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TOFEMALEZANEHETH D,

2.2.1 OpenMP ICEAT 3#EIE

ATATIVIEALY RAHZITS Z LM ATEER OpenMP & WD HEREZ EEL TV 5.
COMBERZAMIITZ2010, IV A TV a v THRELRTER LR (Zh
IZDOWTIE, 2.1 2H). OpenMP IZIZW K O BRBEZEMIHEINTH Y, R HEEFET
BIEIZHo - HE2REL THBENRDHD. UTIZARRMZBEELSBOZREHETHD .

ALy RAF O & EES B

$ export OMP_NUM_THREADS=NUM
NUM (21, 542 AL RO % BBIETIRET D.

ALY RWMEHT D T4 X—NAXY VREDIRTE
$ export OMP_STACKSIZE=INT

INT (2%, 7oA NR—NAXRY VEEZ B KB CTEBMETEET L. FHl2IX, INT
M 512000 72272554, 512 MB DN AR W VREL U THREINZZLIZBR 5.

2.3 XA TZ)DFERICH--T

AKIATIVIFHBHIZMHH, V—A2— ROWLZ{T>THWTHWEYA. £/, K
FATIVEMALAZZLIZE>TREL ZBEFEFIHAEE T VHEMLZAVERA. &

“10penMP THRAEI N TV DEREZEBIZOVTI, FlzIE, 1.
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B, KA T7) 2N ZEEY 2R T DBRIE RIS OfENT IS BB o 75 Y
STPK (Version.???; http://www.gfd-dennou.org/library/davis/stpk) % /2] &
KLU THINEZENTH D, /-, 5IHXERE UTRRT 2561, HEEER. 2012.
Fortran 90 BUlf@Etr > 75 1) (STPK) ¥=a7)V] Lk U THITNWEENTHD.

2016 4 3 A 25 H (EHE)
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B3 YIIL—FV—F&

3.1 algebra

BATEA 2 TICHY T —F U,

3.1.1 abst_2d

Hae
2 Rou N7 NIV EE GRS N —F .
X
call abst_2d( x, y, dis )
511
P <R(:,:)> in x HEDNT NIVERST.
y <R(size(x,1),size(x,2))> in y AIRDNRT NIVEST.
dis <R(size(x,1),size(x,2))> inout %l CTOHMEXIE.
E&EN
TV P ERRTREZE I N 2 KIEANRT M r = (z,y) OHNEZFHRT 5.
=3

3 MIENRT NIV Z R T 2 —F .

call abst_3d( %, y, z, dis )
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518
<R(C:,:,:)> in x FRDNRT NIV .
<R(size(x,1),size(x,2),size(x,3))> in y AIEDNRZT NIV
z <R(size(x,1),size(x,2),size(x,3))> in z FaIDRT NIV
dis <R(size(x,1),size(x,2),size(x,3))> inout %l TOHxI1H.
E&EN
TNV NERERTEZRI N/ 3 KGR N r = (z,y,2) DKHMEEZFIHET 5.
=3

3.1.3 dot_prod_2d

BB
2 RITT IV NERERAD B F N TERIND 2 KeRY MVONFEZEEHET ) —
F .
=5y
call dot_prod_2d( x, y, u, v, dot, [undeff] )
511
P <R(:,:)> in x AFEID 1 RT NIV
y <R(size(x,1),size(x,2))> in y AIRD 1 R 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 M TONFELE.
undeff <R> in RAE FH.
E&EN

2 FEEHD 2 RIENRY MV a, b 3T )V SRR T,
a=(z,y), b=(u,0)
CEBINZEE, INS5DONFE - b
a-b=zxu+yv
EBS. INHDEBEIN—F VDGIBOMNIGERIZATDEE) THD.
(z,y) — x5, (u,v) = u,v,

a-b — dot.

R MVDIEGTN 1 DTERERETHDHE, TORTONBHEIIRERL LS.
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w&
Rz,

3.1.4 dot_prod_3d

52313
TN NEFERAD S F R TERIND 3 KGR NVONMEZHETIL—F .
£
call dot_prod-3d( x, y, z, u, v, w, dot, [undeff] )
518
X <R(C:,:,:)> in x HED 1 X7 NIV,
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 JED 1 RT NVAKS.
u <R(size(x,1),size(x,2),size(x,3))> in x HD 2 XT NIVES.
v <R(size(x,1),size(x,2),size(x,3))> in y AD 2 X7 NIVEST.
W <R(size(x,1),size(x,2),size(x,3))> in z D 2 XY NIVRKST.
dot <R(size(x,1),size(x,2),size(x,3))> inout XA TONFEIE.
undeff <R> in HRAE F1H.
E&EN
2 FEEED 3 KL M a, b M T H)V N ERRTI,
a=(x,y,2), b =(u,v,w)
CREBINZLE, ZNH6DOHNME a - b X
a-b=zu+yv+ zw
RS INSDEHEN—F VOFIEDONIGERIIEATOEED) THD.
(x7 y7 Z) H X’ y727 (u’,L)?w) H u? V7W’
a-b — dot.
N7 NIVDERN 1 DOTEREBRBTHDGE, TORTONMEIIRERL KD,
=3
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3.1.5 rectangle_int

Bee
1 RuET—R%ETIBERELZ17S.
=R
result = rectangle int( x, y, bot, top, res [undeff] )
513
x <R,DP(:)> in FE > B RE L.
y <R,DP(size(x))> in W73 BEE
bot <R,DP> in R4 D T Ui,
top <R,DP> in R D L.
HEUOfE  <RrR,DP> inout FH4ME.
undeff <R,DP> in HAE FRMH.
EHEN
EREDOER » & TDOEBIZDONTOB f(z) DFES :
T2
/ f(x)dx
z1
=B ES
N1
> 5 (@ = ze—1) (f (2k) = fl2h-1))
k=2
TEHETS. 22T, N ik ”d_x‘”l Th5.
i\

e undef MFHEINTVDIHE, TOMEZE L D ROMIHIOFIHAEEIEFE L AW,
e bot, top DffilE x THRALNDM T LIZR TV, RREH % kEia#E LT

RLAEDES.
e HT bot < top TARITIUIESZ\,

3.1.6 vec_prod_2d

2 RIGT IV MERAD BB F R TEZRIND 2 e MIVOAINEZ HET DI —

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

518
x <R(:,:)> in X ARID 1 R7 NIV
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 ARIE FfH.

E&EN

2 FEEED 2 RIEARZ MV a, b D57 HIV N ERER T,
a=(z,9), b= (u,v)
CEEINZLE TNOHDHF a x blE
axb=zxv—yu
BB INHDEBEIN—F VDOSIBONIGERIZATOLEE) THS.
(x,y) = xy, (u,v) — u,v,

axb — vec.

NI MVDEIHR 1 DTERERTHLIHE, TORNTONRMEIIRERLBD.
2 Koo VP CHAMERRT 258, TOVHIZERZT D HADKRE I KT DA
FIEIND ZLIZIEET S (intent(inout) A% 1 FHH L ARV DIZ I D/D).

e
S N

3.1.7 vec_prod_3d

BERE

TN NEERDEHE TR TERIND 3 RaR7 MVONREZHE T2 —F .
=X

call vec_prod 3d( x, y, z, u, v, w, vecx, vecy, vecz, [undeff] )
518
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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>

E&HN
2 FEIED 3 RIENRY M a, b BT AV SRR T,

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

CEHBINZLE, INHDHE a x bl

a xb=(yw— zv,zu — zw, TV — YU

in
in
in
in
in
in
inout
inout
inout

in

x AIED 1 RT NVEST.
y HED 1 X7 NIVES.
z JimD 1 X7 NVES.
x AIFD 2 X7 NVEST.
y HED 2 R NIVEA.
z JimD 2 R NIVES.
ZRTO x FMOH .
ZRTO x FRDHFELE.
FRTO x F RO/ EIE.
HRAE FH.

BB, INDHDOEBEIN—F VOGIBONIGERIZUTOLE ) THS.

(r,y,2) — x,v,2, (u,v,w) — u,v,w,

a x b — (vecx,vecy,vecz).

NI MDA N 1 DTERERTH D5, TORTONBEIZRER L 2D

BE
RizkL.

3.2 basis

KIA TV %MBHTE ETHRELRDZIN—FUDI>H, EOEYVa—IEYTIEE

DD T AR AR T H B,

REY =B TFHNELER DY), BUEEBTORDELSIZEZALNTNS.
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a N
type dtime ! BAZAHODHL
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 BB AW B,
=X
result = c2i_convert( cval )
515
cval <C(100)> in g B F
ROME  <I> inout ZHI N EHL
EERN
AV
e
U
3.2.2 c2r_convert
Hae
X % SRR AT 5,
=X
result = c2r_convert( cval )
515
cval <C(100)> in g B F
RYfE  <R> inout ZEHI T
main.tex 2016 £ 3 H 25 H (L&)
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EEX

3.2.3 i2c_convert
BEBE
BB % LRI BT 5,

23R

result = i2c_convert( ival, [forma] )

518

ival <I> in Y D HEEN
forma <C(*)> in R DT .
RYOME <C> inout ZAHLX N7z T
E&EN
2L
=S
2L

3.2.4 r2c_convert

KB % P RUIE BT D,

result = r2c_convert( rval, [forma] )

518

rval <R> in WY 5.
forma <C(*)> in R DI A
ROME  <C> inout ZA#LX N/ F.
E&EN
Ay
main.tex 2016 £ 3 H 25 H (L&)
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(]
L.

3.2.5 rand_make

BAaAREZ HWTREELEZ 28T 5,

call rand make( L, output )

518

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

EERN
RAEGEEE. B85 2, 1ZDWT, Ba,b % HNT,

x, = mod(ax,—1 + b, L)

EWVD LR TREI NS BTN K> THREELEZ KT 7NV T) AL THD, Z
ZTC. LIFEBHTHD, a,b, L, xo (ZDOWTIFEEMENGZENTNEDT, A)b—

F Tl
a=11,b=12

EWSEERA U, F/2, LISEHENLEL T ILEONE +1 OFETRKD
S5,z lFME— M % EHT D728, Fortran DFLAAAREETH % time () BHE %

HWTRLNLRZZ MEEE UTHWS,

B%
2.

3.2.6 counter_day

HEE

FIBHMM SR THETOHBEEZ YV NT 5,
23

result = counter_day( stime, etime )
518
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stime <type(dtime)> in A NEBBOEHH.
etime <type(dtime)> in AUV METOFEAH.
RO <I> inout AUV hINZHEK

3.2.7 counter_sec

FItGH»OR THETORBE DY Y M T 5,

result = counter_sec( stime, etime )

518

stime <type(dtime)> in AV NHBOER HRES R,
etime <type(dtime)> in ATV METOEHHIES.

ROME  <I> inout HU Y NINZFE

3.2.8 time_zone_convert

REIZDWT, ERDORMR LS E L2 SOHRZIRTY, XA LYV — U EA#EIZH

Wa.

call time_zone_convert( factor, itime, ctime )

518
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factor <I> in Z % 47 5 K [hour].
itime  <type(dtime)> in ZHETOEHH.
ctime <type(dtime)> inout ZEHEDEHH.
EERN
2L
e

o BIZIX, JST 5 UTC IZ&#T 554, factor=-9 &£ UT, itime I JST T
DL % AN 2 &, ctime (2 UTC DIFZIARI NG,

3.3 derivation

WA EZERESTHATIN—F VE, KREYV 21— IWHARENT VDI —F
T, IXNTOWAFEIZENT, 2 KEEDOFLEDELZ FAWTHS 2 3HET 5, &
B, iHMliHD AR T B FEHEBOIICENTIX, 1 I EDOENZE LTI LTI
ME2d5,

BB, TRTOL—FVTHONONT WS AT —I)VHFOERBEERTOMEE, FED
JERERIZ BT 2 AT —IVIKFDEHFIEIZOWTIX, 77284,

3.3.1 curl
BEBE
2RI NIV SHREZ AT 5.
X
call curl( x, y, u, v, val, [undef], [hx], [hyl, [ord] )
511
<R,DP(:)> in FFRE—FERE
<R,DP(:)> in TR R

<R,DP(size(x),size(y))> in X AZXIRd HRT M.
<R,DP(size(x),size(y))> in NS SN IS AN/
val <R,DP(size(x),size(y))> inout TR,

4 £ < M

undef R,DP in RAEF#AH.

hx <R,DP(size(x),size(y))> in x HD A — VR

hy <R,DP(size(x),size(y))> in y AFOD AT —)VIR -

ord L in WAFHEDIEE = ANEZ D (i5E2IR).
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EERN
Eb\czlﬁij—é%fg/\ﬁ ]\)l/ (61, €9, 63) 75_’. %OEEE%EF‘JZ*% (.%1,.%2,333) C:j‘SU’é, gﬁﬁ
U7z 2 X7 MVO[EEE curl ZFH T 5 :
1 8(h2U2) 8(h1u1)

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

ZZT, u=uijej; +uses +uges Thh, hi,hso, hs XZENTh x1,T9,T3 WS
AT —IKTTHd, ZDO&E, GBI TONIEE T2,

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

FEIRTD I IR D,
EE

o I 7Y a3V ord IMHEIROE, FAEZNKIEIELIA T a v THY,
.true. : WEHEEME, .false. : [EENIE

ER5, T7AHINMIE true., DF Y, false 2IHET N, ATFDEEZLT
ST L LEIFETHD,
1 [0(hau2)  I(hiuq)

l=—-e3-V =— —
ot €3 o h1h2 8951 81‘2

o REFMEAEHINTVZEAE. TOMKIET B HEAHEF LU A>T
B, TOKT R IUHRT L UTHA L TS KT T O < TRE
BiEE LTREINTEING.

3.3.2 curl_3d

3 RIENRT MVIrD 3 RItiE 2R T 5.

call curl 3d( x, y, z, u, v, w, zeta, eta, xi, [undef], [hx], [hyl, [hz]
)
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511
x <R,DP(:)> in G F R — PERE.
y <R,DP(:)> in AT R R
z <R,DP(:)> in PEEEEY Y
u <R,DP(size(x),size(y),size(z))> in X \ZXIRg 2 RT M.
v <R,DP(size(x),size(y),size(z))> in NS ST RS2
W <R,DP(size(x),size(y),size(z))> in 2 W g BT N,
zeta  <R,DP(size(x),size(y),size(z))> inout x IZX)d 2 [AlHz.
eta <R,DP(size(x),size(y),size(z))> inout y IZXItnd 2 [alHz.
xi <R,DP(size(x),size(y),size(z))> inout z IZHET 2 [AlHx.
undef <R,DP> in HAE FRMH.
hx <R,DP(size(x),size(y),size(z))> in x HED AT —)VIAF.
hy <R,DP(size(x),size(y),size(z))> in y AEOD AT — VI
hz <R,DP(size(x),size(y),size(z))> in z JIED AT — VIR
E&ER
HBWIERTDHERENRT M (e, es, e3) & 6 DIMIFREERE (11, 10, x3) (251D, JHAL
U7z 3 NT MIVODHGEE rot 23RS -
. . 1 8(h3u3) a(hQUQ)
div=V xu= Tl {el { Dirs D23
6(h1u1) 8(h3U3)
T €2 { 81‘3 B 81‘1
O(h O(h
+es (houz) _ (ko) = Ce1 +mnes +§es
8331 aCL‘Q
ZZT, u= uiei +ugses + uges THh U\ hl,hg,hg ti%%%m T1,X2,x3 Lliﬂ‘ﬁﬁﬂ‘
BAT—IVKHRFTHD, ZD& X, 51 8IILLTONIa%ET 5,
x1 X, Ty iy, I3 : Z
up v, U2 vV, U3 I W,
hi : hx, hg : hy, hs : hz
¢ : zeta, n : eta, & : xi.
TN NEFERDEGE, hy =1,hg =1,hy3 =1 THDDT, HHlC
. a’LL3 8u2 8u1 aU3 6U2 8u1
div = €1 {6:132 8173 } + €2 {81‘3 (92131 } + €3 {61'1 6@}
REHETHILIZAS,
5
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o REBMNERINTVDIHGIE. TOEICHIET DEIETRIZASTND
L. TOT2UEE T UTHAL TSI RTTOFRME? T R TERE
FEE U THREINTEIND.

3.3.3 div
BERE
2 MITRT MIVINO R % BT 5.
X
call div( x, y, u, v, val, [undef], [hx], [hy] )
51
x <R,DP(:)> in GF R — B
y <R,DP(:)> in GFR0 TR
u <R,DP(size(x),size(y))> in X RG22 M.
v <R,DP(size(x),size(y))> in NS SN IS RANZ
val <R,DP(size(x),size(y))> inout ¥&HX.
undef <R,DP> in AAEFHH.
hx <R,DP(size(x),size(y))> in x FD A — VIR
hy <R,DP(size(x),size(y))> in y AFOD AT —)VIRF-.
E&ER
HWIZERTLHHEENT M (e, ex) %€ DHIFREIE (11, 20) IZHF D, MU 2
N7 MVOFEER div ZFHH T 5 -
. o 1 G(hgul) 8(h1U2)
div=V-u= h1h2 8%‘1 + 61’2
ZZT, u= uije] + ugsey '(35 U\ hl,hg 6i%7h%?h xT1,X2 6:5@“5&’4‘6 7\/7““)1/
FThd, ZDOLE, 5T TONIEE T D,
1 X, Xy iy, Ul :u Uy V,
hy : hx, he : hy, div : val.
THINEERDEGE., by =1,hg =1 THDDT, HHIZ
. 8u1 8U2
div = 61'1 81‘2
ZEETHZ IR,
e
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o REBMMSEZINTVIHAIE, TOMIET 2 HEIHKTEIZASTVS
BE. TORTZ2UMETE U THBEL TWARBR T A TCOIEMERTRTERE

FEE U THREINTEIND.

3.3.4 div_.3d
BénE
3 RITENY NIV SR E AT B,
£
call div3d( x, y, z, u, v, w, val, [undef], [hx], [hyl, [hz] )
511
x <R,DP(:)> in AR — PERE.
y <R,DP(:)> in AT R R
z <R,DP(:)> in GF R =R
u <R,DP(size(x),size(y),size(z))> in X \ZXIRg 2 RT M.
v <R,DP(size(x),size(y),size(z))> in NS SN IS RANZ
W <R,DP(size(x),size(y),size(z))> in z [ZXIRd 2 RT M.
val <R,DP(size(x),size(y),size(z))> inout F&HK.
undef <R,DP> n HAEHH.
hx <R,DP(size(x),size(y),size(z))> in x FD A — VR
hy <R,DP(size(x),size(y),size(z))> in y A AT — VK-
hz <R,DP(size(x),size(y),size(z))> in z FED AT —)VIAF.
E&ER
Eb\C:lﬁiiﬁ"é%féﬁf\ﬁ ]\}[/ (61, €9, 63) %‘_’%/)EE%%P‘JZ&E% (.%'1,2?2,.1‘3) C:BU’%, 5Eﬁ.
U7z 3 N MVOFI div 25HHET 5 -
. o 1 a(hghgul) 6(h3h1u2) a(hthU3)
dv=Vvou= hihahs or1 T 0w | Oz
ZZT, u= uiei + ugses + usges Tdh U\ hl,hg,hg ti%%%m r1,T2,X3 Lliﬂ‘ﬁﬁﬂ‘
BAT—IVKHRFTHD, ZD& X, 51 BIILLTONIa%ET 5,
r] i X, Xy :y, T3 : Z
upy 4w, uU2 Vv, U3 I W,
hi : hx, hg : hy, hs : hz
div : val.
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THINEERDIGE. hi =1,hs =1,hs =1TH2DT, HEHIZ

8u1 6u2 GU3
= 9z, 01y Ous

HET s LIhB,
f#%

o REHBMEMEZINTVEIHZAIK, TOMEISHIET DEDEFRIZA-TND
Gt TOMTF2LEETE UTHEAL TSR RTOFEMEN TN TRE
B UTREINTERIND.

3.3.5 grad_1d

BEBE
2 ROFULNEDEBE HWT, EEEROA %5183 5.
X
call grad 1d( x, u, val, [undef], [hx] )
515
x <R,DP(:)> in 278 [ AL,
u <R,DP(size(x))> in x DHRIHTEERINDEHL
val <R,DP(size(x))> inout 4&JEE.
undef <R,DP> in HTE FRAH.
hx <R,DP(size(x))> in x HD A — VA
E&EN

JERR (21) IZB 1T D EE ¢ DAL

1 0
hl 8901

TREHIND. ZIZT, h lFz FBED AT —I)VHFTHY, TV NEEDIGE,
hi=1Tdhd. ZDOHEM % HREL ¢;, B X VAL E R 2, | iﬂ/f,mﬁz**
EEDOHFLESEREFAWCTHEAT S &, MRS 2; (BT 240 G; |

1 dit1 — ¢ima

THEIND. ZI7T, h 12 BT AT —IVIAT,

G; =

Ti+1 — Ti—1
d(L'Z':iH_ B !
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Thd. ZOLE FIBUIFLLTOXNIEE TS
T %X, ¢; :u, h;:hx, G;: val.

772U, ZOEMTIREEOIIE N TEREN R <R DT, HE T 1 KIEE
DAEMEUTEHREINS.

(]

o REBMENERINTVDIHGIE. TOEICHIET DEPKETRIZASTND
Gt TOMF2LERKFE UTHEAL TSR TOFEEN TN TRE
HEEUTREINTEIND.

3.3.6 grad 2d

BEBE
2 ROFULNZEMEME FHWT, (EEE O 2 RuGAENRT MV EEETS.
X
call grad 2d( x, y, u, valx, valy, [undeff], [hx], [hy] )
518
x <R,DP(:)> in o — 7 ] e A
y <R,DP(:)> in 58 T 2[R A,
u <R,DP(size(x),size(y))> in Ll % GHE 9 5 25
valx  <R,DP(size(x),size(y))> inout x SMADAKNZT ML,
valy  <R,DP(size(x),size(y))> inout y SiADHEINRT M.
undef <R,DP> in RREFAHE.
hx <R,DP(size(x),size(y))> in x HEOD AT — VAT
hy <R,DP(size(x),size(y))> in y AAOD A — VKA.
E&EN

ST BV (e, e0) THHE TGRS (21,00) KBV S LM £ HHTS -

e Ou ey Ou
d= - — 42—
gra h1 6x1 + h2 8172

ZDOEE, BIBIFBITOMNIGE T 5,

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

main.tex 2016 £ 3 H 25 H (L&)



STPK v=a7J)L S TI—Fr—8 24

THIKNEERDIGE. hi =1,hy =1 TH2DT, BHIZ

rad = % + %
grac = elé)azl 628:1:2
XERTD LI B,
e
o REZBMMERINTVDIHEIEX, TOMEITHINT BMEIHETRIZASTVD

L. TOMT2UEE T UTHAL TSI FRTTOFRM? T R TERE
HEEUTHREINTEIND.

3.3.7 grad 3d

52313
2 ROFULZE L E FWT, ALEEOMANL 3 RocAlil N7 MV EEHET 5.
X
call grad 3d( x, y, z, u, valx, valy, valz, [undeff], [hx], [hyl, [hz]
)
518
x <R,DP(:)> in o — 2B [ A A
y <R,DP(:)> in B8 T 2[R PR,
z <R,DP(:)> in B = 2 A AL,
<R,DP(size(x),size(y),size(z))> in L %GR 2
valx  <R,DP(size(x),size(y),size(z))> inout x HMHODEHFNRZ M.
valy  <R,DP(size(x),size(y),size(z))> inout y AMHDAEENT L.
valz  <R,DP(size(x),size(y),size(z))> inout =z AMDAEKNT M.
undef <R,DP> n HAEHH.
hx <R,DP(size(x),size(y),size(z))> in x FD A — VR
hy <R,DP(size(x),size(y),size(z))> in y AEOD AT — VKT
hz <R,DP(size(x),size(y),size(z))> in z JiED AT —)VIAF.
E&ER

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

rad= G0 €2 0u | e Ou
& a h1 8:1:1 h2 81‘2 h3 8903

ZDOEE, BIEIFBLTOMNIGE T 5,

1 X, X3y, X3 :2zZ, w:u hy:hx, ho :hy, hs: hz
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1 Ou a1 1 Ou al 1 Ou a1
: X, —o— : — z
hl 81'1 v ’ hg 8%2 vaLy, h3 8953 v
T NERERDEGE, hy =1 THDDT, HHIZ
rad = e a— + e Ou +e u
g = €1 o7, 25— 072 35— O3

AT LIIRD,
(]

o REHRMEMNEEHEINTVELEIE, TOMIIHIET BMHEVKEFRIZASTNS
Gt TOMT2LHETE UTHEHAL TSR RTOFEMEN TN TRE
BELUTHEINTRIND.

3.3.8 grad4_1d

BEBE
4 ROHFULNEMEZE AW TEEEZRO LA % FHHET 5.
EX
call grad4 1d( x, u, val, [undef], [hx] )
5181
x <R,DP(:)> in 28 [ AL,
u <R,DP(size(x))> in x DHXETEEINDEH.
val <R,DP(size(x))> inout 4&JEE.
undef <R,DP> in AIEFH.
hx <R,DP(size(x))> in x HD A — VR
E&E

FERS (21) 12351 22580 ¢ DALIE

1 0
hl 81‘1

TEHIND. ZZT, hida BEDOAT—IVHRFTHY, TV NEREDGA,
hi=1Td5. ;@’j@a%%ﬁﬁ& S i, BERAL X NV B A 2, 12 LT, 2 Ok
FEDHULZE T % FIWCE T 2 &, B 2; 128124/ G; 1X

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

G, =
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THEIND. 22T, b 12 2B AT —IVAF,

Li+1 — Li—1

2
Thd. 20X, 5IBUILLFOXINE TS -

dl’i =

T : X, ¢; :u, h;:hx, G; : val.

72720, ZOELTIXEROGIZE W TSIEAN R R DD T, WS TIE 1, 2 X
MR D25 IE L CEIR I NS,

(]

o REHRMMERINTVDILAIK. TOMITHIGT DIHEMEFRIZAS TS
L. TOT 20K UTHAL TSI FRTTOFRMM? T R TERE
B UTHREINTEIND.

3.3.9 grad4._2d

5313
4 ROFUDNZEGERL % FAWT, [EEABOMANL 2 RouBART NV EEHET 5.
X
call grad4 2d( x, y, u, valx, valy, [undeff], [hx], [hy] )
511
x <R,DP(:)> in o — 2B [ A A
y <R,DP(:)> in B8 2[R PR,
u <R,DP(size(x),size(y))> in Ll % GHE9 D 25
valx <R,DP(size(x),size(y))> inout x AMDAFNZ ML,
valy <R,DP(size(x),size(y))> inout y HRIDHKANZ M.
undef <R,DP> in AEFRAH.
hx <R,DP(size(x),size(y))> in x HHED AT —)VINF.
hy <R,DP(size(x),size(y))> in y ARID AT — VKT
E&E

HIERY DV (e1, e2) TEEI N MM (21, 22) 1B 2 LB u £FHT S -

e1 Ou ey Ou
d= 21— 4 2
gra h1 8.%‘1 + hg 83}2

ZDLE, I TOXNIGZE T 5,

1 X, X3y, u:u hy:hx, hs : hy,
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1 Ou a1 1 Ou al
—_— X —_— .
h1 8%‘1 v ’ hQ an vaty
T I NERERDIGE, hi=1,hs =1 THDDT, HEHIZ
rad = e %%—e %
& N 18:51 2(9172

AT LIIRD,
(]

o REHRMEMNEEHEINTVELEIE, TOMIIHIET BHEMVHKEFEIZASTHS
Gt TOMT2LEETE UTHEHAL TSR RTOFEMEN TN TRE
BHLEUTHEINTRIND.

3.3.10 grad4 3d

BEBE
4 ROHFNEDELIE FWT, LEEBOMN 3 RotAAN Y MV EFHHET 5.
EX
call grad4 3d( x, y, z, u, valx, valy, valz, [undeff], [hx], [hy], [hz]
)
E1E=
x <R,DP(:)> in 55— ZE [ AR,
y <R,DP(:)> in o 7 ] R R
z <R,DP(:)> in o5 = 22 W] PR A,
<R,DP(size(x),size(y),size(z))> in L% 51§ 22
valx  <R,DP(size(x),size(y),size(z))> inout x AMODEHENRT M.
valy  <R,DP(size(x),size(y),size(z))> inout y HMHDEHFNRZ M.
valz  <R,DP(size(x),size(y),size(z))> inout z HMHDAEENRT L.
undef <R,DP> in HAE FRMH.
hx <R,DP(size(x),size(y),size(z))> in x HED AT —)VIAF
hy <R,DP(size(x),size(y),size(z))> in y AAOD AT — VKA.
hz <R,DP(size(x),size(y),size(z))> in z JIED AT — VIR F-.
E&EN

%Eﬁf\ﬁ ]\}I/ (61, €9, 63) ’Cﬁ%’%i‘ﬂéfﬁ?%ﬁ (II?l,ZL‘Q,Ig) CZEBH%)'%:EﬁIu %%1‘%?—%) :

rad = €1 0w €2 0u e Ou
& - h1 8561 hg 8332 h3 8:113
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DL E GBI TNONIGE T S,

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

1 Ju 1 1 Ou 1 1 Ju 1
— —— . ValX — — . Va ——— . Valz
hl 81‘1 ’ hQ 8.7)2 ¥ h3 833‘3

TV NERER DG, hy =1 ThH2DT, HifiC

rad = e %—Fe %—Fe %
& a 181‘1 281‘2 383:3

REIEGT BRI IR D,
w&

o REBMANTEHZINTVBIBAIE. TOMITHIET BEIHE T HIZASTND
BE. TORFEUBKTE UTHEHLU TOW AT ETOIHEMNTRTERE
#HE UTHREINTERIND.

3.3.11 laplacian_1d

BEBE
2 ROFDZEDE E FANT, (EEERD 1 RuGES TS5V T7 V%2 itHd 5.
£
call laplacian 1d( x, u, val, [undef], [hx] )
511
x <R,DP(:)> in 29 ] A,
u <R,DP(size(x))> in x DHXIHTERINDEHL
val <R,DP(size(x))> inout 2 FEAJEIHA.
undef <R,DP> in ARIE B .
hx <R,DP(size(x))> in x FMD AT —)VIAT-.
E&EN

JERE (21) W B2 AR u D 2 B ZEHHET 5

laplacian = 19 (1%) _ 1% n 10u 0 <1>2.
hl 61‘1 hl 8.%1 h% 81}% 2 6$1 6x1 h1
ZZT, W EAT—INVRTFTHD, ZDHMN % MEERET u;, B X V72 L& A
W2 UT, 2 TKEEDOFLAEMEMERACTCHEHAT S &, Bl 2 1B 2 77
Z2VT7 VGl
G — 1w+ ui—1 — 2u
"2 dx?

)

: + Geo.
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THEIND. 2T, Geo. AT —)IVIRFDOZEEIMIZEET ZIHETH Y., Hi
1 MO THERINT WD, ZOIEE FABKIZ 2 XEEOFLESEMZE NS, Z
DEE, BIBIITORNIEZ TS :

r; : %X, u; :u G; :val, hy : hx.

B%

o REHRMEMNEEHEINTVDHEIE, TOMIIHIET DEMVKEFRICASTNS
L6, TORTEZUEE T UTHHAL TSI T RTCOFRMEN T R TERE
FBHEUTHREINTRIND.

3.3.12 laplacian_2d

BERE
2 ROFDFES AL E FANT, (EEERD 2 RGEIES TS5V T7 V2 ithid b,
£
call laplacian 2d( x, y, u, val, [undef], [hx], [hy] )
511
<R,DP(:)> in 75 ] e R B — 1 47
<R,DP(:)> in 75 [ AR — 40
u <R,DP(size(x),size(y))> in X,y DEMTEREINDZE.
val <R,DP(size(x),size(y))> inout 2 FEAJALME.
undef <R,DP> in RETAE.
hx <R,DP(size(x),size(y))> in x HED AT —)VIKF.
hy <R,DP(size(x),size(y))> in y ARIDAT — VKT
E&EN

JERR (21, 22) (BT DL u D 2 D 257 TS -

laplacian = L [(‘3 <}128u> + 9 (hlau)}
h1h2 81’1 hl 8351 6:1:2 hg 8952
1 0% 1 0%
" 1 0a? " h30a}
L L ou o (h) L L ou o (h)
Qh% 8931 8:1:1 hl Qh% 8902 8332 hQ

ZIT. hy, hg BAT —IVIRFTH D, ZDHR % JEREE u; 5, BEBAL X Nzl
JFERE 5,y WU T, 2 MO HFLAEDELZ IV THEM Y 2 &, BEBUN 25, 25 12

main.tex 2016 £ 3 H 25 H (L&)



STPK v=a7J)L S TI—Fr—8 30

BIFdITIVTV Gy
L iy F w1y — 2wy 1 Wi+ i1 — 2U

h% dz? h% dzx?

? J

Gij = + Geo.

THAEINS. 22T, Geo. AT —IVAFDEMWDIZE#ETZIEHTH Y., HIZ
1 B TR N TWS, ZOIEE FRBRIZ 2 TKEEOHRLAEAMILE Avnd, Z
DEE, FIBIZLLTOXNIEZ TS :

x; X, ® 1y, Uy :u, G;;:val, hy : hx, hy : hy.

(]

o REBMENERINTVDIHEIE. TOEICHIET DEIETRIZASTND
Gith, TOMF 2B UTHEAL TSR RTOFEMEN TR TRE
FEEUTHREINTEIND.

3.3.13 laplacian_3d

BEBE
2 ROFULFEDELLZE T, (FEERD 3 RuGBiES 7507 V28T 5.
X
call laplacian 3d( x, y, z, u, val, [undef], [hx], [hyl, [hz] )
511
x <R,DP(:)> in 22 [T A R — F A
y <R,DP(:)> in 2 ] R AL — B
z <R,DP(:)> in 75 ] JRE R 2 = 47
u <R,DP(size(x),size(y),size(z))> in X, v,z DERTCEEREIND LR
val <R,DP(size(x),size(y),size(z))> inout 2 FEAJEIE.
undef <R,DP> in FRAE F2H.
hx <R,DP(size(x),size(y),size(z))> in x JialdD A — VK F.
hy <R,DP(size(x),size(y),size(z))> in y AFAOD AT — VKA.
hz <R,DP(size(x),size(y),size(z))> in z Fmd A —I)VRF.
E&ER
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JERR (1, 22, 3) 1S5 T BEE u D 2 BN 2FHT S

laplacian = 1 0 (hahs Ou +i hshy Ou. +i hihg Ou
P  hihghs [0z \ b Oz Ozs \ ho O dz3 \ hs Ozs

1 0%u 1 0%u 1 9%u
1 du 0 [hohs\? 1 du 0 [hshi\? 1 du 0 [hho\?
2h%h§8m8m( In ) %%ﬁ%@mxz( ha ) 2h%h%8xs8xs< h3 )
ZIT. M EAT—IVRTTH D, IO EMEERER u; i, HEEUE X A7 AL RS
By, @y, xp (O UT, 2 ZAGEOHLAEDEM 2 HIWCEMN T 2 &, MU 24, 25, 2
BT TTIVT VGl

d:zi

Uil gk + Wim1k — 2k | Uik + Wij—1k — 2Uijk

+
dm% d:z:?

Gz’,j,k = + +Geo.

TEHREINS. 22T, Geo. AT —IVHAFDZERMMWSIZE#EGTZIEHTH Y, HIZ
1 B TR N TWS, ZOIHE FRBRIZ 2 ZEEOHRLAEAmTME  Avd, Z
DEE, FIBIZLLTOXNIGZ TS :

Tt X, ®j 1y, Tz, Ujgk :u Gijr:val, hy :hx, hg : hy, h3: hz

(]

o REBMMERINTVDHAIE. TOMEICHIET DEPEFRIZASTND
Bié. TORTEZUEE T UTHAL TS E T RCOFRMEN T R TRE
FBHEUTHREINTRINSG.

3.3.14 z_2_zeta

TV S AR R E S FE PRI R 692 terrain following MEFER (BAF, terrain &)
BRTE R A SR D B . WIBRI AL IE IR AL L 2R,

=X
result=z_2 _zeta( z, zf, zt )
518
z <R> in Hb ST L [m].
zf <R> in M FR = A [m].
zt <R> in B b e [m.

FRYUfE <R> inout terrain R [m].
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EER
terrain SRR RS ¢ 1T AV D REREEAE 2 % FIVWT

Ztop [Z - Zsfc(xa Z/)]
Ztop — Zsfc(xy Y, Z)

C(z,y,2) =

3.3.15 =zast 2 w_2d

terrain following JERER (BAF, terrain 58) TEHEINDIHD 1 HEEIZH VT,
TV SRR TER I NDINEEE % terrain following FEFER TREHZ I N HE
JEGEIZEH T B, 72720, I TIREBERDOEBRIZITHDRN, H< ET terrain R
DT RIZBEIT DT 7V NEREREE % terrain SRR ICEBT DDA TH D, &K
I—F 2 iE terrain R FREICERZRINZT AL MEERRZEKSD %= terrain F
BERDICERTIN—FTHD .

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

X <R(:)> in T AV REE— AR

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

zeta  <R(size(x),size(y))> in terrain ROTE 1 /8
BT BHEEE [m].

zf <R(size(x),size(y))> in MR S [m)].

zt <R(size(x),size(y))> in i B [m).

<R(size(x),size(y))> in zeta ([ ZXFIH 9 2 BRPEJEGE [m/s].
<R(size(x),size(y))> in zeta (IR Ind S FE AL EGE [m/s].
<R(size(x),size(y))> in zeta (ZRI 9 2 80 1EEHGE [m/s].
wh <R(size(x),size(y))> inout ZEHEROIETE [m/s|.
undef R in R AE FHH.

EHER
AN —F IR BN T AV MR DA EFE L TWD, SHILR T E,
terrain /A& EIZBEWT, TNV MNEERTEHZEINTWVDHPE, mik, hiEE

TEBINTVIRTEEE EHINTVBEIRNY MNUED DRERERNEIL > T WS I L ITEE.
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HE (u,v,w) & U, terrain RIZH D EEREEE (LT5d. DL E, THIVNE
EERDSNEJEHEE /T % terrain RENEEGEE ST W ITEHT B ITIZLTD & 5 B £ #

XNz HND )
W= =i [w Jsru+ Js20],
oz = 92y Zspe(®,y)
= 8C Ztop )
J315<C _1>8’Z‘9fc(x’y)7 J325<C_1>6Z3fc($’y)'
Ztop ox Ztop dy

Z 2T, terrain RENEFEE C IX

Ztop [Z - Zsfc(x7 y)]

Ztop — Zsfc(x, Y, Z)

LEHEIND, ZIT m,y,2 RTHN NEER. 2ip, 2epe RTNTNT AL B
FEDERE S FE Ik B, HIRMEEE2 RS, ZOLIEBEOTOITILIETD
FIBULA T O IG%E T3 ¢

C(‘/L‘7 y7 Z)

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

Zspe(x,y)) + zf(size(x),size(y)), 2up @ zt(size(x),size(y))

(]

o EHRROUIITAERIIBI,

o REFMEMNERINTVZHAIE. ZOMIHIET 2 EAMTAUT A>TV S
B, 7 OMT RIS T 2 UTHAI LTV 38 T O ATk
Bl LTREINTEING.

3.3.16 zast 2. w_3d

terrain following JEfSER2 (LAF, terrain 52) TEZEINDIHD 1 HEBIIH VT,
T 7V N EEREATE R I NDIERE% terrain following FHEFER TEHE X N5 HE
ORI B, 72720, T2 TIREBERDOEBRIZITHEZ N, H< ET terrain R
DT BT DT )V NERREE % terrain RKDICEWMT DDA TH D, &
I—F V& terrain R FREICEZINAT AL MEZERBEERND % terrain %
BERD ICERTZIL—FUTHD 2

£
call zast 2w 3d( x, y, zeta, zf, zt, u, v, w, wh, [undef] )
LEHEINTOVDIRFEEL EHZINTVDERY MVERDOEBERNRL >TWD Z & ITHA.
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518

X <R(size(zeta,1))>

y <R(size(zeta,2))>

zeta <R(:,:,:)>

zf <R(size(zeta,l1),size(zeta,2))>

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

wh <R(size(zeta,1) ,size(zeta,2),size(zeta,3))>

undef R

EFEN

in
in
in
in
in
in
in
in
inout

in

T AV N R R,
TV R TR,
terrain ROMEFHE [m
M S [m].

B B [ml.

zeta (2RIt g 2 BRPE L2
zeta ([ ZXFI 9 % FE ALJEE
zeta (2RI Y 2 80 1E 2
ZE 1% D IEEGE [m/s]
R RE .

RN—F VAT ARIET 7V N EEROBEBE LTV S, SRIEETE,

terrain R F A EIZEWT, T AV NEERTERINT WD HPE, mik, $hiEE
W% (u,v,w) & U, terrain RIZH T2 HEREREE (L Td. ZDLE, THI M
EERDNEJEGEE /) % terrain RENE GRS WAL T BT NO & 5 B2 #
ANEHWD :

W=—— [w + J31u + J32’U] ,

al/2? = % _q_ Zsfe(,y)

¢ Ztop
J31 = < ¢ —-1) Qfﬂﬁiﬁiy), J3o = (C:__1> Ozspelx,y)
P

Zto

Z 2T, terrain RENEHERE C 1

Ztop |2 — Zsfe(,y)]

Ztop — Zsfc(x7 Y, Z)

LEHIND, TIT. 4,y 2 BT AV NEEER, zips 2spe RENENT RV b
EEOSNE f e FzE B, MIREEEZERT, ZOLIEBEOTOT I LIIEIT2
SIBUIA T O %95 ¢

C(x,y,2) =

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

B%

o EHZADEHIINEX??7SIA.

o REBMMERINTVDHAIE. TOMEICHIET DEPETFRIZASTND
Bt TORT 2T UTHHAL TSI TR TOFRMEDNT N TRE
FEE U TREINTRIND.
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3.4 ellip_slv

R RRM D HREREZHETLZ2EY 2—)b, BUE, 2, 3 RoeT WV MNEERIZE )5 —
PR 2 ke T BRI D R R DO KEERIZ L 2 H BN —F V2 R—h LT3,
BE, KEVa—IVTHHAINTWSEREE - BELIZOWTIE, 5.1 21,

3.4.1 Ellip_GauSei_2d

A A A Tk (BRIKEE) 2 AWT, 2 RocDEHRIIER R 2 BRI R
HRAZEHETLS. AV —F VIINHHEBITEEORERESEZ ELLATELEE
FTEHIENABETHD. TOLIRHBEZTOHEIEA T Y 3 V58 inner bound
ERETDIL.

call Ellip GauSei 2d( x, y, rho, eps, boundary, psi, &
& [bound opt], [al, [bl, [cl, [dl, [el, [f], &
& [undef], [inner bound], [init flag], [1n] )

518
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X
y

rho

eps
boundary
psi

bound_opt

undef

inner_bound

init_flag
1In

EEN

<R,DP(:)>

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

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

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

<L>
<I>

n

in

in

n

in

inout

n

in

in

n

in

in

in

in

in

in

TR — AR,

A TR TR
FEFAXGRREARORHIH ($2d)
RAGEDOW ARG (k) .

4 ADBREGM % 522 (k) .
BTV VDM,

R TOME (#BiR) .

TIANK  FTRTCEA.

1 (k)

FTI7AINDE  FRT 1.
I 2 (k)

FTI7AINbN T RTYO.
¥ 3 (#8ak)
TIANDN : TART 1.

R4 (i)

FTIANDN  FARTEO,

B 5 (k)

T ANDN FARTEO,

R 6 (2ik)

FI7AIE T RTYH.
WERTEI D (F23dk)
F7A)N b YO,

PR SE S B (fh%)

FTI AN I RTCEA.
InEEEn Ty a0 (k) .
A (k).

RODRMEZ p & Uice &, UTFORMA GEXZEHET D,

82
(l(l’, y)%"‘“% y)

ZOLE SIBIFLTNONIGE T S,

a

Y 9% o O
Tz :%xX Yy :y, p:rho, 1 : psi.
a, b:b, ¢c:c, d:4d, e:e f:f.

BH, BRI A, BRSO FE RIS RS,

e
o EFXIREIE p B LU, fIFEHHEETATIIOVWTY DL RETD L, 77
FASRERNZEHE TSI EITHYT B,
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o SR T ANTIZIONWT, feE¥ReiETd L, fMATY VARXZERT
WY 9 %,
o HEMHITARTIZONT, p2E¥RERETDHE., NVARILY HEAZFE
THILITHYT S,
o KN —F VOUHRSEMIE, KIED 1 AT TRt TOMN R DR KAE A FMH
UFRIZB 1 ZJICHBEZKTTEDIHRELTBY, A7V avi[ M eps
T DREDHEZFET D,

o AI—F VT, 4 ADERFM%E
1 EEmER (T V2V, 2 0 AlimsER O, 3 AR M

LV 3HEHEOBMFTHRETDLILNTES, ZIT, o7y a Vil
bound_opt X E L THIHE, TOMTHERAZMHTE I LNTED (EE
AlE. BIBOMETDOEDRHNON, HHmEOSEIK, B2 ER AW
mm%77/7l®ﬁ8b1mﬁ®ﬁﬁﬁm5M6o%B%h\ﬂﬁhﬁf
ZOMEIFFHRELTEKBINEN), ZO58IF 4 XFOXFEMTHY, Th
THNDIEFIEK 5.1 £D &S 25 nzE LT\,

o NIMEMIFHMIIHETE DN, AMBERASMZRELZHE. TOBFIIEE
g 2 O DOBERE [ — DR ZMOMEZFHE L TENRITNIER SR,
Bl 2, o W EAT RS %2 RIESR & 5D THh AL, boundary D 1,3 X
FHIZ 3 TRITINEER SR, TOEIIIINTHRWVWGEIZIE, =7 —%
B ARRIZ ST,

o BEIREE LN H DA, bound_opt THEINDMEDSH, BER EIZlF
T 2EAEFE S O 2L T, EEHOBEIET O % EHEEH T O
L UT. HHmOLEI

oY
oz

EWOBEREZMTHDGE. fg DIEIHY TS, DD, ZoATvavic
BPVT, EBIZV—F UV TRIFEAEDESBHEHINZNZ LIRS,

o BIRDMIZE T 2 BERSM OERIEAIE, FESER (1), AEER (3), HHbE
H(2) DIEFEL 72> TWWd. DF Y, bound(1:2)=12" LHEINTWDHH,
MAICET 20 =1,7 = LIZEEER (1) THHEINDS (2 THREINDIH
HHES & ) BIRERE N 20).

o (RN HRERDEBIEEDEE LT a, b, ¢, d, e, £ THDW, TDOMEZEW
T, mEPEOWMAEE FITRIBEIZT AT 1 ICHREI N, T
TEOIEREINDS (§4abb, ATV VARKRDERLERS), 2L, &
HBEOMOEHETFETYRICERETD &, ARAMVFRRAICRY, ZDOHET
WHITREHRADETII RS ZRE72ODEETH 5,

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

o _

f7 8y
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o Rt FFERDREIIEMZI L CHBLETEHEE T I LIFWETH Y,

ZEIME F DN E PR TR WG A TEEIRIEZTEETH 5.

5120 undef IFWNEBFIKICKRERIB L SLLAIC, REZRTOREIIN LTS
ZHND M.

5144 inner_bound (FHEFMEFIZOWT YO THRVME, /- NHREFRIBIZN U
T10 EWIOERERZONE. 2—F— I D5 ERET D Z LT, NERMEE
AERDOIDB U2 REHRBEZGATEHRETHIIENTES. BEAMIZED &
DBBHRTED LD B G A B MNIIDVWTIE, 5.1 22

S init_flag IF518 psi 2 WIS DIHIHHET 2N E S DT 5 I TH
Y, true. QXX ML EITS. T AN NI true. &2 D, T, &
HINZ psi DA D DREEIEDZFIFEL L TN, KEFHE T 5 mE D
BABBDIENLEEAHD T ZTTHD. 12720, WEDIGNH L FEETH
I NDIGERIITISE DG WO > TOBIREN S UER L -IREDIRE %
KDDL Vo ZREMRIGEIZUD, false. IXEIZAWVIES DAL,

G188 1n I FPCRHIE SR eps DEIZERA S, In FIREZBVEZI L5, 8
I T U, KER TR TOIRED R %KY .

Ellip_Jacobi_2d

Y aEEEFWT, 2 ReDOEMRIIER R 2 BRI D HER %5584 5. OpenMP
2 & B AFNBRA AT HE. A —F VIENEESI AT R DR EHZ B Z LG ETHE
BHILZENTARETHD. TDOEORHEZITIGEIIA TV 2 V58 inner bound

ERETDHI L.
=X
call Ellip_Jacobi_2d( x, y, rho, eps, boundary, psi, &
& [bound opt], [al, [b], [c], [d], [el, [f], &
& [undef], [inner bound], [init_flag], [1n] )
511
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TIANK  FTRTCEA.
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FTI7AINDE  FRT 1.
I 2 (k)

FTI7AINbN T RTYO.
¥ 3 (#8ak)
TIANDN : TART 1.
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FTIANDN  FARTEO,
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T ANDN FARTEO,

R 6 (2ik)

FI7AIE T RTYH.
WERTEI D (F23dk)
F7A)N b YO,

PR SE S B (fh%)

FTI AN I RTCEA.
InEEEn Ty a0 (k) .
A (k).

RODRMEZ p & Uice &, UTFORMA GEXZEHET D,

82
(l(l’, y)%"‘“% y)

ZOLE SIBIFLTNONIGE T S,

a

Y 9% o O
Tz :%xX Yy :y, p:rho, 1 : psi.
a, b:b, ¢c:c, d:4d, e:e f:f.

BH, BRI A, BRSO FE RIS RS,

e
o EFXIREIE p B LU, fIFEHHEETATIIOVWTY DL RETD L, 77
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o SR T ANTIZIONWT, feE¥ReiETd L, fMATY VARXZERT
WY 9 %,
o HEMHITARTIZONT, p2E¥RERETDHE., NVARILY HEAZFE
THILITHYT S,
o KN —F VOUHRSEMIE, KIED 1 AT TRt TOMN R DR KAE A FMH
UFRIZB 1 ZJICHBEZKTTEDIHRELTBY, A7V avi[ M eps
T DREDHEZFET D,

o AI—F VT, 4 ADERFM%E
1 EEmER (T V2V, 2 0 AlimsER O, 3 AR M

LV 3HEHEOBMFTHRETDLILNTES, ZIT, o7y a Vil
bound_opt X E L THIHE, TOMTHERAZMHTE I LNTED (EE
AlE. BIBOMETDOEDRHNON, HHmEOSEIK, B2 ER AW
mm%77/7l®ﬁ8b1mﬁ®ﬁﬁﬁm5M6o%B%h\ﬂﬁhﬁf
ZOMEIFFHRELTEKBINEN), ZO58IF 4 XFOXFEMTHY, Th
THNDIEFIEK 5.1 £D &S 25 nzE LT\,

o NIMEMIFHMIIHETE DN, AMBERASMZRELZHE. TOBFIIEE
g 2 O DOBERE [ — DR ZMOMEZFHE L TENRITNIER SR,
Bl 2, o W EAT RS %2 RIESR & 5D THh AL, boundary D 1,3 X
FHIZ 3 TRITINEER SR, TOEIIIINTHRWVWGEIZIE, =7 —%
B ARRIZ ST,

o BEIREE LN H DA, bound_opt THEINDMEDSH, BER EIZlF
FET2EAEFE ™ O 2L T, FEEHOBEIET O % EHEEH T O
L UT. HHmOLEI

oY
oz

EWOBEREZMTHDGE. fg DIEIHY TS, DD, ZoATvavic
BPVT, EBIZV—F UV TRIFEAEDESBHEHINZNZ LIRS,

o BIRDMIZE T 2 BERSM OERIEAIE, FESER (1), AEER (3), HHbE
H(2) DIEFEL 72> TWWd. DF Y, bound(1:2)=12" LHEINTWDHH,
MAICET 20 =1,7 = LIZEEER (1) THHEINDS (2 THREINDIH
HHES & ) BIRERE N 20).

o (RN HRERDEBIEEDEE LT a, b, ¢, d, e, £ THDW, TDOMEZEW
T, mEPEOWMAEE FITRIBEIZT AT 1 ICHREI N, T
TEOIEREINDS (§4abb, ATV VARKRDERLERS), 2L, &
HBEOMOEHETFETYRICERETD &, ARAMVFRRAICRY, ZDOHET
WHITREHRADETII RS ZRE72ODEETH 5,

= F N bound_opt (1,:), bound opt(size(x),:), bound opt(:,1), bound opt(:,size(y)) IIF
EXINTWBEDZ &,
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o Rt FFERDREIIEMZI L CHBLETEHEE T I LIFWETH Y,

ZEIME F DN E PR TR WG A TEEIRIEZTEETH 5.

5120 undef IFWNEBFIKICKRERIB L SLLAIC, REZRTOREIIN LTS
ZHND M.

5144 inner_bound (FHEFMEFIZOWT YO THRVME, /- NHREFRIBIZN U
T10 EWIOERERZONE. 2—F— I D5 ERET D Z LT, NERMEE
AERDOIDB U2 REHRBEZGATEHRETHIIENTES. BEAMIZED &
DBBHRTED LD B G A B MNIIDVWTIE, 5.1 22

S init_flag IF518 psi 2 WIS DIHIHHET 2N E S DT 5 I TH
Y, true. QXX ML EITS. T AN NI true. &2 D, T, &
HINZ psi DA D DREEIEDZFIFEL L TN, KEFHE T 5 mE D
BABBDIENLEEAHD T ZTTHD. 12720, WEDIGNH L FEETH
I NDIGERIITISE DG WO > TOBIREN S UER L -IREDIRE %
KDDL Vo ZREMRIGEIZUD, false. IXEIZAWVIES DAL,

G188 1n I FPCRHIE SR eps DEIZERA S, In FIREZBVEZI L5, 8
I T U, KER TR TOIRED R %KY .

Ellip_GauSei_3d

HI AT A FINiE GERAGHE) 2 HWT, 3 ReDRHBIIEFR R 2 MBS IR D
HERXRZEET S, AV —F VIIWNEEBIEEO R E HZHEEZ GO ETEHHEA
FTRIEWNARETHD. TDLOBHEZITOIGEIFA T 3 V5[4 inner _bound

ERETDHI L.
=X
call Ellip GauSei_3d( x, y, rho, eps, boundary, psi, &
& [bound opt], [xal, [yal, [zal, &
& [al, [b]l, [c], [d1, [el, [£f1, [gl, &
& [undef], [inner bound], [init flag], [1n] )
51¥
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DL E GBI TNONIGE T S,

(]

o EFNGEGIH p BLU, g IFFHBEFLITAATIIODVW T REFEET DL, 77
FATBEAZFHETL I LITHYT S,

o ARMEBTRTIIDOVWT, g2 ¥ ETd L, MATY VAR ZHET
52 LICHYT B,

o FMEAHITRTIZOWVWT, p2¥REHETD L. ANVLBILY e % E5E
T5HILIIHYT 5,

o KI—F VOPKREMLZ, KED 1 AT v THi#E T DM FEE O B KRAE A BRE
URIZRS /e FIZEHREZK T T2 EDIZERELTBY, A7V 3 Vi[# eps
X T DRAEDHEZRET D,

o KIL—F VT, 6 HDERFM%

1 FEEmEE (T V2 VR, 2 0 AlmEER (A~ 2R, 3 A S

VWD 3FEHOBFTHRETDIENTES, Z2T, JloATYa Vil
bound_opt % i%E U CTHIHE, TOMETHEAZ@EITLZ LN TS (FHEN
DEGEIE. BIBOMETDEDPHCON, HHIEOEEIE, B2 EE AR
Hd 777 ADMEE UTHEOENMEIHINE, bAA, AMERTIE
COMEIFHEELTERBRINGZN), ZO8I8IE 4 XFOXEMTHY, Fh
ZTNDIEFIXK 5.1 HD & S Btz LTwd,

o BIRSMIZEAMIZERETE SN, MBI REMt 2% E LG E, TOBERIZEE
Bt o OO BE R Al — DB DOME % 3% E U TENR T IUEZR SR,
Bl ZIX, ¢ AT AR R & B R L § 2 D THNIE, boundary D 1, 3 X
FHIZ Y THRINERSBY, TOEIIZINTHARVEAIZIE, =7—%
W HRRIZ R > T WD,

o HFRMEE A H DS, bound_opt TREINDED S B, B EITIF
TE$ BEHESE ™ OMEZ ST, BEEROEEI%T Ofil % EHE & 5T Ol
L UT, HHImOEE I,

oy oy oy
or s 87y =9, 92
EWVWOBERZMTH %G, f,9, h DEIZHYTD, 2ED, ZOATVay
IZBEWT, FEIDV—F Y TRIZFL A L OEHIDFHH I NRNZ 2 LR 5,
e N bound_opt (1,:), bound opt(size(x),:), bound opt(:,1), bound opt(:,size(y)) IT&%
EINTVBEDZ L,

h
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BR OB 2 BER M OBIEIEN 1F, FEESR (1), AR (3), HEE
F(2) DIEFRLZ>TWD. DF Y, bound(1:2)=12> EFEINTVDHA,
MAIZETSM =1, = LIFEESER (1) THAEINDS (2 TREINDH
HBES & O B RN 72 D).

RS AREADE BB DOMEEZ KT xa, ya, za, a, b, c, d, e, f, gTH
LM, ZOEEEKT D L. mEEOMAEE IR BREITTART 11T
I, TOMFTARTEOICEREINDS (TG, MAT YV ARRDFE
ERB), ZhE, mREBOMAHAE FETEDICRET D L. HREAV R
RIZBY, ZOHETUHIRESLEROETIE RS R -ZODDHEETHD,
RS HRRRNDBREIIEMZL L TV RIGETEHET DI Z L IFARETH Y.,
2B T RV ERIRBE TR WG A TEEBEILTRETH 5.

5% undef IFWHMHBICRE R 2 EOHE 0, RERETOIREIIHULTE
ZHbND1HE.

51#4 inner_bound IXBEFUEFIZOWTE O TRME, F/2NERRE BRI L
T10 EWIOERERZONE. 2—HF—ZZDFIERET D Z LT, NERMEE
RO U - REHR B2 G ATERTLIIENTES. BERMIZED &
DBBFRTEDE D BMEZ G ZDMMIDNTIE, 5.1 224,

S8 init_flag IZ518 psi 2 AL DIZHIHHET 2N E S DT 5 I TH
Y, true. QL X, ML EITS. T7AINDME true. &R D, T, &
HNZ psi DARAN D BDIREIEDHIZHL L TN, KEEHE T 2 [RIEH A
BRBDIEDOLEBEIHD T ST THD. 12720, IWEDLGHH DFEEFH
INBGEREIIIEE DGR DN > TNBIRENS D UER U IIREDIRE %
KDDL NS ZREMNRIGEITUD, false. IFEIXBRWIZED AL,

G180 1n (FPCRIE S eps OMEIZERA S, In FIREZHEVEA LS, Ml
HIICHE T U, RER TR TOIRED M %K.

Ellip_Jacobi_3d

YaviEkE T, 3Rt DEMEIERR 2 BRI S HEX%E5HE 4 5. OpenMP
2 & B AFNIRA T HE. A —F VIENEREISI AT R DR E R Z2 L6 THE
HITDIENABETHD. TDEOBHEZTOLEIXA 7Y 2 5[4 inner bound

ERETDHIL.
£
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], [1n] )
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515
<R,DP(:)> in AT RE— R
<R,DP(:)> in TR R
z <R,DP(:)> in TR =R
rho <R,DP(size(x),size(y),size(z))> in FEFRAERDOEGIE (#id) .
eps <R,DP> in RAZEDPR M (1R)
boundary <C(8)> in 8 MODEFFEMEH 25 (f&ik)
psi <R,DP(size(x),size(y),size(z))> inout H7 YV ¥ HFEXDfE.
bound_opt <R,DP(size(x),size(y),size(z))> in BERToE (k) .
T AN FARTER.
xa <R,DP(size(x),size(y),size(z))> in R (Faak) .
FTIAINE  TART .
ya <R,DP(size(x),size(y),size(z))> in BRE 2 (k) .
F7A)N  TRT L
za <R,DP(size(x),size(y),size(z))> in RE 3 (1) .
TI7ANN FAT L.
a <R,DP(size(x),size(y),size(z))> in B4 (k) .
TI7AIE 1 TART L
b <R,DP(size(x),size(y),size(z))> in R 5 (faak) .
TI7AIE s gRTED,
c <R,DP(size(x),size(y),size(z))> in R 6 (18ak) .
TI7ANN AT
d <R,DP(size(x),size(y),size(z))> in BRI T (F8ak) .
FTI7ANDN FRTEDO.
e <R,DP(size(x) ,size(y),size(z))> in RE 8 (k) .
FTI7AIE s FgRTED,
f <R,DP(size(x),size(y),size(z))> in B9 (1) .
TI7ANE FARTED.
g <R,DP(size(x),size(y),size(z))> in RE 10 (#&ak) .
FI7AINN TRTYO.
undef <R,DP> in WERSEI D (F23d)
T AN .
inner bound <I(size(x),size(y),size(z))> in AL I SR B (8% )
TIANN FRTED.
init_flag <L> in I6EZ O TN o0 (1%
1n <I> in AR ().
EER
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RODRMEZ p & Uice &, UFDRMA GEXZFHET D,

0% 0?1 0% 0?1 0% 0%
X(,y,2) 55 +Y (2,9, z)—ayz +2(2,y,2) 55 +alz,y, Z)aa:ay + b(z, y, Z)ayaz +e(z,y,2) 5o
o oY oY _
+d(x7y7 2)% + €($7y7 Z)aiy + f(l’,y, Z)a + g(xa Y, Z)w(xa yvz) - p(xa Y, Z)'

ZDLE, I TONIGZE T 5,

(]

o FEFIRHIIE p B& U, g EFHHEEBIARTIIOVWTEOLHETDE, 77
FAHMREZFHETLIZ L ITHYT 5,

o FHEMHI T RNTIZDONWT, g2 ¥ OeHETDE, MATY VUV ARAEZEAET
52 EIZHNT S,

o HAMETANTIZONT, pa O e&HETDIE, NVAFLVY HRERNEFHE
TBHZLIZHYT S,

o AN —F YV DIKEMIL, KIED 1 AT v TRk TOM 74 O Al A
PURIZBR- /e FIEHEZKRTT2EDIZZELTHBY, A7V a Vi eps
X DRAEDMEEZHET D,

o K)—F VTl 6 HDOEERZM%

1 EEWEER (T V2 VR, 2 - AlEmEER (A~ 2 mR), 3 AR

VD 3TEHOBRT THRETDZIEMNTES, 22T, HlOATY 3 VEIHK
bound_opt Zi%E LU CTHIFX, TOMTHEAZ@EEITLZ LN TESL ([EHEN
DG, SIBOMEZOEDORHNLN, HHEuEOB G, R % ER A I
Wd 77w 7 ADMHEE UTHIBOENMEHING, ©bAA, AR TIE
ZOMEIEERELUTEKBINZ), ZO58E 4 XFOXFITHY, Th
THNOIEFIXK 5.1 5D &S 25 nzE LT\,

o BIRARMIIBAMIIRETE LM, FAMBERARM 2R E LG, TORFUIEE
g 2 O DOBERE [ — DR ZMOMEZ T L TENRITNIER SR,
B2, o BT R BER % FESR L 2D THNIE, boundary D 1, 3 X
FHIF Y TRINERSR, TOEDITINTHRVWEEIZE, =7 —%
B ERRIZR > TS,
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o BiStANEE A H i D555, bound_opt TRREINDMED S B, Bt LITIE
{65 B BAUBESR 0 OIEBIU T, BEIMOBIA ST O & HBEEHCOM
& UT, HHEImDLGEIX,

o _ W

%Zfa 872/ 9, 82

EWVWSBIREMTH DG, f,9.h DIEIHYL T2, DFD, ZOATVay
WZBEWT, EBRIIV—F U TIRIFE A EDRFIDMEHINBRNZ LIRS,

o IR DIBIZE T 2ERLMOBLIAN %, FEBR (1), AR (3), Bl
B(2) DIEFELZR>TWVWS. DF Y, bound(1:2)="12> LFHEINTVIHE,
MG i =17 =11REEER (1) THEINDS (2 TREINDSH
HS & D ERENE VD).

o R HEADKMEDIEE KT xa, ya, za, a, b, c, d, e, f, g TH
M. ZOMEEART DL, BEPEOMNHE IR REUXTART 1 ICHE
TN, TOMIZTRTEDIEREIND (TRDLL, MATY Y ARADFHE
ERBD), INX BEEEOMAHEETEITEOICRET D &, AEADFR
RIZBY, ZORETUHIARE SRR TII AL R -ODHETDH S,

o TR HERDBEUIZRZILL T DIGATEHE T I LIZTWRETH Y,
22 S T R VR PR B RE C WG A T BEIXRETH 5.

o 5% undef IFNHFUHIRERE 2 GLEE I, REEHTOIREIINLUTE
ZHbNb1E.

e 5# inner_bound IFEHMEFIZOVWTY I THRUVME, F/-HHREZITL
T10 WO ENEZO5NG. 2—HF—IZZ DRI HEHRET D Z & T, NERFHEIK
AEREOEDH U REHE B2 5ATEHRETIIENTED. BERMIZED &
DBRMATED LD %R 5 R 2DV TIE, 5.1 22|,

o FI¥ init_flag 515 psi 2 RMNICETIZWIULT 2R E S 1D T 57 TH
Y, true. QL X, ML EITS. T AN BME true. &R D, T, &
N psi DA D DFEEISE DML TOIUE, KEFHRE T 2 [150hA
BBDZIEMOEBUAD T 7 THD. 12720, WEDE»H DEETH
XNDIGERIISEDIGRDON > TODIREN S UER U IIREDINE %
KDz WS LREHRIGEIZUD, (false. IFBIZBRWVIED DLW,

o G 1n IFIRHIESM: eps DEIZERAL, In FIKEZVEZ LD, 18
HIRNZRE T U, KIER TR TOIED S % KT

3.5 ffts

FFT (@ 7 — V) T8 2T 2 ) —F V& FFT FREOFEMICIOVTIE, 77 2.

i F N bound_opt (1,:), bound opt(size(x),:), bound opt(:,1), bound opt(:,size(y)) IT&%
EXINTWBEDZ &,
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3.5.1 c2r_fittp_1d

BERE
1 RIGEBT—KD FFT WE#%Z175,
£
call c2r_ffttp_1d( nx, a, b, [prim], [prim fact], [omega fix], [omegan fix]
)
5%
nx <I> in T — X DL
a <CP,CDP (nx/2)> in BEERBE MR T— 4.
b <R,DP(nx)> inout FEHEMET— XK.
prim <C(1)> in KB fE (k).
o) =R D, x? =AU,
prim fact  <I(5)> in FKNBEEE (#2ik),
omega fix  <CP,CDP(nx/2,nx/2)> in 2,3,5,7 A D RN T D
MR 75 (F2ak),
omegan fix <CP,CDP(nx/2,nx/2)> in A7) (&),
E&ER
NHDOTF—2%&E2FE K x(k), k=0,--- ,N-1%2%22 (NIIEH, Z07—
2 DR T — ) TIEAH () 1
Az—lN_l Be 2 N, 120, N—1
#I) = v 3wk PN, =0, N -
k=0
TEHRIND, MWL
N1 1k
w(k) =Y #(k)e®™N, k=0,---N-1
=0
TEHINDS, ZH% Temperton DT IVT) A L% HNT FFT T 5, £
T—4 D FFT FHROFMIIDONTIE, 77 2,
B&

o éliﬂzprim XT— 2N 2 EZHNBLHET2EDTHY, ZOF TV a v x

Aci%“~§?7bf%0)ii7——‘) TAMILERIZ A XD DT, HRDHEEHR T —

U ITEBETD ZEILRD, NRETZE T—XBMRN = 293057 x e F

ToaEZIT, FFT Mfi’iﬁi) I prim_fact (X2 D& TDRNBIRHD
BEfRETS. DFY),
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prim_fact(1:5)=(/a,b,c,d,e/)

LWL R 5.

e 5% omegan fix &7 — A nx IZ

B3 FFT CHEHT 2 T8 7 26E

5. 5l# omega_fix &7 — X EM 2,3,5,7 LMD ZRE (1 2D D % HliC
TBE, e MTNUIIH722) ITHINT B EERTTH]. S DITFIEEHIL—F

rotate_calc TITHD I &MNTIX 3.
o KIL—F VDHRENS,

AR NN

3.5.2 ffttp_1d

BRI N/2 EHCH a(1) OBERED IS L 21T

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

BésE
1 RIGEFZT — 25 FFT %2179,
£
)
51
nx <I>
a <CP,CDP (nx) >
b <CP,CDP (nx)>
csign <C(1)>
prim <C(1)>
prim_fact <I(5)>
omega _fix <CP,CDP (nx,nx)>
omegan fix <CP,CDP(nx,nx)>
E&ER

NEADT—2% & DEFEK x(k), k=0,

Y TIEZ (1) 1

N-1
1
x(
k:O

“TIEHEAT 5 O M AR RS AT R T T B R,

n

n

T — 2 DfEE.
R T — 4.

inout MWERLHEBLT—X.

n

n

n

n

n

Eiﬁ”ﬁ?ﬁﬂio

rro =IEARHE i =i A,
RN HE (iR),

o) =RT D, x = RULRN,
FRNBEEH (#ih),

2,3,5,7 AANDZKNELTD
[FER17 5 (k).

2 EFATF] (i),

N—-1%2%2%, ZOT—XDHEERT —

—2’”N 1=0,---N—1
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TEHRIND, WEHI

B%

N-1 1k

w(k) =Y @(k)e’™N, k

=0

0,---N—1

ZH% Temperton D7) T AL%HWT FFT WLHIT 5,

I prim &7 — 2B N 2 ZHNBAETD2EDTHY., ZOA TV a v rx
DEGEET —EANZTDOEE 7 —) TEBPUIIZEIND DT, HRDHEH T —
VIAMETS LIl D, HMEETAIE. T—2BH N = 29305¢7% x e &
THfE%4T>, FFT W Z1T75, Bl prim fact &2 D& X DORERKBIELD
BERETD. 2FY),

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

BI% omegan_fix 17— 2 M nx 2B I 2 FFT CHEMT 2 [EEET4] S 2%
5. 5l# omega_fix &7 — X EM 2,3,5,7 IMINDRERE (1 2D DS % HliC
TBHE, e MTNUIIH722) ITHINT B EERTTH]. S DITFIEEHIL—F
rotate_calc TIID 2N TX5.

3.5.3 ffttp_2d

HeE
2 JOLEKRT — 4 » 5 FFT %2175,
=X
call ffttp_2d( nx, ny, a, b, csign, [prim], &
[prim_factx], [prim factyl, &
[omegax fix], [omegaxn fix], &
[omegay fix], [omegayn fix] )
515

"8 [ HEAT 51 O M AR R AT R T T B TR,
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nx <I> in 1 RT— R DfEEK.
ny <I> in 2 KT — X DAEEL.
a <CP,CDP(nx,ny)> in BHRBEET T — &
b <CP,CDP(nx,ny)> inout ERMEMMBT —X.
csign <C(1)> in TR RE
r =R 010 =28,
prim <C(1)> in KRB fEE (R ),
o) =TS, x =R RUZ,
prim factx  <I(5)> in 1 RTF—RERBIEH (Bk).,
prim_factx  <I(5)> in 2 KT — X FENEFRE (k).

omegax fix  <CP,CDP(nx,nx)> in 2,3,5,7 A DEZNEL T D

1 X7 — & [EE175] (k).
omegay fix  <CP,CDP(ny,ny)> in 2,3,5,7 AN D RN TD

2 K7 — A [R5 (k) ,
omegaxn fix <CP,CDP(nx,nx)> in 1 RTF—A A T (k).
omegayn fix <CP,CDP(ny,ny)> in 2 KT —RLEEEEITH] ($85k),

EERX

(]

(N,M) DT —2%ED>8FEK 2(k,1), k=0, , N-1,1=0,--- M -1%EFZ
%, ZOT—ADMELT —Y TIELH 2(m,n) 1k

1 MZLpN-d km In
=0

M-1N-1 km In
j(kal): [ZIE(mvn)ezWZN] 62W1M7 kZO,"',N—l,ZZO,"',M—].

TEHEIND, ZTH% Temperton D7 IV T) ALEZHNT FFT W 5,

o G prim IZT7— XN 2 ZHNBHMETL2EHDTHY), ZOX TV avn» x
DGEIET —EANZTDOFE 7 —) TEBRIIIZEINDE DT, HRDHEEH T —
DIEWEITD IR D, DRETAE TR N = 203571 x e &
THFEZIT, FFT W 2175, Bl prim fact 132 D& T DRKEBIEHD
BEBETD. DFY,

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

o ¥ omegan fix &7 — X # nx 2B 17D FFT THHT 2 EEE/T5] 0 %58
T 5. 5# omega fix & T — X EM 2,3,5,7 IS DERE (1 DDDfiH % il

Ol HEAT 51 OO M AR R AT R T B TR,
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TBE, e MTNUIH722) ITHINT B [EERTTH]. S DITFIEEHIL—F
rotate_calc TITHD Z &N TX5.

3.5.4 prim_calc

Bae
FEEDERMEIZDOWNWT, 2,3,5,7 DERBOHEITS .
=X
call prim calc( n, factor, resid )
518
n <I> in DR D IEFEEA.
factor <I(4)> inout 2,3,5,7 DKRZKNEBIEE.
resid <I> inout  2,3,5,7 ASNDZRKEL.
EERN
LD IEREHE n A

n = 2%3%5°7% x ¢

Tholgh, EOBRLBEIUTDL D BRIGE 85,

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

B%

3.5.5 r2c_ffttp_1d

BEBE
1 ReERT—2 M5 FFT %2175,

£
call r2c_ffttp_-1d( nx, a, b, [prim], [prim fact], [omega fix], [omegan fix]
)

511
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nx <I> in T — X DAFHEL.
a <R,DP(nx)> in FREHET T — & .
b <CP,CDP(nx/2)> inout EERBEHRELT—X.
prim <C(1)> in FRBfE (k).
o) =R D, x =L AR,
prim fact <I(5)> in KRB (k)

omega fix  <CP,CDP(nx/2,nx/2)> in 2,3,5,7 A D RN T D
[mfRfT8 (k).
omegan fix <CP,CDP(nx/2,nx/2)> in [T (1),
E&EN
NEDOTFT—2%&2ED2F M x(k), k=0,--- N-1%2F25 (NIXMEE), ZDF7—
K D7 — 1) TIEAH (1) 1%
1 N—1
2(k)e 2N, 1=0,--N -1
k::O
TEHIND, WAL

N—

;_x

27T’LN :07N_1

1=0
TEHINDS, ZH% Temperton DT IV T AL%EFNT FFT T 5, £
T—4® FFT FHHROFEMIZOVWTIE, 77 3,

(]

o B ¥ prim IZT — XN 2 EZNENETL2EDTHY, ZOATVavinx
BlET—EANTDFEFE 77— TEBLIIZEI NS DT, BRDHEEH T —
VIAWEITD ZLIlhd, HMEEITAIE. T—2BH N = 2930579 x e &
HEEIT, FFT W Z1T5, Bl prim fact IFZ D& T DORKNBIEHD
BEfaETD. DFY,

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

EVIHIRERD.

o ¥ omegan_fix 17— &M nx I2HF 2 FFT CTHHT 2 l§E175] 10 % 52
95, 5l# omega fix IE7 — XM 2,3,5,7 LA DRIKEL (1 DD DI % HiliZ
TBHE, e MTNUIIH22) ITHINT BT, S DITFIEFEHIL—F
rotate_calc TfTD Z LN TE 5.

o FEHT—RDT—) TEMUIEMBED T — LB EBATDO T — D43 1T E
MINTNDZ EITHER, /2, AV—F v OAEN S, EREEES N/2 1%
b(1) DRI I NG,

Ol gEAT 51 D FEAN R RSN ER? 7SR,
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3.5.6 rotate_calc

T — 28 nx DOFEITH &2 315 5,

call rotate_calc( nx, csign, prim fact, omega, omegan )

518
nx <I>
csign <C(1)>
prim fact <I(5)>
omega <CP,CDP(prim_fact(5) ,prim_fact(5))>
omegan <CP,CDP(nx,nx)>
EHEI

N fE DT — 2 DRl 7 — Y T W S [EHERFT5] W4, 1

Wik =T8N j=0,1,-- N —1

Y

n

n

n

inout

mout

T — & DR

RS2 HHIE

r =IEASR i) =i AR,
RINBEEE (#ih),
2,3,5,7 LAALD
FNFTORFERTTH,
ENCIL RN

, k=0,1,--,N—1

TREREIND, ELMIIAS, FEHITIESTERIND. £/, 2,357 SSDHERK

o TOMERTFINE ERIZHNT

EUEZTTHS.
"%

o 5 prim fact I&
prim fact = (/a,b,c,d,e/)

L9458, T—A M nx I
nx =2%3b5°7%

EWVWHERBTHRAINTVWSEZLEZ2RLTNS.

3.6 file_operate

IO V—F V& BEMIGLUTWE 774NV T =Y MILTFDOELEY THD.
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e 4 NA MNAFVF—A&,
e mgdsst 7 —X.
e TXANNT LT 4.

e gtool3 74—V hF—4.

3.6.1 auto_read_file

2 RIT, 3 RICEBURIED 4 )3 "NAFV 774 NI T —R % 5iAHT read_file
DAL —F > (CReSS HHK).

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

d3var, [specnz], [intvnz], [funit] )

518
file name <C(%)> in AT 7 7 A VA,
d2n <I> in FEAIAL 2 RTEDE.
d3n <I> in I AAL 3 OB D
d2val <C(*)> in FeAIAL 2 /}'_\’JE/E*QODILE:% (fik).
d3val <C(*)> in Frr AL 3 RO ODNERE (12iR).
ad2val <C(*)> in FEAIAD 2 KOG ODNETE (k).
ad3val <C(*)> in G AIAL //’Y)Eﬁ*ﬁ@ﬂ (fak).
nx <I> in x HMODEZE.
ny <I> in y FEDEREL.
nz <I> in z i DEE.
d2var <R(nx,ny,d2n)> inout 2 RXTT—AX.
d3var <R(nx,ny,nz,d3n)> inout 3 RKILT—H.
specnz <I> in z TFMDOH L 1&g (k).
intvnz <I(2)> in z IO & %57 il (k).
funit <I> in Fortran O 7 7 1 )VH 1%+

(F7 AN =11).
EHEN
call read_file ZJf.
5
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e ANA MNALFVF—AN2 3,2 3RGCEVIEHRFT 1 77 A VIZKHI N
TWAEDBT77A4IVICHWOND.

e d2val, d3val, ad2val, ad3val I ZTNTNHAALERERT T Z I TH
V.2, 3,2, 3 DIEEFIZ 4, 3, 4, 5 ADEEBHEMNI N TV D55,

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

ERY, ZOGE, BID 2 R T XD 4 FH, RIED 3RTT—ED 1 FHF
HOA#HENDDT,d2n = 1, d3n = 1 THMAADIEI V.

e specnz WXEINTWDEH, 3 KotT — 4 1d nz HDOH T, specnz HHED
T—RDABMPERIND.

e intvnz NFEINTWVWIHE, 3 KotT — X & nz D HF T, intvnz(1) 5
intvnz(2) HHE THEMINDS.

3.6.2 line_number_counter

TEXEARNITAT—ATHRININT VWD 77 A IVOITHEZHET S.

result = line number_counter( file name, [funit] )

518K

file_name <C(*)> in TEEFHETLZ 7 71 V4.

funit <I> in Fortran 7 7 1 )V %5
(F7 4k =11).

R fE <I> inout  {7#K.

3.6.3 read_file_grads

Hae
grads DY bO—=)IVT7 7 AP OIREDE & HiHrLIV—F .
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=X
call read file grads( fname, val name, dim len, intvz, intvt, val, [funit]
)
513
fname <C(*)> in AT I M=V T 7 ANV,
val _name <C(x)> in B4,
dim_len <I(4)> in FRTDEZE (#2ih) .
intvz <I(2)> in mE AR OHA N T EREE (k) .
intvt <I(2)> in R A MDA T EEZEXRE (k) .
val <R(FER)>  inout FEAH U ZMED MM I b B
funit <I> in Fortran D7 7 1 )WV 1HF 5.
(F7 4N K =11).
EHEN
BRIz L.
5

e x, vy, z, t DJEMEEFEHMNIDIEFET dim len(1:4) DIHTHEMAIND.

e intvz, intvt [FitATEE, BEFHETHY , 2THANTEHAE intvz(1)=1,
intvz(2)=nz, intvt(1)=1,intvt(2)=nt Ti%E LRITIIIE SR\,

o AT FHOBHIIE
R(dim_len(1),dim_len(2),intvz(1) :intvz(2) ,intvt (1) :intvt (2))

THHELUTERS.

3.6.4 request_axis_grads

grads DAY ME—)VT 7 A I h 5 2522 ] PEREHH D JFEAME 2 IS 9 2V —F V.

call request_axis_grads( fname, axis name, x, [y], [stime], [funit] )

518
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fname <C(*)> in AT aY v a—IL 7 7 A IV,
axis_name <C(x)> in W9 oHlD&4HT (k) .
X <R(:)> inout S DEHODMERAE (iR) .
y <R(:)> inout pdef D& I DHHDJEEMHE (k) .
stime <C(:)> inout tdef D& XDOFHARA] (k) .
funit <I> in Fortran D7 7 1 )VHI 11 %=
(FT7 AN =11).
EHEN
Rz L.
B

ex, v, z DENTNDMEE KDDL xdef, ydef, zdef DTNEN%
axis name (ZFRATHIX L.

e x(:) LUTHEEGZRD L ZTOHEIIHATIZ request_dim_grads THEFHE
BEIELUTELRITNER S 2,

e GrADS DY b=V T 7AIIZEIFEH/NT A —ZDHIZ pdef £\ H /3T
A—=BIRNDHBID, TDOINTA—=REHAND L EDA TV ay. ZOHA,
VE 5 7] OD JEEAZE 7 — 2 WSBIE x (AW, FEALEEAEE] T — 2 SEIE y [T AD.

o GrADS @Y hHE—IVT7 71 IIZE T DML DL TR T D EERATIND.

3.6.5 request_dim _grads

grads DAY NOA =)V T 7 A I SEBDEMRITOEZ LR T IV —F V.

call request_dim grads( fname, dim_len, [funit] )

518

fname <C(*)> in AT I N =T 7 A4,
dim_len <I(4)> inout HRICOEZ (k) .
funit <I> in Fortran D7 7 A WHIHES.
(F7 A K =11).
EER

Rz,
BE
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e x, v, z, t DEEERKNZDIEE T din_len(1:4) DJEHTHMINDS.

3.6.6 request_vardim grads

Hee

grads DAY hO—)LT7 7L IVINSEREDEROD EE D ERZB S 5 ) —

FU.

=

call request_vardim grads( fname, var_name, nz, [funit] )

511
fname
var_name
nz
funit
E&ER
Bz L
B&
Rz L.

3.6.7 read_file

<C(*x)>
<C(*x)>
<I>
<I>

FAHT Y b= T 7 A4,
MEEZEEZIE U WA O HHT.
NG9 % = 2 E.

Fortran D7 7 A )V 1 %5,
(F7 AWK =11).

ALV I NT VRABRDNAF VT 7ANNDE 2 RaT — X et —F .

call read file( file name, nx, ny, recnum, var, [offset], [funit] )

518
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file name <C(*)> in AT T 7 A I,
nx <I> in o — BRI
ny <I> in RIS
rec_num <I> in nxxny DA T T —F DL 31— RES (k) .
var <AI,R,DP(nx,ny)> inout meAHTT—X.
offset <I> in A7y~ (1&ak).
funit <I> in Fortran O 7 7 A )VH 1%+
(F7 AN =11).
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’)
B

e offset WEEINAZLGE, TOREINZT x 4 byte 73, i % FiARIK
9. #le UT, offset = 10 DA, 40 byte 4T DL GARIEI NG, Z0D
FRENIN/EE, recnum IZHHEINDS.

A U T 27 —42D L 10— RES (i

3.6.8 read_file_3d
BEEE
BAV I NT 2R ARDNANA T T 7ANNE 3R06T —Z e diAti T —F .
£X
call read file 3d( file name, nx, ny, nz, recnum, var, [offset], [funit]
)
511
file_ name <C(*)> in AT 7 71NV,
nx <I> in B —EE RS
ny <I> in BRI
nz <I> in o = RS
rec_num <I> in
var <AI,R,DP(nx,ny,nz)> inout meAHTT—4.
offset <I> in A7y bk (&id).
funit <I> in Fortran O 7 7 A )VH 1 %=
(FT7 4N = 11).
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EHEN
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’)

8%

o offset WEEINLGE, TOWEINZEF x 4 byte 77, JLiH%E i Ci
9. Hle UT, offset = 10 DA, 40 byte 4 DRI GARIEI NG, Z
FRENINEE, recnum IFHHIND.

3.6.9 read_ file_part

AV I NTIRAERDNA F ) T 7L E 2 R T — R e ol iE a3
I—F .

call read file( file name, nx, ny, nnx, nny, recnum, var, [funit] )

518

file name <C(*)> in e e I Z 2

nx <I> in 9 —EREHEL

ny <I> in RS

nnx <I(2)> in B-EEHAL URRE (4R).

nny <I(2)> in B EEGAL URIRE (k).

rec_num <I> in nxxny JaiAHTT—ZDL 3— RES (k) .
var <AI,R,DP(Lx,Ly)> inout @AHTT—4& (&id).

funit <I> in Fortran O 7 7 1 V%5

(F7 A =11).

EER
AU HEEIAXAI VI NT 78 AT 1248 N1 b3 OH TV MUTHART. 2
DX, TIVRATDEZT77ANMALE (1) IZATRD &S BBRATHEINS.
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a N
1 = nx * ny * (rec\_num - 1)
do j =1, ny
do i =1, nx
1=1+1
if (( i >= nnx(1) ).and.( i <= nnx(2) ).and. &
& ( j > nny(1) ).and.( j <= nny(2) ))then
read ...
end if
end do
end do

BE

o Lx, Ly (FTNTHN Lx = nnx(2) - nnx(1) + 1, Ly = nny(2) - nny(1) +
1 THEALND.

3.6.10 read file gtool3

BénE
gtool3 T RD T — & & FARLIN—F >,
=X
call read file gtool3( file_name, nx, ny, nz, tstr, tstep, tnum, var,
[funit] )
518
file_name <C(*)> in AT 7 7 A4,
nx <I> in o —BEREHEL
ny <I> in 55— ELREL AL
nz <I> in 9= BERAAHL
tstr <I> in FeAG D B KL (£2ih).
tstep <I> in o AT IR (k).
tnum <I> in FeAA D IR ().
var <R(nx,ny,nz,tnum)> inout @AHTT—X.
funit <I> in Fortran O 7 7 A VH 1%+
(F7 AN =11).
EER
Friza L
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(]

e tstr, tstep, tnum DEEfRIX, 1 DDFT—& 7 71 VT tmax 5 DL T —
AP I N TN D55,

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

EWVD BRI AT L. TIT, tstr = 1 ARS, FIHRELINGEAGA E
NB Z el b, FEEOFERZIR MR Z 7y TIEBRR .

3.6.11 read file_gtool3_header_c

gtool3 ERDANY LA —FT =8 D>, XFHARDT—Z 2 iRAHTIV—F .

call read file gtool3_header_c( file name, header, var, [funit] )

515
file name <C(*)> in FAHT T 7 A I,
header <C(*) (:)> in N A — DA
var <C(16) (size(header))> inout header IZXIHd 5T —X.
funit <I> in Fortran O 7 7 1 WH 1% 5.

(F7 4k =11).
EEIN
Rz L.
®E

o N A —DHFRIL,
http://www.riam.kyushu-u.ac.jp/taikai/lab/others/Gtool/nodel11.html
ERIUAFTE X5, /272U, Fortran D P#IFETH D unit, size (IZDWVT
&, uni, siz EANTEH I L.

3.6.12 read file gtool3_header_i

gtool3 EADANY X —=F =2 D> 6, BEHADT— 4 &G AL TIL—F V.
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N

call read file gtool3_header_i( file name, header, var, [funit] )

518

file_name <C(*)> in BtAHT T 7 A IV,
header <C(x) (:)> in AN A — DR
var <I(size(header))> inout header IZMIGT DT —4X.
funit <I> in Fortran D7 7 1 )WV 1% 5.
(FT7 AN =11).
E&EN
=
®E

o N\ A —DHHRL,
http://www.riam.kyushu-u.ac.jp/taikai/lab/others/Gtool/nodel11l.html
ERIUAIRTE X5, 72720U, Fortran D FfJFETH D unit, size IZDWVT
&, uni, siz EANTDH I L.

3.6.13 read file_gtool3_header_r

gtoold FTEARDAY X—F—2D> 6, EHEADT— X &2 HAHTI—F .

call read file gtool3 header r( file name, header, var, [funit] )

518

file name <C(*)> in AT T 7 AN,
header <C(*) (:)> in AN A —D .
var <R(size(header))> inout header (X6 T DT —4.
funit <I> in Fortran 7 7 1 )WV 1% 5.
(77 A4k =11).
EEIN
Rz L
®E
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o NV X —DEFRZ,
http://www.riam.kyushu-u.ac.jp/taikai/lab/others/Gtool/node111.html
LRIUAITEH 25, 72720, Fortran D FHIFETH D unit, size IZDWVT
&, uni, siz L ANTDH I L.

3.6.14 read _file_text

TXARAT LRRDT —Z 2 H5AROIN—F .

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

)

518
file name <C(x)> in AT T 714,
nx <I> in HIE
ny <I> in T8
var <C(nx,ny)> inout #HAHTT—X.
skip <I> in FHEH AL TITEL.
forma <C(*)> in ARIAD T A=< v b (iR).
funit <I> in Fortran O 7 7 A Vi 1% 5.
(F7 AN =11).
EERN

(]

aAVX, AR—ARYY DT F AT — X &2GHAAD. nx 1 1 FITEHINTND
T — R DFIEL, ny 1FTCEEN SFRARDITE. 72721, skip WEEI N TV DAL,
skip [T T #ARIEL THAMED B .

o 77 A NTI, SAMIXUEE skip I TITHEINT VD,

3.6.15 read_mgdsst

Hae

K[EUT MGDSST 7 — & % GtA 7200 DI —F VAL DHEB TIER < RERD A
XIS
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X
call read mgdsst( fname, var, [funit] )

518
fname <C(*)> in AT 7 7 A IV,
var <R(1440,720)> inout sst T—4.
funit <I> in Fortran O 7 7 1 IV HFEE.

(FT7 4N = 11).
E&EN

K22 U, (MGDSST 7—& D7 #—< Y MMIDWTIE,
http://near-goosl. jodc.go. jp/rdmdb/format/JMA/mgdsst.txt

L
ZH.)

(]

o WEBZD/NIVEDHPMBROEE NG (R 0 °, #EZ —89.875 °) IZAY, il
FIE—BRIFHA S F o BRIIA S I T T — MBI N TH LI NS,

o RIEHMEIX 999.0, KT — A1 888.0 LW D EHTIAM I ND.

3.6.16 write_file

A VI NTIRARADNNLF) T 74NV 2 ReT— X eESHTIL—F .

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

5150

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

nx <I> in 55— BRI

ny <I> in BT ELREIAEL

rec_num <I> in nxxny DAt T T —2 DL 31— RES.
var <AI,R,DP(nx,ny)> inout AHTT—4X.

mode <C(*)> in T7ANVDEIHLUA T 3y ().
funit <I> in Fortran O 7 7 A )VH 1%+

(F7 A4 =11).
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EHEN
1 open(unit=11, file=file_name, access=’direct’, recl=4*nx*ny, status=mode)
2 write(11l,rec=rec_num) ((var(i,j),i=1,nx),j=1,ny)
3 close(unit=11, status=’keep’)

5

e mode | Fortran DEIXH U status= IIHREINDEZRA.

3.6.17 write_file_3d

BEEE
AL VI RNT IR ARADNAF) 7743 R T —XeESHTIN—F .
=52
call write file 3d( file_ name, nx, ny, nz, recnum, var, [mode], [funit]
)
511
file_name <C(*)> in AT 7 7 ANV,
nx <I> in 5 —BERALSIL.
ny <I> in T EENAE.
nz <I> in o = RN
rec_num <I> in AN U ZBBTE2T—2DL 3— RFB S,
var <AI,R,DP(nx,ny,nz)> inout meAHd T —4.
mode <C(*)> in T7ANOBEBESH LA TV a v,
funit <I> in Fortran D7 7 1 WV 1% 5.
(F7 A K =11).
E&ER
1 open(unit=11, file=file_name, access=’direct’, recl=4*nx*ny, tatus=mode)
2 write(1l,rec=rec_num) ((var(i,j),i=1,nx),j=1,ny)
3 close(unit=11, status=’keep’)
B&
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e mode | Fortran DEIH U status= IIHREINSEZ KA.

3.7 Map_Function

WP S - T —F U

3.7.1 112radi

HWERERE LD H % 2 KB OBKE L TOE# % TN TND KOME, RENOERTS.

result=112radi( lonl, latl, lon2, lat2 )

518

lonO
latO
lonO
1latO
R Y #

EER

<R,DP>
<R,DP>
<R,DP>
<R,DP>
<R,DP>

in
in
in
in

in

M1 DR [rad).
M1 DOREE [rad).
M2 DFEE [rad).
M2 DFERE [rad].
2 B D EEREE [m).

H5 2 KOFME, REVPZNTN (41, M), (92, h2) THEALNTVD L E, TOMH
DOBRME _EORHEE L 1%

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

THZ6N5. RIFHEROEZRETHS.
IN5DORIZTONT, EBDOFIEUILA T D & 5 2GR L 55,

(]

o EHEADIFHIX 5.3 2B,

latl,lonl = ¢1, A1, lat2,lon2 = ¢, Ag.

main.tex

2016 4 3 A 25 H (EHE)



STPK v=a7J)L S TI—Fr—8 69

3.7.2 rt2ll

HeE
HiBRERIA LD H D FEE, L2 A UBBEREE X -8 &, TOMMBERTE
INDROFGE L REEFHRTD.

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

518K
r R,DP> in SRR DB A FIHHEE [m).
theta <R,DP> in HMERODEALATIFIMAE [rad].
lon0  <R,DP> in M{EEELRIFATORE [rad).
lat0  <R,DP> in MREELRIFE A TOME [rad].
lon <R,DP> in HMEEELRRTORE [rad].
lat <R,DP> in HMHEEEERTOME [rad].

EFEN

HBFEE, B (b0, o) ZIRME UMBEERR (r,0) 2E A 5. TOD& I, MRk
DI (ro, 00) WIS T DIBEE, IEIE (dpy o) 1

. . To . To . e e
= arcsin |(sin COS — "F COS S1n — S1n 9 ] - < 0 < —
o ®o 7 %o 7 ol 5 0< 5,

. cosfy .
Az = Ao £ arcsin |+ sin rq
COS ¢y

T%é.1:?;209@ﬁ@—g<ﬂ0<%,%l<%§2w®t%ﬁ%y%MM%
CIREBY RS, X/ RIGHIRDERTH S,
ZRBORIZONT, EROIEILBFO & > BAEHIKEL 55

r,theta =19, 0y, lat0,lon0 = ¢y, A\g, lat,lon = ¢, ..

B%

o EEANDIFHAIX 5.3 4.

o X NDMFEERIZER S IOV TESTIEE <, BRI Lo Mo i -
UTREING. £72, FAAHAIZOWTIE, B2 BROBEH & U7~ -
TR L L FOMETERIN, MEBOF SN %85, RO F4HE Lo S8
0:i%t@é¢5ﬂ%%§%fwé.
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3.8 math _const

BN EEBE. BEIRBMTOERD LS IZHEAENTWDS.

ECEEEETEE 20
pi <R> | 3.14159265 H & =

img <CP> (0.0,1.0) i3 BCRAT
pidp | <DP> | 3.14159265 P
img_cdp | <CDP> | (0.0,1.0) R

PAF I parameter BHED DWW TWARWEERTHDS.

3.8.1 rotate_array

T—A# 2,3,5,7 DEHEATH % FHET 5,

call rotate array( )

515
2 U. math_const IZHWVTHEINT VD HEEL omega2, omega3, omegab, omega?
DEHFIND.

EERN
3.5.6 DEHRNIZBWT, N=2,3,5,7 CHELT\3.

3.9 matrix_calc

B T AR, S RBUTRER DKM, AW - EANZ MVEREHOLV—F V8. %
V—F 2V DFFMR R GIRIZOWTI, 77 2.
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= B [mt] FR O |

romega?2 <CP(0:1,0:1)> | save | 7—4& 2 @ FFT H[al§x{T4
(IEZ5#H)

romega3 <CP(0:2,0:2)> | save | 7—4& 3 @O FFT HA#E1751
(IEZ54H)

romegab <CP(0:4,0:4)> | save | 7—4& 5 @ FFT H[A|§ziT4
(IEZ5HH)

romega7 <CP(0:6,0:6)> | save | 7—4& 7 ® FFT H[El§ziT4
(IEZEHH)

iomega?2 <CP(0:1,0:1)> | save | 7—4& 2 ® FFT H[EI§E174]
(254

iomega3 <CP(0:2,0:2)> | save | 7—4& 3 @ FFT H[REI§E1T4]
(254

iomegab <CP(0:4,0:4)> | save | 7—4& 5 @ FFT H[El§ziT4
(254

iomega? <CP(0:6,0:6)> | save | 7—4& 7 ® FFT F[REI§E174]
(254

romega2 cdp | <CDP(0:1,0:1)> | save | 7 —4& 2 O FFT #1741
(IEZ54H)

romega3 cdp | <CDP(0:2,0:2)> | save | 7—4 3 @ FFT H[E§i1751
(IEZ54UH)

romega5_cdp | <CDP(0:4,0:4)> | save | 7 —& 5 M FFT H[§izf7%]
(IEZ54UH)

romega7_cdp | <CDP(0:6,0:6)> | save | 7 —& 7 M FFT H[l§izf7%]
(IEZEHUH)

iomega2_cdp | <CDP(0:1,0:1)> | save | 7 —4 2 O FFT HIAI§£1751
(HZEHUH)

iomega3_cdp | <CDP(0:2,0:2)> | save | 7 —4 3 O FFT HI[AI§£1751
(HZEHUH)

iomega5_cdp | <CDP(0:4,0:4)> | save | 7 —# 5 @O FFT F[nl#£175
(HZEHUH)

iomega7_cdp | <CDP(0:6,0:6)> | save | 7 —& 7 @ FFT f[nl#£1751
(254U

Gau_Sei

A AT A TFNEIZ & 83 1 RARERDRMEEITHIV—F .
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=R
call GauSei( a, b, eps, x )
518
b <R(:)> inout N7 MVORS (iR).
a <R(size(b),size(b))> inout 174 ($&id).
eps <R> in ”X;ﬁ%ﬁ:ﬂ_ (/ in)
x <R(size(b))> inout RKOZWART MV (iR).
EER
ﬁﬁﬂ Aij, ~7 ]\)l/bl Lk %,
aijxj = bl
EWVWSBIRE /2T RN Ml 2RDD. 2D L, 518 E DX/
aij : a(i,j), =z; @ x(j), b : b(i)
THD. WAL TIGEZ LD EFEHIEOFMIX??2IA.
5%

o 51 eps IFAMHN D KERTHEDOMHMNGRAEZ R L, ZDMHEDHKIED eps AFIZ
Bolze JIINEHAZKTT 5.

3.9.2 Jacobi_algebra

Bee
Y ICEIZE D8 1 RARRDOKFEEITHINV—F .
=R
call Jacobi_algebra( a, b, eps, x )
518
b <R(:)> inout N7 MVOG (iR).
a <R(size(b),size(b))> inout 174 (#&ik).
eps <R> in IR (£23).
b <R(size(b))> inout ROV ML (id).
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EER
9 agj, RV NV b & LIk ¥,
agjzy = b;
EWVSBRENGZTRANY Mo Z23RDD. 2D, 518E OISR
aij : a(i,j), xj @ x(3), b : b(i)
Thd. VIVEIZKDFREGEOFMII?T?TSH.
e

o 51£ eps [ZFBFIDKERTE DX FRAEZ KL, ZDMHEDRKMED eps BATIC
Bol & SIIREFRAEEZKTI5.

3.9.3 Jacobi_eigen

Y IR O TERDOENTMTAI O 2B AE 2 KD N—F .

call Jacobi_eigen( a, lambda, [eps] )
518

a <R(:,:)> in & A E 2 KD 217581 (#&id).
lambda <R(size(a,1))> inout [EHfE (k).
eps <R> in RAGDHHI AT (123).

P4

EERN
'f?ﬁ” Aij, N7 ]\)]/ €T; et bf:éﬁ ‘3’,
CLZ']':E]' = )\331

EWDBRENG 2T RABN 2 RDD. 22T, N DMEIXTAIORcEEDH D, ZD
& &, 5l E Ox SRR

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

Thd. k BHOMEAMEZ Z ZTlE lambda(k) & U7z, ¥ IR LB EHEGHED
ZEHIR 7?2 S

B%

o eps I FXEFHEDOPAKHERMETH Y, 1 [BDKEEFHHEFTHE T O FRAE DK
KB eps ARIZR 728 JITEIEZK T T 5.
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3.9.4 LU_devs

BEBE
ARy T4 7 DF LU =TI IN—F .
X
call LU devs( a, b, x, itermax )
511
b <R(:)> inout N7 MLVDEGT (Hih).
a <R(size(b),size(b))> inout 174 (#&ih).
x <R(size(b))> inout KDZORT ML (HR).
itermax <I> in KGR DA
E&ER
ﬁﬁﬂ Qg N7 ]\)1/ bl et bf:t%,
aij:rj = bi
EWDBERE T RAMANY M 2Kkdd. 2D L X, 518 L OXISRERIE
Qij - a(ivj)’ Ty - X(j)v b; : b(i)
Thd. dtMAREHAEIZ?T?IE2IA.
=E3

Bz L.

3.9.5 SOR_Gau_Sei

Hae
SOR Z FHWTA Y AV A TR & B 1 RABRDREZITH N —F .
X
call SOR Gau Sei( a, b, eps, accel, x )
515
b <R(:)> inout N7 MVOG (HiR).
a <R(size(b),size(b))> inout 174 (k).
eps <R> in IR AR (#25R).
accel <R> in SOR DIIHELREL ($2ik).
X <R(size(b))> inout KDV Z ML (£2iR)
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EER
9 agj, RV NV b & LIk ¥,
aijrj = b
EWDBERET T RIMANY M 2KkdDD. 2D L X, 518 L DX ISRERIE
ag : a(i,j), wj : x(j), b : b(i)
TdHhd. SOR DEH Y AV A FIVIKIZ & 2 5HR FIEOFMIZ?? 2],
"%

o 5 eps IFH NS D KERIERDOMHNFRAE 2R L, ZDIHEDKRKIED eps LATIZ
Bolb SIIREFRZRT 5.

o BUF B, MEEREIE 2 RHIZ U AT WTLEFRMITE R0, A)V—F VTR,
2 U EDENEEI NI GG, TT LR EIITLTNS.

3.9.6 SOR_Jacobi_algebra

KR
SOR ZFHWT Y aALIEIZ &L DN 1 RAEBRADKEEZITON—F .
=R
call SOR_Jacobi_algebra( a, b, eps, accel, x )
518
b <R(:)> inout N7 MVOEGT (HiR).
a <R(size(b),size(b))> inout 74 (f&ik).
eps <R> in RS (F23).
accel <R> in SOR DAELREL (123h).
X <R(size(b))> inout RDOZWNRZT ML (FRR).
EHEN

50 aij, N7 MV £ UL E,
aijz; = bi
EWDBERENZTRIANY bba; 2RkdDD. 2D L X, 518 L OISR IE
ag : a(i,j), xj : x(j), bi : b(i)

TdHd. SOR 2 EFV ILIRIZK DEHEHEOFMIZ?? S

main.tex 2016 £ 3 H 25 H (L&)



STPK v=a7J)L S TI—Fr—8 76

(]

o 51 eps IFEMHN D KERTHROMMNGREZ R L, ZDMEDHKIED eps AFIZ
Bolt JIIREHAEZKRTT5.

o B L, MIELRENE 2 RiEIZ U R WELEHBENT IRV, X)IV—F VT,
2 A EDENEREINGE, TT—LRD5EDITLTND.

3.9.7 determ_2d

2 RITHN DI A %KY

result = determ2d( a )

518

a <I,R(2,2)> in ZlE$31741.

it 2y
2 JIEATHI A DFFFI | A|

A:(“ b), = |4 =
c d

Thd.

e
KRz L.

3.9.8 eigenvalue _power

HEE
NEFEZHOTTHORKEAE L TOREAMEICHIGT SEANT ML zERD S
N—F .

EE:N

call eigenvalue_power( a, eps, lambda, 1lv )

518
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lv <R(:)> inout [EAHNZ ML (k).

a <R(size(1v),size(1v))> inout [EAMHZ KD DITH (k).
eps <R> in AL DI HEI A (£23R).
lambda <R> inout [EAME ().

EHEI
75 aij, N7 M &L E &,
aijxj = Al’i

EWVSBIREM TR 2RkDD. 22T, NOfEIX (HHEL TWREAEERY
T, ) FIHIORTCEUE D B DT, TD D HOMMED TR L R D FEAHEICHNIET . Z
DL X, B OMNIEEIRIX

a;j : a(i,j), A : lambda, x; : 1lv(i)
Thd. NERERIZLDEFRLGIEOFHMIX??2 S
()

MAERY T4 VI DENIADPEEERITIIN—F V.

call gausss( a, b, x )

515

b <R,DP(:)> inout X2 NIVDRS.
a <R,DP(size(b),size(b))> inout 17%.
x <R,DP(size(b))> inout ROZVART KL,

EERN
ﬁﬁﬂ Aij, N7 ]\)]/ bi e bf:t %,

AijTj = bi
EWSBRE /2 TRIIN Ml 2RDD. 2D L E, 51EE OXISBILRIK
aij : a(i,j), =z @ x(j), b : b(i)
Thd. AV ADHERIEOFMZE R GIEIE?? 2R

w&
Rz,
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3.9.10 tri_gauss

BERE
= FENATHIRA D ADHEEEN—F .
X
call tri gauss( a, b, x )
5141
b <R,DP(:)> inout N2 MVORE4.
a <R,DP(size(b),size(b))> inout 17%l.
x <R,DP(size(b))> inout RO NRT KV,
E&ER
’??ﬁ” Qg , ~7 ]\)1/ bi L~k %,
% = b { 1y =0, (LA
EWDBEREN T RIMANY Dby 23KkdDd. ZD L X, 518 L OXISRERIE
al-j . a(i,j), xj : X(j), bl : b(i)
THhd. ZEHNAITHOGE, 3 BEIV—THND 2 )— TN A% & T DO 2
R DADIELTERATE S /728, Al 2 DD — T NEKETE, FHEHEENH LT
5. Hflia B TlE, i< RZIEHTHIN N RTH 72546, T ADEEIETK
BARFHREIEIE O(N3) TH 72D U, ANV—F VTl O(N) OFHHEEIETH
£, A ADHEEEOFM ARG B GIEIX?? SR,
5%

Bz L.

3.9.11 Householder

Bée
IND AN =24 (77 ZI) 2 HOT, EREIE 178 % A~y & v OV 5528
#1935,

=X
call invertmat( a, b, [p], [sym.opt] )

515
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a <R(:,:)> in ER D n KIETi1751.

b <R(size(a,1),size(a,2))> inout MHEHNDNY XV X)LTIT5.
p <R(size(a,1),size(a,2))> inout ZHUIHN/ZERITH (id).
sym_opt <L> in KFMTHIME D I ($ih).

EEN
ERDFFTH A Z ELRITH] PIZE NI ARNE—EHIZE>T, Ayt~ )L7
179 B \ZE#$ 5 -
PAP~ ! = B.

22T, AV VAL L () Z A5 ORI S £ TEE TRV -

ai1 @12 - Gipn—1 Qlp
a1 a2 -+ A2p—1 Q2p
0 azx azgz -+ asn
0 Apn—1 Ann

Thd.
(]

e sym_opt (FEHT 5175 a BHFMTFIDE G, .true. THRET D &, FHEK
Q< 25, 208 %, BRINDITH b IZ=ZFHATHICE>TND.

o p INTARNA—ZHUZ AN ZERITFIETHENT S, 2ZL, ZOA TV a
VEBET DL, BRITHHICHEREZTS O THUEERENIELS LS.

3.9.12 invert_mat

HERE
FEIE AT OHTH % KT .
X
call invertmat( a )
5181
a <I,R(:,:)> n kb B 1751,
b <I,R(size(a,1),size(a,1))> inout a DH{TH].
E&HEN
A ADFEEEE FHNTHITH %2 5HE T 5. sEHlAR R HIEIX?721.
=E3

Bz L.
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3.9.13 mat_dot

BERE
FRATH (EH TR TH L) OFFFIRE ET,
£
call invertmat( a, b, c )
511
a <R(:,:)> in m x n{74.
b <R(size(a,2),size(a,1))> in n x m 1731,
¢ <R(size(a,1),size(a,1))> inout 1F5N5IFFfrH].
EHEN
m X nﬁﬁﬂ A& nx mﬁiﬁu B 0)%5253\’2 Qg bij 2_’.3—5 2_’., :m%®1?§U$§lim;k
DIESATH) C (ﬁ‘Zﬁj\, Cz‘j) AR
AB=C : Zaikbkj = Cij.
k=1
TNEN, 518 OKIGIZLAT -
a;i; : a(i,j), by : b(i,3), ¢y @ c(i,j).
wE

Bz L.

3.9.14 QR _method

Hae
QR 72 (77 2I) 2V, EEEEHTHOREAMEE REANT MV 2FHE
5.

=X
call invert mat( a, lam, [p], [eps], [sym_opt] )

515
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a <R(:,:)> in fEREDHE n RIEFH{TH.
lam <R(size(a,1))> inout RFHNDEAME (Kid).
p <R(size(a,1),size(a,2))> inout [EHRZ ML ($id).
eps <R> in QR HEIZH T DU E.
T 7 ) M 1070,
sym_opt <L> in KFMTHIDE D I (1ih).

EREDETH A ZERITH Q & =A1T5 RIZHMU -
A=QR,

BoNd ZAFHONARS N OEEHEEZHETD. 20L& FHENRY NUIFEAHR
175 Q DRFNIME XN T WS, 175 A DEAMZ A\, A, -, A\ T B &L

Atl > 2] > - > A

EWDETROND. ZOLI n3 T ADT Y7 ThHd. ZDOLE, BHIZHN
TZERATH] Q M HEEANRY MV

q1, 92, "4y
L%, INHRFEEOIN—F VIZEITEEIBUIEHUT, BUFD & 5 Bt SBIfRIC
BoTW5.
A :oa(i,j), A ¢ lam(i), ¢q; : p(l:mn,i).

B%

o RKIV—FVTRINDEENY MV EEAMEIXZTNTN lam(i) & p(1:im,i)
EWVSIGRRRICH D, DFED, EAMHEDE i A IHIET SEANRY MUid p
D 2 RILHDHE i KA ITIRT 5.

o AN—F Tk QRIEZHFMA LTS 7280, BEAMSKENI TS ES D
R/ESVBE VY, BAEEOHMEIFAES<R>TNS.,

o sym_opt IFZHT H175] a AWHFMTHN DG E, true. THET D &, FHHEN
< 25,

3.9.15 schumit_norm

FEEONRYZ MIVOMZE Y 23y NOBEREZ FHAWTERERRY MVRIZEHRT
BLIN—F .

VMHRFDON—F 2T, FAEIHREL TOBEEIFRA RN & IZEHE.
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X
call schumit_norm( u, v )
518
u <R(:,:)> in HETBEINRT MIVA.
v <R(size(u,1),size(u,2))> inout I(FIREIRLRT M.
E&E
FEEDNRT MIVR {u}] = H MK R IEREAR XY VR {'v}j AT S 7
DY 23y hDOEREE
(), o
{v}; = ; o {v,}j :{“}J_Z({u}]{”}k) {v}
‘{” b k=0
Thb.
5%
Rz v,

3.9.16 trans_mat

ERIETTSIDERE 2K

call transmat( a )

a <I,R(:,:)> inout HEEIZL 72\,
E&EzN
1151 Ay D¥siE T AL Ay TH 5.
iBE

o HI#UZ inout EMENDVWTWVE DT, 5IBOMHERIFILE I N/METERINSG.

3.10 max min

BiF D i K AE, BUMEZRERT DN —F V.
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3.10.1 max_val_ 1d

BERE
1 RICEFN DR KA L T DOEPEMINT WD RFIEER S Z2IET 5,
£
call max_val_1d( var, mamn, mamv, [undef] )
511
var <I,R,DP(:)> in 1 RITDERZRECS.
mamn  <I> inout EAMEIEMINTNDEEZERS.
mamv  <I,R,DP> inout var DX KAE .
undef <I,R,DP> in REFME (BB) .
EEN
B 1 FEHNOEANOMZ LR T 5, RAREPERD > 756, REERERFE SO
FHNEDMBEIND,
B&

o REBRMEMNEHZINTWVDGAHIE. TORSZ L 2,

3.10.2 max_val 2d

BEBE
2 RICEFN DI KA L Z DMEPKEN I N T WD EFEZE S 2SS 5,
X
call max_val_2d( var, mamn, mamv, [undef] )
511
var <I,R,DP(:,:)> in 2 JRIT DR,
mamnx <I> inout FCHIN DR KMEIZEEY T 55 1 By HFERS.
mamny <I> inout AN DERKAEIZHEY I 25 2 FilFIEEES.
mamv <I,R,DP> inout var DI AfE .
undef <I,R,DP> in KEHM (k) .
EEN
HAZ 1 ZEHMOESIDOMEZ KT 5, mAEPERD > 72856, b BRESD
FHWEDWEIND,
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(]

o REBMEVERZINTVDLEIEX, TOMIZHEL &,

3.10.3 max_val_3d

BEBE
3 Rl H D KE & 7 DIED AN I N TSRS EEZF S 2GS S,
=52
call max_val_3d( var, mamn, mamv, [undef] )
513
var <I,R,DP(:)> in 3 RITDERZRHL .
mamnx <I> inout MAIANORAMEIZEY T DEHE 1 iKIEEES.
mamny <I> inout FLFINDBRKEIZHEYE I D 2 B EEES.
mamnz <I> inout FIHIANDRKMEIZEENST S 3 BYEREEFS.
mamv <I,R,DP> inout var OEKME .
undef <I,R,DP> in KEHME (Fid) .
EHEN
B2 1 HEHPNOEAOMEZ LR T 5, RRAEPERD > 7256, REERESD
FHWNEDBEIND,
e%

o REBRMMEZINTWVDGAEIX. TORSZ L RV,

3.10.4 min_val_1d

BEBE

1 RICEF DEAME L T DEPEMI N TV B ESEZR S 2 IUET 5,
£

call min_val_1d( var, mamn, mamv, [undef] )
511
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var <I,R,DP(:)> in 1 RIT DR
mamn = <I> inout B/MEIERINTNDEERS.
mamv  <I,R,DP> inout var MEx/IME .
undef <I,R,DP> in KEHZM (Fih) .
EHEN
Bz 1 ZEMOESIDEZ LK 5, m/IMEPERD > 72856, b BRESOD
FEONEHEDRRIND,
%

o REFZMEMVEZINTWVDGAEIX, TORSZ L RV,

3.10.5 min_val 2d

Bee
2 RITHLFI D i/IME L T DIEPEAN I N T WD EHERF S 2T 5,
=X
call min_val 2d( var, mamn, mamv, [undef] )
518
var <I,R,DP(:,:)> in 2 RICDO RS
mamnx <I> inout AL AN DOIR/MEIZEE Y T 558 1 BlyERES.
mamny <I> inout BLAIADEUIMEIZEE Y 9 55 2 Y EEFT.
mamv  <I,R,DP> inout var Of/MHE .
undef <I,R,DP> in REHEME (k) .
EHEN
BHIZ 1 FE»SESIOMEZ KT 5, B/MEPERD > 7256, B ERESOD
FHWEDWEIND,
3

o REBRMMVEZINTWVDGAEIX. TORSZ L RV,

3.10.6 min _val 3d

HeE
3 RIGHLH D /Ml & T DIED RGN X N T D RS EREF S 2 BT T 2,
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X
call min val_3d( var, mamn, mamv, [undef] )
518
var <I,R,DP(:)> in 3 RICDOERALS.
mamnx <I> inout MEHINOER/MEIZEEY D5 1 i ERES.
mamny <I> inout AL DBUMEIZFEY $ 55 2 Bl EHEE .
mamnz <I> inout LA NDER/IMEIZEE YT 5 3 BlHEREFS.
mamv  <I,R,DP> inout var ME/IME .
undef <I,R,DP> in KEZME (BIR) .
E&EN
WHLIT 1| B E DD RAIOME IS B, BoMENED > 7550, Bt EREHOD
FHNEDMPEIND,
B5E

o REFRMEMVEZRINTWVDGAEIX. TORESZ L 2V,

3.11 phys_const

VI E BEE. WP S DA EEEME L TNORD L SIZH5 R 5. HIUIBRHMER
(2008) & "2,

EAEIEE T BB DR B

Me <R> | 5.9736e24 HiBRDE & [kg]

g <R> 9.81 WERODREHEE SN | [m?/s]
omega | <R> 7.29-5 HBROD H s 4 B [1/s]
radius | <R> 6.378¢6 HiBR DR [m]

kB <R> | 1.380658¢-23 BRIV <V ER [J/K]

3.12 poly_function

ERZHAEZGHAT N —F V. ZITERINDERZHAN—F VI, 518OMHE
ZJ U T interface H 5 XN TWDH DT, FREEDF[#% 5 A NIXFREE T, fKE D[4

2772 U, HIBREARD A, Tsuboki and Sakakibara (2007) %5 Hi i,
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& 5 ANBIERECAE L 2R e ET. 2/, © 2 THOHNTV 2 SAROI %
ADEEIHIZ??7S 4.

3.12.1 chebyshev

BéaE
0—nROF Y I7LHAZFHETD.
£
call chebyshev( n, x, che )
518
n <I> in AT S B
x <R,DP(:)> in POVARTIE-E
che <R,DP(0:n,size(x))> inout F ¥ ¥z 7%IHA.
E&ER
nRF TV TLHIHAXE T,(2) T2 &,
[n/2] k
_ (=1)"n! n—2/1 _ Nk
T”(m)_kZ:O(Qk)!(n—%)!x (1=a%)"
B&

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

3.12.2 gegenbauer

BéRE
0—nRDT—r N7 —%HA%2HET 5.
£
call gegenbauer( n, x, p, lambda )
511
n <I> in FHET B BRI
X <R,DP(:)> in ROV ARGIE=E
p <R,DP(0:n,size(x))> inout 7 —%> VN0 7 —%IHA.
lambda <R> in T2 VN T — R EN
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EH®
nRF— YRS T —SERE CNa) T B,

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

I, P3N 2A0BEMEETH 5.
e

o ERROFHMIXI LN THM I T WS, FEM T EDFEMIZ DOV TIXT? 2L

3.12.3 hermite

0—nRXRDITIVI— I EHAZFHETS.

call hermite( n, x, p )

518

<I> in SR D B R
<R,DP(:)> in KD\ FIE
<R,DP(0:n,size(x))> inout ITII— NZLIHI.

EHEI
nRLNVI—hELIHAZ H,(2) 95 &,

[n/2]

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

(]

o EREOFHMIXI LN THM I N T WS, FEM G EDFAIZ DOV TIX??S L

3.12.4 jacobi_poly

HEE
0—nRXDOYILLZIHAZFHET .
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STPK ¥=a 7/ 3HTIL—FrV—8&
X
call jacobi_poly( n, x, p, alpha, beta )
518
n <I> in FTET D Bm .
X <R,DP(:)> in KD 7B
p <R,DP(0:n,size(x))> inout ¥ IV ZLIHA.
alpha <R> in Y IR 1
beta  <R> in Y IR 2.
EER
n XY ALLIHA% G, (a, §; 1) £Td &,
! Fa+n+k)(B) 4
Gnla, +Zr'n—r‘F(o¢+n) (ﬁ+k)x
e

o EBOIAM LI A TIMINT NS, Tl FEDZEMIZ DOWTIZ??7H 4.

3.12.5 laguerre

Hre
0—nRDZTF—IVZIHEXEHET 5.
=5
call laguerre( n, x, p )
511
<I> in A ERRY e 8
<R,DP(:)> in OV ARGIE S
<R,DP(0:n,size(x))> inout I —)IVZIHA.
E&ER
nRIT—INVEZEAX%E L,(x) £ T &,
Z”: o
k1 ( )] k v
=0
=3

o ERROFHMIXIL XN THM I T WS, FEAM T EDFEMIZ DWW TIXT? 2L
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3.12.6 legendre

0—nROINT ¥V RIVLIERZHET 5.

call legendre( n, x, p )
518

<I> in RIS EE R
<R,DP(:)> in D OYARTHES
<R,DP(0:n,size(x))> inout WY ¥V RILZIHA.
E&HEN
nXIVY ¥V RIVEZIHA% P,(z) L §5 L,

il n—k—l—l)(n—k+2)"'n(n+1)"'(n+k>(

EVE!
k=0

(]

o EFROFHMIXI LN THM I T WS, FEM T EDFEMIZ DWW TIXT? 2L

3.12.7 sonine

0—nRDY=_VLZIEAZFHHET S,

call sonine( n, x, p, lambda )

518

n <I> in AR S mm R
x <R,DP(:)> in KD NEIEL

p <R,DP(0:n,size(x))> inout Y =VZIHA.
lambda <R> in Y = UREL

—1)*(n4+ M) !
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(]

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

3.13 special _function

RiokBEE 2 5t R OB, 26, NOBEE~Y = a7 i, BBOEZRADAKL
TH Y, FEOFHFMX?? 2 ZE I3 N0,

3.13.1 Full Ellipl _Func

HEE
HMEEHEREEHE T 5.

23
result = Full E1lipl Func( k )
518

k <R> in K.
BEYfE <R,DP> inout ZIEHSHE.

w/2 1
K(k) = —‘ZdG.
0 1 —k2sin* 0

3.13.2 Full Ellip2_Func

Hae

BT e Z R T 5.
X

result = Full E11ip2 Func( k )
518
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k <R> in 88
RYfE <R,DP> inout afEfEE.

w/2 1
K(k) = —‘de
0 1 —k2sin® 0

Bz L.

3.13.3 Dbessj

By VBB Z R TS,

result = bessj( m, t )

518K

m <I,R> in AR DY/ €8
t <R,DP> in 2R
RUME <R,DP> inout FHELGEE.
EED
m Ry IV E J,(t) £ T2 &,

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

k=0

ZIZTC, I'(m) lEmRAV~BEETHS.

HE o EEROFMNIIMAF T I N TS, FHliAFIEDFHMIZDONWTIE??SI.

3.13.4 Dbessy

BNy RIVBIB R ERT .

result = bessy( m, t )
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518
m <I,R> in Ry v )VEEE D R
t <R,DP> in 2R
RYUME <R,DP> inout &fFEfEE.

E&EN

m XY IV E V(1) £ T5 L,

m—1 o

k=0

li 1+1+ +l + L+ + ! t e
2k:1k' 2 k n+1 n+k 2 '

I, T(m) WEom KA Y B T () 1om RS 2 VBT 5.

#5%E o HEEOFMNIIMDE TG I TN, G-l GIEDOFMIZ DOV TIE??7S .

3.13.5 beszero

Hae
—FERY L IVEBOY O S E2EHET 5.
X
call beszero( nmax, mmax, k )
518
nmax <I> in R )V D B R RS
mmax <I> in KDY 1T EDOEE.
k <R,DP(0:nmax,mmax)> inout YR TOE ({HHZIH).
E&E

RNy ZIVBID 0 RS n RETORFEMS mHOX O mEFHT L. 2
& &, G OXISBERIEATO L5128 5.

n I nmax, m . mmax.

wmE o HIZIEX, n RO m BEHOXY O L TOERDIEZE KD 72\ 5GE, call beszero(
n, m, k(0:n,m) ) IEETIL k(n,n) IZZDELOLDEIEHINTNS.
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3.13.6 beta_func

BEBE
N—REHEFHAETD.
X
result = beta func( x, y )
511
X <R,DP> in et
y <R,DP> in [
RUME <R,DP> inout FHHELGEE.
E&EN

N—AEHH% B(z,y) £ 95 &,

1
B(z,y) = /0 tx_l(l — t)y_ldt, z,y >0

#E o FEEROFHRIZIEMUXNTIHMINT NS,
o N—XHBITIFEBIEE £ D7D,

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

THDDT, 5| BDIER XD,

3.13.7 delta

S RO R DT 1772,

11
JUXY A—DTINVE%GHET S,
X
result = delta( i, j )
5%
i <I> in R
j <I> in R,
ROUME <R> inout gFIEALEER.
EERN
(i =J)
D
" { (i # 4)
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w&
Rz,

3.13.8 df _bessj

52313
B-HBEERY Y IVERZHET 5.
X
result = df bessj( m, t )
518
m <I,R> in IR 2 IVEE D R
t <R,DP> in 2.
RUME <R,DP> inout FHELGEE.
E&ER

m RERRY VB E [,(t) £ T5 &,
In(t) = i ™ T (it).
2T, Jnlt) & m R RIVBIEK, i ISEBOANITH .
BE o EROIHMIIAXIIHEAT CTIHMiiI N TWS. FHli G EDFMIZ DWW TIE??S IR,

3.13.9 df bessy

5313
B—FEL ) A~ VAR EEHETS.
X
result = df bessy( m, t )
518
m <I,R> in B A~ VDR
t <R,DP> in 2.

BEOfl <R,DP> inout glELEE.
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EER
mREW ) A< VBB E Kn(t) L35,

7 L(t) = Lu(t)

2 sin mm

K(t) =
ZZT, In(t) W& m RERNY R IVEBTH .

#E o EEROFMNIIMAE T I N TS, FHliHFEDFHEMIZOWTIZ??SI

3.13.10 epsilon

52313
ITF4 Y hYDA TV EHETD.
X
result = epsilon( i, j, k)
518
i <I> in HEER
j <I> in BEERR
k <I> in R
RUfE <R> inout EtAEGEE.
E&Ez
1 fEEH
Sijhk =19 —1 ®EHR
0 ZTOff
B&

3.13.11 gamma func

HEE

AV BEEEETS.
23

result = gamma func( x )
518
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X <I,R> in HHR.
RYfE <R,DP> inout afEfEE.
E&E
AV E INz) L ddL,

oo
I'(x) —/ t*le7tdt, x>0
0

#E o FEEROHMAILELATHMINTND.

3.13.12 kaijo

A A EDOZEAIZ DWW TIX?? 28,

PeE
MREZEHEITD.
X
result = kaijo( i )
5%
i <I> in R
RYME <I,R> inout FIEAEE.
EERN
il=ix(i—1)x--+x2x1
e
Bz L
3.13.13 sp_bessj
PaE
B —FHERAN Y IV E R T 5.
=Y
result = spbessj( m, t )
518
m <I,R> in BRA 2 )V B RE.
t <R,DP> in 2R
RYfE <R,DP> inout afEfEE.
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EER
m JRERN Y RIVEEZ j,(t) £ 95 &,

s

) 1/2k
Jm(t) = (27) Imy1/2(t).
ZZT, Jp(t) Em Ry IV TH 5.
BE o EBEOFMNIIEA T Tl I N T\ 5. FH GIEDFEMIC DN TIE??2 .

3.13.14 sp_bessy

Bee
R A VB EHAETS.
=52
result = sp bessy( m, t )
511
m <I,R> in Bk A~ VB O IRE
t <R,DP> in =
RYME <R,DP> inout afEfLEE.
E&ER

mRER ) A< VB E L) £ THE,

wt) = (1)

ZIT, Y0 EmR/I AT VEBTHD.

Ym+1/2(t)'

#E o HEEROFMNIFMAE TG I TS, G-l GIEOFM IO TIE??SI.

3.14 statistics

FEERMMEHLEITIN A, b, Wi, 70w T« YV EEITS IV —F V.

3.14.1 Anomaly_1d

HeE
1 RIGEADNEEN S DT ) <) —25HET 5,
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X
call Anomaly_1d( x, anor, [error] )
511
x <R,DP(:)> in 1R T—A&.
anor <R,DP(size(x))> inout % x(i) IZXInT 2 mA.
error <R,DP> in REEME (&) .
E&E

FEORIDT =45 v, WEIELZHG. TDT /<) —a, FA RO &S IZEHEA
INd,
1 n
Ay = Tj — g Z:L‘p
p=1
e

o RIBEMNEZINTVDEEIL, EHHAEDE., TOMENBA> TS T —X 5
BHBEIZANG Y, £/, T /XVU—ULUTYE error CEHZINTWSHZ
i&j‘o

3.14.2 Anomaly_2d

513
2 RGN DSEYHEN S DT ) <) — % 57T 5,
X
call Anomaly 2d( x, anor, [error] )
511
x <R,DP(:,:)> in 1 RET—4.
anor <R,DP(size(x,1),size(x,2))> inout % x(i,j) (IXIET 2 IRE.
error <R,DP> in RIEME (k) .
E&EN

FEDEI DT —8F xpp WEAEL GG, TDT )XY — Gy FATD & S IZEE
BHINnd,

n

m
1
Qij = Lij = E :E  Tpq

q=1p=1
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(]

o REMEMNERINTVDIGEIE., FHEHEDOEE., TOMENBA>DTWNDE T —X 5
EEHRIZANARN, F/2, 7/ —2ULUTH error TEHEINTWVWSEZE
5&—3—0

3.14.3 Anomaly 3d

BéRE
3 RITHHIDSEHEN S DT ) <) —%5HT 5,
£
call Anomaly 3d( x, anor, [error] )
511
x <R,DP(:)> in 1R T—A&.
anor <R,DP(size(x,1),size(x,2),size(x,3))> inout % x(i,j,k) (XL T Dl
error <R,DP> in RiEME ($Bad) .
EHEN
EEOEI DT =85 2y PEAELUEE, TDOT XV — @i 1EATD LD I
RHREIND,
Qijk = Tijk — lmn Z Z Z Tpgr
r=1 qg=1 p=1
e

o RIBENEZINTVDLEIL, FHHEDE., TOMENBASTVD T —X 5
REHBEIZANGD WY, £/2, 7T/ V—ULTE error CEHEINTWSHZE
5&‘3‘0

3.14.4 auto_interpolation_1d

Hae
1 RIGDFZ B R IZE T 2 HERE NI —F >, @, interpo_search L —
7 & interpolation DFABOETIFOLNL NFHLE 25w 2HFLL 2H D.
=X

call auto_interpolation_1d( x, r, u, v, [undef], [undefr], [stdopt] )
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511
X <R,DP(:)> in PR 0D 56 HE JRE A
r <R,DP(:)> in BRI %217 D FERE.
u <R,DP(size(x))> in JERE x CTREZRINDES]T—X.
<R,DP(size(r))> inout EiEr TEBINDEN]T—X.
undef  <R,DP> in REZME (k).
undefr <R,DP> in BB R E R E (1),
stdopt <L> in To5—Hh757 (%d) .
T 7 A MiX .false.
EHEN
JERE x DA T M x(1) TEHRINTVWDIEu() DIEZSHfEE UT, x &[FKIT
WHEET DT REEDO R D NOERERr DFMR () TEHZRINTWDE v(])
CHNFZITOEDTHD. 1 A—JEHI?TOES5BEDTH 5.
B&

o 51 undef IFTHIBATONFEZITED L UL IITKMIND{E.

o 51 undefr IFAF DM ES AN FET 2 ICEEDLT, TO/MDOY
HHMNHDNIE—HDAREEME undefr DHAEIT, NFESIZIZZ D undefr T
HBZoNMEMPEI NG,

e undef & undef X AbHE 2D I & T, NF MO ERMEHEINCH D0, FHBEHNTHE
EBZDOHBIMNTREL 5. BB, TNODHEIET 7 ANV R TIRESL 5E -999.0
TRIND.

o PR BERHEIPHIMAFZIEL TWDIGE, 7 7 A4V TIEHEL 112 Warning
AW —UNHEIINDD, stdopt & .true. ZEELTEITE, HI LRV,

3.14.5 auto_interpolation_2d

2 RIGCD LB PERERIZH T 2 HEFHENFIIL —F >, ik, interpo_search L —
F & interpolation DFAGHLE TITHON L WL 2 2 HELL 2 D.

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

518K
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x <R,DP(:)> in PR D FLHE PR 1.

y <R,DP(:)> in P D BEHE R 2.

T <R,DP(:)> in EERIZN %2175 MR 1.

P <R,DP(:)> in EERIZNH %217 D FERE 2.

u <R,DP(size(x),size(y))> in JEfSE x,y TEHZINDAELS]T—X.
v <R,DP(size(r),size(p))> inout JEMEr,p TEZXEINDEF]T—X.
undef  <R,DP> in RIEHMH (k).

undefr <R,DP> in NFRBEEE RUORE R AE (25R).
stdopt <L> in TI—WHh75 7 (k) .

T 7 AN ML false.

E&HN
JERE x,y DEME T x(1),y(§) TEHEINTVWSE uli,j) D2 SIEMEE LT,
x,y ERRICITAFAET D0 T Bl iE DR D HDBEEER r,p DER (1), pm) T
EBINTVWDEvA,n) CAFEZITIEDTHD. 1 A—JIEKI?OLSBRED
Thd.

(]

o G undef PN TONFIZITE D & Lz & ST I DA,

o 5 undefr IZHNFH MO MIHEESIEANTFETIICEEDLLT, TDHDY
HHEMNHDNIE—HDRERME undefr DHAHIT, NFESIZIZZ D undefr T
HBZ NI NG,

e undef & undef & &HOED I LT, N mMERFISINIH D H, FHIKNTHE
EBDNOHBINTEREL 25, BB, TNODMHEIET 7 ANV R TIRESL 5E -999.0
TRINDS.

o BRI EREFAIMNIAGAHEL TWDBGE, 7 7 40 b TIREHEH J71Z Warning
AW —=UMNHHINDD, stdopt & .true. (ZERELTEIFE, HH LRV,

3.14.6 auto_interpolation_3d

3 RItD L5 PEEERIZE T 5 HEMRE AL —F >, %, interpo_search ) —
7 & interpolation DFAAOETIFOLNL NFHLE 25w 2HELL 2B D.

call auto_interpolation 3d( x, y, z, r, p, g, u, v, [undef], [undefr],
[stdopt] )

518
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x <R,DP(:)> in A OD B JUAAEE 1.

y <R,DP(:)> in P D JEHE A 2.

z <R,DP(:)> in N D FEHE AR 3.

T <R,DP(:)> in HERIZNFE 2175 R 1.

P <R,DP(:)> in FEERIZ VT % AT D JBERE 2.

q <R,DP(:)> in FRRIZ N % 47 D FEEE 3.

u <R,DP(size(x),size(y),size(z))> in JERE x,y,z CEHZEINDES]T— XK.
v <R,DP(size(r),size(y),size(z))> inout MEi%r,p,q CEZEINDIES]T—X.
undef  <R,DP> in RIEFRME ($2ik).

undefr <R,DP> in BB RORE FfH (123R).

stdopt <L> in TI—Wh75 7 (k) .

T 7 A M false.
E&HER
JERS x,y,z DEMTF R x(1),7()),z2(&) TEHEINTVWDHEu,],k) Oz 3
i UT, x,y,z EEPRITITAEET D& T L E DR D HI D PERER r,p,q DA
r(1),pm),q(n) TEHINTVAEvQ,m,n) KHFZITOEDTHD. 1 A=Y
EH??2OESBREDTHD.

(]

o 58 undef IFFHHITONIFZITH D & U & SN I N D ME.

o 5% undefr I RO MG ES AN FET 2 ICEHDLLT, TORDLE
HHMHDNIE—HDREREME undefr DHFAEIT, N SIZIEZZ D undefr T
BEZoNMEPHRMI N5,

e undef & undef ¥ &HHE D I LT, NI fAERHIBIMN D 2D, FHIRATH
EBZNOHBINAREL 85, BB, INODMEIET 7 ANV R TIRESL 5E -999.0
TRIND.

o RS EERFIFAIMNIAFIEL TWDB YA, 7 7 4 )0 b TIREHEH JJIZ Warning
AV —INHIIND D, stdopt & .true. I[IEELTHITIE, HAOLRW.

3.14.7 Cor_Coe_1d

BERE

2 TR DOMBEREEGETIL—F .
£

call Cor_Coe_1d( x, y, cc, [error] )
5l
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<R,DP(:)> in 1 ka7 —4.
<R,DP(size(x))> in 1R T—A&.
cc <R,DP> inout  FHEAFREL.
error <R,DP> in RIEAH.
EFER
FEEOEID 2 T—85] x,,y, WEELZ5GE. TOMHBRE cc ARD & S 125
Bxhd,
cov
cc =

stv(x) x stv(y)
U, ARD &S Bl sz H\ .

n n

cov = Z (i —T)(yi — 1), stv(e) = Z (¢i — ¢)?

i=1 =1
Z T cov BRI, sto(g) 1E dp D F— RBIDREMERE L 55, £/, L0
DV ZEEIE Tl R R
5

o RIBMEMEZINTVDHAHIX, FHEOE, 0T -4 23 LA,

3.14.8 Cor_Coe_2d

BEBE
2 7T — A DOEBIREE RS 2V —F > (2 KItHiFIK).
=5
call Cor_Coe 2d( x, y, cc, [error] )
511
<R,DP(:,:)> in 2 RGT— &,
<R,DP(size(x,1),size(x,2))> in 2 RILT— 4.
cc <R,DP> inout AHBELREL.
error <R,DP> in RIEME.
EHEN
2 RItlds % 1 Rl HNZAE R X, Cor_Coe & FHWT WS,
B

o KIBEMEZINTVDIHAEI, FIHEOE, DT —&2 23 L AW,
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3.14.9 Cor_Coe_3d

BERE
2 F— X DOMBEREEFET N —F > (3 RThlFIR).
£
call Cor_Coe 3d( x, y, cc, [error] )
511
<R,DP(:,:,:)> in 3R T—A.
<R,DP(size(x,1),size(x,2),size(x,3))> in 3RLT—A.
cc <R,DP> inout FHEALREL.
error <R,DP> in RIEH.
E&ER
3 RITls % 1 Rl HNZ R X, Cor_Coe & VTS,
5%

o RIBEMEZINTVDHAEIX, FHEOE, TDOT -4 23U AW,

3.14.10 LSM_1d

BérE
H2T—RINF LT, SRR T v T VT8I, RN RIRIZE->TE
DIEE LY /2R TDHIIN—F V.
£
call LSM 1d( x, y, slope, intercept, [undef] )
513
X <R,DP(:)> in T—REHR .
y <R,DP(size(x))> in TR 2.
slope <R,DP> inout 3K 5N B HIELEEBDME X .
intercept <R,DP> inout K 5NDHFILEIE DY) fr.
undef <R,DP> in RigfE (i) .
E&ER

FEEORI DT —2FIDM 2,y WEIEL 725G, TOT— R & BuNFIEIZ LY
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DARD & 5 BB F(x,) 274y T4 V7§ 5,
F(z;) = ayw; + ao.
oL X, SIBUILL RO N E T 5,
z; : x(i), a1 : slope, agp : intercept.
BH. ZOBNTEIZ & 2 BARNREHEOGERIISERD 5.4.1 B,
wE

o REMENTEHEINTWVBELEIX, TOENBASDTVWE T —XMEFHEIZAN
RN,

3.14.11 LSM_2d

BERE
Hd 2 RLT— RN UT, MBI T v T+ V7T, BuN_3REIC
FOoTEDMHEES LY/ ZEETIN—F V.
g
call LSM 2d( x, y, slope, intercept, [undef] )
5%
x <R,DP(:,:)> in TR 1.
y <R,DP(size(x,1),size(x,2))> in TR 2.
slope <R,DP> inout K5 NDFEIEOME X,
intercept <R,DP> inout KD SN DKL DY Fr.
undef <R,DP> in RigME (k) .
E&ER
2 RotHEH % 1 ROCICE SR T, LSM V—F V2 HWTW5.
B&

o REENERINTWVDIHEIE, TOMEMNAS>TWDE T —H[AEZFHEIZAN
Z;:ll\o
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3.14.12 LSM_3d

BERE
Hd 3RLT— RN UT, SIBEBIZ T v T+ v 73BT, BuN_3REIC
FOoTEDMHES LYFZEETINL—F .
g
call LSM 3d( x, y, slope, intercept, [undef] )
511
x <R,DP(:,:,:)> in TF—AREHE 1.
y <R,DP(size(x,1),size(x,2),size(x,3))> in T—REE 9.
slope <R,DP> inout K 5ND IR DMH X
intercept <R,DP> inout 3K 5N B I DU F
undef <R,DP> in RiEME (k) .
E&ER
3 RCHEH % 1 RGCICE SR T, LSM V—F V2 HWTW5.
B&

o REMENERINTWVIHEIE, TOMEMNAS>TWD T — A [ EZFHEIZAN
Z;:ll\o

3.14.13 LSM _poly_1d

HeE
HET—AINIH LT, ERRBOZHKIZ T 1w T4 V7T, BuN_FIK
Lo TTDHRRBEFFE TN —F V.
=Y
call LSM poly 1d( x, y, a, intercept, [undef] )
518
X <R,DP(:)> in T—REHR .
y <R,DP(size(x))> in TR 2.
a <R,DP(:)> inout KDOHNDLHEADKHEE (Bid) .
intercept <R,DP> inout KOOLNDBLIHADYF (#ih) .
undef <R,DP> in RIEME (k) .
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EER
ERORIDT—ZHDOM v,y WEAEL 725G, TOT —Z 2 BU/NFIEIZEY
UFRDES B mREERF(2,) 74V T4 V795,

m
F(l’l) = Z aj:L’Z + ap.
j=1

ZOLE, I TONIGZE T D,
z; » x(1), a; : a(j), ap : intercept.

SIBOENO R THOLN L DI, EGEE UTazEdTE TORLSDEREMN
ZIHRDEERBE 2D, £/, A VI—F VIT, intercept LELH] a (ZHLA
BTN G, FEGIBUIT intercept DAL LT, a(0) ZMRATHIXREZ N,
BB, ZOBRNTIIKIZ & B BARNZEHE OGN RO TSI,

B%

o RIEMEMERINTVAEEIT. TOMENPASDTWET—AHZHEIZAN
R,

3.14.14 LSM poly_2d

HeE
HBT=HINIH LT, EERBOZHRZ T 1y 74 ¥ 7§28, R/NZRE
12 &> TEDBFBE T N—F ¥ (2 KILh).
23R
call LSM poly 2d( x, y, a, intercept, [undef] )
518
X <R,DP(:,:)> in T—ARERHR 1
y <R,DP(size(x,1),size(x,2))> in TR 2.
a <R,DP(:)> inout RKOOHENDLIEAXNDELRE (k) .
intercept <R,DP> inout KROLNDLIHADYIF (#ih) .
undef <R,DP> in REgME (k) .
EERN
2RGTT =% 1 JOLT — HITEEHA T, LSM.poly ZHNT WS,
s
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o RIEMEMEBZRINTWVAELEIZ. TOMENASDTWET—AHZEEIZAN
R,

3.14.15 LSM poly_3d

Bae
HDT—RHNIF LT, ERRBOZENZ T v T4 V738, RNk
&2 TZDEBEZFE TSI —F > (3 KILhy).
=R
call LSM.poly.-3d( x, y, a, intercept, [undef] )
518
X <R,DP(:,:,:)> in T—AREHE 1.
y <R,DP(size(x,1),size(x,2),size(x,3))> in T—AHZE 2.
a <R,DP(:)> inout K& S5NBELIEADLIRE
intercept <R,DP> inout RKDOLNBLHADYIF (
undef <R,DP> in RIEME (k)
E&HER
SRIET—H%& 1 RT —RIZEIHZ T, LSM_poly x HHNTW5.
%%

o REMENEHEINTWVIBIEEIX, TOENPASDTVWDIE T —XMEFHEIZAN
RN,

3.14.16 Mean_1d

BERE

1 RehcFI DY % 51 R4 5,
£

call Mean_1d( x, ave, [error], [nc] )
51
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x <R,DP(:)> in 1 RaeT—4A.

ave <R,DP> inout FHEY L FEHHE.

error <R,DP> n REEME ($8d) .

nc <I> inout EHED AV N (#Bak) .

o
EFHRT

EREORIDT =Rz, WFIELGE, TDT XV —ave lXLATFD & S IZEHHE
INhd,
1 n
ave = Z Tp
p=1
8%

o REMEMNEHRINTVDIHEEIE. FHFHEDE., TOMEMNA>TND T —H
% FHRIZANZR N,

o 1 nc & error BIEMEREINTWBIEE, FHEEIZHW 2T — 2 BOHKR
B (RIBMEZ RN 728 2IRT.

3.14.17 Mean_2d

Hae
2 RICEH D% GRS 5,
X
call Mean 2d( x, ave, [error], [nc]l )
511
X <R,DP(:,:)> in 2 RILT — A
ave <R,DP> inout FHEY L EHE.
error <R,DP> in REEME (Bid) .
nc <I> inout SEHOAT YV N (#Bik) .
E&E
EBOEI DT — 825 2y WEAELEBE, TOT ) <) —ave BZTFD & 5123
"HIXhd,
1 n m
ave = % Z Z $pq
q=1 p=1
=E3
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o KEMENEHINTOSHAIE, THHIEOR, ZOMMBA> TS F— 4 K
&I ANAL,

o 1% nc It error AIEARE X NT VB EE, T 7 F— 2 KO
B (DRI % R -3 B3R

3.14.18 Mean_3d

BEBE
3 RITh D FEYAME % FHAT D,
X
call Mean_3d( x, ave, [error], [nc] )
511
x <R,DP(:,:,:)> in 3RIET— XK.
ave <R,DP> inout FIE9 5 VA,
error <R,DP> in REEME (k) .
nc <I> inout EHOAY Y N (#BiR) .
E&E
FEREOEIXIDT =25 apppy PFIELZEGE, TDT XD —ave lZLATFD &L D IZE
BHiXhd,
n o m l
1
ave = %ZZZ$pqr
r=1 q=1 p=1
iBE

o RIEMEMNMERINTVWIHEIX, FEHHEDE, TOENRASTND T —X 1
ZEMEIZ AN,

e 51 nc & error BIEMERTEINT WD GE, FHEHEIZHWZ T — 2 BOM%
BO(REBEZ RN 2RT.

3.14.19 Reg Line_1d
HeE
FREAROME LY 23RN —F .

23

call Reg Line 1d( x, y, slope, intercept, [error] )
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STPK ¥=a 7/ 3YITN—FV—E
518
x <R,DP(:)> in 1 RT—A&.
y <R,DP(size(x))> in 1 RoaT— 4.
slope <R,DP> inout  [AIMFHERRDMH X .
intercept <R,DP> inout [FIEEFROY]F.
error <R,DP> in RIEAH.
EHD

FEEOEID 2 7—&%5] z,, y, PFELEZGE. TORRBERR v, = az, + 8 1ZH

FE2MEE o LY B2 LSMV—F v EHNTHET S,
IEHE 7R GHE RIS 87 72 1.
5%

o REMENERINTVDHAEIE, SHEOE, TOT—&225HHE LAV,

3.14.20 Reg_Line_2d

2 Rt T — A DWTHIREMROMEE LY %2EHH T —F V.

call Reg Line 2d( x, y, slope, intercept, [error] )

515

x <R,DP(:,:)> in 2 RLT—A&.

y <R,DP(size(x,1),size(x,2))> 1in 2 RILT— A
slope <R,DP> inout [AIFEFROM E.
intercept <R,DP> inout  [EREFROY] fr.
error <R,DP> in RIEAH.

2RIGT— A% 1 RLT —RIZESIHA T, Reg Line V—F V& HNS.

o REMENERINTODEGAIE, GHAEOE, TOT—&223HHE LAV,
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3.14.21 Reg Line 3d

HaE
3RILT — R DWTHIFEMRDOIEE LY 25HH T )V —F .
E:o
call Reg Line 3d( x, y, slope, intercept, [error] )
518
x <R,DP(:,:,:)> in 3RITT—X.
y <R,DP(size(x,1),size(x,2),size(x,3))> in 3RILT—X.
slope <R,DP> inout [A|VFEKROM E.
intercept <R,DP> inout [MIEEFROY]F.
error <R,DP> in IRIEAH.
EERN

3RIGT—AR% 1 RuT —RIZESIHA T, Reg Line V—F V& AN S,

o KIBEMEZINTVDIHAEX, FIHEOE, DT —& Z5HHE LA,

3.14.22 covariance_1d

BB
2 FT—RDENEEFETDIIN—F .
X
call covariance_1d( x, y, cov, [error] )
511
x <R,DP(:)> in 1 RTT—X.
y <R,DP(size(x))> in 1 RTET—X.
cov <R,DP> inout L3 HEL.
error <R,DP> in RIEAH.
EHEN
FEEOEID 2 T—85] z,, yp PWFEELZEE., TOH-DE cov LFD & S IZEHE
REATR

n

cov = Z (x; —Z)(yi — 9)

i=1
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Z T, ERODWAEEBITEYE % KT
e

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

3.14.23 covariance_2d

BéRE
2 T RO EFET DI —F > (2 RICEFIIK).
X
call covariance 2d( x, y, cov, [error] )
511
x <R,DP(:,:)> in 2 RILT — A
y <R,DP(size(x,1),size(x,2))> in 2 RIET— X
cov <R,DP> inout L4
error <R,DP> in REEAE.
E&ER
QRILT—R%E 1 RTT—RIZEZHZ T, covariance V—F V2 5.
B&

o REMENEZRINTW D LA, FHROKEE, 20T -2 23R LAV,

3.14.24 covariance_3d

BEEE

2 T ADILSEEFIFET DI —F > (3 KITBIHIRK).
=X

call covariance 3d( x, y, cov, [error] )
518
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x <R,DP(:,:,:)> in 3RLT—A.
y <R,DP(size(x,1),size(x,2),size(x,3))> in 3MILT —A.
cov <R,DP> inout FL3HEL.
error <R,DP> in RIEAH.

EERN
3RILT—R % 1 ReT —RIZEEIHR T, covariance V—F V2 V5.
e

o RIBEMEZINTVDHAEX, FIHEOE, DT —& 23 LA,

3.14.25 interpo_search_1d

BERE
1 RTOMWIEHLH] (BERBNER 2 T IR RIS RDEH]) OF T, point %
BRABVERKDODEZRFZZSEZ2HNTE (DWDWBEIHTATLEDLD R EITD),
=52
call interpo_search 1d( x, point, i, [undeff], [stdopt] )
5%
x <R,DP(:)> in 1 RocinEnd 7).
point  <R,DP> in EiRaVARY=
i <I> inout point %A RWVEKD x(i)
IZHEYS S 2 ERE S
undeff <I> in BRHPA 7 T 7 (18R) .
T 74 MY o,
stdopt <L> in TI—Wh75 7 (k) .
T 74N MiE . false.
E&ER
P A& 77
=E3

o HERHPADAFI ERME Y /NI WEZHERL &5 & ULBRIZ undeff 2iK9,
ZOMENHE I NG ITHEREFIMNC R > 5E1E 0 2RY . BERH#EH LD KX
WA EDED Bz L >TH, x OERKEICHY T LI ERE T 2K,

o BEREMHERFIFIMNAFAEL TWDBGE, 7 7 4 )0 b TIFEHEL JJIZ Warning
AW —=UNRHEIIINDN, stdopt & .true. [THELTHITIE, HI LR,
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3.14.26 interpo_search 2d

Hre
2 RITOMFERLH] (BB R 2 T IEN K E <R 5H5) DO T, pointx,
pointy Z A RV AKDERFZTEZ L NITE (WbDWE AT AGHFD &S L%
79,
=X
call interpo_search 2d( x, y, pointx, pointy, i, j, [undeff], [stdopt]
)
518K
X <R,DP(:)> in 1 Rt L 4.
y <R,DP(:)> in 1 ROt s i 51
pointx <R,DP> in x AZDWTHNZD AL
pointy <R,DP> in yIZDWTHANZ O AL
i <I> inout pointx Z# A BV EKRD x(i)
MY D ERET.
j <I> inout pointy A RWVEKD y(3)
IZHY T B ERE .
undeff <I> in BRRHIPN T 7 (k) .
T 74 ME¥o.
stdopt <L> in To—Hh75 7 (k) .
T 7 A MiE .false.
EEN
PR 7.
e

o HRRHEIFHDORIAERME L VNI WEZEER L &5 & U ZBRIC undeff 23K,
ZODMEMRE I NG ITEERHPIIMNC R > 5581 0 2K T, BERH#PH LD KX
WHHIFED LD REEZ L >TH, x DERKNEICHY T HESERZE S EIKT,

o MRS ERFFAIMNIAGFIEL CTWDBGE, 7 7 4 )V b TIREHEH J7IZ Warning
AW —=UNHIINDED, stdopt & .true. [TERELTEIHE, HHLRW.

3.14.27 interpo_search_3d

HeE
3 ROTDOWHES (BRBPEZ D Z L IEPRE LA DES]) OF T, pointx,
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pointy, pointz Z A BWERKDEREZSZHNTE (WbWL AV AGTD &

DB ELTD ),
E5:Y
call interpo_search 3d( x, y, z, pointx, pointy, pointz, i, j, k, &
& [stdopt], [undeff] )
518
x <R,DP(:)> in 1 RITHBERC A1
y <R,DP(:)> in 1 R L 4.
z <R,DP(:)> in 1 R 4]
pointx <R,DP> in x AZDWTHNZW AL
pointy <R,DP> in FIZDWTHFNRZ DL
pointz <R,DP> in Z IZDWTHNRZ O AL
i <I> inout pointx Z#M A RVEKD x(1)
ICHS T 2 ERES.
j <I> inout pointy Z# A LMW ERKRD y(3)
IHS T 2 ERE S
k <I> inout pointz % B A R WVERKD z(k)
YT 2 ERES.
undeff <I> in BREFHN T T 7 (BR) .
774 MEED.
stdopt <L> in TI—Hh75 7 (k) .
T 7 AV N false.
EHE
R ?7.
e

o REHIPIDEAMBERMEE Y /NI WEEZHERL &S5 & UBRIZ undeff %R T,
ZOMEDBRE I NG ITERHIFAIMI B S 725515 0 2R, SERHFH LD KX
WEGEIRED IS BfEE & >TH, x DRAMEICHY T LSS EREFE S5 IKT,

o BRI BEREFAIMAGAEL TWDGE, 7 7 4 )0 b TIREHEH J71Z Warning
AW —UNHEIINDD, stdopt & .true. ZERELTEITE, HHLRW.

3.14.28 interpolation_1d

1 RO NFEIL—F >, NS L NEOBRIZZRT 2B L0, TOMIZET
SfEZH LI, NRTOMEEZMIENTIZL>THAT S,
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=X
call interpolation_1d( x, y, point, val )

518
x <R,DP(2)> in Wi D (k)
v RDP> in x TEEINBME (E) |
point <R,DP> in N AL
val <R,DP> inout A s TDAA.

EHEI

BEABIEX??. & 2 FERERLS 2, DE I U TERINT WDy, 2EH L2, H
% 2 K xj, wip1 DEDK 24 (BT DMENTFHEZFHEL20VETE, ZOE W
PR yp ($E65 2 SOMEZZRLU T, BLFDO LS IEIRING,

de — Yivl1 — Yi

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

oL X, 5IBUILL RO E T 5,
i 2 x(1), w1 0 x(2), oy vy, w1 y(2),
Ty © point, y, : val
"%

o AT, x(1:2) DEPDONSRNGEIE, point D% L IZ, interpo_search 1d
W—=F Ve, TNH6DREDHLNUHROTHIFIEL,

3.14.29 interpolation_2d

2 RITDRJENTFIN —F >, NFEIRENTFORIZZRT I RBE LT, TORIZHT
Bz &Il N TOMEEIENMIZEL > TERT S,

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

518

main.tex 2016 £ 3 H 25 H (L&)



STPK v=a7J)L 3HITIL—Fr—& 119

X <R,DP(2)> in x SN SO LA () .
y <R,DP(2)> in y HMNFER O (k) .
z <R,DP(2,2)> in x, y CEZEINDMH (Bif) .

point <R,DP(2)> in x, y COWNHFL.
point (1) A x, point(2) My IZXf)i.
val <R,DP> inout AfF £ TDIA.

E&ER
BEABUEE??. D JERERCS 2, v DA RIS U TEZEI N TV DH 2, & E & 1T,
HB 4 K (24,95), (Tir1,Y5)s (o, Yjr1, Tir1, Yjr1) THEND K (2, yq) (25 1T AR
R L 72\ 2 5, Z Db . (N 2, (6 4 SOME BIRL T,

Z;—l—lj - zij (.CCp _ xz) + 'Zj-f—l — ;U<

i+1 — T i+1 — Y5
(f’fp - xi)(yq - yj)

Ti+1 — xi)(ijrl - yj)

Zpq = Zij T Yq — Yj)

[Ziv 1541 — Zij1 — Ziv1s + 2i) (
LEMEING B, Zor X, BB TONIEE TS,
;0 x(1), wip : x(2), y; oy, yip o y(2),

Zij . Z(l,l)7 zi—l—lj . 2(2,1), Zij—‘rl . 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%E £ 12, interpo_search_2d
N—=F VR, INLDREHSNUDKROTEIFIEL,

3.14.30 interpolation_3d

HEE
3 KILDFIENFFIN —F >, WK ENFOBRIZZRT IR LU, TORITHIT
Bz LIl WK TOMEZIIENIZ L > THET S,

23

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

518K

13z pROEHIZ2?B .
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x <R,DP(2)> in x JFNIR S DA (k) .
y <R,DP(2)> in y HIRANFE SO LA ($ak) .
z <R,DP(2)> in z JANF S DA (k) .
<R,DP(2,2,2)> in x, y, z CERINDMH (&) .
point <R,DP(3)> in X, y, z COM
point (1) ' x, point (2) My i,
point (3) A% z IZXY)ii.
val <R,DP> inout NF R TOAA.

E&ER
BEARNE??. BB FEEEECH] 2,0, Y, 21 DB A U TEZRINT OB MH Uy &
L2, H2 8 RUTHEND 1 (), yg, 2r) IS DML AFMEZFIHE L 20 2T 5,
ZDEE, NHE 2y 1FEHE 8 mOMEZZIL T,

(zp — i) (Yq — Y5)
u ZU"k"F WUit1ik — Uiik —— + (U4 1k — Wijk) —————
par “ (i1 Y )l‘i+1 — T (i Y )Z/j+1 —Yj
(zr _Zk)
Wi — Wis
+ ( i7k+1 ij') Zhtl — 2

) (zp — i) (yg — Yy)
Tit1l — T Yj4+1 — Yy
(zp — =) (2 — 21)
Ti4l — T4 241 — 25

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

+ (Uit 141k — Uija1k — Yit1jk + Wijk

+ (Wit 1jk1 — Wikt1 — Wit 1jk + Uijk)

+ (Wij 1kl — Wijk+1 — Wij4+1k + Uijk

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

LEMEXND M, ok X, BIBIILUTONIGE TS,

i - x(1), w0 x(2), oy oy, yip - y(2),
2 z(1),  zpy1 ¢ z(2),
Zigk + z(1,1,1), zipge 0 2(2,1,1), zijpue 0 2(1,2,1), zpe - 2(1,1,2),
Zivtj+1k © 2(2,2,1), ziper - 2(2,1,2), zijpaesr o 2(1,2,2), zigprjpesr ¢ 2(2,2,2),

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

(]

o mHIT, x(1:2), y(1:2), z(1:2) DEBONLRNEEIE, point D% %
&2, interpo_search 3d V—F VZHW, INOLDRZHOLNUHRKDTEH
FIEE W,

U pROEHIZI?B .
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3.14.31 nearest_search_1d

1 RIGOWIEELY] (ERBPIEZ D T IHNRE B DHH]) OHF T, point IZ
RELVERFSZ TS,

call nearest_search_1d( x, point, i )

515
x <R,DP(:)> in 1 Rociin FEnd 1)
point <R,DP> in AR TR
i <I> inout point IZHRE TV x(1)

YT B ERES.
EERN
REA B IE77.
e

2 U,

3.14.32 nearest_search_2d

2 RITOMFERL ] (RPN R 2 T IEN K I <R 505) DR T, pointx,
pointy RO IEVWERFRSEH T D,

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

518

X <R,DP(:)> in 1 RoCHERd .

y <R,DP(:)> in 1 Rocif i id s

pointx <R,DP> in x AZDWTHNZWV AL

pointy <R,DP> in Y IZDOWTHANRZW AL

i <I> inout pointx (ZHE ULV x(i)
WCHY T B ERES.

j <I> inout pointy IZHE LIV y(j)
WCHY TR ERES.
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EEX
R 77

(]
AN

3.14.33 nearest_search_3d

3 KICOWIEELY] (BEREPHEA D T L IENKRELSRDES]) OF T, pointx,
pointy, pointz I(ZEREIEWVWEREFESZ T D,

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

518

X <R,DP(:)> in 1 R L 4.
y <R,DP(:)> in 1 Rocif id s .
z <R,DP(:)> in 1 RITHBEBC A1
pointx <R,DP> in X AT DWTEANRD L
pointy <R,DP> in yIZTDOWTHN/Z VAL
pointz <R,DP> in z IZDWTHANTZV AL
i <I> inout pointx (ZHEE IV x(i)
WCHY T2 ERES.
j <I> inout pointy (ZHE IV y(j)
WY 5 ERES.
k <I> inout pointz IZHKEH T z(k)
WY 2 ERE S
EERN
BB IE77.
e
2 U,

3.14.34 nearest_neighbor_search_1d

1 RIGOMERELSIDOH T, point ICHRBILWEREFRSTZ LT 2,
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N

call nearest_neighbor_search 1d( x, point, i, [undef] )

518

x <R,DP(:)> in 1 RO id 51
point <R,DP> in FARTZ O
i <I> inout point IZHEE IV x(1)
WZHHY T B EERS.
undef <R,DP> n HIEHH.
E&EN
nearest_search 1d 2 [[A U.
®E
A O

3.14.35 nearest_neighbor_search_2d
HeE
2 RILDEERSIDOH T, pointx, pointy (IREIEVWERESEZH T D,

o

call nearest_neighbor_search 2d( x, y, pointx, pointy, i, j, [undef] )

518

x <R,DP(:)> in 1 R L 4.
y <R,DP(:)> in 1 2RI R4
pointx <R,DP> in x AZDWTHNZWD AL
pointy <R,DP> in I DOWTHAN VAL
i <I> inout pointx (ZHE TV x (1)
ICHMHY T D EREKT.
j <I> inout pointy (ZHE LTV y(j)
IZHY T B ERE .
undef  <R,DP> in HAE TR
EER
nearest_search_2d & [F U.
e
B U,
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3.14.36 nearest_neighbor_search_3d

3 KILDEREEFIDHF T, pointx, pointy, pointz ICHEEWEREZ S % H N

5,

call nearest_neighbor_search_3d( x, y, z, pointx, pointy, pointz, &

i, j, k, [undef] )

51
X <R,DP(:)> in 1 R L 4.
y <R,DP(:)> in 1 2RI 4.
z <R,DP(:)> in 1 R EERC .
pointx <R,DP> in X AZDWTEIANRWD .
pointy <R,DP> in IS DWTEANZ O AL
pointz <R,DP> in z IZDWTHANTZV AL
i <I> inout pointx (ZHE IV x (1)
IZHY T B ERE .
j <I> inout pointy (ZHE LV y(3)
ICHHY T 2 ERES.
k <I> inout pointz IZHE I z(k)
MY D EREKT.
undef <R,DP> n HAEHAH.
E&ER
nearest_search_3d & [A U.
e
2L,

3.14.37 stand_vari_1d

BEBE

2 T—ADIEMERAEZHEAT DI —F .
X

call stand vari_1d( x, anor, [error] )
511
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x <R,DP(:)> in 1 R T—A.
anor <R,DP> inout AEHEfRF .
error <R,DP> n RIEAE.

o
EFHRT

FEORI DT =45z, BWMEAEL 72856, T OBRERE sto L RD & S IZFHES

nd,

n

sty = Z (z; — T)?

=1
Z T, EEODWAEEBITESE A R T
&

o RIBMEMEZINTVDHAE, FHEOE, DT -4 23 LR,

3.14.38 stand_vari_2d

52313
2 T— A DIEHERAEZFIET 2V —F (2 KOLEFIIKR).
X
call stand_vari_2d( x, anor, [error] )
511
x <R,DP(:,:)> in 2 RuGT— &,
anor <R,DP> inout AEHEfR .
error <R,DP> in RIEAHE.
E&EN
2RIET—H % 1 RTLT —RIZEEHZ, stand_vari V—F V& HAND.
=E3

o REMENEZRINTV D LA, SHROEE, €07 —Z iR LAV,

3.14.39 stand_vari_3d

Hae
2 F— X DS 2 FHET 2N —F > (3 RITHFIK).
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X
call stand_vari_3d( x, anor, [error] )
511
X <R,DP(:,:,:)> in 3RILT —A.
anor <R,DP> inout FHER 2=
error <R,DP> n RIEfH.
EER
3RILT—F % 1 ReT —RIZEEHZ, stand_vari V—F V& HND.
8%

o KIBEMMEZINTVDIHAE, FIHEOE, DT —&2 Z3HHE LA,

3.14.40 Move_ave

BB
1 RO OB E I EMEZ T 5,
£
call Move_ave( x, n, y, [error], [offset] )
51
X <R(:)> in 1 RET —A.
n <I> in g% & B EER
y <R(size(x))> inout “F¥IUHER.
error <R> in RIEfE (#&ak) .
offset <I> in BEIE % Blh 9 2 BEES (k) .
T 74V M n.
EEN
FEEOEIDT— 25| x; WEEL 725G, TOBENFEY ¢ IZUTO LS IZEHREI N
5, 722U, n PBEIFEETIERBTH D,
1 ttnsl
Yi = E Z Tp
p=t
B&
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o BENEYDEHIFEZERTIE EDO LS IR U TH B D, FEEIIHMD n @iz
DWTCEHZHAL, DBIIERGEEZE ., BHEZ 2T EWVWOEEEZ2ITT>T
W5,

o 58 offset IFBENFIIMEDRAZFHET O EELBZ S E2IBET D. offset=n
£95L, EFOEHZERNIEVT, REZEBNN O LT, BEEIEIUFDOLS
WZEHE I NS,

i+n—1

vi= Z zp(i =m, N —n+m)
p=i

ZIT,n>m TRITNERS BN, Z0&F, EOBEBZEFFSMIAEY T 2 ES
12l error WRAI NG, T 74 M.

3.14.41 Move_anom

Hae
1 RIeBLHI OB ENEIIMED & DR % FHEd 5,
X
call Move_anom( x, n, y, [error], [offset] )
511
X <R(:)> in 1 ReT— 4.
n <I> in SR b BB
y <R(size(x))> inout fFoNd7 /<.
error <R> in RIEME (18id) .
offset <I> in BEIEYS % fth 9 2 BREE S (Bad) .
F 74N MEn.
E&E
EREOEIDT =25 x; WELEL 725G, TOBENEET )<V 4, I TFD &SI
SHREINDG, 22U, n BBEIEET L EERTH D,
1 i+n—1
Yi = Tj — E Z Tp
p=1
5%

o BEPFDFIRIFERATIE EOISIZEHR U TH LM, EEIZHAD n
DWW ZEEL, DRERGHEZE] &, BFEZET LW EEEZ{T-T
W5,
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o 5 offset IIBEFIIMEDONRAZFHBTLIERESLIBEE TS, offset=m
EF2L, EOEZENIEWT, REEZHN N O L X, BEIEENO O
UTRDLDIIEIEINS.

| sl
Yi = Tj — — Z zp(i =m, N —n+m)

n !
p=1

ZIT,n>m TRITNERS RN, ZhDe & EOBEFRFFIMIATY T B EF
IZIE error BRAIND. T 74 YO,

3.15 Thermo Advanced Function

BN FEBOWIEZ TS BEBD S b, DT Y 2 —IVITHRTF U 72 51HR 2 47 S BIEUE.

3.15.1 CAPE

KA RALE T )LV F— (Convective Available Potential Energy) % #1#4 % ) —
F.

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

518

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

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

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

temp <R(size(p))> in e K.

zref  <R> in FAESEE [m].

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

undeff <R> in R AE FH.

opt <I> in LNB 5RO A T a v (k).

PLFC
/ R(T, —T,)dInp.

PLNB
ZIT. pRAE. T, BBEHIBOERE (DY, VY FTEEI SR, T, 1%
MBI G 5 T, HEMEEE 20 D RS E 2 S— X VORE, RIZEEEL
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LFC I ZHHXREE (Level of Free Convection), LNB (& ZiF /1 EE (Level of
Neutral Buoyancy).

(]

o HEL UTHZADHEIIE, BEREFESO/NIWHENK Y HIKRITE WAL 25 &
DT, DFEVEFIE UTT— R 25221, HIERH»SHEML TN,

o HET— XX LFC, LNB Ofi% 58T 272DIZOAHHL T2,

e undeff NHEINT VD EEDMEIFFEE X N,

o L, AMEGELQLAMETHZD5GEIE. OB O H ¢RI EHES T
TOEEZEIFE L, TOME#E L TANTNIK OK.

e opt ZHUIDWTIX, B zLNB TOA ¥ 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] )

518

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

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

qv <R(size(p))> in IKFRSRIEA L [kg/kg).
temp <R(size(p))> in IE (K.

zref <R> in FAEFE [m).

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

undeff <R> in RIE FAH.

Pref
/ R(T, — T,)dInp.

PLFC
ZIT. pERRE. T, 3EESORE (DY, VYT TBHHUINDIRE). T, &
B B IZHE > T FRYESE 2,00 O BRI TS =RIVDRE, RIFKIAEL.
LFC I3 HHimE (Level of Free Convection). pres 1& zpeyf TOKUIE.

B%

main.tex 2016 £ 3 H 25 H (L&)



STPK v=a7J)L 3HITIL—Fr—& 130

o HIHE UTHEZADEMINE, HEEFSONIWANIYHRIEMEE 25 &
ST, DFEVEFE L TT—4 252583, RN SEML TV,

o HET—XIXLFC, LNB Ol %FHT 2 72DIZOMMEHAL TN 5,

e undeff NHEINT WD EHEDHEIFFE I AW,

o L, RMESELLGITRMETE X Z2GEIE. ZOBEE O H 4 a1ICIEHES T
TOEELZFHAEL, ToME%z515E LT AN OK.

3.15.3 T_LFC

PaE
LFC (Level of Free Convection) TR % F157 9 % B
X
result = T LFC( zref, z, temp, p, qv )
518
zref <R> in FHESE [m).
z <R(size(p))> in = [m].
temp  <R(size(p))> in e K.
p <R(:)> in SUE [Pal.
qv <R(size(p))> in RFAKIEG L [kg/kg].
RUfE  <R> inout LFC TOiE [K].
EHEI
WIEIZ BT 5 /37 A =R DFMIZ?? S,
e

o SIHE LUTHADEEIK BEBFSD/NIVANL)HBRITENMEE 422 &
DI, DFEVEFIE UTT— R 252581, HIERm»SHML TN,

o HDEMEFETOMYEMNEZ LR XYL E, FEORRNMHYLIEMNE -T2
HEMNLFC Thd. 22T, FFEORMMHLIEN R AT D 2 SE2 KD, ©
IO EEAMICAETE L THEZRET D,

3.154 T_LNB

HeE
LNB (Level of Neutral Buoyancy) TDIfiE % 5159 % B
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=X
result = TLNB( zref, z, temp, p, qv, [option] )
518
Tref <R> in HAEEE [m]
z <R(size(p))> in & [m].
temp <R(size(p))> in wmE [K].
p <R(:)> in SUE [Pal.
qv <R(size(p))> in KEKIRE L [kg/kg].
RUME  <R> inout LNB TOim/E [K].
option <R> in % (HEZ2R).
EHI
WIEIZ BT 5 /37 A =R DFMIZ??S .
(]

o HIME UTHEADEINK, ERERFZODNIWVLNE

DR ITIEVMEE 25 &
DI, DFVEFIE L TT =X 252583, MREMNSHEML TN

option (ZIFEFT N AD. A TIE., LNB 251H 32572012, 2 FHEHO HIE
LB IENTED, 1 DO LFC & & TORMM Y IRA A LFC &) EZ2
THUOBRBEISOMMMLEAMN E XL EEHEL, TOEEZ LNB 235/
ETHhd, LML, EBROESHREERSREKAKBH T —2Tlk, BEDT—X
MRELLFHTIEHEER D720, LFC DT ETLNB # WA TULEW, IE
HEZEHHEINZWGEDRH S, £ T, 2 DOIEEKRBIM T — & O R
5 N A) EIHURIA M IEAL 2 FHR UL @) LEC TORAFIAEMIRAL & [/ U1l %
WR7-EE%E LNB &9 2 GIETrEE1TD, RARIFE S RAL L BRE Tl
L5770, ZOFiEE > TEMBEIXRY, 774V N TlE option = 1
THY, ZHE 1 2ODTFEIZLZHETH D,

3.15.5 precip_water

HeE
AlBEKE 2GR 9 S B
=X
result = precip.water( p, qv, [undef] )
518
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p <R(:)> in SUE [Pa).

qv <R(size(p))> in IKARTIR A [kg/kg].
RUME  <rR> inout  AFEAKE [kg/m?.
undef <R> in RIE FHAH.

EERN
WrEXIZ B 1 5 /87 A =2 DFEMIXT? 2.

(]

o Gl UTHADKIINE, HRFZSONIWHEPLYHIRIGENMEE 2D &

ST, DEVEFIE LTT—4 %252 58I%. HMRE»SEML TV,

3.15.6 qrsg 2 dbz

11
FHEYHRE A D DRI R L — X SRS % GHA T 2 B
=X
result = z LFC( rho, qr, [gs]l, [qgl )
5181
rho <R> in HAERE [kg/m3).
qr <R> in MIKEE L [kg/kg].
as <R> in TREL [ke/kg).
ag <R> in BRI [kg/kg].
RUME  <R> inout L — X KHIEE [dBZ].
EHEI

L — A RATRE dBZ 13
dBZ = 10log,y Z

TEHINTWD. KBEHTIE, 20D Z OFHEIC Murakami (1990) O (54) =

ﬁQR 175 18
Z =T(7T)Ng ( ) 10
(D) Nro Tpw N Rro
2

g +2 Ew + 2 pw) " \mpsNyo
2 L 2 _ 1.75
e “w Lo\ N, (P9 108
g+ 2 Ew +2 PW TpgNgo

ZHVWTCWS, ZIT. S 5RITNTNUTRDESY THD,
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I'(z) AV~

e OKDHFER.
o IKDHFAER.

Nro WOBEE.
Ny FHOHEE.
Ngo  BOBEE.
Puw IKDEE,

Ps EDEE.
Pq TODBEE,
p FEARG D KRB

KWIFL/SS A — & 1% Murakami (1990) (2208 S M TV B2 V328, 2 S T
WRWWS T A—=ZIZDNTIE, BRHMER (2008) D2 SEIZLTWS. L —A 4t

SR DFEM AR FHRIX 7?2
e
Rz L.
3.15.7 z LCL
7151
LCL (Lifted Condensation Level) % F1%.9 % B%k.
=X
result = z LCL( z_ref, z, temp, p, qV )
518
zref <R> in FAEEE [m).
z <R(size(p))> in EE [m].
temp  <R(size(p))> in wE K.
P <R(:)> in SUE [Pa).
qv <R(size(p))> in KEKIRE L [kg/kg].
RUME  <R> inout LCL & [m].
EHEIN
BIEBIZ 351F % /8T A =X DFMIZT? S
e

o JIL UTHAZRMINE, HEBRSDNIWAVEVHIRIGENMEEL 22 &
ST, DEVEFIE LTT—4 %252 58I%, HMRE»SEML TV,
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3.15.8 z_LFC
Hre
LFC (Level of Free Convection) % &% % BZ.
=X
result = z LFC( z_ref, z, temp, p, qv )
515
zref <R> in FHEESE (m]
z <R(size(p))> in = [m).
temp  <R(size(p))> in e K.
p <R(:)> in SUE [Pal
qv <R(size(p))> in KFAKIEG I [kg/kg].
RYOfE  <R> inout LFC && [m]
E&ER
WIEAXIZ B 1 278 T A — R OFEMIEXT?7S .
e
o FIHELUTHADKEIE, EREFESO/NIWANL)HRITEVVEE 25 &
ST, DFEVEFIE LTT—4 & 52 DB%, MERHMNSEML T <,
o HERMEFGETOMYENMNZ EFRIEZL E, FFHORHNMHE YR L —T S
HEMN LFC THD. Z 2Tl BFHDORFIMYEMN & 2T D 2 mERD, £
IMOEEAMICNFTL I L TREZRET S.
3.15.9 z_ LNB
Hae
LNB (Level of Neutral Buoyancy) % &1%5.9 % B
ZX
result = z LNB( z._ref, z, temp, p, qv, [option] )
518

2016 4 3 A 25 H (EHE)
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EEX

by
K

zref <R> in e [m].

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

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

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

qv <R(size(p))> in KAEKIEA L [kg/kg).
ROfE  <r> inout LNB i [m].
option <R> in FHEGE (HESR).

WrEAIZ B 1T % /3T A —Z DOFMIX?7?21E.

(T

3.16

o Gl UTHADKEINE, EHRBFZSO/NIWLREYHRIGENMEE 2D &

S, DFEVEHE LTT—R 252515, HIRE»SHEHL THL

option (ZIFEFT N AD. A TIE., LNB 25153272012, 2 FHEHO HIE
LBDILMNTED, 1 DO LFC & TORIFIME LA A LFC &V E2E
THUOBRBEISOMMMLEAMN E XL EEHEL, TOEEEZ LNB 235/
EThd, LML, EBEOESIREERSEKRBH T — 2Tl BEDOT—X&
MRKELLFTDEHEERHZ720, LFC DT ETLNB # WM TULEW, IF
HEIZEHEINRNGENH D, €I T, 2 DOIFEBELKRBIH T — X D _Ebih
5N SRR S IRAL 2 5 U, &HIC LFC TORFMH YR & [ Ui %
WR7-EE%E LNB &9 2 AIETaEL1TD, RARIFE S IRALIE BJE Clkig e
BERd-0, ZOFiEE L >TEMBEIZRY, 774V N TiE option = 1
ThHY, ZHE 1 DODOFIEIZELZHATH D,

thermo_advanced_routine

BN ZEBRONEI —F v OFR T, AH 7 — (TR EIER T Z K TUHZ
FONV—F2D>H, DEY 2 —IVIEKIFT 2N AT EDEEDZEY 2 —)b.
ZIZTHOWTWSZ K ORNFEBOFEMIXI?SIE,

3.16.1 Brunt _Freq

BERE
T3V MNA Y IHREEOD 2 FE2FHETD.
£
call Brunt Freq( x, y, z, pt, BV, [undef] )
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518
<R(:)> in G TR — R
<R(:)> in A TR TR
z <R(:)> in TR = R
pt <R(size(x),size(y),size(z))> in AL [K].
BV <R(size(x),size(y),size(z))> inout 77 ¥ hNA Y JHRENEL [/s].
undef <R> in RIE FEAH.
EERN
TV IIREEE N LTH L, TOERR
2_ 99
N = 00z
ERB, ZIT, g0 FTNTHNEINEE LBATDH D,
e

Hae
INTFVDORT VY Y VIRELFHET 5.
==
call Ertel PV( x, y, z, u, v, w, rho, pt, cor, PV, [undef], [sx], [syl,
[sz] )
5%
X <R(:)> in TR PR
y <R(:)> in TR TR
z <R(:)> in TR = R
u <R(size(x),size(y),size(z))> in x FaDEE,.
v <R(size(x),size(y),size(z))> in y S DHE.
W <R(size(x),size(y),size(z))> in z D HEE.
rho <R(size(z))> in 1 [kg/m?).
pt <R(size(x),size(y),size(z))> in AL [K].
cor <R(size(x),size(y))> in AV AVINT A—=4 [/5].
PV <R(size(x),size(y),size(z))> inout TILFILD PV [K/kg s m?].
undef <R> in HRAE FH.
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E&EN
TITNVDRT VI YIViEEE2 PLddE, TOEHEIE
wg - VO
p
&85, ZIT. w0, pldzhehiictifaE,. i, BETHD,

P=

Hae
HHFERICB T DEROEEEEICE DI TV TNVORT VY v ViEZEET 5.
=X
call HEPV( x, y, z, u, v, rhoc, pt, cor, PV, [undef], [sx], [sy] )
5188
X <R(:)> in TR — R
y <R(:)> in A TR A,
z <R(:)> in A TR S
u <R(size(x),size(y),size(z))> in x J3ADEE [m/s).
v <R(size(x),size(y),size(z))> in y FRO®EE [m/s].
rhoc  <R(size(x),size(y),size(z))> in EHAN SEE
pt <R(size(x),size(y),size(z))> in AN T — IR (Bid).
cor <R(size(x),size(y))> in AV FVINT A—=4& [/5].
PV <R(size(x),size(y),size(z))> inout TILFTILD PV [K/kg s m?].
undef <R> in R AE FH.
sX <R(size(x),size(y))> in x JAEOD A — VKT
sy <R(size(x),size(y))> in y AR AT — VKT
EHEI

HHFERIZBITDINTIVORT VY IIVEEEZ P 358, ZTOEFHIT 8
2 RCOEENOMLEORERERE AT SEZ LT

oA oA O 10
onc () s (5) ot 1) (ac)] 3

_ Ov _ Ou
Wx,c = —87C, (.Uy7< = aﬁ(

P:

L85, ZIT,
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THhd, BT CEZTOEBIER T X N EMARTHD I L E2EKRL TN,
T NFRDIZODVWTIRETLIETH Y., —BRNZIZBMAP BRI, 20
HEIKIELT, 856025 PV OBEAIZERD ZLITHRE, I 2 &5 8 s
X5 L,

10
z,y,( =%,y,2, u,v=1u,v, (;):rhoc, A=pt, f=cor, P=FPV
p 0z

Thd,
(]

o XAB# x,y,2z,rhoc,pt DHALIIED & 5 ZRITTERDRND, THIX PV D
R ERE 22D LIERET S, BHIOTIVTIV PV ORItz i Lzw
G, TOMEIZHD AT —NVRFEEDOET, sx * x,8y * yA' [m] D
Hifi %, pt A [K] OFALZ, rhoc A [m3/kg] DHALZFFTITL W,

o A —)VIKF sx,sy (FKFSHDMEESR % [m] RITIZT D 72ODRETH D,
L. ZOAT—IVIRTF & hy,y by &L, ERINTWDIKEZEMBEERER 2, y
DUNEERL 6, 0y (2 U T, AKEFAIDRAEERE L, L, 1FEATFD &K S 25
BRetD:

0Ly = hydx, 0L, = hyoy.

BIZIE, x,y FEREDERTE DRRE, FREE (41, o) THD LT DL, TNTNODW
INSATTRERE 5L, OL, X THTh
§Ly = acos paby, 6Ly = ades
YRY, IO XOAT—VRTIEERER
he =acosgy, hy=a

BB, ZIT, al3MERDOEETH 2,
o HAR XEE rhoc X EIRD & 512 rhoc= 12( ThHd, ¢ 2RMERE 2127

z

%Y. rhoc I FBEEDOWEIZ—HT D, £/, EHEEp = CIZRHATD L, i
HFEDOBFRMS rhoc 1 —g IZ—ET5, £>T, HTIHGEIFHNIIOD
rhoc ZROTEL BENH B,

3.16.4 HQGPV

HIERIC B B [ BRI & OSATRHERERRIC 365  MEMUIHE AR 7 > > v VIR
EFET 5.
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i P AR (2) JE5 Hfn]
Wi (phi) VART VT YV [J/kg] | S [Pa)
HAGIRE (t_ref) wE K] wmAL [K]
X
call HQGPV( x, y, z, phi, t_.ref, cor, PV, [undef], [sx], [syl], [rhoc]
)
513
<R(:)> in TR — R
<R(:)> in TR TR
z <R(:)> in G TR R
phi <R(size(x),size(y),size(z))> in z (SRS 25 (k).
t_ref <R(size(z))> in HEARGE (67) [K] (#&ih).
cor <R(size(x),size(y))> in AV AVINTA—=4 [/5].
PV <R(size(x),size(y),size(z))> inout ¥ PV [s71].
undef <R> in REFMAE.
SX <R(size(x),size(y))> in x FIAOD AT — VK.
sy <R(size(x),size(y))> in y HED AT — VIR T
rhoc  <R(size(z))> in HAGHE kg/m3] (185h).
E&E
HHFRICEB T SRR R TV Yy ViEE2 P dd L, TOEHRITESFEREp
RTDES :
_ Lo 9 (fo0o2
AR R <a 8p>
B &, BfTEEEE 2 DES :
1, o [ (doo\ !
PZsz“f”az{(dz) 9}
TENTNEHAEINDS,
BRI, BRI G RN S RIIER LD, INIZEhazRE L TELD,
=3

o A —VIHF sx,sy IBKFESHDPERER % m] RITIZT D 2ODRBTH D,
G ZOAT=IVHFZ hy, hy EF DL, ERINTODIKPERMPELER 2, y
DIUNEENL 6, 0y (2 U T, AKETG A DKAEHREE 6L, L, IFEATFD & S 2B
Rzt

5L, = hydz, 8L, = hydy.
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BIZIE, @,y JEEEDSERIIDRERE, FHIE (1, ¢o) THD LTI L, TNTNDW
INSARTERE O Ly, 6L, \ZTHTH

(5Lx = a COS ¢25¢1, 5Ly = a5¢2
LY, ZOEEDAT—IVHTFIEENTH
hy =acosga, hy=a

b, ZIZTC, alZEROERTH S,
o FLAILEE rhoc ML LTEHND L X2, NEEEIZSMEENL 5N
TWa eI —F HICcHEPHET 5,

3.17 thermo_const

BIIFHIEREE. BIPRIIB I EEERZUTORD LS IZE RS, HHEIZHBME
# (2008) & V.

3.18 thermo_function

BO1FICBE T R O LB, AN, AN T —ZHEIRYT &S BRI T
RTIDEYVa—IVZHAAEND. TSI TH>TE, BITENBAN T —
BTHIEGEHIIODVTEHEAIND.

AREV2—IVTERINTWDEBITIEIANT, ATV a3 VB THBIZT Ny 77
TYaVPREREINT VDS, KA TV aviETF 74V MEBE T T, BEic 1 2FE 3L
Z OEBASE D NaN THIUSEIEA L TV a— V42 EEH T 5. 2 2 8ETHIE,
ZTOBEBDOXHILETR2EY 2 -, T U TCRINDEEEEN T LIRS T
W3, BB, ITRTON—FVTHOOLNTWSIEHEROEEIZ??SE, $/-, K&
KROFEMZEHE RO S K.

3.18.1 Cefp

oy

25

o

z

,D

BELPOAMEEHEZEET .

result=Cefp( qv, [d1] )
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R ZH DRIk Hi
Cpd <R> 1004.0 HZ IR SOD JE [ LB [J/K kg]
Cpv <R> 1870.0 IKFES D RE - L B [J/K kg]
Cvd <R> 719.0 HZJRR D E R LB [J/K kg]
Cvv <R> 1410.0 IKFRS D RE TR L [J/K kg]
LHO <R> 2.5e6 IKZES DL [J/kg]
LHS <R> 2.8¢6 IKFRSOD A HETE L [J/kg]
LFO <R> | 3.337e5 0°C TDKD RfFEEL [J/kg]
LFm40 | <R> | 2.357¢b —40°C TO KD RlfipEEL [J/kg]
Md <R> 28.96 VIR D & [kg/kmol]
Mv <R> 18.0 KELRD & [kg/kmol]
Rd <R> 287.0 HEJER SR D SR E R [J/K kg]
Rv <R> 461.0 IKFESD AR EEL [J/K kg
e0 <R> 611.0 B f T D KFESUE [Pa]
ei0 <R> 611.73 1R 5T D IKEIRI T DK [Pa]
eps_rdrv | <R> | 287.0/461.0 Rd/Rv 1]
kalm <R> 0.4 IV VRE 1]
pO <R> 1.0e5 BT [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 D Y [ [K]
£10 <R> 273.16 KO = H T OB RS [K]
MFPO <R> 6.6e-8 p00, t0 TO ¥ H 1T [m]
515
qv <R> in KIEKIRA L [ke/kg].
a1 <I> in TN TATVay
KOfE <R> inout ARIEEHE [J/K kgl
EHERN
HIEELE C, T2 &,
! = g <1 +ffp;v/cpd> (3.18.1)
ZZ Ty Cpds Cpus Qo IFTNTINIZIER KD E LB, KEKDEELE, KEJIES
tkTthd,
(e
SN
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3.18.2 Cefv

KGR G O G ERE A Z R T 5.

result=Cefv( qv, [d1l] )

5150

qv <R> in KRB G L [ke/kg).
dl <I> in TN THA TV ay
ROfE <R> inout HARIEREHE [J/K kgl

E&ER
HERILEE O LT L,
_ 1 + chvfu/cvd
= Cpd ( s ) (3.18.2)
ZZ T Cody Cov, @o IZTNTNEIERRDERELEL, KEKOEMELLE, KEKE
GlETH B,
iBE
Bz L
3.18.3 Cl
BEBE
BOKDOHBZGFET D,
=5y
result=C1( T, [d1l] )
518K
T <R> in RRDIE [K].
d1 <I> in -?“/\“7 THATav

FOfE <R> inout #E#E [J/K kgl

EERN
KDLEEZE ClLT DL,

4190. T >273.1
C’Z(T):{ 900 = 213.15 (3.18.3)

4770.0 4+ 6(T — Tref) T >273.15
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ZZT.
4770.0 — 4190.0
5 — T, = 233.15.
40.0 ’ f
=E3
Rz L.
3.18.4 DSE_Emanuel
BEBE
Emanuel (1994) TEHI N TV DR T RN F—2HET 5.
=5y
result=DSE Emanuel( T, qv, z, [d1l] )
515
T <R> in RERDIE [K].
qv <R> in KERIRG L [ke/kg).
z <R> in =E [m]
dl <I> in TNV TX T ay,
RUME  <R> inout FZJEHNTRILF— [J/kg].
E&ER

hg = (de + ""va)T + (1 + T)gz (3.18.4)

MERDD. 2T, ooy cpp BT NENEIRKLADTEE LB, KL DTEEHIT
B, T, gz REWEHIRE, KEQRAH, TONMEE, HEEET

w&
Bz L.

3.18.5 eP_2 qv

IKFRSGE E JESI 0 KSR Gl 23R 5.

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

518
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e <R> in KRDIKFASE [Pa).
<R> in KRDEH [Pal.
d1 <I> in TN TATVav.

RUME  <R> inout KREDKEKJIEAL [keg/kg].

ce B &
P_e¢ °7 R,
Ry, R, IZZTNT N, FZIEKRE. KELKDSMAER,

e
Hrizzz L.

Qv = (3.18.5)

3.18.6 es_Bolton

Bolton (1980) DA &R % St fARIKAKIE 2 F1HHT 5.

result=es_Bolton( T, [dl] )
513
T <R> in RRDIE [K].

dl <I> in SRAV N WAA-V2
RUME  <R> inout KREDEHIKZSE [Pa).

es(T) = epexpa’=22, a=17.67, c =29.65 (3.18.6)

—C

ZIT, Ty =273.15 K, eg = 611.0 Pa, es(T) IFBIRKELKIETH B,

e
KRz L.

3.18.7 es_.TD

Bolton (1980) D RDHH T, KEKXIEE2 525 L TTDOL I OHEMRE%FHHA
T 5.
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£R
result=es_TD( e, [dl] )

518

e <R> in KREDKIELITE [Pal.
dl <I> in AV A
RYME  <R> inout K&KODEAEE [K].

TO —C
g—07"C¢
a —log (e/e0)’
22T, Ty=273.15 K, eg = 611.0 Pa, Tp 3B RIEETH D,

BE
Rz L.

Tp =c+ a=17.67, c = 29.65

3.18.8 esi_Emanuel

Emanuel (1994) O X054 % oI OKEIRI CRNKA LKL ZEHR T 5.

result=esi_Emanuel( T, [d1l] )

518

T <R> in REDHE [K].
dl <I> in AV A
ROfE  <R> inout KEKDKEMIAKALILE [Pal.
E&EN
KEIFIDKELRITE % #, REZT 2 TD L,

111.72784
Ine# = 23.33086 — % +0.15215In 7.

BE
Rz,

(3.18.7)

(3.18.8)
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3.18.9 eT 2 RH

HERE
KIARSLTE ERED SHMNEE %2 5HE T 5.
£RX
result=eT_2 RH( e, T, [d1l] )
5%
o B> in KEOKELIT [Pal.
<R> in RERDIE [K].
dl <I> in TNV T X T ay,
RYOME  <R> inout KADHNEE [%).
EER
FHXHEE RH & fIFIUKZAKIE eg. KARSKDE e DEFERA :
RH = 63 x 100 (3.18.9)
ICIZEE TS, 2T, MK AKFEIZEE NS es Bolton 2 HWTEE L -1
ZHWS,
=E5
KRz L.

3.18.10 exner_func_dry

Hae
W RRIZB T2 T AF—BEZ3ET 5.
=R
result=exner func dry( P, [d1l] )
515
P <R> in KEDES [Pa).
d1 <I> in TNV T F T av,
RYOfE  <R> inout HZIEKRK DT I AT —BIE [MERIT].
EERN
T A>T —F g DEEA -
p Rd/cpd
T = () (3.18.10)
Po
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MERDD. ZIT, py RLI AF—BBOEELIETH S, Ry, Cpy RTHZH,
HIRREIC B B LR EIEHETH B,

w&
Bz L.

3.18.11 get_gamma. d

FIR RS DWIRBRZ G 5.

result=get_gamma d( [d1] )

518

dl <I> in SRAV N WAA-V2
ROfE <R> inout HZMEMIEEE [K/m].
EEIN
FEIRWTBECR Ty \E LB Cpg E EIIEE g 2 VT,

g
Iy=———. 3.18.11
o ( )

&&
Rrizk L.

3.18.12 goff gratch

Hae
Goff-Gratch DAMN S E % o IZHHUKAKIE 2GR T 5.
X
result=goff_gratch( T, [d1] )
515
T <R> in KRRDIE [K].
d1 <I> in TN TATVav.

RUME <R> inout KEDEMIKASE [Pa).
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EEX

pow = a (t;t — 1.0) +blogyg (?) +c (10.01’“(1'0*”“” — 1.0) +d (IO.Opb(tSt/Tfl'o) — 1.0) ,

es(T) = po x 10P°%. (3.18.12)
Z ZT.
a=—7.90298, b =5.02808, ¢ = —1.3816 x 1077, d = 8.1328 x 1073,

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

BE

3.18.13 goff gratch_i

HEE
Goff-Gratch DA IR 2 St OKEM TRNKEREZFHT 2.
=X
result=goff gratch i( T, [d1l] )
518
T <R> in RRDIE [K].
d1 <I> in TNy TFH T ay,
RUME <R> inout KREDENIKASHE [Pa)l.
EHEIN
tio tio T
pow = a <T - 1.0) + blogy T +c <1.0 — 751‘0)
es(T) = py x 107", (3.18.13)
Z 2T,
a = —9.09718, b = —3.56654, ¢ = 0.876793,
Po = 611.73, tio = 273.16.
e
R L.
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3.18.14 hypsometric_form

BERE
HBDEEIIBITDR[EDMIERITS . @I % 5 2 XN IESE & 5T
5ZEMNTED.
X
result=hypsometric_form( p, z, T, [z_t], [dl] )
511
p <R> in RIEZGE TOES) [Pa).
z <R> in FAEFE [m).
T <R> in HAEHETORE K.
z.t <R> in HIE#1T D @ [m].
7 7 AV MEE 0 m.
d1 <I> in TNV T F T ayv,
RYOME  <R> inout z.t TOMEN [Pal.
E&ER
SR IZ B 1 IR GDOLRIREERZE I =6.5 K/km & UT, @& 2z TORIE p(z)
L BRIZKE. EDODD > TV EE 2 TOME p(2), T(2) Z HWT,
B T(2)+ Iz 9/(I'Rq)
p(zt) = p(2) <T(:<7)+Fz:t> (3.18.14)
MHRDD., TI T, Ry IFHIERKIIB T DRMBERTDH B,
B&
FRzz L.
3.18.15 LH
BERE
FIeHEY T7OX (27) D OIEADOIREKRIANEZZ R U ZBOMEZ AT 5.
=5
result=LH( T, [d1l] )
513k
T <R> in RRDIE [K].
d1 <I> in TN ITF T ay,

RYOfE  <R> inout E# [J/K kgl
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EEX

LH(T) = LHy —232(T — Tp), LHy=2.5x10°. (3.18.15)
ZIT, Ty=27315K TH 3,

3.18.16 liquid_enthal

HaE
Emanuel (1994) O X0 SIRE & KYEMN SHBKT Y AV —%2EHHT 5.
=X
result=liquid_enthal( T, ql, [qol, [d1l] )
518
T <R> in REDTEE [K].
ql <R> in WBOKIEA ke/kg].
qo <R(:)> in WOKLMN DK PEIR A EE kg /kg).
dl <I> in TN TH TV ay
RUME  <R> inout WKLY AIE— [J/kg].
EHEIN

BAKTYRIVE—% ky, TD L,
kw = (¢pd + 1ecp)T — Ly (3.18.16)

ZZ Ty CpdyCpuy L i%ﬂ%ﬂﬁz%ﬁﬁw@ﬁfthm IKIELRDEELLEL, BT DH
D. T,r;,m Ci%ﬁ’b% TR, WBOKEERLL, KYWEEALLLORHITH S,

B%

o KD DAKYIEIREGHIE AT TV T LI DOESERIZIET, D0
THEIZDF[HUTIET.

3.18.17 moist_enthal

Emanuel (1994) O X0 S{RE & KYEM SEMT Y ZIVE—-25HT 5.
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=R
result=moist_enthal( T, qv, [qol, [d1l] )
515
T <R> in REDIRE [K].
qv <R> in KAEKIEA L [kg/kg].
qo <R(:)> in KRS DK YEIR G [kg/kg).
d1 <I> in TN TF TV av,
KOfE  <R> inout JEET > ZIVE— [J/kg].
EERN
EHETVANVE—%EddL,
k = (cpa + recy)T + Lyr. (3.18.17)

ZZ T\ cpa,pp Ly RENTNHZIER[DEELLE, KOWE, WATHYD. T,r,m

FEThTHILE, KE[BESH, KPEESLOBHTH S,
"%

o KIS DKYEIRAIE AT T T IR ORI R ITIET,

3.18.18 MSE_Emanuel

HaE
Emanuel (1994) TEZRIN TV D EEHN T RN F—2EHTD.
=X
result=MSE Emanuel( T, qv, z, [qol, [d1] )
518
T <R> in READIRE [K].
qv <R> in KAEKIEA L [kg/kg).
z <R> in EE [m].
qo <R(:)> in IKFRS LMD KYIEIR A kg /kg].
d1 <I> in TN TATVav.
RUfE  <R> inout  MERIEFHKT RV X — [J/kg].
EERN

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

(3.18.18)
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MERDSL. T T cpg, 1y Ly 1ETNTNEIER KD E LB, WMUKD L, B
THY., T,r,r, g, 2 W ETNTIRE, KYEHIESLLOKH, KEKIEALL, M
HE, SEEZRT,

&
o KAKUMNDKYEREGHIZZD AT TV T IZHIEANERIZKNT D Z &,

3.18.19 qvP 2e

HeE
IKFESIR G HL E FEI M HIKFRLRE 2GR T 5.
23
result=qvP 2 e( qv, P, [d1] )
518
qv <R> in KIEKIEA L [ke/kg].
P <R> in RKR]DEE [Pal.
d1 <I> in TN TF T av.
FEYME  <R> inout JKZEKE [Pa).
EHEN
KESTER e LT DL, r
Qv d
= = —. 3.18.19
‘TPeve TR ( )
D, g IETNTNIES], KEKIRGHTH S,
()

Rz L.

3.18.20 qvT_2.Tv

iR 2 EHEXN LR T 5.

result=qvT_2.Tv( qv, T, [d1l] )

518
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qv <R> in RRDKERIEAL [kg/kg].
T <R> in REDE [K].
dl <I> in AV A
RYME  <R> inout RiRE [K].
EED
RigE% T, L 45,
1+q
T, = pLE /e (3.18.20)
1+aqu
ZIZT, T,q, ETENTNRKDIEE, KEKQEEGHRTH D,
£33
Bz L.

3.18.21 qvTP_2_RH

B
KALIRE L ERE L E N OHMNEE 2 E5H T 5.
£
result=qvTP_2 RH( qv, T, P, [d1] )
511
qv <R> in READIKEJIEA L kg/kg].
T <R> in RKLADIE [K].
P <R> in KRRDEH [Pal.
dl <I> in TNV TFX T av.
RYUME  <R> inout KEDHNUZE [%)].
E&EN

FHAEERIIU T TH D,
qvP_2_e(qv,P) = /KZ&XJE e=eT 2 RH(e,T) = tHXIZSE

[

3.18.22 qv_2.sh

HeE
KSRGS R 2 51 H T 5.
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=X
result=qv_2_sh( qv, [d1] )
518
qv <R> in KEIEAL [ke/kg].
d1 <I> in TN TATVav.
RYME  <R> inout FiE [kg/kg].
EHEIN
g% sh £ 945 &,
Qv
h= . .18.21
10+ g (3.18.21)
¢ WBKEKERETDH D,
e
B2 L
3.18.23 Reff
HaE
KERIEA N O AR RIKERZFHET 5.
X
result=Reff( qv, [d1l] )
518
qv <R> in KIEKIEA L [ke/kg].
d1 <I> in TNy TH TV ay,
RO <R> inout A [J/K kel.
EHEI
AEIRERZ R L35 &,
I
R =R o= (3.18.22)
ZZT. Ry, q I FTNTNEIRERKDSHRER, KELJBEALTH S,
e
Rz L
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3.18.24 rhoP 2T

BERE
WK K DREBHREADN S, BE LG5 A THEZES.
£
result=rhoP_2_T( rho, P, [d1l] )
511
rho <R> in KREDEE kg/m3).
P <R> in KKDHES] [Pa).
dl <I> in TN T F T ay,
REYfE  <R> inout KEDIEE [K].
E&EN
KEDIRFEFFEA

p = pRT.

ZIZT. pp, RTIEZENTENKRADES., B, WIRRKOKUKER. KDIE

Thd, TRNTOEHIF MKS BARTUHEIND,

3.18.25 rhoT 2 P

BB
IR R DIREHEANS, BELREZ A TREZD.
£
result=rhoT_2 P( rho, T, [dl] )
51
rho <R> in KEDEE kg/m3).
T <R> in RKLADIRE [K].
d1 <I> in TN ITF TV ay,
RYfE  <R> inout KEDKE [Pal.
EHEN
RKEDIRFEFHFEX -

p = pRT.
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ZIZT. p,p, RTIZRTNTNRGADIES], BE, WRERKDKUEER. K]OME

Thd, TRTOLEIT MKS Bfii 2R TUH I NS,

w&
Bz L.

3.18.26 RHTP_2 qv

Hae
MRS & i & S0 S KAKIR AL 2 GHH T 5.
=X
result=RHTP_2_qv( RH, T, P, [dl1] )
518
RH <R> in KRRDHEXNRE [%)].
T <R> in REDIE [K].
P <R> in RKLADEE [Pa).
d1 <I> in TNV ITF T ay,
RUME  <R> inout KREDKFEKJIEAL keg/kgl.
EERN
FHEBERIUTTHS.
RHT_2_e (RH,T) = /KAKJE e=>eP_2_qv(e,P)= KAEKIEALL
e

Rz L.

3.18.27 RHT 2. e

RES R & RS 5 KR SE 2 5 5.

result=RHT 2_e( RH, T, [dl] )

518
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RH <R> in KD [%].
T <R> in REDE [K].
dl <I> in TN T F T ay,

RUME <R> inout KEDKEKDHE [Pal.
EHEIN
FEXERE RH & BANUKZRSKUE e,0 KRR E e DEFERX

RH =2 %100
€s

(3.18.23)

ZICICEA TS, 2T, AHKAKTEIXEEDS es Bolton # HWTEHHE L 724

=D,
e

3.18.28 sh_2 _qv

Hae
KSR G KR RIB G2 ET 5.
X
result=sh 2 qv( sh, [d1l] )
E1E
sh <R> in KIS [kg/kg].
a1 <I> in TN ITATVav.
RUME <R> inout KEAKIEAH [kg/kg).
EERN
KERIRGIZ g, £ 95 &,
_ sh
©=T0—sh

sh IFKELRHETH 5,

(]

3.18.29 tetens

Hee

tetens DFEBRAN SIRE % T ITHHKASIEEZ5ET 5.

(3.18.24)
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=X
result=tetens( T, [dl] )
5%
T <R> in REDHE [K].
d1 <I> in TN ITATVav.
RUME  <R> inout KEODEIKIKIESE [Pa).
EER
T-Ti = . = . >
es(T) = eg x 10°T-To3s, | @=7:5 b=237.7 (T 2Ty (3.18.25)
a=095,b=2655 (T<Tp)
ZIT, Ty =273.15 K, ey(T) IXBAFIKAELIETDH B,
i\
Bz L.
3.18.30 thetaP_2_T
Hre
WAL, EIIMNHREZEIRT 5.
=X
result=thetaP_2_T( theta, P, [dl] )
511
theta <R> in RERDIAL [K].
P <R> in KZDHET] [Pal.
d1 <I> in TN TF TV av.
RYfE  <R> inout KEDIEE [K].
E&ER
MRALDEFHN -
T=0 () (3.18.26)
bo

MHRDD. ZIT, pylFTI AF—BEBOEELSETH D, Ry, Cpq IETNTH,
FVIRR RSB I D RURER L EIEHATH D,

e
KRz L.
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3.18.31 thetaT_2_P
BERE
AL, BENSK[TEEZEIETS.
=5y
result=thetaT 2 P( theta, T, [dl] )
511
theta <R> in KEDTAL [K].
T <R> in REDE [K].
dl <I> in TN TF T ay.
RUME <R> inout K&DHES [Pal.
E&EN
AL DEHE -
T de/Rd
P =pg <0> (3.18.27)
MHERDBD. T T, po a7 A S —BEEDOIEHELIETH D, R4, Cpq e gy N
R RRIZB T2 AR ER L EIEHETH D,
8%

Rz L.

3.18.32 theta dry

Hae
HIRRSUZ BT IR ZFHET 5.
=R
result=theta dry( T, P, [d1l] )
518
T <R> in RERDIE [K].
P <R> in KRDES] [Pal.
d1 <I> in TN T F T av,
FEYME  <R> inout FZIEKRSKDIEAL [K].
EERN

IRALDEFEN

= ()

(3.18.28)
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MERDD. ZIT, py RLI AF—BBOEELIETH S, Ry, Cpy RTHZH,
HIRREIC B B LR EIEHETH B,

w&
Bz L.

3.18.33 theta_moist

EERRICB TS 2R T 5.

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

518

T <R> in RRDIE [K].

P <R> in KREDES [Pa).

qv <R> in READIKEJIEA L kg/kg].
a1 <I> in TN TATVav.

RUME  <R> inout WHEKKODMEAL K.

EERN
EERRUCE T DR DE#EN

Po\ Pow Rg 1+qy/e

Po _ fd 3.18.29
P> PO T o % (Coo/Cra) ( )
NHRDD. ZIT, polFT I AF—BBDOERERIETDH D, Ry, Cpa, Ry, Cpo 13T
NTN, LIERRITBIT 2R ER & @IEEL, KERIZE T D LT E L & E L
Thd,

em:T(

B%

Bolton (1980) M &M M ilkAi %2 Z1 59 5.

result=thetae Bolton( T, qv, pres, [dl] )
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518
T <R> in REDHE [K].
qv <R> in REDIKFERIEA L kg/kg].
pres <R> in KRDSE [Pal.
d1 <I> in TN ITHTVav.
ROfE <R> inout FHYIRAL [K].
EHD

MR Z 0, &35 &,

a(1—bqus)
0, =T <p°) exp {qu <TC> 1+ dqys)}, a = 0.2854, b= 0.28, ¢ = 3376, d — 0.81
LCL

p
(3.18.30)
Z 2T, T,po,p, TLoL, Qus W& THNZT A, 1000 hPa, &E, LCL HE, fMES
kths,
-
Rz L.

3.18.35 thetae_Emanuel

HaE
Emanuel (1994) O 5400 %2 5HH T 5.
=X
result=thetae Emanuel( T, qv, pres, [qol, [d1l] )
518
T <R> in READIRE [K].
qv <R> in KAEKIEG L [kg/kg).
pres  <R> in KRDKJE [Pal.
qo <R(:)> in IKFRSK LM DKW EIR A [kg/kg].
d1 <I> in TNy TA TV av.
RYfE  <R> inout AHMEAL [K].
EHD

MR Z 0, &35 &,

Rd/(cpd-i-Cﬂ‘t)
_ (P R/ (eparterrs) [ Lor ]
0. =T H P ex 3.18.31
e <pd> ( ) p (de + Cth)T ( )
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Z 2T, T,r,re,po, p, HAXTNENIRE, KAEKEAL, KYHEIES O, HHE
FEJ. . MHRETH D, £72. cpd, Cpo, €1, Ray R, Ly 13 TNTNHZIER KD E
FELERL, IKFRQDERELLEL, UKD LR, FIRR QDR KD SR E L,

et
o KAELKUNDKYEIRG IS A7 TV T AZHI OBRLAEEZRIZIET,

3.18.36 thetaes_Bolton

BEEE
Bolton (1980) M XA & fAFIF Y EAL % 5T 5.
g
result=thetaes Bolton( T, pres, [dl] )
511
T <R> in RRDIE [K].
pres  <R> in KREDRIE [Pa).
d1 <I> in TNV T F T ayv,
ROfE  <R> inout HMIM4IRAL [K].
EEN

MR Z 0., 292 &,
a(1—bqus)
0.s =T <p°> exp {qu (5) 1+ dqu)}, a=0.2854, b=0.28, ¢ = 3376, d = 0.81

P T
(3.18.32)
Z 2T, T,po, p, qus 1ZTNZTNEIE. 1000 hPa, <JE. fAFRE&HTH S,

w&
Rz,

3.18.37 thetal_Emanuel

Emanuel (1994) O A2 S KRN 2 51H7 9 5.

result=thetal Emanuel( T, ql, pres, [qol, [d1] )
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518
T <R> in READHE [K].
ql <R> in WKEA T [kg/kg).
pres  <R> in KLADKJE [Pal.
qo <R(:)> in WBOKLMN DK PEIR A EE kg /kg).
d1 <I> in TNV ITH TV av.
RUME  <R> inout  JKIEAL [K].
EHEN

WKL % 6, £ &,

(i))X(l 5+7“t>
- _
(=) el
= (e

Ry +rR, )
Cpd + TtCpu

<cpd + reCpy >

ZZC, T, 7y, re,po, p WETNENRE, WKIEAL, KYERES O, EHETES,
Fﬁ@?@é £72. Ccpds Cpos Ray R 6i%%%ﬂ$&%§ﬁ10)mrth,m IKFELRDEE
B, HZIR KRR D KRR ERL k%ﬁ%@ﬂ$i§&(f%éo

(]

(3.18.33)

o KD DKYIERAHIEAT TV T IZH OB ERIZES, F/-. I
KA DRAGLLE G END,

3.18.38 thetalv_Emanuel

Emanuel (1994) O & KRR %2 5157 5.

result=thetalv_Emanuel( T, ql, qv, pres, [qol, [d1l] )

518
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T <R> in RERDTE [K].

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

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

pres  <R> in READRIE [Pa).

qo <R(:)> in ql, qv BMSAOKYIEIEE ke/kg].
d1 <I> in TNV ITH TV av.

RUME  <R> inout  JEKARIRAL [K].

EERN
WBOKIIRAL % 0, &9 5 &,

(3.18.34)

- ()
T= Cpd + TeCpw )
Z I T, Ty, r1,7¢, p0, p WETNTIVRIRE, BKIEEL, KUEIEALLOKRH, FiE
JEH. EHOTHD, £720 cpa, cpu, Ra, Ry FTNTIZIER LD E LB, KFEKD
EELLEL, IR KA DS EL. KELKDKHEERTH S,

(]

o WKL DIKEIR G HIE A7 T T LRI ORI EZRITIE T, KELKIIDOW
TE Z D5 U .

3.18.39 thetaw_Emanuel

BB

Emanuel (1994) O X HIGERBAL % FHH T 5.
£

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

qv <R> in RERDIKEJIEAL kg/kg].
pres  <R> in KRERDKJE [Pal.

eps <R> in S ACH] RE A

d1 <I> in TN TATVay

RYUME  <R> inout EBERIEAL [K].
T‘E%iﬁ

Oep = O €Xp [qu(l + 0.81¢ys) (3276 — 2.54)] (3.18.35)

w

EWVWSEBRERH D, ZORE ZIEIZEL D NEFET O, IZDOWTRDD, ZIT,
Qus \FEAFEABHTH V. 0,p I thetae Bolton & HWT ,ﬁ“ﬁﬂ‘%

e
o IHHIENE eps 127 7 AN DTl 1.0e-6 THEINS.

3.18.40 TthetavP 2 qv

BEBE
IRIRAL N S KRR G L EET R T 5.
£
result=TthetavP 2 qv( T, thetav, pres, [d1l] )
51
T <R> in RERDIE [K].
thetav <R> in Az [K].
pres <R> in KREDRIE [Pa).
dl <I> in TN TF T ay
RUfE  <R> inout KESKIEA ke kg— ]
E&EN
iR % 0, L 35L&, )
T — 70,
Z 2T, varepsilon = Ry/R,, ™ = (p/po)*/C» THY, T IXIREE £T.
=3
Rz L
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3.18.41 thatavqvP 2T

IRIRAL KN SIRE 2R T 5.

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

518K

thatav <R> in REDARAL [K].

qv <R> in KEDKELZIRA L [ke/kg].
pres <R> in KREDRIE [Pa).

d1 <I> in TN ITF T ay

RVUME  <R> inout HE [K].

EEN
KA % 0, £ T5 &,
po Rd/cpd
0, = thatav, <p> .

(3.18.37)

Z 2T, thatavy, po, p W& TNVEIKIRE, FEHET S, KKDIESTH Y, thatav, 1£27

TROLN/AEZ TITEHET D,
e

3.18.42 TvT_ 2 qv

BéRE
IRE D S K ARIB G L EEHRT 5.
£
result=TvT 2 qv( Tv, T, [d1] )
51
Tv <R> in REDARE [K].
T <R> in KLADIRE [K].
dl <I> in TNV T F T ay

RYOfE  <R> inout KASIEAM kg kg— ]
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EEN
RREE T, L 32 L,
Nt (3.18.38)
=T e
ZIT, TIFERADIEE, e = Ry/R, TH D,
e
Rz L.
3.18.43 qvTv 2T
Hae
KR EARRE N SIREE2HET 5.
X
result=qvTv_2.T( qv, Tv, [d1] )
515
qv <R> in KREADIKAELRIEAL kg/kg].
Tv <R> in KD [K].
a1 <I> in TN ITA TV av,
RUfE <R> inout &M [K].
EERN
WREEZ T, L35, .
t G
T=T, 3.18.39
1+qy/e ( )
ZIZT, T, q 3 TNTNREADEE, KEKESHRTH S,
e

Rz L.

3.18.44 TP_2_qvs

4=t
RADIRE L BENOCHANREE25E TS, T2 THW D HIKASKEDEFHEIX
es Bolton IZ& AR Z2HWTHFHONEED LTS,

=5

result=TP 2 qvs( T, P, [d1] )
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518

(T

518K

T <R> in RKLADIE [K].

P <R> in KEDES [Pa).

d1 <I> in TN TATVav.

RO <R> inout KEODENIEEGL keg/kg].

RLADINEGHE ¢ LT DL, TOEERND
Pu

Qus = —

pd

THhd, ZIT. po, pa \ZTTNTNKERLGDEE L GIFRKDBEETHD, HEK
ROIRFE/FERAN S, TNTNDEE I
_ % _ _Pd_

R, P17 R,T
ThHb, ZI T, es,pq, Ry, Rg, T 1ETNTNHAIKELRE, TZBRKKDIE, KK
KDLMER, ZIRREADEMRER., KRKDOBETHD, Lo T,
By e,
Rvp_es
k85, ZI T, WMEBKRADDEIIKKDEE p N OAKAKTEEZ ZLUGIW2E
DTHBDDT, ERIFKINLD, e IXREDADEBMTH S 720, KKRDFEL 2
Fx25 20X HESEPEONDE Z b rd,

Pu

Quvs = (3.18.40)

VIR [DRESLEANS, IREERERZ 5ATEELZ255.

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

T <R> in KREDIE [K].
P <R> in KRDETT [Pal.
a1 <I> in TN TX T av,

RYUME <R> inout KRODEE kg/m?).
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EER
KEDIRREFHFER -
p = pRT.
ZZT, p,p, RTIEENTNRLADES, BE, ZIERKADOLKMER. KKDHEE
Thd, TRTOLHEIF MKS BARTUH X N5,

BE
Rz L.

3.18.46 Tq.2_Trho

Hae
MR & KYPE ) O BIEIRE 2 5HH 3 5.
X
result=Tq 2 Trho( T, qv, [qol, [dl] )
515
T <R> in RADIE [K].
qv <R> in KRRDIKAEKIES . [kg/kg].
qo <R(:)> in IKE[UAS DKW EIR G [kg/kg).
d1 <I> in TN ITX TV av.
RYOME  <R> inout EHEE [K].
EERN
BEREZ T, 32L&,
1+7r/e
T,=T . 3.18.41
p =Tt (31541
ZIZTC, T,rr R TNTNRKDEE, KEASIEGH., KYEREGHLOBITH 5,
e

o KAALLIMNDKYEIRA I 7 TV TR ORI ERIZHET,

3.18.47 TqvP_2 TLCL

Bolton (1980) DA 5 LCL EETOWE % 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 RKADSE [Pal.
d1 <I> in TNy TFH TV av,
RYfE  <R> inout LCL TOIRE [K].
EHD

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

ZIT, eldKEKETH D,

5, a=3.5, b=4.805, ¢ = 2840 (3.18.42)

Tron =

HaE
MRYIRAL 2 ERAN LR T 5.
=5
result=TqvP_2_thetae( T, qv, pres, [dl] )
5151
T <R> in REDiE [K].
qv <R> in REDIKELRIEA L kg/kg].
pres <R> in KREDRIE [Pa).
d1 <I> in TN TF TV av.
RYOME  <R> inout ML [K].
EHI

MIYRALZ 0, T D&,

(3.18.43)

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

CpaTicL
Z 27T, 04, L,Cpq, TLoL Gus IZENTIRZIER KDL, KEK DGR, I E T T
. 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,
o
result=TqvP_2 _thetaes( T, pres, [dl] )
518K
T B> in REAOBEE K],
pres <R> in REDSIE [Pa).
d1 <I> in TN TF TV av.
RYOME  <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 1FTNTNEIERSKDIAL, KRR, I LA
A, SFEAETH D,

(]

3.18.50 TqvP_2 thetav

HeE
RIRAL 2 ERANOFHETS.
o
result=TqvP_2 thetav( T, qv, pres, [d1] )
518
T <R> in RERDIE [K].
qv <R> in KRRDIKAEKIEAH kg/kg].
pres  <R> in KEDSIE [Pa).
d1 <I> in TN TATVav.

RUfE <R> inout RIEAL [K].
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EHN
RN % 0, L 3B &,
pO Rd/cpd
0, =T, < . (3.18.45)
hE

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

3.18.51 TTd_2_RH _Bolton

Hae
Bolton (1980) DA H & & & Al IR g 2 /KARTEZ KD, TOME% LIZHE
NI ZGHET 5.
=X
result=TTd_2_RH Bolton( T, Td, [d1l] )
518
T <R> in RKLADIE [K].
Td <R> in KD R [K].
d1 <I> in TNV T H T ay,
RUME  <R> inout KKDHEIIEE [%).
EERN
e(Ty)
= 1 18
RH o) 00 (3.18.46)
Z I 7T, RH,e,e5, T, Ty 3T NTNMRE, KEKUE, SAKEKE, RE, 5 R0
JETHhdD. ZDL X, KEKEIZT AT Bolton (1980) DX%EITIZEIHET B,
e

Rz L.

3.18.52 TTd_2_RH tetens

tetens (1930) O AN S IRE & 8 mURE IR T S KZKKE %2 KD, € DfE % uIZHH
WLz HT 5.
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X
result=TTd_2_RH tetens( T, Td, [dl] )
518
T <R> in RERDIE [K].
Td <R> in KEADFEFIE [K].
dl <I> in TNV TFX T ay,
RYME  <R> inout KEDMIIZE [%].
E&EN
e(Ty)
RH = x 100 3.18.47

Z 27T, RH,e, e, T, Ty l&TNT X, KRKE, BAFIKARRIL, IR, #5505
JETHD. ZDL X, KEKEIZT AT tetens (1930) ODRXZITCICEIHRT B.

B%E

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 RERDTE [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  AKFHKT IV F— [J/kg].
EEX

hw = (epd + Tecpp)T — Lyry + (1 +11)g2 (3.18.48)
WERDD. T IZT Cpgy Cpus Lo WETNTNEIRK GO REE S, KIEKOEE
B WBTHY. Tory,r,g,2 ETNTNERE, KYERA LORAL KRS,
I, #EERT,
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(]

o BUKUANDKYIEIREHIZZ DT TV T IZHIRAERIEMNT D &, &
7z, ORI B DT, KZ&SRE T D51 BUZIE T,

3.18.54 rho_ocean

BEBE
UNESCO (1981) (281} BMEDRESFER (7) I[TEDWT, fKOEELGHT 5.
=52
result=rho_ocean( P, T, S, [d41] )
513
P <R> in Hg/KDEJ] [Bar].
T <R> in K DIRE [C° .
S <R> in MK DR IRE [PSUJ.
dl <I> in TN TF T ay.
RO <R> inout WEKDEE [kg m~3).
E&ER

[ p i UNESCO (1981) ® (7) X :
-1

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

4 2
0(0,4,9) = pu+ > bit'S+ Y et S3? + dyS?,
O.8,5) = pu+ D BtS + (3.18.50)

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

TROLND, LU, BRIBTBBB LU SETO & D 2 & & X THE
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HINTWD,
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,
as = 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 107?,

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

co = — 5.72466 x 1073,
c1 = 1.0227 x 1074,
co = — 1.6546 x 1076,

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 1072,

fo = 54.6746,

fi= —6.03459 x 1071,
f2 = 1.09987 x 1072,
f3 = —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,
ip = —1.6078 x 107°,

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

HELOT — 2 % 52T, Fifi, PO

3.19.1 Backward_Traject_2d

FHREITO N —F V&,

HaE
2 RIEND NGO T —=RINDF T T A 2 CRFTRERRNT 2175,
=X
call Backward Traject_2d( dt, stime, step, ini x, ini_y,
t, X, y, u, v, trajx, traj_y, FTF, [opt], [undef] )
518
dt <R> in ALY 2 I fIETRR [s].
stime <R> in AL IE T DRI [s].
step  <I> in FEEITO ATV T
inix  <R(:)> in FIIALE x [m)].
iniy  <R(size(ini x))> in PIEARLIE y [m].
<R(:)> in WG T — 2 DH DL (#iR).
X <R(:)> in A TR — FERE [m).
y <R(:)> in A TFRE R [m).
u <R(size(x),size(y),size(t))> in x ARDONZT MV ($&ih).
<R(size(x),size(y),size(t))> in y ARODONZT NV (k).
traj x <R(step,size(ini x))> inout JREFERD x A7EFERE [m].
traj.y <R(step,size(ini x))> inout JREFAROD v A7EERE [m].
FTF <L(size(ini x))> inout FHEFEHESNEIE 7 5 0 (Rid).
opt <C(*)> in KR D A F — L (183d).
T AN NEHAAA T —AF— 4.
undef R in FEISAMUEE IR E #AE (13).
EERN
HEZOoNDHEEL DT — 204ty 5 t, ETO nfAFEL, T ORRHIMEIZIE
—RkETD, ZOLE Wt NS dt AT Y T Tt MZFRIMRZEE TS & &
DA MBK??2TH D, FHELT —XDROKLTIE, TORBOHELT— X0
LRENIF 2T > CHELG2EEL TV D, mffOEREXIE, BEE (z,y) IZBW
T, 2 RIERY MV w(x,y,t) WEHBINTEY, ZOHELIZES THREITL/N—
TN O x(z,y,t) %
dox(x,y,t) = v(z,y,t)dt
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EVDROBERENZE>TEHAETR2EDTH D, iRfRetH e B, HEL
OB TEH D720, N—LIVOMNE z(x,y,t) ERRIOBEKE BR>T\nE Z &N
bnd, LU, HEGHPER THIUX, EENRY MVIERREIKFE L 20D T, 78—
TIVDAENRY MIVERRIRFET 2 23R <R2, 2D b, THBEE
BIZEWT, AR IRIRIE—T 2 Z b nd,

BI?212 BT 2 B/EBE SIBDONIGERIILATDEE Y TH D,

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

t; + t(i)
B
o 73y opt IZHHHFREIHOBIIT O MBS OB AF—L 28T T4
TTavThY, LROBRENAHETH D,
EUL 11/ 1 XEEDAA 7 —AF—A.
HO1 SV AF—L (BBEBAA1 7 —AF—L).
ME1 ElEF A T —AF—A.
RK3 3RV - 7w RF—A.
RK4 4 V2T - 7w RF—A.
INHDAF—ADFMIZDOVTIX, (%2227,
WG T — 2 u,v,w BX, KT —& ¢ XRZD 0 X2 AN SR T
BHIR.
TR x, v CHREINDEEIMENEL 728546, TNLABRORE ATy 7
SWTIEE R HET 5, 2 LT, BEESMARANHY T 5 traj x, trajy
DHEFIZIE undef TEHEIN/ZMEIRIND, T 7 AN MFEETIEX, 0.0 MK
INBDLOIZE>T WD,
size(ini x) % 2 ML EIZTHUXZ DZDOAHMEIZIIS U 722G B I g .
FTF (XU BARAEAT IR I, IR I N2 SOHET T 7. true. N
M - Z L %, (false. FEMEMEBNICHEET D Z L %2/RT. .true.
MONTND/IN—=R I DNTIE, ZTOHAZREZ AT TLAEN 0.0 £ L < I
undef ODENRA>TWD.
5% ini x, ini.y, x, y, trajx, trajy CHREINDKNLE & AL E HERE
R EES v, v & A2 IS 2 28 TT AV SRR DA D — % E A R A R
TOFENTHETH D, ThiE, HEtEOEE%
h15$1 = U15t, h25l’2 = ’U,25t
_w _ U2
= dr1 = h15t, 0o h25t
EWVISICER IR D Z L TREHI NG, 22T, dwy, wi, hiy, (1=1,2) 1T
NTN i /D DIN—IVDALE, F1F7—RTOEERS, AT —IVIHFTH
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Do o BEEER (11, 20) B MELERAEHEZTOD, EAND 2, RTH
LN HE u; % X/T—Jvl?r%ﬁﬁu\fié:u\oﬂbk LTh—FUIZE R

LT, du; B RDBIENTES, Wzi WO B EERR (), ¢)
(M IR, ¢ IR,

r1 =M\, xa=¢, hy =acos¢, ho =a

DGHE

L5720, 5l#ini x, iniy, x, y, trajx, trajy®D> b, x, y fild
% [rad] BRI CTH AL & SR T [ms™! BATHISNZHES u, v %

u

v
—u, - —V
a cos ¢ a

EUTHIBUCGZANIX, BREERNT AV N R TR TEIEMIZEHE T2 220

—t“%éo

3.19.2 Backward_Traject_3d

3 RIGNRY NVEDT =N FH T T A VTR IR 2475,

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

t, X, y, 2z, u, v, w, traj_x, traj.y, traj-z, FTF, [opt], [undef] )

518
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dt <R> in G 2 IR [s).

stime <R> in HIFAGL E T DA [s].

step <I> in SRS AT TR

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

ini.y = <R(size(ini_x))> in FIEAGIE y [m].

ini.z  <R(size(ini x))> in FIRIALIE 2 [m)].

t <R(:)> in HEG T — 2 DH DHL] (ih).
<R(:)> in A TFRE—HERE [m).

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

z <R(:)> in A TR = PERE [m).

u <R(size(x),size(y), in x HAIDORY NV (k).
size(z), size(t))>

v <R(size(x),size(y), in y AFODNZT 8V (k).
size(z), size(t))>

W <R(size(x),size(y), in z IO NZT MV (k).

size(z), size(t))>
traj x <R(step,size(ini x))> inout ¥REFFRD x (LB FERE [m].
traj_.y <R(step,size(ini x))> inout JREFRD y ALE ML [m].
traj z <R(step,size(ini x))> inout JREHFFRD z A7EFERE [m].

FTF <L(size(ini x))> inout FHARMEBANEIE 7 T U (k).
opt <C(*)> in HFEIRE 7 D A ¥ — I (13).

T AN NEHTSHAA T —AF— A,
undef R in FHISAMLEE IR E B0 (#3d).

EHEN
26N HEELGDT— DLt 5 t, FTO nfflFEEL. T ORI REILIE
—fkeTD, ZOLE Wt NS dt ATy T Tat [BEDTREIMREZFR T L &
OBREMMHIITH B, HEHT— X OROAITIE, TONBOEELET— 2 5
LREN 217> CHESG Z5HRE L T, O EZR NI, B (1,y,2) IH
WT, 3RIENRY M w(x,y,2,t) DEBINTHY, ZOHELIZE -S> THEITS
IN=R VO x(x,y,2,t) &

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

VD ROBEEAIZE>TEHETLIEDTH D, WMEIHE L EZRY, HELGH R
MO TEH D720, N—LIVDOMNE x(x,y, 2, t) BREIOBEKE Z>TnWd 2 L
No»d, & U, BEGNEFH THIUX, HENY NVIKRERIHKRF L RO T,
N—LIVDAENRY MVERRIEGFET 2 223885, ZOZehb, EHE
HEZIZENT, it MR E —5T 5 2 L2 b,

7751 B AL SOMEBIRIZA T O L 5D TH 2,

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

t; + t(i)

o ATV 3 opt IFIMEHRETRDBIAT D IR D OMD A F — L2 fEET DA

TavThHY, UATFDORENTEETH D,

EUL #3151 XREEEDOAA T —AF—A.

HO1 A1V AF—LA (HBAA T —AF—L4).

ME1 EIEF A T —AF—A.

RK3 30V - 7w RF—A.

RK4 4 VT - 7w RF—A.
INHDAF—LADFMZIDONTIX, (272,

WES T — 4 u,v,w BEC, KT —& ¢ [ZRFZIA A S 12 AN S N T
OB,

AR x, vy, z CHREINDHIEIMIELEL 256, TNUBRORHE A T v
TIZOWTIREHAZNET S, TLT, ﬁﬁ(%ﬁmtﬁﬁﬁmifﬁﬁ’é—é traj_x,
trajy, trajz OEHEIZIZ undef TEHRINZMEIRIND, T 7 4N Mk
ETIE, 0.0 2RI ND EHIZAR->TWVWD,

size(ini_x) % 2 PAEIZT UL ZDEDHIAMEIZ TG U 72 REMENHE I N 5.
FTF (XIS, BHEEEAM IR INAZ L SOHE T T V. true. N
PN 22 & %, false. IFFIBRMHEBNICHFET D Z L E2RT. .true.
MONTND/IN—=LINIDWTIX, ZTOHZRLA Ty TR 0.0 £ U< I&
undef DfENR A > TWS.

51#ini x, ini_y, ini_z, x, y, z, trajx, trajy, trajz CIHEIN
B &N A EEREIXEE S w, v, w LB FETS 2 TT IV SR
DD — R EREERTORENARETH D, ThL, FMstAEOERA %

h1(5$1 = ulét, hg(SZL’Q = ugét, h35ZC3 = U35t
(51 u9 us

0xy = —0t, Jdxg= -—0t, Odxz3= —0dt
= x1 hl ; x2 h2 ) 3 h3

VD BIZERI D Z L THHING, 22T, 6y, ug, hy, (i=1,2,3) I&

TNTNi R DN—RIVDALE, A1 T —RTOEERKD, AT —IVINTT

Hd, 5. FEEER (11, 12, x3) IF—MRERE ?%%%Z_fh\éo EA0S x;, R

TH SN EE u; % Xb‘——)bl?’a’:ﬁﬁb\f—tb\oﬁ/ WZELUTI—F T

5z€> LT, dx; ZRDBZENTED, fﬁJz i, HCEREER (), 6, 2)
Ba NVIERE, o IFEE, 2 XEE).

T1=N\, o =¢, x3 =2, hy =acos¢, hs =a, hg =1

BB, 518 ini x, iniy, iniz, x, y, z, trajx, traj.y, traj.z
D>H, x, yHAZ [rad] Bi, z fifl% [m] BATHE AL & KHEERT
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(m s BALTHI S N EE S v, v, w %

u

a cos ¢

v
—u, — v,
a

w—Ww

EUTHIBUZEZNIE, BEERBT ANV MR TR THIEMIZEE T Z &8

3.19.3 Forward_Traject_2d

HeE
2 RIGNT MNVGDT =M EA T 5 A TR %217 5.
23
call Forward Traject_2d( dt, stime, step, ini x, iniy, t, x, y, u, v,
traj.x, traj.y, FTF, [opt], [udef] )
518
it <R> i AT RN ().
stime <R> in AL IE T DA [s].
step  <I> in SRS AT TR
inix  <R(:)> in AL E x [m].
ini.y  <R(size(ini_x))> in A E y [m].
<R(:)> i HEET— 2 OH BRI (k).
X <R(:)> in A TR — PERE [m].
y <R(:)> in A TSR AR [m).
u <R(size(x),size(y),size(t))> in x HEDONRT MV ().
<R(size(x),size(y),size(t))> in y ARODONZT NV (k).
trajx <R(step,size(ini_x))> inout JREFERD x A7EHERE [m].
traj.y <R(step,size(ini x))> inout JREFARD v A7EFERE [m].
FTF <L(size(ini x))> inout FHEMSEISINHIE T T T ().
opt <C(*)> in R D A F— A (F25h).
T2 ANNIEHAA T —AF =L,
undef R i MU B (),
EE
HEZOoNDHEEL DT — 204ty 25 t, ETO nfAFEL, T ORRHMEIZIE
—kkE T, ZDOLE Wt S dt AT T Tt BIETIRIHREZFETS & &
DA AK??TH D, EHELHT —XDROKELITIE, TORBOEES T — 2 W
LIENR 21T > CHEL 25 L T 5, MBROERNIE, B (2, y) 2BV
T 2 RIERT NV w(x,y,t) WEBINTEY, ZOHELIZESTHBEITL/N—
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YO x(x,y,t) %

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

EWVSROBERDIZE > TEHETZIEDTH D, MMGIHRLRZRY, HEGHIE
MOBBTEH D720, N—LIVDALE z(z,y,t) HRHOBEKE Z>TWE Z &R
OB, U, HEGPEHTHIUL, EERT FIVIIRHIZEFE L ZODT, 78—
VIVDAENT MVEREIEFET S I 3B 8d, 2OIEenb, EHBREE
BZHEWT, R & R IE—9 2 2 B Dn D,

220281 BB AL 5O INERIIATDEE Y TH S,

(]

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

t; » t(i)

o A7 A opt IFURHMREIEDEIIAT S MR ORI AF — L2 HET DA

T avThY, NFORENARETH D,

EUL 85 1 REEEDA A T —AF—LA.

HO1 K1 VAF—L (HEA A1 T—AF—L4).

ME1 BIEAA 7 —AF—A.

RK3 3ROV - 7w A F—A.

RK4 4 VT - 7w A F—A.
INSEDAF—LADFMIZOWTIE, (2721,

TR x, v CHREINDESEIMENEL 72856, TNLABRORE ATy 7
DWTIHEBEZHET S, TUT, MEINAZFLNIIHEY T S traj x, trajy
DHEFIZIF undef TEBINMEIAEIND, T 74N MEETIX, 0.0 DK
INBEDHIZR-STWDB,

size(inix) % 2 PLEIZTNUEZDEDWIHME I IR U - FRBMED G E I 1D .
FTF (I FREAFRAANT R 1, FHREMEIAMNIRINZE S DHET Z 7. true. M
FIBAMI -2 & %, false. IFFIBHEBNICHET D I L E2RT. true.
MONTNBN—TIVZDWTI, TOH L AT TN 0.0 © L <1
undef DENA-S>TWNWS.

5% ini x, ini.y, x, y, traj x, trajy CIE I NDKNLE & AL E HEREE
WHEES w, v EHRME KT DL TT A R R DA D — % 6 58 A A
TOHENTHETH D, Thix., KigHEOEHEN%Z

hl(Sl‘l = ulét, h25l‘2 = ’IL25t

(51 u9
dr1 = —6t, dxo = -—0t
= T bl T2 hy
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EWVWIOIZERIE D Z L THEHIND, 2 I T, 6y, ui, hyy (i =1,2) 1&%
NZN i RO DNS—CIVDRE, F 1 5—RTCOEERSD. AT —LVETLTH
%, 4. FEFER (21, 22) B MBELEEREEZ TS, EAND z; ZCH
6%tﬁ§m%\17~wﬁ%%ﬁwf%tw5%ﬂﬁb1w~%ykﬁi
BIET. 61 2 RDBIENTES, PIZIE. HORBEER (), ¢) DBE
ORI, o I3 AapE),

T1 =\ xo=0¢, hy =acos¢, ha =a

LR850, 51¥ini x, iniy, x, y, trajx, trajy®D>bH, x, y il
% [rad] I CTH A 7-& &, SMEERT [ms™ ] B THION/ZEES u, v %
u

v
—u, - -V
acos ¢ a

EUTHIBUZGANIX, BEERNT AV MR TR TEIEMIZEHR T Z &0
TE%,

3.19.4 Forward Traject_3d

HEE

3 MIEARY NIUVED T — RN KT 54 ¥ RIS RN 2455

N

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

t, x, y, 2z, u, v, w, traj_x, traj.y, traj.z, [opt], [udef] )

518
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dt <R> in G 2 IR [s).

stime <R> in HIFAGL E T DA [s].

step <I> in SRS AT TR

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

ini.y = <R(size(ini_x))> in FIEAGIE y [m].

ini.z  <R(size(ini x))> in FIRIALIE 2 [m)].

t <R(:)> in HEG T — 2 DH DHL] (ih).
<R(:)> in A TFRE—HERE [m).

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

z <R(:)> in A TR = PERE [m).

u <R(size(x),size(y), in x HAIDORY NV (k).
size(z), size(t))>

v <R(size(x),size(y), in y AFODNZT 8V (k).
size(z), size(t))>

W <R(size(x),size(y), in z IO NZT MV (k).

size(z), size(t))>
traj x <R(step,size(ini x))> inout ¥REFFRD x (LB FERE [m].
traj_.y <R(step,size(ini x))> inout JREFRD y ALE ML [m].
traj z <R(step,size(ini x))> inout JREHFFRD z A7EFERE [m].

FTF <L(size(ini x))> inout FHARMEBANEIE 7 T U (k).
opt <C(*)> in HFEIRE 7 D A ¥ — I (13).

T AN NEHTSHAA T —AF— A,
undef R in FHISAMLEE IR E B0 (#3d).

EHEN
26N HEELGDT— DLt 5 t, FTO nfflFEEL. T ORI REILIE
—fkeTD, ZOLE Wt NS dt ATy T Tat [BEDTREIMREZFR T L &
OBREMMHIITH B, HEHT— X OROAITIE, TONBOEELET— 2 5
LREN 217> CHESG Z5HRE L T, O EZR NI, B (1,y,2) IH
WT, 3RIENRY M w(x,y,2,t) DEBINTHY, ZOHELIZE -S> THEITS
IN=R VO x(x,y,2,t) &

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

VD ROBEEAIZE>TEHETLIEDTH D, WMEIHE L EZRY, HELGH R
MO TEH D720, N—LIVDOMNE x(x,y, 2, t) BREIOBEKE Z>TnWd 2 L
No»d, & U, BEGNEFH THIUX, HENY NVIKRERIHKRF L RO T,
N—LIVDAENRY MVERRIEGFET 2 223885, ZOZehb, EHE
HEZIZENT, it MR E —5T 5 2 L2 b,

7751 B AL SOMEBIRIZA T O L 5D TH 2,

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

t; + t(i)

o 7Y a Y opt IFRHIHREIHDEIZAT S KM ORAD AF — L2 HET DA

TavTh), AROBRENTHETH D,

EUL #iff 1 R¥EEDA A 7 —AF —A.

HO1 1 VA% — 4 (AL T—AF—L).

ME1 EIEF A T —AF—A.

RK3 3RV - 7w RF—A.

RK4 4 RVVIT - 7w aF—A.
INEDAF—ADFMIZDOWNTIE, (X772,

AR x, vy, z CHREINDHIEIMIELEL 256, TNUBRDORHE AT v
TIZDOWTIGFEZRET D, TUT, MEINAZRLICHY T D traj x,
traj.y, traj.z DKL undef TEBINMENERINDG, T 74V M
FETIE, 0.0 WEIND LDIZR->TWVWD,

size(ini x) % 2 ML EIZTIUXZ DZDOMHMEIZIIG U 722G B I NG .
FTF (X BAARARNT IR ) BIRAEIEAMIR I NAZ L SOHET T 7. true. N
IS - Z L %, (false. FEMEMEBNICHEET D Z L %2/RT. .true.
MONTND/NN—=R I DNTIE, ZTOHAZREZ AT TLAED 0.0 © U< I
undef DENAS>TWND.

5% ini x, iniy, ini =z, x, y, z, trajx, trajy, traj z CIREIN
5 EANLE A EFEEIEE  u, v, w e BT S 8 TT AV D EBER
DS D — i E R AR TOF RN HRETH D, THIX, MMGTHHEOEHR A%

h1(5$1 = u1(5t, h25$2 = ’U,Q(St, h35.%'3 = U3(5t

Ul u9 us
= Jdx1 = —0t, OJdxo=-—0t, OJdxz= ——0t
z hl ’ Z2 h2 ’ x3 h3

YWSBICER I EE 2 CHII NG, 22T, Sy, wi, by, (i=1,2,3) &
TNTN i A DNN—IVDALE, 17 —RTOEERS, AT —IVIHFT
Hd. G PR (11, 12, v3) IF—BREREERZZEZATVWD, EAND 2, R
T & NI w; %, AT — VR TR FANT % YOS BACE LTI —F VIS
522ZLT, du; #35kD2ZENTES, BIRIE WOBRBEESR (\, ¢, 2)
DB (NTRIE, ¢ 138, 2 1385E).

r1 =\ x9=¢, x3=2, hy =acos¢p, ha =a, hg=1

ER57-0, 518 ini x, iniy, iniz, x, y, z, traj.x, traj.y, trajz
D>6, x, yHAZ [rad] i, z filfl% [m] B TH R/ & SHEERT
[m s™1 BALTHI SN2 HES u, v, w &

U

v
—u, - =V, WoW
acos ¢ a
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EUTHBUZE RN, BRI T AV b RTH S THIEMIZEHE TS Z &M
TE%,

3.19.5 Stream_Line_2d

Hae
2 RIGRT NVED T — AN Sk E GRS 5,
=59
call Stream Line 2d( dt, step, ini x, iniy, x, y, u, v, trajx, traj.y,
FTF, [opt], [udef] )
515
dt <R> in AR 2 TR [s).
step <I> in FHEETO ATy TR
inix <R> in FIHIALE x [m)].
ini.y <R> in FIIALIE y [m].
X <R(:)> in A TR — FERE [m).
y <R(:)> in AT RE L [m).
u <R(size(x),size(y))> in X AEDNRZT Kb,
v <R(size(x),size(y))> in y ARONZT N,
traj_x <R(step)> inout  FEARD x A7 EMERE [m].
traj_y <R(step)> inout FARD y ALE R [m].
FTF <L> inout FHRMUSSNIET T 7 (k).
opt <C(*)> in R D A ¥ — L ($k).
T 7 AN MIHTAA T —AF— A,
undef R in FEISAMUER IR E #AE (1R3).
EHEI
WAROERNE, B (z,y) IZEWVT, 2 RN T b v(z,y) WEBREINTEH Y,
ZOEELIZES THEIT 2 /13— VOB (2, y) %
oz (x,y) = v(x,y)ot
WD RDOBUERE I L > TCEIHETDIEDTH D,
wE

o 7Y a3y opt ARG EDBRIZAIT S KO OO AF—L%2BETI AT
avTh), MFORENUERETH 5,
EU1 ®i/ 1 REEDI A 7 —AF—A.
HO1 F1 VY AF—A (BHEA A T—AF—L1).
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ME1 BIEAA 5 —AF—A.
RK3 3RV - 7w AF—A.
RK4 4 VT - Iy A F—A.
INHEDAF—ADFHHIZOWTIE, (2720,
FARD x, v TREINDEBIMIEEL 2546, TNUBRORR ATy 7
DWCIEEIRZMET S, T U T, BEEINAZRZNIAHY TS traj x, traj.y
DEFEIZIF undef TEBINHEIE I NS, T 74N MERETIE. 0.0 DK
INDELDIZHR-oTWD,
FTF 3R BSR AT (2, SHREMEEAMCHEINZE SDHE T 7 7. true. DY
AT 2 Z L %, (false. FEMEMFEBNICHEET D Z L %2/RT. .true.
MONTND/N—=R I DNTIE, ZTOHZREZ AT TLAED 0.0 © U< I
undef DENA-S>TW5.
5% ini_x, iniy, x, y, trajx, traj.y CIREINDELE &AL E ERE
FHES v, v PR TET DL TT AL N EERE R LA D — % 1E 2 A R
TOHENTETH D, Thid, FEEoesER%

h15$1 = U15t, h25$2 = ’U,Q(;t

_w _ U2

= 5:131 = I 5t, 5%‘2 hy ot
tb\ﬁ%ci'ﬁ%ﬁﬁ‘él tfgﬁﬁﬂifMéo ZZ T, 51‘1', Ug hi, (’L = 1,2) 1<
NETN R DIN—X I DAE, 17 —RTOEEKD. AT —IVHFTH
B0 G HEEER (21, x2) B BEREEREZZA TS, EANDS 2, R TH
BN HEE u; &, AT —IVETEFANT % YWARICE LTV —F VT E R
BILT. 61 2 RDBIENTES, PIRIE. WORBIEER (), ¢) DBE
(MR, ¢ I3HE).

T1 =\, xo=¢, hy =acos¢, ha =a

LR850, 51#ini x, iniy, x, y, trajx, trajy®D>bH, x, y fild
% [rad] AL TH AL E, FEERT ms™ ! BUTHONEES u, v &

u

v
—u, - =V
acos ¢ a

EUTHIBIC G RN, RN T AV MR TR THIEMIZEE TS Z e

3.19.6 Stream _Line_3d

Hee

3 MIENRT NGO T — AN Sk % HE T 5,
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=R
call Stream Line 3d( dt, step, ini x, ini_y, ini_z,
X, y, z, u, v, w, traj_x, traj.y, traj_z, FTF, [opt], [udef] )
515
dt <R> in FHET D IRFfIFIR [s).
step  <I> in FREEITD ATV THL
ini x <R> in FIANLE x [m].
inily <R> in FIHIALE y [m]
ini z  <R> in AL E 2 [m).
<R(:)> in HFRE— Vﬁrm
y <R(:)> in E%%'E@# BE [m].
z <R(:)> in GFREZJERE [m].
u <R(size(x),size(y), in X ﬁm@/\7 ]\}1/ (k).
size(z))>
v <R(size(x),size(y), in y AEDNRT NV (k).
size(z))>
W <R(size(x),size(y), in z FIAIDNRT MV ().
size(z))>
traj x <R(step)> inout HARD x A7EFEEE [m).
traj_.y <R(step)> inout JARD y ALE ML [m].
traj_z <R(step)> inout JEARD z ALEEEEE [m].
FTF <L> inout FHARMEBANEIE 7 T U (k).
opt <C(*)> in KR D A F— LA (13h).
T 7AWV NIFHAA T —AF— L4
undef R in FEISAMUBE IR E R AE (1R).
EER
WHRROEZNIL, BBEE (v,y,2) IZBWT, 3 RGN Ml o(z,y,2) PERINTES
D, ZOREGIZES>TBENT L/ — VO z(z,y,2) %
ox(z,y,2) = v(z,y,2)0t
LV ROBUERDIC L > TRHAETIEDTH 5,
e

o ATV a Y opt IXIHARGHRDBRIZAT O RS OBD AT — L% BET 24T
YavThh), AFDORENARETH 5,
EU1 §i/ 1 XBEEDOA A 7 —AF—A.
HO1 F1 YV AF—L4 (HEA A T—AF—L1).
ME1 BIEAA T —AF—A.
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RK3 3RV - 7w REF—A.
RK4 4 RV - 79 RF—A.
INHDAF—ADFMIZDOWVTIX, (87724,

o WM x, v, z CHEINDHEBIMIEGEL 254, THUBEORR AT v
TIZOWTIKFHHEERET D, 2L T, ﬁﬁ(ﬁ*ﬂfﬁ#ﬂ&:m%'&é traj.x,
traj_y, traj_z OEFEIZIE undef TEHEINZMEMIEIND, T 74 Mk
ETIE, 0.0 WRIND LD IR ->TWVWD,

o FTF [IMIAKRMENTING(Z, BHAMISAMCMINAZ L SDHET T V. true. W
AN 22 & %, false. IFEITREMEBNICFE TS I L 2/RT. true.
MONTND/N—LINIDWTIX, ZOHZRLA Ty TR 0.0 £ U <&
undef DfENAS>TWND.

e 5l ini x, iniy, ini z, x, y, z, trajx, traj_y, traj z CHREIN
5B E A EEEIEE  u, v, w e B PEETS 8 TT L D EBER
DS D — i E R AR T O RN HRETH D, THIL, MMGIHHEOER A%

h1(51’1 = uldt, h25$2 = UQ5t, h35x3 = U,3(5t
(/51 u9 us

0xy = —0t, Jdxg = -—0t, Odxz3= —0dt
= x1 hl ; x2 h2 ; T3 h3

EWVDRIZERI TS ZETHHING, 2T, oy, uwi, by, (i=1,2,3) I&
TNTN i B DNN—IVDLE, 17 —FRTOHEERKS, AT —IVINFT
Hd, 5. FERER (21, 12, x3) I —HEE R FEE %%%zﬂ% EX0S 2 %
THI SN HEE u,; % 7\’7~)1/l?—%ﬁﬁu\fhiau\oﬁ/ IZELUTI—F T
5232 8T, bu; #RDBZENTES, BIZIE. WCHBEER (O, 6, 2)
DLHE (NFRE, ¢ IFMEE, 2 IXEE).

.Tl—)\ T = gf),ZEg—Z hl—acos¢,h2—a h3—1

LR850, 518 ini x, iniy, iniz, x, y, z, traj.x, traj.y, trajz
D>H, x, yHAZ [rad] Bi, z Jifl% [m] B THE R/ & SHEERT
[m s~ BALCTHI SN2 HES u, v, w &

U v
—u, - =V, WoW
a cos ¢ a
EUTHIEUZ G AL, BEERNT AV SR TR TEHEMIZEETL L

T“%éo

3.20 typhoon_analy

BIREE D ARy ¥ )V —F V. T2, TV MEERIZE T2 T — 4 % M & i
RCEHL . BRSO %2175 DDELK,
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3.20.1 grad_wind _pres

BERE
e R i % Wi - 3 K]IES R R D
£
call grad wind pres( r, coril, v, rho, r_ref, p.ref, pres )
51
r <R(:)> in PR PERR [m).
coril <R(size(r))> in AV FYINTA—=4 [1/4].
v <R(size(r))> in N FRIE [m/s].
rho <R> in Y VT o v TDEE [kg/mi).
rref <R> in R 93 R B ODAT E FERE [m).
pref <R> in r ref TOX/E [Pa).
pres  <R(size(r))> inout “EHiHDKE [Pal.
E&ER
feR RSP A )
% 1 8p
729 K DIT, %Ei%wmzlzﬁ%ﬁ%ﬁﬁj‘éo Z 2T, Vg B, p 3R
B, pld&E. vz 3B, BREEEE, FIXaVA VNI A=ZTHD, MHERNH
DR S, BRFREZ T r HRIEERE S
V2
/ apdr = / L+ fVy| dr
Tref To r
2115, ZOXREZEHAETD L,
r V2
p(?“)=pref+/ plom+ IVl dr
Tref
ERBDT, 52 5NZHRFRED O ZERIZE T2 K[EDENRD NS,
=3

3.20.2 hydro_grad_eqb

HeE
YO VT v T LRI O E I - RS DRHR 21T 5
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=X
call hydro_grad_eqb( r, z, coril, v, pres_s, rho.s, pres, rho, &
[error], [d1] )

518

r <R(:)> in PR RS [m).

z <R(:)> in SRIE AR [m).

coril <R(size(r),size(z))> in AV FVINT A=K [1/s].

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

pres.s <R(size(z))> in Y VT v ITDRIE [Pal.

rho.s  <R(size(z))> in YO VT v TDEE [kg/md).

pres  <R(size(r),size(z))> inout “Fi5DIE [Pal.

rho <R(size(r),size(z))> inout “FHiHDEE [kg/m?].

error <R> in 1 RV — 3 v OIRSEM.
T A =107

d1 <I> in TN ITATVav.

E&EN
BEEIZBWT, B 5
2
9, = 9P (3.20.51)

B O, EE R
Yo gy Lop (3.20.52)
r 9 por o

T LD, 1 RTEDY I VT4 VI T =R MO RES. BEGOMENSE %
BIET D, ZIT. V, I3uFE, p d REEE. pdKRE. r, 2 SR, ShiE S,
fIRAVAVIRTA=RTHD, INEDENRD SNIE, FRAELGADIREE S
BRANS, BESEHRIEOND, /2. ZhLDOFMRENERL TVD 2
5 Z X, R AR O TS BT E R D LD 2 & b T,
BEDOHEIZ, KEEZHVAEZNKRIZEZEBEETHD, UTIZTOHENERT,
IR B E, QFES2REEIZOVTAKE—RIZEZTHEL, £/~ BIE21T
5 BROFEAEIREIF IR LKEDOF LN S 087 r(ar), z(nz), nr=size(r),
nz=size(z) £ 95, ZOREMERBIIAEAEZKEIEIBOBERSM LD,
(3.20.51) % (3.20.52) IZRALT, p&HETD L,

op op

_1 (Y
=L F(r )l =0, F@@)—g<+f%> (3.20.53)

L%, —F. 0(3.20.51)/0r, 0(3.20.52)/0z ZFtHE L, ThETNELEDEDZ &
TpaMHET DL, 5 5 5
9p  OF _ _0Op
F@z tr 0z  Or
"5 g JEL P AR OD T JR D B AR XU Emanuel (1986) % % 20,
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0 0
= E(ln p) + Fg(ln p) =——— (3.20.54)

L BB, DD, pp i OV TENE NI AME HREANELNEZ LITRS, o
D & AT IR EE TV 72 ST & > CBIEIIZIEZ KD B,

IN6DA%EEMETD L,
Pit+1,j — Dij Pij+1 — Dij
E . oY .20.
A Tl A 0, (3.20.55)
Inpiy1,; —Inp; Inp; 1 —Inp;; Fiji1— Fij
2 5 F . 2 2 — 2 2 .2 .
Ar + 5 Az Az ’ (3.20.56)

LB, TIT, Ar, Az IZERE NEH MO, 7 38 MES O
THEFERY, Bb, O HENT 1O 2 KulmBa it TH272D, r,z D
TNENIZOWT 1 BT OBFGAM 2 FE TAIUSMN — IR E D, Joid U /- B
M Z OBEREMIHY U, ANV —F >V TIE I (j = nz). &5 (i = nr) THER
b, £oT, ElOARES T 1 KEEDOHR S AN &, ZOEMER
5, BREGEZSHAL UL TENUNORZETROD ZENTEL, LXK T
B (i, f) TRIET 3 &,

Dij = (AZ + FLJ‘AT)_l [pi_;_l’jAZ + Fi,jpi,j-i—lAT] , (3.20.57)
lnpi,j = (AZ + FZ'JAT')_I [ln pi—i—l,jAZ + Fi,j In pi7j+1AT + (Fz',j—l—l — Fi?j)AT] s
(3.20.58)

ERD, RHAEOWMEIZFIRTEZ LN T I VT4 VT T —R & IKE—FRIZ
WET D, ) BEUIZBIFDNFEEIT 1 ATy TR OZALED error AN RS
MEEZKTTDEIICHELTND,

(]
L.

3.20.3 tangent_conv_scal

BEBE
EREDAN T —&E% T 71V SR S A ERER AT 5.
X
call tangent_conv_scal( x, y, xc, yc, u, r, theta, v, &
[undef], [undefg]l, [undefgcl, &
[stdopt], [axis] )
513
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<R(:)> in A TR — R
<R(:)> in TR R
xc <R> in x R TCO MR R (k).
yc <R> in y R TOME MR A (BR).
u <R(size(x),size(y))> in HFRTOEEFTD
AHT—.
r <R(:)> in P 567 JRE AR D Bl 428 R AEE.
theta <R(:)> in PO 17 AR D B R [rad].
v <R(size(r),size(theta))> inout ZHEZEDIH.
[undef] <R> in RO AT Re R Ol (2ad)
[undefg]  <R> in PERREII N T D RIELH.
[undefgc] <C(3)> in undefg MR E
INFE TOMM (k) .
stdopt <L> in TI—Wh75 7 (k) .
T 7 AV N& .false.
axis <C(2)> in JERER (1) .

E&EN
2 RITT IV NERESR (2,y) 128 B 5 (e, ye) 2B Y 5 FEEER (r,0) 12,
ANT—F =R EEHU, 0 ST B, BERROZHIZ BRI 2175,
THNNR (z,y;) CEBINZDHD AN T —Fu;; & HEEER (1, 0,) TER
XND AN T vy, (CEWT B AT
Witl,j — Uiy (& — i) + Ui j+1 — Uz‘,j(
Litl — T4 Yj+1 —Yj
(xm — ) (Yn — ¥5)
Tit1 — i) (Yj+1 — Yj)

Umn = Ui + Yn — yj)

(Wit 1,541 — Wijp1 — Wit1,j + Ui ] (
ThHd 16, Zor X, BB TONEZT 5,
Ti CX, Yj LY, Uiy U, Upp ot oV,

Tm : T, 0, : theta

B%

o JEREHOBESEIEE 3.1 4.

o HEREMNBEREPAIMAFEL TODEE, 7 7 A4V N TIFEEHEH 712 Warning
AW —INHIIIND D, stdopt & .true. (ZEELTHIHE, HIILRW.

o AT a VI undef IFHEEAREYI AT RERAMAFAE T D HHR I R DS IC
RAINDGRERMETHD. T I T, HEHFIREERE LXK, PR THAR
SV % AT O B RO KM r(size(r)) DI ThHD. © U, ZO¥ENGHEE

*16 - S
Y ZoRix?T?2H,
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W ox,y OAMIHZZ5GE, 1ZAH U TOSEPIE N T IR, ZOIEAHL
D, SEYIWAT ZBROGEEIZ DWW TS undef fEANRIND LD IZRSTWD.
£ U, undef BHREINTVAWVGEARYORRAINTIRING.

7 7Y 2 VEl# undefge IFEHREAEEANIZE VT, KIBME undefg HVEAE X
NTWBGE, EOLD I ETINEHET S, ZOA T 3 Vi undefg
MEEE XN TORITIUZBEEE L 2\, undefg IFEHEHISHIBNICBEWNT, T4
VN EERER TRIBAEDIFAET 235G, 7 77V M S HEINONFFOBRIZ 7 7)1
N RDOSIE M undefg THIUIMFERDNHF AL undefg DIENANSND.
ZDRMPIZH T, undefge DfEIE
inc #AREEZ1TOBR, MERNI SO —HIC undefg WREINTVIUL, £
D i TOMEIFTFIEAEIZ AN T T, BHEDRA 2 TV DA T #EAE
#1710, THUTHIH LT, AR REBOGEIET /) ERELRD.
err FERROEIIZAT D BR, MR RO —HIZ undefg MEE I N TWIUL, F
YAMEIX undefg &8 5. T/ X VERIZBEWTIE, ZOFEIEEZ ST S
T/RVEHERDOTRTTRIELE LS.
undefg MW E XN TH Y, undefge WHEEINTWARWT 7 4V N Tl inc
LUTCERING.
G axis IFFHAIEHE L 20 2 AR % BIRT . AMWETO T — 207 )b K
JERERTH DR D, axis="xy’ LIEETD. REMEREBERTHDR5,
axis=’11" LHRETD. T 74NV b TRERT AN MEERPIBEIN TN S.

3.20.4 tangent_mean _anom scal

BB
EREDANT —&% T /)0 NERERMN O M B RICEBR U, #ERARIEE L &
TRV —%REETS.
=X
call tangent mean anom scal( x, y, xc, yc, u, r, theta, v, &
[undef], [undefg], [undefgcl, &
[stdopt], [axis] )
511
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<R(:)> in A TR — R
<R(:)> in TR R
xc <R> in x R TCO MR R (k).
yc <R> in y R TOME MR A (BR).
u <R(size(x),size(y))> in HFERTOT /XD %
EBDATT—.
r <R(:)> in P 567 JRE AR D Bl 428 R AEE.
theta <R(:)> in PO 17 AR D B R [rad].
v <R(size(r),size(theta))> inout 7 ./ <V D1H.
[undef] <R> in RO TR RN oMl (2ad)
[undefg]  <R> in PERRSFII N T D RIELH.
[undefgc] <C(3)> in undefg MR E
INFE TOMM (k) .
stdopt <L> in TI—Wh75 7 (k) .
T 7 AV N& .false.
axis <C(2)> in JERER (1) .

EER
2 RITT 1V NEERER (2,y) (ZBT DR (e, ye) &AL T D MREHEEER (r,0) (2,
ANT—=T—REEHU, 0 BT 5, BEROZEBITIAERENIFEZ T,
THNNR (z,y;) CEBINZDHD AN T —Fu;; & HEEER (1, 0,) TER
IND AN T — 8 vy \TEHT B AU

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

U = Uij + Yn — Yj)

(Wit 1,541 — Wijp1 — Wit1,j + Ui ] (
THhHd 17, Zor X, BIBIMTONEZT 5,
Ti CX, Yj LY, Uiy U, Upp ot oV,

Tm : T, 0, : theta

B%

o JEREHOBESEIEE 3.1 4.

o HEREMNBEREPAIMAFEL TODEE, 7 7 A4V N TIFEEHEH 712 Warning
AW —INHIIIND D, stdopt & .true. (ZEELTHIHE, HIILRW.

o AT a VI undef IFHEEAREYI AT RERAMAFAE T D HHR I R DS IC
RAINDGRERMETHD. T I T, HEHFIREERE LXK, PR THAR
SV % AT O B RO KM r(size(r)) DI ThHD. © U, ZO¥ENGHEE

T ORIFTTBH,
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W ox,y OAMIHZZ5GE, 1ZAH U TOSEPIE N T IR, ZOIEAHL
HRA D, SEYINT Z R OVEEIRIZ DWW T undef fHANEIND LD IZR->T W5,
£ U, undef NFEEINTOAVGERITABRAINTEIND.

o A7 3 VA undefge IFHERREIIMEIBNIZ B W T, KIAME undefg MFLE X

NTWEE5E, EOLDITEETINEHUET D, ZOA TV 3 Vid undetfg

MEE XN TORIFUIBEEE U 2\, undefg XA TFIHEIRAICENT, T4

VN EERER TRIBAEDIFAET 235G, 7 77V M S HEINONFFOBRIZ 7 7)1

N RDOSIE M undefg THIUIMFERDNHF AL undefg DIENANSND.
ZDRMPIZH T, undefge DfEIE

inc #AREEZ1TOBR, MERNI SO —HIC undefg WREINTVIUL, £
D i TOMEIFTFIEAEIZ AN T T, BHEDRA 2 TV DA T #EAE
217D, ZAUTHRIRUL T, V\]ﬁﬁbiﬁﬁﬁo) BET/IVERIELERS.

err #ZRROEA 21T O BR, MR RO —IZ undefg MRE X N TWIUK,
YAfEI% undefg &A%, T/ X VEREIZEWTIE, ZOVIHEZ ST S
T/ VEERDINTTRIBE RS,

undefg MW E XN TH Y, undefge WHEEINTWARWT 7 4V N Tl inc

LUTERING.

o G axis IFEIHREHEL R EERZBEINT S, BHATOT — 42BN T A b
JERERTH DR D, axis="xy’ LIEETD. REMEREBERTHDR5,
axis=’11" LHRETD. T 74NV b TRERT AN MEERPIBEIN TN S.

3.20.5 tangent_mean _anom scal Cart

BB
EREDANT —BE2 RGN LT )~V —%255H U, 770 MNEERIZRET.
=X
call tangent mean anom scal( x, y, xc, yc, scal, r, theta, scal_anom,
[undef], [undefg], [undefgc]l, [stdopt], [axis] )
518
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EER

<R(:)> in T I N — R
<R(:)> in T 71V B T REREE.
xc <R> in T A xR TOFE B A (
yc <R> in T AN y R TOME AR AL (
scal <R(size(x),size(y))> in THIVRRTOT )XV %
EBANT—.
r <R(:)> in P ] A A SR D Bl 28 JEE AL
theta <R(:)> in PO 17 AR D B E AR [rad).
scal anom <R(size(x),size(y))> inout TAINKRTDT /<Y DA,
[undef] <R> in PERRE YA e R AN D fE . (B5R)
[undefg]l  <R> in BRI T O RAELH.
[undefgc] <C(3)> in undefg ME%E
INFE TONM (k) .
stdopt <L> in To—Wh75 7 (k) .
77 A M .false.
axis <C(2)> in JERER (#23R) .

tangent mean scal Tal%H U 2 FEIMEEZ FHANT, LD T AV MR TOMEDT /
YU EEET . TV N EEROA R TOMREER LS DR TIZ, TO
PELHE 0D 3 2 W Ui C D HERR S YA 2 N ALER U, T DN % T DT 1)V N EERER T
DEFREAE L 5.

(]

o HEREMMBEREPHAIMNIAFEL TODEE, 7T 7 AV N TIFEHEH 712 Warning

AV —=UNHEIINDN, stdopt & .true. [IHELTHITIE, HI LR,
7Y 3 V1 undef (3BT AT REERIMIAFEAE T 2 AL R DRLHIC
RAINDRKERMETHD. T I T, BRI RELERE L IE, PIE AR THEM
ST O PROTAME r(size(r)) DI ETHD. L, ZOPREMEHAM
B ox,y OIMNIH 56, 1FAH U TWEESIFTEENTE RN, ZoldAHL
E D, SEYIWAT ZROGEEIZ DWW TS undef fEANRIND LD IZRSTWD.
£ U, undef DZREINTOVAREWVWEGAREITONRAINTRIND.
7 7Y 2 VB undefge IFHEHREEMHEBANIZH N T, RIBME undefg MRE X
NTW2HE, EDOLDITEETONEHUET D, ZOA T 3 Vi undefg
DERE XN TORITIUZFEEE L 2\, undefg IZEHRTITRIRNICHE T, T4
)V b FERELR CTRIBIEDEAET 256, TV 52 5 HEANOWIFOBIZ T 7V
N RO SR undefg THIUIMFERDONHF AL undefg DIENANSND.
ZDRMPIZHE T, undefge DL
inc RS E1T OB, MERAF RO undefg B E I N TV, £
D T OMEIF T IFEAEIZ AN, BREDA 2 TV D DA T
2110, THUTHISE LT, R REBOGEIET /) ) EREERD.
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err AR %R 1T DB, MESRAF RO —HIZ undefg BFEE I NTWLNIL,
YAfEIE undefg &4 5. 7/ X VEHBEIIEWTIE, ZOVIHEEZ ST D
T/RVEAERDOINTTRIBEL RS,

undefg MFHEXINTH Y, undefge WHHEINTWAWT 7 4V KTl inc
L UTEHEIND.

o FIB axis FEIERMEL R EEREZ RIRT S, BHATOT—Z 1T ) K~
JERERTH DR 5, axis="xy’ LIEETD. KEEEREEIERTHDI R,
axis=’11’ Y#ETD. T 7 AN N TIET I MNEEANBEINT WS,

3.20.6 tangent_mean_anom_vec

T AN SRR TRER I NAAEED 2 RoGAY MVa 7 )V b FERER D & P FE
RICEHU, B ARICEEL, 207 /)3 V %L d. 20X HRIT7 5 7 %AW
22 8T, BRI & BRI MR A ETE S,

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

[undef], [undefg]l, [undefgcl, [stdopt] )

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

"scalar” = BENEEANAI IR
"vector” = FEARIIRFET KA.

<R(:)> in T AV N AR,
<R(:)> in PaV DI Y
xc <R> in TV N 2 R TOMREFEER A (
yc <R> in TV N y RO MBI R (i
ul <R(size(x),size(y))> in THAIVKRTOFEITLHRT M.
x ka7
u2 <R(size(x),size(y))> in THIVRRTDE TR M),
%
r <R(:)> in P R0 PR A R D Bl 28 AL
theta <R(:)> in FH i8] JBEASE R D HEHRPEAR [rad).
v <R(size(r),size(theta))> inout 7./ < VU DfA.
[undef] <R> in BRI Re AN O (k)
[undefg]l  <R> in PERRT I T D REELH.
[undefgc] <C(3)> in undefg MVE%E

TNz SO (R) .
stdopt <L> in TI—Hh7 77 (k) .

T 7 AN M .false.

EEN

BE

75 X tangent mean_scal X I1F L AYHU. T 7 T 2 charc TT AV K
BT MIVEMFERANT NUVZEBL, D567 7 TR DAEANT—L LT
HETNIE, EOMBENERINS, ZI T, FEOTHIVIRIZBIIZRY ML
u=(u,uz) & U, HEEERDOMENRZ MLz r=re. £ 35, ZIT, e, dH)
BHEAEDTEENRY MV THD, ZDLE, ZORBENRYT NVIET AV RS
RCRET DL, r=(r,y) TRETETDDT, 7 MNEERFALONREIX

reow = [

WO BRERBTDIILIZRD, ZIT, u, XTIV KNRTORY NVOEERES
Thd, £>T, INEHHTEHNIENRAAMAIDONRNT MVRELND Z &I
B2, ERRAROBSE N FAEDE X /T, fMERYZ MVET AN RRRY K
IV DIED & KIREHENY % IE & § 5 MfEEER OB 2 it 36 2 LR TE 5,
2 RILT 7V NEERER (z,y) (ZB1F D 8L (e, ye) ZIRAE T 2 MREREEFER (1r,0) 12,
ANT—T—REEML, 0 AL T 5, BEROZHIINEIENFEEZ1T 5,
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o BERINMEREFIMNIAGFEL TWDGE, 7 7 4 )V b TR H J71Z Warning

AW —=UMNHIINDD, stdopt & .true. (ZERELTEIFHE, HH LRV,

77 a VB undef IHEEREII AR RIMIIEE T D BRI R OB
RAINDGRERMETHS. T I T, HEHFIREERE L X, M8 AR THEARR
SEYA % AT O B REOT KM r(size(r)) DI L ThHD. & U, ZOFENGHFEE
B ox,y OAMIHZGE, 1ZAH U TO ST EENTEI RN, ZoikAH L
D, SEYIWT ZRODGEBRIZ DWW T undef fEANRIND LD IZRS>TWD.
£ U, undef DR EINTVAVEAFIETONMRAINTERINSD.

7 7Y 2 VB undefge (TR EEMHEBANIZH N T, RIBME undefg MRE X
NTWEHE, EDOLDITEETONEHUET D, ZOA TV 3 Vi undefg
DERE XN TWRIT IUTFEEE L 2\, undefg IZEHRTITHIRNIZE T, T4
)V b FERELR CTRIBIEDEAET 256, TV S 5 HEIANOWIROBIZ T 7V
N RO SR undefg THIUIMFERDOANHF AL undefg DIENANSND.
ZDRPIZHE T, undefge DL
inc HARTYI %17 OB, MESRNIF RO —EBIZ undefg AEE I NTWHIUL, T
D 3T OMEIFEIFEAE I AT, BEDA 2 TV 2 1D A THEIAE
2475, THUTHISE U T, AP RIBOGEIET /) ERIBERD.
err AR ZITOBR, MIERNIF RO —EIZ undefg MREE I N TWVAUK, F
YAfEIE undefg &8 5. 7/ X VEEIZBWTI, ZO¥EEEZSRT D
T/RVHERDOTRTTREL LS.
undefg MFHE I NTH Y, undefge WHEEINTWAWT 7 AV KTl inc
EUTERIND.

3.20.7 tangent mean scal

Bee
EEDANT — &% T 1)V RO M A ERER ICER L, B AT 5.
=R
call tangent mean scal( x, y, xc, yc, u, r, theta, v, &
[undef], [undefg]l, [undefgcl, &
[stdopt], [axis] )
518
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<R(:)> in A TR — A,
<R(:)> in AT R T EEE.
xc <R> in z R COMREPEEIR (k).
yc <R> in y R COME IR R (BR).
u <R(size(x),size(y))> in HAFRTOVEETE AN T —.
r <R(:)> in P i PR A SR D B 2 P A
theta <R(:)> in P i8] A SR D BERR PR [rad].
v <R(size(r))> inout FERFEHL AN T —.
[undef] <R> in BERROE Y TR RSN OfE (23R
[undefg]  <R> in PERRTE YN C D RARTH.
[undefgc] <C(3)> in undefg A'i%
TN ETOMM (k) .
stdopt <L> in To5—Wh7o5 7 (%) .
T 7 A4 N .false.
axis <C(2)> in FERER (B2ik) .

EERN
2 RITT IV NEERER (2,y) (S8BT DR (e, ye) &R E T D FIREEESR (r,0) (2,
ANT—=T—REEML. 0 FEIELT 2, EESROEHIIIIIENTE 21T 5,
TN KR (2,y;) CEBINZHDANT — & v ; % MEEER (1, 0,) CTERH
IND AN T — 8 vy [ TEHT 25K
Uitl,j — Uiy (Zm — 2:) + Ui, j41 — Uij
Ti+l — T Yj+1 — Yj
(Tm — ) (Yn — Yj5)
Tit1 — i) (Yjr1 — Yj)

U = Ui j + (Yn — ¥j5)

[Wit1,j4+1 — Wijtr1 — Wikl + Uij) (
Thd 8, ZoLE, FEELUTOMNGEZT 5,

Ty © X Y; Ly, Uiy -0, Umnp -V,

(]

o FERERIDOBERMIX 3.1 S

o RBEFMNERFPIMIAFAEL T2 HE, 7 7 A4V N TN J711Z Warning
AW —UNHEIINDD, stdopt & .true. ZERELTEITHE HH LRV,
o AT 3 VI undef IFHERREII A RELRIMNAFAET D AR B DL IC
RAINDGRERETHS. T I T, HEHCFITREEE & IX, P8GR THAR
Y% AT O EROmKM r(size(r)) DI L ThHD. & U, ZDFEENGEE
W ox,y OAMIH7Z5GE, 1ZAH U TOSEPIE N T IR, ZOIEAHL

*18 - S
BZoRix??2H,
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WD, SEYEAT Z 73 OFEBIZ DWW T undef fHAE I NS LD IZBR->TWVWS.,
H U, undef MEEINTVAWVGEFITYORRAINTEIND.

7 7Y 3 VI undefge IFHEHREEMEBANIZE N T, RIAfE undefg MRE X
NTWDHE, EDOLDITEH 2T 0EHETD. ZDOA TV 3 ik undefg
DERE XN TR T IVUZEEEE L 2\, undefg IZEFCEIEIBNIZEWNT, T4
VN BERER CRIBIEDMFAET 556, 7 7V RS FHEANONFOBRIZ T A1)
N RO S A undefg THAUXMFERDONIF UL undefg DENANSEND.
ZORIIZE T, undefge DfEIZ

inc #AREEZ1TOBE, FERNIF RO —EIZ undefg WRREI N TV, £
D R TOMEIFFEIEEIEIZ AN T2, BIEDA 2 TS KO A TEI#E/E
2119, ZHUTHIG LT, AR RBOGEIZEEE RIBLE R 5.

err HEAROEE 1T BR, MIERWNIF SO —HIC undefg MREE I N TV IUL, SF
YAfElL undefg 23, WHEIREIZBWTIX, 2O FEHEE2IRT 5
FHHESDTRTTRIBL LS.

undefg MFHE X NTE Y, undefge WHEEINTWRWT 7 4 )b M Tl inc

L UTEHEIND.

I axis IXFTHEEMEL BRI BMERZEIRT D, BHETOT—X 2T 1)V b
JEMERTH DR 5, axis="xy’ LIEETD. KEEEREEERTHIEDH,
axis=’11’ Y#ETSZ. T 7 AN N TIETHI MNEEANBEINT WS,

3.1 T AV N EEEER & FI A ERTLR AN D BUR AR OB, P EEEER T m, n W2 3K

OF\NGEIL, T AV NERSRT j AFICNIRZFHE L, TONTR® S ¢ AN

ERSE
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3.20.8 tangent_mean_vec

Hre
TV NERERTEZRINATED 2 Kt Y NV E T 7)1 N FEREA D 6 [ & R
RICEHL B AANEYE TS, 2ok X T S 7 EHWS Z LT, BRI
Ji% 73 & ERR ST I BT E 5.
=X
call tangent mean vec( charc, x, y, xc, yc, ul, u2, r, theta, v,
[undef], [undefg]l, [undefgcl, [stdopt] )
518
charc <C(6)> in Btk o3 BN R 2 D
EH LI B0,
"scalar” = BSR4
"vector” = BRI IRERTAAY .
<R(:)> in T A1)V N R
<R(:)> in T AV R,
xc <R> in T 71V Nz R TOME R A (Bk).
yc <R> in T AN y R TOMRE AR AL (k).
ul <R(size(x),size(y))> in THIVNRTOEITZ R M.
x iRT.
u2 <R(size(x),size(y))> in THIVNRTDEYIT R M.
y 57
r <R(:)> in I fi87 JEEAZE S OD B 138 JRR AL
theta <R(:)> in FH i8] R A SR D BERR AR [rad].
v <R(size(r))> inout HERREIHU AN T —.
[undef] <R> in BRI TR RSN OfE (B25R)
[undefg]  <R> in BEREI N T O RAELH.
[undefgc] <C(3)> in undefg M3
TNz ETOMM (k) .
stdopt <L> in To5—Hh757 (%Bh) .
T 74 MiE .false.
EERN

75 ML tangent mean scal LIFLAYHU. BT T Y charc TT AV b
BN MV EHBEIRANT MVICE#BU, TS5 T7 3 THaDHAEANT—L LT
HETNIE, EOMENERING, ZI T, FEOTHIVRRIZBIIEZRT MLz
u = (up,uz) & U, MEEEROMNENRY MvE r=re, £ 95, TIT. e, 3H)
BAHEINIEDEENRY NV THD, ZDLE, TORMBENT MIVET AV N EEEE
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RTRETD L, r=(2,y) TRETIDDT, 7 AV NERRFALONEIE
rw = frllu

WO BERETLIILIZRD, ZIT, u, XTIV KNRTORY NVOEERES
Thd, 2T, INZEHFHTETERZ LSO MVRELND Z &I
R5, BEARORDE ZNERAKEDZ X H T, AENT MLVET AV NRART K
VOB S KIREHEN Y % 1E &4 2 PG EER DR S 2 BT 2 L N TE 5,

BE

o HEREMMBEREPHAIMNIAGFHEL TODEE, 7T 7 AV N TIFEHEH 1712 Warning
AW —INHIINDED, stdopt & .true. ZEELTH T, HI LRV,

o A 7Y 3 VA undef |FHERRTIG ATRE LA TAZAET B HafT- Y B Dl 51 12
RAZINDIRERETHD. T I T, BRI REERE &I, FIfE AR THEM
S AT O RO RKME r(size(r)) DI ETHD. U, ZOPEMNEHAME
B x,y OAMIHZ5GE, 1ZAH U TOSEHPIEEEINTE RN, ZOEAHL
D, SEYINT ZIROGEIR I DWW T undef fEANRIND KD IZRH>TWD.
H U, undef R EINTVAVESERZITORRAINTRINS.

o 7Y a VA undefge IFHEREAFEHIRNIZHE W T, KIBME undefg MELE X
NTW2HE, EOXDITEETONEHUET D, ZDOA TV 3 Vi undefg
DERE XN TORITIUTFEEE L 2\, undefg IZEHRTFITIRNICHEWT, T4
VSRR TRIBIEDFAES 2356, 7 7V NI S HEINONFFOBZ T /7)1
N RO SR undefg THIVUIMFERDOANHF AL undefg DIENANSND.
ZDRPIZHE T, undefge DAL
inc BEHRREYSE 1T OB, MESRAR RO —EIZ undefg B E I TV, £

D 5 TOMEIFTFIEAEIZ ANT 2, BHMEDRA S TV D DA TEG#ESE
#110. THUCHIH LT, NP REBOGEIET /) ERELRD.
err HEAROEAZ(TOBR, MIERNIF RO —IZ undefg MREE I N TV AUL, F
YAfIE undefg &85, 7/ X VEREIZBWTI, ZOVEEESKT D
T/ RVEERDOINTTRIBERD.
undefg MFEE XN TH Y, undefge WHEEINTWAWT 7 AV KTl inc
LUTERING.

3.20.9 CPS_Hart

Hart (2003a) DFiE%E VT, KLEMHEZER (CPS) /3T A =& %2518 5. #HM
IFALE (2011; R&) 2SO Z & RKIED % 500 km PANIZE 1S 8 1% - B
LOWIEN S, TORKEDHEENREIC OWTHET D 720D/INTA—RTHD.
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=X
call CPS_ Hart( x, y, center, z300, z600, z900, mv, B, VTL, VTU )
518
X <R(:)> in  x J5FEEEE [m].
y <R(:)> in y A EEEE [m].
center <R(2)> in ARSEHUDOREEE ($23R).
2300 <R(size(x),size(y))> in 300 hPa OYART V¥ ¥ IV EE [m].
2600 <R(size(x),size(y))> in 600 hPa DY ART V¥ ¥ IV EE [m].
2900 <R(size(x),size(y))> in 900 hPa DY ART V¥ ¥ IV EE [m].
mv <R(2)> in MEEE [m/s] ().
B <R> in  KFRMESNT A—4 [m] ($25R).
VTL <R> in  NEREE/NT A =& [m/s] ().
VTU <R> in  RERER/SNT A =4 [m/s] (HhiR).
EER
ELSETLAS 500 km EREANIZEWT, RO/ T A—Z 2 3HET 5.
B = (ZGOOhPa — Z900hPal pight — Z600hPa — Z900hPa|Left> (3.20.59)
600hPa
~VE = AAZ) (3.20.60)
OInp Joo0npa
300hPa
V¥ = oAZ) (3.20.61)
OInp |g00npa
(3.20.62)
CITC, Z Wi HEEILBIRZVART YUY IVEE, AZIXR—SEEIZH )5
££ 500 km PANTD Zaw — Zimin, p W EESTH D, F7/2. EFRE 500 km BANTO
SEIE = R,
Right] B & T TLeft] &5 HKFLIE, MKSUEDHLORE B AN AEX I A,
FENS e @RLUTWD, 2FD, INbzEedd e, HM?TOLDII85,
INT A =R BIMERIEBRE ARDE L ETOVEANBREEDA 2R L, ZH/NI
WIEEEATOREDHRY 2372 <, SN AEEICR>TVWS I 2R LTS, /3
T A =R Vp lJMERJERLDRE R HIZIONVWTRI NI A=K TH5, AZ IF 500
km BN TOYART VY ¥ VEEDERRKERNDAEBZDT, ZOEPRKEIVIFE
500 km A TORELEANKEN LIZARD, [TED 2 BTOIDAEEEKL /-
LE, LEOAMENRKIVIZETOENITBRLAHEEIZZ>TVWSILE2RLT
Wa (X7?77),
5

o (RS AUME— AT, W B IESUE D IRAK N Z L AUT L0,

main
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o MENHE DI GIRIIMHE KT T 205, mv (1) X x FHAIDFEEHK, mv(2)
1y AFOEERS % HNRITER S B, TN DRERSDT ART
E»oBE HH2EH L THD.

3.20.10 DC_Braun

Hae
Braun (2002) O FEz VT, B RKQEOHLZFIET L. ACEMREREE DI <
B3, B RSREDOWE I 7RIS T 2 /AT A RER AN BHND LD I8 5.
T SUE D BRARME CERRREDO O Z ERT D &, T ORFTHY AU A DREIZ
FVIREIT2 &S51245 "9, £ 2T, Braun (2002) Tl, L ROEHEDEHIZRT
FHEEZHWT, ZOREHR 2 RET E 2 BUERKTE O FUOHEE FEVHFE I vz
=X
call DCBraun( x, y, fg, pres, search dis, var._dis, center, &
[undef], [stdopt] )
E1E
x <R(:)> in x J3 A EERR [m].
y <R(:)> in y JIFEERR [m.
fg <I(2)> in RIS B —HEEME DI 7 & T (1Rd).
pres <R(size(x),size(y))> in FEEHTORE (k).
search dis <R> in WRsR 9 % SHI [m] (B2a).
var_dis <R> in fRZFTHE T 2 i [m] ().
center <I(2)> inout K SN HL (HIR).
undef <R> in KREFRMA (k) .
stdopt <L> in TI—Wh7I 7 (k) .
T 7 A4 MiX .false.
EERN
M ST D RARS 2 B —HEEME L UT, TOREPM 100 km FEE D2 7 I DWT,
ZTORZHLE U2 PR 65 km BEDOHEHEBUZ DWW THARESI 2170, ST
(25T B T DERTEIIN O DR A Z & UEDEEN RS K & 45 i % By
BLRJEDHLEEZET D FIEEZHAOTWS. KD FEMRFEOEIEIER IZOWTIE
%77 SR,
e

o 5¥ undef IFEIAFINICKREREN D 25LEIHRET D &, TOMEIZEYT
BT RUIMmZAFH RIS U 2.

Mgz VBRI SUE D RAKE TR X N5 BB AL DOHL . Braun (2002) OFHETREE X N BHHEL
FEDOHLTED & D BRENALND DIZDONTIAERESA.
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o RRNMPRRFPHIMNAZIEL TV D 7‘77f)1/ b~ TIFAEHEH T IZ Warning

Aw—UMNHEIIND D, stdopt 75: strue. IZERELTEITIE, A LRV,

G £ 13— HEEME RO TRD x M,y AR TFRESE2525. Z
DT RFEFIE x, y ORI ERFSDI L THE. —MANIZ D —HEEMIZ
I SEDO BRI HNS NS, fg, center & EIT, HE—FHD x FEED
B mEs, BFED y BEORFRBESLEED.

518 pres ([ ZIF—MANIZHBHSTEVRHW O NS . T DAL BERSE D Hin
k% KD D DIZHND DT, FEEH ETOREZRL EDFHETE LW, 72
72U, 1T ROMEP MR KT DS &, ] & MO T % W THEE SUEITRIE U
THBENRDD. HNFETTIVOGEE, KJELNIGERICH S EFEEHTDOY
ARF VI Y IVEETEH DR, /2, 2OV EIIRAFFEIZHCS 2T
BODOT, BAIE 2K TR DOV TH I — U ThNIFEEDHEA R E HWD Z L
TE3.

514 search dis, var_dis DOBIFRIXX 5.11, 5.12 . Braun (2002) D3RR
21 var_dis 1% 65 km FRETITD LRk I N T WD, Thik, —MREE
{RSRED AT T 7 S D IMAAHE I Y 5.

3.20.11 calc_taufil
HeE
Rozoff et al. (2006) IZHWVWTEFHZIND filamentation time ZFHT 5.
=Y
call tangent conv_scal( x, y, u, v, val, [undef], [sx], [xy] )
518
x <R(:)> in TR — .
y <R(:)> in TR R
u <R(size(x),size(y))> in K x 504 DL (k).
v <R(size(x),size(y))> in Ky iy D ($2ik).
val <R(size(x),size(y))> inout filamentation time [s].
undef <R> in REZME (k) .
sX <R(size(x),size(y))> in x IR —)VIR T (£ak).
sy <R(size(x),size(y))> in y FMAT =)V (k).
EERN
Rozoff et al. (2006) (Z¥&1F % filamentation time (7g) 1%
TﬁIE#u (St+55>¢%),
\/SE+ 53— ¢?
main.tex 2016 £ 3 H 25 H (L&)
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s, = 1 0w ug Ohy 1 Ous Uy %7
h1 8x1 hihs 83:2 hg 8302 hihg 0x1
52 = Zi ail (UQ> - Z; aig (m)
— hllhg [ail (houg) — 8 (h1uy) ]

ZIZT. 81, So, (IFENTIVHELRHEE, > 7 —
X BB T O E T 5,

LIV, $h

ERETHL, D

ry X, T2 1y, U i u U2 IV,
hy : sx, hg : sy.
w5
o KEFHM undef IFATNINAZREGNREZRDG G, val ITRAIND D,
S? 452> P REIBDNEGAE val ILRAINS.
e undef MWMEE I NARWEE, ST+ S5 > (2 &2 I val 1ZiE 0 AMRAX
N5, 270, ZHIXEBENSIEIAYTHD ZLIZHEETD.
o JNEHER T EACE /D AT — VIR FIZLA NOBEFREE DL D INA
FHIER S R0, . ;
ulzhlﬁ, UQZhQ%.
BE, COREIN/ZHE, AT —IVAFIEEEIZ MKS BARTHE R 6NR
FAUEB LB, & L2 5 TRIFNIE, m OERIE [ 1242520,
main.tex
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Fa4ET HoNTOTS A

ZITI, BENV—F VOB LT DO2DY Y IV Tn T I LxdHlFTEL.

4.1 Yo7 7Os5L0av1IVAE

demo 71 L7 NUBARIZ, KA TV EMAN/ZY Y TINTOT T AHEIENRI T
Wb, AV INTa TS ADOFETIZIE STPK 74 77 ) BIEFIZA VA M—=)LINT
B, NetCDF 71 77V, gtools 74 77 VNA VARN—IVINTVIHENRHD. Y
VINTOT T ADOFERERIZ NetCDF 57— & THA I N5 720, A LIS A& it
V—=IVINBETHD.

Yo INTaT 5 LDV )IVIZIE, demo/Mkinclude % £ HDEBRBEIZ ALY THE
ULARTNIEZR SR, Z2ETDARMENH B EFTIEIATOEE) THD.

a )
FC STPK 2 Y A h—)U/a /N1 5.

FFLAGS A Y AN—IVRD IV LIV ATV 3 v,
ISTDIR STPK OA VA R—=IVT+4 L Z K.
INSTNC netedf D1 Y A r—=IFT1 L 27 KV,
INSTGT gtools DA Y Ah—J)LT4 L7 KV,
N J

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

£ U, DCLF90 731 Y A M=)V XNT\5A5, make draw & FETT5 I LT, 2 Rt
DT 7 EH/ETEILDTEDEITT 7))V draw WMERIND. £72, Ruby-DCL »°
A VAR INTOVNIE, AT L7 MVICFAMMI N TS delplot # FWT, 7%
ARNT A=Y MDT—R% gnuplot DEDIZT T 7T EMNTES. 2D dclplot
X Ruby A2 1) 7 NTdhY, ruby dclplot THITT DL, ¥DLDBHHE G A RITH
XR SRV END & D4 usage THWOIHITIND DT, TNeBZIZI N0,

draw I¥ Y ROMENFIZOWTIE, £Y TN Ta 7o 507 74 INZOHINIZ drav_
ENYZDOWIEEEF .oml DR—L) ARNT 7 A NDH DT, FHl 21X, poison % H
WAERIG 5 N2 T — A poison.nc & AFHL L WA, . /draw < draw poison.nml
TR T2 2 eMNTES. 20 drav IKHELEF—L ) A7 74 VDEREBUIILLT

main.tex 2016 £ 3 H 25 H (L&)
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DEBL)TH5.
a I
&drawinput
fig_type = 1 ! MO 1: FERK, Y =— R
12 FERE, Yx— R, R ML
vo-1: BEERTARR, Y — A —
Uo-2: fftEhdraviR, v —H—
P rfg %28l <R 5, cont_val IZEBHL,
| ¥Y—N—%>DR5, shade_val ([ZZ£¥4,
TRl IE  TETCINE
VBT AR O G, RO EEIFE X xmax, xmin T
. I 20D L XOMEORMmEFH X cmin, cmax, smin, smax TiX
VC“ ~
! cmin, cmax IEHAER, smin, smax XV —H—IZHIG.
. | shade_val, cont_val TNZTHNREINT VD & LMl
B
I KEWAHTEREIND.
! ymin, ymax Cix& I NHHENIFETDHITRTD y HKTOD
Ux T — 2 2 @B (Y —H—) THIET .
15U 1 ROAMUITNIL, ymin = ymax LE%ET DI L.
.y U EER T RO G S, BRI RO 2 B DOEHBEREE 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 oex. BB IF N AR T xmin, xmax D% &, Mt iR T

! MNZOEBIZHIE L TWS.
00 ! REEHDKE T 22K
AR DR T 2K

o
o

0.0 ! fedillloD /e i

1.0 v REEHOA i

0.0 ! fEdho> T

1.0 1 o> b

= ’poison.nc’ ! #AIAL netcdf 77 AN
e=" | TXAMNNITLT—AX

al = ’rho’ ! FEMRTHI <ZEHK
val = ’psi’ ! AT —Yz— RTHIKEK

=0 1 RNV x B TR B
= 1L RZ MLy R THIK £
-4.0 '\ FEROR/IME
.0 EERRO B K AE
0 AT —Y T — ROB/ME
5 1 T —YT— ROFKAE
x0 L RO B4
vy D B4
=1.0 | Yr—RDI7 I X—
=1.0 ! HEHROT 7 IR —
1.0 ! BRI NLVOEX x
1.0 ! BANZ MLVORY y

J

/

o> draw % —AH0 AR 77 A VERTRAUERE B>TW1S, FF—LY ART 7
VBB Y TN T B8, T A HE LB THHBT 2 2 LA TH S,

main.tex
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4.2 £7045LDEREA

AKTOT T ABHIN—F > - BHBL RVOHIFEREYF oy 75 075 A% unit
WS TFA L7 ML, FNUHNOFHET AN IO TS MIET 4 L2 MV ITKL T
H5. LLFTI, unit &£ ZNND T 7S5 MZONWT, %% R,

4.2.1 cov

EYa—)l Statistics DTFANATOV I L. HDE5X6N/2T—L 771 )l data.org
ZICIZ, DM EERTD IO I A 72720, TON0AME CIZEIGERZ 5] X, fHE MR
BEFAETD.

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

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

intercept = -3.6121133E-07

Cor_Coe = 3.6029361E-02

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

4.2.2 fft_test

FFT V—F>DFANTOT T L ET—R% 52 TEFFT 2318 U, Bz 1T
WIEDET —RIZRET. RUZE X, 7 — R ENEZTBRENH LI N ERRTD. F
72, [ UBEIE & U A FI 0 DIRE T 2 MY KT . FFT O 7 4 —< VY AT A M E3f
RTNDDT, L FEFo-<FAUEELZHERT —) TEBIZDOWTHIT, Wi DETH
MzHRRTD. AV T —RIET—ZBOPRIZE—T 2 EDH I TV AHETHS.

EITAE
make § 2 &, EIT7 71 fft_test DMERINTNWBIDT, ET795 &,

(:Input the data number (odd number). j}

CE»IND. ZHIET—XDEBTH Y, FE FFT BH%2175 720, HEEKTRIY
U S0, 2RI

main.tex 2016 £ 3 H 25 H (L&)
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(iInput the loop number. j)

CEPND. ZAUXRE CEIEZ TR D K2 EET .

(iDo calculate the prime factors? [y/n] j}

CEPND. ZET —ABERRBARTDENE S hEENTHND. IhE 2y’
Y52 L, FFT V—F VABIBI NG Z e \EMR L, BHET51% 38T 5. A
N—F VT, F— BN S BB E L HITRE R MV R Y 21285 O, BT
DEFHBETH D720, loop number 2% < & H>TWVWBHHITIE, TN%E 'n’ IZUT, &
WNZEHRE U2 BESBT 2 L DIZU M, FFT AMED ST 4+ —< V AlZ 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].
- /
et
Rz L.

4.2.3 fft_data

FFT V—F VORI T 7S A TFAMNEROERT — R %252 THEFFT 238
U, EOARY NV AEEN T 74 VIZH 1 5.

main.tex 2016 £ 3 H 25 H (L&)
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RITHE

make 95 &, HITT7 7 A )V fft_data DMEEINTNDDT, 79D L,

Input a reading file name.

If there is no file, input ’dummy’

LHEIPND. ZHIEEARDTFANT—RDT7 7 ANV EANTD. L7 7A
MWL, TARHEDAITO WA, dunmmy & AT HUIEEI V. 58, HHN
U777 ANTEABEBOEREDE T —X%Z/EK LT, ZD FFT §H %2475
T 7ANVDT— ZEABIIMBRTEHFHTEHRDRN. 22U, GOEEIEHE FFT
AHEEZTOHEG B, —BERADT —RIEFHMAALPHVZRN. BUF, dummy & AS U
735 E Ol % RS, R,

Automatically, sample file is producted.

result prim 2 0 2 0
### Finished calculating.

Input the output file name..

LEPND. ZHUFANRT MVEIR LU AT 22T 774 V/E AT 5.

Input the calculating period.
(data period)

LHEIPND. ZNFHBEZTo 27— 2O Z2 AN T 5. BAIMERE. ZOEIRH
HEINDTFANT—KD "frequency” IZKMIND.

FIECERES

B%

SHEORRIL NI NG T —RIFLEND

[?&O)/—I\‘%&, B, AT —48 147H, - ]

ERD. T, TAOHMET & T2L., J—REBn OB E L T—4
T OREfRIE

2mn = kT
Thd, 2%V, LOTF—=RIEZFIhTN

B~ K¥=n, B=k= "

EINTNELTWS., CNE2EEBELTH Y VT —RZ2AHAELEZEDN 4.1 T
H5.

o ANF =4 dummy THVEE, R
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(val) WN1(Black) WN2(Red) WN3(Green)

1.0 ‘

0.9 F 4

0.8 | 4

0.6 4

val, val, val

0.5 1 2
(frequency)
frequency
4.1: EET —RDANRY NViAi, B IR BT NENHED ) — REUL, 142, 14243

D TR L 2T —ZDARY MVAAEISHIGL TWS . TT ik (B o 1, 2,3
WG U ZZE i CE— 2 AR 56N 5,

main.tex 2016 £ 3 H 25 H (L&)



STPK ¥v=a7JL a7y rs A 216

[Input the reading number of array. ]

CHEIINDG, ZNET—ZDOHN T LEPNOBHENEANTEZEDT, A
075 ATIEANINZATLTLIZ FFT B U TARZ MV TF—& %1 H
35, £oT, HhT—RIXZOBEMTANIUZAT LI 2 17 MBI
2 (LRD ) = RETF— 2 BT R 2BMINE) 20 LTHAIND.

4.2.4 matrix_test

3RTATHI R G2, TDT =8 %Y LIThRA BATHRIEN—F V2 EIT$2 7077 L.

RTHE
RIOT T MNIBETETTUT I, EITTD L, ED &S BEHEE1T S % H»
NHZDOT, FRANTHESZANTD. FZERATFTDOL D ZHIGIZE>TND.

' N
1. AU ZADEEEZHAWT, 3 JEOEN GEROREEITD.

2. LU g% VT, 3 Juds, RO KM LTS .

3. HIAYA FTINEEZHWT, 3 75 HEROKME2ITS.

4. YIALEZHWT, 3 udl L HRREADKRMEEZTS.

5. A AT A FI)Vik%E SOR THIEUZRA S, 3 iy, HREXDORMEZ1TS.
6. Y AEE%E SOR THEU RN S, 3 o HRERNDRMEEZ1TS.

7. 3 RIEFATHIDHEATH 2 FHHT D

8. NEFrEw H\WT 3 RIEHFHOBRAEAM L Z NI Ed 2 EA R
MLVEEET 5.

9. YAz MWT, 3 RIEHITHIDEEAEZFET D,

10. QR #EZHWT, 3 RIEGTAIOREAHE L BANRT MVEERT .
- %

4.2.5 normal poly

EYa—)b poly normal, special_function OF AN TOJ T L. fEHEA S92 EHKK
ZOBEE ~EDEHBRICBNVCEHEL, TFAMNNT LT —EZTHIITE270T T A,
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ARTOT T ADFAFZE>THHINEZTIARNT =R 77 NVEEUT A L2 RV
X VTV D ruby A2V 7N delplot #ET7 T I L TRBICAHIILTES.

RTHE
RKTOT T MNIBETETTDIENTE, EIT792 L EDOBBEIRET LMW
DI RFEANTRET S, FHEZIEFOLD ZHIEZE LTWS.

e N
1. V¥ RIVLIEA,

2. TIVI— MZIHA.

3. 27—V %EA.

4. Y arvZzmEK.

5. 7=V T —%IEA.
6. FbIxT7LIEA

7. V= VEIEA.

8. N L.

9. v~

10. /1~ V.

11. 2~y 2 IVEE.

12. B 1~ V.
\_ )

HEHR LY vy MILZEROBS

X 4212V % Y RIVEZHEADES 25T
ITILE— NSIEXDBE

Bl4.312T)VI— NEHEANDEGEE2RT
ST—ILSEADGE

X 441257 = IVEZIERDGE % RT
Ry )LERDIGE

X 4.5 2Ry I)VEEODGE%RT.
AR VEBBOSZE

M 4.612 1< YEBOLGE%ERT.
TRy EILEROEES

X 4.7 \ZERY v IVEE OGS %2 5T
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1(red),2(green),3(blue),4(yellow)

10 T T T T T T T T T T T

0.5

0.0 -

LEGENDRE

—0.5 —

710 ! ! | ! ! | ! 1 | 1 1
-1.0 —-0.5 0.0 0.5 1.0

X—axis
4.2: VI ¥ ¥ RIVEIHA (BARDY 0 R, JRERDY 1 2R, fRERAY 2 2R, HARAY 3 2R, HARAN
4 2R).

1(red),2(green),3(blue),4(yellow)

10 T T T T T T T T T T T T

0.8
0.6 7
0.4 7
0.2 7

0.0

HERMITE

—0.2
-0.4
-0.6

-0.8

X—axis

430 TV — MBIAR (DS 0 K, AHRDS 1 K, KRS 2 2, FHRAS 3 X, Hifins 4
X).
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1(red),2(

LAGUERRE

green),3(blue),4(yellow)

T T T T T T

T

5 10
X—axis

4.4: = VEIHA (FBERDY 0 K, FRERAY 1R, SRERAY 2 2K, FHHRAY 3 2K, BHRHY 4 2K).

1(red),2(green),3(blue),4(yellow)

10 T T T

0.8
0.6
04+ /

0.2 -/

BESSEL

0.0 |

—0.2 -

—0.4

[T L

T T T T T

2 4 6

X—axis

4.5: AN OVBIEU (RERAS 0 2K, ARFRAY 1 2R, #RERAY 2 2K, HHRAY 3 2K, EKRAY 4 2K).

main.tex
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1(red),2(green),3(blue),4(yellow)

O-G‘N‘N‘N‘N‘NNNNN

0.4

0.2

0.0

—-0.2

NEUMANN

~0.4
~0.6 H

—0.8 |

-1.0

1 2 3 4 5 6 7 8 9 10
X —axis
4.6: /A X VBIE(FEARDY 0 R, ARERAY 1 2R, FRERAY 2 2R, HRRAY 3 2R, HARDY 4 2R).

1(red),2(green),3(blue),4(yellow)

10 T T { T T { T T T T { T T T T {

8 - _
1 - J
= F ]
9P F ]
(D — —
[ 6
m - J
o4 il
O L 4
G
o - ]
e i 1

//
2 = — -
0 I Tttt T 4!’—/‘—1%
0.5 1.0 1.5 2.0 2.9 3.0

X—axis
4.7: Ry ROVBIBU (SRARAS 0 2R, ARERDY 1 2R, FRERAY 2 2R, HRRDY 3 2R, HEARAY 4
x).
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1(red),2(green),3(blue),4(yellow)

1 O T 1 T T T ] L L

deform NEUMANN

O L 1 l L "W””r\’”’l : ——= ‘ l

0.5 1.0 1.5 2.0 2.5 3.0
X—axis

4.8: B A < VBB (BARAY 0 K, ARERDY 1 2R, FERAY 2 2R, HERAY 3 K, HEARA 4

).

main.tex 2016 £ 3 H 25 H (L&)



STPK ¥v=a7JL a7y rs A 222

TR )43 EHROEBES
ARIZER ) A< VEBOGEZRT.

HY<BEEDIHE

.f‘e éﬁ)"%?g FEERY 3(blue),4(yellow)

LB — | L —
1.5 - -

< L

2 L

S 10+ -

< L

@) i
0.5 - -
0.0 L\ I [ [ [ [ [

-0.5 0.0 0.5 1.0 1.5 2.0

X—axis
4.9: 5> <.

4.2.6 read mgdsst nc

mgdsst 7 —4& % netedf 7 — X IIEWT 220D T 0T T A,

ETAE - XR—LYRK

FATANZ, 29 D mgdsst 7 71 IVZ%E 2T sst_list EWIEHMDT 71 IIZT
x> A ]\’Cf%ﬁbfjb . ZTDOIL7 7 ANHOHET % .nc & UZHFRT netedf 77
AIWVFERI NG, FTIE, BERTETTE, LDV A MIRI NS 7T HEI
\Z netedf 7 7 A IVIZEHINDG.
$ ./read mgdsst._nc

22T, AV IFID mgdsst T — RIEEKE R TEN 888 TH DM, T DEHIZ
£oT, TOMHEIX 263.0 K IZREIND Z LIZHEE.

STEER
AKTOT 5 ADOFERNSBESNT netedf DT —RZZTDFE FHIHE L 728 DA 4.10
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THd. AEROHEY —IZIHO5TIEHABELTVWARVDT, £HMFEHLTWS
W= )& FHWTESBI N0,

mgdsst.May31

80 ce 303.0
N @Om
AN
Paaits
0 297.0
o 40 |
g e I291.o
= OR
— )
© *Om 285.0
—40 (St

-80 Lo oro oS 1 T
40 80 120 160 200 240 280 320

longtitude
CONTOUR INTERVAL = 1.666E—02

4.10: netedf 122X N /2 T — 205 A X 172 R ERVEHE KR /04 .

4.2.7 thermo

Thermo_Function IZEFRINTWVWDHEKIZOWT, TANE2FFS TO 7T 4. KJE, i
JE, REFEONEHE G AT, BINLMEPZLEBEDTHENEMGEET S T 07T A,

ERITHE
make 9% &, 177 7 1)L thermo WMEHRINTWVWEDT, EITTDHELUTDLD
REMMHEIIIND.
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4 I
pressure [hPal
1000.0
temperature [K]
300.0
Relative Humidity [%]
50.0
- %
ER, flix A1 DL, MFDEDIZEN—F V2 HWTER U ZMERAH I NS,
a 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 [Pal
DEBUG : es_Bolton in Thermo_Function : 3.53336E+03 [Pa]
DEBUG : es_TD in Thermo_Function : 2.88717E+02 [Pa]
DEBUG : LH in Thermo_Function : 2.43771E+06 [J kg-1]
DEBUG : eP_2_qv in Thermo_Function : 1.11965E-02 [kg kg-1]
DEBUG : TP_2_qvs in Thermo_Function : 2.28030E-02 [kg kg-1]
DEBUG : qvP_2_e in Thermo_Function : 1.76668E+03 [Pal
DEBUG : theta_dry in Thermo_Function : 3.00000E+02 [K]
DEBUG : theta_moist in Thermo_Function : 3.00000E+02 [K]
DEBUG : thetaP_2_T in Thermo_Function : 3.00000E+02 [K]
DEBUG : thetaT_2_P in Thermo_Function : 1.00000E+05 [Pa]
DEBUG : TqvP_2_TLCL in Thermo_Function : 2.86147E+02 [K]
DEBUG : thetae_Bolton in Thermo_Function : 3.27661E+02 [K]
DEBUG : thetaes_Bolton in Thermo_Function : 3.67287E+02 [K]
DEBUG : TqvP_2_thetae in Thermo_Function : 3.27064E+02 [K]
DEBUG : TqvP_2_thetaes in Thermo_Function : 3.60804E+02 [K]
DEBUG : RHT_2_e in Thermo_Function : 1.76668E+03 [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]
- J
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4.2.8 thermo?2

Thermo_Advanced_Function (& XN TWSEBIZOWT, TAMEITS T T T A.
Jordan (1958) DY VY F 4 V7 F—R%&E LI, HESEDOERE 52T, RIN/EN
ZUBEDTHENEMRIET DT T A

EITAHE
make 9% &, EITT7 7 A )l thermo2 MWERINTWVWSDT, Ef7 7L UTDLD
BREMMNHTIIND.

Input the reference height [m].
500.0

2 ANTLE, UTFDEIIZEN—F Ve HOTEHRUZERBE I IN5.

/
DEBUG : precip_water in Thermo_Advanced_Function : 4.54026E+01 [mm]
DEBUG : CAPE in Thermo_Advanced_Function : 4.07556E+02 [J kgtl]
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]

g DEBUG : T_LNB in Thermo_Advanced_Function : 2.24629E+02 [K]

4.2.9 time_check

Basis EYa—J)LOHKA Y ¥ A counter_day, counter_sec 8L, X1 A
V= VALV —F  time_zone_convert DT AN T I A EED 2 HIG%2 5T,
DA O HE L WA FKRT 5.

EITHE
FITT2L, UFDELS RBEMBRRINDDT, E@EIIEZS.
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4 I
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
\_ J/

ZDgE, 2012/12/30 23:59:59 H 5, 2013/01/01 00:00:00 F T HE & % FH
THRETHE. FHRRERBICIRINT OB, AEUE 3 B2, BECHE
T5L 86401 M b, F/z, mEIXE X ZFHEBBRRZIZOWT, JST &EL
7L ED, TORLNIINIET S UTC Ol %2 HhT 5.

4.2.10 traj_sample

Forward Traject, Backward Traject D7 A NHTO VI A, ZABHEICKHEZEL
T 5 2 KOKFE—RREDGIZDOWT, fi s - AR ZFET 5.

RITAE - FTHER
RIOT T NMIBETETTDEITITHY, UTFDO &S BEHEREE AT 5 HEM
MERIND.
4 N
input scheme of time integration.
EUl1 or RK4.
RK4
input direction of trajectory for time.

1 = Forward, 2 = Backward.

2
- J

R DERNIRFRFRE D D AF—LDFEETH Y, EUL 1 1 RA A T —AF—L1, RK4
X4 RNV T =09 R AF—LATH5. ROBGRIIESO FATHS. 1 ITFTHE
PR, 2 138 SRR = 5159 5.

FIECERES

411 13 5(0.1,0.1) 2 SBHEARH AL G 1A —RRZEATIR DT WD IBIZ B 1T 5 1%
Fi AR OB & RS JRD B FIKE—RRT d 2 A3, KERIZ DWW T = B IC 2L
F5DT, MMIMABICZEL THD 2 e Bbnd.
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(v)

0.0 -

4.11: BB DRGR.

4.2.11 wind

&Y a—)b Derivation, Trajectory DI—F V& T ANT S TOT T A,
fRITI R SES & 5 AT, TINHKEAR 2 55 U RS 2, € 0" 5 27z Hifly /i
DWTMEZFR L, X 5ICHEGD SIMGETR 21T 5. [UELDO DM & R ICFHEI N
T HAROBMBE N T D L 2 HENDD N TE S, ZITHZDKRIES p(z,y) &

p(x,y) = cosx + cosy

ThHd.

HERR
FRAFIIC 5 2 7 SUEBHER 4.12, T OGIESN 5 FHE S N2 KT HEISIEE 4.13, 12
5V R B 3 X N D SRS B 414, AOTSHES % B LTI NG
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FAEX 4.15 TH D, T IT, WAIFEET LN OREENHETHY, K[ELHD
FfER L FOMZEPRL T0D 2 IR,

pressure
B . 3.00
1.80 iE
” 0.60, T
.; J —
O d|
!
= —0.60 T
= —
_79
=l
~1.80 - o
-
;‘>
~3.00 U
X—axis
CONTOUR INTERVAL = 4.000E-01 CONTOUR INTERVAL = 4.000E-01

0.60

0.60

1.80

4.13: RIEZD LB R D S 72K

4.12: FRATHICE R SNKEDY. g,

rotation rotation

y—axis

CONTOUR INTERVAL = 4.000E-01 CONTOUR INTERVAL = 4.000E-01

4.14: HEGNHRO SN METES. X 4.15: EEZED 5 FHE I D TR O HU.

4.2.12 advection

EVa—)ffttp DT ANATB YT AL B 1 TotOBIRARRIZOWT, AR b
Vi VT DHFRZ5HHT 5.
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AR TS ARRRIEEM AR 1 KT OWIR u(x, ) 12OV T OB T T -

ou n ou _
ot Cor
Thd. INZZEFAANITARYZ MVERU, K AMIZIEZ 207 =23)0) YV AF— A
EHWTWS ., G FEREFEITIF—L ) A N7 71 )V advection.nml THEAEETH S.

RITHE - F—LUR b

[./advection < advection.nml ]
ZOFER, advection.nc WHIIND. F/2, 1 =LV ANDEBIILAFDEEY
Thb.

&input

nx=100 ! ZE[EME T K

dt=0.05 ! MfEENE

nt=100 ! FHEATY T
xmin=0.0 ! FHEZLI
dx=0.0628 ! ZZ[IF&F[MEIbE

STERR

4.2.13 diffusion

EYVa—)b ffttp DT A NAT O T T A K 1 Kot DILEARRERITDONT, ATk
NiEEANCTEDORMAREZHET S.
MR AT D HREARIFEM A I 1 RTGOYHE u(z,t) I DN TOMALEHFERX -
ou_ o
ot~ ‘922
Thd. INZZEMARIIZARZ MVERL, RREAMIZIEZ 207 =0)0) Y AF— A
EHVTWS, BRI FBEEZFA—LY) A N7 71)V diffusion.nml THEIFETHD.

RITHE - F—LUR b

[./diffusion < diffusion.nml ]

ZOFER, diffusion.nc DI IND. F/2, F—L V) A NDEBIILAFDEEY
Thd.
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amp and amp

1.00

0.60

0.20

-0.20

—-0.60

-1.00

CONTOUR INTERVAL = 2.000E-01

4.16: ORI,

&input

nx=100 ! ZE[fH& T 2K
dt=0.01 ! MifEREE
nt=100 ! FMEAT YV TH
xmin=0.0 ! fHIS/E U
dx=0.0628 ! ZRIFE+-[Ehm

FECERE S

4.2.14 poison

2 RICAEEIZE T RT Y VARREZFHAE TS 7075 A @HlEIZ RO FOMT A
BRAEE 2 £ D7 — 7IVEIE R D il 2 e LT\ 5.
AT S AR
Py 0
ox? Oy
Thd. 2T,y lF 2 RIGORMEE, pld 2 KouOMBHITHS.
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time series

100
90
80
70
60
+ 50
40
30
20
10
o 1 2 3 4 5 6 7 8 9 10 11 12
X

4.17: WDRRF.

1.00

0.60

0.20

—0.20

—0.60

-1.00

EITAE - X—LYR b
FF 70T T A poison LW TOT T ABKTHD. F—LVANT 7AIIE
poison.nml. ARD KD IZHITFTEHI LMNTEXS.

[./poison < poison.nml ]

F—LVANDEHIIUTDOEE) THD.

&input
nx=100 tx A&
ny=100 Uy AT

tp="1221" | FHEGHIEEER SN
method=2 U EHRTIR
ter_flag=.false. ! WIBHHIBIER % <.
/

LRI L%FEFFT DL, poison.nc LW D EHTD NetCDF 7 7 A VA H N
IND. W drav THZ T AR HVHIEE . 2O L TORERE 7 7 A Vid
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draw_poison.nml THd. 7z, ftHEMEDOT—ZH 1L & 612, HEIZEL /2K
MPHEHEH A TUTDISITHAINS.

~

x*x MESSAGE [HistoryClose] *** "poison.nc" is closed

Main solver running time = 1.02846E+01
This Method is Jacobi Method.

\ J
FTERER
IS A DM T — VBB DGR % 5. 2 /- & SORT Y VRO B RIT
418 THD. rho and psi
1.0
5.00
0.9
0.8
4.00
0.7
0.6 3.00
> 0.5
0.4 2.00
0.3
1.00
0.2
0.1
0.00
0.0
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

X

CONTOUR INTERVAL = 4.000E—01
4.18: FEHIEHMZ T — TVBIEEL Ol % 5- 2 725G DR T YV VIRE. 71T —WIRED
DHTH Y, FEARDPRE]DOHFEHRTH 5.

EE o BRFMOHRE tp FRTY UV VYIINADFHELTEDFEEEZITVDIDT, 5
REMOHFOREKIF??, 77 SR
o KTV UV IVNDEIE method I&, 1 B3H T AH A 7)1, 2 3y L
o AII—F VIINIIMEREDEERZEDHATEFO LN TEDS. ZHDS b,
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*x*x* MESSAGE [HistoryCreatel] **x ‘"poison.nc" is created (origin=0.

Ny



STPK ¥~=a7Jl Ay Tavsh 233

ter_bound |& .true. (ZHRET S &, RIS IET S 3% E TRt & %17
5. Z@V\]ﬁﬁ%ﬁﬁﬁﬁ%%ﬁ%ﬁﬁéﬁbf:%%bf 419 TH 5.

1.0
3.50
0.9
0.8
2.80
0.7
0.6 l 2.10
> 0.5
0.4 1.40
0.3
0.70
0.2
0.1
0.00
0.0 v b b b b
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

X

4.19: FEEFT T — TOVEIBEL TRl 2 5 A, PEREIIC R E RS E © DA
DRT YV VIRE. N7 —=WIREDORATH Y, FEEVREDOERTH L. HIKE DRHK
WP T H Y, DR TIIKEF R 27> TRV,

4.2.15 adjust

BER QT I A KK 1 KD fHEKARERNIDOWT, GEAESEZE AW THISR
FE L EWINEY Il —Yarvds IO I A,
FHREARZEDFMIE 5.6.3 24,

ETHE - X—LYRK

7707 T AlF adjust L\0D T 0T T ABKTH D, FIAMEIX netedf TEAD 1
RICHE T IERE T — R E T DT M TERINZE Y, AEHE 2 15> DT — X 5
MINTVWDE 7 71N xGdrd, ¥ FIVEIHEIX ruby-netedf 231 > A h—)b
INTHNE, make.rb EWH ATV T NE25479 5 Z L TERTE 5. ZOHHAE
T — R HE N T R TE O TE I DOAGFEFEIRO L TAEE 25707 7
ANT—2THD (M4202H), ELIDOT =X THELZWEEIFEHET
TREHETS L,
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depth
o
o
I

—-0.5

—-1.0 -

1.0

3000

T IR RS S A BE R
4000 5000 6000 7000

x—coordinate

X 4.20: TTFIVHIHIOE X R,

EFHEEIUTOaAY Y RTh B,

[./adjust < adjust.nml

)

ZOFER, adjust.nml D oname THEINTWD 7 7 1 VA THEMENH I N

5.

F—=LVANDEBIILNTDEB Y THS.

&input
corioli
! beta =
beta = 0
mean_hei
fname =
oname =
nt = 800
dt = 0.1
dmpstep
nx = 100

X_axis =

= 1.0e-1 !
1.0e-5

.0 !
ght = 100.0 !
’init.dat’ !
’result.nc’ !
00 !

= 100 !

’x’ !

val_height = ’ht’ !

val_ubar
val_vbar
val_h =
val_u =

val_v =

= ’ub’ !
= ’vyb’ !
’h’ !
u’ !

v’ !

Y AVYNT A=K [1/5]

I R—Z {2 [1/m s]
N—ZFZH [1/m s]
FARE DO EHE X [m]
HIRAE = 7 1
FEROMP T 74N
FHEREATY 7

IR fEbE  [s]
RO ATy TR

x S ODM T B

WHE 7 71 VD x SO
FARIE DT X 345 D411

x i D —%ED £

y D — % E D4

HIHE 7 7 1 VDX B D41
HIFE 7 7 4 VD x JFIA0HEE D4 i
FIIE 7 7 1 VD x [E3E S 58 0D 4 |y

main.tex
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bound = 2 1 B

Illll

= no gradient, "2" =

open bound

L3 = SRS

Txxx? |

steady_flag

12 XFH
! 3 XFH

regist_flag = ’ox’ !

! regist_flag(1)
! regist_flag(2)

regist_coe = 1.0, 1.0, 1.0

EFIRBOREARIG EFER T — R IZANDE D E D ».
1 XFH = HDEX
x HFOHHE (ubar)
y SFOFHE (vbar)
B EANOMNINSIET 5 7

(ht)

KRR & 2B (R
IO VBRI X BT

! regist_flag THEE L &AM DFREL
! regist_coe(1) = MMERE (w’,v’ ~NDFH)

! regist_coe(2)

! regist_coe(3)

SRR

R (0 ~NDES)
IO VEBOAY YTy T [1/s]

TI7HANBIDR =LY ANMIBEINTOIIEINT A —ZDKZHREMEN S, &
DPEDARMHEEITB £ T 31 m/s, BRFEREEFS LT 300m A>T S, ZDk
I, BHEREBL R o7/ L SOE I DR A & Ml & > THE X h 5 i %

RUZBINENTI 421,422 Th D,

423 1 FE I DRAEDRRINI O A -2 R %2 B TERZEDTH D, [H

BRICHUTIR D DA 2R U 7223 4.24 TH B,

shade

(x10% s)

3000 8500 4000 4500 5000 5500 6000 6500 7000
(m)

x—coordinate

X 4.21: &3 ORRYZE L, BAO AL —

IV A1E,

(x10% s

—0.08

—0.16

—0.24

- — -0.32

3000 3500 4000 4500 5000 5500 6000 6500 7000

(m)
x—coordinate

4.22: HufgHE O R5I 2L,

main.tex
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depth

x—coordinate

B 4.23: EHRETOET,

R RN N SR R N R
3000 4000 5000 6000

5 T T T T T EN NSNS N
3000 4000 5000 6000 7000
(m) (m)

x—coordinate

X 4.24: 7€ HIRGETOMMTTRD DA,

main.tex
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X512, X 4.25 13K 4.21 OSBRI 7210 2R UZEDTH DM, BHE R
BEHEPFOL S LA IIEBRL TWDE Z eNbhrd, £7/2, ZORRINLE
FEORMEEZFHE T2 B EZ 30 m/s ETERIRUZHERELE X<E5 2
ENRDMD, WOTRIVEF—IIRIFED 2 FIZHHIT D720, ZOMMNLTRILVF—
NEOP L LEIAMIIEZELUTOIRETEHLNTH A S,

shade

(0.1x s)

900
800 |- |
700
800

500 1.42

time

400

300

200

100

3000 3500 4000 4500 5000 5500 6000 6500 7000
(m)

x—coordinate

4.25: T BAIAIIZ B 1) 2 BT DI ] SARHE.

4.2.16 Thorpe_2d

Thorpe and Bishop (1995) {2 & > TEHAE X 4172 PV inversion @ 3 XocHAHE T IV % 2
RIEHIZ U TG EI 2T T, SghRIZHED PV 7/ ) —%EL, T
WWETDIART VI YIVONGEFETD. V— AT — ROEHIET S 2 2HET 57210
T, B2 8B4 TDT ) I VICHTHNERFIRTDEIIeNTES. HAFERIE, YA KT
VIR ET IMLEREI NS MBERO D HEAKMHIN TN D,

RITAE - XF—LYR K
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p: A BN =35 N7) Vs WA ¢ o o

$ ./Thorpe 2d < Thorpe_2d.nml
ZHUZ K YD EHHEAERTH S Thorpe 2d.nc WEMIND.

o, FTIIREBRA =LV AR T 7 AIVOARIFITDEE D THS.

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

STERR

KTV T T LAOKRN SIS 2 RIFERD AR 4.26 128 T, 2 Kot ETH
57280, MifgJEIE 1 A UMNEIRT S Z LIETE RN, AT —TmRUZEIFKHIZ

FEZEDTEZRLZEDTHD.

4.2.17 Thorpe_3d

Thorpe and Bishop (1995) {2 & > TEHHE I 7z PV inversion @ 3 RIGHAEE 7L % Gt
BXE2ETIV. ST RIZHEDO PV 7/ 3V —2EEL, THIIGE T VA RT YV
Yy VDR ERET S, VY — A0 — RORHEIER D 2L H S 22T, Bx B8 A T D
T/XRVIZHTDREEFETDIIENTES. IRRIE, VART Iyl I

5EHR I S MR D DA I TN S,

RITHE - F—LUR b
RIOT T KMITD &S IZETT 5.

$ ./Thorpe_3d < Thorpe_3d.nml
AT KV EHEAERTH S Thorpe 3d.nc WEKIND.

F, BB ERRA—L) AN T 7AIVONEIILTDEE D THS.

&input
nx=100
ny=100
nz=100
tp="111111°
method=2

/
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SF and Vg

12.0
7.20
<. 240

(«

| g »
" ~2.40
-7.20
-12.0

"0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
X

CONTOUR INTERVAL = 1.000E+01

% 4.26: dROPGOBGEHERICED PV 7 ¥ U BT B A O (S &
W (5 —) DI,

ETERR
RIOT T LAOFERIN GOSN 2 RIGERD 30 I1E 4.27 1R, y ol % 5@
S x—zWiHT, W7 —CRUZBIEIREICEERH DI ZRLEZEDTHD.

[ 4.27: ROFEOEEE BRSO PV 7 % ) BEET B O0M (S &
IR, (F 5 —) DI

4.2.18 SEQ

Pendergrass and Willoughby 2009 (MWR) (Z$51F % 2 Rty —vy—z ) 7 vt
YETIN (SEQ) THD. HHAYRADIMD A & BRI O E RS, BEE 2 ME U 72 JEW N
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BONfE525L, 8% EERNT Y A%k Uk 2 RIGE (> 70— + B
DR ERET S (Wh) B - NEHE).
demo/SEQ MU FIZE TN —AMPHEMIN TS, demo/SEQ DT 1 L7 MVITIE, X561
A EERZ R UZMBFEINI N TS DT, BRI NV, TTOMXOHEE LTI
FROFER LR > TWB ZENHERINDITHAD.

BB, FMRETINVARAECOWTIE RS,

(y

EITHE - Xx—LYR K
AKTOTIAME3 207075 AZBEIZETTDHIET 2 RIERZEETS.

1. sound make | 1 RucOHE BRI I VT4 VT T 7 A INVEEKT . BEIZY
TVUT 4V IRHIGEE, ZOTOY AZEBKTE I ENTES.

2. initial make (FHED 1 RV IV VT4 VI T 7 A )% 2 KoL HFIZHERET 5.
ZOE, COT0T I ANTERINTVWDS 1 REEITESWT, EHEE/NS
VARERNT VAT S LD IRERLIEDKESHEEETD.

3. %D 2 RueWIMEA L T 0 75 ATIER X vz 1 RIGER & M BUINELD /345
BENGEE LI, 2 RIERO N EGHHET 5.

\
$ ./sound_make < SEQ.nml

%5479 % &, sounding.dat WEKIND.

$ ./initial_make < SEQ.nml

#EITT DL, KD sounding.dat IZEDWT, 2 RxDWHET —&

initial.nc PMEKIND.

$ ./SEQ < SEQ.nml

#FEI79 5 L, initial.nc 5 2 RIFERD 4G 2 LW IZEIR T 5. T OFER

& result_initial.nc &\ 7 7 A IWICHAI NS, 22T, ETRENY IV

FATRETHDRH, LFDODIAT Y REFHITTDHI LI cl: Y, openMP %] AH

BEIND.

export OMP_NUM_THREADS=[number]

Z ZC, [number] (ZIXWHEE AJI19 D, 72721, openMP Wi¥| %175 GE I,
./Mkinclude ® Fortran I /N1 )7 F 712 openMP #ETF§ 24T a v

%’) 17T make UTHELSBENRHD I EITHE. )
\

o, FETIIREBRLA =LV AN T 7 A IVONRIIATDEE D 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

main.tex 2016 £ 3 H 25 H (L&)
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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
I "0" = No momentum.
I "1" = calculating with Vt.
I "2" = reading from the file of "fname".
/
EHRIER

KRTOT T LOFERNSFON 2 RIEERD 3 AGIEE 4.28 ITRT

(x1000) psi and force
20

A L B L BN B UL BN BN BN
5 . L L . Lo . /J L . L | 5.00
P D ool

_ =4 4.00

0.0]

16 [

14 [
I 3.00

_ 2.00
] 1.00
_ 0.00
U
CONTOUR INTERVAL = 4.000E—01

4.28: BWIHIZRO SN/ 2 AGER (RE) LIEWBUNBD DA (F15 —), I HICEE
TRARBIEL (SFfERR) THB.

12; T ’

@
n
OP—
-
-

e
[T+ L2 MVIZMINT WS H#E 7177 AMIBT« L2 MY T
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[SB make draw ]

FELTTUE SEQ 74 L7 MVICY VRV w I Y VI INTWD drav WMEHT
&%, drav O GEIIANE?? 2R

4.2.19 sound_analysis

EREDTFANNT LT —REGAAATGULT 272D T 1075 LB AEALD /2D
121, Fortran 90 ik DCL 231 Y A R —ILINTVIEHENHS.

ARTOTT LAEHIEESSBHICS T 2 RUBD T F A NA T LT — 205 WHAfEN D
72D EE HEITITS L WD HINTIER I NAZEDTH 5.

7075 LK
ATOT I AIUTOTOT I AETHERINTWS.

sound_conv
THFRANAT LA THERMINAZRKDOMET T T 7 VT —2 95, CReSS
D 1 RAMEEERL T B 720DEMT 0T T L. AT 10T T A DCL 3o
VAR =IVEINTWERLS TEETHARTDH .

sound_1d
sound_conv CEAI N/ T —X %012, $hiE 707 7 A VX% ERL L, AKX
BEDRENT A= %25HT 27077 A, F47120E DCL 231 Y A h—)b
INTVWDIHBENRDHD.

sound_2d
sound_conv CAIN/ZT — X %02, $hiE 71 7 7 1 VORI % /E Ak
U, AR EEDIRE/NT A =R DRRIKEERT D T0 T T A ETICE
DCL W1 VAR —ILINTWDHENHD.

AVNRAIVAEE
DCL 231 Y AP =L INTWARWGE, DF Y CReSS FHDWHIMEIERD AT
WA,

[$ make sound_conv )

EEFTTIL AT+ L7 MVJIZ sound_conv &\ D O T T AMWERINT WS,
DCL 231 Y A M= INTVEGE, DE ) L E TV AEWEE,

[$ make sound_draw ]

EEFTIE AT+ L7 MV IZ sound_1d, sound_2d MMERKINT 5.
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RITHE

ARTOT S LBIIETUTO LD BN TELTNARETHD.

$ ./[program file] < [program file] .nml

EIFOBRNWIEEK 429 1ZRTEHD THD. alfifb 2175121347 sound_conv % E
TUTHAMALZODOHERERIZER L 2T HIER S50,

$ make sound_conv —_— $ make sound_draw

v

v

YAR771IVDIERK (fname) output_name ICH I Nz

ERBET—ID)VANT7(ILE

v REL, BN%E 2 FIBICBATS
S ./sound_conv < sound_conv.nml |
| output_name ICEH N7 ‘l/ ‘l’
T71INICEBIZD
7—:_;g¥bfg%\*g‘;:§-\,\6 S ./sound_1d ¥ $ ./sound_2d ¥
- ' < sound_1d.nml < sound_2d.nml

L v

ERINT7(IVEE - WrEE - BE—REREmR
3 55 VA S S 0] - SRS A—IRERIIK
BERIT—4 (sound_1d THAIN
BRINTF—IhS5HmHMAL)

¥ 4.29: sound_analysis (Z&1}2d 7107 T ADFEFRN.

F—LUZR b

FATITBEL S — L

sound_conv

&input

DARZ7AIVORNEFEFLTOEBY THS.

fname = ’list.dat’ ! BT D27 71 INFIREINSLZ) A NT 71
sign_flag = ’0a000000065100000000324000000000000000000° ! BHILDERT

2R
! 71’ = height
! ’2’ = temperature
! 3’ = pressure
! ’4’> = vapor
! 5’ = west wind ! positive value is from west to east
! 6’ = south wind ! positive value is from south to north
! ’7’ = tmpl
! ’8° = tmp2
! 79 = tmp3
! 0’ = no read
| ’a’ = starting observation time [s] (option)
undef = ’--’ | REHEL U TERINTO D XF
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conv_undef = -999.0 ! ZHEZD T — XI5 KIEMHE
skip_num = 8 ! JLHOFGEARIEUTH [Ny X —F%5ARIET]

unity = ’m’, ’degC’, ’hPa’, ’%’, ’degree’, ’false’ ! Hfi
unity(1:1) = ’m’ .or. ’km’ ! EEDHNL
unity(2:2) = ’K’ .or. ’degC’ .or. ’PK’ ! JREDH L
unity(3:3) = ’Pa’ .or. ’hPa’ ! SKJEDHAL
unity(4:4) = °%’ .or. ’g/kg’ .or. ’kg/kg’ ! KAKEDHANL
unity(5:5) = ’'m/s’ .or. ’rad’ . or. ’degree’ ! JEGHDHAL
unity(6:6) = ’true’ or ’false’ ! A

JE R, o, KEFEDVICIEAME T 5.

ZD&ED BRBATRHRFEINTWVWBIES, "wvest wind" IZHEGE,

"south wind" (A FEAAEND & DT sign_flag ZHETD.

unity(6:6) :

BN D FiZIEL UTHML TWB 54 2 true’

ADRNTL D HAZEEE UTHKML TWE5E *false’

I [exam.] : JLAIEOEMNIERS, ’true’, JLEDERS ’false’.

limit_height = 300.0 ! reading start height [m]
snd_height = 100.0 ! BSOS [m]

!
!
!
!
!
|
P E L, EDEGE S B A TRESEINT VDAL rad BHEEZRL,
[
|
|
|
]
]

. output_name = ’tested.dat’ ! ZBHLAZT 7 ANFINFEZAENDLZVANT 7 A
)2
conv_inter = .true. ! BT —XEZMFI<NES»
dz_conv = 100.0 ! conv_inter = .true. D& IDMA| X[EfE [m]
hydro_ref = 1013.25e2 ! 1 HDWE 3 OEL LI RWVGES, FHFEGENS
P ASEERATD . 1 BREINLZVWGS, BEEE ] %2, 3 MEEINA
[
V56, HUEEJ) [Pal % hydro_ref IZHEET 5.
rev_flag = .false. ! ANT—EDEEIIDOVTEAIIZASTVDZARS false.
I FHEFICADTWEZRS true. CIHEZEZHIZTS.
! CReSS D 1 RIGANT —RELMTLE5 true.
V IIAV VT T REEHRT LS false.
/
sound_1d
&input
z_ref = -999.0 bR D A= ZEHR OO [m]
p_ref = 950.0e2 ! Xifi/NT A —HEIHEDOBOIMESE [Pal
5L, z_ref 2HMELGLHL5, p_ref = -999.0,
! pref #BHELTDHRE, z_ref=-999.0 £ §5 L.
list_name = ’tested.dat’ ! sound_conv TZAML/~ZT—&XVANT 71
dmp_flag = .true. ! WRNTA—KETFANT—RLUTHIFET D [truel.
ldraw_flag = ’xoxox’ ! fHIZBITE 757
draw_flag = ’oxooo’ ! fiH|IZATEHT T V.
Lo’ = T AN NERETHIET S . *x> = I LR,
I ZOMDLFIT LD EIXUA TSR,
! draw_flag(1:1) = iaf7, HHY4IRA7, BORIAHZSIRAI 2 ERd 5 .
! draw_flag(2:2) = Skew-T % {EKT 5.
! draw_flag(3:3) = BIIKFEREED D2 TS .
! draw_flag(4:4) = BIIEMNR/NT X=X DR R2FRRT 5.
! draw_flag(5:5) = MELZCIIKRT T T E2ERTD.
draw_region_z = 0.0, 17000.0 ! f#i#i9 2 EEFIK [m]
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I

draw_region_p = 10000.0, 100000.0 ! {9 2 /L)% [Pa]
! draw_region X EHHBHEHELK 2 O 1 Rl THY ,
! draw_region(1) &2 7 7D i, draw_region(2) 1&7'F 7D L

IWS
undef = -999.0 ! KIBfH

unit_v = 15.0 ! JAGEDH EZRILTIEBOHEARZ MV [m/s]
/

2

sound_2d

&input
flist = ’tested.dat’ ! fEAHRRSIT—X7 71NV
CIRSRAIT— 203 1 FIEIC T 7 AV,
! 2 FIHIZ yyyymmddhh A TE DKL % AND
conv_dat = ’convec_parmtested.dat’ ! sound_1d THIJII NI/ ST A —

B & GAIAP,

#A

! RERIIR 2 ERR S 5 .
conv_list = ’tzpxxoxx’ ! conv_dat DT —XD>bH, T —ENA>TND
' BT LADIEFIZ 200 DD, 'x0 BOHENR.
Vooe RIS T B 4
! EE 00 AL TWBIEAIE, HcORERFIEE LT
LTS
Loz op IERHRN D A— R R GHE L - RS A

I XNTWDHZFRT .
| BERFIDZ A MVITZENTN, T—RITORIEEZSIA.
conv_undef = -999.0 | conv_dat DRTEHE(E.
dz = 100.0 ! fHHEEE [m]
z_bot = 300.0 ! il F¥& [m]
z_top = 17000.0 ! fil E¥ [m]
IWS = 2 ! DCL 7/ 1 A
title_txt = ’Equivalent PT’ ! &1 b
cmin = 30 ! EERRO B ME
! EERROD F KA

.0
cmax = 400.0
0V AT —DR/ME
.0
)

0
0

smin = 300
0 ' T —DEKE

cont_val = ’ept’ ! SEfHfRE U TR DEHHA*

shade_val = ’ept’ ! NI —Y( UTERTDIEHA*

vec_val = .true. ! KEEENRT NLEH<H [true THiL]

cnum = 10 ! FHEARD AL

snum = 10 ! HT7—D

undef = -999.0 ! REFHM

smax = 40

* MEZHORBBIILATDOEEY
‘temp’ = {BE

'rh’ = R

qv = BAL

‘pt’ = AL

‘ept’ = FHYIRAL

'sept’ = BUFIFH 2 EAL

‘east’ = HPHJE

‘north’ = FEJLJE

=t e e i s e em e S

main.tex
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INHEDI—LDARNIBT AT LRITER SR TR 2 7 7 A1 IVFIHEMN
NEZVART7AN] EW0WDEDIE, BHL N7 7 A IIVPEBIFET 256, TD
774»&%@%%%1ﬁ1774»1IAK10@U1F774»%¢&T5&
WO ERTHS. il LT, 201103.dat 7> 5 201203.dat £\ 13 fHD 7 71 )V
ZIEIZZEH L 72\ 2T 5 &, test.dat WD ET 71 )L

\
201103.dat
201104.dat
201202.dat
201203.dat
o J

EVWSHEEFEITIEE. A=AV ANT7AND TEHT D7 71 NFINEPN
ZOARNT 7)) IZIE, test.dat D3 3%Y T 5.

X 512, sound_1d, sound 2d (ZDWTIE, [FAHAAL T 7 1ILY A hDEMIN
T7ANIE 1FIEIZ 7 70 V&% U, 2 FIEHIZIEK, TO7 7 AIVIZHIGT 5 H
% yyyymmddhh £V D 7 4 —< Y N THING L. AL LU ZERD X 1 MUIZZD 2
FIHDXENRAI NS, EDOHIZ NS &,

a4 I
201103.dat 2011030100
201104.dat 2011040100
201202.dat 2012020100
201203.dat 2012030100
- %

EWVWOTERTY AN 7AWV EERTNIEE . BEELRAZLIE, Zhesn7ad o A
WER T 7 A IVEEBRICKRRT — YDA IETFRANASLT—YEEETDT—
HEEEVANTYTLIEZ L DDYVARNTI7AITHE, LWVWDHILTHD.

HLRAAI, AL T O I LDV AN 7 7 A IVIEEHAAL T —X 7 71 V4
"unknown” &WHOHFEZ IR L, BAICHMNZ AND &, TOHIFIREMEHKR N U,
R RIMERL 71072 ANTHIEEHRRIND. sound 2d 2 ETT I, VA NI 7
IO HFFDOTRAIL 00 K, Hx#£EH 00 HFCH—32 2 L. FUTEHT—ZDRNY
HlEEiB D "unknown” TRATS Z &.

FREER
4.30, 4.31, 4.32 &8,

4.2.20 NMO1

FRIKRIZ B 1T 2 Bl FRIR 28 ARG (LD IA F 72 JERIDE Rk 2> DR R % 51 R T 2
JERRENA T )W RARYT MIVETI (ZOFRBEOFNS, FBEET IV L ERE LG
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(x1000) 2011052317 2011052317
100 T 7 T T
20 T —— —— / / /| zret 1500.0m
Zret 1500.0m T T ] % / / /
J / / / /| prer —999.0hPa
pref  —999.0hPa | / / > / CAPE —999.0J kg~'
18| CAPE -999.00 kg~ ] ) / /] oN -999.0 kg™
CIN —999.0J kg™’ 1 / / ' PW  51.3mm
16| PW  51.3mm 4 ( / /2w 1741.2m
zieL 1741.2m //\ & // Y 15200.4m
] 200+ / N / ;7| ze 15704.3m
14 | zirc 15200.4m . /N / s I
Zing 15704.3m 1 N / pire  126.1hPa
12 | pee  821.7hPa _ ) NS / pwe  115.9hPa
) R o / / / N
- pre 126.1hPa | 1 2 \/,\
= pwe  115.9nPa ) ] A / / / g /
S0 | . g ) ) 5%
< f o / / /

7] / / x / //
6:— ] so0f / // ’/ (/ 5 UA: 2“0’/32
i / S NNY
4 N ] o / : ’ /]
L // / y ,4 /
2 ; | y/// // // S
ol L L L L | 1999 40 250 zgo zéo zéo 290 300
280 300 320 340 360 380 Tem t
. perature
Kelvin
4.30: sound_1d CHEMELINE YV F ¢ X 4.31: sound_1d THEFULINDE T TV T+
v 7717 74V (Skew-T hiK). YT 7 AN (X T T AR).
(x1000) equivalent PT
6L 400.0
14]
[ 380.0
2]
~ I 360.0
\E, 10
o) [
el L
_f:’ 8 340.0
5 7L
CR
6
I 320.0
N
[ 300.0
2
—
24 26 28 31 2 4 6 8 10 12 14 16 U= 25m/s
MAY JUNE
2011

4.32: sound_2d TH ML I D & — e W .

%) . ARIXETIIVOFHMTHS.

JEAE R K P R EEAE R (r, 0). B ORI » I 2 KREEE DL, 0 HIici
T =Y T ARY MVERBRA L, AT MVEIZE T 2 IR EGH RIS Ak 2 VT
W5, ERREINTRG 2 HAS L U, W2 OFAUCHELD A F A IRIEIR OB L OB
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MR 25 RS 5, BRI OMNINROBEDI M2 5 A5 LMERENT VA4 5 L 512
HAGORIVHBICGEZ 5D, £z, BIFERIOIEARIG I DN TE HR ST 10 Dl
PRIt & FRRICBI B DA % 5 A NERIIFIB CTER T 20 TES 7,

ARETIFHE—~T O YV OATHAIE DYV VUK (NM01.s) L EB ok v ¥ T
RIS VIVFR (WMOLm) AMFET &, ¥ Y ZIVikIE OpenMP WiFIDAIT> TS
M, XV FRRIE OpenMP WiFNHNZ, / — RENZDWTIX MPIL 14 £ 17> TW 5.

oV JIVAR

m VA @IV
ARKTOQTILE 2 50775 A%EIEIZETT D Z & TR IR D ORI E %
HETS.

1. MFRDax Y Rk, FEf77 7 1)V (make_init, VRWS) %K 5.

(v oo )

2. make_init IXENR G RIDRFRIRD M 7 7 A WV EIERT D, BEIZOMHT7 71
WRHZBEEIE, ZDOTOX AFEMT DN TES.

3. VRWS IXEDHINFRED %2 S 12, 2—A ) A~ (#R) THEI NI
D A = WIE & U T OISR DIFIFRRE 2 5 R 5.

EITHE
AR a~y RENERFETT 5.
. N
$ ./make_init
input the initial file name. (fERT DHIHT—& 7 71 IV %)
You have velocity data [y/n]. (EiXIFRD T — X2 D h; k)
$ export OMP_NUM_THREADS=[number] (CPU fi#%; {£7)
$ ./VRWS < namelist.nml

- /

e make_init Tl&, 2 DHICE» NS EM T, #iFED T —42 2 RV E XE
"y BEIRT S, §5 L, make_init IZEXE I N TV D HARI R B LR 5 R D
ERHNEZ N5, @EBISEFHE U ZBBNR 707 71 )b o iR/
VAT R LD BAMINHBIZERING.

o 'n” EENE FITHEVPHBUAZROEHRETO T 7 IVDT—R % H> CTFHHE
IRDIENTED. ZDL X, HAALEAIX NetCDF FERD AR L TV
%.7n" LERTD L,

LHERRL EOT T OIS 5.6.2 B,
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input file name and radial grid number.

radial flow is forced to zero 7 [y/mn].

E\WD 2 ODEMEENPNDDT, 1 DHIGHAREL 72 NetCDF 7 7 1 VD £ 1]
TR, 2 DHIZEIREANL T —X L UTADTWARIGE, TNEEHETH
M3 20, Theet¥ne UTHELBRWDAZ ANTS. 7Y B5IE, BIREE
FHRITHL AL T

e OMP_NUM_THREADS & OpenMP 51281+ 25 CPU DUSEIZ 5 IG5 BrbE A
BThHbD, &L, 3231 IIKFHZ OpenMP OFEFFHAFERA TV a2 v % DIFT
BT, ZOBRBEAHOBREIZL > TUHSFHENATHETHS. [number] (1
A AN 5.

e VRWS #H479 D &, StEANBHIBT 5. TDREEIL namelist.nml @ foname T
BRELTWD 77 1IN TIT NS,

F—LYZR b
FATIBE LA =LV AN T 7 A IVOARIELTFDOEED 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
! 0’ = calculating, ’x’ = neglecting

! force_flag(1:1) = linear advection term
! force_flag(2:2) = corioli term

! force_flag(3:3)
! force_flag(4:4)

diffusion term

Reiley dumping term
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! force_flag(5:5) = non-linear advection term

I force_flag(6:6) = centifugal force term

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

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

! force_flag(10:10)

temporary value [not using]

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

! -1 = random wave
/

STERR
KT T T LOKRD 5155 7 FEMR R D /37013 M 4.33 1IZ3RT

g
W7+ L7 MVITKEMINT VD HiE 7027 5 A drav_polar % {795 Z & T
HDARETH D, Z DT 0T T LD HIEIIA & 77 28,

< IILF AR

[EE] K70 I L% make AX Y RIZE> TV /1)L 254, Makefile D%
X . ./../Mkinclude MPI 2R XN TWVWEDT, TI2HBEOBRBIZES-HEILT
52 k.

VAWV
AT TZ M STPK %232 /81 )V U7 Fortran IV /8 Z L [A—DIAV N1 5
TEIRINAZ MPL 24 77 VDRRBETHS. BLE, OpenMPI 12 & B WF{BIEIE
WIZHEELTWD.
ARTOT T ALE 4207005 L%EICETT D Z & TIHFRFRR S ORI E
ZEET .

1. MFDav Y RIZ&Y, 77 71 )V (make_init, splitter, cpmbinator,
VRWS) %49 5.

(¢ oo )

2. make_init (FENE GO D M7 7 1 IV EFEKRT L. BRIZOMT 7 A
IWWRH2EGEE, DT AFEBETZIeNTES.

3. splitter & make_init IZX DTN, HDWITT TIZHEINT VDI DH T 7
)V % namelist 7 71 NVOEREZ € &2 U CEEIZFME T — X 120ET 2
(BT ney UNREEGTARD 7 7 A IVIZHET D).
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(x108) up and vVp(t=0.0)
= ° T
1.00
0.60
0.20
]
-
Q
<
=)
-0.20
-0.60
-1.00
-2 -1 ] 0 ] 1 2
CONTOUR INTERVAL = 2.000E-01
r
(a)
(x108) up and Vp(t=9750.0)
T " ° T
1.00
0.60
0.20
]
-
(v}
<
-
-0.20
-0.60
-1.00

2 -1 o 1 2
CONTOUR INTERVAL = 2.000E—01
r

(b)

4.33: FHEFERD 5 5 N IREN PR D D S b, FEMR CEIRE G FOEE, 75 —T
BRI DEE 2 R g, EISAIHME, TR 5 & 2 R R DR U 72 e oD FE il

PR D734

2016 ££ 3 H 25 H (GTHEK)
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4. VRWS 3L DHINFRMRO DM %2 L 12, 2 —AV AN ($BR) THE X N/
DA = PIHE e U T2 OIS O ERR 2517 T 5.

5. combinator & VRWS DFHAEFER (43E]7 —4) % namelist 7 7 1 VDOFE %
BLLiZ12iIlaEbES.

EITHE
UFrDa~ Y REIERETTS.
~

$ ./make_init
input the initial file name. (fEEXT DHIHAT—4% 7 7 1 I %)
You have velocity data [y/n]. (HXIFRD T —X 23 2 h; #£ik)
./splitter < namelist.nml
$ export OMP_NUM_THREADS=[number] (CPU Wi%#(; f£)
$ mpirun -np [Wfi%]/ — R# (proc)] ./VRWS < namelist.nml (£&if)
./combinator < namelist.nml

o J

e make_init Tl&, 2 DHIZHEP N EM T, BidFREDO T —2 &< B0 E Fik
"y ZIERT D, 95 L, make_init IZEXE I VT D B R BN ] D
JERAAMNEZ 5N, EEGIXEE L BN R T 0T 7 A1 Vb AR N S
VAT D EDBAMNEBNIZEREINS.

o 'n BEINE FEITEMNHELUZBOBRETO 7 74 IVDT—X %2 fio TR
TEDBIENTES. 2L ¥, HiARDENIE NetCDF XD AR L T
5. 'n" LERT DL,

input file name and radial grid number.

radial flow is forced to zero 7 [y/n].

LD 2 ODEMEENPNDDT, 1 DHIGHREL 72 NetCDF 7 7 1 VD1
LT R, 2 DHIRBREANT — L L LT A>TV IS, TNt atEcfl
M3 20, Thees¥ne UTERELRWD»Z ANTS. 7Y 25I1E, BifREE
FHREICHLAA D

e splitter |& namelist 7 7 1 VD finame CTHREINLZT 7 A INHD T 7 1)
HAAR, J T XY WAL 72O D FE B IIE T — X 2 KT 5.

e OMP_NUM_THREADS % OpenMP 325 1F % CPU DMiFIEIZ it d 2 Bigas
BThHY, &L, 3231 IIVHFIZ OpenMP OFELFHAEER A TV 2 v % DIFT
B, ZOBRBEZEHOFEI &> CTHHFHHEIIEETDH 2. [number] (ZIF
N E AT 5.

e Z ZTlX, OpenMPI DUiFFEIFTI~Y Y R mpirun % H\\ 5. A5/ — REUX
namelist 7 7 1 IR E I NS proc TIHEL TWSIHERUEDEZHWS Z
&, VRWS 21795 &, #HEMBET 5. TOMEIL namelist.nml D foname
THRELTWD 77 AN TITI NG,
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e combinator (& VRWS THIAOINAZRE T 7 A% 1 DIFEETD. TDLE,
FEEINZT 71V namelist 7 71 VD foname THREINZED LD,

x—LY RN

FATIIBE LA =LV AN T 7 A IVORABEILTFDOEED THS.

&input
nr = 198 ! radial grid number
hnt = 90 ! tangential truncation wavenumber

! tangential grid number is equal to "2 * hnt + 1"
nt = 720 ! calculating time step
rmin = 0.0 ! radial center [defaultl]
dr = 4000.0 ! radial grid interval [m]
dtl = 0.5 ! large time interval [s]
dts = 0.5 ! small time interval [s]
dmpstp = 50 ! dumping time step

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

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

ni = 10000 ! radial grid number in "finame"

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

I "false" is not calculating a non linear terms
r_dmp = 600000.0 ! effective radius for Rayleigh damping
! the damping is forced outside this radius

time_flag = ’1’ ! time scheme :
! [1] = 4th order’s Runge-Kutta
! [2] = Leap Frog
! [3] = 1th Explicit Euler
force_flag = ’ooooooxxxx’ ! forcing flag
! 70’ = calculating, ’x’ = neglecting

| force_flag(1l:1) = linear advection term

! force_flag(2:2) = corioli term

I force_flag(3:3) = diffusion term

! force_flag(4:4) = Reiley dumping term

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

I force_flag(6:6) = centifugal force term

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

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

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

diff r = 1.0 ! radial diffusion coefficient [m~2/s]
diff_t = 1.0 ! tangential diffusion coefficient [m"2/s]
init_n = -1 ! initial non-axisymmtric wave number
! -1 = random wave
/
&para
proc = 2 ! MPI parallel number (nodes number)
/

main.tex
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STERER
FEERIEY VY ZIVERER U (X 4.33 2R).

i
W7+ L7 MVITKEMINT VD HE 7027 5 A drav_polar %3795 Z & T
HDARETH D, 2D T 0T T LD HIEIIAE 77 28,

4.2.21 Karman

2 RICHIZBI 2 AN ViH%EYIaLb—Ya v ARENETIVTHD (5 :
HiiE, 2006).

JERERIE T A1)V N EERESR (2, y). T OFHMiIE 2 IEEOHLAED ZBRA U 72, T
MRIE Y U T, Arakawa Jacobian (Arakawa, 1966) ##fH L T3 2,

VAPV

1. BFO I Y RIZ&Y, FEIT7 7140 (Karman) Z4EKTD.

(8 nake )

2. Karman |3 —AV AN (1) TEREINZHAT—X 7 71 )V finame D
T =R %&TIZ U TR —EEE2 O CTIREORMAFRREZ3HET 5.

EITHE
DPFoaxy Rz2FETT5.

$ export OMP_NUM_THREADS=number

$ ./Karman < namelist.nml

e OMP_NUM_THREADS |& OpenMP Wis[iZ &1} % CPU DMFIBUI X IEd 2 BrbEZs
BThHD, &L, 3231 IVHFIZ OpenMP OFELFHAEERA TV a2 v % DI T
B, ZOBRBEEHOFEI &> CTHHFHEITEETDH 5. [number] (ZIF
A AN 5.

e Karman #5179 2 &, stEMNGT S, TDFERIE namelist.nml @D foname
THRELTWD 77NV TII NG,

F—LYZR b
FATIBE LA =LV AN T 7 A IVOABRELTFDOEED THS.

&input
HBRRGEDOE TIOR8,

main.tex 2016 £ 3 H 25 H (L&)



STPK ¥~=a7J

a7y rs A

255

nx = 400 !
ny = 100 !
nt = 100000 !
xmin = 0.0 !
ymin = 0.0 !
dx = 0.1 !
dy = 0.1 !
dt = 0.001 !

dmpstp = 1000
!
finame = "" |

!

!
foname = "resu
inner_file =’
time_flag = ’1

undef = -999.0
init_type = ’p

ubar = 1.0
eps = 1.0e-4
nu = 0.01

/

REZBIHDIEE

RO BEERFREX, colum.txt 7 71 I)VD

X-coordinate grid number
Y-coordinate grid number
calculating time step
X-coordinate original point
Y-coordinate original point

! X-coordinate grid interval [m]

! Y-coordinate grid interval [m]

time interval [s]
! dumping time step
dumping time interval is equal to "dmpstp * dt"
initial data file name.
if there is no, automatically,
being made by the program.

1t.nc" ! result data
colum.txt’ ! inner boundary file

> ! time scheme :

! [1] = 4th order’s Runge-Kutta
! [2] = Leap Frog
! [3] = 1th Explicit Euler

! undefined value
si’ ! the tpe of initial value.

! ’psi’ = strem line, ’omg’ = vorticity.

! mean flow [m/s]

! convergent condition for poisson solver
! diffusion coefficient

JETHD. ZOT7 74T~V

WEEIRETOIBRICREINDIHDO HEHEIBZRTETDEITFAN I 7ML THS.
ZZTIE, AFOEMEIFE L 2L TD colum. txt DFXE fHiEEGIRT 5.

o x,y HHIDKE UL 20 x 10 £

o HIZIEA (COWIBBRERECHEOREIGTETES) TEX 3T

=t

VT 2x2 DREXLFE (ROEBEDOK S X1E " MT-5 x M7 0" ).
o BEORBEE TR THRATENS 4 5H, Trb 4 SHLT 3.
o HOBREMET 1) 7 LB (KT Y VYRR —F ¥ OBREMHEET 1

EAaEING)

2D L X, colum.txt DIFE HiEE UTLAROIRFE ) BFHET D.

e TFARTITAND 2IFHNLESTIRDS. 1 ITHIZX I —HBDO T SN0
EEOXTHEHFRELTHEL 2 & CFIHMAITE L),
o 1 fTDXFHIL x RO SEEFEU. 1 FDOXXFHIE y HHDOK T SE e
FHROZI—H 102 LEDLEZSICAUTHD (EOHIOEE, 1 17D

CFEUE 20, 1

FIDSTFHIE 11).
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o AT HIE 0, HE DAV 2 TRIET S, Z0 0 Of
FRAHEOTET B 55,

o FEOBIRIE 707 TIEBVBIFAIOMNE HIET S BMENAS. (BRRMO
R 2§67 9 S AR Poisson >/ )L/ Sb— > OISR A 8 2 7 U1

LTH3).
o 7 L 0 I L TR AL AW, BT, BERFMREOBMEN AL R IF I
ANISYASAY

o FEITANIIE, THFANTRBINDS y ARDERFIFENSIRICHEAAEND
DT, y EFZEOTIHETFRAITWD & 2 T7HICERRINS.

INOGDOWRFED ZFY BN, EOIREIZEDOTHE L 72 colum. txt DHNIIMAT
Thb.

- colum.txt DFXEH] ™~

|--- 10 —-—-[|--- 20 —--|
000000000000000000000000
000000000000000000000000
001111000000000000000000
001--1000000000000000000
001--1000000000000000000
001111000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000

000000000000000000000000
N J

ETERR
KT T T LOKRN 5155 N7 AR & AR D IR 4.34 1R

HE
FT+4 L7 MVIZKRIMIN T SHE 7027 5 A drav_anim = E{79 5 Z & CHiHE
NHRETHD. 2D T T LD GEIIA G 77 2R,

4.2.22 BAROVOR

NEEIEFEHORIARIZ SOV TIMOIEEREHREE S I 2L —YavddETLVTHD (S
ECHR - A, 2004).

FERESRIE T AV N EERESR (z,y). B OFHEIIE —8E 7 — ) DB L 6 AT MViEER
BAUZ, EEBREL UTERIEZHVTNS 2,

BHBRARBEDOE I OEMII RIS IE.
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psi and omega(t=0.00000E+00)
L L B B L L B

4.0 1.0
8
2.0 0.6
6
0.2
> [To.0
O . -0.2
**************** —R20---------- - - ~0.86
> ]
,,,,,,,,,,,,,,,, 4D mmmmmmmm e -1.0
ol v v e
0 5 10 15 20 25 30 35
X

CONTOUR INTERVAL = 1.000E+00
(a)

psi and omega(t=1.00000E+02)

— T L e e B e e S e s

1.0
0.6
0.2
-0.2
-0.6
-1.0

CONTOUR INTERVAL = 1.000E+00
(b)

4.34: WA (1) & & ZREHRHAMGAL - & X (F) OMMHE (75 —) LR
B (S5AR).
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VAPV

1. MFoax Yy RizkY, FEf77 74 )b (FFT_BAROVOR) % 4K 5.

(j$ make fft t)

2. FFT_BAROVOR |3+ —AV A N (8h) THREXINZWHT—4 774 )l ininame
THEZLNBAM[EDT —X % LI U CHRGEBORRIRE % 3184 5.

RITHE
PFoavy R2EFTT5.

$ export OMP_NUM_THREADS=number
$ ./FFT_BAROVOR < FFT_BAROVOR.nml

7

e OMP_NUM_THREADS (& OpenMP Wis[iZ 5172 CPU DM FIBUI G % Bl
BThHY, &L, VA IVRFIZ OpenMP OFEFTHAEERA TV a v % DlF
BIHE, ZOBRBRABOBREIZ &> THHFHENATRETH D, [number] (ZI1%3
I E AN 3.

e FFT BAROVOR %5179 % &, GHHEM AT 5. T DOKEHIX FFT_BAROVOR. nml D
foname CTHEL TWBE 7 74 INIZH1I NG,

SN

2—LYZ N
S BELEF— L)AL T 7 A VONERATOEBY TH S,

&input

nxi = 1000 ! X-coordinate grid number of initial data
nyi = 1000 ! Y-coordinate grid number of initial data
nx = 500 ! X-coordinate grid number

ny = 500 ! Y-coordinate grid number

nt = 180000 ! calculating time step

xmin = 0.0 ! X-coordinate original point
ymin = 0.0 ! Y-coordinate original point
dx = 2.0e3 ! X-coordinate grid interval [m]
dy = 2.0e3 ! Y-coordinate grid interval [m]
dt = 1.0e0 ! time interval [s]

dmpstp = 3600 ! dumping time step

! dumping time interval is equal to "dmpstp * dt"
ininame = "initial.nc" ! initial data file name.
! if there is no, automatically,
! being made by the program.

inix = ’x’ ! X-coordinate name
iniy = ’y’ ! Y-coordinate name
iniz = ’zeta’ ! vorticity name
foname = "result.nc" I result data
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time_flag = ’RK4’ ! time scheme :
eps = 5.0e0 ! convergent condition for poisson solver
nu = 0.01 ! diffusion coefficient
betaf = 1.0e-11 ! beta coefficient
adv_flag = ’f’
boundary = ’1111° ! boundary condition
/
SERER
KT TS5 BOREED D135 ARIE DA A6 4.35 1255,
vorticity (0000:00) vorticity (0000:30)
220 [ T T 0 T T 7 a0
a
200 | ( ) 1L (b) b
2.4
180 - 1k d
— 160 |- 4k i 1.8
= | o
<0
L 1.2
120 [ 1k d
I Ho.6
100 - 1L i
80 ; o flnnnflnnnflnnnll o nn 1L PRI R U IO NS eV 0.0
Vorticj{ty (0001:00) VOFthlty (0006:00)
220 [ L L B B L 1 [ N SRR oo RL LA LR ] 30
200 ; (C) — — (d) .
I 2.4
180 [ 1 F d
—~ 160 : 1 F ; 19 18
= o |
20
S 140 |- 1+ e
I 1.2
120 |- 1 F o
I H o6
100 |- 1 F d
80 ;\ | | | | | | \7 7\ | | | | | | \7 v 0.0
80 100 120 140 160 180 200 220 80 100 120 140 160 180 200 220
X (km) X (km)

4.35: WA OIGIGIHIRIE. () GHIEZ 25 (b) 30 4, (¢) 1 Wi, (d) 6 FeiIoD

FEDRT i 2 .
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BOE  fIEx

Ver.1.0.0.0 TR TE. BAELERARZE DD HfgH.

5.1 ellip_slv Oft8%

5.1.1 ERFHDERE

BREHTL AR R DRI —F 121, BEREMAHE T bound 23H D HS, T DFEIE X
FHITHY, EXFIHTE2NRAT D Z L CHBHEBREROBER RN E2BET D I LN T
5.

2 RTIV—F > DIFHE
5% bound & 4 XFTHY, HEXFIEH 5.1 DED & 5 BIHFETHREIND.

3 RTIL—F > DIBE
5% bound 1% 6 XFTHY, EXFIIX 5.1 DAD LS BIERZETHREINDS.

5.1.2 2 RxiEABARR DKL

ZZTIE. 2RIET AV NEEERIZE T 2 EM B AR RO#RLE €Mk T 5, HiEr
25 HEXFLATTH D,
&%) &% %Y oY oY _
(5.1.1)
22T, x,y WX, o = Y(z,y) IERODE, p(x,y) 1FRT YV Vv HEX D],
a,b,c,d,e, fIFEBRBTHD, V—F U TlE. IN6DF[EZEZFHELTERDZ LT, &t
BUEWHRERAREZGIIEETSA2ZENTEIS LU THD, AFOEEFILIZEWT,
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Yy
3
|
c 0[]
|
5 4 : Fy7l
1o Y ol
| | /
AN NElN
7/
1
// L9
T ‘ T
1
2 JRICHEIS 3 RICHHI

X 5.1: Ellip_Slv DI —F VIZE T DHEASZMONERE. 5 2 Rothi, A5 3 Rtk %
#£ U, BUED 512 bound D] LFHIZHYU T E2MNERL TWD.

x,y HEDOMEERZEZ TNTNG, & TD, /2, BWDIE 2 TKEEDFLAED AF— A
EFRHOCCHMiTH I IZT5, 2O, SHEZHMBLTD &,

h(x7 y) - hz,]

9% _ Yiv1,j + i1 — 294

61‘2 AQZ2 )

02 1

dx0y  4AzAy {thiv1j01 + V11 — (im0 + Yiv1-1)}
Y Pijyr + i1 — 2 (5.1.2)
oy Ay? ’

O _ iy —Yim1g

oz 2Ax

O _ i =Yg

oy 2Ay

L85, ZIZT, hidERDAN T —ZTH Y, WNITHRDIEE mHlEETRTIN
THHHEiL 7z, 72, WHOI7 DAL —AIDOWTIE,

% 9 (0

Oxdy  Ox <8y>
0 (Vg1 — Uy
_0x< 24y )

_ 0 (Yigr) _ 9 (Yija
oxr \ 2Ay or \ 2Ay

_ b (i —Yiagen) 1 (i1 — i1
2Azx 2Ay 2Azx 2Ay
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EVOMEERTEELAZEDOTHD, BB, ANV—F VIEAEHBEEICENIGLTH
V. FEEOFHETIZ

Az = ASUZ =0.5 x (xi+1 — 1‘1;1), Ay = ij =0.5x (ijrl — yjfl)
EWIEREEITOTWS, (5.1.2) REHWD L, (5.1.1) R

Wity Yo, — 24
Z’j Ax?

1
+ bi,jm {Wit1j41 + Vi1 j—1 — (Vic1 41 + Viv1j-1)}

Vi g1+ Vi1 — 295
Ay?
Vit1,j — Vi-1 (5.1.3)
2Ax
Vi jy1 — Vi1
2Ay

+ Z,J
+ dij
+e 'L]

+ fij¥i;
= Pij-
LR, e, KEEIMEZDFIZET L,

—1
_ Q4,5 Ci,j
e (55381
. . 04177‘7 d 7] 627]
|:wz+17j <A$2 + 2AT ) 7/’2,]-%1 <A 2Ay>

a; j ei, (5.1.4)
T ic1y (Aa:jQ 2A;1:> Vig-1 ( 2A]y)
bi

IAZA {¢z+1]+1+¢z 1,j—1 — (Vi1 j41 + Yit1,5-1)}

—Pi,j}
2%, EBROFHETIX, HIEAEHIZOWTIE,

Vi j = ADP; jiv1; + CEP; 3 jo1 + ADM; japi 1 j + CEM; j3; j1

+ BT j {¢it1,j+1 + Yi—1j-1 — (Wi—1,j+1 + Yit1,5-1)} (5.1.5)
—AC; ;pi ;]

EWHKEHWTEHAEZIT>TWS, ZIZT,
ADP . = Jo [ % Cw - Gij d; ;
w A952 Ax?2  2Az )’
1
»J Qij di,j
ADM;; = { (A;U2 + ) } (AJ}2 2Ax> ’
1
- @i g Cw Ci,j €i,j
CERq= {2 ( ) } ( * 2Ay> ’

2016 4 3 A 25 H (EHE)
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-1

a e e e

EM@ .= 2 2] 1, _ i 2] _ [2¥)

CEM:; { (Aw2 i A?ﬂ) f’”} <Ay2 2Ay> ’
—1
Br=lo( % 4 G )y bi,;
b= Az? Ay J 4Axz Ay’
—1
_ Gij | Cigj
AChs = {2 <Aw2 * Ay2> - fi’j}
ThHd ',

RIZ, BFREEIZOWTRRD,, RV —F U TIEFEREMEIFLITO 3 dEH2 Y R—MU
TWd,

o T LU V&M (HEEmsM)
o JAXVEM (HhmEMT)
o JEHIBE S SA:

ZD5b, FMBERSEMIEEEEOIMIT UMNERET IR, it 2 DOBEREMEITDON
Tk, WEHlBEARMGICBWTHET D N TE D, A7V VARKGHEHRLV—F Y OF
7 3 V51 inner bound IFPIBICEEANFHET DA, TOBERSEBAEIC &K > T
ETDODFETHD, K770, NEFEIEFEET S & X2 inner bound % i E G N
ST ROFAPRINTVD, MD>b, BREPEE TR THE, ZOL X, #HHTD X
DB DOWHIEANFIET D & X, MK TH N /24 1554 inner_bound (ZEEH 5
EBRELRITNERLBVETHD 2, £/2, KONTHEN BT RITREFEZTD
BNZ EERTME (10) PMRAINRITIEZR S B, 205U E R RRM &
THITHIET 2EIFLATICE OGNS,

DRI U THITISBER IR EEDOIMIN — T THETZ e N TE 5,
2h U, AHEEE OGS TIZ N OB bound THREINT VB HE HEMICRANESTZ0DT, 21—
YHBFIIRE T 2 BEIZHR,
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5 {38%

ar7Ib

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

A

5.2: inner_bound T

2016 4 3 A 25 H (EHE)
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¥ 2L s X
s WEBIES & UTERET X 2 1H ~
REME 0 FHALHEL,
REME 1 [EE S,
REME 3 IR S
REME 10 WEBERHEEAN, ZOKFRCIEKERRZITDE,
DANIZHHEERRMTH S,
BOEAE || BESL (1, 3) IS 22T | ST 2K
2 (i+1,3) X53D1
-2 (i—-1,3) X 5.3 D 2
4 (i,j+1) X 53D 3
—4 (i,j—1) X 5.3 D 4
8 (i+1,j+1) X 53D 5
8 (i—-1,j-1) X 5.3 0D 8
-8 (i+1,j-1) X 5.3 D 6
-8 (i—-1,j+1) X530D7
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,j—1) X 5.3 D 10
-7 (i—-1,3),(1,j+1) 5.3 D11
NS J
I X HEBERM(i,)) DIEDME ¢, ; #RkODDAFTHTN, LTFDESIZ85 !
REME 1
1/%,;’ = fzg
REME 3
77bnw—1,ja (7' = 1)
1/)2 55 (Z = na;)
ij = ’ .
! wi,nyfla ( = 1)

J
Yig, (j=ny)
C T, BRI B A REFLL TS, LB (BO) 1© BT S5
YIRBEFUENZREIND. TD XD BMOEDEIR L #5925 51Tl LITR U8R
SA DB INEARL IR > TEEFYEASRE X D . Bl 2 1E, BB 2 HiASE E 557 &
BRTHEINTVDIHE, BEEHEAL UTHEIREIND.

FXEME 2(B5.3 D 1)
Yig = biv1y — fij x Az

main.tex
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ZEME -2(K5.3 D 2)
Yij=i—1j+ fij X Aw

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

REME 8(H 5.3 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+ ficrg x Ay} +{vi—1j-1 + fij—1 x Az}]
=Yi—15-1+ % [fic1; X Ay + fij—1 X Ax]

HEE -8(H5.3 D 6, 7)

e 6 DGA :
i = % HYi-1j41 — fi1j X Ay} +{vi—1j41 + fijr1 x Az}]
= Pi_1j41 + % [—fi1; X Ay + fij11 x Ax]
o 7T DHZE
Yij = % {Wit1-1 + firrj < Ay} + {tiy1,j-1 — fij—1 x Ax}]
= Yiy1,j-1+ % [fit15 X Ay — fij—1 x Az]

REME 7T(H5.3 D9, 12)

e 9 DIGE -

1
Yij = 5 [{wifl,jJrl + fij+1 X Az} + {1/;”17]-71 + fir1j ¥ Ayl

1 1
=3 [WViz1 41 + Yig1,j-1] + 3 [fij+1 X Az + fir1; X Ayl
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o 12 DIGE -
1
g = 5 {vit1,-1 — fij—1 x Az} +{i—1 41 — fi—1; ¥ Ay}
1 1
=3 [Wit1,j—1 + Yic1j41] — 3 [fij—1 x Az + fi_1; x Ayl

REME -7T(K 5.3 @ 10, 11)

e 10 DIFE
Yij = % {iv1 41 — fijor X Az} +{i_1j-1 + fi1j X Ay}]
— % [Wir1,j+1 +Yic1-1] + % [ fijo1 X Az 4 fi_1; x Ayl

o 11 DIGE :

1
Yij = = {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 DEFUHIIFE I NS EF &M
KO TREZTHKEMNEL DL, BEMBROL IEZTOFE FHAEEXRL, BHmRAD L
E, A TOLAMRMEEZRT, ZOLE, AREBTEDHFHEINDG Z LITHER,
FRIZH R FUIERHTH D DT, K53 ISR ZRT,

BEB. FHREESOME L O, NHHEEOMIZES USET, 8L0EEULIIAT 28
D OBEREMENFREINT VD, TOHE, WHINDEREMOEBLEIX

1>3>42, 44, 48
Thd, DFV, FEEMHBRNE > & EEBEENEN 2,

5.1.3 3 RTEEEARERDKRERE

2T 3 RIET AV N ERERIZE T S EM R AR R OE LR € Mk T 5, HiEe
25 HENIUA T TH B,
0% 0%
X(xv Y, Z)W =+ Y(.’L’,y, Z)TyQ + Z(.%',y, Z)
0% 9%y
0x0y Oyoz

0
o+ @) G+ gl 20l )

0%
922
0%
020z (5.1.6)

+ c(z,y, 2)

+ b(z,y, 2)

+a(z,y, 2)

0
by, 50 + (1, 2)

= ,0(:13, Y, Z)
SHIZAE, SISO ISR O R EBOROBIRRMEC Lo TEMT D, © UABEERT LB H
HitCh DR 5, £ FrldlEEhsft & UTEtRING,
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fij Vit Yi—1,4| fij
—> [ ] L] —_—

5 6 7 fiv1j 8 fim1,j
fij+1 Yiv1,541 Yi—1,5+1| fij1
—> [ ] L] —_— . .

Jit1,j %fi—l,]

9 ¢z61,j+1 19 11 Yij+ 12
. i1
Yio1,541
Yi—1,5 i vimg | fig | Yit1,j
. > -« [} ° > -« [}
fij | Pit1,5 fij

L] [ ]
Yij—1 Yij—1

5.3: AN —F VTHR—-FINTHDHBEmFEASEMSE, 1-8 3BT (4,7) ICH T 51
% T DR THRE I N/-EE5E bound opt & B o 5RO DFIH, KEIIEHRIND
BELDF E. 9-12 IZWNERARE BN D 2556 DGR, B THRINS Wz fUEREFE

IR,

2016 4 3 A 25 H (EHE)
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ZITC. 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, gl 3ZRETHD, V—F U TlE INoDREEEFIHELTE
ZBHZ LT, BIRULAZVARRRZGIIEETLI LN TEIDLOICLTHD, BUFOH
BALIZB T, 2,y 2z HEOMBERZ 2 TNTNi, j,k & T5D, T/, WO 2 KIEE
DOHLEFAF—LEZHCTIMITE I L1235, 0L S, RHEZEHBLTS L,

h(x,y,2) = hijk
O i1k + i1k — 2%k

ox? Az?

o*y _ Yigrrk +Yijo1k = 20k

Oy? Ay? ’

0% _ Yigktr + Vi jk—1 — 20k

022 Az2 ’

0% 1

920y~ 1AzAy {Wit1 410 + Vic1j—1k — Wic1 1k + Vig1j-1%) )

o | (5.1.7)
B0 = IAyA {Wijripr1 +Vij—16-1 — Wijr1 k-1 + Vij—1.k+1)}

oy 1

920m — IAsAg (Witlikt T ¥istin-1 = (Wim1gker + Yivrge-1)}
OV Yiy1k — Vi-14k

or 2Ax
O ik — Vi1
oy 2Ay
O Vi — Yijk—1
0z 2Az

YBRBD, ZIT, RIMEBOAN T —EHTHY ., MBI mEEXTARTIh
THHiL 7z &7z, D7 BAX—=LIIDOWTIEET,

0% 9 (I

0xdy O <8y>
0 (Vg1 — Uy
_0x< 24y )

_ 9 (g 0 (Vi
ox \ 2Ay or \ 2Ay

_ b (i —Yiagen) 1 (i1 — i1
2Ax 2Ay 2Ax 2Ay

EWOBRERTHELAEDTHD M, BB, A —F VIFALREEREIZE 5m LT
B, EBOEETIE
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 .
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EWVWSEREEITo TS, (5.1.7) REAWD &, (5.1.6) Rk

Yiv1jk + Vic1k — 2V 5k
X. .

4,5,k A2
Vij1k + Yij—1k — 205k
+ Yk Ay
.. + ;i — 25
+ ZZ,],]{; w’l,],k—‘,—l ng,l; 1 ¢Z7J7k}
z
1
+ ai,j,km {¢i+1,j+1,k +Yic1j-1k — (wi_lﬂ-ﬂ’k + ¢i+1,j—1,k)}
1

+ b; j, FIAyA: {Wijri k1 FVij—16—1 — Wijr1 -1+ Vij—1k+1)}

1 (5.1.8)
t Gk A AL {is1 k1 + Vic1 k-1 — (Vic1 k1 + Vigrjp—1)}
Vit1,5k — Yiz1,5k
d' . 1J 9 1J 3
+ 7”.77k 2A:L‘
Vij+1,k — Yij—1k
+ e'7 ‘7k 9. 3 9. 9
I 2Ay
Vijk+1 — Vijh—1
+ ik 2Az
+ 9ijkVijk
= Pijk-
L5, Ihe, KEEMEXDHIZET &,
Xijk k -
Vi = {2 < Azi’z + ’] "7’ > Gijk( X
Xm,k dm,k ,J k J k
K?j?k 7]’ €Z7J k
+¢’m+1,k<A +2Ay + i1k 57y
fZJ k Zlv.77k fzvjvk
+ Yijih+1 ( i1\ A2 T 9A, (5.1.9)
1
+ aq;,j,k4AxA {iv1 41k + Vic1 -1k — (i1 ek + Vig1j-1,6) )
1
+ bi,j,km {Wi i1 +Yij—1p—1 — (Wi jr1h—1 + Vij—1,k+1)}
1

+ Ciik AL AL {Vit1 k1 + Vi1 jk—1 — WVic1j k1 + Vit16—1)}

—Pz',j,k]
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LR 5. FEEOFETI, SN OV T,

Vijk = XDP; jxtiv1jk + YEP, jk¥ijiik + ZFPj i jr1
+ XDM; j ki1, + Y EM; jkij-1k + ZFM; jpijr—1
+ AT, j e {iv1j116 T Yic1j-1%6 — Wic1jr1k + Vit1j-16) )
+ BT jrx Aijr1pr1 +%ij-16-1 — (Wijrrp—1 +%ij-16+1)}

+ CT; i {Vit1,jk+1 + Vic1 k-1 — (Vi1 jk+1 + Vit k—1)}
= XY Z; j i k]

(5.1.10)

EWVWOSAREHOTCEHEEZIT>TWS, ZIT,

Xijk | Yigk | Zijk -
XYZ;jk = {2 < AZ;Q + &;/2 + AZ;Q> _gi,j,k}

X, - d -
XDPyj) = XY 74 < IR Jk) ,

XDM; ;= XY Z; i (

YEPi,j,k: = XYZzJ k <

YEM, = XY Zi ( Lph Sk

ZFth—XYZJk<Z §X§7
ZFM; = XY Z; <i’;2"f _ J;ZAJ;C> ’
AT, = XYZi,jjkzlAachy’
BT ;= XY Z; ’Jk4A1Az

CT,jr=XYZ; k4A1A

Thd,
RIZ, FHREMFIZOOWTERD, AN—F U TIREFREMELATO 3 HZ AR —MU

’Cb\éo
o T LU V&M (EEEM)
o JAXVERME (AHumEM)
o BT SAT:

main.tex
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ZD5H, ARSI ETEFEROMUT UMNERE T E RV, it 2 DOBEREMITON
Tl WEBBEARZMIZBVWTEETD I ENTEDS, "7V VHBRRGHERLV—F DA
7Y 3 VA inner_bound IZWNEBICEEANGFIET 256, TOBER S EBMEIZ L > T
EGTDODGMTHE, ZOFIBUIERE R ARBSGM L TNITHIS T DEIFEATNICHR
5Nnd,

FERBER L U CRET X 341 (20 1) N
U I, BIRAME Y UTRETE B0 5 b, B BRI 2 R
f8 0 FHErEs,
1 EEIAIE,
3 I R Al
10 NERBIRAEIRN, Z DR TR TIREEIEZ DA,

-

=
ax

f
f

&%

EfE
REE
Efe
EfE

=
axX

main.tex 2016 £ 3 H 25 H (L&)




STPK ¥ =a7J 5 8% 273
- IR L UTRET X 51 (20 2) ~
BAFICIE, iﬁ?%’*{fkt L/’C if%éf Db, BFME A L (BE 8 MY TIH—
1B N ITAFAE) & R CH—#NIAFE) TRREATRER H BB S0

Al & R
HE LR EE
BB || BA (4, §,k) (ST 2T A (4, §,k) ﬂﬂ‘?\'@‘éﬂ
2 (i+1,5,k) X 53D 1
-2 (i—-1,3,k) X 5.3 D 2
4 (i,j+1,k) B 5.3 D 3
—4 (i,j — 1,k) 5.3 D 4
6 (i,3,k+1) ZHM 72U
—6 (i,j,k—1) ZHXM 72U
L EEREE
BEAE || BER (1,3, k) (ST 2 2IUE T (4, 3,k) | RS HX
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) ZHXN 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) ZHXN 72U
—24 (i, _‘J-I-l k—1) ZHM 72U
—24 (i, —1,k+1) ZHM 7 U
NS J
main.tex 2016 4£ 3 H 25 H (E¥EH)



STPK ¥v=a7J)b 5 {J8%

274

- PESBER U CRET X B0l (20 3)

FRER H B S A DR 2 7R T

BOEME || BES (1,3, k) (SN T2 BT (1, 5,k) | ST DM
11 (i+1,j+1,k+1) X 5401
13 (i—-1,j+1,k+1) X 5.4 D 2
17 (i+1,j—1,k+1) X 54D 3
19 (i-1,j—-1,k+1) X 5.4 D 4
23 (i+1,j+1,k—1) X 5.4 D5
( )

( )

(4 )

29 i-1,j+1,k—1 X 5406
31 1+1J 1,k—1 X 5407
37 X 5.4 D 8

BOEME || BER (1, 5,k) ST REEM (1,5,k) | MitT DK

N

PARIZIE, B E UTRETEZED D 6, B2 R (FHEHEIBOM) T

—-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 5505
—29 (i-1,j+1,k—1) X 5.5 D 6
—-31 (i+1,j—1,k—1) X 55D7
—37 (i—-1,j—1,k—1) X550 8
J
ZDEE,. HEBR(i,j) DINEDME Y, 1 ZRDDZRFTNTN, UFDESIZ485:

FREE 1
Yijk = fijk
ZEE 3
Yna—14k, (1 =1)
Y2 ks (1 = nzx)
) Yiny—1k, (G=1)
Yijk =
Vigk, (1 =ny)
wi,j,nz—lp (k - 1)
L 1/)7;’.]"2, (k‘ = TLZ)

ZOTR, W R B2 RE R TS A, LB, S LEER (0 R) 125

WTHEY)RBEFYENRE I NS, TD LD BMOHEDES &£ H:9 5 T,

FlTR

U 7= iSRS E D BESR NN IS A > THREFUE R E I D . BRI, B 2 AN ERE

FREJAMBRTREINTVWDGE, BESRM L UTENREIND.
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ZEME 2(B5.3 D 1)

VYigk = Vit1,k — figk 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 D 4)
Yijk = Vij—1k+ fijr X Ay

REE 6
Yijk = Vijk+1 — fijr X Az

Yijk = Vijh—1+ fijr X Az

REME 8(H 5.3 D 5, 8)

o 5 DGE
Vi = % {is1+1.6 — fivrik X Ayt + {Wiv1 41k — fijr1e X Ax}]
= Yit1,j+1,k — % [fir1jk X Ay + fijr1e X Ax]
o 8 DGE
Yijk = % Hbic1 -1k + ficr ke X Ay} +{Yic1 -1k + fij—1x X Ax}]

1
= i1 j-1k + 3 i1k X Ay + fij—16 X Ax]

o FEMME 8(X 5.3 D 5) LA UMALGLEDES !
ik = % HYit15k+1 — Jijre1 X Az} +{ip1 jrr1 — fivr 6 X Az}]
= Vi1 ksl — % [fijt1 X Az + fip1jk X AZ]
o HEMH 8(X 5.3 D 8) LFEUKMALSLEDELSE
Vijk = % HVic1jk—1+ fijh—1 X Ax} + {1 jx—1 + fim1jr X Az}]

1
= Yi1jk—1+ 3 [fijk—1 X Az 4 fiq 1 x AZ]
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EME 8(X 5.3 D 6) L UMAZLEDEE

1
Vi = B Hit1 k=1 — fijih—1 X Az} + {1 jr—1 + fig1,jk X Az}]
1

= Vit1,j k-1 + 3 [—fije—1 X Az + fir1jk X AZ]
o HEM 8(X 5.3 D7) LFEUMAGDLEDLE
1
Yijk = 3 {ic1 k1 + fijeer X Az} + {1 k11 — fim1jk X Az}

1
=Yi1jk+1 + B [fijk+1 X Az — fiq K X AZ]

o HEMH 8(X 5.3 D 5) L UKMALGHLEDGE
1
Vijk = B Hijri et — fijrer X Ay} + {1001 — fijrie X Az}
1
= Vi j+1 k1 — 3 [fijr+1 X Ay + fijr1p X Az]

PEME 8(X 5.3 D 8) LE UKMAZLEDEE

1
Vi = 5 {11+ figh1 X Ay} + {11+ fig-1p X Az}

Ea—]

1
= j—1k—1+ 3 [fijk—1 X Ay + fij—16 X AzZ]
REME -24

o XEME 8(X15.3 D 6) LRI UMALGHLEDEE
Vijk = % {ij—1ke1 + figrrr X Ayt + {Wij-1k41 — fij—16 X Az}]
=Y j—1k+1 T % [fijkr1 X Ay — fij1k X AzZ]
o LEM (X 5.3 D7) LAUMAGDLEDEE
Vijh = % {igr1e-1 = fijr—1 X Ayt + {Wij16—1 + fijr1e x Az}]

1
=Y jr1k—1 + 3 [—fijk—1 X Ay + fijr16 X AZ]
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ZEME 11(”h5.4 D 1)

1
Vigk =3
+ {Vit1, 41,641 — fir1j k1 X Ay}
F{Vit1j4+1,k41 — fir1 41,6 X Az}]

1
= Yit1j+1k+1 — 3 [fijrrherr X Az + fir1 k1 X Ay + fiyr 410 X Az]

{Vit1,j+1.k+1 — fijri k1 X Az}

ZEME 13(K5.4 @ 2)

1
VYijk = 3

+{Yi—1 j1k+1 — fim1,jke1 X Ay}
+{ic1jt1h41 — fic1 41,6 X Az}

{Yic1jr1k41 + fijriesr X Az}

1
=i 1j41kt+1+ 3 fij+1h+1 X Az — fi_1jrg1 X Ay — fi1j41,0 X AZ]

ZE[E 17("5.4 D 3)

1
ik = 3

+ {Vit1,j—1,k41 T fir1,jk+1 X Ay}
F{it1 1,641 — fig1,j-16 X Az}]

1
=Yir1j-1e+1 + 3 [=fij—1ke1 X AT + fir1 k41 X Ay — fiy1j-1k X AZ]

HYir1,j—1k41 — fij—1 k1 X Az}

ZEME 19(K5.4 D 4)

1
Vijk = 3 {Yic1j—1k+1 + fij—1 k1 X Az}

+ {1 -1 k41 + fim1,jk+1 X Ay}
+{Vic1j-1 k1 — fic1j—1,6 X Az}]
1
=i 1j41k+1 T 3 [fij—th+1 X Az + fi1jre1 X Ay — fic1j—1k X AZ]

XEE 23(R 5.4 D 5)

1
Vigk =3
+ {Wit1j+1k—1 — fir1,jh—1 X Ay}
+{it1 4161 + fir1j+1.6 X Az}
1
(= fij+1k—1 X Ax — fir1 k-1 X Ay + fir1 116 X Az]

= tit1,j+1,6-1 + 3

HYit1j+1,6—1 — fij+1,6—1 X Ax}
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REE 29(K 5.4 D 6)

1
Vijk = 3 HYic1j+1.6—1 + fijrip—1 X Az}

+{vi—1j41,6—1 — fim1,jk—1 X Ay}
+{Vi1j+1.6—1 + fic1j1,6 X Az}]

1
=i 1j41k-1+ 3 [fijt1h—1 X Az — fiq1 k-1 X Ay + fi1ji16 X AZ]

RE[E 31("5.4 D7)

1
Yijk = 3 HYit1j-16—1 — fij—1k—1 X Az}

+{ir1-1k—1 + fit1,jk—1 X Ay}
+{Vit1j-16—1 + fix1, -1,k X Az}]
1
= Vif1j—1,k—1 + 3 [(—fij—1k—1 X Az + fit1 k-1 X Ay + fix1j-16 X Az]

HEME 37(H 5.4 @ 8)

1
Yijk = 3 {Yic1j—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 + fi1j—1, X AZ]

RE[E -11(E 5.5 D 1)
1

Vigk =3 {Yic1jr1k41 + fijriesr X Az}

+ {Vig1 -1 k+1 + fit1,j k1 X Ay}
+{Vit1 1101 F fit1 41,6 X Az}]
1
=3 (Vi1 j41k+1 F 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)
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1
Yijk = 3 HWYit1j41,6+1 — fijrrp+1 X Az}

+{i1 -1 k1 + fic1j k1 X Ay}
+{Vi—1 1161+ ficij+16 X Az}

1
=3 Wit 1 j+1k+1 + Vic1 j—1 k1 + Yie1 j4+1,k—1)
1

+ 3 (= fij+1 k41 X Az + fi1 k41 X Ay + fic1j11.6 X Az]

ZEME -17(B 5.5 D 3)

1
Yijk = 3 {Yic1j—1k+1 + fij—1h41 X Az}

+ {Vit1 41641 — fit1,jk+1 X Ay}
+{Vir1j—1—1 + fit1j-1,6 X Az}]

1
=3 (Vi 1-1k+1 T Vit1jr 1kl T Vi j—1k-1]
1

+ 3 [fij—1h+1 X Az — fir1 jre1 X Ay + fir1j-16 X AZ]
REME -19(B 5.5 D 4)

1
3
Vi1 j41kr1 — fic1 k1 X Ay}
i1 o1 k-1 + ficrjo1k X Az}

1
=3 [Vit1j—1h+1 + Vic1j1h4+1 T Vie1j—1,k—1]

1
+ 3 [—fij—t k41 X Az — fi1 k41 X Ay + fic1 -1k X Az]

HYit1,j—1k4+1 — fij—1 k1 X Az}

ik =

REE -23(F 5.5 D 5)

1
Yijk = 3 Hic1je1p—1 + fijrip—1 X Az}

+ {Yi1j-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 — fit1j+1,6 X Az]
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REE -29( 5.5 D 6)

1
3
+{vi1j—1 k-1 + fic1j k-1 X Ay}

+{ic1 41 k1 — fic1 41k X Az}

1
=3 Wit 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]

HYit1,j+1.6—1 — fijrih—1 X Az}

Vijk =

REME -31(” 5.5 D7)

1
Vijk = 3 {Yic1j-1k—1+ fij—1k—1 X Az}

+ {Vit1j+1,6-1 — fix1,jh—1 X Ay}
F{Vit1,j-1,k+1 — fir1j—1,6 X Az}]
1
=3 [Vi1j-1h—1 + Vit1jr1,h—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 Hit1j-1,6-1 — fij—1,6—1 X Az}

+{i1 1 k-1 — fim1jk—1 X Ay}
+{i—1j—1k1 — fic1j—1k X Az}]

1
=3 [Wiv1j-1h—1+ Vi1 jr1h—1 T Vio1j-1,k41]
1
+ 3 [—fij—1 k-1 X Az — fi1jk—1 X Ay — fi—1j—1.6 X AZ]

ZZT. fijk & bound opt THHEINDMETH D, ZODEFUAILEE X 1D Bt
WL TRAETRENRL D, EEhEROL JFZ0EEHMEEZERL, HHEERAD
LEF BERTOAMMEZRT, Z0LE, ARLIATEDHAIIFEING Z LITHERE,

BB, FHEMHEBROME KO, WEREEOMEIEZ EE LI, BLXUTEEULLIFET 2@
DOBERGEMENZEINT VDS, TOEE, EAINDERLMOELE L
1>3>42 +4, 48

ThB, OV, EEBERNE o &b ELEAE D,

PRI AR, SISO AU BED S BRSO ROBIREMIC & o TET B, E UABEDEE T LB
HCTHDA 5, ETFRISEERSEE UTRHAEIND,
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1 it i
fijtt k1 Vitlj+1k+1
—— °

)/ fit1,jk+1
7 A
— —
/
/ f1'+1,j+1,k
Vi gk
4
Ji14k+1

fic1j—1k

7
Vi jk

L M it 1,-1k

X Jit1,j k-1
>

fij—1k=1 Vit1,j—1k—1

2
VYic1+1,k+1 fij11,k41
[ ] e—
fim1jk+1

Jit1 j k41

fig—l, 11

A \

[\ _ 4 _
\ Vi j R
Jictj41k \

[ ]
_ Pit1-1k+1

| Sig+1k—1

Vi jk

Vi jk Jiv1j-1k
5 6
fic1,j+1k
A A
| fit 1,541,k |
' [
‘ ! a Yig1 k-1 Pic1g+1k-1 '
/ f’L,]—|—17 -1
/
fit1,5k—1 fim14k—1
8
Pijok y

A
fici -1 A/ ‘
|

Jic1 jh—

L

Viclj—1h=1  fii1p—1

X 5.4: RN—FVTHR—-HFINTVDHHEmWREASRMSE, TR (6,5, k) ICB T2z 2
D R TH%E I N7 Bi 5 E bound_opt & BEEE S ¢ MO RDDFEH, KENFIEHRI WD A

D] E.
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1 2 3
. Ll ke o .
fz,j+uc;L1 7/}z+ ,J+1,k+ 7/11 1g+1,k+1_fzi4;1,k+1 fi+1,j,k+1
fi*l:ja +1
)/ Jit1,jk+1 ' fig1, +1@
yi _ __“ “_ % | i1 -1 k41
/ \ Pij R
/ fivrgrie ficijik \
Vi gk Vi gk Jit1,-1k
4 5 6
f’i—l,j,k—l—l f’i—l,j-l—l,k
A A
| fi+1,j+1,k
d‘z’, —1k+1 Vijk/ |
I o
Yim1,j-1,k+1 L ik L 1/1‘@1,341,1%1 ¢z—1,g+1é—1 figt1e—1
S figrikt
/ "
Jit1,5k—1 fic1jk—1 Lok
ficij—1k
7 8
Vi gk
Vi,jk I
ficij—1 6/
|
L MMit1-1k |
. fic1,jk—
X fit1,jk-1 —
| Vilj1hk-1 fij1k1
Jij—1h—1 Vig1j—1k—1

5.5: M 5.4 LU, 272U, WHREREENH 256 DEHEHE, BMTHRINLG N

72 U ARRE I,
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5.1.4 T HIL NEZERUANDER

ellip_slv O/EMEIAREARIEN —F 2B D HRENET IV D FERER % B S jifE &
UTEHLTWS. LrL, 2ThEDI—F VTHWS AL, — (b3 /M E
W HBEATHD, TD7d, SWMRBEBYICHRET 2L TINLDL—F Vid—
B 2 AR R R TRE B I N TR OB M E HRERIEHA R TH B,

Rk, ZhoDI—F V% T )V MRS OEM R ARREH T 246Th 5.
T 2R ARERIVHZTI AV OND AV IV A - )y EVIARRR (H CkifkR
JiRE) ¢

V- (oVg)=p

ERET D, ZIT. VIE3RIGCOWFERE T N, o, pld 3 RouEREZ Z2HIZE D
EEOBEE. ¢ ITROVAH T —YHETH D,

FH)L b EER
FUSHHEATS 3 HAOMEE (2,y,2) & UL %, FaoH ChfE AR

0 19J0) 0 19J0) 0 ol .
oz (%) T oy <"ay> "o <Uaz> =7
~ . <a2¢ 8¢ a%) dod¢p 000y 0o0¢

02 " 02 " 9:2) Tonor Toyoy T oz 0:

LERTEDDT, (5.1.6) ROBFEHEHIGIED &,

Oo Oo oo

X=Y=Z=0, a=b=c=0, d—%, e—a—y, f—a

EVWOBRICARD, £oT, HAMMAERARAZ AN —F VTRETIBIZI DL
DBRE AR UTEANIZ LW,

I EEAR R
RN OB, FALA AW, ShESAEEEZ TN (r,0,2) L LZE X,
R¢  10% 0%
7 (a e T a>
+<80+0> 8<Z>+ 1 do0d¢ Do dg

or  r) or

or 120000 0202 '
LERTEDDT, (5.1.6) ROZHBEHIGIED L,

X=Z=0, Y=2, a=b=c=0,
r

Jo o 1 0o Oo

d= — — - _ _ -

8r+r’ € r2 00’ / 0z

EWVIOBRICAD, LoT, AOEMMHERGEAZ AN —F Y TRETDEREZID &
D BRI L UTHZT L0,
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BREEAZ 32
JE RS HRREE SR, AREE AR, CERAREEEE TN (N, 0,r) & Lz &,

L 9% 10% 0%
T\ 2020022 " 2002 " 92

2eost0oron 2 \ae MY e T \ar T ) ar P

LERTEDDT, (5.1.6) ROBKHEHEHIGIED &,

g g
:ﬁ7 Yzfz, Z:O', a:b:CZO,
r? cos® 0 r

b L oA (a0 N (00
"~ r2cos26 O\’ 677“2 0 o ’ ~\or r

EWVSHERIZARD, £oT, HOMMFERAEAZALV—F U TRETIBREZID &
BB R L UTHE R T LN,

5.2 Thermo_Advanced Function D{d§%

5.2.1 L—49REEEDEH

RETIE, KEMIZ ) — N 200 B 45 1 % (F) 5&T CReSS 1—H—v =27 L%
BEI, BIEE 7V TR DN EEREMIR A IS & OB D & B2 L — & SR E D
AT ISy

S&L — AIFEMEANZ AR O & S 25854 8 U TR ORKYE 2 Bl L T\ 3 -

L L= oikE o8N (BHEKORYP,) &€ DEBIEAKRKAIIM T THH X
ns.

2. B I N BRI R SQH AR D Bk IS EE 5 &, —EBIZ S, — R I3Hk
BLIND (EbAHA, RABERTE - HELZ% T D).

3. S, BELI N BRI ISE D P, L B> THUOLV— 4 ETRS.

B2 AR — AW DEUL — 4 £ TH- - BREOE N (BEEH) 2HET3 2
TR 2 MAK T O K E X PBAMETE S,

L — 2B X N2 BRI 2 BRI L RET 5. 5 &, Wl ¢ TS 2 BRI
S 41 B D ¢ 802 IS HLD & 1 = ot &S BRIEZ N 7= BRI 1225 . - OBRE

ETOBENEE S IX
P,

42’
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UL, KO L —KiEdgmtE 7 > 7 F 2 @3 2 72 OBRERIR T OE S ORI Y 23E
Ud. B7?7?7 138 H X N3 BRI AVEDSG A L AT DG A OB EEDE V2 7
LERITH D, ST O 5 X N5 BRI OB AE USa, BEmatEos e ERT,
—HfRrtED S5 E& T

P,
A
TERING. 2O AT VT FOMRE (E—ALIE O RY) M»H A<4m? ThH3 70, &
NEETHEZ D LEGBENDE UG, A HRNENEENECZ EBHLNTH D
DL E, AN DOE N EE & RO BN BEEZ O

Sl

S

% (7 V7 FHE) LIRS 52 E —AEAE (FATED &) HAFIEAIR XN
ZeWOMB. TOIRTA—ZEFND & FEFEER D O X NS BRI OB
R

S = (5.2.11)

G

, PG
S::SG::@;E
L85,

RIZ, V=2 SRl r BN 725 A RO B —HEWMFET 25 a 2 EA5. 2
DODHEDOLV =X —AIZERTOWHEL A, &3228, HHINZEL P OS> L, HHf
r CHEOLNDES] P, 1 3HH S N2 BRI DEEEL NS

PG

P,=A,8 = —*=A,.
5 472

U HEOWEEIERMEDT VT D —AIREE A IZELWGEIE, A, =A LR,
(5.2.11) 75
Pa = Pt

ERD. ZHIEFFHBUAZERIEOTRTHESND NS ZEERLTWDS. ZOHED
W 728 Py MR I ND Z e B FRT—HARICHE X Nd LIRET B &, 5t & Rk
5 EIXZ O HEY DR MR IR R D | DS X D BRI O EE S, (SR
RIZBWT
g P, _  PRG
“ 4rR? (4m)2R%r27°

LR85, ZOHEMM»OH B I N ERKEEZEMr IZHEZELDT VT IR LWOE
TEZETDL. 205G, FTHIEIEEEY, BIURIET V7L R5DT, 2OL TD%ZFE
7 P X HIE S U - BIR OB DS S, 7T OHEE A, TENZ TS Z 2 »
TEEWTHRED. HEYNOHEIND BRI OBEHEEILS, RDT, TN2HME A,
DY VT FNEDZEDTEBEN P, X

PG
P,,- = SaAe == WASAe. (5212)
SHEAMEOH IR E VT, R IREED S FICOAEBIE ZFHETE 2 L 3L <, HBIEDLIY %
FoTEBMIEEHHTEILIZRS. ZOENY 2o 2BHIEOBNIDS 6, REBHOEWH G % A
A =7, TNLUNOE NN ARCR 2 Y o RO —T LIRS, BREEE LA -7
MOREAFD, HEHEEN LB DHEBOEL E—AREL Y, L — X OBIHIEGREICHET 5.
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Peebles (1998) &2 &2 &, T VT WH T2 EMBEDOBEEEZ N LT, TV TF
D A, (TV—?%ﬁi‘bﬁﬁiﬁ) (= I =

4 A,
G= v
EWOBEBREEHDODT, (5.2.12) I
RGN
" (4m)3rd

EORIFV =G U2 BRHEED S S, HEW?E S 2B X TEERHEI NS
CRELTWS. EERIZEEWE IIRIZE > TRIAMEOS H, B X O—HBNEZ 45 Z &
MEZLNDDT, A, ITHFIZ HEYI OB CI372 < B HELETTIHRL 0 TR DOHEY
Thd. ZOoIFEEYOREI I LZITW - EBHEK ST OEETIRES. Lo TE
AlE
P,G2\?
T (47)3r4
52, BEWINER D OR—RIKRTH 728 RETD. TD D WEMKEOWEE N IZH
RN I VGG, VA ) —ERELATHET 2 DT, &5 EELET R o (ZEERD 5

_ 7|K?D°

I , (D/X<1/16) (5.2.13)
THZbNE., ZZTKIX )
|K2|= e—1
e+ 2

THAOLND, c lFEZRTETHY, BEYMOYNMETIRES. KDOGE, 3-10 cm O ETE
BT K2 =0.930, KORDGE |K|> = 0.197 FEEIZ 25,

FEERO RGP OBEKYEITE—TIZR<EFTHY, MR THD ZLEMTHS.
BEACRL TSN K SR %lfﬁﬁ@“éi@m, —XE->TL %58 (P,) l¥Th*T
NORBEARRL T OHHEINDEN (p.) ORINZEL VDT,

PG2A2  PG2A? ,
P = Zpr —Z e :WV;@. (5.2.14)

22T, BIRRANDEIIR T Z L IKAFE LR (IRT i DDODRW) fREEAMCH L, %8
S D BNLAKREE B 72 V) O£ 5 SCEL I 1 REAA

Za ZU’, V=L—&DYr7) Ik

YUTHAICEHZL B 7)Y IR E G HHIEL — % T2 2 825 -
DOl EIZFET IR TN ODKPENTIERL, HE2BETEIEE o KB PIHEEYT Dk
TORKPE L UTHEINEGNSETHD (KM??). ZOHVIFFAEIU <, [EME ) —
N (2001) O 1, 2 BIHEINTORHEFEMEZ RO L. B> 7Y ¥ T RO BT
X heddr, E—AEO L L —205 DM r 2 AW ZMEROHESR (X?77) 2% L <,

rd\ h
V = — ) =
(%)
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EoT, BBV IV —XDMURIZOMEGFETIYHEETHD Zhbhd 7. X5I(Z,
(5.2.13) DL AV —#ELZRET S &, (5.2.14) 1

PG2)\2
p=_"" Vg Z |K;|*DE; (5.2.15)

Z TR B RN ORI T H S = L ITHIET 5. $72, Dy 1k i REOWIM j &
SRS ET. K; RIS 2 DT, %0 7)) ¥ Z RO R Bk
FAASTNS S LA ZELTREEHOTIZ L YD TH S, MHKTFORERE K &L
THAETHET S ¥, ERiE

P,G*)\? 775’K|2 216 2 ‘Kj’2
P. = “D. ., = 2.1
(47T)3r4V d ; TRt W ENLLY K2 (5.2.16)
K Z2YMERTcY—hUET &, EXROBHIEE X
> miY D}
j k
LHEIHAONDG. Ko T (5.2.16) &
PtGW 5\Kl2 2 ) _ |KGP
P. = DY, = . 2.1
(47r Zm Z koo T |K\2 (5 7)
ZZETT (5.2.17) AlE
P,G%2)\? 7m0 |K|?
PT_CZm ZDk, 0= Grpt’ (5.2.18)

LEEDDHZIENTED. UL, L —ADZET 2ENDBEAR T O - KEIITH
KT DWF LV —XOMREICHRKTDIRTFOME L THIID I ENTEDLND L%
RLCW2 5. DF D, L—ZDZEEIIEAE U BAK 7 23F AR - K& X TELHho
BAABUICFEL T2 UTE, L— A ORI L — & L Bk DR & > T2AF
BIENELD ZLITBD. Z0XEEXZ L, 425 L — & TH UK 1 OFAE % Hl
ETIRELUT, L—FKENT lradar reflectivity factor] 2V A X7z, ZHviE

Z=>"Df
ELUTREBEINDGD, N TICE2FERDENEERTD &,
zZ=Y m} ZD], (BAT; [mm® m~3)). (5.2.19)
j ks

J

THEO/I % b TIEARL h/2 10T B EEIXASRMZE ) — b (2001) DK 1.3 12k 5.
TSRHEAEIE C IR £ TOMERE r IZHKRTIEAEEENDH, TR — X0 D OB DR L
ZASRLIDZED O MIE T E S BHEZ DT, AR TR S ZVHIE R REAYHETHS.
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(5.2.18) Z VB &,

Z ZDk (5.2.20)

), EOBRMNS Z N — X OWEEFITKIFT /37 A—R CITKSTRIFDOREX
DA DA ERETIDIRELBSTWDEIENHLNE RS,

(5.2.20) A5 Z &, L—XBIHISI N2 ZEEN P, L L —XOMWRE/N T A —& % v
THRBTDZIENTED LD, ZEBIDNOEE Z 231E T2 NA#TH L. —4,
(5.2.20) DA% BEHERHEDTIUE, KKETIVOEHRZEHNT Z 23KDD Z L B ATRETH
5. L—RBRTIXEMARNZR D; OZBDGERDNEBNZD P, C 222 TZ %
FHELU D, KEET VBV TIE

> D}, :/0 D®N;(D)dD
k;

EVWSBBREHNDS ZET N)(D) DAAEPRONTONIXEEBO PR RS, T2
T, N,(D) (AL ZE AN ICIFAET 2 b S FEHH j @*i?ﬁo)qj@fﬂd\hﬁ/l:ﬁsﬁ dD » 7=
DIZEENDIRTOMK2RLU-YHETH Y, B mm ! m> THD . ZOBR

i LAY R A
Z = ij?/ DPN;(D)dD. (5.2.21)
- 0

POV YRR A2 AU RKE TNV TR, SRAMEORSG (BE) LHBURE (HH)
ZRHWT, TORNEDHEZBALOPOBBILZIRET S Z & TEMYT 2 FEIFRHAINDS
O ZOFETIERAMEORAILEBIRE L NS 2 DDIINT A =X DR TR N
BEXND. B, FFEEBN A2 IET 5 &, BAKRED 2D ORAKED -V ITE &
N2 K7 DIEE N (D) 1

N(D) = Noe=*P

ERD. ZDEE, Ng WREDAMD y YT BURE, X BRED M2 RO ZME/NRNT A -4
Thd. 0T, BAKRIIFET DR T DREE n 1

9] o0 \D NO
n:/ N(D)dD:/ Noe™*PdD = ==, (5.2.22)
0 0
Y, DR, KT E D ONIWIRLICY =2 LT, D5 D +dD L\ S BUNEEKIIICE
ENDRTOMEBAZTTORTHED D 2R UHDETHHIEENZLIZED. &0 T, HFH D25
D + dD OXBIZIFAES 2 BALRRL B 72 V) ORI T DEEDS N;(D) Th > 7-%éE

k' +N
> Dg, = D°N;(D)dD
kj=k’+1

LB2DT,0< D < oo CHMATIUTRIEHAEIZELS RS Z mbﬂ‘ﬁﬂ%:b%m%. B 7 DAL LRI X
MITIEN;(D)=0 RO THEAKMEZ LD IS >TEH, MAHEIZIIHEL B\,

0D F Y IOV RIS BEKYE OB ORI AG O W2 IRR G tta%’ %ﬁl{%}#@lﬁf‘ﬁﬁftt Tk E
D, AR AR A S S N R TR S h3. — 7, EBEORLZE T 5 B EDOBURE DR
DAGNEERE T LAMNLIC AL T 2 2 tbf*ﬁfﬁé*hé PlZIE, BEAVRFIEERSETTIRE. Ly
U, ZNERRETIVICBOTERTE 01213 1 DOBKYEDOKMZb%E 5T 2 DITHUNER T L1z
t“‘/%ﬁﬁf%ﬂ%‘ﬂﬂ%‘lﬁ%@%%ﬁﬁﬁ& THIER SRS (CVEBIER). ZNIEFREBDE
RBHEMZEL SR G720, FHEEROMENSL < DETINTIEEZITDA TR,
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B D 72 V) DRKYEOMRE SR pg 1%
pq = /OO vpN (D)dD.
0

ZI7T,p, q p, v ZFTNTNRKDEIIEE, BRSYEOIREG L, BRYEOEE, B

WEDOKETHD.
o 4m (DY’ _«D?
- 3\2) 6
THL I Lz2MHTD L,
> rD3 1 N,
ﬁq:/o %pNge ADgp = EpNOF(4))\4 = 7”/’\40. (5.2.23)

DL E, I'4)FAVEETTIA) =312V IhH60BBERANS &, (5.2.21)
A&

Z = Zm / D®NjpePdD = ZmQNJOF
Tz (5.2.22), (5.2.23) REMRALT, BAEN ¢ LREIRE n OADRIZE SR D L,

_ 2
Z = 7202m?nj <pq]> [mm® m ™3]
J

P54

—_— 2
_7zozm§nj( P4, ) x 10 [m?)
j

(5.2.24)

(5.2.25)

TPjN;

B2 =AY MV T I (BBEKIEDORA I ¢ LAEIEE » OREREEZ THIT 5
WELERE) 2B LV — A KRN T %25H T2 RATHS.

(5.2.21) RIFMD /I ZIFEIZEFEHBETH S, HIZIE, 1 E— AV NIV (K
W DR AL ¢ D ADWEFIFEE %2 FHld 2 M EiERE) THRBKIZL T Z OFHHE R EH
TE%. 1 E—AY NIV IETOBUEER DA IZ

N;j(D) = Noje NP, Noyj = B

EWVWOIETERINTS Y, y YR BIREAERD 720, (5.2.23) X & RIBRIZHAAMD /-
D OBKYIEORERZRKDD &,

N,
g = ”)’\4 0 (5.2.26)
P CRADESNEE>TUES. DD, 1 E—AY MSLZEDEEIIE Z OFH

IZHALEME D 72 D DR T OMBURE n ZBELZNZ I8 5. EX% (5.2.21) KNITRAT
I,

m2 _ 7/4

m3Noj 9 p4;

Z = I'(7) § V - 720§ m? Ny, (ijN0j> . (5.2.27)
J
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£-o7T,
pg;
Z =720 m2Ny; ( J > mm® m3
ij Mo (o) | ]
B - (5.2.28)
P4 18 3
=720 m2N~( d > x 10" [m
Z 35107 7T,0jN0j [ ]

J

M1 E—AY NV EBYEERICE TS Z DR KD,

5.3 KE=MAX

Z ZTClE, map_function Y a—IVIZEHREINT WD ERME ETOMEE - RESORH,
BREMHMOFEE THOONT WD ZFHAERIIOWT, BRI =ZAERICL 2L 217D,
9, BRE=AMICE T8 FEHITIUTOE) THD.

1E A% E B
sina sin b sin ¢
= = . .2
sinA sinB  sinC (5:3:29)
s R HEL D
cosb = cosccosa + sincsinacos B, (5.3.30)
cosc = cosacosb+sinasinbcosC, (5.3.31)
cosa = cosbcosc+ sinbsinccos A (5.3.32)
N J
R BT
- IEARARILE P ™~
sinbcosC' = coscsina — sinccosacos B, (5.3.33)
sinccos A = cosasinb — sinacosbcosC, (5.3.34)
sinacos B = cosbsinc — sinbcos ccos A (5.3.35)
N J

ZDEE a,bc,A,B,CIEX56D#EY) THd.

INODEHIIK 5 7DEDIEZD L, TOF FERAEHBIERDMEEREIZEHA TS 2
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5.6: F£E 1 ODHEMNIRIZEWTER INDEKA =AM ABC. ZOKAE =A% KT 5
EZHINFERDOFLZELHDOIRTH 5.

main.tex 2016 £ 3 H 25 H (L&)



STPK ¥v=a7JL 5 {+% 292

EMTED.

5.7 TH4R%E 2 IZE DA ZAT. ThoDUADE D —HFDADEX r Z:RDDD
DEEE 112radi THD. FHEEE 2 LIZEODT, TNODETHIL 2 UORE A L R
D, Y AU I — 2T 5.

B 112radi XX 5.7 IZBWT,

®1, A1, 92, A2

ZBEHOMEE L, 2H0 2 KEOMIIEEEE r 2RO DEBTHD. Iz kdDDITIE,
(5.3.32) RITHBWVT,

bzg—@, CZg—m, A=do— A, a=r
LBk,
COST = COS (g — cbg) cos (g — <;51) + sin (g — ¢52> sin (g — gbl) cos (A2 — A1)
= sin ¢ sin @1 + cos Py cos 1 cos (A2 — A1)
LR85, &oT, kddAix

7 = arccos [sin ¢ sin ¢1 + cos ¢a cos P1 cos (A2 — A1)] (5.3.36)
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B85, ZIZT, r iFHARIZBIIZ2METHDIDT, HERDEKIZBWTIX, rRE2 452
ECHE r SO ETOMMOEIZRDENE E\VD ZLIZEET S L REH5,
B =AROEHITEZNEN, BROFLZ2EZHEO—EENLTHB 12,

5-8: PAST LU =MD, 7272 L 5.9: B 5.8 LAUZA. ~7EL,
I (Pz; Aa) BARHDLHCH . 7@ 72 < 0y < 372, -1 < 6y < —7/2

JEREIS BRI RREE L CRL (o, o) IS DR DIREE.

ReFb, MEEXRILT (ro 6) &45

MORGERRIE (¢r, \o) REHHTD. 2

ZT, 0 DEY S B —n/2 < 6y <

/2, 3w/2 < Oy < 27

R, BTN —F > 1211 IFHEE do, BE N ICBWTH M % E D, MEERE (19, 0y) T
XNDIHLTOREE ¢, EREN, ZRODDEDTHD. 22 TEZTV DG 5.8 D
FORERETHD. T OEEREOENEE 5 MO FEEEZERR T3 <, 2K B2k > 72 MR8
BCHohD. /2, Huﬁaﬁrﬁmﬁaﬁ? ifj@k@ﬁ b0, o COEFHAEHEZ 2L &8
FARMALI S & 0y = ., TS % ) = 7 LLTEBNG. THD, = 37”
LOEEOERE rg IFRETHAZLEE, N EWVWOIRETETHD (FFMECE>TH
%) EWND ZEIZERETD. Lo T, 0y =0, +m,2r EOIEEDIEHE ro I3FEEM FI25E

I-HET, ALTND. ZDEDREFERIZBENT, 19,0 TDME ¢pp,\y TRTI L
FEATREE X, FIHMOMEIX
®0, Mo, o, To

ROT,
A:)\m—)\g,B:%—Ho,a:m,b:g—%,c:g—(bg (5.3.37)

YOS REBGEE S D, I THRELATNIES S AVDE, ERIBHRESABOL B A
WD E S LABa0RTHSE. 2%, Z0ORIT 6, @@zﬁ‘% < By < g FTLH»

Vg 112radi IFAE r 2RO 5%, MBRODLE % T TEEOE#IZEL TV,

TI2HER EORETE 2 SNBBEM L IZRAR D 2 L IZHE. BEMOBE XM OERITRE ITHE L T2
T5.

Wb, ZOFEIZEROFLD DAL (G0, Ao) ML L LML ERT B,
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WY @a. BL, T < 9037” DI 0o Db B & F1E, 11 C B RBAEFEOE A L LCfis
ANBETHRENDH L. 20 & XONCERIX

AZ/\()—)\;E,CZH()—%,GZT’(),I)Z

™ ™
. 3 »
L85, kT AFTR, —2 <o < 5 ETOWBE regl, 7 < b < - OHIHE reg2,

0 = ig % reg3 £ UCZNTENERMET B,

regl MILdDDIFEH 5.8 THD.
2T, BHEICAE C 2 HOWARWODT, (5.3.30) 12 (5.3.37) ZHWVT,

sin ¢, = sin ¢ cos o + €os ¢g sin rg sin Gy, (5.3.39)

NELND. IN%E ¢ ICOVWTEHT S L,

¢, = arcsin [sin ¢ cos g + cos ¢g sin rg sin fp), —g < By < g (5.3.40)
BB, G PEOENZDT, ZOfE%E (5.3.37) &L HIT (5.3.29) ITRATD L,
. _ cos 6y .
sin (A — A\og) = p— sin

ERBOT, ZH&D N\ Ik

6
Az = Ao + arcsin [COS 0 sin ro} (5.3.41)
cos

RANSY

reg2 Mg 5DIEXN59 TH5.
2T, BHEICAE B 2 HWARWODT, (5.3.31) 12 (5.3.38) 2T,

sin ¢, = cos g sin ¢g + sin rg cos ¢g sin Gy, (5.3.42)
WEOLND. TNk ¢, ITDOWTEHETE L,

¢ = arcsin [sin ¢ cos 1o + cos ¢g sin 7 sin O], % < By < 3%, -1 < 0y < _r
(5.3.43)
D, RFZORIK (5.3.40) LA UBRDT, ¢, DEHIZEWTIL, 0y DHEiFH % &
232 2B A—DRTHET DI ENARETH . ¢, BELNZDT, ZDMHE
% (5.3.38) L& & EIT (5.3.29) ILRAT D L,

) sinfy .
sin (Mg — A\z) = ~oos ¢0 sin g
X

ERBOT, TNk N\ I

Az = g — arcsin [— O in ro] (5.3.44)

L5,
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reg3 Z DT, KD D RMPEIEF L LA URE L 25, DRI,

Ao = Ao (5.3.45)
S7o, PR ETHS 2 L s, ML 513 5 I 132 0 £ MR ST 0
B & FN T,
¢ = ¢0 + ro. (5346)
::ﬁ@:%@%ﬁﬁ%ﬁ:—gzgwﬁ BLHD.

PAEASERIH B2 31T 2 DA TH S, 22T, LOmIT 2 THRAERZKE L T
WB DT, AR EOFEEE rad BADME L FEME DD, LT, EEOHEEZ KD
DRI, BONDMEIZERDPEREEZNT L I L TEHAETED.

5.4 Statistics D{F5x

5.4.1 w=/NEEZE

HoT—ZOM, 1,y BHEETS. ZOF—ZONMi% z ERETEH L,

y =y(z)

WO BBREED, ZOXDIRT—ZOME 2 IZDOVTOERDLIENIZ & DHES T
KIILEEZD, 2EL, TOEBIEZ s TOyDIHEZTD L EOBBOMED 2 Fzsh
INETR 2 KD ITEIEND T 5,

9. fBEOZDIZ 2 IZDOWT 1 RERTERHTDIZIIL2E25, 20 XOEK%
F(z) =ao+ a1z (5.4.47)

4%, ZIZT, ag,a1 W,y THEKFLULRVERTH D, EBOT—RISHHT— X TH
52DT, x5,y LD T—RDMAEDLELRD, ThbLL, ( HHDOT— XM

yi = y(zi)

Thd, FKIC 1 XERE

F(z) = F(xi)
8%, COEMF(x;) Ly D2 R/ ELRNETDEDIELEDILEERD, DEY, T
NHLOFKEE RETD L,

N

N
R= Z {y(z;) — Z (z:) — ap — a1z }? (5.4.48)
i=1

=1
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MENE BB DI 6NRITNELR SR, ZOREZR-ZTEBF 25RkRD5121%,. F
DR ERDZ 2,y [T 2 EH ag, a1 & (5.4.48) WML ZRD IS I iE L e
WH ZEIZRD, ZDO&DBMEE s/NEEIEFE L O, RO & D Z2FNE %2 W THEN
N3,

1. %% R % ag,a1 IZDWTHAT 5,
2. TNOHENRL BT ERD LD R ag, a1 DIEN R DWETH S,

3. RIZFZTDEBEMND. ag,a; D/NT A—RZEFIZEWT, EfE% & 2 NITMAREKT
HB7H, BHEPEETNE. TIVBRMETHD L NS LIRS,

ZDFMEIZ U 72 D3,

6&1
2729 ag,a1 ZRKDD, (5.4.48) Xnb,

N
g{i = Zl {y(xi) —ao —arz;} =0
- Z; (5.4.50)
o = ;xl {y(z;) —ap —a1z;} =0
Thd, INEBHETDH L,
N N
agN + a1 Z::L’Z = Zy(:cl)
=1 =1 (5.4.51)

N N N
2 _
%5 m+a1§xi—§ ziy(z;)
i=1 =1 =1

WD ag,ar WDWTOD 1 JGENAFREAPBFOLNDEDT, ZNERBITIE ag, a1 PMEFHN,
BUNEBEEREPGEOND, (5.4.51) X&M< L,
S a2 N y(w) = o @ O wiy ()
2

NZfil a;f - (Zz]\;l xz)
NN wy(e) - SN w N ()
- 2

N sz\il sz - <Zfi1 $1>

NEOLND, FARDEZ 2 HKEIEL L, EEOERRBOLEAMIRIZED 71V T 1
VIMWERETH D Z L b,

ay =

(5.4.52)

ai

main.tex 2016 £ 3 H 25 H (L&)



STPK ¥v=a7JL 5 {+% 297

FTIT, ZITIR Fla) =Y japad L0 SR TT7 1y T v 7§22 a2 B R
3, SZTERNEFETCHOATEMNEMTES ", B2 RIZ
N M 2
R= Z{yz (i)} :Z{yi—Zakxf} (5.4.53)
i=1 k=0
YY), ZOMERNMITEIE. ap, (k=0,1,--- , M) DRFEEIZOVT, ZHhitLd
BAEOMANT O L BAIE L, DFY,
OR o
aTLj_o, (j=0,1,2,--- M) (5.4.54)

ED M4+ 1AD 1 KBS, SRR EZNLTDIENTEDS, KRB M + 1{Jiz20T,
AT M+ 1EOHEN HFREAVPYLTOHENDDT, ZERIHUAZRTHD Z EIXHLENT
Hd, THUIIFFIZBILINTHNLEDT, FED M+ 1REEXTELLTE, [FARRD
FRETT7 4y T4V INTEDILERBL TV, (5.4.54) A& BAICEHET D &,

N ) M
Zmz{ylzakxf}zoﬂ (j:051525M)
i=1 k=0

ERY, INEBETL L,

N ' N M '
STaly =Y wal =0, (j=0,1,2,-- M) (5.4.55)
=1

i=1 k=0

L%, FEE 2 BIZOWTIE, MAEEDIEE B AT H S 720,

N ) M N )
Soalyi > ad i =0, (j=0,1,2,--M) (5.4.56)
=1 k=0 =1

L%, Ihe BARIIZE TS . RO LS BB ELND,

N N N
jZOIGON+G1Z%+“'+CLMZ$ZM=Z%
i=1 i—1

i=1

N N N N
j=1 :aQin+alzx?+-~+aMZx£V[+l :Z:ziyi
i=1 i=1

i=1 i=1 (5.4.57)

N N N N
; . M M1 2M _ M
j:M.aOin —1—61122901-Jr —I—---—i—aMZaci —in Yi
i=1 i=1 i=1 i=1

INERDE, k=M+117j=M+1FDEHITFIE M + 1 EOFEE a; 1IZDWTOH
N7 MVOREE T2 &, ESTHIONTIZRDDH Z & T, 5B a; WROLNDZ &
IZ8%, ZOLE, EHFTHBNITH L B>T\D Z & ITHER,

HUPIETIR, REOBEINS, y(o) =y ERILT D,
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5.4.2 RERE

ZIZ TR, RI—F VT TN HIEIZDWTEEA U, & A T DN AL
WDWTEEEHZIT D,

F9. AV—F VTl IRTORFNL—F IZBEVWT, #ENFEZ2IT>T\5, 20D
WAL, 2 2 MO ZORIOMEZE 2 SMOEMTHEY, TOEM EIEIFET
2 EELENIFETH D, 1 REOBRRMIEKI2CRINT VD, HDM i,y DE
BINFERD 2 flwi,z 25 LI, TOMICHEET DN z, TOHRBAHDH y,
32T 2 AP SHEINAEROMEZ2 de L35 &,

Yp = Yi +dx * (zp — ;)

T%ﬁ?é:&ﬁf%éo:@&%\mﬂi%ﬂ;%ikaéo
+1 — Lg

ZDF R % 2 RITGZEMITHEE L 72D h, MERENFEE FEIENS FiETHY ., TOREAX
BEP2ICRINT VD, 2 KT 2y y; CEBI N 2 D, B BRI 2p,y, TO
I 2,0 1. BUFO & 5 123 S h3,

+ Zpj+1 — ij(
Yj+1 —Yj
I, yj,yi41 D 2 RITDOWT, %Z’L%Z/pr BN 2 11, 2p; ZFHHLU. T

NOEDMMD y AR LT, 2, 2 RKDZ LV S FEF 83, LREEHTS
EBTFOL SRS,

Zpq = Zpj Yq — Yj)

1 — o
. pj+1 PJ .
Zpg = Zpj + —————(Yq — Yj)
Yj+1 — Y5
Zi+1j — Zij
= zij + ————(1p — =)
Ti+l — T4
241541 — Rij+1
+ Zij.l,_l + Q’JH——IL‘(:EP — I‘l)
1 K3
R4l — R NEYE=RD
i T (zp — i) '
Ti+1 — T4 Yi+1 — Yj
Ritlj — Zij Zij+1 — Zij
=z + (xp - fﬂz) =+ (yq - yj)
Tit1 — T Yi+1 — Yy

[Zi+1j+1 = Zij+1 — Zit1j + Zv:y] (5.4.58)

(zp — i) (Yg — Yj)
;)

(i1 — (yy+1 Ys)

&Y, MWL, F(r,y) = a+ bz + cy + dry &\ D il EICHIFEFIET S
EWVWDSZERRELZNFETHD L \ND ZEIRIND,

FIRED TR T 3 RITOBEAFREFHET 5 & "0, 3 KM v, y), 2 CEBZBI NMH
wijp D, BB REME 2p, yg, zr COWIE upgr 1F. BAFD LS IFIRING,

Upgk+1 — uqu(

Zp — Zk)
Rk+1 — %5

Upgr = Upgk +

RIS R I N TN S,

main.tex 2016 £ 3 H 25 H (L&)



STPK ¥v=a7JL 5 {+% 299

COHEFLEXIT 2 RITCONTEE X ST 3 RITCICHEMEL - T THD, EoT. E
Az XS BHET 5 L,

Upgh+1 — Upgk
Upgr = Upgk + - - (2r — 2x)
z — Zi
k+1 — Zj
U1 — U
_ pj+1k pjk
= Upjk + . ' (Yq _yj)
Yj+1 — Yj
U, — Upj Upjt1k — Up; Zr — 2
pj+1h+1 — Upjkt1 pi+1k — Upjk (zr — 21)
+ | upjk+1 + : W —Yi) — ik — ————— W —Yi) |
Yj+1 — Yj Yj+1 — Y5 Zk+1 — Zj
(Yg — ¥5) (2 — 21)
= Upjk + (Upjt 1k — Upjk) = + (Upjkt1 — Upjk) ——

Yi+1 — Y5 Zk+1 — Zj
) Wa = w5) (2 = )
Yi+1 — Yj Zk+1 — %

+ (upj+1k+1 — Upjk+1 — Upj+1k T Upjk

(zp — i)
= Uijk + (Uit1k — Yijk) ——
i+ (Uit i) Tit1l — Ti
[ (wp — i) (zp — xz)] (Yg — ¥j5)
+ Wiz 1k+ Wi 14 1k_u” 1k 7_71'16_ Wi 1k_uk
L v ( Al v ) Tit1 — X4 “ ( T Y ) Tit1l — X5 ] Yj+1 — Y5
+ uk L (Wit i1 — ik 1)M_u o — (Wis 1 — Wijh) (2p — i) | (2 — 2n)
I tjk+ 1+17k+ tk+ Tit1 — g 1] i+1j 1 Tiv1 — Ti] 2bs1 — 25
[ Ty — T Ty — T
+ | Wijt1k+1 T (Uit 1541041 — Uijt1kt1) M = Uijk+1 — (Uit 1jkt1 — Uijht1) M
L Titl — T4 Titl — T4

Ty — T Ty — T Yo — Vi) (20 — 21

—Uij1k — (Wi 1j+1k — Uij41k) i:l_;)i + ugjip 4+ (Uip1jk — Wijk) 53:1 — ;)J ;jil — in ik; — ;]
(wp ) (yq - yj)
= uiip + (u; = Upik) ————— + (Wi 1 — Wiig) ——
] ( 1+1y ) )$i+1 S ( 1j+1 ) )yj+1 —y;

) (zr — 2k)

+ (Uijkt1 — Uijk
Rk+1 — %5

) (zp — i) (Yg — Yj)
Ti+l — LTi Yj+1 — Yj
) (xp - xz) (Zr - Zk)
Titl — Tf k41 — Zj
) (yg — ;) (zr — 2k)
Yj+1 = Yj Zht1 — Zj

+ (Wi 1j41k — Wij+1k — Yit1jk + Wijk

+ (Wit 1jk+1 — Yikt1 — Uit 1jk + Uijk

+ (Uijp1k41 — Uijks1 — Uijr1k + Uijk

F (Wi 1 1k 1 — Wi 1hA1 — Wik k1 + Uikl — Uit 1j+1k T Uij+1k + Uit 1jk — Uijk)

(zp — =) (Yg — y3) (2r — 2) (5.4.59)
Tit1 — T5 Yj+1 — Yj Zk+1 — 25

X

LR85,
ZZTRUZAFHORIET IV MEREREZRE L TWDE D, BREIERDD B, &R
LD 2T — VR F DT NTND R BB -0 & S BIEER 1S ThH L 455,

o F ), FEOREER (21,20, 23) RO TH, Z0LE INLDOEEIINTZAr— VAT
(h1>h27h3) 7b§7

hl :h1(l‘2,1}3), h2 :hz(l’g,l’l), h3:h3(il,‘1,132)
ERDEDBEERDOZ & FIZIF, MRAERRPEREERIZINICHLTD.
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2T LEOBZEXTHFMEZFRTL I LA TES.

5.4.3 RATS54 VHERB

UFTIEM =30 EDATI74 VAN 2E TS, ZZTHONDIATTA
VA ERIC 3 RAT T4 VM SR, T A RIFELHU &SIy (=1, ,N)
MTy EEBINTVWD LT D, ZOLIDATTA VES(z) X

Si(x) = ai(z — xi)B + bi(z — a:i)Q +eilr —x) +diy, (2 <x<wig1) (5.4.60)

L%8%, ZIZT. a; biy ¢y di IRFHBRETHS, ERIIONWT, 2T —F[{TREAT S
A VBB L EROT = AN =T D LD EMENS

Si(zi) =vi, Si—i(xi) =y, (i=2,---,N—-1)

(5.4.61)
Si(z1) =vy1, Snv-i1(zn) =yn
MWD E, T—&Sa; (i=2,--- ,N — 1) TOEHOTHN S
Si(xi) = S;_q(xi),  Si(xs) = 871 (xq) (5.4.62)

WS AN —1) -2 fHOBEBRAVRFLNDG, (77) X2HNTLED 4 DOAXZ BRKIZE
FL, i=2,--- ,N-1I1Z2\T

d; = yi, (5.4.63)
ai—1(zi — i—1)® + bic1 (2 — 2i21) + i1 (2 — vim1) + di1 = yi, (5.4.64)
ci =3a;_1(x; — xi1)* + 201 (z — 1) + ci1, (5.4.65)
bi = 3a;—1(x; — xi—1) + bi—1 (5.4.66)

MR DNLD, ZNHEE &I1Z, BERIDMED S REGRE a;, b;, i, d; Z3RkDD, £9, (5.4.63)
NS
d; = ;. (5.4.67)
hi =z —xi EEFERTDE, (5.4.66) "D
bi —bi—1
3h;

(5.4.68)

ai—1 =

(5.4.64) 75>
Yi —Yi-1  bi+2biy

h. (5.4.69)

Ci—1 =
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INbH % (5.4.65) ITRAL b ODADKIZT D &,

Yitl — Y bip1 4+ 2b; Yi —Yi—1 by +2b;—1
— hiz1 = (b; — bj—1)h; + 2b;_1h; — h;
o 3 i = Vi + 2bi-shi + = 3
Yirl =Y Yi—Yi-1  hipa 2 h;
hii I 3 Vit + 3 [hit1 + hi] b; + 3 Vi1 ( )

LD b IZDOWTOREEN FRER e RS, 22T, EAMNEY oD i=2,--- ,N—-2
THDIEIFETD, BERL, ZZEFTOERITARNTi=2,--- ,N—-1DEHED
BMEITOTELZD, a,¢,d DBRIUIZDONT d; 1F (5.4.67) D25 dy ~ dy_1 £ T\ a
& (5.4.68) M5 ap ~ay_o2 T, ¢ & (5.4.69) M5 ¢ ~eny_g FTOHDEFENEGZ 5
NTVWDZLIIHERET D, 2FY, Wb (5.4.65) IZi=N—-11ZE\TDAb; &DH
N (5.4.69) EHWDZENTERNEWNWS ZEThHD, aN—1, CN—1, di Sy gy iy
TIZEZ2EMDOEMENOBONDEBRAEZANTRDE Z 128D, TN ETHRR
(5.4.70) OFHHFIFAN i =2,--- N -2 FTLRIBMTH D, b IEN - 11HH2DITK
U, ERIEN-3FUNZVDT, BIITHELZRD b IZDWTORNIK 2 HERD I L
bnrd,

BfRA% 2 DB 2 72DIZMiE COMAGFMEEZE AL, ZITE MMz LbRVE
2. BARD 2 DDBHITONWTEZD -

T—2R 1 8(x1) =11, S'"(zn) =Ty

=22 8"(x1) =T{, S"(xn) = T§.

ZITTY, Ty, T{, T \Z2—IPHEETLETH D, R, 77— 2 OBEITT] =
Th=0TH2R5, BRAT 71 VIZ—HT 5,
T—A 105G, EOBINZRENS
c =Ty,
e ) , (5.4.71)
3aN_1(xN — a;N_l) + 2bN—1(xN — xN_1) +cno1 = TN
ETED, ZN2HVD L, i =1,NDHFEIZDONTYE (5.4.63), (5.4.64), (5.4.71) HD
W (5.4.78) 25

dy =vy1, an_1h +by_1hd +cy_1hy +ynv_1 = yn, (5.4.72)
b LU,
c1 = Tll, 3aN_1h?V +2by_1hy +cn_1 = T]/\h (5.4.73)
MO b AIZDNWTORIZT D, (5.4.73) 8 1 R& (5.4.69) Di=205c ZHELT
Y2 — Y1 T
by +2b; =3 —3—=, 5.4.74
2 + 201 h% Iy ( )

(5.4.73) # 2 R& (5.4.72) # 2 An b ay_1 ZIHELT

hn T} YN — Yi-1
= phyg — N 432 P 5.4.75
CN—1 5 ON-1 5 + e ( )
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INEi=N-1D0L XD (54.65) ITRATD L,

h T! — i
—7NbN,1 - N4 3M = 3aN,2h?V,1 4+ 2by_ohy_1+cn_o
2 2 2hn
2 hn bn—2 Ty YN —YN—1 YN—1— YN—2
= —hn_ — | by— hny_1=——""+3 — 5.4.76
[3N1+2]N1+ N-1 5t ST v ( )

ZIT, 2R i=N-10D&ID (54.68), (5.4.69) R&EHNT an_s, cny—2 ZIHZE
U7z
PLE& D, (5.4.70), (5.4.74), (5.4.76) 5

2 1 0 . A e 0
0 hi  2(hiy1+hi) hi 0
0 0 hn—2 2(hn-1+hNn-2) hn-1
0 0 a1 dhn_1 + 3hy
by 21
bg Z9
X bi = Z;
bn—2 ZN-2
bn-1 ZN-1
(5.4.77)
ERY, LI DOWTRS ZENTEELDI1LR%, 22T,
v2—yr T4
-3 _ 371
“ 12 ho
=¥l Y gU TVl g .. N —2),
hita h;
ino1 = — 3TN + gYN —YN-1 _ UN-1 T YN-2
hy hn-1

"C%éo bl 75315“:)“7;:‘:)%@{@’2% <‘_’_C: i, Ci, dz 7&*&)50 a; Lil = 1,“' ,N —21Z
DWT (5.4.64) M5, i=N—11ZDWT (5.4.73) 2 2 ANLH/ELND, ¢ IZDVTIE
i=1, N=1IZDWTIX (54.73) 8B 1 KX, (5.4.75) »oThTh, F/2i=2,--- ,N -2
IZOWTIE (5.4.69) BBELND, d; IZDWTIE (5.4.67), (5.4.72) BSHELNS, Zh
TITRTORABEIEONZDT, (5.4.61) HOMIINZAT T4 VEBLBELNS,
T—A 2 DG, EOBNGEMENDS
T//
bl = 717
2 (5.4.78)

T//
3an—1(zny —xN—1) +bn_1 = TN
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ETED, INZEHND L, i=1,NDHHIIDONTH

" 1/

by = %1 3any_1hy +by_1 = 7N (5.4.79)
MO b AZDNWTORIZTEIENTED, (5.4.79) F 1 ANSH SN
by = 1;1” (5.4.80)
(5.4.79) % 2 R& (5.4.72) B 2 A S ay_; ZHELT
CN_1 = W;Lii]\"l - TéGhN - %TNbN,I. (5.4.81)
IN%2i=N-10LED (54.65) IZRATD L,
YN UN-L Tfjl\/th - %JbN—l =3an_ohA_1 + 2bn_2hn_1 +cN_2

hn 6 3
ynv —yn-1 Ty YN—1 — YN—2
N T Np -3 P (5.4.82
e 5 N 3 vy (5.4.82)
WEHEND, 22T, H2REi=N-10D&L XD (5.4.68), (5.4.69) X% HNTay_2, cy_2
ZHEELU,
PAEX YD, (5.4.70), (5.4.74), (5.4.76) 5

= 2[hny +hy-1]bN_1+hN_1bN—2 =3

1 0 0 . . 0
ho 2(hs+ ha) hs 0
0 e hi  2(hiy1+hi)  hip e 0
0 e e 0 hn—2 2(hn—1+ hy—2) hn—1
0 0 hn_1 2(hy + hy_1)
by 21
by 22
X bz = Zi
bn—2 ZN—2
bn—_1 ZN-1
(5.4.83)
ERYD, LIIIODWTRL Z N TED LHIRD, ZZT.
T/I
Z1 = 713
zi:?)yiﬂ — Y _3yz‘—yz‘—17(i:27m N-2),
hita h;
o _ = _ T//
ZN—1:3yN YN 1_3yN 1 —YN-2 NhN

hy hyn_1 2
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Thd, b WELNZHZTDMEEE LI a4, ¢, di ZKDD, a;lFi=1,--- , N=2IZDOV
T (5.4.64) 5, i =N-11ZDWT (54.79) & 2 ANS6H/{LND, ¢ ldi=1,--- ,N-2
IZDWTIE (5.4.69) 25, i=1, N— 11220 TIX (5.4.81) »HHELND, d; iIZDWT
& (5.4.67), (5.4.72) MS/FLND, INTIRNTORAMREDELN/ZDT, (5.4.61) »
LRI N AT I A VBN E LN,

5.5 Braun (2002) IZ& 2BFEIIEDOHOABEHE

Z 2T, Braun (2002) THWSMNTWS, BUEE 7IVIZE 1 D BURAKSUE O HULML iE
RHEET D HIEICOWTRR S,

ZH T L, RAMIOBEHERTIXE B UTHNENT VAL TS DT, B A
FED UM, W S EREDRAMEZ & 2 K FR 7T & SRIRIND. AFEMEED 10
km PAEDF I FEUEE 7V Cld Z O W 5 1E 5T D IR AN B U O B TR 23 D
ARLUTOW ., UL, BETIEBUEE T VOIS - ERE A, BUERTE
DOWEB T (Fuain 5142 100 km FREE) DO - B FHESE % FEMICRBLT 5 2 L A3AfE
ERoT. B RIREIE BBUETE TV & B EHERE DR R IR EREL L Rh o 72,
HMEE T ORI 2 S ABAHE IR 5N 5 & 5128572 " (Braun, 2002). O
FR 72 SEZENZ K, BAATD & 5 Bl SEDORES THLEZ EHET D FEEZHVD &,
HD AT AR D S U C R DA 2 M55 % L WO IRBIBIEA R 5 ND L5 ITA
% (X 5.13 2). Braun O AW ZFEIE, 2O EOIRE % I T 201215 5.

FIEOMEIILTD L1285,

a N
1. W EEREDOREMEZE & 2 A2 H e (M5.11 D fg) £ 9 5.

2. K511 IZBWT, H—HEmEduhe UTEY L OIEHFHEEN (K 5.11 O
PEN) IZIEET DAE T T RN T R R LT 5.

3. BREBMSNORLUIDONT, TOFK A E L E UTHER R OMMHEERN (K 5.11
DIFHRI) IIFAET BT DR TIZ OV TR (4 5.12) b 5 O LY ff 7
ZEREL, SR I NZMBHEBN O N2 TOEE[FA2 2 LADE 5.

4. ZOW T, BRBHEEFIZOWT, R R O M N OREHEfF 2/ O fE
PEHELTOWEDT, ZOMPRNE BRDEFHE2EOTMIEEETD. ZN
X, [IEIZDWT, &E M (HREE) L8> T0W2EREHEL TS L
2725,
N )

1T DR SEEBNIL, BUEE FVCB T RN BT ERT2EDTH .
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pressure and precipitation [mm h—!] (016:50)

100.0

25.0
/N
()
)
&y
%024.0 15.8
i,
~
—
©
-
@)
o
6.3
? 23.0
&
b}
2.5
22.0
1.0

128.0 -.” ) 130.0 131.0 132.0
zonal(degree)

5.10: FEFFIZERUEE T IVIZHE W T B X A7z LRI 28 5 U 3 1 2 T &UE O 5K A
(fks) & Braun (2002) OFEICEWTHEE I 72 BAAY 22000 AL (FRAD). SRR I HE
RIED I, 717 —1ZBK 3. ZORARYT &5, REB I 7TIRIZE 1T 2 /AR KED
EEN L o T, BRI L BARREMAIEFEITRLRD Z L Dn 5.
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ZOTORAIIE T 2E/NT AR EEREOY TN —F VO5IHENKEIED L,

fg = BB —HE M, var dis = X R, search dis = FERMEMHIE L

EWVD KRBERIZERS.

Y

A ++++++4+
+H++HF+H+

+ 4+ 44 + Rt

HHERE SR s
iiii+++I$Amﬁ%é'

ZOFHERRADEFRERTR

e T T

+l o R
++++++++;

5.11: Braun JEOMEER 1. % —HEE M & H0IT search dis ORI DIEHBAHEL (7
) PIAAES B T THHRDAIRI L 25, ZOFIEMOETIZOWT, K5.12
D FETHEREAREZFH T2 (LN TITARFROHPA T NI YT D).

5.6 {48% : 7T

5.6.1 FXKAEXRDOEH

ZITIE UTFORETNVTHAING LA TH 2K ARARZENTS.

K277 1 FEAKY AT LADOESHTH D, AFTIE. ZOMZ Il iR e2HEETS, 2
Z Tl UToRE= B <,
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+ o+

4
4

_|_

RITA > TIER IS

_|_
_|_

+ +
+ ¥ + 4+

THILNERS (B) DERATOELERTIHENSRELSE

+ + + + 4+ + 4+

+ + + + +

5.12: Braun EOBEEE 2. LB O TIZDOWTH UL ETHEREIRE %2 513
LTEDOREEEZ L L (DF VD, BEERAROEHN—FDROK) 2RI L. HERTES
DEREF Ik T KRB IE T D T FV M& T R ORI & [F UIZT 5.
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(degree)
8 ]_ | T T T T T T T T T T T T T T T T T T T T T T T T T T

min—PS—(LAT), TC—(LAT)

2 2 | I N | |11 | | |11 | | |11 | | |11 | | |11 | | ||

125 126 127 128 129 130 131
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Figure 3.2.1 The shallow-water model.
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