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“10penMP THRAEI N TWBDEREZEBIZOVTI, FlZIE, 1.
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B, KA TV 2N ZEEY = RS DBRIE TR DN IS BB = 75 Y
STPK (Version.???; http://www.gfd-dennou.org/library/davis/stpk) %\ /2] &
KL UTHINEENTH D, /-, 5IHXERE UTRRT 2561, HEEER. 2012.
Fortran 90 $U#fftr =+ 72V (STPK) ¥ =2 7))V L3l U CHTIEENTH 5.

2014 45 A 29 H (EHEK)
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B3E HYIIN—FU—E

3.1 algebra

BATEA 2 TICHY T —F V&,

3.1.1 abst_2d

Hae
2 RILANT DIVORMHEZE GRS N —F .
X
call abst_2d( x, y, dis )
511
x <R(:,:)> in x FRDRT N IVESSY.
y <R(size(x,1),size(x,2))> in y AIRDNRT NIVEST.
dis <R(size(x,1),size(x,2))> inout % CTOHMEXIE.
E&EN
TV NEFERTERI N 2 KTAY bV r = (z,y) OINEZ GRS 5.
=3

3 IRTENRT NIV Z TR T 20 —F .

call abst 3d( %, y, z, dis )
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518
<R(:,:,:)> in x FEIDRT NIV .
<R(size(x,1),size(x,2),size(x,3))> in y AEDNRZT NIV
z <R(size(x,1),size(x,2),size(x,3))> in z FaIDRT NIV
dis <R(size(x,1),size(x,2),size(x,3))> inout % TOHxH.
E&EN
TV NERERTEZRI N 3TN NV r = (z,y,2) DKHMEEZFIHET 5.
=3

3.1.3 dot_prod_2d

BB
2 IRIET WV NERERDEM T TEHEIND 2 e RY NVONEEGHET D)V —
F .
=5y
call dot_prod_2d( x, y, u, v, dot, [undeff] )
511
X <R(:,:)> in X ARED 1 RT NIV,
y <R(size(x,1),size(x,2))> in y ARD 1 X7 NIVES.
u <R(size(x,1),size(x,2))> in x KD 2 XT NIV
v <R(size(x,1),size(x,2))> in y AEOD 2 X7 NIVEST.
dot <R(size(x,1),size(x,2))> inout A TONFE{E.
undeff <R> in FRAE FH.
E&EN

2 FEHHD 2 IRTENRY MV a, b 3T )V N EREEA T,
a=(z,y), b= (u,v)
EEHEINZLE, INHDOWNM a - bl
a-b=zu+yv
L85, INHDEBEIN—F VDFIBOMNIGERIZATDEE) THD.
(z,y) — x5, (u,v) = u,v,

a-b — dot.

R MVDIEGN 1 DTERERTHDHE, TORTONBHEIIRERL LS.
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w&
Rz,

3.1.4 dot_prod_3d

5313
TN NEERDEHE TN TERIND 3R MVORREZHET LIV —F .
£
call dot_prod-3d( x, y, z, u, v, w, dot, [undeff] )
518
x <R(:,:,:)> in x fED 1 X7 NVksr.
y <R(size(x,1),size(x,2),size(x,3))> in y AED 1 X7 NIVES.
z <R(size(x,1),size(x,2),size(x,3))> in z HED 1 X7 NVES.
u <R(size(x,1),size(x,2),size(x,3))> in x fED 2 X7 NVksr.
v <R(size(x,1),size(x,2),size(x,3))> in y D 2 X7 NIVEST.
W <R(size(x,1),size(x,2),size(x,3))> in z JED 2 XY NVRKST.
dot <R(size(x,1),size(x,2),size(x,3))> inout KA TONFELE.
undeff <R> in RAE FH.
E&EN
2 FEMED 3 IRITLARY MV a, b BT )V N EER T,
a=(x,y,2), b =(u,v,w)
CREBINZLE, ZNH6DOHNME a - b X
a-b=zu+yv+ zw
ERBDL. INSDEHEN—F Y OFIEDONIGERIIATOEE) THD.
(x’ y’ Z) % X’ y7z7 (u’,L)?w) % u? V7W’
a-b — dot.
N7 NVDERIN 1 DOTERERBTHDGE, TOMTONMMHEIIRERL KD,
=3
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3.1.5 rectangle_int

BERE
1LIRTET — R 2 Il BEBED 217D
=52
result = rectangle int( x, y, bot, top, res [undeff] )
5181
X <R(:)> in TR 22 B,
y <R(size(x))> in MRE 7 B
bot <R> in TE 5 D .
top <R> in R D i
ROME  <R> inout FEHAME.
undeff <R> in AEFEMH.
EHEN
EEDOER x £ TDEHIZDONTOB f(z) OFES :
T2
| swys
z1
=B ED
N1
> 5 (@ = ze-1) (f (2x) = fl2h-1))
k=2
TEHETS. 22T, NI ”d;‘“ Th5.
8%

e undef MHEINTVBHAEINE, TD%E L D OO R FEEIXFHEE L 2.

e bot, top DffilE x THRALNDMH T LIZR T IV, RS % kia#H LT
RLEDED.

e %9 bot < top THRIFTIIIESZEW.

3.1.6 vec_prod_2d

2 RITLT IV MBFERAD KB FIHTEREIND 2 RIeRT MVONEZ EHHE TSI —
F .

main.tex 2014 £ 5 H 29 H GEHEHR)



STPK v=a7J)L 3 TIN—Fr—8 11

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

518
P <R(:,:)> in X AREID 1 R7 NV
y <R(size(x,1),size(x,2))> in y AEOD 1 X7 NIVES.
u <R(size(x,1),size(x,2))> in x KD 2 NI NIV
v <R(size(x,1),size(x,2))> in y AEOD 2 X7 NIVEST.
vec <R(size(x,1),size(x,2))> inout KR TOIFEAE.
undeff <R> in KAEFHAH.

E&E

2 FEEED 2 IRTEARZ MV a, b D57 HI)V N ERER T,
a=(z,y), b= (u,v)
CEEINZLE TNOHDHF a x blE
axb=zxv—yu
BB, INHDEBEIN—F VDOSIBONIGERIZATDOLEE) THS.
(x,y) = xy, (u,v) — u,v,

axb — vec.

NI MVDEIHR 1 DTERERTHLIHE, TORNTONBMEIIRERL RS,
2 oL FH CHARE IR T 2548, TOVHIZERZ T D HADOKRE I KT DA
FHEI NG ZLIZIEET S (intent(inout) A% 1 FHHHL MRV DIZ I D/D).

e
KRz L.

3.1.7 vec_prod_3d

BERE

T 71V R DB TN TERIND 3 RGTERY NVONEZFHET N —F .
=X

call vec_prod 3d( x, y, z, u, v, w, vecx, vecy, vecz, [undeff] )
5181
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X <R(:,:,:)>

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

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

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

CEBINEE, INS5DOME a x b

a x b= (yw— z2v,zu — zw, TV — YU

in
in
in
in
in
in
inout
inout
inout

in

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

BB INHDEBEN—F VOFIBONIGERIZATOLEE ) THS.

(r,y,2) — x,v7,2, (u,v,w) — u,v,w,

a x b — (vecx,vecy,vecz).

NI MDA N 1 DTERERTH D5, TORTONBEIZRER L R D

B&
RizkL.

3.2 basis

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

M2 T AR A IR T H B,

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

3.2.5 rand_make

BAaAREZ AW TREELEZ 28T 5,

call rand make( L, output )

518

L <I> in 19 2 AR +1 OBUE.
output <I> inout HJSIINDELLL.

EERN
RAEGEEE. B 2, IZDWT, Ba,b % HNT,

x, = mod(ax,—1 + b, L)

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

F VTl
a=11,b=12

EWSEERA U, F/2, LIEHENLEL T HLEONE +1 OFETRD
5.z lFME—M % EHT D728, Fortran DFLAAAREETH % time () BHE %

AOTHRLNSEZ 2 IEE UTHW S,

B%
2.

3.2.6 counter_day

HREE

FEHMN O THETOHBZE ATV Y NT 5,
N

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

3.2.7 counter_sec

FItGH»OMR THETOREE DY Y MT 5,

result = counter_sec( stime, etime )

518

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

ROME  <I> inout HU Y NIN-E

3.2.8 time_zone_convert

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

Wa.

call time_zone_convert( factor, itime, ctime )

518
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itime <type(dtime)> in ZHRTOEHH.
ctime <type(dtime)> inout ZEHEDEHH.

o HIZIX, JST 6 UTC 1244 254, factor=-9 £ LT, itime |2 JST T
DWZI% AIIT D &, ctime (2 UTC DIEZIAGE I ND.

3.3 derivation

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

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

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

<R(size(x),size(y))> in X ARG DRI M.
<R(size(x),size(y))> in y RGN T b,
val <R(size(x),size(y))> inout M.

4 £ < M

undef R in R .

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

hy <R(size(x),size(y))> in y HIAID AT — VK-

ord L in WAEIRDIEE 2 ANE A D (fHESR).
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EERN
Eb\Liiﬁiﬁé%fg‘Aﬁ ]\)l/ (61, €9, 63) %%OEEE%EBZ*% (561,.%2,.%3) C:a‘o‘b‘é, gﬁﬁ
U7z 2 X2 MVOEE curl 25H8E 95 -
1 8(h2U2) 8(h1u1)

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

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

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

ZERTD I IR D,
e

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

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

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

Yt TOMTEUHEETE UTHEAL TOW SR TFRTOFEMEN TN TRE
FHEUTHREINTRING.

3.3.2 curl_3d

3IRITEARYT NS 3 RocimEZEHH T 5.

call curl 3d( x, y, z, u, v, w, zeta, eta, xi, [undef], [hx], [hyl, [hz]
)
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518
x <R(:)> in TR — R,
y <R(:)> in TR R
z <R(:)> in G F R = R,
u <R(size(x),size(y),size(z))> in X IZXIRd 2 RT M.
v <R(size(x),size(y),size(z))> in NS STV RIS
W <R(size(x),size(y),size(z))> in 2 W29 B2 M.
zeta  <R(size(x),size(y),size(z))> inout x (ZXInT 5 [AHE.
eta <R(size(x),size(y),size(z))> inout y IZXET B [H[HE.
xi <R(size(x),size(y),size(z))> inout z (ZXET B [A]HE.
undef <R> in AREFEMH.
hx <R(size(x),size(y),size(z))> in x HEOD AT —)VIA A
hy <R(size(x),size(y),size(z))> in y AFED AT — )V
hz <R(size(x),size(y),size(z))> in z HED AT —I)VIKHF.
E&ER
HWIERTDHERENRT M (e, es, e3) & DHFREERE (11, 10, x3) (251 D, JHAL
U7z 3 NI MIVODHGE rot 23R TS -
. . 1 a(h3U3) 8(h2U2)
div=V xu= Il {el { Dirs D23
8(h1u1) 8(h3U3)
T e { 81‘3 B 81'1
O(h O(h
+es (houz) _ O(haw) = Ce1 +mnez +§es
8331 axg
ZZIT, u= uiei + ugses + usges TZF) U\ hl, hg, h3 ti%h%m T1,X2,x3 L:ﬂﬁﬁ@k
BAT—IVKHRFTHD, ZDE X, 51 BIILLTONIn%ET 5,
x1 X, Ty 1y, I3 : Z
up v, U2 VvV, U3 I W,
hiy : hx, hg : hy, hs : hz
¢ : zeta, n : eta, & : xi.
TN NEFERDEE, hy =1,hg =1,hy3 =1 THDDT, HHIZ
N R Our _ Oug Ous 0w
div = €1 {3:132 81'3 } + €2 {81‘3 (91131 } + €3 {61'1 83:2}
REHETHILIZAS,
=3
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o REBMNERINTVDIHGIE. TOEICHIET DEIPETRIZASTND
L. TOMT 20K UTHAL TSI RTTOFRMM? T R TERE
B UTHREINTEIND.

3.3.3 div

2 IRITENRT NIV FM A BT 5.

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

518

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

undef <R> in R F .

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

4 £ < M

E&EN
HWIZERTLHHEENT M (e, ex) € DB (11, 20) IZHF D, M7 U 2
N7 NVOFEHEL div 51T 5 -

div=V . -u=

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

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

Ty X, X2y, U U UV,

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

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

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

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

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

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

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

Ty X, X2y, X3 : Z

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

div : val.
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THN NERERDEGE, hi=1,hg =1, h3 =1THDDT, HHIZ

6u1 6u2 GU3

div=— + — + ——=
v 8$1 8332 8933

ZERTD I LR B,
s

o REHRMEMNEZEINTVDLEIE. TOMIIHIET BMHEPKEFEIZASTHS
Gt TOMT2LHERKTE UTHEHAL TSR RTOFEEN TR TRE
FHE UTREINTERIND.

3.3.5 grad_1d

Hae
2 IROFULZEMEME AW, FEEBROANEHAT 5.
£RX
call grad 1d( x, u, val, [undef], [hx] )
515
x <R(:)> in 25 ] AL,
u <R(size(x))> in x DEHTERINDIE.
val <R(size(x))> inout AHE.
undef <R> in AEFH.
hx <R(size(x))> in x KD Ar — )VEAF.
E&EN

FERE (1) 123513 B 28 ¢ DAL IE
199
hl 8951
TEHIND. ZTIZT, & o BED AT —IVRFTHY, TV NEEDLGE,
hy =1Tdhd. ZDREA%Z BB ¢, BEBIL I N7 E R x; 12U T, 2 K
FED LN ERE FIWTHEHAT % &, U ; (2812480 G; 1k
1 dit1 — ¢ima

TEHEIND. ZIT, h ld 2 BT AT —IVIAT,

G; =

Li41 — Li—1

da; =
v 2
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Thd. ZOLE FIBUIFLLTOXNIEE TS -
T : %X, ¢; :u, h;:hx, G;: val.

72U, ZOEMTIREEOIIE N TERENZ <R L DT, T 1 IRHEE
DAEMEUTEHREINS.

(]

o REBMENERINTVDIHGIE. TOEICHIET DEIPKETRIZASTND
Gt TOMTF2LERKTE UTHEAL TSR RTOFEEN TN TRE
FEEUTHREINTEIND.

3.3.6 grad 2d

11
2 IO EM % T, (EEEOMAL 2 OTARANR Y7 MV EEET 5.
=X
call grad 2d( x, y, u, valx, valy, [undeff], [hx], [hy] )
5%
X <R(:)> in B8 — 7 W] R AL,
y <R(:)> in S 2 ] R AL,
u <R(size(x),size(y))> in Bl %z FHE T D2
valx  <R(size(x),size(y))> inout x AHRODAENT N,
valy <R(size(x),size(y))> inout y HAODARFNRZ hb.
undef <R> in R E FR 1.
hx <R(size(x),size(y))> in x HEOD AT —)VIAF
hy <R(size(x),size(y))> in y FAOD A — VKA.
EER

HIERY DV (e, e2) TEEI N MM (a1, 22) 1B 2 LB u £FHT S -

e Ou ey Ou
d= - — 42—
gra hl 6x1 + h2 8172

ZDOEE, BT TOMNIGE T 5,

1 1 X, X3y, uw:u hy:hx, hy: hy,
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T IV NERERDEGE., hi=1,hg =1 THDDT, HEHIZ
ou

u
grad=e;— + eg—

8%1 (9:172
ZEHETD LR D,

(]

o REBMMNERINTVDIHGIE. TOEICHIET DEIPETRIZASTND
L. TOMT 20K UTHAL TSI RTOFRMM? T R TERE
B UTREINTEIND.

3.3.7 grad 3d

Hre
2 IRDOFULZE L ZE W T, LEEOMANL 3 IRGTTAB N MV EEHET 5.
£X
call grad 3d( x, y, z, u, valx, valy, valz, [undeff], [hx], [hyl, [hz]
)
518
X <R(:)> in B — 7S [h] e
y <R(:)> in B 2] A,
z <R(:)> in o = 7o [ R A
<R(size(x),size(y),size(z))> in Ll 23R4 % 28
valx <R(size(x),size(y),size(z))> inout x FRDAHNZT K.
valy <R(size(x),size(y),size(z))> inout y HMDAENRT L.
valz  <R(size(x),size(y),size(z))> inout z AFRDAHNZT Kb,
undef <R> in HAE FRAH.
hx <R(size(x),size(y),size(z))> in x HID A — )VAF-
hy <R(size(x),size(y),size(z))> in y DA —)VIRF-.
hz <R(size(x),size(y),size(z))> in z FHED AT —)VIA A
E&EN

%E/\y ]\)l/ (61, €9, 63> ’Ci%i‘ﬂé@é&ﬁé (xl,xg,xg) C:BH%E;&U %g‘l‘%j—é .

rad= G0 €2 0u | es Ou
& N h1 81‘1 h2 81‘2 h3 8903

ZDOEE, BT TOMNIGE T 5,

1 1 X, X3y, X3 : 2z, w:u hy:hx, ho :hy, hs: hz
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1 Ou a1 1 Ou al 1 Ou a1
: X, —o— — z
h1 8371 v ’ hg 8%2 vaLy, h3 8%3 v
THIVNERERDEGE. hy =1 THDDT, HHIZ
rad = e a— + e Ou +e u
B e T % 0r, " o

AT LI D,
(]

o REHRMEMNEHEINTVDLEIE, TOMIIHIET BEMVKEFEIZADTNS
Bt TOMTEUERT L UTHHAL TSI FRTOFRIEDN T N TRE
FHE U TREINTRERIND.

3.3.8 grad4_1d

BEBE
4 RDOFLZEDEBEZ AN TEEEABOLAR % EHHET 5.
EX
call grad4 1d( x, u, val, [undef], [hx] )
511
x <R(:)> in 75 ] R AL,
u <R(size(x))> in X DE P TERINDEHL.
val <R(size(x))> inout &JFEME.
undef <R> in AEFH.
hx <R(size(x))> in x HID A — )VAF
E&E

FERE (21) 12351 22580 ¢ DALIE

1 0
hl 61’1

TEHIND. ZIZT, hid o BEDOAT—IVHRFTHY, TV NEREDGA,
hi=1Td5. ;@’j@a%%ﬁﬁ& KL i, B X NV B PR 2y 12 LT, 2 YOk
FEDHULZE T % FIWCE T 2 &, B 2 128124/ G; X

1 [2¢i41 —dic1 Giv2 — dia
hl‘ 3 d:IZZ' 12dl’i

G, =
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THEIND. 22T, b 12 1B AT —IVAF,

Li4+1 — Li—1

2
Thd. ZOLE, 5IBUILLFOXINE TS -

dl’i =

T : X, ¢; :u, h;:hx, G;: val.

P72 U, ZOEMTIEAFIROMIC BV TRBAN R 2B DT, WHEETIE 1, 2 )
KR D E SRR I 1B,

(]

o REBMMNERINTVDIHGIE. TOEICHIET DEIPETRIZASTND
L. TOMT 20K UTHAL TSI RTOFRMM? T R TERE
B UTREINTEIND.

3.3.9 grad4._2d

Hae
4 RO % FAWT, AR OMAL 2 ROt AR MLV EEET 5.
=R
call grad4 2d( x, y, u, valx, valy, [undeff], [hx], [hy] )
515
b4 <R(:)> in o — 75 [H] A
y <R(:)> in o8 2 ] R A
u <R(size(x),size(y))> in A% 3R DA
valx <R(size(x),size(y))> inout x HFODAKNRZ ~b.
valy <R(size(x),size(y))> inout y AMODHENT M.
undef <R> in HRAE FH.
hx <R(size(x),size(y))> in x DA — VAT
hy <R(size(x),size(y))> in y MDA — VAT
EERN

HIERY DV (e, e2) TEEI N MM (a1, 22) 1B 2 LB u £FFT S -

e1 Ou ey Ou
d= 21— 4 2
gra h1 8.%‘1 + hg 81’2

ZDLE, I TONIGZE T 5,

1 X, X3y, u:u hy:hx, hs: hy,
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1 Ou a1 1 Ou al
—_— X —_— .
]’Ll 81'1 v ’ hQ an vaty
T I NERERDIGE, hi=1,hs =1 THDDT, HEHIZ
rad = e %%—e %
& N 18:1:1 26952

AT LR D,
"E

o REHRMEMNEHEINTVELEIE, TOMIIHIET DEMPKEFRIZASTNS
Gt TOMTF2LEETE UTHEAL TSR RTOFEEN TN TRE
BHLEUTHREINTRIND.

3.3.10 grad4 _3d

BERE
4 RDOHFNEDELLE FWT, LEEBOMNL 3 T AAN Y7 MV EFHHET 5.
EX
call grad4 3d( x, y, z, u, valx, valy, valz, [undeff], [hx], [hy]l, [hz]
)
518
X <R(:)> in B — 7S [ AL,
y <R(:)> in o 7S [ .
z <R(:)> in B = 7S] B,
u <R(size(x),size(y),size(z))> in Bl % BHR T 2 2%
valx  <R(size(x),size(y),size(z))> inout x SMDAHNZT K.
valy <R(size(x),size(y),size(z))> inout y AMODEENZ M.
valz <R(size(x),size(y),size(z))> inout z HMDAENT N,
undef <R> in RREFAA.
hx <R(size(x),size(y),size(z))> in x HEOD AT —)VA A
hy <R(size(x),size(y),size(z))> in y D AT — VKT
hz <R(size(x),size(y),size(z))> in z HED AT — VIR
E&ER

%Eﬁf\ﬁ ]\}1/ (61, €9, 63) ’Cﬁ%’%i‘ﬂéfﬁ?%ﬁ (131,1‘2,563) CZEBUég‘Eﬁu %%1‘%?%) :

rad = €1 0w €2 0u e Ou
& - h1 8:61 hg 8332 h3 a:L'3
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ZOLE GBI TNONIGE T S,

1 X, X3y, T3 :2, w:u hy:hx, he :hy, hs: hz

1 Ou 1 ou 1 Ou
h—la—xl : valx, h—Qa—ZEz : valy, h—ga—gjg : valz
TANNEERDE A, by =1 THDDT, HHIZ
ou ou ou

d=e— — —
gra 618371 + €2 6:@ + 6381‘3

ZERTD I LR B,
"E

o REBMNERINTVDIHGIE. TOEICHIET DEPETRIZASTND
L. TOMT2UEE T UTHAL TSI FRTTOFRM? T R TERE
B UTHREINTEIND.

3.3.11 laplacian_1d

Hae
2 IROFULFENELLE T, (FEERD 1 RCBIES 7507 V38T 5.
R
call laplacian 1d( x, u, val, [undef] )
5181
x <R(:)> in 75 ] JRE L.
u <R(size(x))> in X DEETEHREINDIEH.
val <R(size(x))> inout 2 PEAJEIHE.
undef <R> in R E FAH.
E&E
JERE (1) 2B DL u D 2 B 25HHT 5 -
laplacian Ou
ian = —
P &c%

Z DBIBC % BEB R ug, BERAL S N7 ALE AR 2y (2K U T, 2 DR D HULZAE 7R
PEzHWTEHET S &, N 2 ICBT27 777V G, &
Uiyl + ui—1 — 2u;

da?

(2

TEtEING. 20L&, FIBUIIUATONIGZE T 5 :

Gi =

T : %X, u; :u, G; : oval.
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(]

o REBMMERINTVDHEIEX., TOMEICHIET DEPEFRIZASTND
Yt TOMTEUHEETE UTHEAL TOW SR RTOFHEMEN TN TRE
FHEUTHREINTRING.

3.3.12 laplacian_2d

BérE
2 IRDOHULZE % FIOT, [TRERD 2 TS S 7oV 7 V% T 5.
=52
call laplacian 2d( x, y, u, val, [undef] )
511
<R(:)> in 75 [ AR A — %7
<R(:)> in 7S [H A — g7
u <R(size(x),size(y))> in X,y DERTEREINDEH.
val <R(size(x),size(y))> inout 2 FEAJALE.
undef <R> in AREFEMH.
E&ER
JERE (21, 22) (BT DL u D 2 EMD 257 TS ¢
laplacian = @ @
P N 8x% 856%
= ORI B, g, WL 3 7 GRS oy, 1 LT, 2 UORBIED bt
D2 FHWCHEHET S &, BEHUS 2, 2; I2BTFE VA AV Gij I
Uil + Uim1j — 2U55 Uil + U1 — 2u
G =
" dx% + dx?
TEEING. 20L&, 5IUIEMTONIGE T 5 :
r 0 X, Ty, Uy :u G oval
5%

o KERENEHRINTOZHAIE, TOMIIET 2 HAMFHUZ A>T NS
B, ZTOKTRIEKT X UTHAL T2 KT COFEMENT X TAE
B LTRESNTRI NS,
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3.3.13 laplacian_3d

BEBE
2 RO %2 T, (EBERD 3 IRTEES TV T Ve itid s,
=5y
call laplacian 3d( x, y, z, u, val, [undef] )
518
x <R(:)> in 75 U] R AEE 2R — %
y <R(:)> in 22 ] JRE RSB — Bk 47
z <R(:)> in 72 [E] R AR 2R — %
u <R(size(x),size(y),size(z))> in X, v,z DERMTERIND L.
val <R(size(x),size(y),size(z))> inout 2 FEAJELAH.
undef <R> in AREFMH.
E&EN

PERRE (21, w0, 23) W BT DL u D 2 B ZEHHT 5 -
ox? Oz 0%

Z DB % BERUAS R wi i, BERRAL X V7L BT 24, 2, 2 (2K U T, 2 KB D
/E\%ﬁi&@i%ﬁﬁb\fiﬁﬁﬁ'&é t, %ﬁjﬁi&“ﬁ“ Ly Xj, T C:EBH% 7 705 Ty Gi,j,k =8

laplacian =

dz%

G Witk i1k~ 2Ui k| Wig+1k + Uij—1k — 2Uijk
Zvj7k - d 2 + d 2 +

TEHRING. ZOL X, GBI TONIGE TS ¢

Tt X, xj Ly, Tk oz, Uk uw, G o val.

(]

o REBMMERINTVDHAIEX. TOMEICHIET DEPEFRIZASTND
Yt TOMTEUHEETE UTHEAL TOW SR TFRTOFHEMEN TN TRE
FHEUTHREINTRINSG.

3.3.14 z_ 2 zeta

T 71V D FERE R SR E 5 A X 69 2 terrain following FERER (BAF, terrain &)
IEEEEEE RO L. YA R E T L R,
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EX
result=z_2 zeta( z, zf, zt )

518
z <R> in MR HI R [m].
zf <R> in MRHE A (m].
zt <R> in i B [m).
KU <R> inout terrain R [m].

E&EN

terrain SRR RS ¢ 1T A1)V D RBREHEAE 2 % FIVWT

Ztop [z - Zsfc(xa y)]
Ztop — Zsfc(x7 Y, Z)

C(z,y,2) =

TEHZEINTWND.

3.3.15 =zast 2 w_2d

terrain following JERER (BAF, terrain &) TERINDIHD 1 HEREIZHNT,
TV SRR TER I NDINEEE % terrain following FEFER TEHZ I N HE
GRIZEHT B, 72720, 2 TIREBERDOEBRIZITHDRN, H< ET terrain R
DI TR B T DT )V MERERAHE % terrain RKDICEWMT DDA TH D, &
IW—F V& terrain R FREICERZINAT AL NEZERBEERNSD % terrain &
BERDICERTIIL—FUTHD L

call zast 2w2d( x, y, zeta, zf, zt, u, v, w, wh, [undef] )

TEBINTVIRTIEEE EHINTVBEIARNY MNUEDDRERERNRIL > T WD I L ITEE
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x <R(:)> in T 7V N RE R

y <R(:)> in T AV N REE R

zeta  <R(size(x),size(y))> in terrain RO 1 &
BT LHESE [m).

zf <R(size(x),size(y))> in SR TH = [m].

zt <R(size(x),size(y))> in B b= & [m].

<R(size(x),size(y))> in zeta (29 2 WP EGE [m/s].
<R(size(x),size(y))> in zeta [ ZXF 69 % FEALJEGE [m/s].
<R(size(x),size(y))> in zeta (2RI % 80 1E HGE [m/s].
wh <R(size(x),size(y))> inout ZEHELOIEEE [m/s].
undef R in HRAE FH.
EERN
AV —=F VZKERANZNET )V SRR DA REL TS, SHRINRTRE,
terrain R T EIZBWT, 7 A MNEERTEZRINTWSHEP, FEib, ShE)E
W% (u,v,w) & U, terrain RIZH T2 EEREREE (£ T5. ZDLE, THIV M
ERDINEE KT % terrain RENEEE KT WAZLHRT D ITIXEA R D & 5 22k

AZEHND : .
W = o [w + J31u + J32v]
QL2 = % —1_ Zsfe(T,Y)
8< Ztop 7
C aZsfc(xa y) C azsfc(-ray)
= -1)—= =(—-1) ———==.
T ( Ztop > Ox o Ztop 0 Y
Z 2T, terrain RSRE R ¢ 1%
C($ y Z) = Ztop [Z - Zsfc(-%',y)]

Ztop — Zsfc(x7 Y, Z)

LEFEIND, ZIT. 2,y,2 1 ET ANV NEER, 2i0p, 2sfe (ETNTNT )V B JE
FEDERIE M E &k L, MIRMEEEZRT, ZOLIEBEOTOITIAIETD
SIEULLL T ORI E T 5 ¢

(u,v,w) : (u,v,w),

((x,y) : zeta(size(x),size(y)), (z,y) : (x,y),

Zope(w,y)) @ zf(size(x),size(y)), 2p @ zt(size(x),size(y))

B%E

o EFRADEHIINFX?TSI

o KERENEHRINTOZHAIE, TOMIIET 2 HAMFHUZ A>T NS
B, ZTOKTRIEKT X UTHAL T2 KT COFEMENT X TAE
B LTRESNTRI NS,
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3.3.16 zast 2. w_3d

HeE

terrain following FEfER (LR, terrain R) TEREINDGHD 1 GEFITH VT,
TV NERERTER I NDINEEE % terrain following FEIER TEHR I NS HE
JROEIZZEH S 2, 72720, I TIREBERDOERIIITOEN, HL< ET terrain R
DT RIZBEIT 2T 7V NEREREGE % terrain SRR ICEBTE2DATH D, &K
I—F V& terrain R FREICEZINAT AL NEZERBEERND % terrain &

BEMDICERTZIL—FTHB 2

=

call zast 2w 3d( x, y, zeta, zf, zt, u, v, w, wh, [undef] )

518

X <R(size(zeta,1))> in
y <R(size(zeta,2))> in
zeta <R(:,:,:)> in
zf <R(size(zeta,l),size(zeta,2))> in
zt <R(size(zeta,1),size(zeta,2))> in

<R(size(zeta,l) ,size(zeta,2),size(zeta,3))> in
<R(size(zeta,1) ,size(zeta,2),size(zeta,3))> in
<R(size(zeta,l),size(zeta,2),size(zeta,3))> in

wh <R(size(zeta,l) ,size(zeta,2),size(zeta,3))> inout

undef R in

EERN

T HV N R JRE A,

T 71V R TR,
terrain RDEEFEE [m
HSR T S [m).

B B A (m].

zeta (2RIt g 2 BRPE L2
zeta (2RIt d 2 FE Ak 2
zeta (2B % $R1E AL
2% DR 1E EGE [m/s]
HRAE FH.

AN —F VIZHESHENINET IV S EELRDAZ L L TV, SHEILE P E,

terrain R TR EIZEWT, 7 AN MNEFRTERZIN TS HP, FEi, SHEE
HE (u,v,w) & U, terrain RICHIF D EEEEE (LT ZDLE, FHINNE
EERDOBEJEE ) % terrain RENEEGEL S W ICEHT D IZIEAFD & 5 228
AZHWS :

W = L [w + J31u + Jggv] ,

G1/2
a2 = % —1_ Zsfe(,y)
8C Ztop 7
J31 = ( C B 1> azsfc($ay)7 J32 = (g _ 1) azsfc(may).
Ztop ox Ztop oy

Z 2T, terrain RENEHELE C 1

Ztop [Z - Zsfc(xa y)]
Ztop — Zsfc(x7 Y, Z)

C(z,y,2) =

RLEBINTVIRTIEEE EHINTVBEIARNY MNUBEDDRERERNRIL > TWE I L ITEE
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LEBEIND, ZIT. 2,y,2 1 ET ANV NERR, 2i0p, 2sfe (ETNTNT 1)V b JE
FROSNE A M€ ik b, MREREEZRT, ZOLIEBEOTOITIAIIETD
FIEUFLL T OXIEE 5 -

(u,v,w) : (u,v,w),
((z,y,2) : zeta(size(x),size(y),size(zeta,3)), (z,y) : (x,y)

Zspe(x,y)) + zf(size(x),size(y)), zp @ zt(size(x),size(y))

(]

o EHROEHIIN TSR,

o KERENEHRINTOZHAIE, TOMIET S HEAMFHUZ A TS
B, ZOKTRIEKT L UTHAL T2 KT COFEMENT X TAE
B LTRESNTRI NS,

3.4 ellip_slv

MRS AR ZHETDIEY 2 —)b, BE, 2, 3 RIET 7V NEERIZB TS —
i 2 BRI SR RO REEICE B EL—F V2 R—-F LTS,
BE, KEYV2-NVTHAINTVSFELE - #HELIZOWTIE, 5.1 3,

3.4.1 Ellip_GauSei_2d

HI AT A FINViE GRRAEE) 2 HWT, 2 IRTEORHBIIEFRIR 2 BSR4
FREAZHETD. AN—F VIINHHSICEEORERTEZ EL LA TLEHEA
FTEHIENABETHD. TDLDRHEZTILEEIEA TS 3 V5% inner_bound
ERETDHI L.

call Ellip GauSei_2d( x, y, rho, eps, boundary, psi, &
& [bound opt], [al, [b], [c], [d], [el, [f], &
& [undef], [inner_ bound], [init_flag] )

5150
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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(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

in

R — PERE.

G TR R,

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

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

T AN TRTEDO.
RE 5 (k)

FI7AID T RTEO.
R 6 (k) .
T7AIN N FTRTYO.
N REIS DA (F238) .
T4 YO,

RS S B A (fh8%) .
T AN TRTEYDO.

JNEZ O TUHET S0 (&) .

P4

RODRME® L Uiz &, UTORMAGEXZEET D,

82
CL($, y)ail:f—i_b(l'a y)

0%
d0xdy

0%y
—G—cx,y——&—daj,y
(@.9) 5 +(r.v)

ZOLE GBI ONIGE T B,

a

a,

r X, Yy, p:

b:b, c:c d:

9y

ox

rho, ¥

d, e

B, BRI A, BT OR RIS RS,

9y

+€($,y)7+f(l‘, y)w($ay) = P(fﬂ,y)

Oy

: psi.

e, f:f.

e
o EFVGHRHIH p BLY, fIKFIREHEBIANTIIOWTEY R HEETD L, 77
FIAFHAZEFET L I LITHYT 5,
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o SR T ARTIZIOWT, feE¥ReiETD L, fMATY VAREXZERT
WY 95,
o AMHMHHITARTIZONT, p2E¥RERETDE., NVARILY HEAZFE
TEHILIZHYT 5,
o KN —F VOUHSMIE, KIED 1 AT v THitR TOMN R DR KA FMH
UFRIZB e ZJICHBEZKTTIEDIRELTBY, A7V avi[ M eps
T DREDHEZFET D,

o AI—F VT, 4 ADERFM%E
1 EEmER (T2 V), 2 0 AlimsER (v, 3 AR M

LD 3HEOBTETCRETDIENTES, 2T, Jlor7yavili
bound_opt i E L THIHX, TOMTHERAZMHTE I LN TED (EEH

Blix, BIBOMEZTOELONHNLN, BHIEOEGEIE, BER % BRI
mhé77/axwmabTMﬁ®m@ﬁ%*Mé EbAA, JRERTIX
ZODMEIFERE L TERINZW), ZO5[#iE 4 XFOXFMTHY, Th
TNDIEFIEX 5.1 ED &S BRIEE LT3,

o BIALMIFHMIIHETE DN, AMBERASMZREL GG, TOBRFIIEE
g 2 KOOSR E [ — DR ZMOMEZFHE L TENRITNIER SR,
B2, o AT R 2 RIESR & 5D Th AL, boundary D1,3 X
FHIZ 3 TRITINEESZR N, TOEIIIINTHRWGEIZIE, =7 —%
B ARRIZ > T,

o BEIREELEN H HItiD%EE, bound_opt TREINDMEDSH, BER EIZIF
T 2EAEFE S O 2L T, EEHOEEIET O % EHEEH T OMM
L UT. HHmOLE I

oY
oz

EWOBREZMETH DG, f,g DEIZHYT D, DY, ZOA TV avic
BWT, EBIZV—F U TRIFE A EDOBRSIDBFEHI BN LIZR D,

o R DIIZE I DBRLMDOBRIEMIL, BEESR (1), FETR (3), HEB
H(2) DIEFEL72>TWWS. DF Y, bound(1:2)="12" LHEINTWDHH,
MAICET S0 =1,7 = LIXEEER (1) THAEINDS (2 TREINDH
HIER L D ELENE VD).

o RN HHRRADKBEOMEEEKT a, b, ¢, d, e, £ THDIH, ZDHEZEM
TBHE, HEBOMDTHAETIHRDIBEBULTANT LICHEI N, TOfEg N
TYRIZHREIND (ThDL, fMART7Y VABRROHELRD), Zhud, &
EHEOMMEREFETEOICHRET DL, HAREAPRERIZZY, ZOHIET
WHITREHERADETII RS ZRE72ODEETH 5,

BoF Y, bound_opt (1,:), bound opt(size(x),:), bound opt(:,1), bound opt(:,size(y)) IIF
EXNTWBHEDZ &,

o _

f7 ay
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R HRERDBRBIZZEMZI LU TV GETEHHETLI Z L IEAHRETH Y,
ZE M T R E PR TR WG A TEEIRIZRETH .

5180 undef IFWERTEISIZ AR E R 2 EOLEHEIT, REF/KTOIREFIINLUTE
A HbND1HE.

510 inner _bound FHEFUE FIZDOWTE O THRVME, F 72 NERARE IR IZH L
T10 EWOERERZONE. 2—F—ZZ D5 EHRET D Z LT, NERMEER
WCERDORDH U - RER S 2 5ATEIRTLIIENTES. BEMIZED &
IRBRTED IS BEE G ZDMNIDONTIE, 5.1 22,

S init_flag IF518 psi Z WAL DIZHIHHET 2 M E S DT 5 T TH
Y, true. QXX ML EITS. T AN BME true. &2 D, T, &
FIZ psi DAAN D B FREISE DHIZHLL L T, KEEHR T 5 R
BRBRDZEMNLEEACHAD 7 T THD. 12720, WEDEDH ZDFEETH
INDGEREIZIGEDLG W ON > TOBIREN LD UER U REDINE %
KDDL WS ZBENRIGEIZUD, false. ITBIXBZWIZI LW,

Ellip_Jacobi_2d

YaCEEHWT, 2 IRTTOMEMRIIERIR 2 BRI D 2% 559 5. OpenMP
2 & B AFLBRA AT RE. A —F VX EIS I AT R DR EZEE Z G0 ETHE
BITDIEDNARETHD. TDOLDRHEZITOGEIIA T a 518 inner bound

ERETDHI L.
=X
call Ellip_Jacobi_2d( x, y, rho, eps, boundary, psi, &
& [bound_opt], [al, [bl, [c], [d], [el, [f], &
& [undef], [inner bound], [init flag] )
51
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EEX
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<R(size(x),size(y))>
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<L>
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n
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n

n

in

n

n

in

n

n

in

R — PERE.

G TR R,

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

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

T AN TRTEDO.
RE 5 (k)

FI7AID T RTEO.
R 6 (k) .
T7AIN N FTRTYO.
N REIS DA (F238) .
T4 YO,

RS S B A (fh8%) .
T AN TRTEYDO.

JNEZ O TUHET S0 (&) .

P4

RODRME® L Uiz &, UTORMAGEXZEET D,

82
CL($, y)ail:f—i_b(l'a y)

0%
d0xdy

0%y
—G—cx,y——&—daj,y
(@.9) 5 +(r.v)

ZOLE GBI ONIGE T B,

a

a,

r X, Yy, p:

b:b, c:c d:

9y

ox

rho, ¥

d, e

B, BRI A, BT OR RIS RS,

9y

+€($,y)7+f(l‘, y)w($ay) = P(fﬂ,y)

Oy

: psi.

e, f:f.

e
o EFVGHRHIH p BLY, fIKFIREHEBIANTIIOWTEY R HEETD L, 77
FIAFHAZEFET L I LITHYT 5,
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o SR T ARTIZIOWT, feE¥ReiETD L, fMATY VAREXZERT
WY 95,
o AMHMHHITARTIZONT, p2E¥RERETDE., NVARILY HEAZFE
TEHILIZHYT 5,
o KN —F VOUHSMIE, KIED 1 AT v THitR TOMN R DR KA FMH
UFRIZB e ZJICHBEZKTTIEDIRELTBY, A7V avi[ M eps
T DREDHEZFET D,

o AI—F VT, 4 ADERFM%E
1 EEmER (T2 V), 2 0 AlimsER (v, 3 AR M

LD 3HEOBTETCRETDIENTES, 2T, Jlor7yavili
bound_opt i E L THIHX, TOMTHERAZMHTE I LN TED (EEH

Blix, BIBOMEZTOELONHNLN, BHIEOEGEIE, BER % BRI
mhé77/axwmabTMﬁ®m@ﬁ%*Mé EbAA, JRERTIX
ZODMEIFERE L TERINZW), ZO5[#iE 4 XFOXFMTHY, Th
TNDIEFIEX 5.1 ED &S BRIEE LT3,

o BIALMIFHMIIHETE DN, AMBERASMZREL GG, TOBRFIIEE
g 2 KOOSR E [ — DR ZMOMEZFHE L TENRITNIER SR,
B2, o AT R 2 RIESR & 5D Th AL, boundary D1,3 X
FHIZ 3 TRITINEESZR N, TOEIIIINTHRWGEIZIE, =7 —%
B ARRIZ > T,

o BEIREELEN H HItiD%EE, bound_opt TREINDMEDSH, BER EIZIF
T 2EAEFE ™ O 2L T, EEHOEE1IET O % EHEEH T O
L UT. HHmOLE I

oY
oz

EWOBREZMETH DG, f,g DEIZHYT D, DY, ZOA TV avic
BWT, EBIZV—F U TRIFE A EDOBRSIDBFEHI BN LIZR D,

o R DIIZE I DBRLMDOBRIEMIL, BEESR (1), FETR (3), HEB
H(2) DIEFEL72>TWWS. DF Y, bound(1:2)="12" LHEINTWDHH,
MAICET S0 =1,7 = LIXEEER (1) THAEINDS (2 TREINDH
HIER L D ELENE VD).

o RN HHRRADKBEOMEEEKT a, b, ¢, d, e, £ THDIH, ZDHEZEM
TBHE, HEBOMDTHAETIHRDIBEBULTANT LICHEI N, TOfEg N
TYRIZHREIND (ThDL, fMART7Y VABRROHELRD), Zhud, &
EHEOMMEREFETEOICHRET DL, HAREAPRERIZZY, ZOHIET
WHITREHERADETII RS ZRE72ODEETH 5,

MoF ), bound_opt (1,:), bound opt(size(x),:), bound opt(:,1), bound opt(:,size(y)) IIF
EXNTWBHEDZ &,

o _

f7 ay
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R HRERDBRBIZZEMZI LU TV GETEHHETLI Z L IEAHRETH Y,
ZE M T R E PR TR WG A TEEIRIZRETH .

5180 undef IFWERTEISIZ AR E R 2 EOLEHEIT, REF/KTOIREFIINLUTE
A HbND1HE.

510 inner _bound FHEFUE FIZDOWTE O THRVME, F 72 NERARE IR IZH L
T10 EWOERERZONE. 2—F—ZZ D5 EHRET D Z LT, NERMEER
WCERDORDH U - RER S 2 5ATEIRTLIIENTES. BEMIZED &
IRBRTED IS BEE G ZDMNIDONTIE, 5.1 22,

S init_flag IF518 psi Z WAL DIZHIHHET 2 M E S DT 5 T TH
Y, true. QXX ML EITS. T AN BME true. &2 D, T, &
FIZ psi DAAN D B FREISE DHIZHLL L T, KEEHR T 5 R
BRBRDZEMNLEEACHAD 7 T THD. 12720, WEDEDH ZDFEETH
INDGEREIZIGEDLG W ON > TOBIREN LD UER U REDINE %
KDDL WS ZBENRIGEIZUD, false. ITBIXBZWIZI LW,

Ellip_GauSei_3d

HI AT A FIViE GRIRREE) ZHWT, 3 RO MBIIERIR 2 BERIEIRMS
HRERZEHT S, AN —F VIZHEEBRIFEDORERZEE 2 GUHATEEHEA
FTEZENHEETHD. TDE I BEEEZITOEEIIA 7Y 2 V54 inner_bound

ERETDHI L.
=X
call Ellip GauSei_3d( x, y, rho, eps, boundary, psi, &
& [bound opt], [xal, [yal, [zal, &
& [al, [bl, [c], [dl, [el, [f], [gl, &
& [undef], [inner bound], [init_flag] )
511
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bound_opt
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inner_bound

init_flag

EEX

<R(:)>

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

<C(8)>
<R(size(x),size(y),size(z))>
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<R(size(x),size(y),size(z))>
<R(size(x),size(y),size(z))>
<R(size(x),size(y),size(z))>
<R>

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

<L>

RDDRHERZE p & UL & RS A%

824

X(ﬂl’,y,Z)i +Y

0z2

0
vd(z,y,2) 22

+ E(ZL‘, Y, 2)7

0% 0%

(.ﬁL’,y,Z)i + Z(xvyaz)i +CL(.T,

Oy? 022

)
+ﬂ%%@5%

N
dy

n
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n

n

n

n

inout

n

n

n

n

in

n

n

n

n

n

n

n

n

n

T3,

0?1
0xdy

Y, 2)

TR — PERE.
GF R R
TR = R

FEF R GFERDTREIE (F858)
RAGEDOPRSGA: (k) .
SHDERGFME 525 (i)
RV VRO
GiftcofE (k) .
FIHID g RTEO.
R 1 (k) .
FI7AIN  TRCT 1
RE 2 (k)
FTI7ANDN : TRT 1.
¥ 3 (k) .
F7AIN  TARC 1.
R4 (1&ak)

FI7AIN  TRC 1
I 5 (k)
FTI7ANE I RTCEO.
¥ 6 (k) .
FTI7ANVDN : TART 1.
¥ 7 (BR) .
T7AIN N FTRTYO.
¥ 8 (#&ik) .
FTI7ANDN FTARTEDO.
¥ 9 (k) .
FTI7ANN FRTEA,
RE 10 (f&k)
T7AINN T RTYO.
WNERBEI D (F23k)
T4 ¥a.

N B SO AR (8% .
FTI7ANDN TRTEYDO.
I &L O TS 50 (k)

0%
0z0x

01

4-b($,y,2)8yaz

+ c(z,y, 2)

+9(x,y, 2)¢(x,y, 2) = p(x,y, 2).
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ZOLE GBI TNONIGE T S,

(]

o IEFRVEGIE p B LU, g IFFHBEHIANTIIONWTERLRETD L, 77
FAFBRAZFHETL I LITHYT S,

o HHHEMKTNRNTIZDONWT, g2 ¥OLFET DL, MRT YV ARREFET
52 YT 5,

o AT NTIZONT, p2¥BERET DL, NVAKRLY A EFHH
T5ILITHYT S,

o KI—F VOPKREMZ, KED 1 AT v THi#E T DM FEZE O B KRAEHBRE
DRI SICHAZKR T T2 EICEELTEY, A 7Y 3 Vi $eps
X T DRAEDHEZHET D,

o KI—F VT, 6 HOERSKM%

1 : BEREmEES (T ) 7 VED 2 0 FliEER (A v Va3 RIS

LV 3O F THRETDIEMNTES, Z2T, JloATYa Vil
bound_opt % i%E U CTHIHE., TOMETHEAZ@EITLZ N TESD (EHEN
DEGEIE. BIBOMETDEDPHCON, HEHIEOEEIE, BR 2 B AR
Hd 777 ADMEE UTHBOEMEIHI NS, bAA, AMERTIE
COMEIFHEELTERBINGN), ZO8IIE 4 XFOXEMTHY, Fh
ZTNDIEFIXK 5.1 HD & S 55tz LTWwWd,

o BIRGMIZAMICERETE SN, MBI REMt 2% E UGS, TOBERIZE
Hed o RO D BE R Al — DB OME % 3% E U TENR T IUEE SR,
B ZIAX, o B AT AR B R & IR L 2 D THNIE, boundary D 1, 3 X
FHIZ Y THRINERSBY, TOEIIZINTHARVEAIZIE, =7—%
W HRRIZ R > T WD,

o EFMEE A H DS, bound_opt THREINDED S B, B EIIF
TETBEHESE ™ OMEZBIU T, BEROEEI%T Ofl % EHE & 5T Ol
L UT, HHImOEE I,

oy oy oy
or fs ETy =9, 9.
EWVWOERZMTH %G, f,g, hDEIZHYTD, 2ED, ZOATVay
IZBEWT, FEIDV—F Y TRIFL A L OBEFIDFHH I RN 2 LR 5,
e N bound_opt (1,:), bound opt(size(x),:), bound opt(:,1), bound opt(:,size(y)) T
EINTVBEDZ L,

h
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o R DIBIZE T 2 BEFt Mt DBESEIAAIE, BB (1), RIS (3), HHliBE
F(2) DIEFRLZ->TWD. DF Y, bound(1:2)=12> EFEINTVDHA,
WAICETSM =1, = LIFEEHER (1) THEINDS (2 TREINDH
HBES & D BRI RN 72 D).

o R AERNDEBEDEEZKT xa, ya, za, a, b, ¢, d, e, f, g TH
LM, ZOEEEKT D L. mEEOMAHEE IR REUTTART 11T
XN, TOMITTARTEOICHREINDS (TaDLL, fMAT7TY VARADFHE
E83%), ZhiE, BEBOMAEEFETCEICRET D &, AREADIFR
RIZBRY, ZOHETUHIRESLEROETIE RSB -ZODDHEETHD,

o R HRERDBEIZZEMZL LU CWAIGETHLHET D I L IFARETH Y,
ZE NG T DV E MR TR WG A TEEIRIERE T H 5.

o 5% undef XN ICKREREZ ELLAIL, RERKTORE L TE
ZHbND1HE.

e 5% inner_bound IFIEFHIMEFIZDONWT X I THRVME, F /NIRRT ERIZH L
T10 LWHENRGZA5NE. 2= =X D5 EZET D 2 LT, ERHEE
CERDOEOM U REREEZ S A TEHETLIENTEDS. BEIIZED &
DBBRTEDI D BEZ G ZDMMIDNTIE, 5.1 22,

o 51 init flag 358 psi 2 ML RIZHILT 2NESI "D T F 2/ TH
Y, true. QL X, ML EITS. T7AINDME true. &R D, T, &
AN psi DD BFEEISE DEHZHEB U T AL, KEFHE T 5 [IE A
BRBDIEMNOLEHBEHAD T Z T THD. 72720, WEDLNH DFEETFH
XINDLGEREIZIGEDLG N OMN > TODIREN S D UER U IREDIRNE %
KDDL NS ZRENRIGEITUD, false. IFEIXZR WD AL,

3.4.4 Ellip_Jacobi_3d

YaACEZHWT, 3RGTOEMRIIER R 2 BRI A% 5159 5. OpenMP
(2 & B MHLEE AT BE. AV —F VIS AR O R E RHEZ G0 HETEE
HI2DIELWARETHD. TD LD BERZITOEHEIEA 7Y 2 V54 inner bound
ERETDI L.

call Ellip_Jacobi_3d( x, y, rho, eps, boundary, psi, &
& [bound_ opt], [xal, [yal, [zal, &

& [al, [bl, [cl, [dl, [el, [fl, [gl, &

& [undef], [inner bound], [init flag] )

518
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0
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SHDERGFME 525 (i)
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FIHID g RTEO.
R 1 (k) .
FI7AIN  TRCT 1
RE 2 (k)
FTI7ANDN : TRT 1.
¥ 3 (k) .
F7AIN  TARC 1.
R4 (1&ak)

FI7AIN  TRC 1
I 5 (k)
FTI7ANE I RTCEO.
¥ 6 (k) .
FTI7ANVDN : TART 1.
¥ 7 (BR) .
T7AIN N FTRTYO.
¥ 8 (#&ik) .
FTI7ANDN FTARTEDO.
¥ 9 (k) .
FTI7ANN FRTEA,
RE 10 (f&k)
T7AINN T RTYO.
WNERBEI D (F23k)
T4 ¥a.

N B SO AR (8% .
FTI7ANDN TRTEYDO.
I &L O TS 50 (k)
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ZOLE GBI TNONIGE T S,

(]

o IEFRVEGIE p B LU, g IFFHBEHIANTIIONWTERLRETD L, 77
FAFBRAZFHETL I LITHYT S,

o HHHEMKTNRNTIZDONWT, g2 ¥OLFET DL, MRT YV ARREFET
52 YT 5,

o AT NTIZONT, p2¥BERET DL, NVAKRLY A EFHH
T5ILITHYT S,

o KI—F VOPKREMZ, KED 1 AT v THi#E T DM FEZE O B KRAEHBRE
DRI SICHAZKR T T2 EICEELTEY, A 7Y 3 Vi $eps
X T DRAEDHEZHET D,

o KI—F VT, 6 HOERSKM%

1 : BEREmEES (T ) 7 VED 2 0 FliEER (A v Va3 RIS

LV 3O F THRETDIEMNTES, Z2T, JloATYa Vil
bound_opt % i%E U CTHIHE., TOMETHEAZ@EITLZ N TESD (EHEN
DEGEIE. BIBOMETDEDPHCON, HEHIEOEEIE, BR 2 B AR
Hd 777 ADMEE UTHBOEMEIHI NS, bAA, AMERTIE
COMEIFHEELTERBINGN), ZO8IIE 4 XFOXEMTHY, Fh
ZTNDIEFIXK 5.1 HD & S 55tz LTWwWd,

o BIRGMIZAMICERETE SN, MBI REMt 2% E UGS, TOBERIZE
Hed o RO D BE R Al — DB OME % 3% E U TENR T IUEE SR,
B ZIAX, o B AT AR B R & IR L 2 D THNIE, boundary D 1, 3 X
FHIZ Y THRINERSBY, TOEIIZINTHARVEAIZIE, =7—%
W HRRIZ R > T WD,

o EFMEE A H DS, bound_opt THREINDED S B, B EIIF
TE$ BEHESE O DEZ BT, BEROEEI%T Ofil % EHE & 5T Ol
L UT, HHImOEE I,

oy oy oy
or fs ETy =9, 9.
EWVWOERZMTH %G, f,g, hDEIZHYTD, 2ED, ZOATVay
IZBEWT, FEIDV—F Y TRIFL A L OBEFIDFHH I RN 2 LR 5,
s F N bound_opt (1,:), bound opt(size(x),:), bound opt(:,1), bound opt(:,size(y)) T
EINTVBEDZ L,

h
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o HRDOMIZEH T 2 EALMOBIENEN L, FERS (1), AR (3), HHEE
F(2) DIEFE L 72>TWWd. DF Y, bound(1:2)=12" LFHEINTVDHH,
MAICET SR i=1,7 = 1IZEEER (1) THREINDS (2 TREINDH
HIER & D ELENE W ZD).

o RN AFERNDEBEDOIEZKT xa, ya, za, a, b, ¢, d, e, £, g TH
B, TOMEZEEMT D L, HEBEOWMAEE T IR BEBUXTNT 1ICRE
I, TOMIFTARTEOICREINS (TRDL, MAT YV ARRNDE
ERB), IHE REBOMAHATETEDICRET D L. HEAH R
RIZBY, ZOFETUHIREHEROETII RS R -ZODDHFETH D,

o R FFERDBEITZEBZLL CWDIGETHHETDI I L IFAGETH Y.,
7SR T R E PR TR WG A TEEITAIZTRETH .

o 5% undef IR ICKRE R 2 EL LA, REBRTORZFIIHN LTS
ZHND1H.

e 7% inner_bound IFEEFHRMEFIZDONWT Y I THRVME, F/2NEREEIZGT L
T10 EWENGEZ6NE. A=Y —FZ D5z HRET D I LT, NEHEE
WEEORDB U - RERBEZ G ATERTLIIENTES. BIERMIZED &
DBRBFRTEDE D BAEZE G ZDMMIDNTIE, 5.1 22,

o 5 init_flag IF518 psi 2 HANC L DIHIHULT 2N E S DT T I TH
Y, .true. QL X, ML EITS. T 7 AN DME true. &R 3. T, &K
I psi DD BFEEIEE DEHIZHEB U T AL, KEFHR T 5 [IEh A
BRABDZENLEEACHAD 7 T THD. 12720, WEDEH D FEETH
INDGERIIZIGE DGR DN > TODIRENS D UER LU ZIREBORE %
KDDL VS ZREMBRIGEIZUD, false. IXBIXBRNIED LW,

3.5 ffts

FFT (F# 77—V &) I3 2 )0 —F V& FFT SIEOFMIIOWTIE, 77 2.

3.5.1 c2r_fittp_1d

BEBE
1 IRTGEBT—R D FFT WEH%Z175,

£
call c2r ffttp-1d( nx, a, b, [prim], [prim_fact], [omega fix], [omegan fix]
)

51
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nx <I> in T — X DIEK.
a <CP(nx/2)> in BEERBE T T — 4.
b <R(nx)> inout EHREHET—X.
prim c() in FERBHE (BiR),
o) =fRET D, x =RLUR,
prim fact  I(5) in KRB (k) .

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

w(k) =Y #(k)e®™N, k=0,---N-1

TEHIND, ZH% Temperton DT7IVT) A L% HNT FFT W T 5, LK
T—A D FFT GHEDFMI DOV TIE, 77 2,

BE

o ¥ prim IFT — AN 2R NEARETL2EDTHY, ZOAT¥avin x
DGEET = AN ZTOEE 7 —) TEBPUIIZE I NS DT, HRDEEH T —
DIEWEITD IR 5, DRETAE TR N = 293571 x e F
ToHEZIT, FFT W 2175, 58 prim fact (ZZ D& T DRKEBIEHD
BEfRETD. DFY),

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

o 7# omegan fix IZT7— X ¥ nx 2B 132 FFT THMHT 2 EEETH 7 2%
95, 5l# omega_fix &7 — XM 2,3,5,7 M DRENEL (1 DD DS % HliC
T2E, e MTNUIIH722) ITHINT B EERTH]. NS DITFIEEHIL—F
rotate_calc T 2L MNTX5.

o AIN—F VDMFING, WEHE S N/2 1 FEF a(1) OERBS KM L RIT
(=AY AN

“TIEHEAT 5 OO M AR R AT R T T B R,
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3.5.2 ffttp_1d

BERE
1 RGBT — 215 FFT %2179,
£
call ffttp_1d( nx, a, b, csign, [prim], [prim_fact], [omega fix], [omegan fix]
)
513k
nx <I> in T — X DAEHEL.
a <CP(nx)> in R — 4.
b <CP(nx)> inout MERLHELT—X.
csign Cc(1) in IEH O RE
p =R i) =,
prim c(1) in RN HE (k) ,
o) =T D, x =R RUAN,
prim_fact I(5) in FRRBHEE (Bid),
omega fix CP(mx,nx) in 2,3,5,7 A DEZKEL T D
#1741 (k).
omegan_fix CP(nx,nx) in [AEf75] (&),
E&ER
NHOT— 2% EOEFER 2(k), k=0,--- N—-12F 25, ZOT— XD T —
D TIEZH (1) 1%
P 1 — —27riﬂ
= N —0-...-N —
z(1) N xz(k)e , 1=0,---N—-1
k=0
TREIND, WEHI
N-1 1k
(k)= i(k)e*™N, k=0,---N-1
=0
TEHIND, ZN% Temperton D7 IVTY AL % FAWT FFT UWHET 3,
=E3

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

o F¥ omegan fix &7 — X # nx 2B 1D FFT THHT 2 EEET5] ° %58
95, 5l# omega fix IE7T — XM 2,3,5,7 LA DRINEL (1 DD DMH % HiliZ
FTdL, e MTNIH22) TG T D MEERFTH. N6 DITFIXEHIL—F >
rotate_calc TI1D 2 &M TE 5.

3.5.3 ffttp_2d

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

[omegan fix] )

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

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

M—-1[N-1
7 _ ! ke 2 | e 2l =0 N—1,n=0 M-1
x(m,n)——z Z$(,)e e , m=0,---  N-1,n=0,--- ,M—
k=0

o

m=

"8l HEAT 51 OO M R R AT Bk T T B IR,
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TEHIND, TN%E Temperton D7 I TV AL %EFAWT FFT T 5,
wE

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

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

o 38 omegan fix 7 — 4% nx 2B F % FFT CTHAT 2 [EiE/T5] 0 248E
T5. 518 omega fix (&7 — X EA 2,3,5,7 LIS DEIKEL (1 2D DHH % iz
THEL, e MTNIIH-2) ITHIRT D EERTTH. ZNEDITFNIEEHIL—F >~
rotate_calc TFD LMW TX5.

3.5.4 prim_calc

BénE
EREDOERAEIZOWT, 2,3,5,7 DERBOHEZ1TS
=X
call prim calc( n, factor, resid )
5%
n <I> in R D IEREEA.
factor <I(4)> inout 2,3,5,7 DERNEIEE.
resid <I> inout  2,3,5,7 AARDZKEL.
E&ER
LR D IEBEEAE n A
n = 293574 x e
ThHho7256, FOREBIILTDO LD BXIne 25,
n —n, (a,b,c,d) — factor(1:4), e — resid
e

Rz L.
a7 4 D BEMI 7R REIR AT BT 7 B .
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3.5.5 r2c_ffttp_1d
Bee
1L REEBT—2 06 FFT %2175,
=52
call r2c_ffttp_-1d( nx, a, b, [prim], [prim fact], [omega fix], [omegan fix]
)
5%
nx <I> in T — X DIEHEL.
a <R(nx)> in TR T— X
b <CP(nx/2)> inout EERBEHRELT—X.
prim c(1) in FNBE (i),
107 = ﬁq:'é—é 1y =/ &beé\b\
prim fact  I(5) in KRB (k).
omega fix  CP(nx/2,nx/2) in 2,3,5,7 AAADZENETD
[mER T8 (k) ,
omegan fix CP(nx/2,nx/2) in 2 [rEfT5] (k).
E&ER
NEDOTF—2%&E2FE K x(k), k=0,--- ,N-1%2%22 (NIIEH., ZO7—
2 DR T — ) TIEEH () 1
1 N—-1
() =+ z(k)e ™ N, 1=0,---N—1
k=0
TEHIND, MEHIL
N-1 1k
w(k) =Y #(k)e®™N, k=0,---N-1
=0
TEHIND, TN% Temperton DT I T AL %2 AT FFT WHT 3, FEHK
T—4 D FFT HROFMIIDOVTIE, 77 2,
=E3
o Hlfiprim IFT — XM N 2R NEAETL2EDTHY, ZOAT¥avin x
GERT—ANTOEE T -V TEAHUIIZE I ND DT, BARDHERT —
VIEWAEITD ZLI85, HMEETRE T8N N = 2035574 x e &
ToHEZIT, FFT W 2175, 58 prim fact (32D & T DRKEBIEHD
BeiEETD. 2F,
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prim_fact(1:5)=(/a,b,c,d,e/)
EVIHIHERD.

o ¥ omegan_fix 17— &M nx I2HF D FFT THAT 2 [§E/T75] 10 % 552
$5. 5l# omega fix IE7T — XM 2,3,5,7 LA DRINEL (1 DD DH % HiliZ
FTdL, e MTNIH2) IZHI6T B MERITH. 26 DITFIXEHIL—F >~
rotate_calc TITD 2 LMW TE 5.

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

3.5.6 rotate_calc

HaE
T — 8 nx ODEEATH%2EHHT D,
=X
call rotate_calc( nx, csign, prim fact, omega, omegan )
515
nx <I> in T — X DA%
csign C(1) in IR ZHCH|E
) =IEAH 010 =R,
prim fact I(5) in FRRBEE (Bid),
omega CP(prim_fact(5),prim_fact(5)) inout 2,3,5,7 BAADEKRETD
[EHR1 751,
omegan CP(nx,nx) inout [MEHFEATF,
EHEI
N fED T — 2 DRl 7 — Y AU W B [EHERFT5] W4 1
Wik =emMN =01, \N~1, k=01 ,N~1
TRERIND, EEHIES, FLEMIFIESTERIND. £/, 2,3,5,7 UINDHERA
B a TOMERFINE ERIZHNT,
N =«
EUEZTTHD.
e

O[] #E47F D FEM AR RS AT Bk T B,
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o 5|# prim_fact I&
prim_fact = (/a,b,c,d,e/)

L9dL, T—AF nx I
nx =2¢305°7%¢

EWHERBCTHERINT VWS I E2RLTNS.

3.6 file_operate

IO V—F V& BEMGLTWE 774V 74— MIULTFTDOLEED THD.

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

e gtool3 74— v hF—4&.

3.6.1 auto_read_file

2RI, 3IRTCEBIBAED A )3 "NAF V) T 7 A IS T —R 2 5iAHT read_file
D HBLIL—F > (CReSS k).

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

d3var, [specnz], [intvnz] )

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

e ANA MNAFVF—AMN2 3 2 3IRILEVINERT 1 771 IVITHEIHI N
TWAE258 7710 NVIZHWLND.

e d2val, d3val, ad2val, ad3val IEZTNTNHAALEEE RT T Z 7 TH
V,2, 3,2, 3 DIEFEIZ 4, 3, 4, 5 [HOEEIBKEMINTOB5HE,

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

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

e specnz WREINTWDIEA, 3 RILT — Xk nz D H T, specnz HHD
T—RDABPEMIND.

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

3.6.2 line_number_counter

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

3.6.3 read file grads

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

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

518

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

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

intvz <I(2)> in R AR OFHA N T EEE (Bad) .
intvt <I(2)> in RE G MO F AN T EEZXM (k) .
val <R(F&R)>  inout FrAH U 72 B X D A5

=

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

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

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

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

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

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

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

3.6.5 request_dim _grads

HEE

grads DAY "A =)L T 7 A I SEBDOEMIRGTTOEZ T Z LG T DIV —F V.
N

call request_dim grads( fname, dim len )
518

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

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

3.6.6 request_vardim grads

HeE
grads DAY hO—)LT7 7L IVINSEREDOEOD EE D BRI 5 ) —
FU.
=X
call request_vardim_grads( fname, var_name, nz )
515
fname <C(x)> in AT aY v a—IL 7 7 A4,
var_name <C(*)> in HEEZEEZIE U WA D HHT.
nz <I> inout HWf39 % =18 EE R
EERN
SN
e
SN

3.6.7 read_file

BB

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

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

3.6.8 read._file_3d

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

gtool3 EAD T — & & HAALIN—F .

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

518K

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

E&ER

Rz L.
8%

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

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

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

3.6.10 read file_gtool3_header_c

gtool3 ERDAY LA —FT =8 D>, XFEHARDT—Z 2 iAHTIV—F .

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

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

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

3.6.11 read file gtool3_header_i

gtool3 LRDAY A —=F =2 D>% BEHAD T — 4 &2 5Ad IV —F V.

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

518

file_name <C(*)> in AT T 7 A IVA.
header <C(x) (:)> in AN A — DR
var <I(size(header))> inout header (ZXIGT DT —4X.
EEN
Rz L.
"

o N X —DEFRZ,
http://www.riam.kyushu-u.ac.jp/taikai/lab/others/Gtool/nodel11.html
ERIUARMTE 2%, 7272 U, Fortran D F#FETH S unit, size IZDOWVT
&, uni, siz EANITDH I L.
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3.6.12 read file_gtool3_header_r

gtool3 EADANY X—F =2 D> 6, FHILAD T — 4 2 HALdIL—F V.

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

518K

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

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

3.6.13 read_file_text

TXANAT LERD T — A % GARDIN—F V.

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

518

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

nx <I> in ke

ny <I> in TR

var <C(nx,ny)> inout #HAHTT—X.

skip <I> in SLUERE ATRIE T 1THL.

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

(]

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

3.6.14 read mgdsst

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

o HERBTZD/NIVEDHPMBROEE NG (R 0 °, #&E —89.875 °) IZAY, fid
FIE—BRIFHA S B BRI S KT T — MBI TIN5,

o RIEFHMIX 999.0, HEKT — 1% 888.0 LW HETHKMINS.

3.6.15 write_file

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

e mode | Fortran MEIH U status= IIHREINSEZ KA.

3.6.16 write_file_3d

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

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

518

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

nx <I> in BRI

ny <I> in o5 BRI AL

nz <I> in PRSIV E

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

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

i\

e mode | Fortran DEIH U status= IIHREINSEZ KA.

3.7 Map_Function

MBI S B - T —F VR

3.7.1 l2radi

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

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

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

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

latl,lonl = ¢1, A1, lat2,lon2 = ¢o9, Ag.
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(]

o EHRADIEHIE 5.2 2.

3.7.2 rt2ll

Hae

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

EEM

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

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

E&EN

in
in
in
in
in

n

Rt e R D BN L 5 P BEAE [m).

i PERER D [FIA7 A F5 [E) F4 B [rad].
R R R AL C DR [rad].
Rt JRE AR R S AU C DAESE [rad].
HEAZE R ST ORRE [rad].

T FEAE S s T ODREE [rad].

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

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

Az = Ao £ arcsin [j:

cos 0y
bx

sinrg
cos

s s
—= <6y < 7,

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

INH5DRIIOWT, EEDOFIEIEILATD & 5 B ISR E 2 5.

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

B%

o EXHEADIFAHIX 5.2 28,
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o EFHEINDIMERRIZEIZ TG IZ OV TEMRTITA L, BRE_ED MR iHE &
ULTREEINDS. /-, FAAFAIZOWTIE, FEA2ROEFHE & U2 FE R
WU SOMETERIN, MEEDH %85, BRO T EDfH
9:% YRBEDICEEINTNS.

3.8 math_const

BN EEBE. BERMTOERD LS IZHEAENTWS.

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

PARE parameter JEHED DWTWARWETEEH THD.

EEE # | B | LD B |
romega2 | <CP(0:1,0:1)> | save | 7—%& 2 ® FFT A [E§1741
(IEZH#H)
romega3 | <CP(0:2,0:2)> | save | 7—%& 3 ® FFT f[E§1741
(IEZH#H)
romega5 | <CP(0:4,0:4)> | save | 7—%& 5 O FFT f[Efz1741
(IEZH#H)
romega7 | <CP(0:6,0:6)> | save | 7—%& 7 ® FFT A [E§z1741
(IEZH#H)
iomega2 | <CP(0:1,0:1)> | save | 7—X 2 @ FFT AT 4
(W)
iomega3 | <CP(0:2,0:2)> | save | 7—X 3 @ FFT H AT 4
(W)
iomegab | <CP(0:4,0:4)> | save | 7—X& 5 @ FFT H[EI#E1T 4
(W)
iomega7 | <CP(0:6,0:6)> | save | 7—X& 7 @O FFT AT 4
(W)

3.8.1 rotate_array

Hne
T—A28 23,57 DEEE T ZFHET S,
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=5
call rotate array( )
515
2 U. math_const IZBWVWTRHEIN TV SHEEH omega2, omegal3, omegab, omegal
MNHEFIND.
EERN
3.5.6 DEHFRNIZBWT, N=2,3,5,7 CHELTW3.
e

3.9 matrix _calc

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

3.9.1 Gau_Sei

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

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

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

3.9.2 Jacobi_algebra

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

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

3.9.3 Jacobi_eigen

Y avkz HOTEREDOENIMTIIO2EAEZRD DN —F .
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=X
call Jacobi_eigen( a, lambda, [eps] )
518
a <R(:,:)> in [ A 1fE % KD D175 (#2ik).
lambda <R(size(a,1))> inout [EAMHE ($&h).
eps <R> in FAZ DRI G (#25R).
EHEIN
'??ﬁ” Aij, N7 MV ZT; Lk ‘Jé’,
aijxj = /\l’i
WO BEREMZTRABN 2 RDD. 22T, N OMEIXTHORTGEEDH D, ZD
b 1 QA DY SPINE EEY S
a;j : a(i,j), A : lambda(k)
Thd. k HHOEAEMZ Z ZTld lambda(k) & U7z, ¥ I KT L BEHHESGIED
7?2 2.
e

o eps [IXEFITEDINAHESRMETH Y, 1 B KEFHA AT T O A D
KIBEM eps ARIZZR /2L JITEHEZKTT 5.

3.9.4 LU._devs

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

£
KRz L.

3.9.5 SOR_Gau_Sei

SOR ZHWTHDI AT A TIEIZE BN 1 IRAGBERADKRBEEZITOIN—F .

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

b <R(:)> inout N7 MVOEG (HiR).
a <R(size(b),size(b))> inout 174 (f&ik).
eps <R> in IR (£23d).
accel <R> in SOR DAELREL (123h).
x <R(size(b))> inout RKDZWARZT KL (H&k).
EERN
1751 Qij, R My & LE X,
AijT5 = bi
EWSBIRE TG/ RIINY Ml 2RDD. 2D L, 518 E OX ISR
Q5 a(i,j), ZTj o X(j), bl : b(i)
Tdhd. SOR DX AU AT A FIVEIL L DR AEDOFEMIZ??SMH.
(]

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

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

23

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

518K

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

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

THR
Tl ag, "7 MV ELEEE,

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

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

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

3.9.7 determ_2d

2 RATHIDATHIAZ BT

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

E&EN

2 IRIEATH] A DITFIA Al 1E

A:<a b), = |A| = a b =ad — be
c d c

Thb.
%

=

3.9.8 eigenvalue_power

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

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

5150

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

a <R(size(lv),size(1v))> inout [EAME%Z KD DITH] (k).
eps <R> in RAZ DI R YIZ M (2idh).
lambda <R> inout [EAMHE ().

P4

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

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

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

w&
Rz,
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3.9.9 gausss

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

3.9.10 invert_mat

5313
FREIE AT OHITH % KT
=5y
call invertmat( a )
518K
a <I,R(:,:)> in KD B 1751,
b <I,R(size(a,1),size(a,1))> inout a DW{TH].
E&EN
H ADFEEEEFANTHITA 2 EHET 5. sElAREHE HIEIZ773 1.
=E3

Rz L.

main.tex 2014 £ 5 H 29 H GEHEHR)



STPK v=a7J)L 3 TIN—Fr—8 74

3.9.11 schumit_norm

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

3.9.12 trans_mat

ERIESTHIOHRE 2 KT

call transmat( a )

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

EHER
391 Ay DEEBTA IR A TH5,

B%

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

FESI DB, B/ MEZIRET SN —F V.

3.10.1 max_val_1d

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

o REFRMEMVEZRINTWVDGAEIX, TORESIZ L 2,

3.10.2 max_val 2d

BERE

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

call max_val 2d( var, mamn, mamv, [undef] )
511
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var <R(:,:)> in 2 IRTCDYEZRELH].

mamnx <I> inout FCFIANDERKRMEIZEEY 4 D5 1 Bl ERES.
mamny <I> inout FCF AN DEBRRMIZEE YT L5 2 Bl ERES.
mamv ~ <R> inout var D&HFAMH .

undef <R> in KEFZME (k) .

EER

(]

3.10.

518

BHIZ 1 BE» ORI Z LT 5, RKEDEBD - 72856, b EERTD
HNH DRI NG,

o REBRMMEZINTWVDGAEIX. TORSZ L RV,

3 max_val 3d

3 RIGHLH D i KA & T DIED RGN X N TV D B ERF S 2 TS 2,

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

var <R(:)> in 3 IRTEDEERNLH.

mamnx <I> inout AL DRKMIZEE Y T D58 1 By ERES.
mamny <I> inout AL DIRKRIAIZEE YT D58 2 By ERES.
mamnz <I> inout ACHINDEREIZEE ST L5 3 ils EEEKS.

mamv <R> inout var OEZA[E .
undef <R> in AREFEME (Bak) .

e
EFHxT

B%

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

o REFRMEMVEZRINTWVDGAEIX, TOESZ L RV,
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3.10.4 min _val_1d

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

o REBRMENEHZINTWVDLAEIX. TORSZ L 2,

3.10.5 min_val 2d

BEBE
2 RTCEF D E/ME L Z DMEPKEN I N T WD EFEEZE S 2 ST 5,
=5y
call min_val_2d( var, mamn, mamv, [undef] )
511
var <R(:,:)> in 2 IR DEEZR L.
mamnx <I> inout AN DERAMEIZEE Y T2 1 BV ERES.
mamny <I> inout LA DB/IMEIZEE Y 955 2 By ERES.
mamv  <R> inout var ME/IME .
undef <R> in REZME (Bd) .
E&E
HAZ 1 ZEHMOESIDOMEZ KT 5, R/IMEPER D > 72856, b BRE SO
FHONEDMWEIND,
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(]

o REBMEMVERZINTVDLEIX, TOMAZHEL &,

3.10.6 min _val_3d

BB
3 IRTCEF D E/IME L Z DMEPKEN I N T WS EFEEZER S 2 EET 5,
EX
call min_val_3d( var, mamn, mamv, [undef] )
511
var <R(:)> in 3 IRITCDEERELS.
mamnx <I> inout BCHINDERAMEIZEE YT 55 1 By ERES.
mamny <I> inout BLHIADBR/IMEIZEE Y 9 D5 2 By EEFE S,
mamnz <I> inout FCHIANDER/IMEIZEES T 55 3 BHERES.
mamv <R> inout var Of/MHE .
undef <R> in REFZME (k) .
EEN
Bz 1 ZEHMOESIDMEZ KT 5, TMEPER D > 72856, b BRESD
FHONEDMREIND,
e%

o REBRMMEZRINTWVDGAEIX. TORSZ L RV,

3.11 phys_const

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

(2008) & v "

TLLp 2 U, HIBRAERD A, Tsuboki and Sakakibara (2007) %5 Hi i,
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EAEIEEE LR Tk B
Me <R> | 5.9736e24 HiBR D & [kg]
g <R> 9.81 HER DREEHESR S DR | [m?/s]

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

radius | <R> 6.378e6 HiBR DM [m]
kB <R> | 1.380658¢-23 RV < Ve [J/K]

3.12 poly_function

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

3.12.1 chebyshev

BEBE
0—niIkOF VYT I7LIERNZEHETS.
X
call chebyshev( n, x, che )
518
n <I> in AR D IR
x <R,DP(:)> in BV ARGIE- 8
che <R,DP(0:n,size(x))> inout F Y ¥ =z 7%4IH.
E&EN
niRF Y I7LHAE T,(z) £ 95L&,
[n/2] k
_ (=1)"n! n—201 2k
T"(x)_;::o(%)!(n—%)!x (1=a%)"
=E3

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

BERE
0—nIRDOT =7 YN\ T —LIHAZHET 5.
=52
call gegenbauer( n, x, p, lambda )
511
n <I> in AT S mmiIE.
X <R,DP(:)> in P OVARCIE-'S
p <R,DP(0:n,size(x))> inout 77— v\ 7 —%IEA.
lambda <R> in =N T — R
E&ER
niIRT =N T —%HNE C)(v) £ TD L,
Apy o 2L AN) pp(n 1oL
Co(z) = n!F()\)xF 5 5 ,1—mn )\’x2 .
ZIZT, FI3HAY ADBRHEETHS.
5%

o EEEOFHMIFM LA TIEMI N TS, B AEDFFEMIZ DOV TIX??SIHL

3.12.3 hermite

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

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

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

B%

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

3.12.4 jacobi_poly

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

o EREOFEMIXI LN TRM I N T WS, M G EDFEIZ DWW TIX?? 28

3.12.5 laguerre

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

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

3.12.6 legendre

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

o ERROFHMIXI LN THM I T WS, FEM T EDFEMIZ DWW TIXT? 2L
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3.12.7 sonine

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

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

3.13 special_function

KRB Z 1R S B, 2k, UNOBIE~Y =2 7 Vi, BB OERXDAKG U
TV, EBEOFMFNIX??2 25 12 I 0.

3.13.1 Full_Ellipl_Func

HeE

HMSEEHEREEE T .
o

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

3.13.2 Full _Ellip2_Func

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

RYfE <R,DP> inout afEfEE.
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EER
m ARy R IVEIEE T (1) LT B L,

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

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

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

m iRy IV Z V,,(t) £ 5 &,

m—1

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

k=0

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

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

3.13.5 beszero

—HEARY VRO O R EZERT 5.

call beszero( nmax, mmax, k )
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518
nmax <I> in R v )VEEE D B RIREL.
mmax <I> in KB YT EDOEE.
k <R,DP(0:nmax,mmax)> inout Y HRTOHE (fii5ZIH).
EEN

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

n I nmax, m . mmax.

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

3.13.6 beta_func

N SR AT B

result = beta func( x, y )

518

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

E&EN
N—L % B(x,y) 9D &,

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

BE o EBROFMNIFTELURTIMINT WS, FHMliFIEOFIZ DOV TIL??HIE,
o N—REABITITIEEAINEE E D720,
B(z,y) = B(y, )

THDDT, 5| BDNEF X/ DR,
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3.13.7 delta

IRV HN—DTNAEGHET 5.

result = delta( i, j )

518K

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

Bz L.

3.13.8 df bessj

ANy VB EIET 5.

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

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

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

In(t) = i ™ T (it).

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

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

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

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

2 sin mm

ZZT, In(t) & mIRZERY R IVEBTH .

Kin(t) =

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

3.13.10 epsilon

Hae
IFAV YO TV EFETD.
=X
result = epsilon( i, j, k)
518
i <I> in H—ER
j <I> in [t
<I> in v
RYOME <R> inout EHEAERE.
EER
1 fHiEs
Cije =4 —1 FArEfH
0 TOfh
mE
Rz L.
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3.13.11 gamma func

Hae
AV BB ZEFETS.
g
result = gamma_func( x )
518
x <I,R> in EES
RYfE  <R,DP> inout FHHEAERE.
EEN
HYBB%E MNz) & ddL,
I'(x) :/ t*le7tdt, x>0
0
e o EEROFHEAIZEMATHMINT NS,

3.13.12 kaijo

A5 T DRI DU T IE 775,

B
BERZEIHT 5.
=R
result = kaijo( i )
515
i <I> in PR
RYOME <I,R> inout alEAERE.
EERN
il=ix(i—1)x--+x2x1
e
iz v
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3.13.13 sp_bessj

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

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

3.13.14 sp_bessy

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

ZIT, Y1) Emk/) A VBERTHD.
HE o FEEROFMNIIFAT TFMI N T WD, FHE G IEDFHMII DOV TIZ??S ],
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3.14 statistics

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

3.14.1 Anomaly_1d

Fe
1 RS DN S DT ) ) —%2E5H8E T 5,
=X
call Anomaly_1d( x, anor, [error] )
511
X <R(:)> in 1 IRIET— 4.
anor <R(size(x))> inout %% x(i) IZX)T 22
error <R> in RIEME (k) .
EHEN
EREOEIDT =25 2, PEIEL GG, TOT )XV — a, FATFTO LD IZEHE
INd,
1 n
a; = T — E pr
p=1
=5

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

3.14.2 Anomaly_2d

BEBE

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

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

E&EN

FEDEIDT —8F 2y WAEL GG, TDT )XY = Gy FAND & S IZF
BHInd,

n

m
1
Qij = Lij = E :E  Tpq

q=1p=1

BE

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

3.14.3 Anomaly _3d

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

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

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

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

3.14.5 auto_interpolation_2d

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

=

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

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

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

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

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

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

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

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

(]

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

3.14.6 auto_interpolation_3d

Hae
3 IRICD R D PEFERIZE T 5 HEfE AL —F >, %, interpo_search )V —
F & interpolation DFAADOETIFOLNL NN 25 2HELL 2B D.
=X
call auto_interpolation 3d( x, y, z, r, p, q, u, v, undef, undefr )
518
b4 <R(:)> in PRI 0D FEHE AR 1.
y <R(:)> in PR OD FEYE AL 2
z <R(:)> in N D ELHE AR 3
r <R(:)> in FRR AR 247 D R 1.
p <R(:)> in FERIZ N2 AT D HEAE 2
q <R(:)> in FEERIZAF 217D B 3
u <R(size(x),size(y),size(z))> in JERE x,y,z CEZRINDES]T— 4.
<R(size(r),size(y),size(z))> inout i r,p,q CEZEINDEST—X.
[undef] <I> in HRAE FH.
[undefr] <R> in R BERZ RORE Bl (£23d).
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EEN
JERE x, 7,z DEK TR x(1),7(§) ,z2(k) TEHEINTWVWDiHu(,]j, k) DiEE SIE
e LT, x,y,z EARITICHFET D& T RECED R R D HID R r,p,q DA
r(1),p(m),qn) CEHINTVEMHEv(L,m,n) ICHFEGFSEDTHSE. 1 A—Y
EH??DESREDTH .

(T

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

3.14.7 Cor_Coe

2 F— X OB E AT I —F .

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

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

518

<R(:)> in 1 IRTET—A.
<R(size(x))> in 1 IRTET—4.
cc <R> inout  MHEAFREL.
error <R> in RIEfH.
EER
FEEDODEID 2 T—88] zp,, yp WEHELZEE., TOMBBRE cc AFD & 5125
BRI,

cov
stv(z) x stv(y)’

cCc =

Vbl VIS N NP RAN- TR =R LAVAS

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

=1
2T cov 1B, sto(d) 1 g £ VD F— RFIDENERE L 125, 72, LD
DV ZHIS P R R

(]

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

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

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

o REMENERINTWVIHEIE, TOMEMNASTWE T — A [ EZFHEIZAN
AQAN

3.14.11 LSM_2d

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

=S¢

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

EER

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

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

3.14.12 LSM_3d

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

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

R,
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3.14.13 LSM _poly

HeE
HBT=AFNIH LT, ERRBOZHKAIZ 71w T4 V78I, BNk
L TTDERBBEEFRTZIN—F .
E:o
call LSM poly( x, y, a, intercept, [undef] )
call LSM poly_1d( x, y, a, intercept, [undef] )
518
X <R(:)> in T—REE 1.
y <R(size(x))> in TR 2.
a <R(:)> inout KD SNDLZHADRLRE (k) .
intercept <R> inout RKOLNLLZHADYIF (k) .
undef <R> in RiEME (k) .
EER
ERDEI DT —RFIOM x, ypy WIFAEL 235G, TOT— R 2 RN_FIEIZEY
PRDES B mREER F(x,) 1274V T4 V7 F 5,
F(x;) = Zaj:zg + ay.
j=1
ZDLE, I TONIGE T 5,

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

(]

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

3.14.14 LSM _poly_2d

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

o RIEMEMEBINTWVAEEIZ. TOMENASDTWVWET—AHZEHEIZAN
R,
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3.14.16 Mean_1d

1 ROLELH DI % GHR T B,

call Mean_1d( x, ave, [error] )

518K

x <R(:)> in 1 RET—4.
ave <R> inout FIHE 9 5 FIMHE.
error <R> in RIEME (k) .

EHEN
FEEOEIDT =R, WEELZGE., TDT /) —ave ZLATD & S IZFHE
INd,
1 n
ave = ﬁ Z a:p
p=1

B%

o

o REMENEZINT VD HEIE, FHFHEOE, TOMENPA>TVD T —4 K
G

FEIZANZ N,

il

3.14.17 Mean_2d

Hae
2 YRCECH DG E % FHE T 5,
X
call Mean 2d( x, ave, [error] )
518
x <R(:,:)> in 2 RIET — &
ave <R> inout M9 5 EME.
error <R> n REEME (i) .
E&EN

FEROEIDT— 25 2y PEAELZHE, TDT /) X)) —ave IZEATFD & 515G
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RInhd,

n m
1
ave = — g g T
mn Pq

g=1p=1

B%

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

3.14.18 Mean_3d

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

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

3.14.19 Reg Line

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

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

518
b'q <R(:)> in LIRGET — 4.
y <R(size(x))> in LIRGET— 4.
slope <R> inout  [AIVFERRODME .
intercept <R> inout [FNREFROY] Fr.
error <R> in RAELH.

EERN

FEEOEID 2 T—&5] z,, yp PEFEELZEGE. TORIFER y, = oz, + B 128
FRMHE o LY % LM NV—F UV EHNTEIHET S,
IERER G R IR T TSR

(]

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

3.14.20 Reg_Line 2d

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

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

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

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

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

(]

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

3.14.22 covariance

2 FT—RDENEEFET D IN—F .

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

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

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

EEDRI D 2 F— 85y, yn BAELIBE, TOINE cov AT D & 5 123t
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105

INd,

n

cov = Z (x; —@)(yi — 9)

=1
ZZT. EROODWEABIXEEEE XK.
®E

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

3.14.23 covariance_2d

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

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

3.14.24 covariance_3d

BEBE

2 T—RDOHNREFET DIV —F > (3 IRITHLFIIR).
=X

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

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

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

3.14.25 interpo_search_1d

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

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

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

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

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

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

3.14.27 interpo_search_3d

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

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

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

o BEREMBERHEPAIMIAFIEL TWDEE, T 7 A4 )V N TIIAEREH 712 Warning
AW —UNHIINDED, stdopt & .true. ZERELTEITE, HHLRW.

3.14.28 interpolation_1d

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

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

EHE

BEABIEX??. & 2 FEREELS 2, DERITH U TERINT WDy, 2E LI, H
% 2 K xj, xip1 DEDK 24 (BT SMENTFHEZFHEL20VETE, ZDOEE W
PR yp (SE65 2 OMEZZRLU T, BLFDO LS IGHRING,

de — Yivrl — Yi

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

ZDEE, IBIFLTOXNINE T 5,
i 2 x(1), w1 2 x(2), gy 2y, g1 y(2),
Tip : point, y;p @ val

B%

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

3.14.29 interpolation_2d

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

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

518
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x <R(2)> in x SN DA () .

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

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

E&HEN
BEABUEE??. B JERERCS 2, v DRI U TEZEINTODH 2, & E & 1T,
H2 4 K (@i, y5), (Tit1,Y5), (@i, Yjr1, Tiv1, yj1) CHEND K (2p, yq) 2B 1T 2 RUHR
R 2 AL 7 e T B, S . PRI 2y, 1R 4 KOMEBILT,

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

i+l — T4 i+1 — Yy
(xp - xi)(yq - ?Jj)

Ti+1 — xi)(ijrl - yj)

Zpq = Zij T Yq — Yj)

[Ziv1j41 — Zij1 — Zir1s + 2i) (
LEMEING T2, Zor ¥ BB TONIEE TS,
;0 x(1), wip1 : x(2), y; vy, yip o y(2),

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

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

B%

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

3.14.30 interpolation_3d

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

23

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

518K

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

E&ER
BEARNE??. BB FEEEEEH] 2,0, Y, 21 DB U TERINT OB MH Uy &
L2, 5 8 MTHEND & (wp, Yy, 2r) (ZBITDIERENFREZ R L 20295,
ZDEE, NFE 2y FEHE 8 MOMEZZIL T,

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

) (zp — i) (yg — ;)
Titl — TiYj+1 — Y5
(zp —m) (2 — 21)
LTi+1 — Tj Rk4+1 — 25
) (Yq —y5) (zr — 21)
Yj+1 = Yj Zk+1 — %§

+ (Uit 141k — Uija1k — Yit1jk + Wijk

+ (Wit 1jk41 — Wik+1 — 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

LEMEXIND T, ok X, BIBIILUTONIGE TS,

i - x(1), w0 x(2), oy oy, yip - y(2),
2 z(1),  zpy1 ¢ z(2),
Zik + z(1,1,1), zigae - 2(2,1,1), zijpe 2 2(1,2,1), zpe - z2(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

(]

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

B DROEHIZ??TBIR.
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3.14.31 nearest_search_1d

BERE
1 IRFTOMWIETLH] (BERBNER D T BN RIS RDEH]) OFT, point (2
KELWERFFZ LT D,
g
call nearest_search 1d( x, point, i )
511
X <R(:)> in 1 RS LS.
point <R> in CL VARV
i <I> inout point IZHEE IV x(i)
WCHHY G S EEERS.
EEN
PR X X X7 7.
8%

2 U,

3.14.32 nearest_search_2d

Hae
2 RITDMFERL ] (BRI R 2 T IEN K EI <R 5H5) O T, pointx,
pointy IZEREEWVWERF ST 2 H NI 5,
=5
call nearest_search 2d( x, y, pointx, pointy, i, j )
515
X <R(:)> in 1RG5
y <R(:)> in 1 RG4S
pointx <R> in x AZDWTHNZWD A
pointy <R> in Y IZDOWTIANRZZWD AL
i <I> inout pointx (ZHE UV x(1)
WY 9 5 ERES.
j <I> inout pointy IZERE IV y(j)
AN 9 5 ERE .
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EEX
R 77
&%
B U,

3.14.33 nearest_search_3d

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

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

515
b4 <R(:)> in 1RG5
y <R(:)> in 1 RO 4.
z <R(:)> in 1 RoGH 31
pointx <R> in x WX DWW TNV AL
pointy <R> in Y IZDWTHFHANO AL
pointz <R> in z IZDWTHNRZV AL
i <I> inout pointx (ZHEE IV x(1)
WY 92 ERE .
j <I> inout pointy IZEREIEVy(j)
(CHHY g B EEEKS.
k <I> inout pointz IZHRE T z(k)
WHYE T B ERES.
EERN
BB IE77.
e

2 U,

3.14.34 stand_vari

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

EEDORI DT =25z, PMFAEL 7256,

Nd,

T DOEHERE stv MTFD X D IZEHES

n

stv = Z (z; — T)*

=1

ZIT, EMOOWAEBITFIIEE KT

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

BERE
2 F— B ORI & AT 2N —F > (3 YOLRAI).
=52
call stand_vari_3d( x, anor, [error] )
511
X <R(:,:,:)> in 3IRILT—4A.
anor <R> inout AEHEfF .
error <R> n RIEAHE.
EHEN
SIILT —H % 1 IRLT —RIZE IR, stand vari V—F V&2 AN,
B&

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

3.14.37 Move_ave

BEEE
1 IRFTEES OB EAE % GRS,
X
call Move_ave( x, n, y, [error], [offset] )
518
x <R(:)> in L IRGTET— 4.
n <I> in S E & BEE
y <R(size(x))> inout F¥IU7ZAER.
error <R> in RiEME ($8id) .
offset <I> in BEIEYS % fth 9 2 BEE S (Bad) .
7 %)V M n.
E&ER

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

i+n—1

1
Y = E Z Tp
p=i

o BENEIDHBEIIEZEXTIE EOI D IR L TH DM, FEITHTA D n I
DWTHEHZEIR L, UBIdESHEZ5 &, Bz T VWO E(E2IToT
Wb,

o Gl offset IFBEEIMEDORAZFK T O EEZR S EZIEET S, offset=m
EgdL, FOEHERNIIEVWT, REZEHN O L &, BEIEIIFLARDO LS
WZEHREINDS.

+n—1
Z zp(i =m, N —n+m)

p=t
ZIT,n>m TRITNERSLZWN. 20k X, EOBERHFIMIAEY T 2 EF
121 error BWRAINDG. T 74 M.

1
Yi=—
n

3.14.38 Move_anom

Hre
1 IRFEES DR B EIME D S DIF £ % EHHE T 5,
£X
call Move_anom( x, n, y, [error], [offset] )
515
x <R(:)> in 1 RET—4.
n <I> in SR & BEE
y <R(size(x))> inout H{FoNd7 /<.
error <R> in REEME (k) .
offset <I> in BEIEY 2 AT 2 BERE S (BiR) .
F7 A MEn.
E&EN

EROEIDT— 4% o WFELZ5GE. TOBEEET )<V y U RO &SI
AHEIND, 727U, n WBEIEETLERKTH D,

1i+n—l
yi:xi_a 5 Tp
p=ti
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(]

o BEPFHIDFEIFEZATIZLOISIZEHR L TH LM, EREIZHEAD n i
DWTHEHEZEEL, DB R EEZ51 &, B R WSEEE1T7>T
W5,

S offset IBENTIIEDNAZFAMHT 2 ERF S ZHEY D, offset=n
Edde, EOEBAISVT, RERBDIN O & F, BEITAN O DRI
RO &S ICEHEING.

1 i+n—1

T i —m. N —
Yi = T; npz::ixp(z m, n+m)

ZIT,n>m TRINERS BN, Z0& &, EOBEFZHFIMIAEY T 2 ES
IZ1E error BWRAI NG, T 74 MO,

3.15 Thermo_Advanced_Function

B EBONBZ T 5EBDS 6, DT Y 2 —IVIIKIE L 3R 217 5 BIEUE.

3.15.1 CAPE

Hae
KA RN AL iE T 4 )LV F— (Convective Available Potential Energy) % &% 4 %) —
F.
X
result = CAPE( p, z, qv, temp, z.ref, [undeff], [opt] )
518
P <R(:)> in SUE [Pa).
z <R(size(p))> in EE [m].
qv <R(size(p))> in IKFEKIRE L [kg/kg].
temp <R(size(p))> in I (K.
zref <R> in FEHEE L [m).
RYfE  <R> inout CAPE [J/kg].
undeff <R> in RIE FH.
opt <I> in LNB FHREOBDO A T a v (k).
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EEX

PLFC
/ R(T, —T,)dInp.

PLNB
ZIT, pERIE, T, FRESGORE (DFY, VYT TBHININDIRE), T, &
BB RRIZHE > T, BHERE 2,0p D BRI WA=V IVOIRE, RIFKIKEE,
LFC IZHHEX7EE (Level of Free Convection), LNB I&HLiZ /&% (Level of
Neutral Buoyancy).

(]

o G L UTHADKIINIE, BERESONIWEPLYHBRITENEE 2D &
ST, DEVEFIE LTT—4 %252 58I%. HMREM»SEML TV,

o HET—XIX LFC, LNB Ofl%GHH T 2 720DIZOAFEHAL T\ 5,

e undeff MFHEINT VD EEDMIFFEFE X N,

o LU, HMEFELREHMETEZ DG, ZOBKE ORI EHERTE
TOEEZFRL, TOEZ5IHE LU TANNIE OK.

e opt ZHUIDWTIX, B z LNB TOA F¥ a VIgELH L.

3.15.2 CIN

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

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

518K

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

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

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

z_ref <R> in FHESE [m).

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

undeff <R> in RAEFAH.

Pref
/ R(T, —T,)dInp.

PLFC
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ZIT. pBRRE. T, 3BEESORE (DY), VYT TBHHUINDIRE). T, 1E
BB R IZHE > T, BHERE 2,0 2D BRI WA=V IVOIRE, RIFKIRER.
LFC I3 HHXfimE (Level of Free Convection). pres 1 zpef TOUE.

B%

o G UTHADKIINK, HRBFZSO/NIWHREYHRIGENMEE 2D &
ST, DEVEFIE LTT—4 %252 58I%. MRE»SEML TV,

o HET—XILX LFC, LNB Ol %GHH T 2 720DIZOAEHAL T\ 5,
e undeff NHEXINT VD EEDHEIFFEE IR,

o b, RERELZRQEREETERXDIGAIK. JOBKEIFUH ¢ AT EERE
TOmREZFRL, TOMz5He L TANNIE OK.

3.15.3 T_LFC

HeE
LFC (Level of Free Convection) TOiafE % &89 2 BILKL.
=X
result = TLFC( zref, z, temp, p, qV )
5188
zref <R> in FHEE L [m).
z <R(size(p))> in = [m).
temp  <R(size(p))> in I (K.
p <R(:)> in SUE [Pa).
qv <R(size(p))> in IKFKIRE L [kg/kg].
RUME  <R> inout LFC TORE [K].
EHEI
WIEAKNIZ B 1 /87 A — X DFFEMIXT? S
"%

o B UTHADHENZ, BERERSO/NIWAHNK Y HIKRIENMEL 25 &
DU, DEVEAMELTT—X %252 2BI%, #HIRE»SBEML TV L,

o HDRMEFETOMYENEZ LRI X, FBHORNMHYIEMNE —HT 5
HEMNLFC ThHd. 22T, FEORMMHELIEN R 2T D 2 SE KD, ©
IO EEAMICAETE L THEZRETD.
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3.154 T_LNB

LNB (Level of Neutral Buoyancy) TOmfE % 51454 % B

inout

in

[option] )

= m
R [K].
SUE [Pa).
IKFSKIRE L [kg/kg].

LNB T [K].
A (% B,

Bee
=X
result = T_LNB( zref, z, temp, p, qv,
513k
T ref <R>
z <R(size(p))>
temp <R(size(p))>
p <R(:)>
qv <R(size(p))>
ROfE  <rR>
option <R>
EHEN
WIEAXIZ B B /8 T A — R OFEHIX??7S .
B

o JIEL UTHAZRMINE, HEBRSDNIVAREVHRIGENEEL 25 &

T,

DFEFVESIE LTT— 225258, HRENSHEML TV,
e option ([ZIFHFMNASL. ARBELKTIE, LNB 255 T 572012,

2 T D STk

LB IEMTED, 1 2OIF LFC GEETOMMME YR A LFC &V k2
THUBRBEGOMAMEYEM E XD REZFHEL. TOEEEZ LNB 954
EThd, LML, RBEOEDREEREEARBIH T —2 Tl BEDOT—&
MRELKEFHTDHENRHD72H, LFC DT ETLNB 232 TCTLFEW, IE
MEIZHBEINBEVNGENH D, TI T, 2 DO EBLKIKEN T — 20 L
5 N SRR Y IRAL 2 FHE U, &I LFC TORFIME Y IRAL & [F Ul %
WA 7-EE%E LNB &2 HIETRHEEZTD, BRI S IRALIE EE TldiiiER

B2 720,

ZOFHEE L > THMEIRRY, 774 hTld option = 1

ThHY), ZhX 1 2ODOFERIZLDERETH S,

3.15.5 precip_water

HeE
Ak R % R S B
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EY
result = precip.water( p, qv, [undef] )
518
P <R(:)> in SUE [Pa).
qv <R(size(p))> in KSR E L [kg/kg].
RUME  <R> inout AIPEAKE [keg/m?).
undef <R> in RIE FH.
EERN
WIEAIZ BT 5 /37 A =R DOFMIZ??S .
(e

o Gl UTHADKEINK, EHRFZSO/NIWHRLYHRIGENMEE 2D &
D12, DFVEFIE LTT =X 2525013, HREMSBML T,

3.15.6 qrsg_2 _dbz

HaE
BEHEYIRA LD SEMIN 2 L — & S GRS % 5H89 2 B
=X
result = z LFC( rho, qr, [gs], [qgl )
518
rho <R> in HAEGE kg/m?].
qr <R> in MKE & [ke/kg).
gs <R> in TiRG L ke/kg).
qg <R> in WmiRa I ke/kg).
RO <R> inout L —XKH5RE [dBZ].
EHD

L — XA dBZ 1%
dBZ = 10logyy Z
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TEHINTWD. RETIE, 20 Z OFHHEIC Murakami (1990) @ (54) = :

ﬁQR Lo 18
Z =T1T(7)N, _ 10
()N o (TFPWNRO)
2

+ (7 gi— 117 [lew—1 (Ps >2N ( PQs )1'751018
g +2 Ew +2 pw ) 0 \mpsNeo
2 2 2 _ 1.75
g —1 Ew—1 Pg > ( pQg ) 18
+ I'(7 — | N, 10
@) € +2 / Ew + 2 (PW 90 mpgNgo

EHNTWS, ZIT, £ 5ETNTNUROLEEYD THD,
I'(z) AV~

& OKDHFER.
o KDHFER.

Nro WOHEE.
Ny EOEE.
Ngo  BOBEE.
Puw KD,

ps  HOEE.
Pq WDEE.
p HARLGORZEE.

HWHST A — & (X Murakami (1990) IZFl#E XN T WS EZ FHVS A, I T
WZRWWST A —=ZIZDOWTIE, BRMER (2008) DEZSEIZLTWS. L — & 54
SRS DFEM AR EHRIZ T2

(T

3.15.7 z_LCL

LCL (Lifted Condensation Level) % &89 % B

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

518
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z_ref

temp
%

qv

R i

EER

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

in
in
in
in
in

inout

WrEABIZ BT % /3T A — 2 DOFMIX?? 4.

e
o ML UTHEADEAINE, ERFSONIWENLDHFITAVMEE 425 &
ST, DEVEFIE LTT— 4% 52 DB% MERTE»SEML T <,
3.15.8 z. LFC
PaE
LFC (Level of Free Convection) % #1592 B%K.
=X
result = z LFC( z_ref, z, temp, p, qv )
515
zref <R> in FHESE [m).
z <R(size(p))> in = [m].
temp  <R(size(p))> in e K.
p <R(:)> in SUE [Pa).
qv <R(size(p))> in RAAKIEE L [kg/kg].
RUME  <rR> inout LFC & [m].
EHD
MBI IZ 51T /837 A =2 DFEIZ?? 3.
w%
o L UTHEADKAINE, ERFSONIWEANLVHFITAVMEE 45 &
ST, DFEVEFIE UTT—4 252 58%, RN SEML T <,
o HAHFEMEFE TOMYIEN = LA I ¥ L &, FHOFME YR & —2d D
HEMN LFC THD. Z 2Tl FFHDORFIFYEMN L 2T D 2 mERD, £
IO mERAAICHNETE I L TEHEZRETS.
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3.15.9 z_LNB

Hae
LNB (Level of Neutral Buoyancy) % 7% 9 % BA%K.
=R
result = z LNB( z_ref, z, temp, p, qv, [option] )
518
zref <R> in FAEFE [m).
z <R(size(p))> in EE [m].
temp <R(size(p))> in e [K].
p <R(:)> in KU [Pa).
qv <R(size(p))> in KESIRE L [kg/kg].
ROfE  <R> inout LNB i [m].
option <R> in FHRAE (HESR).
EER
WIEKIZ BT 5 /85 A — R DOFMIZT?S R
e

o FHL UTHADHENE, BERERSD/NIWANK Y HIKRIENMEL 25 &
DI, DEVEIME U TT—X %252 28%, HIERH»SHKMHL THL,

e option (ZIFEFAIAD. AR TIE, LNB 25T 572D, 2 D Sk
#LBHIEMTES, 1 DOIX LFC &ETORIFME SR A LFC L) k2
THUBREG O YEMN & XDEMEFHEL, TOEEZ LNB &35/
ETHD, UL, EEOSIREELSEKKBIN T —2TlX, BEOT—X
MRELEFHTDIHENRHZ72H, LFC DT < ETLNB 232 TCTLEW, IE
MEIZEEINRNGENH D, €I T, 2 DOITERBELKEBIN T — & D L
5 N SRR Y IRAL 2 FHE U, &I LFC TORFIM Y IRAL & F UfE %
WA 7-EE%E LNB &2 HIETEHEEZTD, BRI S IRALIE F g TldifiiER
L2720, ZOFEE L >THMBEIZAR, 77 4)V N Tl& option = 1
ThHY, ZHE 1 2ODOTEIZLZEHAETH S,

3.16 thermo_advanced_routine

BR RO —F > O T, AH 7 —(ETIEA SEAER T Z KT %
FON—F2D5H, MDEY 2 —IVIHKIFT LU 2T EDEEDZEY 2 —)).
ZZTHWTWEZ K DEJIZEBOFEMIX?? 204,
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3.16.1 Brunt_Freq

R B
R .
R = A,

A K.

75 NS S SR (/9.
SR B,

Bee
TV MY IIREED 2 FEFHETS.
=X
call Brunt Freq( x, y, z, pt, BV, [undef] )
513k
<R(:)> in
<R(:)> in
z <R(:)> in
pt <R(size(x),size(y),size(z))> in
BV <R(size(x),size(y),size(z))> inout
undef <R> in
EHEN
TI3VMAYIREHE N L T5L. TOEHIE
2_ 990
N = 00z
ERB, TIT, g, IEENTNENNEE L HMNTH D,
mE

Bz L.

3.16.2 Ertel PV

BEBE
INTIVORT VY Y ViBER2HET 5.

X
call Ertel PV( x, y, 2z, u, v, w, rho, pt, cor, PV, [undef], [sx], [syl,
[sz] )

511
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x <R(:)> in AR — AR
y <R(:)> in A TR R
z <R(:)> in i F R = R
u <R(size(x),size(y),size(z))> in x HaDEE.
v <R(size(x),size(y),size(z))> in y S DHE.
W <R(size(x),size(y),size(z))> in z JIF DR
rho <R(size(x),size(y),size(z))> in 1 [kg/m?).
pt <R(size(x),size(y),size(z))> in w47 [K].
cor <R(size(x),size(y))> in AV AVINT A—=4 [/5].
BV <R(size(x),size(y),size(z))> inout TILTIVD PV [K/kg s m?].
undef <R> in HRAE .
EHEN
INTNDRT VX IVigEEZ PLdde, TOEHIE
p_ wg - Vo
o

8%, ZIT. wy,b, pldTNTHATIE, AL, ZBETHD,

&&
Rz,

3.17 thermo_const

BPOIAEREE. BOFAIIS T EEEHEZ L TORD L SIZH A5, L E R
# (2008) &Y.

3.18 thermo_function

B2l BT 2R OB M. AW, ANT —BHEIRYT &5 BAHIET
NTIDEYVa—IIHlAAEND. ZIEIENREFITH>TE, BITENAN T —E
BTHIEEHIZIOOVTEHHEHAINS.

AREYVa—)VTEREINTWDEBUIETANT, ATV a V5[ TR TNy 77
TV aVvRERINTWDS. KA T avigT 7400 MERE DT, B2 1 2HEEdTHIE,
Z DOBBAETEA NaN THNZEBL L Y a— VA2 EEE 1T 5. 2 28T,
ZTOBEBOLEIEFETRA2EY a—IV4, TUTCEINDMEEEN 1T E5I128->T
W3, BB, ITRTON—F UV THOONTW D EHMBEROERIT??SH, /-, KHH
RO 2B HE FERDOHiI SR,
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IR LR DRIk B
Cpd <R> 1004.0 HZ IR S OD JE T LL B [J/K kg]
Cpv <R> 1870.0 IKFE S D RE LB [J/K kg]
Cvd <R> 719.0 HZJRR D TE R LB [J/K kg]
Cvv <R> | 1410.0 IKFRER D i R EL [J/K kg
LHO <R> 2.5e6 IKZE S DT [J/kg]
LHS <R> 2.8¢6 IKFRSOD 7 HE T B [J/kg]
LFO <R> | 3.337e5 0°C T D KD Rltfif 24 [J/kg]
LFm40 | <R> | 2.357e5 —40°C TOIKD FhfRE [J/kg]
Md <R> 28.96 VIR D )18 [kg/kmol]
Mv <R> 18.0 KELRD & [kg/kmol]
Rd <R> 287.0 HZ IR D LRI E L [J/K kg
Rv <R> 461.0 IKFES D TAREEL [J/K kg
e0 <R> 611.0 B ST DKFESUE [Pa]
ei0 <R> 611.73 1R 5T D IKEERI T DK [Pa]
eps_rdrv | <R> | 287.0/461.0 Rd/Rv 1]
kalm <R> 0.4 IV U RE 1]
pO <R> 1.0e5 BHERTE [Pa]
p00 <R> | 1.01325e5 MR SUE [Pa]
rhow <R> 1.0e3 IKD B [kg/m?]
0 <R> 273.15 FELHE S5 T D 7K OD Y [ At [K]
£10 <R>| 273.16 KD = H 55T DR K]
MFPO <R> 6.6e-8 p00, t0 TO ¥ H HATFE [m]
3.18.1 Cefp
7151
KRR B O G E A Z GRS 5.
=X
result=Cefp( qv, [d1] )
518
qv <R> in IKESIEA L [kg/kg].
d1 <I> in TNV ITF TV ay
RYOME  <R> inout ARIEHELE [J/K kg).
EHEN
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HARIELIE C 2T B0,

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

KOfE <R> inout HARIEBHEN [J/K kgl

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

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

KDWEE ClET DL,

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

MERDD. I Ty cpg, Cpy FTNTNHZIER QD E B, KRR DETE T
HY. T,r g,z FTNTNRE, KEKBESK, EUIEE, SE2RT,

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

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

3.18.7 es_.TD

Hae
Bolton (1980) O RDHH T, KEKIEE2H5ZXD L TTDOL IOHEMRE %A
T5.
=X
result=es TD( e, [d1l] )
515
e <R> in KEDKHKLIE [Pa).
d1 <I> in TNV T F T ayv,
RYME  <R> inout KEKODEAIRE [K].
EERN

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

BE
Rz L.

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

3.18.8 esi_Emanuel

4=t
Emanuel (1994) O X054 % oI OKEIRI CRNKAL[EZEHR T 5.
£RX
result=esi_Emanuel( T, [d1l] )
518
T <R> in RKLADIE [K].
dl <I> in TNV TFX T ayv.

RUME  <R> inout KEKDIKEIMIKZERIE [Pal.

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

3.18.9 eT 2 RH

IKFRSUE LIRE D DN TRE 2 5HR T 5.

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

518

e <R> in KREDIKFELIE [Pal.
<R> in KEDIHE [K].
d1 <I> in TNy TFA T av,
RYME  <R> inout KREDHNEE [%).
EHD
MONRE RH & BIHUKZRSRIE 5. KR AE e DEFEN ¢

RH = < x 100 (3.18.9)
€s

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

e
KRz L.

3.18.10 exner_func_dry

WK SICB T2 7 AF—HEEET 5.

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

3.18.11 get_gamma d

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

result=get_gamma d( [d1] )
518

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

g
Iy=——"-.
Chpa

£
Koz L.

3.18.12 goff gratch

HEHE
Goff-Gratch DX HIRE % TR ASRIEZ 5HHE T 5.

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

pow = a (t;f - 1.o> +blogy, (?) +c (10.0?“(1-0—T/t5t) - 1.0) +d (10.0Pb(t8t/T—1-O> - 1.0) ,

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

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

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

3.18.13 goff gratch_i

HEE
Goff-Gratch D2 HIRE % STl KR CRIFNKARIEZ5HHE T 5.
=Y
result=goff gratch i( T, [d1l] )
518
T <R> in REDE [K].
d1 <I> in TNy TH TV ay,
RUME <R> inout KEDENIKASHE [Pa)l.
EERN

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

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

3.18.14 hypsometric_form

BB
H2EEIZBITDKREOMIEERLITD . SEICHER % 5 2 WX EIELATE Z5HE T
BEMTES.
=X
result=hypsometric_form( p, z, T, [z_t], [dl] )
518
P <R> in HHEZFETOEN [Pa).
z <R> in FAEE L [m).
T <R> in HAEZETOIRE K]
zt <R> in HIEZ17 2 &E [m].
7 7 AV MEIX 0 m.
d1l <I> in S AV A
RYME <R> inout =zt TORE [K].
E&ER
AHABIC B 2R S OSIRRES I =65 K/km & LT, @& 2 TOKE p(z)
IE. BRICRE, IREDODN > TW2EE 2 TOM p(2), T(2) 2 FAWWT,
B T(z)+ Iz g/(I'Rq)
p(zt) = p(2) <T(z)+FZt> (3.18.14)
MHRDD., T T, Ry lFHZERKRIIB T LM EHRTH D,
\&
KRz U
3.18.15 LH
BEBE

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

3.18.16 liquid_enthal

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

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

Z 2T\ Cpds Cpuy Ly BENTNEIRR KD EELLE, KAKDELELS, BERTH
Do Tyr,r BRTNTNME, BOKEAH., KYERESHLOBHTH 2,

(]

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

Hae
Emanuel (1994) O X HiE L KYEN SIEMT Y 2V E—25187 T 5.
=X
result=moist_enthal( T, qv, [qol, [d1] )
51%8
T <R> in RADIE [K].
qv <R> in KRR A [kg/kg).
qo <R(:)> in IKAEK[UASDKYEIR G [kg/kg).
d1 <I> in TNy TH T av,
RUME  <R> inout JHET Y ZI)LE— [J/ke].
EERN

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

Z 2T\ cpa,rp Ly BRENTNHIFRKDEELE, KOWE, BATHY, T,r,m
FTNTNIE, KEKIREAL, KYEESLOBATH S,

e
o KK DKYEIRAHIE A7 T T IR ORI BRI,

3.18.18 MSE_Emanuel

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

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

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

MOERDD. TI Ty cpa,cry Ly BTNTNEIRK QD EELLEY, WUKD R, TEE
THY, T,ryr, g,z ZTNTNIE, KYEESHOMRA, KEKIEA, Em
HE, mEEET,

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

3.18.19 qvP 2.e

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

3.18.20 qvT 2 Tv
HeE
RiREZ EZANSFHET 5.

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

HeE
KSRGS IR 2 51 H T 5.

23
result=qv_2_sh( qv, [d1l] )

518K

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

EHER

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

sh (3.18.21)

qo W FKFELRIEELTH B,

B%

KRR A O AR SURER 255 5.

result=Reff( qv, [d1] )

518

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

R =Rj———. 3.18.22
Tt (31822

ZZT. Ry, q BTNTHHZIRERKQDOLRMEER, KEKIREALTH S,
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w&
Rz,

3.18.24 rhoP 2T

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

p = pRT.

ZIZT pp, RTEENTNKRGADIES ., B, WIRRKDOKAKER,. KDILE

Thd, TRTOLEIT MKS B R TUHXIND,

e
KRz L.

3.18.25 rhoT 2 P

VIR RADINEHEAN S, HELREZEX TREZED.

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

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

RYUfE <BR> inout KEDXIE [Pal.
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E&ER
KEDIRFESFEX -
p = pRT.
ZZT, p,p, RATIFENTNRKDES, BE, WZERKDLRMER, KKOHEE
Thd, TRXTOEHIE MKS BALRTUHE I NG,

w&
Rz,

3.18.26 RHTP_2 qv

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

Rz L.

3.18.27 RHT 2. e

R & RS S KR SKEZ 5 5.

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

MWL RH & BIRUKARSE 0 KK e DEFEN -

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

sh IFKEL[HETH 5,

e
KRz L.
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3.18.29 tetens

tetens DEERAD SIRE 2 o IZBNKRREZFRET 5.

result=tetens( T, [dl] )

518K

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

T—1, { a=75b=2377 (T >T) (3.18.25)

es(T) = eg x 10°T=To+b,
a=295,b=2655 (T <Tp)
ZIT, Ty =273.15 K, es(T) IXBRKALIETH D,

BE
Rz L.

3.18.30 thetaP 2T

AL, FEOPOIREZFRET 5.

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

518

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

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

w&
Rz,

3.18.31 thetaT 2 P

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

Bz L.

3.18.32 theta_dry

Bae

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

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

RUME <R> inout HARKKDIREAL [K].

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

FIRRRUTHB I D RURER L EELRTH D,

(3.18.28)

BE

3.18.33 theta_moist

A L PN SRR VA1 AL R

23

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

518

T <R> in REDiE [K].

P <R> in KREDETT [Pal.

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

RUME  <R> inout WHEKKODMEAL [K].

EFEN
BRI B T B IALOEHEA

Do\ Pow Ry 14 qy/e

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

em:T(

B%E
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3.18.34 thetae_Bolton

HaE
Bolton (1980) MR & M4 IR % 55T 5.
=X
result=thetae Bolton( T, qv, pres, [dl] )
518
T <R> in REDIE [K].
qv <R> in READIKEJIEA L kg/kg].
pres <R> in REDSIE [Pa).
d1 <I> in TNV ITFATVav,
RYOME  <R> inout HMMiEAL [K].
EHEI

MMM Z 0, &5 &,

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

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

3.18.35 thetae_Emanuel

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

RUME <R> inout AH4EAL [K].
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THR
WM % 0, 55 &,
6. =T (m)Rd“WW L]
Dd (cpa + )T
2T, T po, p IR TN EHEE, KESRAI. KBRS LORA, S
FESI. FEJ1. RRRRECH B, F7. cpa, oo, iy Ray Ros Ly 13T NENSIER R DTE
FELCE, AGERRDE LIS, WKD B, A RO RAEE. KELD LT,
BT H D,

(]

(H)—er/(cpd+clrt) exp [ (3.18.31)

o IKZELLIMNNDKYEIRAIIE 7 TV T IR OEFERIZHET,

3.18.36 thetaes_Bolton

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

MRYIRALZ Oes &35 &,

a(1—bgqus)
0. _T<p> exp {qu (T) (1+dqu)}, a=0.2854, b=0.28, c— 3376, d = 0.81
(3.18.32)
ZZT, T,po,p, Gus W& TNTNSINE. 1000 hPa, &JE. fEFEALTH D,

B%

3.18.37 thetal Emanuel

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

515
T <R> in REDIRE [K].
ql <R> in WKEA T [kg/kg).
pres  <R> in RERDKJE [Pal.
qo <R(:)> in WOKLMNDKPEIR A EE kg /kg).
dl <I> in TN TXTVay
RUME  <R> inout  JEKIEAL [K].
EHD

WK% 0, £ T2 &,

=r(3) ()
(3.18.33)
(1=5) el
S G

Rd + TtR )
de + thpv

<de + Tthv) .

22T, T,r, 14, po, p R TNTNILE, BUKEAH. KUEIES ORI, FEHEET,
JENTHD, /2. cpd, pv, Ris R ﬂi%ﬂ’b%%%‘ﬁ;&ﬁ—u@ml—thm IKFRSDRE
PRE H2IR KR D AR E R, 7J<Z%‘s>‘<\0)in42|-<m§5(f%éo

(]

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

3.18.38 thetalv_Emanuel

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

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

518
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T <R> in RKRDIRE [K].

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

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

pres  <R> in READRIE [Pa).

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

ROME  <R> inout  JEKARIRAL [K].

EERN
WBOKGIRAL % 0, &9 5 &

(3.18.34)

= (i)
7= Cpd + TtCpo .
ZZT, Ty, 1,7, p0, p FTNTIURIREE, WKIEA L, KYEES O, Hik
JEH. EHOTHD, £720 cpa, cpw, Ray Ry FTNTHZIER LD E LB, KFEKD
FEFELLEN, FeIR KRR DSRMRER, KAEKDKBERTDH 5,

(]

o WAKLSMDKYEIRGHIEHT TV T ICHORFIEZIZEST, KEZIZOW
THZDF[HUTET .

3.18.39 thetaw_Emanuel

BB

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

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

qv <R> in RERDIKELJIEA L kg/kg].
pres  <R> in KRRDKJE [Pal.

eps <R> in WS SR RE A

d1 <I> in TN TF TV ay

RYUME  <R> inout EBRIEAL [K].
T‘E%iﬁ

Ocp = Oy exp [quu +0.81¢ys) <3;’76 - 2.54)] (3.18.35)

w

EWSEBRRH D, ZORE ZIEIZE D NEFET O, IZDOWTRDDB, 2T,
Qus \FEAFIEA I TH V. 0,p I thetae Bolton & HWT ,ﬁ“ﬁﬂ‘%

=5
o NHHIEME eps 1&T 7 AV N Tl 1.0e-6 TEHEIND.

3.18.40 TthetavP 2 qv

BB
IRIRAL N S KRR G EET R T 5.
£
result=TthetavP_ 2 qv( T, thetav, pres, [d1l] )
513
T <R> in RERDIE [K].
thetav <R> in Az [K].
pres <R> in KREDRIE [Pa).
dl <I> in TN TF T ay
RUME  <R> inout KESIERA ke kg— ]
E&EN
iR % 0, L35, )
T — 7m0,
Z 2T, varepsilon = Ry/R,, ™ = (p/po)*/C» THY, T IXIREE £T.
=3
FHZ 22 L
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3.18.41 thatavqvP 2. T

RIRAL & KRG HIRE ZEIHRT 5.

result=thatavqvP_2 T( thatav, qv, pres, [dl] )

518K

thatav <R> in REDRAL [K].

qv <R> in READIKFERIEA L [kg/kg].
pres <R> in KREDSRIE [Pa).

d1 <I> in TN TF T ay.

RUfE  <R> inout RE [K].

EEN
KiEAL % 0, £ 35 &,
po Rd/cpd
0, = thatav, <p> .

(3.18.37)

Z 2T, thatav,, po, p \& T NWEIURIRE, HHEE T, KRKDESTH Y, thatav, 1%27?

TRO LN/ ZTITEHET D,
e

3.18.42 TvT_ 2 qv

BB
IIRE D S K ARIBE G L EEHR T 5.
£
result=TvT 2 qv( Tv, T, [d1] )
51
Tv <R> in REDARE [K].
T <R> in RKLADIHE [K].
d1 <I> in TNV ITF T ay,

REYfE  <R> inout KASIEAM kg ke-1].
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EEN
WEE% T, L35k,
it (3.18.38)
W= 18.
ZIT, TIFERADIEE, e = Ry/R, TH D,
e
Rz L.
3.18.43 qvIv 2T
7151
KRS AR SIS %2 FHHET 5.
X
result=qvTv_2_.T( qv, Tv, [d1] )
518
qv <R> in READKELRIEAL kg/kg].
Tv <R> in KD [K].
d1 <I> in TN TF TV av.
RYUME <R> inout J&E [K].
EHEI
WEE% T, L35k,
ro7, % (3.18.39)
“1 + (]v/6 o
ZIZTC, T, q 3 TNTNREADEE, KEKEESHTH S,
e

Bz L.

3.18.44 TP_2_qvs

4=t
RADIRE L BENSHANREELZEE TS, T2 THW D FIKASKIEDEFEIX
es Bolton IZL AR Z2HWTHFHONEEDELT S,

£

result=TP 2 qvs( T, P, [d1l] )
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518

(T

T <R> in RKLADIHE [K].

P <R> in KEDES [Pa).

d1 <I> in TN ITFA TV av,

RO <R> inout KLODEMNIEEGL keg/kg].

RLADINEGHE ¢ LT DL, TOEERND
Pu

Qus = —

Pd

THhd, ZIT. po, pa \ETTNTNKERLGDEE L GIFRKDBEETHD, HEK
HORE AN S, TN TNOEEIX
_ & _ _bd_

R, P17 R,T
ThHb, ZI T, es,pq, Ry, Rg, T 1ETNTNHAIKELRE, TZBRKKDDE, KK
L[ODOGIRER, ZIRRKDGERER, KRADOmETHD, Lo T,
Ry_eq
Rvp_es
k85, ZIZT, MEBKRADDEIIKKDEE p N OHAVKAKTEEZ Z UG IWE2E
DTHZDT, ERIFKD LD, e, XBEDADEBTH S 720D, RADIFHE L 2
EZ&5ZNIE RGN EOLND Z LW bhb,

P

Quvs = (3.18.40)

Bz L.

3.18.45 TP _2 rho

518K

WIRRKKDRESEANS, RE L KQERZ5EATEE L2155,

result=TP_2_rho( T, P, [d1l] )

T <R> in REDIE [K].
P <R> in KRRDET [Pal.
a1 <I> in TN TX T av.

RYME <R> inout KRODEE kg/m?).
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EER
KEDIRREFHFER
p = pRT.
ZZT, p,p, RTIEENTNRLADES, BE, ZIERKKADOLKMAER. KKDHEE
Thd, TRTOZEHIF MKS iR TIN5,

BE
Rz L.

3.18.46 Tq_2_Trho

Hae
MR L KYPE N O BIEIRE 2 5HH 3 5.
X
result=Tq 2 Trho( T, qv, [qol, [dl] )
518
T <R> in RADIE [K].
qv <R> in KRRDIKAEKIES . [kg/kg].
qo <R(:)> in KRS DKW EIR A [kg/kg).
d1 <I> in TN ITX TV av.
RYOME  <R> inout EHEE [K].
EERN
BEREEZ T, 32,
1+7r/e
T,=T . 3.18.41
p =Tt (31841
2T, T,rr BTN TNRKDIEE, KEASIEGH., KYEREGHOBTH 5,
e

o KFALLIMND KPR A7 TV TR ORI ERIZHET,

3.18.47 TqvP_2_TLCL

Bolton (1980) DA 5 LCL EETORE % 35T 5.

result=TqvP_2 TLCL( T, qv, pres, [d1l] )
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515
T <R> in RERDIE [K].
qv <R> in RRDKEJIEA L [kg/kg].
pres <R> in RADSE [Pal.
d1 <I> in TNy TH TV ay,
RYfE  <R> inout LCL TOIRE [K].
EHED

LCL CTO%IE%E Tic, & 95 &,
c
alnT—lne—b+5

ZIT, eldKEKETH D,

5, a=3.5, b=4.805, c= 2840 (3.18.42)

Tron =

HaE
MRYIRAL 2 ERAN LR T 5.
=5
result=TqvP_2_thetae( T, qv, pres, [dl] )
E1E
T <R> in REDiE [K].
qv <R> in REDIKEIEA L kg/kg].
pres <R> in KREDRIE [Pa).
d1 <I> in TN TF TV av.
RYOME  <R> inout ML [K].
EHEI

MIYRALZ 0, &9 D&,

(3.18.43)

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

CpaTicL
Z27C, 04, L,Cpq, TLoL Gus IZENTNRZIER KDL, KEEK DGR, H I E T
2. LCL i, MMEALTH D,

w&
Rz,
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3.18.49 TqvP_2 thetaes

HeE
FUFIAH G IR 2 E R AP SFET D,
23
result=TqvP_2 _thetaes( T, pres, [dl] )
518K
T B> in REAOBEE K],
pres <R> in READKE [Pa).
d1 <I> in TN TF TV av.
RYUME  <R> inout ML [K].
EFEN

FAFIF Y IRAL % O & 95 &,

(3.18.44)

L(T)qys
Geszedexp[ (T)g }

CpaT’

T 2T, 04,L,Cpq, T, qus 1FTNTNEIER QDAL KRR, HIEE L
A, fFEAETH D,

(]

3.18.50 TqvP_2 thetav

HeE
Rilihr & EHEANSFRT 5.
23
result=TqvP_2 thetav( T, qv, pres, [d1l] )
518
T <R> in RRDIE [K].
qv <R> in KRDIKAEKIEA . kg/kg].
pres  <R> in KREDSIE [Pa).
d1 <I> in TN TATVav.

RUfE <R> inout RIEAL [K].
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EHEN
R %E 0, L35,
pO Rd/cpd
0, =T, < . (3.18.45)
hE

Z I T, Ty, po, p ETNTNARIREE, FHEFET), R]DENTHY, T, 17?7 TRDH
N7l % TIERT 5.

3.18.51 TTd_2_RH _Bolton

Hae
Bolton (1980) DX & & & & B 1T IN g & KAKEZ KD, T O % LIZH
NI ZGHET 5.
=X
result=TTd_2_RH Bolton( T, Td, [dl] )
518
T <R> in KLADIRE [K].
Td <R> in KD EERRE [K].
d1 <I> in TNV T F T av,
RUME  <R> inout KKDHEIIEE [%).
EERN
_e(Tq)
RH = o (1) x 100 (3.18.46)
Z I 7T, RH,e,e5, T, Ty 3T NENMRE, KEKE, SAUKEKE, RE, 5 MR
JEThd. ZDL X, KEKEIZT AT Bolton (1980) DX % JTIZEIHET B,
%%

Rz L.

3.18.52 TTd_2_RH tetens

tetens (1930) O AN S IRE & 8 mURE TR T S KZKKE %2 KD, T DfE % LIZHH
WL HT 5.
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EX
result=TTd_2_RH tetens( T, Td, [dl] )
511
T <R> in RERDIE [K].
Td <R> in KD 5 R [K].
d1 <I> in TN ITF TV ay,
FYME  <R> inout KEDMIIZE [%].
E&EN
B(Td)
RH = x 100 3.18.47

Z 2T, RH,e, e, T, Ty l&TNT A, KRKE, SAFIKARRLE, R, #5505
JETHD. ZDL X, KEKIEIZT AT tetens (1930) DRXZITCICEIHET D.

BE

Hae
Emanuel (1994) TEHI N TV BKFH T RN F—2HET 5.
g
result=WSE Emanuel( T, ql, z, [qol, [dl] )
515
T <R> in RKRDIRE [K].
ql <R> in WOKIEE L [kg/kg].
z <R> in = [m].
qo <R(:)> in BOKADKYEIR G kg/kg).
d1 <I> in TNV ITH TV av.
RYOME  <R> inout  WAKFHAT IV F— [J/kg].
EEX

hew = (cpa + ricpe)T — Lyry + (1 +14)g2 (3.18.48)
MHRDD. ZIT. cpg, Cppy Ly B TNTNHZIER KD E LB, KIEL[DEE L
BT HY., Tore,r,g, 2 RTNTNIRE, KYEIEA ORI, BKEALL,
HAOMEE, @mEzET,
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(]

o BUKUANDKYIEIREHIZZE DT TV T IR ERIEM T D &, &
7z, ORI B DT, KZ&SE T D51 BUZHE T,

3.18.54 rho_ocean

BB
UNESCO (1981) (281} BMEDRESFER (7) ITEDWT, WKOEELZGHET 5.
=5
result=rho_ocean( P, T, S, [d41] )
513k
P <R> in Hg/KDEJ] [Bar].
T <R> in K DIRE [C° .
S <R> in MK DI IREE [PSU.
dl <I> in TN TF T ay.
RUME  <R> inout WEKDEE kg m~3).
E&ER

I p i UNESCO (1981) ® (7) & :
-1

BoKDSB. T, pt, S IEENENKE (Bar), ki (C°), A (PSU) TH
%, p(0,t,8) IZMEHEIC B BMADEE. K(pt,S) 12/ V2 EHTHY, Z=heh

4 2
0(0,4,9) = puw+ > bit'S+ Y cit'S3? + dyS?,
(0:45) ; ; ’ (3.18.50)

K(p,t,S) = K(0,t,5) + Ap + Bp*

TROLND, LU, BRIBTBBB LU SEETO & D B & e X THE
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HINTNWD,
5
Pw = Zaitia
=0
3 2
K(0,t,8) = Ky + Y _ft'S+Y_ git'S*?,
=0 =0

2
A= Aw + sztks + jOS3/27
k=0

2
B=DB,+» mt"s,

k=0
4
Kw = Z €ktk,
k=0
3
Ay = Z ht®,
k=0
2
By =) kit',
=0

ap = 999.842594,

a; = 6.793952 x 1072,
as = —9.095290 x 1073,
ag = 1.001685 x 1074,
as = — 1.120083 x 1075,
as = 6.536332 x 1077,

bo = 8.24493 x 1071,
by = —4.0899 x 1073,
by = 7.6438 x 1072,

by = — 8.2467 x 1077,
by = 5.3875 x 1077,

co = — 5.72466 x 1073,
c1 = 1.0227 x 1074,
co = — 1.6546 x 1075,

do = 4.8314 x 10~*
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w&
Rz,

eo = 19652.21,
e1 = 148.4206,

es = — 2.327105,

e3 = 1.360477 x 1072,
es = — 5.155288 x 107?,

fo = 54.6746,

fi= —6.03459 x 1071,
fa = 1.09987 x 1072,
fs= —6.1670 x 1072,

go = 7.944 x 1072,
g1 = 1.6483 x 1072,
g2 = —5.3009 x 1074,

ho = 3.239908,

hi = 1.43713 x 1073,
hy = 1.16092 x 1074,
hy = — 5.77905 x 1077,

io = 2.2838 x 1073,
i1 = —1.0981 x 1072,
io = —1.6078 x 1079,

jo = 1.91075 x 1074,

ko = 8.50935 x 1072,
ki = —6.12293 x 1079,
ko = 5.2787 x 1078,

mo = — 9.9348 x 1077,
my = 2.0816 x 1078,
me = 9.1697 x 10719,
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3.19 Trajectory

HEBOF— X 2 52T, ik, FMROTEET> L —F

3.19.1 Backward_Traject_2d

HeE
2 RTENT MNVBDT =M EA T 5 AV TRITIBFEN 217 5.
=3
call Backward Traject_2d( dt, stime, step, ini x, ini_y,
t, X, y, u, v, traj.x, traj_y, FTF, [opt], [undef] )
518
dt <R> in ALY B IR [s].
stime <R> in AL IE T DA [s].
step  <I> in FREEITD ATV T
inix  <R(:)> in FIIALIE x [m].
iniy  <R(size(ini x))> in PIARLIE y [m].
<R(:)> in WL T — 2D H DA ($2iR).
X <R(:)> in A TR — PR [m].
y <R(:)> in AT RE R [m).
u <R(size(x),size(y),size(t))> in x ARDONZT MV (k).
<R(size(x),size(y),size(t))> in y ARIODONZT NV (k).
traj x <R(step,size(ini x))> inout JREFERD x A7EFERE [m].
traj.y <R(step,size(ini x))> inout JREFAROD v A7EFERE [m].
FTF <L(size(ini x))> inout FHEFEHESNEIE 7 5 0 (Rid).
opt <C(*)> in KR D A F— A (183d).
T 7 AN MIHAA T —AF— A,
undef R in FEI ML PR E A (125R).
EERN
HEZONDHEEL DT — 204ty 5 t, ETO nfAFEL, T ORRHMEIZIE
—hkE T, ZDLE, KLt 5 dt ATV T Tt MZ TR E TS & ¥
DR MBK??THD, FHELT —XDROIELTIE, TORBOHELT— KX H
SN & 1T > CREB 2 3B LTV 2, MEMROE BRI, K (2,y) 1050
T, 2WIERY NV w(x,y,t) WEHBINTEY, ZOHEGIZESTHREIT S /8-
TN O x(z,y,t) %
ox(x,y,t) = v(z,y,t)dt
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(T

EVDROBERBNZE>TEHAETR2EDTH D, RfRetB e B, HEL L
OB TEH D720, N—LIVOMNE z(x,y,t) ERRIOBEKE R>TnE Z &N
bnd, LU, HEGPER THIUX, EENRY MVIERRENIKFE L RO T, 28—
YIVDRENRY MIVERRIRET 2 2 L3R R2, 2D b, THIBEE
BIZBWT, ik MERIE—2T 2 Z L hh s,

BI?22 BT 2B/ EBE GO GBI TDEE D TH D,

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

t;  t(i)

o 7Y 3 opt IFRIHREIEDOBIIAT S KBS OBAAF — L% HET DA

TvavTh), LFDOERENHERETH 5,

EUL §i/i 1 IRKEEDA A 7 —AF—LA.

HO1 1 YV AF—5 (B4 T —AF—4).

ME1l BIEA A T —AF—LA.

RK3 3RV - 7w RF—A.

RK4 4RIV - Iy AF—A.
INSEDAF—ADFHHIZOWTIE, (5?7208,

WELS T — 2 u,v,w BEC, AT —& ¢ [ZRZIA [ S 12 AN SN T
RO,

TSRS x, v CHREINDHEEIMENEL 72856, TNLABRORHH ATy 7
DWTIFFBEZNET S, TUT, MEINZRLNIHY TS traj x, trajy
DEFEIZIF undef CEZEINAENEIND, T 74N NRETIH. 0.0 MK
INBLDIZE->T WS,

size(inix) % 2 L EIZTNUEZDEDWIHMEIZ GG U - FRBMED R I 1D .

FTF (X BAARARNT IR () BIRAEIRAMIR I NAZ L SOHET T V. true. N
PN -2 & %, false. IFFIBEHEBNICHET D I L E2/RT. true.
MONTND/NN—=R I DNTIE, ZTOHAZREZ AT TLAED 0.0 © U< I
undef DENAS>TWNS.

3.19.2 Backward_Traject_3d

Hae
3MIENRYT MGDT =AW OA T T4V CTRARBFRET 2175,
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=5
call Backward Traject_3d( dt, stime, step, ini x, ini y, ini_z,
t, x, y, z, u, v, w, traj.x, traj_.y, traj_z, FTF, [opt], [undef] )
5188
dt <R> in AT D IR [s).
stime <R> in HIHALE T DIEA] [s].
step <I> in FHEEITO ATy TR
inix <R(:)> in FIAALE x [m].
ini.y  <R(size(ini_x))> in FIFAGLE y [m].
ini.z  <R(size(ini x))> in HIFAGLIE 2 [m].
t <R(:)> in WEL T — 2 DH BEH] (#iR).
<R(:)> in G TFRE— PERE [m).
v R()> i HFRE R ],
z <R(:)> in AT RE ZERE [m).
u <R(size(x),size(y), in x ARONZT NV (#ik).
size(z), size(t))>
v <R(size(x),size(y), in y HFODNZT NV (k).
size(z), size(t))>
W <R(size(x),size(y), in z DT MV (k).
size(z), size(t))>
traj x <R(step,size(ini x))> inout IO x ALE MR [m].
trajy <R(step,size(ini x))> inout JREFRD y ALE MR [m].
traj z <R(step,size(ini x))> inout JREHFRD z ALEFERE [m].
FTF <L(size(ini_x))> inout FHAEMEIEANEE 7 T J (k).
opt <C(*)> in REfRE S D A F— A (?ﬁ)’i‘)
TI7ANDMIEAAA T —=AF =LA,
undef R in FHIAMULEE F R E 24l (F25).
EEN

525N EEBD T — X DBt D5 t, £TO n BEEL, Z ORI RE LIk
BEET B, COEE, W 2D dt AT T T nt R R RS L X
OHREDIITH D, HEHT— X DROEAITIE. T ORBOEESET— & 5
LI % 47> CHERZHE LTV, MEHoERRIL, HBE (2,y,2) 108
VT B POENRT Mlo(w,y, 2, t) BEBEINTE Y, ZOBREBHIR>THHT S
IN—=X VOB z(x,y, 2,t) %

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

LS ROBIFNC Lo TR BT 20D TH D, BRI L BA Y, A
FIOBSTE 5270, S—e VOB ¢(r,y, 2, t) b HHOERE BTN 2 &
BomB, &L, BEEIEETHNIE, BEERY MVIZEEICEE L 20T,
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NN—=X VD ERT MVERBIKET D Z 3B BR5, 2O s, EHER
HEGIZBWWT, AR REARIE—2T 2 Z L 23bn b,

BI?2Z BT 2 KA E I DOMNIGRERIZLLTDOEE ) TH B,
ts : stime, dt : dt, nt : step, n : size(t),
t;  t(i)

(]

o 73V opt IZHHHREI R OBIIT O KB OO AF— L2 EET D A4
TvavThY, KFORENAHETH S,

EUL #i /55 1 IREEEDAA T —AF—A.

HO1 A1V AF—LA (ABAA T —AF—L4).
ME1 [EIEF A T —AF—A.

RK3 3V - Iy AF—A.

RK4 4 RV - 79 RF—A.
INEDAF—LADOFHNIZOVTIE, 2731,

o HWELL T —X u,v,u BE, KHT—& ¢ [ZRZIHA [ Z 12 AN SN T
RO,

o MEMEA x, v, z TREINDHBIMIEREL 256, THLBEORFRA T
FIZOWTI ﬁ“%’&ﬁ&(ﬁ?é <UL T, ﬁ&(%&**?f’bﬂﬁ‘ﬂ YT B traj x,
traj_y, trajz DEFHEIZIE undef TEBRINMENEIND, 77 4 Mk
ﬁfi‘&O#ﬂ*ﬂéi9~EOTP60

e size(ini x) % 2 BLEIZTIUXZE DX DOWIHIMEIZ G U - RIED EHE I N5 .

o FTF |ZIREARIENTIRGIZ, SHEMEEBAM M INAZ L SOHET T Y. true. M
M - Z L %, . false. FEMEMEBNICHEET D Z L %2/RT. .true.
ﬁﬁwfméﬂwﬁwuﬁmfﬁp%@&tﬁ%l%v7m%ﬁ00%b<@
undef DENA>TW5.

3.19.3 Forward_Traject_2d

Bee
2 RIENY MIVEGD T —Z D57 7 T A VTR G IR %2175,

=X
call Forward Traject 2d( dt, stime, step, ini x, iniy, t, x, y, u, Vv,
traj._x, traj.y, FTF, [opt], [udef] )
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518
dt <R> in FHEY 2 IR [s].
stime <R> in HIARLE T DI [s].
step <I> in FHEETO ATy TR
ini x  <R(:)> in FIHIALE x [m].
iniy  <R(size(ini x))> in AL E y [m].
<R(:)> in HEY T — 2 Db BN (Hhik).
X <R(:)> in A TFRE— MR [m).
y <R(:)> in A TR R [m).
u <R(size(x),size(y),size(t))> in x AFODNT MV (k).
<R(size(x),size(y),size(t))> in y AEIDNZT NV (k).
traj x <R(step,size(ini x))> inout FEEFFROD x A7EERE [m].
traj.y <R(step,size(ini x))> inout JREFERD y ALEFERE [m].
FTF <L(size(ini_x))> inout FHEMEISANHIE T T 7 ().
opt <C(x)> in IR D D A F— L (18ad).
T 7 AN MNIETAA T —AF— L
undef R in FEISAMUBE R E FAE (13).
EHEI
B 2N EELDT— 204t S t, ETO n EFEHEL, T ORI MR I
—kLTd, ZDLE, Kty S dt ATy 7Tt METRIMREFET S L X
DIEAXAK??2TH D, HELT —XDBRVKLTIX, T ORIEOEEL T — X W
LRE NI 21T > CHES 2R L TS, RO ERAIX, B (2, y) IZBW
Ty 2WIERT NV w(z,y,t) WEBINTEY, ZOHELIZESTHREIT L /3
YV O x(x,y,t) 2
dx(x,y,t) = v(z,y,t)dt
VWS ADBERDICEL > TEIRTLIEDTH D, MMmstRERRY, HEGHIRE
MOBBTEH D720, N— VDA z(z,y,t) HREOBEHE Z2>TWE Z LR
DB, U, WEGWEHTHIUL, HENRT MVIERFREIEKEL RV DT, /83—
BV DAENT MIVEREIHKT T 2 L3R <82, ZOIEMnb, EHRHE
GZBEWT, iR e R IE— 9 2 2 e 302 B,
BI?2IZ BT 2 BB E BIBONIGERIILATD LBV TH B,
ts : stime, dt : dt, nt : step, mn : size(t),
t; (1)
e

o 7Y a3y opt IZHHHFREIHOBIIT O KBS OB AF— L2 8ET D4
T avThHY, LFORENARETH D,
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EUL #3551 IREEDA A 7 —AF—A.

HO1 K1 VAF—L (HEAA1T7—AF—L4).
ME1 BIEF A T —AF—A.

RK3 3V - 7y REF—A.

RK4 4 VT - 7w REF—A,
INHDAF—ADFMIZONTIX, (2721,

o FilikRA x, y CHREINDEEIMIENEL 72546, TNLABDOKH A 7 v 72
DWTIFEIBEZNET S, TUT, MEINAZRLNIHY T S traj x, trajy
DEFZIZIF undef TEHBINMEMIE I NS, T 74N MEETIE, 0.0 H5HK
XINZELHITAR->TVWD,

e size(ini x) % 2 LA RIZTIIZZDEDHIAMIZ IS U 7RG R I D .

o FTF (XURBAKRMENT IS, SHESISIMCMINAZ L SDOHET T 7. true. M
AN 22 %, false. IFEIREMHEEBNICHFAE TSI L Z2/mRT. true.
MONTWVDNN—EIIZDWTIE, TDH AL AT TR 0.0 £ L <X
undef DENAS>TWNS.

3.19.4 Forward Traject_3d

SIRTENRY NUVED T — A W5 AT 51 ¥ TR BT 2475,

call Forward Traject_3d( dt, stime, step, ini x, ini_y, ini_z,
t, x, y, z, u, v, w, traj-x, traj.y, traj-z, [opt], [udef] )

518
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dt

stime
step
ini x
iniy

ini_z

N <

[

traj_x
traj_y
traj_z
FTF
opt

undef

EER

<R>

<R>

<I>

<R(:)>

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

<R(:)>

<R(:)>

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

size(z), size(t))>

<R(step,size(ini x))>
<R(step,size(ini x))>
<R(step,size(ini_x))>

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

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

n

n

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

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

x AMDNT SV (k).

P

vy DAY L (3R).

P4

VARG )

<

TREFFRD x 7B AR [m)].
TIRERD y A7 EFERE [m).
TREFERD 7 {78 PERE [m].
FHRAEIRANEIE 7 Z 7 (k).
IR 0 D A — A (k).
T 7 AN NIHTHAA T —AF— A
BRI F R E 224l (£258R).

=

525N HEEGOT—2ANL ¢, 5 t, TTO nlFEFEL. ORI IZIE
—RRE TS, ZOLE, BHt, 15 dt AT T Tt BEIFRIREZHETL L&
ORRBAK??TH D, HELT — DRV TIX, TOFIEOEELT— & H
LB N 27> CHEEL 2R L T2, HEoERRIE, FEE (2,y,2) 128
WT, 3IRIENRY M w(x,y,2,t) DEBINTH Y, ZOHELIZES> THEITS
IN—=X VO x(x,y,2,t) &

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

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

72025 1T 2 /AL IO NIGERIFEA R D LB TH D,

ts : stime, dt : dt,

: step,

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

(]

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

TavTHY, UFRORENTRETH D,

EU1 #if 1 IRKEDAA 7 —AF —A.

HO1 R 1VAF—L (BBAAT T —AF—L1).
ME1 BEIEFA A 7 —AF—A.

RK3 3V - 7w RF—A.

RK4 4 {RVVIT - 7w A F—A.
INHDAF—LADFEMIZ DOV TIX, FHR??72E,

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

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

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

3.19.5 Stream_Line_2d

2 TN IV DT — A PO E T 5,

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

518K
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dt <R> in GRS % IRFFETEIRA [s].

step <I> in FHEEITD ATy TR

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

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

x <R(:)> in A TR —HERE [m).

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

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

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

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

traj_y <R(step)> inout JEARD y ALEHELE [m].

FTF <L> inout FHEMEESNVHIE T T U (1iR).

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

undef R in FEISAMLE R E F8fH (F25R).

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

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

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

TavTh), AFOBRENAGETH B,

EUL §i 5 1 IRFEDI A1 7 —AF—A.

HO1 &1 VY AF—A (HEA A T—AF—L1).
ME1 BIEAA 7 —AF—A.

RK3 3RV - v AF—A.

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

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

o FTF IXFREAFRARMT I I, SHRMISAMIHINZE SOHET F 7. true. D
BN 22 L %, false. IFFIBEMHEBNICHFET D Z L E2/RT. .true.
MONTND/N—=LINIDWTIX, ZTOHAZRL AT TR 0.0 £ U <&
undef DMEMNASTWNS.
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3.19.6 Stream_Line_3d

HaE
3 RTLNT MIVEDT =AM HRE T 5.
=X
call Stream Line 3d( dt, step, ini x, ini_y, ini_z,
X, y, 2z, u, v, w, traj x, traj.y, traj.z, FTF, [opt], [udef] )
518
dt <R> in AL S % IRFFETHIRA [s].
step <I> in FHEEITD ATy TR
ini x <R> in FIALIE x [m].
iniy <R> in FIALIE y [m].
ini_z  <R> in HIFAGLIE 2 [m).
x <R(:)> in HFRE— Fﬁxm
y <R(:)> in A TR T HERE [m).
z <R(:)> in GFERE= fﬁ@ [m)].
u <R(size(x),size(y), in x JADNRT MV (k).
size(z))>
v <R(size(x),size(y), in y ARIDNT NV (k).
size(z))>
W <R(size(x),size(y), in z ORI 8V (k).
size(z))>
traj x <R(step)> inout FARD x ALE ML [m].
traj_y <R(step)> inout JEARD y ALEHEAE [m].
traj z <R(step)> inout FEARD 7z ALEEEEE [m].
FTF <L> inout FHAEMEBANVEIE 7 T 7 (k).
opt <C(*)> in R D A F — L (183d).
T7jwbiwﬁﬁ49 AF—L.
undef R in PEIAMULIR R E Bl ().
EER
TARDE R RNIE, AR (v,y,2) IZBWT, 3RIEANY Ml o(z,y,2) DERINTE
D, ZOREGIZES THEENT 23— VO z(z,y, 2) %
ox(x,y,z) =v(x,y,2)0t
VS RADBUEMR A IZE > TEHETEIEDTH D,
"%
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o 7Y 3V opt IZIHAREHEDOBUAT O KD OMD A X — L% fHET DA T

YarvThy, LTFTORENTIHETH S,

EUL 15 1 IXBEDOA A 7 —AF—A.

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

RK3 3RV - 7w RF—A.

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

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

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

3.20 typhoon_analy

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

3.20.1 grad_wind _pres

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

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

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

Zimi7zz g kDI, %Ei%0)7kﬂﬁﬁj\¥ﬁ%§+ﬁ'é‘éo Z T, Vo ISHIFRE, p (3R
FE. pI3UE, r, 2 (3EIRE, SREHERE. fIXTVAVNTA=ZTHD, MR
DANDS, XS FREZ ST r JHFI AR

L am=]
Tref To

2115, ZOXZFIHERTD &,

V’g?
o + ng dr

‘/;]2
TJerg dr

r
p(?") = Pref Jr/ P

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

B%
BU.

3.20.2 hydro_grad_eqb

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

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

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

272 LD, 1 IRTCDY I VT4 VI T —RMNORES. BELONERME %
BIET D, ZIZT. Vo IREDIFRER, p IZRKQEE, p I 35QUE. r, 2 1XEIRE. SRIEJEEE,
fIEIVAVNRIA=ZTHD, ZNODOMEIRD SN, BHAKARDORES
BANS, BEGEBERIIEONDS, F£/2. INODOFEARENEEL TS &
5 Z ki, EEECEATRR O ECEAT 6 FREIZ D D Z L Avbd T, [BIED T
EIE, REEZHWZPORICESBIETH S, U NIZTORNEZ RS, AHICIEE
B, [EGESEEICDWTAKE—RRIZGEZATHEL, 72, BIEZ1T O BROEHER
RBIIAGESIEDOHLI 6 087 r(nr), nr=size(r) D& T 5,

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

2
_9
T +f‘/g

T 8]) /'r V
—dr = p
[0 37" 70

2179, ZTITC, rg B ETERELUAHREEOAZKTHD, ZOXREZFHET

dr

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

T0

9
L1V,

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

9. 35 NEGIE p(r,2) DR ANT, SEE, £ LIS 5 HEE BT
DBFD BT 5.

" JE P AR D T JR OO B R R I Emanuel (1986) % % 20,
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DI, ZODKELT, 1 ATy TR DZB{ED error AT R OKEZKTT
5EDITREL TS,

(]

3.20.3 tangent_conv_scal

FERDAN T —8% T AV N EERD O R EBERICEHT 5.

call tangent_conv_scal( x, y, xc, yc, u, r, theta, v, &
[undef], [undefg], [undefgcl, &
[stdopt], [axis] )

515
<R(:)> in AT R — R
<R(:)> in TR TR
xc <R> in x R T O M FE B ().
yc <R> in y R CTO MR B A (BR).
u <R(size(x),size(y))> in HAFRTOEBETD
AHT—.
r <R(:)> in P f65] P A SR OD Bl 138 JRE A
theta <R(:)> in P fa] PR AR D BERRIERE [rad).
v <R(size(r),size(theta))> inout ZHEDIA.
[undef] <R> in BERROE Y AT R RSN O fE (238
[undefg]  <R> in PRSP C OO RARAH.
[undefgc] <C(3)> in undefg MVi%E
INze SO (k) .
stdopt <L> in TI—h75 7 (#Bk) .
T 74 M .false.
axis <C(2)> in JERLR (F&ik) .
EER

2 IRIET 7V NEERER (z,y) (ICBT D 8L (26, ye) ZIRAE T 2 HFEBEEESR (r,0) 12,
ANT—T—RELEHBU, 0 [T 5, BEEROZHIZ BN Z1T D,
THIV R (25,y;) CEBINZHDAN T —&u,; ; & MFEBEIER (1, 0,) TER
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XNB AN T — 8 vy BT BRI

U:,-l,j - ZiJ («Tm _ «Tz) + u;j-i-l — Zivj(
+1 — L +1 — Y5
(T — 23) (Yn — yj)
Ti41 — !Ei)(yjﬂ - yj)

U = Uij + Yn — Yj)

[Wit 1,41 = Uij1 — Uit1,j + Uiy (
THd 5, ZOLE BIBIITONIEET .
Tt X, Y Y, Ui U Upgp oV,
Ym : ¥, 0O, : theta

(]

o FEFER DML 3.1 1.

o BRBRMNHRHPFIMIAFIEL TWEHE, 7 7 A4V b TIEEHEL JJIZ Warning
AW —=INHEIIINED, stdopt & .true. [TEELTEITIE, HHLARW.

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

£ L, undef BZEINTVAEVWESIITORRAINTRING.

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

—:-}'ln—'—»_‘)g

A B &

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

ZORIUZENT, undefge DFEIE

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

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

T/ RVEAFEROTRTTRIBLERD.

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

L UTCERING.

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

15z pRIZTTEI,
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3.20.4 tangent_mean anom scal

Bee
EREDAN T —&% T 71)V NERERMN O M ERERICEBR U, SRR 7~
T/ —%EETS.

=X
call tangent mean anom scal( x, y, xc, yc, u, r, theta, v, &

[undef], [undefg], [undefgcl, &
[stdopt], [axis] )

51
<R(:)> in HF R — R
<R(:)> in TR R
xc <R> in x R T OB R (k).
yc <R> in y SR COMIRE MR A (1RR).
u <R(size(x),size(y))> in HFERTOTY /I V %
EBDANT —.
r <R(:)> in P i8] R A R OD Bl 28 AL
theta <R(:)> in P ] A RS R D BERRPEAS [rad).
v <R(size(r),size(theta))> inout 7./~ VU DfH.
[undef] <R> in PR I Re R AN Ol (k)
[undefg]  <R> in BERROT- YN T D RAETH.
[undefgc] <C(3)> in undefg Vi E
Iz TN (k) .
stdopt <L> in To—WHh777 (k) .
T 74 ) Mi& .false.
axis <C(2)> in JERER (k) .
EER

2 RIET AV NBEEER (2,y) (IS8T D5 (20, ye) ZIRSE T D MEMEER (r,0) 12,
ANT—T—REEMU, 0 FHIANEIT 5, BEERDOZHUI VML NIFZ1T S,

TNV KR (z,y;) CEBINZHDANT — & v ; % HEEER (1, 0,) CTERH
INDANT— & vy, (CEHT 2R

Wit 1 i — Ui s Wi iiq — Us s
;+1,i xz,J ($m _ l'z) + ;,]Jri yw (
i+1 — g i+1 — Yy
(T — 24) (Yn — yj)

Tit1 — o) (Yj+1 — Y5)

Ummn = Uij + Yn — yj)

[Ui+1,j+1 — Ujj+1 — Uit1,5 T uzy] (
THd 6, Zor X, BB TONEEZT 5,

it X, Yj oY, Ui U, Uy oV,

16 - pRITTTBH,
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Ym : ¥, 0, : theta

BE

o JEIEMOBEEBIZX 3.1 2.

o RBERMNERFPIMAFAEL TWEHE, 7 7 AV N TIEEEHEN 112 Warning
AW —=UMNHIINDD, stdopt & .true. ZERELTEITE, HHLARW.

o &7 a3 VA undef | FHERRTEII W REEEAMIAZIE T B HAE S R OESIZ
RAINDGRERETHS. T I T, HEROFITREEE & IE, FIfE R THERM
SEIEAT D BRDEKRME r(size(r)) DI ETHD. L L, ZOEEIGHEMH
W ox,y OAMIHZZ5GE, 1ZAH U TOSEPIEEENT IR, ZOIEAHL
5>, SEYADMT Z R NEEIBIC DWW TR undef AR IND LS IZBR ST NS,
£ U, undef DHFEEINTOAWVGERFTABRAINTEIND.

o 77 3 VIS undefgc IFHEAREAFEIRNIZE VT, KIAME undefg AELE X
NTWDHE, EDOLDITEH 2T nEHETD. ZDOA TV 3 VL undefg
MEE I N TR T IUIHEERE U2, undefg IXERCEIHEIBAIZEWNT, T4
)V~ EERER CRBAEDFAET 2356, 7 77V MW S HBEINONFFROBRIZ T 77V
N RDOZH A undefg THIUXMFERDONIF UL undefg DENANSEND.
ZORIIZE T, undefge DIEIE
inc #AREAZTOBE, FIERNIF RO —IZ undefg WRREI N TV, £

D 1T OMEIF T IFEAEIZ AN, BIEDA 2 TV D 1D AT
2175, THUTHISE LT, NERPRIBOGEIET /) S RIEBERD.
err AR 1T OB, MESRAF RO —HIZ undefg WFEE I NTVLNIL,
YAfEIE undefg &4 5. 7/ X VEHBEICEWTIE, ZOVIHEEZ ST S
T/ RVHAERDOINTTRIBLERD.
undefg MFHE XN TH Y, undefge WHEEINTWAWT 7 4V KT, inc
LUTERING.

o HIE axis IFFIHAIAEL 20 2 AR ZEINT S, AMWETO T — 20T )b K
JERER T H BB 5, axis="xy’ LHEETS. KMAMEREEERTHIERH,
axis=’11> LHRETD. 77 AN M TIET IV NEERMPEEIN TN,

3.20.5 tangent mean_anom scal Cart

EED AN T —B2 BRI UET ) ) —%23HE L, TV MEERIZET.

call tangent mean anom scal( x, y, xc, yc, scal, r, theta, scal_anom,
[undef], [undefg]l, [undefgcl, [stdopt] )
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518

EEX

<R(:)> in T 71 N — PR
<R(:)> in T 71V B REAE.
xc <R> in T AN xR TOME BRI A ($2iR).
yc <R> in T AN y R TOMRE R A (k).
scal <R(size(x),size(y))> in THIVRRTOT )XV %
EBANT—.
T <R(:)> in P ] R A SR D Bl 428 JEE AL
theta <R(:)> in P {8 A AT R D BERRFEAE [rad).
scal_anom <R(size(x),size(y))> inout T HWIVKRTOT /Y DIE.
[undef] <R> in B al e P A OE (1) .
[undefg]  <R> in BERR- YN C D REEAH.
[undefgc] <C(3)> in undefg MViXE
INE TOMM (k) .
stdopt <L> in To—Wh75 7 (k) .
77 AV M .false.

P

P4

tangent mean scal CalH U 28 EEMHEEZ FHWT, 5O T WV MR TOEDT /
) EFHETD. T A NBERDE S TOMEREER LN S DO Z 6, T0
PR 0D 3T PE T Ui C D AR YE 2 N LB L, T OWNFEEEZ T O T IV NEERT
DHEREEEE 9 5.

(]

o RBERMNERHPIMAFIEL TWDHE, 7 7 A4V N TIEEEHENL 112 Warning

AW —=UMNHIINDD, stdopt & .true. (ZERELTEIFE HHLARW.

77 a VB undef IHEEREII AR RIMIIEE T D BRI R OB
RAINDGRERMETHS. T I T, HEHCFITREERE LXK, P8 EEELR THAR
SEYA R AT O B REDOI KM r(size(r)) DI ThHD. & U, ZDFENGHEE
B ox,y OAMIH G E, 1IZAH U TO ST EENTEI RN, ZoikAf L
D, SEYIWT ZIROGERIZ DWW T undef AR IND LD IZRS>TWD.
£ U, undef BZEINTVAEVWGSIFITORRAINTRINDG.

7 7Y 2 VB undefge IFEHFEAMHEBANIZHE N T, KIBME undefg MRE X
NTW25E, EDOXDITEETONEYUET D, ZOA TV 3 Vi undefg
DERE XN TORITIUTEEEE L R\, undefg IZEHRTFITIRNICEWNT, T4
VN ERER TRIBIEWFAES 2356, 7 77V NI S HEINONFFOBIZ T /7)1
N RO S undefg THIUIMFERDONHF AL undefg DIENANSND.
ZDRMPWIZHE T, undefge DL
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inc #AREZITOBR, MERNIF RO undefg WREEI N TV, £
D R TOMIFTFEIEEIEIZ AN TIZ, BIMERA 2 TS KD A TEIG#EAE
2110, THUCHIS LT, NERBPREBOGEIET /) ) EREBLERD.

err YR 1T OB, MESRAR RO I undefg MREE I N TVNIL,
YAfEIX undefg &85, 7/ X VEEIIEWTIE, ZOVIEZ ST D
T/ RVEHEROTRTTRIBE RS,

undefg MEHE X NTE Y, undefge WHEINTWRWT 7 4 )b M Tl inc

L UTEHEIND.

3.20.6 tangent_mean_anom_vec

Be
TV NERERTEZRINIATED 2 IRTERY NV T 7)1 N FERER D O [ (&) MR
RICEWL, ERAEIEH L, ZOT7 /)3 Ve sd. 20X CHT I 7% N
52 8T, WA B T R I EITES.

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

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

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

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

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

T 7 AN M .false.

EERN

BE

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

r-u=|r||u

VWO EERBTZILIZRD, TIT, u, lZT IV IR TONRY MVOEIREKS
THhd, £oT, ThEHHCHNITEREAHNNIONRY NURELNE Z LI
B3, BERARORSE ZNEFEEDE X T, MENT NLET AV RRRT K
VOB S KIREHEN Y % 1E &4 2 P& R DR S 2 il T 2 L N TE 5,
2 IRIET 1V NEEKEZR (2, y) 12812 8 (26, ye) ZIRAE T 2 MREREER (r,0) 12,
ANT—T—REEMU, 0 AT 5, BEEROZEBIIMIEANRZ1T,
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o BRI BEREFIMNAGFEL TWDGE, 7 7 4 )V b TIREHEH 712 Warning

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

7 7Y 3 VI undef (FHERE AT REERIMIAFAE T D AR L B D RELHIC
RAINDRERMETDHD. T I T, BT REERE L L, & EEELR THEM
Y% AT O B REOI KM r(size(r)) DI L ThHD. & U, ZOFENGEE
B ox,y OAMIHZGE, IZAH U TO ST EENTEI RN, ZoikAH L
853D, ST Z R NEIBIZ DWW T undef AR IND LS IZBSOTNS.
£ U, undef DR EINTVAVWEARIFZETONRAINTERINSD.
7 7Y 2 VB undefge IFHEFHEEMHEBANIZH N T, KIBME undefg MRE X
NTWEHE, EDOXDITEETONEYUET D, ZOA TV 3 Vi undefg
DERE XN TWRITIUTEEEE L 2\, undefg IZEHRTITRIENICHENT, T4
VSRR TRIBIEDFAES 2356, 7 77V N S HEINOHNFFOBRIZ T /7)1
N RO SIS undefg THIUIMFRDONHF AL undefg DIENANSND.
ZDRPIZHE T, undefge DfEIE
inc BRI %47 OB, MERNIR RO —EBIZ undefg AEE I NTWHIUL, T
D wLTOMEIFEIFEAE I AT, BEDA 2 TV 2 1D A THEIAE
2475, THUTHIE U T, AR RIBOGEIET /) S RIBERD.
err AR ZITOBE, MIERNITRO—EIZ undefg MRE I N TV AUK, F
YIfI3 undefg &4 5. 7/ VVEIRIZEWTI, ZOEEEESRT S
T/ RVHAERDOINTTRIBLERD.
undefg MFHE I NTH Y, undefge VHEEINTWAWT 7 A4V KTl inc
LUTERING.

3.20.7 tangent mean scal

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

EEX
2 IRTET AV NERER (2,y) ([CBF D5 (20, ye) ZIRSE T D MEMEER (r,0) 12,
ANT—F =R ELEHU. 0 SIS B, FERER O LIS AT 2175,
FHN DT (25, y;) TEBINEZD D AN T —Ruj % FEEER (1, 0,) TiER
XNBANT — B vy VOEHT BT
Wit1,j — Uiy (L — 25) + Uij+1 — Uiy
Ti+l — T Yj+1 — Yj
(@m — ) (Yn — Y5)
Tiv1 — i) (Yj41 — Yj)

U = Ui 5 + (Yn — ¥j5)

[Wit1,j4+1 — Wijtr1 — Wikl + Uij) (
Thd T, 2oL, FIEELUTOMNGEZT 5,

Ty © X Y; Ly, Uiy -0, Umn -V,

(]

o JEREMDOBEEXIXX 3.1 S,

o RBEFMNERBPIMAFAEL TWDHE, 7 7 AV N TN 7112 Warning
AV —=UNRHEIIIND N, stdopt & .true. [THELTHITIE, HI LR,

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

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

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

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

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

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

L UTHREAEINS.

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

3.1 TV SRR & FI A ERTLR A D BRI AR OB, I EEESR T m, n W2 5K

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

ERSE
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3.20.8 tangent_mean_vec

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

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

main.tex 2014 £ 5 H 29 H GEHEHR)



STPK v=a7J)L 3HITIL—Fr—& 187

RTRHTDE, r=(2,y) TRETIDDT, 7 AV NERRFATONEIE
row = [rllu

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

BE

o HEREMMEEREPFHAIMNIAFHEL TODEE, 7 7 AV N TIFEHEH 1712 Warning
AW —UNHIIIND D, stdopt & .true. (IEELTHIHE, HIILRW.

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

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

D w T OMEIFEIFEAE I AN, BEDA 2 TV B 51D A T
#1710, THUCHIH LT, N REBOGEIET /) ) ERELRD.
err BEMOTHI % AT 5 BE, MIRIRHTEO—HIC undefg A5 I NTVAUL, F
YAfE1E undefg 25, 7/ X VEBEIZEWTIE, ZOVIHEEZ ST D
T/RVEMARDINTTRIBEL RS,
undefg MFHE XINTH Y, undefge VHEEINTWAWT 7 A4V KT, inc
EUTERING.

3.20.9 DC_Braun

Braun (2002) DFEz VT, B EQEDOHLZFIET L. ARG DI <
5% &, B SEDO N I T HHEIC B 1 B /AT R SERAE DB ND L5128 5.
TR TH UL D BARME CRUFHESREDOHL 2 EERT D &, Z DJRFTH7R KL DRI
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FVIREIT2 & 51245 "8, £ 2T, Braun (2002) T, LROEHEDEHIZRT
FEEZHNT, ZORIBIR % RET S 2B EKEOHOERE FIE BRI N .

=X
call DCBraun( x, y, fg, pres, search dis, var_dis, center, &
[undef], [stdopt] )
5%
b <R(:)> in x J3lAHERE [m).
y <R(:)> in y JIFEERR [m).
fg <I(2)> in HEIZHOV S EOR 7 RE
pres <R(size(x),size(y))> in LEEEMTORE ().
search_dis <R> in W7 5 58I [m] (fik).
vardis  <B> in R B m] (85).
center <I(2)> inout K SN HUL (k).
undef <R> in REFHRM (Bid) .
stdopt <L> in TI—Hh7Z 7 (%) .
T 7 4V ME false.
EHEN
M REDRAR R & 2 —HEEM L UT, TDOREF 100 km FREDOEM T /RIZDOWT,
TORZHLE U 65 km FREDO I DOWTERES 2170, SR
2B T2 T DAY O DEEHERZ %2 R UEDE ZENRE RIK & R 5 s % By
BEAEDOHLEEHETZ2FEEZHNTVWS. LD EEMARTFIEORANERT IZDOWTIE
18577 S8,
=E5

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

o MRS BERFPAIMNFEL TWDB A, 7 7 4 )0 b TIREHEH JJIZ Warning
AV —INHIIND D, stdopt & .true. I[IEELTHITIE, HAOLRW.

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

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

Mgz VBRI SUE D RAKE TR X N5 B EAEDOHL . Braun (2002) OFHETEE X 1D BEHES
FEDOHLTED & D BRENASLNDDIZDONTIHAHERESRA.
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FRTVIXIEETEEDRY., /2, ZOYHEEIIRAFEICHWS 21
BOT, BAIEEHFRIZDWVTHE— U THIIXMERD AR E HND Z &M
TE5.

o 5% search dis, var_dis OBEMRIXX 5.11, 5.12 . Braun (2002) D 3k
IZ1& var_dis I& 65 km BETITD LI NT WD, Tk, IR EGE
{RSJED N 2 7 SR DM E IS T 5.
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Fa4ET YN TOTS A

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

4.1 Yo7 7Ov5L0aV1IVAE

demo 71 L7 NUBARIZ, KA TV EMANZY Y TINTOT T AHDERIEKI T
Wa. RKY > INTa T T ADFEFIZIE STPK 74 77 UMNREFHIZA VA R—ILINT
B, NetCDF 7177V, gtools 74 77 VNAVARN—IVINTVEIHENRHD. ¥
VINTOT T ADOFERERIZ NetCDF 57— & THA X N5 720, A ALIZIEH& it
V=IVINBETHD.

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

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

FFLAGS A Y AN—IVFD IV LIV ATV 3 v,
ISTDIR STPK OA YA R—=I)IVT+4 L Z K1),
INSTNC netedf D1 VY A r—=IFT1 L 27 KV,
INSTGT gtools DA Y Ah—J)T4 L7 KV,
\_ J

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

£ U, DCLF90 731 Y A M —I)LXNT\5A 5, make draw & FETFT5 I LT, 2 T
DT 7 %H{lTEIEDTEDEITT 74 draw WERINSD. 72, Ruby-DCL »°
A VAR INTOVNIE, AT+ L7 MVICFABMI N TS delplot # VT, 7F
ARNT A=Y MDT—R% gnuplot DEDIZT T 7T ELMNTES. 2D dclplot
iX Ruby A2 1) 7 N TdhY, ruby dclplot THITT DL, ¥DLDBEE LG A RITH
XR SRV END &S24 usage THWOPIHITIND DT, TNeBZIZI N0,

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

& ymin, ymax

nx = 1

=
<
|
-

Xmax
ymin

ymax

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

cfact

vxfact
vyfact
title

/

N

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

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

o
o

0.0 ! fellloD /e i

1.0 v REEHOA i

0.0 ! o> T

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

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

.0 EERRO B K AE

0 1 AT —Y T — ROB/ME

5 L T —Yz— ROHEKAE
xR O AR

ryo o DA R

0 ! Yx—RDI7 I &—

0 | HEMOT v I R—

1.0 ! BRI MVOEX x
1.0 ! BN MVORY y

=1.
=1.

J

/

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

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

4.2.1 cov

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

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

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

intercept = -3.6121133E-07

Cor_Coe = 3.6029361E-02

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

4.2.2 fTt_test

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

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

(:Input the data number (odd number). :)

CE»IND. ZHIET—XDEBTH Y, FE FFT %2175 720, BEEKTRIY
U S0, IRIZ
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(ilnput the loop number. j)

CEPND . ZAUXFE CEIEZ TR D KT N2 EET .

(:Do calculate the prime factors? [y/nl] :)

CHEMPNG. ZNET BB ERNBSRET 2N EDNEETWS. I 2y
2L, FFT V—F VMR IND T 1B L, HEEfF25HE T 5. K
W—F VT, T—EBNLL< B2 EEHITREB MVRY ZIZRZDH, [BlHETH]
DEFHBETH D720, loop number 2% < & H>TWVWBHEITIE, TN%E 'n? IZUT, &
MICHBE U B2 BESBT 5L D1CUHD, FFT KMEKD/ST7 4+ —< >V ZlE L.

FIECERES

4 N
Input the data number (odd number).

4096
Input the loop number.
10

Do calculate the prime factors? [y/n]

fft error is 7 .2353985E-04
fft error is 7.6539267E-04

cpu time (rot) is  0.4000240 [s].
cpu time (fft) is 0.2280140 [s].
cpu time (dft) is 1.372087 [s].
\_ /
e
R L.

4.2.3 fft_data

FFT V—FVOMEEI 7O 75 A TFANEROFERT — X %252 CTHEFFT #3&
U, EOARY NV AE T 74 VIZH 1 5.
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RTHE

make 95 &, HITT7 7 A )V fft_data DMEHEINTNSDT, 79D L,

Input a reading file name.

If there is no file, input ’dummy’

LHEIPND. NIRRT FANT—RDT7 7 AN EANTD. L7 7A
MWL, TARHEDAITOZWGE, dunmmy & AT HIEEIW. 58, HHN
L7 7 ANTEABEBOEREDE T —X%Z/EK LT, ZD FFT §H %2475
T 7ANVDT— ZEABIIMERTE FRTEHRDRN. 22U, GOEEIEHE FFT
FAHEEZTOHAE R, —BEADT —RIEFHAALBHVZRN. BUF, dummy & AS U
7356 0% RS, IR,

Automatically, sample file is producted.

result prim 2 0 2 0
### Finished calculating.

Input the output file name..

LEPND. THUFANRY MVEIRLUAT 22 NT27 74 V/E AT 5.

Input the calculating period.
(data period)

LHEIPND. ZNFEHBEZTo 27— 2O Z2 AT 5. BAIMERE. ZOEILH
HEINDTFANT—KD "frequency” IZKMIND.

FIECERES

B%

SRR NI ING T —RIFEND

[?&O)/—I\‘%&, B, AT —48 147H, - ]

ERD. T, TAOMMEET & T5L., J—REBn OB E & T—41
T OREfRIE

2mn = kT
Thd, 2%V, LOTF—=RIEZFILTN

B = K¥=n, B=k= "

EINTNELTWS, TNE2EEBELTH Y VT —RZ2AHMALEZEDNRH 4.1 T
H5.

o ASIT—A& D dummy TRWEGE, IRIC
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WN1(Black) WN2(Red) WN3(Green)

0.5 1

(frequency)
frequency
4.1 ERT—ZDARY NV, B #R EBTNTAED ) — RECL, 142, 14243

D TR L 2T —ZDARY MVBAEIHIGL TWS. TT ik (B o 1, 2,3
R U 2SR — 7 R 615,
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[Input the reading number of array. ]

CHEPNDG, ZNET RO T LEPNKOBHDENEANTEEDT, A
075 ATIEANINZATLILIZ FFT #BUTARZ MV TF—& % HH
F5. £oT, HhT—RIZZOBEMTANUZAT LI 2 7 MEMX
2 (LRED ) — RETF—2 L ERT— R BTN 2D LTHAIND.

4.2.4 matrix_test

3WTTHI R G2, TDT =8 %Y IR BATHEIEN—F V2 RI7$2 7077 L.

RTHE
RIOT T MNIBETEITTUT I, EITTD L, ED &S BEHEEIT S % H»
NHZDOT, FRANTHESZANTD. FFIERATFDOE D ZRIGIZE>TNS.

: N
1. AU ZADEEEZHAWT, 3 JTOEN GERNOREEZITD.

2. LU 2% VT, 3 Juds RO KM E TS .

3. HIAYA FINEEZHWT, 3 75 HEROKMEITS.

4. YaACEZ AT, 3 ud L ARRD K17

5. AU AYA TIVEE SOR THLE U RN S, 3 siil s HREARDRKMZE1TS.
6. Y AE¥E%E SOR THEEU RS, 3 oy HRERNDRMEZ1TS.

7. 3 RIFCIE T DHATH %GR T .

8. NEJEEHWT 3 T DIEHITH DR KEAE & T Ed 2 EA
R MVEHETD.

9. YIKEZEHWT, 3 RGGIEHGITHIOREAEZ GRS 5.

4.2.5 mnormal_poly

EYa—)l polynormal, special_function D7 A N7 T A, fE#E AT 5 %K
ZOBEE —EDEBRIIBVCEHREL, TFA NI LT —ZTHATE 70T T A,

ATOT S LADRIFIZE > THNINZTF AR T =Z 77 A VIZEAL T LI b VI
FEHHX ATV ruby A2 ) 7K delplot 2E47 9D L TARBICAHMLTE S,
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RTHE

RTOT T NIBETEITTDIENTE, F795 L EORBEFHETLINE W
DI RBEANTRET S, FHEZIETOL D ZHIEZE LTWS.

/
1. V¥ RIVZIEA.

2. TILI—MZIHA

3. 27 —INZHEA.

4. Yoz IHEA.

5. 7= VN 7 —%IEHA.
6. FEy7%IER.
7. V= VEIEA.

8. N )L

9. H v~

10. /1~ VB

11. ZRw 2 IVEEL

12. B 1~ VB

\_

~

HEHR Ly Y MILZEROBS

X 42120V Y ¥y Y RIVLIEADGE % RT.
TILE— MNSIEADIFZE

MA43IZTI)VI— NEEADEEEZRT
S —ILZEADIGZE

X 441257 —=IVEZIEHADGE%RT.
Ry )LEHRDIZFE

X 4.5 2R I)VEBDGE%RT.
A VBEHEDOEE

M 4.612 /1< YEBOGEERT.
TR~y ILEROEBEES

X 4.7 \ZEBERY 2 IVEBOEES % R
TR A< BERDES

M 48 IZEW ) A~ VEEDOEES %2 5RT
Ay <BE#DGE

X 4.9 12K IEBOEEERT.
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1(red),2(green),3(blue),4(yellow)

10 T T T T T T T T T T
0.5 -

0.0 -

-0.5 =

710 I I I I L I I I L I I I L I I I
2% Lo TOPRoL 2 (mamns B0k, At Qu, skiiat 2 v, wERAS 3 K, Hos
4 ). X —axis

1(red),2(green),3(blue),4(yellow)

10 T T T T T T

0.8

0.6

0.4

0.2

0.0

—-0.2

-0.4

—-0.6

-0.8

/
| L L L |

L l L L L L L L l L L L L
43750 3 =R A Camat Fu, REAT 1 U, AT 2 U, RS 3 1R, Rt 4
). X—axl1s

|
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1(red),2(green),3(blue),4(yellow)

0.8
0.6
0.4
0.2 1

0.0

-0.2

-0.4

o 1 1

%4 57— %’a é%y:no«az %ﬁ%rﬁxuﬁz%m:zm BHEDS 3 TR, HHRAS 4 1K),
X axis

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 . -
0.4
0.2 %//
0.0 |
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1(red),2(green),3(blue),4(yellow)

06 T T T T T T T T T T T T T T T

0.4

0.2

0.0

-0.2

-0.4

NEUMANN

~0.6

08|

710 L | L | L | L | L | L | L | L | L |
mala.6:2 1% g Bris®s o T, Bisr®1 Qi 2 Wk, FHRAT 3 TR, RS 4 1K),

X—axis

1(red),2(green),3(blue),4(yellow)

10 T T N T T T T N T T T T N T T T T N T T T T N T T T T

8 |
L |
] i
% L |
[ 6 + |
- ]
E L |
S 4+ -
O | i
Gy
()] |
o) ///;

2 _— —

%2 2BR Y v MBI (B8t 092 AishO1 kA 2 IR, BHEAY 3 W, HRAT 4

w). X—axis
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1(red),2(green),3(blue),4(yellow)
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deform NEUMANN

L
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[
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09 4.8: 8 11 B Bt G, A 01 v, fiins 2 K, #0° 3 1R, Hiiat 4

w). X—axis

1(red),2(green),3(blue),4(yellow)
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4.2.6 read_mgdsst_nc

mgdsst 7 —4& % netcdf T—XIZEWTS/-HDDTTT T A,

EITHE - X—LYRK

FATHNZ, 2925 medsst 77 ANV %= LT sst_list EWIEIRD 7 71T
FARNTREFELTEL. TOILT7 7 A INVADHILET % .nc & UZAT netedf 7 7
A IFERI NG, FITIE, BRTEITT L, oDV A MIRI N0 721 BEI
\Z netedf 7 7 A IVIZERIND.
$ ./read mgdsst._nc

2T, AV IFIVOD mgdsst T — ZUFMEKZ R TMEAD 888 TH DAY, TDEHIZ
Lo T, TDMEIX 263.0 K IZREIND Z L IZHER.

STERER
AKTOT S AOERNSELN netedf DT —HZ2ZDFE FHE L /28 DA 4.10
Thd. KEROHEY —IVIEZHL5TIIHEBELTHWARVWDT, FEMHL TS
W—)LEFHWTEBI N,

4.2.7 thermo

Thermo_Function (ZEFKINTWSEBIIOWT, T AMZITD T T I A KL, iR
g IBEEOERE 5 AT, BINAZENZYREDTHINEMAT 2T 0T T A,

EITHE
make 9% &, 177 7 1)L thermo WMEHRINTWVWEDT, Ef7THLLUTDLD

BEMMPSHIING.
e N

pressure [hPa]

1000.0

temperature [K]

300.0

Relative Humidity [%]

50.0
= j

ER, % AJ1d 5L, BAROE S IZEN—F V2 HWTEHRE U ABERPE I NG,
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303.0

80

297.0

(o}
(@

(AN
o O

(@}

I
SN
o o

I
o
o

-80 I N IR SN | AR BRI B G
40 80 120 160 200 240 280 320

longtitude
EONTO GR A TEERYA 7 5+ 886R 5 05 x h - 2opiam Ao 445,
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4 I
DEBUG : RHT_2_e in Thermo_Function : 1.76668E+03 [Pa]
DEBUG : eP_2_qv in Thermo_Function : 1.11965E-02 [kg kg-1]
DEBUG : TP_2_rho in Thermo_Function : 1.16144E+00 [kg m-3]
DEBUG : theta_dry in Thermo_Function : 3.00000E+02 [K]
DEBUG : qv_2_sh in Thermo_Function : 1.10725E-02 [kg kg-1]
DEBUG : tetens in Thermo_Function : 3.52565E+03 [Pa]
DEBUG : goff_gratch in Thermo_Function : 3.53320E+03 [Pal
DEBUG : goff_gratch_i in Thermo_Function : 4 .56536E+03 [Pa]
DEBUG : es_Bolton in Thermo_Function : 3.53336E+03 [Pal
DEBUG : es_TD in Thermo_Function : 2.88717E+02 [Pa]
DEBUG : LH in Thermo_Function : 2.43771E+06 [J kg-1]
DEBUG : eP_2_qv in Thermo_Function : 1.11965E-02 [kg kg-1]
DEBUG : TP_2_qvs in Thermo_Function : 2.28030E-02 [kg kg-1]
DEBUG : qvP_2_e in Thermo_Function : 1.76668E+03 [Pal]
DEBUG : theta_dry in Thermo_Function : 3.00000E+02 [K]
DEBUG : theta_moist in Thermo_Function : 3.00000E+02 [K]
DEBUG : thetaP_2_T in Thermo_Function : 3.00000E+02 [K]
DEBUG : thetaT_2_P in Thermo_Function : 1.00000E+05 [Pa]
DEBUG : TqvP_2_TLCL in Thermo_Function : 2.86147E+02 [K]
DEBUG : thetae_Bolton in Thermo_Function : 3.27661E+02 [K]
DEBUG : thetaes_Bolton in Thermo_Function : 3.67287E+02 [K]
DEBUG : TqvP_2_thetae in Thermo_Function : 3.27064E+02 [K]
DEBUG : TqvP_2_thetaes in Thermo_Function : 3.60804E+02 [K]
DEBUG : RHT_2_e in Thermo_Function : 1.76668E+03 [Pa]
DEBUG : eT_2_RH in Thermo_Function : 5.00000E+01 [%]
DEBUG : RHTP_2_qv in Thermo_Function : 1.11965E-02 [kg kg-1]
DEBUG : qvTP_2_RH in Thermo_Function : 5.00000E+01 [%]
DEBUG : qvT_2_Tv in Thermo_Function : 3.02014E+02 [K]
DEBUG : TqvP_2_thetav in Thermo_Function : 3.02014E+02 [K]
DEBUG : exner_func_dry in Thermo_Function : 1.00000E+00 [1]
DEBUG : hypsometric_form in Thermo_Function : 9.88683E+04 [Pa]
DEBUG : rhoT_2_P in Thermo_Function : 1.00000E+05 [Pa]
DEBUG : rhoP_2_T in Thermo_Function : 3.00000E+02 [K]
DEBUG : TP_2_rho in Thermo_Function : 1.16144E+00 [kg m-3]
DEBUG : get_gamma_d in Thermo_Function :  -9.77092E-03 [K m-1]
DEBUG : sh_2_qv in Thermo_Function : 1.13232E-02 [kg kg-1]
DEBUG : Cefp in Thermo_Function : 1.01359E+03 [J K-1 kg-1]
DEBUG : Cl in Thermo_Function : 4.19000E+03 [J K-1 kg-1]
DEBUG : Tq_2_Trho in Thermo_Function : 3.02014E+02 [K]
DEBUG : esi_Emanuel in Thermo_Function : 4.58907E+03 [Pa]
DEBUG : thetae_Emanuel in Thermo_Function : 3.27608E+02 [K]
DEBUG : thetaw_Emanuel in Thermo_Function : 2.55824E+02 [K]
DEBUG : moist_laps_temp in Thermo_Function : 2.96495E+02 [K]
\_ /

4.2.8 thermo?2

Thermo_Advanced _Function (ZEFF XN TWBEBIZOWT, TANZITD TO T J A,
Jordan (1958) DY UV F o4 V7 F—R%&E LI, HESEDOERE 5 2T, RIN/EN
ZEBEDTHENEMGEET S T T T A,

EITHE
make 9% &, EIT7 7 A )b thermo2 MWMEMRINTWVWSDT, 7T LUTD LD
BREMMNHETIIND.
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Input the reference height [m].
500.0

lZANTDE, UTFDEIZEN—F V2 HWTEHRE LU ZERBE I INS.

/
DEBUG : precip_water in Thermo_Advanced_Function : 4 .54026E+01 [mm]
DEBUG : CAPE in Thermo_Advanced_Function : 4.07556E+02 [J kgt1]
DEBUG : CIN in Thermo_Advanced_Function :  -2.85806E+01 [J kg-1]
DEBUG : z_LCL in Thermo_Advanced_Function : 9.28418E+02 [m]
DEBUG : z_LFC in Thermo_Advanced_Function : 2.97419E+03 [m]
DEBUG : z_LNB in Thermo_Advanced_Function : 1.15760E+04 [m]
DEBUG : T_LFC in Thermo_Advanced_Function : 2.82911E+02 [K]
DEBUG : T_LNB in Thermo_Advanced_Function : 2.24629E+02 [K]

\_

4.2.9 time_check

Basis EYVa— )VOHKA YV A counter day, counter sec H LU, &1 A
V' — VAWV —F  time_zone_convert DT AN T OV I A EED 2 HRE%2 52T, %
DI DO HE L % £RT 5.

RTHE
FTT2L, LTFDO&L D REMNRRINSDOT, HYNIIEAD.
4 N
Input the start time [yyyy:mm:dd HH:MM:SS].
[Example] 2013:01:01 13:00:01
2012:12:30 23:59:59
Input the end time [yyyy:mm:dd HH:MM:SS].
[Example] 2013:01:01 13:00:01
2013:01:01 00:00:00
You input start time : 2012/12/30 23:59:59

You input end time : 2013/01/01 00:00:00
3 [day], 86401 [sec]
start time (UTC) : 2012/12/30 14:59:59 )
-

Z DA, 2012/12/30 23:59:59 5, 2013/01/01 00:00:00 F TO HEK & % G5
TRXRETHD. AtEMERIIRBICERRINTHDEY, HBUX 3 H, B TCHE
T3 & 86401 M ad. F/-, ®EIZG A /ZEHEBIBIELNZOWT, JST &KE L
2 ED, TORLNINIET S UTC D%l 2 119 5.
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4.2.10 traj_sample

Forward Traject, Backward Traject D7 A NH TV T A, =ABEHEICEHEZEIL
T2 2 IRGCKE—RRBDIGIZDOWT, i fi - AR ZEHRT 5.

RITHE - RTHER
RIOT I NIRRT EITTDEITITHY, IND & S BREHRFREE A1 2 EM
MFERIND.

- D

input scheme of time integration.

EUl1 or RK4.
RK4

input direction of trajectory for time.

1 = Forward, 2 = Backward.

2
- J

EBAIOERIERE S DAF— LADFETH Y, EUL X 1 IRA A T —AF — A, RK4
FARNYT=0YAAF—LTH5S. IROBEMIIESDOAMTHS. 1 IZHTHE
PR, 2 IR TIREAR 2 5 R 5.

STERR
B 4.11 130 (0.1,0.1) 2> 5 BAERRH AL TG A —RRRJADRNT WD HIZ B 1 B 1%

FTREAR DS % RS . RO IIIKFE—FETdH 223, B DWW T = ABEBIIZ 24 b
F5DT, MMIMABICZEL THWD 2 e Bbnd.

4.2.11 wind

EYa—)l Derivation, Trajectory DIV—F V& TFANGTDHTOT T A,
T 2SS 2 5 2 C, TIh O K[EAR 2 51HE UM R 2, € 0/R 5 72 i JUs
DVWTHEZFRL, I HISHES SMMGEIHR 2175 . [UEGO MG L BRRICEHE I N
T TR OB N —E T 2 2 L 2 MENDD LN TES. ZITHERDRES p(x,y) I

p(x,y) = cosx + cosy
Thd.

AEER
RN G- 2 72 RUES IR 4.12, ZOSEG N ORI NS KEHESIXX 4.13, 15
ONHEEGN HFAEINDIMEREG XX 4.14, KFEEESG 2 L IHEIND
FARIEE 415 TH B, Z 2T, MARIFHEKP L SREENIETHY., SELD
FERRE FODMEEZERL TV Z & IER,
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4.11: BRBERAEAT DR

4.2.12 advection

EYVa—)b ffttp DT A NATB T T A I 1 L OBH AR DONT, AT K
NEER FHNTEDORMRIEZFHETS.
FHREE 1T ARRARIZEMARIC 1 IRTCOYHEE u(z,t) IZDWTOMBIR AR
ou ou
e + Cop — 0
THhd. INEEMARITIEZARYZ MVER L, R AMIZIEZ 7 =)0 YV AF— A
ERHWTWS ., EBFEEIEIR—L) A N7 710 advection.nml THEARETH .

RITHE - F—LUR b

(./advection < advection.nml ]
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pressure
i e e 3.00

1.80

X—axis

CONTOUR INTERVAL = 4.000E-01

4.12: fRITEIZE 2 S 72 K[ED Y.

rotation

—3.00

CONTOUR INTERVAL = 4.000E-01

0.60

trrTrTT

In W“ N \¢\:\ Lp L
MR EARE

—-0.60
-1.80

-3.00

5 E
/ -
y
/I Ay
t

CONTOUR INTERVAL = 4.000E-01

4.13: [JEGD S Wk D & 72K
JEH# .
rotation
i 3.00
1.80

0.60

—0.60

CONTOUR INTERVAL = 4.000E-01

4.14: HEGPHRO SN METES. K 4.15: EEEGD 5 GRS D TR O L.

ZDFER, advection.nc BWHAINDS. F7/2, F—L V) A NDEKIILTDEEY

Thd.

&input
nx=100 ! Z=RIKEF K
dt=0.05 ! HFfHERE
nt=100 ! FEAT vV T
xmin=0.0 ! FEIEE U
dx=0.0628 ! ZEiF&1-[Hhm

/
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SRR

amp and amp

1.00
90
80 0.60
70
60 I 0.20
50
a0k -0.20
30 §
-0.60
20 B
10
-1.00

0 1 2 3 4 5 6 7 8 9 10 11 12

4.16: DR,
CONTOUR INTERVAL = 2.000E-01

4.2.13 diffusion

EYVa—)b ffttp DT A NHT O T T AL I 1 ROt DILEARRERITDONWT, ATk
NiEZEANCTEDORMEREZGHET S.
MR AT D AREARIGEM AR 1 IRTOWHEE u(z,t) IZ DWW TOMAILEAFER -
ou_ o
ot~ ‘922
Thd. INZZEMARIIZARZ MVERL, KREAMIZIEZ 207 =23)0) Y AF— A
ZRHWTWD, BRI FEEEIA—L) A N7 74V diffusion.nml THEARETH D.

RITHE - F—LUR b

C./diffusion < diffusion.nml ]

ZDFER, diffusion.nc BWHIIIND. £72, F—ALV A NDEBIILLFD L EY
Thd.
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&input

nx=100 ! ZERIRE 1 s
dt=0.01 ! HFRIREIPE
nt=100 ! FEATY T
xmin=0.0 | FHIAE
dx=0.0628 ! ZEfEt& Rk

ETREMER

time series

100

90

80

0.60
70
60 0.20
50
0 -0.20
30

-0.60
20
10

-1.00
o 1 2 3 4 5 6 7 8 9 10 [ 4R ORI

X

4.2.14 poison

2 MGEACEHIZ BT DR 7Y VARRZFET S 7075 A @filEIESERO A
BRAEIR % & D7 — TV EI D@EE 2 5 E L TV 5.
AR S AREAIE
Py 0%
ox2 = Oy?
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Thd. 2T,y d 2 IRTCORMEE, pld 2 RcORHTH .

ETAHE - X—LYRK
FFF T 0T T L% poison L \WVD OV T LABIKTHS. 2 —LVANT 7AIVIE
poison.nml. A RD KD IZHEITTEHILMNTEXD.

[:./poison < poison.nml

)

F

— L) ANDEHIILATFDEEY THS.
&input
nx=100 Uox AR
ny=100 Uy AR
tp="1221" ! FHEGEIEEER SN
method=2 ! EHEFE

ter_flag=.false. ! NERFEIE S R = 5 < .
/

ERIO YT A%FETTD L, poison.nc L WD HETD NetCDF 7 7 1 VA S

INd. {EIZIE draw 707 Ax HOAUEE W, 2D & TOREFE T 7 1 IV
draw_poison.nml THhHd. /7, stHEIERD T —XH & & £IT, FHEIZE L 72K
WEHEH T TO LS ICZH I N5.

/

*x*x* MESSAGE [HistoryCreatel] *** "poison.nc" is created (origin=0.
*x*x MESSAGE [HistoryClose] *x* "poison.

Main solver running time = 1.02846E+01

This Method is Jacobi Method.

nc" is closed

%

STEER
FEIS M T — JIVEEBEL O sk 2 5 2 /2 & SORT Y VRO ERERIT
418 ThH 5.

(]

o BERGMDEE tp ERT YV VYINDFIBHEUTEDFEFEEZTNSDT,

FEMOBFDOREERIX??, 77 S

o KTV UVINDHEE method 1%, 1 BXH DI AV A TV, 2 WY IV

o KN—F VIFWNIHIAEFEDE R = € DR T

ID5IENTED. 2RO S,

ter_bound (& .true. IZHRET D &, NEBEREIBMNGFET IR ECTHAE LT
5. ZONEERGES A EAZETHE U ZFERNRK 419 THD.

main.tex

2014 45 A 29 H (EHEK)

(H



STPK v =217/l Ay Tavsh 212

rho and psi

1.0
5.00
0.9
0.8
4.00
0.7
0.6 3.00
0.5
0.4 2.00
0.3
1.00
0.2
0.1
0.00
0.0

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

] 4.18: 4EIRHMT T — VBB DR % 52 A 0RT YV VINE. S —hUSED
GSNFOURINTER AL s OQORAGNT 1% 11 G 3, 2

4.2.15 adjust

BERTOT I A K 1 IRTO fHEAKGRERNIZDWT, AR2ESEZ W THER
FWEIE EBHWRHRNES I AL —ardasrTar5 A,
HRERRA E DM 5.5.3 B4,

EITAHE - X—LYRL

FT 7B YT Al adjust £\W0D T DT T LAEEKTH D, FIHIMEIX netedf TERD 1
PO TR T — R L T O T RTERINZE Y, KEHEE 2 57D T — X0k
MINTNWE 7 71N EGHEMAD, YV FVHIEIX ruby-netedf 231 > A h—)b
INTVIUSE, make. b L \WVWD AV ) T NEETFTE I ETHERTES. ZOWHIE
F—=RIFKEEENTARTCEY I TEHIDAEEBOFLTRERE D TO 7y
ANT—=RTHD (M4208), BLIOT—XLUANTHELZWEAIZEZET
TAERARTOI L,

EITHEIUTFOaY Y RTH B,

[./adjust < adjust.nml j
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rho and psi

1.0
3.50

0.9

0.8

2.80

0.7

0.6

I 2.10

1.40

> 0.5

0.4

0.3

0.70
0.2

0.1

1l 7 % o9 ORI T R B I R & OB
0. g ‘vb% o) VEIEGARBI OB TH 5. A S O
AR ). - DO K AR 1 T

Z DfER, adjust.nml D oname THHEINTWVD 7 7 1 VA TEIEMERN LI I 1
%.
— LAV ARNDEBIILTDOEB Y THS.

&input
corioli = 1.0e-1 L OV FVINTA—F [1/5]
beta = 1.0e-5 ! R—=ZRE [1/m s]
! beta = 0.0 I R—=Z R [1/m s]
mean_height = 100.0 ! JAKEDOFIIEX [m]
fname = ’init.dat’ ! #JEHET 7 AV
oname = ’result.nc’ ! FEROHEHT 7 AN

= 20000 VR A Ty 7
dt = 0.1 v IR R [s]
dmpstep = 10 L AEROWE ATy Tk
nx = 100 Ux HA O R
X_axis = ’x’ V #FIHAME T 7 A LD x EHD AT
val_height = ’ht’ ! JAKEOERI A DHHT
val_ubar = ’ub’ ' x HHO—REDLHE]
val_vbar = ’vb’ Uy SiO— RO £ i
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1.0““““““““*
05 ]
= I ]
o *Or ]
T
-0.5 - —
-1.0 B
3006 - ;LO‘OO‘ - ‘50‘00‘ - ‘60‘00‘ - :?OOO
(m)
x—coordinate
4 4.20: €T IVAIID @ X 7.
val_h = ’h’ U RIME T 7 A VDS BB O£
val_u = ’u’ V AIEIE T 7 AV D x S IEEEE D4
val_v = v’ V FIHHE T 7 AV x BRI E D HET
bound = 2 ! BESi4fF "1" = no gradient, "2" = open bound
ton3n = FEHIBESRSAE
steady_flag = ’ooo’ ! EHIRBEOREARGZKERT —XIZANDNE D W,
1 XFH = HD&ET  (ht)
2 X¥H = x SAOFHE (ubar)
! 3 XFH =y AHOFE (vbar)
regist_flag = >0’ | FWHEEANOMNINNEHT 7
! regist_flag(1l) = FiMEIZ K DHBL (EBUKT)
! regist_flag(2) = TV VEEIZLDHH
regist_coe = 1.0, 1.0, 1.0
| regist_flag THRE L &N DERE
! regist_coe(1) = KiMERE (v ,v’ ~NDFHE)
! regist_coe(2) = #LHURE (> ~NDFEH)
! regist_coe(3) = TV VEBOAL Y 7Y T [1/s]
/
BEEEES

TIANWNIDI =L AMIBEINTODHEINT A—RDORFEM» S, &
TFEONAEEILSE &T 31 m/s, BRERIEELL 300m &8>TWd, 2Dk
I, EFREBL R 528 TOE S DA & MR & > THE) X D Mg =

RUZEBENTN 421,422 TH D,

X 4.23 IXE X DIRADORKRINIO A —ERERE e B CTERZEDTH D, [[H

RICHUATR DO DA 2 R U723 4.24 TH 5,
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shade

(x10% s)

time

X 4.21: & X ORRYZE L, BAO AL —

300 3500 4000 4500 5000 65500 B00QC o ST X 3 —-0.24

x—coordinate

3000 3500 4000 4500 5000 5500 6000 6500 7000
(m)

x—coordinate

LIGAR,

0.5

-0.5

-1.0

X 4.22: Huffirii DR R5I 2L,

3000

(m)

x—coordinate x—coordinate

Xl 4.23: EHFIRETOEX,

4000 5000 6000 7000 3000 4000 5000 6000 7000

(m)

B4 4.24: 7 HIRETOMMIRD 21,
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X512, X 4.25 13K 4.21 OB BBHIER S 7210 2R U72EDTH DM, BHE R
BEHEBF LN S LA I IERL TWDE Z eNbhrd, £7/2, ZORRINLE
TEORMEEZHE T2 B LT 30 m/s ETEIORUZHEREE X<E5 2
ENRDMD, WOTRIVEF—IHRIFED 2 FIZHHIT D720, ZOMNLTRILF—
NEOP L LB ICHAMIIEZELU T IRETEHLNTH A S,

shade

(0.1x s)

900
800 | |
700
800

500

time

400

300

200

100

i

_
3000 3500 4000 4500 5000 5500 6000 6500 7000
(m)

x—coopinaty Fi4r BHIAHINIC B 1 B B O I F .

4.2.16 Thorpe_2d

Thorpe and Bishop (1995) {2 & > TEHAE X 4172 PV inversion @ 3 IXGEAHE T IV % 2
RIERRIC U T GEH R I ¥ 2T 7V, fEEHRIICHEO PV 7/ 3V —%EE L, T
WETDIIART VI Y IVONGEFETD. VYV — AT — ROEHIET S 2 EHT 57217
T, B2 8B4 TDT ) I VICHTIRNERFIRTDEIIENTES. HAfERIE, IAKRT
VIYIET IMOEREI NS MBREDO S HEAHINTND.

RITAE - XF—LYR K
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AKTOT T LILANTD LS IZETT 5.

$ ./Thorpe 2d < Thorpe_2d.nml
AT KD EHHEAERTH S Thorpe 2d.nc WEMIND.

o, FTIIREBRA =LV AR T 7 A IVONARIIATDEE D THS.

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

STERR

RKIOT S ADERNSB/BLNA 2 IRIEBRODAEIZX 4.26 12739, 2 IRTCEHETH
5728, MifElE 1 Ko UrER T ZLIETIRW. AT —TRUZRIIMKEIZ

FEZEDTEZRLZEDTHD.

4.2.17 Thorpe_3d

Thorpe and Bishop (1995) {2 & > TEHHE I M7z PV inversion @ 3 IXIGHAEE 7L % Gt
BXE2ETI)V. fEHEFRRIZHEDO PV 7/ 3V —2EEL, THIIE T VA RT YV
VY NVORAEEET S, YV — A0 — ROBHIERD 2L H S 22T, Bx B8 TD
T/XVIZHTDREEFETLIIENTES. WIRRIE, VART Iyl I

5EHR I S MR D DA IS TN S,

RITAHE - X*—LY AN
AT T AT DO LS IZFETT 5.

$ ./Thorpe_3d < Thorpe_3d.nml
AT KV EHEAERTH S Thorpe_ 3d.nc WEMKIND.

F, BB ERRA—L) AN T 7 IVONEIILTDEE D THS.

&input
nx=100
ny=100
nz=100
tp="111111°
method=2

/
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SF and Vg

12.0

7.20

2.40

—2.40

—7.20

—12.0

03 04 05 06 07 08 09 1.0

5 4.26: FAEDOPIBO BifE BFRIZE D PV 7 v U AMAET 2 5E 0 (SER) &
SRNEPHR PYSESVAL)=ghpQOE:+O1

SRR
RIOT T LAOFERN G5 N 2 IRIGERD 30 I1EK 4.27 1R, y oz 8@
S x—zWiHT, W7 —CRUZBEMEICEERH DI ZRLEZEDTHD.

[ 4.27: ROFEO R E BRSO PV 7 % ) AR 2 B A0mA (i) &
IR, (F 5 —) DI

4.2.18 SEQ

Pendergrass and Willoughby 2009 (MWR) (Z&1F % 2 oty — v —T ) 7 vtk
VETIV (SEQ) THD. BHURADIOD N & EBEG O S, B2 2 AUE U 72 W2
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BONik G525 L, Bh%E EERNT Y AR Uk 2 RIER (1> 70— + ERIR)
D EFHET D (Wb B - NERHE).
demo/SEQ A FIZE TN —AMPKEMINT WD, demo/SEQ DT 1 L7 MVITIE, I 61
A EERZ R UAZMEEIHI N TV DT, BRI NV, TTOMX DR L IFIEHE
FROFER LR > TWB ZENHERINDITHAD.

BB, FMRETINVARRECOWTIEH RS,

(y

EITHE - X—LYR K
ATOTIAME3 207075 AZBEIZETTDHIET2RIEREZEHTS.

1. sound make & 1 IRICOBMBEM BRI I VT4 VT 774 IV EERT 5. BEIZY
TUT A VIMHIGEE, ZOT O AZEBKTEIENTES.

2. initial make IZED 1 XKICH IV VT VT T 7 A% 2 IRTHEIZIEET 5.
ZOB, 20707 I ANTEZEINT VD 1 RIFERIZHEDWT, EE RN S
VA RERNT VAT S LD IRERLREDKESHEEETD.

3. &0 2 RGTHIHIMEA R 70 7T AT I Nz 1 IRTEER & JEW ZInZ o 434
REMEZE &I, 2 IIBERDO DA ZEHHET 5.

\
$ ./sound_make < SEQ.nml

%5479 % &, sounding.dat WEKIND.

$ ./initial_make < SEQ.nml

#FEFF9 DL, D sounding.dat ZEDWT, 2 IO T — &

initial.nc PMEKIND.

$ ./SEQ < SEQ.nml

#FE{79 5 L, initial.nc 5 2 IRIFERD 346 2 W IZEIR T 5. T OFER

& result_initial.nc &\ 7 7 A INWICH I NG, 22T, ETRENY IV

FATERETHDZH, LFDIAT Y REFEITTDHI LI cl: Y, openMP %] AH

BEIND.

export OMP_NUM_THREADS=[number]

Z 2T, [number] (ZIXWF#E AJ19 D, 72721, openMP Wi¥| %175 GEIE,
./Mkinclude ® Fortran I /N )7 F 712 openMP #ETF§ 24T a v

%’) 17T make ULTHELSBENRH D Z EITHE. )
\

o, FITIIRERFI =LV AN 7 AIVONFEIUATOEB Y THS.

&input

nr = 751 ! radial grid number

nz = 21 ! vertical grid number

dr = 2000.0 ! radial grid interval [m]

dz = 1000.0 ! vertical grid interval [m]

bc = ’1112° ! boundary conditions for poisson solver
!

! bc(1:1) = bottom
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I bc(2:2)
I bc(3:3) = top

! bc(4:4) = outside

! 71’ = rigid 1id, ’2’ = non flux

center

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

coril = 35.0 ! latitude [deg] (Using of calculating Coriolis parameter)

mom_flag = 1 ! momentum source flag

! "O0" = No momentum.

! "1" = calculating with Vt.

! "2" = reading from the file of "fname".
/

STERR
ARKTOT I ADOERNSELN 2 IRTEERDO ALK 4.28 IZRT.

(x1000) psi and force
2001"“I““I““I““I““I““I“ T T ]
§ /J 5.00

_ = 4.00

16 [

14
i 3.00

_ 2.00

| 1.00

_ 0.00
U

12k .

@
oo
P

>

0 1 2 3 4 5 6 7 8 9 10
(x10%)

M cheuraiih K dooedlds 2 IRTEER (KRET) LIEWBINBAD DG (15 —), IHIZER
TRARBIEL (SFfEfR) THB.

e
[T 4 L2 MVIZMHINT WS H#E 7177 MIBET« L2 MY T
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[$ make draw )

% FELHTE SEQ 74 L7 MVICY VRV w I Y VI INTWD drav WMEHT
&%, draw OfEHGEIEIANET? 2R

4.2.19 sound_analysis

FEREDTFANNT LT —REGAAATGULT 272D T 07T LB AEALD /2D
121, Fortran 90 il DCL 241 Y A R —ILINTV I HENHS.

ARTOT T LABFHIEESSBHICS T 2 RUBLD T F A N AT LT — & 05 WHAfEN D
7D EE HEITITS L WD HINTIER I N/ZEDTH S.

7075 LK
ATOTIAILTOTOT I ABETHERINTWS.

sound_conv
THRANAT LA THERMINAZRKDOMET T T 7 VT —2 05, CReSS
D 1 IRFTHIMEEERL T D720 DEMT T T 5 L. AT 10T T Ak DCL 3o
VAR NVINTOWERLS TEETHARTH .

sound_1d
sound_conv CEAI N/ T —X %012, $hiE 707 71 VX % ERL L, AKX
BEDRENT A—REFHETLI 07T A FE47121E DCL 31 Y A R—)b
INTVWDIRBENRDHD.

sound_2d
sound_conv CEMIN/AZT —X % LT, HE T T 7 7 1 IVORERSIX % /E K
U, ARk EEDIRE/NT A —& @H#;ﬁﬁﬂl%ﬁfﬁ}z’é‘é A=A N X SN
DCL W1 Y AR —ILINTWDIHENRHD.

AVNRAIVAEE
DCL A YA R =L INTWRWEE, DF Y CReSS HOHIHMENEK D AT~
WA,

[$ make sound_conv )

EEFTTE AT L2 MJIZ sound_conv &\ D T O T AMERINT WS,
DCL 231 Y A =) INTWB5E, DF ) AL TITVWAZWEGE,

[$ make sound_draw ]

EEFTIE AT+ L7 MV IZ sound_1d, sound_2d MMERKINT 5.
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RTHE
ARTOT S LBITETUTO LS BN TELTMNARETHD.

$ ./[program file] < [program file] .nml

EITORNIIK 420 1ZRT BV THS. a[fi{b2475 121347 sound_conv & FE
fFUTCTERARL 72O DOHERAERITEH L 21T IER 5750,

T YR EDML (NS, o
_ | <sound_1d.nml | | < sound_2d.nml |

EINT7AIVEE - WrEE - BE—RFREMrmEE
C RIS A=HD C SRS A—FERERIIK
BFRAT—% (sound_1d THAXIN
BERIT—IDSFHAL)

4.29: sound_analysis 2812 707 T ADETHN.

F—LY RN
FITIRBEBF =LV AN T 7AIVOABRIUTOEB) THD. INHDEX—LA
DANMIBTAIURITNER SR BT 57 74 VFIREINZY AT T
AN LW EDIE, BHULZWT 7 A IVBEBEET 258, TDOT7 71V =b0
% 1471 77ANVTAiNRZ 1T DOV ANT7AINEERT DL NI EKRTH
5. il LT, 201103.dat 75 201203.dat &\D 13 HD 7 7 1 IV & EHIZA#L
7ZWedbY, test.dat EWDHET 7 AIIZ

- D
201103.dat
201104.dat
201202.dat
201203.dat
N J

EWVWHHAREZEITFIEED. F—LVARNT7AND £ 25T 714 NVFIRENN
FZUARNTZ77A4)V] 12, test.dat DN%4T 5.

main.tex 2014 £ 5 H 29 H GEHEHR)



STPK ¥~ =27/l a7y rs A 223

X 512, sound_1d, sound 2d IZDWTIE, [HEHMAMAL 7 71ILY) A NDEMINT
TZ7ANV X 1 HBEICZ 7V EER L, 2 IHIZIK, TOT7 74 ISR T S H
% yyyymmddhh £WD 74—y N THEINT L. AL LU ZBRD &1 MUIZZD 2
FIHD X ENRAI NG, L% NS &,

a I
201103.dat 2011030100
201104.dat 2011040100
201202.dat 2012020100
201203.dat 2012030100
\_ /

EVIHERTY AN 7 7 INVEERTNIEE Y., BEELRZ LXK, oD 7Tar oA
WCRERT 7ANVIERBICKRRT YDA TR ANAS LT —IBEEZETDT—
HEEYZANTYTLELDDYRRNIZZ7A4ILTHD, LD THD.

LARMMI, AL T O T LD) AN 7 7 AIVIEFHAAL T —X 7 71 IV
"unknown” & WO HEEZEIA L, BAICHNMNZ AND &, TOHIIREMEHNE L,
RRSIMER 707 T ANTHIKEIRRIND. sound 2d #ETTIHE, VANT 7
AIVOHBFDRAIE 00 K, L 00 R T —92 2 L. E4T 2T — ARV
ElEEiB D "unknown” TRAT S Z &.

sound_conv

&input
fname = ’list.dat’ ! BT 7 7 A IFINEINLZVARNT 7L
sign_flag = ’0a000000065100000000324000000000000000000° ! &4 T ADKY
K
! 71’ = height
! ’2’ = temperature
! 3’ = pressure
! ’4’> = vapor
! ’5? = west wind ! positive value is from west to east
! 76> = south wind ! positive value is from south to north
! 7’ = tmpl
1’8’ = tmp2
1’9’ = tmp3
! 0’ = no read
| ’a’ = starting observation time [s] (option)
undef = ’--’ | REAEL U TEHRINTV ST

conv_undef = -999.0 | ZBHEDT—XIINT B KIAME
skip_num = 8 ! JGEHOBARIEIUTE [Ny X —F L 5ARIET]

U, AAEGEE A TRHINTWDEEIE rad PAHEZERL,
JERGALAL, 2o, EEED DL E?ﬁf’]f‘:‘f}“é.

unity = ’m’, ’degC’, ’hPa’, ’%’, ’degree’, ’false’ ! BT
I unity(1:1) = ’m’ .or. ’km’ ! mEODHLL
! unity(2:2) = ’K’ .or. ’degC’ ! i®EDHAL
I unity(3:3) = ’Pa’ .or. ’hPa’ ! SUJEDHAL
! unity(4:4) = ’%’ .or. ’g/kg’ .or. ’kg/kg’ | KEKEDHAL
I unity(5:5) = ’m/s’ .or. ’rad’ . or. ’degree’ ! JAUEDH(|L
! unity(6:6) = ’true’ or ’false’ ! flr]
I
I
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I ZOXDRBATHFEINT VDS, "vest wind" 1ZJEGE,
! "south wind" (ZJAAMFRAIAFEND K DIT sign_flag 2% ETD.
! unity(6:6) :
tEDNRND A EIEE UTKEML T2 56 2true’
VRDRNT LK B AF%ZIEE UTHRIIL TWS5E false’
I [exam.] : JLEDIERS, true’, dbE VD OAEANPELRS *false’.
limit_height = 300.0 ! reading start height [m]
snd_height = 100.0 ! BSOS [m]

. output_name = ’tested.dat’ ! ZHILZT7 7 AINFINEIAENDIVANT 7 A
iz

conv_inter = .true. ! BT —XEMFI<NES»

dz_conv = 100.0 ! conv_inter = .true. D& IDMEG| X[EE [m]

/

sound_1d

&input

z_ref = -999.0 DN T A= ZEHROBROIEIER L [n]

p_ref = 950.0e2 ! Xifi/NT A —REHEDOBOEMEZGE [Pal

&L, zref 2RHEL 9545, p_ref = -999.0,

! pref #EHELTDHR5, z_ref=-999.0 £ 95T L.
list_name = ’tested.dat’ ! sound_conv CTZAML/ZT—&XVARNT 7SI
dmp_flag = .true. ! WRNTA—KETFANT =R L UTHRIFET D [truel.
ldraw_flag = ’xoxox’ ! fH|ICBIT2 757,
draw_flag = ’oxooo’ ! fiHIZATE T T 7.

Lo’ = T AN NRETHIET S, *x> = Hl LR,
I ZOMDOLFIT L DEIXUATEIR.
! draw_flag(1:1) = iaf7, HHY4IRA7, SORIAHZSIRAI %2 fERY 5 .
! draw_flag(2:2) = Skew-T %fERT 5.
! draw_flag(3:3) = BUIKPEGED A %ZELT S .
! draw_flag(4:4) = BUIEMNI/ST A =X DG REMERERRT S .
! draw_flag(5:5) = HEHZTICART T T 2/EKT .
draw_region_z = 0.0, 17000.0 ! 9 % &E ML [m]
draw_region_p = 10000.0, 100000.0 ! fifilfid &4 [Pa]
! draw_region IXEHHLBHEHELK 2 O 1 K THY ,
! draw_region(1) &2 7D i, draw_region(2) X777 7D ki
FEIK .
IWS = 2
undef = -999.0 ! KEfH
unit_v = 15.0 ! JAESHEZRILT SO AT ML [m/s]
/
sound_2d
&input
flist = ’tested.dat’ ! HEARRSIT—X7 71N
' IREREIT— &% 1 FIBIC T 7 A V4,
! 2 JIHIZ yyyymmddhh JEXTZDORLIZ ANSD
conv_dat = ’convec_parmtested.dat’ ! sound_1d THIIINBHFR/ST A —
B % Gl A,
U IRRIIM 2 ERT 5 .
conv_list = ’tzpxxoxx’ ! conv_dat DT —XDIbH, H<T—ENA>TND
! AT LDIEFIZ 200 BDOFD. 'x? BROEENBZ.
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1 ooe? [ FREIDBKII S TV B 5
VB 200 A TWBEEIE, HlZDRERFIME LT
' TS
1oz, op? IFRRAN T A— R 2 HE L 2 HESENKE
i
I XNTWDHZFRT .
I BRFIDZ A MVXENTN, T—RITOEHEEZ SR,
conv_undef = -999.0 | conv_dat DREEA.
dz = 100.0 ! HEEEIFE [m]
z_bot = 300.0 ! il F¥E [m]
z_top = 17000.0 ! FH L% [m]
IWS = 2 ! DCL il 7 /51 A
title_txt = ’Equivalent PT’ ! &1 hJL
300.0 ! H{EKROH/IME
cmax = 400.0 ! FHARO I KME
smin = 300.0 ! 517 —DH/IMHE
smax = 400.0 ! W I —OHRKH
cont_val = ’ept’ ! FFfHRE UTRKRT DEHA*
shade_val = ’ept’ ! NI —L UTHERTDIEHHx*
vec_val = .true. ! KPEFEEHEANT MLER<H [true THiIL]
cnum = 10 ! FEIROARE
snum = 10 ! BT —0D
undef = -999.0 ! RTHAE

cmin

* MEZHOBBEIZILATDO L EY
’temp’ = HE
'rh = (B

JPt)
’ept’ = HH 24 JEAL
'sept’ = HUFIFH M IEAL
‘east’ = BPHE
‘north’ = FgdbJmE

e e e e e e e SN

FECERE S

4.2.20 NMO1

BRAKRIZ BT B e BRI A8 FE ARG (T DA N2 FERN RRk > D IR E R 2 51T 5
RN TV W RART NVET I (ZORBORRT O, BT T IV & ERE L0
%) FEETIVOFMTH .

JERRE R P (AT BEAE SR (r, 0). B84 DFEAMIE r ARNCIE 2 IRFEEDOHLES. 0 AIFICIE
7=V I AR MVEEERTRA LU 72, ART MVEIZE T % IEIPIHEHRIZE#E 2 W T
W5, EEBESFRNGE AL U, W1 Z OFRANITHDIA £ 1724 BRIRIE D #EEL DO I
FXREZFIET S, B AMOUNMNROERE % 52 5 LMERNT VA4 L 51
BEARGOEIVEHBINIZEZAO5NS, E/2. BRESIROEARLG I OWTH HER T 7 O fife
Frift & FRRICBI R B DN % 52 VIZHMFRE TEE T2 enTES 7,

IR L DT TN ORMIEAE 5.5.2 B
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2011052317

100 7/ T 7 T

/ T /] Zres  1500.0m
/ / /| pret —999.0hPa
// // / CAPE  —999.0J kg~!
) / /
/ / / CIN' —999.0J kg~?
2011052317 / / Ny, |Pw 81.3mm
500.0m T T T \ / / %0 ziee 1741.2m
999.0hPa ] /\ § N PN Ze 15200.4m
—999.0J kg~! - 200/ ¢ / " | zie 15704.3m
e i 3 \\> e B21.7hPa
-999.0J kg ] /N ) // pirc 126.1hPa
51.3mm ] ) N pue  115.9hPa
741.2m 1 g / /o / /
i 5 L/
5200.4m - a /
d o % / BN/ /
5704.3m 5 / / °
821.7hPa ] [ / / : /
126.1hPa // / / / \ /
l ) Y
115.9hPa \\ n 500 // L\“/ S U\§ (?/ % g
/ Koy @ C
// ;/ / % v //
. P / )
] |/ / /| AN
. /  / / 5
1 \ y J y
4 1000 L / a v N
] 240 250 260 270 280 290 300
Y ] Temperature
5% i
. [X4.30] sound_1d THIHULI DY VT ¢ K 4.31: sound_1d THALING T T VT4
[ R R B Y N S —
300 320 340 R4 /53(377/()1/ (SkeW—T Hﬁ) NV 701:177/]])1/ (\1—-777L\Hﬁ)
Kelvin
(x1000) equivalent PT
6l 400.0
14|
L 380.0
12|
~ T 360.0
\Ei 10
o [
i) L
2 8 340.0
E L
m L
6
[ 320.0
W
L 300.0
2
—
24 26 28 31 2 4 6 8 10 12 14 16 U = 25m/s
Y > = 1} Y
MAY 4.32: gowmd 2d T AL 3v2 & — IR W (1.

2011

ARETIEE—~T Oy YDA THEI YL YV ZIVEK (WMo1.s) LT Oy ¥ T
FHRE X2 YIVFIR (NMOL m) WFEET D, ¥V ZIVEKIE OpenMP W% D AfT> T\
M, IVF KL OpenMP MiFNIZHNZ, / — RREIZDWTIE MPI %€ 47> T\ 5.
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>V TIVER

VAPV
AKTOT I hE2 2O T 5 A%IEIZETT D Z & TIPSR D ORI R %
AET 5.

1. MR ax vy RIiZkY, E1T77 71 )V (make_init, VRWS) Z4ET 5.

(8 nake )

2. make_init IXENR G RIDENFRRD24E 7 71 WV EVEKRT D, BRIZOHT7 71
IRHZ5EE, ZOTOY AFEBETEIENTES.

3. VRWS 3L DHINRD N2 € 212, 2—AV A (#5R) THRE I N
D HEAYE % WIHAME & U T2 DIEfpS R ORI R ZEHE T 5.

RITHE
AFDaY Y REIEIRFITTS.
~

$ ./make_init
input the initial file name. (fERLT 24T —& 7 71 IV £)
You have velocity data [y/n]. (EiXIFROD T — &2 D h; $ih)
$ export OMP_NUM_THREADS=[number] (CPU WiF#(; f£3X)
$ ./VRWS < namelist.nml

\_ J

e make init TlE, 2 DHICE»NDEM T, #uFREDO T — X &2 <R8N0 E i
"y REIRYT S, 95 L, make_init IZFXE I T\ B ZRENEE 5 ] D
EAENGZ56N5. @EGITEE LU ZEBNR 707 71 bh 6 g\ o
VAT D& BN EBNIEREING.

o 'n BEINE FITEMNHEBELUZBOBRETO 7 74 IVDT—X %2 dioCEHA
IRDIENTED. 2D, HAALEAIX NetCDF XD AXH L TV
5. 7'n" LERTDH L,

input file name and radial grid number.

radial flow is forced to zero ? [y/n].

LD 2 0B EE»NDDT, 1 DHIFHEL 2 NetCDF 7 7 1 VD &R
ERRTEEE, 2 DHIFEREANT—Z L LT A TWDIGE, TNEHETH
Hd 20, Zhee¥nl UTHELRWDZ ANTS. 7Y B51E, BifREE
FHRICHLAA L.

e OMP_NUM_THREADS & OpenMP Wi5iZ 51325 CPU DMAIEIZxt G % Bl
BTHY, &L, 3231 KT OpenMP OFEIFAAFERA TV 2 > % DIFT
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BT, ZOBRBEAHOBREIZL > TUHSFHENATHETHS. [number] (1
= AT 5.

o VRWS 21795 &, BtADNBIET 5. TOFERIL namelist.nml @ foname T
RELTWD 7 7 A NIZH I D,

F—LYZR b
FATIBE LA =LV AN T 7 A IVOABEILTFDOEED THS.

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

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

dt = 0.5 ! time interval [s]
dmpstp = 600 ! dumping time step

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

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

ni = 10000 ! radial grid number in "finame"

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

I "false" is not calculating a non linear terms
r_dmp = 600000.0 ! effective radius for Rayleigh damping
! the damping is forced outside this radius
time_flag = ’1’ ! time scheme :
! [1] = 4th order’s Runge-Kutta
! [2] = Leap Frog
! [3] = 1th Explicit Euler
force_flag = ’ooooooooxx’ ! forcing flag
! 70’ = calculating, ’x’ = neglecting
! force_flag(1l: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
| 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
/
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(x109) up and Vp(t=0.0)
1.00
0.60
0.20
]
-
()
=
=)
-0.20
-0.60
-1.00
-4 -3 -2 -1 ) 0 ) 1 2 3 4
CONTOUR INTERVAL = 2.000E-01 (x10%) (a)
r
(x108) up and vVp(t=9750.0)
T ") B T
1.00
4
3
0.60
2
1 0.20
o |
-
o 0
=
- L
_1 -0.20
-2
-0.60
-3
-4
-1.00
L L | | |
-4 -3 -2 -1 0 1 2 3 4
CONTOUR INTERVAL = 2.000E-01 (x10%) (b)
r

4.33: FHEFERD D5 5 N/ IREN PR D D S b, FEMR CEIRE G FOHEE, 75 —T
BARSTIADEE 2 R g, EISAIHME, T 5 & 2 R AR DR U 72 e 2 oD FE o
FRER T3 D73
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STERR
AKTTT 5 AOFERMN 5155 N7 JEHIRFRAL D D 013X 4.33 125K 7.

s
[T+ L7 NI T WS il 710 275 A drawv_polar #5479 25 Z & T
HMWAHETHD. DT T T LAOMEHGIEI N 77 2.

< IILF AR

[ER] A0 I L% make AX Y RIZE> TV /N1 )V 254, Makefile D%
EIE ../../Mkinclude MPI (IR X NTWVWB DT, 2T 2% HEDOBREIZE S /Z&EIZT
52 k.

AT 1%

ATV T L% STPK %2 322 /31 ) U7z Fortran IV /8 S L[A—D AV 5
TEIRINZ MPL 54 77 )RNBETHD. BIE, OpenMPI 12 & 3 MiFl{kI%iE
WIZKREL TV 5.

RTIOT I MFE 450700 T A%IEIZETT D 2 & THI TR DR
o A RSN

1. BFOav Y RiIZ&kY, Ef77 7 1)V (make_init, splitter, cpmbinator,

VRWS) Z/EKT 5.

(¢ oo )

2. make init BN MO FRED M T 7 A NV EAEKT S, BRIZHHE 7 7 A
VB ZGEE, ZOT v AIEKTLZENTES.

3. splitter ¥ make init (2L DT, HDVIET TITHEINT WS T7 7
1)V % namelist 7 7 1 )VDIER%EE L I1Z U CHEYZRWET — X 12 0ET 5
(B 70y UYREHGEAADL T 7 1 WVITHET D).

4. VRWS I3ZEDBINFMRO D% L1, F—A D AN ($BR) THE X N/
DHA P % YIHE & U TT OIFRS PR D ORISR %2 5HR 9 5.

5. combinator & VRWS DFIAEHKER (%7 —4) % namelist 7 7 1 VOFE %
ELIT 1 DIZHEDED.

RTHE
DFDax v RZIEREGTT 5.
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a I

-

$ ./make_init

input the initial file name. (fEEX T BHIHT—2 7 7 1 V%)

You have velocity data [y/n]. (FiRIFRDT—& 23 D h; k)
./splitter < namelist.nml

$ export OMP_NUM_THREADS=[number] (CPU WiF#(; )

$ mpirun -np [Wfi%1]/ — R (proc)] ./VRWS < namelist.nml (#&if)

./combinator < namelist.nml

/

e make_init Tl&, 2 DHIZE» NS EM T, #iFRED T —2 2 2V E XE
"y RERT D, 95 L, make_init IZEE I T\ D HUEAY R BN TS [ D
ERHNEZ N5, SEBILEHE U BB R 707 7o )b o iR/
VAT BAMENABIIEEIND.

o 'n” BEINE FTEMNHBELUZROEBRTO 7 74 IVDT—X % fi>TEHE
IEDIENTED. Z0L X, HAADIEAIX NetCDF JERD A H L TV
%.7n” LERT DL

input file name and radial grid number.

radial flow is forced to zero 7 [y/n].

LWV D 2 DDERZEANDDT, 1 DHIFARE LU 2 NetCDF 7 7 1 VD41
ERETF R, 2 DHIZEBIREAN T —Z L UT A>TV GE, TNEGE T
320, TheEXne UTEHRELARWNE AT 2. Y” B561F, BiRAs
FHREICHAAD.

e splitter |& namelist 7 7 VD finame CTREINLZT 7 A NHD T 7 1)
% AIAA, KTy U WFEAIAG 2O DRERIME T — 2 2 ERT 5.

e OMP_NUM_THREADS & OpenMP fi5[iZ 81+ 25 CPU DUSEIZ 5t IG5 ERbE A
BThHY, &L, 3231 IIHFIZ OpenMP OFELFHAFERA TV 2 > % DIFT
BT, ZOBRBEZHOBREIZL > TUHSFHENATHETHS. [number] (1
Y= A9 5.

e Z Z TlE, OpenMPI DWi%]FE 73~ Y K mpirun % 5. W%/ — REIX
namelist 7 7 A I EI NS proc TIHELTWAIHEFALEDZHNDZ
. VRWS #FET79 2L, fHEMVHHBYT 5. TDFERIE namelist . nml @ foname
THEL TS 77 1IITHIEI NG,

e combinator (& VRWS THIANIN/AZRET7 71 I)V%E 1 DITHETD. ZDL X,
FEEINZT 7441 namelist 77 1 )LD foname TREINZEDLRD.

2—L RN

FATIBEL X =LV AN T 7 A INVOABRIEILTFDOEED THS.

&input

main.tex
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FIECERES

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(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"]
| 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)
/

FERIEY Y IIVERERIU (X 4.33 28).

f&E

[T L2 DI N T WS HiE 7025 A drav_polar 2 E179 2% Z & THfi
HAHEETHS. 20T YT AOMHGEINE 77 S8
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4.2.21 Karman

QRTTIRICBIID NI Ve Y IaL—Va VI 2ARENETIVCTHD (BE R
Hi3E, 2006).

JERESRIE T AV N ERER (2, y). M5 OFHIEIE 2 YR E OHLES 2 8A U 72, IR
BifIEH & U T, Arakawa Jacobian (Arakawa, 1966) Z LT\ 3 2,

VA @IV

1. RO ax Y RIZ&Y, FET7 74 ) (Karman) %4EKT 5.

(v oo )

2. Karman &3 —AV AN (#2h) TEREINLYIAT—X 7 71 )V finame D
T—AR %I U CHARBEE—EEEZ HOCTEEORMREZ3HE T 5.
RITHE
UFoaxy REFEGTTB.

$ export OMP_NUM_THREADS=number

$ ./Karman < namelist.nml

e OMP_NUM_THREADS |& OpenMP Wi%iZ 5172 CPU DM FIBUI G % BlEgs
BThHY, &L, 3231 IIRFIZ OpenMP DOFELFHAEER A TV 3 v % DIFT
BT, ZOBRBEZEHOFEI & > CHHFHEITEETH S, [number] (ZIF
I E AN 3.

e Karman #5179 2 &, GtEMNHGT S, TDFERIE namelist.nml @D foname
THRELTWD 77 A M IIng,

=LYk
FITRER R =LY AN T 7L VONERUTOL B TH 2.

&input

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]

2HBERRE YO T OEMII RIS IE.
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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 :

undef = -999.0

! [1] = 4th order’s Runge-Kutta

!o[2]
! [3]

Leap Frog
1th Explicit Euler

I 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
/
REFBREDIEE
REEELFE, colum.txt 77T NVDRETHD. ZDT7 71 INIEHhI~ v
2RI IBICHEI NI HSAFEZRETEITFAN I TN THD.

ZZTIE AFOEMEIELZE TD colum.txt DFXE FHiEEFIRT S.

o 1,y JIMDMTEIX 20 x 10

o FEFIESE (Z DI

BRERECHEEORZ2IBETE D) TRIFMKFRIZD

WT2x2DKREI LT D (HOEBOKSE IIX "1 B x 11 mifHEE").
o MEDMEIIE T THATENS 4 15H, T7H5 4 HHETS.

o HOBIRZMIET 4V I VEL (R7 YV VYIWNHIV—F ¥ OBRGFMIEET 1
ENVEEIND)

ZDEE, colum.txt DIFEFEL UTELFORE D WEET D.

TEARNTZ7AND 2GFEHNPOESIHDOL. 1 ITHEXI —HBDOTH SN0
EROXTFHNEHZELTEL Z L (XFHMTTE L.

LATOXFHEIE x AAOK T RBERU. 1 FIOXFEIE y Aok si8e
FROAI—H 1R E2RLEDEALZAICALTHD (LOFIDEHE, 1 170D
IR 20, 1 FIDOSCFEUS 11).

AT

s

SIS 07, AR AT D BV T THRET . 20 7 Of

FRVEDFET SR E 25,

MEOBESIE 70" TIRBAWERSMAOEE 2 8E T2 BUENA L. (B EMED
FEEH & B T N EHUHEIE Poisson VIV N)V—F ¥ ONEEERGAFRE L F U

LTh3).
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o 7 L 0" IFBEEL TIE AR SR, BT, BEREMRREDEMEMN A S LI i
RO,

o HEIAXIE THFRAMTRIABINDG y FADKFIFEENSIRICTEAMAEFNS
DT, y BEZEOFTHIITFAIMNTW & 2 THICERINS.

INHDWRED ZFYDEBNE, EOREIZFEDWTEHE L7 colum. txt DB
Thd.

e colum.txt D EH ~N
|-—- 10 -—=||--- 20 ——|
000000000000000000000000
000000000000000000000000
001111000000000000000000
001--1000000000000000000
001--1000000000000000000
001111000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000

STERR
KT T T LDOKTRN 5155 N7 MR & AR D A1 4.34 1R

fEE
AT L2 MRS NTOSHiE 70275 A drav_anim 2 E{79 5 Z & CHiHE
MARETH D, 2D T T T LAOMHFEITASRE 27 2.
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psi and omega(t=0.00000E+00)

T T I e e e B s s s s

4.0
8
2.0
6
> {To.0
4 ______ —
7777777777777777 72.07,7777,7777,7,777777,7,7777,7,<
o L ______ ]
7777777777777777 74.07,7777,7777,7,777777,7,7777,7,<
0 P | | PR Y | | |
0 5 10 15 20 25 30 35
X
CONTOUR INTERVAL = 1.000E+00
psi and omega(t=1.00000E+02)
T R T I e e e I T o 4T F AR -
4.0
8
2.0

EX

0 5 10 15 20 25 30 35

CONTOUR INTERVAL = 1.000E+00

1.0

0.2
-0.2
-0.6
-1.0

1.0
) 0.6
0.2
LR & X (F) OMXEE (77 —) Lk
-0.6
-1.0
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BOE  fIEx

Ver.1.0.0.0 TR TE. BIELERARZE DD HfgH.

5.1 ellip_slv DOfF8%

5.1.1 ERFHDERE

BREHTL AR R DRI —F 121, BEREMERE T bound 23H D HS, T D5 EE X
FHITHY, EXFIHTE2NRAT D Z L CHBHEBREROBER RN E2HET D I LN T
5.

2 RTI—F v DIFHE
5% bound & 4 XFTHY, HEXFIEH 5.1 DED & 5 BIHFETHREIND.

3 RTIL—F > DIHE
5% bound 1% 6 XFTHY, EXFIIX 5.1 DAED LD BIEFETHREINDS.

5.1.2 2 RuxiEAEARR DKL

ZZTE. 2WIET AV N EEERIZB T 2 MR AGRERO#E L E €Mt d 5, HiEr
25 HEXFATTH D,
9% &% %Y oY oy _
(5.1.1)
22T, x,y WXL o = Y(z,y) ERODE, p(x,y) 1FRT YV v HEX D],
a,b,c,d,e, fIFEBRBTHD, V—F U TlE. IN6DF[EZEZFHELTHERDZ LT, &t
BUEWHREAREZGIIEETSA2ZENTEIS LU THD, AFOEEFLIZEWT,
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Yy
3
|
c 0[]
|
5 4 : Fyl
YA o
| | /
AN NElN
7/
1
// L9
T ‘ T
1
2 RICHEIS 3 RICHHI

X 5.1: Ellip_Slv DI —F VIZE T DEASMONEZE. 25 2 IRTThi, A% 3 IRTthk %
#£ U, BUED 515 bound D] XFHIZHYU T E2NERL TWD.

x,y HEDOMEERZZ2 TNTNG, ] £ TD, /2. BWDIE 2 WHEEDRLAED AF—A
EFRHOCCHMiTAZLIZT5, 20X, KHEZHMBLTD &,

h(x7 y) = hz,]

9% _ Yiv1,; + i1 — 295

61‘2 AJ}2 )

02 1

dx0y  4AzAy {thiv1j01 + Vi1 — (im0 + Yiv1-1)}
Y Pijyr i1 — 2 (5.1.2)
oy Ay? ’

O _ iy —vim1g

oz 2Ax

O _ i =Yg

oy 2Ay

L85, ZIZT, hidERBDAN T —ZTH Y, WHITRDIEE mHlEETRTIhN
THHEiL 7z, 72, WHOI DAL —AIDOWTIE,

% 9 (0

Oxdy  Ox <8y>
0 (Vg1 — Yy
_0x< 24y )

_ 0 (g _ 9 (Yija
oxr \ 2Ay or \ 2Ay

b (i —Yiagen) 1 (i1 — i1
2Azx 2Ay 2Ax 2Ay
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EWVOERERTHELLZEDTH DS, BB, AN—F VIIAFRFEEEZZENIEL TS
V. EBROFETIX

Az = ASUZ =0.5 x (xi+1 — 1‘1;1), Ay = ij =0.5x (ijrl — yjfl)
EWHHEEITOTWD, (5.1.2) REHWD L, (5.1.1) Xk

Wity Yo,y — 24
Z’j Ax?

1
+ bi,jm {Wit1j41 + Vi1 j—1 — (Vim1j41 + Yig1,5-1)}

Yij+1 + Vi1 — 29
Ay?
Vit1,j — Vi-1 (5.1.3)
2Ax
Vi i1 — Vi1
2Ay

+ Z’J
+ dij
+e ’Lj

+ fij¥i;
= Pig-
LR, e, KEEIMEZDFIZET L,

—1
_ Q4,5 Ci,j
e (55 38) 1)
. . (1177‘7 d 7] 627]
|:wz+17j <A$2 + 2AT ) 1/%,]+1 <A 2Ay>

a; j ei, (5.1.4)
+ic1 <A.T]2 2A3:> Vig-1 < QAJy)
bi

IAZA {¢z+1]+1+¢z 1,j—1 — (Wiz1 41 + Yit1,j-1)}

—Pi,j}
2%, EBROFHETIE, HIEAEHIZOWTIE,

Vi j = ADP; jiiy1; + CEP; i jo1 + ADM; japi 1 j + CEM; j3; j1

+ BT, j {tit1,j+1 + Yi—1j-1 — Wi—1,j+1 + Yit1,5-1)} (5.1.5)
—AC; ;pi ;]

EWVWHIAZEHWTCEHERZIT>TWDS, 22T,
ADP;; = {2 2 Cw (i 4 i
w Aﬂfz Az 2Az )’
1
»J Qg di,j
APMig = { (ASE2 + ) } (AZE2 2Aw> ’
1
o @i,j Cw Cij €i,j
CFh= {2 ( ) } ( * 2Ay> ’

2014 45 A 29 H (EHEK)
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-1

a e e

EM@ .= 2 2,] 1, _ i 2] _ [2¥)

CBM:; { (Aw2 i A?ﬂ) f’]} <Ay2 2Ay> ’
—1
Br=lo( % 4 G ) _ g bi,;
b Az? Ay J 4Axz Ay’
—1
_ Gij | Cigj
AChs = {2 <Aw2 * Ay?) - fi’j}
ThHd ',

RIZ, BRSOV TRRD, RV —F U TIEERSEMEIILITO 3 2z R—MU
TWd,

o T LU V&M (HEEmsM)
o JAXVEM (HhbmEMF)
o JEHIIBES A

ZD5b, FMBERSMFIEHEBEEOIMIT UMNERET IR, it 2 DOBEREMEITDON
T, WEHlBEASRMGICBVWTHET D N TE D, A7V VARKGHEHRL—F Y OF
7 3 V51# inner bound IFNIBICEEANFHET DA, TOBER S EBEIC & > T
ETDODFETHD, K270, NEFEIEEET S & X2 inner bound % i E G N
ST ROFPRINT VD, MD>b, BREAPEE TR THD, ZOL X, #HEITD &
S B OWHIEANFIET 2 & X, MK TH E N /24 154 inner_bound (ZEEH 5
EBRELRITNVERLBVETHD 2, £/2. KONTHEN BT RITREFEZTD
BNZ EERTME (10) PMRAINRITIEZR S B, ZO5[ U ERERIRRRM &
THIHIS T 2EIFLATICEO NS,

DRI U THITIRBEIR IR EEOMIN — T TEHETZ e BT X5,
2. AHEAEEOSMEEITIZ N OB 5 bound THREINTWVWAHE HEMICRANESTZ0DT, 21—
YR E T 2 BEIZHR,
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5 {F8%

a7

STPK ~

x

C\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f)
ZEANEANVAANE AR A A A A A A A A A A A\

Y

AN N N A A A N AN A A A\ A\ A A A

Of‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f\

A

RRE I NDIEF R

Gl

5.2: inner_bound T
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~ WEBIES & UTERET X 2 1H ~
REME 0 FHALHEL,
REME 1 E S,
REME 3 I SR
REME 10 WEBERHEEAN, ZOKFRTCIEKERRZITDE,
DANIGHHBEARMTH S,
BOEAE [| BESL (1, 3) IS 22T | ST 2
2 (i+1,3) X530D1
-2 (i—-1,3) X 5.3 D2
4 (i,j+1) X 53D 3
—4 (i,j—1) 53D 4
8 (i+1,j+1) X 53dD5
8 (i—-1,j-1) X 5.3 D8
-8 (i+1,j-1) X 5.3 D6
-8 (i—-1,j+1) X 5307
7 (i—-1,3),(1,j—1) X 53d9
7 (i+1,j),(1,j+1) 5.3 D 12
-7 (i+1,j),(1,7—1) X 5.3 D 10
-7 (i—-1,3),(1,j+1) 5.3 D11
NS J

REME 1
wi,j = fzg
REE 3
77bnw—1,ja (7' = 1)
_ V25, (1=nz)
i g o
@Z}i,nyfla (j=1)
Vi, (J=ny)

ZITIE MEERIIBT3X 22X L T0ED, f EER (MOR) IZ5WTEHE
PIRBEFMERBEIND. TO XD MO DR & B9 5 5Tl JBlR U255

S DBESENERLIZHE > THRFHEPRE I NS, HIZIE,

BBz 2 T ASE L5 & A

BRTHREINTODGEG, BERM L UTHENREIND.

FEME 2(B5.3 D 1)
Vi = i1 — fij X Az
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ZEME -2(K5.3 D 2)
Yij = Yic1j + fij X Az

ZEME 4(B5.3 D 3)
Yij = Vij+1 — fij X Ay

REME -4(K 5.3 D 4)
Yij = Vij—1+ fij x Ay

% E[E 8(H5.3 D 5, 8)

o 5 DIGE :
Yij = % {Wit1,541 = firr,j X Ay} + {Vir1j+1 — fij41 x Ax}]
= Yit14+1 — % [fir15 X Ay + fij+1 x Az]
o 8 DIGE :
Yij = % Hvic1j—1+ ficrj x Ay} +{vi—1j-1 + fij—1 x Az}]
=Yi—15-1+ % [fic1; X Ay + fij—1 x Ax]

®EE -8(HM5.3 D 6, 7)

o 6 DIGH :
1
Vi = 3 HYic1j+1 — fim1j X Ay} +{vi—1j41 + fij+1 x Ax}]
1
= Yi—1j41 + 3 [—fi1; X Ay + fij41 x Ax]
e 7T DL :
1
Yij = 5 HWit1j-1 + firr; x Ay} +{vit1-1 — fij—1 x Az}]
1
= Yirj-1 + 5 firrg X Ay = fig-1 x Ag]

REME 7T(HM5.3 D9, 12)

e 9 DIFH -

1
ij = 5 [{wifl,]ﬂrl + fij+1 X Az} + {7/}i+1,j71 + fir1j ¥ Ayl

1 1
=3 [Wiz1j+1 + Yig1,j-1] + 5 [fij+1 X Az + fir1 X Ayl
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o 12 DIGE -
1
g = 5 {vig1,-1 — fij—1 x Az} +{i—1 41 — fi—1,; ¥ Ay}
1 1
=3 [Wig1,j-1 + Yim1j41] — 3 [fij—1 x Az + fi_1; x Ay]

REME -7T(K 5.3 D 10, 11)

e 10 DIFE
Yij = % {wiv1je1 — fijrr X Az} + {11 + fio1, x Ay}
— % [Yit1,541 +Yic1j-1] + % [ fijo1 X Az 4 fi_1; x Ayl

o 11 DIGE :

1
Vij == {ic1,j-1+ fij—1 X Az} + {it1j41 — fit1,j X Ay}
2

1 1
=3 [Wim1,j—1 + Yit1,j4+1] + 3 [fij—1 X Az — fiy1; x Ayl

ZZT. f;jl¥bound opt THEEINDMHETH D, I DOEFUHIIFE I NDEF &M
FOTREZTHEMNELRDL, BEMBROL SIEZTOFE EFHEEEERL, BHEAD L
E, BHATOLAMRMEEZRT, ZOLE, ARFBTEDHMGHEINDG Z LITHER,
FRIZH SR FUIERHTH D DT, K53 ISR ZRT,

BEB. FHREEOME L O, NHHEEOMIZES USET, 8L0EEULIRAT 28
D OBEREMENFREINT VD, TOHE, WHINDEREMOEBLEIX

1>3>42, +4, 48
Thd, DFV, FEEHEBRNE > & EEBEENEN 2,

5.1.3 3 RTEEEARERDKRERE

2T 3RIET AV NERRIZE T 2 EM R AR OE LR € AT 5, e
25 HENIUA T TH B,
0?1 0%
X(q’.v Y, Z)W =+ Y(.T,y, Z)TZ/Q + Z(.%',y, Z)
0% 9%y
0x0y Oyoz

0 0
by, 2) g+ el 2) o+ 1(00,2) 50 + gl (0.

ox

= ,0<$, Y, Z)
2, SISO ISR O R RO ROBIRRMEIC &0 TEMT D, © UABAEERT EBAYH
B Ch DR 5, £ FrldlEEhsft e UTEtRING,

0%
922
0%
020z (5.1.6)

+ c(z,y, 2)

+ b(z,y, 2)

+a(z,y, 2)
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fij Vit Yi—1,4| fij
—> [ ] L] —_—

5 6 7 fiv1j 8 fim1,j
fij+1 Yit1,541 Yi—1,541| fij1
—> [ ] L] —_— . .

Jit1,j %fi—l,]

9 ¢161,j+1 19 11 Yij+ 12
. i1
Yic1,541
Yi—1,5 i Yi-y | fig | Yit1,j
. > -« [} ° > -« [}
fij | Pit1,5 fij

] [ ]
Yij—1 Yij—1

5.3: AN —F U THR—-FINTHDHBEmFEASEMSE, 1-8 I3 T (4,7) ICHIT 51
%D THE I N/ZETHE bound_opt & B M HRO DM, KHEIIEHZIND
HELDE E. 9-12 XA E RHIEDN D 2556 DG E, BATRIN S N7z sl R E 7%

IR,
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ZZTC. z,y, 2 (FEEEEEE. o = (x,y,2) IEKRD DR, p(x,y,2) 1&KT YV v HFEADIE
#l, X,Y,Z,a,b,c,d,e, f,g l3ZRETHD, V—F U TlE INoDREEEFIHELTE
ZBHZ LT, BIRULAZVABRRREZGBIIEETLI I ENTEIDLOICLTHD, BUFOMH
BALIZBWTC, z,y, 2z FAOBRERZZ ZNEN0, j, k& T D, £/, KWL 2 RKEE
DHELAEDAF—LZHOCIHTZ 221235, Z0e s, REZHKLTDI L,

h(x,y,2) = hijk
O i1k + i1k — 2%k

ox? Ax?

0% _ Yij+1k T Vij—1k — 2Vi ik

Oy? Ay? ’

0% _ Yijktr + Vi jk—1 — 2%k

022 Az2 ’

0% 1

920y~ 1Azly {Wit1 410 + Vic1j—1k — Wic1 1k + Vig1j—1%) )

o | (5.1.7)
350z = 1AyA: {Wije1 k1 +Vijo1h-1 — Wijr1h—1 + Vij—1k+1)}

O 1

520m — IAsAg (Witlikt T ¥is1ih-1 = (Wim1gren + Yir1ge-1)}
Y Yiv1k — Vi-14k

oxr 2Ax
O Yk — Vi1
oy 2Ay
O Vi — Vijk—1
0z 2Az

LR85, ZIT, hidERDAN T —ZHTH Y, MR BE, BEHIETATIN
THHiL 7z, &7z, D7 BAX—=LIZDOWTIEET,

% 9 (9

oxdy O <8y>
0 (Vi1 — Yy
Oz ( 24y )

_ 9 (g 0 (Vi
ox \ 2Ay or \ 2Ay

_ b (i —Yiagen) 1 (i1 — i1
2Ax 2Ay 2Ax 2Ay

CVOBREERTCEHELAZEDTHD ™, BB, AN—F VIIREMEEEIZE MG LT
B, EBROFAETIX
Az = Az; = 0.5 X (241 — xi—1),

Ay = Ay; = 0.5 X (yj+1 — Yj-1),
Az = Azk =0.5x (Zk—i-l — zk:—l)

UMD I T AR — A DOWTE FAREDHE 2175 .

main.tex 2014 £ 5 H 29 H GEHEHR)



STPK ¥~ =27/l 5 % 247

EWVWSEREEIT o TS, (5.1.7) REAWD &, (5.1.6) Rk

Yit1,4k T Yic15k — 20k
X. .

4,5,k A2
Vijr1k + Yij—1k — 205k
+ Yijk Ay
.. A s
+ ZZ,],]{; w’l,],k-‘rl ng,l; 1 /llz)'b,j,kl
z
1
+ ai,j,km {¢i+1,j+1,k +Yic1j-1k — (¢i—1,j+1,k + ¢i+1,j—1,k)}
1

+ b; j, FIAyA: {Wijri k1 FVijo16—1 — Wijr1 k-1 + Vij—1k+1)}

1 (5.1.8)
t Gk A AL {Wis1 k1 + Vic1jk—1 — (Vic1 k1 + Vigrjp—1)}
Vit1,5k — Yie1,5k
d' . 1J 9 sJ
+ 7”.77k 2A:L‘
Vij+1k — Yij—1k
+ e'7 ‘7k: 9. 3 9. 9
" 2Ay
Vijk+1 — Yijh—1
+ ik 2Az
+ 9ij kVigk
= Pijk-
LB, Ihe, KEENMEZDIZET L,
Xijk k -
Vi = {2 < AZ;’Q + ’] "7’ > Gijk( X
Xm,k dm,k ,J k J k
o 5J» ezvj k
+¢Z,]+1,k< 2Ay>+¢zg 1,k 2Ay>
f'l,j k Zlv.j7k flvjvk
+ Yijih+1 i1\ A2 T 9A, (5.1.9)
1
+ ai,j,k4AxA {iv1 1k + Vic1 -1k — i1k + Vig1-1,6) )
1
+ bi,j,km {Wi i1 +Yij—1k—1 — (Wi jr1h—1 + Vij—1,k+1)}
1

+ Ciik AL AL {Vit1 k1 + Vi1 jk—1 — Wic1j k1 + Vit1,6—1)}

—Pz',j,k]

main.tex 2014 £ 5 H 29 H GEHEHR)



STPK ~¥~=a7Jb

5 % 248

ERD. FEEEOFRT

&, BIIERIZ DWW T,

Vijk = XDP; i1k +YEP i jp1k + ZFP; j ki j k1
+ XDM; 1 Vi—1,jk + Y EM; b j1k + ZFM; x5 j k-1

+ AT, j e {Vit 1,41,k + Yic1 -1k —
+ BTk {%i j+1 o1 + Vij—1h—1 — (Wi jr1h—1 + Vij—16+1)}
+ CT; i {Vit1j k1 + Vi1 k-1 —

— XY Z; j kpi,jkl

EWVWOSAREHWTCEHEEZIT>TWS, ZIT,

Xijk  Yijk | Zijk
XYZ . = 2 0T 0T 5Js
b3k { <Am2 + Ay? * Az?

Thb,
RIS, BIFEARICD
TWd,

)(Vl).PZ'J'Jg = XYZZ',]"]C

(Yic1 41,k + Vit1j-1k) }

(5.1.10)

(Vic1jk+1 + Yit156-1)}

-1
- gi,j,k}

XDM; ;= XY Zi i ( A:Z; ;iz;> ,

ZFRgh—XYZJk<Z £X§>7

ZFM;jr=XYZ; jk <i’;2"f _ éxi) 7
AE@kEXY@mMA;M/
BTJk—HXYZJk4A1AZ
CTijr=XYZ; ’jk4A1A

o T LU V&M (EEEM)

o /AR VRN (AHumEM)

o JEHIBIS AT

WTHERS, AN—F ¥ TIIBIREMEAT O 3 fHz AR —- U

main.tex
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ZD5H, ARSI ETEFEROIMUIT UMNGRE T E RV, it 2 DOBERERMITON
T, WEBBEARZMIZBVWTEET DI ENTES, "7V VHRRGERLV—F DA
7Y 3 VE[# inner_bound IZNEBICEEANGTIET 256, TOBER S EBMEIZ L > TH
EGTDODGMTHE, ZOFIBUIRREREARBSGM L TNITHIN T DEIFEATNIZHR
5Nnd,

FERBER L L CRUET S 341 (20 1) N
U I I, B4 Y UTRET X M0 5 b, B BRI 2 R
SSEME 0 AHEIEBL.
B 1 [EEAE.
IR 3 AR A

EAE 10 WHSERAERN. = OB T A CIREME 2 DA,

-

=
axX
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- RS Y U CRET X BMH (20 2) ~
PURITIE, Bt b bf%“%f“%éfﬁ@5%, S5 b (BERE 8 AN CIR—
BN ITAFAE) &34k T —KEAIAFAE) TRRETRER B BRSO

Al & R
H LR EE
S || BEA (4, 5,k) (ST ST (1, 5,k) | HIRT DM
2 (i+1,3,k) 5301
-2 (i—1,j,k) 5.3 D2
4 (i,j+1,k) 5.3 D3
—4 (i, —1,k) % 5.3 D 4
6 (i,3,k+1) ZHXN 7L
—6 (i,j,k—1) ZHXN 7 U
W EEREE
BOEAE || BER (1, 3,k) (ST B2 2IUE T (4, 3,k) | RS DX
8 (1+1J+1k) 5.3 D5
8 (i—-1,j—1,k) 53D 8
-8 (i+1,j—-1,k) 53D 6
-8 (1—1J+1k) B53D7
12 (i+1,j,k+1) ZHM 7L
12 (i-1,5,k—1) ZHM 7L
—12 (i+1,j,k—1) ZHM 7L
—12 (i—-1,j,k+1) ZHM 7L
24 (i, J—I-l k+1) ZHM 72U
24 (i,j — 1,k —1) ZHM 72U
—24 (i, _‘J-I-l k—1) ZHM 7L
—24 (i,j —1,k+1) ZHM 7L
NS J
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- WERER & LCRET S Bl (20 3)

~
uTkj:%ﬁ*#&bf RETEIDMED S B, B GHABEBOR) T
AE7 H B S DR 2 R g
BOEME || BEA (1,3, k) (SN2 (1, 5,k) | ST DM
11 (i+1,j+1,k+1) X 5401
13 (i-1,j+1,k+1) X 5.4 02
17 (i+1,j—1,k+1) X540 3
19 (i—-1,j—1,k+1) X 5.4 D 4
23 (i+1,j+1,k—1) X 5.4 D5
29 (i—-1,j+1,k—1) X 5.4 D6
31 (i+1,j—-1,k—1) K54 D7
37 (i-1,j—-1,k—1) X 5.4 D8
BOEME || BES (1, 3,k) (ST HRERM (1,3,k) | LT X
—11 (i+1,j+1,k+1) X 5501
—-13 (i-1,j+1,k+1) X 5.5 D 2
—17 (i+1,j—1,k+1) X550 3
-19 (i—-1,j—-1,k+1) X 5.5 D 4
—23 (i+1,j+1,k—1) X 5.5 D5
—29 (i-1,j+1,k—1) X 5.5 D 6
—-31 (i+1,j—1,k—1) X 55 D7
—37 (i—-1,j—-1,k—1) X 5.5 D 8
N J

ZOEE, BB (i, )) OWEDE b, 2 RDBZREZNTN, UFOES 285 :

BREME 1

ik = fijk

wnxfl,j,ku (
¢2,j,k7 (
o wi,ny—l,lm (
Vit Viok, (J
wi,j,nz—la (
L Vg2, (
CI TR, R B B RE KT LTS 0 R, AR (oK) 05
WTE MY RBEFYENREIND. TD LD BMDEDEIR & B9 5 T, LITR
U 72 B DB SENERL IZ G > THEFRME R E I N d . Bl 21X, BiEE 2 mASE E 5%
REFMERTHREINTVDIGE, BERERAL UTHENREINS.
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ZEME 2(B5.3 D 1)

VYigk = Vit1,5k — fijk X Az
ZEME -2(K5.3 D 2)

Vijk = Vic1jk + fijr X Az
ZEME 4(B5.3 D 3)

Yijk = Vij+1.k — fijre X Ay

REME -4(K 5.3 @ 4)
Yijk = Vij—1k+ fijr X Ay

s
filt
o
o

Yijk = Vijk+1 — fijr X Az

Yijk = Vijk—1+ fijr X Az

REME 8(H 5.3 D 5, 8)

o 5 DGE :
1
Yijk = 3 {it1 41,6 = fir1 gk X Ay} + {1 j+1.0 — fij+1,6 X Az}
1
= Vit1 41,k — 3 fir1k X Ay + fijyrp X Ax]
o 8 DIGE :
1
Yijk = 3 {ic1 -1k + fici gk X Ay} + {1 j—1k + fij—1,k X Ax}]

1
=i1j-1k + 3 i1k X Ay + fij—1p X Ax]

o FHEMME 8(X 5.3 D 5) LA UMALGLEDES -
VYijk = % HVit15k+1 — Jijre1r X Az} +{ip1 jrr1 — fivr 6 X Az}]
= Vi1 k+1 — % [fijkt1 X Az + fig1 ke X Az]
o HEMH 8(X 5.3 D 8) LFEUKMAGLEDELSE :
Vi gk = % HVic1 k-1 + fijh—1 X Az} + {1 jx—1 + fim1jr X Az}]

1
= Yi1jk—1+ 3 [fijk—1 X Az 4 fiqjk x AZ]
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5 %
REME -12

253

PEME 8(X 5.3 D 6) L UMAZDLEDEE

1
= Yiy1jk—1+

1
Vijk = 3 {Yit1j k-1 — fijh—1 X Az} +{ip1 -1+ fix16 X Az}

2
o %

[—fijk—1 X Az + fir1 kX AZ]
4

Al 8(K1 5.3 D7) LFEIUMAGHLEDEE

1
Vijk = 3 Hic1 k1 + fijrr X Az} + {1 k1 — fim1,jke X Az}

1
= i1 k1 + 3 [fijk+1 X Az — fiq K X AZ]

REE 24
o LEMH 8(X 5.3 D 5) LA UMAGHLEDELE
Vi gk = é Hijai k1 = figrrr X Ay} +{ijr1611 — fijrie X Az}l
= Vi j+1k+1 — % [fijht1 X Ay + fijrie X Az]
o XEME 8(X 5.3 D 8) LFUMAGHLEDEA
Yijr = % {ij—1k-1+ fijr—1 X Ay} +{ij—16-1 + fij—1k X Az}]
= j—1 k-1 + % [fijh—1 X Ay + fij1k X AZ]
REME -24
o HEMH 8(X 5.3 D 6) LFE UMALGDLEDLHE
Vijk = % Hij—1he1 + figrrr X Ay} +{ij-1611 — fij—16 X Az}]
=Yij-1k+1 + % [fijme1 X Ay — fij—1k X AZ]
o HEMH 8(X 5.3 D7) LFUKMALGHLEDLE
Vi gk = % Hijr1,h—1 — fijk—1 X Ay} +{vijp16—1 + fijr1,6 X Az}]
= Yijt1e-1+ % [—fijk—1 X Ay + fijr1e X A2]
main. tex

2014 45 A 29 H (EHEK)



STPK ¥~ =27/l 5 % 254

ZEME 11(”h5.4 D 1)

1
Vigk =3
+ {Vit1,j41,k4+1 — fir1,j k1 X Ay}
F{Vit1,j4+1,k+1 — fir1 41,6 X Az}]

1
= Yit1j+1,k+1 — 3 [fijrt ket X Az + fir1 k1 X DAY+ fiyrj410 X Az

{Vit1,j+1k+1 — fijrihr X Az}

ZEME 13(”k5.4 D 2)

1
Vijk = 3

+{i—1j41k+1 — fim1,j k1 X Ay}
+{Vic1j11h+1 — ficij+1,6 X Az}

{Yic1j+1k41 + fijriesr X Az}

1
=i 1j41k+1t 3 fij+1h+1 X Az — fi_1jrg1 X Ay — fi1j41,0 X AZ]

ZEE 17(”5.4 D 3)

1
ik = 3

+ {Vip1,j-1,k4+1 + fir1,j k41 X Ay}
F{it1 1,641 — fig1,j-1k X Az}]

1
= Vif1j—1,k+1 + 3 [—fij—1h+1 X Az + fir1 jrt1 X Ay — fiyr -1,k X Az]

HYir1j—1k+1 — fij—1 k1 X Az}

REM[E 19(K 5.4 D 4)

1
Vi ik = 3 {Yic1j—1k+1 + fij—1 k41 X Az}

+ {i1 -1 k41 + fic1j k1 X Ay}
+{Vi—1j-1 k1 — fic1j—1,6 X Az}]
1
=i 1j41k+1 + 3 [fij—t1h+1 X Az + fi1jre1 X Ay — fic1j—1k X AZ]

XEE 23(R 5.4 D 5)

1
Vigk =3
+ {Wit1j+1,k—1 — fir1,jh—1 X Ay}
+{Vit1 4161 + fit1 416 X Az}]
1
(= fij+1k—1 X Ax — fit1 k-1 X Ay + fir1 41,6 X Az]

= Yit1+1,k-1+ 3

HYit1j+1,6—1 — fij+1,6—1 X Az}

2014 45 A 29 H (EHEK)
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REE 29(K 5.4 D 6)

1
Vijk = 3 HYic1j+1k—1 + fijrip—1 X Az}

+ {1 j41,6—1 — fim1,jk—1 X Ay}
+{Vic1j+1.6—1 + fic1j41,6 X Az}]

1
=i 14161+ 3 [fijt1h—1 X Az — fiq1 k-1 X Ay + fim1jr16 X AZ]

RE[E 31(K5.4 D7)

1
Yijk = 3 HYit1j-16—1 — fij—1k—1 X Az}

+{ir1 -1 k=1 + fit1,jk—1 X Ay}
+{Vit1j-1.6—1 + fix1,j—1,6 X Az}]
1
= Vig1j—1,k—1 + 3 [(—fij—1 k-1 X Az + fit1 k-1 X Ay + fix1j-16 X Az]

HEM® 37(H 5.4 @ 8)

1
Yijk = 3 {Yi1j—1k—1+ fij—16—1 X Az}

+{i—1j-1k—1 + fi1,jk—1 X Ay}
+{ic1j—1h-1+ fic1j-1k X Az}]
1
= Vi1 j+1 k-1 + 3 [fij—1k—1 X Az + fi_1jr—1 X Ay + fi—1j—1,k X AZ]

REM[E -11(B 5.5 D 1)
1

Vigk =3 {Yic1j+1k41 + fijaiesr X Az}

+ {Yi1 -1 k+1 + fit1,j k1 X Ay}
+{ Vi1 1101 F fit1 41,6 X Az}]
1
=3 (Vi1 j41k+1 + Vi1 j—1ht1 T Vi1 j+1,k—1)
1
+ 3 [fij+1h+1 X Az + fig1jrs1 X Ay + fig1 41,0 X AZ]

ZEE -13(E 5.5 D 2)

2014 45 A 29 H (EHEK)
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1
Yijk = 3 HVit1j41,6+1 = fijrrp+1 X Az}

+{ic1 -1 k+1 + fi1jk+1 X Ay}
+{i—1 111+ fic1j+16 X Az}]

1
=3 Wit 1 j+1k+1 + Vic1 j—1 k1 + Yie1 j+1,k—1)
1

+ 3 (= fij+1 k41 X AT + fiijkt1 X Ay + fic1j+1.6 X AZ]

REME -17(B 5.5 D 3)

1
Yijk = 3 {Yic1j—1k+1 + fij—1h41 X Az}

+ {Vit1 41641 — fit1,jk+1 X Ay}
+{Vir1j—1h—1 + fit1j-1,6 X Az}]

1
=3 (Vi 1-1k+1 T Vit1j+ 1kl T Vir1j—1k-1)
1

+ 3 [fij—th+1 X Az — fir1jre1 X Ay + fir1j-16 X AZ]
REME -19(B 5.5 D 4)

1
3
Vi1 j41ke1 — fic1 k1 X Ay}
i1 1 k-1 + ficrjo1k X Az}

1
=3 [Vit1 -1 h+1 + Vic1j1h4+1 T Vie1j—1,k—1]

1
+ 3 [—fij—1 k41 X Az — fi1 k1 X Ay + fim1 -1k X AZ]

HYig1,j—1k+1 — fij—1 k41 X Az}

ik =

REME -23(F 5.5 D 5)

1
Yijk = 3 Hic1je1p—1 + fijrip—1 X Az}

+ {Yiy1j-1,k—1 + fit1,jk—1 X Ay}

+{ir1 41,641 — fig1, 41,6 X Az}
1
=3 (Vi1 ja1 k=1 + Vit1 j—1,k—1 T Vit1 j+1,k+1)

1
+ 3 [fij1h—1 X Az + fiv1 k-1 X Ay — fit1 41,6 X Az]

2014 45 A 29 H (EHEK)
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REE -29( 5.5 D 6)

1
3
+{i1j—1 k-1 + fic1j k-1 X Ay}

+{Vi1j+1,k41 — fic1j41,6 X Az}]

1
=3 Vi1 j41,k—1 + Vi1 j—1k—1 + Vi1 j+1 k+1)

1
+t3 [—fijrih—1 X Az + fi1jk—1 X Ay — fic1j41,6 X AZ]

HYit1j+1.6—1 — fijrih—1 X Az}

Vijk =

REME -31(B” 5.5 D7)

1
Vijk = 3 {Yic1j—1k—1+ fij—1k—1 X Az}

+ {Vit1j+1,6—1 — fir1,jh—1 X Ay}
F{Vit1,j-1,k+1 = fir1j—1,6 X Az}]
1
=3 [Vic1j-1h—1+ Vit1jr1,k—1 T Vit1j—1,k+1)
1
+ 3 [fij—1h—1 X Az — fit1jk—1 X Ay — fiz1j-1k X AZ]

REME -37(” 5.5 D 8)

1
Yijk = 3 HWit1j-1,6—1 — fij—1,6—1 X Az}

+{ic1j416—1 — fic1,jk—1 X Ay}
+{Vi—1j—1k41 — fic1j—1k X Az}]

1
=3 [Wit1j-1h—1+Vic1jr1h-1 T Vim1j-1k41]
1
+ 3 (= fij—1 k=1 X Az — fi1jk—1 X Ay — fi—1j—1.6 X Az]

ZZT. fijk & bound opt THHEINDMETH D, ZODEFUAIEEE X 1D B SM:
WL TRAETREDNRL D, EEHBEROL JIZTOEEHEMEEZRL, HHWEEEAD
LEE BERTOLAMMEZRT, Z0LE, ARUILTEDHMIZEREING Z LITHE,

BB, FHEMHESROME KO, WEREEOMEIE EE LI, BLXUTEEULLIFET 2@
DOBERGEMENZREINT VDS, TOEE, HAINDERLMOELE I
1>3>42 +4, 48

Thp, DFY. FEMERDE > & & EREIEN 5,

PHIZIE, SISO AR BED S EBEO ROBIREMI & o TET B, & UABEDEE T LB E
HTHD2 5, ETFRIREERSMEE UTRHAEIND,
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1 it i
Jijtth+1  Vitlj+1k+1
— °

)/ Jit1,jk+1
7 A
— —
/
/ f1'+1,j+1,k
Vi gk
4
Ji1,4k+1

Jic1,j—1k

7
Vi jk

L M it 1,-1k

X Jit1,j k=1
>

fij—1k=1 Vit1,j—1k—1

2
Vic1j+1,k+1 fij11,k41
[ ] e—
fim14k+1

Jit1 j k41

fig—l, 11

A \

[\ _ 4 _
\ Vi j R
Jictj41k \

[ ]
_ Pit1-1k+1

| Sig+1k—1

Vi jk

Vi jk Jit1j-1k
5 6
fic1,j+1k
A A
| fist 1,541,k |
' [
‘ ! a Vig1 k-1 Pic1g+1k-1 '
/ f’L,]—|—17 -1
/
fit1,jk—1 fim14k—1
8
Pijok y

A
fici -1 A/ ‘
|

Jic1 -

L

Viclj—1h=1  fii1p—1

X 5.4: RN—F 2V THR—-HFINTVDHHEmEASEME, TR0, k) ICB T2z 2
D fCHHE I N 72554l bound_opt & BEE AT o 225 3Red 2 FSEH, KANIER I D AL

D] E.
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1 2 3
- L Ll o -
flv]_JruC;Ll 7/}1+ ,J+1,k+ 7/11 1g+1,k+1_fzi4;1,k+1 fi+1,j,k+1
fif]-:jv +1
)/ Jit1 5 k+1 ' fig1, +1@
yi _ __“ “_ % | i1 -1 k41
/ \ Pij R
/ fivrgeie ficijik \
Vi gk Vi gk Jit1,5-1k
4 5 6
Jim1,jk+1 fiz1,j+1,k
A A
| fi+1,j+1,k |
d‘z’, C1k+1 Vijk/ | |
| o
PYio1-1k+1 L i L 1/1‘@17341,1@71 ¢z—1,g+1é—1 U fijaieet
S figrikot \
/ \¢
fit1,5k—1 fic1jk—1 Lok
Jicij—1k
7 8
Yisjk y
Vi gk |
ficij—1 6/
|
L MMit1-1k |
n Jic1jk— Z
X fit1,jk-1 ®© —
| ViLj1hk-1 fij 151

Jij—1k—1 Pig1,j—1,k—1

5.5: 5.4 LFIU, 722U, WERERBED H2GAEDEFHE, BRRTHR NS
72 U ARRE I,
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5.1.4 T HIL NEZZRIUAADEE

ellip_slv DML AREARIEN —F 281D HRENET IV b FERER % B S i &
LTHHLTWS. UL, IN6DN—F VTHWS HRERK. — b X - MR
MR THD, TDD, FWAHMHREEZHEUIIHRET I L TINLDIV—F ViF—
P T 22 AR R CREE SN D EE ORI A G RIEHTEETH B,

PURIZiE, oDV —F V& T 70 SRR A DKM B ARRRIEHA T 20 THh 5,
AT 2 EEARERIYHZTISHOLND AV IV A - D CIVRGRR (H SRfER
FHFER) -

V- (oVg)=p

ERET D, TIT, VIX3RITDHBEHFETFNT M, o, p |3 3RTTHEEZ ZHUZE D
RO, ¢ 1ZKRODZNADN T —YHETH D,

FH)L b EER
FUShHEETS 3 HAOMEE (2,y,2) & UL X, F0H ChME AR

0 19J0) 0 19J0) 0 o .
oz (0(%) T oy <"ay> "o (082) =7
~ . <a2¢ 0*¢ a%) dod¢p 000y 0o0¢

02 " o2 " 0:2) Tonor Tayoy T oz 0:

LERTEDDT, (5.1.6) ROBFEHEHIGIED &,

Oo Oo Oo

X=Y=Z=0, a=b=c=0, d—%, e—a—y, f—g

EVWOBRIIARD, £oT, HAMMERARAZ AN —F UV TRETIBIZI DL
DBRE R UTEZANIZ LW,

I EEAR R
BURADEIRE A, R, SRS R TR (r,0,2) ¥ L& ¥,
R2¢ 10% 0%
U(aﬂ*ﬂaefraz?)
+<80+0> (9<Z>+ 1 do0d¢ Do dg

or  r) or

or 120000 0202 '
EERTEDDT, (5.1.6) ROBKBHEMNIGIED &,

X=Z=0, Y=2, a=b=c=0,
r
Jo o 1 0o Oo
d= — — - — -
8T+r’ € r2 00’ / 0z

EWVIOBRICAD, Ko T, HEMMHERGEAZ AN —F Y TRETDEREID &
D BRI UTHE R T L0,
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BREERZ R
L HRREEAI, S AT, CERATIEREE ThTh (A, 0,r) L Lz E X,
1 8% 109% 0%
“<ﬂwﬂmv+wa¢+mﬁ
1 9docd¢p 1 (0o oo do 20\ 09
ﬂmwmm+ﬂ<%_ﬁm®&ﬁ(m+r>m_p
EERTEDDT, (5.1.6) RDOEFREEHMIGIED L,

o o

= oo Y =0 asb=e=0
1 Oo 1 (0o do 20
Zcos20ON 12 < g 7 )’ / <8r L )

EWVSBERIIARD, £oT, HOMMERAREAZAL—F U TRETIEREZID &
S BB R L UTHE R T LN,

5.2 KE=MAX

Z ZTClZ, map_function EYV a2 — WZEHRINT WD ERE ETOME - REROFE T,
BRI MO HEETHOONTW D ZEFIERIIDOWT, BRI =AIRIC L 28 217 5.
E9, KH =M 1T EBFAEHIIUATOBY THD.

1E A% E B
sina sin b sinc
= = 211
sinA sinB sinC (5 )
ZIN j‘I_._'f
- RILEH N
cosb = cosccosa + sincsinacos B, (5.2.12)
cosc = cosacosb+ sinasinbcosC, (5.2.13)
cosa = cosbcosc+ sinbsin ccos A (5.2.14)
N J
S RAL A
- IERARILE P ~
sinbcosC' = coscsina — sinccosacos B, (5.2.15)
sinccos A = cosasinb — sinacosbcosC, (5.2.16)
sinacos B = cosbsinc — sinbcos ccos A (5.2.17)
N J
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D& E a,bc,A,B,CIEX56DEYTHD.

5.6: F£ 1 DHEMNERIZEWTER INDEKA =AM ABC. ZOEKMAE =A% KT 5
AZHINEEROFLZELHDOIRNTH 5.

INOGDEHIIH 5.7DEHICHEZD L, TDF FERAEBIERDEEREIEHT S Z
EMTES.
B 112radi XX 5.7 IZBWT,
¢17 )‘17 ¢27 AQ

2ERMOMEE U, 2o D 2 (RO r 2 RODIEBTHS. ZhzRDDITIE,
(5.2.14) KIZHBWT,

b=g—doc=3 L, A=do— A, a=r
LBk,
COST = COS (g—qﬁg) cos (g—qﬁl) + sin <%—¢2> sin (g—qﬁl) cos (A2 — A1)
= sin ¢ sin ¢ + cos Pa cos ¢ cos (A2 — A1)
LR85, &oT, kddAix

7 = arccos [sin ¢ sin ¢1 + cos ¢a cos P1 cos (A2 — A1)] (5.2.18)
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5.7 ToM%E 2 ICEDEREI =M. ThoDLDE DS —~HDUDES r 2RdD2D
MK 112radi THD. THMHE 250I2EDDT, TNODET &L 2 WOREEX L 74
D, T AU 3T 5.
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&85, ZIT, riFBEMAEKICBE T AAETHLDT, PR RDIKIZEWTIX, rRET5
Y THAEr SOREMETOMIMOEI2ROLND L WVD I LILEETSE 0. RERS,
B = MK DR MHINEENTN, BROFLEEDHED—~EENSLTHD 7.

5.8: 5.7 LRU=ZMAE. 2L, 2 5.0 58 LU= ~ELU,
ZTIE (¢, Ag) BRHOEHTH B Wi T/2 < 0y < 3m/2, —1 < 6y < —m/2
JERIS BRI AR L TR (o, Ao) IR ORI DIREE.

NERD, MEERLT (rg 6) &85

INDREERRSE (pr, \o) ZEHHRT D, 2

ZT, 0DV DBHIF —7/2 < Oy <

/2, 3w/2 < Oy < 27

W, BTN —F > rt211 IFHEE ¢o, BE N ICBWTHFS%E E D, MEERE (g, 0y) Tx
XNDIHLTOREE ¢, EREN, ZRODDEDTHD. ZZTEZTV DG 5.8 D
EOBEETHD. ZOREREOFR A M OERIFERTIER S, BRHE LIZH > M0k
HCHIOND . /2, FAAGEOMEIXERE LD ¢o, \o COEFHEEZ - X8,
FARMALR S & 0y = . TR S % ) = 37” LLTEBNG. THD, d= . 3T
LOEEOERE rg IFRETHAZLEE, N EWVWOIRETETHD (FFMRECES>TH
%) EWND ZEIZERETD. Lo T, 0y =0, +m,2r EOILEDEEHE ro (3FEEM FI25E
ZIZ—HET, ALITND. ZDOED BREERIZBE T, 19,0) TDRfE ¢pp, Ay TRTD L
FEATRE S, FIHMOMEIX

®0, Mo, to, To

ROT,
A:)\m—)\g,B:g—eo,a:m,b:g—%,c:g—% (5.2.19)

YOS RSB E S D, I THELATNIES S AVDE, ERIBERASABOL B A
WD E S LABa0RTHSE. 2%, ZORIT 6, @@zﬁ‘% < By < g FTLM

TOEPRO) 112radi IZMEE ¢ & RDE, HERD KR E DT TEBOFEMICEL TV,

THIER EOMETE A DNBEM L IERR S Z L IR, EMOBAIEM ORISR TR L T2
T3,

TERDL, COVEIEROTODE A (g0, Ao) (MK L EH L AT 5.
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WY @E. BL, T < 9037” DI 0o Db B & 3%, 51 C &AL LCfi%
ANBETHRENDH L. 20 XONCERIX
T

A:/\o—)\x,Cz@o—g,a:ro,b:§—¢o,c:g—% (5.2.20)

LR35, EoT, ARTI, —g <y < g F COHEE % regl, g <y < 3% DHiFH % reg?,
0 = ig % reg3 £ LCZNTENERMET S,

regl XIGT2HDIIX 58 THD.
T, HEICAE C ZHOARVDT, (5.2.12) 12 (5.2.19) ZHWT,

sin ¢, = sin ¢g cos rg + cos ¢ sin rg sin Hy, (5.2.21)

PELND. IN%E ¢ ITDOVWTEHT S L,

¢, = arcsin [sin ¢ cos g + cos ¢g sin r sin fp), —g < By < g (5.2.22)
BB, G WEOENZDT, ZOEE (5.2.19) L& HIT (5.2.11) IZRAT D &,
. _ cos 6y .
sin (A — A\og) = p— sin

ERBOT, 2Tk N\ I

0
Ae = Ao + arcsin [COS % sin 7«0} (5.2.23)
COS

RANSY

reg2 Mg 5DIEXN59 TH5.
2T, BHEICAE B 2 HVARWODT, (5.2.13) 12 (5.2.20) ZHWWT,

sin ¢, = cos rg sin ¢g + sin rg cos ¢g sin fy, (5.2.24)
WEOLND. TNk ¢, ITODWTEHETE L,

¢ = arcsin [sin ¢ cos 1o + cos ¢g sin 7 sin O], % < By < 37%, —m < 0y < _r
(5.2:25)
5. FFEZDOAL (5.2.22) LR UARDT, ¢pp DEHIZENTIE, 6y DHEIFH % 5
232 2B A—DRTHET DI ENARETH . ¢, BELNZDT, ZOMHE
% (5.2.20) L HIZ (5.2.11) ITRATD L,

) sinfy .
sin (Mg — A\z) = ~oos ¢70 sin g
X

ERBOT, ZH&D N\ I

Az = g — arcsin [— O in ro] (5.2.26)

AN
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reg3 Z DT, KD D mMEIEF L LA URE L 25, DAIZ,

Az = Xo. (5.2.27)
/2, FHBLETHD e, BRI 2 HHHE - 137 0 £ B 55 T O
JEAil % W,
(ﬁx = ¢0 + To- (5228)
SIT, 0= OWIKER, 6= 37” DIFEE L5,

PAUEASERIEG 11285 1) 2 JEROHLEMTH L. 22T, LOFEMIEETHRARZRKEL T
WB DT, BAERE EOBEREE rad BALOME LML 25, ko T, EEOHHEZE KD
S0, BONDALITEKROERENTD L TEIHETES.

5.3 Statistics D{F5x

5.3.1 =/MNBEZE

BT A, ©.y VTS, ZOF—AOM% z ZERETE L,

y = y(x)
EWHEBREED, ZOLDIRT—EDOME 2 IZOWVWTOERDLIEAIZ & ZHKEET
KIILEEZD, LU, TOEBIEZ s TOyDIHEZTD L EOBBOMED 2 Fxsh
INCTR B EDITEIEND T 5,
9. HEDZODIZ 2 IZOVT 1 REBTRHTIZ 2825, 2O XTOEK%E
F(z) =ao+ a1z (5.3.29)
Y33, 22T, ap,a Wz, y THKIFELARVERTH D, EBEOT—X T T—X2TH
DT, x4,y LD T—RDMAEDLELRD, ThbLL, ( HHDOT— XM
yi = y(x;)

Thd, AT 1 IREEE

L85, COEMF(x;) Ly D2 R/ELRNETDHLDIIEDILEERD, DEY, Z
NHOEEE RETD L,

N N
R=>{yl) - Fa)}* =Y {y(z;) — ap — ax;}> (5.3.30)
i=1 i=1
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MERNERD EDIZEENBITNER LB, ZO5RMEMZTEEE 2RkD5I12E, F
DR ZERD B 2,y TR 2 EH ag, a1 % (5.3.30) BN RD D ICeniE L e
WO ZEIZRD, ZD&DRMEE RNEREMEE OV, RO & D BTFEE TR
nad,

1. %% R % ag,a1 IZDWTHAT 5,
2. TNOHENRLEIIXOERD LD R ag, a1 DIEN R DWETH S,

3. RIZFZTDEBEMND. ag,a; D/NT A—RZEFIZEWT, EfE% L D NITMAREKT
HB77D, BENMEETNE TIDRBRMETHD L ND I LIZBR D,

ZOFNEIZ U 72500,

OR OR
2729 ag,a1 KD B, (5.3.30) Ao,
OR <
dag > {y(zi) — ap — arzi} =0

- o (5.3.32)
B, = le {y(z;) —ap —a1z;} =0
i=1

Thd, INeEHETLH L,

N

N
aolN +aq Z T; = Z y(z;)
i=1

=1
N N N
2
%5 m+a1§xi—§ ziy(z;)
i=1 =1 =1

WD ag,ar WDWTOD 1 PGEN. FRRAPEOLNDE DT, ZNEMBITIE ag, a1 PMESN,
BANARBEMRBEOND, (5.3.33) AEM L,
YR a2 y(w) = N @ N wiy()
2
NZfil *73? - (Zz]\;l xz)
NN ay(m) - S w on y()
- 2
N Zz‘]\il 9512 - (Zij\il xz)

NEOEND, FARDEZ 2 FEIED L, EEOERRBOLIEAMIRIZED 71V T 1
VIMWNHERETH D Z L bnd,

(5.3.33)

apg =

(5.3.34)

ai
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FTIT, ZITI Fla) =Y apat LOISZHERATT7 v T v 7§22 8% E R
%, ZICHR/NHBETHONZTENEHTE2 Y, EE R
N M 2
R= Z{yz (x)} :Z{yi—Zakxf} (5.3.35)
i=1 k=0
Y, ZOMEERBNMNITEIZIE. ap, (k=0,1,--- , M) DEBEIZONT, Thizkd
BEOMANEO L BT LN, DFY,
OR o

EWND M4 1D 1 YGELGREREZL TR IENTE S, RABRE M + 1{#i2o0T,
WL M+ 1 EOEN. FRERPLTOENDDT, ZRIZFAUAZRTHD I LIFHLMNT
HB, THIIFFEIZ-RILINTHDZDT, £ED M+ 1IREEATELLTEH, FEROD
FIRETT7 4y T4V INTEDILERBLTVD, (5.3.36) A& BAICEIET S &,

N ' M
Ziﬂz{yz—Zakxf}:O, (]ZO,l,QaM)
i=1 k=0

ERY, INEBETS L,

N ' N M A
doalyi—y > ar =0, (j=0,1,2--M) (5.3.37)
=1

i=1 k=0

L%, FEE 2 BIZOWTIE, MAEEDIEE B AT H S 720,

2}% ZWZFﬂ*7 (j=0,1,2,--- M) (5.3.38)
1=

L%, Ihe BARIIZETD L. RO LS BB ELNS,

N N N
jZOIGON+G1Z%+"'+CLMZCUZM=Z%
i=1 i—1

i=1

N N N N
j=1 :agin+alzx?+-~+aMZx£V[+l :Z:z:iyi
i=1 i=1

i=1 i=1 (5.3.39)

N N N N

; ) M M1 2M _ M

j:M.CLQZl'i +a12xi+ —I—---—i—aMZaci —in Yi
i=1 i=1 i=1 i=1

INERDE, k=M+117j=M+15DEHITFIE M + 1 EOFEE a; 1IZDWTOH
N7 MVOREE T D &, ESTHONTI2RDODDH & T, 5B a; WROLNDZ &
285, ZOLE, EATHBRIMIFIE BoT0d Z LITHER,

*Q,U\B:#:—C &, RELOBEI NS, y(a:z) =Y ERELT D,
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5.3.2 RENE

ZZTlE, RI—F VT TN HIEIZDWTEEA U, A T DN AL
WZDWTHEEHZLT D,

I3, AKNV—F VTR, TRTORFIL—F BT, MENFE2IT>TWVS, 20D
W HIEIE. 2 2 A0S ZORIOMEE 2 SMOEMTHREY, TOEM EIEIFET
5L MHELZNFIETH D, 1 IRTDBERFIEK?IRINT NS, DMy, y: DIE
HBINKERD 2 Hai,x 26212, TOMITIFIET B WSz, TOMIBAHOE y,
I T2 2 A OEtEINAZEMROMES %2 de &35 L,

Yp = Yi +dx * (zp — ;)

T%ﬁ?é:&ﬁ?%éo:@&%\mﬂi%ﬂ;%ikﬁéo
+1 — Lg

ZDFZ % 2 IRTTCZEMITHEE L 72D h, MERENFEE RIS FiEThHY . TORAX
BER?UIRINT VB, 2 POLZEM 2y, y; CEBINAE 2; O, B BB 2y, y, TO
I 2,0 1. BUFO & 5 1S3 S h3,

+ Zpj+1 — ij(

Yg — Yj)
Yji+1 — Yj 1 !

Zpq = Zpj
Z i, Yis Yj+1 D 2 )f—'ﬂ DWW, %th%;h/l’p 7‘6?\]?@@ Zp.j+1, 2p,j %§+%:L/\ &
NEDIEN S y FEIHIENEL T, 2, 2 kDD LS FHEXICES, EXEEMT 2
ELATRDEDIZR B,

Zpj+1 — Zpj
oo = g+ EEL Iy
e TR—— j
Zit1j — Zij
=zij+ ———(Tp — 24
Y mi — (2 =)
Zilinl — Ziii1
+ Zij+1 + —H_xjil _ J:']-i_ (:L‘p - xl)
7 (2
gy P T )
? 7
Towig P Yj+1 — Y5
Zit1j — Zij Zij+1 — Zij
=zij+ ——L(wp— ) + LT—(yg—y;
Y mi - (= % Yi+1 — Yj e = 05)
[2is1 g oy (zp i) (yg — ) 5.3.40
Zit1j+1 = Zij+1 — Zit+1j + Zz]] x o )(y]_"_1 ) ( -9. )
7

&Y, BEEWARE. F(r,y) = a+ bz + cy + dry &\ Kl EICHIFEFIET S
VWD ZEEMRELEZNFETHD VWD ZERIND,

FIRED TR T 3 RTORBEANFRZFHE T 5 & 10 3 RouEM i, v), 2 CEBZI N7MH
wijp D, HDEMK 2p, yg, zr CONIE upgr 1F. BAFD LS IFIRING,

Upgk+1 — uqu(
Rk+1 — %5

Upgr = Upgk + Zr — 2k)

MORERIFM IR I N TN S,
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ZOHEFHFEZIL 2 TONHFZ I HIZ
AZILITHEY S &,

3RITICHFHLE L 2720 Th b, £oT, Lk

Upgk+1 — Upgk
Upgr = Upgl + —— ——— (20 — 2i)
Rk+1 — %5
Upj+1k — Upjk
= Upjp + L2 (yy — y;)
Yi+1 — Yj
Upj+1k+1 — Upjk+1 Upj+1k — Upjk (Zr - Zk)
+ e + (9 — U5) — gyt — D20y | 22 ER)
» Yi+1 — Yy ! pj Yji+1 — Yj 7 Zk4+1 — Zj
Yg — Yy Zr — Rk
= Upjk + (Upj+1k — Upjk) (,q J), + (upjk+1 — Upjk) {or = o) ),
Yj+1 — Yj Zk+1 — Zj
Yqg — Yj) \(Br — 2k
+ (upj+1k+1 — Upjk+1 — Upj+1k T upjk) ( K J> G )
Yi+1 — Yj Zk4+1 — %
(zp — ;)
— Wi Wis it — Uis
ijk ( i+1jk Uk) Tiv1 — T;
[ (zp — x3) (zp — xl)] (Yq — Y5)
+ | Uij+1k T (Uit 1j+1k — Uij+1k — Uijk — (Uit+1jk — Wijk
I 1j+ ( i+1j+ ij+ )Il‘z+1 — 2 ] ( i+1j ] )$i+1 — i | Yir1 — Y
+ Uk 1+ (Wit 1jps1 — Wikg1) (2 — 2:) — Uik — (Wit1jk — Wijk) (@, = i) | (2 = 2)
I 1jk+ 1+17k+ 1k+ Tit1 — g i i+1j iJ Tit1 — T | Zhe1 — 25
[ Tp — T4 Tp — T4
+ | Wijt k1 T (Uit 1541041 — Uijt1rt1) (rp = i) Uigk41 — (Wit1jh+1 — Wik+1) oy — 1)
L Ti+1 — L5 Titl — T
(zp — 1) (7p — «’Ei)} (Yq — vj) (2r — 21)
—Uij1k — (Uit1j41k — Wij+1k 7+u ik + (Wit1jk — Uijk
17+ ( 1+17+ 17+ ) Tit1 — 2 1) ( i+1j 1) ) Tiv1 — Ti | Yje1 — Uj Zhil — 2
(zp — ) (Yq — Y;)
= Upip + (Wig1ik — Wisk) ——— + (Ujin1p — Ujik) ————
ij (Uit1; ij )$i+1 — (wij+ ij )yj+1 —y;
(20 — 21)
Wit — Uiar) T — k)
+ ( ijk+1 z]k) Zhil — 2%
(zp — i) (yg — Yy5)
+ (Uit 141k — Uij+1k — Wit1k T Uijk
( i+1j+ 1]+ 1+1y ] ) Tit1 — TiYjr1 — Uj
_|_(u . yy Wi qib - Ui ) (xp_xi) (ZT_Zk)
i+15k+1 tk+1 i+15k ijk Titl — Ti Zhel — 2
(Yg — ;) (2r — 21)
+ (Uijr1kt1 — Uikl — Wij41k + Uijk)
Yj+1 — Yj Zk+1 — 25
F (Ui 1 1h1 — Wi 1hA1 — Wik k1 + Uikl — Uit 1j+1k T Uij+1k + Uit 1jk — ijk)
o (2p = i) (g —y5) (5 — =) (5.3.41)
Tit1l — T4 Yj+1 — Yj Zk4+1 — 25
ER5,
ZZTRUZAFORIZT AN MERRZIE L TWD N, EREERD DB, £ HEE

B AT —IVIHTNTNTNOMEREER A BB R 2R & S BERER T ThHd R b,

*11ﬁi U, 4%%@@5 ﬁ%i (xl,xg,xg) 73‘?)97":(‘_’.—‘3_5
(h17h27h3) 7b§7
h’l = hl(IEQ,IIJg),

BB EDRIERRDZ & HlAIE, FIFAT AR

ha = ha(z3, 1),
RSB RAIL Z NIZE LT 5.

]’L3 = h3($1,1}2)

IDEE, INSDEERIINT S AT — VKT
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2T LEOBZEXTHFMEZFRTL I LA TES.

5.4 Braun (2002) IZ& 2B FEIEDOHOABHE

Z ZTi&, Braun (2002) THWHNT WS, BUHE T IVIZE T 2 B SE D HLML E
R T D HIEICDVWTHRRD.

ZETH, FAMORRLATEIFE I UTHAPNT VAL TN DT, BV EL
FED UL, W 5 E L DRIKEZ & S K FHEFRTE SREI NG, KEMREED 10
km BL_EO#E S FHAEE 7L Cld Z O 1 58 1F 5T O IR S B S D il 56 B 24 o
AFRUTO UL, IBETIIBUEE VOIS AL - BRI, B ERKTE
DM T (HD2 5 100 km FEEE) D% - BUIZERGIE 2 36 ICKBIT © 2 & AVlfg
RO T RIS B BUEE TV & B BHERE DR TR ERE(L L A ho 7z,
HUOMIE T ORI AR ST EB AN HE 12 R 5N & 5124572 "12(Braun, 2002). ZOJF
AT SREZEFNZ L D DT D & 2 RBHSEORBRATHLOZ EET 2 FEE AV &,
HOUD ST 2 DU U T E DA 2 59 % & WO IREIER R 51D & 514
% (X5.13 2H). Braun QW =FEE, ZOHLROIRE 2 HIH T 5818 20 5.

FHEOMEIILLTDO L1225,

a N
1. WHEEEREOREMEEZ & 5 K2 B —HEs (5.11 D fg) £ 95.

2. K511 IZBWT, H-HEmEduhe UTEY L OIEHFHEEN (K 5.11 O
PR IR D F T AN T2 EREM N E 9 5.

3. BERIBERIAORAITONT, TOKME AL UTRE R OFARN (5.1
DI IAFAET DK T DR T IZ DV TEHOES (I 5.12) 25 DR 4
2R L, A N AR O T2 T RS % B L ADE 2.

4. ZOWRT, HREMARERIIOWT, 5 R OB O AR 2 O fE
PEIELTWD DT, ZONMNR/NE BRI FREEDHFINVREERETS. Zh
&, JEIEOWT, R (HEE) e 2o TVWAIREHRELTHWE 2
285,
- %

ZOTORAEITZ2ENTA—REEEOY TN —F VORI HEMIGIED &,

fg = HB—HEE M, var dis = ¥fE R, search dis = #REREMHIE L

EWVD KIRBERIZE S,
12 - DRI ST EBNIE, BUEE FVCB T 2RI F BT ERT2EDTH .
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ressure and precipitation [mm h™1] (016:50)

100.0

39.8

15.8

6.3

2.5

90 30 G 131.0 i 5 2 0 B 5 B 85 1 & I U DTl
GRS ¥ Brapu- (2802) O FIEICE W THERE 3 N7 BT HUD AT (). AR
[RIED DA, 17— XBKS . ZOMPRT LI, NI TIRIZE T 2 JFr 7R KJED

ZENZ K o T, BATHRHD & BARRE R IER IR Z e D95,
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Y

A ++4++-
+H+++4-
+H+++4-
HISSES
+H4++++-
+H4++++-
+H4++4++-
+++++-
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Figure 32.1 The shallow-water model.
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