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gfortran (2B 7V I 7+ TRIEE. gfortran (JIFMlD I3 T HHET
R, HEWVFBBIE L TORRENREINTVARVWGENRDH D, INIFEEN
HEEU 2TV NVIDOT T =N T INLETH B,

o 1ITOXFEMIRIZ LD =T =2 7ZBRIZIX, "-ffree-line-length-none"

ziahd 5.
o EFRINTWVDEITKADHIPHZHEZ MM ASTND LWL EE X, "-fno-range-check"
ZBINT 5.

e basis BV a— )UK, time Z2BMNSBHEINTVWARNVWEDIT T =23 H /256
IX, src/basis.f90 D rand make I —F VIZHWT, time BEIZDWVWT WD
JEME% external 75 intrinsic IZEHLT, 91477V %2 RLABT.

FREIE 4
OpenMP I IZ Segmentation fault 9 %%%, OpenMP Al H D54 T [FAIEK
DLT—NHENEF Y795, [AROTT —2HNE, 7075 LD S5
LT —ThdAREMEN =, UL, AMEHRIZERK T 3554, OpenMP O£
T4 R=FALY RICHBINZATY ARV I RENALAL LTS ZLIZLdT
7 —OHEEENE. ZD8E, OpenMP AR L T\ 5 ERIEA R OMP_STACKSIZE
WCAEY ALY 7 DOEEZGICIRELTAS GEL <X 2.2 2H).

FEREIHES
KT — & % @9 2354, YT —F > T stack IZHEREIND AT ) BEDN
AR UTWS Z & T Segmentation Fault 2349 5 GeENH 2D, TDHEIEK, A
B IR I NG AT g% & — THIBICHER TS Z L CRIT X208 LT
BN, ifort DA, AV INA AT 3L UT "~heap-arrays HUfE" DRRKIZHE
ETNE, b —THIRICA T FHIBEZERTD LTSS,

2.1.2 PUAVAM—

TUVAVAN=IE A VAN—NVEDTATIVELY, EVa—I)VT7 71 )% FH
THIFRT XKW, 72, BT L2 MY AOD config.log FDHRMART 7 A Vi
make distclean #3179 25 Z L THIFRWEETH S,
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2.2 fHWA

2Tl BEUNIAST A TIVDEY a—IVEHARA, BYIZHTIN—F 2 & AN
V—A7 74N HBLUT, TOYV—A52AVN(INTBEIrx2E25, 20X 7
072DV )ZE, AROERZBHOBRBEICEDLDE THEZE IHMZANIEL OK T
H5,

a8 4 -I(includedir D/NA) V—AT7 7 A% -L(prefix/lib D/3R)
-1stpk

F2EITTDHE, a.out LOWODEFERD IO T I ABMERINDIZTTTHD, =L,
IV IWEEDZDOMA T a vidA Vv A b —)VIFIZ FCFLAGS IZ&RE LA TV a v %
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.

2018 4 4 A 19 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
x <R,DP(:,:)> in x HEDRT NIVEST.
y <R,DP(size(x,1),size(x,2))> in y AIRDNRZT NIV
dis <R,DP(size(x,1),size(x,2))> inout #5mlTOHXH.
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,DP(:,:,:)> in x HIDRT NIV
<R,DP(size(x,1),size(x,2),size(x,3))> in y DRI NIVEST.
z <R,DP(size(x,1),size(x,2),size(x,3))> in z HEDNRT NIV
dis <R,DP(size(x,1),size(x,2),size(x,3))> inout Kl TOHiXI{HE.
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 N EREA DB F R TRERIND 2 KR MVONEZFHET D)L —
F.
==5a
call dot_prod_2d( x, y, u, v, dot, [undeff] )
5l
X <R,DP(:,:)> in x HMOD 1 RZ7 MIVERS.
y <R,DP(size(x,1),size(x,2))> in y AIFD 1 X7 NVEsT.
u <R,DP(size(x,1),size(x,2))> in x FED 2 X7 NVksr.
v <R,DP(size(x,1),size(x,2))> in y AED 2 X7 NIVEST.
dot <R,DP(size(x,1),size(x,2))> inout sl TONFEIH.
undeff <R,DP> in AREFRAA.
E&ER

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.
N7 MIVDERIN 1 DOTEREBRETHDGE, TORTONMEHEIIREREL LS.
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(]

Rz L.

3.1.4 dot_prod_3d

52313
TV NEERADEE TR TERIND 3 KTeRY MVONEEZAETLZI—F .
£
call dot_prod-3d( x, y, z, u, v, w, dot, [undeff] )
518
X <R,DP(:,:,:)> in x HFD 1 XY NIV,
y <R,DP(size(x,1),size(x,2),size(x,3))> in y AED 1 RXT7 NV
z <R,DP(size(x,1),size(x,2),size(x,3))> in z JiED 1 X7 NIVEKST.
u <R,DP(size(x,1),size(x,2),size(x,3))> in x HFD 2 X7 NIVEKSY.
v <R,DP(size(x,1),size(x,2),size(x,3))> in y AID 2 X7 NIVEST.
W <R,DP(size(x,1),size(x,2),size(x,3))> in z A 2 RT NVRKS.
dot <R,DP(size(x,1),size(x,2),size(x,3))> inout A TONFEE.
undeff <R,DP> in HRAE FRMH.
E&EN
2 FHEAD 3 RIERZ MV a, b DT H)V N ERERTIX,
a=(x,y,2), b =(u,v,w)
CEFEINLZEE, TNH6DOHNE a - b 1
a-b=zu+yv+ zw
RS INSDEHEN—F VOFIEDONIGERIIEATOEED) THD.
(r,y,2) = x,v,2, (u,v,w) — u,v,w,
a-b — dot.
N7 NIVDERN 1 DOTEREBRBTHDGE, TORTONMEIIRERL KD,
=3
RlZR L.
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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] )

511
X <R,DP(:,:)> in x HMD 1 R7 MIVERS.
y <R,DP(size(x,1),size(x,2))> in y AIFD 1 X7 NV
u <R,DP(size(x,1),size(x,2))> in x HED 2 X7 NVksr.
v <R,DP(size(x,1),size(x,2))> in y AIED 2 X7 NIVEST.
vec <R,DP(size(x,1),size(x,2))> inout sl TOHFEIH.
undeff <R,DP> in AEFRAA.

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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<R,DP(:,:,:)>

<R,DP(size(x,1),size(x,2),size(x,3))>
<R,DP(size(x,1),size(x,2),size(x,3))>
<R,DP(size(x,1),size(x,2),size(x,3))>
<R,DP(size(x,1),size(x,2),size(x,3))>
<R,DP(size(x,1),size(x,2),size(x,3))>

vecx <R,DP(size(x,1),size(x,2),size(x,3))>

% < £ N < M

vecy <R,DP(size(x,1),size(x,2),size(x,3))>
vecz <R,DP(size(x,1),size(x,2),size(x,3))>
undeff <R,DP>

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

a = (xvyaz)a b= (U,’U,U))
CREBINLZLE, ZNHDAFE a x b I

a xb=(yw— zv,zu — zw, TV — YU

in
in
n
in
n
n
inout
inout
mout

in

x HED 1 RT NV,
y HEOD 1 X2 NIV
z J3ED 1 X7 NIVES.
x D 2 R NVES.
y HEOD 2 X7 NIV
z JED 2 X7 NIVEST.
ZRTO x F RO,
ZRTO x FRDAIFELE.
ZRTO x FRDHFIE.
FRAE 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 2018 £ 4 H 19 H (EHEH)
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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 2018 £ 4 H 19 H (EHEH)
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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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3.2.9

factor
itime

ctime

<I>
<type(dtime)>
<type(dtime)>

sec_convert

in
in

inout

Z W% 47 5 K [hour].

ZEEi DA H
2t DA H

FEROMBONMBREZT o7 TOHKZIKT,

call sec_convert( factor, itime, ctime )

518
factor <I>
itime  <type(dtime)>
ctime  <type(dtime)>
EHEN
7
e
73:
3.2.10 check array _size_1d
HeE
BFIDY A X% F v 73 5,
X

result = check_array size 1d( n, a )

518K

in
in

inout

IR 2 47 5 MR

ZHHETOFHH
ZHROFHH

o BIZIX, JST M5 UTC 12T B854, factor=-9 &£ UT, itime IZ JST T
DA% AJ1$ 5 L, ctime 12 UTC OFRZIMNR I NS .

main.tex
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n <I> in 1 RCES] a DEIEEL.
a <I*,R,DP(:)> in FZED 1 R,
RO <1> inout F v ZHER (k).

EEX

EED 1 Rochld] a DERBHD G n DEL —BL TN ESINEF VI 5.

LZLINE 0, BE>THIUE 1 2iRT.

"%
BU.

3.2.11 check_array_size_2d

2 KT a O — AL,
2 KGRI a O B,
RO 2 LRSI,

Ty 2GR ().

EED 2 Kothly] a OERBAGE n1, n2 ODfEE —FH L TWENE S NETF oY

Bene
sy A X F v 795,
£
result = check array size 2d( nl, n2, a )
5%
nl <I> in
n2 <I> in
a <I*,R,DP(:,:)> in
RUME  <I> inout
EEN
795, Fry ZFERIFLTOEEY:
RY{E O : n1, n2 & &, EEEN—E
RYME 1 : n1 DA, EREN .
RYME 2 : n2 DA, BEREEHM—E.
RYME 3 : n1, n2 & &, BEHDL L
e

2.

3.2.12 check_array_size_3d

HeE
B DY A X% F v 7§ 5,

main.tex
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=R
result = check_array_size 3d( nl, n2, n3, a )
515
ni <I> in 3 RICHLH] a D —ZIZREL.
n2 <I> in 3 RICHLH] a D —FRH.
n3 <I> in 3 KILHL] a D =FFEH.
a <I*,R,DP(:,:,:)> in LD 3 RIthLS.
ROME <I1> inout F v ZHKER (k).
EERN
ERED 3 RIEhLY] a OEREMNEIH n1, n2, n3 DAL —HLTWBENE I 1%
FIv 95 Fy IRERIFLLTFOEEY:
RYME 0 : RERTERLN L
RYME 1 : n1 OH, EREPIA—EL
RYME 2 : n2 D&, EREPA—EL
RY{E 3 : n1, n2 OA, BEREENLA K.
RYME 4 : n3 D&, ERENA—EL
RYME 5 : n1, n3 DA, BEHILL .
RYE 6 : n2, n3 DA, BEEHILAL .
RYE 7 : RERTEZBDA—EL
e
L.
3.2.13 check_leap_year
Bee
EENEDINEF Y 7T 5,
=R
result = check leap year( year )
E1E
year  <I> in F v 7450
ROME <L> inout MHERS .true..
EERN
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S 1 TEED 4 OfEBO & X, D 100 OEETIE AR,
S 2 PN 400 DfEED & X
B TEEDY 100 DFEED, 400 DREETIZ BN E &, FETIER V.

(]
U,

3.3 derivation

WA ZARAED THET DN —F UV, KEYV 2 -IHAMAENTVWDIL—F
TlE, TRTOWHEIRIZENT, 2 KEEOHFLAEDERZ ANTHS 2 #Hlid5, =&
B, dHli SO LT B EHEBOMIZ BV TIE, 1 KKEEICEDOELEE LTI LTI
Mz94 5,

BB, TRTON—FVTHONONT WS AT —I)VHFOEREERTOMEE, FED
FERESRIZ 81T 2 A7 — VN T OB HIEIZDOWTIE, 7728106,

3.3.1 curl
BERE
2 KOG MV HIEZERT .
=—5.
call curl( x, y, u, v, val, [undef], [hx], [hyl, [ord] )
513
x <R,DP(:)> in AT R —FERE.
y <R,DP(:)> in TR R
u <R,DP(size(x),size(y))> in X \ZXIRg 2 RT M.
v <R,DP(size(x),size(y))> in NS SN IS AN/ D
val <R,DP(size(x),size(y))> inout iM%,
undef R,DP in HAE FH.
hx <R,DP(size(x),size(y))> in x HED AT —IVIA T
hy <R,DP(size(x),size(y))> in y D AT — VKT
ord L in WA EDIEE 2 ANG 2 5 (HESR).
EHEN

BWIERTDHRENRY M (e, es, e3) & DIFREEIE (11, 10, x3) (251 D, JHAL
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U7z 2 X7 MVDEEE curl #E518E T 5 -

1 a(hguz) a(hlul)
1= . = _
curl=e3-V xu I pre s

ZIZT, u= uie1 + uses + uges fa;) U\ hl,hQ,hg Li%d’b%ﬂ’b r1,X2,X3 L:ﬁﬁﬁ’é‘
BAT—IVHFTHE, TOLE, SIBIEUTONIEET 5,

Ty X, X2y, Ul U U2V,

hy : hx, ho : hy, curl : val
THINEERADIGE, hi =1,hs =1,hs3 =1TH2DT, BHIZ

ZEMET S I IR D,
"%

o A7 avord 3MAFEDK, FAEZNREIELZ ATV a vy THY,
.true. : EHEEIRE, .false. : IEAXEX

L85, T7AINVME true., 2F Y. false ZIRET N, ATDEHEZLT
HDZELLAZETH D,
1 8(h2u2) 8(h1u1)

l=—e3- = — —
cur e3-Vxu Il s 025

o REBMMNERINTVDIHGIE. TOEICHIET DEIETFRIZASTND
L. TOT20EE 2 UTHAL TSI RTTOFHRMEM?§ R TRE
B UTREINTEIND.

3.3.2 curl 3d

Hae
3 RICNRT NIVING 3 RGiHEZEHT 5.

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

518K
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% < £ N < M

zeta
eta
xi
undef
hx
hy
hz

EEN

<R,DP(:)>

<R,DP(:)>

<R,DP(:)>
<R,DP(size(x),size(y),size(z))>
<R,DP(size(x),size(y),size(z))>
<R,DP(size(x),size(y),size(z))>
<R,DP(size(x),size(y),size(z))>
<R,DP(size(x),size(y),size(2))>
<R,DP(size(x),size(y),size(z))>
<R,DP>
<R,DP(size(x),size(y),size(z))>
<R,DP(size(x),size(y),size(z))>
<R,DP(size(x),size(y),size(z))>

in
n
n
in
n
in
inout
inout
mout
in
n
n

in

GF R — AR

G TR TR,

G F R = AR

X IR DT ML,
y ISR ST ML,
7 (BT H NI ML,
X (IR Y B [E]#E.

y SR Y B [A]#E.

z \ZR Y % [A]HE.
FRAE FH.

x FOD A —)VIRF.
y HEID A — VIR -+
z FWEOD AT —)VIAT-.

Eb\Klﬁiiﬁ"é%féﬁf\ﬂ ]\}[/ (61, €9, 63) %:E)OEH%%@Z&E% (.%'1,21?2,.1‘3) C:BH%), ﬁﬁ
U7z 3 NI MVORE rot Z5HET 5 -
1 . Jd(hsug)  O(haua)
hihahs | ' Oxo Oxs

a(hlul) 8(h3u3)
T e { 8903 8901

ot )]

ZZT, u= uje1 + uses + uzes VCf‘f) U\ h1,h2,h3 &i%m%m T1,X2,x3 6:5@‘55'3
BAT—NVRTFTHE, ZOLE, FIBIFLLTOXIEET S,

div=V xu=

Cer +nex+E&es

r1 X, X2y, T3 2Z
up :u, U : Vv, U3 : W,
hy : hx, ho : hy, hs:

¢ : zeta, 17 : eta, &£ : xi.

TV NEEERDSE, hi =1,hg =1,hg =1 TH2DT, HHIZ

dive e, JOUs Ou2l  JOwm Ous) ,  fOus Ou
! 8.%‘2 83?3 2 8903 8901 3 8:(}1 83}2

REETD IR D,

e
o REZBMMNERINTVDIHEIEX, TOMEITHINT 2MEIETRIZASTVD
Ba. TORTZ2UBEM 7 UTHHELU TSR TOFEMENT X TRE
FHEELUTREINTEIND.
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3.3.3 div
BERE
2 RIENYT MV R EFHET 5.
£
call div( x, y, u, v, val, [undef], [hx], [hy] )
511
x <R,DP(:)> in AT RE—PFERE.
y <R,DP(:)> in TR R
u <R,DP(size(x),size(y))> in X XIRg 2 RT M.
v <R,DP(size(x),size(y))> in NS SN IS AN/ D)
val <R,DP(size(x),size(y))> inout F&HX.
undef <R,DP> in HAE FRAH.
hx <R,DP(size(x),size(y))> in x HD A — VK.
hy <R,DP(size(x),size(y))> in y DA — VKT
E&ER
FAMIER T B AR Y MV (eq, e0) % & DHIEERT (21, 22) 1251 5, ML L 7= 2
N7 MVOFER div 25T 5 -
o o 1 G(hgul) 8(h1U2)
le - V v= h1h2 (9%‘1 + 8:62
ZZT., u=uie; +uses ThlY), hi, ho S dare) T1, X2 W2 Ied % A —IVIA
TTHhHhdH, ZOLE, 5IIILLTONIGET D,
T X, T2 Yy, Uy u, U2 v,
hy : hx, he : hy, div : val.
TNV NEERDEGE, hy =1,hy =1 THDDT, HHIZ
. 8u1 8U2
div = 0:61 81‘2
ZEET B LIIRD,
e
o RERMMEHZINTVIHEIEX, TOMEIIHRT DEIMETAICASTVD

Bt TORT 2T UTHAL T SIEFRTOFRMENT N TRE
FEE U THREINTRIND.
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3.3.4 div_3d
Hee

3 RGN MV LR ZFRET 5.
o

call div.3d( x, y, z, u, v, w, val, [undef],

518K

X <R,DP(:)>

y <R,DP(:)>

z <R,DP(:)>

u <R,DP(size(x),size(y),size(z))>
v <R,DP(size(x),size(y),size(z))>
W <R,DP(size(x),size(y),size(2))>
val <R,DP(size(x),size(y),size(z))>
undef <R,DP>

hx <R,DP(size(x),size(y),size(z))>
hy <R,DP(size(x),size(y),size(z))>
hz <R,DP(size(x),size(y),size(z))>

EEX

[hx],

n
in
n
in
in
n
mout
in
in
n

in

(hyl, [hz] )

G R — PERE.
GFREE AR,

G F R = AR

X \ZHIRNG DT b,
y SRR SR b,
z W H N7 M.
FEHK.

FRAE FH.

x S D A —)VIHF-.
y HEID A — VIR -+
z HD A —IVAF.

HVZEZT 2 HIER Y ML (ey, es, e3) % & DRI (21, 10, 25) 1251 %, Mz

U7z 3 RZ MVOFE div 238E T 5 .

1
Av=V u= Ohahzw1) | O(hshs

UQ)

I(h1haus)

hihahs Oy Oz

8.7}3

ZZT, u=ujej +uzey + uses ThHY. hi,hso, hs S gar el x1,T9,T3 NS

AT —NVHRTTHD, ZO&X, BIBIILTONIEET 5,

1 X, X2 Yy, X3 : Z

)

up o u, U IV, U3 W,

hy : hx, ho : hy, hs : hz

div : wval.

THINERERDEGE, hy=1,hg =1,hs =1 THDDT, HHIZ

8u1 6u2 GU3
921 Ozy | O3

AT LIIRD,

main.tex
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(]

o REHRMEMNEZEINTVDLEIE, TOMIIHIET DEMVHEFRIZASTNS
L6, TORTEZUEE T UTHHAL T SI& TR COFRMEN T R TRE
BHE U THREINTRING.

3.3.5 grad_1d

BEEE
2 ROFULEDER ZE FHCT, (FREROLAR 2 57T 5.
=X
call grad_1d( x, u, val, [undef], [hx] )
515
x <R,DP(:)> in 2 [ A AL,
u <R,DP(size(x))> in X DEMTEREINDEH.
val <R,DP(size(x))> inout &JFEE.
undef <R,DP> in HAE TR
hx <R,DP(size(x))> in x FFOD AT — VIR
EER

BERS (1) 1283 B 2550 ¢ DA
199
h1 8951

TEHIND. TIT, h ¥z BEDA T —IVAFTHY, THI NEEOEGE,
hi =1Thd. ZOHEZBRELR ¢, B I N ALERBEE z; (2L T, 2 KK
JED LD EBE FAWTEAT 2 &, B0 o 1I28 124 G; 1%

1 dit1—¢ia

hi dei

THEIND. 22T, bl 2 1B 2 AT —IVIN+F,

Gi =

Titr1l — Tij—1
dﬂ?izipr 9 !

Thd. 2O X, 5IBUIFLLFOXINE TS -
T P X, ¢; :u, h;: hx, G; : val.

77U, ZOEMTIRAESROMIC BV TSI ED 2 BB DT, MEE TR 1 ki
DADEBTEHEIND.
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(]

o REBMENERINTVDIHEIE. TOEICHIST DEIETRIZASTND
Gith, TOMF 2B UTHEAL TSR RTOFEREN TN TRE
HEEUTHREINTEIND.

3.3.6 grad 2d

BéRE
2 ROFULZEMEME HWT, (EEE RO 2 RuGAENRT MV EEETS.
=X
call grad 2d( x, y, u, valx, valy, [undeff], [hx], [hy] )
511
x <R,DP(:)> in o — 7 [ R A
y <R,DP(:)> in 58 7[R A,
u <R,DP(size(x),size(y))> in Ll % GHE 9 5 25
valx  <R,DP(size(x),size(y))> inout x HMADAKNZT K.
valy <R,DP(size(x),size(y))> inout y HRIDHHNZ M.
undef <R,DP> in RELTAE.
hx <R,DP(size(x),size(y))> in x HED AT — VIR
hy <R,DP(size(x),size(y))> in y HED AT — VAT
E&ER

ST BV (e, e0) THRHET NGB (21,00) KBV SLMu £ HHTS -

e ou €9 ou
d= - — 42—
gra h1 8x1 + hg 6952

ZDLE, I TOXNIGZE T 5,

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

1 Ou 1 1 Ou 1
——— : valx, —— : valy.
hi 0x1 ’ hg Oz y
TN NEERADLGE, hi =1,hg =1 THDNDT, HfZ
J ou n ou
rad =e;— + eo—
& 18:61 281‘2

ZEET I LR D,
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(]

o KREBMEMEBINTWVWDIGAIX., TOMIZKIGT ZENIEFAEIZADTWD
BE. TORTEZUHEFE UTHAL TV DTS TOREMEAT R TRE
FHEL L THREINTRINSD.

3.3.7 grad_3d

BERE
2 ROFULZE L ZE W T, [EEZOMANL 3 RocABl N MV EEHET 5.
X
call grad 3d( x, y, z, u, valx, valy, valz, [undeff], [hx], [hyl, [hz]
)
518
x <R,DP(:)> in B — 2B [ A
y <R,DP(:)> in 8 T[] A,
z <R,DP(:)> in o = 7B [ A
<R,DP(size(x),size(y),size(z))> in Rl % 5HAET 2L
valx  <R,DP(size(x),size(y),size(z))> inout x AHDAENRT L.
valy  <R,DP(size(x),size(y),size(z))> inout y AMHODEENRT M.
valz  <R,DP(size(x),size(y),size(z))> inout =z HMHDEHAFNT M.
undef <R,DP> n HRAE .
hx <R,DP(size(x),size(y),size(z))> in x HHED AT —)VIRF
hy <R,DP(size(x),size(y),size(z))> in y RO AT — VKT
hz <R,DP(size(x),size(y),size(z))> in z HD A — VR
E&EN

%E@/\ﬁ ]\)1/ (61, €9, 63) (ﬁ%ﬁﬂé@*ﬁ (1:1,.%2,.%3) C:EBU%/E@U %ﬁ%‘%}—d—é .

rad = 100 €2 0u | 3 Ou
& a hl 81)1 h2 81‘2 h3 6953

ZOLE IBIFLTNONIGE T S,

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

1 Ou 1 ou 1 Ou
h—la—xl : valx, h—272 : valy, higaia:g : valz
TV NEEERDE G, by =1 TH2DT, HAIZ
ou ou ou
grad = e1a—$1 + 6287:1:2 + ega—x3
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RHETD IR D,
&

o REHRMEMNEEHEINTVDLEIE, TOMIIHIET DMHEMIHEFRIZASTNS
L6, TORTEZUEE T UTHAL TS IE TR CTOFRMEN T R TERE
BELUTHREINTRIND.

3.3.8 grad4_1d

BEBE
4 ROFULNEEMZE AW TEEZEBO AN %2 5157 5.
X
call grad4 1d( x, u, val, [undef], [hx] )
5%
x <R,DP(:)> in 28 [t AL,
u <R,DP(size(x))> in x DHRETEHRERINDEH.
val <R,DP(size(x))> inout &JHEE.
undef <R,DP> in HIE FRAH.
hx <R,DP(size(x))> in x HD A — VA
E&E

JERE (21) 12851 D ¢ DAELIE

199

h1 Bxl
TEHIND. TIT, h 1d o BEDOA T —IVRTFTHY, THINEEOEGE,
h1 =1Thd. ZOHEEHEZEE ¢;, BEEUL I N ALE R 2, (WU T, 2 KK
EDFLNZESEMZ HWTHEHT S &, BN 2, (281240 G; 1k
11241 —di1 it2 — i2
THEIND. 22T, b 12 2B AT —IVAF,

G; =

Ti+1l — Ti—1
2

ThHd. ZOLE, 5IBIFLLTONRET S -

d.’L’i =

T T X, ¢; +u, h; : hx, G; : val.

772U, 2O TIRFHEEOmIZE TS RAN R R LDDT, Ml TIE 1, 2 X
WEEDAEDNELTEEIND.
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(]

o REBMENERINTVDIHEIE. TOEICHIST DEIETRIZASTND
Gith, TOMF 2B UTHEAL TSR RTOFEREN TN TRE
HEEUTHREINTEIND.

3.3.9 grad4 2d

BéRE
4 RO EAAL % FAWT, [LEAEDOMN 2 KA ANY MV EFHAET 5.
=X
call grad4.2d4( x, y, u, valx, valy, [undeff], [hx], [hy] )
511
x <R,DP(:)> in o — 7 [ R A
y <R,DP(:)> in 58 7[R A,
u <R,DP(size(x),size(y))> in Ll % GHE 9 5 25
valx  <R,DP(size(x),size(y))> inout x HMADAKNZT K.
valy <R,DP(size(x),size(y))> inout y HRIDHHNZ M.
undef <R,DP> in RELTAE.
hx <R,DP(size(x),size(y))> in x HED AT — VIR
hy <R,DP(size(x),size(y))> in y HED AT — VAT
E&ER

ST BV (e, e0) THRHET NGB (21,00) KBV SLMu £ HHTS -

e ou €9 ou
d= - — 42—
gra h1 8x1 + hg 6952

ZDLE, I TOXNIGZE T 5,

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

1 Ou 1 1 Ou 1
——— : valx, —— : valy.
hi 0x1 ’ hg Oz y
TN NEERADLGE, hi =1,hg =1 THDNDT, HfZ
J ou n ou
rad =e;— + eo—
& 18:61 281‘2

ZEET I LR D,
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(]

o KREBMEMEBINTWVWDIGAIX., TOMIZKIGT ZENIEFAEIZADTWD
BE. TORTEZUHEFE UTHAL TV DTS TOREMEAT R TRE
FHEL L THREINTRINSD.

3.3.10 grad4_3d

BERE
4 ROFDFED R E W T, ALREROMNL 3 RotAB R MLz itHEd 5.
X
call grad4 3d( x, y, z, u, valx, valy, valz, [undeff], [hx], [hyl, [hz]
)
518
x <R,DP(:)> in B — 2B [ A
y <R,DP(:)> in 8 T[] A,
z <R,DP(:)> in o = 7B [ A
<R,DP(size(x),size(y),size(z))> in Rl % 5HAET 2L
valx  <R,DP(size(x),size(y),size(z))> inout x AHDAENRT L.
valy  <R,DP(size(x),size(y),size(z))> inout y AMHODEENRT M.
valz  <R,DP(size(x),size(y),size(z))> inout =z HMHDEHAFNT M.
undef <R,DP> n HRAE .
hx <R,DP(size(x),size(y),size(z))> in x HHED AT —)VIRF
hy <R,DP(size(x),size(y),size(z))> in y RO AT — VKT
hz <R,DP(size(x),size(y),size(z))> in z HD A — VR
E&EN

%E@/\ﬁ ]\)1/ (61, €9, 63) (ﬁ%ﬁﬂé@*ﬁ (1:1,.%2,.%3) C:EBU%/E@U %ﬁ%‘%}—d—é .

rad = 100 €2 0u | 3 Ou
& a hl 81)1 h2 81‘2 h3 6953

ZOLE IBIFLTNONIGE T S,

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

1 Ou 1 ou 1 Ou
h—la—xl : valx, h—272 : valy, higaia:g : valz
TV NEEERDE G, by =1 TH2DT, HAIZ
ou ou ou
grad = e1a—$1 + 6287:1:2 + ega—x3
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RHETD IR D,
iB5E

o REBMMERINTVDHEIEZ. TOMEICHIET DEPEFRIZASTND
Bt TOMTEUHEETE UTHEAL TO SR RTOFEMEN TN TRE
FHE U THREINTRINSG.

3.3.11 laplacian_1d

2 MOHFLNEDELZ FAWT, AFEEZRD 1 RoiES TS5V 7 Ve idEd5.

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

518

x <R,DP(:)> in 2 [ A AL,

u <R,DP(size(x))> in X DEMTERINDEH.
val <R,DP(size(x))> inout 2 MEAJEIH.

undef <R,DP> in HAE FRMH.

hx <R,DP(size(x))> in x HAID AT — VK-

EER
JEASE (1) 2B DB u D 2 D E2EH TS -

laplacian = ii (18u> = i@ + lﬁi <1)2.
hl 8351 hl 81‘1 h% 8.7}% 2 8$1 8.%1 h1
ZZT. i EAT—IHTFTHD, ZDOEN % BERET u;, B S 72 A7 & EE
i WU T, 2 TEEEDHLEMNEMEHCCHEMAT S &, BT 2 2B 13577
ZTT VGl
1w +ui—q — 2

Uj

THEINS. 22T, Geo. 1A —I)\VAFDZEMWDNIZE#ETZIETH Y, HIZ
1 B TR N T WS, ZOHEE FRERIC 2 TEEOFLEMILE Vs, Z

DEE, FIEEATOMIGZE TS ¢

r; %, u; :u, G :oval, h; : hx.

B%
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o REBMNERINTVDIHGIE. TOEICHIET DEIETRIZASTND
L. TOT2UEE T UTHAL TSI RTTOFRME? T R TERE
FEE U THREINTEIND.

3.3.12 laplacian_2d

2 RO IELZ T, FERERD 2 RouES 737 Vit T 5.

call laplacian 2d( x, y, u, val, [undef], [hx], [hy] )

518

<R,DP(:)> in 22 [ PR — .
<R,DP(:)> in 75 [ AL 2R — %47
u <R,DP(size(x),size(y))> in X,y DEMTERINDIEH.
val <R,DP(size(x),size(y))> inout 2 FEAJELfE.
undef <R,DP> in HIEFHAH.
hx <R,DP(size(x),size(y))> in x HD A — VIR
hy <R,DP(size(x),size(y))> in y AED AT —)VIRF-.

e
EFHxT

JERR (21, 22) (BT 2L uw D 2 PERD 25155 -

laplacian — —— |9 (P2 0u 9 (hi Ou
P N h1h2 6$1 hl 8$1 63)2 h2 833‘2

Ry
~ h?ox}  h30x3
Lo (\, 1o (b
Qh% 8.%'1 81’1 h1 2h% 8.%'2 81‘2 h2

ZZT hy, e BAT—IVIRTTH D, ZOHERMEER u; ;, LI W ALE

PERE @y, 25 W UTC, 2 REGEDOHLA D EBZ AW THEMAY % &, BBUN 2, z; 12
BTV T VGl

Gy — L ugr Fuim — 2wy 1w w1 — 2u

Ch3 dx? h3 da?

+ Geo.

TEHAEIND. ZZ T, Geo. AT —IVAFDEMMWDIZE#ETZIEHTH Y, HIZ
1 MO THREERINT WS, ZOEE FEBKIZ 2 ZEEOFRLESEMZHAVS, Z
DEE, FIBIZLLTOXNIEZ TS :

r; X, xj iy, ui; :u, G;; :val, hy :hx, hy : hy.
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(]

o REBMENERINTVDIHEIE. TOEICHIST DEIETRIZASTND
Gith, TOMF 2B UTHEAL TSR RTOFEREN TN TRE
HEEUTHREINTEIND.

3.3.13 laplacian_3d

2 RDOHFLFET I Z FINT, ALREERD 3 KOtIES 7537 VR EHET 5.

call laplacian 3d( x, y, z, u, val, [undef], [hx], [hy]l, [hz] )

518

x <R,DP(:)> in 75 [ B — B 47
y <R,DP(:)> in 22 [H RS — R
z <R,DP(:)> in 22 [ RS = .
u <R,DP(size(x),size(y),size(z))> in X, v,z DERTCEEREINDEZH.

val <R,DP(size(x),size(y),size(z))> inout 2 FEAJEIE.

undef <R,DP> in KRAEFHAH.

hx <R,DP(size(x),size(y),size(z))> in x HEDAT — VIR
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)VERF.

EEX

FERS (21, w9, 23) 125 B 58w D 2 WA % 3HETS -

laplacian = — | 0 (P2hs 0w | O (hshi Ou | O (hihy Ou
placian = hihahg [Ox1 \ h1 Oz Oxo \ ho Oxo dz3 \ hy Oxs

1 Pu 1 0%u 1 0%u
 hi0st T h30x3 T h30r3
1 ou 0 h2h3 2 1 ou 0 hghl 2 1 ou 0 h1h2 2
2’13’1%59513961< h1 > 2’1%3%209@2< ha ) 2’1%’135?633%3( hs )
ST b AT MHTCHB, DN M BB 7
B, @y, xp WU T, 2 ZAMEEOHLEDN I E AWVCERT S &, BEEUL 2, 2, 2
BRI TSIV TV G@j,k 23

Gy oy = Lk T Uim1 gk = 2Uig | Wil UG-tk T 2Uigk | Wit Uikt T Uik o
b dx? dx? da?
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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, T Ty, Tk 2Z, Uk :u Gyiip:val, hy : hx, hg : hy, hg: hz

(]

o REHRMEMNEZINTVDLEIE, TOMIIHIET DEMPKEFRIZADTNS
L6, TORTEZUEE T UTHAL T SIE TR COFRMEN T R TERE
FBHE U THREINTRIND.

3.3.14 z_2_zeta

Bee
TV N FERE R SR E FE FEAELZ 3% terrain following FEAER (BAF, terrain %)
CATIERE YL Y SR ORI /B O AN VAT A = & A DZAN AN
ZX
result=z_2_zeta( z, zf, zt )
518
z <R> in MRHE A (m].
zf <R> in MR = [m].
zt <R> in i B & [m).
RYfE  <R> inout terrain AEE [m.
EER
terrain SREATEFEAE ¢ 1T A1)V D RBRIEFEAE 2~ % FIWT
Ztop |2 — 2zspe(,
(lay,z) = o~ Zoael2o0)
Ztop — Zsfc(x7 Y, Z)
TEHINTWVD.
e
Rrizz L.

3.3.15 =zast_ 2 w_2d

Hae
terrain following JERER (BAF, terrain &) TEZRINDIHD 1 HEREIZHNT,
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TV NERER TER I ND INEEE % terrain following FEFER TREHZR I N HE
JGEIZEH T B, 72720, I TIREBERDOEBRIZITHRN, H< ET terrain R
DI BIT D T )V NEERAHE % terrain RKDICEMT DDA TH D, &
I—F V& terrain R FREICEZINALT AL MEZERBERND % terrain
BRERDICERTZIL—FVTHZ L

ZX
call zast 2w 2d( x, y, zeta, zf, zt, u, v, w, wh, [undef] )
5%
x <R(:)> in T AV R — R
y <R(:)> in T 7V R R
zeta  <R(size(x),size(y))> in terrain RO 1 &
BT BEEE [m].
zf <R(size(x),size(y))> in R = A [m].
zt <R(size(x),size(y))> in i B [m).
<R(size(x),size(y))> in zeta (259 2 WP EGE [m/s].
<R(size(x),size(y))> in zeta (XTI d 2 FEALJEGE [m/s].
<R(size(x),size(y))> in zeta (X IGY 2 BREJEGE [m/s].
wh <R(size(x),size(y))> inout ZEHEOFEHE [m/s|.
undef R in R RE FHH.
EEN

AN —F VFICEHFNIET W)V NEERDAEZEEL TWd, SRR T E,

terrain R EIZEWT, T ANV MNEFRTERIN TS HA, mit, hiEE
HE (u,v,w) & U, terrain RIZH D EEREMEEZ (LTD. DL X, TV NE
EERDSNEJEHEE /T % terrain RENEEGE ST W ITEHT B ITIFLLND & 5 B2 #

AZHWS : .
W = W [w + J31u + J321)] s
al2 = % —1_ Zsfe(T,Y)
6( Ztop ’
C aZSfC(:Ea y) C aZSfc(l',y)
= _ ) Bl Y) = _q) L)
T < Ztop ) Ox B Ztop 0 Yy

Z 2T, terrain RAEERE ¢ 1%

Ztop [2 — Zsfe(T, Y)]

Ztop — Zsfe(®, Y, 2)

CEHZEIND, TIT, x,y, 2 1 ET IV NEER, Ztops Zsfec WXENTNT AV
EEOSHE ST FRE L, MREEEE2ERT, ZOLIEBEOTOT I LIBIT5
BIBUIILA O INE 5 -

C(x7 y7 'Z)

(u,v,w) : (u,v,w),
TEHRBINTVBRTEEE EHINTOEARY MVES ORBERNRL > TS Z & IS,
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((x,y) : zeta(size(x),size(y)), (z,y) : (x,y),

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

B%

o REHRMEMNEHEINTVELEIE, TOMIIHIET BMHEMVHEFEIZADTNS
Gt TOMTF2LEETE UTHEAL TSR RTOFEMEN TN TRE

BHLUTHREINTRIND.

3.3.16 =zast 2. w_3d

terrain following JERER (BAF, terrain &) TEZRINDIHD 1 SEREIZHNT,
TV NERERTER I NDINEEE % terrain following FEFER TEHR I N HE
JEGRIZE#T D, 72720, 2 TIHEBEROZE#IIITHEY, H< ET terrain R
DI RUZBT D T )V MNEERAHE % terrain RKDICEMT DDA TH D, &
I—F V& terrain R FREICERZINALT AL MEZERBEND % terrain

BEMDICERTZIL—FTHB 2

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

5l1¥
X <R(size(zeta,1))>
y <R(size(zeta,2))>
zeta  <R(:,:,:)>
zf <R(size(zeta,l1),size(zeta,2))>
zt <R(size(zeta,l1),size(zeta,2))>
<R(size(zeta,l) ,size(zeta,2),size(zeta,3))>
<R(size(zeta,l1),size(zeta,2),size(zeta,3))>
<R(size(zeta,l1),size(zeta,2),size(zeta,3))>
wh <R(size(zeta,1),size(zeta,2),size(zeta,3))>
undef R
EHEN

in
in
in
in
in
in
in
in
inout

in

T AV N R — A

T F1V R TR
terrain RDEEFEE [m
SR S [m).

B EYii s [m).

zeta (2RIt g 2 BRPE 2
zeta (2Rt d 2 FE Ak A2
zeta (X9 2 SREJE 2
2% D SR 1E AGE [m/s]
HAE FH.

AN —F VI3ACEH IR T AV D EEROAEZREL TS, SRR T E.
terrain R FR EICBWT, THV MEFERATEZEINTOL R, fEb, SHEm

LEHEINTVIKLEEE EHEINTOIRY MVBSORBFERNEL > TS I &Iz

Yy
S
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H& (u,v,w) & U, terrain RIZH T2 EEREMEE (L Td. ZDLE, THIVNE
LR DEREEGE L/ % terrain RENETE KD W IZZEHT S ITIXBA TN D & S 54 #:

A& HNS : .
W = G1/2 [w + J31u + J321)]
a2 = % —1_ Zsfe(T,Y)
8C Ztop ’
¢ 828f0(337 y) ¢ 828f0<37 y)
= —-1) ——== =(—--1| —==
T ( Ztop > Ox o Ztop oy

Z 2T, terrain RENEHELE C 1

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

YREIND, ZIT, 2y, 2 BT IV NEER, z0p, 2epe EENTNT IV
B BATE 5 FSE IR L. MBEEIE 2 RS, 0L IERO IO MBI
BIBULL R ORIEE T3 -

C(,y,2)

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

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

(]

o EHRADEHIIAEHT??SI

o REHRMEMNERZINTVDIHEIE, TOMIIHIET BEPHETFRICADTNS
Gt TOMT 2 LKL b’dﬁ)ﬂ U TV 2T R CORHRAMEATT N TRAE
FEE U THREINTRIND.

3.4 ellip_slv

FEHERMS S ARRAEZHETIEY a—)b, BUE, 2, 3 RotT AV MNEERIZE T —
PR 22 FE P BRI TR RO REIEIZ L BN —F V2 R—F LT 5.
BB, REYVa—INTHAINTWSEREE - #iFLICDOWTIE, 5.1 2,

3.4.1 Ellip_GauSei_2d

H AT A FINiE GERAEE) 2 HWT, 2 RoeDRHBIIEFR R 2 MBS R
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HRERXRZERET S, AN —F VITHEHBEBITEORERBHEIE 2 EUHLETEHA
TELIEWARETHD. TDIOBRHELZITOIGEIFA T 3 v 5[4 inner_bound

ERETDIL.
=X
call Ellip GauSei 2d( x, y, rho, eps, boundary, psi, &
& [bound opt], [al, [bl, [c], [d]l, [el, [f], &
& [undef], [inner bound], [init_flag], [1n] )
511
x <R,DP(:)> in TR — A,
y <R,DP(:)> in TR .
rho <R,DP(size(x),size(y))> in FEFERAEAOEHIE (#id) .
eps <R,DP> in REFEON RS (k) .
boundary <C(4)> in 4 A0SR 525 (k) .
psi <R,DP(size(x),size(y))> inout H7 YV ¥V HERDME.
bound_opt <R,DP(size(x),size(y))> in BRTOM (8R) .
T4 TRTEDO.
a <R,DP(size(x),size(y))> in B () .
F7A)N  TRT L
b <R,DP(size(x),size(y))> in RE 2 (F8ak) .
T4 FTRTED.
c <R,DP(size(x),size(y))> in 83 (#aak) .
FI7AIN  TRC L
d <R,DP(size(x),size(y))> in RE 4 (1&ak) .
TI7HNDN s FARTED,
e <R,DP(size(x),size(y))> in R 5 (k) .
T4 FTRTED.
f <R,DP(size(x),size(y))> in R 6 (F8ak) .
T4 TRTEDO.
undef <R,DP> in WERBHI D E (£23R) .
TI7HNN O,
inner bound <I(size(x),size(y))> in NERSEE S R (fF8%)
T4 FTRTED.
init_flag <L> in G2 THEMET o0 (1) .
1n <I> in KAGEE ().
E&ER
KODDRHMER % & UL &, UTNORMS X Z5HET 5,
2 2 2
o) G0 ) b)) e, 0) S 0 9) 0l ) = ).
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DL E GBI TNONIGE T S,

x :x, Yy :y, p:rho, 1 : psi.
a:a b:b c:c d:4d e:e f:f.
BE, BN ZED N, BREMFOFRERIIA RS
"%

o JEFIBRHIE p B L, fIFEEERTATIIOVWTY oL RETD L, 77
FAHRAEIET D Z L ITHYT 5,

o FHRBIKI NTIIOVWT, fREYBEFETI L, MRT Y VIR ET
B LAY T B,

o SIHEMIKTNTIZOVWT, p2E¥RERETD L. NVARIVY X% GHHE
T5ILITHEYT S,

o AN—F VOUWKEMIZ, KED 1 AT v TR TOMN D A fE D BIE
RIZR o772 SITHEEZKTTDEDICHELTEY, A 7Y 3 V5[ eps
T DIADIEZHET D,

o AN—F VTIE, 4 WOBFREM%

1 EEMEER (T V2 VR, 2 0 Al (A~ 2m), 3 SRS

LWV 3EBOMFCTRETDIENTESD, ZIT, JlOATYa Vi
bound_opt i E L THIHX, TOMTHERZMHTE I LNTED ([EEH
DA BIBOMETDEDPHCON, BHIEOE AR, B2 ER 5
WD 77V ADME UTHIBOEMEHING, ©bAA, AMERTIE
ZOMEIFFRE L TEXINZ), ZO58I% 4 XFOXFIMTHY, Th
THONEFIX 5.1 £D &S Z2xfitnxk LTW\W5,

o BIRFMIIAMIIRETE LM, FAMBERASRM2REL 56, TORFIIEE
Bed 2 KOOSR E [F— DR ZM O Z T U TENRITNIER SR,
Bl 2, o BT R R & FESR L 5D THNIE, boundary D 1, 3 X
FHIZ 3 TRINEE SR, TOEIIIINTHRWEEIZIE, =7 —%
B HERRIZR > TV,

o BiSEANEE GG H HYi D56, bound_opt TREINDED S B, Bt EITHF
TET DA ™ D% BH U T, BEEMOEE1IET O % EHE E i T OfH
EUT, HHImOEGEI.

o . o
%_fv @_g

EWVWOBERXMETHZGE. f,g DMEIZHY T2, DFY, ZOAXATVavic
BWT, EERIV—F UV TRIFLAEDRFIVFEHINZNZ LIZRD,

BoF ), bound_opt (1,:), bound opt(size(x),:), bound opt(:,1), bound opt(:,size(y)) IT&%
EXINTWBEDZ &,
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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).

D IREADERBDEZ KT a, b, c, d, e, £ THDIH, ZOEZ AR
T5 &, EEOWMDEHE AR BBUL T AT 1 ITREI N, TOMIZTA
TERICHREIND (T8DL, #MART Y VARADFELED), Thid. &
EPE DO HAEFETEYRIIRET D &, HRAVRERIIZY, ZOHIKET
WG AN EFRADIE TR R BDZODIEETH 5,

Rt AR ROBEITEMZI L TWEEETEEATLI I LIEAETH Y,
22T RV ERR B TR WIS E TEHERIXRETH 5.

5140 undef IFPIRFEISICRE R 2 G0LHEIC, RERRTOREIZH LTS
ZbND1E.

51#4 inner_bound IXBEFUEFIZOWTE O TRME, F/2NERRE BRI L
T10 LW ENEZ NG, 2—HF—IZZ DRI HEHRET D Z & T, NEBFHIR
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, &
AT psi DIXAEM D DFREEIEE DZFIZHM L TONIK, KEFHE T 2 mIE D
BABDZEMNLEEACHAD 7 T THd. 12720, WEDEHH S FEETH
INDIGEREINE DGR DO D> TWBIREN S A UEBR U /- IREBDILNE %
KDDL NS ZREMNRIGEITUD, false. IFEIXBRWIZED AL,

S 1n IFINACHIESA: eps DIHIZERA S, In BIKEZBEVEA L5, &
HIIZK T U, RIER TR TOIRE D2 KT .

Ellip_Jacobi_2d

YaviEkE T, 2 ZoeOEMEFERR 2 BEEmRM S HEX%E5HHE 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

ERETHIL.
=R
call Ellip_Jacobi 2d( x, y, rho, eps, boundary, psi, &
& [bound opt]l, [al, [bl, [c], [dl, [el, [£f], &
& [undef], [inner bound], [init flag], [1n] )
main.tex 2018 £ 4 H 19 H (EHEH)



STPK v=a7J)L S TI—Fr—8 41

518
x <R,DP(:)> in TR — MR,
y <R,DP(:)> in TR R
rho <R,DP(size(x),size(y))> in FFRFRERDOEGEIE (#id) .
eps <R,DP> in KAEETEDINR S (2ah) .
boundary <C(4)> in 4 A5G e 525 (1) .
psi <R,DP(size(x),size(y))> inout R7 YV YV HERDM.
bound_opt <R,DP(size(x),size(y))> in ERTOM (1Bik) .
T4 FRTED.
a <R,DP(size(x),size(y))> in B 1 (1) .
T7A)N  TRT L
b <R,DP(size(x),size(y))> in BB 2 (k) .
T7 AN gRTED.
c <R,DP(size(x),size(y))> in BRI 3 (Bak) .
TIHINE  TART .
d <R,DP(size(x),size(y))> in BE 4 (18k) .
TI7AINN g ARTER.
e <R,DP(size(x),size(y))> in R85 (F8ak) .
TI7ANN g ARTER.
f <R,DP(size(x),size(y))> in REL6 (#BIR) .
T4V FRTED.
undef <R,DP> in WEBFEIR DM ($23k) .
A DI N =]
inner bound <I(size(x),size(y))> in PR SE S B (fh%)
T4 FTRTED.
init flag <L> in INE =0 THIHHET 20 (i) .
1n <I> in AR (#id).
EER
RKDDEMER % p L UL &, UTORBS R ZEHT D,
2 2 2
o) G 00 ) b)) e, 0) 51 0 0) ) = o).
DX, JIBUILLFOXINE T 5,
Tz :%x Yy :y, p:rho, 1 : psi.
a:a b:b c:c d:4 e:e f:f.
By, BRI G AES X BRSO RIS
%%
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o JEFIRHIE p BX U, fIFHBEMEBTIRTIZOVWTEREERETDE, 77
FAHRBRAZEHET DI L ITHYT B,

o HEMHHTARTIZIOVWT, fRYDEEHRETDI L, MARATY VHERXZHET
52 EITHEYT 5,

o AR TARTIZDONT, p2 YRR ETI L. NAFRIVY HRERZEH
T5IEITHYT 5,

o AI—F VDKM, KED 1 AT Y THi#E TOHN 75 0 A AE D
PRI SICHEZR T T2 L ICEELTBY, A 7Y 3 Vi $eps
X ZDRAEDMEEHRET D,

o AI—F v Tlk, 4 HDEHREM%

1 FEEMEE (T V2 VR, 2 0 AlEmER (O~ 2R, 3 MBS

EWVD 3FHEDOM T TRHRETDIENTED, ZIT, oA 7TYa il
bound_opt i E L THIHX, TOMTH A %METE I LN TES ([EEhH
DEEIE, BIBOEZOEDONRHCLN, HHuEOSGEIE, SR %2 EE I
WD 777 ADMEE UTHIEDEMEHING, ©bAA, AMERTIE
ZOMEIFFELUTEKRING), ZO58IE 4 XFOXFIMTHY, Th
THODIEFRIEH 5.1 LD &S Bz LTWd,

o BIMRMIFHMIIHETE LM, AUBRASMZREL GG, TOEIIEE
B9 2 KO BERE A —DBERSFMEDEEFHE L TENRIT IR SR,
Bl 2R, o BT R R & R L § 5D THNIE, boundary D 1, 3 X
FHIZ Y TRINEZR LR, TOLDIZINTOVARWVGEIZIE, TI7—%
EERRIZR > TV,

o BEFNEELEH H DG A, bound_opt THEINDMEDSH, B EITlF
14 BNFEZ ™ D2 2R U T, FEEMOEE13 T OfE % [ i T O
L UT, HHImDEGEIX.

o _ 0w _

or 77 Oy =9
EWSERZMTHDGE, f,g DIEIZHYT D, 2FD, ZOA T avi
BWT., EBIZL—F Y TRIFEAEDOERFIMFEHINEN 2285,

o BiSTDMNIZEH T 2B RMOBERIEMIL, EEsR (1), FEESR (3), BHE
FL(2) DIEFELZ>TWVS. DXV, bound(1:2)="12> LREINTVDIHE,
MHICETSai=1,7=1IFEER®R (1) TFRIND (2 TREINDSH
HIE S & ) B D m 72 d).

o A FFERDKFEDMEEKT a, b, c, d, e, £ THDIM, ZOHEEEIK
T5 &, mEEDOWDHAE IR BEIETAT 1 IZHEI N, TOMIZTA
TYHIIHREIND (T48DL, #MiAT Y VARRDEEL D), Zhid, &

= F N bound opt(1,:), bound opt(size(x),:), bound opt(:,1), bound opt(:,size(y)) (I&X
EXINTWBEDZ &,
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HREOMAHBE T ETERICRET D &, ARADRRRIIRY, ZOHET
WHTREARANDETIEI LR R 7ZODEETH S,

WD HFRERDBREBULEMEZI L TWA A TEEHETDLI ZLIEWHETH Y,
ZE NG T NV E MR TR WG A TEEIRIERETH .

5% undef IFWHMHBICRE R 2 FOHE 0, RERETOIREFIIHULTE
ZHbND1HE.

51#% inner_bound I3BEFUEFIZOWTE O TRME, F/2NERRE BN L
T10 EWIOERERZONE. 2—HF—ZZ D5 EHRET D Z LT, NERMEE
RO U - RER B Z G ATERTLIIENTES. BEMIZED &
DBBFRTED IS BMEZ G ZDMMIDNTIE, 5.1 224,

S8 init_flag IF518 psi 2 WAL DIZHIHHET 2N E S DT F I TH
Y, true. QL X, ML EITS. T AINDME true. &R D, ZHIE, &K
HNZ psi DAAN D BDIREIEDHHIZHL LU TN, KEFHE T 2 [RIEH A
BRBDIEDOLEBEIHD T Z T THD. 12720, IWEDLGHH DFEEFH
INBGEREIIIEE DGR DR > TNBIRENS D UER U /IREDIRE %
KDDL WS ZREMNBRIGEITUD, false. IFEIXRWIZED AL,

G 1n (FPCRIE S eps OMEIZERA S, In FIREZHEVEA LS, Ml
HIICHE T U, RER TIRRTOIRE DM %K.

Ellip_GauSei_3d

A AT A TN BREEE) ZFAWT, 3 RTOEMIIEFR R 2 BRI S
HRAZEHETLS. AV —F VIINHHBITEORER S Z ELLETELEE
FT5IUNABETHD. TOLORHBEZTOHEIEA T Y 2 V58 inner _bound
ERETDHIL.

call Ellip GauSei_ 3d( x, y, rho, eps, boundary, psi, &
& [bound opt], [xal, [yal, [zal, &

& [al, [bl, [cl, [dl, [el, [f], [gl, &

& [undef], [inner bound], [init_flag], [1n] )

518
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z
rho
eps
boundary
psi

bound_opt

Xa

ya

za

undef

inner_bound

init_flag
In

EER

<R,DP(:)>

<R,DP(:)>

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

<C(8)>

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

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

<L>
<I>

n

in

in

in

in

in

mout

in

in

in

in

in

in

in

in

in

in

in

n

in

in

in

KRODRMEZ p & Uiz &, INORMD SR ZEHT 5,

%y
0x2

9y

X(z,y,2)

+Y(x,y,2)

0%

A
dy? 022

+ Z(‘Taya 2)7 + a(a;,y,z)

0?1
0xdy

+ b(x,y, z)

G F R — AR

A TR TR

G F R = R
FEFRAEROEGIE (#ih) .
RAGIEDOW ARG (k) .
S HDER KM E 525 (&)
BTV VRO,
FRTCOM (#ih) .
FTI7AIDN T RTYDO.
R 1 (k)
TIANDN : TART 1.

R 2 (k) .
FTI7AINDN : FTRT 1.
&3 (f2ak)
TIANDN : TART 1.
R4 (#8ak) .
TIANDN : TART 1.
BB S (k) .

FI ANV TRTEO.
R 6 (k)

FTI7AINDN  FART .
¥ T (Bak)

FI7AINN T RTCYH,
& 8 (&)
FI7AINb g RTYDO.
B9 (k)

T ANV g RTCEA.
FRE 10 (f&) .
T4 FRTYDO.
WERTEI D (i)
FT7HN b ¥,

PNERSEE S B (fF8%) .
FTI7AIN g RTYO.
JInE = THE T o (1
FAZRIEL (k).

0%
020z

0%
0y0z

+ c(z,y, 2)

0 0
+ﬂ%%@+d%%@é§+ﬂ%%@w+ﬂ%%@¢@ﬂ&%zd%%@~

ox

0z
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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 &,

main.tex 2018 £ 4 H 19 H (EHEH)



STPK v=a7J)L S TI—Fr—8 50

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 ERE R — & .
b <CP,CDP (nx/2)> inout MRBEHET— K.
prim <C(1)> in FERBHE (Bih),
0! =RT D, x? =R LRW,
prim fact <I(5)> in KRB (k)

omega fix  <CP,CDP(nx/2,nx/2)> in 2,3,5,7 AN D ZEKE T D
#1751 (i),
omegan fix <CP,CDP(nx/2,nx/2)> in [T (1),
EHEN
NHDOTF =2 %€ D2FEK x(k), k=0,--- ,N-1%2%22 (NIXEH, Zo7—
A DR 7 — ) TIEZH (1) 1%

N-1

1 ik
z(l) = — x(k)e *™N, 1=0,---N-1
N
k=0
TREHREIND, WLHIZ
N-1
A 27ri&
x(k) = z(k)e™N, k=0,---N—-1

TEHIND, TN%E Temperton D7 TV XL % HNT FFT WHT 5, FEH
T—4 D FFT ROFMIIDONTIE, 77 B,

B%

o S prim IZT — XN 2 ZHNBIRTL2EDTHY, ZOATYayn rx
DEGEET—AMNTODEE T —) TEBIBIZEIIND DT, HRDHET —
DIEWEITD ZLIZRD, HREFTAE T—RBB N = 2030570 x e F
THEZIT, FFT W 2175, 5l prim fact 132D & T DRKFBIEHD
BEBETD. DFY,

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

o B¥ omegan_fix 137 — 4 nx 2B F % FFT CHJHT 2 [AlEETH] 710 265E
95, ¥ omega_fix 1T — XD 2,3,5,7 LMD RINEL (1 DD DIE % HiliZ
FTdL, e MTNIH7-2) ITHIET D EERTTH]. NS DITFNIFEHIL—F >~
rotate_calc CTITHD Z &N TEX5.

o FHT— 2D T — ) TEBUSLEHLED T — LD LR T — XD E
MINTNDZ EITHER, /2, AV—F v OAEN S, RS 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 1 IV,
var <R(1440,720)> inout sst 7—4.
funit <I> in Fortran O 7 7 1 )V %S
(F7 AWK =11).
EHE
FR 22 L. (MGDSST 7—4 D7 4 —<3 v MIDWTIE,
http://near-goosl. jodc.go. jp/rdmdb/format/IMA/mgdsst . txt
218.)
e

o HRBESD/NIWVEDHMERDEE G (R 0 °, #E —89.875 °) IZAY, Kl
P —BHRIFHAE, B BRI A S IR FT— 2B h TIN5,

o RIEFHMIZ 999.0, KT — &1L 888.0 LW HHTIEMINS.

3.6.16 write_file

B
A VI NT 2R ARKDNAF) T 7L 2 R T —ReESHITIL—F .
X
call write file( file_name, nx, ny, recnum, var, [mode], [funit] )
511
file name <C(*)> in AT T 7 AN,
nx <I> in R AL
ny <I> in BRI
rec_num <I> in nxxny AN T T DL I — RES.
var <AI,R,DP(nx,ny)> inout meAHTT—X.
mode <C(*)> in T7ANVOEZIHRULA T a3y (R).
funit <I> in Fortran D7 7 1 )V &S,
(FT7 AN =11).
E&ER
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1 open(unit=11, file=file_name, access=’direct’, recl=4*nx*ny, status=mode)
2 write(11,rec=rec_num) ((var(i,j),i=1,nx),j=1,ny)
3 close(unit=11, status=’keep’)

T

e mode (& Fortran DEIH U status= IIHREINDEZ KA.

3.6.17 write_file_3d

BERE
ZALVIRNTIZRAERDNALF VT 7AIVZ 3 ReT—RE2EBEHTIL—F .
=52
call write_file 3d( file_name, nx, ny, nz, recnum, var, [mode], [funit]
)
5%
file name <C(x*)> in HAHT T 7 AN,
nx <I> in BB — L E NS
ny <I> in B B ALAIL.
nz <I> in o S EENAE
rec_num <I> in FAHUZHBT 2T —42DL - REE.
var <AI,R,DP(nx,ny,nz)> inout AHTT—4.
mode <C(*)> in T7ANVOEIH LA TSV a v,
funit <I> in Fortran O 7 7 1 )WV 1% 5.
(F7 AN = 11).
E&ER
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 MEIH U status= IZHREINSEZ KA.
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3.7 Geometry

JERRZSHZ B B B - TV —F VR

3.7.1 rt 2 xy

PaE
ST R BRSNS T F1 0V N EEREAN DB A 4TS IV —F V.
=X
call rt 2xy( r, t, x, y )
515
r <R,DP> in 1 OFEEE [m].
t <R,DP> in M1 DFEALA [rad).
x <R,DP> inout s 1 O x BERE [m].
y <R,DP> inout &1 @Dy BERE [m].
EHEIN
HB 1 FKAVEHMEREIZHNT (rt) ERBTE D & &) SFHMEBEOF R & F UAL
EIZFUSZE DT AV NERIZBWT, 2O (z,y) ERBTED. Z0DL XD
JERE & 5 770V N FERE D B R 1
r =rcost, y=rsint
THZALND.
ZNHEDRIZDOWT, HEEEDFIBUILA T D & 5 B afR e 25,
r7t:T7 t’ X’y:$7 y'
e

Rz L.

3.7.2 xy2rt
HeE
T FV S FERED & TR ERE AN DLW 24T IV —F .

23

call xy2rt( x, y, xc, yc, r, t )
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518

<R,DP> in 1O x L [m].
<R,DP> in M1 Dy FERE [m)].
xc <R,DP> in SRR R DJF AL x HERR [m).
yc <R,DP> in SRR AR DIy PEARE [m).
<R,DP> inout il 1 DOFFHEE [m].
t  <R,DP> inout Al 1 ORI [rad].

EHERN
H2 1 FENT AV MBEEIZENT (2,y) LRETED &, FHIBEZDF A
TN N ERE (20, ye) WIFIET 2HE, TORUL (rt) ERBETED. 20L& XD
JFERE X T 77 )0 b EEAE OO B fR I

r= \/(1' - xc)2 +(y — y0)2’ t = arctan (%)

THEZLND.
INHEDRIIOWT, EEDOFIIEILAT D & 5 B SRR E 2 5.

r,t=r,t, Ly=, Y.

BE
Rz L.

3.8 Map_Function

BRI S B - T —F VR

3.8.1 lat2mery

HeE
HIBRERTHT 0D 3 2 METEE, RS % JER 2 U 7= AV MVEBGHERS (591 b HEf: (2, 1))
REZEE BAONBENRE INBZEETE y 2 KD D,

EEN
result=lat2mery( phi, phiO )

515
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phi
phiO
R E

EERN

<R,DP> in
<R,DP> in
<R,DP> out

ANF) SNV I ND AR [rad)
AN A) NVERE D FEHERG S [rad)].
TR phi MR X N2 BERE y [m)].

BRI 128513 B IS ¢ % & B (do) BIEAY Urz A MIVRIEERS (2, y) 1242
WLEL X, 20y G

ZIT,71/2< ¢ <m/2DHiPHE L D, F/z, o IFHIRDOFEETHS.
INHDORUITDNT, EBEDOFIBUZLA T D & 5 Bt affk e 2 5.

(]

y:aln{

w (9l

o (5+3))

y =y, phi0 = ¢, lat2mery = ¢.

o EFRADIEIHIX??SMI

l121amdis

B EDHD 2 KED T 2~V N ERET DM Z TN T JOREE, FEE»

LRHAET .

result=1121amdis( lambdal, phil, lambda2, phi2, lambdaO, &

phiO, phitl, phit2, [noptl, [uoptl], [ropt]

518
lambdal <R,DP> in A1 ORE [rad].
phiil <R,DP> in A1 OE [rad].
lambda2 <R,DP> in 2 ORE [rad].
phi2 <R,DP> in 512 OFEE [rad].
lambda0 <R,DP> in R AR [rad).
phio <R,DP> in R R [rad).
phit1 <R,DP> in T YRV MEYEERE 1 [rad).
phit2 <R,DP> in T UN)V MR 2 [rad].
nopt <R,DP> in Lambert_coe (D ncoe.
uopt <R,DP(0:2)> in Lambert_coe D uphi(0:2).
ropt <R,DP> in Lambert_coe D rhophiO.
RUfH  <R,DP> in 2 sEOH#E [m].
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E&ER
BRI ED 2 & (f1, M), (P2, \0) By, HDRMERE (P, o) ZRME LT N
WV NGRS (x,y) IR INZLTD. DL XD, HEEDEELZ ZNEN
(w1,91), (22,92) £9dL,

s [0
N [Zg)} cos (s — o)
2y = Coj’f)l [ o rsm (A2 — Ao)]
Y2 = wp — COb(Dl [ } cos [n(A2 — o)

U(o
m@—m{ 2)

2] oo (5 3) ()}

wh=w'(h= o, 6 = d) = m@ﬁg¢J

NELNDEZDT, ZN&Y) D 2 HEOMHE L 1%

L=/(x2 —21)%+ (y2 — 11)?

THALND. a lFHIROPEETHD.
INHDORIZDOWT, EEDFEUILAT D & 5 G sBfR e 2 5.

phil, lambdal = ¢y, A1, phi2,lambda2 = ¢, A9, phiO,phitl,phit2,lambdal = ¢g, P1, P2, Ao
nopt =n, uopt(0:2)=U(¢y),U(P1),U(P3), rhophil = wy.

B%

o EFRADIEHIX??SMI

3.8.3 l1I2lamxy

Hese
BRT 0D i 2 HE, REE % BUR & U7 T Y 00 MBI (7)) b RS (2, ) %
B2 7L F R EOEEOMIEREI Y S NG 1,y BEE RS,

22

call 1121amxy( lambda, phi, x, y, lambdaO, phiO, phil, phi2, &
[nopt], [uoptl, [ropt] )
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518
lambda  <R,DP> in JERE (x,y) (B INDRE [rad).
phi <R,DP> in JERSE (z,y) \CBREINDHEE [rad].
X <R,DP> inout 7 V)V MEEEEEETO o FERE [m].
y <R,DP> inout 7 V)b MMEHIERETO y FERE [m)].
lambda0 <R,DP> in JERR (x,y) DFE ISR ISR [rad).
phiO <R,DP> in JERE (z,y) 0))? IR INDHEE [rad].
phil <R,DP> in Z VRV M EEYEREE 1 [rad).
phi2 <R,DP> in AV ﬁﬁ%@f@ 2 [rad].
nopt <R,DP> in Lambert_coe @ ncoe.
uopt <R,DP(0:2)> in Lambert_coe D uphi(0:2).
ropt <R,DP> in Lambert_coe (D rhophiO.
EER

?)Z)%EF;%%F? (po, M) ZIFIE U2T V)V MR (2,y) O o,y FEEIXEKTH E
BIIEIRE o NP —RITREIND. 20D & XD EOFMEERE 6, \ & BERE
Fﬁ:c y \ZIZLL R DR H 5

:acowl [ n(\ — Xo)]

, cong)l [U
y=wy—a
n

U
U<¢>_tan( )
o= 2] fu

U)6 = U}/()\ — )\0,¢ = ¢0) =

q [\~ Ao)]

(5+5)/ /= (2]}

aCOS¢1 [U(Qﬁl)r
n |U(do)
ChB. ZIT,0<N< 2, /2 < b < b)2 DRIHE LB, Ee, a lLHIROD L
Thb.
INH6DRIIDODNT, EBEDFIBUIILLTD & S 2ok 585,

phi, lambda = b, )" X,y =2,y, phiO,phil, phi2, lambdal = ¢07¢17¢23)‘0a
nopt =n, uopt(0:2)=U(¢),U(¢1),U(¢2), rhophiO = wy.

(]

o EHRADIEMHIX?T?TSMI
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3.8.4 112merdis

HUBRERT DD B 2 sIHID AV T1 VIR ERE T DR % T 0T 0D i DRERE, #%
ENLERT 5.

result=112merdis( lambdal, phil, lambda2, phi2, lambdaO, phiO )

518

lambdal <R,DP> in #{ 1 ORRE [rad].

[rad]
phil <R,DP> in i1 O#fEE [rad].
lambda2 <R,DP> in #{ 2 ORE [rad].
phi2 <R,DP> in s 2 O [rad)].
lambdaO <R,DP> in #ZMEFEIR SMURREE [rad).
phio <R,DP> in B AAEE [rad].

RUfE  <R,DP> in 2 rifEOME#EE [m).
EHEIN
H5 2 MOMBE, BREVZNTN (61, M), (92, \o) THEABNTVD L X, ZODM
0))‘)1/717 ]\)1/?1‘ }J_*EJ:'C@}_'_FE (ml,yl) ($2,y2) &i%m%m

1 = a(A1 — o), T2 =a(l2— o),

n=ain{fin (54| /] (54|}
=an{fon (5 5)|/ o (59}

TEHEZOND. a | FHEROEZETHD. Lo T, 206 2 SEOHE L 1

L=+/(zo—21)2+ (2 — y1)%.
INHDRIZODNWT, EEDOFIBUIILL D & 5 2ok e 2 5.

phil, lambdal = ¢, A1, phi2,lambda2 = ¢, A2, phiO, lambdal = ¢q, Ag.

B%

o EHEADIEHIXTIZH.
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3.8.5 112radi

HWERERTE LD B % 2 M OBKIE ETOE# % TN T N0 RORE, RENOHET .

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

518K
lon0  <R,DP> in j& 1 ORRE [rad].
lat0  <R,DP> in X 1 OFEE [rad].
lon0  <R,DP> in j& 2 OFRE [rad].
]
]

lat0  <R,DP> in i 2 O [rad].
RUfE <R,DP> in 2 s[EOFERE [m].

EHEN
Hb 2 ,‘ﬁ@%\ﬁ}g, BERZNTN (¢1, /\1), (gbg, )\2) THEZLNTWS L :3’, Z D
DB _E DR L 1%

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

THEZ6N5. RIFHEROERTHS.
INS5DORITONT, EBDOFIBUILA RO & 5 2GR L 55,

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

(]

o EXEADIIHIZ5.3.1 A,

3.8.6 112rt

HOERBRIE LD H DA, ML 2 R e UMEEEREZE R 2L &, T Ih oML
IO D i D FEFEREE % MR DS RE S &5 (IR HERD L ).

call 112rt( lonO, latO, lonl, latl, r, theta )
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lon0  <R,DP> in R R R SR T DR [rad].
lat0  <R,DP> in PR EE R A C DFEE [rad).
lon <R,DP> in M AR R AT OFRREE [rad).
lat <R,DP> in T REAE S s C DRERE [rad].
r <R,DP> inout MREEFERDENZE T FIEERE [m].
theta <R,DP> inout MREEEERDEAASGAME [rad].
EHED
DB, RIE (po, o) B E ULMBEEESR (r,0) 25 A 5. TOL X, G, fE
(¢1, M) (SIS B ML E oD A (r, ) 13

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

Sin ¢1 cos ¢y — cos ¢1 sin ¢g cos A1 — Ag
cos ¢1 sin (A — Ag)
THhd. ZIZT,0<0<2r DHiPp% L 5. /2, RIFHIRDEETH 5.
INHDRIIDNWT, EEDOFIBUILA T O & 5 B affR e 25,

f = arctan

r,theta=7r, 6, 1at0,1lon0 = ¢y, A\g, latl,lonl = ¢, ;.

(]

o EHRDIFHHIX5.3.1 B4,

o X ND BRI IOV TESTIEE <, BRI Lo Mo i
LCREHIND. /2, ALAHAIZOWTIE, Fxs BROBERH & Uk
BB 2L FOMETERIN, MEEOE S E85, RO F4HE Lo S
0 — ig YRBEDICERINTVG. WhWD, EEAMEEIC & B EREiAD
B eitoT\W5.

3.8.7 lon2merx

BéRE
HUBRERIET 10D db 2 M, RIS % B 2 U7 AV M OVERBSIERE (5 9)L I A (2, o))
BRI HAONERENRE INDBEEE 2 2RDZ.

£
result=lon2merx( lam, lamO )

513
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lam <R,DP> in  ANH MVEEINLRE [rad].
lam0  <R,DP> in  AJVH NIV OIUEERE [rad).
KOfE <R,DP> out #FE lam A I N2 B o [m).
EHERN
BRI EICBITRENEHDIRE () 2L U AV MBI (2, y) (Z8
U e &, 20 v B
x = a(\— No).

ZIZT,0<AL2n D% & 5. F/7, a IFHIERDEERTH 5.
INHDRITDNT, EEDFIEUILA T D & 5 2GR E 2 5.

x=z, lam0=)g, lon2merx = A.

e

o EHRADIEHPIXT?ZHL
3.8.8 rt2ll
Hee

HOERBRI EDH DA, BE 2 FUR e U MBIER & Z X /2 & &, T OMEIRTE
INDHOFMELREZFIHETD.

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

515
r <R,DP> in Rk A SR D BN TS 1Al PR [m).
theta <R,DP> in Hlt e KSR O [FI A7 A5 5 60 £ B [rad].
lon0 <R,DP> in Mt EE AR S C DFRRE [rad].
lat0  <R,DP> in MR R T DFERE [rad).
lon  <R,DP> inout MUERERMTORE [rad].
lat <R,DP> inout MiPEAERFITOFME [rad].

EHD

DML, B (P, No) ZIHNE UZMERER (r,0) 25 2 5. 2D, MERE L
@,‘f—i (’l“()7 00) c:jj‘m—é—éfﬁﬁﬁx?, %%Ef ((ﬁx, )\x) &

. . To . To . e e
= arcsin |sin ¢y cos — + cos ¢ sin — sin 6 ] <Oy < —
Oq o 7 ®o 7 ol 5 0< 5
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costy .
sinrg

Az = Ag £ arcsin [:I:
COS ¢y

T%é.zdﬁzoﬁwﬁﬁ—g<9m<;E§<9mgh®&%ﬁﬁg%mu%
CREEL 5D, . RIEHIROEETHS.
CRBEDORIZTONT, EEDIEE FD & > BSEIRE 2 5.

r,theta = rg, 0y, 1lat0,lon0 = ¢g, N9, 1lat,lon = ¢, \,.

(]

o EHRNDIEHIZ 5.3.1 .

o TN MERERIZE ST IOV TEMTIE 2 <, BRI LD B &
UTRHING. 72, AEH A OWTIE, B2 ROBER & U7~ b
CRP UL XOMETESRIN, MIEEOE A %82, ROFFH Lo &
ezigz@é¢5uﬁ%sMTmé.mb@éﬁﬁﬁ&!&ﬂ&éﬁﬁm@
B eiToT\W5.

3.8.9 vec2lam

BEEE
BRI ECOMERE R CTER I NATREDKENRY ML 2 5% T ¥ ~)b MR
JERE (x,y) ETOAKENRT MV 2 P IZIEZR D D\ WMT WL 5.
X
call vec2lam( lambdaO, phil, phi2, lambda, phi, &
ui, vi, uo, vo, conv_flag, [undef] )
513
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lambdaO
phil
phi2
phi
lambda

ui

vi

uo

\'A¢)

conv_flag

undef

EEN

<R,DP>

<R,DP>

<R,DP>

<R,DP(:,:)>
<R,DP(size(phi,1),size(phi,2))>
<R,DP(size(phi,1),size(phi,2))>

<R,DP(size(phi,1),size(phi,2))>

<R,DP(size(phi,1),size(phi,2))>

<R,DP(size(phi,1),size(phi,2))>

<C(5)>
<R,DP>

in
n
in
in
in

n

n

mout

nout

n

n

PERE (z,y) DR FRIZEEE I N5 )
Z VRV G ERYEREE 1 [rad).
Z VRV R RERTE 2 [rad).
N7 NUBEHINTODHE [r:
R MPEBEINTODREE [re
N7 NVOZEHETORIGH B\ &
PR AR o sy

N7 MVOZEHETOR LD &I
P AR y FiTI R AT

R NIVOEHHZEDRIED 2\ M d
BeROPER o AR AY .

R MIVOEHZDOF LD D\ Id
PO PR y FI AT
D i (k).

RE FAH.

HEME, RENZTNTN (¢, \) THEALNTVWD L X ZOAITBWTHKERY K
IWEHINTVDS LT D, TONT NVORBEREHIADNRT NVES (vh, uy)
TN MNEERE E (z,y) TORIUNRZ MVD (2,y) B4 (ug,vr) 1

ur, = uy cos [n(A — Ag)] — vgsin [n(A — Xo)]
vr, = upsin [n(A — Xo)] 4 vy cos [n(A — Ag)]
uy = ur, cos [n(A — Xo)] 4+ v sin [n(A — Ag)]
vy = — ursin [n(X — Ag)] + v cos [n(A — Ao)]

Thd. ZIT,0<A<2m, —7/2< ¢ < ¢/2 DHiPHE L 5. F77, a IFHIRD AR

ThHd.

INHDRIIDWT, EEEDFIEUILA R D & 5 BRIGBFRE 2 5.

phi = ¢, ui,vi=w,v (ur,vs), u0,V0 =1uy,vs (u,v).

phil, phi2, lambdal = ¢1, P2, Ag

5%
o ERADIEHIFZ??TSRL
o 5 conv_flag IFAMD /i ZRKL, *112xy’ LHEIND &, BRMTERHRI
R D NV % B TR X MRS M VAN BT 3. xy2117 &
REIND L, BEHTERINEZANY NUEDZIRETERINAZRT M
RPN ZHT D
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o RI—F VIFLTRHRERE R MVTEAKRL UTEHIEE21TS. DV, &EH
ETERBINTVDIGAETY, TOREITMERE TRIINZITER L2
WEWS ZETHD. b U, BEH ETTAN NEETERIN TV 2541,
xy2lamll % HWT, MEREICEHBL TELER D D.

o K—F Y DUEFERTRY MVOFSHEIXALTH S, £/, N7 VOB
fLIEETHS.

3.8.10 x2merlon

HUBRERTET F-0D 3 2 12, M2 % B 2 U7z AU N VBRI BERS (F 77 N RS (2, y)
BEAILE BAONE o IR INIREERDS.

result=x2merlon( x, lamO )

518

X <R,DP> in ANV MIVERFZEEETO o B [m)].
lam0  <R,DP> in  AJ)VH MV ORI [rad).
RUME <R,DP> out MR 2 IZEZINDEE [rad].
EHER
HBREREE (No) 2R E U AN T1 NIV HERE (2, y) D o PEEEIZBRA L2351 5 %%
AP —-REIIBEIND. 208 TORYEER v & BRE EORE N ITIZEL T O
N d:
X
A=—+ X
a
ZIZT,0< A< 2r DEiP % £ B, F/2, a IFHBRONEZETH S,
INHDORIIDONWT, EEDOFIBUIZBARD & 5 B IGBFRE 2 5.

x=z, lam0 = )g, x2merlon = A.

(]

o EFRADIEHIX??SMI

3.8.11 xy2lamll

Hae
BRI D d DHEE, MREZF L UT V) NMEYRERE (770 D EE; (2, y)) %
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BRI E, BEAON o,y BRIZRE INDIRE, MEZKRD 5.

=X
call xy2lamll( x, y, lambda, phi, lambdaO, phiO, phil, phi2, &
[nopt], [uopt], [ropt] )

518K
x <R,DP> in Z V) N EERET O x FERE [m).
y <R,DP> in Z VRV N PERET O y JEEE [m].
lambda  <R,DP> inout JEKE (z,y) IZHRE I NDREE [rad).
phi <R,DP> inout PEERE (z,y) ICEEINDME [rad].
lambda0 <R,DP> in JERE (z,y) DR EIZEE I NDRE [rad].
phi0 <R,DP> in JERE (x,y) 0))7??,'.%‘ i X N D MR [rad].
phil <R,DP> in Z b b BGYEHERREE 1 [rad).
phi2 <R,DP> in AVAAVIZ 3 %E%&}# 2 [rad].
nopt <R,DP> in Lambert_coe @ ncoe.
uopt <R,DP(0:2)> in Lambert_coe D uphi(0:2).
ropt <R,DP> in Lambert_coe (D rhophiO.

EFEN

mﬁf%r@ (G0, ho) BB E LT VL MEREEEE (2, y) O o,y HERISERTT 1
o5 7‘%)%%)“5“ GADFIRE I NG, ZDL X ORMHER 5y L BRI LML R
Ez'* DN TIELA R DGR H 5

1 o/
A = Ao + — arctan </x>
n

/
Yy —wy
a Ccos @1

/7y —up)?

U($) = tan (Z + g)

_ cos ¢ ¢2 g R
n=ln [COS@] {1 [tan(él 2>/tan(4+2>”

/ / v :
wp = w' (A= Ko, ¢ = ¢o) = acoj1¢l [UEZ;H

THhd. 22T, 0< A <21, —1/2< < ¢/2DFHE L D. /7, a lFHIBRD A%
Thd.
INHDRITDNT, EBEDOFIEUILL D & 5 2xf otk L 2 5.

¢ = 2arctan

phi,lambda = ¢,\, x,y=1z,y, phiO,phil, phi2, lambda0 = ¢g, ¢1, P2, Ao,

nopt =n, uopt(0:2)=U(¢),U(¢1),U(¢2), rhophiO = wy.
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(]

o EZRADIEHIX??ISH.

3.8.12 y2merlat

HUBRERET 10D b 2 M, RIS % BUS & U e AV IVEBGHERE (5701 | ks (2, o))
EBERLE BALNE y IR WS RIEE KD,

result=y2merlat( y, phiO )

518

y <R,DP> in  AJVI MIVESSEEIETO o MERE [m).
phi0  <R,DP> in  AJA NVERFOIEAEREE [rad].
JRUME <R,DP> out MEE 2 (ZHE ISR [rad).
EHER
H 2K (qﬁo) % FUSE Uz AV NV IERS (2, y) O y BEERIEERT RI2B 1) B 4%
JE o B—TRITBEIND. 2D L EOBRYEMEEE y & BRI LORE ¢ 1TITBLT DBEGR

e o = 2arctan{ [exp (4)] |ean (T + )} - 5

ZIT, —n/2< o< /2 DHiPA%E LD, £z, a lFHIROEETHD.
INSDRITDONT, EBEDOFBUZLARD & 5 Bx otk e 2 5.

y =y, phi0 = ¢g, y2merlat = ¢.

(]

o EXADIHIX?IZH.

3.9 math const

B EEBE. BUERMTORDELSIZEALNTND.

AR parameter BEDDWTWRWEEHTH S.
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(ZB% | W | BEl | ZBORE]
pi <R> | 3.14159265 i JE =

img <CP> (0.0,1.0) JiE BCHA
pidp | <DP> | 3.14159265 YGRS
img_cdp | <CDP> | (0.0,1.0) JiE BB

3.9.1 rotate_array

T— A8 2,3,5,7 DEHEATH %GRS 5,

call rotate array( )

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

EER
3.5.6 DEHNIZBWT, N=2,3,5,7 CHELT\.

B%E

3.10 matrix _calc

B T AR, N LARBOTREA DKM, BAMWE - FEANRT MVEREHOLV—F VH %
V—F ¥ DOFMIBFREGEICOWTIE, 77 2.

3.10.1 Gau_Sei

A AT A FTVFEIZ &L BN 1 RIBRRDRIFEITH IV —F .

call GauSei( a, b, eps, x )

518
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85

= 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]
Ch )
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
b <R(:)> inout N7 MVDERI (k).
a <R(size(b),size(b))> inout 175 (k).
eps  <R> in DORGAHE (5d).
x <R(size(b))> inout RDOZNRT ML ($5ik).
EER
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FHlag, "7 MV b ELEEE,
aijz; = by
EWDBEREN 2T RAANY Mba; 23k D, ZD L X, 518 L ORISR
ag : a(i,j), xj : x(j), bi : b(i)
THd. HIATA TIVEIZ & DEHEFIEOFEMIL?ISE.
e

o 5 eps IS D KERIERDOHNFRAE 2R L, ZDIHEDKRKIED eps LATIZ
Bolb SIIREFARZRT 5.

3.10.2 Jacobi_algebra

HeE
VIR L DN 1 RIGBEADOKMEZITOIN—F .
=X
call Jacobi_algebra( a, b, eps, x )
518
b <R(:)> inout N7 MVORS (k).
a <R(size(b),size(b))> inout 174 ($&if).
eps  <B> in UUREE (1),
x <R(size(b))> inout RO ML (HR).
EHEIN
'??ﬁ” Aij, N7 MV bi Lz %,
Qi Tj = bi
EWDBERE T RIMANY Dby 23kdd. ZD L X, 518 L DX ISRERIE
aij : a(i,j), =z; @ x(j), b : b(i)
Thd. YILKIZLDERGEOFHMIIT?TSI
(]

o 51 eps IFAMH D KERTHROMHMNGREZ R L, ZDMEDHKIED eps LTI
ROl JIINEHAZKTT 5.
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3.10.3 Jacobi_eigen

Bee
Y aAVEZ HOCTHEREDOENM A OREAHEZ KD DN —F .
=R
call Jacobi_eigen( a, lambda, [eps] )
513
a R(:,)> in EAERERD B (i),
lambda <R(size(a,1))> inout [EHMH (k).
eps  <B> i REOLGRHELE ().
EHEN
ﬁﬂ'ﬁu Qgj, N7 ]\)l/ T bl L/fl(‘.’. %,
CLZ'jIEj = )\l‘l
EWSEREM T RN 2 RDD. 22T, N DEIZIFHORCEEHD. ZD
& X, BlEE Ox IR
a;j : a(i,j), A : lambda(k)
Thd. k BHOME A% Z Z Tl lambda(k) & U7z, ¥ IR K BEIREAGED
X7 2.
5

e eps IREGFIREDOPHHERMETH Y, 1 [ RKAEFHREFTEE T O R A D
KB eps ARIZR 728 JITEIEZKTT 5.

3.10.4 LU_devs

BEEE

ARy T4 T DX LU DffEITOIINV—F .
X

call LU devs( a, b, x, itermax )
511
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b <R(:)> inout N7 MLVDEG (Hih).

a <R(size(b),size(b))> inout 175 (k).

x <R(size(b))> inout KDZORT ML (HR).
itermax <I> in AL R DEEL

EEX
'f?ﬁ” Ajj, ~7 ]\}l/bl k bf:c‘.’. %,

aiz; = b
EWVDBEREN T RIANY Dby 23kdDD. ZD L X, 518 L OXISRERIE
aij : a(i,3), x; : x(3), bi : b(i)
Thd. FHlAFREII?T?SI

B&
Rz L.

3.10.5 SOR_Gau_Sei

HRE
SOR ZHWTAH Y AV A FINEIZ & 23857 1 RARKDKEZITSN—F .
=X
call SOR Gau Sei( a, b, eps, accel, x )
515
b <R(:)> inout /\7 MVOD ST (R).
a <R(size(b),size(b))> inout 174 (#&ih).
eps <R> in Hj(ﬁi%%ﬁ:ﬁ (k).
accel <R> in SOR DAI#EGREL (k).
X <R(size(b))> inout KDZNVARZ WL (k).
EHD

18 aij, NI BV b & L& &,
aiz; =b;
EWVDBIRENZTRANY Moy 23RDD. 2D E, 518E ONISERIK
aij = a(i, j), x; @ x(3), b : b(i)

TdHh5. SOR DEHNY AT A TIVIEIZ & B IR HIEDFNIL?? 2.
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(]

o 51 eps IFHXHELS D KERTEDOMHNFRAEEZ R L, ZOMEDRKKMED eps LATFIZ
Bolb SIIREFIRZR T $5.

o B L, MIHREUL 2 Kl U AR IISLERENTE RV, AN—F VT,
2 U EOMENHREINZGE, LT —LBDEDIZLTWVD

3.10.6 SOR _Jacobi_algebra

SOR Z HWT Y IVHEIZ L DN 1| RAEBRROREZITHON—F .

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

518

b <R(:)> inout N7 MVORKS (k).
a <R(size(b),size(b))> inout 174 (k).

eps <R> in RS (£25R).
accel <R> in SOR DINEFRE (k).
X <R(size(b))> inout KDV ZT ML (1&k).

P

EHR
118 aij, NI BV b & L& &,
aijrj = b
EWVDBRENGZTRANY Mo 23KRDD. 2D E, 518E OISR
aij : a(i,3), x; : x(3), bi : b(i)
TdHh2. SOR D EF Y 2RI LD EHEAEOFEMIX??7SE.
"%

o 5 eps IFHBLHN D RERATEDMHNFRAEZ KL, ZDMEDHRKIEAD eps BATIC
Bol & SIIREFRAEEZKTI5.

o B L, IEAREE 2 RiFIZ U AT NIXLEFRENTE RV, ANV—F VTIF,
2 BLEDENBE I N6, TR E5IZLTWVS.
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3.10.7 determ_2d

2 RITHN DA% KT

result = determ_2d( a )

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

TEk
2 JGEATHI A DFFIS | A 1

Thb.

w&
Rz,

3.10.8 eigenvalue_power

Hae
NEREZHCTTHORKEEHE L T OEAEMEICSHIGT SEAENT MLzkd D
N—F .
X
call eigenvalue_power( a, eps, lambda, 1v )
5180
1v <R(:)> inout [EANT RV (Hh).
a <R(size(1lv),size(1lv))> inout [EAMEZ KD DITH (k).
eps <R> in AL DI HFI S (£23R).
lambda <R> inout [EAHE (k).
EHEI

1741 Qij, R Mg &k %,

CLZ']':E]' = )\$Z
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EWVDBREN TR 2 RKDD. 22T, ADOMEIF (iR L T 5E 2RV
T, ) FTHIDRIEBUE H B DT, T DD B DFNENERK & 2L EAMEICNIET 5. Z
DL F, JIEE DX ISREFRIE

a;j : a(i,j), A : lambda, z; : lv(i)
Thd. NERRIZLDFEHIROFMIE??Z2 2 M.

BE
Rz L.

3.10.9 gausss

A RY T4 VT DENI ADWEEEEZFTIIN—F .

call gausss( a, b, x )

518

b <R,DP(:)> inout N2 NVDEST.
a <R,DP(size(b),size(b))> inout 174I.
x <R,DP(size(b))> inout ROZWVART L.

EHERN
18 aij, N7 MV b & L& &,
aijz; = b;
EWSBRE T REINY Mg 2RDD. ZDLF, 5IEE O GERIE
aij = a(i, j), x; @ x(3), b : b(i)
THd. AU ADMHKROFHMREETTEE?? 21

w&
Rz,

3.10.10 tri_gauss

HeE
ZHENATHIRAT D ADHEEEN—F .
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X
call tri gauss( a, b, x )
518
b <R,DP(:)> inout N2 MIVDRKST.
a <R,DP(size(b),size(b))> inout 174.
x <R,DP(size(b))> inout RO NRT V.
E&E
'??ﬁ” Aij, N7 MV bi e bf:t%,
i = b { 1 =0, (LA
EWVDBRENZTRANY M 23RDD. 2D E, 51HE ONIGERIK
Qg5 a(iaj)7 Zj X(j)> b’L : b(i)
THhd. ZEHNATHOEE, 3 BEIV—THND 2 )V— TR D & T DM 2
% DADIBLTEETE S 720, Al 2 DD — T NEETE, FHEHEENH LT
5. B JAEY T, iR REIEHITHN N RTH 7256, 7 ADEEETH
TRFHRREBIL O(N3) TH oD L, K)V—F > Tld O(N) OFEFIETH
£, A ADHEEEOFEHM LGB HIEIX?? SR,
=E3

Bz L.

3.10.11 Householder

Hre
NG ARIVE =2 (27 2R 2 HWT, EREEATHE AN & ROV T5HIE
#1935,
=X
call invertmat( a, b, [p], [sym.opt] )
518
a <R(:,:)> in fEREDE n RIEHITH.
b <R(size(a,1),size(a,2))> inout HFoHNDNY XV X)VTITH].
P <R(size(a,1),size(a,2))> inout ZHUIHNZERITH (Hid).
sym_opt <L> in KFTHIE D W ($ih).
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EEN
FEEDETH A ZERFTH PIZEBZNT ARNE—EBIZL>T, Ay )T
5 BIZE#T % -
PAP ! =B.

22T, AR VAV E (F) Z A0S £ TEE TRV ;

a1 a2 -+ Alp—1 Qin
a1 Q2 -+ A2p—1 Q2p
0 azx azgz -+  azn
0 ctr Appn—1 Qnpn

Thd.
&%

e sym_opt (FEHT 5175 a BHFMTHIDE G, .true. THRET D &, FHHEE
MAES 8D, 20L&, BINDITH b IF=ZEHMITHIZR->TNS.

o p IINTAFRNE —BHUHNZBERITHIETH TS, 72720, 2OA TV 3
VERET DL, BRITHAICHEREZTS OTH UEERHENIELS 5.

3.10.12 invert_mat

Hire
FRIEAFHOHITH %K.
=5
call invert_mat( a )
515
a <I,R(:,:)> in kb D175,
b <I,R(size(a,1),size(a,1))> inout a DH{TH].
E&EN
W ADEEEE AOCTHITH 2582 5. FElAREHEAIRIZTTE2IE.
5%

Bz L.
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3.10.13 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.

3.10.14 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,

3.10.15 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,

3.10.16 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.

3.11 max min

BiF D i K AE, BUMEZRERT DN —F V.
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3.11.1 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,

3.11.2 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 &,

3.11.3 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,

3.11.4 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,

3.11.5 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,

3.11.6 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,

3.12 phys_const

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

=2 A | AR Rk I

Me <R> 5.9736e24 iR o> 'E & [ke]

g <R> 9.80665 HEROBHETE S HIEE | [m s 2]
omega <R> 7.291893328e-5 HBR D H R 4 B [s7Y
radius <R> 6.371e6 HiBR DR [m]

kB <R> 1.380658e-23 BRIV < Ve [J K]
Me <R> 5.9736e24 HiBRD'E & [ke]

g-dp <DP> 9.80665 WEROBHETE I HIEE | [m s 2]
omega dp | <DP> | 7.2918933286303412732d-5 | Mk x4 1 & [s71]
radius_dp | <DP> 6.371d6 HiBR DR 1% [m]

kB_dp <DP> 1.380658d-23 BRIV <V ER [J K]

2772 U, HIBREARD A, Tsuboki and Sakakibara (2007) %5 Hi i,
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3.13 poly_function

BERZHAZFHET LN —F V. I TERINDERLZEHAL—F VI, 5IBDME
125 U T interface B & INTWDDT, BEREEDFIE % 5 Z XK E T, AHEE D5
EHEZNIMEEECHALUZMEREZKT. £/2, 2ZTHOOLNTW S ZIEADHEEE
ADEAFIZ?? 2 -,

3.13.1 chebyshev

Hre
0—nRXROF VYT I7LEIRELEESTS.
X
call chebyshev( n, x, che )
515
n <I> in B B B K.
X <R,DP(:)> in KD HIE
che <R,DP(0:n,size(x))> inout F ¥z 7LIHK.
E&EN
nRFTEYTTEZEAE T,(x) T DL,
[n/2] k
_ (=1)"n! n—2 PN
Tulw) = kzo DI
i®E

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

3.13.2 gegenbauer

0—nRDT =T VN7 —ZIHAZFET 5.

call gegenbauer( n, x, p, lambda )

main.tex 2018 £ 4 H 19 H (EHEH)



102

STPK ¥~=—a7J)b 3YTI—Fr—
518
n <I> in FHE T B EERE.
x <R,DP(:)> in KD EE.
p <R,DP(0:n,size(x))> inout 7 —7 VU7 —%IEA.
lambda <R> in =N T — (R B
E&EN
nRI—= VN T =S ERE C)Mx) £ T L,
A 2"I'(n+ ) o n l-n _ 1
G =—="ry “ Py ot )
T, PN ADBEMEETH 5.
=3

o FEEDOFHMIFI LA TIM I N T NS, FHlAGEDFFHIZ DWW TIX??SH.

3.13.3 hermite

0—nROTIVI— ZHEAZHETS.

call hermite( n, x, p )

518

<I> in AR Y8
<R,DP(:)> in DOV ARGIE S
<R,DP(0:n,size(x))> inout ITJII— MZIHRA.
E&ER
n RNV I —hELIHAZ H,(z) £ 95 &,

~DFRE-1)!"'n! | o
2k) ! (n—2k) !

(]

o ERROFEAMILM L TR I VT WD . FEAM G IEDFEMIZ DWW TIX??72 .
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3.13.4 jacobi_poly

HeE
0—nROYILZHAZEHETS.
o
call jacobi_poly( n, x, p, alpha, beta )
518
n <I> in 9 D mRE AR
x <R,DP(:)> in ROV ARGIE
p <R,DP(0:n,size(x))> inout Y IV ZIHA.
alpha <R> in Y IR 1
beta  <R> in Y IR 2.
EEN

n XY ALLZIHA% G,(a, B; 1) £Td L&,

o " (=1)kn Lla+n+k)I(B) 4
Gn(aw&x)1+};r1(n—r)!F(a+n)F(ﬁ+k)

G

o ERXOFEAMIFI LN THMI I T WS . FEAMi T ED I DWW TIX?? 2.

3.13.5 laguerre

0—nRXKDOI X —IVLIHEA%ZEETS.

call laguerre( n, x, p )

515

n <I> in R S e R
x <R,DP(:)> in SOV ARGIE 8
p <R,DP(0:n,size(x))> inout T —IZIHR.
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EER
n R F—VEERE Ly(z) £33 &,

_n (—1)fn ! ok
R TR TR

(]

o ERROFEMIFI LN THM I N T WS . FEMi T EDFEIIZ DWW TIX?? 2.

3.13.6 legendre

HaE
0—nXDIVI ¥V RVEHAEZFHET 5.
=X
call legendre( n, x, p )
515
<I> in FHEY 2 I .
<R,DP(:)> in DSV ARGIE S
<R,DP(0:n,size(x))> inout WY ¥ RILZLIHA.
EHER
n VY ¥ v RVEEHR% P,(z) £ 95 &,
& gkt ) —k+2) - nn+1) (k) (12"
Po(z) =) i(-1) Ay 2 )
k=0
CES

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

3.13.7 sonine

0—nRDOY=VLZIEAZFHHET S,

call sonine( n, x, p, lambda )
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518
n <I> in AR RS Pe 8
x <R,DP(:)> in POV AREIE- ¢
p <R,DP(0:n,size(x))> inout YV =VZIHA.
lambda <R> in Y = VR
EERN
RY =V ZERE SN x) LT DL
Z ) (n+A)! o
k! ' (n+A—Fk)k! 1
e

o EFROFHMIXI LN THAM I T WS, FEAM T EDFEMIZ DWW TIXT? 2L

3.14 special_function

RikBIE 2 GHR S BIBUER. 26, LR OBS~Y =2 7 )W, BBOERAD ALK L
THY, FEOFMFNEL?? 2 ZE 1IN0,

3.14.1 Full_Ellip1_Func

HREE
—MisEeEHBEBZHE TS,
23R
result = Full E1lipl Func( k )

518

k <R> in PR

JRYfE <R,DP> inout AfHEAEHE
EERN

1
K(k :/ —df
" 0 \1-—k?sin?0

s

Rz L.
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3.14.2 Full_Ellip2_Func

HeE
e e MR 2R TS,
=59
result = Full E1lip2 Func( k )
515
k <R> in K.
RYME <R,DP> inout #iEAEHE.
EERN
K (k) / SO
o V1—k2sin?0
()

3.14.3 Dbessj

HeE
BNy VBB EEET 5.
E:Y
result = bessj( m, t )
518
m <I,R> in R Y )V EBLD IR
t <R,DP> in 2.
FYME <R,DP> inout #iEAER.
EHEI

m RN RIVEEZ J,(t) £ 9D &,

IR AT
Jm(t)—kzok!r(mmﬂ) (2) '

ZIZTC, I(m) EmRAVYEETHS.

#E o FEEROFMNIIMAE T I N TS, FHIEIFIEDFHMIZOWTIE??SI
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3.14.4 bessy
HeE
RNy IV EEET 5.
=59
result = bessy( m, t )
518
m <I,R> in N R )V EE D RE.
t <R,DP> in 2.
RYME <R,DP> inout afEfLEE.
EERN

m R R IVEEE YV, (t) £ 5B &,

m—1

Yin(t) = Jm(t) Int — % Z (m_:v_l)' (;)%m
S (b (e ) ()

ZZT, I'(m) i m RV BEE T () 1 m Ry 2 IVEITH D,
EE o FEEOIMGAIIBEN T Tl X T W5, Gl FIEDFERNIC DWW TIX??7S .

3.14.5 beszero

BEEE
—FERY RIVEHOY O S E2HETS.
£
call beszero( nmax, mmax, k )
5141
nmax <I> in R v )V D B KR
mmax <I> in Kb B O DL
k <R,DP(0:nmax,mmax)> inout Y HRTOMHE (fii#E ).
E&ER
—FERXY LIV D 0 RIS n RETOFRENS miEDOXYOEE25HETS. 2

& E BB E OMNIGERIFLTO L SIT4 5.

n . nmax, m . mmax.
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mE o HIZIEX, n RO m BEHOX O L TOEKDIEZE KD 72\ 5E, call beszero(
n, m, k(0:n,m) ) LIHETIE k(n,m) IZTOLORDEIEHINTND.

3.14.6 beta_func

e
N SR T B
e
result = beta_func( x, y )
515
x <R,DP> in oA E
y <R,DP> in BEE
RYfE <R,DP> inout afEfEE.
E&ER

N—4 % B(x,y) 95 &,
1
B(x,y):/ " 1 =) tdt,  zy >0
0

#E o FEEROFMNIZIELXTRILI TS, FHEIEDOFEM I OWTIE??SIL
o N—XHBUTIFLBIRMEE £ D7D,

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

THDDT, 5IDIEF XD,

3.14.7 delta

BEBE
JORY H—DTINEEFHETS.
X
result = delta( i, j )
518
i <I> in R,
] <I> in R

HEOME <R> inout EFEALE.
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EEX

3.14.8 df bessj

Hae
HRARAN Y IV T 5.
g
result = df bessj( m, t )
518
m <I,R> in IR Y )VEAE D REL.
t <R,DP> in 2R
RUfE <R,DP> inout FHEKER.
EEX

m KBRS LV E L(t) L35 L,
In(t) = i T (it).
ZZT, Jp(t) M m Ry RIVBIE, i IREBRNITH D
BE o EEOFGRIIFES I CiMii X T\ 5. FHli GIEDOFEMIZ DWW TIX??7 2],

3.14.9 df bessy

Hae
BEER ) A~ VBB EHETS.
X
result = df bessy( m, t )
5188
m <I,R> in B ) A< VBB O
t <R,DP> in 2R

RYfE <R,DP> inout afEfEE.
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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

3.14.10 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&

3.14.11 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.

3.14.12 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
3.14.13 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 .

3.14.14 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.

3.15 statistics

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

3.15.1 Anomaly_1d

HeE
1 RIGEADNEEN S DT ) <) —25HET 5,
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X
call Anomaly_1d( x, anor, [error], [nc] )
511
x <R,DP(:)> in 1R T—A&.
anor <R,DP(size(x))> inout % x(i) IZXInT 2 mA.
error <R,DP> in REEME (&) .
nc <I> inout EHEOAT VN (1Bak) .
EEN
ERORIDT =45z, WEIELHE., TDT /<) —a, FEARD &S IZEHA
REATR
1 n
Q; = T; — E Z.%'p
p=1
B&

o REMENEHINTVIHEIE. FHHEDE., TOMEMNPASTND T —X i
EEREIZANZ, £/, T/ V =2 UTH error CTEHINTWVWDIH%E
B,

e 51 nc & error BIEMEREINT VB GE, EHEHEIZHW 2T — 2 BOHR
BO(REEZ RN ) 2RT.

3.15.2 Anomaly_2d

BERE
2 RITEHIDNEHEN DT ) <) —%3HHET 5,
=5
call Anomaly 2d( x, anor, [error], [nc] )
513
x <R,DP(:,:)> in 1 RET—4.
anor <R,DP(size(x,1),size(x,2))> inout % x(i,j) IZHIET D lmz.
error <R,DP> in REEME (1Bid) .
nc <I> inout EHDOAT Y N (#BR) .
E&ER

FEDEIDT —8F 2 WEAEL GG, TDT )XY = Gy FARD & S IZF
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"minhd,
n m
1
a~-:x--——g E T
ij L—— Pq
g=1p=1

B%

o RIEMENEZINTVDHEIL. FHHHEDE, TOENPA>TND T —X K
EHEIZANG Y, £, T /D= UTH error TEHEINT WD IHZE
b

o 5# nc & error BIEM K E I NT VDG, EHRFEIHNZT — 2D
BO(REBEZ RN 2IRT.

3.15.3 Anomaly _3d

BEEE
3 RITBH DAL S DT ) <) — % 58T 5,
=X
call Anomaly 3d( x, anor, [error], [nc] )
518
X <R,DP(:)> in 1 KoL T— 4.
anor <R,DP(size(x,1),size(x,2),size(x,3))> inout & x(i,j,k) (ZXnd dfFz.
error <R,DP> in RIEME (i) .
nc <I> inout EHDAT Y N (#BR) .
E&ER
FEBEDOEIDT =25 xpppp WEELUZEGE, TDT IV — appn ZEATD X S 12
AEIND,
Qijk = Lijk — lmn Z Z Z Lpgr
r=1 g=1 p=1
B&

o RIEMEMERINTVWIHEIX, FEHHEDE, TOENPASTND T —X 5
ZEBEIZANZN, £/, T/ YV = U TH error TEHINTWVWDIHE
BT,

o 1% nc & error BIFMEREINT VB IEE, FHEEIZHW T — 2 BOH%R
B (RIBMEZ RN 2IRT.
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3.15.4 auto_interpo_search_1d

BERE
1 RITOMWIEELH] (BERBNER 2 T IENRKREI S RDEH]) OHF T, point %
BABROVRAKDEZFESZHIITD (WD AT AL TD LD RUHEITS ),
=52
call auto_interpo_search 1d( x, point, i, [undeff], [stdopt] )
511
x <R,DP(:)> in 1 RocnEnd 7).
point  <R,DP(:)> in EiEAVRY=¥
i <I(size(point))> inout % point ZBA L WVEHEKARD x(i)
IZHEYS S 2 ERE S
undeff <I> in BRHEPHAN 7 T 7 (18R) .
T 74 Mo,
stdopt <L> in TI—WHh75 7 (k) .
T 7 AN M . false.
E&ER
R X2 7.
B&

o {FifHikIX auto_interpo_search_1d & [AU. /272U, point EHIILEIY 7 —
ATHDIENHHRTHD. U, Wil7— 2 THROEAL interpo_search 1d
%N —T TR UNZR.

3.15.5 auto_interpo_search _2d

2 RIEOWHES (EHBAMR B 2 LI K%< B BHH) OHBT, pointx,
pointy % A AVEADERES 2 TS (Wb BAY AFHED &> R
??5)0

call auto_interpo_search 2d( x, y, pointx, pointy, i, j, [undeff], [stdopt]
)
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X <R,DP(:)> in 1 RocHf Rl .
y <R,DP(:)> in 1 RO 51
pointx <R,DP(:)> in x WX DWTHANZ WAL
pointy <R,DP(:)> in IS DWTEHNRZ O AL
i <I(size(pointx))> inout #& pointx %R R WVEHRKD x(1)
WHY T2 ERES.
j <I(size(pointx))> inout % pointy Z#iARWVEKD y(j)
WY 5 ERES.
undeff <I> in BRHEFNT 77 (k) .
T7 AN NEER.
stdopt <L> in To5—hh75 7 (#Bh) .
T 7 AV NE false.
EER
N7
e

o (i 57%l% auto_interpo_search 2d £[FU. 7272, pointx, pointy Bl
W T — A ThHd I EWAHETHD. B U, 7T — 4 TRVEEI interpo_search 2d
2 —TTHTUMNR.

3.15.6 auto_interpo_search_3d

3 KICOWIEELY] (BEREPHEA D T L IENKRELSRDBES]) OF T, pointx,
pointy, pointz Z#ABWVWERAKDERZF S HNTLE (WOWL AV AGTD &
DB ELTD ),

=59
call auto_interpo_search 3d( x, y, z, pointx, pointy, pointz, i, j, k,
&
& [stdopt], [undeff] )

518
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x <R,DP(:)> in 1 R End 7).
y <R,DP(:)> in 1 RO 51
z <R,DP(:)> in 1 RO i 51 .
pointx <R,DP(:)> in x I DWTHFNZ DAL
pointy <R,DP(:)> in YIZDWTHANID AL
pointz <R,DP(:)> in z IZDWTHNZD AL
i <I(size(pointx))> inout %% pointx Z#iAAWVEKD x(i)
WY 5 ERES.
j <I(size(pointy))> inout #% pointy %X BRWEHKD y(j)
WY 5 ERES.
k <I(size(pointz))> inout % pointz &R RV KD z(k)
WY T2 ERES.
undeff <I> in RN T 7 7 (k) .
T7 AN MEEH.
stdopt <L> in TI—Wh735 7 (k) .
T 74 M . false.
EHEIN
REABIE 77
e

o {HifH/57%l% auto_interpo_search 3d £[AU. /272U, pointx, pointy, pointz
BT — 2 THD MR THD. &L, WilT -2 TRVGEIE
interpo_search_3d % /)L — 7 TClEIT L MRV,

3.15.7 auto_interpolation_1d

HeE
1 RID IR 2 EESRIZE 1T % HEE AL —F >, @%. interpo_search )V —
F & interpolation DFAGHLETIFON L NFFLE 2 58 HEMLL 72€ D.

23

call auto_interpolation 1d( x, r, u, v, [undef], [undefr], [stdopt] )

518K
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x <R,DP(:)> in PR OD S HE R AEE.

T <R,DP(:)> in LRI 21T D MR,

u <R,DP(size(x))> in JERE x TREHEINDEHT—X.
<R,DP(size(r))> inout i r TEHRINDELNT—X.

undef  <R,DP> in RAEHMAE (k).

undefr <R,DP> in INFRBEEE RUR E Bl (1),

stdopt <L> in TI—Mh7o5 7 (%&ik) .

T 74 ME .false.

EHEIN
FERE x DX MF R x(1) TEEINTWAE u(i) Dz sREE LT, x EFEXRT
WHFET D P RIEED R D NOEERr DFER () TEHZRINTWVDIE v(])
WZHFiZ T8 DTHD. 1 A—=VIEH?IOELIBREDTH 5.

(]

o 5B undef IFFIFITONHZITEH D & U/ & ST I N5 (E.

o 54 undefr ;cw#ﬁ»f@ﬁmﬁﬁwiﬁﬂﬁﬁbiﬁﬁﬁé WCEEOLLT, TO/MDE
HHEMNHDNIE— D REFEME undefr DHEHIT, NFSIZIZZ D undefr T
B Z 5N EMEHIND.

° undef & undef & EHOE D LT, NN EBMEBINT D D, tHIIAN TH
BPOHFINAREL 2D, BB, ZTNOHDMEIEZT 74N M TIEEH HE -999.0
’C“i&if?hé.

o RBRMNERFPIMIAFAEL TWEHE, 7 7 A4V N TIEEEHEL 11T Warning
AW —=UMNHHINDD, stdopt & .true. (ZERELTEIFEX, HH LRV,

3.15.8 auto_interpolation_2d

2 RotD LD FEEERIZE T 5 HEfRE AL —F >, %, interpo_search ) —
F & interpolation DFAAOETIFOLNL NN 25w 2HELL 2ED.

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

518
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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,

3.15.9 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.

3.15.10 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  FHEEMREL
error <R,DP> in RIEAH.
EHEN
EROEID 2 77— &5 x,,yn PEIEL GG, TOMBEBRE cc LFD & 5125
BRI,
cov
cc =

stv(z) X stv(y)
U, MFD &S BEd sz vz,

n n

cov="3 (2= T)(yi ~7), sto(d) =) (¢i— o)’

i=1 =1
2T cov BB, sto(d) 1 dn £ VD F— RFIDEHENE L 225, 72, LIROD
DV ZHIS P & R
i

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

3.15.11 Cor_Coe_2d

BERE
2 F— X OMIBIREE 3T 2V —F > (2 KThFIR).
X
call Cor_Coe 2d( x, y, cc, [error] )
518
<R,DP(:,:)> in 2 RIET — A
<R,DP(size(x,1),size(x,2))> in 2 RIET— A
cc <R,DP> inout FHBEILREL.
error <R,DP> in REEAE.
EHEN
2 RItleH % 1 RonllF N 2, Cor_Coe ZHWT W 5.
5

o KIBEMEZINTVDHAEIX, FHEOE, TDOT -4 23U AW,
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3.15.12 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,

3.15.13 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,

3.15.14 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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3.15.15 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

3.15.16 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,

3.15.17 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,

3.15.18 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 (Bd) .
E&HER
SRIET—H%& 1 RT —RIZEIHZ T, LSM_poly x HHNTW5.
%%

o REMENEHEINTWVIBIEEIX, TOENPASDTVWDIE T —XMEFHEIZAN
RN,

3.15.19 LSM _multi

Bee
HBT—AFNIKNUT, EEMEBEOLERLHRNI T v T4 V72T,
TREILEOTEZDOERBEEEIR T INV—F V.

=X
call LSMmulti( x, y, a, [undef] )

E1E=
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x <R,DP(:,:)> in TR 1

y <R,DP(size(x,1))> in T RHEH 2.

a <R,DP(size(x,2))> inout K SNDLIHANDRHBRE (k) .
undef <R,DP> n RIEME (#8d) .

EHEN
ERORIDT =2 H| DM ©p, yy WEIELZGE, TOT— A ZR/NRIEIZLY
PRDES B m REER F(x,) 1274V T4 V7T 5,

m
F(CBZ) = Z AL
J=1

oL X, 5IBUILLFOXINE T 5,
Tji * x(i,3), a; : a(j).

BB, TOBRNZFKIZ &S BARNZFEOGERIIMN OS2I, o & m (HDMAT
BEBTHBEINGEEGERT. ZOLBOMEENRE a; OFUZHFEL .

B%

o RIEMEMNEBZINTVIHEIK., TOMEMNP A>TV T — X HEGFHEIZAN

ANAR
o LT v TA v IBIEIE
F(z;) = 121 + agg + - - any,
EVIBEIEL TSN, &L, 74y T+ v TEEN
F(x;) = ap + a171 + asxs + -+ - Ty
EWVDYIF RS EINE LRI NIX R S RWGETEH, A)NV—F VIdfEA
AEETH D, BARIZIE, V—F VD58 x(:,1) IZRT 1 2 ANTHITIEE
AT ko R RPN
F(z;) = apwo + a171 + aswa + - - - apxy, w0 =1

EHEFIZARDZDT, a(l) ICHYHFOEMNRIND Z L1245,

3.15.20 Mean_1d

1 ROCELHI DI % GHE T B,
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X
call Mean_1d( x, ave, [error], [nc] )
511
x <R,DP(:)> in 1 RTT—A&.
ave <R,DP> inout FHE9 5 FIME.
error <R,DP> n RAEME (155k) .
nc <I> inout EHEOHT VN (Bad) .
EEN
EROEIDT 2G| xy WFELZEE, TDT )<V —ave IZEAFD & 5 IZEHE
Ihd,
1 n
ave = - Z:Bp
p=1
B&

o REMENEZRINT WD HEIE, FHFHROE, TOMENASTVD T —4
ZEIEIZ AN,

o 5# nc & error BIEMHRE I NTWBIGE, EHFHEIZHW T — 2O
B(RIBMEZ RN 2IRT.

3.15.21 Mean_2d

BEBE
2 Rotl S D% AT S,
£
call Mean 2d( x, ave, [error], [nc] )
511
X <R,DP(:,:)> in 2 RILT — A
ave <R,DP> inout FHEY 5 FEIME.
error <R,DP> n RIEME (H8ak) .
nc <I> inout EHEOHT VN (1BaR) .
E&ER

[EREDORE DT —Z I 2y BWFAEL A, TDT ) 3V — ave lFAFO & 5157
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BINb,
1 n m
ave = — x
o 20 D oo
g=1p=1

B%

o REMENERINTVIHEIE. FEHFHEOEE., TOMENA>THNDE T —4 5
ZETREIZANZR Y,

o 51 nc & error BIEMEREINT WD GE, EHEHEIZHWZ T — 2 BDM%R
BO(REMEZ RN ) 2RT.

3.15.22 Mean_3d

BB
3 RICEH D% FHHET 2,
£
call Mean 3d( x, ave, [error], [nc] )
51
x <R,DP(:,:,:)> in 3RTT—4.
ave <R,DP> inout FHEY S FEME.
error <R,DP> in RIEME ($8d) .
nc <I> inout DAYV N (BB) .
E&ER
FEREOEIDT— 25 21 WFIELZGE, TDT IV —ave XA FD & D IZF
"mixnhd,
n m 1
1
ave = %Zzz.qur
r=1 qg=1 p=1
B&

o REMENTEHINTVIHEIE. FHFHEDE., TOMEMNPASTND T —X i
ZEHREIZANZR N,

o 51 nc & error BIEMNEREINTVWDGE, EHFHEIZHW 2T — 2 B
B(RIEMEZ RN 28 2IRT.
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3.15.23 Reg_Line_1d

Bee
FFEMROMEE LU R 2R TN —F .
£
call Reg Line_1d( x, y, slope, intercept, [error] )
511
X <R,DP(:)> in 1 RET—4.
y <R,DP(size(x))> in 1 RoaT7—4.
slope <R,DP> inout [FIWREEFROME X,
intercept <R,DP> inout [EINFEKRDOY] .
error <R,DP> in RIEME.
EHEN

FEREOEXD 2 F— 40 2, yu BAEL B0, 2 OERER y, — az, + 4125
TS o L F ﬁ % LSM )Dﬂ}y%ﬁab\féf%ﬁﬁ‘éo
TR AT A 7 2 B

(]

o RIBMEMEZINTVDHAEX, FHEOE, DT —&2 23 LA,

3.15.24 Reg Line 2d

HeE
2 RILT — R DWTCRIFEMDEE LY 25 BT —F .
=5
call Reg Line 2d( x, y, slope, intercept, [error] )
515
x <R,DP(:,:)> in 2 Rt T— 4.
y <R,DP(size(x,1),size(x,2))> in 2 Rt T — A
slope <R,DP> inout [IVFEKRDM X
intercept <R,DP> inout [EIFEKRDOY]Fr.
error <R,DP> in RIEAH.
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EERN
2RIGT— A% 1 RLT —RIZEIHA T, Reg Line V—F V& AN S,

(]

o REMENERINTVDEHAI, SHHOE, TOT—&223HH LAV,

3.15.25 Reg_Line_3d
Hae
3RGLT —RIZ DOV THIFEROMEE LY R 25tH TV —F .

23

call Reg Line 3d( x, y, slope, intercept, [error] )

518K

x <R,DP(:,:,:)> in
y <R,DP(size(x,1),size(x,2),size(x,3))> in
slope <R,DP> inout
intercept <R,DP> inout
error <R,DP> in

EHERN
3RLT—4% 1 RLT—RXIZEZHZ T, RegLine V—F V2 H 5.
wE

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

3.15.26 covariance_1d

2 FT—RDENEEFET D IN—F .

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

518

131
3RLT—A.
3RILT —A.

[ e AR OD A X
[ EAR DY) .
/RAEAH.
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x <R,DP(:)> in 1 ka7 —4.
y <R,DP(size(x))> in 1 ReT — 4.
cov <R,DP> inout L HEL.
error <R,DP> in RIEAH.
nc <I> inout FEHEOAT Y N (#BiB) .
EER
FEEOEID 2 T—25 z,, yp, WEAELU 256G, TOHLDE cov LTFD X S IZEHE
INd,

n

cov = %Z(wz —Z)(yi — 1)

i=1

ZIT. EMODWZBIITEIIEEZ KT,
"%

o REMENERINTVDGAIE, FHROE, TOT—&2 23R LAV,

e 1% nc & error BIEMERE INT VB EE, FHEHEIZHW Z T — 2 BOH
BO(REEZ RN 2RT.

3.15.27 covariance_2d

BERE
2 T—RDOIENHEFET DI —F > (2 RITEFIIK).
=5
call covariance 2d( x, y, cov, [error], [nc] )
513
X <R,DP(:,:)> in 2 RILT— XK.
y <R,DP(size(x,1),size(x,2))> in 2 RIET— X
cov <R,DP> inout 4 EL.
error <R,DP> in IRIEAH.
nc <I> inout EEDOAT V NE (1Bak) .
E&ER
QRITET—R%E 1 RTT—RIZEEZHZ T, covariance V—F V2 5.
5%

o KIBEMEZINTVDHAEIX, FHEOE, TDOT -4 23U AW,
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e 51 nc & error BIEMEREINT VB GEE, FHEHEIZHW 2T — 2 BO%
B(RIBMEZ RN ZE) 28T,

3.15.28 covariance_3d

BEEE
2 T—RDOHNREFET DIV —F > (3 RITALFIR).
=X
call covariance_ 3d( x, y, cov, [error], [nc] )
511
X <R,DP(:,:,:)> in 3T —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.
nc <I> inout EHEOAT VN (1Bd) .
EHEN
IRIET—R%E 1 RTT—RIZIESIHZ T, covariance W—F V& H\ 5.
e

o REMEMNERINTODHAIE, SHAEOE, TOT—&225HHE LAV,

o 1 nc & error BIEMEREINTVWBIGE, FHEEIZHW T — 2 BOMKR
B (RIBMEZ RN 28 2IRT.

3.15.29 interpo_search_1d

1 RICOWIEELS] (BERBAEZ 2 TP RE S LR DES]) OHF T, point %
BZBVWRRKOERESZHNITE (WDLWDIZHYAG SO LS BNHELTD),

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

518
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x <R,DP(:)> in 1 ROt s d 5.

point  <R,DP> in TR TN

i <I> inout point ZMARWVEKD x(i)
MY D EREF.

undeff <I> in RN T 57 (1Bh) .
T 7 A MEn.

stdopt <L> in TI—thh75 7 (k) .

T 7 A ME . false.

EER
R 77,

B%

o ERHPHDESN ERZMEL D /NI WVEZER L L5 & UZBRIZ undeff 23K,
pODfﬁi» B X NG ITHERFPIIMNI R o 72385813 0 23K 9. PERHEPI LD K
BERREDELS BMEZ L >TEH, x DERANEIZHY T DEFELRZFZSZIKT,

o REFMMNERFPIMNFILEL TV HE, 77 7TJI/ ~ TIFAEHEH T IZ Warning
AW —=UMNHIINDD, stdopt & .true. [ZERELTEIFE HH LRV,

3.15.30 interpo_search_2d

2 RICOWIEELY] (ERBPE R 5 T L IEN KR E L AR BHE5]) OF T, pointx,
pointy 2 X RWERRKDERH S 2 HITLH (WDWPLHY AR SD & 5 RLHEZ
72).

X

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

518

main.tex 2018 £ 4 H 19 H (EHEH)



STPK v=a7J)L 3HITIL—Fr—& 135

x <R,DP(:)> in 1 RITHEEmC A1

y <R,DP(:)> in 1 RoTiT L 4]

pointx <R,DP> in x AWZDWTHANZ WAL

pointy <R,DP> in IS DWTEIHNRZ O AL

i <I> inout pointx ZBA R WVERKD x(1)
YT ERES.

j <I> inout pointy Z#ABRWVEKD y(3)
WY 5 ERES.

undeff <I> in RN T T 7 (k) .
T AN MEEa.

stdopt <L> in To5—Hh757 (k) .

T 7 AN M .false.

EFEN
R ?7.

(]

o PREBHPHDASERME L D /NI WEZEEL L5 & ULBRIZ undeff 2KT,
ZDOMEDRE I NG ICHERHPAIMNI R > -5E1E 0 2R, BEREH LD KE
BRI EDE D BEEZ L ->TH, x DERAMEIZHYE T SRS ERE S 2K,

o HEREMMBEREPAIMNIAFHEL TODEE, 7T 7 AV N TIFEHEH 1712 Warning
AW —INHIINED, stdopt & .true. ZEELTHITIE, HI LRV,

3.15.31 interpo_search_3d

3 KIGOWEELY] (BEREPH R LD T L IE@N K ELRBES]) OF T, pointx,
pointy, pointz A BWVWERKKDERESEZHNITE (VLWL AV AFTD &
DRI ELTD ),

=X

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

518
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x <R,DP(:)> in 1 RITHEEmC A1

y <R,DP(:)> in 1 RoTiT L 4]

z <R,DP(:)> in 1 RocHh 5.

pointx <R,DP> in x AZDWTHNZW AL

pointy <R,DP> in YIZDWTIHHANZD AL

pointz <R,DP> in z [ZDWTHHNTZWV AL

i <I> inout pointx A RVEKD x(1)
WY 5 ERES.

j <I> inout pointy %2 A\WVERKD y(j)
WY 2 ERE S,

k <I> inout pointz %A RWVERKD z(k)
YT B ERES.

undeff <I> in BRHIPHN T 7 7 (k) .
77 A Mo,

stdopt <L> in TI—Hh75 7 (#ad) .

T 7 A ML . false.

oo
EFRT

R 77
"%

o PREHPDEIERME L VNI WEZEEL £S5 & ULBRIC undeff Z23KT,
ZDOMEMNEE I NG ITHRRHFINMC R > - 5H1E 0 23RS, BEREH LD K&
WEBIRED LS BEZ L > TH, x DRAMEICHY T SEFEREE T ZIET,

o RBRMNERHPIMIAFIEL TWDE5E, 7 7 A4V N TIEEHEL 11T Warning
A —=UNHHINDED, stdopt & .true. (IEELTEITE, HHLARW.

3.15.32 interpolation_1d

HeE
1 RoTDRIEAFIN—F >, NI ENIFEOBRIZZRT S mB LY. TORICET
Bz LIl WK TOMEZFIENIZ L > TEHET D,

=

call interpolation_1d( x, y, point, val )

518
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x <R,DP(2)> in Wi DA ($2ih) .
y <R,DP(2)> in x CEHZINDME (k) .
point <R,DP> in SEC=Y

val <R,DP> inout NfF A TDAA.

EER
B BE??. & B RS 2, DE I U TEBINT WSy, 2EH 212, &
% 2 sz, zip OO 2, (BT DEAFFHEEZFE L Z20VETDH, 208 E N
TR yip 1 2ERE 2 IMOfER BIRUT, BTOE D IHHEINS,

Yi+r1 — Yi

ip = Yi +dx * (T5p — x; dr = .
yzp yz+ ( p 1)7 Titl — T

ZOEE, I TONIGZE T 5,
xi 2 x(1), wmip o x(2), oy oy, oy y(2),
zip : point, y; ¢ val
e

o HANIZ, x(1:2) DAL LRNVEEIL, point D% £ 12, interpo_search_1d
V—=FVEH, IN6DREHOLNUORODTEIFIEL,

3.15.33 interpolation_2d

BEEE
2 RITDMEAFTF I —F >, AR ENFHOBRIZSIRT S mB LU, TOMITET
5% E &I, NFEETOMEMRENEIZE > THET S,
X
call interpolation_2d( x, y, z, point, val )
511
X <R,DP(2)> in x HrNFE SO AL (Biak) .
y <R,DP(2)> in y SRS O A (k) .
z <R,DP(2,2)> in x, y CERINDME (BiR) .

point <R,DP(2)> in x, y COMNHEL.
point (1) A% x, point (2) A%y (X,
val <R,DP> inout AfF s TDIA.
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EERN
R ??. B 2 JEEERCS 2y, Y DRI U TEBR I NTODAE 2, 26 1T,
HB 4 )f—I_'\ (IL‘i,yj), (l'i+1,yj), (l‘i,yj+1, :z:¢+1,yj+1) fi;h/é)f—i (ZL‘p, yq) C:BHE)XX?W?
BB R L2V T B, ZOL X NFFE 2, 1ZIEF 4 O E ZRL T,

zxi+1j — j;‘j (zp — 1) + ?«;jﬂ - Zij(

i+1 — T4 i1 — Y5
(xp —3)(Yq — Yj)

Ti+1 — $i)(yj+1 - yj)

Zpg = Zij + Yg — Y5)

[Zit1j4+1 — Zij+1 — Zit1j + Zij] (
CEMEINDG B, ok X, BIBUIBTONIEE T 5,
i 2 x(1), w1 2 x(2), gy 0y, yi : y(2),

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

xp : point(1), y, : point(2), 2z, : val

B%

o HAIZ, x(1:2), y(1:2) DFEDDONSHBNGEIL, point DfE%E £ 12, interpo_search 2d
W—=FVEH, INLDREHSNUDKROTEIFIEL,

3.15.34 interpolation_3d

3 RITDFEANTFIN —F >, NFERENFORIZZRTIRBE LT, TORIZEY
Bz &Il NN TOMEEFIENIZ L >TERET S,

=5y
call interpolation 3d( x, y, z, u, point, val )

511
x <R,DP(2)> in x JFINTR RO LA (k) .
y <R,DP(2)> in y SN RO e (k) .
z <R,DP(2)> in z JANFEEO AL ($k) .

<R,DP(2,2,2)> in x, y, z CEBEINDH (&id) .

point <R,DP(3)> in x, vy, z CONFFAL

point (1) 2 x, point(2) My i,
point (3) A% z IZXf .
val <R,DP> inout  PIF AL T DA,

13z pROEHIZ2?B .
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EHER
BERBIZI??. & BERELA] 2, g, 21 DE ST U TR S NT OB iy % B
LI, B 8 HCHEND 1 (2, g, ) 125 2 DIGIIE- A L0 2 T3,
DY E, P 2y IR 8 HOMESRLT,

Tp — T Yo — Y
Upgr = Wijk + (Uit1jk — Wijk) (zp — 1) + (Wij+1k — Uijk) o ~ 45)
Tit1 — T4 Yj+1 — Y5
(2zr — 21)
Ui — s
+ ( i7k+1 ij‘) Zhtl — 2

) (xp — i) (yg — Yj)
Tit1l — T Yj+1 — Yy
) (zp — =) (20 — 21)
Tit1 — Lj Zk+1 — Zj
(g — y;) (2 — 21)
Yji+1 — Yj 2k4+1 — %§

+ (Uit 141k — Uija1k — Yit1jk + Wijk

+ (Uig1jh41 — Wikt 1 — Wit 1jk + Uik

+ (Uij k1 — Wijh+1 — Uij4+1k + Uijk)

+ (Wit 1 1h+1 — Wij k1 — Wit 1jht1 + Yijht1 — Wit1j4+1k + Wij+1k + Yit1jk — Wijk)
% (xp — ;) (yq - ?Jj) (20 — 21)
Tit1 — L5 Yj+1 — Y5 2Zk+1 — 25

LEMEIND T, ZorE, JIBUEMTOMNIEE T 5.
i - x(1), w0 x(2), y; oy, yip - y(2),
zr  z(1),  zpa1 : z(2),
Zigk + z(1,1,1), zipe - 2(2,1,1), zijpe 2 2(1,2,1), zjper ¢ 2(1,1,2),
Zittj+1k ¢ 2(2,2,1), zippesr 0 2(2,1,2), zijpaksr 2 2(1,2,2), zipgirie ¢ 2(2,2,2),
zp : point(1), y, : point(2), 2z : point(3), upg : val

B%

o BT, x(1:2), y(1:2), z(1:2) DFNDONSLRVEGEIL, point Dffi%
&2, interpo_search 3d V—F VZ W, INLDRZHOLNUHRKDTEH
TE LW,

3.15.35 nearest_search_1d

HeE
1 RIGOWIEELY] (BERBPIEZ D T L IENRE B DHH]) OHF T, point IZ
RELVERFESZ TS,

U pROEHIZI?B .
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N

call nearest_search 1d( x, point, i )

515
X <R,DP(:)>
point <R,DP>
i <I>
EERN
P77
e
2 U,

3.15.36 nearest_search_2d

in
n

inout

1 RoGHE s i 51
EERAVAAY S

point IZHEIEV x(1)
WCHY T B R E S,

2 RIGOWIEELY] (BEREBHE A D T L IENKRELSRDES]) OF T, pointx,
pointy IKEREEWERE S 2 T 5,

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

518
x <R,DP(:)> in 1 R L 4.
y <R,DP(:)> in 1 RIcfrEEcs].
pointx <R,DP> in x AZDWTHNZWD AL
pointy <R,DP> in Y IZDOWTHANRZDAL
i <I> inout pointx (ZHE TV x (1)
WY 5 ERE S
j <I> inout pointy IZHE LTV y(j)
WCHY T2 ERES.
EHEN
REA IR 77.
e
2L,
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3.15.37 nearest_search_3d

3 RITOMWBES (BRI Z 2 L IlP K E L R BES) O T, pointx,
pointy, pointz IZEREILVWERETZ LT D,

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

518

x <R,DP(:)> in 1 Rocill He w51
y <R,DP(:)> in 1 R L 4.
z <R,DP(:)> in 1 KRG hd 7).
pointx <R,DP> in x AZDWTHNZW AL
pointy <R,DP> in Y IZDOWTHNIZO AL
pointz <R,DP> in zZ IZDWTHHANTZV AL
i <I> inout pointx (ZHEE IV x(1)
YT B ERES.
j <I> inout pointy IZHE IV y(j)
WY 5 ERE S
k <I> inout pointz (ZHEE IV z(k)
YT 2 ERES.
EERN
REA IR 77.
e
2 U,

3.15.38 nearest_neighbor_search_1d
HeE
1 RTDAEEEFIDOH T, point ICHKEAWERFESEZH 19D,

N

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

518

main.tex 2018 £ 4 H 19 H (EHEH)



STPK v=a7J)L 3HITIL—Fr—& 142

X <R,DP(:)> in 1 RoCHf Rl
point <R,DP> in CERAYAAY=S
i <I> inout point IZHE TV x(1)
WZHHM 2 EERS.
undef <R,DP> in HAE FRMH.
E&EN
nearest_search_1d ¥ [A U.
®E
A

3.15.39 nearest_neighbor_search_2d

2 RICDALERLFIDOH T, pointx, pointy I(IIEIEWVWEREEF SN 1T 5D,

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 ROt s i 51
pointx <R,DP> in x AZDWTHNRZW AL
pointy <R,DP> in yIZOWTHHAN WD
i <I> inout pointx IZHE TV x(i)
MY D ERET.
j <I> inout pointy IZHE IV y(j)
IZHY T B ERE .
undef  <R,DP> in HAE TRl
EHEL
nearest_search_2d & [F U.
e
B U,

3.15.40 nearest_neighbor_search_3d

Hae
3 KILDEREEFIDHF T, pointx, pointy, pointz W(CHEEWEREZ S % H N
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call nearest_neighbor_search 3d( x, y, z, pointx, pointy, pointz, &

1 Rocif HEhd A
1 RITHEEncA.
1 RoTif i ic s

X AT DWTHNZZ VAL
IS DWTHANZ O AL
Z IZDWTHNZO AL
pointx IZHEEW x(1)
WY T2 ERES.
pointy IZHE TV y(§)
MY T 5 HEFRS.
pointz IZHE T z (k)
WY 2 ERE .

RAE M.

[error] )

1L RET —4.

R 2.

RARMH.

45,
X
i, j, k, [undef] )
511
b'e <R,DP(:)> in
y <R,DP(:)> in
z <R,DP(:)> in
pointx <R,DP> in
pointy <R,DP> in
pointz <R,DP> in
i <I> inout
j <I> inout
k <I> inout
undef <R,DP> in
E&ER
nearest_search 3d & [A U.
B&
A O
3.15.41 stand_devi_1d
BénE
2 TR DEHEREEFHETIIL—F V.
£
call stand devi_1d( x, anor,
511
X <R,DP(:)> in
anor <R,DP> out
error <R,DP> in

main.tex

2018 4 4 A 19 H (EHE)



STPK v=a7J)L 3HITIL—Fr—& 144

E&E
EREOEIDT— &% x, WEAEUZGE, T OREMERAE sto MFD LD IZEHAE X
nd,

n

1
sty = - Z(J;Z — )2

=1

Z T, EERODWAEEBITESE R T
e

o RIBEMNEZINTVDIHAEX, FIHEOE, TDT—& Z3HHE LA,

3.15.42 stand_devi_2d

B
2 F— A DR % BT 2V —F > (2 KTRIAIR).
£
call stand devi_2d( x, anor, [error] )
5l
X <R,DP(:,:)> in 2 RILT — A
anor <R,DP> inout AEHEfFZE.
error <R,DP> in RIEME.
E&ER
2RIET—R%E 1 RET —RIZEZHZ, stand_devi V—F V& V5.
5%

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

3.15.43 stand_devi_3d

2 F— X DA 2 FHET 2N —F > (3 RITHFIK).

call stand_devi_3d( x, anor, [error] )
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51¥
x <R,DP(:,:,:)> in 3RLT—4A.
anor <R,DP> inout AEEfRF 2.
error <R,DP> in REEAE.
EHEN
3RILT—F % 1 RtT —RIZE SR, stand devi V—F V& HAND.
wE

o RIBEMMEZINTVDHAEIX, FHEOE, TDOT -4 Z3HHEL AW,

3.15.44 Move_ave

BEBE
1 ROCEF OB E M %2 57T S,
£X
call Move_ave( x, n, y, [error], [offset] )
518K
X <R(:)> in 1 RET—4.
n <I> in SR b BB
y <R(size(x))> inout U 7Z#ER.
error <R> in RIEME (#8id) .
offset <I> in BEIEE % Bthd 2 BRE S (Bih) .
F7 AN i n.
EEHEIN
AEEDOEIDT—RH| x; WEIELZ5GE,. TOBENEY ¢ A TD LS IZEHEIN
5, 122U, n BWBEITYITLEHEZRTH D,
| el
Yi = E Z Lp
p=1
i®E

o BENEYDEHIFEZERTIE EDO LS IR U TH B D, FEEIIHMD n @iz
DWTCEHZFHAL, DBIIERGEEZE S, BHEZETEWVOEEE2IT>T
W5,
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o 5 offset IIBENEIFHEDMNAZLET D2 EERFSE2IBETD. offset=mn
EF28, FOERNIIBWVWT, 2EEZHN N DL X, BEPEHIZLLTD X S

IZEHE I NS,
i+n—1
vi= pz; zp(i =m, N —n+m)
ZIT,n>m TRITNERSLZWN. 20k X, EOBERHFIMIAY T 5 S
IZIE error BRAIND. T 740 MY O,

3.15.45 Move_anom

BB
1 RICE A OB EEIGE» & DfF £ % 51T 5,
£
call Move_anom( x, n, y, [error], [offset] )
5l
x <R(:)> in 1 ReT—A.
n <I> in YR & BER
y <R(size(x))> inout fEo6Nd7 /<.
error <R> in RIEME (#&ak) .
offset <I> in BEIE % Blh 9 2 BEES (k) .
T 74V M n.
E&ER
TEROEIDT =25 2, WFHEL GG, TOBEPEET /) g A TFDO LS I
HEINDG, U, n BPBEIEETLIEERTH D,
1 Tl
Yi = T — g Z Tp
p=i
&&

o BENEYDHEIFEHREATIE EO L IZEHAR L TH DD, ERIZHEH O n iz
DWTCFEHZHAL, DBRIIEGEEZE S, &FEEZETEWVIEEEZIT>T
W3,

o 5 offset IIBEFIIMEDNRAZFBTLIEZFESLIBETLTD. offset=m
5L, EOEERNITBEWT, 2EEHN N D& X, BEIEIN O DR E X
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UTFDOESIEEINS.
|
i =T — — =m, N —
yi= i~ pz; zp(i=m n+m)

ZIT,n>m TRITNERSLBWN. Z0& X, EOBEZEFFSMAEY T 2 EF

2% error BRAING. T 74 MO,

3.15.46 Bubble_Sort

Hae
1 Rl DT —2 %) NTINY) = TN TY ALIZE>TY—bT 3,
X
call Bubble Sort( a, b, sig )
511
a <I,R,DP(:)> in 1 RiaGT—A4&.
b <I,R,DP(size(a))> inout Y — kU 7Z§GEE.
sig <C(1)> in FE (1) BENE (x) 2.
E&EN
BU. NI —=RT7NTY ALIZE > THEE.
=3

2.

3.15.47 Quick_Sort

BB
1 RIS DT —R%E 74w 7 —hTINT) ALIZE>TY—1T 3,
£
call Quick Sort( a, b, sig )
513
a <I,R,DP(:)> in 1 ko7 —4.
b <I,R,DP(size(a))> inout YV — MU 7ZHEE.
sig <C(1)> in FE (1) 2EENE (r) 20
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EEN
BU. 24922V = 7NV T) ALITEH-oTERE, V- NEFOHEET— 23K/ —
TAY 3 VORERINDOT— X% N5,

B%
L.

3.16 Thermo_Advanced_Function

B)FEBOWNIEZ TS BEBD S B, DT Y 2 —IVITHRAF U 72 3HR 2 47 5 BIEUE.

3.16.1 CAPE

XA AL E T %)V F — (Convective Available Potential Energy) % 554 % )L —
FU.

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

518

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

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

qv <R(size(p))> in KIEKIREG T [kg/kg].

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

zref <R> in FHEE L [m).

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

undeff <R> in RIE FfH.

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

PLFC
/ R(T, — T,)d1Inp.

PLNB
ZIT. p3RE. T, 3RESGORE (DY), VYT THIUINDIRE). T, &
B B IZHE > T FRYESE 2,00 O BRI TS =RIVDRE, R IXKAEL.
LFC I3 HHMFEEE (Level of Free Convection), LNB I&H3Zi% )1 & & (Level of
Neutral Buoyancy).

main.tex 2018 £ 4 H 19 H (EHEH)



STPK v=a7J)L 3HITIL—Fr—& 149

(]

o 5L LTHADKMSNIE. BRBFZSD/NI WAL ) HRIGEWVEE 25 &
12, DEVESIE LTT—& & 5228k, HERE» SEML T L,

o HET—XIX LFC, LNB Ol %FH5H T 2 720DIZOAFEHAL T\ 5,

e undeff NHEINT VD EHEDMEIFFEE X N,

o LU, HMEEE2QUEHREETH 225G, T OB E WO H§ 17 I FEHERTE
TOREREZEIHERL., TOMEZ5IHE L TANNIE OK.

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

3.16.2 CIN

R T % )L ¥ — (Convective INhibition) #&H 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 IKFEKIRE L [kg/kg].
temp <R(size(p))> in I (K.

zref <R> in FEHEE L [m).

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

undeff <R> in RIE HE.

Pref
/ R(T, —T,)dInp.

PLFC
ZIT, pERIE. T, 3RESGORE (DY, VYT TBHHUNINDIRE). T, &
B B IZHE > T FRYESE 2,00 0O BRI W= RIVOERE, R IFKAEL,
LFC I E B iE A (Level of Free Convection). pres 13 zpey TORIE.

BE

o Gl UTHADKEINK, HRBFZSO/NIWHREYHRIGENMEE 2D &
D12, DFVEFIE U TT =X 2525013, MREMSBEML THL,
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o HET— XL LFC, LNB Ofi% R4 272DIZOAFHL TW5,

e undeff D/EINT WD HEDMEITFEE I NN,

o H L., R¥EFE2QFERETEZZG481F. ZOBEKEZIFOH I RHIZRERESE
TOEEZFEL, TOMEZ51 5L LT ANNIE OK.

3.16.3 T_LFC

11
LFC (Level of Free Convection) TR % F15.9 % BILL.
=X
result = TLFC( zref, z, temp, p, qv )
515
zref <R> in FEHEE L [m).
z <R(size(p))> in = [m).
temp  <R(size(p))> in e K.
p <R(:)> in SUE [Pa).
qv <R(size(p))> in KEKIEG L [kg/kg)].
RYfE  <R> inout LFC TORE [K].
EHEIN
WIEAXIZ B 1T /87 A — X DFFEMIXT? S
e

o Gl UTHEADKIINE, HRFZSO/NIWHEPLYHRIGENEE 2D &
ST, DEVEFIE LTT—4 %252 58I%. HRE»SEML TH L,

o HDRUMEZETOMYENEZ LRI X, FHEOMNMEYSIEMNE —HT 5
BEMNLFC THD. Z 2T, FEBOMMMEYIEN AT 2 KEkdD, £
IO EEREIINFTAZ I TEELZRETS.

3.16.4 T_LNB

LNB (Level of Neutral Buoyancy) TOmfE % 51459 % B

result = T.LNB( zref, z, temp, p, qv, [option] )
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518
Tref <R> in FAEEE [m).
z <R(size(p))> in & [m].
temp <R(size(p))> in mE K.
p <R(:)> in SUE [Pal.
qv <R(size(p))> in KEKIEA L [kg/kg).
RYME  <R> inout LNB 'C wE K]
option <R> in % (1 %ﬁﬂ@)
EHEI
WIEAKIZ B 1 5 /87 A — X DFFEMIXT? S
e

o Gl UTHADKIINE, EHRFZSOD/NIWHRE Y HRIGENEE 2D &

ST, DEVEFIELTT =425 2 5BIF. MRE»SEML TS

e option IZIFHFEMNASL. ABEITIX, LNB 25T 5 2dI2, 2 MO Sk
LB IENTED, 1 2OIX LFC & E TOMMM YR A LFC &V 22
THUREGOMMMYEM E XD REZFRL, TOEEZ LNB 954

EThd, UL, EBOESMELESEBLAKEBNT—2 Tk, BEDT—
WRELLEFTIHEERH L7720, LFC DT ETLNB 232 TULEW,

A
ik

W23 X W RWEARDHZ, TIT, 2 DOEEELEENF— X0 Ly
51 3 BRI IRAT 2 FHE UL B9)ic LFC CORIRIE IR & [ U %
M2 7% LNB L9 5 HIECHE TS, SRR LG C I

BBz, ZOFEEL>TEMBEIZAR, 774V N TiE option
THY., THE 1 DODFHEIZEDEHETH D,

3.16.5 precip_water

518

ARk E 2 R T S B

result = precip.water( p, qv, [undef] )

=1
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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
WIEAKIZ B 1 5 /87 A — X DFFEMIXT? S

B%E

o HI L UTHEADKIINIE, BHRESONIWAENLYHIRIGENEE 25 &

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

3.16.6 qrsg_2 dbz

HeE
FHEYNR G LD S HEHUI R L — X KSR % 51HA 3 2 B
=g
result = z LFC( rho, qr, [gs], [qgl, [ns]l, [ngl )
518
rho <R> in HUEGE kg/m?).
qr <R> in MK & [ke/kg).
as <R> in EiRE L keg/kg).
ag <R> in IRG I [keg/kg).
ns <R> in TRRE [1/m3).
ng <R> in WRORE [1/m3).
RO <R> inout L —XKH5RE [dBZ].
EHD

L — A RSTRE dBZ 13
dBZ =10log;y Z

TEHINTWD. ABEBTIE, 20D Z OFHHEIC Murakami (1990) D (54) & -

Qr ' s
Z =TI'(7)Ngo ( ) 10
) Tpw Nro
2 2 2 _ 1.75
g —1 Ew—1 Ps > < pQs > 18
+ I'(7 N, 10
(7) i+ 2 / fuw +2 <pw O\ 7ps Nyo
2 2 2 _ 1.75
g —1 Ew — 1 Py > ( Py ) 18
+ I'(7 — ] N, 10
(7) €+ 2 / Ew + 2 <pW 90 TPgNgo
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2HWTWS, 72, EidlE 1-moment NV 27 iEZEFE L AL ZE STV A,
HKAHBWFEIZ DWT 2-moment NV 7 EEFET D L, ERIFPATDOL S22 %:

ﬁQR L7 18
Z =T(T)N _ 10
(M) NRo (TFPWNR0>
2

1 2 1 2 — 2
€ +2 Ew +2 pw * s
2 2 2 _ 2
+ren | |82 fw =1 ('Og> N1 (F'Qg> 1018,
gi+2 Ew+2 W g TPg

ZIT, KilFIEENETNUTOLEY THD,
I'(z) HY~BH

€ KD IEEER.
Ew IKD HLEEE .

Ngo WOBEE m1.
N BOBERE oY)
Ny  BOBEE m™1).
N FORURE [m3).
N,  TOREE [mY),
Puw IKDEE .

Pq BODEE,
p BARLGDOKREE.

EWERIN T A — &% Murakami (1990) 25L& I N TV D EEZ VD2, kI T
WRWWS T A—=ZIZDNWTIE, BERHMER (2008) D2 SHEIZLTWS. L —A 4t
TR DOFEM R EFIX 7SI

(]

3.16.7 z LCL

LCL (Lifted Condensation Level) % F14%.9 % B%k.

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

518
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zref <R> in FHEEE [m)].

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

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

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

qv <R(size(p))> in IKESIRE L [kg/kg].
RO <R> inout LCL &/ [m].

EERN
WIEAKIZ BT /87 A — X DX T? S

(]

o Gl UTHADKIINE, HRBFZSO/NIWLREYHRIGENMEE 2D &
D12, DFVEFIE U TT =X 2525013, HREMDSBEML T,

3.16.8 z_ LFC

HaE
LFC (Level of Free Convection) % &89 % B
=X
result = z LFC( z_ref, 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 [Pa).
qv <R(size(p))> in RFAKIEG I [kg/kg].
RUME <R> inout LFC & [m].
EHEIN
WIEAKNIZ B 1T /87 A — X DFEMIXT? S
e

o FEL UTHADHEIE, BERERFSDO/NIWAHNK Y HIKRITENMEL 25 &
DI, DEVEIME U TCT— X %252 25B%, HIERH»SHHL THL,

o HLIUWEEE TCOMYIENZ LR X/ &, FEORFIE Y IEMN E —T D
FENLFC THD. Z I TIE, FFDORFIMSEMN L RE£T D 2 mEKD, ©
IO EERMICIANETE L TEEZRETD.
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3.16.9

515

BE

z_LNB

LNB (Level of Neutral Buoyancy) % 7% 9 % BA%K.

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

#Z3

zref <R> in FAEFE [m).

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

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

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

qv <R(size(p))> in KESIRE L [kg/kg].
ROfE  <rR> inout LNB i [m].
option <R> in SRR (HESR).

WIEAKIZ B 1T /87 A — X DFFEMIXT? S

o Gl UTHADKIINK, HRBFZSOD/NIWLRE Y HRIGENMEE 2D &

DI, DEVEIME U TCT—X %252 2B%, HIERH»SHKMHL THL,
option IZIXEF MW AS. AKBETIX, LNB 2383272012, 2 FEHD KL
#LBHIEMTES, 1 DOIX LFC &ETORIFIME SR A LFC L) L2
THURBEGOMAMHYEME R DD M2 EL, TOEEEZ LNB 954
ETHhd, LML, RBEOEDREEREESARBH T — 2Tl BEDOT—&
MRELEFHTDHENLHZ 72O, LFC DT ETLNB 232 TCTLEW, IE
MEIZEEINBRNGENH D, €I T, 2 DOITERELKEBIN T — & D L
5 N S ARG IRAL 2 FHE U, &H)IC LFC TORFIM Y IRAL & F UfE %
WA 7-EE%E LNB &2 HIETRHEEZ1TD, BRI S IRALIE F g TldkifiiER
BeBd720., ZOFEEL>THMEIZAR, 77 4)V N Tl& option = 1
ThHY, ZhE 1 2ODOFTEIZLZEHAETH S,

3.17 thermo_advanced_routine

B FBBROWMEI —F 2 DR T, AT —fHTIEA EAIE R T 8% K92
TON=—F D55, MDEY 2 —IVHKETLIUHEZTI3DEEDLEY 2 —)).
ZZTHOWTWSZ < OB OFEMIETT S,
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3.17.1 Brunt_Freq

BEBE
TV ML Y IO 2 FEFHETD.
=5y
call Brunt Freq( x, y, z, pt, BV, [undef] )
511
<R(:)> in GFRE— R
<R(:)> in AT R R,
z <R(:)> in G TR R
pt <R(size(x),size(y),size(z))> in wAL[K].
BV <R(size(x),size(y),size(z))> inout 77 ¥ NNA Y FHREEL [/s].
undef <R> in REFAA.
E&ER
T3V YIIREEE N TDE, TOEHEIT
2_ 990
N = 00z
ERB, TIT, g, EENTNENNEE L HMNTH D,
5%

Bz L.

3.17.2 Ertel PV

BEEE
INTIVORT VY Y ViBER2HET 3.

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

511
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x <R(:)> in G FREE— AR,
y <R(:)> in A TR R
z <R(:)> in TR = R
u <R(size(x),size(y),size(z))> in x D,
v <R(size(x),size(y),size(z))> in y S DHE.
W <R(size(x),size(y),size(z))> in z JFFA DL
rho <R(size(z))> in 1 [kg/m3]
pt <R(size(x),size(y),size(z))> in w47 [K].
cor <R(size(x),size(y))> in AV AVINT A—=4 [/5].
PV <R(size(x),size(y),size(z))> inout TILTI)I®D PV [K/kgs m?].
undef <R> in REFAAH.
E&EN
IIVTIVDRT VI YIEEZ PLdde, TOERIT
p_ wg - Vo
P
ERBD, TIT, we, b, pldEenifiifmiE, AL, BETHD,
=E3
KRz L.
3.17.3 HEPV
5231
HHFERIZBIIDEEDOEEBIEIZE DS TIIVTFIVORT VI Y IVIRER2FHET 5.
X

call HEPV( x, y, z, u, v, rhoc, pt, cor, PV, [undef], [sx], [syl )

515
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X <R(:)> in TR — R

y <R(:)> in A TR R

z <R(:)> in TR = R

u <R(size(x),size(y),size(z))> in x JMOD@EE [m/s].

v <R(size(x),size(y),size(z))> in y FFODHE [m/s].
rhoc  <R(size(x),size(y),size(z))> in EHAN I

pt <R(size(x),size(y),size(z))> in AN T —RAFE (1Rxh).
cor <R(size(x),size(y))> in AV FVINT A= [/5].
PV <R(size(x),size(y),size(z))> inout TILTID PV [K/kgs m?].
undef <R> in RIE FAH.

sx <R(size(x),size(y))> in x MDA — VAT
sy <R(size(x),size(y))> in y JAEOD AT — VKA.

EER
HNERIBIBZINTIVORT VY YIVEELRZ P L35 L, FOEFRITR M ERE
2 R TOEBENOMAEONMBESERE CIZEMTEZ LT

(), (8 e (2] 22)
Yol \ O ¢ NN dy ¢ we oC p Oz

_Ov _ Ou
wZB,C = _87<'7 w%( = 87<'
Thd, BT CIXTOE MR CIMii X N2 ERARTHD Z L 2 E KL TWD,
E2, NI OWTIRET L2 ETH Y., —BIWITIFEMIFHHAI NG, Z0Y)
HEIZKFLT, 86125 PV ORAIFEZRD 2 LIER, INH6 28518 & it
IEH L,

P=

L%, ZIT,

Lo

- )zrhoc, A=pt, f=cor, P=PV
p 0z

x?:y?C:X?y?Z? u’U:u?v7 (

Thbd,
(e

o %5|#x,y,z,rhoc,pt DHALUIE D & S B RITTTERDRNA, THIL PV D
R EREZ 2D I LIERET S, BHIOTIVTIV PV Otz iUz
&I, FTOMBIZHDAT—IVNTFLEHODET, sx *x x,8y * y2 [m] D
Hifiz, pt A [K] O¥ALZ, rhoc A% [m3/kg] DHALZRKFTIEL W,

o 2 — VT sx,sy EACTAHIOMEER % [m] Kt 3 2DORKTH 5,
G ZDOAT=IVHFZ hy, hy T8, ERINTODIKFEERPELER 2, y
DIUNEERL 6, 0y (2 U T, KETGRIDEATEHREE 6L, L, IFEATFD &K S 2
REHD:

0Ly = hgydox, 0L, = hydy.
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BIZIE, @,y JEEEDSERIIDRERE, FHIE (1, ¢o) THD LTI L, TNTNDW
INSARTERE O Ly, 6L, \ZTHTH

0Ly = acos p20p1, 0Ly, = adps
LY, ZOEEDAT—IVHTFIEENTH
hy =acosga, hy=a
L%, ZIZT, alFMIROPEETH D,
o MARSHIE thoc X 1HBO &1 rhoc= — 0o ThB, (&AM 2 1T

z

%Y. rhoc I FBEEDWEIZ T D, /2, JENEEp % CIZRATDH L, &
JZ DR, S rhoc & —g I2—HT 2, EoT, HHATIEEIEHIIZIOD
rhoc ZROTHEL BLENH B,

3.17.4 HQGPV

Hae
R BT B ST PERR S & O e B A | 2 B D < MERMATR AR 7 > ¥ v Vi &
2T 5.
=
call HQGPV( x, y, z, phi, t.ref, cor, PV, [undef], [sx], [syl], [rhoc]
)
515
<R(:)> in AT R — R
<R(:)> in PEREELY SRy
z <R(:)> in TR = R
phi <R(size(x),size(y),size(z))> in z TS 55 ().
t_ref <R(size(z))> in BEARGRE (61) [K] (#2h).
cor <R(size(x),size(y))> in IV FVINT A—=4 [/5].
PV <R(size(x),size(y),size(z))> inout ¥EMIEIE PV [s71].
undef <R> in R E FR1H.
SX <R(size(x),size(y))> in x FIAOD AT — VK.
sy <R(size(x),size(y))> in y MDA — VAT
rhoc  <R(size(z))> in HARGEE [kg/m3] (Hd).
EHE
N RICE T DEMBNR AR T VY v IVEEEZ P 3L, TORERITIESIEREEp
RTOES :
_l¢e 9 (foo?
P=3Vet T4y, (0 8p>
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e RS () £ )
Z Wit (phi) VART V¥ IV [J/ke] | £ [Pa)
BEARGHE (t_ref) g K] AL [K]

B R, R 2 DEE

1, o [ (dop\ "
Pzpofovzp+f+faz{<dz> 9}

TENTHERIND,
BREERZ LI, ST G Z N EYHRIIRLDL, UTFIZTheRELTEEDL,

(]

o A — VIR sx,sy (FACEHMIDEERER % [m] RITIZT D 2ODHRETH D,
G ZOAT—IVIRTF % hy,y by &L ERINTV DKL BEERER 2, y
DIUNEERL 6, 0y (XU T, AKEFGRID KRR L, L, FEATFD &K S 25
REHD:

0Ly = hzdx, 0L, = hyoy.

BIZIE, o,y BERASEREORE, SUE (61, ¢0) THBLTH L, ZNENOH
INSS TR 0L, 0L, IETNER

0L, = acos p20¢1, 0Ly = adpo
ERY, ZDEEDAT—INVHFIXENTN
hy =acosga, hy=a

L%, ZIT, aldMiBRDERTH D,
o HARGEE rhoc I E LTLHND & I, WMEHBEIIRMEENE S5h
TV e —F VHITHEHET 5,

3.18 thermo_const

BB, BNFZAIB T2 EEEHE L TORD & DIZ52 5. HHLIIHRME
% (2008) &£ V).

3.19 thermo_function

BNEIZE T YR HOZBBEBE. AN, AN T —ZH2IRT &5 RARIZT
NTIDEYV2—IHMARAEND. THNIIBIED I THoTH, BRIBNAN T 4
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IR LD Rk B
Cpd <R> 1004.0 GRS D 78 T A [J/K kg
Cpv <R> 1870.0 IKFESRDE T LA [J/K kg]
Cvd <R> 719.0 Wz IR S D TERE LE 2 [J/K kg]
Cvv <R> 1410.0 IKFES D RE R LB [J/K kg]
LHO <R> 2.5e6 IKFESRDIEEL [J/kg]
LHS <R> 2.8¢6 IKFES D S HETE B [J/kg]
LFO <R> | 3.337e5 0°C TDKD RfFEEL [J/kg]
LFm40 | <R> | 2.357¢5 —40°C TOIKD @l [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 e fU T DARZESUE [Pa]
ei0 <R> 611.73 15[ 5T DK EAF] T D AKFRSUE [Pa]

eps_rdrv | <R> | 287.0/461.0 Rd/Rv 1]
kalm <R> 0.4 IV VRE 1]
pO <R> 1.0e5 BT [Pa]
p0O0 <R> | 1.01325e5 MR SUE [Pa]
rhow <R> 1.0e3 IK DR [kg/m?]
t0 <R> 273.15 WHE S3T T D 7K D[] £ [K]
£i0 <R> 273.16 KO = H T OB RS [K]
MFPO <R> 6.6e-8 p00, t0 TO ¥ H 1T [m]

BTHIHEEITOVTEEHAINS.
AREYV2a—INVTEBEINTOVDEBITIZTANT, A 7Y a3 VEIBTREIZT Ny 77
TYaVPRERBINTWDE. AA TV avigT 74V MEBE T T, B3I 1 245E 31U,
Z ORI AEDS NaN THAUSEEA L TV 2 — IV 2 EHEHHT 5. 2 2BE T,
ZTOEBDOLE BT D2 EY a— IV, TUTRINDEE2IEERNTLELDI1ZH8-5T
Wb, BB, TRTON—F YV THOOLNTWSEHEBOER XIS, £/, &KitH
RO 2B HE FERDOHiS .

3.19.1 Cefp
Bee

IKEKIRE N O BMNMEE A ZFHET 5.
=R

result=Cefp( qv, [d1] )
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518
qv <R> in IKARTIR A [kg/kg)].
d1 <I> in TN TATYay
RYOME  <R> inout ARIEHELE [J/K kg).
EHEN

HARIELRE C 2T 5L,

_ 1+ qvcpv/cpd)
= 3.19.1
( 1+ qy ( )
ZZ Ty Cpdy Cpus Qo IFTNTINZIER LD E LB, IKFERDEIEILEL, KERIES
ths,
=E3
Rz L.
3.19.2 Cefv
BEBE
K& BN OENERLLAEZFHETS.
£X

result=Cefv( qv, [d1l] )

5151
qv <R> in KSR G L [ke/kg).
dl <I> in TN TAXTYay
ROfE <R> inout HARIEREHE [J/K kgl
EHI
BREMLEZ C L9 L,
r_ 1+ QUcvv/Cvd
O = coq (1 o ) . (3.19.2)
ZZ T\ Cods Covs @ IETNTNEIER KD ER LI, KK DERLEL, KELR
BTH D,
e
FHZA L.
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3.19.3 Cl
HERE
WIKDLLEE GRS 5.
£
result=C1( T, [dl] )
518K
T <R> in RKEDIEE [K].
dl <I> in TN TX T ayv.
RYOfE  <R> inout E# [J/K kgl
E&EN
KDOWEE ClLET 5L,
4190.0 T > 273.15
CUT) = = . (3.19.3)
4770.0 + 6(T — They) T > 273.15
== 4770.0 — 4190.0
= i = T = 233.15.
40.0 ’ g = 23315
=E3
Rz,
3.19.4 DSE_Emanuel
5> 4=15
Emanuel (1994) TEZRIN TV D ZIEHN T RN X — 2517 T .
R
result=DSE Emanuel( T, qv, z, [d1l] )
518
T <R> in RRDIE [K].
qv <R> in IKARTIR AT [kg/kg).
z <R> in =i [m]
dl <I> in SRAV N WAA-V2

RUME  <R> inout HZMEEHHY T XL F— [J/kg].
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EEX

hg = (de + ""va)T + (1 + T)gz (3.19.4)

MERDL. T Ty Cpa, o li%ﬂ%ﬂﬁakﬁ%jﬁﬂ@ﬁrktm, IKEKDETE LB T
HY, T,r gz ZFTNTHREE, KEIESL, ELIEE. SEE2RT,

BE
Bz L.

3.19.5 eP_2 qv

BEBE
KELDE L ETI MO KARIBERLZEITET 5.
X
result=eP 2 qv( e, P, [dl] )
518
e <R> in KRDIKAKE [Pa).
<R> in KRDEH [Pal.
dl <I> in TN TF T ay,
RUME  <R> inout KREDKEJEAL [keg/kg].
E&ER
_ ege _@
Qv = P_¢ €= Rv. (3.19.5)
Ry, Ry ¥ Theh, R, KELKDKIRER,
5%
KRz L
3.19.6 eP_2.sh
BEBE
IKZEGRIE E TE NG AKRK LR 2 5HHE T 5.
EX

result=eP_2_sh( e, P, [dl] )
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51¥
e <R> in KEDIKFEKIE [Pal.
<R> in RLADEE [Pa).
d1 <I> in TN ITF T ay,
RUME <R> inout KEDKASEN keg/kg).
EER
_ee Ry
=5 €= R, (3.19.6)
Ry, Ry ¥ Theh, WERA. KELKDSIRER,
5
KRz L.

3.19.7 es_Bolton

HEE
Bolton (1980) MDA 5 i E % st il fFIKASIE ZFHH T 5.
e
result=es_Bolton( T, [dl] )
515
T <R> in RKLADIEE [K].
d1 <I> in TN TATVav.
RUfE <R> inout KREDEMIKASE [Pa.
EER

—c

es(T) = egexpal0, a=17.67, c =29.65 (3.19.7)
ZIT, Ty =273.15 K, eg = 611.0 Pa, es(T) IZBIRIKELKIETH B,

B%
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3.19.8 es_TD

Bolton (1980) DADHH T, KELKEE2ER2 L TTDL TOHEMEE % FHHE
5.

=5y
result=es_TD( e, [dl] )
E1E=
e <R> in KREDIKFELIE [Pal.
dl <I> in TNV TX T ay,
RO <R> nout KKOBAUHE K.
E&ER

Ty —c
a —log (e/e0)’
ZZT, Ty =273.15 K, eg = 611.0 Pa, Tp IXFEMIHETH D,

w&
Rz,

Tp=cH+a a=17.67, ¢ = 29.65 (3.19.8)

3.19.9 esi_Emanuel

BéRE
Emanuel (1994) QR » 5 IR E % 5o I OKBIR CRIFIKASIE 2 53T 5.
=X
result=esi_Emanuel( T, [dl] )
511
T <R> in RRDIE [K].
dl <I> in TN T F T ay,
RUME <R> inout KEDIKMAMIKASE [Pa.
E&ER
KEAFDKRLRER e, REEZT LT &,
111.72784
Ine? = 23.33086 — % +0.15215In 7. (3.19.9)
B&
Koz L
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3.19.10 eT_2_.RH

BERE
IKFELE L REN OMMNEE 2 EHR T 5.
£
result=eT 2 RH( e, T, [opt], [d1l] )
511
e <R> in REDIKFASLE [Pa).
T <R> in RRDIRE [K].
opt  <C(1)> in  RIHUKASEIIALL
’b’ = Bolton, ’t’ = Tetens,
TI7 AN NE b
d1 <I> in TN TF T a v,
ROMf <R>  inout KAOMEHTE [%).
E&ER
FNEE RH & fIFIKZASE ess KEK DT e DEHZA ¢
RH = 63 x 100 (3.19.10)
ZICICEHRE TS, 22T, fIHUKASIEIXIEED S es_Bolton & HWTEE L 72fH
205,
w5
Bz L.

3.19.11 exner_func_dry

HeE
WIRREIZB I T A —BBEHET 5.
EY
result=exner_func dry( P, [d1l] )
518
P <R> in KRDHET] [Pal.
d1 <I> in TN TATVav.

RYOfE  <R> inout FZIERK DT I AF—BI [fERT].
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E&ER
T AF—B r; DEFEN
p Rd/cpd
Ty = () (3.19.11)
bo
MHERDL. TIT, po lFT 7 AF—HBOEERETDH D, Ry, Cpa lTTHTH,
HZIER SIS BT D LR EB L EELLBTH B,

e
Hrizz L.

3.19.12 get_gamma d

HeE
HEIRR R DM AR 2 ST 5.
N

result=get _gamma d( [d1l] )

518

d1 <I> in TN ITF TV ay,
RUME  <R> inout HZMRMTEEER [K/m).
EHEL
He SR W BMER Ty I3 C g EEIIEE g 2 T,

ry=--2 (3.19.12)

Cpa

BE
Rz L.

3.19.13 goff gratch

5> 4=15

Goff-Gratch DX HIRE % ST ICHAUKASKIEZ AT 5.
X

result=goff gratch( T, [d1] )
1=
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T <R> in RRDIE [K].
dl <I> in TN I F T ay,

ROfE  <R> inout KREDEMIKAESE [Pa).
EHI

pow = a <t;f _ 1.()) +blog, <t;t> +e (10'0pa(1.0—T/tst) _ 1‘0) +d (10.0pb(tst/T—1.0) B 1.0) ,
es(T) = po x 107" (3.19.13)
Z T,
a=—7.90298, b=5.02808, c = —1.3816 x 107, d = 8.1328 x 1073,
pa = 11.344, pb = —3.49149, tst = 373.15, py = 1.01325 x 10°

w&
Rz,

3.19.14 goff gratch_i

HEE
Goff-Gratch DOAD SR % JulKEIF TRIFUKASKIEZ EHRE T 5.
g
result=goff gratch i( T, [d1l] )
51¥
T <R> in REDE [K].
d1 <I> in TNV ITFTVay.
RUME <R> inout KEDEMNIKASHE [Pa).
EEN
tio tio T
pow = a <T — 1.0> + blogyg T +c <1.0 — tiO)
es(T) = po x 10P°%. (3.19.14)
ZZT.
a = —9.09718, b = —3.56654, c = 0.876793,
Po = 611.73, tio = 273.16.
B%
Rz L.
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3.19.15 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> (3.19.15)
MHRDD., TI T, Ry IFHIERKIIB T DRMBERTDH B,
B&
FRzz L.
3.19.16 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°. (3.19.16)
ZIT, Ty=27315K TH 3,

3.19.17 liquid_enthal

HaE
Emanuel (1994) DX HIE L KYEN SBKT Y ZIVE =257 T 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 (3.19.17)

ZZ Ty CpdyCpuy L i%ﬂ%ﬂﬁz%ﬁﬁw@ﬁrhhm 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.

3.19.18 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. (3.19.18)

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,

3.19.19 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

(3.19.19)
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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 &,

3.19.20 qvP 2.e

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
= = —. 3.19.20
‘TPeve TR ( )
D, g IETNTNIES], KEKIRGHTH S,
()

Rz L.

3.19.21 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].
d1 <I> in TNV T F T av,
RYME  <R> inout RiRE [K].
EHN
KRE%E T, L35 L,
T, = 7Lt /e (3.19.21)
1+ qu
ZIZT, T,q EENTNRKDIEE, KEKQEESLTH D,
e
FRzza L.
3.19.22 qvTP 2 RH
BégE
KELIRG I EIRE L END OHNRE 2R T 5.
=X
result=qvTP_2 RH( qv, T, P, [opt], [dl] )
518
qv <R> in RRDIKAKIES L [kg/kg].
T <R> in RRDIE [K].
P <R> in KEADAEE [Pal.
opt <C(1)> in BRI A SUE R R A,
’b’ = Bolton, ’t’ = Tetens,
T AN b .
d1 <I> in TNy TA T av.
ROfE  <R> inout  REDMIEE [%)].
EER

SHEERRIIU T TH .
qvP_2_e(qv,P) = /KZLTE e=eT_2 RH(e,T)= fHXZE

BE
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3.19.23 qv_2.sh

IKFESKIR G M S IR 2 51 H T 5.

result=qv_2_sh( qv, [d1l] )

518K

qv <R> in KIBKIRA L [ke/kg].
d1 <I> in TN TATav.
RYfE  <R> inout i [kg/kg].

EHER

g% sh & 33 L,
Q@
1.0+ 4q,

sh (3.19.22)

qo W FKFELRIBEEGLTH B,

B%

KRR A O AR KURER 25 H T 5.

result=Reff( qv, [d1] )

518

qv <R> in IKEKIRG L [ke/kg).
dl <I> in TN T F T ay,
FYME <R> inout ARIKMKREE [J/K kgl
E&ER
ANEEERE R L35 L,
14 qu/e

R =Rj———. 3.19.23
T (31929

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

3.19.25 rhoP 2T

BEBE
WK K DREBAREADN S, BELLTE 2 5 A THEZES.
X
result=rhoP_2_T( rho, P, [dl] )
518
rho <R> in KEADEE kg/m3).
P <R> in REDHEH [Pa).
d1 <I> in TN ITF TV ay,
RYfE  <R> inout KEDIEE [K].
E&EN
RKEDRRE S FER

p = pRT.

ZIZT. pp, RTBENTNKREADIES ., B, WRRKDOKAER. KDILE

Thd, TRTOLEIT MKS B2 TUHXIND,

e
KRz L.

3.19.26 rhoT 2 P

VIRR[DIREH AN, BHELREZEXTREZRED.

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

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

RYUME <R> inout KEDXE [Pal.
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E&ER
KEDIRESFEX -
p = pRT.
ZZT, p,p, RATIFENTNRKDES, B, WZERKDLRMER, KAOHEE
Thd, TRXTOEHIE MKS BALRTUHE I NG,

BE
Bz L.

3.19.27 RHTP_2 qv

Hae
RS LR & RS S KR SIEAR L ZFET 5.
=R
result=RHTP_2 qv( RH, T, P, [opt]l, [d1] )
515
RH <R> in KDDL [%].
T <R> in REDIE [K].
P <R> in RKEADAEE [Pal.
opt <C(1)> in BRI ZRSRERH R T A,
’b’ = Bolton, ’t’ = Tetens,
TI7 AN NE b
d1 <I> in TN ITF TV av,
ROfE <R> inout KRDKEJIEAL [kg/kg].
EERN
FIEEFEIIA T TH B.
RHT_2_e (RH,T) = /KAXJE e=>eP_2_qv(e,P)= KAEKIEALL
%%

Rz L.

3.19.28 RHT 2. e

RS & S 0 S KR SUEZ 59 5.
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=X
result=RHT 2. e( RH, T, [opt], [d1l] )
5%
RH <R> in KRRDIER ML [%)].
T <R> in RADIME [K].
opt <C(1)> in BIRIKZR ST R .
’b’ = Bolton, ’t’ = Tetens,
T AN b .
d1 <I> in TN ITF TV ay,
RYfE  <R> inout KRKDKFEKIDIE [Pal.
EHEN

MWL RH & BIRUKZRSE 0 KERKRDE e DEFEN :

RH = 63 x 100 (3.19.24)
ZICIZEET S, 22T, MFKAESEIXIREDNS es Bolton # HWTEE L 7-ME
2HWD,
e
Bz L
3.19.29 sh_ 2 qv
Hae
KSR G KR RIB G ZFHET 5.
=X
result=sh 2 qv( sh, [d1] )
515
sh <R> in KIS [kg/kg].
d1 <I> in TNy TH T av,
RYOfME  <R> inout KEASIESM [kg/ke].
EERN
KELIRGIE g, £ T2 &,
sh
L= 19.2
©=10-sh (3:19.25)

sh IFKELRHETH 5,
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w&
Rz,

3.19.30 tetens

5> 4=15
tetens DFEERAN SIRE % T ITHHIKARASIEEZFHET 5.
£
result=tetens( T, [dl] )
515
T <R> in KLADIRE [K].
dl <I> in TNV TFX T ay,
RUfE <R> inout KREDEMIKASIE [Pa).
E&EN

es(T) = eg x 10°T-To+b

ZIT, Ty =273.15 K, e(T) IXBRKARLIETH D,

BE

3.19.31 thetaP 2. T

AL, FEOPOIREZERT 2.

result=thetaP_ 2 _T( theta, P, [dl] )

518

theta <R> in R DAL [K].
P <R> in KKDET] [Pal.
d1 <I> in TNy THA T av,

RYME  <R> inout K&ODIEE [K].

T—Tp a=175 b=2373 (T>Tp)
a=095,b=2655 (T <Tp)

(3.19.26)
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EER
BALDE KA
P Rd/de
T=20 <> (3.19.27)
Po
MHRDD. T T, po TV AF—BEORELRIETH D, Ry, Chpa IXZENnTh,
HIRRSKUZ BT D[R EB L EEIATH B,

BE
Rz L.

3.19.32 thetaT 2_P

BEEE
BAL, BENSKTEEZEHATD.
£
result=thetaT 2 P( theta, T, [dl] )
5%
theta <R> in RERDIAL [K].
T <R> in RRDIE [K].
d1l <I> in TN TF T ay,
RYfE  <R> inout K&DET] [Pal.
EHEN
WALDEZEN :
T de/Rd
P=p <9) (3.19.28)
MHRDD. ZIT, poldT 7 AF—BBOIEESETH D, Ry, Cpa IXZENnTh,
IR RRIZE T 2R ER E EIEHETH D,
B&

Bz L.

3.19.33 theta_dry

RSB I DAL 25T 5.

result=theta dry( T, P, [d1] )
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518
T <R> in RKLADIEE [K].
P <R> in KEDES [Pa).
d1 <I> in TNV T F T ayv,
RUME <R> inout HARKKDIEAL [K].
EHERN
IRALDE X /e
B po\ fta/Cpa
=T (P) (3.19.29)
MoRDE. ZIT. po ld T AF—BBOERESETDH D, Ry, Cpg 1T TNTH,
HIRRKIZB T 2 [MERE BRI TH B,
e

EERRICB TS 2R T 5.

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

518

T <R> in KLADIRE [K].
P <R> in KREDES [Pa).
qv <R> in READIKELJIEA L kg/kg].
d1 <I> in TN TATVav.
RUME <R> inout MWEIKKDIRA [K].
EHEI
RSB T Bl DE&HEA
ow 1 v
Gm—T(m)p  pow = Jd + /e

=4 3.19.30
P Cpa 1+ qv X (Cpu/Cpa) ( )

MERDB. 2T, po RTY AF—BIROHEELETH B, Ry, Cpg, Ry, Cpy 127
NEN, ERGIC BT B GIREE L RIS, KRR B 1 B QR Y &I H 2
ThH5.

BE
RizkL.
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3.19.35 thetae_Bolton

Hae
Bolton (1980) DR & M4 IR % 55T 5.
X
result=thetae Bolton( T, qv, pres, [dl] )
518
T <R> in REDIE [K].
qv <R> in RERDIKELJIEA L kg/kg].
pres <R> in KREDRIE [Pa).
d1 <I> in TN TF TV av,
RYUME  <R> inout MHMEAL [K].
EERN

MSRALZ 0, T D&,

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

p
(3.19.31)
Z 2T, T, po,p, TicL, Gus W& TNETNSIME. 1000 hPa, &JE. LCL IEE, fUARES
tkth s,
eSS
FRIZ L

BEEE
Emanuel (1994) OA» S HYSEA 25179 5.
£
result=thetae Emanuel( T, qv, pres, [qo]l, [d1] )
5%
T <R> in RADIE [K].
qv <R> in KAERIEA L kg/kg).
pres  <R> in KREADRIE [Pa).
qo <R(:)> in KRS D K EIR A kg /kg].
d1 <I> in TN TF TV av,

RUE <R> inout AH4EAL [K].
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THR
MM % 0, 55 L,
6= T (m)Rd“W”” L]
Dd (cpa + )T
2T, T po, p H IR TN EHEE, KESRAI. KBRS LOMRH, 5
FESI. FES). RRRREECH B0 F7. cpa, cpn, iy Ray Ros Ly 13T NENSIERRDTE
FEHER, AGRRDE LIS, WOKD B, A RO RATE, KELD LT,
BRTH D,

(]

(,H)erv/(cpd+clrt) exp [ (3.19.32)

o IKELLIMNDKYIEIRAIIE 7 TV TR ORI ERIZHET,

3.19.37 thetaes_Bolton

BénE
Bolton (1980) DA & RAMIF S IRAL 2 5HE T 5.
£
result=thetaes Bolton( T, pres, [dl] )
51
T B i KKOBE K]
pres <R> in KREDSIE [Pa).
dl <I> in TNV TX T av.
RYOME  <R> inout HMMiRAL [K].
E&ER

MRYIRALZ Oes 95 &,

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

p
(3.19.33)
ZZT, T,po,p, Qus W& TNTNSIME. 1000 hPa, &JE, fEFEALTH D,

3.19.38 thetal Emanuel

HRe
Emanuel (1994) O X OB % FHH T 5.

main.tex 2018 £ 4 H 19 H (EHEH)



STPK v=a7J)L 3HITIL—Fr—& 184

X
result=thetal Emanuel( T, ql, pres, [qo]l, [d1l] )

518
T <R> in REDIRE [K].
ql <R> in WKEA T [kg/kg).
pres  <R> in KRERDKJE [Pal.
qo <R(:)> in BOK LM DK YPEIR A L kg /kg).
dl <I> in TN TA TV ay
RUfE  <R> inout  JEKIEAL [K].

EHD

WKL 0, LT3 &,

. } (3.19.34)

exp ,
[ (cpd + ricpy)T

X
=r(5) (-=5)
e+
<(1-3)
<Rd+7’tR>
Cpd + TtCpu
<de + Tthv) .

Z 2T, T,r,7e, po, p W ETNTNIRE, WAKRELE, KYEIRA DK, FHEEE T,
JENTHD, /2. cpa,pv, Ras R ﬂi%ﬁ’b%?i”bﬁz,%éjt—\@ml—thm KIRLDET
L, R R D SR TR 7J<7%%m0)>ﬂﬁimé?5ﬁf H5,

(]

o JRKDADKMIEIREHIZ AT T T IR OESERIZEST, /2. 22
IFKERDIEEILE & EFND,

3.19.39 thetalv_Emanuel

Emanuel (1994) O Xh» O BAKIKIEA % 5HHE T 5.

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

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 &,

(3.19.35)

- ()
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 .

3.19.40 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)] (3.19.36)

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.

3.19.41 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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3.19.42 thatavqvP 2. T

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> .

(3.19.38)

Z 2T, thatavy, po, p W& TNVEIKIRE, FEHET S, KKDIESTH Y, thatav, 1£27

TROLN/AEZ TITEHET D,
e

3.19.43 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 (3.19.39)
=T e
ZIT, TIFERADIEE, e = Ry/R, TH D,
e
Rz L.
3.19.44 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, 3.19.40
1+qy/e ( )
ZIZT, T, q 3 TNTNREADEE, KEKESHRTH S,
e

Rz L.

3.19.45 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, [opt], [d1l] )
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515
T <R> in READIRE [K].
P <R> in KREDIES] [Pa).
opt <C(1)> in FIRIK AL R S,
’b’ = Bolton, *t’ = Tetens,
T7 AN b .
d1l <I> in TN TF TV ay,
RYOME  <R> inout KAKDEAFIEEL [ke/kg].
EERN
RRDFANEGIE s £ T2 L, TOEENDS
_ P
Qus = —
Pd
Thd, ZIT. py, pa FTNTIKERDEE L ZFRKOEETH D, HAK
ROREAFEANS, TNTNOEEIX
= & _ Pd_
Pu RUT, Pd RdT
Thd, ZIT, espq, Ry, Ry, T IZZTNETNRIFIKARLRE, W2IRRKKD T, KK
K[DKBER, HIRRADOLRER, RADIETH D, £oT,
_ R e
Qvs = Ryp— e (3.19.41)
L5, ZTIT, RERRLADDIEIIKREDETE p N OMMKAKTEEZZ U \W2E
DTHZNDT, ERIFKDILD, e FIREDADEBTH S 720D, KQDEE &2
JE% 520, ARSI B ONE ZLbnd,
e

Rz L.

3.19.46 TP_2_shs

518

REDIHE L RENSHMEEZ2EH TS, 22 THWDHAKAKTEDEFEIX
es Bolton IZLBHXZ2HWTHFONEEDLT S,

result=TP_2 shs( T, P, [opt]l, [d1l] )
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T <R>
P <R>

in

in

opt <C(1)> in

dl <I>
RYOAE  <R>

EER

in

KLADEE [K].
KREDIES] [Pa).
BURIKZESUE R E ST IE.

’b’ = Bolton, ’t’ = Tetens,
77 A NE b

TN TH TV ay.

inout KR5QDFAFELIE [kg/kg].

READEMILIEZ qps L TDE. TOEEND

Pu
Qus =
Pd

o

THhod, ZIT, py, pa BRTNTIKERDEE LIERKDEETH D, BAK
ROREHEANS, TNTNOEEIR

_ S
Pov = R,T’

€ _ pd
Pi=p T

Thd., ZIT. es,pa, Ry, Ra, T IFZTNZTNEINKERIE, EERKDDE, K&
KDRMBER, VRRL[RDGUKER, RADBETHS, £oT,

. Rd €s

= 3.19.42
W=7 ( )

ERB, TIT, MEBERKODEIFIRADEE p NHRMKARLEEZ A LIV
DTHZDT, EXIFKYTD, e, ITREDADEBTH D720, KADEEL 2
FEZ5 20 fFEERE NS Z Erbhd,

w&
Rz,

3.19.47 TP_2_rho

Hae
IR R SDOREBHREANS HELREEZ EATEE L.
=
result=TP_2_rho( T, P, [dl] )
518
T <R> in KREDIE [K].
P <R> in KRDETT [Pal.
d1 <I> in TN T F T ay,
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.

3.19.48 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 . 3.19.43
p =Tt (3:19.43
ZIZTC, T,rr R TNTNRKDEE, KEASIEGH., KYEREGHLOBITH 5,
e

o KAALLIMNDKYEIRA I 7 TV TR ORI ERIZHET,

3.19.49 TqvP_2 TLCL

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

result=TqvP_2_TLCL( T, qv, pres, [d1l] )
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518
T <R> in RERDIE [K].
qv <R> in KRRDIKAEKIEAH kg/kg].
pres  <R> in KEDSIE [Pa).
d1 <I> in TNV T F T av,
RYUfE <R> inout LCL TOE [K].
EER
LCL TO%% TieL £ 95 L.
c
TicL = T —Ine—b + 55, a=3.5, b=4.805, c = 2840 (3.19.44)
ZIT, eldKEKIETH D,
e
Rzl
3.19.50 TqvP_2_thetae
Bae
MR 2 EHZ AN OEHET 5.
=R
result=TqvP_2_thetae( T, qv, pres, [opt], [dl] )
51
T <R> in KRDIRE [K].
qv <R> in RRDKEKIEAL [ke/kg].
pres  <R> in RRDKJE [Pal.
opt <C(1)> in BURIKZRSUE R T IE.
’b’ = Bolton, *t’ = Tetens,
T7 ANV K& b
d1 <I> in TN TATVav.
RUfE  <R> inout  FHYIEAL [K].
EERN
MR E 0, & T3 &,
L(TLCL)%S]
O = Ogexp | ————— 3.19.45
4P [ CpaTLcL ( )

Z 2T, 04, L, Cpg, Trcw, qus 1 ETNT IR KDIRAL, KFKSKDIEEL, W2IRE T L

. LCL i, fMEAHTH S,
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w&
Rz,

3.19.51 TqvP_2 thetaes

BEBE
BURIFE LR 2 E B A OFE TS,
X
result=TqvP_2_thetaes( T, pres, [opt], [dl] )
515
T <R> in REDIE [K].
pres  <R> in RRZDKIE [Pal.
opt <C(1)> in BRI ST R I,
’b’ = Bolton, ’t’ = Tetens,
T AN NE b .
dl <I> in TNV TX T ay,
ROME  <R> inout  MH4EAL [K].
E&E

BRI RN 2 0.5 & T2 &,

L(T)qus
0. =0 3.19.46
dexp[ e } (3.19.46)

ZZTC, 04,L,Cpa, T, qus 1ETNTIRZIER QDN KASKDIGEL, TolEE E B
B, fAEALTH D,

3.19.52 TqvP_2 thetav
HeE
RIRALZ EEANOFHET 5.

=X
result=TqvP_2_thetav( T, qv, pres, [d1] )

518
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T <R> in RRDIE [K].

qv <R> in RERDIKEJIEAL kg/kg].
pres  <R> in KRERDKJE [Pal.

d1 <I> in TN TA TV av.

RYME  <R> inout RIEAL [K].
EEIN
RiEfiz 6, L3 5L,
Do Rd/cpd
0, =T, ( . (3.19.47)
Z 2T, Ty, po, p WETENTIARIRE, FH¥EE S, KKDEHNTHY, T, 12?7 TRO S
NI fE%ETIZEHETS.

£
KRz L.

3.19.53 TTd_2_RH_Bolton

HeE
Bolton (1980) D X» 5 & F R IS NS D KERIE % KD, Z D% 5512
IR % EHART 5.
=X
result=TTd_2_RH Bolton( T, Td, [dl] )
5%
T <R> in REDIHE [K].
Td <R> in KD R [K].
dl <I> in TN T FH T ay,
REYOE  <R> inout KEDHNMEE [%).
EHEN
_e(Ty)
RH = = T " 100 (3.19.48)

Z I 7T, RH,e,e5, T, Ty 3T NE MR, KEKE, SRNKERE, RE, &R
EThd. ZDL X, KELZEIEZT T Bolton (1980) DX%E JTIZEIHT S,
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3.19.54 TTd 2 _RH tetens

Hae
tetens (1930) DX S RE & FTE AR IR T 2 KFEKIEZ KD, D% TITFE
NIREZGET 5.

X
result=TTd_2_RH tetens( T, Td, [dl] )
518
T <R> in RKLADIRE [K].
Td <R> in KD AR [K].
dl <I> in TN TF T ay,
RYOME  <R> inout KEDHNEE [%).
E&EN
e(Ta)
H = 1 .19.4
RH = s % 100 (3.19.49)

Z 27T, RH,e, e, T, Ty l&TNT X, KRLE, BAFIKZARLE, R, #2555
JEThHD. ZDL X, KEKIEIZT AT tetens (1930) DRXZITCICEIHRT B.

B%

Hae
Emanuel (1994) TEZEIN TV HEAKFAT RV X —%23HT 5.
=R
result=WSE Emanuel( T, ql, z, [qol, [d1] )
E1E
T <R> in REDIRE [K].
ql <R> in WKIEG T [kg/kg).
z <R> in = [m].
qo <R(:)> in WOKLMNDKPEIR A EE kg /kg).
d1 <I> in TN TH T av,

RUME  <R> inout  JEKEHK T )L F— [J/kg].
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EERN
huw = (pa + T46pp)T — Ly + (1 4 14) g2 (3.19.50)
MERDB. ZZTo oy po, Ly EENENEMER KD EIE LB, KRGO EIE
B BETHY., T,ry,m,g,2 1 FTNTNRE, KUEREGOMBI, BAKEAS .

HAIEE, mEZRT,
B%

o KD DKYEIRESHIZZDOHF T Z L IZHESEZIZBNTE I,
T2, WKL 2 DT, KRG E 2 OFIBUZIET,

3.19.56 rho_ocean

PaE
UNESCO (1981) (2817 B MEDREHFERX (7) IZEEDWT, KOEE LGRS 5.
=X
result=rho_ocean( P, T, S, [dl] )
518
P <R> in MK DS [Bar].
T <R> in MK DR [C° .
S <R> in MK DIE IR [PSU.
d1 <I> in TNy TH TV av,
RYE <R> inout ¥WEKDEE kg m3].
EET

"
I p X UNESCO (1981) @ (7) X :
-1
B -
p(p,t,S) = p(0,t,5) [1 K(Mjs)] (3.19.51)

MHERDD. ZIT, pt, SIFTNTHKIE (Bar), Kifi (C°), HRE (PSU) TH
%, p(0,t,S) IXMBEIZH T 2HKDOEE, K(p,t,9) I NVIHRETHY., ThTh

4 2
p(0,£,8) = pu+ > bit'S+ > ;1832 + dyS?,
(0.4:8) = put+ 2 WS+ 0 (319,52

K(p,t,8) = K(0,t,S) + Ap + Bp?
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TROLEND, 12720, BRIIBI BB LU0 FIEATD L S AfE & EXTHE
I NTHD,

5
Pw = Zaitla
=0

3 2
K(0,t,8) = Ky + Y fit'S+ Y git'S*?,
=0 i=0
2
A=Ay +> irthS + joS¥?,
k=0
2

B=DBy+» mt"s,
k=0

4
Kw = Z ektk,
k=0
3
Ay = Z hyt”,
k=0

2
By = kit
1=0

ap = 999.842594,

a1 = 6.793952 x 1072,
as = — 9.095290 x 1073,
az = 1.001685 x 1074,
as = — 1.120083 x 1079,
as = 6.536332 x 1077,

bo = 8.24493 x 1071,
by = —4.0899 x 1073,
by = 7.6438 x 1077,

by = — 8.2467 x 1077,
by = 5.3875 x 1072,

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

do = 4.8314 x 107*
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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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3.19.57

D26

Lin et al. (2008) 2B} D EHIZHE DT 26 EREERFHHTD.

result=D26( P, T, [undef], [dep_thres], [temp_thres], [negl, [d1l] )

518K

EEX

P <R(:)> in HKODES]) [dBar] (£23d).

T <R(size(P))> in MK DIRE [°C .

undef <R> in REFRME (i)

dep-thres  <R> in AR RUIRIRIRIE (1238) [dBar].
T7 AV =0.0.

temp_thres <R> in R B R L C O L RME [degC).
T 74N = 26.0.

neg <L> in d26 DAJET 26 °C &2 D JFDH (#
T7 4N = .true..

d1 <I> in TN THXTVay.

RV E <R> inout 26 EVEE [m (dBar)].

MHEHMNS 26 £ DX temp_thres LR DHIODEE.

(]

FH—5l T HDUEKDIENILHEALD dBar TH D 720, EKIEZKE T X
fIEE L EMThd I LIZEETS.

FEAFIEETREHRIN, B EEBRBSD/NI WSR2 XD IEEZEHL
BUIFNER S B0, \ES TG IES.

51#1 dep_thres IXEHEIN/ZT —ENZOBWE LIV EVVREEETHEAETD L
X2 D26 DEVAZITHO AT a v THD. T 74N MK 0.0 BEEINTS
D, ZOMEPMEEINTWEIGEIE, EDOEDBBEINLEHEINZT—AMN
H-oTEH D26 DEtHE%EAAD. HlZ L, dep_thres=10.0 DHFE, T—FH 11.0
dBar BUEIZUNEIEL B2 WA, D26 1% 0.0 © U <X undef 25,

518 neg 1% 206 K D IERWVEEET 26 BN L RDENFIEL 256, BMAOHEAE
EIOBIZTOEEHET 20 EIIEDDINDT T T THS. .true. DY
&, TOREOFHEITENTS. false. BOTOREEFHEIZEDD. T 74
ME .true. THREINT WD, .false. IZUAGE, REENAMLE K5
BEBEDMITEEND 20, RIIT L > TR I N D D26 MEJHE & 755 a[REMED
Hd. BHETIE, 206 TVENFEETIIRELEEREL TS0, 4679 26 &
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Y EIRE RN, FEERIILBENRALZERE T 07 7 ANV BR>TND D
LEHDHICIEETS.

3.19.58 OHC
Hae
Lin et al. (2008) (2B} B EHICKE DV TR RELFHET .

=R
result=0HC( P, T, [undef], [dep_thres], [temp_thres], [negl, [d1l] )

518

P <R(:)> in MgKODES) [dBar] (£2id).

T <R(size(P))> in KD [°C .

undef <R> in REHEM ().

dep_thres  <R> in TR RERIRIRE (181d) [dBar].
T7 A4 =0.0.

temp_thres <R> in R B RS C OIRERRME [degCl.
T 7 A = 26.0.

neg <L> in d26 AT 26 °C LR B DT (k).
T7 AN = .true..

a1 <I> in TNy ITF TV ay,

R <R> inout WEFFEITEE kJ cm 2]

EER
YEPEITEVE H X Lin et al. (2008) DEHFIZHED X,
H = poC, / (T(2) — Tog)d= (3.19.53)
226

MERDD. TIT. po, Cp IEZTNTNHEKDEEAEERE 1026 kg m™3, WKDEE
BAm 4178 J K kg ' ThHD. 72, T(2) IZBEE IS KR, Tes = 26 °C.
206 1E T(2 = 296) = Tog L7RDEE, 25 1F 296 M OIRWVARNI AN > TS 17D 1E
BOBWETHD. 774N DNTld Ty =26 °C THDW, temp_thres TE H AHE.
ZITC, 2R EAEEZEICEONTVD I LILEET D, RICEETAEZ2HET
BIGEIRIEH 2z, = 0 DNEIRI NG, TNTH, B3 BE DHINIATD LS IZ8 5!

z - P, T(z) - T, H — OHC.

B%

o MBI THDWKDIEIFHEANA dBar Td 2 7280, KL 2 RE T IXH
IREEEMTHE Z LITHERTD.
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o ENIFEMTERIN, BANERFZSDNI VAR BDL LD ITHEZRKMNL

BRITNIER SN, HES TS5,

514 dep_thres IXEBEINZT —E NI DOBEE LD RVEEETHFAET DL X
IZ OHC DA ZITHO> ATV a v ThHd. T 74N ME 0.0 BEEINTEY,
ZOENEEINTVIEEIE, EOLDBREINOERZINLZT —ZDH >
TH OHC DEtAE%RAAD. HlZIE, dep_thres=10.0 DHE, T —FH 11.0
dBar AZRIZUDEIEL 206, OHC 1% 0.0 £ U <X undef & 745,

5180 neg 1 206 K WIRWVIEET 26 BN L RDEPFEL 256, AR
ETOBRC T DB M T 20 HICEDLINPDT TV THD. true. DI
&, TOEDOHEITEL TS, .false. BROZTDOELHBEIZEDD. 774
ME .true. THREINT WD, .false. UGS, REENAMLE K5
ABEBEDMITEEND 20, RIIT L > TR I N D OHC M EE & 752 5 iREMED
Hd. BHETIE, 206 TVENFEETIIRELEEREL TS0, 49 26 &
FOERE RN, ERICILRBENBZALERE 7O 7 71V B>TWd T
EEHDILITHEET .

3.20 Trajectory

HEBOT — 8 % 52T, ik, WEROIET 217> L —F Vi,

3.20.1 Backward Traject_2d

2 RIENRY NIVEDT =AM AT 5 A VTR %175,

call Backward Traject_2d( dt, stime, step, ini x, ini_y,

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

518
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dt <R> in GRS % IRFFETTAIRE [s].
stime <R> in AL IE T DA [s].
step  <I> in SRS AT TR
inix  <R(:)> in FIIALE x [m].
ini.y  <R(size(ini x))> in FIFARLE y [m].
t <R(:)> in WEG T — 2 DH DEZ (k).
x <R(:)> in AT RE — HERE [m.
y <R(:)> in A TSR AR [m).
u <R(size(x),size(y),size(t))> in x ARDONZT MV ($&ih).
v <R(size(x),size(y),size(t))> in y AEDNRT 8V (k).
traj x <R(step,size(ini x))> inout JREFKRD x A7EHERE [m].
traj.y <R(step,size(ini x))> inout JREFARD v A7EERE [m].
FTF <L(size(ini x))> inout FHEMSEISIHIE T T T ().
opt <C(*)> in RIS D A F — A (F25dh).
T I ANV NERIHAA T —AF— A,
undef R in I F R e 20l (£23).

EERN
526N MEELD T — X054 t1 25 t, ETO n fEFFEL, 2 ORI IXIE
—ke$5, ZDE, KHlt, S dt ATy T Tt MEDHREIEREHETS & &
OBERMAN??TH D, HELT —XDRVRLTIX, TORBOEELT— 45
OREANF 21T > CHERB 2R L T2, MEROERNIZ. EE (v, y) 2BV
T, 2 RERY M o(z,y,t) WEBEINTEY, ZOHEGICE>TBETS/—
IV O x(x,y,t) %
ox(x,y,t) =v(x,y,t)ot

EVDROBERENNZE>TEHETR2EDTH D, ffRatBH e B, HEL
MOBBTEH D720, N—IVDhE z(z,y,t) HREOBEHE Z2>TWE ZEn
b, U, HESGNEHE THIUEX HERY NVIZRERIEKT L RVWD T, /N—
IO ENRY MIVERRIKRET 2 2 L3R R2, TDI b, THIBHEE
BHZEWT, iR IREARIE 3T D 2 L bbb,

BI?2IZ B 1T 2 BB E BIBONIGEBRIILATD LBV TH D,
ty : stime, dt : dt, nt : step, n : size(t),
t; @ t(i)
"%

o 7Y 3 opt IXFIMEEI A DBIZLT D RS DD AF — L2 BET D A4
T avThl, NTOREHAGETH D,
EUl §i/i 1 ZEEDAA 7 —AF—A.
HO1 K1 VAF—L (HEAALT7—AF—L4).
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ME1 ElEF A T —AF—A.

RK3 3 RNV - 7w AF—A.

RK4 4 XNV - 7w AF—A.
INHDAX—ADFEMIZDOWTIX, [ER7720,

WG T— 2 u,v,w BX, KT —& ¢ XRZD0 &2 AN 6 R T
BB,

IR x, v CIREINDHIEIMIELEL 7256, ThLABRORHA Ty 7
DWTIFEREZNET D, TUT, MEINZANIHEY T D traj x, trajy
DHEFIZIX undef TEHRIN/ZMEIR I ND, T 7 4N MFETIEX, 0.0 KK
INZEHITAR->TWD,

size(ini x) % 2 LA EIZT UL ZDEDHIAMIZ KIS U 2R AEI R I N D .
FTF (ZIREARRAEAT RIS, SHREMISAMIR I N2 L SOHE T T V. true. N
AN - Z e % (false. (FEMAEBNICFEET S I L Z/RT. .true.
MONTND/N—EIIZDWTIE, TDH AL AT TR 0.0 £ L <X
undef DFENAS>TWN5.

1% ini x, iniy, x, y, trajx, trajy CIHEINDEAE &7 iE HEEE
W ES v, v A2 P85 2 8 TT AV DR DA D — R 1B A R R
TORENIRETH D, ThiL, MGHEDER%Z

h15$1 = u1(5t, h2(5$2 = UQ5t
_u _ Y
= (5.%1 = h (5t, (5.%'2 Iy ot

EWVISTRICERI YD Z & TREHI NG, Z 2T, day, i, hyy, (1=1,2) 1T
NZN KD DS—CVDRE, A1 5—RCOEERSY. AT —VETETH
%, 4. FERER (1, 20) W—BELEEREEZ TS, EADND z; RCTH
BN S u; %, AT —IVHETE AT % YWARICE LTV —F VT E R
BILT, du A ROBIENTES, HIRIE, HOBRBEER (O, ¢) DBE
IR, o I3AGIE),

T1 =M\, xo=¢, hy =acos¢, ho =a

L2B7=d, 5l1¥ini x, iniy, x, y, trajx, trajyd®> b, x, y A
% [rad] AL TH R 772 L &, SR T ms™] B THISONAZHE S u, v %

u

v
—u, — =V
acos ¢ a

EUTHIBUCEZANIX, BEERNT AV R TR TEIEMICHET 2 220
TE D,
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3.20.2 Backward_Traject_3d

HaE
3RIENY NGO T —=RINDF T T A VTR 217 5,
=59
call Backward Traject_3d( dt, stime, step, ini x, iniy, ini_z,
t, x, y, z, u, v, w, trajx, traj.y, traj-z, FTF, [opt], [undef] )
518
dt <®> in A B RN 3]
stime <R> in WAL IE T DA [s].
step  <I> in SRR ATV TR
inix <R(:)> in FIALIE x [m)].
iniy  <R(size(ini x))> in HIHIALE y [m].
ini.z  <R(size(ini x))> in AL E 2 [m).
t <R(:)> in WIES T — & Db B WA (k).
<R(:)> in A TR — FEEE [m).
y <R(:)> in A F R R [m).
z <R(:)> in A TF R ZPERE [m).
u <R(size(x),size(y), in x FRIDNT NV (k).
size(z), size(t))>
v <R(size(x),size(y), in y AEDNRT 8V (k).
size(z), size(t))>
W <R(size(x),size(y), in z ARIODONZT 8V (#&ik).
size(z), size(t))>
traj x <R(step,size(ini x))> inout REFERD x (LEFERE [m].
traj_.y <R(step,size(ini x))> inout UREFFRD y (L& MR [m].
traj z <R(step,size(ini x))> inout REMRD z (L& ERE [m].
FTF <L(size(ini x))> inout FIEMEBIHIE T T T ().
opt <C(*)> in KR D A F— L (1ih).
T AN NIRTHAA T —AF— A,
undef R in FEIAMLEE R E Bl (125R).
EERN

525N HEELGDOT—2ANL ¢, 5 t, TTO nlfFEFEL. ORI IZIE
—RRE T, ZOLE, BHlt, 15 dt AT Y T Tt BEITRIRZHETL L&
ORRBAK??TH D, HELT —ZDBENELTIX, TOFIEOEELT— & H
LB ANi 27> CHEEL2HHE L T2, HEHEOERRIE, FEE (2,y,2) 128
WT, 3RIENRY M w(x,y,2,t) DEBINTHY, ZOHELIZE -S> THEITS
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N—X VO @ (z,y,2,t) %

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

VS RDOBEREDICE>THETL2EDTH D, HMmetBE L RZRY, #HEGD K
MOBEKTEH D720, N—RIVDMNE z(x,y, 2, t) BIRFEIOREAKE Z>TnWd I &
Bond, EL. HEGNEFETHNIX, EERT MVIERFIEKGFZ L RDND T,
N=X VDR ENZ MVERICETT 2 Z L3R5, 20IEhs, EFER
HEZITHEWT, k& mpfiatiE —83 6 Z e h» b,

BI??IZH 1T 2 B E BIBONIGEBRIIEAND LBV TH D,

B%

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

t; + t(i)

o A7V 3 opt IFIMPHRETEDOBIAT S MBS OMA A F — L% BET DA

TavTh), AFROBRENATHETDH D,

EU1 §i/5 1 XKEEDA A T —AF =LA,

HO1l K1 VAF—L (HBEAAT—AF—L4).

ME1 BiEA A 7 —AF—A.

RK3 3RV 7T - 7w RF—A.

RK4 4 XNV - 7w AF—A.
INSEDAF—ADFMIZDOWVTIE, (X772,

WEG T — & u,v,w L, KiZlT— & ¢ (FRZID S AN SN2 T
RO,

TR x, vy, z CHREINDHIEIMIEZEL 256, TNUBRORE AT v
TIZOWTIREHHEEZMET D, TU T, BEINAZRLIHYT S traj x,
traj.y, traj.z DE3HK(TIE undef TEBINMENEINDG, T 74V M
ETIE, 0.0 WEIND LDIZR>TWVWD,

size(ini_x) % 2 LA EIZT UL EDEDHHAMIZ IS U 2RI R I NS .
FTF (R EAARARENTIR 12, SHREMEIBAMNCR I NAZ L SOHET T 7. true. M
AN -2 & %, false. IFEIBEMEBNICHFET DI L Z2RT. true.
MONTWBENN—RINZDNWTIE, TOHZRFZ ATy TLAED 0.0 £ UL I
undef DEN A>TV,

5% ini x, ini_y, ini =z, x, y, z, trajx, trajy, traj z CqREIN
S EANE AL E I EE G w, v, w BRI TS 2L TT L M EER
DA — B R EEER T OFENARETH D, THIE, FGIHEOER A%

h151'1 = u15t, hz(sxg = ugét, h35a:3 = U35t

main.tex

2018 4 4 A 19 H (EHE)



STPK v=a7J)L 3HITIL—Fr—& 206

(5] u9 us
oxy = —6t, Oxo= —0t, dxs3= —0it
= 1 h T2 By 3 ha

YWOTHICER XS 2 ETHAING, ZIT, duy, wi, by, (i=1,2,3) 1
ZNEN A DS— XV DRE, F A F—RTOEERS. AT —IVHTT
bHd, 5. FEER (1, z2, x3) F—MREREEREEZEZ TS, X6 2, R
TM%M&EEW%\X#—»E%éﬁmf%twi%ﬁﬁbfw—%yu
525 LT, oo kDB ENTES, AL WORBEBER (O, ¢, 2)
DIEBE (N IRIE, ¢ 1B, 2 3.

T1 =\, o =¢, x3 =2, hy =acos¢, hs =a, hg =1

BB, 518 ini x, iniy, iniz, x, y, z, traj.x, traj.y, traj.z
D>H, x, yHAZ [rad] Bi, z fifil% [m] BATHE AL & KHEERT
[m s™1 BALTHI SN2 HEES u, v, w &

u

v
—u, — =V, w—w
acos ¢ a

EUTHBICEZNUR, BEERBT IV P RTHRLS TEEMIZEE T 2 e

3.20.3 Forward Traject_2d

2 KITERY NIVBDT— W67 51 ¥ TR RBHRNT 2175,

call Forward Traject_2d( dt, stime, step, ini x, iniy, t, x, y, u, Vv,
traj x, traj.y, FTF, [opt], [udef] )

518
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dt <R> in GRS % IRFFETTAIRE [s].
stime <R> in AL IE T DA [s].
step  <I> in SRS AT TR
inix  <R(:)> in FIIALE x [m].
ini.y  <R(size(ini x))> in FIFARLE y [m].
t <R(:)> in WEG T — 2 DH DEZ (k).
x <R(:)> in AT RE — HERE [m.
y <R(:)> in A TSR AR [m).
u <R(size(x),size(y),size(t))> in x ARDONZT MV ($&ih).
v <R(size(x),size(y),size(t))> in y AEDNRT 8V (k).
traj x <R(step,size(ini x))> inout JREFKRD x A7EHERE [m].
traj.y <R(step,size(ini x))> inout JREFARD v A7EERE [m].
FTF <L(size(ini x))> inout FHEMSEISIHIE T T T ().
opt <C(*)> in RIS D A F — A (F25dh).
T I ANV NERIHAA T —AF— A,
undef R in I F R e 20l (£23).

EERN
526N MEELD T — X054 t1 25 t, ETO n fEFFEL, 2 ORI IXIE
—ke$5, ZDE, KHlt, S dt ATy T Tt MEDHREIEREHETS & &
OBERMAN??TH D, HELT —XDRVRLTIX, TORBOEELT— 45
OREANF 21T > CHERB 2R L T2, MEROERNIZ. EE (v, y) 2BV
T, 2 RERY M o(z,y,t) WEBEINTEY, ZOHEGICE>TBETS/—
IV O x(x,y,t) %
ox(x,y,t) =v(x,y,t)ot

EVDROBERENNZE>TEHETR2EDTH D, ffRatBH e B, HEL
MOBBTEH D720, N—IVDhE z(z,y,t) HREOBEHE Z2>TWE ZEn
b, U, HESGNEHE THIUEX HERY NVIZRERIEKT L RVWD T, /N—
IO ENRY MIVERRIKRET 2 2 L3R R2, TDI b, THIBHEE
BHZEWT, iR IREARIE 3T D 2 L bbb,

BI?2IZ B 1T 2 BB E BIBONIGEBRIILATD LBV TH D,
ty : stime, dt : dt, nt : step, n : size(t),
t; @ t(i)
"%

o 7Y 3 opt IXFIMEEI A DBIZLT D RS DD AF — L2 BET D A4
T avThl, NTOREHAGETH D,
EUl §i/i 1 ZEEDAA 7 —AF—A.
HO1 K1 VAF—L (HEAALT7—AF—L4).
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ME1 BIEF A 7 —AF—A.

RK3 3RV - 7w R F—LA.

RK4 4V - 7w RE—I,
INHDAF—ADFMIZOVTIR, (773,

IR x, vy THRE I N HHIMIEEL 2356, ThBEDKH ATy 71z
DWTIHEIRZMET D, TUT, BMEINAZRLIIHYE TS traj x, traj.y
DEFIZIF undef TEHRBINMENEIND, T 74 MERETIE. 0.0 MK
INDEIITB->T VD,

size(ini x) % 2 ML RIZTIUTTOEDHIAMHEITIG U 7RI H I NS .
FTF (ZFRIARRARNTIRE I, GHAEHIBAMIM I N L SOHET T 7. true. A
IS - Z L %, (false. FEMEMEBNICHEET DI L %2/RT. .true.
MONTND/NN—=R I DNTIE, ZTOHAZREZ AT TLAED 0.0 © L < I
undef DENAS TS,

1% ini x, iniy, x, y, traj.x, trajy CHEI N EAE &7 E MR
EESG u, v E BN EZREET DL TT AV DR R S D — R 1 53 R A A
TOEFENARETH D, THIX, HMGEIHEOER %

h15$1 = U15t, hQ(SJ}g = UQ(St

- 5m:ﬁ%&,5m:{g&
VD BIZERIE R Z L THEHING, 2T, dxy, ug, by, (1=1,2) 1T
NTN G WA DIS—LIVORE, 1T —ZTORERS. AT —VIRTTH
Bo 4. HEEER (11, 12) 1B MEXEEREEZ TS, LRADS 2, RTHl
BN u By AT —VRT-%FNT % YWABICELTL—F VICE R
BIET. b RDBIENTES, IR, FWOHBER (), ¢) DEE
N IR, ¢ 12,

r1 =M\, xoa=¢, hy =acos¢, ho =a

L5720, 5l#ini x, iniy, x, y, trajx, trajy®D> b, x, y fild
% [rad] BALCTH R 72L&, KR T [m s BATHONAZEES u, v &

v
—u, - -V
acos ¢ a

EUTHBUZEZNIE, BEERPT ANV P RTRS THEMICEE TS Z &8
TE %,

3.20.4 Forward_Traject_3d

Hee

3 RIGRY NVIGEDT—=AMNS A 7 T4 2 CTHi IR EN 247D,
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=X
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] )
518K
dt <R> in FHET D IRFfITIR [s).
stime <R> in HIAALE T DIEA] [s].
step <I> in FEETO ATy TR
ini x  <R(:)> in FIHIALE x [m).
ini.y  <R(size(ini x))> in FIALIE y [m].
ini_.z  <R(size(ini_x))> in AL E 2 [m)].
t <R(:)> in WEL T — 2 DH DL (#ih).
<R(:)> in AT RE — HERE [m).
N <R(:)> in A TR R [m).
z <R(:)> in G FRE =R [m).
u <R(size(x),size(y), in x FEDNRT MV (k).
size(z), size(t))>
v <R(size(x),size(y), in y ARDNT SV (k).
size(z), size(t))>
W <R(size(x),size(y), in z DT MV (k).
size(z), size(t))>
traj x <R(step,size(ini x))> inout JREHFRD x ALE MR [m].
traj.y <R(step,size(ini x))> inout JREFFRD y ALiE MR [m].
traj.z <R(step,size(ini x))> inout REFFRD z (L& EERE [m].
FTF <L(size(ini x))> inout FHEEEBSNEIE 7 Z U (#id).
opt <C(x)> in MR 7 D A% — I (k).
TI7ANNIHAA T —AF—A.
undef R in FEIAMLER R E R (1RR).
EHE

BEZONDHEELZD T —Z DKLt 0D t, FTO nflFAEL., T ORMMFEILIE
—BkETD, T X, Kty 5 dt AT T Tt BRI ZFET L& X
DEAKMBK??TH D, HELGT — X DBRNRELTIE, TORIEDEEST — X h
LRRENTF 2T o CHELG ZFHE L T\ 5, MO E RN, BEE (2,y,2) 1B
WT, 3RIENRY Ml v(z,y,2,t) PEBINTEY, ZOREHIIES>THEETD
IN—R VD x(z,y,2,t) &

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

LS ROBIFNC Lo TR ET 20D TH D, HRGIE L BA Y, RS
FIOBSTE 5270, S—eVOME ¢(r,y, 2, t) b HHOERE BTN 5 &
BOMB, &L, BEEIEETHNIE, BERY MVZEEIZEE L 20T,
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N—=X VDB MVERBIKETD 2 IE B BR5, 2O b, EHER
HEGIZBWWT, AR REARIE—2T 2 Z & 23bn b,

BI?2Il BT 2 REBME GO IRERIFLA IO E B TH S,
ts : stime, dt : dt, nt : step, n : size(t),
t; + t(i)

(]

o 73V opt IZIHHHREIREOBICIT O KBS OO AF— L2 EET D A4
TavThHY, UAFPOERENTRETH D,

EU1 fi 4 1 XKMEEDAA 7 —AF—A.

HO1 A1 VAF—LA ([BA S T—AF—2).
ME1l BIEA A T —AF—LA.

RK3 3V - 7y AF—A.

RK4 4 VT - Iy A F—A.
INSEDAXF—ADFMIZOWTIE, (Ek?7?721,

o MR x, v, z THREINDHEEIMIENEL 72856, THUUABEOKHE A T
TIZOWTIREHAEZNET S, TLT, ﬁ&%*ﬂtﬁ#ﬂﬁ*ﬁ%@“é traj_x,
traj_y, traj_z OEHEIZIX undef TEHEINZMEMNEIND, T 74 Mk
ETI, 0.0 WEIND LDIZR->T WD,

e size(ini x) # 2 PAEIZTNIEZDEDOYIIUE IS U 72 RIFEDEHE X NS .

o FTF [ EAKRAEATIG (C, FHEMIAMCMINAZ L SDOHE T T Y. true. W
AN -2 & %, false. IFETRHEBNICHFET DI L Z2RT. true.
MONTWBENN—RINZDWTIE, TOHZREZ ATy TLAED 0.0 & LI
undef DEN A>TV,

e 5|#ini x, ini_y, ini_z, x, y, z, trajx, traj.y, trajz CIREIN
S EANE AN EFEEIEE G u, v, w2 8 TT L D EBER
DS D — i E R AR TOF RN RETH D, THIX, MMGTHEOER A%

h16x1 = u10t, hodxo = ugdt, hgdrsz = uzdt
(51 u9 us

o1 = —0t, Odxg = —0t, Ox3= —0t
= 1 bl T2 Byl 3 hs

EVATBICERI YD Z L THHI NG, ZIT, duy, ug, hi, (i=1,2,3) &
ZTNEN TR D/N—R I DALE, A1 T —RTOHEERS, AT —IVKHTFT
hd, 5. }J—T/\(lj, T2, T3) W RERXBERZEZ TS, EAND 2 &
THBNFEE u; . AT —VERTE VT % LWSTRAZE L TL—F VT
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B2BZ LT, bu; BRDBHIENTEZ, HAIE. WGBS (A, 6, 2)
DB (N ERE, ¢ IZME, 2 X)),

T1 =N\, o =¢, x3 =2, hy =acos¢, hs =a, hg =1

BB, 518 ini x, iniy, iniz, x, y, z, traj.x, traj.y, traj.z
D>5H, x, y A2 [rad] Bi, z fifl% [m] BATH A28 & KHEERT
[m s™1 BALTHIS N2 HES u, v, w &

U v
—u, — =V, w—w
acos ¢ a
EUTHIBUZEZ X, BERDT AN MR TR CTEHIEHICHET L Z &N

T“%éo

3.20.5 Stream_Line_2d

HaE
2 RIGRT NVED T — AN SR E R T 5,
=X
call Stream Line 2d( dt, step, ini x, iniy, x, y, u, v, trajx, traj.y,
FTF, [opt], [udef] )
518
dt <R> in FHAE T % IRFFHI[HIRA [s].
step  <I> in FEEITDI AT Y T
inix  <R> in AN E x [m].
iniiy  <R> in A E y [m].
X <R(:)> in AFRE—FERE [m).
v R()> i AR R ().
u <R(size(x),size(y))> in x HIAIDNRZ M.
v <R(size(x),size(y))> in y ARODNRZT Kb,
traj x <R(step)> inout JEARD x ALEEEFE [m].
traj.y <R(step)> inout HARD y A7EFEEE [m).
FTF <L> inout FMEMEBSNEE T T U ().
opt <C(x)> n RS D A F— A (fﬁl’t)
T7 AN iauﬁﬁﬂ’ﬁ AF—L.
undef R in BEISAMUE R E B (225R).
EERN

TARDEZNIE, JERE (2,y) IZBWT, 2 KR Ml v(z,y) PEHZRINTEY,
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Z DR

5> TREI /35— IV O#If (2, y) %

dx(x,y) = v(x,y)ot

EVS RDOBMEHEDIZE > TEAETLIEDTH D,

(]

77V 3 opt ARG EDORIZAIT S RS OO AR — L% fHETDI AT
YarvThh, UAROFRENTRETDH 5,
EUL Hi/5i 1 XEEDOH A 7 —AF—A.
HOL &1 Y AF—A ([EA1 T —AF—1),
ME1 EIEFA T —AF—A.
RK3 3V - JwRE—I,
RK4 4 VT - 7w RF—A.
INHDAF—LADFEMIZDOWVTIX, (7?72,
Ffan x, y CHREINDHEEMBEL 256, ThUBORKMAT Y 12
DWTIEFHEZ ET D, T U T, BEINAZRLNIHY TS traj x, trajy
DEFIZIE undef TERINAZMEIEIND, T 74 FFRETIE. 0.0 MK
INBDLOIZE>TNWD,
FTF |ZFEARRARATIRE I, GHEMEISAMIRINAZ L EDHET 7. true. A
PN -2 & %, false. IFFIBEHEBNICHAET D I L Z2/RT. true.
ﬁﬁwfméﬂwﬁwﬂﬁmfﬁp%@&tﬁ%l%v7u%ﬁOD%b<ﬁ
undef OEMNRA>TWS.
5% ini x, ini.y, x, y, trajx, traj.y CHE I NDKALE & ALE HERE
WHEE G u, v QB2 FHEET D 2L TT AV b EREER DA D — % 58 A R
TOHENTRETH S, Thid, FiftstEoEER 2

h16x1 = u10t, hodxo = ugdt

= &q:%&,52 E&
YW I TS Z L TRI NG, I IT. Sy, wi, by, (i =1,2) &%
M%Mimﬁwh—tW®u%\ﬁ47 ﬁf@Lﬁmﬁ‘lﬁ—WH¥T%
b%t Fmé 17~wl%%%wfﬁ}twomk bfw~%ymgz
52 & T, dx; BRDDZEMMTXS, fﬁJZ X, ORISR (N, ¢) DBE
(NI, o IR,

T1 =M\, xo=¢, hy =acos¢, ho =a

L8570, 5l ini x, iniy, x, y, trajx, trajyd®>bH, x, y
% [rad] B CTH R 72L&, KEMRT [m s~ B TS NAZEES u, v &

u

v
—u, - v
acos ¢ a
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e UTHIEIZE AN

TE D,

3.20.6 Stream _Line_3d

. EERNT IV R RTHRLS CEIEMICEAET S Z e

HaE
3 RILNY MDD T — ALk E T 5,
=X
call Stream Line 3d( dt, step, ini x, iniy, ini_z,
X, y, 2, u, v, w, traj-x, traj.y, traj-z, FTF, [opt], [udef] )
518
dt <R> in BT D IR ().
step <I> in FEEITO ATy TR
ini x <R> in FIIALE x [m)].
ini.y <R> in FIHIALIE y [m].
ini_.z  <R> in FIIALIE 2 [m).
x <R(:)> in GFRE—ERE [m].
y <R(:)> in E%gf‘%— BE [m].
z <R(:)> in A TR = PR [m).
u <R(size(x),size(y), in X ﬁﬁ@f\ﬁ }\}1/ (f2ak).
size(z))>
v <R(size(x),size(y), in y ARODNZT NV (k).
size(z))>
W <R(size(x),size(y), in z ARDONZT MV (#&ik).
size(z))>
trajx <R(step)> inout  FEARD x A7 EMERE [m)].
trajy <R(step)> inout JFARD y ALE L [m].
trajz <R(step)> inout JEARD 7z ALEEEEE [m].
FTF <L> inout FIMEFEBANEIE T T 7 ().
opt <C(*)> in KR D A F— L (1ih).
T 7 AN NIETAAA T —AF— 4.
undef R in TR FH R E 380 (5.
EER
TARDEFRNIE, AR (v,y,2) IZBWVWT, 3 KEANY Ml o(z,y,2) DEBINTE
V. ZOREESGIZES THENT 2 /35— VOB ¢ (v, y, 2) %
ox(x,y,z) =v(x,y,2)0t
LV RDBUER I L > TEHAET 2D TH %,
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(]

o 7Y a Y opt IZIAMEIADBRITAT S KA OO A F — L5 HETEA T

YavThl, UTOFRENARETDH D,

EUL #i/i 1 KKEEDA A T —AF— LA,

HO1 SV AF—L (BBAAT 7 —AF—L1).

ME1 BIEA A1 7 —AF— A,

RK3 3 V27 - 7y ZF—A.

RK4 4 KNV - 7y BF— A,
INODAF—LADFMIZDONTIX, (k272

il x, y, 2 TIE X NS EMANCEEL 284, T ALIHOISE AT v
FIZOWTIFFREEZRET S, TUT, BEINAZRLNIHYET S traj x,
traj_y, traj-z DEHFIZIF undef TEHRINMEIRIND, T 7 4N M
ETIE 0.0 MEIND LDIZB-TV D,

FTF (3BT R 12, GHRMHEAN R I N L SOHET 7 7. true. A
TN -2 % (false. IXEIBEMHEBNICHEET D I L 2/RT. .true.
MONTNDNN—=R I DNTIE, TDOH L AT TLAED 0.0 £ L < I
undef DENAS>TWVND,

5% ini x, iniy, ini =z, x, y, z, trajx, trajy, trajz CIHEIN
B H5AE N EEEISEE S v, v, v EEMEET S 2L TT AL MERR
DI D —fRER FEEER T O AN AR TH D, Thik, miEIEOERAZ

h1dx1 = u10t, hodxo = usdt, hzdxrs = uzdt
(51 u9 us
= 5%1 h15 s 5$2 h25 s 5$3 h35

EWVIDICERI RS Z L TREHI NG, 22T, 0wy, ui, hiy, (1=1,2,3) i&
ZNEN T RD DS~ C VORE, A1 5 —RTOEERS. 27— VEFT
Hd, 5. PEER (11, 20, x3) X —REREIERZZEZTND, AN 2; R
TM%MtEEm%‘17~wﬁ¥%%wf%&w5%ﬂﬁb1w~%ym
H225ZLT, du; #5kD2DIENTES, HRIE HOBRBEESR (\, ¢, 2)
DB E (MR, ¢ 1B, 2 13EE),

T1 =\, o =¢, x3 =2, hy =acos¢, hs =a, hg =1

BB, 518 ini x, iniy, iniz, x, y, z, traj.x, traj.y, traj.z
DI>b, x, y A% [rad] B, z Fl%Z [m] BATEHER L &, SEERT
[m s™1 BALTHIS N2 HES u, v, w &

u

v
—u, — =V, w—w
acos ¢ a

EUTHIBUZGANIX, BEERNT AV MR TR TEIEMIZER T Z &0
TE %,
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3.21 typhoon_analy

BEMFHD AR Y VI —F V. T2, TN NEERIZE TS T — X % MG i
RACEHL . BRSO %2175 DDELR,

3.21.1 grad_wind _pres

HeE
M BT % W - 3 RS R SR S
E:o
call grad wind pres( r, coril, v, rho, r.ref, p_ref, pres )
518
r <R,DP(:)> in BEHERR [m].
coril <R,DP(size(r))> in AVAVINTA—=4 [1/8].
v <R,DP(size(r))> in FIX R [m/s).
rho <R,DP> in Yo YTa v I DOEE kg/md.
r ref <R,DP> in R RE LD AL E HERE [m).
p.ref <R,DP> in rref COXE [Pal.
pres <R,DP(size(r))> inout PO %E [Pal.
EERN
e A )
V.
_9 + fV, = l@
r p or
2729 DI, [REBOAFEAMEZEHET D, T I T, Vy IJENFRE, p &R
. p 3R, vz (FEIRE. SREEEE. fIETVA VNI A—ZTH D, MR
DA S, FXSFEZ eI r I BUER D
r 8]? r 2
”#awzéfj+ﬂgw
2112, ZOXZFIHERTD &,
r V2
p(r):pref+/ 1% Tg‘f’f% dr
Tref
LRDBDT, GALNIHINFREN S & LERIZB T DXUEDMEIRD SND,
s

BU.
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3.21.2 hydro_grad_eqb

Vo vT o v T NN S - RIS ORI E 21T S

call hydro_grad eqb( r, z, coril, v, pres.s, rho_s, pres, rho, &
[error], [dl] )

518

r <R,DP(:)> in FhPE AR [m].

z <R,DP(:)> in FAE R [ml].

coril <R,DP(size(r),size(z))> in AV FVINT A=K [1/s].

v <R,DP(size(r),size(z))> in i FRE [m/s].

pres_s <R,DP(size(z))> in Yo VT VT DRIE [Pal.

rho.s  <R,DP(size(z))> in Yo VT o VT DEE kg/m?).

pres  <R,DP(size(r),size(z))> inout “FEHiHD%+ [Pal.

rho <R,DP(size(r),size(z))> inout “PHIHOEE [kg/m3].

error <R,DP> in 42— 3y OURSA.
T7ANE =107,

d1 <I> in TN TF TV av,

EERN
BEEIZE T, BV -

op
9, = 9P (3.21.54)

B RO, R V2 )

g 10p

EREACY T
2T LD, 1L ROV I VT T T —=ANLKES. BEL O EME %
BET D, 2T, V IdHdFRE, p IFRKEE, pld&UE, r, 2 3B, SRE SR
FIRIVAVINTA—=RTHD, ZHN6DREENRD 5L, HEKADIREE S
BANS, WESEHRIEONS, £/, INSOFMIRENERL TS LWV
52 &d, MR RR OTRE ECTEE R IR D LD Z e 3 bind 1,

BIED HiElE, KEEZHWZNERIZEZEBETHD, AFIZZDOHRNEZRT,
HIHZITEE, [ESGE2SEEICODOWVWTKE—RRIZEZXTEL, £/~, BIEZ1T
S BRDILUEIRBBIFBE KR ED LN S+ 087z r(ar), z(nz), nr=size(r),
nz=size(z) £ 95, ZORMEREBIISHFEAZ2KEITIBOEREKML B85,

(3.21.54) %& (3.21.55) IZARAL T, p&2HETD &,

(3.21.55)

Op Op

1 (V2
L4+ F = = F = 21.
3r+ (n@az 0, (r,2) g<r +f%> (3.21.56)

"5 g JEL P AR OD T JR D B AR XU Emanuel (1986) % % 20,
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L%, —F. 0(3.21.54)/0r, 0(3.21.55)/0z ZFtHE L, ThEZTNELEDLED &

TpZaHETD L, 5 5 5
p., OF  Op
F e P8~ "o
0 0 oF
= 3 (lnp)+Fa (Inp) = 5 (3.21.57)

L5, DFEY, ppll DOV TENTIHNLZMEEAREANEONZZIIRD, Z
No &2 HRAEDEE O KEFHRICE > THEMIZHEZ KD 5,

INHDARZEEMET D L,
Pit+1,5 — Dij Pij+1 — Pij
— W o fLe—— Y — ) 3.21.58
Ar T Az ’ ( )
Inpiy1; —Inp; Inp;jr1—1Inp;; Fijt1—Fij
: : F; : 2= : 3.21.59
Ar + 5y Az Az ’ ( )

BB, ZIT, Ar, Az IZEIE, SRESGRIOKFRHIE, 7 3B SRIETT RO
THEBSZRY, BH, uDOAERNIT 1 B 2 Kool HAEXTHDL 72D, rz D
TNTNUIOWT 1 R DEEFR M2 RETIUIMEN—RITKE D, ik U - HkiE
RN DBEFREMEITHE L, ANV—F U TlE L (j = n2). &S (i = nr) THER
8%, £oT, LEOARAEDTIX 1 KMEEDR AT Z AW, ZOEDPIER
5, ARG EZSRRE U TENINDREZRTROD ZENTED, LXAZRKT
W (i,7) CTRHET S &,

pij = (Az+ F;Ar)”" [Pi—i—l Az + F jpi j14r], (3.21.60)
Inp;; = (Az + Fj ; Ar)” [ln pit1,; Az + F; j1Inp; 1 Ar + (F j41 — Fy ;) Ar],
(3.21.61)

ERD, WRHAOWHEIZSIRTEZ NI T I VT4 VT T —R & IKE—FRIZ
FTET D, FUBRUIZBITDIEYEIX 1 ATy TR OZLEMN error LTS
RIEEETITEHEIDIZEELTWVWS,

B%
BU.

3.21.3 Cart_conv_scal

ERD AN T — &% FAEEERN O T )V N EERICEHRT 5.

call Cart_conv_scal( r, theta, v, x, y, XC, yc, u, &
[undef], [undefg]l, [undefgcl, &
[stdopt], [axis] )
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51¥
r <R,DP(:)> in P 20 JeE A R 0D il 2% S A
theta <R,DP(:)> in FH fe] R ASL R D BERRFEAE [rad).
v <R,DP(size(r),size(theta))> in 2R BT ODAH.
X <R,DP(:)> in AT R — R
y <R,DP(:)> in TR R
Xc <R,DP> in x R T OB R A (k).
yc <R,DP> in y R T O M RE R A (R).
u <R,DP(size(x),size(y))> inout HFERTOEHBED
ANT—.
[undef] <R,DP> in B R B RRAN OfE (3R) .
[undefg]  <R,DP> in RPN T D R AEE.
[undefgc] <C(3)> in undefg HVEXAE
Iz O (k) .
stdopt <L> in To—Wh735 7 (k) .
T 7 A M .false.
axis <C(2)> in PERER (k) .
EER

MfEERER (r,0) TEZEINTVWDI AN T —T =%, TOFEN 2 KL T )V
FERER (2,9) D (20, ye) (CALET D K DITT HV NEBIERIZEET 5, FEIERO
ZHUI AN %2 17D,

IR FEASER (rn, O )Tﬁ%i‘%é/?ﬁ7 B vy BT VR (2,y;) CEHS
N B AN T — ik u  \TEHT 2 RIE

Um+1n — Umn (7" _ ) i Um,n+1 — Um,n (9 0 )
m m n n

T"m+1 — Tm 0n+1 -0,
(T = 7m) (On, — On)
Tm+1 — Tm)(gnJrl - en)

Uij = Umn +

[Um+1,n+1 — Umn+1l — Um+1n t+ Umm] (

THd 16, 2oL X, JIBILTOMNEEZ T,
Ty X, yj oy, uiyj Lu, Um,n LV,
Ym . ¥, 0O, : theta

B%

o FEREEDOBERMIEX?? S

o BN BEREFAIMNAGAEL THVDGE, T 7 4V N TIREHEH J71Z Warning
AW —UNHIINDD, stdopt & .true. ZERELTEIFHE HHLRW.
6 pRIETTB,
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o A7 3 VEH undef IFEMAREERRIMIIAAET 2 BB ORIFNIZRAI N

SPREFRMETHD. T IT, Bt LI, MREMEER TEBZ 175 RO

BAME r(size(r)) DI ETHD. L U, ZOPEEMNFHEHEE x,y DIMIHI

B, 1ZAE U TS EIIEBN T E 2. ZOEAH LIS D, BT R

RWNGEIEIZ DWW T undef fEASRIND L5122 >TWS. £ U, undef 2%

EINTOVARVWGEFEORRAINTRIND.

77 3 VBT undefge IFAMBEIRNIZHE W T, KIEMH undefg DFEE XN T

WBEE, EDOE D IZEBEGOINEHETS. ZDOA T 3 VIid undefg WY

BEIN TR HIEHBEEE U 2\, undefg IXEHFEHIENIZENT, 7 7L

R CRIBMENGFAET D56, 777V M S HBANONFEDORRIZT AV N RD

ZH A undefg THAVUXHBRDO N AIE undefg DIENANSND. D

RMIZHWT, undefge DfEIE

inc MEREZHE 1T DB, AR RO I undefg W% E I TV, £
D 5T OMEIFE BN AN, BREDA 2 TV B 51D A TEHESE
=119

err JEREZH%E 1T OB, MIERNTR RO —E8IZ undefg A% E I N TV, &
HifEIX undefg £ 72 5.

undefg MFHE X NTE Y, undefge WHEE INTWRWT 7 4 )L M Tl inc

L UTEHEIND.

o 51 axis IFBIFEYR— M INTWVAR.

3.21.4 Cart_mean_scal

BERE
ERED AN T — B E BRI U - MEBERDN D 2 RotT )V N EBIEERIZA# T 5.
=X
call Cart_mean scal( r, v, x, y, XC, yc, u, &
[undef], [undefg]l, [undefgcl, &
[stdopt], [axis] )
51
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T <R,DP(:)> in P 47 R K R OD ) 128 JRE AL
v <R,DP(size(r))> in ZHRTODAE.
X <R,DP(:)> in TR — FEAE.
y <R,DP(:)> in G FREE AR
xc <R,DP> in x R T OMREFEAEITE AL (k).
yc <R,DP> in y R COMEBER R ().
u <R,DP(size(x),size(y))> inout FHFRTOEHED
ANT—.
[undef] <R,DP> in RO RTRE AN OfE (k) .
[undefg]  <R,DP> in PERRE YN T OO RARAH.
[undefgc] <C(3)> in undefg MEXE
TN TN (Fad) .
stdopt <L> in TI—Wh7o 7 (k)
T 7 AV NE .false.
axis <C(2)> in JERER (k) .

EERN
1 RICDERSFMNEEESR (r) TEBINTWDANT =T —R%, ZTOJF M 2
RIGT 1)V NEERER (2,y) DR (Te, ye) WCALIET D K DT AV D EEELRICEHT
%, PERERDZEMIIIEE N =175,
FfEEERESR (rn) CEBIND AN T — R vy, 2T IV NR (24,y;) CEHZI N
BB AN T — R uy 1 I B AU

Um+1 — Um(

ui:j = Um + "m+1 — Tm)

"m+1 — Tm

ThHd 'V, Zorx, BB TONGEZ T 5,

Tp 00X, Yj Y, Uy tW, Uy IV, Ty T

T

o FERERIDOBERMIXB?? 2.

o PR PERHEIPHIMAFZIEL TWDIGE, 7 7 A4V b TIREHEL 112 Warning
AW —UMNHIINDD, stdopt & .true. (ZERELTEIFE, HILRW.

o &7 a3 VIS undef IFEHATREERIMNIAFET 2B HMEDESNIRA I N
SREFETHD. 2T, LrgeP i, MAMER TE#ZIT S EED
BAME r(size(r)) DI ETHD. LU, ZOPEENFEHEE x,y DIMIHI
BE, IEAE U TS IIEHN T E R0, ZDIRAT UG O, Z2#n T2
BRNHIBIZ DWW T undef fEANR I NS LD IZR>TWS. £ U, undef M3
EINTOVARVGEFEORRAINTRIND.

*17 - S
TZoRIF?T?BHE,
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o 7Y a VA undefge IFEHIEBANIZH W T, RIEMH undefg MRE I NT

WA EE, EOLDICEMETONEYUET D, ZDA T 3 Vi undefg

BEINTOARITIIIHEEEE L 2\, undefg IXEHFEIENIZHENT, 7 7L s

R CRIBMENFET 25E, TV I SHENONFHEOBRIZT AL N 2D

SR undefg THNIXMBRD A UL undefg DENANSLNG. ZD

RIMIZHWT, undefge DfEIE

inc FEREZAHLE 1T OB, MESRNIR RO —EBIZ undefg AEE I N TV UL, T
D T OB AN IS, HIEDIA S T B miD AT HERAE
=119.

err JEIEZHE 1T DB, MESRAF RO —HIZ undefg BEE I N TN, £
#afllX undefg &2 5.

undefg MHE X NTEY, undefge NEE INTWRWT 7 4 )L M Tl inc

EUTEHRING.

B axis IFFHAIEAE L 2R 2 AR % BIRT . AMWETO T — 207 )b K

JERERTH DD, axis="xy’ LHEETD. RAMEREBERTHDIR5,

axis="11" LHRETD. T 74NV M TRET AN MEERPIBEIN TN S.

3.21.5 tangent_conv _scal

FEDAN T —&% T )V NEEERD S P E R ICAHT 5.

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

518

main.tex
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<R,DP(:)> in HFRE— R,
<R,DP(:)> in G TR TR,
xc <R,DP> in x R COMREPEAER (k)
yc <R,DP> in y R TOME B R ()
u <R,DP(size(x),size(y))> in HFRTOEBHETD
ANT—.
T <R,DP(:)> in ] 5] A A SR OD Bl 128 R A
theta <R,DP(:)> in FH {1 R RS R D BERRFEAE [rad).
v <R,DP(size(r),size(theta))> inout ZHEDIE.
[undef] <R,DP> in PRI RE R D1 (F£
[undefg]  <R,DP> in PRS- YN C D RAEAH.
[undefgc] <C(3)> in undefg ME%E
INe OB (id) .
stdopt <L> in TI—Hh7I5 7 (#&ik) .

T 7 A4 Mi& .false.
axis <C(2)> in PERER (k) .
EHEL
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 ] (
ThHd 18, 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

18- pRIT?TBH,
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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.

3.21.6 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
main.tex 2018 £ 4 H 19 H (EHEH)



STPK v=a7J)L 3HITIL—Fr—& 224

<R,DP(:)> in HFRE— R,
<R,DP(:)> in G TR TR,
xc <R,DP> in x R T OB AR R ().
yc <R,DP> in y R TOMFE B R (R).
u <R,DP(size(x),size(y))> in HEFRTOT7 )XV %
EBANNT—.
T <R,DP(:)> in ] 5] A A SR OD Bl 128 R A
theta <R,DP(:)> in FH {1 R RS R D BERRFEAE [rad).
v <R,DP(size(r),size(theta))> inout 7./ ¥V D1H.
[undef] <R,DP> in PRI RE R D1 (F£
[undefg]  <R,DP> in PRS- YN C D RAEAH.
[undefgc] <C(3)> in undefg ME%E
INe OB (id) .
stdopt <L> in TI—Hh7I5 7 (#&ik) .
T 7 A4 Mi& .false.
axis <C(2)> in PERER (k) .

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)

U = Uij + Yn — Yj)

(Wit 1,541 — Wijp1 — Wit1,j + Ui ] (
ThHd 9, 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

*19 - S
PZoRix?T?SH,
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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\]ﬁﬁbiﬁz?ﬁ@ 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/RVEHERDOTRTTRIELE LS.
undefg MW E XN TH Y, undefge WHEEINTWARWT 7 4V N Tl inc
L UTEHEINSD.

o FIH axis IFEHEEUEL R BEREZ EBIRT L. BHEETOT—ZBT )V K~
JERERTH D25, axis="xy’ LIHETD. REMEREEERITHDIR 5,
axis=’11’ ¢#ETD. T 7 AN BN TIET I MNBEEANIBEINT WS,

3.21.7 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,DP(:)> in T AV N — R,
<R,DP(:)> in T 71V N T REAE,
xc <R,DP> in T A xR TOMEEER A (2R)
yc <R,DP> in TV Ny SR T O M A AR A ().
scal <R,DP(size(x),size(y))> in THIVIRTDT /<)%
EBANT—.
T <R,DP(:)> in 4] A AR R OD EJ) 428 JRE L.
theta <R,DP(:)> in FO 15 SR D B AR [rad).
scal_anom <R,DP(size(x),size(y))> inout T AN KFRTDT /<) DIE.
[undef] <R,DP> in BRI TR OfE (1) .
[undefg]  <R,DP> in PN T O RIETHA.
[undefgc] <C(3)> in undefg MVE%E
TN TOMM (k) .
stdopt <L> in TI—Hh77 7 (k) .
T 7 AV N& .false.
axis <C(2)> in JERER (£2iR) .

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,

3.21.8 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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N

i)

P

charc <C(6)> in B 7 BN 5 OD
EH LI B0
"scalar” = BRSNS 5
"vector” = HERRIINET ST
<R,DP(:)> in RN i
<R,DP(:)> in T 1)V NS TR
xc <R,DP> in TN 2 ZRTOMREEEE A (i
yc <R,DP> in T AV y R TOMFE AR A (Bak)
ul <R,DP(size(x),size(y))> in T ANV KNRTDOVEYET DRI ML,
x BT
u2 <R,DP(size(x),size(y))> in THIVNRTDEYITZ R M.
y B4
T <R,DP(:)> in ] 5] A A S OD Bl 12 R A
theta <R,DP(:)> in FH ] JEE A SR D BEHR PEAR [rad].
v <R,DP(size(r),size(theta))> inout 7./ ¥V DfH.
[undef] <R,DP> in B Re RSN OfE (k)
[undefg]  <R,DP> in PERRE YN C O RAETH.
[undefgc] <C(3)> in undefg ME%E
INe OB (id) .
stdopt <L> in TI—Hh7o5 7 (i) .

T 7 AN ML 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

r-u=|r||u

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,

Z 7Y a VI undef 1FEET YA BEEEIMIAEAE T D HARE I B OIS
RAINDRERMETHD. T I T, BRI REERE L L, & EEELR THEM
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
530, ST Z R NEIBIZ DWW TR undef AR I NG LS IZBSOTNS.
£ 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/ RVHFERDOINTTRIBERD.
undefg MFHE I NTH Y, undefge WHEEINTWAWT 7 AV KTl inc
EUTERIND.

3.21.9 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
main.tex 2018 £ 4 H 19 H (EHEH)



STPK v=a7J)L 3HITIL—Fr—& 230

<R,DP(:)> in AT R — .
<R,DP(:)> in TR R
xc <R,DP> in x R T O MBI R ().
yc <R,DP> in y R COMFE MR R ().
u <R,DP(size(x),size(y))> in FFERTOVEHETIEIANT—.
T <R,DP(:)> in P 547 JRE R OD ) 28 PR AL
theta <R,DP(:)> in P fA] PE AR D B ERR [rad).
v <R,DP(size(r))> inout FAREEHUZALT —.
[undef] <R,DP> in RO RTRE AN OfE (k) .
[undefg]  <R,DP> in PERRE YN T OO RARAH.
[undefgc] <C(3)> in undefg MV E
TN TN (Fad) .
stdopt <L> in TI—Wh7 o7 (k) .
T 7 AV NE .false.
axis <C(2)> in JERER (k) .

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 0, ZoLx, FEILUTOMIGZT 5,

Ty © X Y; Ly, Uiy -0, Umnp -V,

(]

o JEREMOBLEXIXX 3.1 S,

o RBEFMNERFPIMIAFAEL T2 HE, 7 7 A4V N TN J711Z Warning
AW —=UNHEIIND N, stdopt & .true. [IHELTHITIE, HI LR,

o 7 7Y a VA undef |FHEERRTYG AT RE LA ITAEAE T S Haf T = DRl F1 12
RAINDRERMETHD. T T, B aeb e & &, MR MR ThER
K EAT D EROR KA r(size(r)) DI THD. & U, ZOFEMNEIHEME
B ox,y OIMZH 56, 1FAH U TOWEESIEFEENTE RN, ZoldAHL

*90 - S
Nz oRIF?TTBH,
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3.1 TV b EEEER A & FI A ERSLR A D BUHR AR OB, P BEESR T m, n W2 5K

OF\NGEIL, T AV NERSRT j AFICNIRZ G L, TORNFR® S ¢ AN

ERSE

WD, SEYIT ZROERIZ DWW T undef EANRIND LS IZR>TWV5.
£t L, undef DHEEINTVAVGAREFITEINRAINTRIND.

7 7Y 2 VI undefge IFHFFEAMHEBANIZH N T, KIBME undefg MRE X
NTWDHE, EDOLDITEHZITONEHETD. ZOA TV 3 ik undefg
DEE I N TR T IUTFEEE L 2\, undefg IZEEFITHIBNIZEWNT, T4
VSRR CTRIBIEDFAES 2356, 7 77V NI S MBI~ OHNFFOBRIZ T /7)1

ZORIAZHE T, undefge DfHEIF

inc #AREEZTOBE, FIERNIT RO undefg WREI N TV, £
D 5T OMEIFFEIEIEIZ AN T2, BIMEDA 2 TV DA TEI#EAE
2175, THUCHIE LT, NP REBOG SIS RIBL 5.

err HAREIZIT OB, MR RO —EIZ undefg MFE I NTOIUE,
L undefg &8 5. SEEFIEIZBWTIE, ZOFEEHZ ST 5
AHERDTRTTRIELE RS,

undefg MWHE X NTE Y, undefge WHHEINTWRWT 7 4 )b M Tl inc

L UTCERING.

B axis IFFHASEME L L2 IR EEINT 5. BHATOT— 40T )V b

JERRTH DB D, axis="xy’ LIHET L. RO\EREEERTHIEH,

axis=’11’ LIRETD. T 7 4NV M TRET AV MEERIEEINT NS,
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3.21.10 tangent_mean_vec

Bee
T IV NERERTERE I NALED 2 RIGNT N E T 7V S FEEEA D & [ & PR
RICEEL BRGNS, 2oL E 175 7205 2T, Bt
BT L EER G R ICAEITE S,
=R
call tangent mean vec( charc, x, y, xc, yc, ul, u2, r, theta, v,
[undef], [undefg]l, [undefgcl, [stdopt] )
513k
charc <C(6)> in E2 S D G a A TIE e A D)
EH LI B h.
"scalar” = BJfRANA E KT
"vector” = HEARNIFEAY.
<R,DP(:)> in TV — A
<R,DP(:)> in TV N R,
xc <R,DP> in TV N 2 R TOMREEREE A ()
yc <R,DP> in TV y R TOME R A ($2iR)
ul <R,DP(size(x),size(y))> in THIVKRTOEETEXRT M),
x 4T
u2 <R,DP(size(x),size(y))> in THIVKRTOVEETEZRT M.
y B
r <R,DP(:)> in P i P A R OD Bl 2% AL
theta <R,DP(:)> in P fa] PR AR D BERRERRE [rad).
v <R,DP(size(r))> inout AL UAEZAN T —.
[undef] <R,DP> in RO TRE A OfE (k) .
[undefg]  <R,DP> in PERRE I N T D RIELH.
[undefgc] <C(3)> in undefg MEXE
INL TN (ad) .
stdopt <L> in To5—h7I 7 (Bad) .
T 7 A4 M false.
EER
75 ML tangent mean scal LIFLAYHU. BT T Y charc TT AV b
AN MV EMERNRY MVIZEBL, TDO5H 753 TR DAE AT —2 LT
HETNIE, EOMENERING, ZI T, FEOTHIVRRIZBIIEZRT MLz
u = (up,uz) & U, MEEEROMNENRY MvE r=re, £ 95, TIT. e, 3H)
BAMMAEZOEENRY MV THD, ZDLE, ZOMENRY NVIET )V D FEE
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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.

3.21.11 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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N

518

(]

call CPS_ Hart( x, y, center, z300, z600, z900, mv, B, VTL, VTU )

center
z300
z600
z900

mv

VTL
VTU

<R,DP(:)>

<R,DP(:)>

<R,DP(2)>
<R,DP(size(x),size(y))>
<R,DP(size(x),size(y))>
<R,DP(size(x),size(y))>
<R,DP(2)>

<R,DP>

<R,DP>

<R,DP>

in
in
in
in

n

in
n
in

in

x ST EERRE [m].

y J3lEIHERR [m].

ARSUE D D FERE (Th3).
300 hPa DY ART V¥ ¥ IV EE [m].
600 hPa DY AKRT V¥ ¥ IV EE [m).
900 hPa DY ART V¥ ¥ IV [m)].
BEEE [m/s] (#id).
SFRENT A =& [m] (#ik).
TREREKINT A—42 [m/s]
ERERERKINT A =2 [m/s]

ELEFLD S 500 km EEMPNIZENT, BIFD/ST A —X 23 ET 5.

B = (ZGOOhPa — ZgoohPal Right — Z600hPa — ZQOOhPa|Left> (3.21.62)

Olnp
v_ 0(AZ)
Olnp

(3.21.63)

900h Pa
300hPa

(3.21.64)

600hPa
(3.21.65)

CITC, Z Wi HEEILBIRZVART YUY IVEE, AZIXR—SEEIZH )5
££ 500 km PANTD Zaw — Zimin, p W EESTH D, F7/2. EFRE 500 km BANTO
Y% R T,

Right] B & T MLeft] &5 KL, KD UL O E) 7 AN AHRT A,
EflE WS Ze2FHRLTWS, DFH, ZhbaFedhde, R7?POLDITRD,
ST A=A BIMERIEBE SHOA L ETOFEENBEED A 2R, EIUNX
WMEE LA TORBEOMRY W72 <, B FRAEICR>TWSZ 2R LTINS, /N
T A= Ve lIMELE L DOEESFIZOVWTRT NG A—ZTHB, AZIE 500
km AN TOIART VY Y VEEDRKEB/INDAEBLDT, ZOEPRKIVIZE
500 km AN TOIREZLNREIN LIZRD, FED 2B THOIDAEZ KL /-
EE, EEOADPENRKRIVIZEZDRENIIBEAEHEICZR>TNWSZEE2RLT
W3 (772),

o (RS AUME— AT, W B IESUE D IRAK N Z L AUT L0,
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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.

3.21.12 DC_Braun

Hae
Braun (2002) O FEz VT, B RKQEOHLZFIET L. ACEMREREE DI <
25 &, B RRIEONE I 7 S B 1 5 Rt A KB RZNEHNS L5128 5.
T SUE D BRARME CERRREDO O Z ERT D &, T ORFTHY AU A DREIZ
FVIREIT2 &S51245 2. £ 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,DP(:)> in x J3 Al FEER [m).
y <R,DP(:)> in y i PERE [m].
fg <I(2)> in IRV S B —HEEHO 7 N5 (1
pres <R,DP(size(x),size(y))> in FREHETORE (k).
search_dis <R,DP> in MRER S 2 fHIK [m ] (1&ih).
var_dis <R,DP> in R % il [m] (B2id).
center <I(2)> inout K 5/ (fﬁ k).
undef <R,DP> in RFEFRME (k)
stdopt <L> in TI—Wh7o 7 (k) .
T 7 4 M . 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
BREDOHLEEHRT D2 FEEZHOTWS. LD EEMARFIEORENE T 2OV TIE
%77 SR,
e

o 5¥ undef IFEIAFINICKREREN D 25LEIHRET D &, TOMEIZEYT
BT RUIMmZAFH RIS U 2.

TGz MBI SUE D RAKE TR R X NS BEESEDOHL E Braun (2002) OFHETREE X N BHHES
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.

3.21.13 SPLB _Kurihara

BERE
( ) DFEEHWT, EEOGDOEBIZDWTAELWMIZT 1 )
2T EITD.
=X
call SPLB Kurihara( axopt, phiO, x, y, Lx, Ly, ival, oval, &
[optm], [optnx], [optny] )
51¥
axopt <C(2)> in AT D AR (FRid).
x <R,DP(:)> in x JIIAIFERSE [m] or [deg].
y <R,DP(:)> in y JiFEERE [m] or [deg].
Lx <R,DP(2)> in TANET D x SEOFE [m] or [deg] (
Ly <R,DP(2)> in 74NV EG S y HAEOFE [m] or [deg] (
ival <R,DP(size(x),size(y))> in TANVRT B 2 RGEH.
oval <R,DP(size(x),size(y))> inout 7 A I)V&E I/ 2 RILEL.
optm  <I(:)> in T4 T B (RR).
optnx <I(:)> in x5 1] v PR AR FEE R - i (k).
optny <I(:)> in y SIS R RS £ R (TR).
main.tex 2018 £ 4 H 19 H (EHEH)
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EER
ERDGOLEE, j I U T, ERBMOKS % 74 VA—T 7 h45
(1990) DFHEZFNS. 772U, 1) Y FLTRAS, (011) ¢
& B ERGSERR T — A N % W HEIC U 2B IR E V5. @&/
(2011) @ (3), (4), (5) &

(y

—E 5 5 L .
Fij = FijtKm(Fiogn jtFirgni—2Fi;), F5=FiAKn(Fj gt Fijren—2Fi;)
(3.21.66)
)
in: [W}, ”[’Ll:1,274’...‘2\4'17
nlAw
R&& (3.21.67)
n2 = |: :|a n2:1,2,4,---M2,
ngAy
= [Remen],
- (3.21.68)
Mo — @ 21.
2= |, |
-1
1 2m
K, = 3 <1 — Ccos > , m=2,3,4,2,56,7,2,8,9,2. (3.21.69)
m

ERAVT, BRI 1 VB ) Y T INEGEOER FE WME5ha. 22T, A, A,
EETID z,y ST BRI, 5o 13 1 EDD T IT vV, ¢ \ZREUERE R ITH
HEETHD. F72, (3.21.67), (3.21.68) IZB I 2HUAFHINIH Y AGZ S THD. 2
D Gn1, gn2 W (2011) TEAI N7z GG T — & HEERLEL I 5
Thb. BU, ng=ny =1 DBAI, (1990) 12 —3$ 5. Exidk
ST, § IS DWTHIH Ly, Ly, QAL TOR TR OVWTHEAINS. EHAD
2?75,
2D L ETDFEE DR IRBERIE

A o x(2) =x(1), Ay :y(2)—y(1), ¢o : phil

Ly, : Lx(2) —Lx(2), Ly, : Ly(2) —Ly(2), F;; : ival(i,j), FZ{EJ : oval(i, j),

m . optm, n; : optnx, mn2 : optny.

5
o S axopt IR x,y DR T RUERER, *xy> 237 AV N EEER (x,y DHAL
& [m]), 211’ AVERAEMERE R (x,y DHALIE [deg]).
o 51 optm IZFEE LR WEE, 2,3,4,2,5,6,7,2,8,9,2 D 11 HDEFE% £ DElF| &
UTT7 4R VIR K, WetH I 5.
e 5% optnx, optny IFFEELARWGS, EHLHLEHERM L, HIF 1 &Y, 20D
54 ( ) DEHALZERII—HTS.

TREREU, AV YFAORTIEAL, HGE LS TR AERRIBELTHS.
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3.21.14 calc_taufil

Rozoff et al. (2006) IZHWTEZRI NP filamentation time ZFHHET 5.

call tangent conv_scal( x, y, u, v, val, [undef], [sx], [xy] )

518

X <R,DP(:)> in HFRE— R

y <R,DP(:)> in TR .

u <R,DP(size(x),size(y))> in A x J§5r DR (k).
v <R,DP(size(x),size(y))> in Ky 3 DEE (k).
val <R,DP(size(x),size(y))> inout filamentation time [s|.
undef <R,DP> n REZME (k) .

sx <R,DP(size(x),size(y))> in x AT —I)VIKF- (k).
sy <R,DP(size(x),size(y))> in y F AT —)VIAT- (k).

EERN
Rozoff et al. (2006) (Z¥&1F % filamentation time (7g) &
2

L —
S/ e
1 0wy uy Ohy 1 Ous up Ohsg

- hilaixl + h1h2 8%2 hQ 8%2 hlhg 871’17

_ 2 0 (up) MmO (um
S2 N h1 8.7}1 <h2) + h2 8312 <h1) ’
1 0 0
= h1h2 |:a:p1 (hg’LLQ) — 871‘2 (hlul)] .
ZIT. S, So, ( RTNTWHELRKE, 7 —LREE, hEMETHL, 0
L BB T O IEZ 5,

(St+55>¢%),

S1

1 X, Xy iy, Ul :u Uy V,
hy : sx, hg : sy.

(]

o RIEHEM undef IFANINAZFHEEGENEERZDGE, val IZTRAIND N,
S2 482 > RWAEIBVEAE val ILRAIND.

e undef MWHHE I NRWEGE, ST+ 53 > (2 &2 IR0 val 1ZiE 0 BMRAX
NG, 72U, SNIFEBEPSIIAYTH L I LIHEETS.
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o KK & AKE S D AT —I)VIKFIF L FOBIfRZ € D L D ITER I A
TR S R0, ; ;
—p, 0 — 2
ul—hl dt’ u9 h2 dt.
BH, ZOEHBINEE, AT —IVHFIFEEIZ MKS BARTHE X HN0A

FAUEB LR, & L2 5 TRIFNIE, m OEAIE [ 1242520,
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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
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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,
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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
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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.
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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,
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[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).
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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

).
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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 sort

EYa—)b Statistics DT AMNHATO T T A, HE2E5X5NT—K%&7TIZ, BIED
INSWEDNSAUNRET OV T A

RTHE - RITHER
ARTOT S MIBARTETT 2T THY, TOEIRERIIUTDOLS 1245,

i =, A(D), B, Q@)
1, 3, 0, 0
2, 2, 0, 0
3 0, 0, 0

3
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4, 5, 0, 0
5, 8, 1, 1
6, 3, 1, 1
7, 4, 1, 1
8, 1, 2, 2
9, 3, 2, 2
10, 2, 2, 2
11, 10, 3, 3
12, 1, 3, 3
13, 0, 3, 3
14, 2, 4, 4
15, 4, 4, 4
16, 7, 5, 5
17, 0, 6, 6
18, 0, 7, 7
19, 6, 8, 8
20, 1, 10, 10

E—E T — A B OBEEZERS, H_FEc0Tr—4&, H=F1, MIZEN TN
Bubble_Sort, Quick Sort J—F Il & B REEZ DGR,

4.2.8 thermo

Thermo_Function (ZEFKINTWBEKIZOWT, TANETS 077 A KIE, ik
& BEEONEHREGAT, BINZENZEREDTHENERIET STV T A,

RTHE
make 9% &, EIT7 7 1) thermo PMEHRINTNWBEDT, ETTHLLUTDLD

BEMPHIING.
4 I

pressure [hPa]

1000.0

temperature [K]

300.0

Relative Humidity [%]

50.0
- /

JER, % AJ1T 2L, BLRDEDIZEN—F V2 VTR U RN I IN5G.
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4 I
DEBUG : RHT_2_e in Thermo_Function : 1.76668E+03 [Pal
DEBUG : eP_2_qv in Thermo_Function : 1.11965E-02 [kg kg-1]
DEBUG : TP_2_rho in Thermo_Function : 1.16144E+00 [kg m-3]
DEBUG : theta_dry in Thermo_Function : 3.00000E+02 [K]
DEBUG : qv_2_sh in Thermo_Function : 1.10725E-02 [kg kg-1]
DEBUG : tetens in Thermo_Function : 3.52565E+03 [Pa]
DEBUG : goff_gratch in Thermo_Function : 3.53320E+03 [Pal
DEBUG : goff_gratch_i in Thermo_Function : 4.56536E+03 [Pa]
DEBUG : es_Bolton in Thermo_Function : 3.53336E+03 [Pa]
DEBUG : es_TD in Thermo_Function : 2.88717E+02 [Pa]
DEBUG : LH in Thermo_Function : 2.43771E+06 [J kg-1]
DEBUG : eP_2_qv in Thermo_Function : 1.11965E-02 [kg kg-1]
DEBUG : TP_2_qvs in Thermo_Function : 2.28030E-02 [kg kg-1]
DEBUG : qvP_2_e in Thermo_Function : 1.76668E+03 [Pal]
DEBUG : theta_dry in Thermo_Function : 3.00000E+02 [K]
DEBUG : theta_moist in Thermo_Function : 3.00000E+02 [K]
DEBUG : thetaP_2_T in Thermo_Function : 3.00000E+02 [K]
DEBUG : thetaT_2_P in Thermo_Function : 1.00000E+05 [Pa]
DEBUG : TqvP_2_TLCL in Thermo_Function : 2.86147E+02 [K]
DEBUG : thetae_Bolton in Thermo_Function : 3.27661E+02 [K]
DEBUG : thetaes_Bolton in Thermo_Function : 3.67287E+02 [K]
DEBUG : TqvP_2_thetae in Thermo_Function : 3.27064E+02 [K]
DEBUG : TqvP_2_thetaes in Thermo_Function : 3.60804E+02 [K]
DEBUG : RHT_2_e in Thermo_Function : 1.76668E+03 [Pal
DEBUG : eT_2_RH in Thermo_Function : 5.00000E+01 [%]
DEBUG : RHTP_2_qv in Thermo_Function : 1.11965E-02 [kg kg-1]
DEBUG : qvTP_2_RH in Thermo_Function : 5.00000E+01 [%]
DEBUG : qvT_2_Tv in Thermo_Function : 3.02014E+02 [K]
DEBUG : TqvP_2_thetav in Thermo_Function : 3.02014E+02 [K]
DEBUG : exner_func_dry in Thermo_Function : 1.00000E+00 [1]
DEBUG : hypsometric_form in Thermo_Function : 9.88683E+04 [P
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

4.2.9 thermo?2

Thermo_Advanced _Function (ZEFF XN TWBEBIZOWT, TANZITD TO T J A,
Jordan (1958) DY UV F o4 V7 F—R%&E LI, HESEDOERE 5 2T, RIN/EN
ZUREDTHENERIET DT T A

EITHE
make 9% &, EITT7 7 A )l thermo2 MWERINTWVWSDT, 7T LUTDLD
BREMMNHTIIND.
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Input the reference height [m].
500.0

lZANTDE, UTFDEIZEN—F V2 HOTEHRE U RV INS.

/
DEBUG : precip_water in Thermo_Advanced_Function : 4 .54026E+01 [mm]
DEBUG : CAPE in Thermo_Advanced_Function : 4.07556E+02 [J kgt1]
DEBUG : CIN in Thermo_Advanced_Function :  -2.85806E+01 [J kg-1]
DEBUG : z_LCL in Thermo_Advanced_Function : 9.28418E+02 [m]
DEBUG : z_LFC in Thermo_Advanced_Function : 2.97419E+03 [m]
DEBUG : z_LNB in Thermo_Advanced_Function : 1.15760E+04 [m]
DEBUG : T_LFC in Thermo_Advanced_Function : 2.82911E+02 [K]
DEBUG : T_LNB in Thermo_Advanced_Function : 2.24629E+02 [K]

\_

4.2.10 time_check

Basis EYVa— )VOHKA YV NS counter day, counter sec 5L U, &1 A
V' — VAWV —F 2 time_zone_convert DT AN T T T A EED 2 HRF%Z 52T, %
DI DO HE L % £RT 5.

RTHE
FTT2L, LTFDOL D REMNRRINSDOT, HYNIIEAD.
4 N
Input the start time [yyyy:mm:dd HH:MM:SS].
[Example] 2013:01:01 13:00:01
2012:12:30 23:59:59
Input the end time [yyyy:mm:dd HH:MM:SS].
[Example] 2013:01:01 13:00:01
2013:01:01 00:00:00
You input start time : 2012/12/30 23:59:59

You input end time : 2013/01/01 00:00:00
3 [day], 86401 [sec]
start time (UTC) : 2012/12/30 14:59:59 )
-

Z DA, 2012/12/30 23:59:59 5, 2013/01/01 00:00:00 X TO HEK & % G5
TRIXRETHD. StEFERIIRBICERRINTHDEY, HBUX 3 B, B TCHE
T 5 & 86401 M Aad. F/z, ®EIZG A /2EHEBIBIELNIZOWT, JST &KE L
2 ED, TORLNIHNIET S UTC D%l 2 119 5.
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4.2.11 traj_sample

Forward Traject, Backward Traject D7 A NH TV T A, =ABEHEICHREZEIL
T2 2 RICKE—RREDIGIZOWT, B - B AREMRZ T 5.

RTAE - RTER
ATDT T MNIBERTETTZEZTTHY, AFO L D BEMRHEE AT HHEM
MERIND.
e )
input scheme of time integration.
EU1 or RK4.
RK4

input direction of trajectory for time.

1 = Forward, 2 = Backward.

2
= /

R DERNIRFHEE D D AR —ADFHETH Y, EUL 1L 1 RAA T —AF—2A, RK4
WEARNYT =0V RAF—ATHS. XROGRIIESDOHATHD. 1 X5 HE
PR, 2 138 AR %2 5HR 9 5.

TERER

411 1F51(0.1,0.1) 2 5 BAAARH LR TG AN —RRZ EDIRDN T WD IGIZE 1T 512
Fi AR OB & RS JRD B FIKE—FRT d 2 A3, IERIZ DWW T = B 12 2L
T5DT, MEMIMAICEEL TS Z e bnd.

4.2.12 wind

EYa—)l Derivation, Trajectory DI—F V% T ANTETTT T A,
fRITI 2 SES 2 52 C, TI MO K[EAR 2 515 UM RS 2, T 0/ 5 72 i mis
DWTHEZFRL, IHICHEG» O HEZ1T . [UEHODM & RBIZFHE I N
T IRARDB N — T o Z L 2 ENDD I ENTED. ZITHERDRTES p(z,y) 1

p(x,y) = cosx + cosy
THd.

FEER
FRATIANC 5 2 - REIIEM 4.12, 2 ORFESG» 5t B X N5 K E I 4.13, 15
ENTHEG D LRI NS NERES I 4.14, KEEES2E L IZHEIND
AREE 415 TH D, Z I T, mApIFEBH LS REEVHETHY, [UESLD
FEMREFLDMEERL TS Z L ITER,
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(v)

0.0 -

4.11: BB DRGR.

4.2.13 advection

EYVa—)b ftttp DT A NATB T T A I 1 Rt OB H AR DONT, ART K
VEE AT EORFIFEZHET 5.
R AT HREARITEM AR 1 RTOWHE u(z, t) IZDWTOMBH AR
ou ou
e + o~ 0
Thd. INEEMARIITZARYZ MVERL, R AMICIEZ Y7 =0)0) Y AF— A
ERHWTWS ., EBFBEIIR—L) A N7 711 advection.nml THEARETH 5.

RITHE - F—LUR b

(./advection < advection.nml ]
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pressure
A B 3.00 3.00
T~ 1.80
1.80 B
T 0.60
.@ 0.60 r
S : -0.60
|
> —0.60 T
T~ —1.80
»79
=l
_ e
1.80 > ~3.00
;'>

X—axis

CONTOUR INTERVAL = 4.000E-01

4.12: fRATEIZE 2 S 72 [ED .

rotation

y—axis

CONTOUR INTERVAL = 4.000E-01

4.14: HEGNHRO SN METES. K 4.15: EEEG 5 FHE I D TR O HU.

ZDFER, advection.nc BWHAOINDS. F7/2, F—L V) A NDEKIILTDEEY

-3.00

CONTOUR INTERVAL = 4.000E-01

4.13: [ES D B2 WK O b 7z K

JRGH L5

rotation

CONTOUR INTERVAL = 4.000E-01

Thd.

&input

nx=100 ! 2RI K

dt=0.05 ! HF[HIEBE

nt=100 ! FEAT vV T

xmin=0.0 ! FEIEE I

dx=0.0628 ! ZEfi&1-[Hlbm
/
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FECERE S

amp and amp

1.00

0.60

I 0.20

-0.20

-0.60

-1.00

CONTOUR INTERVAL = 2.000E-01
4.16: IRDFFRA.

4.2.14 diffusion

EYVa—)b ffttp DT A NHTO T T A K 1 Kot DILEARRRITDONT, ART K
WiExE T EDORFFEZHET 5.
SR AT ARERRIEZEM AR 1 RO u(x, t) 12DV TOMILEHFEN
ou_ o
ot~ “9z?
Thd. INZZEMARIIZARZ MVERL, KREAMIZIEZ 207 =23)0) Y AF— A
ZHOWTWD, BRI FEE IR —L) A N7 74V diffusion.nml THREARETH D.

RITHE - F—LUR b

C./diffusion < diffusion.nml ]

ZDFER, diffusion.nc BWHIIIND. £/, F—ALV A MDEBIILLFDOL EY
Thd.
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&input

nx=100 ! ZERIRE 1 s
dt=0.01 ! HFRIREIPE
nt=100 ! FEATY T
xmin=0.0 | FHIAE
dx=0.0628 ! ZEft& Rk

/
FTEGR
time series

100
1.00

90
80 0.60

70
60 0.20

+ 50

40 -0.20

30
—0.60
20

10
-1.00

4.17: PDRRS.

4.2.15 poison

2 RGBT BT B RT Y VARREZFET S 7075 A @lilEIXSERO A
BRAEIR % & D7 — TIOVBISBI O EE %2 %2 LT\ 5.
AHE % HREAIE
Oy 0%
ox2  Oy?
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THhd. 2T, 2 RouDORAMBEL, pld 2 RouDEHTHS.

EITAHE - X—LYRK
FFF T 0T T L% poison L \WD OV T LABIKTHS. 2 —LVANT 71 IUIE
poison.nml. ARD K S IZFETTEHILMNTES.

[:./poison < poison.nml

)

*

— L) ANDOEBIILATFDEEY TH 5.
&input
nx=100 Uox AR
ny=100 Uy AR T
tp="1221" ! FHEGHEEERSM:
method=2 ! BHEFIE

ter_flag=.false. ! NERFEIE S R = 5 < .
/

ERHTO YT A%FETTD L, poison.nc L WD HETD NetCDF 7 7 1 VA S

IND. WEIZIK draw 707 T Ax VAU RV, 2D & XOREFE T 71 IV
draw_poison.nml THhHd. 7z, stHEIERD T —XH & & £IT, FHEIZE L /2K
WEHEH T TO LS IZH I N5,

/

*x*x* MESSAGE [HistoryCreatel] *** "poison.nc" is created (origin=0.
*x*x MESSAGE [HistoryClose] *x* "poison.

nc" is closed

Main solver running time = 1.02846E+01

This Method is Jacobi Method.

%

STEER
FEIS M T — VBB DGR 2 5. 2 /- & SORT Y VRO EERIT
418 ThH 5.

(]

o BERGMDEE tp ERT YV VYINDFBHELUTEDFEFEFEZTNSDT,

FEMDOBFDOREERIX??, 77 S

o KTV UVINDHKE method 1, 1 BSH DI AV A TV, 2 WY IV

o KN—F VIFWNIHIAEEDE S & € DR T

I5IENTED. ZHDO S,

ter_bound (& .true. IZIRET D &, NIRRT MNGFET 2R ECHAE LT
5. ZONEERMESE EAZETHE U ZFERNRX 4.19 THD.
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rho and psi

1.0
5.00

0.9

0.8

4.00

0.7

0.6

3.00

> 0.5
0.4 2.00

0.3
1.00

0.2

0.1
0.00

0.0

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

X
CONTOUR INTERVAL = 4.000E-01

4.18: M T — T IOVEBILOEH & 5 A 7258 DRT Y VIRE. T —IRED
DATH Y, FEEVRHOHTEHRTH D

4.2.16 adjust

BERTOT I A BIE 1 RTD fHEKARRIIOWT, AIRADTEZ AW TR
P BB EY I 2L —Yaryd i Tus I A,
SRR EDFAMIE 5.7.3 2,

EITAHE - X—LYRL

FH 70T T Lld adjust LWV D T 0T T LABIKTH S, YIHMEIE netedf ZRD 1
RICKETVERE T — R L T DR TR CERINZE Y, KEEE 2 KD T — X B
MINTNWE 7 71N EGHMAD, VY FVHIHEIX ruby-netedf 231 > A h—)b
INTVIUE, make.rb L WI AV ) T N2 FEfFTDH I THERTES. ZOYHHE
T —RIAEEEN TR TE O TEI DAGFEEEO L TAES L 25707 7
AINVT—=RTH3 (M42081), ELIDT—ZUATHELZWIGEIFKET
TAERARTO L,

EFHEEIUTOaAY Y RTh B,

[./adjust < adjust.nml j
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rho and psi

1.0
3.50
0.9
0.8
2.80
0.7
0.6 l 2.10
> 0.5
0.4 1.40
0.3
0.70
0.2
0.1
0.00
0.0
00 01 02 03 04 05 06 07 08 09 1.0

4.19: FEEFMT T — TOVEIBEL 05l 2 5 A, PEREKIC R E B E © D5 A
DRT YV VIRE. AT —=MWEEDAMETH Y, SFEARHDOBIR TH D, HIKE DI
WIS T H Y, DR TIIKEF R 27> TRV,

Z DR, adjust.nml D oname THEINTWVD 7 7 1 VA TEIEMSRN LI I 0
%.
F—=LVANDEBIILLTDEB Y THS.

&input

corioli = 1.0e-1 P 3V AVNTA=& [1/s]
! beta = 1.0e-5 I R—=ZRE [1/m s]
beta = 0.0 I R—=XRE [1/m s]
mean_height = 100.0 ! JAKEDFIIEX [m]
fname = ’init.dat’ ! #JEHET 7 AV

oname = ’result.nc’ ! FEROHEHT 7 AN

nt = 80000 VR A Ty 7

dt = 0.1 v IR [s]

dmpstep = 100 v KSR ATy Tk
nx = 100 Ux HAORT R

X_axis = ’x’ V #FHAME T 7 A LD x EHD AT
val_height = ’ht’ ! FAKEOERI A DHAH]
val_ubar = ’ub’ ! x KA O—RED&H]
val_vbar = ’vb’ Uy SO — RO £ i
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1.0

depth
o
o
I

—-0.5

—-1.0 -

PR NI BRI
3000 4000 5000

TR TSR
6000 7000
(m)

x—coordinate

X 4.20: TTFIVHIHIOE X R,

val_h = ’h’ VORI T 7 A VDR S R B DR

val_u = ’u’ V FIHAME T 7 VD x JTIRLEE D4 i

val_v = v’ ! FIHAME T 7 AV D x BT AR E D 44

bound = 2 ! BESi4fF "1" = no gradient, "2" = open bound

L3 = SRS
steady_flag = ’xxx’ ! EHREBOEAGEZHERT —XITANDNE S 2.

11 XFH
I 2 XFH
! 3 XFH

D&
x HAODOFHE (ubar)
y HHAOFE (vbar)

I (ht)

regist_flag = ’ox’ ! FWHEANOMINNEHT 7

! regist_flag(1l)
! regist_flag(2)

regist_coe = 1.0, 1.0, 1.0

EMEIZ & 2P (REURE)
T VBRI & ST

! regist_flag THRE L &AM DR
! regist_coe(1l) = KiMERE (w,v’ ~NOFH)

! regist_coe(2)

! regist_coe(3)

BT S

LGRS (v ~NDFE)
I VEBOAY Y 7Y I [1/s]

TIANWNIDI =L AMIBEINTODHEINT A —RORFEME» S, &
TEDONAEEILS £T 31 m/s, BRERIEELL 300m &8>TWd, 2Dk
. EFREBL R 5728 TOE S DA & MR & > THE) X 5 Mg =

RUZEBENTN4.21,4.22 TH D,

X 4.23 IXE X DIRADRKRINI O A =B B CTERZEDTH D, [[

RIZHUATR DO DA 2 R U723 4.24 TH 5,
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shade

(x10% s)

time
-
o

N -
3000 3500 4000 4500 5000 5500 6000 6500 7000
(m)
x—coordinate

X 4.21: &3 DORRYIZE L, BAO AL —
ERAEE,

0.5

depth
(@]
(@)

-0.5

-1.0

. P
3000 4000

P P .
5000 6000 7000

x—coordinate

X 4.23: EEIRETOEX,

time

3000 3500 4000 4500 5000 5500 6000 6500 7000
(m)

x—coordinate

X 4.22: Huffrii DR AR5 2L,

. P
3000 4000

. . |
5000

6000

aF
—~ O
o
o

x—coordinate

X 4.24: EHIRFET ORI D D40,
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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,

(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.

4.2.17 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.

4.2.18 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

4.2.19 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
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(x1000)

psi and force

20

18 —j

0.0

16 [
14 [

12; T ’

@
an
—O0P——
-
-

L L B BN N WL BLRLNLNLE ELELNLNLN RN
S /J S 5.00
ool - . . .

_ =4 4.00

_ 2.00

] 1.00

_ 0.00
U

CONTOUR INTERVAL = 4.000E-01

4.28: BWIHNIRD 5N/ 2 TG (RET) LIRMBINRD AT (A F7—), T HICHE
TRARBEEL (SFIERR) TH D,

I bc(2:2)
I bc(3:3)

center

top

bc(4:4) = outside
’1’ = rigid 1id, ’2’ = non flux

fname = ’noq_init.nc’ ! forcing profile data (2d)
sound_name = ’sounding.dat’ ! sounding data (1d)
coril = 20.0 ! latitude [deg] (Using of calculating Coriolis parameter)

mom_flag = 1

FTEER

momentum source flag

"0" = No momentum.
"1" = calculating with Vt.
"2" = reading from the file of "fname".

ARTIOT T LOFERNS/FEON 2 RIEERD 3 AGIEE] 4.28 ITRT.

i1

A4 L2 M) IKRIXNTOWAHE 7075 A3EF 1 L2 M) T

main.tex
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[SB make draw ]

FELTTUE SEQ 74 L7 MVICY VRV w I Y VI INTWD drav WMEHT
&%, drav O GEIIANE?? 2R

4.2.20 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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RTHE

S make sound_conv —_— S make sound_draw

v v

YART7AIVDIERK (fname) output_name ICHAIN

EHET—ID) AN T E

v REL, BN%E 2 5IBICEATS

S ./sound_conv < sound_conv.nml |

output_name IZEh N y ‘l'
TP BB D
7—:_;%#«;??;5?“6 S ./sound_1d ¥ $ ./sound_2d ¥
= ' < sound_1d.nml < sound_2d.nml
E|INT=T71IVEE - BT - BE MmN
'ﬂﬁﬂ5¥—7® - SRS A=Y RTIE
BERIT—% (sound_1d THAIN
BERIT—IDSFHAL)

¥ 4.29: sound_analysis (Z&51}2d 707 T ADFEFHRN.

AT I LRERTUTDES BN TEITVARETH D,

== 27

FI1T

$ ./[program file] < [program file].nml

TUTHARAL7=ODHATGRITEB L 2 1T IER S 20,

F—LYZ K

FITIBELXA =LV AN T 7 A INVOHNBEEIUTFDOEED THD.

sound_conv

&input
fname = ’list.dat’ | BT 7 71 NFINELNAZYV AT 71
sign_flag = ’0a000000065100000000324000000000000000000° ! BHITLDERT

DFEAEH 42012 T BN THD. 1% 4T5 12134467 sound_conv % FE

28
! 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
1’8’ = tmp2
1’9’ = tmp3
! 0’ = no read
! ’a’ = starting observation time [s] (option)
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undef = ’--7 | REEE L TEBZINTNDE T
conv_undef = -999.0 | ZBEDT—XIINT B KIEMHE
skip_num = 8 ! LHDGARIEUITH [Ny X —F%HAmRIET]

unity = ’m’, ’degC’, ’hPa’, ’%’, ’degree’, ’false’ ! Hifif
unity(1:1) = ’m’ .or. ’km’ ! HEDHEAL
unity(2:2) = ’K’ .or. ’degC’ .or. ’PK’ ! {REDHfL
unity(3:3) = ’Pa’ .or. ’hPa’ ! KJEDHAL
unity(4:4) = %’ .or. ’g/kg’ .or. ’kg/kg’ |\ KELEDHEAL
unity(5:5) = ’m/s’ .or. ’rad’ . or. ’degree’ ! JAGHEDHAL
unity(6:6) = ’true’ or ’false’ ! JA\H

R, 2o, KEFEDVICEAMETS.

ZDED BB TRHKINTWBIEGE, "west wind" (ZJEE,

"south wind" (ZH[ADFHAAEND LD sign_flag #HETD.

unity(6:6) :

EMRFHEND ArEEE UTHEML TWEEE "true’

BN TL B AHMEEE UTHRIIL TV 254 2 false’

I [exam.] : JLAIZIDEADNERS, *true’, ALEADIERS >false’.

limit_height = 300.0 ! reading start height [m]
snd_height = 100.0 ! BSOS [m]

!
!
!
|
|
]
tEH L, EAEEE BHTREEINT WD HEIE rad BWAEEZRL,
!
!
!
!
!
|

. output_name = ’tested.dat’ ! LT 7 ANIINEIRAENDIVANT 7 A
)%
conv_inter = .true. ! AT —XEMG<MNE DM
dz_conv = 100.0 ! conv_inter = .true. D& XODOMF| XfHE [m]
hydro_ref = 1013.25e2 ! 1 HDWE 3 DEH LM RNVGEE, HHFHEENS
D fiSERATD . 1 AMREINAVGE, BESGE ] &, 3 BREINR
Wy
| 54, HHEIET) [Pal % hydro_ref IZHEETD.
rev_flag = .false. ! ANT—ANEEIIOVTEAIIZASTVNSAS false.
I TAZICASDTWSZAS .true. THFZHIZTD.
! CReSS D 1 RIGANT —HELMTHB5 true.
VOV YT TR EERT B0 false.
/
sound_1d
&input
z_ref = -999.0 Ut/ ST A — AR OB OFEAER L [n]
p_ref = 950.0e2 ! Mfi/NT A—XFHEDBOIEMEZE [Pa]
' U, z_ref 2HHELTLZH5, p_ref = -999.0,
| p_ref ZFMEL T K5, z_ref=-999.0 £ 52k,
list_name = ’tested.dat’ ! sound_conv CTZAML/ZFT—XVAKNT 71
dmp_flag = .true. ! XN TA—RETFARNT XL UTRIET D [true].
ldraw_flag = ’xoxox’ ! filICBI92 75 7.
draw_flag = ’oxooo’ ! fiH|ICEHTET TV,
2o’ = TANVMRETHETS. *x = il LA,
| FOMDLFIT LD EHEIFU TS,
! draw_flag(1:1) = iR{7, HHY4IRAL, BORIAHZIRAI %2 ERRT 5 .
! draw_flag(2:2) = Skew-T % fERT 5.
| draw_flag(3:3) = RUIAKERED 34 %IEBFLT S .
! draw_flag(4:4) = BUIEMR/NT A =R DFIHEAERERRTD.
! draw_flag(5:5) = HEBZICICKART T 7 2/EKT .
main.tex 2018 £ 4 H 19 H (EHEH)



STPK ¥v=a7JL a7y rs A 275

draw_region_z = 0.0, 17000.0 ! {9 % &EHEEK [m]
draw_region_p = 10000.0, 100000.0 ! i[9 &5 [Pa]
! draw_region IXEHHBHEHELK 2 O 1 Rl THY ,
! draw_region(1) (27 7D i, draw_region(2) 177 7D ki

TEIE .
WS = 2
undef = -999.0 ! K{EfH
unit_v = 15.0 ! JAGEDGEERTLTIEOHEA N NV [m/s]
sysfont = ’Nimbus Sans L Bold 12’
/
sound_2d
&input
flist = ’tested.dat’ ! filifHIRIT—& 7 71 )
VKRS — &% 1 FIHIC 7 7 A V4,
! 2 FIHIZ yyyymmddhh B TEZ DKL Z AND
conv_dat = ’convec_parmtested.dat’ ! sound_id THHINDIXH/NT A —
R % G ARIAM,
! RERFIR 2 ERR T 5 .
conv_list = ’tzpxxoxx’ ! conv_dat DT —XDI>bH, T —ENA>TND
'V BT LADIEFIZ 202 #DIT5. x> WHEMNR.
Vooe RIS T B 4
VR 200 DAL TWBREEIE, JHl%DRSRFIKE LT
LTS
" 1oz, op? IERRANT A— R 2 HE L 2 HEESE IS
L XNTWRA%RT.
| BRERFIDZ A MViFZENTN, T—RIT0OEEZSIA.
conv_undef = -999.0 ! conv_dat DAREFEM.
dz = 100.0 ! FHHE[EPE [m]
z_bot = 300.0 ! FfHi N [m]
z_top = 17000.0 ! ffil B [m]
IWS = 2 ! DCL 7 /XA A
title_txt = ’Equivalent PT’ ! &1 KL
cmin = 300.0 ! SFAEKRDBUIME
cmax = 400.0 ! FEAHARD I AAE
smin = 300.0 ! # 7 —DH/IME
smax = 400.0 ! » 7 —DHKAfHE
cont_val = ’ept’ ! SEfHfRE U TR DEHHA*
shade_val = ’ept’ ! WT7—L U THRRTDIEHS*
vec_val = .true. ! AEEGENZ ML LD [true THIL]
cnum = 10 ! FEIRD ALK
snum = 10 ! HT7—D
undef = -999.0 ! REHMM
sysfont = ’Nimbus Sans L Bold 12’
/
Uk HEABOBIEITILA RO LB Y
! “temp’ = JRfE
! orhe = JBE
! oqy = RA
! opt’ = &AL
! vept’ = FMYIEAL
! 'sept’ = FUAIFH2IEAL
! Yeast’ = PG
! north’ = FEdL/E
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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,

4.2.21 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,

IHERRL EOT T OHMII I8 5.7.2 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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(x109) up and Vp(t=0.0)
1.00
0.60
0.20
o
8
(0]
<
-
-0.20
-0.60
-1.00
-4 -3 -2 -1 0 1 2 3 4
CONTOUR INTERVAL = 2.000E-01 (x105)
r
(a)
(x108) up and Vp(t=9750.0)
T i T T
1.00
4
3
0.60
2
1 0.20
o &
-
o 0
el
- I
1 -0.20
-2
-0.60
-3
-4
-1.00
4 38 -2 -1 o 1 2 3 4
CONTOUR INTERVAL = 2.000E-01 (x108)
r
(b)

4.33: FHREFERD® 5 5 N IREN PR D D 5 b, FEMR CEIBE M OHEE, 75 —T
PRSI DL 2 R, BIIME, TR 5 & 2 FREER A U 72 e oD il
PR D 7341

main.tex

2018 4 H 19 H (TEHEHK)



STPK ¥v=a7JL a7y rs A 282

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)
/
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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,

4.2.22 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,
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nx = 400 !
ny = 100 !
nt = 100000 !
xmin = 0.0 !
ymin = 0.0 !
dx = 0.1 !
dy = 0.1 !
dt = 0.001 !

dmpstp = 1000
!
finame = "" |

!

!
foname = "resu
inner_file =’
time_flag = ’1

undef = -999.0
init_type = ’p

ubar = 1.0
eps = 1.0e-4
nu = 0.01

/

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,

4.2.23 WKO04

2 RICHICBI DN VimEYIal—avTdARESETINTHD (Weisman
and Klemp 2004).

FERERIE T )V N ERER (2, y). W OFHIEIE 2 TAFEDOHULES R U 72, Y
BifIEH & LT, Arakawa Jacobian (Arakawa, 1966) Z L T\ 3 3,

BHERRE DT TN OHMIS IS 5.7.5 B,
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psi and omegat=0.00000E+00)
e L s S S B

4.0 1.0
8
2.0 0.6
6
0.2
> 0.0
7 | -0.2
**************** —R0---------- - - -0.8
= |
,,,,,,,,,,,,,,,, B o -1.0
ol o v e
0 5 10 15 20 25 30 35
X

CONTOUR INTERVAL = 1.000E+00

(a)

psi and omega(t=1.00000E+02)
L L A e L B B

1.0
0.6
0.2
-0.2
-0.6
-1.0

CONTOUR INTERVAL = 1.000E+00
(b)

4.34: MWL) (1) & & 2RI L - L ¥ (F) ORSHBE (75 —) &k
B (S,

aAv/N( )L

1L MROavw Y RIZ&Y, FE77 710 (WK04) ZHRKT .

(8 nake )

2. WKO4 IZx—2LV) A (8d) THREINZWMHWT—4 7 71 )V finame DT —
A% eI U TR — i sk 2 IO CIRE ORMRE 2RI 5. /-, #
WAL XN OBRILSRE IR T 5.

EITHE
DPFoaxy Rz2FETT5.

$ export OMP_NUM_THREADS=number
$ ./WKO4 < namelist.nml

e OMP_NUM_THREADS & OpenMP fi5[iZ 81+ 25 CPU DUSEIZ 5t IG5 ErbE A
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BThHY, &L, 3231 IIVRFIZ OpenMP DOFELFHAEERA TV 3> % DI T
B, ZOBRBEZEHOFEI &> CHHGFEIEETH S, [number] (ZIX
= A1 5.

o WKO4 2179 DL, BIAMBIET 5. TOERIL namelist.nml @D foname T
BELTWD 7 71N HIE D,

X—LY RN
FTIBERF =LV AN T 7AINVONFIIUTOLEE) THS.

&input

nx = 960 ! X-coordinate grid number

ny = 80 ! Y-coordinate grid number

nt = 10000 ! calculating time step

xmin = -12.0 ! X-coordinate original point
ymin = 0.0 ! Y-coordinate original point

dx = 0.025 ! X-coordinate grid interval [m]
dy = 0.025 ! Y-coordinate grid interval [m]
dt = 0.001 ! time interval [s]

dmpstp = 100 ! dumping time step

! dumping time interval is equal to "dmpstp * dt"
finame = "" ! initial data file name.

! if there is no, automatically,

! being made by the program.

foname = "result.nc" ! result data
inner_file = ’colum.txt’ ! inner boundary file
time_flag = ’1’ ! time scheme :

! [1] = 4th order’s Runge-Kutta
! [2] = Leap Frog
! [3] = 1th Explicit Euler

undef = -999.0 ! undefined value
init_type = ’psi’ ! the tpe of initial value.

! ’psi’ = strem line, ’omg’ = vorticity.
ubar = 0.5 ! mean flow [m/s]
eps = 1.0e-3 ! convergent condition for poisson solver
nu = 0.002 ! diffusion coefficient
/

STERR
KT T T LOKRD 5155 N7 MR & AR D 24613 4.35 1R

HHE
AT+ L2 MRS NTOSHiE 70275 A drav_anim 2 E{79 5 2 & CHiHE
MARETHD. 2D T T T LAOMFHFGFEITAASE 27 8.
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omega and buoyt-0.00000€+00)

L L B T T T
0.0
15 y -0.2
-0.4
> 1.0 B
-0.6
0.5 | . -0.8
i -1.0
0.0 L Il L L L L Il L L L 1 L L L Il L L L L Il L
-10 -5 0 5 10
X
CONSTANT ( 0.000E+00) FIELD.
(a)
omega and buoyt-1.00000€+01)
T T T T T 1
0.0
15 y -0.2
I o 1
r Q
I -0.4
> 1.0 - B
I -0.6
05 1 -08
I -1.0
0.0 L Il Il

CONTOUR INTERVAL = 1.000E+00

(b)

4.35: G (B) & & B FEREARE L L ¥ (F) OBKLITN (h5—) &8
AL (SEIRR).

4.2.24 BAROVOR

NEEFEFEBRARIC B TRO IR A EE2 I 2L —Ya v T 2ETILVTHD (B
3R« A, 2004).

FERERIE T AV N AR (2, ). O OFHEIZ—E 7 —) TR & B ARY M Lik%E
AU, EFSEBRIEYL UTEAHEZ HOTVS ™,

VAPV
MERRRB Y DOE I OIEMIE RIS IE.
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1. FOax Y RIZ&Y, 77 7 1) (FFT_BAROVOR) %4 5.

(:$ make fft :)

2. FFT_BAROVOR &2 —AV Ak (#81h) T&EXINAHT—H 7 71 )V ininame
TEZONBWBEDT —A % 012 U CHBEBOEMRE L FHET 5.

ETAE
AFRDaxy R&2EfFT 5.

$ export OMP_NUM_THREADS=number
$ ./FFT_BAROVOR < FFT_BAROVOR.nml

e OMP_NUM_THREADS |& OpenMP W42 & 132 CPU DMFIBUI X IE T 2 BRbEZs
BThHY, &L, 3231 IIVHIFIZ OpenMP DOFELFHAEERA TV 3 v % DI T
B, ZOBRBEEHOFEI &> CHHGFHEITEETH 2. [number] (ZIF
I E AT 3.

e FFT_BAROVOR %5179 2 &, 3D BMAT 5. T DFERIX FFT_BAROVOR.nml D
foname THRELTWB 7 71 WIZHII N5,

F—=LYRK
FITIZBBER I =LV ARNT7AINVONEFIIULTOEEY THS.

&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" ! result data

time_flag = ’RK4’ ! time scheme :

eps = 5.0e0 ! convergent condition for poisson solver
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220
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100

80

vorticily (0000:00)

vorticity (0000:30)

(b)

T R R BV 0.0

vorticity (0001:00)

vorticity (0006:00)

(c)

(d)

2.4

0 T S S S e | 0.0

80

100 120 140 160 180

X (km)

200 220 8

|
0

100

120

140 160 180 200 220
X (km)

4.36: X OIERIEFRIFER. (a) FAIHARZ 225 (b) 30 43, (c) 1 K, (d) 6 HFfEERD
GEDSRENES

FIECERES

nu = 0.01

betaf = 1.0e-11
adv_flag = ’f’
’1111°

boundary

/

! diffusion coefficient

! beta coefficient

! boundary condition

KT T T ADOFERN S5 5 N2 FHEE D 341X 4.36 1257
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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,

main.tex 2018 £ 4 H 19 H (EHEH)



STPK ¥v=a7JL 5 {+% 293

)
3
|
auna
|
2 4 ' '3
7 : aY L
L1 | /
JAS [a]
7/
e
// L2,
/
: T T
2 RGN 3 RoGrHI

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 AJ}2 )

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> ’

2018 4 4 A 19 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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ar7Ib

STPK ~

T

C\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f)
ZEAN ANV EANE R R A\ A A A e\ A A A A\

Y

RN B N N A N A N A A A A\ A\ A A A

Of‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f‘\f\

A

RRE I NDIEF R

A

5.2: inner_bound T
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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
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ZEME -2(K5.3 D 2)
Vij = i1+ fij X Az

ZEME 4(B5.3 D 3)
Yij = Vi1 — 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 DIGH :
1
Vi = 3 HWit1j1 — firry X Ay} +{vit1j41 — fijr1 x Az}]
1
= Vi1 = 5 [firrg X Ay + fij1 x Azl
e 8 DIGE -

1
vij =3 {wic1j—1 + fic1 X Ay} +{vi—1j-1 + fij—1 x Azx}]
1
=Yi—1,j-1+ 5 [fi—1; X Ay + fij—1 x Ax]

®EE -8(K5.3 D 6, 7)

e 6 DIFE :
1
Vij = 9 [{¢171,j+1 - fifl,j x Ay} + {d}ifl,jJrl + fi’jJrl x Ax}]
1
=141+ 3 [—fic1; X Ay + fij41 x Ax]
o 7T DIGE
1
vij =5 {vbirrj—1 + fivry X Ay} 4 {Yip1-1 — fij—1 x Ax}]
1
= Yip1,j-1+ B [fit15 X Ay — fij—1 x Ax]

#REME 7(HM5.3 D9, 12)

e 9 DA :

1
g = 5 Hi—1,j+1 + fijr1 X Az} + {ip1j-1 + fixr; x Ay}

1 1
=3 i1 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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1 2 3 4
Pij+1 Tfi,j
fij  Yir1j Vi1 fi |
—_—— > ° L) —_—
Tfi,j Pij1
5 6 7 fivri 8 fic1j
fij+1 Yit1,541 Vi1 fij1
-1 I e fij—1%iv15-1 Y11 fij1
fi+17'j ‘filhj — > o . >
9 Yit15+1 1 11 Yij+ 192
© Qi) . *1ijt1
Pi 1,541
Yiorj Aig - Pi_1,j |f&j - | Yit1,j
fii|l Wiy fig

L] L]
Yij1 Yij-1

1/181,3‘71 1/161,3‘71

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

AIBCOE E . 9-12 IFNERE R ML D & HE OB
IR,

o SRIRTRILS N7z fUERE

main.tex
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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,

oy 1 ()

oxdy  Ox \ Jy
o ﬂ w@j-ﬁ-l - 1/}1/11',]'—1
- Oz 2Ay

_ 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 -
XDR@szyamk<“”ﬁr“m>,

XDM; ;= XY Z;; k(

YEPi,j,k: = XYZzJ k <

YEM, = XY Zi (LM-f%W

ZFth—XYZJk<Z §X§7
ZFM; = XY Z; <i’;2"f _ J;ZAJ;C> ’
AE@kEXY@%MA;M/
BTJk_HXYZJk4A1AZ

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 2018 £ 4 H 19 H (EHEH)




STPK ¥ =a7J 5 8% 305
- IR L UTRET X 51 (20 2) ~
uTLd:%ﬁ*#&bf if*éf@o%:&%ﬁ?@ E (BEE 8 WA T —
1B N ITAFAE) & R CH—#NIAFE) TRREATRER H BB S0

Al & R
HE LR EE
BB || BA (4, §,k) (ST 2R TR (4, §,k) | T DK
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 @+1J+1H 5.3 D5
8 (i—-1,j—1,k) 53D 8
-8 (i+1,j—-1,k) 53D 6
-8 @—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 u3+1k+n ZHM 72U
24 (i,j — 1,k —1) ZHXN 72U
—24 u3+1k—m ZHM 72U
—24 (i, —1,k+1) ZHM 7 U
NS J
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- 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)

ZEME -2(K5.3 D 2)

ZEME 4(B5.3 D 3)

REME -4(K 5.3 D 4)

REME 8(H 5.3 D 5, 8)

o 5 DIGE :

1
Vijk = 3 {it1 41,6 = firr gk X Ay} + {1415 — fij+1.6 X Az}

= Vit1j+1k — B [fit1jk X Ay + fijr10 X Az

o 8 DG :

1
Vigk = 5 {bic1 1 + ficije X Ay} + {ic1j—16 + fij—1,k X Az}

1
=Yi—1j-1k + 5 [fic1jk X Ay + fij—16 X Ax]

VYigk = Vit1,k — figk X Az

Vijk = Vic1jk + fijr X Az

Vijk = Vij+1.k — fijre X Ay

Yijk = Vij—1k+ fijr X Ay

Vijk = Vijh+1 — fijr X Az

Yijk = Vijk—1+ fijr X Az

1

o HEMH 8(X 5.3 D 5) LFEUKMAGDLEDEE

1
Vijk =

= Vi1 jk+1 — 3 [fijrs+1 X Az + fig1jr X Az]

2

1

o HEMH 8(X 5.3 D 8) LFEIUKMALGLEDLSE :

1
Vigk =5 Hic1jk—1+ fijr—1 X Az} + {1 k-1 + fii16 X Az}]

1
=Yi_1jk—1+ B [fijh—1 X Az + fi_1jr X Az]

{Yit1j k1 — fijrt1 X Az} + {ip1 jrr1 — fivr6 X Az}
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REME -12
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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
¢i7j7k = g [{@bi-&—l,j-&-l,k—f—l - fi7j+1’k;+1 X AJJ}

+ {Vit1 41,641 — fir1j k1 X Ay}

+{ir1 41, k41 — fig1 41,6 X Az}

1
= Vit1j4+1,k+1 — 3 [fi,jJrl,kJrl X Az + fz’+1,j,k+1 X Ay + fi+1,j+1,k x Az]

ZEME 13(k5.4 D 2)

1
Vijk = 3 {Yi-1j+1k41 + fijries1 X Az}

+ {ic1 41 k41 — fim1j k1 X Ay}
+{Vi—1jt1h41 — fic1j+1,6 X Az}

1
=i 1j41k+1 + 3 [fijt k1 X Az — fiq jrp1 X Ay — fim1jr16 X Az]
ZEME 17(”h5.4 D 3)

1
Yijk = 3 HYit1j-1,k+1 — fij—1,k+1 X Az}

+ {ir1 -1 k+1 + fit1,j k41 X Ay}
+{Vit1j-1k+1 — fit1j-1k X Az}]

1
= Vi1 j—1,k+1 + 3 (= fij—1 k1 X AT + fir1 k41 X Ay — fix1,j-1.6 X AZ]

REM[E 19(K 5.4 D 4)

1
Vijk = 3 HYic1j—1 k41 + fij—1 k1 X Az}

+{i—1j-1k+1 + fim1,j k1 X Ay}
+{Vic1j—1 k1 — fic1j—1,6 X Az}]

1
=i 1j41k+1 T 3 fij—t1h+1 X Az + fi1jrer X Ay — fic1j—1k X AZ]
REE 23(K5.4 D 5)

1

Yigk =3 {is1 41 k-1 — fijirk—1 X Az}
+{Vit1j+1,6-1 — fit1,56—1 X Ay}
F{Yir1 1161+ firrjeie X Az}

1
=Yit1j41,6-1 + 3 [—fijrih—1 X Az — fir1jk—1 X Ay + fiy1 41,6 X AZ]
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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 .y
fijtigtr  Vitljrik+1
- .

)/ fit1,jk+1
7 A

fit1,5+1,k

L MM i1,k

X Jit1,5,6-1
.

Jig—1h—1 Viv1j 1h-1

2
Vi1 4+ 1k+1 fij 11, k+1

L] —*
Ji14k+1

Jit14k+1

fz}jfl, +1

A \

I Nt _
\ Vi jh
fim1j+1,k \

L]
i1 -1kt

,fi7j+1ak_1

Vi jk

Vi gk fit1,j—1.k
5 6
fiz1,j+1,k
A \
| fi+17j+1,k: |
Vijk/ | |
| > |Yigritie Pi-1,j+1k-1 '
S gkt
/
firt,k—1 Jicijk—1
8
wl,j,k y

A
Jicij—16p

fi*l,jﬂ{?*

=

Yilj-1h—1 fij o1k

Bl 5.4: A)N—F Y THR— M INTWD HHIHERASRM 7R (0,5, k) IZBT2EE T
D RLTHEE I N2 5 bound opt & BEHE R o 2 53RO D FEME, KENFER I N2 AR

DIEIE
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1 Vi1
fz',j+1,k:+1 14+1,5+1,k+1
——-

/

, Jit1,jk+1
7 A
v ]

fit1,5+1,k

Jic1 jk+1

@fi, k4l

VYio1,j-1,k+1

fic1j—1k
7
Pijk

P N i1k

X fit1,5,k—1
.

Jij—1k—1 Vi1 j—1k—1

2
Vi1 g+ 141 fi 1 k1
é —

fit1,,k+1

fic1jh+1
\
\
A \ ®1ﬁ .
I AN i _ Vi1, -1k+1
\ Vi j 8
fimt,j+1k |
Vi jk fit1,j—1k
5 6
fim1,j+1,k
A A
| fit1j+1k |
Yijk/ | !
I o
‘ 7/1'@1,341,!%1 ¢Z—LJ+1©—1 _:r,,fz',ﬁrl,k—l
S figaik1 \
/ \ "
fir14k—1 Jic14k—1 bk
8
Vi jk
|
ficij—1 6
Jie1,5,h—

Yilj-1hk—1 fij 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 &
LTEHHLTWS. UL, IN6DN—F VTHWD HRERIK. — b X /- EH R
WA A THD, TDRD, BWAHREEHEYIIHRET LI L TINLDINV—F ViF—
P T A AR AR CREE SN D EEORIERE AR AR RIEHTEETH 5,

Rk, ZhoDI—F V% T )V MRS OEM R ARREH T 246Th 5.
WS 2 EEAERIYHETI S HVOND AV IVA - ) EIAER (A CkER
FHFER) ¢

V- (oVg)=p
ERET D, ZIT. VIE3RIGCOWFERE T N, o, pld 3 RouEREZ Z2HIZE D
EEOBE. ¢ 1ZRDZVAHS —YHETH D,

FH)L b EER
FUSHHEATS 3 HAOMEE (2,y,2) & UL %, FaoH ChfE AR

o ( 9¢ 9 [ 9¢ o ( 99\
oz (%) T oy <"ay> "o <Uaz> =7

2 2 2
L (00 0% ¢\ 0004 000¢ 0004 _
JdrOdxr Oydy O0z0z

ox? 0y 022
LERTEDDT, (5.1.6) ROBFEHEHIGIED &,

o c= ar’ oy’ 0z

EWOEERIZARDS, £o T, HEHERARRZ AL —F U TRETIEIIZD L
S BBEEEBIBE UTEZNIE W,

FI B BEAR %
R SERESIIE, RALA S, MEGRERE TN (r,0,2) L L2 &,

2 2 2
J<M+1M+a¢>

Oo Oo oo
1=

or2  r200?2 0922
+<80+0>8¢>+ 1 do0d¢ Do dg
or r

or T12o000 T 9:0: "
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
Eyéﬁﬁf%ﬂ%ﬂﬁﬁﬁﬁiﬁﬁﬁﬁﬁTﬂi@b&<§é(K/@w%@ﬂﬁ)hﬂi%ﬁ D BL
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 mZN( J ) mm® m™3
Zj: I \ o Nog | |
) » (5.2.28)
P45 18 3
=720 mzN( J > x 10 m
Zj: 7 7 N ]

M1 E—AY NIV EMYBERIZEIT2 Z ORA LK 5B,

5.3 map_function D{TEk

5.3.1 E=/A%

Z ZTlZ, map_function EYV a2 — IWIEHRINT VD ERE L TOME - RIEROFE T,
BRI MO HEETHOONTW S ZEFIERIIDOWT, BRI =AIRIC L 28 217 5.
E9, K =M1 EBAEHIIUATNOBY THD.

1E A% E B
sina sin b sin ¢
= = . .2
sinA sinB  sinC (53:29)
ZIN j‘I_._'f
cosb = cosccosa + sincsinacos B, (5.3.30)
cosc = cosacosb+sinasinbcosC, (5.3.31)
cosa = cosbcosc+ sinbsin ccos A (5.3.32)
N J
Ry B
- IEARARILE B ~
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

D& X, a,bc,A,B,CIEX 5.6 DY) THD.

main.tex 2018 £ 4 H 19 H (EHEH)



STPK ¥v=a7JL 5 {+% 323

5.6: FF 1 DBEAIKIZBEWTEREINDEKE =M ABC. ZOKE =AK 2 HKT 5
ZHIMNIERDOFLEBEDHDOIRTH 5.

INODEHIIH 5.7DEHIIHEZD L, TDF FERAEBIERDEEREIHEHT S Z
EMTES.

B 112radi XX 5.7 IZHWT,

o1, A1, P2, Ao

ZPHMOMEE L, ZN60 2 KEOMIREEEE r 2 KODSBEHTHD. INERKDDITIE,
(5.3.32) RITBWVT,

T T
b=g—d2c=5 ¢, A= —A,a=r
e,
T m . (T . ™
COST = COS (5 — <;52) cos (5 — q§1> + sin <§ — q§2> sin <§ — q§1> cos (A2 — A1)
= sin ¢9 sin ¢1 + €oS P3 cos 1 cos (A2 — A1)

L5, £oT, kDdAIZ

7 = arccos [sin ¢ sin ¢1 + cos ¢a cos P1 cos (A2 — A1)] (5.3.36)
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Ha%%@ﬁ%2ﬂu%oﬁﬁzﬁ% INS5DLDE S —FOUDEX r 2KDZD
DEEE 112radi THD. FHE%E 2 LIZEODT, TNODETRIL 2 LORE A LR
Y, BT RSB T 5.

D, ZIT, ridEAERKICB T2 AETHLIDT, R RDEKIZEWVWTIX, rRE9 5
ZETHEr HORE ETOMMOEXZRKOOND L WVWS 2 LIZEET D L AE¥A
t’o, BRI = AROKRHINIZTNEN, BROFULZBEHEO—EENSTH D 12 X512,
R(d1, M) ZRAE L, A—Re2#IlE D8P 2E 2 5. ZOEFHEIZHIROEEE r
%HLE%TW UL7ZEDNIERRIETHD. p@tﬁyﬁﬁﬁé?ﬁwb¥tbkt&
y Wl TR BT S L, 3:$EE A (f1, \1) ZBY, TOTFRRTER T D RIS
HT 5. ZOMMEEROFLEZE>T WD, ZOFIETERE EOK & B EHEICEE L/
O % EFHGABES NS . 112rt 13 112radi 2 &K DHHEEFEICINA T, MELHAL T
BY, ZON—F U EHAWVD &, B LICKI O M % EHICEETE 5. #FEmA0#
Wl ;U? RO AR E TOHHEY ¢ il % 7RI BRI AEE2 TN TERICEY
CZOBEIREXICEREAMMETHD. ETIREHOFEDOARLZDOT, LR TIX
ﬂ%ﬁL@ 2 MDA By BEIFE L FABICEKRE = MAEZHVTERTS. 20l

"Ugzpod 112radi X r &2 R -5, HERDEFRZ DT TEBOEMIZEL TV,

T2HER EOME TS R ONIMEM LIRS I L ITHE. MEMOBEIXMOBRITHME ITRE L T2

T5.

*13’0)@‘* EERD LB, B DS EERE U EIC T A0 NEE (5 U < IEERBIEE) T, y i
ICERDO PR IND EDICEHETD. 2%V, REZHROT, o Wl EDSFRBEIZE S RV,
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NS ZEICEY), 2l ETEO LR LD ICHOND. £ BAA, ylllZ il &

RLUTWBDT, yiill ECo=41/2 ThHd. BHIORIL r DFFHE L FAMKD 2 M TOME

MELINOOENSEB LU 2 SHEOEHr THD. 72720, 2 2 TOBKMH =MIEIETH

ijﬂ%ﬂiEb’Céf%Té@’C PEEE r (XA I TOMMOREY, DY) A [rad] IZFLW
WIZHERT 2. 5%, EXFBRIZ A, B, C, a, b, c@%%%m [

s T T
b= gy e= D g A=Xy— A, B= 1~ —
a T, 2 (]52,0 2 ¢17 2 1, 92 ¥

DRIET D, 22T, i (p1, M) IEEEFEOFTH Y, BEFmE D o I35 5% 3E 5 B
FEOFFFITER LTS, 2, BEm BRI N KM LT o 8w e g 2 Ml
LEEAZTHFRIIBER LTS ZEZRUTWS. KO o & 20D 2 8IS 5 FI5NH
SOMEZDT, ol EOMINE FFPERL LTS ZEND, Bldp ORMIZED. T
% L ERER (5.3.29) M5

sinr _ sin(7/2 — ¢2)
sin (A2 — A1) sin(7/2 — @)
LR BHDT,
cos p = MCOS o2 (5.3.37)

sinr
WELNE. ZOFFETE pERDBZ CIXA[RETH DM, AL T RT DL, r2RKDD N
AR RS, (5.3.35) RS

sin r cos (g — go) = cos (g — qﬁg) sin (g — q§1>—sin (g — qﬁg) cos (% — ¢1> cos (A2 — Ap)

1
= sinp= S sin g cos @1 — cos ¢g sin ¢y cos (A — A1)
i

ERBDT, Ik (5.3.37) 2a5bEd L,

sin ¢g cos ¢1 — cos Pa sin @1 cos (A2 — A1)
t = 5.3.38
ane sin (A2 — A1) cos g2 ( )

BB, EoTrzBIZ EXET o ERDDZEMNAREL 2D,

I, BTN —F > 1211 IFHEE do, BE N\ ICBWTH M ZE & D, MEERE (19, 0y) TR
INDHTORRE ¢, ERE N, ZRKDZ2EDTHD. Z ’f‘%ifu\éﬁﬁfﬁ@ XX 5.8 D
KOBEETHD. ZOREREOER SR OERIZERTIER S, BRHE EIZH > M0
HTHoNG. /7, Huﬁaﬁrﬁmﬁaf@ ifﬁﬁioﬁ b0, o f@%Iﬁ%%ztt x 14
FARMALR S & 0 = . TS % ) = 7 LLTEBNG. THD, = 3
FEOEEOERE o IFRETRAZLE N EWVWORET—ETHD (FFMEICE>TH
2)LWVNDZEIIERTD. LMo T, 0y =0, 47, 2n EOMEFED BB ro 1T RIZ5E

I-HET, AALITNDE. ZOXDBEERIZENT, rg,0) TDIE ¢, N\, TRTI &
FEATRE S, FIHMOMEIX

®0, Ao, 0o, 70
e bbb, ZOFHEIZERO BN S (do, Ao) ICHIEL - EME ERT 5.
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5.8: X 5.7 LRI =M. /=L, Z 5.9: 5.8 YRS 2ELU.
2T (pr, A\z) WRHDEKTH D . 1 T2 < 6 < 3n)2, -7 < Oy < —7/2
JERE BRI AR RS TR (do, o) IZJR DL DIRBE.

RS, MEEERELT (ro 6) &85

MOREERIE (¢r, \o) REHHTD. 2

ZT, 00 DeYDdMEIE —7/2 < ) <

/2, 31/2 < 0y < 27

RO,
A:AI—AO,B:g—eo,a:ro,b:g—%c:g—% (5.3.39)

YOS SRR . 2 THELATNIER DL AVDIE, FRIZERE = AFOMA B A
@@%@Eﬁtbt%éwﬁﬁﬁé.OiU,zwﬁ@%wﬁﬁ—g<9m<gin#
Y @a. BL, T < 9037” DI 0o DB & F1E, 11 C #EEFEOE A L LCli%
ANBETHRENDH L. 20 XONSERIE

A:Ao—)\x,Cz@o—g,a:ro,b:g—%,c:g—gbx (5.3.40)

LR35, EoT, AFTI, —g <y < g F COME % regl, g <y < 3% DHiFH % reg?,
0 = ig % reg3 ¥ LCENENERMT S,

regl MDD 58 TH5.
2T, BHEICAE C 2 HWRWODT, (5.3.30) 12 (5.3.39) & HWT,

sin ¢, = sin ¢ cos rg + cos ¢ sin g sin Gy, (5.3.41)
PELNE. INE ¢, ITDOVWTEHETE L,

¢, = arcsin [sin ¢g cos 1o + cos ¢ sin 1 sin G|, —g < By < g (5.3.42)

BB, G PMEONZDT, ZOfE%R (5.3.39) L2 HIT (5.3.29) ITRATD L,
cos Oy

sin (Ay — Ag) = cos sin 7o
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ERBZOT, Tk N\ &

0
Az = Ao + arcsin {COS 0 gin ro} (5.3.43)
0s

L85,

reg2 Mg DI 59 TH5.
2T, BHEICAE B 2 HWARWODT, (5.3.31) 12 (5.3.40) 2 HWWT,

sin ¢, = cos g sin ¢g + sin rg cos ¢g sin Gy, (5.3.44)

NEOEND. INE ¢, ITDOVWTHEET S &,

¢, = arcsin [sin ¢g cos ¢ + cos ¢g sin 7 sin ), g < by < %, -1 < < —g
(5.3.45)

B3, FiZZoRIL (5.3.42) LEUBDT, ¢, DEHIZBWTI, ) OEPH % K
W22 B<A—DORTHETLZZENAETHD. ¢, WMELNZDT, ZOHE
% (5.3.40) & & EIT (5.3.29) ITRAT D &,

) sinfy .
sin (Mg — A\z) = ~oos qb(; sin g
ERBDT, ZTNED N\ &
. cosfy .
Az = Ao — arcsin | — sinrg (5.3.46)
08 Oz

L5,

reg3 ZODMHIMTIE, KD D RVHBEHEF R LA UREL RS, DRI,

A = Ao. (5.3.47)
T, FHERETHZ 206, MERIZE T2 - (370 F FMEEE S TOkR
EAE % FHWT,

bx = Po £ 10. (5.3.48)
ST, 0= ORHSER, 0= 37” DESIFE S 2%,

PAESBRIE BB 1 B BEDE#TH S, 22T, Loikimid e THRAMERE E L T
WB DT, BABRI EDOE#EIE rad BADOHE L EMERD. LT, EEOHREZ KD
RIE, FONDAEICKROYEEZNTL L THAETES.
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5.3.2 EBEXEERICEITIEERY NLOZEH#:

2 *@iﬁ@lﬁi@ %;\% ($1,$2,$3), (51,52,53) %‘:’%Z).ZD %F‘JZ %%f@lb‘“‘)b%ti
(hats ha2y has), (her,hea,hes) £ 35, ZDEE, TNTNOEERICESNDFEE Y b
V%

(mla T2, $3), (517 527 53)

95, ZOZEM EIERDBUNRY NV fx 2iE>728 &, TNENDRERRIZENT

0x = x1hp1021 + To2hyodrs + 33023
= &1he10§1 + Eohe2da + E3he3083
ERBETES. EROAD 2 BEOAMNS

o+ @ hag 02y | has w3, he1 061 hea 682 hes 0€3
L2y U 0xr | Chpr 0z Y hpr0my | 2hyy 0xy | Shy 0y

ZOWNRT BIVIZDWT, §z; — 0 DI %2 Z 25 &,

$y+w2EQQE% }%28$3__ he1 06 f%za&_+ hes 03

hxl 8{E1 ha:l 8 T 1hx1 8331 h 8x hxl 81‘1 '
A UPERERIZIE 5N HWVDREEAN T MVIFHSITH D 720,

_¢ he1 061 hea 082 hes 083
Yhot ha;l (9:6 h 8w thl 81‘1

Ty, 3 DVTNE LRl L FARKD HIETRDD Z LN TES.

+ &

&2 (5.3.49)

INe—fEONRT MVIGHT 2 &, HIELBERIZEVWTERINDEERT M
D& % B DELERER IS T 2 B IEET SERANEONG. XY Mo BT
AV D EERER (z,y,2) TRIINTWD LT D, ZONRT MVEREBEER (N, ¢,2) IT4H
THILEERDL. TNTNOREERDMTORBRAIX

T=7Ccos¢Ccos), y=rcos¢psin\, z=rsing

CREXND TS5, ZOBBRIFESEENTE TR LTV 2R LTWS. T
MV N ERERDILEN Y NVE (i, 4, k) £ L X ~7 MU

v =01+ vyJ +vk

ERINDG. (vg,vy,0,) IFTNTNDEENY MVAROKS RS, EORT MVIEER
FERERIZ BN T
vV =vyey) + Vgpeq + ve,.
Z T, BKEBESRTOEENRY ML % (e, ep e,) & U, TNTNDEIT % (v, v4,vr) E U
72z, ED 2 Anb
vaey +vgey + vper = Vgt + vyJ + vk
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THd. [\ UEBERTOREEIEIEIIHNZOT, HlZIXERTLIZ ey 2NTd L,
Uy =Upt-ex+vyJ-ex+uk-ey (5.3.50)

R TAINEIERTONY NVES D HERFEREA TO RS % KD 2 EBRANE 5
5. B DEREERMOREENT MVORERIE (5.3.49) oG oNS. BARRIZIE
1 o0x . 1 Oy 1 0z

€= zrcos¢5+Jrcos¢ﬁ * rcosgbﬁ
10x .10y 10z
€p = z;% +];87¢ +k;%
e —ia—x—i-j@-i- 0z
" or or or

&V, TV EERER & BRERER OBIRA 2 W T EROZEMMA 2557 T 5 &,
ey= —1isin A+ jcosA
ey = —1isingcos\ — gsin¢gsin A + kcos ¢
e, =1CcoS¢cos A+ jcosgsin A+ ksin ¢
MEHEND. X-oT, (5.3.50) R
Uy = —Upsin A + vy cos A (5.3.51)
CEBINDS. AU SIT oy, v HFLND.

L EDFEFEIZ, B2 EREEMOBEBRANG Z 5 NNIE, EEOXRY MUIZDWWT, Z
N5 D FEFER] T D EBEARARKD S, BRI MIVODS A BN ARETH D Z L %
RLUTWS.

5.3.3 %

Z Tl EEREEMTERINDIEFRE T IV MNEER BRI T 20 D070
M #e5 & BD - D DEMBARZ RS, T 2 TmR X N7 2 LR34 5 0D 6 ok i e A
6B SN2 T 71V N EEEERAD AR Y NV OB BREHD - OIZFHINS.

LY, MBS IIIRE LOERDO K Z KO 1 UG I 2 2O DEMFLETH
. BRI % FHICEM S 57280, B ETOME (RS, A Y) 33RE ETOEDLE
ULLIRDZLETERD (WINLOMEICBWTENKAET D). MIKEHOMRIZE
WCHBEZRUIEZLED LR ED LS B THENL WD T Ll HFENED &L S AfE
Bz BRI TLSI L THS. UTFTRIHMEETEITNSZHFELZDL, £
AZEHT L. 86, FRGIEOWE R - FIA7R EIIAREOHF 2 2 5 O THEHMIE
AT D.
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XA MIVEE
B??TRIND & DT, BEHARE FIZHY 2 FEHMRICEE X 2, SEJEAHBER D i
» B MR % MEIXE L RS, B TFHAIIRT A, AN A MVREEIFRE R S FERET
T4 <, FAEHETH D720, MEEICERE %2 % U2 &, SR TOHA ORI
ETOHMEIELLS B EDICHHMNMBEIND. E5FTEAHL, KE ETOEINIE
MEICRBEIND.

HiBR B DR, FE (N, ¢) ER??2DOE S I28Y, DK EHHEE LIy I ¥,
(A @) = (\0,0) £ B BHE LD HERELETERIND FHI NEERDFE N (v,y) =
(0,0) IZXEIXED. AR TIE, 2 I TEBRINZT AV N EEIERADERA - CORMERE &
YD &> BHNISHEGRE L O R RMIIZERT S,

9, o AANER??0 O, EEIKGFET 2 2 &2 < y Bl SEATISRE DS U WD X
Nd. ULn->T, HLMIZ
x = a(A— o) (5.3.52)

THhd. ZIT,al3HBREFETHZ 10 KITy [IENKH?20 5, FRIEED S AE ¢ (FE)
DFFNARH B HF & FFETEDIR D D mDFEE ¢ OBRE EDRZ2 R LTS, LAR->T,

y =atan¢ (5.3.53)

L%, (5.3.52), (5.3.53) A THREFEMIE] THRY I N/BRME LD & BFPTH ETO R
DOEBRAE 85,

AT, M??TTRINDS LI, Bkl ETOH 2MUNERE A'B'C’D’ & AU IR LT
PRI R TR TR X - f ﬁif@{ﬂd\ﬁﬁ ABCD Tl&, Ml A mANDOME (F54)
MERBLSTND ZeNbnd. ZHUk, B2 MERENEMNEZ T LRV RIES
MHETHD. HE ABCD’ CZzBu\’C, MA DS CADA%E G &35 L, 5K =Mik

DBERMN S
sing’  sin (ZA'C'B’)
sin B'C! sin A’B/
L85, M ABCD 3ZROHENET /2 THD 72D, ERIF

sing  sin(w/2 —0')
sind¢  sin (6 cos @)

ER%. £o7T,
sin d¢ 09

sin (JAcos @) dAcose
W, BRAE ETOHATH L. BEAANDERIL 6¢, A< 1 THZ2ZLEZHNTWNS.
E UMEEREENEANEZRET 2D THhIUE, BEEDHM ABCD (25155 A S

MCANDHAZ OPO IZ—FHURITNIER S, B, A ABCD 125\ T,
tanf = BC _ tan(¢ +0¢) —tang _ dy
~AB S\ =52

AHOBMTIE, T EMEIT 2 OHRTIBRCTH D LIET 5.

tan§ = (5.3.54)

(5.3.55)
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YRY, LM AY THE. ZOLF, o HARELIRTI, y % aliTBILTY
&R DR UV EERER

Yy = ay = aatan ¢
ERGPH EICHETS. 2D aldk

tanf = atand

ERBEDITEOEND. 5L, (5.3.55) ZHWT

ady oy

or 0w

ERITED. Zhid, mHE ABCD O % X770 & 512, [ ABEF (Z#fith 722 & 12
WInd 5. #fidd I THAZKEATE —HIETWD. (5.3.04) EEXRZHWD L,

tanf = atanf =

ép oY
Shcos¢p oz
8%, 0x=adl\ThHd7=D,
a o9 =0y,
cos ¢
Y dy DEFMLETH D720, EX% y HANIHED THIE, ¢ O&RITE T 2 ERE LD XL

YEE ¢ BSOS, BARNIZIZ EAN DS
@ / Yy’
CL/ d¢ - :/ dy//
6o COS Q@ 0
_ T, 9 T %
= vy —aln{tan<4+2>/tan(4—|— 2) }

LB, CNETOHIDD, y HANH MRS (S FIRREY) 12 &> CRIGHIZ Y
XN HHE LA B MR R, BLEE Y, ALH MV X N R LT O
(A o) LRME ETOTF AN MERE (2,y) OBIRIE

! ( > } (5.3.56)

A=, ozt { o (2] tan<4 ‘Z°>!}

LEMNG. CBRHORE—BEHORZH BN -EDTHD.

= a(A — o), y—aln{

512, (No, ¢0) T 7V N FERED R 5 (z,y) = (0,0) EBEWEGE, JF i AT DFEE
FRIE E TOMEHE - 1%

r=v/22 + 12

ZQ%A_AO)%{M ) (Fe )V s

ERBTEL 20, MERERIEDEPRONT VL GE, BN AN MR L -
BXOJF RS DEEEZ KDL Z e N TES.
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ZUN)L N EAM#ERE

7?7 TR IND &SI, B O i —H L~ RKIEE €& DOM#ROBFH 2 E R D.
Z OSBRI BRI B 2 DR D FAERRE ¢, dy TERI L ZH>TWD 10, [X
MOHLMNZR X DI, B I N MO RMMIZAE 8 ORIRIZAR S, BRE EOMREIXE
DD S U W EERE L IZBGE X 0, BRET EORE RO FLh S GHRICEEZ I N 5.

ZOLE REEDLEDE (N, ¢) = (Ao, do) SHIET BB EDSIZHBNT, Bk
(z,y) = (0,0) ZE S, M?2UTRIND & D12, REMRE LM MDA D Hr%E ylile —8X
T2EDBT N NEREERS. — 5, 2OT AV NEREEIERRY, K?7TRIND LD
BRHIDT FV N EEIER (w,v) %8RS, ZOT F)V NEERISEE EORERN =\ &
ACHBD 5 AR GBI AN w Bl 2 RE L, AFRELAMIC o2& ETDH. Lo
T, (z,y) & (w,v) DEEORRIIHS A

r=v, y=wy—w, wy=w(p=dp) (5.3.58)

Thd.

ET, TN NERR (w,v) EEGEHETOMERE L OMNIGBEREZHNS. kBor sy,
O TR TR O L0 O EIREE EIZH I, BT FL» S BURRIC B X
NTW5. LN->T,

w=rcosa, v=rsina (5.3.59)
MDD, 22T, r, a lZEOHFLNS DL X\ = X\ IZHIGT 2 w iAo DAHET
Ho. 2D 2 DDINTA—AHEE LT S 2 HRiFHIX

aA=0)<a<aA=27n), r(p=7/2)<r<r(¢=-7/2).
772U,
aA=21)—aA=0)=p3, r(¢=n/2)=0

ThdILITERETD. D, ZNoDNNTA—ZREERE L XD &S RERICH 20
RN ELRT D,

FOAEZ alda=0256a=0 FTOMTEMBIIREN R INDS. Lo T,

M—Nﬁ:?ﬁ (5.3.60)

EWVOBBRAEOND. & Z2AT, MEERTEDOWIE M 0 1XX?75 5 ATLS 22D\ T
T
LTSL =5 — 0

THd. £,
AEL+£%L:%

65 VOV MEMMSERIEIL I DIES ICHEEREE 2 DY B, TNEND FAERE & R B R % #ET
gt BEREE | DUDRAT, TOMETRICHMVRE LT LS BRRELTIHENDHD. 22
TId, MIEOHEERLEE 2 DOETDLGE2FETL.
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MO S & 2 DOFUERE O TEFEE ARG & R DD R DT,

D1+ @2
2

ZOSL =

M) LD, ULW->T, ZTSL X

_T _T_htd
/TSL =7 - Z0SL = - - P02
INEHWD &, 01F
0 =2 — /TSL = ¢1 "; ¢z (5.3.61)
D& X, ML ERIDA 8 R CRIEHNC RmEIZH$EZ YD B> 72 & T DEHE O HIIDE

I s,
s = 27RP = 27ma cos ¢o.

Z D s IZFMI8E% B bt & X, G ITHIET D FIIRDHLD S DEEHE r(¢o) (BT 2 WDM
MOEX (=r(¢)p) IFELW. LzR->T,

a Ccos ¢2

Iracos by = r(62)f = 0 = .

sin ¢
2 AN S 3 ANDEIIFZE?? 0 5 HHEDOWTH ATPR 2F A28 &, RT =1(¢g) £45 2
EMB, r(po)sin =RP THEZ &2\, £oT, EANS BIZOWTOREFKRR

‘“;‘”) (5.3.62)

B =2mwsinf = 27 sin <
PEHNSG. HEED KN SERO L E TOERE (MDY ) TO IZATRO2F A5 &,

FHEAOEZLEHR LY
sin 9 _sin ATRO

a TO
X725 LZTRO =7/2 — 0 + ¢ DT, AL

sin (5 9+ ¢2) - ﬁ cos (0 — ). (5.3.63)

sin 6

UEMS, #5 TQ EDEEDM X (TX =1r(9)) &> TELND ATXO IZDW\WT, IE
IRRE BN &

sin(7/2 —¢)  sinZTXO  sin(7/2 — 04 ¢)sinf  cos(§ — ¢)sinf
() - TO acos (0 — ¢2) ~ acos (0 — ¢2)

B cos (6 — ¢2)
= 9= aCOS¢cos (0 — @)sind

YHBB. ZDEE LTXO=7/2—0+¢ & (5.3.63) &

(5.3.64)

LIAT, MI?TTRIND &SI, B ETOHLSHWUNAE A’B'CD’ & TRIIHIELT
PSR TR I N #e it EJ:’C@@AI/J\E?E ABCD T, NLEANDAE (Fif)
MEZOTND ZENDONDE. ZIk, B35 MR PNEANEZ RFE LR ORERIEE
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MOHTHD. HE ABCD IZEWT, sl A 06 CADA%Z O L5k, Bkl —=Alk
DR S

sin®  sin (LA'C'B)

sinB/C’  sin A'B/
ERL.HE ABCD IEROAENET r/2 THD -0, EXIX

sin®  sin(7/2 — ©')

sind¢  sin (0 cos ¢)

LR85, o7,

sin §¢ L
sin (JAcos @) dAcose
IS, BKE ETDOHEATHD. Bt ANDEFL §¢, N1 THED2IEEHNTNS.
E UMEREIENEANEZ RFZT 2D THNIL, BELDHEME ABCD (IZ8IF5 5 A 26
MCANDFA%Z QN IZ—HURITFNEZRS AW, EBE, miE ABCD 28\,

BC —or —or
tan© = AB  réa rsinféx (5-366)

LR, HLMZO £ THD . EROBPERIZIE (5.3.60), (5.3.62) 2N, F
72, ¥ BC I3 B'C’ L SO E AW TH D720, 5B 25 C ANDELRTH 0
I, —0r LEASNO ZLIIEETS. Z0LE, r HAZEAIETIZ, o f5T52
ETa ERDHUVEER

tan® =

(5.3.65)

o = fa
R EICHEET S, 2tk Y, (5.3.58), (5.3.59) TEHRINDEFHE ETOT AN
NERER (2,y) BEO (w,v) XEFATIIROELR D PR ICB 2 BEEHTOT A
MEREERLTWS. ZZTRFIZICEMMBEREDOODT AV MERE LT (2,y),
(w',v') ZIRVET. ZDL X, (5.3.59) MHHHLNIC

w =L cos o, V= " sine/ (5.3.67)

f f
L5 &2 (W) IFES NS T FRRIZ, (5.3.58) 1
=2 Yy =wy—uw, wi=w(d=do) (5.3.68)
T FH U RN E I PHRE LARVD, MITFO LD ITRTZENTES. (5.3.64) 5
5T:acos(97¢2)6[ cos ¢ }

sin 0 cos (6 — ¢)
_ cos (0 — ¢2) [ —singcos (§ — ¢) — cos¢sin (0 — ¢)
T { cos? (0 — ¢) 6¢

_ cos ¢ cos (0 — ¢2)
= — am [tanqb =+ tan (0 - d))} 5(]5

= —r[tan¢g +tan (6 — ¢)] 5o

% (5.3.66) IZHWT
_ tan¢ 4+ tan (0 — ¢)
tan© = sin 06\
L7323 728, tan @ # tan © IEHH S A,
o X, fIREREROT, (w,v) R (w,0) REVEIDMEFELTNE I LIEETS. 22 T1/f
ENTZDE, BBEOREERIZTE2ZOTHENIDMNMET>TEH—RIEIZEDNZN.

oo
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Y5, 72 (5.3.66) 1%

1 —or —or
?tane) ~ frsinfSA  rsinO5N (5.3.69)

RS, ZOMEEHIZE ST,
, 1
tan © :?tan@

W7 X285, (5.3.65), (5.3.69) 5

éo¢p —=or  —or
SAcos¢  frsinfd\  rsinfsN
N éop  —or
Shcos¢  frsinfoN
0p —or

cos ¢ B frsind
WEOND. ULan->T, ERX%E r(¢) ARICEST D &

/¢d¢’: r(¢) dr’

b cos@  fsind Jygy 7

) (i)
((Z)) [ta <Z+§>/tan<4 q;)] (5.3.70)

LY, ¢ L (o) DEFEAELND 0. (5.3.64) A5 ¢ & r(¢) DBIRMEIZIRICESLN
TW37280, ERE (5.3.64) 26 RER f Ofiz kDD, TD72DITIL, ¢ 12 BRI ME

O 2T, ¢ IZDOVWTORNE —7/2 < ¢ < /2 NIZB T BEEDOFHTIHONG 12, sing =t £\
xﬁ#?ﬁ“%ﬁﬁb‘é L (cosp=teBLLsing==+V1—-122RHTDLIITFEADHERTVBREIIRDS -
OETIEARY),

¢ de’ T (o) di 1 [T 1 1 1
/ d’/:/ 1 2:5/ L—Jrl—}dt i In(1—t)+In(1+0)]7
b1 cos ¢ T =t(¢1) -t T1=t(¢1) -t +1

rRDHEND. o,

&y COSQ’ 1 —sing¢’ 1 —2sin(¢'/2) cos (¢'/2) | 4,
1+ tan (¢'/2) [ 14tan(e'/2)]° ¢ \\1?
~2 [ (1 ~tan <¢'/2>> L [“‘ T~ tan <¢'/2>L1 = [ln{ta“ (Z T2 }L
:ln{tan(%—l—%)/tan(4 q;)}
EWVOBAMRAMEO NG, EA-BHTREABBOHEARA
sin ¢ = 2sin (¢/2) cos (¢/2),
—BHD S BRENOERIZZABRBOER
1+ tan® (¢/2) = 1/ cos? (¢/2),

¢ de _1] { 1+sing’ r 1, { 1+ 2sin (¢'/2) cos (¢’/2)r 1 {m cos 2 (¢'/2) + 2tan (¢'/2)
2 2 2 )
(
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ERATNEE. ERIZOVT p=¢p DE X, fsinb IZ

fsind = —1In [:Eziﬂ {ln [tan <Z+q;2>/tan <Z+¢;1>]}1

ThdeRDOLND. (5.364) ZHNTr 2EIMR DL,
e cos g cos (0 — ¢1) b2 T ¢ -1
n=fsinf=—n Loscblcos(ﬁ—gbg)] {1 [tan<4 2>/tan <4+2>]}
B Cos ¢ b2 b1 1
elan el (G 3) /e (Ge)l) oo
ERODOEND. 2T, b ANDEIIL 0 = (1 + ¢2)/2 &V

cos (6 — ¢1) _ cos (P2 — ¢1)/2]
cos (0 — ¢2)  cos[(¢p1 — ¢2)/2]

ThdI iz

=1

PUEDEEIZ &>, #m EIZB T2 T AV NERE (w,v) EREEREZ S IRDI 5720
DINTA—=R r o ODEMARKZRMENRD SN2 L2 D. (5.3.67) KT (5.3.70), (5.3.60)

2RATD L,
W (N, ¢) = T(?l) [tan (Z + ?)/tan( + (5)] cos( )
022 n(115) m 13 )
B % (5.3.62) CEIMA, o = &

faZBWHLU N Z AT iz

W (N, ¢) = "1 {tan (W + (Zl)/tan (Z + ?)
|

cos [n(A — Ag)]

T B H MR AER L EEONIEE R
tan o + tan 8

tan (@ + ) = 1 —tanatanf

Mo, a=r/4, f=¢/2LTDL,

1+ tan (¢/2)

tan (m/4 + ¢/2) = 1 — tan (¢/2)

LRBILETNENHNTERL -
*20

cos (—x) = cos z.

main.tex 2018 £ 4 H 19 H (EHEH)



STPK ¥v=a7JL 5 {+% 337

& o T, mAEINIZ EREZ VS & (5.3.68) IF

f:a“j@[ %?] n n(\ = o)

== a2 [T conua )

U (o) —m( 2) (5.3.72)
nem [ [ (G %) /m (G 5)]}

/ / ; n
wh=w' (A= Xo,d = ¢o) = acoid)l [UE?B]

LEMIND. 2, TORBREZHITHES &, N ITDONWT

x/

m = —tan [n()\ — )\[))]

1 !
= A=)+ —arctan (/:c/) (5.3.73)
n Y — wy

THDI D, IHITHIZDNT

<acos ¢1>2
2n _ n
= U™(¢) = 22+ (y — wh)?

( cos q§1>1/n
a
= U(9) = -

[ + (' = wi)? "

( cos¢1>1/"
a
i U

(1)

Ul(¢1)

T ¢
= 1 + 5 = arctan 224 (yf — w6)2]1/2n (#1)
a cos @1 n s
= ¢ = 2arctan T () =) U(pr) p — 5 (5.3.74)

ThHdIehEohnbd.

T“?/f“*ﬁ (x Y ) BIFDFE R (1‘ y) (0,0) % AR ()\0,(?0) ARy fx
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FIERED JF 0 AETEDREERERE (N, ) F TOHHE r &

TREIND.

5.3.4 MBIREICEI RY ML TR

T, EEDONRY MZOWT, MK INZT )V N EER ETEZEINDA
7 NV R AGERE R R TERINDRY NIVED AR (BXOZTOWEHR) 35
OOBBRREZEL TS, BETIHBERIAHLEEUT, 70 MEMMERES X
ORI MIVKETHS.

E9, 2 RTANT ML o llDWT, TAI NEER (z,y) DEIEENRY MVEROKD %
(u,v) LEFT D, ZOL FORENRY MU (e, e,) ERFALTD. ZITEHRINAIE
ERIE, HDOMBBGEEIC & > TRERERE (A, ¢) & 1M 1 THRLTWEETS. Z
DL, MEREEERIZEWTHEHUANY MVORIE (ur, vg), FEERT MV (ey, e4)
EEHTD. (5.3.49) 15

hy OA hg O¢
hy 0y t ey hy 0y
hy Oz hy Oy
emthﬁ + eyhi)\ﬁ
hy Ox hy Oy
1 06 “hy 06

€y = €)
(5.3.76)
e) —

e¢:em

E8%. hy,hy ZHBEZE ETOT IV NEEZE T 2 AT — VKT, hy, hy (SHEERE
EREREZB 1D AT —IVNF%2KRT. T 2 CEELISHKEE ETOT AV N EEDS
G, AT —=IVRTEBTUE hy =hy =1 ERERNZ EIZERT 5. TAUd, Bk Lo
AT IR I A7 —VAMRAEL TR (B OBIHUTEADE I 2) 15T
Hd. £oT, EANS LEOHBE M EEED 2 r — VIR, TOREIZE T 2 HK
N7 PMVDOEI%R2 1IZTD2EDICEREIND. 406, EX 1, 2 BRHIZDODWT /A%
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KB (T 2 T 5) &, ey en=e, e, =1 CRINEREBNDT,

W,

B oA 0\ >

hx‘V hi(m) (5)
O\ O

\/hi <0y> thy (5y>

T, MEREREIZS IO EERT MV TDERENO ey-ex=es-e,=1Thd
_Z%ﬁﬁb\ﬁ.

(5.3.77)

hy

I, R MV v 1B PERERIZENT,
V=ue; +vey =urey+ vs€y
LRIND . ZOBGRS S ZTNTNOEERIZE T ST MV OBRIE
U=uyrey-ez+vp€y- €y
U=1U)rE) " €yt Vyp€y - €y

Uy =U€g - eyt vey - ey

Vp = UEg * €y + VEy - €4
Y2B0DT, (5.3.76) 5

hy Ox hy Ox

TN T T, 00
o — hf@—i- hy Oy
*hadx T Phy 06
hy Ox hy Oy
YA oN TV, O
h, Ox hy Oy
+

YT s 00 T hy 06

*21:0)t%,f\7 MIVEES w, v IS EOREEETHI SN D R MV TIEAR L, Bkl ETOR X 2 {477 L Tl
IEs-2 R INZNRT MV THD L EEKT. [>T, Ijzﬁkf@ﬁr“/\ﬁ FMVOFITIE S NS TLED
/\ﬁl\ﬂ/;t P‘“ EL’CO)ﬁF/\ﬁbJW)%DTE S HEERBEZRDB IR, TOREEIZRED ZENTES.
BRI BI LI 2 THE r“if@ %1/7~)b¥ ?Eﬁbﬁié U, H5m Lo s Cl
LNBARY MVES & LTS 2 501, #FEEIZEIT 2 AT —VATFIEET 1 (i?&érﬁ)bl\fﬁ)
L) FBERTORE EToONRY I\JI/H"‘ ELTG)/\& MUVEEIBIUPREIEZHEFELRL RS, KT
WCHERT DHEME ETONY MUV E, BRI ETOREIMIZET IR MVRAITHS.
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LRS. BRHEEFR TO AT — VKT
hyx=acos¢, hg=a.
£-oT,

Uy g, 0 v, O
acosp ON + hmaqﬁ
uy y %h oy

acos ¢ ya)\ Yo (5.3.78)
uy = —4 %4- ! % a
)‘_acos¢ w@x\ acosg ?ON
8x dy

THDIEWbND. ZOEBRRDHKEY XN FHb SRR & R A T O
7 NIV OZEBRIZ R U TS, Lo T, MIKEHIEIEKTE T2 2 = 2(\, 0), y =
y(\, @) & BRI LR OZERIA RN Y TIEDAUE, EBIRIZ AR NIV O REREZ
HAUPELNE ZLILR D,

X7 MIVELE
FEERE L PR T DN RIVIEKIT (up, vp) Z AN MIVEFE L 728 EOBREHE LTDORY h
VIS (upr,var) OBRERDD. £, KA OB ERIE (5.3.56) (&< &,

Ory 0 Oy OA _0 O:EM_a o\ _l oymy @
06  Oxy  ON  Oym . ON T Odxm o 9P  cosd’

o9 2ym Po 1 Ym T ¢\ _cosp  (Oym\ "
8yM—2[6xp<a)tan (4 >+1} aexp(@)tan(4+2>_ . _<8¢>

WS EBEMNESLND 2. T, AA Mv&“ EJ:’CO)Tﬁ)b NEREE (e, ym) &
U7z, MXFE M EEEE T D A —VIERF hy, hy 1& (5.3.77) 12 (5.3.56) 28T 2 &,

/ 3¢ / 3yM
hy = , hy
cos ¢ 5yM 8 ¢

"R = BB OMS OGRS UTEAT 2 V7.

! a4 [In (tanz)] = L __ 2
1+2?" dzx ~ sinzcosx  sin(2x)’

tan (yf) = tan <% + g) /tan (% + %)

d arctanz =
dx o

$7, (5.3.56) K&V

AWz,
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TR DB MR Z (5.3.78) IZRAT D &, (2,y) B (zar, ym) 2, u, v DX upg, vpp W
BIMMZONDEDT, ETHRAEZ 3 O2OXRZ2HWD L,

U ox
uy = ———h;—— =u
M= qcosg = O o
vy, O
’l)M:fhyayiz[:U@
o (5.3.79)
AT qcosg Tox D
unv, Oynm

V= —hy— =
¢ a ¥ 0¢ M

LD, INSDOBBADN RIS NIVIRFE I N2 T H)V N EERE R & 55 R A A & D[]
TONRY NV OB TH 5.

Z NV M EAM#RE

TGERREHERETDNRY NVIRS (up,vp) % 7 V0 MER L2 EOEPE ETONRT b
VY (up,vp) OBGRERD S, £, KRR OMIBIRIE (5.3.72), (5.3.73), (5.3.74)
WZHO Lk,

St~ a2 OO s ur - )
W aoosin | SO sin[n( — o)l
%t — acoson [T cosfulr - ).
aayAL - acols¢1 _g&))_ s = Aok
vl ) LS
o = e (6] <=0l
52, g [T S0
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T, JVNVNEREH ECOT AN MERE%E (vp,yr) £ U £72, F 4 DORFH
;ﬂia) zp,y, CELINDN, Thz (5.3.72) REAVT N ICEIELTHD 2. HiX
PG RS C D AT — VAT hy, hy & (5.3.77) 552 5N 5. fEEREEEDBHRR
% (5.3.78) IZRATD &, (z,y) Y (2p,yr) 1T, u,v D up,vp WCEZIHZ 5N5DT, HiX
PRSI PEAE ETO A — VIR FAY (5.3.77) THD Z L 2 HWT, ETHEAZT V)L M
JEAZE & REERR P AL Dy & (5.3.77) K& FAWT, (5.3.78) 1%

8.1‘L
(3%) 09

_ ) o\ ad) 8.%'[,
U= cos¢\/ ¢ <833L) + <8xL> N +U¢\/COS2 (030,;)
_ouy o\ 6¢> 8yL aZJL
UL = cos¢\/ ¢ <8yL) + <(9yL> X v \/ os*¢ (8yL> <3yL) 99
_oug oA 0¢ 20xp vy, oA\ 2 oyr,
= cosgb\/ ¢ <axL> * <3$L> N COS¢\/ (8) <8yL> EX

o\ 0 0 o 9
oo (B ) o )

LR85, FEOZEMIMAIZ (5.3.80) ZRATD L&,

ur, = uy cos [n(A — Xo)] — vg sin [n(A — Xg)]
vr, = uysin [n(A — Xog)] 4 vg cos [n(A — o)

(5.3.81)
uy = ur, cos [n(A — Ag)] + vp sin [n(A — Ag)]
vy = —upsin[n(A — Xo)] 4+ v, cos [n(A — Ag)]
"2 k4 oORICEL T, U(g) OB
ou—" n1oU .11  #\]
= —nU™" |2tan E+? cos” EJr? 71:7nU7”[cos¢}71
4 2 4 2
LRBZILE, ILICT 420U T, flo,y) = —z/(y —wh) L LIZE X,
1 df  —f/z 4 1 df f=
%arctanfffz_’_l%ffz_’_l, dyarCtanfifQ—i—ldy*f?—&—l’
_ /n
7 glw,y) = o [p{a? + -ut)} ] " T B Y,
d 1 d —1/211/n—1 1 , -3/
Lanctang = 29— L ot ) ) (<) (o -
= - o wof}r%
d 1 dg 1 9y —1/2711/n-1 1 , 2 /12y —3/2
@arctangf Yidy @ +1n[ﬁ{ + (y —wo)”} ] 5(—52@—1”0)){93 + (y —wp)”}
- 79211% [{2* + (= wi)*}]
ERBIwANE.
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IS DBRANT VRV M I N2 T AV N ERR &R EREER L D TONRY
NIV DBIRBAITH 5.

5.4 Statistics D{F5x

5.4.1 =/NBEEZE

DBET UM, 2y BT B, COT—AONTE 2 REHET DL,

y =y(z)

CWOHREE D, TOLIBT—AOME 2 IZOWVWTOERDLZIHAIZ & 2 AKEEST
KIZLeEZD, 2EL, TOEBIEZ s TOyDIHEZTD L EOBBOMED 2 Fxsh
INETR B EDITEIEND LT 5,

F9, HEDZOIZzIZO0T 1 RERTRIHATLI2 e %2E2D, ZOL XOEK%E
F(z)=ao+ aiz (5.4.82)

9%, ZIT, ap,a1 ldz,y TREFELRVERTH D, EBROT—XITHEHT—2TH
5DT, x;,y; LWVODT—RDMAGDLEL RS, THDLL, i BHDOT— X2 XX

yi = y(z4)

Thd, FHERIZ 1 REHE

F(z) = F(z;)
L85, ZOEME(z;) Ly D2F/EETNETDEDICLDILEFERD, DFEY, Z
NEDBEAEZ RT3 &,

N N
R=> {y(z:) - F(z:)}* =D {y(x:) — ao — ar2;}” (5.4.83)
=1 =1
WERNE D EIZ L bNBTNER SR, JOREEZTBBEF 2RkD2121E, F
DR ERDZ 2,y \THALR 2 EH ag, a1 % (5.4.83) WML ZRD IS ICLEL Ve
WO ZEIIRD, ZD&DREE R/NERIEFEE L DO RO & D BFMEE TS
nd,

1. %% R % ag,a; \COWTHAT %,

2. TNHEMEEIIX B ERD KD ap, a1 DEN R DWETH 5,
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3. RBZTDERMS. ag,a1 D/XT A—=ZZEFIIHNWT, Bz &2 MM BREEKT
H27D, BENFIET X, TINRMETH D LD T LIlRD,

ZDFNMEIZ U 7230,
— =0, and,-—=0 (5.4.84)

25729 ag,a1 KD DB, (5.4.83) Ao,

Z{y 551 _ao_alﬁz} =0
aao =1

(5.4.85)
8R sz{y x;) —ag — a1z} =0
Thd, ITNE2EHTDL L,
N N
aoN + a; Z T = Z y(z;)
= = (5.4.86)
N N

N
a Y mitary xi =Y wiy(w)
i=1 =1 =1

WD ag,ar WDWTD 1 JGENSFREAPBOENDE DT, ZNEMRITIE ag, a1 DMFHN,
B/NEEERMHEOND, (5.4.86) RzfE &,

Zi\il wzz f\; y(xi) — Zfil T Zi\il ziy(z;)

2
Nvazl 9%2 - (Zi\;l xz)
NN wiy(ei) = S @ o y()
2
NZf\il %2 - (Zi\il 331)

MEOND, [AEOBZZ ZRKBEIEDI L, FEOERXBOZERNMRI LD 71y T +1
VIDNHRETH D BDOND,

apg =

(5.4.87)

a)p =

FTIT, ZITR Fla) =Y japad LOIBHERTT7 v 71 v 7§22 8% %R
5, I CER/NARETHOWAZFENEHTES ", % RIE
N M 2
R= Z{yz* (z:)}? —Z{ Zawf} (5.4.88)
i=1 k=0
LY, ZOMER/NITDITE, ag, (k=0,1,--- , M) DEFRHIZONT, THIZLD
BADWANEn L2y, 2%,
OR o
aTLj_O’ (j=0,1,2,--- M) (5.4.89)

APETIR, REOBEINS, y(o) =y EERILT D,
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WD M+ 1ED 1 RESL HREREN TR ZeNTES, REBE M + 12D\,
WSZA M + 1O FRRMPLTENDDT, BRIHUEZRTHD I LIIHLMT
Hd, THIEEIZMEINTHDEDT, (EHDO M+ 1 REHEHATELLTEH, kO
FIRETT7 4y T4 Vv INTEDILERBL TV, (5.4.89) A& BAHICEIET D &,

N M
>4 {yi —Zakxf} =0, (j=0,1,2,---M)
k=0

=1

LRY, INEEHETDLE,

N
=1

=1 k=0

L%, FEOE 2 HIZOWTIE, MAHEDIETE W #TH L 720,

N M N '
Zwﬁyi—Zakzxfﬂ =0, (j=0,1,2,-~M) (5'4'91)
i=1 k=0 i=1

L85, INEBEKNIZETS L., UTOLD BANELND,

N N N
j=0 :aoN—l‘alei“‘""’_aMZwZM:Zyi
i=1 1=1

=1

N N N N
j=1 :aOin+alzx?+---+aszzMHsziyi
i=1 i=1

i=1 i=1 (5.4.92)

N N N N
. M+1
j=M :aOZxZM—i-alei + —I—‘--—i-aMZx?M:fowyi
i=1 i=1 i=1 i=1

INERDE, k=M+117j=M+15DEHITFIE M + 1 EOFEE a; 1IZDWTOH
N7 MVORET B & EATHIOHITH KDDL T, BRI a; WROOLND &
X85, ZOLE, EATHIBRMMTIIE B>Tnd Z LITHER,

XL IEBOSEROGEIEIENTE S, 22T Flz) =Y jawry £V 5%
BHEGHNT T4V T4 VI T2 52ERD, TOLE, o FENTHNIREHTH Y,
T 3 TDEATH D, LLRKIZZDL TDRKE RIE

N M 2
R = Z{yz T;) ZZ{yi—Zakxk,i} (5.4.93)
i=1 k=0
LR, ZOEERNMNITDITIE ap, (k=0,1,--- , M) DFHBHIZONT, Tt kd
BEDOMANEO L 2wy, 2%,
OR .
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WD M+ 1D 1 RESTFEREZ LTI ENTID, RAGE M + 1{EIZDOWT,
N7 M+ 1 {EAO#N AR TZTONEZDT, ERIHUAERTHBZ I LIZHLMNT
Hb, (5.4.91) Nz BIRIZEHHR T D &,

N M
> x {yi - Zakwk,i} =0, (j=0,1,2,---M)
i=1 k=0

ERY, INEBETS L,

N N M
S wiyi— Y Y agwririi =0, (j=0,1,2,--- M) (5.4.95)
=1 i=1 k=0

LR, FHE2HIZDOWTIE, BAEEDIHE AT dH S 720,
N M N
S @iy — > ak Y wkiwii =0, (j=0,1,2,--- M) (5.4.96)
=1 k=0 i=1

LR85, Ihe BERNIZEMAT &, BTDO LS 2R LoD,

N N N N
’ 2
J=0 :ao E Ty, + a1 E T1,T04 + -+ am § TM,iT0,i = E To,1Yi
i=1 i=1 i=1 i=1

N N N N
j=1 a9 Zmo,ileﬁ' +a; Zm%z + - t+anm ZZEM,iZL‘l,i = Z T1,:Yi
i=1 i=1 i=1 i=1 (5.4.97)

N N N N
. . 2 _
J=M :ag § 20T, + a1 § LT+ -+ an E Th = E TN LiYi
i1 i1 =1 i1

INeR/DL, k=M+117j=M+15DOEHTFHE M+ 1HDOFEK a; (DN TDS
N7 RMVOBMET DL, EATHOMITH%2KkDD LT, BRI a; BROLNE T &
W85, 2O X, EATAIEHITAI L o TWnd 2 EITHR,

5.4.2 RENE

ZZTlE, R—F Y TIFo> TN HIEICDWTEEH U, NIEA T & DN H1E
WZDOWCEFEHZIT D,

F9. ANV—F VTl TRTORFEL—F VIZEWT, #ERFEZ2IT>T\W5, Z0D
W GTEIE, 2 2 S LTORIOfEZE 2 MOBEMRTHEY, TOEMSEIHEPEFELET
2L RELNIFETH D, 1 RIGOBRKIZH?2IRINT NS, H DM yiq1,y BE
HBINSFRRD 2 Ry, &6 LT, TOMITHEAET 2 A 2, TORIEATOM y,
IE2BT 2 2 AN GEEINAZEROMEE 2 de & 5D L,

Yp = Yi +dx * (xp — 27)
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THHTHILHTES, ZOL ¥, doip I i,
i+1 T Ly

ZDFEZ% 2 RICEMITHERU 200, BRIENIER L IFHENDS HIETH Y, TORAK
FER?2IRINT VD, 2 RouZE M a;,y; CTEBINME 255 D, D 2EM 1), y, TO
IR 20 12, AR &S ICEHEI NS,

Zpj+l — ij(
Yji+1 = Yj
IR yj,yj41 D 2 RIZDOWT, TNTN 2, IZH T DNIFE 2, 541, 2p; ZEITHEL. T

NEDENE y HFIHIBAR LT, 2, 2 ROZ LV BI85, LREBITS
EETFDES IR,

Zpg = Zpj T Yq — Yj)

Zpiil — Zpi
Zpg = Zpj t p], — p,j(yq_yj)
Yj+1 — Y5
Zit1j — Zij
=Zij + ———(Tp — T
Y i — (2 = @)
Zit1j+1 — Zij+1
+ |zijr1 + - ;:1_:;?4_ (acp—:ci)
7 K3
Ly Zru T E o] We = b5)
Towig— P Yi+1 — Yj
Zi+lj — Zij Zij+1 — Zij
=z +———(¥p — ;) + ———(Yg — Yj
1] :L‘Z_,'_l —l’i ( P Z) y]+1 _y] ( q ])
zp — i) (Yg — Yj
[%+U+1—Zﬁ+1—ZH4j+ZM]((p (v — y;) (5.4.98)

Ti+1 — $i)(yj+1 - Z/j)

&Y, BN F(z,y) = a+ bx + cy + dry &\ D FH EIZNFENFET S
EWVWS ZEEMELZNFETHD VD ZEIWRIND,

FIRED R T 3 OB E GRS 5 & 20 3 RouEfM vy, v, 2 CEZBI N/l
wijp D, HDREMK 2p, yg, 2r CORFE upgr &, BAFD LS IEFIRING,

Upgk+1 — Upgk (

Zr — Zk)
Rk+1 — %5

Upgr = Upgk +

BRI IR INTN S,
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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 — i) (yq —y5) (2r — 21) (5.4.99)
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 RERELE R B BUCF -0 & S BERER "5 ThH L 455,

WO F Y, ATEOREER (21,20, 23) BHOEETEH. ZDEE INLDOEEIINT AT —IVAT
(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(z) = ai(x — 2)% + bi(w — 23)* + iz —2) +diy, (23 <2< 2441) (5.4.100)

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)

(5.4.101)
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) (5.4.102)

WS AN —1) -2 fHOBEBRAVRFLNDG, (77) X2HNTLED 4 DOAXZ BRKIZE
FL, i=2,--- ,N-1I1Z2\T

di = yi, (5.4.103)
aim1(Ti — i21)® + b1 (5 — 2i1) + cima (2 — 7im1) + dio1 = yi, (5.4.104)
ci =3a;_1(z; — xi_1)* + 201 (z; — 1) + ¢i1, (5.4.105)
bi = 3a;—1(x; —xi—1) + bi—1 (5.4.106)

MDD, TNH%EB LT, BERIOMEN S RMERE a;, b, ¢, d; ZRKDD, FF (5.4.103)
"o
di = y;. (5.4.107)

hi=x;—xi EEETDE, (5.4.106) 5

b; — bi_
a1 = g L (5.4.108)

(5.4.104) 75
Yi —Yi-1  bi+2biy
h; 3

Ci—1 =

hi. (5.4.109)
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INH % (5.4.105) IZARALU b DADRIZT D &,

Vil —Yi  biy1 +2b; Yi —Yi—1 by +2b;—1
- hit = (b; — bio1)hs + 201 hs - hy
I 3 +1=( 1)hi + 1h; + I 3
Yirl =Y Yi—Yi-1  hipa 2 h;
It h, 5 Ditl + 3 [hit1 + hi| b + 3 bi-1 ( )

LD b IZDOWTOREEN FRER e RS, 22T, EAMNEY oD i=2,--- ,N—-2
THDILIIFETD, BERL, ZZEFTOHEMITARTi=2,--- ,N-1DHEDH
METOTELIZD, a,c,d DEBEIZDONT d; 1 (5.4.107) 225 dy ~dy_1 £ T\ a; X
(5.4.108) M5 a1 ~ any—g £ T, ¢; & (5.4.109) 25 ¢ ~ cy_g FTOHDEFENE RS
NTVWDZLIZERET D, 2FY. Wik (5.4.105) IZi=N - 1IZBNTDHAb; & D
R (5.4.109) ZHND ZENTERNE NS ZETHD, ay_1, cn_1, di (EFTNZTHIA
TICEZDEMDOEENLELNDEBAEHNTRDD Z LT85, I ETHRARA
(5.4.110) O i =2, N -2 FTLRIBUTH D, b IZN - 1{lHHZDIC
U, EXEN-3FUNRNDT, BIITHELRD b IZDOWTORIK 2RI L
BHOND,

BfRX% 2 DT 52O COMRFRMEEE R D, ZITR—HMEEZLDARNE
12, AFRD 2 DDBEIZONWTEZD ¢

T—2R 1 8(x1) =11, S'"(zn) =Ty

=22 8"(x1) =T{, S"(xn) = T§.

ZIZTT, Ty, T, TV E2—YBRETLMETH D, FZ, T—RA 2 DHEITT] =
Th=0TH2R5, BRAT 71 VIZ—HT 5,
F—A 104, EOBMSRMENS
=T/,
P ) , (5.4.111)
3an—1(xn —axN—1)" +2bN_1(zn —axN—1) +en—1 =Ty
YTXZ, TNERAVD Y, i=1,NDEAILOVWTE (5.4.103), (5.4.104), (5.4.111) &
BV (5.4.118) 25

dy =vy1, an_1hy +bn_1hk +cy_1hy +yv_1 = yn, (5.4.112)
b LU,
c1 = Tll, 3aN_1h?V +2by_1hy +cn_1 = T]/\h (5.4.113)
M5 b IZDNWTORIZT D, (5.4.113) 1 A& (5.4.109) Di=205c 2HELT
Y2 — Y1 T1/
by +2b; =3 —3—=, 5.4.114
2 + 201 h% Iy ( )

(5.4.113) 25 2 R& (5.4.112) 26 2 A S ay_1 ZIHEL T

hn T} YN — Yi—1
= phyq — N g gf Tl 5.4.115
CN-1 5 ON-1 5 + Ty ( )

main.tex 2018 £ 4 H 19 H (EHEH)



STPK ¥v=a7JL 5 {+% 351

INZEi=N-10& XD (54.105) ITRAT DL,

h T — yi_
—7NbN,1 - N4 3M = 3aN72h%V71 4+ 2by_ohy_1+cn_o
2 2 2hn
2 hn bn—2 Ty YN —YN-1 YN-1— YN-2
= —hn_ — | by— hy_1=——"++4+3 —
[3N1+2:|N1+ N-1 2—!— hn 1

(5.4.116)
ZZTC, HB2REi=N-10DLED (5.4.108), (5.4.109) Rz HWT an_9, cn_o =M

£ U7,
BAE& Y. (5.4.110), (5.4.114), (5.4.116) 55

2 1 0 ... . .. 0
ho 2(h3—|—h2) hs 0
0 hi 2(his1+hi)  hin 0
0 e 0 hy—2 2(hn-1+hNn-2) hn-1
0 0 2hn_1 dhny_1+ 3hn
bl Z1
b2 22
X b; = %
by 2 ZN-2
bn-1 ZN-1

(5.4.117)

ERY, BIIODOWTHS 2N TEXS EHIIRD, 22T,

Y2 — Y1 Ty
=3 —3—,
“ 12 hs
% _g¥ir1 " Y _3yi_yi71’(i:2,_” N —2),
hit1 h;
ANl = — 3T1’v + gyN —Yn-1 6yN—1 —Yn-2
hn hn-1

ThHd, b WEONZHLZDEZE LI a4, ¢, di EKDD, a;ldi=1,--- N —-2IZD
WT (5.4.104) M5, i =N —11ZDWT (5.4.113) 2 2 AN 6H/ELND, ¢ IOV TIE
i=1, N=1IZDWTI& (5.4.113) 2 1 X, (5.4.115) oTnTh, £/2i=2,--- ,N—
WZDWTIE (5.4.109) 2 5E6N05, d; IZDWTI (5.4.107), (5.4.112) 6/ 6N0d, Z
NTTRTORMBEPELNZDT, (5.4.101) NOHBINAZAT T 1 VEBDES
nd,

[\

2018 4 4 A 19 H (EHE)
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r—A 2 DA, OB S

TI/
bl = 717
s (5.4.118)
3GN—K$N‘—$N—Q‘+bN—1::7¥
ETED, INEHWD L, i=1,NDHEIIDODNTH
T// T//
by = ?1 3any_1hy +by_1 = TN (5.4.119)
MO b IZDNTORIZTEIENTED, (5.4.119) 2 1 ANSHL M
T//
by = ?1 (5.4.120)
(5.4.119) % 2 N& (5.4.112) B 2 XS ay_y ZIHEL T
—yn_1 T¥ 2h
CN—-1 = M — 7NhN - 7NbN_1. (5.4.121)
hn 6 3
IN%2i=N-102ED (54.105) IZRAT D L,
—yn_1 % 2h
ijhiijvl - ?NhN - TNbNA = 3an—_2h%_1 + 2bN_2hN_1 + cN—2

_ B T// = _
= 2[hn 4 hy-1]by_1 +hn_1by_2 = gYN " YN-1 TNhN _gyN-1 7 UN-2

hn hn-1
(5.4.122)

NELND, 22T, H2REi = N-1DEED (5.4.108), (5.4.109) &% HNT
aN—-92, CN—2 %{%%bf:o
PAEE Y, (5.4.110), (5.4.114), (5.4.116) 25

1 0 0 S ... - 0
0 e h; 2(hi+1 + hl) h¢+1 oo 0
0 0 hn—_o Q(hN—l +hN72) hn_1
0 0 hy_1 2(hn + hy—1)
bl Z1
b2 z2
X bz = Zi
bn—2 ZN—2
bn-1 ZN-1

(5.4.123)
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ERY, BIIIODOWTHS 2N TED EDIZR%, ZIT,

Tl/
Z1 = ?17
%:SMHfﬂH_3%_yF%@:2f”7N_2%
hit1 hi
YN —YN-1 YN—-1 —YN-2 T]/\lf
1=3 -3 — —=h
ZN-1 Iy A1 9 N

ThHb, b PELN-LTDMEEE I a4, ¢, di ZRDD, a;jldi=1,--- ,N=21ZDO\T
(5.4.104) 6, i = N—=11Z2WT (5.4.119) & 2 A S/{FLND, ¢ idi=1,--- ,N -2
WZDWTE (5.4.109) 5, i=1, N—11ZDW\WTIE (5.4.121) 258 56N5, d; IZDNT
& (5.4.107), (5.4.112) 26365, TN TITNTORIMBEI G LNZDT, (5.4.101)
MO INZAT T4 VBB RO N,

5.5 Braun (2002) IZ& 2BFEIEDOHOAIBEHE

Z ZTi&, Braun (2002) THWHNTW S, BUEE TIVIZE T 2 BHHRSEDO LM E
HEET D HIEICDWTHRRS.

ZTHTE, OB RS IXE —EBle UTENFNT VAL TWD DT, BV KA
FED UM, W EEARE DRI Z & B KR F R T SREINDS. KERRED 10
km B LD FHUEE 7V TIE Z O Wi 5 1E 5RE O B s BRSO il FR 72 Fply
ZRUTWZ, UL, IBETIFEUEE TV OIS IIFAL - SRR EALIC ) BV RSUE
OWNEBI T (FDA 5 FRE 100 km F2E) DJI%: - B ¥EE 2 FEMIC KRB d 5 Z L A AT6E
Lol TB L ARMRBIE R BUEE TV & B RKEDF R TIEREAL B o7z,
HUDEHE TO R 3 SEE B ASBHE I A 515 & 5 1245 72 "27(Braun, 2002). Z D/
AT REZFNZ & D, BUETD & 5 R SEDORIKR CHLEEHT D2 FHEEHVD &,
HRUD EDSEAATI ZR D UZ UC 2 DJE P & MRS 2 & WO IREIBIA N R 5N D LD I1TR
% (X 5.13 ZI8). Braun OV FiEE, 2O OMRE 2 0H 3 2 08035 5.

FROBEIZUAT DL DI1285.

27 - DR SITEEBNIL, BUEE TS BT 2RI F BT RERT2EDTH .
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meridional(degree)

pressure and precipitation [mm h=!] (016:50)

25.0

20
ki
o

20
©@
s}

<2.0

128.0 “ 129.0 130.0 131.0 132.0
zonal(degree)

X 5.10: FEE S FEEAEE T B W THEE X /2 AR 2 A B2 B 1 2 Vi SUE D AR A
(FksX) & Braun (2002) OFEICEWTHEE I 172 B 22000 A (FRAD). SRR IS
SUEDSAG, 717 — BRI AM. ZORIDRT &SI, W3 7IRIZE T 5 /AT R KED
ZENZE T, BRI BARKRERDIEFEITRRD 2 L300 5.

-

C WHEESEDORKEE & 2 & B —HEER (K511 D fg) LT 5.
CHEILIZBWT, B R T UTRY L OIEABHEEN (K 5.11 Ok

PEN) \ZIFAE S DREF RN T2 RRIEM N L T D,

BRI ORI OVT, ZO& M RLE UTEE R OFBAESA (55.11
D) 1AL BT AD R TIZ DV THEBEY (5.12) 55 OB {5
2R L, 3 N BRI OK T2 T OB B LADE S,

Z DWF T, BRI 2 SIZDWT, 5 R O M AEI N 0 REHE {25 Fl D i
PIFELTWDDT, ZONMPRNE BB TFREBEOHLMETEETD. I
X, SEICDOWT, B M (UEE) 2> TVWAREHERLTWS I L

4+
teX

8%,
Q /E 4 H 19 [ /~‘+E§§E‘%€7/
O 1 = JJ3 TJ H \)\_.'
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CDFMEHADE FREFRTR
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o
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A F e+

o T
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A
- EDT
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FHge
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5.11: Braun EOBEER 1. 58— H#EE s % LT search dis DR X DEAEHE (7~
1) WIAFET 2T RETHRLRBRIE 25, ZOFLRBERHORTIZOWNT, ¥5.12
DHETHREYARA ZFRE TS (X TIEAFROHPFN T NICHYE T D).

IO AIEITBENT AR EFEROY TI—F VORI Ed L,
fg = BB —HEE M, var dis = ¥fE R, search dis = HEREMHIL L

WD HNIGBIFRIZER S,

5.6 Kurihara et al. (1990) IC& 37 4L% ) v JALE

ZZ T, (1090) TREINTW DR AL—Y Y JIERZEZ AL -
ERIEBIR T D 7 « VA —EFROB AR ZFEHT 5. LTI, (1990)
THEIN 7 VZ—ERRORILL UTETFLNTNS (1957) 1ZHDNT
W5,

AL I NIAEZED 1 R T—R 2 2 FERXD. ZIZT, i 3EFHBSTHD. DL X,
i MU 3T CORVERRAL—Y v JHERAX
1
Zi = pzi + 5(1 — ) (zi—1 + zit1) (5.6.124)
Thd. 2T, FAL—IVITINEZYHEEEZRT. pldAL—Y VY TOBOEATD
D,ou=1/37251% B 3 S TORMEEIHIEICEFEL LS. BRI

1
Zi =2z + §V(Zi—1 + zit1 — 22) (5.6.125)
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+ o+

4
4

_|_

IRARITA - TIEAR T

4
4+

+ +
+ ¥ + 4+

THINERR (R) DERTOESZFRTEHENSRELFE

+ + + + 4+ + 4+

+ + + + +

5.12: Braun EOBEARK 2. L SEMHOETIZOWTE U fECEMCES R 2 215
ULCTEORIEEZ L 28 (D F Y, BRSO EEHN —~FADRVEN) 2R T L. HTY
DOFE T I T O T AV MEFEOMBERCICT 5.

% A6, ZIZT,v=1-pThd. viFHEDLLT ALYV I TOEARK
FMSE 2 v WIRD ZEEIIB VW TERINTS Y,

zi = C + Acos (k(z; — T))

ERFLTEDHLTD. 2T, kx lHMERO—EMNMEEZRT. LIFFEHTHY, R L DM
Wk=2r/L WO HBREED. DL I =MEKOAEKNS

\i> (,Qv

L&
_é—-

, 2

zix1 = C + Acosk(ziz1 — )

=C+ Acosk(x; = Ax —T)

=C + Alcosk(x; — T) cos kAx F sink(x; — T) sin kAx|
L35 (EERIE). 27T, Az ldZEf o, ORTFRIEBETH S, BB, 2T o, 1F5EH
fRICEEINTVWE T2, EX%E (5.6.125) ITRAT D &,

Zi=C+ Acosk(x; —T) + v[Acosk(x; —T) coskAx — Acosk(z; — T)]
=C+[1—-v(l—-coskAx)] Acosk(x; — ) (5.6.126)

EBEIND. UADPoT, ZOALA—IY VI, v DIEIZE ST 2z D DBEEE A
ELMXEBNAL=V VT EBO>TVD I eRNbNnd. —F, TOREIZOWTIE,
[1—v(1—coskAn)| fEEALIEDZeDDNDE. 5, vIFMEHAZFIZE > TERIZHRD D
ZEWTES. B L, (5.6.126) RDOALLE 2 HOBBER XD L2 5:

1 —v(l —coskAx) =
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30

29
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25

24

23

min—PS—(LAT), TC—(LAT)

2 2 | I | I I | I I | I I | I I | I I | L1

125 126 127 128 129 130 131
(degree)

min—PS—(LON), TC—(LON)

B 5.13: B 5.10 OFBEFIRICE T ks (RERSER) AR (Braun FiK) OFEBEDKY
24k, Z OB TIFEEDPRARKTE OB % | 7% 515 Braun FED LI OBEIZ & L
TWa., ZOFENS Y, BRKEARIFHEE IR L TV ZEVHLNTH D.

FOIT v ZFEETNIE, (5.6.126) NIT & > THEE k OIREAE D LAY, T OWRELS %
TFERETDIIENTEDS. ZNE, AL—Y YV TERAE (5.6.124) DNEADERV ST,
FEEMB DT # AR R TAINA =T IR TEHIENTELILZ2EKRLTWDS
(Thbb, 74 NVE—FHZL U THRETLI L2 EKRLTWD).

INETOHEMTI, 2 21 DOEBHDDAZE>TND & I2E RN, EEDK
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DERGHETEHE UHEMRNATRETH S, WS 2 B2/ 2 12 DOWT 7 — ) THETRE
IND LT 5:
zi = Zén cos kn(z; — T).
ZOEE, AL—IVIEME (5.6.125) 1% EE FABRD = AEKEKIZ LY
Zi = Z {én coskp(z; — T) + %V (2n coskp(x; — Ax — T) + 2, cos kp(z; + Ax — T) — 22, cos ky(z; — T))
= Z [Z2n, cos kp(x; — @) + v (2, cos kp(x; — T) cos knAx — 2, cos ky(x; — T))]

= Z [1—v(1—cosk,Ax)] 2, cosky,(z; — T)

PREONDS. ZZTH, v BMAEMERICRET I D20, HIRED 1 DDPE k12
DNT
1—-v(1l—-cosk,Azx) =

ERAY.2)-0
= (1 - cosk.Ax)™" (5.6.127)

ERDEDIZvERETIUR, AL—IYVTIZE>T 2 IZEENDWEE k. DE— NIFZER
WCTANE=T I RNTEIENTEL. ZOLE, viZkDAIUKEFETZDT, k. SAHDH
BB IR TIZ RS T 2 IR D 2L d. BEDZEBOW%E 74 VE—F 52
&, AL—Y Ve (5.6.125) 2 EA v 2 EZ TEBET XLV, B2 M EOH
BR EMRETIAL—I VT %

ZM — M1 ,,( Mol gMot 221.M*1) (5.6.128)
CLUTREETD. IMEHDAL—Y VY TR
vy = (1 — cos k) Az)

8B, ZIT, by BRIFHTTZ AV Z =T hINDPEREZERTS. AL—Y VT
fEFE (5.6.125) NP A2 ZAL I T T, IRIEOAE 2L I T 5:

M = ZZ\L/[ cos ky(x; — )
n

ThHhd I LIZEFERETIE (5.6.128) % (77) ODEDIZT7—V THHTRITI L2 F 2
%L,

zM Z cosky(z; — @) = Z 1 —vp (1 — cos k:nAx)]ETAf_l cosky(z; — )

n

EWVDWAERNK DD, ERIET7 =V ZDEE— R n THNLIZERD LD Z L IZIHFEET D

E.nH‘EHDE—RT
ETZ\L/‘[ [1—wvpr (1 — cos kpAx)] ,]i/[ !
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WY D, 0T, ZEBIC I IHLT,

M
2 =2, [ - v (1 - coskaAx)] (5.6.129)
=1

EWSEBEBRONG. ORI, MBEOBEEDO T4 NEY) Y TIZE2T, 7487 D
NINBDPDEEANE D, 74N A—HOREERL TS, DD, 74 VET Y R
NEBD LSO M IO T A VI & 27T, REhTe £ O

M

H [1—v(1—cosk,Ax)]
=1

2858 \0D 2 2 EET S, M LAFE, Shuman @ X 1 DFIHE 2 RICARDEH.
B, (1990) TlE, v %
v=(1-cos2r/m)"', m=234,256,7,28,9,2 (5.6.130)

EWIEFET 11 [ 7 4 WREEZRTTD &, 282 D 9A FTOEZE £ DIEMPERIZT A«
WRTTRINDLBRRTNS, TN, (5.6.127) R& k=21/L L WO BEKREZERD L,

v=(1-coskcAz)"' = (1 — cos2rAz/mAz)

ERBRBIENS, WE L =mAx DD (5.6.130) KATT7ANVAT I RINEI LIIBD
LMD, ZDLE, TANET T NINBOEKDOIRIED (5.6.130) DEMETEDFEE
BTN EH1MBED. 74V AT Y NINRMEREDOEE % k. = 2r/RAz T2 &,
(5.6.129) X5 ED 11 [BDAL—I Y THEIEIZE > T, TOMRIEIX

11
?,1,1 =2 H [1 —v;(1—cos2m/R)] (5.6.131)
=1

Y%, - 21, R=15, 20,30 D4 2 OIRIEIXZENEN,
R=15: 0.179, R=20 : 0.400, R =30 : 0.675

LB, TNTNAY) TV FIVOIRIED 82 %, 60 %, 32 % ETWDT DI LB HOnd.

5.7 ft8k : 7L

5.7.1 FKABERIAROEH

ZIZT, MTFTORETINTHHEINSG X AGRATH D ERAHERR2EHTS.
28 (1990) I BARHIZHRR I N TV R IHETH 5.
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=0
. A Y,V h (x,y,t) D
| he (x,y) :
’ A/ '
’ > ' i
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Figure 3.2.1 The shallow-water model.

5.14: &K AT ADBEEM (Pedlosky, 1987 & 1).

K?? 13RIV AT LAOESHTH D, ANTIE. ZOMZ Il HRERNRE2HEETS, 2

ZTIiE. UTEE B,

o EEIL—1E,

o Ry AN DWTREEAEEDFIZICZIL TS (B HERL .

T, TDE IO LA

f=

d _
dt
Thd, £/, plIIEHIZEED.

5729 po ZBRWZIE N R IET,

or _dp  9po _ Opo _
0z 0z 0z~ 0z

du 10p

= - 2F .7.132
o fo or (5.7.132)
dv 10p

-z - _-Z 7.1
7 + fu o (5.7.133)

L5, BREAFITIEE LI ENIFENT VA LTV e HET S, Z T,

fO + Bya B = COHSt.,

DFEFVRIEE P=p+p & LLE,

9o _
oz
ZOLE. BFE POz HaZiblx
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LEBTED 0, ERE 2 AT DL, pld—ERDT,
P(z,y,z,t) = —gpz + A(z,y,1)
LB, ZIZT, AIFEATERTHD, 2=hIlBF22L2HMETL T p. LT L,

(P(z,y,h,t) =) pr(z,y, h,t) = —gph + A(z,y,t).

EoT., EXZ PIZOVWTORD AITRAT B L.

P(x7y727t) = —gpz + gph +p’r‘($7y7h7t) = gp(h - Z) +p7“($7y7 hut)

Y723, po(e,y, ht) BHK EEEECB IR ENEET, 0T, RKOZLIZEOT,
EHTOENZADIZIFEHATE D L WOSRE BUMBRIEDIRE) 2B< &, p IEER L
HADIEMTE,

P(x,y,2,t) = gp(h — 2) + pr

L%, 22T, #EEARENICE D EIEE IXE TS po DY 2 DADEEBTH S
ZEIIEETSE 0,
op oP  Oh 9p 0P  0Oh

9z o _gp%’ 87/_ dy —QP@-

ZIT, 232,y TN THD LV FRITER, £oT, HEEHRENX (5.7.132), (5.7.133)
EENnTh

du oh
dv oh
pr + fu= ~950 (5.7.135)
ERD, 5. BEFRTEE - BRI DT, ?ﬁiﬁ@ﬁ%ﬁaﬁ”ifhb}#ﬁ%ﬂ%b\ (VEE R
%)@@éamﬁﬁéa\%49—75#Hvy@ﬁ@weﬁkEgzéfzoa@é@
z z
<. ERix
ou ou ou oh
5 TV —|—v8—y — fo 95 (5.7.136)
ov ov ov oh
ERB, X6, BME—-ETHD7-0, #HgDRIX
ou Ov Ow
p + (’JTy + e 0 (5.7.138)

TRRERS, EHIEENDEIIEE NIRRT 2 FADZLOKRZIMININNSTH S, INE B
2R U725 Dl Pedlosky (1987) S0,
0L p M—ETHDBDT, H/FHRR

PSURSERREASE B ENARAE L 2D &0 S &8, 3L < 13 Pedlosky (1987) S,
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ThHY., KEREBEIZEEIZOWT—HTHE72O, ERF2IZODWTHEHDTE,

ou Lo ov

or Oy
THhdIehibmnd, ZIT, w(x,y,z=h,t) XK EEHCTOLEENIAES HE, w(r,y, 2z =
hp,t) IEFATH COLEFIIESOHETHD, LoT, EAX

w(x7y7zzh7t)_w($7y7Z:hB7 ) (h hB)(

B B dh B dhp _ ou @
w(xayaz - h7t) - w(x7y72 - h37 ) % W - (h hB) <8Jj + 8y> (57139)
LRD, BKRZEETNEZEZD5H1F. ZOXNEMERE BERRMN) b T
EIEnifLw, Z 2T, Tﬁzﬂﬂwfli*mn\é% #HERD, TDEHGE. hgld
AT =z A DB L ZEL L R ODT,
dhp Ohp Ohp

at U ox v dy

532, £/ EHEIZARZKESHT L.
dh  Oh  Oh  Oh

at ot "ar T Vay
BB, INHeEREITDE, (5.7.139) I

88? = <uf)8.r +’Uaay) (h ]’LB) (h hB) <gu + gZ) = aax {U(h - hB)}—I-aay {U(h — hB)}

(5.7.140)
VWS ANEOLND, MKEDOEI:2 HETD L,
H(z,y,t) = h(z,y,t) — hp(z,y)
THDDT, FERIIIF/LNDL HEARK
% + % — —f = —ggz, (5.7.141)
% +u g; + vgz + fu= —ggh, (5.7.142)
?)]Z = a(gf) + a(gf) (5.7.143)

5.7.2 NMO1 IC8F2ETILOEFM

BAKFAD R TR AR I

d
d—::—kav—th—i—F,

“2h, hp WEKEERIZB TS HDEEE 1 HERTOT, INLOEEUE 2 ILOWTHNLTHD Z LITHE

=
/Gho
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?;tl + V- (hv) = Src.
ThHd, TIZT, v,h,f,gldKEHERERY ML, AOHES, 2V FVINTA—4 HEHJ)
IEETHD, £/-, N7 MV EE TITIKE2EDAE LTS, F, Src I&TH
TNHRNZGTEHNEY —ATHD, INEHERBIERTRLTIILE2ERD, 77
Z VT AR E DK 2 K TH B T2,

d 0 a v

at "ot “or " roe
Thd, ZIT, r,0iFTNThELE FAAAATHY, BRSO TIHFE R S A4
& IE, A LI OWTIIKEEIE Y 2 EE 35, 72, HERZ Mt v = ue,+veg
TRILTDIENTEXD, ZDL X, e, e I XTNTNEEE, LA HRDELANRT NV
THY., u,v i FZENTNDAMDEETHD, DL, LOLE AN

ou ou vou w2 oh

o ar Trae I T (5.7.144)
v ov  wvov uv g Oh

T + ug, + ~ 50 t-= —fu— "0 + Fy, (5.7.145)
oh oh vOh ou uw 10v

ot T Trae TN [87«+r+rae} = Sre. (5.7.146)

L5,

AT TIVIEEIER S I ITMEE R AR TBIC H ) . EERBOBIFRE O ICHEDA 0
7 IR R D OB 2 5 HE T2 T TN TH D720, BSREIBEBUIFEN A S5 1z —kE
THhD, RHEFERE U RO PR & FA7 M4 S5 1A IE— R TREI R AT X 102 FElln Frk
B TRET2OWBEHTH S, T2 TIOHERZHFRGT & IEENFRFIC 21T 5,
DFY., BREEE o %

o(r,0,t) =3(r) + ¢(r,0,1)

LFBE (5.7.144) - (5.7.146) Rl

L N Y LBV L AL A L Ll

ot or or or or r 00 r 00 r r

, oW
=fv =g+, (5.7.147)
o' _gv o 0 00 wod o wuw w  Wv u
o o e et e Tree e T T T T

!/

= —fla+d) - g%—}éJng, (5.7.148)
on' _On _on  ,0n 00 wOW  oN

R T T e P i T

a2y, @) 10
= —(h+ 1) |5 ([@+u) + + -5 | + S (5.7.149)
L%, TIT BRI, BEEECTAT ORI |
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WA, £ KETNTIE &40, V=R UT, Bt FRLA RO 2 ROKF
fEfR % diff r, diff t WO IBURETHEY, /2, SHOMUITIEL 1Y —Z2EY
7,

5.7.3 adjust BT 2 ETILDFEHM

S 1 RousE BRI TR AR I

871/_f U 67h’
ot 0v = g@x’
!
%Tz—i-fou/:o.
15104 ou’
E—&-Haix—().

Thd, ZONFEAGIIFHELREBEZIEL, TOLIORERDOEIN H &L U TERAY
DY) THRIALLZEDTH D, 2D X, PIHMEICAERSY OO0 771V 2525
O W0 SR TH o TEHMERTM L WS EHICE ST H DTV A% fRH L
IO LHEBT RN —2EETLLIRD, Y TNTOTOT T AITDEE R
Y3Ialb—h92EDTHD, ZOFHENRTHENRFATPERT256, ARARIR
TV Y VIRERAZ 23 DT, FAEBOERIREO DM IZEITWIE» S BEE 5 2
EMTED,

5.7.4 adjust_2d ICHFBETILDOEM

BIH 2 RITARICEKTRAR AGRE AR
ou’ Oon’

_ ! — — () —
ot fv g oz’
o’ , on’
T,
O o o
o T H (ax i ay> =0

Thd, ZONFFEARGIIEFELREEZINEL, TOLIDORMBDOEIN H & U THAL
DY) THIALLZEDTH D, 2D X, PIHMEICA SRS 070771V 2525
&, A o/ 0 BT TH > TEMBRFT & WS EHICE>TH ONT VU AZREE L
IO CHEBT RN -2 BT LIR8D, Y TNTOTOT T AETDEE R
YIal—b92EDTHD, ZOFHENRCTHBNRFATVEH 256G, ARARIR
TV Y VIRERAZ -3 DT, FAEBOERIREO DM IZEITWIE» S S 5 2
EMTED,
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5.7.5 WKO04 ICBF 2 ETILOFH

IKEERIE 2 ROTDIERER - 7 3 A7 FARD Ll FiFE R %R 1E

Du 1 0p 9
ﬁ = %% + VV u,
D 1
== —gp+b+1/V2w,
o Di po 0z (5.7.150)
Do o2
Dr vV*h,
ou 8710 _0
or 0z
ZZ7T,
Dt~ ot Yor Yoz
P
0x?2 = 022

u, wikx, 2z HAOEERSY, p (FES, bIXFH, v IR TH L. FREEREH R
DX, D BEMNRDEEEDRNRINE & A ERNINRNFEEKEAT —IVIINI WS T
H5. (5.7.150) DL 2 X GEH)HREN) ORIERZ &V, 2 KOGCFHEIZER G S K E
(n=0u/0z — dw/0x) iEAZED &,

Dn b

D= "ozt vV, (5.7.151)

T, MEAERICE TS MEHEIK (5.7.150) OF 4 X (EOR) BIEEMHTHD Z L
MOBENRN, F/z, AU 1 EHIMEE MV ZIEHTH . MO XDIEEHTH L DT, Z
DR % 72 T IRARBE R » N2 — 2 17 ET

_oy W
u = 9% w = o (5.7.152)

YUT—HEICRE 2. §5&, L HinBEHRoBERI
V) =n. (5.7.153)

PAENS, WK04 ET VT, (5.7.150) O 3 X (BI1FBIFRA) LiME LR (5.7.151)
DIFEFEZ HIZEHR T 5. — 75, KRHARGERCE FNDIBIREIZE T 2,
(5.7.153) 12 & i L RARBIE DRGNS 2 W I D . BARIIZIE, IFFFERE U - MES
Zooll, MBI 2 MR 5. B o NI IV T, (5.7.152) Ad b HE KD % K
HdZLllRd. EBROETIVEE T, PRI Weisman and Klemp (2004) & [A] U #&
RGN ZRINT NS,
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