10 =zast_ 2 vel 3d

HERE
terrain following MEAFER (LA, terrain &) TEZEIND 3 WIEGERM S & T A
v NERERTICEM T D, 722, I 2 TR OERII T DRV, HET
terrain & ORI IST D FJRHEK 7 & T TV M RGBT 205 Th 5,
£X
call zast 2 vel 3d( x, y, zast, u, v, w, uh, vh, wh, [undef] )
5%
X <R(:)> in T AV bR AR,
y <R(:)> in T A/ B SRER U JHEER.
zast  <R(size(x),size(y),:)> in terrain R OENE S [m].
u <R(size(x),size(y),size(zast,3))> in zast (TR 2 B EUE [m/s].
v <R(size(x),size(y),size(zast,3))> in zast (5t d 5 FALJEGE [m/s].
W <R(size(x),size(y),size(zast,3))> in zast (ZRPIT 2 EREEUE [m/s].
uh <R(size(x),size(y),size(zast,3))> inout Z#itg DO HPEEH [m/s|.
vh <R(size(x),size(y),size(zast,3))> inout ﬁ?ﬁfﬁ@ﬁiﬂﬂ_b_ [m/s].
wh <R(size(x),size(y),size(zast,3))> inout ZEHiEOFHERE [m/s].
undef R in ARIEFRAE.
EERX

KN —F ANIKEFENNET v NEER DR ZRE L TV D, SHBRITETE,
terrain R CTEFR I TWDH A, Fb, SHEEEZ (U, V,W) & L. terrain SRIZH
JORERAE R 2* b DL, TN MRSICER L EORE, Mk, ShEEGE
By (w0, w) IFEA T DO X S I8 EnD -

v I A
o0z* 2’ oz* 2’

1 1
+(6w>z +<8y>z
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0z* o0z*
(%), v(3),
2jL P 2’
o0z* 2*
1 1
R )
T WRTF 2T OV NEEERD 2 TRl S K EARLTH D T L AR LT
Do 2, TOLEEBEOT0 VT MIBTBH5IEITU TFTOXMINET S .

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).

=3
o EFXRANOBEHIIf TERTTIHIR.
o RERMMNTEZINTWAEAIL., TOMEICKIET AEIEFIRITA->TND
BE. TOBRFEUBEKRAE L THEA L TWABRFETOFHEMENT X TRE
FELELTRESNTREND.
3.5 ffts

FFT (SR 7 — U m284) (2B 2 v —F 4. FFT IR OFEMIZOW T, 77 2

3.5.1 c2r_ffttp_1d

HeRE
1 WotFsT — 5 O FFT WAE#AZ1T 9,

call c2r ffttp_-1d( nx, a, b, [prim], [prim fact], [omega fix], [omegan fix]
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nx <I> in T — & OfEEL.
a <CP(nx/2)> in BRBAMRTT — &
b <R (nx)> inout FEHELEHT —H.
prim c(1) in KRB REE (RR) .
20’ =3RS, 0x? =R L7V,
prim fact  I(5) in FREFEE (#ik)

omega fix  CP(nx/2,nx/2) in 2.3,5,7 SN DFKETDO
BIFETT I (12R) .
omegan fix CP(nx/2,nx/2) in Z[aER T (k) ,
EERX
NEHOT —% % & DFH x(k)

,k=0,--- N-1%2%x22% (NIIEH., Z0oF7—
& O T — ) IEEH (1) 1%

TEHRIND, WL
w(k) =Y #(k)e®™N, k=0,---N-1

TEFEIND, Zh% Temperton DT 3V X L% FAWT FFT AH$ 5, £
T =4O FFT R OFEMIZOWTIE, 77 S,

Ee

o S ¥iprim IZT7 =X N ZRREDRTHEOTHY, ZOF T arn 'x
DGEIXT — 2 NZEOEE 7 — Y ZABLIIZ[E SN 5O T, B 587 —
ULBEHEITH 2D, DREITZIE. TN N = 2935571 x e &
THfEZEATV, FET W E1T 5, Bl prim_fact 12 D & & ORKEIHEHD
BEiEETH. 2FY,

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

e 51%f omegan fix (X7 — % ¥ nx 2515 % FFT TS 2 REE(THB 28 E
T 5. 5l omega fix L7 —Z HAS 2,3,5,7 LSO REEL (1 2D DA % HillC
T 5L, e BENUTHTZ5) ITHIET DEHAATH. 2406 DITHNEF L —F
rotate_calc TITH 2 &M TE 5.

o KN—F ORI G BEES N/2 3B a(1) OBHERTITHAN L 72T 1
726700,

SEEATHI O FEM AR R LA BT P B .
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3.5.2 ffttp_1d

1
1 Wt T — 215 FFT 2179,
xR
call ffttp_1d( nx, a, b, csign, [prim], [prim_fact], [omega fix], [omegan fix]
)
5|41
nx <I> in T — X OfEEK.
a <CP(nx)> in BRBEWRTT — 2.
b <CP(nx)> inout MEREELWSLT —X.
csign Cc(1) in IE 2R E
rr0 =IEEHL i) =i,
prim c(1) in FRBOIRAE  (# ’\)o
o) =fRT D, x =R LIR,
prim_fact I(5) in SREFEE (k) .
omega fix  CP(nx,nx) in 2,3,5,7 AN DZREILTD
[BHRTTH (F2aR)
omegan_fix CP(nx,nx) in AR T (k) ,
E&xR

e

NHOF— 5 % b SWE R w(k), k=0, \N—1%E2%, Z0OF—4 Ok 7—

DES s BAONES

1Nl
a( —2’”N 1=0,---N—1
k:

o

gk
x(k) = z(k)e"™N, k=0,---N—-1

TEFIND, Zi%E Temperton O 7 /LT X LA HWT FFT AT 5,

o gliﬁprlm T — 2N #Z KRBT HLOTHY, 2O T a i x
BT NEOEE T — V) LA SN DO T, HR HEER Y —
UI%@%ﬁﬁzkrﬁé fREATZIE, TS N = 29305¢7% x e %
THoffEaiTV, FFT WWH AT 5, 518 prim fact (X2 D & X OZREBIFEH D
BEBET L. 2FD,
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prim_fact(1:5)=(/a,b,c,d,e/)
EWVWIHIRNSEETR D,
o ¥ omegan fix |37 —# ¥ nx (2B 5 FFT THEH T 2 EEFTH M 246 7E
T 5. 5l omega fix L7 —Z AN 2,3,5,7 LIS ORKEL (1 2D DAii# % fillc

T5HE, e BENITHTD) ITRHET HEEEITH]. 2o OITFILERHL—F >
rotate_calc TITH Z LN TE 5.

3.5.3 ffttp_2d

2 Wt FE T — 206 FFT %479,

call ffttp_2d( nx, ny, a, b, csign, [prim], [prim_fact], [omega fix],
[omegan fix] )

5%
nx <I> in 1 kT — % OfE%L.
ny <I> in 2 W7 — & OfEH.
a <CP(nx,ny)> in BRI WHTT — & .
b <CP(nx,ny)> inout MFEBEHELT —4F.
csign c(1) in IEM R HH]E,
v =R, 010 =i,
prim c(1) in ARESREE (iR,
o’ =fRT D, Cx? =R LR,
prim_fact I(5) in SRR (k) .
omega fix  CP(nx,nx) in 2,3,5,7 IS DFZRETD
[BIHATTA (F2k)
omegan_fix CP(nx,nx) in AT (%),
EER

(N, M) DT =%z boFEK x(k,1), k=0,--- N-1,1=0,--- M-1%5x
b ZOT—HX O 7 — ) TIEZEH 3(m,n) 1%

1 M-1TN-1 9 km o in
% = — TETUN | e” ZM =0.--- — =0.--- _
z(m,n) N !Z z(k,l)e ] m =0, ,N—1,n=0, ,M—1
=0 Lk=0

TEHRIND, WL

M1 TN .km .In
JAZ(IC,Z)—Z !Z 2mN] 27rzM7 k=0,---, N—-1,1=0,--- , M —1

n=0 Lm=0

R THI O FEM R R LA BT P B .
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TEFIND, ZiE Temperton D7 /LT Y X L% HWT FFT AT 5,

(e

o S prim IIT7— XN 2R KRBT HHDOTHY, ZOF T a2 h 'x?
DEEET =2 NEOFEE 7 — U BB SN DO T, B HHE T —
VBB EITH Z LD, DREITZIE, T— 2 BN N = 203057 x e &
THfRZEATV, FFT B Z1T 5, 518 prim fact 132 D & X OFRREFEHD
BataEd 5. 2F0,

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

EWVIOIRE 7D,

o ¥ omegan fix |37 —# ¥ nx (2B 5 FFT T H T 5 EEATHI P 246 7E
T 5. 51¥ omega fix 1IT7 —FEM 2,3,5,7 UANDRRE (1 2D DI 2l
THE, e NEIUTHTZ D) ITHIET DEHEATH. Z 415 DITHNIREH L —F
rotate calc TITH Z LN TE 5.

3.5.4 prim_calc

HHE
FEEOEHEIZOWT, 2,3,5,7 DERBIMHEE1T 5

£
call prim calc( n, factor, resid )

518

n <I> in ST D IR,
factor <I(4)> inout 2,3,5,7 D&FREFEH.
resid <I> inout 2,3,5,7 LIS DR KIEL.
E&ER
LB O FFEEE n A3
n = 293577 x ¢

Thol-ht, EOFEBIILUTO L 5 2xhic &7 5.

n —n, (a,b,c,d) — factor(1:4), e — resid

-
Rriz7e L.

PEETHI O FEM AR R LA BT P2 .
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3.5.5 r2c_ffttp_1d

H&RE
1 Wt T — %06 FFT %179,
£
call r2c_ffttp_-1d( nx, a, b, [prim], [prim fact], [omega fix], [omegan fix]
)
5%
nx <I> in T — X OfE %K.
a <R(nx)> in FHEH T — 4.
b <CP(nx/2)> inout HEERLEHET —X.
prim c(1) in RRE O E (BR) .
00 BT B, x0 =B LA,
prim fact  I(5) in FREFEE (k)
omega fix  CP(nx/2,nx/2) in 2.3,5,7 SN DFKETD
BT (12) .
omegan fix CP(nx/2,nx/2) in AR T (k) ,
EER
NEOT—2%b2Fx(k), k=0,--- N-1%252x2 (NIXEHK ., 07—
X OB 7 — Y = IEEH#H (1) 1%
(1) = L Be 2N, 1=0,---N—1
B0 = Y alk)e N, 1=0, N -
k=0
TERIND, WFEHIT
N-1 1k
w(k) =Y #(k)e®™N, k=0,---N-1
=0
TEFEIND, ZNE Temperton DT /LT X L% ANT FFT QB4 %, 325
T —4 O FFT R OFEMIZOWNWTIE, 77 S,
-

o J i prim X7 —F N 2 FEREHRTHHEDOTHY, ZOF T a ) 'x’
DGEIEXT —2NEOEE 7 — ) ZABLIIZ[E SN 5O T, B 587 —
ULBEHEITH 2D, DREITZIE, T BN N = 2935571 x e &
THfEZEATV, FET WBRE1T 5, Bl prim_fact 12 D & & ORKEIHEHD
BEEET S 2FY,
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prim_fact(1:5)=(/a,b,c,d,e/)

EWVIOIRSERD.

o 1% omegan fix |T7 — ¥ ¥ nx (2317 5 FFT T4 2 RS54 458
T 5. 5l omega fix I1L7 — X HAS 2,3,5,7 LS DREEL (1 2D D5 % fillC
T5E, e NENUTHT-D) ITHHIST DEEEITH. 2 OITFNILEEHAL—F
rotate_calc TITH T LMW TE 5.

o BT —HX DT — ) EBIIEELE DT — X EN BRI DT — X E D53
S TnpZ EICERE, £, ALv—F rOfEn s, BREKRS N/2 1%
b(1) DIEFIZHEMEIND,

3.5.6 rotate_calc

HaE
T — ¥ nx QAT ZEFET 5,
N
call rotate_calc( nx, csign, prim fact, omega, omegan )
515
nx <I> in 7—%OfE%.
csign c(1) in  IEMIAHECHIE,
rro =1EASHR, i =S,
prim fact I(5) in  FEREBFEE (&id),
omega CP(prim_fact(5),prim_fact(5)) in 2,3,5,7 LISNADFZERETD
[T,
omegan CP(nx,nx) in  AEEATS,
E&E
N DT — 2 O 7 — U =251 I 5 T W 13
Wj,k:ei2ﬂijk/N7 j:O717"'7N_17 kzovlvaN_l
TEFLSND, ELHITAT, WAKITIES TERISND. %72, 2,3,5,7 DS OFEK
B a TORETANE ERIZBWNT,
N =«
LT THD.
i&%E

FrIZ72 L.

O TH O FEM AR R LA BT P B .
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3.6 file_operate

IO V—F V&, BIESIGLTWA 7 7 A LT 3 —<v MILUTOLEBY THD.

455 ML FYF =4,

mgdsst 7 — 4.

THRARNIT LT —H.

gtoold 74—~ v h 7 —%.

3.6.1 auto_read_file

2T, 3 WILEEIRED 4 31 b ATV T 7 A NN T — X &t HT read_file
D HBL—F > (CReSS HH4E).

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

d3var, [specnz], [intvnz] )

513
file name <C(*)> in BT 7 7 A N4
d2n <I> in BEARIAT 2 IRTTEEDHL.
d3n <I> in FEARIATe 3 IRTEEEDEL.
d2val <C(*)> in FEARIATe 2 IRTTAERDINET (H2iR).
d3val <C(%)> in BeAIATY 3 RTTAEBDNEFE (1R1R).
ad2val <C(x)> in BEARIATe 2 IRTTAERDNEE (H2iR).
ad3val <C(x)> in FERIATe 3 IRTTAEKDINET (H2iR).
nx <I> in x S DOEHEL.
ny <I> in y I DOERLL.
nz <I> in z 7T DELFEEL.
d2var <R(nx,ny,d2n)> inout 2 WILT—#.
d3var <R(nx,ny,nz,d3n)> inout 3 RILT —4#.
specnz <I> in z FMOH5 1 (k).
intvnz <I(2)> in z JFT D & % H 5w E (12ik).
EER

call read file K.
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e

A "RAF VT —H13 23,2, 3WILEVINAET 1 77 A4 MM L
TWAEHIRT7 7 A NMITHWLND.

e d2val, d3val, ad2val, ad3val I ZZNZENFHAIALLEKEZ RT 7T 7 Th
V,2,3,2, 3 DIEFIC 4, 3, 4, 5 HOEEDBEMHI N TV DEHA,

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

LY, ZOBE, KO 2 WILT — XD AFKH, BHEO 3 RILT XD 1 &K
HOARHGENDDT,d2n = 1, d3n = 1 TaeAADIE I,

e specnz NXEINTWDHEE, 3 IRoLT —# 13 nz HOH T, specnz & H D
T A DHBBEMNIIND.

e intvnz DHEINTWVWDLEE, 3 KILT —F 1 nz [HOH T, intvnz(1) 7H
intvnz(2) FHETHEMIND.

3.6.2 line_number_counter

Hae
TXARDT AT —Z THRNENTNDE 7 7 A VDT EFHETD.
£
result = line number_counter( file_name )
5141
file_name <C(*)> in 1THEHET D7 7 A V4.
B E <I> inout 174%.
E&xR
Bz L.
=3
BT L.

3.6.3 read_file_grads

HRE
grads D> ha—/L 7 7 A L BIREDE & i iite L —TF .
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X
call read file grads( fname, val name, dim len, intvz, intvt, val )
5%
fname <C(*x)> in FAHTa har—L T 7 A4,
val_name <C(*)> in EH A4
dim_len <I(4)> in KWL OER (k) .
intvz <I(2)> in EE R OFEA T EEE (Fih) .
intvt <I(2)> in eI G MmO T EEXRE (RilR) .
val <R(%iR)> inout FEAH L7ZMEDHM S DL
E&xR
Frliz7a L.
-

e x, vy, z, t DFEIEIFEN Z DJEFE T dim len(1:4) DIHETHMIND.

e intvz, intvt (FHiAH T EE, KEEHCTH Y , 2 THAMHTHAIL intvz(1) =1,
intvz(2)=nz, intvt(1)=1,intvt(2)=nt CTiXE L2R2ITIIL 5220,

o FiA T HOESNIZ
R(dim_len(1),dim_len(2),intvz(1) :intvz(2) ,intvt (1) :intvt (2))
TH#ELTHEZS.

3.6.4 request_axis_grads

HRe
grads D = hB—/L 7 7 A JL7) b A 22 [ FEARE R OO JEREAE 2 USG9 H v —F .
£
call request_axis_grads( fname, axis name, x, y )
515
fname <C(x¥)> in AT hr— LT A VA,
axis_name <C(*)> in BS3 2047 ($Rik) .
x <R(:)> inout HUST DO EEME (RiR) .
y <R(:)> inout pdef D& X DHIDEIEE (T2ik) .
E&ER
Brza L
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e

*x, vy, z @%ﬂ%ﬂ@{ ZRO DG AT xdef, ydef, zdef OZFNLTI%
axis_name [ZfRAT I LV,

e x(:) L L ThHIEELE XD EXDRIBUTIFHNC request _dim grads THEH
AT L TRPRITNIER B0,

e GrADS = bu— LT 7 A NIZEBITH/XT A—=FDOHFI|Z pdef &\ H /N7
A= NBNBDLID, EDONTA—Z i RdbeEDFTrar. 20O i}'jjm,
Va7 M D EREER T — 2 23515 x \Z AV, pE AR T — 2 R385 y 12 A

3.6.5 request_dim_grads

grads D=3 b —/L 7 7 A )L bEBDZERIR T DO EH# 2 BT T Hv—F .

call request_dim grads( fname, dim_len )

513

fname <C(*)> in ST oy hae—L T 7 A IL4.
dim_len <I(4)> inout HKILOEFRE (#BR) .

Friz7e L.

(e

o x, y, z, t DJEEEREMNZ OIEFE T dim len(1:4) OIETHMIND.

3.6.6 request_vardim grads

1t
grads DA b —/L7 7 A )VINBARE OB DO @ LT W OBEFR A2 TG T 51—
T

g

call request_vardim_grads( fname, var_name, nz )
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C1E:
fname <C(%)> in
var_name <C(x*)> in
nz <I> inout
E&E
Krlz7e L.
=
Frlz7e L.
3.6.7 read_file
HHE

ETvaAS e i = N = By M i O 7
BEEE LSS LI WA D4 .
BAG3 5 m R

FAVI BT IR ABRD AL FV T 7 A Vi 2 WILT — 4 BRI V=T >,

X

call read file( file name, nx, ny,

rec_num, var )

tatus=’0l1ld’)

5|41
file_name <C(*)> in AT T 7 A N4
nx <I> in BRI
ny <I> in BRI
rec_num <I> in nxxny AT T —2 0L a— FEE (ki) .
var <R(nx,ny)> inout FEAHTT—4.
EER
1 open(unit=11, file=file_name, access=’direct’, recl=4#nx#*ny,
2 read(11,rec=rec_num) ((var(i,j),i=1,nx),j=1,ny)
3 close(unit=11, status=’keep’)
5
Frlz7a L.
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3.6.8 read_file_3d

H&RE
AV NT 7 BABRKONA TV 77 A N0E 3RITT —F it —F .
£
call read file 3d( file name, nx, ny, nz, rec_num, var )
515
file name <C(*)> in AT T 7 A 4.
nx <I> in 5 RS
ny <I> in 'Eﬁ:gﬁﬁﬂﬂﬁ
nz <I> in %EE$EB§U§Q
rec_num <I> in A LEMGT AT —% DL a— RES (ki) .
var <R(nx,ny,nz)> inout miAHTT—%.
EExR
1 open(unit=11, file=file_name, access=’direct’, recl=4*nx*ny, status=’o0ld’)
2 read(11l,rec=rec_num) ((var(i,j),i=1,nx),j=1,ny)
3 close(unit=11, status=’keep’)
S
FrlZ7e L.

3.6.9 read file gtool3
HaE
gtoold TER DT — ¥ &Gt AT/ —F .

=N

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

515
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file_name <C(*)> in AT T 7 A N4,
nx <I> in 5 —ELRRLAIEL
ny <I> in BRI
nz <I> in 5 = BERALIHL.
tstr <I> in FEAIE D DA (aR).
tstep <I> in BEAUT T REF MR (P2R).
tnum <I> in FEAIAT RIS ().
var <R(nx,ny,nz,tnum)> inout mtAHTT—4.

EEX

Fric7e L
-k

e tstr, tstep, tnum OBIRIX, 1 DDOT —H 7 7 A /LIT tmax H57 DRFLT —
2PN S IL TV DA,

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

VD BRI T SAUE LV, T 2T, tstr = 1 72 D FIHIRERIANHE
N5 Z e 2. FEBEROFIRERFZIRLH R A 7~ 713 BfR e 0.

S

¥
=
94

3.6.10 read file_gtool3_header_c

gtool3 XD~y ¥ —F =4 D5 b, XFHROT — 4 &gl v —F .

call read file gtool3_ header_c( file name, header, var )

51%

file name <C(*)> in SAHT T 7 AL,
header <C(x) (:)> in ~w A —DLHI.
var <C(16) (size(header))> inout header |ZXfInd 5T —4.
E&E
Frlz7e L.
e

o v X — DXL
http://www.riam.kyushu-u.ac.jp/taikai/lab/others/Gtool/nodel11l.html
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ERICA#TH 2 5. 7272 L, Fortran O PRGETH 5D unit, size (2O T
1%, uni, siz EAHTHI L.

3.6.11 read file gtool3_header_i

glool3 FERD~ v F/—F— 5 D 5 b, BHIVR DT — 5 ZHI TV —F .

call read file gtool3_ header_i( file name, header, var )

518

file name <C(¥)> in AT T 7 A N4,
header <C(x) (:)> in ~ Z—D4Hi.
var <I(size(header))> inout header IZXId BT —4.
EERX
Frlizze L.
=3

o v X —DHLFRIT,
http://www.riam.kyushu-u.ac.jp/taikai/lab/others/Gtool/nodel11l.html
ERICA#TH 2D, 72721, Fortran O PRIFETH 5 unit, size (2O T
X, uni, siz EANTHZ L.

3.6.12 read file_gtool3_header_r

gtool3 R D~y ¥ —F— 5 D 5 b, FHIGROT — 5 & BT L —F

call read file gtool3_ header r( file name, header, var )

515

file name <C(*)> in FTAHAHT T 7 A NV4L.
header <C(x) (:)> in ~ K — DL R
var <R(size(header))> inout header IZXId BT —X.
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o v X —DHLFRT

http://www.riam.kyushu-u.ac.jp/taikai/lab/others/Gtool/nodel11l.html

LRICAMTEH A%, 7272, Fortran ® PHRGETH D unit, size (2O T
1%, uni, siz EASTHI L.

3.6.13 read_file_text

Hae
TXANDT LERDT —F ZHiriAle L —T .
£
call read file text( file name, nx, ny, var, [skip], [formal )
5|41
file name <C(*)> in AT T 7 A NAL.
nx <I> in H3K.
ny <I> in 175
var <C(nx,ny)> inout @AM TT —4.
skip <I> in FBRBE AT TATHL.
forma <C(*)> in BARIAT T F—~ v b (1RIR).
EERX
avw, AR—AXYY OFT F A T —F EitAHAT. nx (T 1TICHEMHI TN D
T — X OFEL, ny 1ZEHN DA DITH. 72721, skip DR E SN TV DEAIL,
skip T2 HARIT L THAIED 5.
=

o T 7 4/L hTIE, BEARIX L skip T B RIZHESINL TN D.

3.6.14 read_mgdsst

HRE
RGBT MGDSST F— & &Gt r At 2O D —F o ALEOFEE TIE2 <, RO A
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K.
2K
call read_file( fname, var )
1k
fname <C(*)> in AT T 7 A N4,
var <R(1440,720)> inout sst 7—%.
E&E

FrlizZe L. (MGDSST 7 —4% D7 4 —~ v MIDOWTI,
http://near-goosl. jodc.go. jp/rdmdb/format/JMA/mgdsst.txt
)

e

o WREZO/NSWVEORHEROM M (FREE 0 °, #EEE —89.875 °) IZAV, Al
PSR — BRI &, B EHRITA M E T T — 2 IS T S 5.

o REFMEIL 999.0, VKT — 1% 888.0 LW HTHAN S 4L 5.

3.6.15 write_file
HEE
HAVI NT IV BATBRONRAL TV T 7 A M 2 RET—F 2z HT/L—F .

X

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

51%

file name <C(x)> in AT T 7 A N4,

nx <I> in o RS

ny <I> in o ELRRLIL

rec_num <I> in nxxny St T T —2 DL a— REF.
var <R(nx,ny)> inout @EAHTT—4.

mode <C(*)> in TrANOESH LA T a .
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1 open(unit=11, file=file_name, access=’direct’, recl=4*nx*ny, status=mode)
2 write(11,rec=rec_num) ((var(i,j),i=1,nx),j=1,ny)
3 close(unit=11, status=’keep’)

(e

e mode % Fortran @EXH L status= [IFRTE I AHEZ A,

3.6.16 write_file_3d

FA VY NT I RATRO AL TV 77 4 M 3 WET — 4 & HE T A—F .

call write file 3d( file_name, nx, ny, nz, recnum, var, [mode] )

51%

file_name <C(*)> in AT T 7 A V4.
nx <I> in 59— ERALAIEL.
ny <I> in o " ELFREL I
nz <I> in o = ERES L.
rec_num <I> in A LRSS T 5T =2 DL a— RE 5.
var <R(nx,ny,nz)> inout miAHTT—%.
mode <C(*)> in TrANDEIHLE SV a .
E&X
1 open (unit=11, file=file_name, access=’direct’, recl=4*nx*ny, tatus=mode)
2 write(11l,rec=rec_num) ((var(i,j),i=1,nx),j=1,ny)
3 close(unit=11, status=’keep’)
S

e mode /% Fortran MEX H L status= [ZFRE I 1L HHEZ .
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3.7 math_const

BnEE e B, SHEIILTORO L D IZHE AN TVND.

R AENEE NS
pi <R> | 3.14159265 EIEES
img | <CP> | (0.0,1.0) R $ BT

LU FiE parameter JEED SN TN R WHEEK TH 5.

TN T EROT |
romega2 | <CP(0:1,0:1)> | save | 7 —%4 2 ® FFT HIE#R{TF
(IEZEHH)
romega3 | <CP(0:2,0:2)> | save | 7 —# 3 ® FFT H[FEHZ{TS
(IEZEHH)
romega5 | <CP(0:4,0:4)> | save | 7 —4 5 ® FFT HIBI#R{T5
(IEZEH )
romega7 | <CP(0:6,0:6)> | save | 7 —%4 7 ® FFT HIBIHR{T5
(IEZEH )
iomega2 | <CP(0:1,0:1)> | save | 7 —# 2 @ FFT HE#E1751
(24
iomega3 | <CP(0:2,0:2)> | save | 7 —# 3 @ FFT HE#51751
(24
iomega5 | <CP(0:4,0:4)> | save | 7 —# 5 @ FFT HE#51751
(24
iomega7 | <CP(0:6,0:6)> | save | 7 —% 7 ® FFT HIE#51751
(24

3.7.1 rotate_array

taE

7 — 2 $ 2,357 DEEEATHIEZFE T 2,
£

call rotate_array( )
515

72 L. math_const [ZBWTERE SN TN D HETEE omega2, omega3, omegab, omega7
WEFSND.
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E&EIA
3.5.6 DEFRNXICBWT, N =2,3,5,7 THELTWS.

=
Friz7a L.

3.8 matrix_calc

HLA AT HIE S, N REOTRR O KR, [EAE - BHA~7 PAFHREAOLV—F 2R 4%
N—F L DFEMREIHITIECOWTI, 77 2.

3.8.1 Gau_Sei

HRe
AN AT AR K DN 1 RGO REEZITH —F .
£
call GauSei( a, b, eps, x )
515
b <R(:)> inout X7 ROy (HRIR).
a <R(size(b),size(b))> inout 174l (&ik).
eps <R> in IR SAE (FRak).
X <R(size(b))> inout RDIEWVART R (1R,
E&ER
1751 a;j, 7 bV b; Lzl x,
aij:cj = bl
EWVO BMRE T TRINAN Y ML a; 2RO D, T D& E, GIEE OXERERIT
Gij * a(i,j), Ty o X(j), b; b(i)
Thd. AUAYFATIEZ L DR FIEOFHERIITISR.
S

o 15 eps I1IKBEH D KERITHE OFRFRZEZ K L, Z DEORKMED eps LA FIC
ol L EICNEFHEEZKTT 5.
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3.8.2 Jacobi_algebra

B BE
Ya B LN 1 WFRBRKXOKRMEITHO NV—F .

£

call Jacobi_algebra( a, b, eps, x )

513

b <R(:)> inout X7 RLVORSy (HRIR).
a <R(size(b),size(b))> inout 174 (&ik).

eps <R> in RS (F20R).

X <R(size(b))> inout RDIEWVART KL (HRIR).

EERX
1751 Qg ~7 ~v bi ELizE ‘g(,

aijr; =b;
EVHBIRE T RN ML a; B RDD. ok E 55 E OMIEEIRIE
ag : a(i,j), w; : x(j), b : b(i)
Thd. Va B KL EGIEOHEMIITISH.
wE

o 513 eps (ZABLHIDOKABRTR DM EEL £ L, ZDEORKIED eps LLTIC
ol L SITERRER T T 5.

3.8.3 Jacobi_eigen

HRE
Y3 vikae O TUEEOEZAFTIIO2EAEZ KD 5 v —F .

g

call Jacobi_eigen( a, lambda, [eps] )

513

a <R(:,:)> in [E A % R 1751 (k).
lambda <R(size(a,1))> inout [EffE (#Zik).
eps <R> in FAE DU A (2 3k).
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EERX
1751 Qg ~7 Fv Z; LLzE g‘,

a,ijacj = AJ}Z'

EWVO PR AT RN 2R D, 22T, N OEIFTAIORGTTEEH H. Z D
& &, G E OXRRERIT

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

Thd. k BHOBEAMEEZ Z Z CTlX lambda(k) & L7z, Y BIRIC L DEHETED
ZEHII?? A

&%E

e eps [IXEFHOIAHESRMETH Y, 1 [BIORKEEFH R A% TOMEXTERZED i
KIED eps LA FIC72 o7 & ZITRHEZK T T 5.

3.8.4 LU_devs

Hae
Ry T 47 0E LU fREITHINV—F .
£
call LU devs( a, b, x, itermax )
1k
b <R(:)> inout X7 MVORGY (Thik).
a <R(size(b),size(b))> inout 174 (H&ik).
X <R(size(b))> inout RDIZWART bL (1RIR).
itermax <I> in KAE SR D%
E&xR
1751 g, ~7 RV b; L Lf:ck%:",
aij:cj = bl
EWVV BRI TRINAN Y ML a; 2RO D, ZDEE, GIEE OXDERERIT
Gij - a(iaj)7 Ty - X(j)> b : b(i)
Thd. R HREITTIZR.
=

Briz7e L.
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3.8.5 SOR_Gau_Sei

HRE
SOR ZHWTH T AP A T MBI K 2 #E 1 TR ORMEZAT I V—F .
£
call SOR Gau Sei( a, b, eps, accel, x )
51%
b <R(:)> inout X7 MLORGY (HRIR).
a <R(size(b),size(b))> inout 174 (&ik).
eps <R> in WUAHERAHE (k).
accel <R> in SOR DIMEFREL (123R).
X <R(size(b))> inout RDIEWVRT R (k).
E&E
1751 agj, N7 Rvb kLR,

ai;r; = b;
V) BRET TR ML a; R D, 20L&, B E ORIGBRIT
aij + a(i,j), x; @ x(3), b : b(i)
Td 2. SOR DEH T AV A F/EIC X DEHEFIEOFMNI??S IR,
"%

o 515 eps IIKEH D KERITHE OFRFRZEZ K L, Z DEORKMED eps LA FIC
ol L EICNEFHEEZKTT 5.

o By b, MNEARENE 2 RIHIC LR T ITLEFHEN TERV. AL—F Tl
2 L EDEDRBRE SN GE, =7 — &5 LI LTV,

3.8.6 SOR_Jacobi_algebra
HaE
SOR # MW Tz BikIC L2 1 IREBEROKMEEAITHI NV—F .

=X

call SOR_Jacobi_algebra( a, b, eps, accel, x )
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518
b <R(:)> inout X7 ~LVORSy (1RIR).
a <R(size(b),size(b))> inout 174 (%ik).
eps <R> in R SATE (TRak).
accel <R> in SOR DIMEFREL (123R).
X <R(size(b))> inout RDIEVRT R (k).
EER
?‘T@J g, X7 hv bi LTk %,
aijwj = bz
EWVVO BMRE T T RINANY ML a; 2RO DH. T D& E, GIEE OXERERIT
aij : a(i,j), =z @ x(j), b : b(i)
Th 5. SOR D&V 2 BIEIC K D3 EFIEDOTEILT? S
e

o 513 eps I TABHN O KA AT OFRFAZEZ R L, T DEOHEKKIED eps UL FIZ
ol TIEHEEZK T T 5.

o B b, MEARENT 2 R LT IR R EFHRE N TE V. KL—F T3,
2 UL FOEDRESNIGE, =7 — LR D5 KO LTND.

3.8.7 determ_2d

Hae
2 WATHNDATHN A A KT,
25
result = determ_2d( a )
5|41
a <I,R(2,2)> in =&+ 51751
E&

2 WIEATHI A DIFFIZ | A 1E

A_<“ b), = |4l=
c d
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=
FrRIZ72 L.

3.8.8 eigenvalue_power

e
R FEEZ AT ORKEGE & FOBAEICKIST AEAERT MLERD 5
JL—F .

=

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

513

1v <R(:)> inout A7 ML (RIK).

a <R(size(1lv),size(1lv))> inout [EHEZ KD HITH] (Hhik).
eps <R> in JAE DUHCHI SR (H23R).
lambda <R> inout [EAMHE (H2ik).

E&EI

1751 Qjj, R Mg ELZE %,
AijjT5 = >\$Z

EVVO BIR AR AR D, T 2T, A OfEIE (fER L TV A EERV
T,) ATHNDORITTENE 8> 2 DT, D 5 LOMERHENS K & 72 D EAEICHET 5. Z
DEE, 5IE L ORISR

a;j : a(i,j), A : lambda, x; : 1lv(i)
ThD. NEREICLDFEGEOFHMII?Z 2.

=
Briz7e L.

3.8.9 gausss

WO ER YT 4 T OEATADHRIEEAT I NV—F .

call gausss( a, b, x )
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518
b <R(:)> inout X7 MLVORSy (1RiR).
a <R(size(b),size(b))> inout 174 (k).
x <R(size(b))> inout RDIZWART L (1RIR).
E&EX
1751 Qg ~7 hLvb; Lk :é‘,
aij:rj = bi
EWVVO BMRZ T TRINAN Y ML a; 2RO D, ZDEE, GlEE OXDERERIT
aij : a(i,j), =z; @ x(j), b : b(i)
Thd. AU ADHEEEDOEMRFIHRITIET?T? SR
e

Kriz7e L.

3.8.10 invert_mat

EEIETITHNOWATH 23R,

o

call invertmat( a )

513

a <I,R(:,:)> in Kb HATH.
b <I,R(size(a,l1),size(a,1))> inout a DW{TAHI.
E&
HUADHEEE AN CHITHEZFET 5. 5El725HE FERTT 2R

-
KRz L.

3.8.11 schumit_norm

e
FEEONZ MOME Y 23 v NOBEAAEEZ AV CTIERERNY M VRICERS
BI—F .
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£xX
call schumit_norm( u, v )
1k
u <R(:,:)> in FETHRT bR,
v <R(size(u,1),size(u,2))> inout I[EMREAT k.
E&X
fEEDORT MLVR {u}J Z HUMIHRIEMAL 72 ERE A7 h VAR {'v}j WZEWA 57
DT a Iy FOBEARGIET
(), o
{v}; = ; e {v,}j ={u}; - Z ({u}; {v}) {v}
v, pard
Thsb.
w&
Frlz7z L.

3.8.12 trans_mat

FEEIETATH DL {E 223K,

call transmat( a )

EE:
a <I,R(:,:)> inout HEEIZL7=V.
EERX
175 Aij DERE TA X Aji THS.

ES

o S¥E inout BHEN OV TNL DT, 5O RITEE S NTMMETIRIND.

3.9 max_min

BeAN D B KA, e/ MEZ RSB T DV —F E.

main.tex 2013 45 A 12 A (iEBER)



STPK v=a17JL SHIIL—Fo—E& 61

3.9.1 max_val 1d

1
1 WITELHI D e KAE & & DED N S TV DB ESER &2 BT 5,
&K
call max_val_1d( var, mamn, mamv, [undef] )
5%
var <R(:)> in 1 IRICOPREELS).
mamn  <I> inout KA SN TVWDEFEEF S
mamv  <R> inout var O KMH .
undef <R> in REHRME (HiR) .
E&
HAMIC 1 FENORBNOEZ T 5, s KENERO > T256, RO EREZD
FHWHONIEIND,
H&

o REHRMEMNERXIN TWVDGAEIL. TOERA|Z LI L7V,

3.9.2 max_val 2d

Hae
2 IRITHLHN D e KAE & & DED AN S L TV D BSNERE 5 2 BT 5,
£xX
call max_val_2d( var, mamn, mamv, [undef] )
5%
var <R(:,:)> in 2 WL DB
mamnx <I> inout ACHINORKMEIZEE ST 55 1 By ERE .
mamny <I> inout FELHIN DR KRIEIZFZ Y T 5% 2 BlAIERE .
mamv ~ <R> inout var O KIHE .
undef <R> in REZRME (HR) .
E&E
B 1 FEDOOESOEZ LT 5, KENERO ->7256, KO ELEEKFOD
FWHDONREIND,
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e

o REHZRMEMNERXIN TWVDLAIL., TORH|Z LI L2,

3.9.3 max_val_3d

Hae
3 IRITEEH D i KAE & & DED AN S L TV D BSNERZE 5 2 BT 5,
X
call max_val_3d( var, mamn, mamv, [undef] )
5%
var <R(:)> in 3 WILDORKALS.
mamnx <I> inout BCHNINDOERKEIZEE S T 558 1 By EREE 5
mamny <I> inout AN DR RAEIZFE L T 55 2 BldIEEE =
mamnz <I> inout BLHNINOERKIEIZFE YT 558 3 By ERE 5.
mamv  <R> inout var O XIE .
undef <R> in REZRME (HiR) .
E&EX
HHZ 1 FEDOOESOEZ LR T 5, KKENERD 756, KO ERTKFO
BEWLONRIKIND,
=3

o REHRMENERXZINTWAELEIL. TOERA|Z I L7720,

3.9.4 min_val_1d

31

1 WITEH D/ IME & Z DEDP M SN TV ARSI EEE &2 ST 5,
X

call min_val_1d( var, mamn, mamv, [undef] )
1k
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var <R(:)> in 1 RITDERIRBLS).
mamn  <I> inout F/IMEDEM I I TV A EER .
mamv  <R> inout var Of/ME .
undef <R> in REFME (Bik) .
EERX
HHIZ 1 ZFEDOOEYOEZ KR T 5, R/MERNEED 7256, KL EREEFD
FENHLONEEIND,
=3

o REBENERSNTWVDELEIE, TORS 2R L2,

3.9.5 min_val_2d

Hae
2 WILBLA D e/ IMIE & Z DIEDEAN STV D EFNER R 52 UG T 5,
£
call min_val_2d( var, mamn, mamv, [undef] )
EE
var <R(:,:)> in 2 Rt DERERECH.
mamnx <I> inout FLFINOFR/IMEIZFZ S T 25 1 By HEFEE 5.
mamny <I> inout  ACHIAN DR/ IMEIZEZ Y T 55 2 Bld|EFEE S
mamv  <R> inout var O&/MHE .
undef <R> in RIEFRME (Fik) .
E&
HAMIC 1 ZFENOEBNOEZ T 5, /IMEDNER O > T256. RO EREFD
HNDDONIRIND,
5

o RERMMNEZRIN TWVDLAEIL. T ORI % LB L 72\,

3.9.6 min _val 3d

taE
3 WITRLA D /M & & DIEDFEAN S L TV D ELSN R E 5 2 ST 5,
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£xX
call min val_3d( var, mamn, mamv, [undef] )
5%
var <R(:)> in 3 WRIT DBEREH).
mamnx <I> inout BLHNINDOE/IMEIZFZ YT 558 1 BV ERE S
mamny <I> inout BN DER/IMEIZEZ Y T 55 2 BlAIEERE 5.
mamnz <I> inout BLHNINDE/IMEIZEZ ST 55 3 BlH R EF 5.
mamv ~ <R> inout var Ofx/ME .
undef <R> in REFE (Bik) .
E&ER
HHIZ 1 FEDOOESOEZ LT 5, S/MERNEER O - T256,. Kb ERFKFZO
BEWVWHLDONRIKRIND,
=E3

o REBMNDERSNTWVDELEIE, TORS AL L2,

3.10 phys_const

MBS ESSE. MERICBIT 2B ER AL TORD L 5105 2 5. M TERHEER
(2008) L.

AN LR DE IEEE
Me | <R> | 5.9736e24 HiER OB B [kg]
g <R> 9.81 HIEROFEHETE S IEE | [m?/s]

omega | <R> | 7.29e-5 HER D B #iE £ [1/s]

radius | <R> | 6.357e6 HitER D AR [m]

3.11 poly_function

BERZEXAFRT IV —F V8 Z I CTERINDERLEHAL—F 1T, 51 OM
(20 U T interface HE SN TWD DT, BIFE D5 % 5 TR E T, fEE D515
HZIUSMGRE CRHE LR EZIRT. 72, 22 THVWLNR TV ZHEXOFH R ER
KOFEHIF??S .
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3.11.1 chebyshev

H&RE
0—nkKOF b =7 ZHEALHET .
£
call chebyshev( n, x, che )
515
n <I> in FHRT D AR K
b’ <R,DP(:)> in DV AAGIE S
che <R,DP(0:n,size(x))> inout F =t = 7LIEA.
E&ER
nRF =y =7 LZHRE Ty (x) £ T2 L,
[n/2] k
(=1)"n! n—2/1 .2k
T"(x)_kzo IR DI
S

o EEEOFHmIIM LA TR S LTV D . ST EDFEMIZ OV TIX? TS L

3.11.2 gegenbauer

Hee
0—nkRDT =5\ T7T —ZHEXEFHET L.
X
call gegenbauer( n, x, p, lambda )
5%
n <I> in SR D AR
X <R,DP(:)> in BV AACIE:S
p <R,DP(0:n,size(x))> inout #~ —# U7 —Z%IEA,
lambda <R> in TRy TR
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TS
niRF— NS T — SR K CMa) T 5 &,

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

T, FlIEH U 20@RMEkETH 5.
et

o FEEEOFHmIIM LA TR S LTV D . BT IEDFEMIZ OV TIX TS L

3.11.3 hermite

Hae
0—nkOTNI— EHEALZFHETS.
£
call hermite( n, x, p )
1k
n <I> in R D RmEmIKREL
x <R,DP(:)> in RO WEEK.
p <R,DP(0:n,size(x))> inout T/ — FZIHK.
E&X
nkxT VI — NEHRXE H,(z) &35 &,
[n/2]
_ (—D*k—-1)!'n! o
Hu(z) = kzo k) ' (n—2k)! =
S

o FEEROFHmITM LA TR S AL TV D . FE T IEDFEIZ DWW TIX TR L

3.11.4 jacobi_poly

HeRE
0—nkKOYabZHEAEZFHETH.
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=5
call jacobi_poly( n, x, p, alpha, beta )
5%
n <I> in R D R
x <R,DP(:)> in ROTNGIHL
p <R,DP(0:n,size(x))> inout ¥ EHHHA.
alpha <R> in Y= U L.
beta  <R> in Y o R 2.
E&EX
nikYaLHA%E G, (o, B 2) ET DL,
Yl Fa+n+k)(B) 4
Gnla, _1+Zr'n—r‘F(a+n) (ﬁ+k)x'
et
o EREOFHmILHE LA TIM S LTV D, FEM T EOFEMIZ OV TIET?H L
3.11.5 laguerre
- 115
0—nkROZ 75— NVEZHAEHAETS.
K
call laguerre( n, x, p )
51%
n <I> in RHRT D R R
x <R,DP(:)> in ROTZNEIHL
p <R,DP(0:n,size(x))> inout 7% —/LZIHK.
EEX
niR7 7 —NEZHR% Ly(z) & T2 &,
Z": o
)1 k R
k=0
"5
o ERROFHMIZH L TIM STV D, FEM T EOFEMIZ OV TIET? S L
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3.11.6 legendre

1
0—nkONLY v RLVEEXEFHT 5.
£X
call legendre( n, x, p )
5138
n <I> in T D Rm kA
x <R,DP(:)> in KO-V FI%L.
p <R,DP(0:n,size(x))> inout /L ¥+ > K/LZIEAL
E&xR
nfVT ¥ RAVEHAE Py(x) L35 &,
00 k
Py = S i A D m kw2 nn k1) (n 4 R) (1_“"> .
kl'k! 2
k=0
=

o FEEEOFHmIZM LA TR S LTV D . FM T EDFEMIZ OV TR TS L

3.11.7 sonine

Hae
0—nikDOY=ZHAEHET 5.
2K
call sonine( n, x, p, lambda )
5%
n <I> in AHRT D ERE K.
x <R,DP(:)> in RO TZEEK.
p <R,DP(0:n,size(x))> inout Y =1 2IE=.
lambda <R> in YV = AR
E&E

nikY = %BX%E S)Hr) & 15 &,

(DR 4N)!
Sﬁ(m)_kz_ok!(nm—k)!k!xk'
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e

o FEFEROFAMIIW L TRl STV 5. Rl EDFEMIC DWW TIXT? S R

3.12 special _function

RERRBESR 2 BRI D BISREE. 7eds, LT OB~ = 2 7UciL, Bk ERROALET L
THEY, REOFHEFIRIL?? 225 IS,

3.12.1 Full _Ellipl _Func
HaE
PR R el i ol A RN

=55
result = Full E1lipl Func( k )

51%

k <R> in Bk
FUO{E <R,DP> inout slEAEE.

w/2 1
K(k) = —‘QdG
0 1 —k2sin* 0

=5
Kriz7e L.

3.12.2 Full_Ellip2_Func

HaE

BB AR T 5.
EN

result = Full E11ip2 Func( k )
5%
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k <R> in T
ROAE  <R,DP> inout EFEAEE.
E&EX
w/2 1
K(k) = / —
0 1 — k2sin? 6
=24
Briz7e L.

3.12.3 Dbessj

HaE
By B VB AR T S,

£

result = bessj( m, t )

51%

m <I,R> in oy VB DOIREL.
t <R,DP> in EH.
BEU{E <R,DP> inout EFEFE.
EE
m Ry BV E J,t) LT 5L,

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

k=0

2T, I(m) i EmRT~BEETH L.

% o FEEROFEFITF N TR S LTS, BT EDFERIZ OV TIZ??7S L

3.12.4 bessy
Hae
R VBRI R T .

=X

result = bessy( m, t )
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1k
m <I,R> in Ny L ORE.
t <R,DP> in .
RUfE <R,DP> inout FrEFERE.

E&X

miR~Ny VA Y, (L) LT DL,

m—1 i
Yin(t) = Jm(t) Int — % Z (m—:'—l)‘ <;>2k
k=0 :

—iik!(ﬂkw [<1+;+”'+;>+(yﬂi1+"'+nik>] (;)2’””“

k=1
2T, I(m) i EmRH -~ B, T (8) 1IZm IRy BV TH S

% o FEBROFENITF LT TR STV D. BT EDOFERIZ OV TIZ??7S L

3.12.5 beszero

HRE
B B AEEOEr SEFHETS.
X
call beszero( nmax, mmax, k )
5%
nmax <I> in oy LR ORIk ER.
mmax <I> in R HE o S ofEE.
k <R,DP(0:nmax,mmax)> inout EBRATOME (fFESH).
E&X

BTy VB D 0 RO n IRE TORENS mBOE v JA3HH T 5. 20
L&, GIEE OFISERIZLLTO L 512725,

N nmax, m . mmax.

BE o B, n RO m BHOEa L TCOELDHEZRDT-WVEE, call beszero(
n, m, k(0:n,m) ) EFEETHII, k(n,m) IZZFDOE R RZOMEIEHIINLTND.
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3.12.6 beta_func

N BT 5.

N

result = beta func( x, y )

515

x <R,DP> in g
<R,DP> in R,
BEUfE <R,DP> inout EFEFEE.
E&E

SRR Br,y) £ 5L,

1
B(z,y) = /0 L1 —t)vtdt, a2,y >0

% o EBROFHEITILNTHAM STV D, R EOFEMIZ OV TIR?T?R I,

o N— X EBUTITEEKRIFNEE & DT 9,
B(z,y) = B(y, )

THDHDT, BIEDNEFEIER b7,

3.12.7 delta

HeRE
TRy H—DFINE EHETS.

EN
result = delta( i, j )

513

i <I> in B,
J <I> in BB,
RV <R> inout FHERER.
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=
FrRIZ72 L.

3.12.8 df bessj

HERE
BN VAR TS,
£X
result = df bessj( m, t )
5%
m <I,R> in I B VB DOUKK.
t <R,DP> in BH.
RUfE <R,DP> inout EFEFEE.
e

m RGN BVE A L, (t) & T2 &,
() = i T (it).
2T, () 1 m Ry VB, i ISR TH D

F%E o EBROFHMEIIFI N Tl STV D, R EOFEMIZ DWW TIR?T? R IR,

3.12.9 df bessy

Hae
BMER ) A~ BEEETS.
£
result = df bessy( m, t )
1k
m <I,R> in EH ) A~ B DOWREL.
t <R,DP> in I

FUfE <R,DP> inout =IEFEE.
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E&EIA

mIRER ) A~ Bz Ky (t) & 75 &,

7 L(t) = Lu(t)

2 sin mm

Km(t) =
22T, In(t) I Em RE Y BV THS.

EE o FEBROFHEXIIHSTE TR ST 5. BT IEDOFHERIZ OV TIZ??72 L

3.12.10 epsilon

Hae
TF 4 DA T EBHETD.
£
result = epsilon( i, j, k)
1k
i <I> in iR
j <I> in R
k <I> in ogEEE
RUME <R> inout FFEREE.
E&
1 (BiEH
€ijk =14 —1 wrEH
0 Zoff
-

Friz7e L.

3.12.11 gamma func

tHRE

=B ERHRT .
=55

result = gamma func( x )
51%
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X <I,R> in B,
RYAE <R,DP> inout aFEAEE

EES
W~ B D(z) L5 L,

oo
I'(x) —»J/ t*te7tdt, x>0
0

#E o EEROFMFITIETHAL S LTV D, FHE T EDFERIZ OV TIZ??7 S,

3.12.12 kaijo

Hae
PERARR T 5.
=55
result = kaijo( i )
5%
i <I> in =
RUfE <I,R> inout FrERLE.
E&EX
il=ix(i—1)x--+x2x1
o

3.12.13 sp_bessj

Hee
BRIy VB AR T B,
£
result = spbessj( m, t )
5%
m <I,R> in Bk LB O EK
t <R,DP> in H.

RYAE  <R,DP> inout aFEAEE
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EE
m IRERN vV R 5, () T 5 L,

s

) 1/2k
Jn® = (5) " Jmirjad):
ZZTC, Jn(t) Em RSy v VEETHD.

F%E o EBROFHMIIIFI N TRl STV D, R EOFEMIZ OV TIR?T? R IR,

3.12.14 sp_bessy

AR ) A ~ VR AR T .

X

result = sp bessy( m, t )

515

m <I,R> in R A~ B oRE.
t <R,DP> in H.
RYAE  <R,DP> inout EHEAEE.

EEX

mIRER ) A <~ VB E jau(t) & T 5L,

s

1/2k
un®) = (57) " Y2,
T Yt) EmkR A~ BEETHS.

BE o FEHROFENIIMAE Tikili STV 5. RHETIEDOFEANIC SV TIX?T?TRIR.

3.13 statistics
FHEIHFHLELIN 2, SEB b, W&, 7 4o T 4 o TR 24T 5 V—F .

3.13.1 Anomaly_1d

taE
1 TSN DFIEEN S DT 7~ U — 25 HET 5,
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£xX
call Anomaly_1d( x, anor, [error] )
5%
x <R(:)> in 1 RkITT—X.
anor <R(size(x))> inout % x(i) IZXST DM,
error <R> in RIEME (HBak) .
E&EIR
TEEOREOT =45z, WEELIEHAE, TOT /~ VU —a, LA TFO L 5 IZHE
ha,
1 n
Q; = Tj — g Z:L‘p
p=1
=3
o RIEMHEMNERINTWVDELEIL, FHFEDE, TOENPA->TWNDET —X 5
FEFEICANR W, £, T/~ U —L L TH error TEHREINTWVWAHIEE
T,

3.13.2 Anomaly_2d

Hae
2 WITEFN DSBS DT )~ ) — %5 ET 5,
£
call Anomaly 2d( x, anor, [error] )
1k
x <R(:,:)> in 1 kLT —4.
anor <R(size(x,1),size(x,2))> inout & x(i,j) (ZxIET DIz,
error <R> in RAEfHE (F&ak) .
E&xR

,fisé?@%é@T vzl Tmn 75*77%1/71 %@7/‘?) — Qmn EYY NP 9 §+

Hans,
QAjj = Tij — 722%%1

qg=1 p=1
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e

o KEMHEMNMERINTWVIELEEIL, FHFHEDOE, TOMENPA->TWNDLT —X 5
AHEIZANRW, £, T /U —LLTH error TEXZSINTWAEL
iz,

3.13.3 Anomaly 3d

HERE
3 WITEESNDOSEHEN S DT )~V — %5t ET 5,
£
call Anomaly 3d( x, anor, [error] )
5%
x <R(:)> in 1 RIET —4.
anor <R(size(x,1),size(x,2),size(x,3))> inout & x(i,j,k) IZxET HIRZE.
error <R> in RIEME (HBak) .
EE
EEOEIOT =28 2y WFTELTESA, D07 <V — apn 1TV TO X H 12
RIS,
n m 1
1
QAijk = Tijk — Imn Z Z Z Lpqr
r=1 qg=1 p=1
S

o RIEMEMNERINTWVDLEIL, FHFHEOEE, TOENPA->TNDET —X 5
FEHEIC AN, £, T/~ —¢ L TH error CEHZINTWAHEE
9,

3.13.4 auto_interpolation_1d

1t
1 IRITDH72 5 JERE RIS 1T 2 BB N/ —F >, 8%, interpo_search /L —
F & interpolation DG HOE TIThO 2 NIHRLHL A E 2 HEIL L2 b D.
£

call auto_interpolation_1d( x, r, u, v, undef, undefr )
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1k
b'q <R(:)> in PR 0D FL VB JEE R
T <R(:)> in LB NTR A AT O AR,
u <R(size(x))> in JERE x CTEFRZINDEANT — 4.
<R(size(r))> inout JEIEr CTERINLHESIT—4.
[undef] <I> in RIEFE.
[undefr] <R> in AR B mOR E SR (120).
E&EIR
JEFE x DFFEF R x(1) TERSNNTWAIEu(E) OEEZSHEE LT, x EFRKRIT
WCAFAET D8 F R E D RAR DR OFEE R r DR r(§) TERSNTVDE v(G)
WCNTEZITO DD THD. A A—VIIH??OLH 72D THD.
=3

o S undefr TN A OMIHMHES AN FET DICHEDLL T, TORD L
HHENHDWNIE—FNRERME undefr OYAEIZ, WIFAIZIZZ @ undefr T
HBZ b En Mg, Z oI, 513 undef & HbE 252 LT, N
RS TEZ BI85 D>, SN TRIEZEDOHIBINRFTRE & 72 5.

3.13.5 auto_interpolation_2d

Hae
2 IRIED He70 5 FERE R BT 5 BEE NG/ —F >, @% . interpo_search /L —
F & interpolation DGO TITON 2 NIHRLH A E R HEIL L2 b D.
£
call auto_interpolation 2d( x, y, r, p, u, v, undef, undefr )
513
X <R(:)> in PN D FLHE AR 1
y <R(:)> in P D SEVEEEE 2.
T <R(:)> in EETNFEEAT O FEFE 1.
P <R(:)> in FERRICNIF AT O AR 2.
u <R(size(x),size(y))> in JEAE x,y CERINDHESIT—X.
v <R(size(r),size(p))> inout EfEr,p TERINDHESIT—X.
[undef] <I> in ARIE A,
[undefr] <R> in PR B R E . (TR3).
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E&HR
JERE x,y DFFET R x(1),y(§) TERIN TV DHMHEul,j) OEESRMEE LT,
x,y & RRTTIAFET DA REED R DR OFEER r,p DKM (1), p(m) T
FEFRINTWAMEvA,m) IZHNFEZITI>ILDOTHD. A A—VEKI?TOL I b D
Thd.

e

o 514X undefr XN R DOMHEESRANFET 2ICHELLT, TOAD L
HOHNHDHWE—FRREFRME undefr OHAEIZ, N AIZIZZ @ undefr T
H20NTEPEHSIDE. ZOEE, 514 undef &b 5Z & T, N
JRDNEFZ RSN & 2 70>, SHIN THRIEFRNOHBINRFIRE L 72 5.

3.13.6 auto_interpolation_3d

HEBE
3 WRICD 7R % EIE RIS 2 AESENAF/L—F -, 18% ., interpo_search /L —
F > & interpolation DFAEHH TIThL AN Z5EEHEE L D.
X
call auto_interpolation 3d( x, y, z, r, p, q, u, v, undef, undefr )
513
x <R(:)> in PN D FEUEJEAE 1.
y <R(:)> in P D FEHEJEAE 2.
z <R(:)> in T D FEHEJEAZE 3.
T <R(:)> in EBERICNIRZAT O A 1.
p <R(:)> in RN ZAT O AR 2.
q <R(:)> in EBRCHIRZAT O AR 3.
u <R(size(x),size(y),size(z))> in JERE x,y,z CEFRINHESNT — 4.
v <R(size(r),size(y),size(z))> inout JEiE r,p,q CERINDHELIT —4.
[undef] <I> in AR IE T
[undefr] <R> in IR SR TEFRME (121R).
E&ER
JERE x5,z DEAET R x(1),y(5) ,z(K) TERZRINTWDHEu(E,j,k) OEEZSH
fEE LT, x,7,z ERWRITICHET D4 RBLE O R 72 DR OISR r,p,q DK AR
r(1),p(m ,q@) TEHZINTVDE v ,m,n) ICHFZITI D THD. A A—Y
FX?2?2OL 572D ThHS.
=3
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o S undefr TN S OMHMHES RSN FEET DICHEDLLT, TR0 L
HOHNHDHWE—FRRERM undefr DA, N AIZIZZ @ undefr T
B2 ONTEBEMEIN D, ZOWMEIE, 513 undef L A5 & T, N
JRDNEFRTEIBOMT & 2 2>, SHIN TRIEFR N OHIBINRFIRE L 72 5.

3.13.7 Cor_Coe

tHRE
2 7= 2 ORI E R R o —F .

£
call Cor_Coe( x, y, cc, [error] )

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

51%

<R(:)> in 1 ko7 —4.

<R(size(x))> in 1 ReT —4.
cc <R> inout FHEALREL.
error <R> in REEMH.

&N
TEORID 2 7 =45y, yp WIFE LTSS, ZOMBRE cc LTFD X 5125
Rans,

cov
stv(z) x sto(y)’
2L, LR X9 et s & vz,

n n

cov = Z (v; —Z)(yi —7), stv(¢) = Z (¢i — @)
i=1 i=1
ZITL cou B, sto(9) 1 g LU0 T— FSIDBHR AL 22, 1, LD
DN BT E & KT

cCc =

e

o XFEMNERZINL TV DLHEIE, FIEOE, ZOF —2 23 H L.

3.13.8 Cor_Coe_2d

HERE
2 F— X ORI Z F T B —F > (2 IRTTEHIR).
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£xX
call Cor_Coe 2d( x, y, cc, [error] )
5%
<R(:,:)> in 2 WL T —4.
<R(size(x,1),size(x,2))> in 2 WILT —#.
cc <R> inout  FHEIRIL.
error <R> in RBAE.
E&
2 WRIthdd % 1 RITBEANZ I~ %, Cor_Coe Z T 5.
=5

o XFEMNERZINL TV DLHEIE, FIHEOEE, ZOF —2 23 H L.

3.13.9 Cor_Coe_3d

Hae
2 7T — X ORI Z IR T 20 —F (3 WROELHIR).
£R
call Cor_Coe 3d( x, y, cc, [error] )
515
<R(C:,:,:)> in 3WILT — 4.
<R(size(x,1),size(x,2),size(x,3))> in 3WRILT —H.
cc <R> inout FHBAFREL.
error <R> in RARAIE.
EER
3 WothlA % 1 IRIThEANIZIE % %, Cor_Coe & HWVN T 5.
S

o XKEEMNERSNL TV LHEIE, SIHEOEE, £OF —Z Z5FH L.
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3.13.10 LSM

HRE
bOHT 2N LT, MEREEIC T 4y T 4 7T DRI, Bh TREIC K- TE
DIHE LU 23 E T o L—F .

£
call LSM( x, y, slope, intercept, [undef] )
call LSM_1d( x, y, slope, intercept, [undef] )

51%

X <R(:)> in Vamb £ =0

y <R(size(x))> in TR HEH 2.

slope <R> inout KD BN DHIEEAEOME .
intercept <R> inout K> BN DFIEEI DU
undef <R> in KAEME (i) .

E%i??:?%*t@ﬁé DT —ZBNOF. @, yp PAFELTZSGE . TOT —F /N _FIEIZLY
LITO X D BBk F(x,) (27 4T 4 v 735,
F(z;) = a1z; + ap.
ZOEE, ST T ORI ET D,
z; : x(i), ay : slope, ap : intercept.
¥, ZORN I KD BRI E OFERIf D 5.2.1 2,

e

o REENEEINTWVWAESIT. FOMENBA->TWEF —Z HEEEICAN
7200,

3.13.11 LSM_2d

Hae
b5 2 W7 —ZFNTK LT, BIERBREICT 1T 1 7T AT, B/ RIEIC
Lo TxOHE LU AT L —F .

£

call LSM 2d( x, y, slope, intercept, [undef] )
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5%
x <R(:,:)> in T2 HEHE 1
y <R(size(x,1),size(x,2))> in T—HEHE 2.
slope <R> inout KO HAL DI O = .
intercept <R> inout RO LALLM DL S
undef <R> in KEEME (TRik) .

EER

2 WothiH % 1 RoTICE & # %2 C, LSM b—F U Z VT 5.
-

o RIEEMNEXEINTWVEIEAIL., TOENA>TNWDET—H SR IZ AN
7200,

3.13.12 LSM_3d

HERE
b5 3WoLT —ZFNTK LT, BUERBREIC T 1T 1 7T HBRIT, /N RIEIC
Ko TEOMHE YR ZFHRT DL —F .
X
call LSM 3d( x, y, slope, intercept, [undef] )
5%
X <R(:,:,:)> in T—HXEHR .
y <R(size(x,1),size(x,2),size(x,3))> in T — B 2.
slope <R> inout K> B DRI OB =
intercept <R> inout K> BN DFIZEI DU
undef <R> in KAEME (FRa) .
EEHEX
3 Wothdd & 1 RoTICE E# 2 T, LSM L —F 2N T 5.
&5

o REMHENEZSN TCWEEAIT., TOMEMNA->TWEHT —X HEFREICAN
AN
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3.13.13 LSM _poly

HEHE
HHT—=HINKE LT, [ EBRBOLZERIC T 4T 4 7T HEIC, /b ik
WK TEDOXRREEFET DL —F .

N

call LSM poly( x, y, a, intercept, [undef] )
call LSM poly_1d( x, y, a, intercept, [undef] )

518

X <R(:)> in T—H R ]
y <R(size(x))> in TSR 2.
a <R(:)> inout K LI LLHEAOELRE (if) .
intercept <R> inout RKDHHENDHLHEADUIR (k) .
undef <R> in KIEfE (k) .
EEI
EEOESOT =2 IO xp, yp DFELIZSA. TOT —X /N FIEIZEDY
UTOE e mREEXF (v )27 4T 4 v 7T 5,

m
F(x;) = Z ajz] + ap.
j=1

ZoEE, SIBITLITOMIGZT 5,
z; » x(1), a; : a(j), ap : intercept.

FIEONO R TH LR K ST, FEo1HE LTaZETE. ORI DOEREN
ZHEADRERRERD, FTo, AA L —F T, intercept HHELHI a KA
IAFTZWNE L ESIHUAIT intercept DAL E LT, a(0) ZRATIUXRIE R,
¥, ZORNFIEIC XD BRI R OFERII RO TS,

(e

o RIEMNMEXZINTWVEIEAIL., TOMENBA->TNWDETF—H SEEERIZ AN
7200,

3.13.14 LSM _poly_2d

HeRE
HDHT—HINIH LT, FEBEREDODZENRIZT 4T 4 7T 58T, e/ FeiE
IZE > TEDOEREEFET DL —F > (2 RIThR).
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g
call LSM.poly.2d( x, y, a, intercept, [undef] )
518
x <R(:,:)> in TS Y 1
y <R(size(x,1),size(x,2))> in T—HEHE 2.
a <R(:)> inout KO SN LHLHADOKLRE (k) .
intercept <R> inout ROOLNDLZHEAXOUIF (Zik) .
undef <R> in KEEE (RiE) .
EERX
2T —H % 1 Wt T —ZIZEEHZ T, LSM_poly & H\ T\ 5.
"%

o RIEENERXINTWVIELAIL, TOEBA->TNWDET —H A& 5HRIZAN
AN

3.13.15 LSM poly_3d

Hae
bOT—ZFNIK LT, EERBOZHAIZT 1o T 4 73 DB, R/ 3RiE
&> TEDBRBEEEZFHE S D —F > (3 KIThR).
=
call LSM_poly.-3d( x, y, a, intercept, [undef] )
5158
X <R(:,:,:)> in T—HHFHE .
y <R(size(x,1),size(x,2),size(x,3))> in T—HEHR 2.
a <R(:)> inout RDHHLNDHLHEAOKLEE (5
intercept <R> inout RKHHNDZHEARDOUIF (4
undef <R> in KIEfE (k) .
E&E
SWLT —# % 1 L7 — X IZE &2 C, LSMpoly # H\ T 5.
"5

o REENERXINTWVIELAIL., TOEBA->TWDET —H A& 5HRIZAN
AN
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3.13.16 Mean_1d

H&RE
1 WotEH| DX Z 3R T 5,
£
call Mean_1d( x, ave, [error] )
5141
x <R(:)> in 1 ke T —4.
ave <R> inout FHE 725 FHHE.
error <R> in RIEME (k) .
EE
EEOREDOT =45z, WIHFIELIZSA. Z0O7 /<Y —ave (FLLTO L 5 ITHE
éj/l/éo
1 n
ave = - Z Tp
p=1
w&

o KEMEMNERIN TWVDIELEIL, FHFHEDOE., ZOMENPA->TNDET —X 5
ZEFEIC AR,

3.13.17 Mean_2d

HEE
2 WILELH OB % FHE T 5,
£
call Mean 2d( x, ave, [error] )
513
x <R(:,:)> in 2 WILT — 4.
ave <R> inout FHE 25 FHE.
error <R> in KRAEMHE (F&ak) .
E&ER

FEEOESDT =25 20 DWHEE LTSS, TO7 <V —ave lZLL T XL 5125
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Bans,

n m

g=1p=1

5%E

o XBMENERSN TV DHEE, FRHEOE, TOENBA->TNLT —H M
ZRIFEIZANZR Y,

3.13.18 Mean_3d

Hae
3 WILEH| DO EME % FHE T 5,
X
call Mean_3d( x, ave, [error] )
5%
x <R(:,:,:)> in 3WILT — 4.
ave <R> inout FHET 5 EHMHE.
error <R> in KIEfE (FLak) .
EHEIR
EBEOEEOT =458 2y DFE LTSS, 207 /<~ U —ave lZLLTFD L 9125
Hahnb,
n m I
1
ave = %Zzzqur
r=1q=1 p=1
S

o XBMENERSN TV D HEIE, FHFHAEOE, TOENRA->TNLT —H M
ZEHRIC ANV,

3.13.19 Reg Line

tHRE
EYREMOBEE LU ZFH T 51 —F .
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=5
call Reg Line( x, y, slope, intercept, [error] )

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

ClE:
x <R(:)> in 1 kT —4.
y <R(size(x))> in 1 ko7 —4.
slope <R> inout FYFEMROME.
intercept <R> inout [ENFEREOY)
error <R> n RIBAE.

E&E

EEOREESD 2 T =23 2, y, DIFIELT2HA. T ORURER v, = az, + 8128
FAHMEE o EUF B & LSM V—F 2 HWTCEHEAT 5,
ERE7RRHR T IEIIA 87T S .

E

o XEMEMNERZSIN TV LHEIE, SR, 07 —Z 25 H L.

3.13.20 Reg_Line 2d

Hae
2 RILT —ZIZOWTHEYREMROMEE LR 23RS 51 —F .
EN
call Reg Line 2d( x, y, slope, intercept, [error] )
515
x <R(:,:)> in 2 LT —H.
y <R(size(x,1),size(x,2))> in 2 WRILT — 4.
slope <R> inout [EUFEMOME.
intercept <R> inout [EIFEMOG
error <R> in R AR
EER

2WE T —H % 1 RouT — X IZEE#Z T, Reg Line L —F U Z 5.
e

o KEEMNERSNLTVLHEIE, SIHEOEE, £TOF —Z Z5H L.
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3.13.21 Reg_Line_3d

1
3WTET —ZIZOWTHIFEROMEE LR 2HE T L—F .
£
call Reg Line 3d( x, y, slope, intercept, [error] )
5141
x <R(:,:,:)> in SWILT —H.
y <R(size(x,1),size(x,2),size(x,3))> In 3WRILT — 4.
slope <R> inout ENFEMOME.
intercept <R> inout [EFEFROL]F
error <R> in RAEIE.
E&

3T —H# % 1 Wt T —ZIZEEHZ T, Reg Line L —F M5,
e

o XEEMNERZIN TV LHEIE, SIHEOE, 07 —Z 25 HE L.

3.13.22 covariance

HEHE
2 T =X DG EHET HL—F .

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

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

1k
x <R(:)> in 1 kT —X.
y <R(size(x))> in 1 kLT —4.
cov <R> inout FH4yHEL
error <R> n RIEAH.
E&X

EEORED 2 7 =28z, yp PFIELTESGA. OIS cov LT D L 9 IZEHR
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S5,

n

cov = Z (x; —@)(yi — 9)

i=1
T, EROOWEEBIT M EET.
e

o XEEMNERSNL TV LHEIE, SIHEOE, 07 —Z Z5H L.

3.13.23 covariance_2d

Hre
2 T2 OIS EFET HA—F 2 (2 KThESIR).
£
call covariance 2d( x, y, cov, [error] )
EE
x <R(:,:)> in 2 WRILT —H.
y <R(size(x,1),size(x,2))> in 2 WILT — 4.
cov <R> inout FL55HL.
error <R> in RIBAE.
EERX
2QWIET —H % 1 LT — X IZiE XX T, covariance L—F U EH 5.
S

o XEEMNERZIN TV DHEIE, FIHEOE, 07 —2 23 H L.

3.13.24 covariance_3d

HRe

2 F— B DISWA T B —F 2 (3 KITRFIR).
£

call covariance 3d( x, y, cov, [error] )
EE
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x <R(:,:,:)> in 3WRILT —H.
y <R(size(x,1),size(x,2),size(x,3))> in 3WILT — 4.
cov <R> inout L5
error <R> in RAEHE.

EE
3WILT —H % 1 IRIET — X IZEZH 2 T, covariance L—F  EHW 5.
=3

o XKEEMNERSNLTWVLHEIE, SIHEOEE, £OF —Z Z5H L.

3.13.25 interpo_search_1d

HRe
1 WoTOMIEEEL S (BERENE 2 5 Z EIER KX 72 HE%]) O T, point &
AWK RKROBERF 2 NTD (WD AHTTAFTLEO L) R EITY),
£
call interpo_search 1d( x, point, i, [undeff], [stdopt] )
5%
X <R(:)> in 1 WL ALY
point  <R> in Gy AY-
i <I> inout point AW R IRVVEKD x(1)
WY T D ERE .
undeff <I> in RRHEPHSIN 7 Z 7 (k) .
F7 4 MNIEr.
stdopt <L> in I —WhT7 I 7 (#EiR) .
77 4V NI .false.
EER
FEAPEEX??.
-

o PRERHIHDELAHNERME L W /NS VMEZ IR L L 9 & LRI undeff 21X 7,
BREGH LD REWEAITZEDO LI RMEER L > Th. x DR KREICH YT 5
HNESER 7 2T,

o ERAMNRBHPAIMAFAE L TV DA, 7 7 4/ b TIIEREH JJIC Warning
AvE—UNRHIIEN50, stdopt % .true. (TEXE L THBITIE, ML,
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3.13.26 interpo_search 2d

Hahe
2 WEDWHES] (EFHHHSZ 5 = LB K E < 2 5EF]) OFT, pointx,
pointy ZHX RV ADEHRE L2 HITE (Wb s H Y ZFEED L 5 ARz

179)
X
call interpo_search 2d( x, y, pointx, pointy, i, j, [undeff], [stdopt]
)
5%
x <R(:)> in 1 oW Rl
y <R(:)> in 1 RO AL,
pointx <R> in X AT DWW TRV
pointy <R> in YISOV THARTZ VAL
i <I> inout pointx A X RVVERKD x(i)
WZFEY T D ERE .
j <I> inout pointy A Z2WVERKD y(3)
WA YT D ERE 5.
undeff <I> in PRREIPHSN 7 7 7 (1BaR) .
77 4/V MIEne.
stdopt <L> in I —WNT7 T 7 (&ik) .
T 74V NI .false.
EER

BXE 77,
e

o EREFDOEHNEHRME W /NS VVEAERL L5 & L7-FEIT undeff #KT,
PRSRUEHE 2 0 K& VAT E DL Bfilid & > T, x ORARMICH ST B
PSR & il T,

o RBHINTRREIISMAAE L TWDEGE, 7 7 /L b TIIAEHER /)1C Warning
Ao —UBRHIENDM, stdopt & .true. (ZERE L TR, H L7z,

3.13.27 interpo_search_3d

HaE
3 W OWHERLS (EEENAHZ D Z LITENRE L 2 588) OF T, pointx,
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pointy, pointz Zi#iXRWRKDERZFZEZH T LD (WDWLH Y RFLSD X
D IRAIRZAT D),

==
call interpo_search 3d( x, y, z, pointx, pointy, pointz, i, j, k, &
& [stdopt], [undeff] )

5%
X <R(:)> in 1 WoTllERe s,
y <R(:)> in 1 oTHiiEnEdA1.
z <R(:)> in 1 WRICHEECA).
pointx <R> in AT DWW TRV
pointy <R> in Y AT DWW TIATZVVL.
pointz <R> in Z (T DOV TFARTZ VA
i <I> inout pointx X 72V VERKD x(1)
(AHY 2 R E
j <I> inout pointy ZH X 72V VRKD y(j)
(AR 2 R E
k <I> inout pointz A X 2RV KD z (k)
WA D BEHRE
undeff <I> in PRERESN T T 7 (1RakK) .
T 74N MItRE.
stdopt <L> in I —WMNT7 T 7 (&Rik) .
774 /v M .false.
EER
P72,
e

o VESRHEIHOBIFIEHM L Y /NS VEATER L L 5 & LI-BEIC undeft 2T,
PRSP L 0 K& VBB LD LD il Lo Th, x ORKIICHY T 58
FNER 7 2 1T,

o PRIZ S RBHIPAIIMNAFAE L TV DA, 7 7 4 /L b TIIAEHEH 7)1C Warning
Ay —=UNRM SN, stdopt & .true. (ZEE L THBITIE, T L.

3.13.28 interpolation_1d

HRE
1 WIEDHIENEL—F >, NIfRENIFOBKICZRT 2 8B L0, ZORICBT
HiEZ S &2, A TOMEZHIERHRIC L > THHRT %,
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£
call interpolation_1d( x, y, point, val )

518
X <R(2)> in W R O (7).
y <R(2)> in x CEZRINDME (k) .
point <R> in PN L.
val <R> inout T OAAE.

EER

BRI, 5 BEERT 2, O RIS L CREB SN TV By, 2 LI, b
B2 M, v ORI M 2 (CBT BRPFEE I LV 2 T2, 0Lx. A
WL iy 1ZITHE 2 MOMABRLT, BFOL 5 ICEHEIN,

de — Yivrl — Yi

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

ZoEE, BIBUTLL T OXINET B,
xp o x(1), wmiyr o x(2), oy vy, w1 y(2),
Tip : point, y;p @ val

(e

o AT, x(1:2) DREPDONLIRWGAIL, point DfE%x H & 1Z, interpo_search_1d
N—F M0, ThEDRZH LN LHRO THITIXL W,

3.13.29 interpolation_2d

HrE
2 RICOBIERENL—F > R ENIROBRICZIRT 5 8B L, ZORICBT
HiEZ S &2, WA TOMZBIENHRIC L > TEHRT %,

N

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

51%
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b <R(2)> in x FMWNFE RO (Bif) .
y <R(2)> in y N RO (Rik) .
z <R(2,2)> in x, y CEZEINDME (BiK) .

point <R(2)> in x, y CONFHS.
point (1) 2% x, point(2) 23 y ITxfIi.
val <R> inout A TOH.

EEX
BRI 2. & D PEREECA 2y, Y DA RUTK L TER SNV TODE 2 B L1T,
HD 4R (i, yj)? (zit1, yj)? (i, Yj+1, Tit1, yj+1) THHEN DR (Jip, yq) RSP REPIG
NI A S LI b5, =& X . NI 2, FITEE 4 ROMA SR LT,

Z;—I—lj - jj (xp _ xz) + 'Zj-f—l — ;U(

i+l — T4 i+1 — Yy
(xp - xi)(yq - yj)

Ti+1 — ﬂfz‘)(yjﬂ - yj)

Zpq = Zij T Yq — Yj)

[Zit1541 — 2ij4+1 — Zit1j + 2i5] (
CEEENDT, ZolE, BB TOMIEET S,

zi ¢ x(1), w1 x(2), y; 2y, oy : 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

i&%E

o HANZ, x(1:2), y(1:2) DEBDONLIRWEAIT, point DfEA S &1, interpo_search 2d
N—F N, ZNO6OREZH LN CORD TEBITITL,

3.13.30 interpolation_3d

HRE
3 IO N —F > WA ENIROBRIZZIRT 588 L0, ZORICBT
HiEZ b &2, WA TOMEZHIERHRIC L > TEHET %,

£

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

51%

T OROEHIEITIRR.
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b’ <R(2)> in x HMNFER O (1RiR) .
y <R(2)> in y FIN RO A (k) .
z <R(2)> in z FIWNfE RO (Ril) .
<R(2,2,2)> in X, y, z CERINDE (i) .
point <R(3)> in x, y, z CONFRA.
point (1) 3 x, point(2) 23y (T,
point (3) 2% z IZxf)i.
val <R> inout PR TOMAE.

E&ER
B%JC- X275 FEAERCH 2, Y, 20 DRI L TER SN TODE upry &2 5
2. 5% 8 ’C.iﬂém (xp,yq,zr) ([ZHBIT D MHIEIRIE A G R Lo &5,

Upgr = Uijk + (Uit1jk — Uijk) oy Z ) (Uijy1k — Uijk) (o = 45)
Tit1 — T4 Yj+1 — Y5
(zr - Zk)
Wit — Uss
+ ( i7k+1 ij') Zhtl — 2

) (zp — i) (yg — ;)
Ti+1l — T Yj4+1 — Yy
) (zp — i) (zr — 2)
LTi+1 — Tj Rk4+1 — 25
) (Yq —y5) (zr — 21)
Yj+1 = Yj Zk+1 — %§

+ (Uit 141k — Uija1k — Yit1jk + Wijk

+ (Wit 1jk1 — Wik+1 — Wit1jk + Uijk

+ (Wij1h41 — Wijh+1 — Wij4+1k + Uijk

+ (Wit 1 1h+1 — Wij1h+1 — Wit 1jh+1 + Yijht1 — Yit1j4+1k + Wij+1k + Yit1jk — Wijk)
% (xp — ;) (l/q - yj) (2r — 21)
Tit1 — L5 Yj+1 — Y5 2Zk+1 — 25

CEEENDS, Zol x| BIEIIUTOMISET D,

i - x(1), w0 x(2), oy oy, yip - y(2),
2 z(1),  zpy1 ¢ z(2),
Zigk + z(1,1,1), zipe - 2(2,1,1), zijpe 0 2(1,2,1), zjper - 2(1,1,2),
Zivtj+1k ¢ 2(2,2,1), zipier - 2(2,1,2), zijpaesr o 2(1,2,2), zigprjpesr ¢ 2(2,2,2),

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

E

o BN, x(1:2), y(1:2), z(1:2) DENDNLARVEAIX, point DIEZ b
&L 1Z, interpo_search 3d /L —F VAV, TNHDOHAEH LN UDHRDTE
FiE I,

- pXOEHIETIRR.
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3.13.31 nearest_search_1d

tHaE
1 oL OWIERLY] (EELDPHEZ D Z LB RE <2 HB51)) OF T, point (T
ROIEWERFESEZH T 5,

£
call nearest_search 1d( x, point, i )
5%
x <R(:)> in 1 WoClEsE R A1,
point <R> in ATV
i <I> inout point IZH H ULV x(3)
WY T D EREF
EEI
PR XX 77,
5

L,

3.13.32 nearest_search_2d

Hae
2 WICOMHEES (BRI A D T LIENRRE < 2 5E50) OF T, pointx,
pointy IZi bITWERE S H 1T 5,

£

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

518

X <R(:)> in 1 WoCHERcA.

y <R(:)> in 1 WRoTiEEaEd A1,

pointx <R> in X AT DWW TRV

pointy <R> in YISOV TIATZ VL

i <I> inout pointx (ZH BTV x (1)
(AR 5 R E

j <I> inout pointy (TR BTV y(j)
(ST 2 EHRE .
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E&EIA

RO 77

&%
2L,

3.13.33 nearest_search_3d

Hae
3 WICOWHEECS) (BHEENE A D T LR RE < 2 5E%) OF T, pointx,
pointy, pointz (ZHbHITWEREFSZH 1T 5,

N

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

513

X <R(:)> in 1 WoCHHEEL A,
y <R(:)> in 1 RoCHERLS.
z <R(:)> in 1 WoTllERe s,
pointx <R> in X [TOUW TR T2 AL
pointy <R> in FAZOWTIARTZ VAL
pointz <R> in Z (DWW TRV
i <I> inout pointx (ZA HITV x(1)
(ZHHYS T D EHEE
j <I> inout pointy IZ&H BTV y(5)
(AR 2 EHRE
k <I> inout pointz [T BTV z (k)
(A 2 R E
E&E
P L 772,
e
L,

3.13.34 stand_vari

HERE
2T — X DOIERRELHET D L—TF .
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call stand_vari( x, anor, [error] )

call stand vari_1d( x, anor, [error] )

513
x <R(:)> in 1 kT —4.
anor  <R> inout FEUERZE.
error <R> in RBAE.
E&E

EREORSDOT =X 8w, BFELIZHE. € ORMERZE sto LT O X D ICRE S
o,

n

stv = Z (z; — T)*

=1

ZIZT. EROOWIEERITEEEET
et

o XFEMNERZINL TV DLHEIE, FIHEOEE, ZOF —Z 23 H L.

3.13.35 stand_vari_2d

27— 5 OEEIREE T B —F o (2 USTEIIR).

call stand_vari_2d( x, anor, [error] )

C1E:
x <R(:,:)> in 2 RILT —H .
anor  <R> inout fEUE(RZE.
error <R> in RIBAE.
EERX

2WLT —H % 1 Wor7 —ZIZ{EEHLZ, stand vari V—F U EHND.

ES

o REMEMNERINTWDIGAIL, GHEDE, TOT—X Z3HE L7220,
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3.13.36 stand_vari_3d

H&RE
2 7T — X OFEERAEZFIR T D0 —F (3 WohLHIR).
£
call stand_vari_3d( x, anor, [error] )
515
x <R(:,:,:)> in 3RILT — 4.
anor <R> inout AEAE(RZE.
error <R> in RIBAE.
E&xR
3WILT —H % 1 IRGLT7 — X ICE &2, stand vari L —F U ZH 5.
w&

o KBMHNERSNTWDEAE, SHROE, 207 =2 ZiH L.

3.13.37 Move_ave

HEEE
1 WthF OB EN B 25 E T 5,
£xX
call Move_ave( x, n, y, [error] )
513
x <R(:)> in 1 RkITT—X.
n <I> in ) b HER
y <R(size(x))> inout F¥JL7HER.
error <R> in RIEfE (k) .
E&E

EBEORIOT =25 x; NMAHELTZSE, ZOBEIEY ¢ ZUTO L 5 ICEE S
Do TLIEL, n BWBEVIFHTLERFETH D,

1+n—1

1
Yi = E Z Tp
p=i
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e

o RIBMEIZTHGIEE LTHELTHLH, BUEIFEEN L Ty,

o BBITHOMITERKTHE LD S IS L Th 575, TR0 n i
OVTEEF L, DREER A 5% BHFia 29 &\ 5 1R & 175 T
Wa,

3.14 Thermo Advanced Function

BIVFEELBOWIREAT S BB 5 b, fhDF Y 2 — WATIRAF LT3R 217 5 BISUE.

3.14.1 CAPE

RIEAZLE = /L ¥ — (Convective Available Potential Energy) % #t# 3 % /1 —
F .

result = CAPE( p, z, qv, temp, zref, [undeff], [opt] )

515

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

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

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

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

z_ref <R> in FEEEE [m].

RY{E  <rR> inout CAPE [J/kg].

undeff <R> in RIEFRTE.

opt <I> in LNB HHEOBEOA T > a (?( ii‘)
EER

PLFC
/ R(T, — T,)d1np.

PLNB
ZITC, pIERE, T, FEESOIRE (2F 0, Yo7 TRISNDIRE). T, X
WIBECRIZHE > T, FERE 20p 20D LR SETZ A=V OEE, RITRMABE,
LFC (X B HxifimE (Level of Free Convection), LNB (ZH132v% /1 (Level of
Neutral Buoyancy).
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e

o 5L LTHZDERINL, BEEHFFO/NIWENIYHIFRIZITVEE 725 &
T, DFEVEFNE L TT—X 252 2B0%, #FEHEHLOEML TV,

o HEF—%13 LFC, LNB OfEZFHET 51020 EH LT\ 5,

e undeff NHRTEINTWDHEEDHIIFEHE S0,

o H L, REFEALZXEEMETEZDILE1EL. ZOBEEA ORI ETESTE
TOEREZHEL, TOEEF$E L TANNIE OK.

e opt BEUZHOWTIE, B z LNB TOA 7> a UREE L U.

3.14.2 CIN

S = L % — (Convective INhibition) % §5H 4 2% /L—F .

£
result = CIN( p, z, qv, temp, z ref, [undeff] )

51%

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

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

qv <R(size(p))> in KAEZIRA L [kg/ke].
temp <R(size(p))> in R [K].

zref  <R> in FEMEEE [m].

RUME  <R> inout CIN [J/kg].

undeff <R> n RIEFE.

Pref
/ R(T, —T,)dInp.

PLFC
ST p RAJE. Ty HEESORE (DY, VL7 CREISNARE). T, 11
WrBERIZHE > T, EEGE 200 20D EF- SET A=V ORE, RITRAEEL,
LFC XA dxit & (Level of Free Convection). pref I3 zpey TORIJE.

Ee

o HIE LTHRLHRINL, ERESO/NSWITN LD HFIITVEE 722 X
2T, DEVESNE LTT =2 252 D883, MR SEML TN,
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o HJEF —%13 LFC, LNB OEZFHHET 5020 LT\ 5,

e undeff NHREIN TV EEDHIIFEE S0,

o b L, HUESELQERETEZ LT, - OBEE ORI EESE
TOEEZFHEL, ZOME%E54E L TANILIE OK.

3.14.3 T_LFC

Hae
LFC (Level of Free Convection) TR % G157 2 B
EN
result = TLFC( zref, z, temp, p, qV )
518
zref <R> in B (m]
z <R(size(p))> in & [m).
temp  <R(size(p))> in RE [K].
P <R(:)> in Xt [Pa).
qv <R(size(p))> in KRAEKIREG L [kg/kg].
RUME  <R> inout LFC TOE [K].
E&EX
WA Z 31T 23T A —Z OFFMIZTT S .
w5

o FI L LTHZAKEINL, EREHFFO/NSWIHTN LY HERITITVEE 725 &
I, DFEVEANE L TCT —H 252 580%., MEBEESEHL TV,

o HHIMESE TOMYENME LRS- L &, FHOMFMMEYIEMNE —&T 5
BEMNLFC THhD. Z 2T, BRI YIENL & 227535 2 SEkD, *
IO EEFMCHNTFETAHZ & TREZRET S.

3.14.4 T_LNB

LNB (Level of Neutral Buoyancy) T % 5153 % B4k,

result = T.LNB( zref, z, temp, p, qv, [option] )
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515
Tref <R> in FEAES L [m)
z <R(size(p))> in & [m).
temp <R(size(p))> in RE [K].
P <R(:)> in RJE [Pal.
qv <R(size(p))> in KARRIRA L [kg/kg].
ROE  <R> inout LNB TORE [K].
option <R> in SHETIE (HESR).
&N
ErEIZ IS T £ /8T A — X OFFII TSR,
e

o GIE L LTHEADHIINL, ERFLSO/NSWHRL Y HRITHVESE 2D &
2T, DEVESNE LTT =2 252 D883, MREHSEML TN,

e option (T FAAL. AR TIX, LNB Z5HHE T 572012, 2 FHO L
LD ENTE D, 1 OHF LFC & TOfFIE SR LFC KLY 122
THOBRES O YIEN E XD REiHE L, TOEEL2 LNB 9507
EThD, LaL, EEOESHREREBEBRIGENT —4% T, WEDOT—4
NREL BT HHEENH D720, LFC O < ETLNB 231 LW, IE
EICEHR SN2 WEAER S D, T2 T, 2 OOIEEBRSENT — % O _LiE)
O T & AR S IRAL A FHE L. g LFC CTOfFIFE Y IRAL & [ CiE %
Mz 7-mE% LNB &2 HIECTHEZIT ), A Y IBALIT i pd
BERDlod, ZOFEE L > THRIBEIZRV, 774/ TiX option = 1
ThHH, ZHE 1 SODOFEICLIHAETH D,

3.14.5 precip_water

Hee

AR B A GRS 5 B
EN

result = precip.water( p, qv, [undef] )
5%
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p <R(:)> in XUE [Pal.

qv <R(size(p))> in KIRRIRA L [kg/kg).
ROAE  <R> inout AR E: [kg/m?].
undef <R> in ARIEFAH.

EEX
WX 1T 2 /8T A —Z OFEMILTTS .

e

o S L LTHADHEINL, ERFESO/NSWHRL Y HRITEVES 2D X
2T, DEVESNE LTT =2 252 DB83, MRmNSHEML TN,

3.14.6 qrsg 2 dbz

HERE
EERE IR A He s DRI 70 L — & RO R A G 2 B
£X
result = z LFC( rho, qr, [gs]l, [qgl )
518
rho <R> in FHERE [kg/m3).
qr <R> in KRG kg/kg].
qs <R> in ERAH [ke/kg].
qg <R> in WIRA L [kg/ke].
RO <R> inout L —XHHREE [dBZ).
EERX

L— X RATREE dBZ 1
dBZ = 10log,y Z

TERIN TS, KB TIE, 20 Z OFHEIC Murakami (1990) @ (54) = :

ﬁQR 175 18
7 = I'(T)Ng () 10
(") Nro Tpw N Rro

+rm | |52 12 [ew=11*| [ ps 2N pQs \'" 1018
g +2 Ew + 2 pw) " \mpsNyo
2 2 2 — 1.75
g —1 ey — 1 Pg PRy 18
+ I'(7 — ] N, 10
9 g+ 2 / Ew +2 <pW 90 TpgNgo

FHAWTWS, 22T, FERTEENTRUTOEEY Th D,
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I(zx) 7~k
€ KD LFHER.
Ew KD FEER.
Nro OBEE.
Nyo  SOBEE.
Ngo  B&DBHEE.
Pw KOFEE.
Ps FTOEE.
Pq BDEE.
p FEARG DO KRG E.
KR/ RT A — &% Murakami (1990) (2R STV AEE AW L2, i s
WARWRT 2 —Z 2N T, BRHMER (2008) DA BEIC LTS, L—F K

SREE DFEMZRFHRIZTIS .

e
FRIZ72 L.
3.14.7 z LCL
Hae
LCL (Lifted Condensation Level) % 5.3 % B4k,
=
result = z LCL( z_ref, z, temp, p, qV )
518
zref <R> in AAEF L [m]
z <R(size(p))> in & [m].
temp  <R(size(p))> in RE [K].
p <R(:)> in RUE [Pal.
qv <R(size(p))> in KRAEKIEE L [kg/kg).
RUE  <R> inout LCL & [m]
E&ER
BB /3T A —Z OFEIIT? S ML
ot
o GIE L LTHEAD/EINE, ERFZO/NSWHRL Y -RICEVESE 2D &
2T, DEVESNE LTT =252 D88, MRmENOHML TV,
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3.14.8 z_LFC

tHaE
LFC (Level of Free Convection) % &% 9% B4k
£
result = z LFC( z_ref, z, temp, p, qv )
518
zref <R> in FUERE [m).
z <R(size(p))> in mEE [m].
temp  <R(size(p))> in R K]
p <R(:)> in XJE [Pal.
qv <R(size(p))> in KRAEKIEE L [kg/kg).
RO{E  <R> inout LFC & [m].
EER
W\ Z 31T 2 /3T A —F OFERILT?S .
e

o FIH L L TEZALEINL, BEEZESO/NIWEN LY HIFRIZEVMESE 725 &
AT, DEVESNNE LTT— X252 580%, FERDOEML TV,

o HAHIUESE COMYEME LR SB7- & &, B SEMN L —FT 5
BN LFC Thb. Z Z Tk, EBEORFMYIEN 7T D 2 fakD, &
I EEFICNFET L Z & TEREEZRET S.

3.14.9 z_LNB

Hae

LNB (Level of Neutral Buoyancy) % &1 9% BI¥L.
=

result = z LNB( zref, z, temp, p, qv, [option] )
E1E -
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zref <R> in FHEEE [m).

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

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

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

qv <R(size(p))> in KIRRIRA L [kg/kg].
ROAE  <R> inout LNB iR [m].
option <R> in FEGE (HESR).

EEI
WA BT 2 /8T A —Z OFEMILTTS I

e

o GIE L LTHEADHIINL, ERFLSO/NSWHRL Y MRITHEVESE 2D &

2T, DEVESNE LTT =2 252 D883, HRmHSEML TN,

e option |[ZIFEFA AL, ARBEAETIX, LNB ZEHE T 57012, 2 FEOGIE
BLDHENTED, 1 2T LFC S CoOfFFA 4R LFC kv k22
THURES OfFIMHYENMN E LD REHEL, TOEEE LNB &35 5
ETHD, L, EEOESMEREBRIGEN T —% Tk, BEDT —X
NRELEEFTIHEENH D720, LFC D3 < ETLNB 232 CLEW, IE
EICEIR SR WG AER S D, £ T, 2 DOIEEBERGENT —% O L)
O R E I EFFE SR A G L, &I LEC CoOfafnta SimAr & [F Ui %
M 7z@E% LNB &3 2 HIECTREEZITH, faFfE S IRALIE B <y B

BERDIoD, ZOFEE L > THRIEIZRV, 774/ TlX option

THY., 2T 1 ODOFEICELAEETHS,

3.15 thermo_advanced routine

=1

BN FBROLFENL—F o DT, AN T —fE Tl < BB CThl 5% KL %

TON=F D5, DTV 2= /VITEKFT DL ET I bOZROTET 2 —/b

ZZTHWTWAE L L OB AR OFEMIXT? 2R,

3.15.1 Brunt _Freq
HaE
7T ML TIREERD 2 FAFET D,

£
call Brunt Freq( x, y, z, pt, BV, [undef] )
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518
<R(:)> in VAR L T
<R(:)> in TR .
z <R(:)> in TR AR
pt <R(size(x),size(y),size(z))> in IRA7 [K].
BV <R(size(x),size(y),size(z))> inout 77 h A TIREH [/s].
undef <R> in ARIEFAH.
EER
T MAYTIREEAE N LT 5L, TOERIT
2_ 99
N = 00z
L%, ZIZT, g, 01X FENENEININEE LIRMTH D,
"5

Rriz7e L.

3.15.2 Ertel PV

HERE
TITNDRT v VREEZFHET 5.
£
call Ertel PV( x, y, z, u, v, w, rho, pt, cor, PV, [undef], [sx], [syl,
[sz] )
513
X <R(:)> in i F R AR,
y <R(:)> in TR AR
z <R(:)> in 5 F R AR,
u <R(size(x),size(y),size(z))> in x J7 A D PE.
v <R(size(x),size(y),size(z))> in y I DHE.
W <R(size(x),size(y),size(z))> in z J7 DR JE
rho <R(size(x),size(y),size(z))> in HE [kg/m3).
pt <R(size(x),size(y),size(z))> in RN [K].
cor <R(size(x),size(y))> in A YF Y NTA—=F [/].
BV <R(size(x),size(y),size(z))> inout =/7/L® PV [K/kgs m?].
undef <R> in RIEFH.
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EE

TATINDORT Uy VimEE P 358, TOERIT

p_ wg - VO
p

LB, TIT, we, 0, plIENE AR, B, BETH D,
&

Briz7e L.
3.16 thermo_const

) FHERSE. BNFRICB T O EEEREZLTORD L O 2 5. HELITERME
# (2008) L V.

IEEZ2REREEE EHDE | W |
Cpd <R> 1004.0 HEIRR R D E T HL [J/K kg]
Cpv <R> 1870.0 KRR D EE LA [J/K kg]
Cvd <R> 719.0 REMR R AL TE i L2 [J/K kg]
Cvv <R> 1410.0 KA D EFE LN [J/K kg]
LHO <R> 2.5¢6 IRZER DIEEN [J/kg]
LHS <R> 2.8¢6 IRARR D F-HEE N [J/kg]
LFO <R> | 3.337e5 0°C TDKD RlfEE [J/kg]

LFm40 | <R> | 2.357¢5 —40°C TD KD Rl fiEE [J/kg]
Md <R> 28.96 HLIR SR D5y & [kg/kmol]
My <R> 18.0 KRR DIy 1B [kg/kmol]
Rd <R> 287.0 HEBR R D SRR E S [J/K kg]
Rv <R> 461.0 KA DRIREE [J/K kg]
e0 <R> 611.0 BEE AL COKRERITE [Pa]
ei0 <R> 611.73 IGE [ A C DK RN T D KRR SUE [Pa]

eps_rdrv | <R> | 287.0/461.0 Rd/Rv 1]

kalm <R> 0.4 T~ R 1]
pO <R> 1.0e5 FEHERE [Pa]
p00 <R> | 1.01325e5 FEAER ST [Pa]

rhow <R> 1.0e3 KD [kg/m?]
t0 <R> 273.15 FEAESTE T O 7K D UE[E f [K]
ti0 <R> 273.16 KO =H R T O BEE IRE [K]
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3.17 thermo_function

BRI 2 BB OB BIEUE. FARMIZ, AN T —F AT X O 72T s
RCIOEY 2a—MIMBIAEND. THUTFEREFITH-> T, BWIEN AL T —2%
HTHIERICOWTHLHEHAEND.

ARETV 22—V TERBRINTWDBEEIZIZT T, 7 v a3 VEIETRENICT Ny 74
TaryNERBINTND., KAT a3 7 740 MEREa T, BB 1 2ET UL,
ZF ORI IED NaN ThiUTEEL & B2 a— A4 2 BN T 4. 2 2HET UL,
ZOBEBOLHIEFRT 2TV a— N4, Z L CORENDMEEEER1T5 X 912725 T
W5, BB, TRTOAL—F U THOLR TWAEBBEMOERII?ISM, £72, KitH
KXOFEME N b R OHIS M.

3.17.1 Cefp
Hee
KAEKIREG D OGN EIE LB FHEHET 5.
£
result=Cefp( qv, [d1l] )
5141
qv <R> in KRAEKIEA T [kg/ke].
dl <I> in TRy T EHTar.
RYME <R> inout ARIEELEN [J/K kgl
E&X
HNE L LB A C]I) ETBH L.
_ 1 + qyC U/C d
T 2Ty Cpdy Cpu, Qo 1 FENEIVHLIRER KD E LN, KK D EELLE, KEKIRE
HThH s,
-
Frlz7e L.
3.17.2 Cefv
HeE

KRR E D O AN ERIILBE S 5.
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g
result=Cefv( qv, [d1] )

C1E:
qv <R> in KFEZIRE . [kg/kg).
dl <I> in TRy TF T g .
JROME <R> inout AZNEMEHLE [J/K kg).
E&E
ANERIEAEZ C) L35 &,
1+ chvv/cvd)
= - vt/ Td ) 3.17.2
L= o (FE (3172
Z 2Ty Cody Covs Qo T NENHLRER KO EFEILEL, KEK O EREILEL, KEKIR
GlTH D,
£
Friz7e L.
3.17.3 Cl
e
KD LLAAE FHE T 5.
==
result=C1( T, [dl] )
3%
T <R> in KREADWE [K].
d1l <I> in TRy TF T g .
RYME <R> inout TEEL [J/K kgl
ETEX
KOWEAE ClL LT 5 &,
4190.0 T > 273.15
CUT) = = . (3.17.3)
4770.0 + 6(T — Trep) T > 273.15
== 4770.0 — 4190.0
= i =, Ther = 233.15.
0 40.0 ’ !
wE
Briz7e L.
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3.17.4 DSE_Emanuel

Hae
Emanuel (1994) TEFR SN TV L HEFHNT X —2HET 5.
£
result=DSE Emanuel( T, qv, z, [d1l] )
518
T <R> in REKDHE [K].
qv <R> in KFEZIRE L [kg/kg).
z <R> in = [m).
d1 <I> in TNy TFTra .
KU <R> inout FEEFRAYT=RLF— [J/ke].
E&E

hg = (cpd + 1cpe)T + (14 1)g2 (3.17.4)
MBERDD. T T, Cpa, Cpo 1TENEIHIERKR D TEE LB, /KA D EELLET
HY. T,r,g,z TZNEIVRE, KAKIEGHE, EAOMEE, SEE2RT,

B&
Briz7e L.

3.17.5 eP_2._qv

HRE
IKFRIE & BN KR RIBE AR T 5.

X
result=eP 2 qv( e, P, [d1l] )

518

e <R> in REDKZARIE [Pal.
<R> in KRRADEE [Pal.
d1 <I> in TNy THATvar.
RO <R> inout KRADKEKIEAH [kg/kg].
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E&xR
ce Ry
, €= —.
P—e R,
Ry, Ry IX3FNZEH, FoRA. KAEAKORUBREK,

=
FriZ7a L.

Qv = (3.17.5)

3.17.6 es_Bolton

Bolton (1980) Db il 2 JeIC SR AKIE Z FHE T 5.

result=es_Bolton( T, [dl] )

T <R> in KREADIRE [K].

d1 <I> in TRy TH T ar,

RO <R> inout KRDEIFIKKXIE [Pal.
E&ER

es(T) = egexpal=2t, a=17.67, c =29.65 (3.17.6)

2T, Ty =273.15 K, eg = 611.0 Pa, e (T) ITEZFIKARLIETH 5,

5
FEIZ72 L.

3.17.7 es_TD

Hae
Bolton (1980) ®XDOWH T, KAKEAZ G252 L TEDOL OB FIREZFHA
T5.

R
result=es_TD( e, [d1l] )

513
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e <R> in REDKARIE [Pal.
d1 <I> in TRy TATvar.

RO <R> inout KROEFEIEE [K].

Ty —c
a —log (e/e0)’
22T, To=273.15 K, eg = 611.0 Pa, Tp IFEARE TH 5,

=3
Rriz7e L.

Tp=cH+a a=17.67, ¢ = 29.65 (3.17.7)

3.17.8 esi_Emanuel

HRE
Emanuel (1994) OR7» 6IRE 2 JolOK B CRIFIKAKEZ R T 5.
£
result=esi Emanuel( T, [d1l] )
5%
T <R> in REDIEE [K].
dl <I> in TRy TH T a .
RO <B> inout KAOKEFIAELIE [Pa).
EER
KEAFID KKK ER e, IBREEZT LT5 L.
Ine” = 23.33086 — % +0.15215InT. (3.17.8)
S
Frlz7a L.
3.17.9 eT_2_RH
HRE
KK EIRE DR E A2 FHE T 5.
£

result=eT 2 RH( e, T, [d1l] )
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5%
e <R> in KREDARIKRIE [Pa).
B> I KRORE K]
dl <I> in TRy TFTa.
RUOME <R> inout KREDHINRE [%)].
EER
FESHEEE RH & BafiK7ARUE es. KEKTE e DEFR
RH = 63 x 100 (3.17.9)
ZICIZEHAT 5, 2 2°C, fAFKASEIXIRE DD es_Bolton & HWTEHA L7 Ml
%)Eﬁl/\éo
e
Fric/a L.

3.17.10 exner_func_dry

tHaE
HIBER RIS BT 27 27— E s HT 5.
e

result=exner _func dry( P, [d1l] )

51%

P <R> in KRR DIES [Pal.
dl <I> in TRy T H T g,
RUME <R> inout FEERKODOT 7 2T —RE% [HERC).
E&
T A F B, DEFKX
P Rd/cpd
ng=T <> (3.17.10)
Po
MBERDL. ZZT, poldT 7 AT —BBOEERIETH 5, Ry, Cpg 1T,
WK EUC BT D RIREE & EELELTH 5,

=
Friz7a L.
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3.17.11 get_gamma. d

HRE
FCR RS D WB R 2 B35 .
X

result=get_gamma d( [d1l] )

51%

dl <I> in TR T F T g,
RO <R> inout HZJRBIEEER K/m.
E&ER
RLMRIBTENRR Ty (X BB Cpg & EITINHEE g 2 VT,

Iy=——"-. A7.11
1= (3.17.11)
e
Fricia L.
3.17.12 goff gratch
Hae
Goff-Gratch OR)» HiREE & STl fFKARIEZFHR T 5.
£X
result=goff _gratch( T, [d1] )
5%
T <R> in REDIE [K].
d1 <I> in TRy TFTa .
JROME <R> inout KRROEFIKZAXIE [Pal.
EERX

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

es(T) = po x 1077, (3.17.12)
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ZZT,
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°

=
FrRIZ72 L.

3.17.13 goff gratch_i
HERE
Goff-Gratch D=7 B IR % Jeiok A CRaf K AL 2 #HHT 5.

=0
result=goff gratch i( T, [d1l] )

518
T <R> in KRRADIRE [K].
d1 <I> in TRy TFTa .
RUME <R> inout KRROEFIKZAXIE [Pal.
EEX
tio tio T
pow = a (% — 1.0> + blogy Z? +c (1.0 — tio>
es(T) = po x 10P°%. (3.17.13)
ZZ T,
a = —9.09718, b = —3.56654, c = 0.876793,
po = 611.73, t;o = 273.16.
(]
Frice L.

3.17.14 hypsometric_form

tHrE
b5 EEIZB T DKEOHIEZAT O . &I 2 5 2 3 IE UL 2§
HZENTED.
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£X
result=hypsometric_form( p, z, T, [z_t], [d1l] )

5%
p <R> in FEMEFECTOET) [Pa).
z <R> in SHES L [m).
T <R> in HEUERETOIRE [K].
zZt <R> in WIEAAT 9 @ [m].

77 /v MEZ 0 m.

d1 <I> in TRy T AT a.
RYfE  <R> inout =zt TOIRE [K].

EE

SR 351 B R R O RIRIEES T =6.5 K/km & LT, B 2z, COKUE p(z)
F. BECAE. BEDS S T B EE 2 CO p(2), T(2) % AVC.

T(z)+ Iz 9/(I"'Ra)
(T(z) + th>

N
~—

p(z0) = p (3.17.14)

MBRDB. 2T, Ry HHERRRICBY B SHERTH 5,

=4
FriZ7a L.
3.17.15 LH
HHE
XAy 7OR (27) D OIBFEOEEERTFHEZZE LB ZFET 5.
£xX
result=LH( T, [d1] )
5%
T <R> in KRRDIRE [K].
dl <I> in TRy TH T a .
ROfE  <R> inout A [J/K kgl
E&E

LH(T) = LHy — 232(T — Tp), LHy=2.5x 10°. (3.17.15)
T, T =27315K ThH5,
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=
FrRIZ72 L.

3.17.16 liquid_enthal

Emanuel (1994) ORI SIRE &L AKPENSBKT NV E—%25HHT 5.

result=liquid_enthal( T, ql, [qol, [dl] )

518

T <R> in KREADIRE [K].

ql <R> in ARG [kg/ke].

qo <R(:)> in WOKLISN O ARWEIRG I kg/kg).
d1 <I> in TRy TA T ar.

ROE  <R> inout KT L E— [J/kg].

E&EI

KT AN —% k, THE.
ky = (de + thpv)T — Ly1y. (3.17.16)

22T Cpdy Cpu, Ly FENENRIRERK O EELLEL, KRKOELELE, B TH
V. T, r ZENEHRE, BOKIRG L, KWERELORMTH S,

Ee

o WUKLSNDAKEIRG TN T Y Z LITHIOBRSNERITIET, KEKUZOW
TH ZO5EITET.

3.17.17 moist_enthal
HEE
Emanuel (1994) O SIRE &L AKWESIRMET 2 Ve —%25 0T 5.

=5
result=moist_enthal( T, qv, [qol, [d1l] )

515
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T <R> in KERDIEE [K].

qv <R> in KRARIRAE [kg/kg].

qo <R(:)> in KRS D AKEIR A e [kg/kg].
d1 <I> in TNy THT g .

RO <R> inout T Z L — [J/kg].

E&E
B 2L —% E+5 L,

k = (cpa + recy)T + Lyr. (3.17.17)

T T epdy €y Ly ZENENFRRKRDEELLEN, KOLE, BWEATHY ., T,r,ry
FENZENRE, KAKIEAL., KWEIRELORIMTH D,

e
o KRS DKWEIRG TN T TV Z &R ORISR TS,

3.17.18 MSE_Emanuel

HaE
Emanuel (1994) TEHR SN TV HIMMEHHN =R ALX—2F R T 5.
£
result=MSE Emanuel( T, qv, z, [qol, [d1] )
5%
T <R> in KERDOMRE [K].
qv <R> in KAKIREG I [ke/kg].
z <R> in = [m).
qo <R(:)> in RS D AKIEIRA e [kg/kg].
d1 <I> in TNy TATar,
ROE <R> inout YREHFAY TRV F— [J/kg].
EERX

h = (cpa + recy))T + Lyr 4+ (1 + 1) g2 (3.17.18)

MBERDD . ZZTL epg, €1y Ly 1 ZZNEIVHLEER KD EE LB, KDL, HEEL
THY., T,ry,r, g,z 1ZTFNEIARE, KWEIRG ORI, KAKIREG, BN
W, SmEERT,

e
o KRIRKLSOKWEIRA T E DI T Y T LIZHIRSNER T2 Z &,
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3.17.19 qvP 2.e
Hae
KRAEKIRG L EEN MO ARARIEZFE T 2.
£
result=qvP_2_e( qv, P, [dl] )
5158
qv <R> in KARRIRA I [kg/kg].
P <R> in KRRDAEE [Pal.
d1l <I> in TRy TF T a .
RYME <R> inout ZKZAKE [Pal.
E&ER
KEREx e LT DL, .
Qv d
= = . A7.1
e pe_’_qv, € z, (3.17.19)
D, Qo [ XTENENIET], KEKIRALTH S,
e
Fricia L.
3.17.20 qvT 2 Tv
HaE
IR %2 ERADOFET 5.
X
result=qvT 2 Tv( qv, T, [d1l] )
5%
qv <R> in REDKAERIRA L [kg/kg].
T <R> in REDIRE [K].
d1 <I> in TRy TFTa .
RUYME <R> inout IR [K].
EER
RREZE T, L35 &,
1+ qu
T, = pLEw/E (3.17.20)
L+ qu
ZIZTC, T, q I FENENRKIDIRE, KEAKIESLTH D,
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e
Frizzp L.
3.17.21 qvTP_2_RH
Hee
KRAEKIRA T LR L JE D DR E 23T 5.
X
result=qvTP_2 RH( qv, T, P, [d1] )
518
qv <R> in KRRDKAKIRG e [kg/kg].
T <R> in KREDIRE [K].
P <R> in KRKDAEE [Pal.
d1 <I> in TRy TFTa.
JROfE  <R> inout KREDHIRE [%)].
EER
FHRMEIIU T TH .
qvP_2_e(qv,P) = /KA ST e=eT 2 RH(e,T) = fHXHEE
e
Frizze L.
3.17.22 qv_2.sh
Hae
KRAEZIREG DI A2 E T 5.
EN
result=qv_2_sh( qv, [d1] )
5%
qv <R> in KFKIRE I [kg/kg].
d1 <I> in TNy TFTva.
JRUYME <R> inout iR [ke/kg].
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E&EX
iRz sh &35 &,

sh=—1 (3.17.21)

1.0+ g

q FIKRARIBEBELTH D,

5
FElZ72 L.

3.17.23 Reff

IKFRKIR G S AR ER ZF R T 5.
N

result=Reff( qv, [d1l] )

518

qv <R> in KASKIRE T [kg/kg].

dl <I> in TR T F T g,
RYOfE  <R> inout AZKUEE [J/K kel

AR EEZ R &35 L,

14 qv/e
R =R . 3.17.22
d 1 + Qv ( )

Z 2T\ Ry, @ ZTENENHRRKDOKUEEL, KARIBESHLTH S,

&%
FrRIZ72 L.

3.17.24 rhoP 2 T

HeE

KRR DOREF RN, BELATEE 52 CTRELZHES.
£

result=rhoP_2_T( rho, P, [dl] )
EE
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rho <R>
P <R>
dl <I>
RYME  <R>

E&EI
REDIRFETTFE

n
n
in

mout

KREDEE [kg/m?].
KRR DET] [Pal.
TR T FH T g .
KEDEE [K].

p = pRT.

T, opop, RTIZZFNENKRDIET], B, MEBERKKOKMKELR, KKOEE
ThHbD, TXTOLEEIL MKS B2 TIN5,

w&
Briz7e L.

3.17.25 rhoT 2_P

FORR R ORRES AN D, BELILELZ 5 A TRELZRDS.

result=rhoT_2_P( rho, T,

5%
rho <R>
T <R>
dl <I>
EOE <R>
EER
KLADRAEH R

in
n
in

inout

[d1] )

KEDHEE kg/m3).
KRLEDME [K].
TRy TETa.
KRADKIE [Pa).

p = pRT.

ZIT p,p RTIFENENREADET]), B, FERKROKEER, KADURE
Thd, TNTOLEHBIE MKS BARTUE I NS,

=
FriZ7a L.
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3.17.26 RHTP_2 qv

HHE
FARHEE SR L RN B ARKIRALLZ5HH T 5.
£
result=RHTP_2 qv( RH, T, P, [d1] )
1k
RH <R> in REDHRLE [%)].
T <R> in KREADIREE [K].
P <R> in KRRADEE [Pal.
dl <I> in TRy TH T a .
RYME <R> inout KXDAKKKIEEL [keg/kgl.
E&xR
HEERIIL T TH S.
RHT 2 e(RH,T) = /KZ&AKJE e=-eP 2 qv(e,P)= KASIEE L
=
Frlz7a L.

3.17.27 RHT 2 e

Hae
FEXHEEE L IREED B AKARKE LG T 5.
=
result=RHT 2_e( RH, T, [dl] )
518
RH <R> in KDL [%).
T <R> in KRRDIRE [K].
d1 <I> in TRy TFTa .
RUE <R> inout KRRODOKARKIIE [Pal.
EE

FRXHERE RH & BaFKRSE e, KRR DE e DEFEN

RH = < x 100 (3.17.23)

€s
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ZOCICEHET B, 22T, fAFIKARZIEITIEE DD es_ Bolton ZHWTEHE L7-E
WD,

5
FEIZ72 L.

3.17.28 sh_2 _qv

B BE
KRR IR B K ARIRG L EH AT 5.
R
result=sh 2 qv( sh, [d1l] )
1k
sh <R> in KA [kg/kg).
d1 <I> in TRy TH T a .
KU <R> inout KAXKIEAH [kg/kg].
E&EX
KAEKIREZ q, ET D&
sh
g = 17.24
©=T10—sh (3.17.24)
sh IZ/KAEKLIE TH D,
=23
Frlz7e L.
3.17.29 tetens
ek
tetens D FEERF ) HIEE 2 eI AKIEZFHET 5.
X
result=tetens( T, [dl] )
5|41
T <R> in KREADIRE [K].
dl <I> in TN T F T g,

JROfE  <R> inout KRERDEFIKAXKIE [Pa).
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E&EIA

T_1, { a=1750=2377 (T >Tp) (3.17.25)

s(T) = eg x 10°T-To+b,
es(T) = eo a=95 b=2655 (T <Tp)
2T, Ty =273.15 K, e(T) 13AFI/KAEKIETH D,

&%
FrIZ72 L.

3.17.30 thetaP_2_T

HRe
BAL, BN OEEEFHETS.
£
result=thetaP_2_T( theta, P, [dl] )

515

theta <R> in REDANL [K].
P <R> in KRR DET] [Pal.
d1 <I> in TRy TH T ar,
KU <R> inout KEDIEE [K].
EEA
IRAL D EF
P Rd/cpd
T=0 () (3.17.26)
Po
MBERDL. ZIZT, poldm 7 AT —BBOEERETH 5, Rg, Cpg 1T,
RO SIS BT D5 ER L EEHBTH D,

wE
FrRIZ72 L.
3.17.31 thetaT 2_P
BN, BENSRKIEEZFHETS.

result=thetaT_2_P( theta, T, [dl] )
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515
theta <R> in REDWANL [K].
T <R> in KREADWE [K].
d1l <I> in TN TH T a .
RUOfE  <R> inout KREDET] [Pal.
E&xR
BALDOEFR
T de/Rd
P=po <9) (3.17.27)
MHRDD., 22T, poldm 7 AT —FEBORERIETH D, Ry, Cpg 1TENZE I,
HLBR R BT DR ER & EEHBATH S,
S

Krliz7e L.

3.17.32 theta_dry

HERE
FIBERRUC BT DR A FHHE T 5.
£X
result=theta dry( T, P, [d1l] )
5%
T <R> in REDIRE [K].
P <R> in KRRDIET) [Pal.
d1 <I> in TNy TFHT g,
FRUME <R> inout FEERAKDHEENL [K].
EERX
IRALDE X /
B @ Ry/Cha
u="T (P) (3.17.28)
MHROD. ZIT, po ldmI AT —FEEOEERETH S5, Ry, Cpa 1TTNZHL,
HLBERSRUC BT DR ER & BB TH D,
"5

Briz7e L.
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3.17.33 theta_moist
1
B KA T DA EFHET 5.
25
result=thetamoist( T, P, qv, [d1l] )
1k
T <R> in KRRADIRE [K].
P <R> in KR DET] [Pal.
qv <R> in RRDKEKIRE . [kg/kg).
dl <I> in TN T F T g,
RYME <R> inout I KKOIRN [K].
EEX
T RSB IT A EMDOERA
Do\ Pow Ry 1+ qy/e
0, =T (), =2 3.17.29
(P) PO = G+ qv % (Cpu/Cia) ( )
MHRD L. ZIT, poldm s AT —FEOIEERETH D, Ry, Cpa, Ry, Cp 1T
NEI., BEBERKICEIT D RIRES & EELE, KRRIZEB T 25K EE & B EL
TH D,
=23
Frliz7e L.

3.17.34 thetae_Bolton

Bolton (1980) Oz & F 4R & FHH T 5.

result=thetae Bolton( T, qv, pres, [dl] )

518

T <R> in KREADIREE [K].

qv <R> in RRDKAKIRG I kg/kg].
pres  <R> in KREDRJE [Pal.

d1 <I> in TRy TFTa.

RO <R> inout AHMIRAL [K].
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E&EIA

PSRN Z 0, 9D &

a(1—bqys)
9, =T (22 exp d qus | —— ) (1+dges) b, a=0.2854, b=0.28, ¢ = 3376, d = 0.81
D TicL

(3.17.30)
22T, T,po,p, TicL, qus [ FZNEAKIE, 1000 hPa, &<JE, LCL REE, fafiiEsa
wThsn,

S
FrlizZa L.
3.17.35 thetae_Emanuel
HERE
Emanuel (1994) OSSN ZFHE T 5.
X
result=thetae Fmanuel( T, qv, pres, [qol, [d1] )
5%
T <R> in KEADWE [K].
qv <R> in KRAEKIEE L kg/kg).
pres  <R> in REDEJE [Pal.
qo <R(:)> in KRR USNOAKEIR A I kg/kg].
dl <I> in TRy TFTa .
EOfE <R> inout AHMIEAL [K].
EExR
FHMIENLE 0, T D L.
Rg/(cpaterrt)
_ Po —rRy /(cpateairs) |: Lyt :|
0. =T H P ex 3.17.31
(pd> (H) P (cpa + re)T ( )

T, T,r,re, po, p, HAZENEIVRE, KAEKIRE L, KWEIRG ORI, i
JEF). B, MIXHRETH D, 720 cpas Cpus ity Ray Ry, Ly (TN ENHIERKOE
JERCER, KASKDEELEN, K DHE HERROKURER, KAKOKIKEE.
BETH D,

i&%E
o KRS DKWEIRG TN T TV Z LRI ORISR TS,
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3.17.36 thetaes_Bolton

H&RE
Bolton (1980) Db faFIF MR A FHH T 5.
£
result=thetaes Bolton( T, pres, [dl] )
515
T <R> in REKDHE [K].
pres <R> in REDAIE [Pa).
d1 <I> in TRy TEATa.
ROAE  <R> inout FHMIENL [K].
EER

FHSIRNL A Oes £ T D &

a(1—bqus)
0,. =T <po> exp {qu (3) (1+ dqu)}, a=0.2854, b=0.28, ¢ = 3376, d = 0.81

P T
(3.17.32)
Z 2T, T,po, P, us 1EZNEFIAIE, 1000 hPa, &JE. fAfIRALETH 5,

=23
Briz7e L.

3.17.37 thetal Emanuel

Emanuel (1994) O HIEAKIRM ZFHHT 5.

£
result=thetal Fmanuel( T, ql, pres, [qol, [d1] )

515
T <R> in KRADWE [K].
ql <R> in WKIEA M [kg/kg).
pres  <R> in RRDRJE [Pal.
qo <R(:)> in WARLIS D KMEIRG . [kg/ke].
d1 <I> in TRy TA T ar.
U <R> inout  EAMENL [K].
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E&EX
WAL Z 0, &35 &,

r(B) ()
<(-2)"

i } (3.17.33)

9
(cpd + ricpy)T

<Rd + TtR )
Cpd + TtCpu
(de + thpv> ‘

22T, T, 1y, 74, po, p (T ZNEIIREE . WOKIEG . KWEIREG LR, HEET),
JENToH D, £72. Cpd, cpu, Ras R i%ﬂ%ﬂﬁakﬁkaDmFtE?k KK D ET
B HBERRDOKIRTER, KEARKOKIKER TH 5,

E

exp [

o KL DKW EIREGHIZ AT IV Z LI ORHERIZES, F/-. I
KRR DEREALLEEND,

3.17.38 thetalv_Emanuel
Hae
Emanuel (1994) OXh S EKIARAL 2 3R T 5.

£
result=thetalv _Emanuel( T, ql, qv, pres, [qo], [dl] )

51%

T <R> in KRADWE [K].

ql <R> in ARIEE L [kg/kg).

qv <R> in KRARZIRE I [kg/kg).

pres  <R> in KRRDKIE [Pal.

qo <R(:)> in ql, qv LS OKWEIRA T [ke/kg].
dl <I> in TRy TFTa .

RYME  <R> inout /KRN [K].
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E&E
WAL % 0 &5 &
X x—1
=1 (3) (1-5)
T
P ! (3.17.34)
<(1-0) e ]
— X
r P cpd—i-rtcpv)T’
_ <Rd+7”tR >
- de+rt0pv

(cpd + rtcpv> '

Z 2T, Ty, r, 14,00, p IZZENENAREE . KRG, KWEIRG Lokefn, HiE
7). BN CTH D, F2. cpds Cpu, Ray Ry 1ZFNENRIRR RO EELLEL, KIERD
EEHE, B RKROKKER., KEK @wﬁ%&@‘(f&;é

(e

gl

o KL DKW EIREHII AT IV Z L IZHOEHBERIZPET, KEZITOWD
TH Z OB HUCTET.

3.17.39 thetaw_Emanuel

HaE
Emanuel (1994) O HIERIEAL 2 FHE T 5.
=
result=thetaw Emanuel( T, qv, pres, [eps], [dl] )
5%
T <R> in KRRDIRE [K].
qv <R> in REDKRFERIRA T [kg/kg].
pres  <R> in KRRADKIE [Pa).
eps <R> in I HRCH] RE
d1 <I> in TRy TFTa .
JRYOfE  <R> inout MEEKIR(Z [K].
EE

B HIRAL Z O, TRERIRALZ 0, &9 5 &

3376
Ocp = O €xp [qu(l + 0.81qys) <0 — 2.54)] (3.17.35)
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e

EWVWIOBERDH D, ZOXE GBI DKERE T, ITHOVWTRD D,
Qus ITEAFNE A TH Y | b,p 1L thetae Bolton & HWTEE T 5,

(Y
(Y
A

o A HEME eps 1Z7 7 4 /L FTld 1.0e-6 TRIHEINS.

3.17.40 TP_2 _qvs

ek
KEADIRE & 2ENGREFIRAGHEZFE TS, 2 2 THWABFARKEDOHEFEIT
es Bolton IZ LA EZH N TIThbhdabDLE T 5.
£
result=TP_2 qvs( T, P, [d1l] )
1k
T <R> in REDIEE [K].
P <R> in KRR DET] [Pal.
d1 <I> in TRy TH T a .
RO <R> inout KEXOFEFIEEGH keg/kgl.
E&E
KROBEFRAE qps ET D&, TOERND
Qus = &
Pd
ThHbd, ZIT, py, pag FTENFIVKERDEE LB RKIDEETHDH, HEK
KOWRREFFEAND ., ZFNENDOEE L
— & _ _bd_
Pu RUT, Pd RdT
Thbd, ZI T, es,pa R, Ry, T 1ZZFENEIFIKARLE, BRSO, K&
KOK[MKEE., THRRKKOKUEER, KRROBETHH, LT,
_Ra_c
Qus = Rop— e (3.17.36)
b, ZIT, MEBERKDDEIIRKDOETE p MK AREEZZ LW
DTHHDOT, BRI LD, e (FBEDOADEETH D720, KADIEE &4
x5 20X, fafmREENEoNnD Z Enbnsd,
wE

Briz7e L.
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3.17.41 TP_2 rho

1
KRR OREF RN, BE L ATEE 52X TEELES.
£
result=TP_2_rho( T, P, [dl] )
5141
T <R> in REKDHE [K].
P <R> in RKKDES] [Pa).
dl <I> in TR T FH T g,
JROfE  <R> inout KRDEE [kg/m3).
E&xR
KEADKEF R

p = pRT.

ZIC, pop RTHZNENKADIES, BE, SRR, KAORE
ThBH, TATOEKIE MKS BiA CAmMS NS,

=
Friz7a L.

3.17.42 Tq_2 Trho

HaE
IR &KW E N OB EIRE LR T 5.
£
result=Tq 2 Trho( T, qv, [qo]l, [d1] )
513
T <R> in KRRDWE [K].
qv <R> in REDKAEKIRG . [kg/kg].
qo <R(:)> in IRFSL LIS DRV EIR A H [kg/kg].
d1 <I> in TNy TFTa .
RV fE <R> inout #EIEE [K].
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BEREE T, L5 L,

1
T, =T +r/€.
1+

T, T,r,r lXFNENRKDOIBE ., KEKIEG., KYWEIREGHOBRIITH S,

(]

(3.17.37)

o KK LIS DKWEIRG TN T TV Z &R ORISR TS,

3.17.43 TqvP_ 2 TLCL

1t
Bolton (1980) =X/ & LCL @mE CTOIREZHET .
=
result=TqvP_2_TLCL( T, qv, pres, [dl] )
518
T <R> in KRRADIRE [K].
qv <R> in REDKREKIRA T [kg/kg].
pres <R> in RERDRJE [Pal.
d1 <I> in TNy THTvar.
Y <R> inout LCL TOWRE [K].
E&ER

LCL TOXW%E Tion, £ 75 &,

+55, a=3.5,b=4805, c=2840 (3.17.38)

c
T =
LCL alnT —Ine—0»

ZIT, eldKAKIETH D,

-
Kriz7e L.

3.17.44 TqvP_2_thetae
HERE
MR 2 EZADNOEET 5.

=55
result=TqvP_2 thetae( T, qv, pres, [d1l] )
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515
T <R> in KREADIE [K].
qv <R> in REDKRAERIRA L [kg/kg].
pres  <R> in KRERDRJE [Pal.
d1 <I> in TRy T FTar.
RYOfE  <R> inout FHMIR(Z [K].

&R

PSR E 0, & 9D &

(3.17.39)

L(T vs
f. = 0 exp [( LOL)g ]

CpaTicL

Z 27,04, L, de, 11,01, Qus LN ENREIER R DWNL, KK OEEN, TR ETE L
B LCL IR, fafiREHTH D,

-
Kriz7e L.

3.17.45 TqvP_2 thetaes

HrE
FFIAR Y IRAL 2 ER A BRI T 2.
£
result=TqvP_2 thetaes( T, pres, [d1l] )
518
T <R> in KREADIRE [K].
pres  <R> in KRADKE [Pal.
d1 <I> in TRy TFTa .
RYOfE  <R> inout AHMIR(ZL [K].
E&EIA
BRI SIRNL 2 Oy & T2 &
L(T)qus
es — 174
0 Odexp[ CoT } (3.17.40)

T ZT, 04, L, Cpa, T, qus 1ZZNENFLIRERQDIRAL, KFRKOWEEN, FolgE LB
I, ffESETH 5,

=
FrRIZ72 L.
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3.17.46 TqvP_2 thetav

tHaE
BIRAL 2 ERANBEET .
£
result=TqvP_2_thetav( T, qv, pres, [dl] )
518
T <R> in KREADIRE [K].
qv <R> in REDKAERIRA L [kg/kg].
pres  <R> in REDRJE [Pal.
d1 <I> in TNy TFTva.
FRYME <R> inout RIRAL [K].
E&EX

iR A 0, T 5 &
Do Rd/cpd
6, =T, (p) . (3.17.41)

22T, Topo,p BTN TR, B, KROENTH Y, T, 177 TR b
NIfiZ TR 5.

&%
FrRIZ72 L.

3.17.47 WSE_Emanuel

HERE
Emanuel (1994) TE#H SN TV DK R LT — 255 T 5.
£
result=WSE_Emanuel( T, ql, z, [qo], [d1l] )
513
T <R> in KEDOIRE [K].
ql <R> in KRG [kg/kg].
z <R> in = [m).
qo <R(:)> in WARLIS D KMEIRG . [kg/ke].
d1 <I> in TRy TFTa.
ROE  <R> inout {EAKEHITRLF— [J/kg].
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E&E

huw = (pa + 1) T — Loy + (1 4 14)g2 (3.17.42)
MERDD. 2Ty Cpay oy Ly HENENEHERG D RIS, KEROEE

BWEETHY ., T,ry,ry, g, 2 ZENERIRE, KWHIES
HAOIEE, mEEZERT,

HIR Ao, KES
&%E

o HKUSNDKWEIREITZED AT Y T LB BERITKMNT I L, £
7=, WoKLIAN DT, KER D Z D518,

3.18 Trajectory

WESZOT =2 25 2T, Wik, MBMROFHRZAT O Vv —F 4

3.18.1 Backward Traject_2d
HaE

2 WRIERT MAGDOT =D AT T A o THRITITRBWMENT 21T 9.
=55

call Backward Traject 2d( dt, stime, step, ini x, ini_y,

t, x, y, u, v, trajx, traj.y, FTF,

lopt], [undef] )
518

main.tex

2013 4£ 5 A 12 H (GE%EH)



STPK v=a17JL 3HIIL—Fo—& 142

dt <R> in FHE T DRI [s].
stime <R> in WAL E T OREA] [s].
step <I> in FHREIT O AT v T
ini_x  <R(:)> in FIHINLE x [m].
ini.y <R(size(ini x))> in W& y [m].

<R(:)> in HWELT — 2 O b H R (1hil).
x <R(:)> in HFRG—EEE [m].
y <R(:)> in HFRE JERE [m.
u <R(size(x),size(y),size(t))> in x HFROXT FL (k).

<R(size(x),size(y),size(t))> in y FREODXZ7 FL (1RiR).
traj x <R(step,size(ini x))> inout JEEFROD x (7EHEEE [m].
traj_y <R(step,size(ini x))> inout JREFERO y ALEJERE [m].
FTF <L(size(ini x))> inout FHEMIBSVEIE T T 7 (1RIR).
opt <C(*)> in IRFFEIFE 7y D A % — A (F20R).

T H N NI AA T — A F— L,

undef R in TEMLEL R E R AE (R).

&N
B2 N EESOT — 2 3K 6 17D ¢, ETO nfBFEE L. £ ORHIFIRIZIE
—HkET D, ZOEE Wt D dt AT v 7Tt BT B AR TS L&
OB T D, HELET — X DRWKEITIX, Z ORI OEEST — % )
LRI ZAT > CHRELZFIE L TV 5, Mo ERNIL. EIE (z,y) 2B
T, 2 RIEART bvo(z,y, t) DERSNTEBY, ZOHEGITHRS> TBEIT 5 /35—
O x(x,y,t) &
ox(x,y,t) = v(z,y,t)dt

EVHROBIEFEFIC L > TRHEAT 2D TH D, WMGHHE & B0 | LRI
MO TLEH L0, /S—tILONLE ¢(z,y,t) DRFHOREEKE 2> TWND Z &N
DD, b L, BEGNER THIUX, EERY MUVTRMICEKFE L2R2NWD T, 73—
TIVDALERY MV FEICEET D Z L1332 b, ZDOI b, EHLHE
THZBWT, WM & RIE BT 2 2 bbb,

BP2IC 0 54T E B ORISR T O L350 Th B,
ts : stime, dt : dt, nt : step, n : size(t),
ti : t(1)
e
o A7 3 opt [TWRHMREIH DOBRICAT 5 R O A X — L& fET D4

TvarTehh, LTORENTRETH D,
EUL #i)57 1 KEEEDA A T —AF—A.
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HO1 A U AF—Lh (HBEFA T—AF—L1).
ME1l (EEAA T —AF— L.

RK3 3RS« 7w ZF—LA.

RK4 4 RV 7T o 7w X FX—A,
ZILHDAF—ADFEIZOWTIL, (8?7504,

o HELT —X u,v,w BILO, BT —# ¢ [ZEEZ 3 W0 S I AN STt
TR,

o JEHMRM x, v THE SN AEEIMIEIEE LG, TNLBEOR AT » 7z
OWTIEHAEZEET 5, £ LT, BEESNTRFEICHY 5 traj x, traj.y
DOHEFEIZIF undef TEFZXINTMEPNEIND, T 74/ FXETiX, 0.0 NiK
SNDHEITHo TN,

e size(ini x) % 2 L EIZTHIEZ DK OWIIUIIZ IS L= MR NG R S b .

o FTF [XURBMRAENTREIC, FHEMEESMNI SN EEDHET T 7. true. B
AN 72 2 & &, (false. (XRPAEGBEHIKNICHFET S5 Z LA RT. .true.
DONTNDR—F LZONTIE, ZFOHTZEEZ AT » 7 LIKEN 0.0 b L< I
undef OENR A>T 5.

3.18.2 Backward_Traject_3d

HERE

3 WITRT MGDOT —H NS AT T A TR TRV 21T 9,
£

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 <R> in FHAET D IREFHITRIRR [s].

stime <R> in WL E T DR [s].

step <I> in SR AEIT O AT v TR

inix <R(:)> in KIHINLE x [m].

ini.y <R(size(ini x))> in WWIAE y [m].

ini_z  <R(size(ini x))> in WIHIALE 2 [m).

t <R(:)> in WS T — X O DA (k).
<R(:)> in 5 FRE—ERE [m].

y <R(:)> in B FRE R [m].

z <R(:)> in TSR =JEEE [m).

u <R(size(x),size(y), in x D7 kv (1hiR).
size(z), size(t))>

v <R(size(x),size(y), in y FRDOXZ Fv (1£iR).
size(z), size(t))>

W <R(size(x),size(y), in z FRORT [V (k).

size(z), size(t))>
traj x <R(step,size(ini x))> inout VEHMRED x {7 EEE [m].
traj.y <R(step,size(ini x))> inout REFFRD y (LEHEEE |
traj z <R(step,size(ini x))> inout ViEBMED z (LEFEEE [m].

m].

FTF <L(size(ini_x))> inout FHAMEESMVEIE T T 7 ().
opt <C(*)> in RFFAE > D A % — 2 (1RIh).

T 74V MIMIHFAA T —AF— L4,
undef R in BRI R E M (20R).

E&xR
B2 0N REGOT — X BEEZ t1 D t, TTO nlEFEL., £ ORMMRIZIE
—HELT D, ZoLE, Bt D dt AT v I Tat BIE TR EFE TS & &
DOAKNK?? TH D, WELT — 2 ORWKELITIL, £ ORIEDOHELT — X H
ORIENFEEZIT > CHESZHEAE L T\ 5, MMROERRNIT, BIE (2,y,2) 128
WT, 3IEY bl w(z,y, 2, t) DERINTEBY, ZOHESGIIFE> TREIT S
IN—R VO z(z,y, 2, t) &

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

EVIOROEMERE NN L > THET IO TH D, MR E R0 EHEL K
O CTHLH D70, =B LOMNE x(x,y, 2,t) IO E oTWnDHZ &
Wbind, b L, BMESHNER ChiuX, #HENZ MVITRRIESFE LRV T,
N )LDOMERT MVHRERIKTET 22 &3l d, 2O LD, EFR
HEGIZB\W T, Wikt & REMT — BT D 2 E b D,

BT B AR L SIHORSBIREL T O L339 Th 5.

ts : stime, dt : dt, nt : step, n : size(t),
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t; + t(i)

e

o I 7 = opt TR R OBRIZAT 5 RIS O A X — L ZET D4

TrarThh, LTORENIRETH D,

EUL i 1 KREDA A T —AF— L4,

HO1 &A v AF—L (BKBRAA T —AF—L).
ME1 EIEAA 7 —AF — 4.

RK3 3 RV - 7w B F%— A,

RK4 4 RV 7y B F—LA.

IINHDAX— LAOFEMICOWTIL, f[TEk775H,

o HEY T — X u,v,w BLW, FEAlT — & ¢ [IRFZIR WA Z I AN SR ITUR
RBIRU.

o ViR x, v, z CHEINDHEBSMNIEIE LIZGE. TNLEORAT »
FICOWTITFHAEZHEST 5, £ LT, BMEINTRELIHY TS trajx,
traj.y, traj.z OEHFITTundef TERSINIEPRIND, 77 /b MK
ETIE, 0.0 PIEESND LI/ > T\ 5D,

e size(ini x) % 2 KL RIZTHULZE O OWIHMEIZ 3G L2 iBMERFH R S 5.

o FTF [TVRMMRMENTIRE I, FHRMEEIMNC SN EDHET T 7. true. 0
TSN 72 2 & &, false. (FRPAEFEHNICHFET S5 Z L4 RT. .true.
MONTNDR—=FUNZDWTIE, ZDOMERFZ AT v 7LER 0.0 & L< X
undef DENA-> T3,

3.18.3 Forward_Traject_2d
HERE
2 WY MFDT =5 15T T A TR BT 217 9

£
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 FHE T DRI [s].
stime <R> in WAL E T OREA] [s].
step <I> in FHREIT O AT v T
ini_x  <R(:)> in FIHINLE x [m].
ini.y <R(size(ini x))> in W& y [m].

<R(:)> in HWELT — 2 O b H R (1hil).
x <R(:)> in HFRG—EEE [m].
y <R(:)> in HFRE JERE [m.
u <R(size(x),size(y),size(t))> in x HFROXT FL (k).

<R(size(x),size(y),size(t))> in y FREODXZ7 FL (1RiR).
traj x <R(step,size(ini x))> inout JEEFROD x (7EHEEE [m].
traj_y <R(step,size(ini x))> inout JREFERO y ALEJERE [m].
FTF <L(size(ini x))> inout FHEMIBSVEIE T T 7 (1RIR).
opt <C(*)> in IRFFEIFE 7y D A % — A (F20R).

T H N NI AA T — A F— L,

undef R in TEMLEL R E R AE (R).

&N
B2 N EESOT — 2 3K 6 17D ¢, ETO nfBFEE L. £ ORHIFIRIZIE
—HkET D, ZOEE Wt D dt AT v 7Tt BT B AR TS L&
OB T D, HELET — X DRWKEITIX, Z ORI OEEST — % )
LRI ZAT > CHRELZFIE L TV 5, Mo ERNIL. EIE (z,y) 2B
T, 2 RIEART bvo(z,y, t) DERSNTEBY, ZOHEGITHRS> TBEIT 5 /35—
O x(x,y,t) &
ox(x,y,t) = v(z,y,t)dt

EVHROBIEFEFIC L > TRHEAT 2D TH D, WMGHHE & B0 | LRI
MO TLEH L0, /S—tILONLE ¢(z,y,t) DRFHOREEKE 2> TWND Z &N
DD, b L, BEGNER THIUX, EERY MUVTRMICEKFE L2R2NWD T, 73—
TIVDALERY MV FEICEET D Z L1332 b, ZDOI b, EHLHE
THZBWT, WM & RIE BT 2 2 bbb,

BP2IC 0 54T E B ORISR T O L350 Th B,
ts : stime, dt : dt, nt : step, n : size(t),
ti : t(1)
e
o A7 3 opt [TWRHMREIH DOBRICAT 5 R O A X — L& fET D4

TvarTehh, LTORENTRETH D,
EUL #i)57 1 KEEEDA A T —AF—A.
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HO1 A U AF—Lh (HBEFA T—AF—L1).

ME1l (EEAA T —AF— L.

RK3 3RS« 7w ZF—LA.

RK4 4 RV 7T o 7w X FX—A,

ZILHDAF—ADFEIZOWTIL, (8?7504,

TEBRERDS x, vy CHRE SN D HEBIMIEE LG, LD A T » 7IC
DWTCTEREZHEET 5, £L T, ﬁﬁlﬁéhﬁﬂ#ﬁ TFYMT % traj x, trajy
DOHEFIZIT undef TEFRSINTZENEIND, T 74V FRETIX, 0.0 23K
SNHEIITHRoTVND,

size(ini_x) % 2 DL RIZTHUEZ OKOHIHMEIZRHE L7t etEm s s.

FTF (ZURBARR AT R, u+kkﬁﬁihj2571~ WS EDHIET Z 7. true. N
FEAMC T2 & &, (false. [FRMEMEBNICHFET HZ L& T. .true.
ﬁiou\fu\éxﬁ—ﬁxva:ou\fzi, ZOHTZREL AT~ 7L 0.0 B L <&
undef OEN A>TV 5.

3.18.4 Forward Traject_3d

HRE

3 WIEAY MVBOT =S b AT T A THI BT 217 5.0

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] )

51%
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dt <R> in FHAET D IREFHITRIRR [s].

stime <R> in WL E T DR [s].

step <I> in SR AEIT O AT v TR

inix <R(:)> in KIHINLE x [m].

ini.y <R(size(ini x))> in WWIAE y [m].

ini_z  <R(size(ini x))> in WIHIALE 2 [m).

t <R(:)> in WS T — X O DA (k).
<R(:)> in 5 FRE—ERE [m].

y <R(:)> in B FRE R [m].

z <R(:)> in TSR =JEEE [m).

u <R(size(x),size(y), in x D7 kv (1hiR).
size(z), size(t))>

v <R(size(x),size(y), in y FRDOXZ Fv (1£iR).
size(z), size(t))>

W <R(size(x),size(y), in z FRORT [V (k).

size(z), size(t))>
traj x <R(step,size(ini x))> inout VEHMRED x {7 EEE [m].
traj.y <R(step,size(ini x))> inout REFFRD y (LEHEEE |
traj z <R(step,size(ini x))> inout ViEBMED z (LEFEEE [m].

m].

FTF <L(size(ini_x))> inout FHAMEESMVEIE T T 7 ().
opt <C(*)> in RFFAE > D A % — 2 (1RIh).

T 74V MIMIHFAA T —AF— L4,
undef R in BRI R E M (20R).

E&xR
B2 0N REGOT — X BEEZ t1 D t, TTO nlEFEL., £ ORMMRIZIE
—HELT D, ZoLE, Bt D dt AT v I Tat BIE TR EFE TS & &
DOAKNK?? TH D, WELT — 2 ORWKELITIL, £ ORIEDOHELT — X H
ORIENFEEZIT > CHESZHEAE L T\ 5, MMROERRNIT, BIE (2,y,2) 128
WT, 3IEY bl w(z,y, 2, t) DERINTEBY, ZOHESGIIFE> TREIT S
IN—R VO z(z,y, 2, t) &

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

EVIOROEMERE NN L > THET IO TH D, MR E R0 EHEL K
O CTHLH D70, =B LOMNE x(x,y, 2,t) IO E oTWnDHZ &
Wbind, b L, BMESHNER ChiuX, #HENZ MVITRRIESFE LRV T,
N )LDOMERT MVHRERIKTET 22 &3l d, 2O LD, EFR
HEGIZB\W T, Wikt & REMT — BT D 2 E b D,

BT B AR L SIHORSBIREL T O L339 Th 5.

ts : stime, dt : dt, nt : step, n : size(t),
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t; + t(i)

e

o I 7 = opt TR R OBRIZAT 5 RIS O A X — L ZET D4

TrarThh, LTORENIRETH D,

EUL 615 1 WEEDOAH A T —AF— A,

HO1 &A v AF—L (BKBRAA T —AF—L).
MELl EIEAA T —AF— A,

RK3 3 RV« 7w B X — A,

RK4 4 RV« 7w B Fx—LA,
INHDAX—ADOFEMIZOWTIL, (82721,

o VBN x, v, z THEINDHEBIMIELE LZGE. THLIEOR AT &
TIZOWTITFREEBEET 5, 2L T, MEISNTERAICHY T 5 trajx,
traj_y, traj-z O#HFE|ZIL undef TERINTENKIND, T 7 +/V Mg
ETIE, 0.0 REND X HITR>TWV D,

e size(ini x) % 2 DL RICTHULZE DO wHIG L7 TR 41 5.

o FTF [TVREMRMEMTIRIC, FHRMEESMNIR SN2 EDHET 7 7. true. 0
TSN 72 Z L A&, (false. [TEMRBEBNICHEET 52 L 2”7, true.
MONTNHN—F /DN TIE, ZOHTREZ AT v 7 LIREDR 0.0  L< I
undef OENRN A>TV 5.

3.18.5 Stream _Line_2d

T RE
2 WILRY MG OT —Z bk E iR T 5,

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

515
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dt <R> in RIS DRI [s].

step  <I> in RIEZITO AT v 78

inix <R> in WAL x [m).

inily  <R> in WIHIALE y [m].

b <R(:)> in HFRE—JERE [m].

y <R(:)> in HF R JERE [m].

u <R(size(x),size(y))> in X HRORT M,

v <R(size(x),size(y))> in y O Fv,

traj x <R(step)> inout JAED x (LEHELE [m].

traj_y <R(step)> inout AR y NLEHEFE [m].

FTF <L> inout FHAEBESMEIE T T 7 (TRik).

opt <C(%)> in IRFRIRE 70 D A % — L (T23R).

T 74V MIFEAA 7 —AF— 4.
undef R in TEBAMUEE IR E FMH (1238).
EER

A OERAIE, R (z,y) IZBWT, 2 RIE7 Flo(z,y) PERINTED,
ZOWESG RS TBENT 23— L OB ¢ (2, y) &

5$($,y) = ’U(‘Tv y)ét
EV) ROEMEEDIIC L > CHAT LD TH D,
E

o 4T a s opt TR R OBIZAT O K O AX— L2 fHET H AT

aryThO, ULTORENAHETH b5,

EUl §i5 1 KKEEDOAA T —AF— A,

HO1 KA AF—Lh (HBEAAT—AF—L).
ME1 [EEAA T —AF— L.

RK3 3%V« 7w XF—A,

RK4 4 RV o 7w B2 F— A,
INHDAF—LDFEMTHONTIL, [TETIBE,

o JiARN x, vy CHRE SN DMHEEAMIEE L-GA. TRLEOR AT » 7
OWTITREAHEET 5, £ LT, BEESNIZRZNIHAY T 5 trajx, traj.y
DEEFHE (21T undef TEBRSNIMENKEND, T 74/ FRETIE, 0.0 VK
INDHEHITHoTWVD,

o FTF |XFBMERARAT IR (O, FHREMEEAMC SN EDHET 7 7. true. N
FEIAMC T Z & &, .false. TFTRMENICHFET D Z L Z/RT. .true.
MMONTND/R—=E/UZDWTIE, EOMTZREZ AT v 7LD 0.0 & L <1
undef OEN A > TW5,
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3.18.6 Stream_Line_3d

3WILRY MO T —Z N DR E IR T 5,

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 A D WERHIHIRG [s).

step  <I> in AR EZITO 2T v TR

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

inily  <R> in WIWINZIE y [m].

ini_.z <R> in WM& 2 [m).

x <R(:)> in HFRE—VERE [m)].

y <R(:)> in HFRE JERE [m].

z <R(:)> in H5F R = JERE [m].

u <R(size(x),size(y), in x D7 fv (1#RiR).
size(z))>

v <R(size(x),size(y), in y D7 kv (thik).
size(z))>

W <R(size(x),size(y), in z FFMOXT ML ($iR).
size(z))>

trajx <R(step)> inout YEARD x ALEEEE [m].

trajy <R(step)> inout JEARD y 7 IEHEE [m].

trajz <R(step)> inout {;mn‘%@ z NLEERE [m).

FTF <L> inout FHEFAESMHIE 7 T 7 (k).

opt <C(*)> in Eéff'%i TDOAF— L (TZIR).

T 74N MREIGAA T —AF— 4,
undef R in TEBAMLBE R E M (1238).
E&ER

VAR DEFRNUL, AR (2,9, 2) IZBWT, 3WILY Mlo(n,y,2) PERINTE
V. ZOREGIIHES> TBET 23— VO (2, y, 2) &

ox(x,y,z) = v(z,y,2)0t
EWV S ROBUEFREZIC L > TREAET 26O TH 5,
I
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o 47 3y opt ITVARER OBRIZAT 5 Ky O AX — L2 f8ET H A4

TaryThh, LTORENARETH D,

EU1 #i7 1 WKEOF A T —AF— A,

HO1 &A1 > A% —A (LEAA T—RAF— L),
ME1 EIEAFA 7 —AF— A,

RK3 3RV T« 7y ZH—L,

RK4 4 IRV« 7w B F— A,

ZIHDAX— ADFEIZOWTIL, [Tk,

o JifRA x, v, z CHE SN DHEBSIMNIELE LGS, ZALBEORER AT
TIZOWTIEFREEZBEET 5, 2L T, MEISNERFAICHEY T 5 trajx,
traj_y, traj-z O#EFE|ZIL undef TERINTENKIND, T 7 +/V Mg
ETIE, 0.0 PIRSND L D> TVD,

o FTF |iBARRFARATIF I, FHREBSMI SN E EDHET 7 7. true. N
TSN 72 Z L A&, (false. [TEMRBEBNICHEET HZ L &R, .true.
MONTND =B JUZOWNTIE, FOHTIEZ AT v 7PN 0.0  L< X
undef OENRN A>TV 5.

3.19 typhoon_analy

BIRFENTH DO ARy ¥ W —F AR T, T HIV NEESRIZEB T DT — F % P 6 A
RITEH L, BRSO AT 9 b D DESIR,

3.19.1 grad_wind _pres
HaE
B A5 2 i 72 T B S A 5 R T S

g

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

515
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r <R(:)> in HHES AR [m].

coril <R(size(r))> in A YAV IRTA=H [1/s].

v <R(size(r))> in e PRI [m/s].

rho <R> in YT 4 v T DEE kg/m?.
rref <R> in FE O TERLDOALEEAR [m).
p-ref <R> in r_ref TOX/E [Pa).

pres  <R(size(r))> inout “FrHDOXIE [Pal.

EHEX
AL R\~ )
V 10p
+ fVy = oor
=T X 01T, KRIESZOAKESAEFHET 5, 22T,V IT8l R, p ITREE
L pIXRIE, 72 ITEMR, SRIEJERE, fIXa U AU RTIA—EThDH, R
DG e FRE A T r J7 ISR 5

2
— 4 fV,| dr
.

V
L=l
Tref To

2179, ZOREFHET D&,

r VQ
p(r)=pref+/ p 79+f14, dr

Tref

ERD DT, B DIIZERIFRIED b AR T D K[EDED KD BN D,

-
L.

3.19.2 hydro_grad_eqb

HRe
YT g 7 LR B ER 1 EEE RS O R 21T 9

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

EE
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r <R(:)> in HHAS R [m].

z <R(:)> in FRIEEAE [m].

coril <R(size(r),size(z))> in VAV RT A= [1/s].

v <R(size(r),size(z))> in et B [m/s].

pres.s <R(size(z))> in YT 4 7O [Pal.
rho.s  <R(size(z))> in Yo UT 4 v T DEE [kg/md.
pres <R(size(r),size(z))> inout KD 5KJE [Pal.

rho <R(size(r),size(z))> inout ‘FiithDHEE [keg/m?].

error <R> in A HZL— 3 ORGSR

F7 4Lk =107,

EERX
BEEIZRBWT, B
dp
& = —gp
B, BERE- V2
g 10p
— + ng = ;E

%ﬁt?iam\1&ﬁ@ﬁ?y?4yﬁ?—&#6%E%\%E%@%ﬁ%ﬁ%
EET D, T 2T, Vy I3l fRE, p lIRREE, p IIKUE, 2 3B, SREEAE,
fIFaF IV NRTA—=FTHLH, _hﬁg@T%Lﬁd‘z&b%ﬂni ARSI DR AR
NS, BESLARCEOND, F2. INOLOFEFHRENER L TWHDH LW
5 T & E, MR CTEHRR OUR R B RIS W SEo 2 E 3B, BIED S
HEiE, KEEEZHWEIORIZ L DEIETH S, LFICZEDOmNERT, FIHICIX
., RIESEREEICOVWTKEHICEZTRL, £, BEZ{T O BEOIRLER
R BV SRE D L b+ o3BfEdL7e r(nr) , nr=size(r) DR ET D,

OV R TR W/RY I i PO 7 ol N A 1 e =

[ o[

v

- + fVy| dr

,
{79, ZZTC, ro T ECER LEIREEONZTHD, ZOXEFHET
LHE.

2

r (v
p(?“)zp(ro)Jr/ P 79+ng dr

To

LD DT, G2 BITCHERIFRED B 45 5 ORI T D KEDIED KD
5id,

2. /BoONTRE p(r, 2) DEZANT, HFmEE, S PRICRT W E 2 #H N 5
DEMRNBEFRT 5,

DIBEIX, 2o/ IRL T, 1 A7 v 7RiE OELED error UL N OIEEKTT
HE9 k&ﬁ?b“(b\éo
O JE PR 1R B o0 BER R Emanuel (1986) 4% 2K,
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E
2L,

3.19.3 tangent_mean_anom scal

HeE
EBEDOAN T —&%&T BV MR O PR RIS U, BT IS L7
7= ) —EERETS.
£
call tangent mean anom scal( x, y, xc, yc, u, r, theta, v,
[undef], [undefg]l, [undefgc]l )

513
<R(:)> in T A SRR
<R(:)> in T AV N AR
xc <R> in Tz RTO MR EER A (R)
yc <R> in TV~ y R TOMEEER A (iR)
u <R(size(x),size(y))> in TANKRTOT /)~ %
EDAT T —.
r <R(:)> in P 155 AR AEE R D BN R JRE A
theta <R(:)> in P fR1 AR SR D HEHREAE [rad).
v <R(size(r),size(theta))> inout 7/~ VU DfH.
[undef] <R> in P T Re A O (TRk) .
[undefg]  <R> in PE N T o KR,
[undefgc] <C(3)> in undefg M iXiE
SN T (FLik) .
EERX

2 WILT IV MEERESR (2, y) (S8BT D8 (20, ye) ZFSET D MMEEES (r,0) 12,
AN T =T =2 &L, 0 T D, IR OZE WM NI 21T 9,
FHN N F (25,y;) CERSNID AN T —B ;& PFEESR (r,, 0,) TEH
SND AN Tk vy [T D30T
Uit1,j — Uij (& — 33) + Ui j+1 — Uz‘,j(
Tit1 — T4 Yj+1 — Y5
(Tm — 24) (Yn — yj)
Tit1 — !Ei)(yjﬂ - yj)

U = Wij + Yn — Yj)

[Wit 1,541 = Wi g1 — Uit1,5 + Ui (
Tho0, 20L& BB TO/MEET S,

Ti 0 X, Yj 1Y, Uy iU, Unmp oV,

10 - pXITTTBIR,
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e

o JEFEROMESIXNIZIX 3.1 4.

o 7 a B undef [THERR L FIREESIMAEAET D HER I B OBSIIC
RASNHORERECTHDH. T T, HEHRFEHTREAR & 1%, MIF SR THEMR
SERJEAT O RO KIE r(size(r)) DI ETHD. b L, ZONENFHEME
W x,y OAMTHTZEA, 13AH L TWDEITEEN TE 2. ZOEHRHL
W D, ST Z 72 WEIRIZ DWW T undef E2NIK I D L HIZ2-> TV 5.
H L, undef WRE SN TWRNWGAITEe MUAINTRSNS.
o 47 a B4 undefge IFHEREIFEINIC IV T, KIEfE undefg MERIE S
NTWDEHA, EOXITEHEITI D EHETH. ZOF 72 3 1% undefg
ERTE SIVTWR T AUEHERE L 72\, undefg 13V EHEIENICI W T, T
)V NERER TRIBENFET 286, 7 70 b S AfE~ONFEORRIZT L
N RDOZHEEDS undefg THAULHFERDOAFFAIL undefg DIEA AN LS.
Z OARPUTIBN T, undefge OfEIT
inc BHREEETT OB, FFSRNE RO undefg 2R E S CWVUE, £
DR T OEITEEEAEIC AN TS, HEMER A - T D 5D B CTHEJHERAE
AT . ZHICKHE LT, WA RBOSGEIXT / ~ U b RE L2 D.

err FERVTEE AT O BE, ARRNESO—EIC undefg DFE S TWOIUTE, F
YIEIX undefg &7 5. 7/ < UEREICEWTIE, ZOVHEEZSRT D
7 VHEROTXTTRIELRD.

undefg X E I TH Y, undefge NEE I N TWRWT 7 4L F Tl inc
LLTEEAEIND.

3.19.4 tangent_mean_anom _scal Cart
HaE
EEOAN T —BEHERIFNEE LT/~ ) —%FE L, 7V MEERIZET.

g
call tangent mean anom scal( x, y, xc, yc, scal, r, theta, scal_anom,
[undef], [undefg], [undefgc]l )

51%
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EEI

tangent mean_scal Tal L7c# FHIEZHNT, JLDOT UV MR TOMEDT /
~ U EFET D, 7 A MEEROR S TOMGEEERT.L0 S OFEREZ T, 20
FRE OO T B 0 C O HERR Y 2 NHRALER L, Z ORI AE = DT 1 v FEER T

XC

yc
scal

r
theta
scal_anom
[undef]
[undefg]
[undefgc]

<R(:)>

<R(:)>

<R>

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

<R(:)>

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

<R>

<C(3)>

DHEFREIEE 3 5.

e

o 7 a B undef [THERR L FIREEIMAEAET D HEAR I B OB
RASNHOIRERETHD. T T, HEHFEHRTRERAR & 1%, M B R THEMR
W HAT O RO KIE r(size(x)) DZETHD. b L, ZOHEN

in TV NG AR,
in T H v N A,

in T AV b xR TOME R A (f
in TV by R TO MR A (

in THIVRRTOT )< %

DA T —.
in P 7 A SR DD BN L PEAR.
in ) A1 JEAR SR D FEFR AT [rad].

mout

TN NRTOT /<Y Off.

PR

in PR TRE A O (k) .
in HERR N T O R AR AE.

in undefg 73F%E

Shicé o (&) .

W ox,y OIMTHTZHE, 13 LT D5 I3 R TE 720,

Z OIRPUTIB T, undefge DOfEIT

inc BT EAT O BR, FERNFRSRO—EBIZ undefg 2% E S TWIUE, £
D i COMEIT BB AN TS, ARMER AN > TV D KO T HEAE

FHALE
DT L
WAy D, ST Z 72 O FEIRIC DWW CIE undef ENEE D X D278 -> T 5.
H L, undef WRE SN TWRWNWGEAITEe MUAINTERINS.

o 47 3 UBI¥k undefge ITHHRFIIFHILANIZ IV T, KIBME undefg 2% E S
NWTWEEE, EOXIITEEEAT I MEHIET H. ZOF 7T 2 13 undefg
INFRTE SIUTW T AUTHERE L 722\, undefg I3HHREHFEIRMNICIH N T, TH
)V D ERESR TR MEAET 28556, 7 AV b in b M ~ONIEOBRIZ T 1L
N ROZHEDY undefg THAULMFERDOAFFAIL undefg DIEAANHILD.

2470, ZHUSKHIS LT, WIRRBAKRIEOEEIET /<~ U b XA LS.

err R EAT O B, MERNIERO—EIZ undefg D% E S TWOIULE, F
Y)EIX undefg &7 5. 7/ < UEREICEWTIE, ZOVHEEZSRT D

T~ UERAOTRTTRELRD.
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U

undefg 73i%iE

ELTERE SN S.

3.19.5 tangent_mean_anom_vec

SN TEY, undefge NFRE SV TVWRWT 7 4 /L h T, inc

F N MNEFEZRTERSNIALED 2 IRTTX7 MV ET 0 N ERER D & [ 5 LA
RICEH L, BRI L, 20T /)~ V& LD, ZOL &, AT T 7%
D LT, BERAMERSY & BT BRI EITE D,

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

[undef], [undefg], [undefgc]l )

513

charc

XC

yc
ul

u2

r
theta

v

[undef]
[undefg]
[undefgc]

EEX

<C(6)>

<R(:)>

<R(:)>

<R>

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

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

<R(:)>

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

<R>

<C(3)>

in

in
in
in

in

in
in
inout
in
in

in

PEAR R 53 D Bh R AR 7 D

EB BRI 5700,

"scalar” = EIFEAM A X BT
"vector” = HEMRINFEIALST.

T PR

T v N R,

TN b xR COMRERAER A (RR).
TV by RTOMREEEER A (HRiR).
T AN FRTONES 57 b

x BT

T AN FSRTONRES 5T b

y BT

P 1 R AEE S D B AR JHEAEE.

P A1 JREAE SR D HEHRIEAR: [rad].

7 7~ OfE.

PR R rTRE PR AN Ol (12R)
PERREN T O RIETE.

undefg X E

SNz ZOME (k) .

P2

17 9 ZL# X tangent _mean_scal LI1ZEAEFR L. H&MIZTZ T 2 charc TT /L K
BT PNV MERART MVICEML, 2D BT T TR DI AT —L LT
ARSI, EOREAERRESND, 22T, EEOT ANV MRICBITHRT MLE
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u = (up,u2) & L, MEEERZRDOMNERY MvE r=re, LT 5, ZTZT, e, |3H)
B E DIERYZ ML TH D, ZDEE, ZONMNERT FVIZT BV b JERE
RCREBLTDHE, r=(2,y) CREUTEDHDT, 7 H/V MNEEERF-ONFEZ

rou = [rlju,

WO BAERBITHZLICRD, TIT, up i ET AV RRTORY VOB
Thbd, Lo T, INEHEEETHNIHE MM E ORI MARELND Z LI
2%, RGOS N EFREEDOE 2 5T, fLEX7 hLETHL NRRT b
JVOIFED D KIRFFHEI Y 2 1E & 35 PR AR R O o A 2 2 & 3T & 5,
2 WILT IV MERESR (z,y) (2BF D8 (2, ye) ZIFS & T2 MEEESR (r,0) (2,
ANT—T =ML, 0 FEN T D, AR R O LM IRRIENIF 21T 9,

Ee

o 7 3 UBIK undef ITHERR L FIREESMATAET D B L B OB
RASNDOIRERETHD. T 2T, 5T FTRENAE & 13, MR TR
S EAT O RO A r(size(r)) D ETHD. b L, ZOPRNFHHEHE
W ox,y OAMTHTZGA, 13AH L TWAEIE R TE 0. ZoEHRHL
BBy D, ST Z 72 WO BEIRIC DWW T undef ENEEND X )7 -> T 5.
H L, undef NREIN TV RWGAITEeBRASRTREND.

o 47 a B4 undefge IFHAREHIFEIKNIC IV T, KIME undefg MFRTE S
NTWDLEGE, EO X ZTO N EHET D, 2047 3 % undefg
DIFETE SAVTWORITIVTHEEE L 72V, undefg TG FHIFEIRNIZIWT, T4
)V b EAESR TR MEAET 285G, 7 AV b in b A ~ONIEOBRIZ T 1L
R RDOZHDY undefg THAULMFEROAFFAIL undefg DIEAANHILD.
Z OIRPUT I T, undefge DOfEIT
inc #ERREEZAT O BR, MR A O—HIC undefg VR E SALTWVIUR, £

D COMEIT BB AN TS, ARMER AN > TN D KO B THEHEAE
ZATH. ZHUSKHE LT, WA DRXRBOGEITT 7~ ) b RIEL D,
err HEROTEIZAT OB, MR R O—EIZ undefg MWRE SN TWIUT,
YIEIX undefg L7202, 7/ 7 VERICBWTIE, ZOFHEEZSRT S
7= VERROT R TTRIEL D,
undefg NXE I TH Y, undefge DIHE SN TWRWT 7 4L KTl inc
ELTCEEINS.

3.19.6 tangent mean scal

taE
EEDAT T —8%T /v MNERERD O PR RICER L, #8057 I T 5.
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£X
call tangent mean scal( x, y, xc, yc, u, r, theta, v,
[undef], [undefg]l, [undefgc]l )
5141
<R(:)> in TV AR
<R(:)> in T J v B R,
xc <R> in T v b xR COMFEEERA (ih).
yc <R> in T IV by R TOMREEEERE (RIR).
u <R(size(x),size(y))> in TRV NRTOFETDHAN T —.
r <R(:)> in P 1587 JEEAEE S 0D EH A28 A A
theta <R(:)> in P A1 PEAT R O BEHRIEAE [rad].
v <R(size(r))> inout FERRTEHLI-AL T —.
[undef] <R> in PR A RE AN O (1%R) .
[undefg] <R> in PERREYIN T O RAEAE.
[undefgc] <C(3)> in undefg 73aXiE
Iz = () .
EExR
2 WILT J1)v NEERESR (2,y) (2B DR (26, ye) ZJRA & T2 MR EBESR (r,0) 12,
AN TG F i AL, 0 BN TS 5. PR O LRI IR 21T 5.
FHL N (21,y;) CEBSNI 0D AN T— u;; % TR (1, 0) CiE 2
IND AN T — 8 vy (BB 25T
U1, — Ui j Ui j+1 — Ui j
Umnn = Wi j + ————— (T — 27) + — (Y, — Y
/ Tit1 — T ( ) Yj+1 — Y5 ( ])
(T — i) (Yn — vj)
Uit j+1 — Ui+l — Uitl,j + Uij
[ +1,5+ J+ +1,5 ]] (-’EiJrl _ $i)(yj+1 — yj)
THH U, ZolEx FHUILTORIEET 5,
T 0 X, Yj LY, Ui U, Upp oV,
Ym . ¥, 0O, : theta
&

o JEREMOBLEMILM 3.1 2.

o 47T 3 UBIH undef |THERR VY AIRERAMIAFAET D HER L B ORI
RASNDORERMTH D, T 2T, ROV &1, MR B R THaM
S EAT O RO KIE r(size(r)) D2 ETHDH. b L, ZOFRNGHFEE

- XTI BIR,
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W x,y OAMTHTZES, 13AH L TOWDEITEER TE 2., ZOEHRHL
E5r D, ST 2 72 ORI DUV T undef EDNIEIND X D127 > TN 5.
% L, undef WIREIN TV RWGHITEr RRAINTREND.
o A7 a 54X undefge |FEGHREEIFHBNIZ IV T, KM undefg 23EXIE &
NTWDEHA, EOXITFEHEITI DEHET H. ZOF 7Y 3 1% undefg
DR TE SIVTWR T IUEHERE L 72\, undefg 13V EREIENICI W T, T
Ju NERER TRBIENEET 256, 7 /v b HAR~ONFFOBEIZT v
N RDOZHEEDS undefg THAULHFERDOAFFAIL undefg DIEAANHILD.
Z DRPLUZ I T, undefge DIEIE
inc BHREEIEAT OB, MR RO undefg 2R E SN TWIUL, £
D COMEIT BB AN TS, ARMER A2 TV D KO B TEHHEAE
2170, ZHISHIEL T, RFRARBOSREIIT 7~ bRE LS.

err R ZAT OB, FFERNR R O—H#Z undefg 2WRE SN TWIUT, F
YIEIX undefg &7 5. 7/ < UEEICBWTIE, ZOVHHEESRT D
T~ VHEROTXTTRELRD.

undefg X E I TH Y, undefge NWEEI N TWRWT 7 4 /L F Tl inc
LLTEEAESIND.

3.1: T b ERER N & P R AR R~ O AR OIS, FIfEEER T m,n K&K
DIEWVGEEE, 70 MR T j HEICHIFZFHH L, € OWFRN D @ FRICHIE N
+5.

3.19.7 tangent_mean_vec

taE
T AV PERRR TER S IVIAERE D 2 IRoL~7 MV a7 T v B EERRR D> & P fR RS
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RICEH L, BT T 5. o0& &, 7 7 7205 2 LT, 8t
AR5y & HERR T M I BT E 5.
g
call tangent mean vec( charc, x, y, xc, yc, ul, u2, r, theta, v,
[undef], [undefg]l, [undefgc]l )
518
charc <C(6)> in FERRRL 53 D BV R S O
ED LI 50
"scalar” = B A& ST
"vector” = BRI REREHASY.
<R(:)> in VAV I R LI
<R(:)> in T H v N A,
xc <R> in T~ x RCO MG (1RR).
yc <R> in T~y R TOMEEERA (BiR).
ul <R(size(x),size(y))> in TN RRTOVET 57 b
x 5T
u2 <R(size(x),size(y))> in T HIV R RTOEETHT FL,
D%
r <R(:)> in ] 7581 R ATE S D BN R JFEAEE.
theta <R(:)> in 7587 JEEAZE S D BRI [rad).
v <R(size(r))> inout BHREE LT AT T —.
[undef] <R> in PR R RTRE AN O (Trk)
[undefg]  <R> in BRI T o RAETH.
[undefgc] <C(3)> in undefg Ha% i
SN & E 0B (Rik) .
EEX

1T 9 WLPRIY tangent mean scal &1Z LA LR U, IAIZ7 T 7 charc TF /L b
AR MNEMFERRT MVICEL, 2D 7 7 TG DI A1 7 —& LT
FHETIIE, EOMENRET SIS, 22T AEEOT BV MRICBIT ST bz
w=(u,uz) & L, MEEEROMEST NvE r=re, £ T 5, ZI T, e 38
BEHEmAmE DR ML ThD, ZOEE, ZONMERT NUVIET IV b JERE
RCRBT DL, r=(z,y) TRIATEDHDT, 7T H/V MNEERFLONFEIX

rou = |r|u

EWIOBERBITAHZEIINRD, TIT, up lIT IV RRTORY MVOEEE )
Thd, Lo T, ITNEEHCEIBRF NN E ORI MARELND Z &I
0%, BERTIMORS S 2 ERERDOEB 25T, LERT MLET AN RFRART K
JVOIEDN D IRFFHE Y 2 1E & 35 PR R O o 2 i 2 2 &3 T&E 5,
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e

o A7 a GIE undef [THEMTI FIREFEIMIAFAE T D HHRE ) B ORLSIIC

RASNDIRERMETHD. 2 2T, BRI TREER & 1%, FIfE R R THAR
SERJEAT O RO KIE r(size(r)) DI ETHD. b L, ZONENFHEME
W ox,y OAMTHTZEA, 13AH LT DEITEENR TE v, ZOEHRHL
BBy D, ST Z 72 WO FEIRIC DWW CIE undef ENEEND X )78 -> T 5.
H L, undef DRESNTWRNWEAITEe MUAINTRINS.

F 7 a 514 undefge IFHEREIFHIRNIC IV T, KIME undefg D3R E &
NTWAEE, EOXIITEHEIT O PEHET D, ZOA 7T 3 1% undefg
DR TE SIVTWR T AUEHERE L 72\, undefg 13 EEAREHEIENICIB W T, T
IV N SR CRIBIENFET 2356, 7 /0 bR ~OWNFEORRICT v
R RDOZHEDS undefg THAULMFEROAFFAIL undefg DIEAANHILD.
Z OIRPUTIBN T, undefge DOfEIT
inc AT OB, FERNFRSRO—EBIZ undefg 2% E S TCWIUE, £
D i COMEIT BB AN TS, ARMER AN > TV D KO B T HEAE
ZATO. ZHISHIS LT, WA BAREBOGEIET /<~ bR LD,
err R ZAT O B, MERNIERO—EBIZ undefg 2% E S TWIULE, F
YIEIX undefg & 725, 7/ < UEREICBWTIE, ZOVHHEEZSRT D
7= VEREEOTXTTRELRD.

undefg X E I THE Y, undefge NEE I N TWRWT 7 4 /L F Tl inc
LLTEEAEIND.

3.19.8 DC_Braun

Braun (2002) O FiE% T, BEHREIEO FL & T 5. ACTAREEE A <
7% & BUEHRREOWNE 2 7RIS BT 2 /T 2 [UE R ZEDN BN D K 9127 5.
W UL D AR CEFHEKEDO T LA EFRT D &, ZDORPTHRRIERZ DRI
XVIEBT 5 X 512252 22T, Braun (2002) Ti&, YL FOEROEB RS
FEZHWT, ZOIRBBIR ZRE TE 2B RKE O FULHEE FIESBT S .

call DCBraun( x, vy, fg, pres, search dis, var_dis, center )

25z VBRI RUE O RARE TER SN 2 BEHERE Ot & Braun (2002) O FETER S EHIEEK
JEQOFLTED L S 7N HHILD NI DN T TERR IR,
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X <R(:)> in x J7 1A FEAE [m].

y <R(:)> in y J7TAJEEAR [m].

fg <I(2)> in FEICHW D E—HEEMBOK 1 RE S (1hih).
pres <R(size(x),size(y))> in FEER TORE (ZiR).

search_dis <R> in SR 2 8 [m] (#%3d).

var_dis <R> in AR T 2 3 [m] (BiR).

center <I(2)> inout KD HITZHUL (k).

E&ERX
HEERIED IR A28 HEEE E LT, T 100 km FBE O - 5I1220 T
ZOREFOE LI 65 km F2 2 O PRI DWW TERCES 21TV, 1R
BT 2 OB D OIERERZEE L LA DRI H N R b K & 720 5 S & By
BRIEOHFLEERT D FIEEZHCTOWS, X0 MR FEORRIER 2OV T
877 B8,

i&%E

o DI feg I —HEME 2D RO x FiH, y RO+ REFE 525, Z
DT REF L x, y OESNERFZELZOZ L THDH. — I Z OF—HEEHEL
TR XEDORIEALAHWSEND. fg, center & HIT, H—FHMN XTPFE
KT R, B FED y RO RETERD.

o 513 pres IZIX—fFANCIEHZEN AV SHND . T OEEITEEHRSE O il
PEZRODDICHND O T, HEER ETORIERL EOEETH LW, 7=
72U, 4 R OB MR ST DO A, il D 2O Fik A2 VTl < ISR IE L
TEIMERD L. HHFETNVOLE, K[UELEXIGERICH HEEmTDOY
FART Uy EETHREDRV. £, ZOWHEBIREFRICHWS T
DT, BT 2RI OV THE— L THIVUNMERE ORI R EZ WD Z &N
TX 5.

o 5|%k search dis, var dis OBHRILX 5.4, 5.5 2. Braun (2002) O 3CHEkIZ
1T var_dis 1% 65 km FEE TITH Rtk SN TWD. T, — X722 2GR
SJEDNER = 7 fEIE O AMAIFGH T I A S 5 .

main.tex 2013 45 A 12 A (iEBER)



STPK ¥=a7IJL AHoTNLTagS A 165

F4E HoT)TOH5 L4

T, HEA—F DA E LTWL DY T e s T BT L.

(y

4.1 HoTNTATSLOaAINIVEE

demo 7 4 L7 NULLFIZ, KTA 7 Z VMW 7T a T AREEEIS T
Wb, KV TN ra s T AOFEITICIE STPK 74 77 UMNRIEFIZA A R—/LET
BV, NetCDF 7477V, gtools 74 7T UVNA L A= NLENTWOERLERNDHD.
YINT 0T T ADORREFERIT NetCDF 7 —# TH/ &5 729, AIHAIZIZRE AT AL
VIV PUETHD.

TN T e T T LD A VI, demo/Mkinclude &4 H OB A O TR
LRTNIER 720, BETLAREMENRH HEFTIILL T O LB TH L.

4 I
FC STPK # A VA b=V LTz /31 7.

FFLAGS A VA bM—LBEFD A V4T g .
ISTDIR STPK DA A +—LF 4L 27 K.
INSTNC netedf DA VA —LFT 4 LT V.

INSTGT gtools DA VA h—LT 4 L7 KV,
NG J

I RAViE demo 7 4 L7 h U T make 2 REFETTIULL.

H L, DCLF90 231 A h— /L ENLTWAH 72 5, make draw & 37952 & T, 2 kit
DT T 7MW HZEDTEDLIETT 7 A4/ draw BIEKEINS. £72, Ruby-DCL 28
AVAR=LENTWIUL, FICT 4 L7 BVICFEIES LTV S delplot ZHWT, 7%
A N7 =~y hDOT—H% gnuplot DX T T 7T HZLNTESH. TD delplot
IZ Ruby 227 U7 FToH YV, ruby dclplot TEITT D &, EDO LS Rslkx 5272
X2 B0 E VD K972 usage RN NI ENDDT, TN EBE SN0,

draw 2~ ROMBWHFIZOWTIE, &V 77 a s 7 507 7 A V4 ORI drav.
LNy X DOONWTYERT .oml DR —L Y A N7 7 AR LHOT, il 21X, poison & H
WERAG DI/ T —# poison.nc & AL L7\ 5A 1T, . /drav < draw_poison.nml
THHYET 52 LN TED. 2O draw ([T LI RX—L U A N7 7 A VOKEHITLLT
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DEBYTHS.
a I
&drawinput
fig_ type = 1 ! MOFEH 1: FHFEH, >=—F
2 SERR, Yx2—F, X7 kL
Uo-1: REERPTIURR, ~— 1 —
V-2 fEEhiTAURR, ~— T —
VAT Z5I< 72 6, cont_val T4,
| ~—Hh—% 9275, shade_val IZEH4,
IO & ATRE .
U RN UAR O G, BREROREEIFEIA L xmax, xmin T
| ZFO L X OHHEOHEEPHIY cmin, cmax, smin, smax T
ETX,
| cmin, cmax IEZ#TAUER, smin, smax IX~—F—IZx .
| shade_val, cont_val ZILFIEEEIIL TN D & &It
n
I REWHFTREIND.
! ymin, ymax TERESIVZHEPANICAAET 25 XTD y 1O
| x Bl — X 2T (v—F—) THiETS.
'L 1 RKORRUITNIE, ymin = ymax ERETH I L.
. | HEEIT VR OGS, BT RO HOEHERTEE L TRL
I ex. BAEA YT AUHR T xmin, xmax DA, HEEIr R T
/¥ ymin, ymax
! NZOEHIIHIELTND.
nx = 100 ! REGEhOHE -5
ny = 100 ! #EEiOAS TR
xmin = 0.0 ! fR#HO L0
xmax = 1.0 ! fE#EhOL G
ymin = 0.0 ! D T s
ymax = 1.0 ! ff#ho i
fname = ’poison.nc’ ! FiAIATP netcdf 77 AL
txtname = ’’ | TX AT T AT —H
cont_val = ’rho’ | “&fHEHR CHE < 2%
shade_val = ’psi’ ! B 77— =— FTHi<EHK
vx_val = 7 | X7 FLox o T B
vy_val = ’? | X7 b~y 50y THE B3
cmin = -4.0 ! ZEROR/IME
cmax = 0.0 ! ZE{HBROHEKAE
smin = 0.0 ! T —T =— ROfK/ME
smax = 3.5 | 7 — x— FORKIE
x_axis = ’x’ | MEEIOEEL
y_axis = ’y’ ! fhoOEHA
sfact = 1.0 ! Y=2— D777 X —
cfact = 1.0 ! ZHEHROT 7 7 ¥ —
vxfact = 1.0 ! BV MLOEX x
vyfact = 1.0 ! B~ FLOES y
;itle =

N

/

o> draw R —2L VAR 77 AN E2TRIUEH E/2>T0D. R —L VAT 7
A MIEY TN E AL T AR, M AH L THHm$T 52 LN TE D,
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4.2 /I0TFLOEHRHA

K7 7T LRIV —F v - BBV OHNERE T = 7757077 L% unit
EWVWIST 4L RV, FNUANOFHET A2 N 70 7T MIET 4 VT UKL T
H%. LLFTiE, unit EZNLSNOT 0 7T BZHONT, i %A RT.

4.2.1 cov

EVa—/b Statistics DT A MNHT BT T A HDHHEZ BT —4 774 /L data.org
ZICIS, AR EER T D570 7T A 272 L, 205K E T BYRERZ 5] &, MR
BAaFtRT 5.

RITHE - RITRER
KT 7T MIBETEITT LT THY, TOHNFRIIUTOL 225,

sk ko sk ok ok sk sksk ok s ok sk sk sk sk ok e ke sk sksk ok sk e sk sk sk sk ok o ok 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

FET V—=F DT A NTur T b KT =2 %252 TEFFT Zatfi L, MR HR21T
WIEDET—=ZIZRT. RLIELEIT, B7 —H L ENRITBEN D D0 EFRT L. £
2, R CEEZ IR D DARET D [ Xy FET O/ 7 4 —~ AT A M b
RTNWLDOT, EEE-Te<SF UCIEEZBER Y — U ZZHICHOWTHATY, Wi OETH
MzRrd s o7 =237 =2 BOFRICE—I 26 DOT T T U5 THD.

ETAHE
make T 5 &, FIT7 7 A )V fft_test DWER SN TWDHDT, 795D &,

(:Input the data number (odd number). :}

CHND. ZHIET— X OEBTH Y, FE FFT BHAEITH 720, LPEE T2
ER BT, RIS
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(ilnput the loop number. j)

ERIND. ZAURIR CEMEZ AR W RN EFEET D.

(:Do calculate the prime factors? [y/nl] :)

EHPND. THET A BEFRRBS T A0 E D ERWTWDS. vy vy’
E5 L, FFT V—F U R3BtA S5 Z & \mRIs R L, MEfTol23H5E 5. &
N—F T, T2 BN eb L EBITHRDBAE MRy 7272 D00, [BIEATS]
DOFETH D729, loop number #%< &> TWAHEHFEITIE, g 'n? 1L T, &K
WNCRHE L2 BESRT 2 L9 L2 AW, FFT RED AT 3 —=< v AT L.

SRR

- 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].
\_ /
o
Fric/e L.

4.2.3 fft_data

FFT V—F L OFEREI 72 75 A TF%F A MNEROEK T —% 252 THEFFT %35
L, EDANT MG AER 7 7 A VT 5.
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RITAE

make 5 &, FEIT7 7 A /L fft_data DMER SN TWDH DT, 795 &,

Input a reading file name.

If there is no file, input ’dummy’

LHAND. HIEHAADT XA N F =S D7 7 A EANTS. LT 7 AV
W<, T A REO BTN VEAE, dummy & AHTHIZEV. T3 &, 5
LH 77T ANTEABMOEREDET =X 2B LT, €O FFT 3R 217 .
77 ANDT = ZEEITEE T HIFE T O bRV, L, AROSEIE%E FFT
FAAAT O 8A b, —BRAOT— X ZFHZSAL A2, LT, dummy & AL
HAOEE R, KIZ,

Automatically, sample file is producted.

result prim 2 0 2 0
### Finished calculating.

Input the output file name..

LHEPND. ZHUFIARY MR LT =22 NhT 57 7 ANV E AT D.

Input the calculating period.
(data period)

ERIIND. ZHTEEE T =T — X O E AT D, BALIHMEE. 2 OfEiEH
NENDTFANT—HD "frequency” (ZBEE L5

FTEHER

(]

RIREOMRE N SN T —ZITEND

[i&@/% N, W, AT —% 1ATH, - ]

E%. 2T, T—2OWMET L3258, J—FEn EEOREEE LT — 2
T ORI

2mn = kKT
Thbd, 2FV, LoTr—xiiznzhn

WD ) — R =, W= k= %T“

EINEFNELTWS, ZhaZE LT IAT—2 2t L= b DN 4.1 T
H5.

o AJJT—4 7 dunmy TZRWHA, KRIC
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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

(frequency)
frequency

4.1: FEET —F DAY VoA, B IR FRENENEED ) — R, 142, 14243
DI THERR LT2T — X DAY MAVGHIZHS L TWD ., ZE sk () o 1,2, 3
WS LIS cEe— 27 3 b5,
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[Input the reading number of array. ]

EHPND, ZHET—2DON 7 DEBRNL B0 a2 ANTLHDOT, K7
n7TATIEANESNTZH T LT LI FFT R L TR MT— 2 &)
5. LoT, WAHTF=ZIZZOHEMTAN LIEA T D80T 2 7T KBNS
T (ERLD ) — T =2 LT — 2 ZiBnanic) bo Lt LTHAhENS.

4.2.4 matrix_test

3WIATINE G2, TDT =2 &b LITHRA IITYEITRN—F 2 FTT 570 77 4.

RITAE
K70 7T MIBETIEITTT RV, T2 L, ED X9 REREETT &)
NLOT, FEANTESEZ AT D, FHIFLLTO LD il >Tng.

: N
1. WU ADOMEEEEZ VT, 3 5t0EN X ORAMEEZIT O

2. LU 5fiz AW, 3 Jods RO KRR Z1T 5

3. WAV A FNEEHWGT, 3 oL RO KM 1T 9

4. Y aviEz AW, 3 ulsr A ORKM 21T 9

5. WAV A T NEE SOR THE L7235, 3 su#isg o RMZLT S .
6. Y2 EYE%Z SOR THMEE L7eA 5, 3 JuE e HRRNORMEETT 5

7. 3 WIOLIEATHNDMWATH A G R 5.

8. NXJIEAZHNT 3 WILDIEHITHI DR KEHIE & Z Ui 2 EA
R MNVEHETS.

9. YavEEHWT, 3 RICIESFITAOEBEAEZHETS.

4.2.5 mnormal_poly

£ 2 —/b poly normal, special function @7 A 71 /T A HEHEATIT 2B
LD AE —EDOERIBIZBWTEHEAL, 7X A N T LT =X THNITEHT 07T A

KT T T ADFATIZ L > TN ENTTFANT—=F 77 A MIRELT 4 V27 RUIC
FH STV D ruby A2 U 7 b delplot 24795 2 & CASBICHHILTE 5.
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RITAE
KT T NIRRT IITT D ENTE, FATT2 L EORBEFHETINEN
7 ZEEFEANTRETS 5. FHFZIFUTOL D exticz LT D,

4 ™
R AT 2w

—_

2. =)V — &AL

3. 77—

4. Y a v LIEA.

5. 7=\ 7 —ZHA.
6. F= =7 LKA,

7. V=2 %IEK,

8. X LR

9. ¥~k

10. /A ~ U B%k.

11. ZE~ w2V

12. B ) A ~ Bk
\_ J

HEHER LY U FILSERXDGS

42120 % FAZEAOLE 2T
ITILE—FZIEERADEE

4312 — hEHEAOBRE A RT.
SHE—ILZEXDES

44T SN BEROG B AT
Ny )LERDGE

451y LVEEOEA T,
/AR VEBDEE

4612 A ~ VB OB G TR
TRy ILBEHDIEE

4.7 G:%ﬁzf\ yﬁ/&%@é&@%é\ /j—_\”ﬁ—
/A< U BHEDEE

A8 TE ) A ~ v BB DB A Zow T
HUREHROGE

49120 v ~BEEOBEE 7.
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1(red),2(green),3(blue),4(yellow)

10 T T T T T T T T T T T

0.5

0.0 -

LEGENDRE

—0.5 —

710 ! ! | ! ! | ! 1 | 1 1
-1.0 —-0.5 0.0 0.5 1.0

X—axis
4.2: V¥ » RALIEZ (RS 0 IR, JRERDS 1 IR, BRERAS 2 IR, HARDS 3 IR, TR
4 R).

1(red),2(green),3(blue),4(yellow)

10 T T T T T T T T T T T T

0.8
0.6 7
0.4 7
0.2 7

0.0

HERMITE

-0.2
-0.4
-0.6

-0.8

X—axis
4.3: =V — ML (BB 0 IR, JREEDY 1 IR, BRERAY 2 IR, HRRDS 3 K, AR 4
R).
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1(red),2(green),3(blue),4(yellow)

T T T T T T T T T

LAGUERRE

X—axis
4.4: 77— NI (B 0 K, JRERDY 1 IR, BRERDY 2 IR, RS 3 IR, TEARDY 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

0.8 - -

0.6 - =

04+ /

0.2 -/

BESSEL

0.0 |

—0.2 -

—0.4

X—axis
4.5: ~ B VB (RERDY 0 IR, ARERDY 1 IR, BRERDY 2 IR, HARAY 3 IR, MRS 4 1K).
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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: /A~ BB (BRRDY 0 R, ARERDS 1 IR, BRERDY 2 IR, HARAY 3 IR, TS 4 1K).

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 BB~ B VB (RS 0 R, JRERDS 1 IR, REARDS 2 IR, HARDY 3 IR, MRS 4
®).

main.tex 2013 45 A 12 B (B



STPK ¥=a7IJL AHoTNLTagS A 176

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 7 A ~ BEE (RS 0 IR, ZRERDY 1 IR, FRERAS 2 IR, RS 3 Ik, AR 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: H o~ B4,
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4.2.6 read_mgdsst_nc

mgdsst 7 —# % netedf 7 — X AW LoD T 0 7T A,

EITAHE - *—LURXE

FATHNC, 2T 5 mgdsst 7 7 A V4 %E 2T sst_list EWVOIEHD T 7 A NVITT
FARNTRELTEL. ZTORLT 7 ANALDOYIET % .nc & LTEAT netedf 7 7
AMFAER S D, FATIE, BIKTIEITTNIE, ED Y X MRS N7 BERY
IZ netedf 7 7 A WIZEHLIND.
$ ./read mgdsst._nc

ZZTC, AU T medsst T — X IFHEK Z R TEDY 888 T H 03, T DAHRIC
Lo T, ZOffIE 263.0 K ITRESND Z EITHER.

FTEER
KTFa T LAOFERINHE ST netedf DF—& 2 FOF FHif L7~ 6 DA 4.10
Tho. AEROREY — /X 65 TIIAEL TRV T, FAMFHL TV
Y — VA R WTES S L.

4.2.7 thermo

Thermo_Function {ZEEK IV TV AEEEIZHOWT, 7 A METH vl T A KL, R
B, WEFEDORERE G 2T, RSNIMERZE R b D THLNEMRGET 57 1 7T L.

RITAE
make 9% &, FT7 7 A /L thermo WER SN TWAHD T, EfTT5LLLTD LD

EMBHDEND.
e N

pressure [hPa]

1000.0

temperature [K]

300.0

Relative Humidity [%]

50.0
= j

NER, B2 AT DL, BMFDOESICHENL—F W TR LR RN s s.
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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 (T ST T — & ) B AR S V72 BRI KR D537
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4 I
DEBUG : RHT_2_e in Thermo_Function : 1.76668E+03 [Pal
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 [Pa]
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 [Pal
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 [ZEFk SNV TWAHEEEIZHOWT, T A M &{TH 7 /T A,
Jordan (1958) DY T 4 L 7T —F &S LI\, REREDOEREZ 5 2 C, LI NI EN
HEREDOTHLINERIET D27 0 7T A,

RTAE
make 5 &, EIT7 7 A /L thermo2 PMER SN TWDHD T, FATTHLLTD LD
RERMNHhENS.
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Input the reference height [m].
500.0

BEANT DL, UFOXSICHENL—F W CEHR LR/ SN 5.

f
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 ¥ =2— /LD HEKA U b B counter day, counter_sec BL W, ¥ A A
V=i —F L time_zone_convert DT A TR T A ALED 2 HREEH 2T, %
DO A E BB ERTT 5.

RITAE
FITT 5L, UTO L) REMNPERINLDOT, WUNIZEZRD.
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 7>, 2013/01/01 00:00:00 F TO HEL & B2 G5
TORETHD. FHAEMBEIRZICRRINTVDIEY, BEIE 3 By, BECCHE
T 5L 86401 B k7D, Fin, mhITH X - RBBRZIZOWT, JST EREL
7zl x0, ZORZIIxHET 5 UTC ORZI % H 1T 5.
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4.2.10 traj_sample

Forward Traject, Backward Traject ®7 A N7 1 /7 A = ABHKEICKHEZEL
T 5 2 Won/AKE—HRE DL OWT, JiifF - AR Z R T 5.

RTAE - RITHRR
K70 7T MNIBERTETTDHETTHY, UTFO LD Rt REREEZ AT 5 EM
WEIREND.
4 N
input scheme of time integration.
EUl1 or RK4.
RK4
input direction of trajectory for time.

1 = Forward, 2 = Backward.

2
- J

BAIOERIIFRFREFE S DO AX—AOMHTH Y, EUL (X 1 IRAA T —AF— LA, RK4
TAWN T =0 v B AX—LThHD. IROEMITFESOF R THD. 1 IXFIFH
BER, 2 13 R A R T 5.

TEER
4.11 1345 (0.1,0.1) 22 B BRI AEHRTT S —RRZQ RN TV DB B 1T 5%

J7 VR DB Z 77, JAD G I3K 4R TH 523, R DWW T =4 BRI 21k
THOT, MUNIMIZZE L TWD T ERbns.

4.2.11 wind

& 2 —/U Derivation, Trajectory D/ —F %7 ARNTH7a T T A,
NI 72 R E S % 52 C, 2 2 b RUEAEL 2 5HE Ui EG 4 2 015 b v i EUs
DWTIREZFHRE L, & OICHELGN GIRHFTRZ1T 9. [UELHO0M & RZICHE I
AR OB N — T D5 Z L AN DDH LN TED. T2 THZDEES p(z,y) 1T

p(x,y) = cosx + cosy
Thod.

HEER
FEATANC B 2 T RESIEE 4.12, T ORTES D HEHE SN 5 KRS IX 4.13, 15
SIVTHEES B R SN D ENEMES T 4.14, K EEES 2 S LICHE SRS
WAREE 415 TH D, 2T, WAEEEP LR BIEVHETHY . [EHD
SEMERR E RODMHZER L TV D 2 EITHEE,
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(v)

0.0 -

4.11: VEBMERIENT DRGSR

4.2.12 advection

FVa—/b ffttp DT XA AT BT T A B 1 OB OVWT, A7 B
MEERWTZEORRIFEREZFET 5.
AR 2T O FRERECRITZER A 1 RCOWEE u(z, t) IOV T ORISR
ou ou
e + Cop — 0
Thbd. TNEZEMFFNITALZ MVEBL, B FAICIEY 7 =airy v A%k —A
PRAWTWS ., 22 ST R — ALY A N7 7 A /L advection.nml TRTEARETH 5.

EITAHE - R—LYRF

(./advection < advection.nml ]
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pressure
s TR Ty 3.00 KR
T~ 1.80
1.80 S
il 0.60
" 0.60 T
5 3 -0.60
|
> —0.60 T
T~ —1.80
»79
=l
—1.80 j 300
;'>
—-3.00 U

X—axis

CONTOUR INTERVAL = 4.000E-01

4.12: HTHIIC B 2 BT RIE DS,

rotation

y—axis

CONTOUR INTERVAL = 4.000E-01

4.14: HWER SR D SN ERE S

CONTOUR INTERVAL = 4.000E-01

4.13: KU LW RO b= AKF

R, ‘
rotation

0.80

—1.80

CONTOUR INTERVAL = 4.000E-01

4.15: FELG D FHE S5 FiAR OB

Z DfER, advection.nc WIS ND. T2, F—L VA NOEHIFILLTDOEEY

Thsb.

&input
nx=100 ! ZEfK&F 2K
dt=0.05 ! HFREIRIRE
nt=100 ! FEAT v T
xmin=0.0 ! fEA
dx=0.0628 | Z=ZRk&T-MikE

/
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AEHER

amp and amp

1.00

0.60

I 0.20

-0.20

-0.60

-1.00

CONTOUR INTERVAL = 2.000E-01
4.16: H ORI,

4.2.13 diffusion

BV a—)b ffttp DT A NAT BT T A B 1 otOIHGT IOV T, AT |k
IEEZRAWTE OB A2 EET 5.
R ZAT O HREACRIZZEM T AN 1 Wt OWELE u(z, t) IOV COMIERB TR
ou_ o
ot ‘ox?
ThHDH. ZNEZEMBFANIFEARY "MVEBL, BT EICEy 707 =aiy s Ax—A
ZHNTWS ., ZERE TSI R — LY A N7 7 AL diffusion.nml CiXEARETH 5.

EITAE-R—LUYR

C./diffusion < diffusion.nml ]

Z DOfER, diffusion.nc WIS ND. 2, F—L VA MNOEHIFLLTOEEY
ThHbH.
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&input

nx=100 ! ZERFE 1%k
dt=0.01 ! WF[EIENE
nt=100 ! FERAT v 7K
xmin=0.0 | FEHIRAENG
dx=0.0628 ! ZEA&T-[kE

/
HERR
time series

100
1.00

90
80 0.60

70
60 0.20

+ 50
10 -0.20

30
—0.60

20

10
-1.00

4.17: P OKERF.

4.2.14 poison

2 WOtAKEHEIZIRIT 2R T Y o XA FHE T 27 0 7 F AL iR HIXER O 0 F
IREEZ & DT — 7 VBRI O R 23R E LTV 5.
R 5 AT
Py O
ox?  Oy?
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To

=

=17

B

e

5. 22T, IE 2 OTORMBEIEL, plE 2 RoTDORHITH 5.

AEr—LVR L
FAT7m 7T Al poison £V ) TR T T ABKTHDL. F—LU A NT 7 A LIF
poison.nml. L TDO X IIZETTHI LN TE .

(:./poison < poison.nml :}

F—LUANOEEBIFLUTOLEEBY THD.

&input

nx=100 Ux kT

ny=100 Uy JrmkE

tp=’1221" | FIHREEER S
method=2 ! FHEFRE
ter_flag=.true. ! WIEHIBERZE<.
/

LR 7T AEFITTH &, poison.nc £V I A RTD NetCDF 7 7 A /LA T)
SN, HEIZIE drav 70 7T AEAVIUZ L. 2O & & OMBIRRE T 7 A Vi
draw_poison.nml Th 5. Fiz, FHEMROT —Z )L & bIT, FEITEE L2
PEEERTUTO L I sh 5.

/
*x*x* MESSAGE [HistoryCreatel] *** "poison.nc" is created (origin=0.
*x*xx MESSAGE [HistoryClose] *** "poison.nc" is closed
Main solver running time = 1.02846E+01
This Method is Jacobi Method.
- j
#HR

RS M T — 7 VBB OB A 5 2 7 L S ORT v o RO ERRIX
418 THD.
o FREMORE tp (IRT VU I NAROFHE L TCEDOEEHZTNWDHDT, 5
REMFOBFOERIT3.1.1, 3.1.2 ZH.
o RNT VY IWNOFEE method X, 1 WH T AV AT )L, 2 MY a3 Bk
o AN —F VNI EOREMNZ L OETHITI ZENTE L. BHOH b,
ter_bound | .true. \ZIEET D &, WHBEAHEKNFIET D E Cat B 217
2. ZONEHERERE G AT CRIAE LTERERNK 4.19 TH S.

main

tex 2013 45 A 12 A (iEBER)

(H



STPK ¥=a7IJL AHoTNLTagS A 187

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

00 01 02 03 04 05 06 07 08 09 1.0

X
CONTOUR INTERVAL = 4.000E-01
X 4.18: fEIE N T — T VT O 50| &2 G 2 T3 A DR T YV VIS T — B D
DATH Y, FEREH OB R TH 5.

4.2.15 adjust

HER 77T 5 B 1 IRITTO fEHEKFERIZOWT, ARZESEE A CHfT
SHE L\ A I 2L —varT A u T A,
FREXRL EOFEMIL 5.4.3 28,

ETAE - R—LYR K

FIT7 07T AT adjust LD RS T ABKTH L. HIHIEIL netedf TEXD 1
WICHE T IERET — 2 & Z O R CERINTm S, KEHE 2 iy 0T — 2 btk
MSNTND T 7 ANV EFRAT, Y 7 AHEIEIL ruby-netedf 231 A h—/L
SN TVIUL, make.tb EWVWIH A7 VT NEFATTH & TIERNTE 5. Z OFIHIE
TR EEEN TR TEr THIDOLHHEFROP L TRERE L /b7 r 7 7
ANT—=2ThDH (KM42028), bLIOT—ZLUSATHELTZWHAITSEHAT
T2 EHETLH L,

FATHEFIUTOa~x > FTh o,

[./adjust < adjust.nml j

main.tex 2013 45 A 12 A (iEBER)




STPK ¥=a7IJL AHoTNLTagS A 188

rho and psi

1.0
3.50
0.9
0.8
2.80
0.7
0.6 2.10
> 0.5
0.4 1.40
0.3
0.70
0.2
0.1
0.00
0.0
00 01 02 03 04 05 06 07 08 09 1.0

4.19: fEIRFLNC T — 7 VBB O TR & 5 2, WERTEIRIC R E R I 2 b o5 A
DRT VB, BT —PINEDFAHTH Y, SEMENREIOERTH 5. Ak OMFEK
DNEEE R CTH Y, Z OfE TIIKEFE 21T > TV R,

ZOfER, adjust.nml @ oname THREINTND 7 7 A M4 TR REBH I S
5.
F—LU A NOEHIILLTO LB Th 5.

&input

corioli = 1.0e-1 PV a U F VNI A =4 [1/s]
beta = 1.0e-5 ! R—=Z {2 [1/m s]

! beta = 0.0 ! _=2 4323 [1/m s]
mean_height = 100.0 ! JiKEDFELEE [m]
fname = ’init.dat’ ! FIHMET 7 AL

oname = ’result.nc’ ! FEROHHT 7 AN

nt = 20000 VAR AT v 7

dt = 0.1 ORI [s]

dmpstep = 10 U REROH D AT > 7
nx = 100 I x FROT S5

x_axis = ’x’ V AIHME T 7 A LD x O HI
val_height = ’ht’ ! JilKJEOW S /54 OL4 I
val_ubar = ’ub’ ' ox HRO—HEED 4 i
val_vbar = ’vb’ Uy JFrao—igE D4 i
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depth
o
o
I
|

-0.5 -

1.0 - | | ‘
3000 4000 5000 6000 7000
(m)

x—coordinate

X 4.20: T VA OE S RZE.

val_h = ’h’ U IHIE T 7 A VO S EBOL R

val_u = ’u’ V MIHIE T 7 A VD x JFIANEE D4R

val_v = ’v’ | FIHMEZ 7 A VD x EAZIT AR EE DL

bound = 2 ! BESSeE "1" = no gradient, "2" = open bound

L3 = AR
steady_flag = ’ooo’ ! EHIREBOEARGEFERT — X ITANLDINE D).

1 XFH = Lo®EmE (ht)
12 XFH = x FHOWHE (ubar)
! 3 XFH =y HROjiiE (vbar)

regist_flag = ’o’ | HYHEE~OMNINNHT T 7
KPR X D8R0 (BT
T~ BRI X DT

! regist_flag(1l)

! regist_flag(2)
regist_coe = 1.0, 1.0, 1.0

! regist_flag THIE L= DfRE

! regist_coe(1) = KitEfREK (v’ ,v’ ~DFHE)
ILBRE. (b ~DFh)
T VEBEOAE T v T [1/5]

! regist_coe(2)

! regist_coe(3)

HEHR
TI7HNVEDF =LY A MIBRESINTODIHNEENT A—F OXHREMN DS, &
T ONAREE L L Z 31 m/s, BRPRITBELZ 300m 72> TWD, ZD&
., EHIREEL oo T & & OF S OFZE & BT RN & - CTBREY S L 5 i &
R LD ENEN4.21, 4.22 TH 5,
X 4.23 138 S ORAEDOHRIICH A C—ER R B CTERLZL O TH S, F
FRICHIBEE D 5345 2 os LTZ XA 4.24 Th D,
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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

4.21: |\ I ORRYIE L, B r A e — 4.22: HfrE ORI,
EINAR,
(m)

0.5

depth
(@]
o

-0.5

-1.0
L P P P L _ L P P P L
3000 4000 5000 6000 7000 3000 4000 5000 6000 7000
(m) (m)
x—coordinate x—coordinate
4.23: EFIRETOE S, 4.24: TEFIRRE T O IR D53 Af
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S HIZ, X 4.25 13K 4.21 OFBRBHIIE 3720 2R LIz b D TH L3, BAER
EAENFLDLEANEIBIE L TND I ERNb0d, £-, ZORRIINGE
HPEONAEEZHET L LB LZ 30 m/s FRETRIORLEHEGRME <& 2
ENRDND, WOZX T —ITRIED 2 FITHHITH72D, ZORNL TR LF—
MENWE EBIZHAMEZITBEL TV DT LTS A D,

(0.1x s)

900

80O |- |

700

600

time

500

1.42

400

300

200

100

3000 3500 4000 4500 5000 5500 6000 6500 7000
(m)

x—coordinate

4.25: B BARATHIC BT 2 BB DS & AntE.

4.2.16 Thorpe

Thorpe and Bishop (1995) |2 & - TEHR & 4172 PV inversion @ 3 ITERET L% 2
JIURIC L CRiZEIR S 270, SR RICHBO PV 7/ ~ U —Z2RE L, ZThic
INETHDVART U VDG EEET S, Y — A a— ROBEIEE S 2 LTS 57207
T, ka2 A TOT )< VT HEEHAETHZENTE L. HURERIT, VA4AFRT
VIRV EE I LEIR SN S MR O S AEM I TV .

RITAE - F—LYRX L
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K777 MILLTFO L HIZFEITTS.

$ ./Thorpe < Thorpe.nml
ZHUC LV EHEAER TH D Thorpe.nc NEKINS.

Flo, BETICHBERF =LV A N7 7 A VORNFIIUTOLE) TH 5.

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

FHERER
KT T T LOFERP LT 2 RIEER DDA 4.26 1273, 2 WOTEHHRTH
L7z, HiflgEIX 1 iy LGRS 2 2 LT TE RV, 77— T L BRI
EEREDZRLTELDTHD.

4.2.17 SEQ

Pendergrass and Willoughby 2009 (MWR) (2317 % 2 IRIcHixIFr Y —v—= VU 7 vk
YETIV (SEQ) Th . BRI D /A0 & BREEYs DIREEAEE, BEE 248 U7 FEWrEun
BONE 525 & 1%, EERANT A ZqT Uiz 2 IRTEER (1 > 7 v— + BRI
DHAAEFHET D (Wb 25 - I RRE).
demo/SEQ LA FIZET /L —HADBKMN I TS, demo/SEQ D7 4 L7 M UIZIE, S HIZ
FERNCAEER 2R LM B R SN TV DO T, RSNV, TOMm X OR R & 1ZIER
ROFER Lo TWD ZENHERENDTHA .

B, FE T VTR IOV TSR,

RTAE-r*—LURA b
KT T T8I 3OD0T 0T T LENICFITTHZ LT 2 RMEREFET .

1. sound make I% 1 IRt OBABERI RV T T 4 T 7 7 A VEVERT D, BEIZY
TUT 4T RBHDLHERNE, T RTEKT LI ENTE S,

2. initial make [3ED 1 R H I T 4 v 7 7 7 A% 2 IRTTHANILET 5.
ZTORE, 2T T ANTERSNTWND 1 RIFBRIZIESWT, HER AT
VA RERANT AT E L) ICRESRKIEDKESA EEIET D.

3. e 2 ot 7 v 7T A TIERR S LTz 1 RAGER & FEWTEINEA D 75 Af
BESHZS &, 2 RIERO SR EFHET S,
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SF and Vg

12.0
7.20
. 240

« m

| g »
!"..', -2.40
-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: PROMEOEBEFTETICE D PV 7/~ U BFEET 256 ORA () &
HE R (775 —) DI

$ ./sound_make < SEQ.nml

#3179 % &, sounding.dat MERIND.

$ ./initial_make < SEQ.nml

FEITTHE, JD sounding.dat ZISWT, 2 WL OMHET — X
initial.nc WAERINS.

$ ./SEQ < SEQ.nml

ZFATTH L, initial.nc 2D 2 WIEBRDO A 2 WIHICEH R T 5. 2 OfE R
I% result_initial.nc WO 77 A UCH D END. Z 2T, EfTEREEN <L
FaTRETHLIRL, LTOa~vy REFATT5HZ LI2L 0, openMP W57
REIND.

export OMP_NUM_THREADS=[number]

Z ZC, [number] (ZiXWHEAE AJ1T 5. 7272 L, openMP WH| %17 9 HAE1E,
../Mkinclude ® Fortran 2> /XA L7 Z 7|2 openMP % FE4T73 547> a

Z 17T make L TR MLENDHD Z EITHE.
. )

o, FTICRERA =LV AR T 7 A VORNFIFZUTO LB THD.
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&input
nr = 751 ! radial grid number
nz = 21 ! vertical grid number
dr = 2000.0 ! radial interval [m]
dz = 1000.0 ! vertical interval [m]
bc = 1112 | boundary conditions for poisson solver
! bc(1:1) = bottom
I bc(2:2) = center
I bc(3:3) = top
I bc(4:4) = outside
! ’1” = rigid 1id, ’2’ = non flux
fname = ’initial.nc’ ! forcing profile data (2d)
sound_name = ’sounding.dat’ ! sounding data (1d)
/
GRS
KT 17T BWOFRERN OGN 2 WIRER O 434 1EI 4.27 (2R,
(x1000) psi and force
ZOD""I""I““I““I““I““I“ T T T
= . .o .o S /J .o . oo 5.00
sl Vo _.
16 | i - 4.00
14| .
] 3.00
w2fb . I
I ‘ ‘ / d
N 10 | i 2.00
Loy ]
Bg VR . l
o ] 1.00
6F + 4 .
L ]
aF v i 0.00
I ]
2; [N i
s |4
0 | | R
0 1 8 9 10 U

CONTOUR INTERVAL = 4.000E-01

4.27: BWEIIRD Hiviz 2 RIEER (KREN) &EWBVINEAD 434 (BT —), S HICH &
TEARBAE (FERR) TH D,
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HE
F7 4 V7 b UICHHEN TV AHIE 70 75 M3BTF L2 b Y T

($ make draw ]

EEITTNE, SEQ T4 L7 RV ARY v 27 U7 STW5A draw AEHT
X 5. draw OffFHTIEIIAET? SR

4.2.18 sound_analysis

EEDT XA NNIT LT —F ZiiriAB AT 272007 v 7 LRE. AH{bD 728
(21, Fortran 90 it DCL 234 VA b — L ENTWAMLENRH B .

AK7a 7T AREXEBRGBINCB T 2RO T X R N1 T 5T — 2 06 HIfET O
TEOORHUEZEBEITITY LW HIUTIER SN D TH S,

T05 5 LER
KT 7T NI TOT 0l T ARETHER I TV,

sound_conv
TXARNI T AT ENTZKRROWE T 7 7 7 A VT — %525, CReSS
D 1 WICABMEZAFRR T D 72O DEMT 0 77 5. K7 v 7 AiF DCL 231
YAR=AERNTWRS THEITRARETH S.

sound_1d
sound_conv CTEMINT=T —HX & TIZ, $piE 7 10 7 7 A VK ZERL L, ARk
BEEORENRT A—Z 2B T 57 a7 T A FITI21E DCL 231 VA h—)b
SNTVWDOLIRENRDHD.

sound_2d
sound_conv CAHAINT-T — ¥ ZJLiZ, ShiE T 1 7 7 A VORI % (ERK
L, WK EFEORENT XA —F ORFRIIM GRS 270 7T A FATICE
DCL A VA=A INTNDILENRDHS.

AN ILEE
DCL 231 A b=/ EZNTWRWEE, 5 F W CReSS HDOWIMMENER D ATV
WIGAT,

[$ make sound_conv ]

EFEITTNIE, AT 4 L2 R UIZ sound_conv &V D) 7T AREMRIILTND.
DCL 231 Y 2 b=/ ENTWAHSE, 2% 0 alfiifbE TITW WG &,
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[$ make sound_draw )

EFEATTHUE, W7 4 2 b UIC sound_1d, sound_2d AMERK I TV 5.

RITAE
K70 7T AREIIETUTOX D RIBATEITHRARETH 5.

$ ./[program file] < [program file].nml

FATOWAULR 4.28 (TR T LBV THD. AHILEAT 5 1134 T sound_conv % %
17U TRHiAAT T2 ORI ZUCZ M L7221 i 7e 57200,

$ make sound_conv —_— $ make sound_draw
DA77V DIERK (fname) output_name ICHAI N7
LB T—IDY RN TP IV
v WEL, BIE 2 IBIKEATS
$ ./sound_conv < sound_conv.nml |
s| output_name IZEH Nz y ‘ll
T7AIVICEBRBD
;_;g¥b§i§?§:§b\é $ ./sound_1d ¥ S ./sound_2d ¥
- ' < sound_T1d.nml < sound_2d.nml
EINTI7MIVE - BTEAE - BE—REER
CTERINGA=SD C SERANTA—SBERFIE
BERIT—% (sound_1d THAINK
BERIIT—IDSFAAD)

4.28: sound_analysis (2857 1 7T LDFETHIL.

2—L1) R+
FATICHE R R — LV AN T 7 A VORNFITILLTO LB THDH. ZHDR—L4
UAMIBT AN LRTE b BT 57 7 A VBIREPNTZT A N7 7
AIV] EWVNI DT, B LT\ T 7 A ADEEFET DHE, TD 77 A V2HD
i 14T 1 77 ANVTHRTE 1 DOV R RNT 7 A NVEERT D EN)EERTH
4. flE LT, 201103.dat 75 201203.dat LWV D 13 HDO 7 7 A L NEICZEH# L
7nWeET 5L, test.dat EWVVIHZET 7 A LIT
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a )
201103.dat
201104.dat
201202.dat
201203.dat
- %

EWVWIOIRNFEZETFIZERV. =2 VAT 7 AND [EHT D7 7 A4 NFIRENN
7ZUARARTZ 7 A0 IZ1F, test.dat 235%4 T 5.

S 512, sound_1d, sound_2d {Z2WTiE, [FAATe 7 7 A /LU A hOENNT
TrAN AL, 1R v A A ETR L, 2 FIHIZIE, 207 7 A kST D H
£ % yyyymmddhh &9 73—~ TS L. AIHBULLTZBERD X A FEZ o 2
SIHOSLFRRAESND. EOBIZHWD &

a I
201103.dat 2011030100
201104.dat 2011040100
201202.dat 2012020100
201203.dat 2012030100
\_ J

EVWIOIERTY A N7 7 A VEAERRTIUT LW, HERZ X, b7 a s J A
CHBER T 7 A VIIEBRICKRET — 2 DA THFRA NS LT —EBEZDT—
BEEVALTYTILE 1L DOUVRRIFZFALTHD, L) ZEThD.

LRI, AL T e 77 LD Y A N7 7 A )VIEEHRIAL T —Z 7 7 A VAT
"unknown” & \\9 HEELZFIR L, BAICHMNEZAND &, ZO HIZRBMFEHRNE L,
RERIMERL 7' 0 77 AN THKE R RIS, sound 2d ZFATTHEE, VA N7 7
ANDOHFFOFEINEL 00 B, &% H 00 FFCTH—T D2 L. 8T 57 —F BN
A3k @ "unknown” TIUHT B Z L.

sound_conv

&input

fname = ’list.dat’ ! BT D57 7 ANFIREPNTZI AT 7 A1
sign_flag = ’0a000000065100000000324000000000000000000° ! &4 T LDFKT
! 71’ = height

! ’2’ = temperature

! ’3’ = pressure

! 74’ = vapor

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

! 7’6’ = south wind ! positive value is from south to north

! 27’ = tmpl

! 8’ = tmp2

! 29’ = tmp3

! 7’0’ = no read

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

undef = ’--’ | KIEFEL L TERINTND LT

conv_undef = -999.0 ! BHBLOT — XK 5 KIBME
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skip_num = 8 | SEEHOFHEARIT LATE [~y ¥ —FLHARITT]

unity = ’m’, ’degC’, ’hPa’, ’Y%’, ’degree’, ’false’ ! Hifif

I unity(1:1) = ’m’ .or. ’km’ ! FEOHAL

I unity(2:2) = ’K’ .or. ’degC’ ! {EEEDHAL

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

! unity(4:4) = ’%’ .or. ’g/kg’ .or. ’kg/kg’ | KAEKEDHENL
! unity(5:5) = ’m/s’ .or. ’rad’ . or. ’degree’ ! JEGE®DHAL
! unity(6:6) = ’true’ or ’false’ ! J&lA

Mo, KEFEDVICIERMETD.
DX RENTEHHEINTWAIGEA, "west wind" (ZEE, "south wind" T
JRAIRFEAIAEINLD & 1T sign_flag ZRET D .
I unity(6:6) :
v EMNTRALD FEEIEE LT L TV D545 2true’
DRI T D HFAEIEE LTHEM L TV 5354 2false’
! [exam.] : dLEMNERS, *true’, LV DOENPIER S *false’.
limit_height = 500.0 ! reading start height [m]
snd_height = 100.0 ! BUALLOES [m]

1
1
1
|
1
!
Vb L, EDSEGE & JEE TR SN T WA AT rad BAAEEE L, BURFAIEL,
1
1
1
!
1
1
1

output_name = ’tested.dat’ ! BHLLT 7y A NFINEZIAENDIVARNT 7 A
yza
conv_inter = .true. ! EMT—ZEM5I<0E DN
dz_conv = 100.0 ! conv_inter = .true. ® & XDORIF| ZE [m]
/
sound_1d
&input
z_ref = 1500.0 Ui N T A —ZFHEOBROIEERE [n]
p_ref = -999.0 ! XHii/NT A —XEHBEOBEOELUERE [Pa]

' L, zref ZHHELT L7225, p_ref = -999.0,

! pref ZFHELT 50, z_ref=-999.0 352 L.
list_name = ’tested.dat’ ! sound_conv TEM LT —X U AT 7 AL
dmp_flag = .true. ! KE/XTA—HETXANT—HX L LTHRETD [truel.
draw_flag = ’oooo’ ! Hfilj|ZFATL 7T 7.

I 20’ = 774/ MXETHET 5. x> = fif L7y,
! ZOMOICFIZ L DBEITLL TR,
! draw_flag(1:1) = Az, FHSIRAL, SRAHSIRAZK 2 ERT 5 .
! draw_flag(2:2) = Skew-T {ERkT 5.
! draw_flag(3:3) = Skew-T (Z/KFEGED /34 ZBFET 5 .
! draw_flag(4:4) = Skew-T [ZF&XH/ YT A —Z OFMRFEREZF T
5.
draw_region_z = 100.0, 17000.0 ! i3 2 &EMERK [m]
draw_region_p = 10000.0, 100000.0 ! ¥ %/t fiElK [Pa]
! draw_region |ZEHLHHERL 2 O 1 KTEIITHY,
| draw_region(1) £ 7 7D T, draw_region(2) 1377 7® L
TEEC
IWs = 2
undef = -999.0 ! K{HAfE
/
sound_2d
&input
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flist = ’tested.dat’ ! fiHIHERSRYIT —HX 7 7 AV
| RS — 213 1 FBICT 7 A V4,
! 2 FHIZ yyyymmddhh B TEORZL A A D

conv_dat = *? I sound_1d THJSNDEXH/NT A — X B HiIHAI,
! FFRFIR AR T D .
conv_list = ’tzpxxoxx’ conv_dat DT —XDHH, i< TN A->TND

|

! BT LADNEFEIZ 20’ BOTDH. 'x? REENR.
Vooe EREZDME R S T B 4

VB V0’ DA TV AEGEAIE, BlxDRERFIN & LT
' TS,

Voozo ) p? [EIRIESNT A= R U SRR DV

I INTWARIERT.
| RERFID X A NXENEN, T—XITONIAE M.
conv_undef = -999.0 ! conv_dat DARTEFEE.
dz = 100.0 ! HiEI[HE [m]
z_bot = 500.0 ! #iE T¥E [m]
z_top = 17000.0 ! W B3 [m]
IWS = 2 ! DCL 7 /31 A
title_txt = ’equivalent PT’ | #-A kL
300.0 ! SHEHBROR/IME
400.0 ! FEERORAKNE
300.0 ! BT —DH/ME
smax = 400.0 ! 7T —DHKfE
cont_val = ’ept’ ! HffifiL L TRIRTDLELKL*
shade_val = ’ept’ ! W7 —& L TETTHEHL*
vec_val = .true. ! AEREBT bR D [true THEL ]
cnum = 10 ! ZE{EEROAE
snum = 10 ! HT7—0D¥
undef = -999.0 ! REFME

cmin
cmax
smin

/

Do REABOBEIIUA O LB
! “temp’ = ME

! ’rh = R

! opt? = JRAL

! vept’ = FHMIRANL

! ’sept’ = FAFOFHMIRAL

! Yeast’ = HVHJE

! north’ = FFdbJm

SRR

4.2.19 NMO1

AR BT 2 filiset FRIfE 72 ZEAG (CHE DA F U 72 FEdl e FRak 2y ORI JE R 2 3R 95
IR NA 7V RART MLET IV (ZOFBOKET D, HEBEET IV EAERE 136
£) . UUTIEETLVOFMTHD.

JEAE AN P R AR (1, 0) R DREATIE » JF1AZIE 2 YRS D 254y, 0 FTANicix
T =) A MEERER LTz, A7 MVIEICET B IEREIER R I ik & VT
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(x1000) 2011052317 2011052317
; — — / T Zer 1500.0
20 (5 7500.0m T T ] et i
] pref —999.0hPa
Prer —999.0hPa 1 CAPE —999.0J kg~'
18| cAPE —999.0J kg~ ] CIN —999.0J kg~!
CIN —999.0J kg™! ] PW  51.3mm
16 | PW  51.3mm Ve Y| 2o 1741.2m
Ziee 1741.2m E N zirc 15200.4m
15200.4 i zing 15704.3m
T4 | = m 7] b 821.7hPa
zing 15704.3m 1 pire 126.1hPa
12 | peL  821.7hPa - pwe  115.9hPa
il 4 [0} / 4 /
= pire 126.7hPa H‘ ] < /
115.9hPa J) ] 2
< L ( ] a y
8 - - y / y /]
L g / / / /
i ] / =3 o/
L d >/ [\
6L ] 500 / // : - S_ dg ;\/ 3
r 1 / / ANS ‘ﬁ/ D v )
L ] / / a2 y /
| i o / Q 7 /
4+ - / 0/
i ) /
, , / / L
L 4 / /
2r B / / < / /| S
,’/ // / / /
. ) ) ) 1000 i V v i :
0 240 250 260 270 280 290 300
280 300 320 340 360 380 T
. emperature
Kelvin

4.29: sound_1d THHMLEN L ¥ 7 5 ¢ [ 4.30: sound_1d TrRIMbI N DT T ¢
77w 7 7 AV (Skew-T hR). yrFuT AN (27T LIR).

(x1000) equivalent PT
16 400.0
14
F S 380.0
[ A
12 !
—~ H 360.0
\E, 10
|
el L
28 340.0
= 87
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
MAY JUNE

2011

4.31: sound_2d T AL X415 i fE — e[ Wi (X .

WD, EHIREIRIR 2 A & L AN DT EEOIA i 7o AT IRIRIE DO BEEL OBy
MR LIRS D, ST MOEMIRROBESI M2 525 LEERAT 25551
BEAGZOWRSHEBNICEZ 5N D, £z, BEI R OEAGIZ OV TG I8 Ol
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PRI & [RIERICBVER T 181 D43 A & 5 A AVE SRR TEIET 5 2 &N TE 5™,

ARETFNWVEH T ot vy FOLTHESEL 7R (WMo1s) LT nt v ¥ T
SRS VTR (NMO1m) BFEET D, & ZVIRIE OpenMP 751D 47> T2
P, =V FhRIE OpenMP AN A, / — FREIZSWTIE MPL 51 617> T 5.

U ILER

a1 )L
K7 7T WL 250707 KAENAZEITT D 2 & TIHEIFREL 7y O REREFE 4
HETS.

1. U Foa~<r RIZLy, E77 74/ (make_init, VRWS) Z#AEKT 5.

(¢ )

2. make_init IXEVER T M OISO T 7 A WV E BT 5. BEICHOAR T 7 A
B DA, ;@7mt2ié%?é EMTED.

3. VRWS (Dl FRE D0z S &1, 1—L U A b (#1R) TRIE I
D B8 317 2 W1 HEAE & Lf%@#iﬂaxﬁ’rﬁ}z TORFMRELAZHETD.

EXBWaP: S
UTDa~y REERFEITT 5.
~

$ ./make_init
input the initial file name. ({ERT 2HIMIT —% 7 7 1 L 4)
You have velocity data [y/n]. (XIFRDT —% 038 %70 #iR)
$ export OMP_NUM_THREADS=[number] (CPU WFI%%; {15E)
$ ./VRWS < namelist.nml

\_ J

e make_ init TI¥, 2 DHICHNIL S EM T, fildtFRE DT — & bR R0 E &
"y EEEIRT A, 5 &, make init IZEEE S AL TV A EARRY AR EhAR T 1A D
f“ﬁ#ﬁz%ﬂé BEEXEE LB B T e 7 7 A VD N T
VAT DH LD RN EEICEE S NS,

o 'n” HESL EITEVPHELIEROME T e 7 7 A NDOT — X &ffio TiHA
SHLZENTED. ZD& X, HHMATLIERIL NetCDF JEXO Xt LT
5.0 LEIRT D &

input file name and radial grid number.

radial flow is forced to zero 7 [y/mn].

TERARE EOETFTAOFMIAE 5.4.2 2R,
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LWV 2 ODEMEZMNDS DT, 1 DHIFHE L7z NetCDF 7 7 A /L D4 |
ERET SR, 2 DBITEMRAMN T — X £ LT A TWDHEGE, T adtRE off
HT 20, e bEBr b LTRHELROVOEATTS. 7Y 251X, BiRE G
FHREICH A AT,

OMP_NUM_THREADS (% OpenMP W8T % CPU OWFNEIZ %3 % BRiE s
BcThv, b L, 2/ A LEEHT OpenMP OSTNARE/e A7 > a & D T
BIFIE, ZOBRBEAEROFREIZ L > CTHSFENARETH 5. [number] (ZIXf
5 E AN 5.

VRWS % E1T3 5 &, SHEAHET 5. ORI namelist.nml @ foname T
RELTWDL 77 AN ans,

F—LYYR b

FEATICHM R R — L) A R T 7 A VORRIZLLTDOLEEBY 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 :
1M1l
! [2] = Leap Frog
! [3] = 1th Explicit Euler

force_flag = ’ooooooooxx’ ! forcing flag

4th order’s Runge-Kutta

! 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
! force_flag(6:6) = centifugal force term

! force_flag(7:7) = divergence term [only "depth"]

main.tex
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! force_flag(8:8) = gravity wave term

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

I 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
/

HEHR
KT 7T LOFER 156N FEdh I R oy D A 1E X 4.32 127

HE
M7 4 V7 VIS T DB 7 1 77 L draw_polar & %479 % Z & THi
EAFRETHD. 0717 T Aok 77 2.

< ILFhR

[EE] A7 w7 T L% make =~ RiZk->T= ‘//\‘)4' /bfé%é\, Makefile DO W%
ENX ../../Mkinclude MPI |[ZREiRENTWAHDT, Z 22 HHOBREICAE > =& EICT
5z <E

a1 )L
AK7v 7Z A% STPK % =22 /34 L L7 Fortran 22 /3 7 L[Rl—Da LR (
TENL RSN MPL 74 77 UNKETH D, BIFE, OpenMPI 12 X A WFI{LITIE
HICHEREL TV 5.
KT T T RE 45070l T NENAIZFATT 5 2 LTIl PRk 5 o REfk] 78 R
ZETET D,

1. BT a~<wr RIZEY, EIT7 74 /L (nake_init, splitter, cpmbinator,
VRWS) ZAERKT 5.

T )

2. make_init IZENVR G M DOEIFRIE D54 7 7 A )V EAERT 5. BRSO 7 7 A4
ANBDHERL, ZO7 v AIEKRTHZ LN TE S,

3. splitter (¥ make init I &Ko THERL, H2WIET TICHESNTWDL M7 7
A /L% namelist 774’/1/@‘%#*5&72% ST LT 22 MIE T — #1289 %
(B 7ty P34 A A @774w_“ﬁﬁéy

4. VRWS [ZJeDHhRI TR D04 b &12, 21— U A b (fRil) TRRIE S 72l
O HL 87 2 R & L“C%@}F%XT?TE}Z ORI AR 2.
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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)

4.32: FHAAERD OFF DI PRS0 5 B, FEf CEE S MOEE, T —T
ARG W O 2 ~d™. LITAVEME, T3 D & 2 R RERF R 23R U 72 e 4l 00 FEahof

FRA Sy D53 AR.
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5. combinator |& VRWS DFFHHEFER (/%7 — %) % namelist 7 7 A VDR E L
H L2 1 DIchEbES.

RTAE

-

UTDa<y REIERETT .

~
$ ./make_init
input the initial file name. ({ERT M7 —% 7 7 1 /L 4)
You have velocity data [y/nl. (BhkIFrDT —%03H 50 %iR)
./splitter < namelist.nml
$ export OMP_NUM_THREADS=[number] (CPU W 3¥; £ 5)
$ mpirun -np [IF%1/ — R%k (proc)] ./VRWS < namelist.nml (f%if)
./combinator < namelist.nml

/

e make init TI&, 2 DHICHNLSEM T, fildtFRE DT — & bR R0 E &
Py BBRIRT 5. 5 L, make_init (CRRE S ATV B EABRRY AR B 7 1] 0Dk
NN Z 55, WESIIHE LZHEEN 7 0 7 7 A )b i 7
VAT HE D BB BECEREIND.

o ' AEEL, FTENABLIEROBMER T 0T 7 A NDT —F Effio CTFHEA
SHHZENTED., 20 & X, GAATIERIT NetCDF JEROAHxHS LT
5.7'n" L®IRT D L&,

input file name and radial grid number.

radial flow is forced to zero ? [y/n].

EWVW D 2 OOERZE/BINLD DT, 1 DHIZHE L7z NetCDF 7 7 A /L D4 i
& REE ) 2 DHIFEMERNT —F & L TAS TWAHIGA, TR asE Cff
T 560, TinebEr b LTHELRWOEZ AT S, "Y” 22613, 8iEA S
FHREICH A AT,

e splitter /T namelist 7 7 A4 /L@ finame CTHEINTZT 7 A NALDT 74 IV
Tt AaASr, KT v IR AAT T2 O O Fcil e HIE T — Z A EKT 5.

e OMP_NUM_THREADS |% OpenMP WHIIZ31F % CPU OMFEIZ 3R T % BRFE AL
BcThv, L, 3L /ALEEHT OpenMP O TN ARE/R A7 > a & D T
BIFIE, ZOBRBEAEROREIZ L > THSFENARETH S, [number] (ZIXF
T AEANT 5.

e = ZTIi¥, OpenMPI D454 T 2~ K mpirun ZH\W\ 5. WH]/ — R
namelist 7 7 A VIR E S5 proc TIHEL TWAEELEFLEDOEHND Z
L. VRWS 23479 5 &, iHEMBMET 5. ZDOFERIL namelist . nm1 @ foname
TRELTWD 7 7 A LWCHI SN %,

e combinator (X VRWS THI/ISN/=nEI 7 7 A V& 1 DIHET H. 2D & X,
FEA SN 7 7 A V41 namelist 7 7 A /LD foname CTHEINTZHD L7725,

main.tex
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R—L1J R b

EFMERF =LY AR T 7 A LONFIFLUFOLE) Tho.

&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 [default]
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(l:1) = linear advection term
! force_flag(2:2) = corioli term
| 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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TEER
FERIT 7 RERT (X 4.32 Z/]).

EE
7 4 L7 VIS T AHiE 7' 1 77 A draw polar #3795 Z & THY
AR THDH. 2D 7w r T LAOMRAGIEIIf M 77 2.

4.2.20 Karman

2RI BIT DI N~ iy I ab—a VT BARENTET LV THD (BECHk
HiiE, 2006).

JERERIET T v NERER (z,y). P OFHNIL 2 BRSO F.LES Z8H Uiz, FERIE
BifiE & LT, Arakawa Jacobian (Arakawa, 1966) 22/ L T\ 5%™2,

avsM )L

1. M Foa<wr Ricky, {77 74 /v (Karman) Z4ERKT 5.

(8 nake )

2. Karman I —2A U A b (%) CTHREINT-WT —4 7 74 /L finame D
T — & Zoell U OB — iR A W TR E ORI E A FHE T 5.

RITAE
UFTDa<wy ReETT5.

$ export OMP_NUM_THREADS=number

$ ./Karman < namelist.nml

e OMP_NUM_THREADS /% OpenMP 523517 5 CPU OIS xHE T DB AL
BThH, L, 23 EEHZ OpenMP OZEITRA[EE/R A7 a &2 DIF T
BIFIE, ZOBRBEAEROREIZ L > THIFHENFAHETH 5. [number] (ZIXF
W E AN 5.

e Karman # #1775 &, sHEADHIMET 5. £ DOFfERIL namelist.nml @ foname
THRELTWDL 7 7 A Eans,

+r—LR b+
FATITM R X =L AN T 7 A IVONFIFLLTOERBY THS.

&input

PHERRR L OET ORI TSI
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nx = 400 ! X-coordinate grid number
ny = 100 ! Y-coordinate grid number
nt = 100000 ! calculating time step
xmin = 0.0 ! X-coordinate original point
ymin = 0.0 ! Y-coordinate original point
dx = 0.1 ! X-coordinate grid interval [m]
dy = 0.1 ! Y-coordinate grid interval [m]
dt = 0.001 ! time interval [s]
dmpstp = 1000 ! dumping time step
! dumping time interval is equal to "dmpstp * dt"
finame = "" ! initial data file name.
! if there is no, automatically,
! being made by the program.
foname = "result.nc" ! result data
inner_file = ’colum.txt’ ! inner boundary file
time_flag = ’1’ ! time scheme :
! [1] = 4th order’s Runge-Kutta
! [2] = Leap Frog
! [3] = 1th Explicit Euler

undef = -999.0 ! undefined value
init_type = ’psi’ ! the tpe of initial value.
! ’psi’ = strem line, ’omg’ = vorticity.
ubar = 1.0 ! mean flow [m/s]
eps = 1.0e-4 ! convergent condition for poisson solver
nu = 0.01 ! diffusion coefficient
/
REZRBEDIEE
BbHEEARFREIL colun.txt 77 A LVDORETHD. D77 AT~

MEFETOIBRICRE SN DO HFEEKERETHTFA N7 7 ALV THD.
T UTORBZIRE LT E D colum.txt DFREHIEEFLIRT D.

o x,y FIMDOKTHIT 20 x 10 K.

o HIFEHE (ZORITRERE THEEDHZIHFETE 2) TRIIFIHK RIS
NWT2x2DREXET D (FEOEBEORE S "85 < #1 A HE").

o DN BITM TR THATENDS 4 88, T 4 SBETS.

o HEDOBEREMITT 4V 7 VAL (KT V2 I N ASHL—F L OBEREIHEET 1
BEVHESND)

ZDOL X, colum.txt DIFESFIEE L TLULTFOWRE D BFET S.

o TXARNT 7y AND 2ITANDLEZIEDS. 1ATHILY I —HROTH LD
EEOLFINEHRE L THL T & SCFEMTH L),

o 1ITOITHIL x HMOK Rt F L. 1 FIOLTEIL y HROFmitke
FROFI-H 1 1T0ERLELEFICFE T TH S (EOBIORE, 1 170
SCFHUE 20, 1 FIOSCFEIT 11).
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o FFREAATHMEMIL 707, FHE ZITORWVEEIL 7" THRETSH. 20 7" O
FRPEDOHFET DHERE 2D,

o FEDHERIL 70" TIERWERSFMHOREBEZIEET 2BIENAD. FEREHD
R & IR ET RN EMEIT Poisson Y W ) L—F U ONEBERLEHEZRELF CIZ
LTHD).

o V. L O HEEREL TIE B2, T, SRR EOEIES A S 22T uE
ASYASAN

o FETARXL, THFRITEABEIND vy ARDEFIEILEMNSIEICHEAHRAEND
DT, y FEEDOTIHEITFRAITWLS & 2 7RSI S.

INGDOWRE ZF 72030, EOREIZIHESWTHE L2 colum. txt OFIIZLLT
Thb.

- colum.txt D EH ™

|--- 10 ---[|--- 20 —--|
000000000000000000000000
000000000000000000000000
001111000000000000000000
001--1000000000000000000
001--1000000000000000000
001111000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000

000000000000000000000000
N J

HEER
K70 7T LOFER S5O AXHRE & EARBIE D 3R 1K 4.33 12/~

HE
FT 4 L7 BRI TWAH R ' v 7T A drav_anim % FE{79 5 Z & CHiE
NAGETH D, Z07a T LAOFERITIEIT N 77 K.
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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
**************** —RB0-----m e - ~0.6
oL __________ |
,,,,,,,,,,,,,,,, 40— mmmmmmm e -1.0
0wwwwlwwwwlwwwwlwwwwlwwwwlwwwwlwwwwlwwww
0 5 10 15 20 25 30 35
X
CONTOUR INTERVAL = 1.000E+00
(a)
psi and omega(t=1.00000E+02)
e T e L T T A A S F T o aF AT F BT =
4.0 10
8
2.0 0.6
0.2
-0.2
-0.6
-1.0

CONTOUR INTERVAL = 1.000E+00

(b)

4.33: OIREAD (1) &b 2RI RGE L= & % (T) QMBI (45 —) & Fif
B (SEMEAR).
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ES5FE fFEx

Ver.1.0.0.0 TR TE. BELERA KR OO I,

5.1 alge_solv MDffEk

ZIZTE 2T AV MEERIZBT 2R T Y Aok 2 X b T 5, B
LR HRATIUTTH D,
0% 0%y

0? 0 0
+ c(x,y)ayqé} + d(x,y)a—qi + e(a:,y)a;f =p(z,y). (5.1.1)

T T, myy [ TEEE. = Y(x,y) 1 TRD D, pla,y) 1ZRT Y o HRRX O,
a,b,c,d, e 1 IHFBRETHD, V—F 2 TlE, ThbOFREEHELTHEALHZ LT, Gt
BLIEWHBRAREZBICIEET 2 ENTELLIICLTHD, LFOBERILIZEWN T,
x,y FIAOBERER =N, ) 55, £, BMOIE 2 WKEE DA A% — A
EHWVCIHMET 5 Z L2955, 2oLk, KELBEILT S L.

f(xvy) = fl,j

%Y i1y + o1y — 20y

Jz? Az2 ;

0% 1

dxdy  4ArAy {Wiv1j01 +vic11 — (ic1j41 +Yiv15-1)}
0% it + Yigo1 — 20 (5.1.2)
8@/2 AyQ )

Op _ dir1g — Yi-ry

Oz 2Ax

O _ bign =i

oy 2Ay

main.tex 2013 45 A 12 A (iEBER)
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b, ZIZT, fFIMEBEDAL T —EETHY ., IR 5%5, MmEET+TTZh
T L7, F£7-. b DHEIZHOWTDEEIT

9% o
8:E8y Oz (3y>
. 0 7pz,]+1 - wwi,j,1
_3x< 2Ay )
e (2) e (55
" or 2Ay 0z \ 2Ay

_ b (i =i 1 (i1 — i
2Ax 2Ay 2Ax 2Ay

kwﬁL%%Wfﬂﬁbt%®?%50ﬁﬁ\ﬁww?yﬂﬁ%%@ﬁﬁm%ﬂmbfh
D, FEEEOFHETIX

Ar=Az; =05 x (z(i+1)—2z(i —1)), Ay=Ay;=05x(y(i+1)—y(y—1))
EWVIREEITo TS, (5.1.2) REAWD L. (5.1.1) i

Vit T Yic1 — 24
s Ax?

+ bi,jm {Wit1j41 + Vi1 j—1 — (Vic1j41 + Vig1,5-1)}

Vi1 + Vi1 — 25
Ay? (5.1.3)
wz—i-l,] ¢z‘—1,j
2Ax
¢z,]+1 ¢i7j—1
2Ay

+ Cij
+ dij
+ l7j

= Pij-
Ll n, Tk, RABEMEZ HTIZET &
1

o aij , Cij V|
v {25 5p)) -

' ) am' d i ei,j
[wHLJ<Ax2 2Am>_%w”+l<A 2Ay)

aiyj CZJ 6’1"3' (5.1.4)
T Vic1g <A:1:2 2Ax> +dig-1 < a 2Ay>
b; j
+ 4Aa;A {it1 41+ Vic1j—1 — (Wim1j+1 + Yig1,5-1)}
_pi,j]

LA EBROHE T, EENEIZ OV T,

Vij = ADP, jtiv1; + Yiji1 + ADM,; jbi j + CEM; i
+ BT j {tit1,j41 + Yi—1,j-1 — (Yim1j41 + Yiv1-1)} (5.1.5)
—ACijpi,j]
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EWVIHIRXEHWTEHEEI T TS, I T,

-1
;= Ci s Qi = d; :
ADPZ .= 2 1, 1] 2] 1,J
7 { (AQS'Q + Ay2>} (AazQ + 2Aaz) ’

-1
o Qij  Cij aij  dij
ADMij = {2 <A$2 + Ay2>} (AmQ 2A:v> ’
—1
e o e
ER, = 2 1,) 1,) 1,) 1,]
CER { (Aw2+ZMP>} <Ay2+2Ay>’

"G‘&)éo

WIZ, BRSO WTIRR S, A—F o TIEERELMEIILL T O 3 fEAE 3R —

TWno,

o T L7 LA (BEmSEM)
o JA=URM (A HuRAIT)

o JAMIBL IR

ML

ZDH L, FAMBERSMIEE R OIMIUT LR E TE 20, il 2 SOBEREHIZON
Tix, WERARMFIZBWTERET L2 &N TE 5, A7 VYV HRAGHEHLV—F > OA
7Y a UHI# inner bound [FNENCEERDF(ET 256, £ OB L BEIC L - T
ETDI2ODBHTH D, X5.1121%, NETEKIF/ET 5 & Z 12 inner bound Z % iEd
REEFROPIPRINTND, MDHH, BENEHEFRTHD, Z0LE, Mo
X O RIBEONEIERDPFET H & &, MV IL TR EN A& 57 inner bound (ZHESR S
haBRELRTNERSRVETH L, £, KO THENIAF ALK EEE 21T
bWz EaRTE (10) BRAIHRTIUZZR B, 2 OBIHIIERE rIRE BT R 4

ETHUSHIS T DIEIFLLFICIRB N D,

UL BRSO MR EE FUTH O 515 bound TERE SH TV B IEE HEIMICRALIRT 50T, =—

PRGIIRET DL BEIT0,
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5 8%
T

1X

BE S D FE R

AN A\ A WA A\ A W AN A\ A\ AN A\ A\ A AN\ A\ A\
X 5.1: inner_bound T

C\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f)
ZEAN ANV EANE R A A\ A A A A\ A A A A VA

Of‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f\

arI
Yy

A

STPK ~

2

H

2013 455 A 12 A (
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-~ WNERES & L TRRIETE 518 ~N
REE 0 FHEENE,
BEE 1 FEEmRM,
BREME 2,-2 z HIAN H HEIE,
o FMEIIBMANENRIVA (K5.25H),
o AMHIIZMANER R LV E (M525H),
BREME 4,-4 y HIAIC B B,
o IEHIIZMANENALY E (M5.253H),
o AfHIIZIADERALY T (M5.23H),
BREME 3,-3 ARG
o IEMEIXFHRBE OIS TIRIIBL AR,
o AEITEE SN FHER AE I D T RE AR,
BREME 8,-8 FAGHIKH HIbHSR M
o IEfEIXHSENE Fovk | (K 5.2 28),
o AEITBER S E EAT (K52 8MH),
kaﬁ?ﬂrﬂ 10 WHESESREIRN, Z O R CIERIEFE 21T 720, )
TOEE BDHEERE (i,§) OREDE ¢ RO DRITENEN, UTFOLH12R25
BREE 1

Yij = fij
BREE 2(H5.2 D 1)
Vi = Yig1; — fij X Az

BEE -2(R5.2 O 2)

Vi =Yic1j+ fij X Az
BEE 4(H5.2 @ 3)

Vij = Yij+1 — fij X Ay
BHEE -4(”5.2 D 4)

Yijg =g+ fij x Ay
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®EE 8(H 5.2 M 5, 8)

o 5 DA -
Yij = % {iv1,j41 — firry X Ay} +{iy1541 — fijr1 X Az}
= Yit1,+1 — % [fit15 X Ay + fij+1 x Az]
o 8 DA :
Yij = % [{¢i—1,j—1 + fic15 X Ay} 4+ {i—1j—1 + fij—1 X Ax}]

=vYi1j-1+ 3 [fz 15 X Ay + fij—1 x Ax]

REME -8(K 5.2 D 6, 7)

e 6 DA :
Vi = % Hic1j41 — ficrg X Ay} +{ic1 41 + fijr1 x Ax}]
=i_1,j+1 + % [—fic1j X Ay + fij+1 x Ax]
o 7 DA
i = % [{¢z‘+1,j—1 + firrj X Ay} +{vit1-1 — fij—1 x Az}]

=Yit1,5-1+ 5 [fz-i-l,J X Ay — fij-1 X Azx]

REE 3
wnx—l,j7 (1 = 1)
) ey, (i=na)
1/}17] ¢i,ny—17 ( - 1)
Yio, (j=ny)
REE -3
¢nx—1,ny—1 (Z =1,57= 1)
i = Yony—1  (i=nz,j=1)
" wnx—1,2 (Z =1 j = y)
22 (i =nx,j =ny)

ZZ T, fijlEbound opt THEINDETH D, ZDOEFMEITHRE S NLDERFMHFIZE-
TRETEEDN R D, EEWRRENDO L ZITTOEFHEMEELE L, BlmERD L ZT

BERTCORERZRT, 2oL X, ARILTEOHFMICEEINS Z L ICEE, Fi

MIEFEFUIEMETH 50T, K 5.2 ITHE&K 2R~ T

ZH
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¥, FHARMEEOMI LU, WESEBOMIZ ES LUIT, BLXOELLUIAT2 8
D OBERFJMEPRE SN TN D, TOHE, WH SN HEERKMEOEILEIT

1>3>42, 44, 48

THDH, 2FV, BERERN Lo & HERENEN

1 2 3 4
i i1 A i
fig  Yiv1 Yi1,| fij * * |
-1 I Vi Pij—1
. . | o

5 6 7 fivig 8 fio1,
fz j+1 ¢z+1 J+1 ¢z 1 j+1 fi,j+1
f2+1_] fZ 1,4 1

B 5.2: KV—F L THR—FENTWD BHIERENSRM TR (4,)) BT 2EEZD
JUCERE ST BEUE bound opt & BEFE A o 22 B3R HFEF, KRENIEE S5 AELD
.

5.2 Statistics D {TEx

5.2.1 ®m/NMNBEE

HDHT—X DM, x,y BEET D, ZOT—XDhkik v aBHETDHE,

y =y(x)

LWORRE LD, ZDOXIRT—HOME 2 ITOWVWTORBROZIERIC L S T
%T*k%%ié 7L, 20X TOy DEEZD & ZDOBEBOMED 2 TN K
INETR B X HITERIEND LT B,

I, HHEOZOIC2ICONWT I R TR T A 2EX D, 20 x0BMH%

F(z) =ap+ a1z (5.2.6)

T2 24T, BRI RO A B S OB RS Lo TEILT 5, b LA EERM T LA E
MU CH DR 5, £ FAITEERELEE LCiHESRS,
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ETH, TIT, ap,a o,y \EGFELRWERTH D, FEEOT— X218 T —% Th
DDOT, x,y; EVIT—HOMBEDE LD, T7hbbL, i HBOT — & xHE

yi = y(z4)

Thb. AR 1 KB

LD, TOEMF () &y D2 FEERNETDHEIICEDIEEEZEZXD, DFED, Z
NHOEKAEY RETDH L,

N
R= Z {y(z:) z)F =) A{y(wi) — a0 — a1z} (5.2.7)
=1
WENETRD X DI E DRARTITRBAR, ZOF&MZi- 7B F 25K 51203
DOFIRZRD B 2,y (TN 2 B ag,a1 & (5.2.7) Bi/h b Xl ve
WO Z LI D, DX B A R/ B RIERBE L VDUV, RO KD RFINEZ VT
nos,

1. 3875 R % ap, a1 \IZ DWW T T %,
2. TNHENEBIZB R L7225 KD 7 ap, a1 DIEA R DIETH 5,

3. RIIZDEFRND., ag,a1 D/XT A—HZERUNIEBWT, EEE & 5 Tl T
HHTO, MENFEETIIE, ZIRR/METHD EWVWH Z LI 5,

DOFNEIZ LTZA, oR oR
aiao = 07 a.nd, Tal =0 (528)
Y ag, a1 ZRD D, (5.2.7) A,
OR &
8—% = z; {y(z;) —ap —arz;} =0
! (5.2.9)
8R Z:El{y x;) —ag —arx;} =0
Thbd, TNEEHETH L,
N N
aoN + a1 sz = Zy(a:z)
=1 ‘ (5.2.10)

N
%§:$th§:$ > way()
=1
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LD ag, a1 IZOWTO 1 ENLFREADNG LN D DT, ZNEMRITIEL, ag, a1 BHE LI,
B/ANBREBRPIEOND, (5.2.10) REML &
Zi\il %2 5\21 y(xi) — Zz]il T Zi\il ziy(z;)
2

NZzJ\Ll %2 - (Zi\;l xz)
NN wy(e) = SN i Y y()
- 2

NZf\il %2 - (Zi\il 331)

PEOND, RROBEZ ZRESED L, EEOARRKOZEAMBIC LD 7 10T 1
YURHEETH D Z LR DND,

apg =

(5.2.11)

ai

FIT, T Flo) =Y japat 0O ZERTT 4T 4 ST H LB ER

%, THRNAFRETHWN-FENENTE L™, ®BERIT
N N M 2
R=> {yi— Flz)}?=>_ {yi - Zakxf} (5.2.12)
i=1 i=1 k=0

LR ZOEER/NIT DI, ag, (k=0,1,-- | M) OFLREIZDOWT, ZHUT LD
BRAEDOMSNEa &I lvy, 2F 0,

OR

Z2 =0, (j=0,1,2,---M 5.2.13
da; (J ) ( )

EWVNO) M+ 1D 1 SRR ASTTHIENTES, RABRE M + 1 HI2o0WT,
P72 M+ 1 HOES. FRBRADLTONLDT, ZRCHUERZTHLZ I LNT

b, ZHUFIFFIZRILESNTNDLIDOT, FEEDO M +1RZHEATELL TS, FERD
RTI4TN TELZ LR LTS, (5.2.13) K& BAMICEHET S &

N ) M
> ad {yi —Zak:cf} =0, (j=0,1,2,--- M)
k=0

=1

LRy, ThaHT 5L,

N N M '
inyi—ZZakx?"‘] :0, (] :0’1’27...M) (5'2'14)
i=1 i=1 k=0

LD, FEINE 2 BHIZOWTIX, RAEEDIAF [ #iTh 5729,
N M N '
ngyi—Zakafﬂ =0, (j=0,1,2,---M) (5.2.15)
i=1 k=0  i=1

BURETIE, BROBES NS, y(o) =y EERILT D,
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L h, TNEERICERTSE, LT X > B35 ons,

N N N
ij:agN—i-alei—i-”-—i-aMfoV[:Zyi
=1 =1

i=1

N N N N
7=1 :aOin+alzx?+'--+aszlM+l:Z%‘%
i=1 i=1

i=1 i=1 (5.2.16)

N N N N
. M M+1 2M M
]:MZCL(]E T; +CL1§ xi+—i—~~+aME x; :E ;" Yi
=1 =1 =1 =1

INERDE k=M+117j =M+ 1 FIOEFTHE M+ LEORE a; 12O TOF
X7 MOIEET D L EFTHIOHATHZRD D Z LT, BRI a; BROBND Z &
W25, ZOLE EFITINIRBTEIIE 7o TV D Z LR,

5.2.2 #RWANE

I TR AN—=F T2 TW D NFRFIEICOWTRER L. FRREAT E DN
[ZOWTHIEHZAT 9,

FT. AL—F T, TRTONFNL—F BT, BIBENFEEZIT> TS, 20D
W GIEIR, 2 2 BbZ ORI OEZ 2 SOEMR TR, £ OEM HITESFET
D LARGE LIZWIFIETH D, 1 IRTEDFABNIH IR SN T WD, H DM yip1, ys DE
BSNTCERRD 2 Ko, x &b &I, TOMIFET 2N 2, TORIERIEOME y,
ISR T 5 2 A bR I EE f?@fﬁ%% de &35 &,

Yp = Yi +dx * (zp — ;)

CEHETA-LRTEL, T0Ex, deF LTV g

Ti4+1 — T4
ZDEZE 2 WITZERNTHEIE L= D73, ﬁﬁﬁﬁﬁkﬁihéﬁ&f%@ Z DA
!i??ﬂlﬂ?éﬂfb\éo 2 Ykﬁggﬁfﬁ xl,y] T éhﬁ_'fﬁ ZZ] 0) })5 F”i lJ_:" xp,yq T@
WHRME 2,0 13, AT O XS ICEHHEIND,

Zpj+1 — ij(

Yg — Yj)
Yirr—y;

Zpg = Zpj T

ZHIEL Y,y D 2 BITOWT, EREN 2 ICHBT DN 2p 41, 2p ZEE L. £
WO DD y FIEITHIENFR L T, 2p ZRDD E WD T &R0, EXEEAT S
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ELUTD LI %,

it
. pj+1 PJ .
Zpg = Zpj (Yg — ¥;)
Yj+1 — Yj
Zi+1j — Zij
= zij + ————=(2p — xi)
Tit+l — Ti
Zi4+154+1 — Rij+1
+ | zijp1 + ——————————(xp — 2
1)+ Tit1 — T ( D Z)
Ziili — % o
i — H(% — ) M
i+1 — Ti i+1 — Y5
Zi+1j — Zij Zij+1 — Zij
= zij + (Tp —23) + ———(yqg — ¥j)

Tiy1 — T Yir1 — Yj
(wp - xi)(?Jq - ?Jj)
Titv1 — i) (Yj+1 — Yj)

[Zig1j41 — Zij41 — Zit1j + Zij] ( (5.2.17)
LD BEENTEIL, F(r,y) = a+ bz + cy + dry &\ 9 Fh EICNIFEDSFET 5
EWVWS ZEERELIENFTHL LWV ZENRIND,

FIRE DR T 3 WL OMIENIFZ G515 L™ 3 RoT%EM x;, v, 2 TERSNIME
uz]kj @\ 59)5532%‘1‘15\\ l‘p,yq,zr T@WTﬁfﬁ upqr &j:\ JJ\‘FODJ: 5 L:§+%énéo

Upgk+1 — Upgk (

Zr — Zk)
Fk+1 T %)

Upgr = Upgk +

R ICR STV S,
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ZOFETFHREIT 2 WLOWFE S HIT 3 RTICHMILIR L7272 THh D, L-T, Lk
ANa S OIS D &

Upgk+1 — Upgk
Upgr = Upgk + - - (zr — 21)
Rk+1 — %5
Ui 11— U
_ pj+1k pjk
= Upjk + . ' (Yq _yj)
Yj+1 — Yj
Ups — Upi Upit1k — Upi 2Zp — 2
pi+1h+1 — Upjkt1 pi+1k — Upjk (zr — 21)
+ | upjri1 + : W~ Y) ik — W~ Y |
Yj+1 — Yj Yj+1 — Y5 Zk+1 — Zj

(Yg — ¥5) (zr — 21)
) (i — )
Yji+1 — Y5 P P Rk+1 — Zj

) (yg — ;) (2r — 21)
Yi+1 — Yj 2k+1 — %

= Upjk + (Upj+1k — Upjk

+ (upj+1k+1 — Upjk+1 — Upj+1k T Upjk

Ty — Ty
= ik + (Uit1jk — Uijk) (& ~ 1)

[ (xp — i) (zp — xl)] (Y — ¥;)
+ w1k + (Wip1j41k — Uija1k) —————— — Uik — (Wit1ik — Wijk

I 1j+1 ( i+15+1 1j+1 )$i+1 s 1j ( i+1j ij )$i+1 — x| Y1 —y;

L o wp—xi) oo (@) | (=)
+ -uz]k+1 + (uz+ljk+1 uzk+1) Tir1 — @5 Uijk (ul+1_]k uz]k) Ti1 — | Zh1 — 25

Tp — Ty Tp — T
) M — Ujjk+1 — (Ui+1jk+1 - Uijk+1) M

+ | g + (Uit1 — ujj
J+1k+1 i+15+1k+1 ij4+1k+1
Tit+1l — T4 Tit+1 — X5

Tp — T Tp — T Yq — Yj) (zr — 2k

—Ugjy1k — (Uig1j4+1k — Uij11k) ;:1 — ;)Z + wijk + (Wir1ik — Uijk) 3(3:1 — ;,)j ;jil — in ik; — zi
(zp — ) (Yq — Y;)
:u"k+ Us; e — Uiik ~— 4 (s E— Ujik) ———
) ( 1+1y ) )$i+1 — ( tj+1 ) )yj+1 —y;

+ (Uijkt1 — Wijk) ::1—22

) (zp — 73) (yg — Yy5)
Ti+l — Ti Yj+1 — Yj

) (xp - xz) (Zr - Zk)
Tit1l — T4 241 — 25

) (Yg — ;) (2r — 21)
Yj+1 = Yj Zk+1 — %

+ (Wi 1j41k — Wij+1k — Uit 1jk + Uijk

+ (Wit 1jk+1 — UYikt1 — Uit 1jk + Uijk

+ (Uijp1k+1 — Uijks1 — Uijr1k + Uijk

F (Ui 1 1h1 — Wi 1hA1 — Wik k41 + Uikl — Uit 1j+1k T Uij+1k + Uit 1jk — Wijk)
o (2p = i) (g — ;) (5 — =)
Li+l = LTi Yj+1 — Yj Zk4+1 — Zj

(5.2.18)

L%,
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5.3 Braun (2002) [C&5BFEIEDOR O IEHEE

Z 2T, Braun (2002) THWHITW S, BUEE 7 /WIS I 1T 2 BVHHARSUE O HL7 E
EHEE T 5 TIEIC OV TR S,

ZbHZh, KA OBERGEITSE Il e LTHAEART AL TNDH DT, BEHEA
JED LN, Y B ERE ORI Z & 2R RTESMRESND. KREREEN 10
km LA EOFFEHAET 7 0 Tl 2 O 5 1F 5 O Fe AR A B SUE O il el B 7 ol
ERL T LU, iETIIBIEE T AV OIEF 1AL - g LI, BV AT
OWF a7 (F0h 5 £ 100 km FRIE) O )% - BUEREE 2 FEIC KRBT 2 Z 30
REL Znotz. T2 &, RAMEIE R BEE T VIS X DBV IRKIEORE Tl R b Lo
7=, PO TOJRFT 2 KA B A BEE IC R 5N 5 X 91272 57275 (Braun, 2002). =0
JRPTR 72 REEENZ L0, BLRTO X 95 e KL DO FIK R CTHLE ERT 2 FELZHWD
& LR 7 L RIS L CE DO Z RS 5 & WO IRBIBA N R 6D K5
12725 (X 5.6 Z). Braun O HWCFEE, OO0 ROIRENZ M+ 521803 H 5.

FEOMEIILLTO L S22 5.

~ ™
1. W EREO RIS E & 5 A58 HES (K54 0 tg) LT 5.

2. 54128V, FHESREZTLE L TES LOESFHEEN (X 5.4 OFRPE
W) IAFET DR T RN CEERREMAE T 5.

3. BRBGEM R OERITHONT, 20K & Pl LCOER R OMEEN (X 5.4
DFEREN) IAEIET DA T OAETIZ OV TR T (1K 5.5) 75 OfE R
AEME L, PR S W2 HEERN O 7R e TORERELZ ZE LEbES.

4, Z O ST, YRR ERIZOWT, ¥ R O M JEMEE N O HEF 2= |
NEELTWDLDT, ZOMNR/NE 72D REeBEORLEEEFRT D, =
X, RUIEIZOWT, b M (i #ifEiE) L2 TV D RERERLTWAHZ L

27 5.
N J

LT RCBITDHENT AL 2EEOF T NV—F O EFIESED &,

fg = HF—HEE M, var_ dis = ¥f% R, search dis = EHEEMEK L

EWV ) SGRARIZ I D

5 - ORI R REEINT, BUEE T SBT3 NFBECER TS L0 THS.
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pressure and precipitation [mm h~!] (016:50)

100.0
25.0

/N
0
3
<
oD

O 24.0 15.8
i,
~—
—
©
-
o

G 6.3

T 250 ’

3
)

2.5

22.0
—ad - 1.0
128.0 129.0 130.0 131.0 132.0
zonal(degree)

5.3 FEH R T T 35 C L S L SR 70 5 JBUC 351 2 MR AR O S
(#k4) & Braun (2002) OFEICI O THEE S U7z SR Ul (FRA). s
GIEDAAR, 515 —13MKSAE. ZORBRT X 510, NI 7 HIC 51 2 R LD
FENZ L - T, BTl & RIRRUERNIEF TR D Z b5,
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Y

A++++++444
+H+H+FFHE

+H+++ 4+ + R4+

HHE PSR T
iiii+++1$@mﬁ%@'

COEEHNDIEFRERR

e ae T T

e e e e e e o T
++++++++;

>

5.4: Braun VEOMEEM 1. H—HEE R Z 0T search.dis O S OETEHEE (7R
W) PICAFAET DR FRAETHPLABM L 25, ZOFOLRBEMOETITONT, K5.5
DFHE TR AL FHT 5 (LTI O#IPAN Z IS T 5).

+ o+ 4+ + o+ 4+
+ + 4+

RITA > TER Y

_|_

+ + o+
+ ¥ + o+

THILNERR (B)DERTOELEREHE,SRELSE

+ + + + 4+ + 4+

s
s
s
s

5.5: Braun iEOBEE 2. Fl S Al O 2T DWW TR U7 ik THERCESR 2 4 71 A
LCEDOHRMRMEZ & 58 (OF 0, #ERFTMOEEN —F DRV R) 2RET 5. HEY)
OB & SRR IEITOT v Mg RO LR CICT 5.
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(degree)
3 ]_ | T T T T T T T T T T T T T T T T T T T T T T T T T T

30

29

28

27

(AN,
an

min—PS—(LAT), TC—(LAT)
[AV]
N

[AV)
w

2 2 | I I | I | |11 | | |11 | | |11 | | |11 | | ||

125 126 127 128 129 130 131
(degree)

min—PS—(LON), TC—(LON)

5.6: [X5.3 OFBEFREICH T ofka (RIEKIER) &ARA (Braun F5) ORREEO R
k. Z O TIE RN RALKE S OB 2, 77825 Braun FEO LA OB A LT
WA, ZORERNPD Y, RIRKIEAITBFEICIREI L CTWD Z ERHALNTHD.
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5.4 {18k : o TIL

5.4.1 ZERKAEBKXZRDEH

—_— - LN el T o i T G o e [ ST o R SRS WA W O S S0 S I S G N R B

Z,wW
QP -
|- L N
P= CONSTANT
= 0 } :
# vy hl) D
. | he (x,y)
’ > : i
X, u -

Figure 3.2.1 The shallow-water model.

5.7: KT AT LOEEIK (Pedlosky, 1987 L V).

2?7 1ZEAK AT LOMEKTH D, LLTFTIE, ZOXE I HRERXREERT L, =
T, UToOREEEBL,

o HIEIEE,

o RAlLy FIIZOWTRERAEENIZIZZL L TV D (B miEfl) .

THL, oL EoEEHTERAT,

du 19p
dv 190p

LD, BREGANZIEE —IEPRICEH AN T AL TV D LIRET D, 2T,

f=Jto+ By, B=Const.,

d_o 0 0 0
dt Ot oz oy 0z

Thbd, iz, plIIEEFIIFRIy. DFVEEE P=p+py & LTz & X,
dpo

9z
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2Nl pog ZRWTEENERT, Zo L&, &JE P Oz FMAEX
or _op o Opo _
0z 0Oz 0z~ 0z
LIRElTE 2T, LR E 2 FEICEST L L. pld—ERDT,
P(:ana Z7t) = —ng+A(ZE,y,t)
LA, 2T, AFESOTEETHD, 2 =hICBITAERELEMEE T p, L TDH L.
(P(z,y,h,t) =) pr(z,y, h,t) = —gph + A(z,y,t).

FoT, Ez PIZoVWTORD AITRAT D &,

P(xuyaz)t) = —gpz + gph’ +pr($ay)h7t) = gp(h - Z) +pr($7yvha t)

LD, pr(x,y, hyt) IXVEE EREEICB T DR 2ET, 2 2T, ko2 uicks v,
FHETCTOENEADZEEETE D LW RE GUNMRIROIGE) i< & p 1 TEEE
FDH I EINTE,

P(z,y,2,t) = gp(h — 2) + pr

L%, 22T, EEGRAISRT DEDNEENTHNFET] po 5 2 DHDBEKTH D
ZEEETHET,

op OP  Oh dp 0P 0h

o oz Por

oy oy oy

ZIZT, 2 Ea,y DM TH D L) FRICHER, Lo T, #EEHERX (5.4.19), (5.4.20)
TENnEh

du oh
o~ fo=—g5", (5.4.21)
dv oh

EIRD, A BEEARTEEER R0 O T, B ORI (LA IEF ITE VY (HEE R

%)T%é&ﬁﬁ?ék\?4?~7?7F7V@ﬁ@ﬂ%m\g::gzzokﬁé®
<. Bz
ou ou ou oh
s + us + va—y — fv= 95 (5.4.23)
ov ov ov oh
5t TUgg Ty TU= 95 (5.4.24)

OIS, IEHIHENNRAZENCHAT 2 FAOELOKRE SHANSWINLTHD, ZHhEIEMH
IR L7z b D1E Pedlosky (1987) 21,
L pM—ETHDHDT, HIFRGR

"8RS A5 1 EE T TN ARAE L7 &0 5 BB, 3 L <13 Pedlosky (1987) £,
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L%, SHIZ, BEETHLIZD, HigoAx

ou Ov Ow
%t oyt o= (5.4.25)
THY., KEFEHEITEEIZOWT K ThHH7=D, ERT 2 oW TR T,
ou Ov
’LU(IL‘,y,Z - h?t) - UJ(:L',y,Z — hB7t) - _(h - hB) (aiU + ay)
ThdZeNbnrd, 2T, w(n,y,z = h,t) XA L COZEBINYE O #HE, w(r,y, 2z =
hp, t) IZRAE THEH COEEBI LI HETH D, LoT, BRI
B B _dh B dhp o @ @

w(z,y,z =h,t) —w(z,y,z = hp,t) = P (h—hp) <8$ + 8y> (5.4.26)
LD, TBKREZEET N EZEZDLGAEIT. ZOXERMEHRE BEREKML) &b TE
FESETL L, 22T, TEPHETEEIN TWDIGAEEZE X 5, £D%EA. hp T
FA TN HD ERFIEE L2V D T,

dhp Ohp Ohp

at " ox v dy

LB, F1m, FEITABERETT L.

dh _ 0h +u0h oh
dt ot ox oy

LD, TNHEBET DL, (5.4.26) 1%

Oh <u8-+v8>0%hw+m—MQ<&L &v::a{um—h3ﬂ+§ﬁpm—h3ﬂ

ot~ \or oy or Oy ox
(5.4.27)
EWVWIHIRABGLND, MKEDESZ H T35 L,
H(‘T7y’t) = h(ZE,y,t) - hB(.'E,y)
THHDOT, FERUIZELND FEARIT
ou ou ou oh
E + Uaix + 'Uaiy — f’U = —gafx, (5428)
ov ov ov oh
o + U + Ua—y + fu= 9% (5.4.29)
oh  O(uH) O(vH)
% on + 3y (5.4.30)

Oh, hp FAPERICHT 55 5 EEERE 1 HE2RTOT, ZROOEHIT 2 IOV TN TH H 2 LITHE

o
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5.4.2 NMO1 [ZHEITEETILOEM

EAKREICB T B KR DA RAGR T
dv
E:_fk xv—gVh+ F,
oh
e + V - (hv) = Src.
THhd, ZIZT, v,h, f,g 1 TKEEESRT ML, FAROES, a4V RTx—4 #H
IEETH D, £, X7 MVISSEE FIIKE 2Ry oHRFLTCW5, F, Src 3%
EFRmhucd a4 E =2 Th b, TNEAHFEBER TR T I 2EZ D, 77
T Y a TR E N KIE 25 TH DT80,
d_0 0 vd
a ot “or T roe
Thb, 2T, r,0lTTNZENEEE, FNAFITH Y, B HEINZ OV IS B A
T &I, FENATTNZOW IR Z1IEE T 5, £7-. HEY Mo =ue,+vey
THEILTHIENTED, DL X, e, e lTFNENENE, RMATHEORAMRZ kL
THY, u,vIFENENDOHFHOREETH D, T5 &, OB HEAIT

ou ou vou w2 oh

a"‘Ua‘F;%_?:fv_ga""Frv (5431)
ov ov wvov uv g Oh
a'f"&g—i-;%‘f‘?—_f’u—;%‘f'ﬁba (5'4'32)

Z+u§i+i§2+h[§f+ﬁ+igz} — Sre. (5.4.33)
L%,

AT T VTENR T AN IE S JRCEERRBE I 5 0 . B FEIREE DRl FRIE D FIZHOIA F 1
72 RS Ry DR 2 3R 2T L Th D720, Ut HILFEN A T —k
THvo, WEMIFSIE U722 O filskb R & RN J57 RIS FE—4R CRERIZS R 2N ET S 4 5 FEMhc PRk
T CRBETDO0MERTH 5, 2T OHER A BT & FERSFRIZT 5,
DEY, BUREE p &

@(r,0,t) =5(r) +¢'(r,0,1)
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LB & (5.4.31) - (5.4.33) Rux

%+*@+*%+ /@‘i‘ /%4_?87“/4_2/%_ E_f
ot Yar " Yar TYar "TYar Trae Tree  r T &
oh'
= fv' —g— F, 4.34
fv gar + b (5 3 )
o' _ov o ,0u 00 wo o wu w  Wv u

o ettt ar et e T e T T T T
on'

on'  _oh __oW 0k 0N won _Jow

o e e T er T e Tiee T ol

a2y, @) 10
= (h+h)8rw+u)+ + 50

+ Src. (5.4.36)

LA, 2T BRI, RS O RIfR

2 oh
fv‘*‘?—ga

RN, 0. REFATIE, &40, V—2E LT, 8%, RMA IO 2 ROKE
PR diff r, diff t &WOPEEREChEd, /o, fEROMUTIIL AV —X v
7 % i,

5.4.3 adjust IZHITHETILDEM

S 1 RITCHIEEARTA T R EGR I

o’ , on’
ot fov' = —9%»
o' ,
E + f()’LL =0.
oh' ou’
Thbd, ZORITEARGIIFFILREZIRNEL, TOLXOWAEOEIN H & U TREAY
DY THIALLT=bDTH D, ZD& X, P RNER R D7 a7y A Ve 525
WV BRERTH S CTHOHBERERAE E W HOERHICL S TH ONNT U AZEE L
KO L EH RN X2 ST D LD, YN TOT a s T AEFE OB E
Vial— b THLDTHD, ZOHEAR CTHIRASIER T 28546, FRESRBR
T BB T O T, A% OEFIREOSAAITFEIIVIEN D RES 5 2
LR TE S,
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5.4.4 adjust_2d [ZETZETILDEM

B 2 TR TA T AR T

ou’ , on’
EIEA
ov’ on’
o P = gy
Oon’ ou O
o T (ax + ay> =0.

Thbd, TORFEARGIIFHILREZFEL, TOLEXOREOEHIN H & LTEARY
DEY THRIBAL LI D Th D, 2D L&, PIHfEICNER R Y 07 a7y A vE525
&L N W 0 B Th o THHIMNEHET & WOEHIC K > TH ONT 22 ME L
£ LB RN X —FEETHZ LIl D, TN TOT e ST NIEOBERREE
Vial— 500 THD, ZOHERAR CHENTRESERT 256, TREXRSHR
F U VB ERIE AT T O T ST O ERIREED SR T EITIIE N S RS 5 =
EMWTE D,
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