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I—REIHMNZ 1N MIRETLIENTEDDTHI ATV avEDIFTH
Ze.

WIHEIR 2
A4 TI7)DEFHEIIFIRESEYV2a-IVHEATEEOHLENT WS, Fujitsu
Fortran IV /N SR E DAV FIET 7 AN RNTEY2a— VT 74D
UINANEITZBRNEDONRDD. frt DEGEIE "-An" 2222 TEY 2 —ID
AV NEFTFDZEMTEDLDIIRDZDT, BRI AT VaveE-2dr52 L.

EEFER 1
KRIA TV TRERBRUEA VI N T 7R ARRT 7 A VDAL %Y K- b
LTWa. ZORDT7 7 A VOARTIOB, TV 747V (T—2% ATV EIZKK
e 2L IOHE) ICERUATNERS RN, 2O YT« 7 VIFEHRBKT 2
DT, HARAEDI L LTV HDE WL, FEZRAESLLTWE 77N ED LS &
IVTATVERELTHDDONMIFFERLUARTNIERS BN, £33 5T
&, TUTA T VIINTEA T a v BHEINTEY, "-convert big endian",

"-fconvert=big-endian", "-fendian=big"ld& EIZ, TV T+ T VIZHETIHRE
Thd. frt DL, AV VTR AR EFRHFIZZY T 7oA TV avizig
ETDHEDEFETD.

FEEIE 2
AT 475V 1% OpenMP AFNZHIELTVWBH, V— A% LI R D2, Bz
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ATV avEBELRTNEIOEZMHATL I LIETERN. £32/8(4 7D
IV IS A T2 2T "-openmp", "-fopenmp", "-KOMP" |% OpenMP % &%)
5o AT arvThHb.
EEEH 3
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 741 )% -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

AKTATIVIEAVY RiFZ1TD 2 L HATFEZR OpenMP & WS BEREZ FEHE L TV 5.
COBREEAMIZTE 201, AVNNAINA TV a Vv THRELRTNER SRV (Zh
IZDWTIE, 2.1 BIf). OpenMP (ZIEW < DPBRBEABDHEINTE Y, £HGHEFEST
BENZH 7l RELTHBBERH L. UTIIMRENRBEELZROZRE[HETHD .

ALy RAFI O FEES B

$ export OMP_NUM_THREADS=NUM
NUM (Zi&, W53 AL RO EBBIETHRET D.

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

INT (2%, 7oA NR—NARY VEEY B KB TEBMETEET L. Hl2IE INT
M 512000 72272354, 512 MB AR W VREL U THREINZZLIZR 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.
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Chapter3E% HJI—FV—F&

3.1 algebra

BATEA 2 TICHY T —F U,

3.1.1 abst_2d

Hae
2 e MIIVOKMOHEZE FHE TN —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 NERERTERI N 2 KTAY bV r = (z,y) OFNEZ GRS 5.
=3

Bz L.

3.1.2 abst_3d

3 IRIENRT NIV Z R T 20 —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
TV NERERTEZR I N/ 3IRTENRY NV r = (z,y,2) DKHMEEZFIHE T 5.
=3

3.1.3 dot_prod_2d

BB
2 RICT HV N EERER DS R TREBEIND 2 e Y MVONREEGHHET DI —
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 FEHHD 2 IRTENRY MV a, b 3T A1)V N EEREEA T,
a=(z,y), b= (u,v)
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
T AV NEEERDEE TR TERIND 3T MVORNREEFET IV —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 RGENRZ MV a, b DT H)V N EREARTIX,
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 RTET— R %2l BEES 217D,
=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

2QRITLT IV NBFERADRIE FIHTEREIND 2 e Y MVONEE EHHET LI —

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 IRTEARY MV a, b D57 HIV N ERER T,
a=(z,y), 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 OUFH CHARE R T 258, TOVHIZERZ T D SHADKRE 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

T 71V MR DB TN TERIND 3 RTERY NVONEZFET N —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>

THR
2 FEIAD 3 WL ML a, b S5V b AT,

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 :: yeard ! VH&
integer :: monthd ! H
integer :: dayd ! H
integer :: hour.d ! K
integer :: mind ! 7
integer :: secd ! ™
end type dtime
\ %
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
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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
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XD E ENDRFEXFH 2 BT D,

call gsub( cval, oval, bc, ac, [mode] )

=E3
L.
3.2.5 gsub
BEBE
=5y
515
cval <C(x)>
oval <C(*x)>
bc <C(*)>
ac <C(*x)>
mode <I>
E&EN
BU
%

in
inout
in
in

in

G & 78 B SLFF.

B 72 REER O ST,
BT S 2SS
B U 72 S 5.
EHTIE (k).

o A7V a V[ mode IF—EXFEFENSF Y U U, Ik E TEML 72D

FHEHETF I I TEINEDIDOA T a .

T 7 #J)V M& mode=1 T—F

BEIMMZZ0HEF oY ZIXUARV. mode=2 D& IIZIFHEF Y7 LT, &
ERZECFHOFIZ be THEIND LTFINEENTWVDEIRL, TNHRE
Tac CEIMAOND FTUHEMEY RS, 2K, HlRIX be="11, ac="1"’
PEEIX N L E, cval DOHFIZ 211117 WD XFHNRE EN TV LRI TH
9%, mode=1 DIFEI oval="11" B> TRIND M, mode=2 DIFEIE
oval="1’> YR TERIND. bc IZEH 2 XFEBEL, ac IZZ4H 1 XF%
B LT, mode=2 THEITTNIE, cval IZEHEENTWVIRNBZEHER2THRE
U, 1 XZOZ UTET Z LA aRETH 5.

3.2.6 rand_make

RAaaREE O TR E KT 5,

call rand make( seed, L, output )

main.tex
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515
seed <I> in Y S ELEDFE.
L <I> in D9 2 BRI +1 OBUE.
output <I> inout HJSIINDELLL.
EER
REGHEEZX, B 2, \2DWT, B8 a,b % HNT,
xn = mod(ax,—1 + b, L)
EWVS WL R TRIAI N ESN K> THEELSZ KT L2 TNV IV AL TH D,
ITC. LIFBHTH5, a,b,L,xg ZOWTIMEEENGEZ5NTWSDT, A —
F VTl
a=11,b=12
EWOEERHAUZ, 72, LIFMHENLE L T 2EEONE +1 OBMETRD
53, x0 13518 seed THRHND.
e

2.

3.2.7 counter_day

FAtH MO THETOHBZ AV v T 5,

result = counter_day( stime, etime )

518

stime <type(dtime)> in AU Y MEBOFEAH.
etime <type(dtime)> in AY Y METOEAH.
ROME <I> inout AUV hMINZHE.
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3.2.8 counter_sec

FAHMN O THETOMEE DV T 5,

result = counter_sec( stime, etime )

518K

stime <type(dtime)> in A0 Y NHBROFEH HID .
etime <type(dtime)> in AV NETOFHHRESR.
RUME  <I> inout AUV KINZHEK

3.2.9 time_zone_convert

Bee
R DOWT, EEDOREIRA LRI S U2 SOHIZIRT, 24 LYV — 2V EHEIZH
W5,
=X
call time_zone_convert( factor, itime, ctime )
518
factor <I> in 2% 47 S R [hour].
itime  <type(dtime)> in ZHRETOFEHH.
ctime  <type(dtime)> inout ZEHEDOFEHH.
EER
A
e

o BIZIX, JST 25 UTC IZ£#T 5854, factor=-9 &£ UT, itime I JST T
D% % A3 5 L, ctime (2 UTC DIZIIE I 5.
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3.2.10 sec_convert

EEOMBOMBPRHZITo7- & TOHKZET,

call sec_convert( factor, itime, ctime )

518K

factor <I> in IR 2 17 5 L
itime  <type(dtime)> in ZHETOFEAH.
ctime  <type(dtime)> inout ZHEDFEHH.

3.2.11 check_array_size_1d

Hae
BH DY A X% F v 7945,
£
result = check array_size 1d( n, a )
518
n <I> in 1 IRl a DEFIL.
a <I*,R,DP(:)> in FERD 1 RIGELS.
ROME <I> inout F v 7R (k).
EEN
fERED 1 XKThs] a DERED G n DL —BLTOWINESINET =V 795,
LZLIFNE 0, BR-oTHIUE 1 2K,
(e

2.
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3.2.12 check_array_size 2d
BERE
fid# DYy X% F oy 795,
X
result = check array_size 2d( nl, n2, a )
511
ni <I> in 2 IRITHELS a D — R
n2 <I> in 2 RIEHLS a D HFEH.
a <I*,R,DP(:,:)> in fERD 2 IRIEELH.
RO <I> inout F v ZHKER (k).
EHEN
FED 2 IRTTHELY] a DEEEHDEH n1, n2 DfEE —HLTWEINE D NEF v
795, Fv ZFERIFILTOEEY:
RYME 0 : n1, n2 & &, EHEEN I
RYME 1 : n1 DA, BEREEN .
RYIE 2 : n2 DA, WHEED—HK
RY{E 3 : n1, n2 & &, EIEEILA L
8%
BU.
3.2.13 check _array_size 3d
BEBE
BcsloY A X% F oy 795,
£
result = check array_size 3d( nl, n2, n3, a )
5141
nl <I> in 3 RIS a D —HEZ.
n2 <I> in 3 IRICHES a D —HEE
n3 <I> in 3 IRITHIS a D = HRK
a <I*,R,DP(:,:,:)> in FEED 3 IRITEA.
RUME <I1> inout F v ZFER (k).
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EER
EED 3 RILHLS| a DEREMEIE n1, n2, n3 DEL —FHL TWVWENE D%
Fv I35 Fov IVFERIEIUTOEED:
RYE 0 : RERTEREN—EL
RYME 1 : n1 DA, BERENAR .
RYIE 2 : n2 DA, BERENA .
RY1E 3 : n1, n2 DA, EEBMA—I
RYME 4 : n3 DA, BEREENAR .
RY1E 5 : n1, n3 D&, EEMMAR—I
RY1E 6 : n2, n3 D&, EEMMA I
RYME 7 : RERTERLN A

e
L.

3.2.14 check_leap_year

FENED e Ty 795,

result = check_leap year( year )

518

year  <I> in F v 795 E.
ROME  <L> inout F4ERS .true..

EEN
M1 BN 4 OO L &, D 100 DEETIZAR .
&4 2 PN 400 DEFEROD & X,
BN TN 100 DFEED D, 400 DEETIER W & X, FETIER .

B%
BU.
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3.2.15 count_cmax

B

FHIKNXIXX &« XXX HEX X 5
ik

call count_cmax( cval )
5118

cval <C(:)(x)> in XoXFXX.

XX &
XXX

o X.

3.3 derivation

WMHBEEERESTHET DN —F VE, REVa—INIMHABAENTVD I —F
Tld, TRTOWAFHEIZEWT, 2 BEEDO LM E AWTHS 2 5Hiid 25, &
B, Al OARRET 2 EEBOIZE WV TIE. 1 IREEIZES DR Z2E L T8 TR
ME295,

BB, TRTON—FVTHONONT WS AT —)VHFOEREERTOMEE, [LED
FERESRIZ 81T 2 A7 — VN T OB FIEIZDOWTIE, 772806,

3.3.1 curl
BERE
2 RTTRY MV LIBERFHET 5.
=5
call curl( x, y, u, v, val, [undef], [hx], [hyl, [ord] )
5141
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<R,DP(:)> in TR — A,
<R,DP(:)> in PR RPNy Y

<R,DP(size(x),size(y))> in X AIXIRdHRT M.
<R,DP(size(x),size(y))> in y SRR DT b,
val <R,DP(size(x),size(y))> inout TR,

4 £ < M

undef R,DP in RAEF#AH.

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

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

ord L in WAFHEDIEE = ANE Z 5 (B 2IR).

EEN
Eb\czlﬁij—é%@/\y NPIZ (61, €9, 63) %:E)OEE%%@Z&E% (ml,{L‘g,LL‘g) C:?BH%), ﬁﬁ
U7z 2 X7 MIVO[EE curl 25315 -

1 8(h2u2) . a(hlul)

1= . =
cur es-Vxu Il 21 s

Z ZT. U =uiep + uses + uzes VG@U\ hl,hg,hg &i%m%mz&,l‘g,fbg C:ﬂﬁﬁ@k
AT —IKNTFTHD, ZO&E, 5IBIILTOMNIEE T D,

Ty X, X2y, U U UV,

hy : hx, ho : hy, curl : val
TN NEFERDIGE, hy=1,hg =1,h3 =1 THBDT, HHIZ

ZEAET I LR D,
(]

o ATV avord ZMAEEDHE, FAEZNEIEIZATYa v THY,
.true. : @FEEME, .false. : [EEXIER

EB8%, TIANKME . true., DF V., false ZfFRETNE. ATFOHE 2T
DIELLFAIZRTH D,
1 [0(houz)  9(hiuy)

l=—-e3-V = - -
cur es3 X U e |0 B

o KEBMEMEBINTWVDIGEIX., TOMIZKIGT ZHEIEFAEIZADTWD
BE. TORT 20K FE UTHHAL TV DTS TOEMAT R TRE
HFEEL L THREINTRINSD.
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3.3.2 curl 3d

Bee
SIRITENRY NIVING 3 IRGLIMEZ R T 5.
=X
call curl 3d( x, y, z, u, v, w, zeta, eta, xi, [undef], [hx], [hyl, [hz]
)
5%
x <R,DP(:)> in GFREE— AR,
y <R,DP(:)> in AT R TR
z <R,DP(:)> in AT R = R
u <R,DP(size(x),size(y),size(z))> in S NS ST IS RANZ DI
v <R,DP(size(x),size(y),size(z))> in NS SN IS AN/
W <R,DP(size(x),size(y),size(z))> in z IZXIRd 2 RT M.
zeta  <R,DP(size(x),size(y),size(z))> inout x (ZXd 2 [A[#x.
eta <R,DP(size(x),size(y),size(z))> inout y IZXInT B [AlHx.
xi <R,DP(size(x),size(y),size(z))> inout z (ZHInd B [A[HE.
undef <R,DP> in HAEFHAH.
hx <R,DP(size(x),size(y),size(z))> in x FD A — VIR
hy <R,DP(size(x),size(y),size(z))> in y HEDAT —IVIAF.
hz <R,DP(size(x),size(y),size(z))> in z FED AT — )V A
E&ER

Eb\C:lﬁii‘f}"é%fE/\ﬁ ]\)[/ (61, €9, 63) ’E%OEIE?&WIM‘?& ($1,$2,$3) C:Bﬁé, 5&?[.
U7z 3 RT MVOTE rot 2515745 -

1 [61 {8(h3u3) a(hm)}

hihohs dry  Oxs

+ ey {3(h1u1) 3(h3U3)}

div=V xu=

8:753 8931

8(h2U2) . 6(h1u1) .
+€3{ Dr D9 = (el +ney+<Ees

ZZT, u= uieq + uzeqg + uses TZF) U\ hl,hg,hg ti%%%m T1,T2,T3 Lliﬂﬁﬂ‘
SAT=IVHFTHD, TDLE, FIEEIATONIEE T D,

1 X, X2 1Yy, X3 : Z

up i u, U : V, U3 : W,
hi : hx, hgo : hy, hs : hz

. zeta . eta ©oxi.
) 7] 9
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THN NERERDEGE, hi=1,hg =1, h3 =1THDDT, HHIZ

dive e 40t w2l JOm Ousl | fOus  Ow
! @xz 81’3 2 (91‘3 (9:131 3 61'1 63:2

REETBRIIIRG,

8%
o REHZMEMEREINTVDIIGEIE., TOMHEIZHIET 2IEIEFRIZASTND
BE., TORF 2 NG UTHERL TSR TORHEMD T RN TRE
FHEE UTHREINTIEIND.
3.3.3 div
BEEE
2 IRTERY MV L FEREFHET 5.
£
call div( x, y, u, v, val, [undef], [hx], [hy] )
5%
X <R,DP(:)> in R — PERE.
y <R,DP(:)> in G TR R
u <R,DP(size(x),size(y))> in S NS ST IS RANZE I
v <R,DP(size(x),size(y))> in NS SN IS ANZ )
val <R,DP(size(x),size(y))> inout FEEK.
undef <R,DP> in AFEFAH.
hx <R,DP(size(x),size(y))> in x HD A — VIR
hy <R,DP(size(x),size(y))> in y HWEDAT —IVIKF.
E&ER

HWMZERTHEIENY M (e1, e2) & & DHIFRIERE (21, 20) (BT D, ML U7 2
X7 MVOFEE div 23HHET S :

1 8(h2u1) 4 8(h1U2)
h1h2 axl 8x2

ZZT., u= uiey + uzes 'CZF) ‘)\ hl,hg 63;%%%% 1,2 C:;ﬁﬁt’;—c}—é 7\/7_“‘)1/
FTHhd, DL E, G TOXNIGZ T D,

div=V . -u=

Ty X, X2 Y, Ul :u U2V,

hy : hx, he : hy, div : val.
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TV NERERDE G, hy =1,hg =1 THDDT, HHIZ

= O, Ouz
le - 61'1 + 63:2
ZEET DI LIIRD,
8%
o REHRMEMNERINTWVIIGEIE., TOMHEIZHIET 2MEPEFIZASDTWD
NE., TOMFEZUEEFE UTHERALU TV AR TOHBEMENTRTRE
FMEE U TEREINTEIND.
3.3.4 div_.3d
BEBE
3IRITNRY MIVINGFHREFHAT D,
£X
call div3d( x, y, z, u, v, w, val, [undef], [hx], [hyl, [hz] )
511
X <R,DP(:)> in AT R — FERE.
y <R,DP(:)> in PEEEY Y
z <R,DP(:)> in GFREE = AR,
u <R,DP(size(x),size(y),size(z))> in SN ST IS RANZ DI
v <R,DP(size(x),size(y),size(z))> in NS SN IS RANZ
W <R,DP(size(x),size(y),size(z))> in NS S I RANZ 2
val <R,DP(size(x),size(y),size(z))> inout FEH.
undef <R,DP> in KRAEFHAH.
hx <R,DP(size(x),size(y),size(z))> in x HED AT —)VINF.
hy <R,DP(size(x),size(y),size(z))> in y HAROD AT — VKA.
hz <R,DP(size(x),size(y),size(z))> in z HD A — VIR
E&EN
Eb‘czlﬁi‘ﬁ"é%f;ﬁé/\7 NPIZ (61, €9, 63) %%OEE%%@Z*% (xl,xg,xg) C:BH%, ﬁﬁ
U7z 3 RXZ MVOFEER div 25HHE T 5 -
. . 1 6(h2h3u1) 6(h3h1u2) 8(h1h2’u,3)
dv=V-u= hihahs Jz1 * 0z * 0x3
ZZIT, u= uje1 + uses + uzes Td% U\ hl,hg,hg li%ih%m r1,X2,x3 C:ﬁﬁﬁ'@h
BAT—IVKHNFTHD, ZDE X, 51 BIILLTFON % T 5,
r1 X, Xy iy, T3 : Z
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up :u, u Vv, Uz : W,
hiy : hx, ho : hy, hs : hz
div : val.
T NEERDEE., hi =1, ha =1,h3 =1THDDT, HHIZ

Ou , Ouy | Oug
_8$1 83:2 8x3

ZEMAT D I LB D,
e

o REBMENERINTVDIHGIE. TOEICHIET DEIETFRIZASTND
B, TOTF20BEE T UTHAL TSI RTTOFRMM? T R TRE
FHE U TREINTEIND.

3.3.5 grad_1d

BéRE
2 MOHPLZEDERZE AWT, (EREAROARZEHT 5.
£
call grad 1d( x, u, val, [undef], [hx] )
513
x <R,DP(:)> in 29 ] A,
u <R,DP(size(x))> in X DHE R TEHZRINDEH.
val <R,DP(size(x))> inout &JHlHE.
undef <R,DP> in ARIE FH.
hx <R,DP(size(x))> in x DA — VA F-.
EHEN

JERE (1) (2B 2 A ¢ DERLIE

1 99

hl 31‘1
TEHIND. TIT, h ¥z BEDOATT—IVAFTHY, THI NEEOEGE,
hy =1Tbhd. ZOHNE % BEREL ¢, BEEAL S N2 ALEFERE x; (20U T, 2 IRF
FEDHULEDN TR E FIWTEHET % &, BT 2 \2B8 124 G; 1k

1 dit1 — i
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THEIND. 22T, b 12 2B AT —IVAF,

Li+1 — Li—1

2
Thd. 20X, 5IBUILLFOXINE TS -

dl’i =

T : X, ¢; :u, h;:hx, G; : val.

720, 2O TIFFEDIZE W TS REN R RS DT, W Tl 1 G
DAEDEU TR INS.

(]

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

3.3.6 grad 2d

5313
2 IRDOHFULZE L Z FIW T, ALEA DML 2 IRGTTABL N MV EEHET 5.
X
call grad 2d( x, y, u, valx, valy, [undeff], [hx], [hy] )
511
x <R,DP(:)> in o — 2B [ A A
y <R,DP(:)> in B8 2[R PR,
u <R,DP(size(x),size(y))> in Ll % GHE9 D 25
valx <R,DP(size(x),size(y))> inout x AMDAFNZ ML,
valy <R,DP(size(x),size(y))> inout y HRIDHKANZ M.
undef <R,DP> in AEFRAH.
hx <R,DP(size(x),size(y))> in x HHED AT —)VINF.
hy <R,DP(size(x),size(y))> in y JED AT —IVIAF-.
E&E

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

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

ZDLE, I TOXNIGZE T 5,

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

AT LIIRD,
(]

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

3.3.7 grad_3d

BEBE
2 IRDOFULZE L E O T, (EEZ DML 3 IRTTABL N MV EEHET 5.
EX
call grad 3d( x, y, z, u, valx, valy, valz, [undeff], [hx], [hy], [hz]
)
E1E=
x <R,DP(:)> in 55— ZE [ AR,
y <R,DP(:)> in o 72 [l R R
z <R,DP(:)> in o5 = 22 [H] PR A,
<R,DP(size(x),size(y),size(z))> in L% 51§ 22
valx  <R,DP(size(x),size(y),size(z))> inout x AMODEHENRT M.
valy  <R,DP(size(x),size(y),size(z))> inout y HMHDEHFNRZ M.
valz  <R,DP(size(x),size(y),size(z))> inout z HMHDAEENRT L.
undef <R,DP> in HAE FRMH.
hx <R,DP(size(x),size(y),size(z))> in x HED AT —)VIAF
hy <R,DP(size(x),size(y),size(z))> in y AAOD AT — VKA.
hz <R,DP(size(x),size(y),size(z))> in z JIED AT — VIR F-.
E&EN

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

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

1 X, Ty 'y, T3 :2, w:u hy:hx, hg :hy, hs:hz

1 Ou al 1 Ou al 1 Ou a1
— X, —7/— — z
hl 81'1 v ’ hg 8%2 vaLy, h3 8953 v
TN NEEERDGE, h =1 THDDT, HHMIZ
rad = e + [ Ou +e u
g =e15 071 25— Ers 35— O3

ZEET S I LR D,
"%

o REHMEMDEHINTVHHAE. TOMITHIET HEDKFEIIAS TS
B, TOKT &I T L UTHA L TV S R COFHHEMN T R TR
FHELUTHEINTEINS.

3.3.8 grad4_1d

BEBE
4 RO DELZ O TEEREROAR 2 5HA T 5.
X
call grad4 1d( x, u, val, [undef], [hx] )
511
x <R,DP(:)> in 25 [ JREAEE.
u <R,DP(size(x))> in X DEMTERINDEH.
val <R,DP(size(x))> inout &I E.
undef <R,DP> in HAE FRfH.
hx <R,DP(size(x))> in x JAD AT —IVIAF-.
E&ER
JERE (21) 1281 2B ¢ DAL
199
h1 61:1

TEHIND. ZIT, h 3o BEDODAT—IVHTTHY, TV EEOGE,
hi =1Thd. IO % MREE ¢, BEBAL S A7 ALE R 2, 12 U T, 2 KK
FEDOHLAEMNEMEFAHWCTHEAT S &, BEUN v, IZ8 1280 G; 1%

G — 1 12¢ip1 — i1 div2 — di2
"Thi 130 day 12dz;
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THEIND. 22T, b 12 2B AT —IVAF,

Li+1 — Li—1

2
Thd. 20X, 5IBUILLFOXINE TS -

dl’i =

T : X, ¢; :u, h;:hx, G; : val.

P72 U, ZOEMTIEAIROMIC BV TRBAN R 2B DT, WHEBTIE 1, 2 )
WD E SRR I NS,

(]

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

3.3.9 grad4._2d

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

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

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

ZDLE, I TOXNIGZE T 5,

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

AT LIIRD,
(]

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

3.3.10 grad4 3d

BEBE
4 IRDHFNEDELLE FWT, LEEBOMN 3 T AEAN Y MV EFHHET 5.
EX
call grad4 3d( x, y, z, u, valx, valy, valz, [undeff], [hx], [hy], [hz]
)
E1E=
x <R,DP(:)> in 55— ZE [ AR,
y <R,DP(:)> in o 72 [l R R
z <R,DP(:)> in o5 = 22 [H] PR A,
<R,DP(size(x),size(y),size(z))> in L% 51§ 22
valx  <R,DP(size(x),size(y),size(z))> inout x AMODEHENRT M.
valy  <R,DP(size(x),size(y),size(z))> inout y HMHDEHFNRZ M.
valz  <R,DP(size(x),size(y),size(z))> inout z HMHDAEENRT L.
undef <R,DP> in HAE FRMH.
hx <R,DP(size(x),size(y),size(z))> in x HED AT —)VIAF
hy <R,DP(size(x),size(y),size(z))> in y AAOD AT — VKA.
hz <R,DP(size(x),size(y),size(z))> in z JIED AT — VIR F-.
E&EN

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

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

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

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

TV NERER DG, hy =1 ThH2DT, HifiC

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

REIEGT BRI IR D,
w&

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

3.3.11 laplacian_1d

BEBE
2 IRDFLZEEL E FANT, (EEERD 1 RGBIES TSV T7 V2 itHd 5.
£
call laplacian 1d( x, u, val, [undef], [hx] )
511
x <R,DP(:)> in 79 ] A,
u <R,DP(size(x))> in x DHXIHTERINDEHL
val <R,DP(size(x))> inout 2 FEAJEIHA.
undef <R,DP> in ARIE B .
hx <R,DP(size(x))> in x FMD AT —)VIAT-.
E&EN

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

laplacian = 19 (1%) _ 1% n 10u 0 <1>2.
hl 61‘1 hl 8.%1 h% 81}% 2 6$1 6x1 h1
ZZT, W EAT—INVRTFTHD, ZDHMN % MEERET u;, B X V72 L& A
W2 UT, 2 WREEDOFLAEMEMEFACTCHEHAT S &, Bl 2 12813277
Z2VT7 VGl
G — 1w+ ui—1 — 2u
"2 dx?

)

: + Geo.
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THEEIND. ZIZ T, Geo. IFAT —)VIHFOZERFDICEETSHTH Y, HIZ
1 B0 TR TS, ZOHE RIS 2 TREOF.OEMEMUE WS, Z
DEE, FIEEATOMIGEZE TS ¢

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

B%

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

3.3.12 laplacian_2d

BERE
2 IRD P AL Z FANT, (EEERD 2 RGBIES TSV 7 V2 ithid 3.
£
call laplacian 2d( x, y, u, val, [undef], [hx], [hy] )
511
<R,DP(:)> in 7 ] R R B — 1 47
<R,DP(:)> in 75 [ R — 40
u <R,DP(size(x),size(y))> in X,y DEMTEREINDZE.
val <R,DP(size(x),size(y))> inout 2 FEAJALME.
undef <R,DP> in RETAE.
hx <R,DP(size(x),size(y))> in x HED AT —)VIKF.
hy <R,DP(size(x),size(y))> in y ARIDAT — VKT
E&EN

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

laplacian = ! [(‘3 <}128u> + i (hlau)}
h1h2 81’1 hl 8351 6:1:2 hg 8952
1 Pu 1 0%u
L L ou o (h) L L ou o (h)
2h3 Ox1 01 \ 2h3 Oz Oxa \ ho
ZIT by he WA —VEETH B, = ORI E MR 0, ,, ML S 7 (8
PERE 2y, 25 WO UTC, 2 IREGEDOHLAE D EBZ AW THEAY % &, BEBUN 24, z; 12
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BIFdITIVTV Gy
L iy F w1y — 2wy 1 Wi+ i1 — 2U

h% dz? h% dzx?

? J

Gij = + Geo.

THAEINS. 22T, Geo. AT —I)VAFDEWDIZE#ETZIEHTH Y, HIZ
1 B TR N TWS, ZOIEE FRBRIZ 2 IEEOHRLAEAM I E Vg, Z
DEE, FIBILLTORNIEZ T 5 :

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

(]

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

3.3.13 laplacian_3d

BEBE
2 IRDOHULZE % FIWT, [ERERD 3 TS S 7oV 7 V% 3HT 5.
X
call laplacian 3d( x, y, z, u, val, [undef], [hx], [hyl, [hz] )
511
x <R,DP(:)> in 25 [T A — B A7
y <R,DP(:)> in 2 ] R AL — B0
z <R,DP(:)> in 75 ] JFE R 2 = 47
u <R,DP(size(x),size(y),size(z))> in X, v,z DERTCEEREIND LR
val <R,DP(size(x),size(y),size(z))> inout 2 FEAJEIE.
undef <R,DP> in FRAE F2H.
hx <R,DP(size(x),size(y),size(z))> in x JialdD A — VK F.
hy <R,DP(size(x),size(y),size(z))> in y AFAOD AT — VKA.
hz <R,DP(size(x),size(y),size(z))> in z Fmd A —I)VRF.
E&ER
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JERR (1, 22, 3) 1S5 T BEE u D 2 BN 2FHT S

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

1w, 10 10
N h% 856% h% 8:1:% hg 89:%
Loou 0 (hohi)\' 1 ouw 9 (hhi\' 1 ou 9 (hihy)’
2h§h§ Ox1 011 h1 2h§h% Oxo Oz \ ho Zh%h% Ox3 0x3 \ hs
ZIT M BAT— VR THD, ZOEM % MERZEE u; g, BERALS N7 A7 E
%xi,ﬂlj,‘fk C:ﬂ‘bf, 2 {)’Yﬂ%lﬁ@qﬂlﬂ\%ﬁﬁﬁ%ﬁﬁb\fﬁﬁﬁTé C‘f-, %ﬁiﬁf&}ﬁ T, Tj, Tk
BT TTIVT VGl

d:zi

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

+
dm% d:z:?

Gz’,j,k = + +Geo.

THREINE. ZZ T, Geo. AT —IVHAFDEMWSIZE#ETZIEHTH Y., HIZ
1 B TSN TS, ZOHEE FEBRIC 2 EEOFLES T ZHWD, Z
DEE, FIBIZLLTOXNIGZ TS :

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

(]

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

3.3.14 z_2_zeta

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

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

FRYUfE <R> inout terrain R [m].
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EEX

terrain SRR RS ¢ 1T AV D REREEAE 2 % FIVWT

Ztop [Z - Zsfc(xa Z/)]

C(z,y,2) =

3.3.15 =zast 2 w_2d

Ztop — Zsfc(xy Y, Z)

terrain following JERER (BAF, terrain 58) TEHEINDIHD 1 HEEIZH VT,
TV SRR TER I NDINEEE % terrain following FEFER TREHZ I N HE
JEGRIZZE#T D, 72720, 2 TIREBEEADOZEHIIITHE, H< ET terrain R
DI TR BIT D T )V MERERAHE % terrain RKDICEWT DDA THD, &K
I—F V& terrain R FREICERZINLT AL NEZERBENSD % terrain

BERDICEmT B —F o ThHhd .

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

518
X <R(:)>
y <R(:)>
zeta  <R(size(x),size(y))>
zf <R(size(x),size(y))>
zt <R(size(x),size(y))>
<R(size(x),size(y))>
<R(size(x),size(y))>
<R(size(x),size(y))>
wh <R(size(x),size(y))>
undef R
EHER

in
in

in

in
in
in
in
in
inout

in

T AV N R — R

T A1V R TR

terrain ROLE 1 JE

BB EEEE [m].
MRS [m].

B b [ml].

zeta ([ ZXFIH 9 2 BRPEJEGE [m/s].
zeta (IR Ind S FE AL EGE [m/s].
zeta (ZRI 9 2 80 1EEHGE [m/s].
ZE M D ENIEEGE [m/s).
RAEFAH.

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

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

AZHWS : .
W = i [w + J31u + J321)] ,
iz = 92y Zspe(®,y)
8C Ztop 7
¢ 8Zsfc(xa y) ¢ 8Zsfc(xv y)
= -1 —= = —-1) —==
J31 <Zt0p > e J32 . ay

Z Z T, terrain RAEFERE ¢ 1%

(o, 2) = 2o 2= Zarely)]
Ztop — Zsfc(x7y¢ Z)
LEFEIND, ZIT. 2,y,2 1 ET AV NEER, 2i0p, 2sfe (ETNTNT 1)V b JE
BEOME A Rk L, MATEEE RS, COLIEEOTOSS MBI
SIBIIA T O IGE T 5 -

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

Zspe(x,y)) : zf(size(x),size(y)), zyp : zt(size(x),size(y))

(]

o THERNDEHIIfFFR?IHIA.

o REHBMMERINTWVAGEIE., TOMIZHIGT ZEIEFEIZADTWD
. TOREEZUEEFL UTHEHL CTWAETFETOHBAMENT R TRE
FEE UTEEINTEIND.

3.3.16 zast 2. w_3d

terrain following FEfER (LAR, terrain R) TERINDIHD 1 GERBITH VT,
T 7V N FEREATE#H I NS NERGE% terrain following FEFER TEHE X N5 HE
JEGRIZEWT D, 72720, 2 TIREBEROZE#IIITHEY, H< ET terrain R
DT RIZBEIT 2T 7V NEREREGE % terrain R ICEBTE2DATH D, &K
I—F V& terrain R FREICEZRINAT AL MEZERBEERND % terrain &
BERDICEBRTZIL—F U THD 2

EE

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

CLEBINTVIRTEEE EHINTVBEIRNY MNUEDDRERERNERIL > T WD I L ITEE.
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518

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

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

zeta <R(C:,:,:)>

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

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

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

undef R

EEX

in
in
in
in
in
in
in
in
inout

in

T 7V R — AR
TV R R,
terrain ROEMEFEE [m
HRE G [m).

B b [ml].

zeta (2R htn g 2 BRPE a2
zeta (2RI Y % F Ak L
zeta (2RI Y 2 $ 1E L2
Z W% DS 1E EE [m/s]
HRAE F1H.

IV —=F VZKERNNET )V DR DA BEL TS, SRIGRTE,

terrain SR T EIZEWT, T ANV MNEFRTERINT WD HPE, mik, SHiEE
HE (u,v,w) & U, terrain RIZH T2 EEREEEEZ (LD, ZDL X, THIVNE
BROE LD % terrain SRENERGHE D W IZEHG S ITIZBA RO & S B2
X2HWD .
Mfzzaﬁﬁiw—%lHU%-lmﬂ,
al2? = % —1_ Zsfc(x7y)’
8( Ztop

Jap = ( C . 1> 823100(3?,3/)7 Jag = < ¢ . 1> Gszc(:r,y).

Ztop ox Ztop ay

Z Z T, terrain RENEERE C 1

Ztop [Z - Zsfc(xa y)]

Ztop — Zsfc(x7 Y, Z)

CEFERIND, ZIT. 2y, 2 \ET WV NERR. 2i0p, 25fc (ETNENT NIV b FE
REDERTE M€ Ik B, HIRMEEE2 RS, ZOLIHEBEOTOITILIIETD
FIBIELL T O ZE T 5 ¢

C(z,y,2) =

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

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

(]

o EHRADEHIINEX??TSIA.

o REBMMNERINTVDIHGIE. TOEICHIET DEIETRIZASTND
L. TO 20K UTHAL TSI RTTOFRMEM?§ R TRE
FEE U TREINTEIND.
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3.3.17 local peak _check _1d

Bee
1 RITEDT —ZIZDOWT, MEPFET 20 E D N2 HETS.
=X
result=local peak check 1d( x, cs, u, [ip]l, [npl, [undef] )
5%
b <R,DP(:)> in 2 ] P AEE.
cs <Cc(1)> in T - WUND 7 Z 7 (k).
u <R,DP(size(x))> in x DERTEREINDEH.
ip <I(size(x))> inout MUEDK 7 HFS (H&id).
np <I(size(x))> inout HHE DR (k).
undef <R,DP> n HTE FAH.
RO <L> out  WHMEOFALHE (k).
EER

1. PERE x(:) IZB T D u(size(x)) IZDWT, ZHAEZFIEL, TOHE
DB 2 JKTOMED 52RO 5D EEZ HIET D.

2. AULKZEH u iZ20WT, 2 BOWAZEHEL, u OFHDOMMZHETD.

3. BT AT R CEBAROFSAKIEL TS 2 T RE L UTH S DREEE
KOG 4 RKIZDOWT, | RD D WIEE/MEZ & D F R Z MR D D I3/ NME
EUTHET S, ZD& X, MENFEL TN, BEBORY fEIX .true., 17
FELUTWARITNIE false. 2iKRT.

mE

o FIH cs IIMBKRDH 2 WIFMIND EL SDEFAEZHETENDT TV . cs(1:1)=="+’
BHMAKIEZ, cs(1:1)=="=" R oM/MEZHETD.

o S ip IZBMMENTFAET D& ID, x IZHIET DR FRBENENING. Z
DL X ip ODEHRLUT size(x) TH D W, EBRIMEBHKM I ND DX, HIES
N MUEDE np 77721) ip(l:np) & UTHMAI ND.

3.4 ellip_slv

AR REI D HRERE R T2EY 2—)b, BIE, 2, 3 IRGeT WV NEERIZE TS —
MR 2R R RIS FRRDOKEIEIC L BB —F V2P R—FLTW5.
BB, ATV IVTHAINTVDFHEE - Bz OV TR, 5.1 B3],
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3.4.1 Ellip_GauSei_2d

Hae
A AT A TN GBIREE) 2T, 2 IRTOEMIIIEFR IR 2 BSE RIS
HREAZERET L. AV—F VIEWNHEEIEROREREE 2 L HETEERA
THIENHHETHD. TDLDBHBELEITOIHAEIEA 7Y 3 V5% inner bound
ERETDHI L.
=X
call Ellip GauSei_2d( x, y, rho, eps, boundary, psi, &
& [bound_optl, [al, [bl, [cl, [dl, [el, [f], &
& [undef], [inner bound], [init_flag], [1n] )
515
x <R,DP(:)> in TR — A,
y <R,DP(:)> in A5 TR TR,
rho <R,DP(size(x),size(y))> in FEF R AREROEHIE (#id) .
eps <R,DP> in ABEDPRGA: (k)
boundary <C(4)> in 4 AOERGFME 5 R 5 (Bih) .
psi <R,DP(size(x),size(y))> inout H7 YV ¥V HEXNDME.
bound_opt <R,DP(size(x),size(y))> in mHRTOME (k) .
T4 TRTEDO.
a <R,DP(size(x),size(y))> in RE 1 (fBak) .
TIAINE  TART .
b <R,DP(size(x),size(y))> in BE 2 (#8h) .
TI7AINN g ARTED.
c <R,DP(size(x),size(y))> in RE 3 (i) .
TIANNK : FART .
d <R,DP(size(x),size(y))> in RE 4 (k) .
T AN s FRTEO.
e <R,DP(size(x),size(y))> in BRE s (k) .
TI7ANN FARTER.
f <R,DP(size(x),size(y))> in ZE 6 (1) .
T4 FTRTEDO.
undef <R,DP> in WS DfE (1&ak) .
T7ANN o,
inner bound <I(size(x),size(y))> in IR BE S A B (%) .
T4 TRTED.
init_flag <L> in 6= O T o0 (1Rd) .
1n <I> in SAZIEEL ($8ad).
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o2
EFRT

RODKRMERZ p & Uik &, UTORMA GEXZ2EET D,

0? 0? 0? 0 0
0(a,1) g 00 9) el ) Gl ) Gl ) G+ F e ), 0) = pla )

ZOLE GIBIFLTNONIGE T S,

x:%x Yy :y, p:rho, 1 : psi.
a:a b:b c:c d:4d4 e:e f:f.
BE, BTN, BREMFOFHRERIIA RS
e

o JEFWRHIIE p B XU, fIFHBEHEE T RTIIOWTERLERETDIE, 77
TIAFBRAEZHETD I LITHY TS,

o FMHEMIZTRTIZIONWT, feE¥OLiETD L, MATY VAR ZEHET
52N T 5,

o FRFIKTRTIIOVWT, p2¥BREFETD L. NVARIVY HHEAZFHE
I YT S,

o A —F VOURSEMIE, KED 1 ATy THiHE T DM 3525 0 B R AE A RRAE
UFRIZB e ZJICHBEZKTTDEDIZRELTBY, A7V a Vi eps
T DREDHEZFET B,

o KV —F VTl 4 UDEERSM%

1 Bt (T2 VR, 2 0 AlES (xR, 3 AR R

LV 3EHOBMTCTHRETDIIENTED, 22T, Mot Ty a Vil
bound_opt ZiE L THIFIX, TOMTHEAZ@EITLI I N TES (FEEN
DEEIE, BIBOEZDOEDONHCLN, HHEWmOHGEIE, BER % EE I
WMND 777 ADMEE UTHIBOMENERAING, £HAA, FAMERTIX
ZOMEIFEREL TERRINZN), ZO5[8iF 4 XFOXFIMTHY, Th
THNOIEFIXX 5.1 ED & S 2xfit%E LTW\3,

o RS MIFHAMICRET I DN, AR LG 2RE L GG, TOERIZEE
B9 2 KOO BERE A — DBERSZMFDEEFHEL TENRITNIER S0,
BIZIE, o WPAT R85 % AR L 5 D TH NI, boundary D 1, 3 X
FHIZ Y TRITNEBRSRB, TOESIZINTWARVWGHIZE =7 —%
BRI > T3,

o BEREE LA H D% A, bound_opt THEINDMEDS>H, BEiF EITlF
T DEAMNELESDMEEZRU T, EIENOE5A1ET Ol % EHE E T OME

BoF ), bound opt(1,:), bound opt(size(x),:), bound opt(:,1), bound opt(:,size(y)) (I&X
EXINTWBEDZ &,
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L UT, HlmOBAE,
% N _

% = f, ETy =g
EVWSBREBETHLIGE. f,g DIEICHYT D, DFY, ZOAT¥avi
BT, EFBRBIINV—F VTIRIFL A DO PMEHINBN LIZR S,

o BIRDMBIZE T 2RSS OERNAN X, FEBER (1), AR (3), HHBE
5t (2) DIEF L 2>TWWd. DF ), bound(1:2)="12" LFEINTWDHH,
MAICET SR i=1,7=1IFEERER (1) THREINDS (2 TREINDH
HIER L D ELENE VD).

o RN HIFERDEBBDMEEEKT a, b, ¢, d, e, £ THIW. ZDHZEN
T5 L, mEEOMAEE IR MREILTRT 1 ITEEI N, ToOfMlxd N
TEOIEREINDS (§4abb, #MiATY VARKDEIRELZS), ZHiE. &
EEOMAERETFEFTEOICHRET D L, ARANRRRIIRY, ZOHIET
WEEFTREHFEADE TR RDZODEETH D,

o R HHERDBBIFIZEMZL TV BELEATEHETE I LIZTETH Y.
22T RO E R PR EE TR WIS A TH A RILATRETH 5.

o 5% undef IFNHAEBICKRE R 2 ELLE I, REBFETOIGEFIIHNLTE
A HNDME.

e 5% inner bound IIEFUE FIZDWTE O THRVME, F 2R E RTINS U
T10 EWOENGZ 615, A=Y —ZZ 05z &R ET D I LT, NERHEE
CEEORDH U - REHRBEZ G ATERTLIIENTES. BIERMIZED &
DBBERTED &S Bz 5 X2 MIDVWTIE, 5.1 25 M.

o BI¥ init_flag I35[% psi 2B E D IZHIULT 20 E S D757 Th
Y, true. QX X, ML EITS. T AN BME true. &R D, ZHIE, &
HINZ psi DA H B FEEISE DAL L T AL, KEZHE T 2[5 A
BRBDZENOLEEICHD T T THD. 12720, IWEDGHH DFEEFH
INBIGERIEIISEDIEG N D> TODIREN S UER U IREDINE %
KDDLV ZRERRIGEIZUD, (false. IREIEBRWVIEO B,

o FIE 1n IFUHHIESAM: eps DIEIZEARA L, In BIKEZEVFERI LS, 5f
HINZR T U, KER TR TOIGED D% KT

3.4.2 Ellip_Jacobi_2d

Y aBEZHWT, 2 GTOMMEIFERIR 2 BRI R %5595, OpenMP
(2 & 2 MBI BE. AV —F VISR RO R E RS %2 505G TEE
HIDZLWARETHD. TD XD BEHE T HEIEA 7Y 2 V54 inner bound
ERETDHIL.
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X
call Ellip_Jacobi_2d( x, y, rho, eps, boundary, psi, &
& [bound opt], [al, [bl, [c], [d], [el, [£f], &
& [undef], [inner_ bound], [init_flag], [1n] )
515
x <R,DP(:)> in A TR — R
y <R,DP(:)> in A TR .
rho <R,DP(size(x),size(y))> in FEFAREADEEHIE (#2ih) .
eps <R,DP> in SAZTRDOPCR S (k)
boundary <C(4)> in 4LDOBEREME25 25 (#B) .
psi <R,DP(size(x),size(y))> inout H7 YV ¥V HEADME.
bound_opt <R,DP(size(x),size(y))> in BERTOM (8R) .
T7 AN gRTED.
a <R,DP(size(x),size(y))> in BREC1 () .
TIANE  FART .
b <R,DP(size(x),size(y))> in B 2 (1) .
T AN FARTER.
c <R,DP(size(x),size(y))> in FRE 3 (k) .
TIANE  TRT .
d <R,DP(size(x),size(y))> in RE 4 (k) .
T4 FRTED.
e <R,DP(size(x),size(y))> in B 5 (1) .
T AN FARTER.
f <R,DP(size(x),size(y))> in RE 6 (fBak) .
T7 AN gRTED.
undef <R,DP> in WERRHIR DM ($2k) .
T AN 0.
inner bound <I(size(x),size(y))> in AR I S R ()
T AN FARTER.
init_flag <L> in &G Z O T o0 (1Rad) .
1n <I> in JRAR IR (£k).
EEN
RODKRMELZ L Uz E, UTORMD AR ZEHET 5,
2 2 2
o) gt 400 ) b)) G e, 0) 5+ ) blay) = o).
DX, JIBUZLLFOXINE T 5,
Tz :%x Yy:y, p:rho, 1 : psi
a:a b:b c¢c:c d:4 e, f:f
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BH, BARZ2ED A, BRSO FE ISR,
e

o FEFWGRGIH p B LU, fIFFIREEIANTIIOWTEYREHEETD L, 77
FAFHRAZFHETL I LITHYT S,

o HHEMFKTANTIZIONWT, fRY¥DEHEETIE, MATY VAR EFET
52 YT 5,

o AHEMEKTARTIZDNWT, p2¥RERETI L. NVARILY HERZFE
T5ILIZHYT 5,

o AN—F VOURSEM I, KED 1 AT THi# T O 3R O KAl HSBRAE
UFRIZB e ZICHBEZKTTDEDIZRELTBY, A7V a Vi eps
T T DFEDHZRET D,

o KIV—F U Tlk, 4 LOBERGM%

1 : BEREWEES (T ) 7 VED 2 0 Bl (8D, 3 SIS

EWVD 3FHEOBMT CTHRETDIILNTED, ZIT, ot 7ya vl
bound_opt Z i E L THIFX, TOETHEALZMEEITE I LN TEXD (EE
DA, BIBOMETDEDRHON, HHmEOEGEIX, B 2 ER A5
Wb 777 ADEE UTHEDENMEHING, ©bAA, FAERTIE
ZOMEIFFHELTERBINE), ZO58IE 4 XFOXFEIMTHY, Th
TNDIEFIZH 5.1 ED & 5 Bz LT3,

o BIMEMIFHMIIHETE DM, AMBERASRMZREL GG, TOHRFIIEE
g o KON DR E Al — DBER S OE % 3% E U TENR TR 580,
BIZIE, o @ PAT R % R R L 9§25 D THNIE, boundary ® 1, 3 X
FHIX 3 TRITINEESZR D, TOEDIIIINTHRWGEIZIE, =7 —%
WY RRIZ > TN,

o BEREE LA H MDA, bound_opt THHEINDED S B, HH EITF
T 2EAEL D% S U T, FEEMHOE A% T OfE % B R E 5T O
L UT. HHImOLEIX.

o _, 0 _
or 7 Oy =9
EWVWOBIREMTHDIGE. f,g DIEITHY T D, DED. ZOAXTVa Vi

BVWT, EFBIZV—F VU TRIFLEACDEFIBFEHINZNZ LIRS,

o BEROMIZE T DEREMOBIEIEN I, FEER (1), FAPBER (3), HHiE
B (2) DIEFZFL2>TWD. DF Y, bound(1:2)="12" LFEEINTWDHE,
WAICIET 20 = 1,7 = LIZEEHER (1) TEEIND (2 THREINDSH
S & D EREDEN2D).

= F N bound opt(1,:), bound opt(size(x),:), bound opt(:,1), bound opt(:,size(y)) (I&X
EXINTWBEDZ &,
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o RN SHERDKBBDMEE KT a, b, ¢, d, e, £ THIH, ZTDHEAHI

T5E, HEBOMAHE IR BEIETANT 1 ITREI N, TOfiidd
TERICHREIND (TabH, MAT7Y YV ARERDEELZD), Zhidk, &
HEEOMAHEEFETEOICHET S L, AREAPRRERIIZRY, ZOHKET
WHETAREHRADIETIE R RDZODDEETH D,

RS HRRRNDBREIIZEMZL L TV RIGETEHET DI Z L IFARETH Y.,
ZE G T DV E MR ERE TR WG S TE BRI TH 5.

5% undef IFWHMEBICRE R 2 FOHE 0, RERETOIREIIHULTE
ZHbND1HE.

5% inner_bound IZEFFME T2 DWW T Y O THVME, F/ZWEAREZRR I L
T 10 LW EAREZONG. 2—F =L Z D5 EFHET D Z & T, NHHE
AEREORDH U - RER B Z G ATERTLIIENTES. BIERMIZED &
IRBRTED LS BREE G ZDMNIDONTIE, 5.1 2208,

5180 init_flag (X518 psi 2 BAAICE DI T 2N E S NDT7 5 7 ThH
Y, .true. D& X, #HHEMEZTS. T 7 AN DME true. &R DB. TN, B
HNZ psi DAAN D BDIREIE DHIZHL LU TN, KEEHE T 2 RIEHA
BRBDIEMNOEHBEHAD T Z T THD. 72720, WEDLNH DFEETH
XNDIGEREIINE DG DN D> TWBIRENS D UBK LU /- IREDINE %
KDDL NS ZREMNBRIGEITUD, false. IFEIXRWIZED AL,

o G 1n (FPAHIE S eps DIHIZEARA L, In FIKEZEDERA L5,

HIIZK T U, R TRRTOIRE DI 2 KT .

3.4.3 Ellip_GauSei_3d

BB
H AT A FIOVE (BIRKAEIE) 2T, 3 IRGTETOMEMEIIES IR 2 BRI
FRAZEHETLS. AV —F VIINHHEBITEEORER S Z ELLAETELEE
FTE5IUNABETHD. TOLORHBEZTOHEIEA T Y 32 V58 inner _bound
ERETDIL.

£
call Ellip GauSei_ 3d( x, y, rho, eps, boundary, psi, &
& [bound opt], [xal, [yal, [zal, &
& [al, [bl, [cl, [d]l, [el, [f1, [gl, &
& [undef], [inner bound], [init flag], [1n] )

513
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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
FEFRSRERDORGEIHE (id) .
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 EFUGRGIE p B LU, g IFFHHEBEHEITAATIIOVWTYREFEETD L, 77
FASRBERNEGET O LITHYT 5,

o FMHFIKTARTIZIONWT, g2 ¥OERETDH L, MATY VIR ZEHET
52 LITHYT 5,

o FIRMEBTRTIIDWVWT, p2¥OLHETDI L., NVAFRIVY HREAZEH
T2 EITHYT 5,

o KN —F VOUUKRSEMIZ, KIED 1 AT TR TOMON 82D R AEHSFME
UTRIZBo e ZJICHBZKTTDEDIHRELTBY, A7V avi[#eps
T DFRAEDIEZ ZET D,

o KI—F VT 6 HOERSEM%

1 EEMEESR (T V2 VR, 2 0 Al (A~ 2mR), 3 SRS

VD 3O FETHRETDIENTED, 22T, oA TYa Vil
bound_opt i E L THIHX, TOMTHERAZMHETE I LNTED ([EE
DA, BIBOMEZDOEDNHCSN, HHEmOSGE X, B %2 kRGN
WNd 7T ADEE UTHIEOMENEHING, £bAA, FHBERTIE
COEIFZRELU TCERIINGN), ZOFHE 4 XFOXFEHTHY., T
TNOIEFIL 5.1 HD &S BxfinE LT\,

o BRLMIFAHIIHETE DN, FHERSFMEZREL GG, TOHRFICEHE
B9 5 KOS IR E [H — DEERZMDIEZE ZE L TENRITFIUER S 0,
BIZIE, o WA R85 % AR L 9§25 D TH NI, boundary d 1, 3 X
FHIZ Y TRIINEL SR, TOEDICINTHARVESIZIE, =7—%
B RRIZ RS> TW 3,

o IEFMEE A H HIHDY S, bound_opt TREINDMED S H, B EILF
ET2EPNELEDDOMZ2SBU T, EEMHROSGE 2T DM % EHEE & TOMf
L UT, HHImDEE X,

U oy o

% T a T
EWVOBREZMTH DA, f,9,h DIEICHYT D, DFYD, ZOATVayv
IZBWT, EBIZLV—F U TRIFE A CORFIDPMHEHINBEN L1285,

2=F N bound opt(1,:), bound opt(size(x),:), bound opt(:,1), bound opt(:,size(y)) (I&X
EXINTWBEDZ &,

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
20, ZOEEERT DL, mEBEOMNEE IR REIETRT 1128
XN, TOMBPIARTYRIZHREIND (ThbL, ATV vV HERDHE
E83), ZhiE, BEBOMAEEFETCEICRET D &, AREADVKIR
RIZARY, ZOHETUHITAREHERDIETIIRLS B2 -ZODEBETH D,
R HREROBEIT ML TR A TEEHE TSI L ITATH Y.
ZE R T VR B T AW A CE B TH 5.

5% undef (ZNEBFEIKIZREHITE GOELAIC, REZBBTORZIIH LT
ZHNDMHE.

51#4 inner_bound IXBEFUEFIZOWTE O TRME, F/2NERRE BRI L
T10 LWHENGRA6ND. 2—F =X DR EHET D Z & T, NEBHEK
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
BABDZEMNLEEACHAD 7 T THd. 12720, WEDEHH S FEETH
INDGEREIZIGEDLG N OMN > TODIREN S D UER LU IREDIRNE %
KDDLV ZREMBRIGEIZUD, false. IFBIXBRWNIED AL,

G180 1n (FPCRIE S eps OMEIZERA S, In FIREZHEVEA LS, Ml
FIRNZHE T U, RIER TR TORED M % RT.

Ellip_Jacobi_3d

YavikE T, 3OTOREMEIERIR 2 BE RIS HEX%5HE 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 FEFRAREROEGIE (Fih) .
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 JEFVHRHIIE p B& U, g EFHHEEBIARTIIOVWTEROLHETD L, 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 BIREE LN H HItiDEE. bound_opt TRHEINDMEDSH, BEFR EIZIF
TETREAEL D EBIRU T, FEIEMOEA1X T DIl % BB E 5T Dl
EUT. HHImDOEH A,

W _ . W

or oy -9 5, T
EWVOBRFMTH DA, f,9,h DIEICHYT D, DFYD, ZOATVay
WIZEWT, EBRIZV—F U TIRIFEAEDEFIDMEHINRNZ &IZR 5,

o HHDMMIZE T DAL MOBRIENIE, BEESR (1), AR (3), HHIE
H(2) DIEFE L 72>TWWd. DF Y, bound(1:2)=12" LHEINTWDHH,
MAICETSi=1,7=1RFEELM (1) THEINDS (2 TREINDSH
B & D) BERENEN D).

o R ARERNDOEBEODOMEE KT xa, ya, za, a, b, c, d, e, f, g TH
LM, ZOMHZEEMT L L, KEBEOWMSEHE T IR BEUXTNT 1IRE
XN, ZTOMIZTATEOICREIND (ThbL, fMATY YV ARRDOFHE
EBB), I, REBOMBAPEHAE FETEDICRET D L. HEAD KR
RIZRY, ZOHETUHINREFEADETIEI RS R ZODHETH 5.,

o (RN HFERDBEIFZEMZAL TV BIGETHLEHETEZ I LIZTETH Y,
22 R T AV ERIPR B T AW A CE A B TH 5.

o 54 undef IFWITHIBIZRKE R EZ ELHLEIT, REFBHTOIREFIIRHLTE
ZAHONDME.

e 5% inner bound IFBEEFEFIZOWT Y O TARVME, F 72 NEBARE RN L
T10 LWHOENGZ6NE. A=Y —ZZ D5 EHRET D Z LT, NEHEEK
WEREDODH U RER S 25 ATEIRTLIIENTES. BEMIZED &
DBRBERTED &S BMl%E G X DMIDWTIE, 5.1 251,

o FI# init flag 358 psi 2 AN LRI T E2NES DT 5 7 TH
D, .true. DL X, WHEEFTS. T 7 AN NI true. 2RD. ZHiE, &
HNZ psi DA D DREEIEDZIFEM L TONIR, KEFHE T 5 EIE D
BBDZZEMLEBHAD T 7 THD. 12720, WEDEG»HIEEFH
INDEERIISEDEG N OIS TN B IREN LD UEBER L IREDIRE %
KDDL WS ZBRENRIGEIZ UMD, false. IXEIZRWVIED DAL,

o G 1n (TR HIESM: eps DIEIZEARAL, In FIKEZVEZ LD, 4
HIFIZHE T U, KEM TRATORED M %K T.

[ h

3.5 ffts

FFET (@7 — ) T4H8) (232 )V —F V&, FFT SREOFEMIZ DOV TIE, 27 27

- 2

i F N bound opt(1,:), bound opt(size(x),:), bound opt(:,1), bound opt(:,size(y)) (I&X
EXINTWBEDZ &,
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3.5.1 c2r_fittp_1d

BERE
1 IRTGEBT—R D FFT WEH%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.

o 5[4 omegan fix I&T — A nx IZ

B1I% FFT THAT 2 [R5 72 85E

5. 5l# omega_fix &7 — X EM 2,3,5,7 LMD ZERE (1 DD 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 IRTEEFT — 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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2020 42 A 20 H GEHE)



STPK v=a7J)L S TI—Fr—8 54

TEHRIND, WEHI

B%

N-1

27T’LN :O,N_l

=0

EIND, ZTN%E Temperton D7V TV AL % HWNT FFT LT 5,

I prim &7 — 2B N 2 ZHNBAETD2EDTHY., ZOA TV a v rx

GEET AN TOEE T —) TEHUIIZRI I ND DT, HRDHE T —
VIAMETS LIl D, HMEETAIE. T—2BH N = 29305¢7% x e &
ToHfREZEAT, FFT 2175, 518 prim_fact &2 D& TORKBIEHD
BERETD. 2FY),

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

514 omegan fix (37— X nx 12H1}3 FFT THMHT % Mix{T4] 5% &
T 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

2 RLERET =205 FFT 2475,

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 IRT — & DA%
ny <I> in 2 KT — X DAEEL.
a <CP,CDP(nx,ny)> in BB T — & .
b <CP,CDP(nx,ny)> inout MEHEHMLHET —4.
csign <C(1)> in TR RE
r =R 010 =28,
prim <C(1)> in RN EHE (k).
o) =RET D, 0 x’ =R UR,
prim factx <I(5)> in 1 IRT — R ZBRBURE (),
prim factx  <I(5)> in 2 M7 — R BN (k).

omegax fix  <CP,CDP(nx,nx)> in 2,3,5,7 A DEZNEL T D
1 IRT— & [EE175] (k).
omegay fix  <CP,CDP(ny,ny)> in 2,3,5,7 AN D RN TD
2 T — & [lEEAT5] (k) ,
omegaxn fix <CP,CDP(nx,nx)> in 1 RT — R M5 (#ak),
omegayn fix <CP,CDP(ny,ny)> in 2 X7 — R ERERTE] (k).
E&HER
(N, M) DT —2% €& OEFE K 2(k, 1), k=0,--- , N—-1,1=0,--- , M —-1%2F X
b, ZOT—AOHEE T — ) TIEAH 3(m,n) 1%

M-1[N-1
N 1 ok | opiln . _ .
z(m,n) = —— E g z(k,l)e N |e M, m=0,---,N-1,n=0,---,

-1 [N-1
-k )
j(k>l): [ZIE(mvn)ezWZ&n] GQWana kzoa"'aN_]-al:Oa"'aM_]-

TEHIND, IN%E Temperton D7 I TV AL %EFAWT FFT WHET 5,
w5

o Bl prin IFT — XM N 2 NEARETL2EDTHY, ZOATVavinx
DBEFZT —ANBZTDFEFE 7 —) TEHYUIIZF X ND DT, HARDHEE T —
DIEMEITD ZLIlRD, DT AIE. T—FBIN = 2930577 x e &
THFEZIT, FFT W 2175, Bl prim fact 132D & T DRKFBIEHD
BEfgEdd. 2FY,

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

o 3% omegan fix &7 — 4 nx IZB D FFT THAT 2 [l§x75] 0% 52

95, 5l# omega_fix &7 — XM 2,3,5,7 LIMIDRENE (1 2D DEH % HliC

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 RIGEBT—2»5 FFT 217,

£
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
DHEFT—ANTOEE 7 — ) TEBUIIZFEII NS DT, HRLHET —
VIBMEITD 2885, HMEETZE TN N = 2030574 x e F
THEZIT, FFT W 2175, 5l prim fact 132D & T DRKFBIEHD
BEBETD. DFY,

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

o B# omegan fix 37— 4 nx (2P 1F D FFT CHEHT 2 [FET5] 102 55
95, 5l# omega_fix 1T — XD 2,3,5,7 LMD RINEL (1 DD DIHE % HiliZ
THE, e MTNIIH22) ITHIT B HERITH]. 26 DITFIEFHHL—F
rotate_calc T{7TH Z &N TE 3.

o EHT—ADT =) TEBIIEHEZD T — X BB EEFTD T — B4 12 F
MINTNDZ EITHER, /2, AV—F v OAEN S, RS N/2 1%
b(1) DEIHITHEMI NG,

1O [GEAT A DR RS8R 7B,
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3.5.6 rotate_calc

HaE
T— A # nx OREEITHIZ GRS 5,
X
call rotate_calc( nx, csign, prim fact, omega, omegan )
518
nx <I> in T — 2 DI
csign <C(1)> in IR E
ro A, 010 U,
prim fact <I(5)> in RS (k).
omega <CP,CDP(prim_fact (5) ,prim fact(5))> inout 2,3,5,7 BA%tD
FINETORERTTH,
omegan <CP,CDP (nx,nx)> inout E[AHEFT ],
EHEI

N HD T — % Ok 7 — 1) TEBUZ N D BT W ) 1&
Wj = eE2mk/N 5 —01,... N—1, k=0,1,---,N—1
TEREIND, FEAHIIES, FAHBIXIESTERIND. 72, 2,357 MNDHEK
o TOMERTFINE ERIZHNT,
N — «
EUEETTHD.
wE

e 5|# prim_fact &
prim fact = (/a,b,c,d,e/)
L9dL, T—E B nx I
nx =2°3°57%

CWDBERBCHEBHRINTHSE I EZRLTVWS.

3.5.7 phase_velocity _binning

SERBEIRIZHE D BRI NDMAEEIZDONT, 2 IRITTANRY MUT — R EALREIE
FINDHELE VIZRETD. ZDL X, ARY MUVRETEA DT U THENTH
ns.
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=X
call phase_velocity_binning( km, freq, ival, vbin, bin.val, &
[undef], [mean flag], [krange], [frange] )
51
km <R,DP(:)> in AL [m-1].
freq <R,DP(:)> in JAPBER [s-1].
ival <R,DP(size(km),size(freq))> in ARG N)VF—A.
vbin <R,DP(:)> in HEY Y [m/s].
bin_val <R,DP(size(vbin)+1)> inout EYTHEINZANRT NVTF—AX,
undef <R,DP> in RIEfE (k) .
mean flag <L> in RO OISR (Bid)
krange <R,DP> in Yo L O R AERAE (tRak) .
frange <R,DP> in Y2 g | HPH O JE R EE (k)
EHN
FEREDW b ¥ AL f D AR N VHE DRI ok, ) 1L 5
C = i
=5
EU, k—fD2WITZEMIZART MVTF—& Sk, f) NEHEIND L, TOANRY
NVTF—=RDE (k, f) ITB I DMEEIZ EANS —RICKRDDZLENTES. 5,
vp EWVDNAMHEDBEREE 5 2 72 L ¥, BAMEEDOXEIZAD AT M7 —
4 R, = R(Ul <c< Ui—H) &
R, = // /S(k:,f)dk:df
kv <f<vig1
WEoTHRALND. /2, c< v & e < vpp1 WKDOVWTEFEMTDONS., 2Dk
X, BIBUILTOXNINE T 5,
k : km, f : freq, S(k,f) : ival(i,j),
v; : vbin(i), R; : bin_val(i).
|

o RIEMEMEBRZINTWVAEEIZ. TOMENASDTWET—AHZEHEIZAN
R,
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e mean flag (I VDT INAZEEHPHIZH TS ANRT MUEDHI R, =, €V
T I N AW RO R T L U TR INE S NDT T 7. true.

25 RYfEIX
R=L / / / S(k, f)dkdf,
A kv <f<vit1

Al (v < c <) CAD k— f OFBRERCHS. 774V ME . false.

e krange & frange &
() +(7) =

%72 THPEATOAL V3T %175 75 V. krange & frange IFTNZTN L
RO K, FIZIET 5.

3.6 file_operate
10 V—=F V& BIENIGLTWE 77 AT =3y MEILFDEED THS.

o ANA MNAFVTF—4.
e mgdsst 7 — 4.
e TFANANT LT —A,

e gtool3 74—V hF—4&.

3.6.1 auto_read_file

2 YRTT, 3IRTCERURIED 4 3 "NAFV 77 A NInE T —R %5~ T read_file
DHBLIV—F > (CReSS fL:#%).

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

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

518
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file name <C(x)> in AT 7 7 A VA,
d2n <I> in FEAIAL 2 IRTTEBDE.
d3n <I> in FEAIAL 3 IRTTEDE.
d2val <C(x)> in FAIAL 2 IRTTEB DN (k).
d3val <C(*)> in AL 3 IGTAERDIET (H2h).
ad2val <C(*)> in FEAIAL 2 ITEMDIERE (£2ih).
ad3val <C(*)> in FEAIAL 3 IRTEB DR (H4id).
nx <I> in x HIaDOEE.
ny <I> in y S DEEZRHL
nz <I> in z FMDEE.
d2var <R(nx,ny,d2n)> inout 2 WITT—X.
d3var <R(nx,ny,nz,d3n)> inout 3 RITT —X.
specnz <I> in z FMDOH D 1 JE (k).
intvnz <I(2)> in z JiF D & %53 il g (k).
funit <I> in Fortran D7 7 A )VH 1%+
(F7 AN =11).
EHEN
call read_file ZJf.
=E3

e ANA ML FVF =AM 2 3,2 3RICEVIEBT 1 771 IVIKMIN
TWAED2BT7 74 IVICHWOND.

e d2val, d3val, ad2val, ad3val IXZNTNHARADLEREZRTTITITTH
V.2, 3,2, 3 DIEEFIZ 4, 3, 4, 5 ADOEBDPHKMNI N TV D55,

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

ERY, ZDGE, BRYID 2 IRGET— XD 4 FH, mED IR T—XD 1 F
E@&»ihé@f d2n = 1, d3n = 1 CTiHAADITL .

e specnz WXEINTWVWDYH, 3 OLT — X Id nz D H T, specnz HHD
T—RDABIEMIND.

e intvnz NWFEINTWVDIHE, 3 GLT — X & nz [MDHF T, intvnz(1) 5
intvnz(2) HHFETHEMIND.

3.6.2 line_number_counter

1
TEXEARNITAT—ATHRININT VWD 77 IVOITEEZHET S.
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X
result = line_number_counter( file_name, [funit] )
511
filename <C(*)> in TH%EEIHET D7 71 I)V4.
funit <I> in Fortran O 7 7 1 W 1% 5.
(FT7 4N =11).
R fE <I> inout {74
E&ER
Rz L
B&
Bl L

3.6.3 read_ file grads

51
grads DAY NO—)V T 7 A I SIEDER % ARG —F V.
X
call read file grads( fname, val name, dim_ len, intvz, intvt, val, [funit]
)
511
fname <C(*)> in AHTIY  a—ILT 7 AV,
val_name <C(x)> in B,
dim_len <I(4)> in FARTTDEZE (8ih) .
intvz <I(2)> in A OFA T EER (k) .
intvt <I(2)> in e G MDA T EEZXM (k) .
val <R(ZIR)>  inout FAAH U ZZEDFEA X 1D 2 HL
funit <I> in Fortran D7 7 1 WH1HF 5.
(774K =11).
E&EN
Rz L
=3

e x, v, z, t ODEEERKMNZDIEEFT din_len(1:4) DETHEMING.
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e intvz, intvt (XA EE, KHEHETH Y, 2 TRANTHEEIE intvz(1) =1,
intvz(2)=nz, intvt(1)=1,intvt(2)=nt TiKE LRITIIIE S K.

o G OB
R(dim_len(1),dim_len(2),intvz(1) :intvz(2) ,intvt (1) :intvt (2))

THHELTEZS.

3.6.4 request_axis_grads

BB
grads DY M=)V 7 7 A IV & 228 [H] e AL 0D FEASAE 2 BG4 5 )V —F .
£
call request_axis_grads( fname, axis name, x, [y], [stime], [funit] )
511
fname <C(*)> in AT I M=V T 7 A I4.
axis name <C(*)> in RS9 241 (Bid) .
X <R(:)> inout HWS9 DEHD M (id) .
y <R(:)> inout pdef D& XDHEADREREME (k) .
stime <C(:)> inout tdef D& IDFPJHAEL] (#5h) .
funit <I> in Fortran D7 7 1 )V 1155 .
(F7 AN =11).
E&ER
Kz L
S

e x, 7, z DFENTNDM%E KD D%EE xdef, ydef, zdef DTNETNE
axis_name ([ZRAFTIUX L.

e x(:) UTHIHZEERD L TOMIIEBIZHEATIC request_dim grads THHK
BERELTENRITNIEER S0,

e GrADS DY b=V 7 7 A NIZEIF /8T A =B DHIZ pdef £\D /8T
A—=BNDHB7D, TDONTA—REGFGEAWD L EXDOF TV ay. ZOHA,
VE 5 7] OD JEEAZE 7 — 2 WSBIE x (A Y, FEALEEAE R T — 2 SEIE y ICAD.

e GrADS DY hA—IVT7 71 IIHBIF DML DXL TN EDEEMRATIND.
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3.6.5 request_dim _grads

BERE
grads DY M=)V T 7 A IVINSEDZERIIRTTOBEFEME G 2N —F .
£
call request_dim grads( fname, dim_len, [funit] )
511
fname <C(*¥)> in AHT A O—IL T 71 IV4.
dim_len <I(4)> inout HIRTCDOEZE (k) .
funit <I> in Fortran O 7 7 1 )V 1% 5.
(F7 A K =11).
E&ER
iz L
5%

e x,y, z, t ODMEEERKMNZDIEEFT din_len(1:4) DETHEMINSG.

3.6.6 request_vardim_grads

grads DAY M=)V T 7 A IVINHEREOERDOEE [ MO BERBZTEFT 5 ) —
F.

call request_vardim grads( fname, var_ name, nz, [funit] )

518K

fname <C(x)> in AT I NO—IN T T AN,

var_name <C(*)> in EEEZE G U WA O
nz <I> inout HUF9 % = EEE R AL
funit <I> in Fortran D7 7 A )VHI 11 %=
(F7 4N =11).
EHEN
Bz L.
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w&
Rz,

3.6.7 read-file

AV I RNT IR ABARDNNALF ) T 7AW E 2RIGT —R e i TI—F .

call read file( file name, nx, ny, rec.num, var, [offset], [funit] )

‘i) .

518
file_name <C(*)> in FAHT T 7 AN,
nx <I> n SRR
ny <I> in o RS
rec_num <I> in nxxny DaAHTT—2DL I—REFS (
var <AI,R,DP(nx,ny)> inout meAHTT—X.
offset <I> in A7y~ (1&dk).
funit <I> in Fortran D7 7 1 )V 1% 5.
(F7 AN =11).
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’)
w5

o offset MWHE INZGE, TOREINZET x 4 byte 43, FiH% FHARIK
T Hle U, offset = 10 DA, 40 byte 43 DL GHARIEI NG, 20D

FBENINSZGE, recnum IXEHIND.

3.6.8 read_file_3d

ALV I NT VRABRDNAF VT 7ANNE 3IRTT — X At —F .
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X
call read file 3d( file_name, nx, ny, nz, recnum, var, [offset], [funit]
)
513
file_name <C(*)> in HAHT T 71 INA.
nx <I> in B — ARSI AL
ny <I> in T EREAIM.
nz <I> in o = RN
rec_num <I> in FAHBUZHBRTET—2DOL I—RES (481D
var <AI,R,DP(nx,ny,nz)> inout meAHTT—4.
offset <I> in A7y k().
funit <I> in Fortran O 7 7 A )VH )1 %=
(F7 4N = 11).
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’)
w5

o offset MWRE INZGE, TOREINZET x 4 byte 43, FiH% R ARIE
T, e UT, offset = 10 DA, 40 byte 43 DL GHARIEINDG. 20D
BENINZGE, recnun IXEHIND.

3.6.9 read_file_part

ALV I NT IR ARRDINA TV T 7 A5 2 IRGET — X MW G AT
N—F .

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

518
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file_name <C(*)> in FEAHT T 7 A IV,

nx <I> in o — B A

ny <I> in RIS

nnx <I(2)> in B-EEHiAL URPE (R).

nny <I(2)> in o EEGAL URIRE (#aR).

rec_num <I> in nxxny DaeAHTT—XDL I— RFS (4
var <AI,R,DP(Lx,Ly)> inout meHd 7 —4& ().

funit <I> in Fortran O 7 7 1 )VH 1+

(F7 AN =11).

EFEN

FAHUBERAA VI R 2R AT 1248 N vFOHh T MU TEAHT. 2
DX TIRATZT7 7 AR (1) BRAFO LS ZEBATIREING.

: I

1 = nx * ny * (rec\_num - 1)

do j =1, ny
doi=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
)
m®&
o Lx, Ly IFZTNZTNLx = nnx(2) - nnx(1) + 1, Ly = nny(2) - nny(1) +
1 THEALND.
3.6.10 read file gtool3
Bee
gtoold IEARD T — & & FHAALIN—F V.
=X
call read file gtool3( file name, nx, ny, nz, tstr, tstep, tnum, var,
[funit] )
518
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file name <C(x)> in n;w"%ﬂj'@"7 e PIZZE

nx <I> in —BIRNHEL.

ny <I> in Mg%%ﬁﬂﬁﬂ@(

nz <I> in oS = RS

tstr <I> in fm%@lL‘d@élﬁﬂ (2ih).
tstep <I> in Bt ARIE T I e (H25R).
tnum <I> in AR IR (£23R).

var <R(nx,ny,nz,tnum)> inout AT T— 4.

funit <I> in Fortran D7 7 A )VH )1 %=

(F7 A K =11).

EHER
Kz L.

(]

e tstr, tstep, tnum DEEfRIX, 1 DDF—& 7 71 VT tmax [E5 DL T —
AT TN D58,

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

EWV S BB I IE kv, 22T, tstr = b FI AL H3Ge A F
NDZ IR D. EBOD ﬁf%ﬁ#ﬂ@ﬂjﬁlﬁﬁﬁlT IEBEIRAR .

3.6.11 read file_gtool3_header_c

gtool3 EADAY A —=F =2 D>H, XFHARDT -4 & HAHTIL—F V.

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

515
file name <C(*)> in AT 7 7 A4,
header <C(*) (:)> in N B — DA
var <C(16) (size(header))> inout header (X6 d 5T —4.
funit <I> in Fortran O 7 7 1 WH 1% 5.

(F7 A4k =11).
EHEIN
Rz L
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(]

o NV X —DHFRZ,
http://www.riam.kyushu-u.ac.jp/taikai/lab/others/Gtool/nodel11.html
ERIUANRTE XS, 7272U, Fortran D FHFETH D unit, size IZDWVT
&, uni, siz ELANTEH I L.

3.6.12 read file gtool3_header_i

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

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

518

file name <C(*)> in HAHET T 7 AN
header <C(x)(:)> in AN R —DEH].
var <I(size(header))> inout header (ZXfInT DT —X.
funit <I> in Fortran O 7 7 1 WHHES.
(F7 A =11).
E&EN
Rz L
®E

o N E—DETRZ,
http://www.riam.kyushu-u.ac. jp/taikai/lab/others/Gtool/nodel111.html
EFRIUARRTE 25, 72720, Fortran D FHIFETH D unit, size IZDWVT
&, uni, siz L ANTD I L.

3.6.13 read file_gtool3_header_r

gtool3 EADAY =T =2 D55, ERFADT -4 2 HAHTIL—F V.

call read file gtool3 header r( file name, header, var, [funit] )
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518
file_name <C(*)> in GAHET T 71 I,
header <KC(x) (:)> in AN A — DR
var <R(size(header))> inout header (ZXI6T DT —4X.
funit <I> in Fortran D7 7 A WHHE=.

(F7 AN =11).
EER
Rz L.
®E

o N X —DHFRZ,
http://www.riam.kyushu-u.ac.jp/taikai/lab/others/Gtool/nodel11.html
EHEUHAMTE RS, 272U, Fortran D FHIGETH S unit, size IZDWVT
X, uni, siz EANTEHI L.

3.6.14 read_file_text

BéaE
TXFAMITLAIAD T — X 2 LI —F .
£
call read file text( file name, nx, ny, var, [skip], [formal, [funit]
)
511
file name <C(x)> in AT 7 7 A IV,
nx <I> in HI#K.
ny <I> in T8
var <C(nx,ny)> inout #mAHTT—X.
skip <I> in JeSHBLARIZ T
forma <C(*)> in ARIAL T A= b (1BiR).
funit <I> in Fortran D7 7 1 )V 15,
(77 A4k =11).
E&ER

AV, AR—ARYPD DT F AR T =X 2HMAAL. nx 1$ 1 TITEII TS
T — X DFEL, ny IEJHEN SFRAIDITE. 72720, skip PR EINTWDHEIE,
skip {772 T EHARIXL THAlhdh 5.
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(]

o 77 AN NTI, FHAMRIXUER skip IFEIHEINT NS,

3.6.15 read_mgdsst

[ET MGDSST 7 — & % GtAL 7200 DI —F VAT DHEE TIER < RERD A
XIS

call read mgdsst( fname, var, [funit] )

fname <C(*)> in AT 7 7 IV,
var  <R(1440,720)> inout sst 7—%.
funit <I> in Fortran O 7 7 A Vi & 5.
(F7 AWK =11).
EERN
K22 L. (MGDSST 7—4 D7 4 —<3 v MIDWTIE,
http://near-goosl. jodc.go. jp/rdmdb/format/IMA/mgdsst . txt

)
Z.)

(]

o TEBRTZTD/NIVEDHPMBROEEMENG (R 0 °, #E —89.875 °) IZAY, fid
I —EWRIIHAE, B BRI I IR T T =A™ TH LI N5,

o RIEFHMEIX 999.0, ¥EKT — &1L 888.0 LW HETIKEMINS.

3.6.16 write_file

A VI NTIRARADNNLF) T 7AWV 2T — R eESIHTI—F .

call write file( file name, nx, ny, recnum, var, [mode], [funit] )
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51¥
file name <C(x)> in FEAHT T 7 A IVA.
nx <I> in R
ny <I> in RS
rec_num <I> in nxxny DA TT—F DL 11— RES.
var <AI,R,DP(nx,ny)> inout AT T —4X.
mode <C(*)> in T7ANVOEZIHUA T a3y (R).
funit <I> in Fortran D7 7 1 )V &S,
(F7 A =11).
EHEN
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’)
=3

e mode | Fortran DEIXH U status= IIHREINDEZ KA.

3.6.17 write_file_3d

BEBE
A VI NT IR AEARDNAF V774 3 IReT — R eEIHTIL—F .
g
call write file 3d( file name, nx, ny, nz, recnum, var, [mode], [funit]
)
511
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file name <C(x)> in AT 7 7 A IV,
nx <I> in o — B AL
ny <T> in SRR
nz <I> in 55 = BRI AL
rec_num <I> in AN UEBBT2T—42DL a— RES.
var <AI,R,DP(nx,ny,nz)> inout mAHTT—4.
mode <C(*)> in T7AINVDEIHLA TV a v,
funit <I> in Fortran D7 7 1 )VH 1%+
(FT7 AN = 11).
EER
1 open(unit=11, file=file_name, access=’direct’, recl=4*nx*ny, status=mode)
2 write(1l,rec=rec_num) ((var(i,j),i=1,nx),j=1,ny)
3 close(unit=11, status=’keep’)
wE

e mode | Fortran DEIH U status= IIHREINDEZ KA.

3.7 Geometry

JERRZSHUZ B B B - STV —F VR

3.7.1 rt 2 xy

SRR EEEED 5 T AV N RN DL EZ T N —F .

call rt 2xy( r, t, x, y )

518K
r <R,DP> in 1 OFEEE [m].
t <R,DP> in 1 ORI [rad)].
x <R,DP> inout A1 O x HEEE [m].
y <R,DP> inout i1 D y L [m].
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EHEIN
HB 1 MASFHEBHERICENT (rt) ERBETED & E, SFHBHERED & & [ UAL
BEIZFUSZE DT IV NERIZBWWT, 2O (z,y) ERBTED. Z0L XD
JFERE & 5 F7 )0 S EEAE oD B AR 1%

r =rcost, y=rsint

r,t=r,t, Ly=, 0.

BE
Rz L.

3.7.2 xy 2rt

HaE
T IV S FERED & SEHERE AN D E WA 4TS IV —F .
=X
call xy2rt( x, y, xc, yc, r, t )
518
<R,DP> in 1D x PEEE [m].
<R,DP> in M1 Dy FEEE [m].
xc <R,DP> in SPETH R AT R DR AL x HERRE [m).
yc <R,DP> in SEHMLUEEAS R DR ALy BERE [m).
<R,DP> inout & 1 DFF#E [m].
<R,DP> inout st 1 D[ [rad].
EERN
H2 1 HBT A SRERIZENT (z,y) LRITE D & X, FEMERED A
TN N ERE (20, ye) WIFIET 2 HE, TORUE (rt) ERETED. 20L& XD
JERR & T AV N EERE D BEFR I
_ — 2 )2 — ¥
r=+/(r—2)%+ (y —y.)% = arctan <x>
THEALND.
INHDRIZOWT, EEDFIBUILLTD L S xSk E 55,
r,t=nr1t xy=uz Y.
e

Rz L.
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3.8 Map_Function

PSS s - T —F U

3.8.1 check_close

2 I F R ETH Z D NIALRRAY, $5E S N PAMIRRICAFE T 2 2 2 1A 5

=X
result=check_close( xp, yp, ival )

518
Xp <I(:)> in  PABISROTEA x BIEEHRS ().
yp <I(size(xp))> in  PHAMFROTEHRK y BERS ().
fval  <I(@)> in M BT AR ().
ROME <L> out xp, yp DOPAMFREIEAIHIE (k).

EHE

BRIV EICRONDEHAMKR CIZOWTORBES2E R 5. HDEFEVH LD 2
DWW, EEBB f(2) = (2 — 20) ! DJAEDE T —Y — DD EHEMN S,

7{ dz | 0, (20h°C DI,
c 27i, (2023 C DA,

Z—Zo_

LEBOND. 42 WE LI 3 AL EORTAEEOM {2y} (G =1, ,N) HYE
NG, ZOMIT X > THE S NBHTHRAE 2 R T 5Bl C; THENG S
FIEREER S, DL X, HEKTEES AX, Y) B DO% fAMESO M
AT 200, WMINCAAE T 2 2 M T 5. EORARA 7D,

al 0, (ADSC;DHM),
I:;[% —01]; = { o, (A D C;OW),
WCE2THREIND. ZIT, 0y, 01 IFERFH ETHRHN A Z2HAELZEED
zj, y; DRAZERT. AMD 2 RKEEFHHYPIETH D LERTD L, BT 2 3RT 1
25 KGR D IZHED fE2 £ T, BHIOK{L 7 AV MIEWT, FRROBEEZTH A
2 REDIRADZE 02 — 61 13

1) T2 ]

|02 — 61 |; = arccos [
7151 17241
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MHRDOENSG. TDL E,

rij = (zj-1— X, yj-1-Y),

roj = (z;— X, y; —Y),
THY, BADOHAIIINSD 2 IRFTTENRT MIVDONRT NVEEZE AN T

0 (D R,
UTHTA <o, (AR D ISR,

CHHIEND. ZDEE, HBOGIBUITELTOXNEZE T 5 -

xj : xp, y; ¢ yp, (X,Y):ival(1:2), N : size(xp).

RO, FERDPEHREERNL S, true., #HEINE S false. & 45,

B%

o EZDIEIHIX??SM.

o 51 xp, yp IFBREKEN B UZREBTEINZTNIEZRS RV, §242D0
H, xp(D)=xp(N), yp(D)=yp(N) & U THHEHETS. 2T, N=size(xp).

3.8.2 lat2mery

HeE
HABRBRTE 0> > & MU, S5 2 LA 2 U 7= AL N OVEEHERS (57001 b BEk: (2, )
EBERAL I, BERAONIBENRE I NIy 2 RkDD.
23
result=lat2mery( phi, phiO )
518
phi <R,DP> in AN FIEEINSMEE [rad).
phi0  <R,DP> in A MV OREMERE [rad].
RUfE <R,DP> out #EE phi 2 I Ny (m].
EERN

BRIAI L2 B 1) DHHE ¢ 2 H DML (¢o) ZHRE U AT DIV IERE (z,y) 128

WUl &, Ty BEEIE

y:aln{

w (59l

o (5+3)}
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ZIT, —n/2< o< n/2DHIPA%E LD, £z, a lFHIROEETHD.
INHDRIZDONT, EBEDOBIEUFLATD & S 2R e 25,

y =y, phi0 = ¢g, lat2mery = ¢.

(]

o EFRADIEHIX??SMIL

3.8.3 112lamdis

R LD 2 2 filElDZ >RV NG T O % T T D fOREE, REEE D
LEMET 5.

result=112lamdis( lambdal, phil, lambda2, phi2, lambdaO, &
phiO, phitl, phit2, [nopt], [uwopt], [ropt]

518
lambdal <R,DP> in ).JJT\ 1 OFJE [rad].
phil <R,DP> in A1 OFE [rad].
lambda2 <R,DP> in £ 2 ORE [rad].
phi2 <R,DP> in &2 OFE [rad).
lambda0 <R,DP> in R SR [rad).
phi0 <R,DP> in B HERRE AGEE [rad].
phitl  <R,DP> in 7 YL MRHEYEREE 1 [rad).
phit2 <R,DP> in 7YV MEYEERE 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.
RU{fE  <R,DP> in 2 KEOFEHE m].

EEX

BRI LD 2 5 (1, M), (2, 22) B, HDFEEREE (do, \o) ZIRME LT UN
N f”*“ﬁ( y) CEEINEZLTE. 0D, BREDOHEE ZTNEN
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<x17y1)7 (x27y2) t—E;—ét7
cos P4 [U(@l)

[ sinfun )

T U

Y1 = wp — acoiq)l [g((fbi)} cos [n(A1 — Ao)]
s

Yo = wp — Cosq)l [U } cos [n(A2 — Ao)]

U<¢>_tan( )
= {n o (5 %) S (53]}

wy = w'(A= Ao, ¢ = ¢p) = COS(I)I [gqﬁ)}

NELENZDT, 2Nk 20D 2 MO LIk

L=v(z2—21)2 + (y2 — 1)?

THALND. a lFHBROPEETHD.
INHDORIIDONWT, EEEDOFIEUILA T D & 5 BxIGEfFRE 2 5.

phil, lambdal = ¢y, A1, phi2,lambda2 = ¢o, A2, phiO,phitl,phit2,lambdal = ¢qg, P1, P2, Ao,
nopt =n, uopt(0:2)=U(¢y),U(P1),U(P3), rhophil = wy.

(]

o EFRADIEIIX??SMIL

3.8.4 l2lamxy

Hae
BRI LD 2 MARE, W% BUS L U T Y ~OL MMEMIERE (F 7)) b RS (2, 1)) %
FATEE KE LOMEEORERENRE IND o,y BIEEZ KD D.

=R
call 1121amxy( lambda, phi, x, y, lambdaO, phiO, phil, phi2, &
[nopt], [uopt], [ropt] )

515

main.tex 2020 £ 2 H 20 H GEHEHR)



STPK v=a7J)L S TI—Fr—8 79

lambda  <R,DP> in JERE (z,y) ICEEINDREE [rad].

phi <R,DP> in JERE (z,y) [ I NDHEE [rad].

x <R,DP> inout 7 VNIV MEFEREEETO ¢ HEEE [m].

y <R,DP> inout 7 V)V MEFEREEETO y FEEE [m].
lambdaO <R,DP> in JERRE (z,y) DRI INDREE [rad].
phio <R,DP> in JERZ (2, 9) 0)),?/.“ LRI NDME [rad).
phil <R,DP> in Z V)b MR EEMERRE 1 [rad).

phi2 <R,DP> in TARAVIA N3 %Q‘Efﬁ@}# 2 [rad).

nopt <R,DP> in Lambert_coe @ ncoe.

uopt <R,DP(0:2)> in Lambert_coe @ uphi(0:2).

ropt <R,DP> in Lambert_coe (D rhophiO.

i3y
abéﬁf@%w (60, Ao) ZBEHE LS ¥ AL MEFIEEL (2, ) O o,y ifj?ﬁjz
B DR ¢\ D —EITRE I NG, DL XD FOMESREE 6\ L 3%
1@%3 2,y W R OB 5 -

:aCOZ¢1[ )] n(A = Ao)]
y=1f-a CO”” EE } (3~ o)

U(6) = tan ( q;)

ven[] ol (7 5) /()]

Iy _ _ cos g1 [U(¢1) "
Thd. ZIT,0< <21, —7/2< ¢ < ¢/2 DHiPHE L 5. F77, a IFHIRDPAE
ThHd.

INHDRIIDWT, EEEDFIEUILA T D & 5 BRIGBRE 2 5.

phi, lambda = ¢, A, X,y =2,y, phiO,phil, phi2, lambdal = ®0, 91, P2, Ao,

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

B%

o EFERADIEHIZ??SH.

3.8.5 112merdis

HeE
HWERBEKE LD DD 2 DA T SIVEFE T OMMZ T T D RO, &%
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R SHAET 2.

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

518

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

[rad]
phil <R,DP> in {1 DO#fEE [rad].
lambda2 <R,DP> in #{ 2 O [rad)].
phi2 <R,DP> in i 2 OFEE [rad)].
lambdaO <R,DP> in #RZMEIEE SRR [rad].
phi0 <R,DP> in HFERF AR [rad).

ROfE  <R,DP> in 2 sifIOFHHE [m].
EHER
Hb 2 ,ﬁ@%ﬁ}g, BERZENTN (¢1, /\1), (¢2, )\2) TEZLNTWB L %, ZDfH
D AT NIVELGRERE LT ORERE (21,11), (22,92) IFTNTH

r1 = CL(>\1 ) o = a )\2 — )\0)

n=an{fun (5+5)| /o (542}
man{fon (5 5)|/ o (59}

THEALND. o [FHIRDEETHD. LB ->T, TNH 2 [KEOFEHE L 13

L=+/(zo—21)2+ (2 — y1)%
INHDRIZODNWT, EBEDOFIBUILL D & 5 2 oEfe 25,

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

B%

o EFRADIEIX??SMI

3.8.6 112radi

HERERTH LD B % 2 BB LT O % TN THDROME, BENOEETS.
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=X
result=112radi( lonl, latl, lon2, lat2 )
518
lon0  <R,DP> in j& 1 ORRE [rad].
lat0  <R,DP> in xi 1 OFEE [rad].
lon0  <R,DP> in j& 2 OFRE [rad].
lat0  <R,DP> in jX 2 OFEE [rad].
RUfE <R,DP> in 2 [EOFERE [m].
EHI

b3 2 HOME, RIENRZNEN (61, M), (¢, Ao) THRABNTVS & X, Z0fH
DERTT OB L 1%

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

THz26N5. RIFHEROEZETH 5.
INS5DORITODNT, EBDOFIBUILA RO & 5 2GR L 5 5.

latl,lonl = ¢1, A\, lat2,lon2 = ¢9, Ao.

®E

o EHEADIIHIZ5.3.1 A,
3.8.7 l2rt
531

HOERBRIA LD H DA, RE 2 Ui e U MBIEREZ X 2L &, T Ih oML
DB D sLDFEFEREE % WERR DS IS (IR A TR D A ).

g
call 112rt( lon0O, latO, lonl, latl, r, theta )

518

lon0 <R,DP> in MR EE AR S C DR [rad].
lat0  <R,DP> in PR R R S A C DAESE [rad].
lon <R,DP> in MR R R T DR [rad].

lat <R,DP> in P FE A S s C DRESE [rad).
r <R,DP> inout MREERLRDENEES FIEEEE [m].

theta <R,DP> inout HMEEEALRDEALASHARE [rad].
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THES
b BRGIE, BBIE (d0, No) B Y LIS (r,0) £ 25, Z0& X K %
(61, A1) WSS B BURERS B DS (r, 0) 13

r = Rarccos [sin ¢9 sin ¢1 + cos ¢ cos 1 cos (A2 — A1)],

sin ¢1 cos ¢y — cos ¢y sin ¢g cos A1 — Ag
cos ¢ sin (A1 — Ao)
Thd. ZIZT,0<0<2r DHif% L 5. F/-, RIFHMIRDOLETH 5.
INHDRIZDNT, EEDOFIBUILL T DO & S 2 nffke 2 5.

0 = arctan

r,theta=17, §, 1at0,1lon0 = ¢g, A9, latl,lonl = ¢y, ;.

BE

o EHRADIEMIL5.3.1 2.

o EHI NS ITENR AT OV TERTIRA <, BRE Lo Mo
UTREHIND. £/, AAAHIRICOWTIE, Bk % BROBOER & U 7 Fi I
TR U SOMETERI N, MIEEOFNEES, RO TFH L0
e:¢§t@5¢5uﬁ%5ﬂ1mé.m@@é,ﬁﬁﬁ&ﬂ&ﬁ;éwﬁ«@

BHEF>TNS.

3.8.8 lon2merx

HeE
HiERERTH FDdb DAENE, RRIEE AL Uz AV A NIV (77 7))V N R (2, y))
REZEE BAONRENRE INO BT 2 2 RKDD.
=X
result=lon2merx( lam, lam0O )
518K
lam <R,DP> in  A)H ML INDSRE [rad).
lamO  <R,DP> in  AJVA MVEFEOEEEREE [rad).
KOfE <R,DP> out #FE lam ARG I N2 2 [m).
EHEI

BRI EIZH T DRE N 2 HDREE (N) ZHURE Uz AT MV RERR (2, y) 128
WLl &, TO o BRI
x =a(\— No).
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T, 0<A<2n D Z & 2. /7, a IFHEROEETH 5.
INHDORIZDNT, EBEDOFIEUFLATD & S 2tk e 25,

x=z, lam0 =), lon2merx = \.

wE

o EHRADILIHIX??SIA.
3.8.9 rt2ll
BEBE

HBRERIA LD H B FEE, BE 2N UBBEREE X -8 &, TOMMBERTE
IND HOMEERELZFETD.

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

515
T <R,DP> in Rk SR D BN TS [l PR ).
theta <R,DP> in M} RS R D[R4 1A [rad).
lon0 <R,DP> in PR SR AU C DR [rad].
lat0  <R,DP> in PR R R SR A C ORESE [rad].
lon  <R,DP> inout MEHERMTORE [rad].
lat <R,DP> inout MiPERFTOFME [rad].

EERN

HBFEE, B (o, o) ZIRME UMBEERER (r,0) 2EF A 5. TD& I, MiEE L
DA (ro, O0) WSS BRI, SR (00, o) X

. . To .o . ™ ™
= arcsin [sin ¢g cos — 4+ cos ¢g sin — sin 0 ] —— <Oy < =
(o b0 7 bo 7 e 5 <t <3,
. cosfy .
Az = Ao £ arcsin {j: 0 sin ro]
COS ¢y

T%é.:CQQOE@ﬁﬁ—g<am<g§g<9m§m@t%ﬁﬁy%mu%
CIREBL BB, £/ RIGHBRDLETH S,
ZRBDRIZDNT, OB TO & > ISR Y 2 5.

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

o EHEADILHIZ5.3.1 A,

o X ND BRI IOV TESTIEE <, BRI Lo Mo i
LTHEEING. 72, [N HEIZOWTIE, B S % BROBEERE & U7~ F -
WU SOAETERIN, MEEOF R %ZED, BRO 70 LD s»
e:igzaéiﬁaﬁﬁﬁmrmé.mm@émﬁﬁmm&a;évﬁ«@

B eiroT\W5.

3.8.10 vec2lam

PERE (x,y) DRI X N5 #E)
Z VRV G ERYEREE 1 [rad).
T )b MR EIERRE 2 [rad].
NI MVBEHREINTODHEE [re
R MVPEZBINTODRE [r:
N7 MV OZEHETORIGH %\ %

R NVOEBETOFEALD 2 DX
N7 NIVDEEEDETGH D\ iE

N NVOZEHE DR AL B WMk

11
BRI ECOMEREEETE BRI NALEDKERT MV 2 lisr % 7 2 ~)L M
JERE (2,y) ETOKFENRT NV 2 FRPIZIEEID D\ NI AT 5.
=X
call vec2lam( lambdaO, phil, phi2, lambda, phi, &
ui, vi, uo, vo, conv_flag, [undef] )
E1E
lambdaO <R,DP> in
phil <R,DP> in
phi?2 <R,DP> in
phi <R,DP(:,:)> in
lambda <R,DP(size(phi,1),size(phi,2))> in
ui <R,DP(size(phi,1),size(phi,2))> in
PO PERE x Fi M4
vi <R,DP(size(phi,1),size(phi,2))> in
B2 PERE y ST .
uo <R,DP(size(phi,1),size(phi,2))> inout
PO PR x i ay .
Vo <R,DP(size(phi,1),size(phi,2))> inout
B2 PR y ST T .
conv_flag <C(5)> in ZHAOD STl (k).
undef <R,DP> n KA.
EERN
HOMEE, BENTNTN (¢, \) THEAOLNTWVD LT TORUIEWTKERY K
IDBEZINTVD LT D, ZORT MVORERE DRI NVED (v, uy)
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TN N L (z,y) TORIUNRZ MVOD (x,y) K53 (ug,vp) &

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

THhd. ZIZT,0< ) <2, —1/2< < ¢/2DFHE LD, /2, a IFHIERD A%
Thd.

INHDORUITDONT, EBEDOFIBUILAFD & 5 Bt Gk e 2 5.
phi = ¢, ui,vi=w,v (ur,vy), u0,vo=1uy,vs (u,v).
phil, phi2 lambdal = ¢1, @2, Ag.

[

o EFRADIEHIX??SMI

o 5I¥ conv flag IFEMD M ERL, *112xy’ LIHEIND &, BRETER X
NIRRT NVEED Z BEE CTEZRINZARY MVEDNICE#T S, 'xy211° &
X NG L, BETES IR Y MVED 2RI TEEINARY [
BT AT B

o RI—FVIFETHEREZMEKHE UTEHMEEEZTS. DEY, %
ETEHREINTVDIHAETYH, TOREITBERE TRIEINZITER L2
WEWHZETHD. U, BEHLETT A MNEETRBEINTVWDIEAL,
xy2lamll % HWT, MEREICEZH#U TEBHEVRDH 5.

o KN—F Y DREFIETRY FIVOMIHEIIALTHS. /2, X7 MIVDH
fLIFEETHS.

3.8.11 x2merlon

5313
HiERERTE D DAEE, RRIEE AL Uz AV A NIVIERRSIRIS (77 710V N FERE; (2, y))
EEREX, BRONT o LI INDGREEZRDD.

=5
result=x2merlon( x, lamO )

518
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X <R,DP> in  AIVA NIVEFERETO o B [m].

lamO  <R,DP> in  AJVA MVEFEOEAERL [rad).

RUME <R,DP> out R 2z IZHE INDRE [rad).

EEHR
BHBRRE (No) R RE Uz AN NIVESFERE (2, y) O o FERIXERTE L1251 2 4%
EADP—FITEEIND. ZDL XOEMMERE » L BRE EORE N ITIZLFOR%R
Nhb:
A25+A0.

2T, 0< AL 2r DR L B, F/2, a0 ITHERDOERETH D,
INH6DORUITDONT, EBEDOFIBUILATFD & 5 BxtGffRE 2 5.

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

(]

o EZRADIEMHIXT?TSMI

3.8.12 xy2lamll

RIE EDH DG, RIEZFRE UT VL NGB (7 770 DR (2, y)) %
BAEE, BEZON 2,y BRI NDRE, EEZRDD.

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

518
x <R,DP> in Z )V MR HERET D x AR [m).
y <R,DP> N YL NMREERETO g A m).
lambda  <R,DP> inout FEEE (z,y) IS INDRE [rad].
phi <R,DP> inout FERE (z,y) IS I NDME [rad].
lambdaO <R,DP> in JEER (x,y) DI FUTHRE I NS [rad).
phiO <R,DP> in JERE (z,y) DR EIZEE I NDHEE [rad).
phil <R,DP> in Z V)V MR EVERRE 1 [rad].
phi2 <R,DP> in Z )b b B EERREE 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.
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EER
B BREERIE (do, \o) B E U72T )V NERBIE (2,y) O o,y BT -
BT RE o, \ W —RITEEIND. ZD & XOBFMIE ¢,y & BRI EOREE R
& o, NMZIFLA R OBRA D 5

1 R
A= g + — arctan </1:>
n

y' = w
¢ = 2arctan {

U($) = tan (Z + ?)

-1
wou 2] om0 3) 5 )
I Iy B _ cos 1 [U(e1) n
wy =w (A= X, = o) =a - [U(%)}

THhd. 22T, 0< ) <2, —1/2< < ¢/2DFHE LD, /7, a lFHIERD A%
Thd.
INS5DRUZDNT, EBEDOFIBUIA T D & 5 B itEfR L 2 5.

a cos ¢1
/2 (y — wp)?

1/n
U<¢1>} -3

phi,lambda = ¢, \, x,y=z,y, phi0,phil,phi2, lambda0 = ¢, 1, b2, Ao,
nopt =n, uopt(0:2)=U(¢),U(¢1),U(¢2), rhophiO = wy.

B%

o EHRADIEPIX??ZHL

3.8.13 y2merlat

11
HUBRBRIE b 0D dp 2 11, #RHE 2 JFs & U7z AV I NIVIRFEIERE (5 77)V b RS (., )
EERILEE, B2 ON y BRI INGREZRDD.

=X
result=y2merlat( y, phiO )

515

y <R,DP> in A DNIVIERFZHERETO y FERE [m)].
phi0  <R,DP> in A NIVEFOREMERE [rad).
RUME <R,DP> out MR 2 IZREZINDEE [rad].
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THR
B BEIE (¢0) B FURE U7 AN NIV (2, ) O y KERUIZERTT B2 51 28
oA HICRE I NG, Z0Y S ORIy & BRI EOME ¢ 11350 FOBIR

W b:
oo (] on (55} -5

ZIT, —n/2< < /2 D#iPA%E LD, F/z, a lFHIROYEETHD.
INHDORUITDONT, EBEDOFBUZLARD & 5 Bxfaffke 2 5.

y =¥, phi0 = ¢y, y2merlat = ¢.

(T

o EFRADIEHIX??SMIL

3.9 math const

BRI EEBE. BUERMTORDESIZHEALNTND.

s | M| el | ZBOEK |
pi <R> | 3.14159265 | A%

img <CP> (0.0,1.0) JE RHAL
pidp | <DP> | 3.14159265 VGRS
img_cdp | <CDP> | (0.0,1.0) JE BCHAL

BAFid parameter JEMED DWW TWARWETEITH .

3.9.1 rotate_array

HeE

T—2K 23,57 DEEE T2 FHET S,
=X

call rotate_array( )
5188

2 U. math_const IZBWTHE I NTWDUEFEL omega2, omega3, omegab, omega?
WEFIND.
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= B[ TR EIR

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

EFEN

3.5.6 DEHFRIZBWT, N=2,3,5,7 CHELTW\5.

(]
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3.10 matrix_calc

B T AR, S ARBUTREA DKM, BAME - FEAENRT MVERREHOLV—F VH &

IW—F ¥ DFFMBZEE AGIRIZDOWTIE, 77 2.

3.10.1 Gau_Sei

Féae
HAYAFA TIEIZ & BN 1 IRARRDOKRIEEITSIN—F .
=X
call GauSei( a, b, eps, x )
518
b <R(:)> inout N7 MVOEG (HiR).
a <R(size(b),size(b))> inout {74 (#&ih).
eps <R> n ”X;ﬁ#ﬁ#L (/ Jdi)
x <R(size(b))> inout RKOZWART MV (iR).
EHEN
ﬁﬁﬂ Aij, N7 ]\}l/bl k L/ff_c‘_'. %,
aija:j = bl
EWSBIREG /2T RIIN Ml 2RDD. 2D L, 518 E OXISBILRIK
aij : a(i,j), z; @ x(j), b : b(i)
ThHD. WAL TFIGEZ LD EEHIEOFMIX??2IA.
wE

o B eps I3AHIN DK BFHOMIN L E R L, ZOMOBKED eps BRI

Bol & SIIRKEFAEKT 5.

3.10.2 Jacobi_algebra

YVIAVKIZE DN 1 IRGBEARDOREZITIN—F .
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N

call Jacobi_algebra( a, b, eps, x )

518

b <R(:)> inout N7 MLVOG ().
a <R(size(b),size(b))> inout 174 ($&if).

eps <R> in IR SRl (£23d).

b <R(size(b))> inout KDZNART ML (Hi).

EER
0 aij, N2 Vb L L7 b X,
aijz; = b;
EVWDBREMZTRIMANZ Ml 2RKDD. 2D L E, 518 L OXISEEFRIE
aij : a(i,3), ;o x(3), bi : b(i)
Thd. Y ILKIZKDEIRAEOFHMII?T?SH.
e

o G4 eps IFHRBHNDKERTE DN FRZEZ KL, ZDHEDEHEKMED eps BATIZ
Bolkb JIINEFHEZKTT5.

3.10.3 Jacobi_eigen

HEE
Y IR E O TEREOENFMTAIDOREHIEEZ KD DI —F .

o

call Jacobi_eigen( a, lambda, [eps] )

518

a <R(:,:)> in [ i % koD B 1751 (Baik).
lambda <R(size(a,1))> inout [EAMHE (&h).
eps <R> in A DR G (3.

P4

EHI
’??ﬁ” Qg , N7 ]\)l/a:i el b?‘:’.t %,

a@-jxj = )\SL’l
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WO BEREMZTRABN ZRDD. 22T, N OEIXTHORTGEEDH D, ZD
L X, B EE oxsERIE

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

Thd. k ZBHOMEAMEZ Z ZTlE lambda(k) & U7z, Y ICEIZ KB EREGED
X2 S

B%

o eps |IKMEFHEDOIAHESRMTH Y, 1 [FOKEFHHE T T O GRE D K
KAEDS eps A RIZAR /28 SIZEHHEZK T 5.

3.10.4 LU _devs

Hae
HAYERY T4 v 7DO% LU %455 NV—F .
X
call LU.devs( a, b, x, itermax )
5%
b <R(:)> inout N7 MVOES (iR).
a <R(size(b),size(b))> inout 174 (£&k).
x <R(size(b))> inout KDV RV (HR).
itermax <I> in KGR E DRI
EERN
ﬁﬁﬁu Qg , N7 N bi b bf:t%,
aijxj = bl
EWVWDBIREN - TRANY Moy 23RDD. 2D E, 518E ONIGERIK
a;j +a(i,j), x; : x(3), by : b(i)
Thd. AR IX?TI2I.
e

Rz L.
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3.10.5 SOR_Gau_Sei

SOR ZFHWTHYI AT A TIEIZ & BN 1 IRAEBADOKRMEEITHINV—F .

call SOR Gau Sei( a, b, eps, accel, x )

518K

b <R(:)> inout N7 MVOEST ($iR).
a <R(size(b),size(b))> inout 174 (k).

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

THR
Tl ag, "7 MV ELEEE,

aijaz; = b;
EVWDBERE T RIMANY My 23KkdDD. ZD L X, 518 L OXISRERIE
aij = ai,3), x5 x(3), bi : b(i)
THd. SOR DENY AT A FIIEIZ K BFHEGIEDOFEMIL?? SR
5%

o G eps IZANFIO K ERIEOMNEEE R L, 2 DHOBAMS eps LA FIT
Kokt SIIREHERRTT5.

o BUF L, MEMRSIE 2 KIIC LA IIZZEFEAT X 2. AV—F ¥ T,
2 Ll EDEDBEINABE, 25— B85 E5ILLTVS,

3.10.6 SOR _Jacobi_algebra

SOR # HHW TV IVEIZ L BN 1 IREBEROREEZITHN—F .

call SOR_Jacobi_algebra( a, b, eps, accel, x )
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518
b <R(:)> inout N7 MVORKS (k).
a <R(size(b),size(b))> inout 74 (&ik).
eps <R> in IR SAHE (£23R).
accel <R> in SOR DAELREL (123d).
x <R(size(b))> inout KDZVOARZ N (k).
EERN
75 a;j, N7 bbb &L E &,
aijznj = bl
EWSBIRETG /2T RIINY Ml 2RDD. 2D L, 51EE OXF ISR
aij : a(i,j), x; @ x(j), b : b(i)
THh5. SOR DXV ILIRIZ K BEHEGEDOFEMIXT? S
s

o 5I#X eps IZFBFI D KERTE DX FRAEZ KL, ZDIEDHRKIED eps BATIC
Bol & SIINEFAEZKTI5.

o B b, IEAREIE 2 RiIZ U R T NIXLEFENTE RV, ANV—F VTlF,
2 LEDENHREI NG, T =8R85 ELDIZLTNS.

3.10.7 determ_2d

2 RITFNDAFHIA % KT

result = determ_2d( a )

518

a <I,R(2,2)> in &EHET L4741,
EE
2 RITATH A DIFHIR | A| 1%

Thd.
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w&
Rz,

3.10.8 eigenvalue_power

NEREE T ORKEAE L T OEGMEISNIGT SEANRT ML zeRD D
V—F .

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

518

1v <R(:)> inout [EANZ ML (k).

a <R(size(lv),size(1lv))> inout [EAMEZ KD DITH (k).
eps <R> in [RABDWACHI A (125h).
lambda <R> inout [EGHE (k).

P4

EER
ﬁﬁﬂ Aij, N7 ]\)l/ﬂfi Lz %,

AijjT5 = )\$Z

EWVWD BRENG 2T RN 25kDD. T 2T, A DEIF (MR L TV 5 Z RV
T, ) ITHIDRTTEBUE D % DT, TD S B DFNENRK & 2L EAMHEICNIET S, Z
DL X, 5L O ISREFRIE

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

e
SIS N

3.10.9 gausss

WRERY T4V ITDEAIADHEEZRITOIN—F V.

call gausss( a, b, x )
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518
b <R,DP(:)> inout N2 NIVDRST.
a <R,DP(size(b),size(b))> inout 474.
x <R,DP(size(b))> inout RO NRT )V,
E&EN
'??ﬁ” Qg N7 MV bi & bf:t%,
aija:j = bi
EWDBERE 2T RIANY M 2KkdDD. ZDLE, 518 L OISR IE
a;j + a(i,j), x; : x(3), by : b(i)
THd. U ADEEIEOFMARFHE HIEIX?? 2R
"

Bz L.

3.10.10 tri_gauss

BERE
=FENATHIRA D ZADHEEENL—F .
=-5o
call tri gauss( a, b, x )
511
b <R,DP(:)> inout N7 NVOEST.
a <R,DP(size(b),size(b))> inout 174I.
x <R,DP(size(b))> inout ROZWVART KL,
EHEN

1741 Qjj, N7 M b; & Liz& %,

ai; #0 (j:i—l Z',Z'—|—1)
ijTj = bi, S _ ’
a]x] { aij = O, (J:EBLJ\%)

EWVSBIRET/ZTRANY Ml oy 23RDD. 2D F, 518 E DONISERIK

Qij a(i,j), Ty o X(j), b; b(i)
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Tho. ZEAFTHIOLE, 3 B —THD 2 b— T A & 7 DB 2
WA DADIILTHET % 3 720D, Pl 2 DD — FHEMT *, FHERREENT L
5. WML ERD T, f< R FEHFHIN N KCH >, 39 ADMEET B
TAHEERIE O(N3) THo2DIH U, Ab—F VTl O(N) OFHEEHTH
L. 7Y ADWEEOFHMABFEHIEL?? B,

BE
Rz L.

3.10.11 Householder

Hae
IND ATRN A =240 (77 ZHR) & FWT, AEREEIE 1751 % A~y & v OV 1552
Hes.

£

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

518

a <R(:,:)> in R DE n IRIEF1T51.
b <R(size(a,1),size(a,2))> inout MHEHNDNY L VX)L TIT4.
p <R(size(a,1),size(a,2))> inout ZHUIHNZERITH (id).
sym_opt <L> in RFMTHINE D H ().

=

EER
EEDETH A ZELZITH PIZEZ NI ARNVA—ERIZE>T, Ay R)T
175 B IZE#T 5 -
PAP ' = B.

DT, ARV ARLIEIE L (F) SAGIIORE RS £ T¥OTRV -
ailr a2 e A1n—1 Aln
a1 a2 e a2n—1 a2n
0 a3z azgz - asy
0 0 Appn—1 Onn
Thd.
iBE

e sym opt [FEMT L1758 a BWAFMTHIDEE, true. THET D &, HERK
MWL RS, Z0L X RINDITH] b IZ=FNMITHIZ>TNWD,
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o p IINT ARNA—EHUHANZERITFIETHNITS. 2EZL, 2oA4 T =
VEBET DL, ERITAHICHEREZ1TS OTAUERERHENELS K5,

3.10.12 invert_mat

5231
ERIEH17F D175 % KT .
£
call invert.mat( a )
518K
a <I,R(:,:)> in R B 1751
b <I,R(size(a,1),size(a,1))> inout a DH{T4].
E&EN
A ADEEIEE FHNTHTA %2 5HET 5. SRR EHE HIEIZ772 R
=E3

Bz L.

3.10.13 mat_dot

5231
EEATH] (EATHRLSTE &KW) DIFFIFEEZIRT.
X
call invertmat( a, b, c )
518K
a <R(:,:)> in m x n{7141.
b <R(size(a,2),size(a,1))> in n x m1741.
¢ <R(size(a,1),size(a,1))> inout 7&5N53IEHFIT%].
E&EN

AB=C : Zaikbkj = Cij.
k=1

main.tex 2020 £ 2 H 20 H GEHEHR)



STPK v=a7J)L S TI—Fr—8 99

FNEN, 5IEE DOXIIEAT
Qg * a(i7j)’ bl] : b(iaj)a Cij - C(lv.])

BE
Rz L.

3.10.14 QR _method

5313
QR 7 (77 ) 2 HWT, (EEFEEATHIOREAEME £EE R ML ZEEHR
95.
X
call invertmat( a, lam, [p], [eps], [sym.opt] )
518
a <R(:,:)> in R DE n IRIE 175,
lam <R(size(a,1))> inout 3505 EAE (FiR).
p <R(size(a,1),size(a,2))> inout [EHRZ ML ($id).
eps <R> in QR IEIZEH T D PRHIE.
T 7 4V M 1070,
sym_opt <L> in KFMTHIE D I ().
E&EN

EREDETH A ZERITH Q & =A1TH RIZHMRU -
A=QR,

BoND ZMATHION RN OEAEZEE TS, ZoLE, EHAENRT hUIdZEH
751 Q DEFNCEIE I N T WS, 178 A DEHMHEE A\, Ao, Ny & T DL

ALl > [Aa] > - > A
EWVHETHEOLND. ZOLI, n3ffHADT VI THD. ZDL I, BHIZHAN
FZERTH Q MO KEA NI MViE
qlu q27"'qn

BB, INHIFEBRDIN—F IEIT L5 UL T, BARD & S BRI
BoTW5.
A :oa(i,j), A : lam(i), gq; : p(1l:n,i).
MBFON—F VTR, EAEIHGEL TOBEAIRZ AN D LIZER.
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(]

o KIN—FVTRINDEANRY MVEEAMEIZFZNTN lam(i) & p(1:m,1i)
EVDHIGERIZH D, DF D, EAEDSE i IO d S EANT MU p
D 2 WITHDH i B IHIET 5.

o KIV—F U TiE QR EEZFHLUTWS 720, BEHE MM I N TS HES D E
FHEESVENZE, FEAEHEOHSEIIRKE < R>T NS,

e sym_opt (FEHT 5175 a BHFMTFIDEGE, .true. THRET D &, FHHEE
CiRN TR

3.10.15 schumit_norm

BB
EEORYZ MVOM%EY 23y FOBEREEZ HNTERBERNY MVRIZEHT
LIN—F .
X
call schumit_norm( u, v )
515
u <R(:,:)> in HETBERYT MIVA.
v <R(size(u,1),size(u,2))> inout IEMHERILNRT ML,
EEN
EEDNRYT MILFR {u}] & BRI R ERER NN VR {v}j AT S 7
ODY 23y MDERIEIX
(v}, &
{'U}j = ; e {’Ul}j = {u}g - Z ({u}] vt {v}e
[, i
Thb.
S
FRiZA L.

3.10.16 trans_mat

ERIETTYIOERE 2R
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N

call transmat( a )

518

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

EER

(]

e 51U inout BHEADWVWTWVE DT, JIBOFMRIFILBE I N/METEINS.

3.11 max_min

BeF DI K AE, B/ MEZRRT DN —F V&,

3.11.1 max_val_ 1d

1 IRGCBCH D ERAE & 2 DAEPEIN I N TV DB ERF S 2 T d 5,

call max_val_1d( var, mamn, mamv, [undef] )

518

var <I,R,DP(:)> in 1 T DEERES.
mamn  <I> inout EWAMEIEMINTNDEEERS.
mamv  <I,R,DP> inout var DEKAE .
undef <I,R,DP> in KEBHEME (BR) .
E&ER
B2 1 FE» OB OMEZ KT S, RKXEIEED > 7256, REERFESOD
LVEDNIEIND,

B%

o REBRMMVEHEINTWVDGAEIX. TORSZ L RV,
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3.11.2 max_val 2d

BERE
2 RICHLH D i KA & ZF DIED AN I N TN D RS EZF S 2GS S,
£
call max_val 2d( var, mamn, mamv, [undef] )
511
var <I,R,DP(:,:)> in 2 IRITDERZRALF.
mamnx <I> inout ACHINDERAMEIZEEY T 1 By ERES.
mamny <I> inout FCHIANDRKMEIZEES T 55 2 FlF|BERE S
mamv  <I,R,DP> inout var DEKAE .
undef <I,R,DP> in REFRME (Bh) .
EEN
A 1 FENOEAOMZ LR T 5, RAREPER D > 756, REERERFESD
FHWEDWIEIND,
B&

o REFRMMVEZRINTWVDGAEIX. TORESZ L RV,

3.11.3 max_val_3d

BEBE

3 IRTCHELH D i KA & Z DIEVKEMN I N T WD EHEER S 2 IET D,
X

call max_val_3d( var, mamn, mamv, [undef] )
511

var <I,R,DP(:)> in 3 IRTCD RS

mamnx <I> inout BCHIANDERAMEICEEYS T L5 1 Bl EREKS.
mamny <I> inout FLFINDOERKIEIZHE YT D 2 MG EEES.
mamnz <I> inout FERFINDRAMIZEL YT HH 3 Als|EHEFKS.
mamv  <I,R,DP> inout var DEKAE .

undef <I,R,DP> in KEHEME (BR) .
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E&E
B2 1 BEMSESIDMEZ KT 5, mAENERD > 7256, kb BRZF SO
FOEHDIRIND,

B%

o RERMMVEZRINTWVDGAEIX, TOESZ L RV,

3.11.4 min_val_1d

1 ROTES D/ ME & T DFEDEN X TV S BlSER TS 2 G T 5,

call min_val_1d( var, mamn, mamv, [undef] )

515

var <I,R,DP(:)> in 1 IR DERALH.
mamn  <I> inout B/MEIEMINTNDEERS.
mamv  <I,R,DP> inout var DiH/IMHA .
undef <I,R,DP> in KREHME (k) .
E&ER
HAIZ 1 FE»SESIOMEZ KT 5, B/IMEPEED > 7256, REEREFESOD
FHWNEDMWIEIND,

(]

o REBRMEMEHRINTWVDLAHIX. TORSZ L AW,

3.11.5 min _val 2d

BEBE

2 RTChLH D /M & ZF DIED AN I N TN B ELFEEZFE 2GS 5,
£

call min val 2d( var, mamn, mamv, [undef] )
51
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var <I,R,DP(:,:)> in 2 IRICDEREF.

mamnx <I> inout ACHIANDEB/IMEIZEE ST 55 1 ils EEEKS.
mamny <I> inout BLHIADBUIMEIZEE Y 9 D5 2 Y EEFET.
mamv <I,R,DP> inout var Of/MHE .
undef <I,R,DP> in KEHM (k) .
EHEN
HAZ 1 HEHNOMAOMEZ LR T 5, R/MEPEE D > 7256, REBERESD
FHWEDBEIND,
5%

o REBRMMEHEINTWDLAEIX. TORSZ L R,

3.11.6 min_val _3d

BEBE
3 IRTTHEFI D E/IME & ZF DEPKEIH I N TV B EFERFZ S 2 HET 5,
=5y
call min_val_3d( var, mamn, mamv, [undef] )
518
var <I,R,DP(:)> in 3 IRTCDERALS.
mamnx <I> inout FEHINOR/MEIZEEY 55 1 I EREES.
mamny <I> inout FLAIANDBUMEIZEE Y $ 55 2 Bl EHEEF .
mamnz <I> inout LA NDER/AMEIZEE YT 5 3 BlFEREFS.
mamv  <I,R,DP> inout var ME/IME .
undef <I,R,DP> in KREFRMAE (k) .
E&E
Bz 1 ZEHPNOHAOMEZ LIRS 5, R/MEPNER D > 7256, RO BEEBESD
FHNE DRI ND,
B&

o REZRMEMVEZRINTWVDGAEIX. TORESZ L 2V,
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3.12 phys_const

PE A E B, MBI EEB e L TOERD L S IZ5 2 5. HHUIILRAESR

(2008) & ¥ 12,

RN LD Rk 5
Me <R> Bk oD B [ke]

g <R> Hi R o R HE 7 ) S | [m 2
omega <R> 7.291893328¢-5 MR oD s A [s7Y
radius <R> HBR DR [m]

kB <R> 1.380658¢-23 R 3 VR [J K1
Me <R> Bk oD B [ke]

g-dp <DP>

1Bk oD HE B S I | [ms—2)

omega_dp | <DP> | 7.2918933286303412732d-5 HUBR D 5 A [s71]

radius_dp | <DP>

HER O £ [xa]

kB.dp | <DP>

1.380658d-23

BRIV <V ER [J K1

3.13 poly_function

ERXZHEAZETIIN—F VE Z I TEHINDIERLHAIN—F VI, 518 OME
125 U T interface EE INTWD DT, FREEDFIE % 5 Z WXHKEE T, fHEE D5

G ANSERETRAE U WA 2R, £,

KDFEIZ?? 2.

3.13.1 chebyshev

0-—nRDF YT I7LEANEIHETS,

call chebyshev( n, x, che )

518

2L, HIBREE DA, Tsuboki and Sakakibara (2007) 2

THWOLNTWSZIEHADEEE S
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n <I> in FHRET D mE IR
X <R,DP(:)> in K WFIE
che <R,DP(0:n,size(x))> inout F ¥z 7Z%IHN.
E&HEN
nIRF YT TLIEHAE T,(zx) £TD L,

& (—1)kn ! n—2 2\k
Talw) = kzzo o) Tn—2m 1 =2

(]

o EBDIAM LI A TIM I NT WS, Tl FEDZERIZ DOWTIZ??7H 4.

3.13.2 gegenbauer

Hae
0—nIXOT =7 YN\ 7 —LIHAZHET 5.
=5
call gegenbauer( n, x, p, lambda )
515
n <I> in AR I=1/¢ 8
x <R,DP(:)> in B0V ARGIE e
p <R,DP(0:n,size(x))> inout 7 —7 VU7 —%IERA.
lambda <R> in T VN T — R
EERN
niRT—=7 VN T =S EHAE CMz) £ T L,
A 2"I'(n+ ) o n l-n 1
Ch(z) = 7nlf()\) F 272,111)\,:1;2.
T, P3N ADBEMEBTH 5.
e

o EEROFHMILHL A TR S T WD . FEli AIEDFEMIZ DWW TIX??72I].
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3.13.3 hermite

BERE
0—nIROTIVI— "NEIHA%EIHRT 5.
£
call hermite( n, x, p )
511
n <I> in BT S e EiRE.
x <R,DP(:)> in KD FIEL
p <R,DP(0:n,size(x))> inout TI)VI—FZLIHA.
E&ER

nIRTIVI— N ZIERE Hy(x) LT3 L,

~DFRE-1)!"'n!
i) = 3 o gt
wE

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

3.13.4 jacobi_poly

HeE
0—niXOYILLIHAZGHET 5.
=X
call jacobi_poly( n, x, p, alpha, beta )
518
n <I> in G 2 B IR
X <R,DP(:)> in IOV ARGIEE
P <R,DP(0:n,size(x))> inout VIEZLIHA.
alpha <R> in Y IR 1.
beta  <R> in Y IR 2.
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EHEN
niRY ACLZIEHA% G, (a, B; 1) £Td L&,

Y¥n! Ta+n+k)I(B) 4
Gn(a, —1+ZT1 (n—1) T(a+n)(B+k)"
e

o FEEEOFHMIFM LA TIEM I N TS, M AEDFFMIZ DOV TIX??SL

3.13.5 laguerre

HeE
0—nIXOT T —IVLHAZHET 5.
E:o
call laguerre( n, x, p )
518
n <I> in AR S B
x <R,DP(:)> in ROV ARGIE S
p <R,DP(0:n,size(x))> inout T —ILEZIHLA.
EERN
nIRTr—NVEHR%E Ly(z) LT &,
Z k
kl (n—k 'k:' ‘
(]

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

3.13.6 legendre

0—nIROILY ¥y RIVEIER %2 EHET 5.

call legendre( n, x, p )
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518

<I> in
<R,DP(:)>
<R,DP(0:n,size(x))>

in
inout

EEN

ST D IR
SV AREIEE
W% v RIVEIERA

niIkVY ¥V RVEIEHA% P, (z) £ T5 &,

m—k+1)(n—k+2)---

=> i(-1)"
k=0
5

o EEEOFHlIE LA T

3.13.7 sonine

0—niROY = VLZIEAZFHETS.

call sonine( n, x, p, lambda )

518K

<I>

<R,DP(:)>
<R,DP(0:n,size(x))>
<R>

nikY =V ZHA% S)(x) L Td L,

FMINTND.

n(n+1)---(n+k)(

1—2\"
5 .

ElEk!

AT 5 IE D ZERNZ DWW TIX 7?72,

FHET 2 IR
P OVARGIE-S
PASNE 2 F:W
Y = VR

in
in
inout

in

k'n+A m'mx

(]

o EEOFMIFIALATHAMINT NS,

P G IR DFEM I DWW TIX??7S L
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3.14 special_function

RokBER 2 SR O BEEE. 26, INOBE~Y =2 72, BBOERAD ARG L
THY, FEOFEFNEX?? 2 ZH 1IN0,

3.14.1 Full _Ellipl_Func

Hae
B eEHERE AR T 5.
=5
result = Full Ellipl Func( k )
515
k <R> in A
RUME <R,DP> inout FHHELGEE.
EERN
K(k) = / S
Jo V1-k2Zsin?0
e

Rz L.

3.14.2 Full _Ellip2_Func

L Saa E ety (Gl 1 S G A AT

result = Full E1lip2 Func( k )

515

k <R> in K.
RYME <R,DP> inout afEfGEE.

w/2 1
K(k) = —.2d0
0 1 —k2sin® 0
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w&
Rz,

3.14.3 bessj

By IV Z R 5.

result = bessj( m, t )

518

m <I,R> in Ry ¥ )V DO IREL.
t <R,DP> in 28
RUME <R,DP> inout FHELGEE.

EHN
m RN RIVEEZ J,.(t) £ 95 &,

) - (_1)k ¢ 2k+m
Jm(t)—’;oklr(k+m+1) (2) |

ZIZTC, I'(m) EmRAVIEBTHS.

EE o EEROFERNIMA L THMI N TS, FHliAIEDOFEMIZ DOV TIX?? 2L

3.14.4 Dbessy

HEE
AN IV EEET 5.
E:o
result = bessy( m, t )
518
m <I,R> in Ry YOV D IR
t <R,DP> in 2.

EUfE <R,DP> inout ElHEHEHE.
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EER
m IR R IVBEE Vo (t) 5B &,

Ym@)==Ln@ﬂnt__;é§§(”l;11)1(;)%:m
_;ik,((;i)kk),KlJr;jqu;)Jr(nilJrJrnikﬂ <;>2k¢+m'

ZZT, I'(m) & miRA Y ~BIEL, () 1Em RNy 2 VEBTH 5.
BE o EBROMERIBEAH T I NT VS, FHli HIEDOFERIZ DV TIX?T?SIR.

3.14.5 beszero

BB
By VRO YO H23HETS.
=52
call beszero( nmax, mmax, k )
513
nmax <I> in N 2 VBB D F5 K IR .
mmax <I> in Kb B O DA
k <R,DP(0:nmax,mmax)> inout Y HATOMHE (fii#E ).
EHEN
FH—FERY LIVEED 0 IRN5 nIRETOFEENS mEOXY O S Z2FHETS. 20D

& X BB OMNIGEBIFLTO XS24 5.

n . nmax, m : mmax.

wE e BIZIE, n RO m ZBHDOX O L TOEBDME % KD 72\ 54, call beszero(

n, m, k(0:n,m) ) EETIE k(n,m) IZZDELOELOMEIMEMNINTND.

3.14.6 beta_func

N AR T B

result = beta func( x, y )
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511
X <R,DP> in BoEE
y <R,DP> in HER.
RYUME <R,DP> inout &fFEfEE.
EHEX

N—2E\¥% B(z,y) £ 95 &,

1
B(z,y) = / ot — ) tdt,  zy >0
0

#E o EEROFMNIZIECXTIHEI N TS, FHEHFIEDOFHEMIZDOWTIE??SIL

o N—XEBITIFZRLBFRMEZ € D72,

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

THDDT, 5| BDIER XD,

3.14.7 delta

2R3 H—DTIVA%EHET S,

result = delta( i, j )

518

i <I> in R
j <I> in g
EOfE <R> inout ErEALEE.
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3.14.8 df_bessj

ARy VB R ET 5.

result = df bessj( m, t )
518
m <I,R> in B R VBB DI

t <R,DP> in 2R
RO <R,DP> inout aFFfEE.

EERN
mIRERNY RIVERZ I, (t) £T5 &,

Ln(t) = i ™ T (it).
ZIT, ) W m RSy R IVEIE, i IR TH D
BE o EROFIRIIHA LTI S N TS, T EDOMIC OV TIZI?7SIR,

3.14.9 df bessy

PaE
AR ) A~ VBB ERRTS.
E:o
result = df bessy( m, t )
518
m <I,R> in B A= VBB OWE.
t <R,DP> in 2.
RYME <R,DP> inout afEfLEE.
EHEI
miIREW ) A< V% K, (t) £ 35 &,
Kp(t) = zlfm(t) _ Im(t)‘
2 sin mi
ZZT, In(t) W& mIRERRY R IVEBTH .
EE o EEOFMRNIMAE CTHM I N TS, FHliAEDFIZ DOV TIX?? S,
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3.14.10 epsilon

BERE
ITFA4Y YDA TRV EHETS.
=5y
result = epsilon( i, j, k)
511
i <I> in R
j <I> in BRI,
k <I> in H=TA
RUME <R> inout EFEKSHE.
E&EN
1 fEE
Cije =14 —1 FArEf
0 Zoftt
B&

Rz L.

3.14.11 gamma func

Hae
AV~ EFIRET 5.
X
result = gamma func( x )
518
x <I,R> in R,
RUME <R,DP> inout FFHELGEE.
EERN

By BIsE D(x) T3,

o
I'(z) :/ t*etdt, x>0
0

mE o EEROFMAILLAXTIHMI N TS, FHEAIEDOFEMIZ DOV TIX?? S
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3.14.12 kaijo

PRz AR TS,

result = kaijo( i )

518K

R
RFRLRGAR.

i <I> in
ROME <I,R>

mout

il=1ix(i—1)x

3.14.13 sp_bessj

H—FRER R OVEI R FHET 5.

result = sp bessj( m, t )

518

m <I,R> in
t <R,DP> in
RUfH <R,DP>

2R

EGE e

inout
EER

m KRN Y L IVEIEE . (t) £ T3 &,

in() = (5

ZIT, Jn(t) EmikRY RIVEETH 5.

"%

7T>1/21<;

o HERDFHIAIZHE D L TR T N TV 5.

e x2x1

BRARw v VB DO IREL.

Jm+1/2(t)'

A5 B D RER I DT IR 725,
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3.14.14 sp_bessy

H—TR ) A < VR AT 5.

result = sp bessy( m, t )

515

m <I,R> in Bk A~ VBB
t <R,DP> in oL 8
RUME <R,DP> inout FHEHEE.
E&EN
miRER ) A< VBB E j.t) £ TH L,

s

ym(t) = (%) v Ym+1/2(t)'

ZIT, Y1) EmR/) A VEBTHD.

wEE o EEROFHERIMA I CHMI N TS, FHliGIEDOFEMIZ DWW TIX?T? 2L

3.15 statistics

FERAREHLEITIN A, Sk, Wi, 74 7o Y WBEEEITO IV —F U

3.15.1 Anomaly_1d

BEBE
1 IRGCECH D EEN S DT ) <) —%25HT 5,
X
call Anomaly_1d( x, anor, [error], [nc] )
511
x <R,DP(:)> in 1 IRTT—A&.
anor <R,DP(size(x))> inout %% x(i) IZW)0T BImE.
error <R,DP> in RAEME (k) .
nc <I> inout SEHOA TV N () .
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o2
EFRT

FEORIDT =85 xp WIFELGE, TDT YV —ap, FEATD & S IZEHR
INd,
1 n
a; = T — ﬁ Zl‘p
p=1

B%

o REMENERINTVDHEEIE., FEHHHEOEE., TOMEMNBA>TNS T —4 5
ZEBEIZANZN, £/, T/ YV = U TH error TEHINTWVWDIHE
BT,

o 5# nc & error BIEMHRE I NTWBIGE, EHFHEIZHW T — X2 BOHR
B (RIBMEZ RN 728 2IRT.

3.15.2 Anomaly 2d

BEBE
2 IRTTEHDSEEMMN S DT ) ) — 2 3HHET 5,
=5y
call Anomaly 2d( x, anor, [error], [nc] )
515
x <R,DP(:,:)> in 1 RTET—4.
anor <R,DP(size(x,1),size(x,2))> inout & x(i,j) (IX)IET 2L,
error <R,DP> in REEME (k) .
nc <I> inout EHOAT Y N (#Bik) .
EEN
EBOEI DT =R 2y WFAELIHE, TDT ) IV — amp RAFO & 5123
HIXhb,
1 n m
@ij = Tij — %szm
qg=1p=1
B&

o RIEMENERINTVDHEEIE. FEFHEDOEE., TOMEMNBA>TNS T —4 5
EZEBEIZANZN, £/, T/ V = U TH error TEHINTWVWDIHE
BT,

o 5# nc & error BIEMHRE I NTWBIGE, EHFHEIZHW T — X2 BOHR
B (RIBMEZ RN 2E) 2IRT.
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3.15.3 Anomaly 3d

BERE
3 IRTTHL A DFEEN S DT ) <) — % EH T 5,
£
call Anomaly_3d( x, anor, [error], [nc] )
511
x <R,DP(:)> in 1IRITT—X.
anor <R,DP(size(x,1),size(x,2),size(x,3))> inout % x(i,j,k) (I DIEE.
error <R,DP> in RIME (#ad) .
nc <I> inout EHDAT VN (#BR) .
E&ER
FEEOEIDT —ZH] zppn WFELZGE, TDT /) = apn FAFD X S 12
HEIND,
1 n m
Qijk = Tijk = 7 Z Z Z Lpqr
=1q¢=1p
e

o RIEMEMERINTVWIHEIE, FEHHEDE., TOEPASTND T —X 1
EZEBEIZANZN, £/, 7/ V= U TH error TEHINTWVWDIHE
BT,

e 71 nc & error BIEDEREINTWBIGEE, FHEHEIZHW 2T — 2 BOM%
BO(REMEZ RN 2RT.

3.15.4 auto_interpo_search_1d

1 IRTCOWIERLY] (BERBPIEZ D T L IR E R DH5]) OH T, point &
BZBWVIRKDEZREFESZHNITE (WDLWDE AT AGHTD LD RILHEEITD ),

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

518
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X <R,DP(:)> in 1 RITHfERd .

point  <R,DP(:)> in EiRAYAAY=¥

i <I(size(point))> inout % point ZHALWVEHEKRD x(i)
WY T 2 ERES.

undeff <I> in BRHEFN T 7 7 (k) .
774 Mo,

stdopt <L> in To5—Wh7o5 7 (%&ik) .

T 7 A ME .false.
EHEIN
BRI ??.
iBE

o (i HikIX auto_interpo_search_1d &[A L. 7272 U, point EHIILY 7 —
ATHDIENHEHRTHD. U, Wil7T— 2 THROEAIE interpo_search 1d
%) —TTHT U N,

3.15.5 auto_interpo_search _2d

2 OTOMWHELS (BERBPEZ D T IEPRE <A DES]) OF T, pointx,
pointy X RWIRAKDELFE S 2 HITEH (WD HY AFSD & 5 R %
??5)0

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

main.tex 2020 £ 2 H 20 H GEHEHR)



STPK v=a7J)L 3HITIL—Fr—& 121

X <R,DP(:)> in 1 RoCHERd ).
y <R,DP(:)> in 1 IR AR 4.
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 GG OWIEELY] (BEREPHE AL T L IENKRELRBES]) 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 IR G 1] .
y <R,DP(:)> in 1 IR AR 4.
z <R,DP(:)> in 1 IR L ] .
pointx <R,DP(:)> in X AT DWTHNRZ VAL
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 ZBABRVEKRD z(k)
WY T2 ERES.
undeff <I> in RN T 7 7 (k) .
T7 AN MEEH.
stdopt <L> in TI—Wh735 7 (k) .
T 7 A4V NE .false.
EERN
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 IRTCD I B EEERIZEH 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.

EERN
PERE x DA F R x(1) TEHXEINTVDHu() ODE22HEE LT, x &[RRI
IIFES DT RBCED R D W DMHESR r DF R () TERZINTVSE V()
CHAFZITOEDTHD. A A—JEH??OES5BEDTH 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 IRICD L5 FEFEERIZE T 5 HEf PNV —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 EERIGITHFIES DM T RELED R L D M DERER r,p D&M (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 IRITD L5 PEFERIZE T 5 HEfRE 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
B UT, x,y,z EEIRIGITAEET D& T LB DR 2 HI D JERER 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 R T—A&.
<R,DP(size(x))> in 1 IRTET — A&
cc <R,DP> inout  FHEIFREL
error <R,DP> in RIEAH.
E&E
FEEDEID 2 T—45] z,, yp WEELZEE, TOMHBURE cc LR D & 5125
HXhd,
Ccov
CcC =

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 WOLhLAIR).
X
call Cor_Coe 2d( x, y, cc, [error] )
518
<R,DP(:,:)> in 2 RITT — &
<R,DP(size(x,1),size(x,2))> in 2 RIET— 4.
cc <R,DP> inout FHBEILREL.
error <R,DP> in REEAE.
EHEN
2 RIGEEH %2 1 IROGECFNISE N 2, Cor _Coe Z VT WS,
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 RThFIR).
£
call Cor_Coe 3d( x, y, cc, [lerror] )
511
<R,DP(:,:,:)> in 3T —A.
y <R,DP(size(x,1),size(x,2),size(x,3))> in 3T —4.
cc <R,DP> inout FHBIGREL.
error <R,DP> in RIEAH.
E&ER
3 IRFCEEH % 1 RGTESNICENEE 2, Cor _Coe Z T W 5.
8%

o RIBMEMEZINTVDHAEI, FIHEOE, 20T —&2 23 L AW,

3.15.13 Fregbin_count_1d

HeE
L YGERANC DU, H5E S N E VNI FAET 67— R OBE AT Y 1 E 5.
=X
call Fregbin count_1d( gbot, qtop, x, opt, qua, [error], [nc]l )
515
gbot  <R,DP(:)> in MR O T i B
qtop  <R,DP(:)> in RO F i .
x <R,DP(:)> in 1R T— A&,
opt <Cc(1)> in BlE L IZAFET 27 — 2D (Bid) .
qua <I> inout FEVIZEEND T — X DL
error <R,DP> in REgME (&) .
nc <I> inout FMATFT—XDOAD Y N (k) .
EERN

FEORIDT =45z, ZANEIIY = LT =45 % y, &35, ZORFNIH
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LT, 1<j <N EHOEYBEZLNTWVWS LTS, HBEY () O FHE (),
B L LIE () ZFHWTZEDOE VY IZFIET 2 T — 2 DEEZE 17 Y T 5.

opt(1:1)=="1> DIFEH T AN q(j) LEAVEE2ALZL X, ZOTF—&I%j &KH
DEVIZEEFNZ L LTV Y FINS.

opt(1:1)=="w> DJPE T AN q(j) LALMEEALZLE, TDOT—XILj FH
DEVIZEEFNZELTHY Y FINS.

ZOEE qh), q(f) BWENTNEIE gbot (§), qtot(§) IZxfnl, BV DM N
M size(gbot) IZHIET 2. EEDT —&F| x, B x(:) ITHIETD. IV N
7B qua IR I D .

(]

o RIEMENEREINTVDIHAIK, TOMEMPASTVWDE T —XEEFEIZAN
AR

o 5% nc % error BIBMHEINT VDA, AW ZT — X BOMBE (RIEME
ZROE) 2IKY. 22T, 5[#nc iﬁ'\’?ﬁfﬁ@&%%‘?b\f_mf%‘), BV
ZHD Y D INBI o RIBIEBAD T —=ZIZDOWTEFATND Z LITHER
T5. §48bb, 5272 VIEgbot, qtot WAV Y N T T —XxDET%
BATOZRWIEY | qua OFBFIL nc IZ—H LRV, EVAILEEFNRNT —X
NEETDDOTHD.

3.15.14 Freqbin_count_2d

BEBE
2 IRTTHFNZ DWW, FREINZE VIBNIZERET 2T —XDEBE DV T 5.
X
call Fregbin_count_2d( gbot, qtop, x, opt, qua, [error], [nc] )
511
gbot  <R,DP(:)> in YU ED N v RRAE.
qtop  <R,DP(:)> in Y VRO FimEAE.
X <R,DP(:,:)> in 2 RITT — A
opt  <C(1)> i BME RSS2 T — RO (i) |
qua <I> inout FHEVIZEEND T — X DK
error <R,DP> n RIEME (&) .
nc <I> inout FIHT—ZDHD Y N () .
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EEN
FRORIDT =25 xpm ZANIIIY = U AT—85% ypy &2 (M = nxm).
ZORINIHUT, 1< <N ZIFOEVYRERA6NTVWD LTS, HDEY (j) D
NUE g (5), B & O LIE ¢ (j) ZFHNTZDOE Y NITAFET 2T — X DA% A
Y95,

opt(1:1)=="1> DFE T AN q(j) LEUVEEELZLE, TOT—&ILj KH
DEVIZEEFNZ L LTV Y FINS.

opt(1:1)=="w> DFE T—ENq(j) LALMEERLZLE, TDOT—&ILj FH
DEVIZEEFNDELTHY Y MINS.

ZOLE qh), ¢(f) BENTNEIE gbot (§), qtot(§) IZxfnl, BV D N
M size(gbot) IIMIET S, (EEDT —2F] 2 W xC, ) IIHIBT S, ATV B
INAEENE qua IZHAAI NS .

(]

o RIEMENERINTVDIHAIK, TOMEMPAST VDI T —XEEFEIZAN
BN

o 5% nc % error BIBMHEINTWDEHE, AW 2T — X BOMBE (RIEME
ZEROWZE) 2iRY. 22T, 5l8inc BRBEOAZRNZETHY, £V
ZHD Y N INBI o RIBIEMAD T = ZIZDOWTEFATND Z LITHER
T2, ThbbL, X VIR gbot, qtot ATV " T T —X xDET%
BATHRVEY | qua OB E nc lF—H LRV, EVRHIZEENERNT —X
NEETDDOTHD.

3.15.15 Freqbin_count_3d

HEE

3 ILHFNZ DWT, FREI N VIRNIFEET 2 T — 2 DEBE DV M 5.
N

call Fregbin_count_3d( gbot, qtop, x, opt, qua, [error], [nc] )
518
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gbot  <R,DP(:)> in 2l OD N Vi R 1L

qtop  <R,DP(:)> in O b .

x <R,DP(:,:,:)> in 3T —4.

opt <C(1)> in Bl EIZFAET 2 7 — 2 D (BiR) .
qua <I> inout FYEVIZHEEND T — X DEE.

error <R,DP> in REEME (Bid) .

nc <I> inout FIHT—ZDHD Y ML (k) .

EERN
FEOEIDT =825 gy EARFIZY) = UAET— 2% gy £ (M =
nxmxl). TOFIIHLT, 1<j<NETFOEVYREZLNTWS LTS, H
BV (j) OTHHE qi(7), B &0 EIE q,(j) @ FHNTZOEYNITIHET DT — X
D E 1D > T 5.

opt(1:1)=="1" DJPE T— XNV q(j) LEALCMEZAELLZL X TOT—XILj FH
DEVIZEEFND L LTI Y FINSD.

opt(1:1)=="w DIFEH T AN q(j) LEULMHEEEL-L S, TDT—&ILj &KH
DEVIZEEFNDL LTI Y FINSD.

ZDEE, q0), qj) BENTNEIE gqbot (§), qtot(§) IZHIGL, ¥ DfEE N
M size(gbot) (BT S, ERDT — 45 2. W x(eyi, ) ITHIRT S, AT Y
I N MEBUE qua I I NS

B%

o RIBMENEBZINTVIHEIX., TOEMNPASTVE T — A HEGFEIZAN
AT

o 5% nc % error BIBMHEINT VDA, AW 2T — X BOMBE (RIEME
ZROWZE) 2iRY. 22T, §l8lnc BRBEOAZRNZETHY, HEV
ZHD Y N INBI o RIBIEMAD T = ZIZDOWTEFATND Z LITHER
T2, ThbL, XY VIEgbot, qtot ATV h T T —X xDET%
BATHRVEY | qua OB E nc lEF—H LRV, EVRHIZEENERNT —X
NEETDDOTHD.

3.15.16 LSM_1d

BEBE
HBT—RINFUT, SEEBIZ 70y T4 VT DI, RN BIEIZE->TE
DIEX LY/ 258HTL—F .

23

call LSM 1d( x, y, slope, intercept, [undef] )
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518
x <R,DP(:)> in T REH
y <R,DP(size(x))> in T—RER 2.
slope <R,DP> inout K5 NBHREEE DM E.
intercept <R,DP> inout K 5N D HIELEBDOY) .
undef <R,DP> in REEME (Bid) .
EERN
EROEIDT—ZHDOM v,y WIFAEL 725G, TOT — R 2 B/N_FIEIZEY
PURD & 5 BEREBIEL F(xp) 1274 T4 V755,
F(.’L’Z) = a1x; + ag.
oL X, 5IBUILLFOXINE T 5,
x; + x(1), a; : slope, ag : intercept.
BB, ZORNIFEID & D BRI ROGERIZAERD 5.4.1 B,
e

o RIEMEMEBINTWVWIEEIE., TOMMPA->TWVWD T —XHEEEIZAN
RN,

3.15.17 LSM_2d

HaE
H2 2WLT—RINTHUT, $IBBEIZ T 1y T4 V7B, RUN=FIEIC
Lo TTDMHS LY/ ZEETIN—F V.
=X
call LSM 2d( x, y, slope, intercept, [undef] )
518
x <R,DP(:,:)> in TR 1
y <R,DP(size(x,1),size(x,2))> in TR EH 2.
slope <R,DP> inout K S5NDFCEEOME X,
intercept <R,DP> inout KD SN DIRLEE DY Fr.
undef <R,DP> in REEME (Bid) .
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EHEN
2 RotHEA % 1 ROCICE IR T, LSM V—F V2 HWTW5.

[

o RIBMENEBZINTVIHEIK., TOEMNP A>TV T — X HEFHEIZAN

R,

3.15.18 LSM_3d

BERE
H2 3T — RN LT, SEBEBIZ7 vy T« V7T 28I, BuN_TRIEIC
FOoTEDMHEES LY/ ZEETIN—F V.
X
call LSM 3d( x, y, slope, intercept, [undef] )
51¥
X <R,DP(:,:,:)> in T—AREHE 1.
y <R,DP(size(x,1),size(x,2),size(x,3))> in T— AP 2.
slope <R,DP> inout K 5N DB IREBE DM X
intercept <R,DP> inout 3K 5N DI DU
undef <R,DP> in REEME (Bid) .
E&ER
3 Roehicd % 1 IRGTCICE ST, LSM V—F V2 HN T\ 5.
5

o REMENEHEINTWVIBELEIX, TOENPASDTVWE T —XMEHEIZAN
RN,

3.15.19 LSM_poly_1d

HBDT AN UT, FRRBOZERIZ T 4w T4 V73282, /N RE
W& > TEDEBBEFHETIN—F .

call LSM poly_1d( x, y, a, intercept, [undef] )
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518
x <R,DP(:)> in TR EE .
y <R,DP(size(x))> in T—REZR 9,
a <R,DP(:)> inout K& HNDLIHANDELRE (1&ih) .
intercept <R,DP> inout RKOOHNDLIHADYF (1&k) .
undef <R,DP> in RIEME (#838) .
E&EN
FEEOEIDT—RFOM x,, yp PFEL GG, TOT—R 2 R/N_FIEIZEY
URDES B mREENRF(x,) (27 14v T4 V795,
F(z;) = Zajx{ + ao.
j=1
ZDOEE, BB RO IRE T B,

x; : x(1), a; : a(j), ap : intercept.
BIBDENS R THLMNEEDIZ, E5[BE UTazETER. TOEYOEZKAN
ZEANDTREIRBE 85, /2. ALV IN—F VT, intercept LS a IZHLA
ATz GE, FERIEUIT intercept DAL LT, a(0) 2 AATHIXREZ N,
BH. ZOR/N_FEIZK D BARN R FEOGEIZANERD IS4,

®E

o RIEMEBINTWVWDIGAEIE., TOENPIADTWVWDET—XEHZEEIZAN
U,

3.15.20 LSM poly_2d

Hme
HET—HINH LT, ERRBOZHRNZ T v 71 V79 2HEI, R/ K
CE O TEDERBERHRT SN —F > (2 IKIThK).

23

call LSM poly 2d( x, y, a, intercept, [undef] )

518K
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x <R,DP(:,:)> in T—REHZ 1
y <R,DP(size(x,1),size(x,2))> in TR EH 2.
a <R,DP(:)> inout RKOOENDLHEANDELRE (k) .
intercept <R,DP> inout ROLNLLZHADYIF (£ik) .
undef <R,DP> in REEME (k) .

EERN

2MILT — R % L IRGLT —RIZEZHZ T, LSM poly T W5,
e

o REENERINTVIHEIE, TOMEMNASTWD T — A [ EZFHEIZAN
AAN

3.15.21 LSM_poly_3d

HDT =R UT, FRERBDLIENIZ T v T+ 73282, RN FIE
&> TTDERBEZFHET DN —F >V (3 IRIth).

=X
call LSM poly 3d( x, y, a, intercept, [undef] )
515
X <R,DP(:,:,:)> in T—REHR .
y <R,DP(size(x,1),size(x,2),size(x,3))> in T—RER 2.
a <R,DP(:)> inout K& 5N D LIHANDEIRE
intercept <R,DP> inout RKDODOLNBLIHADYI - (
undef <R,DP> in RIEME (#8d) .
EER
3WMILT — A% 1 IRILT — AT E SR T, LSM.poly & HNTW5.
e

o REMENTEHEINTWVBEAEIX., TOEMBASDTVWE T —XHEHEIZAN
RN,
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3.15.22 LSM _multi

Bee
HdT RN LT, [ERMEBOSERSENCT 4y T4 V7T, &/
CRIRILE O TEORBBEEIR T DI —F V.
X
call LSMmulti( x, y, a, [undef] )
511
X <R,DP(:,:)> in T—REHE .
y <R,DP(size(x,1))> in T—REHR 2.
a <R,DP(size(x,2))> inout KDOLNDLIHADKGRE (k) .
undef <R,DP> in RIEME (k) .
E&ER
FEEOEIDT—ZHOM ¢,y WEIELGE, TOT—X 2 R/N_FIEIZEY
UFRDES> B mREZHEN F(x,) 74V T4 V745,
F(acz) = Zajmm.
j=1
ZDEE, BB TRONIGRE T B,
xj; + x(1,3), a; @ a(j).
BE. ZORNZFEIZE D BERNLFEOIERIIAHROT?TSI, © & m EDOMT
BEBTHEINSEA2RT. ZOEBOMEEIRE a; OBUIFEL .
i\
o RIMEMNEHREINTWVDEGEIE., TOMEMNASTNWD T —XfEFHEIZAN
BN,
o LT 1y TA VB
F(x;) = a1z1 + agza + - - - any
EVIEIEL TN, U, 71y T+ ¥ TN
F(x;) = ap + a121 + asxa + - - - anxy
EWVWISY R RSB ENE LR ITNIER S BNGETE, AV—F VI3fFH
AEETH S, BARIZIE, V—F VD58 x(:,1) IZRT 1 ZANTHITIEE
AT ko R RS
F(x;) = apro + a1w1 + agxo + - - - apxy, x9=1
EHFIZRDDT, a(1) YR DOMEINRINDG Z L1285,
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3.15.23 Mean_1d

BERE
1 IRGTTEH DSl % 3T 5,
X
call Mean_1d( x, ave, [error], [nc] )
511
X <R,DP(:)> in 1 IRgET — A,
ave <R,DP> inout EME 9 5 FEIIME.
error <R,DP> in RIgME (1) .
nc <I> inout EHDOAHT Y N (#BR) .
E&ER
FEROEXDT =25, PIEFELU S, TOVEY ave IZATFD X D IZEHHEI NS,
ave = - Z Zp
p=1
B&

o REMENERINTVDHEEIE. FEHFHHEDOE., TOMEMNA>TNS T —4 5
ZEMEIZ AN,

o 5# nc & error BIENHRE I NTWBIGE, EHFHEIZHW T — X2 BOHR
B (RIBMEZ RN ZE) 2IRT.

3.15.24 Mean_2d

BB
2 RILHLH DI % BHE T B,
£
call Mean 2d( x, ave, [error], [nc] )
511
x <R,DP(:,:)> in 2 ILT — A
ave <R,DP> inout FHEY 5 FEIME.
error <R,DP> n RIEME (#8ak) .
nc <I> inout EHEOHT V NEC (1BaR) .
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EER
EREOEIDT — R xpp WIFEIEL 725G, TOEY ave IZPATFTD & D IZEHE X
nd,
ave = — ZZ:qu
q 1 p=1
5

o REMENEZRINT WD HEIE, FHFHROE, TOMEMNA>TVD T — 4
ZEHRIZANZ,

o 5# nc & error BIEMHRE I NTWBIGE, EHFHHEIZHW T — XD
(R Z RN 72E) &2IRT.

3.15.25 Mean_3d

BEBE
3 ROTECH DEE % HE T 5,
X
call Mean_3d( x, ave, [error], [nc] )
E1E=
x <R,DP(:,:,:)> in 3IRIET — A
ave <R,DP> inout FHEY B EIIME.
error <R,DP> in REEME (k) .
nc <I> inout EHEDOAT VN (1Bak) .
E&EN
EEDOEIDT— R 2y DFELU GG, TOVY ave IZEATR O & S ICHE X
nd,
ave = lmn Z Z Z Tpgr
r=1qg=1 p=1
=3

o RIBEMNEZINTVDLEIL, FHHAEDE., TOMENBAS>TVD T —X 5
= BRI AN,

o 1% nc & error BIFMEREINT VB IEE, FHEEIZHW T — 2 BOH%R
B (RIBMEZ RN 2IRT.
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3.15.26 Median_1d

1 RICHCHI D defii % KD B

call Median_1d( x, med, [error], [nc]l )

518K

x <R,DP(:)> in 1 RTT—A.

med <R,DP> inout 3Rd& D LA,

error <R,DP> in REEME (k) .

nc <I> inout FMATFT—XDAD Y N (Bak) .

EHEN

EROEIDT =25 v, WFEELUEGE, BRIV =ML, T2 BOLHIAL
B DM EROMEEHNTE, 2L E, V= bUT—ZPMEROGEIET—4
B0 (EE) 2O 2 BEUR TORAMER 2L U -ENREIND,

B%

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

o 313 nc IE error AIEMIE X NTVBHE, V25— 2 OGS (i
2R %58

3.15.27 Median_2d

BEBE
2 IRTTEH DR S Z SRk D B,
EX
call Median 2d( x, med, [error], [nc] )
511
X <R,DP(:,:)> in 2T — A
med <R,DP> inout k& D LA,
error <R,DP> in RIEME (1) .
nc <I> inout FIHT—ZDHD Y N (BR) .
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E&E
ERORIDT =85 2y 1y WEAEL 256G, AXREFIZY — ML, T—2BOD¥53I
MBS RPN EEDEEZ T, DL X, V—hUAET—EWMEROEGEIET—
D5 DAE (TR % BB 2 BEBUSTORSIERZ % F LU EMR I ND,

(]

o REMENTEHEINTWVBELEIX, TOENBASTVWE T —XMEFHEIZAN
RN,

o 5% nc I& error SN HEINTVWDHE, W27 — X BOMRE (KRIEMHE
2RO 2K

3.15.28 Median_3d

3 RoThicA D RfEZ KD D,

call Median_3d( x, med, [error], [nc] )

518

x <R,DP(:,:,:)> in 3T —A.

med <R,DP> inout K& D LA,

error <R,DP> in REEME (k) .

nc <I> inout FHT—XDHD v M (k) .

EEN

EEDEI DT =85 2y g WEELGE, ARSIV =ML, 72DV
MNET IR EZDMEH 12, 20X, V—bNUAET—2WMERDEGEIET—
BED5r DA () % BB 2 BEBUNCTORSIER 2 LG U NIRRT D,

(]

o REEMNERINTWVIHEIE, TOMEMNASTWE T — X %EFHEIZAN
BN,

o 5% nc X error BN KEINT N DHE, AW ZT — X BOMBE (KRIEMHE
ZERWE) 2IRT
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3.15.29 Quantile_1d

BERE
1 IRGEEHI D q hifa % kDB,
X
call Quantile_1d( q, x, qua, [error], [nc], [opt] )
511
q <R,DP> in SRR (0<g<1).
X <R,DP(:)> in 1R T—4.
qua <R,DP> inout KB q /AifAE.
error <R,DP> in REEME (k) .
nc <I> inout FHET—XDHD v M (81k) .
opt <C(1)> in AL DTN (i) .
E&ER
FEBEOEIDT— X 2, ZANIIIY =N UT X% y, £ T5. ZOEHIZ
ST, UFORERT q Hll Q, 2 38T 2.
Q¢=uy, t=1-—q+qn.
ZITHRLNE QMR VHE qua ITHHNI NG ¢ MTFT—RFNZBT D g ARt
6T AEAMNEREFEZSTHD. U, t WBEMTIIERLSERTHDIGE, + 7> a b
Bopt IC&2TQ,DIRBUFZIUTMNEERNTES:
opt(1:1)=="i’> DFEH (FFHFHMAE)
Qq = (t = [ty + (] + 1 = t)yy41-
T2y NIAT AL EERT.
opt (1:1)=="1> DIFH (TFT—%)
Qq = Ypy-
opt(1:1)=="w’ DHZE (LAFT—%)
Qq = Yjg}+1-
B&
o RIEMEMERINTWVAEEIZ. TOENASDTVWET—XHZEEIZAN
AN
o 5% nc X error FIBMHEINT W DEHE, W 2T— X BOMBRE (RIEME
EIR ) RIET
o G opt DF 7 A MEIX > THD.
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3.15.30 Quantile_2d

2 RIThLs D g DAMEZE KD D,

call Quantile 2d( q, x, qua, [error], [nc], [opt] )
511

q <R,DP> in SRR (0< ¢ <1).
x <R,DP(:,:)> in 2 RIET — A
qua <R,DP> inout KD q /AIHE.
error <R,DP> in REgME (Bid) .
nc <I> inout FHT—XDAHD v MR ($81k) .
opt <C(1)> in AL DTN (F2ak) .
EHEL
FROEIDT =25 2y EANZIY = NU2T—25% yy &35 (N =nxm).
ZORFNIH U T, LFDOERRXT ¢ 736l Q, 2E1ET 5.
Qq=y:, t=1-—q+gN.

ZITHRLNZ Q, MR Y H qua IZHMI NS, t BT —RFNZB T D g AU
6T BRI EREBESTHD. LU, t PEMTIIRLSFERTHIHE, A7 a Vbl
Bopt IC&2TQ,DIRBUAZIUTMNEERNTES:

opt(1:1)=="1" DBE (IRF/HR)
Qq = (t = [Ny + ([t + 1 = )y
TIry MEA Y AGRBERT.
opt (1:1)=="1" D¥& (FAT—%)
Qq = Y-
opt(1:1)=="w DHE (LAF—%)

Qq = Y[]+1-
e

o RIEMEMNEBINTWVEEEIE., TOMEMNASTVWET—XHEHEIZAN
R,

o 38 nc I error BIMBREINTVBIGA, V2T — X ORI (KRB
ZERNZE) 2R

o 5[ opt OF 74 MhIL °i° TH 5.
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3.15.31 Quantile_3d

BERE
3 IRITTEH D q hifE% kDB,
X
call Quantile_3d( q, x, qua, [error], [nc], [opt] )
511
q <R,DP> in SRR (0< g <1).
X <R,DP(:,:,:)> in 3T —4.
qua <R,DP> inout KD q AIHE.
error <R,DP> in REEME (k) .
nc <I> inout FMHT—2DOH Y N (B) .
opt <C(1)> in AL DTN (i) .
E&E
FEEOEIDT— A4 Tpmi ZFANIITY — b LT —RH5% yy £95 (N =
nxmxl). ZORFNIH LT, LROERNT ¢ 20ifE Q, 251HET 5.
Qq¢=uy, t=1-—q+gN.
ZITHRLNE QMR VH qua IZHHNI NG ¢ MT—RINZBT D g AR}
6T DESERZEB S THD. U, t WEHTIILRLSERTHIGE, A7 a Vbl
Bopt IC&2TQ,DIRBUAZIUTMNEERNTES:
opt(1:1)=="i’> DFEH (FFHFHMAE)
Qq = (t = [ty + (] + 1 = t)yy41-
T2y NIAT AL EERT.
opt (1:1)=="1> DIFH (TFT—%)
Qq = Ypy-
opt(1:1)=="w’ DHZE (LAFT—%)
Qq = Y[]+1-
B&

o RIEMEMNEBINTWVEEEIE., TOMEMNASTVWET—XHEHEIZAN
R,

o 38 nc I error BIMBREINTVBIGA, V2T — X ORI (KRB
ZERNZE) 2R

o 5[ opt OF 74 MhIL °i° TH 5.
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3.15.32 Quartile_1d

1 RICHCHI DI LAE Z KD D,

call Quartile_1d( x, qua, [error], [nc] )

518K

x <R,DP(:)> in
qua <R,DP(3)> inout
error <R,DP> in

nc <I> mout

1 RTET—A.
kb 2 v A
RIEME (F85) .

FHET =207y M (k) .

EERN
EROEIDT =45 2, WFEELZHGE, NIV =ML, T2
B OESEZROMEERENTE, 20X V= hNUAT—ZMEROGBEIET—
BEDH O () Z RO BEE 2 BBUKCTORSER 2 U 72 E3NR I D,
51T, TTHOLNAZTROEREZNZTNIZDOWTI HIESDAEIZE T DS
WHRMEHIT 5. quall:3) IFTNTN qual) & 25 S—t ¥ &A1 IVH, qua(2)
1& 50 /8= & A, qua(3) 1 75 A= U XA INVAEIZ—ET 5.

B%

o REENERINTVDIHEIE, TOMEMNASTWE T —H[{EZFHEIZAN
BN,

o 313 nc IE error BIEMIE X NTVBHE, FIV 25— A OGS (il
EBRV B BT

3.15.33 Quartile_2d
Hae
2 RGEEF DU AifE 2 KD B,

23R

call Quartile 2d( x, qua, [error], [nc] )

518
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x <R,DP(:,:)> in 2 RITT—A.

qua <R,DP(3)> inout K& B AL,

error <R,DP> in REEME (Bid) .

nc <I> inout FAT—XDOAT Y NI (BIR) .

EERN
EROEIDT =85 2y DAL 25E, ARSIV — MU, T—2BDY53I
MBS RPN EZEDEZ T, DL E, V= hUAET—EWEROGEIET—
BEDN O () # RO BERE 2 BBUKCTORSER 2 U 72 EaNR I b,
X5, TTHELNAZHROBREZNZTIIIDONTI HIEH DA EIZS T 2 ES
WHEMEZH TS, qua(l:3) IZFZNEN qua(l) 1 25 N—& > XA IV, qua(2)
1 50 /8—L V& A IAHE, qua(3) 1 75 A= U XA IVEIZ T 5.

2

o RIEMEMEBINTWVWIHEEIE., TOMMPA->TWVWDET—XHzEEIZAN
RN,

o 518 nc 1% error BN HEINT VD HE, AW AZT — X BOMBE (KRIEMHE
RO 2IRT

3.15.34 Quartile_3d

BERE
3 IRTThL A DY NifE % KD B,
£
call Quartile 3d( x, qua, [error], [nc] )
511
X <R,DP(:,:,:)> in 3IRILT— X
qua <R,DP(3)> inout 3R B P57 fHE.
error <R,DP> in REEME (Bid) .
nc <I> inout FHT—ZDHT Y N ($8d) .
EHEN

EEDOEI DT =85 2y gy WEEL GG, ARSIV =ML, 72D
MBS RPN EZEDEEZ T D, ZDEE, V= hFUAET—EWEROGEIET—
BEDN O () Z RO BEE 2 BBUKCTORSER 2 U 72 ENR I b,
X5, TTHELNAZHROBREZNZTINIIDONTI HIES DA EIZS T 2 ES
WHRME2H TS, qual:3) IFTNTN qua(l) & 25 S—t ¥ &A1 IVH, qua(2)
1 50 /8= VA A, qua(3) 1 75 A= U XA IVAEIZ T 5.
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(]

o RIEMEMEZINTWVAEEIZ., TOMENADTWET—AHZEHEIZAN
R,

o 5 nc IX error FIEMHEINT WD HE, AW 2T — 2 BOME (KIEMHE
ZhROE) ZIKT

3.15.35 Reg Line 1d

HaE
FREMOMEE LY 2574 —F .
X
call Reg Line_ 1d( x, y, slope, intercept, [error] )
515
x <R,DP(:)> in 1 IRTT—A&.
y <R,DP(size(x))> in LIRTET —A.
slope <R,DP> inout AR EFROME .
intercept <R,DP> inout [FAIFERROY] .
error <R,DP> in RIEAE.
EERN
EEOREID 2 T—&5] z,, yp PFELZGE. TORIFER y, = oz, + 8128
F2MEE o LY 82 LSMV—F V2 HWTHET S,
IEHE R BT TIEISAT BT 7S L
=

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

3.15.36 Reg _Line 2d

2 RIET —RIZ DOV THIREMRDOMEE L/ 257 T2 —F .

call Reg Line 2d( x, y, slope, intercept, [error] )
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515
x <R,DP(:,:)> in 2T — A
y <R,DP(size(x,1),size(x,2))> in 2 RTLT — 4.
slope <R,DP> inout [A|FEKROM E.
intercept <R,DP> inout [FREFROY] Fr.
error <R,DP> in RIEMH.
EERN
2IMIGT — A% L IRGLT — R EIHZ T, Reg Line V—F V&AWV D.
e
o REMENEZINTWBEAHIX, GHHEOE, TDTF7— & %23 L ARV,
3.15.37 Reg_Line_3d
Hae
3MILT — AU OWTHIREFROMEE L YR &2 3R T —F .
=X
call Reg Line 3d( x, y, slope, intercept, [error] )
515
X <R,DP(:,:,:)> in 3IRITT—X.
y <R,DP(size(x,1),size(x,2),size(x,3))> in 3IRILT—A.
slope <R,DP> inout [A|VFERROM E.
intercept <R,DP> inout [FIEEFROY]Fr.
error <R,DP> in RIEAH.

EERN
SMIGT — A% 1 IRGLT —RIZESIHA T, Reg Line V—F V&N D,

B%

o REMEMNEZRINTWV LA, SHROKEE, TOT—Zz2iRH LAV,
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3.15.38 covariance_1d

BERE
2 T —RDHNREFET DI —F V.
£
call covariance 1d( x, y, cov, [error], [nc] )
511
X <R,DP(:)> in 1IRTET —&.
y <R,DP(size(x))> in LIRET—4.
cov <R,DP> inout J:E
error <R,DP> in RIEAH.
nc <I> inout FEHEOAT VN (Bak) .
EEN
FEEOEID 2 7—35] z,, y, WELEL GG, TOHLDE cov LFD & S IZFHE
INd,
1 & _ _
cov = - ; (z; — %) (y; — 9)
ZIZT, EfOOWIERISESEE KT
8%

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

e 1 nc & error BIBMEREINT VB EE, FHEHEIZHW 2T — 2 BOH%
B(RIBMEZ RN 28 2IRT.

3.15.39 covariance_2d

BEEE

2 T—RDHNMEFET DI —F > (2 IRITALFIRR).
X

call covariance_2d( x, y, cov, [error], [nc] )
511
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x <R,DP(:,:)> in 2RTTT — &,

y <R,DP(size(x,1),size(x,2))> in 2 LT — 4.

cov <R,DP> inout FL k.

error <R,DP> in RIEAH.

nc <I> inout “EHEDA TV NG (k) .

EEX

QML T —R%E 1L IRGET —RITEZIHZ T, covariance V—F V2 V5.

B%

o REMENEZRINTV D LA, FHROKEE, TDT—Z 23R LAV,

o 5# nc & error BIEMHRE I NTWBIGE, EHFHHEIZHW T — X2 BOHR
B (RIBMEZ RN &2IRT.

3.15.40 covariance_3d

BéaE
2 T—RDOHNREFET DIV —F > (3 RITHELFIIR).
X
call covariance 3d( x, y, cov, [error], [nc] )
511
x <R,DP(:,:,:)> in 3T —4.
y <R,DP(size(x,1),size(x,2),size(x,3))> in 3T —4.
cov <R,DP> inout JLHEL.
error <R,DP> in REEAH.
nc <I> inout DAYV N (#BiR) .
E&ER
3T —R%E 1 IRTT—RIZEZHZ T, covariance V—F V2 5.
&&

o RIBMENERINTODIGAIX, FHROE, TDT—&2 23R LAV,

o 51 nc & error BIEMNEREINT WD GE, EHFHEIZHWZ T — 2 B
B (REBMEZ RN ZE) 2IRT.
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3.15.41 interpo_search_1d

BERE
1 IRFTTOMWIEELH] (BERBNER 2 T IR RIS RDEH]) OHFT, point %
BABWVRKODEZFZSZ2H 1T (DWW E NI AL TD LD RN EFTS ),
g
call interpo_search 1d( x, point, i, [undeff], [stdopt] )
511
X <R,DP(:)> in 1 RICHT L.
point  <R,DP> in EiRAYAAY=¥
i <I> inout point ZMALWVERKD x(i)
NV EES P o S
undeff <I> in RN T 57 (1Bh) .
T7 A NI o,
stdopt <L> in TI—Wh7I 7 (k) .
T 7 AN M . false.
E&ER
BB 377,
B&

o RRFIFHDOIERME L VNI WVEEZ R L & 5 & UZBRIZ undeff 2K T,
ZOMEDBRE I NG ITERHIFAIMI B - 72551% 0 2R, SERHPFH LD KX
WGBIREDED Bz L 5TH, x DERREICHY T L ERE S 2K,

o BERINMEREFAIMNIAGAEL TWDGA, 7 7 4 )0 b TR H J71Z Warning
AW —UMNHEIINDED, stdopt & .true. (ZERELTEIHE, HHLRWV.

3.15.42 interpo_search_2d

HEBE
2 RGTDOWIERCS] (BREBNZ 5 T ITENKE AR SEH]) Of T, pointx,
pointy A BRWERAKDEREFSZHNTE (WDLWDH T AGLED XD R %
795,

2

call interpo_search 2d( x, y, pointx, pointy, i, j, [undeff], [stdopt]
)
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515
x <R,DP(:)> in 1 IRTTE R ).
y <R,DP(:)> in 1 RIGHR SIS
pointx <R,DP> in x AZDWTHNZW AL
pointy <R,DP> in YIZDWTHNRZ DL
i <I> inout pointx %A RWVERKD x(i)
WY T 2 ERES.
j <I> inout pointy Z A ZWERKD y(j)
ICHY T 2 ERES.
undeff <I> in PRBHIPHIN T Z 7 (#2iR) .
A VAN A=l
stdopt <L> in TI—Hh75 7 (k) .
T 7 AV N false.
EERN
I P77
e

o BEEHPHDOMIF ERZE L D /NI WVMEZ R LU LD & UZBRIZ undeff 23K,
ZOMENHREINTIERHIFAINI R - 25813 0 2K T, R LD KX
WIGBIFED LS B3R &> TH, x DERKMEIZHY T DA EEZE S 2IKT,

o RENMBERBHFHIMGFILEL TWDEE, 7 7 4V N TIIEHEH /712 Warning
AW —=INHIIINED, stdopt & .true. [TEELTHITIE, HHLARW.

3.15.43 interpo_search_3d

3 IRTCOWIEELY] (EREBNIHEA D Z L IElNKRE <A SH4]) OHF T, pointx,
pointy, pointz Z A BWERKKDERFZSZHNTLE (WbWL AV AGTD &
DB ELTD),

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 IRTn L ).

y <R,DP(:)> in 1 IRSCHT LA

z <R,DP(:)> in 1 IR e ] .

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 BRHFHN 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.

3.15.44 interpolation_1d

HeE
1L RTTDRIEAFIN—F >, NI ENIEOBRIZZRIT S mB LU, 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,

3.15.45 interpolation_2d

BEEE
2 IRTTDRRERFTF I —F >, N R ENFHOBRIZSIRT S B 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] (
LEEINS T, ZorE, FIRIETONIEE TS,
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,

3.15.46 interpolation_3d

3 RITDREANTFIN —F >, NREIRENFORIZZRTIRBE LT, TORIZHY
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) (p — 1) + (Wij+1k — Uijk) o = 45)
Tit1 — Ti Yi+1 —Yj
(2zr — 21)
Wi — i) 2T T FR)
+ ( ijk+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)
Yi+1 — Yj Bk+1 — 25

+ (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

LRI MDY, ZorE GIEIRMTORIEE T S,
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,

3.15.47 nearest_search_1d

HeE
1 IRTCOWIEELY] (BERBPIEZ D T IERRE B DHH]) OH 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,

3.15.48 nearest_search_2d

in
n

inout

1RGSR i 51

AR OERL

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

2 GG OWIEELY] (BEREBHE A LD T L IElNKRELSRBES]) 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 XoTsEEe .
v R,DP()> in 1 YOEHTRIRIAL.
pointx <R,DP> in x AZDWTHNZWD AL
pointy <R,DP> in Y IZDOWTHANRZDAL
i <I> inout pointx (ZHE TV x (1)
YT ERES.
j <I> inout pointy IZHE LTV y(j)
ICHY T2 ERES.
EHEN
REA IR 77.
e
2L,
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3.15.49 nearest_search_3d

3 TTOMWEH (BRI 22 L IlP K E L BB ES) 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 RG] .
y <R,DP(:)> in 1 IR LA
z <R,DP(:)> in 1 RoTEn Ed 1] .
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,

3.15.50 nearest_neighbor_search_1d
HeE
1 IRTGCODAERRLFIDOH T, point IZHRBITWVERF S 2T 1T D,

N

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

518
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X <R,DP(:)> in 1 RSCH S Rd ).
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

3.15.51 nearest_neighbor_search_2d

2 IRTCDALRERLFIDOH T, pointx, pointy (B IEWVWEZEEFSE2H 1T D,

call nearest._neighbor_search 2d( x, y, pointx, pointy, i, j, [undef] )

518

x <R,DP(:)> in 1 IR 4.
y <R,DP(:)> in IRV\GTwt [T RY I
pointx <R,DP> in x AZDWTHNRZW AL
pointy <R,DP> in yIZOWTHHAN WD
i <I> inout pointx IZHRH TV x(i)
MY D ERET.
j <I> inout pointy IZHE IV y(j)
IZHY T B ERE .
undef  <R,DP> in RAE FRE.
EHEL
nearest_search_2d & [F U.
wE
B U,

3.15.52 nearest_neighbor_search_3d

Hae
3 IEDEREEFDHF T, pointx, pointy, pointz ICHEEWEREFZ S % H N
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5,

=

call nearest_neighbor_search 3d( x, y, z, pointx, pointy, pointz, &

i, j, k, [undef] )

5%
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
EHEN
nearest_search 3d & [A U.
B&
A

3.15.53 spline_3

1 IRTTED 3IRATZ A4 VBN —F >, W& WO

1 IRoGHT S

1 RoGHT LS.

1 IRIGHr SIS

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 .
RE LA,

g3

~ =N

TEOERB LU,

TORIIBITAEEZE L2, 3IRAT A4 VEBIZ XML >TEHHET 5,

call spline 3( xi, xo, yi, yo, [itypel, [t1], [tn] )

518
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EEX

xi <R,DP(:)> in BHERINTWVWDET—X AL
X0 <R,DP(:)> in WHT 27— &
yi <R,DP(size(xi))> in xi CEZRINDIH.
yo <R,DP(size(x0))> in xo CHfiINDIH.
itype <I> in  W¥ESAE ORI (Hk).
T 7 )V ME 2.
t1 <R,DP> in  xi(1) TOMEME (1Bh).
7 7 )V Ml 0.0.
tn <R,DP> in  xi(size(xi)) TG (k).

T 7 4 )V MiElZ 0.0.

BABIEX??. oD RS X i=1,--- N OFRITHF U TEREINTVWDEY;
2 LI, EERGIBEERNICF T 2 EEOR z LB TN FHR L2 ne
B, ZOY I, NIFE S(x) IX 3MMATIA VEEERNTU RO LD ICEHHRINS:

Si(x) = ai(z — X3)2 +bi(z — Xi)? + il — Xp) +di,  (Xs <2< Xig1)

ZOLE GIBIFLTONIGE T S,

X; @ xi(1), Si(X;) : yi(@), z : xo(§), S(x) : yo(j).

AR O RIS 8% 5.4.3 .

(]

3.15.54

o HIE xo 134T, xi LRI UHALT xi OHPANIZTFEE L RITIUTR S 0.
o S itype IZ AT T 1 VBRI Z KD D & FITHEL L LM TOMIIE

MEMEOHEZRET S, itype = 1 DHEIE 1 IS TEHEZITV, itype
= 2 DA 2 BIED TEHEZTD.

o 5 t1, tn XENTN itype THE I N/WDRIMIZE T D BAKK LS

DIETH Y, t1 ¥ xi (1) TOMWMSE, tn A xi(size(xi)) THOMOE TG
45.

o 5I# itype, t1, tn OWEY) AR E THEROMIGRMAEEZRETDIIENTES.

BE, INLNEESHBEINTVARVWGSIE, Mz 2 FgS THE
U, TOWAMEIIEBE WS BRRAT 54 Y THIFZITS.

stand_devi_1d

2 T—ADEME[FAEZHET DI —F .
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X
call stand devi_1d( x, anor, [error] )
511
x <R,DP(:)> in 1R T—A&.
anor <R,DP> inout AEHEfR .
error <R,DP> in REEAH.
EER
FEROEIDT— R x, WFIELZGE. TOEME[RE sto VRO & S IZEHR X
nd,
sty = 1 Zn:(x — )2
M\ = Z
ZZT, BB £T.
e%

o RIBMEMEZINTVDHAE, FHEOE, D07 —&2 23 LA,

3.15.55 stand_devi_2d

BéRE
2 7T A DORHERAEL GRS 2V —F ¥ (2 IRGEELFIIK).
£
call stand devi_2d( x, anor, [error] )
511
x <R,DP(:,:)> in 2 ILT — A
anor <R,DP> inout FEEfRF 2.
error <R,DP> in RIEAH.
E&ER
2QTET —R % 1 IRTTT —RIZE X, stand devi V—F V& A5,
8%

o RIBEMEZINTVDIHAE, FHEOE, DT —&2 23 LA,
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3.15.56 stand_devi_3d

Bee
2 F— X ORI & AT 2N —F > (3 WLRAI).
£
call stand_devi_3d( x, anor, [error] )
511
x <R,DP(:,:,:)> in 3T —4.
anor <R,DP> inout fEHEfRF 2.
error <R,DP> in RIEAE.
EHEN
SIILT —H % 1 IRTLT —RIZE IR, stand devi V—F V& HND.
=25

o REMENEZRINTV D LA, SHROEE, 20T —&Z2iR LAV,

3.15.57 Move_ave

BEBE
1 IRFTTES OB EAE % GRS,
X
call Move_ave( x, n, y, [error], [offset] )
518
x <R(:)> in L IRITET— 4.
n <I> in S E & BEE
y <R(size(x))> inout U 7ZAER.
error <R> in RiEME ($8id) .
offset <I> in BEIEYS % fth 9 6 BEE S (Bad) .
77 %)V M n.
EER

EROREIDT =45 z; BFAEL 726, TOBET y, ZAFO L S IZEHHE I
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%, 12U, n WBEIEET L ERMTH D,

i+n—1

Yi :% Z Tp
p=i

wE

o BENIFHIDFEIFEREARTIZ EDOLSIZGIR U TH B, FHEIZEN] D n i
DWTF2EEL, BEEREMEZ5 S, &z LT EWIEX2IT-T
W5,

o 5 offset IIBEFIIMEDRAZIINT I ERE ST Z2HHET D, offset=n
£9de, EOEEANIENT, RERBN N OL &, BEITHELTOLS

WZEHEINS.

i+n—1

;= — zo(i=m,N —n+m
Yi n pz; p( )

ZIZTC, n>m TRIFNERS RN, 2D & X, EOEEHFAIMIMEY T DT
121 error BWRAI NG, T7 4 MO,

3.15.58 Move_anom

BEBE
1 RGN OB EEIE? & DR £ % 51T 5,
£
call Move_anom( x, n, y, [error], [offset] )
511
x <R(:)> in 1 RIET— 4.
n <I> in Vg% & B EER
y <R(size(x))> inout fFo6Nd7 /<.
error <R> in RIEME (k) .
offset <I> in BEIE % G 2 BHEER S (Ralk) .
T 74V M n.
E&ER

FEDOEIDT =8 F o WEEL 72356, TOBETET ) <) y 3B FD &SI
RIEIND, 72U, n BBEFEETLEEHTDH D,

1 i+n—1
Yi = Tj — ﬁ Z Tp
p=t
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5%
o BENEHDEHEIZERERTIZ EOLDIZEHR U TH DA, FEITRMD n iz
DWTHEHZEIR L, DBRIERNEEZF S, Bz 4T L VWO EE%2T->T
W3,
o G offset IMBEIEIMORAZFKT D ERFS2IEET D, offset=m
L35 L, EOEERNIEWT, REZEHN N O & X, BEPEIN S OfF 4 1E
UTFTDEDIZHEINS.
1 i+n—1
yi=wi— pz::i zp(i =m,N —n+m)
ZIT,n>m TCRINERS BN, 20k &, EOBEFZHFIMIAEY T 2 ES)
IZ1E error BWRAIND. T 74 M.
3.15.59 Bubble_Sort
PR
L IRGEERFI DT =R % NTNY = KT IV T ALZE>TY —§ 5,
£X
call Bubble Sort( a, b, sig )
51
a <I,R,DP(:)> in 1L IRGTET — 4.
b <I,R,DP(size(a))> inout Y — b UZFEE.
sig <C(1)> in FE (1) BRI (x) 2.
E&ER
BU. NI =R 7N T XL &> THEE,
8%
BU.
3.15.60 Quick_Sort
BEEE
1 RTBA DT =2 %7497V —=hrTINT) XALIZE2TY =T 3,
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X
call Quick Sort( a, b, sig )
511
a <I,R,DP(:)> in 1 IRGTET — A&
b <I,R,DP(size(a))> inout YV —hU7Z§EEE.
sig <C(1)> in FHIE (1) 2 BEIE (z) 2.
E&EN
BU. 2492V —=hr7)TY ZAIZE>TEE V- NFOHEMET— X (3K /8—
T4 Y3 VOEHEEFIOT— 4 & HN5.
=3

2.

3.15.61 detrend_1d

BEBE
HBDT—RAINIH LT, MLV RBREZITOIIV—F .
X
call detrend_1d( tax, ival, oval, [undef] )
511
tax <R,DP(size(ival))> in ival DEFZEINTV D BB
ival <R,DP(:)> in MLYRRBREZTS T—AX.
oval <R,DP(size(ival))> in hL YV RBREINIZT—X.
undef <R,DP> in  RIEME (Bd) .
E&E

EEDEI DT — RGO xp, ypy WIFAEL 255G, TOT— RO MLV RIS
FlallE (LsM b—F U {FH) 25,

F(z;) = a1z + a0,  (i=1,---,n).
EoT, AVIFNF—AMEID N Y REERELLZT =4 2, 29 &
5=y — F(x;).
o E AU TOMNEET 5,

x; @ tax(i), y; : ival(i), z; : oval(d).
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(]

o RIEMEMEBINTWVWDIHEEIE., TOMMPA->TWVWDT—XHzEEIZAN
R,

3.15.62 detrend_2d

BaeE
HBDT—RFUIKH LT, MY RREZITTOIIV—F V.
=R
call detrend 2d( tax, ival, oval, [undef] )
518
tax <R,DP(:)> in ival O bL Y RZERDDERE (HiR).
ival  <R,DP(:,:)> in MUY RBREZITOT—AX.
oval <R,DP(size(ival,1),size(ival,2))> in kLY REREINEZT—X.
undef <R,DP> in  RIEME (k) .
EHEN
2 MIEDEEDEIDT =R Wy DO B, n HEIWZDOWT MLV RREZRZITS> 2 &
#EZDH. ZDLE, LY RERELBVABE mIZOWTIZZTDOEEIHy, 22 5.
g5, MUY RREZTD BEIZOWTIX, ERDOEI DT —RHOM 2, y, &7
52DT, TOT—RDOMIE MLV RIZAREEIG (LSM IV —F V) 15,
F(z;) = a1z; + ay, (i=1,---,n).
EOoT, AVVFINT=EMEID ML Y RDERELZT =K x4, 20 1E
Zi =Y — F(l‘z)
MUY RIREZITDEN D HAIIZDOWTIE, ZOREFADT —XIIEEMEE B>
TWBDT, & mlIZDWT—RRIZ F(x;) 25<:
Z]z:wjz—F(xl)? (j:]-a"'vm,i:]-v"'vn'
ZDEE, FIBUXLATOX IR % T 5,
x; @ tax(i), wy; ¢ ival(j,i), =zj : oval(j,i).
e
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o RIBMENEBZINTVIHEIX. TOEN A>TV T — A HEGHEIZAN

B0,
o NV RBREZLITD BAEIINT ival DE_HERLAD. §4DH, size(tax)=size(ival,?2)
Thd.

3.16 Thermo Advanced Function

BFEBOWNIEZ TS BB S 6, DT Y 2 —IVITHRIFE U 72 5HR 247 5 BIEUE.

3.16.1 SSIndex

Showalter (1953) 125D < ZE BRI SSI 2517 T I —F V.

result = SSIndex( p, z, qv, temp, [p.ref]l, [p.com], [undeff], [d1l] )

518

p <R(:)> in SUE [Pa).
z <R(size(p))> in = [m).
qv <R(size(p))> in IKESIRE L [kg/kg].
temp <R(size(p))> in I (K.
p.ref  <R> in FAESE (i) [Pal.

7 7 7 )V Ml 850 hPa.
p-com  <R> in L (i) [Pa).

7 7 7 )V Ml 500 hPa.
RUME  <R> inout  SSIndex [J/kg].
undeff <R> in R AE .

SSIndex = (T500 — Tp50()).

Z 2T, Ts00, Tpsoo 1 500 hPa METOBRELORE (DEYD, VYT THEII N
BUREE). Tpso0 IFWIEURHRIZHE > T, FMESE p = 850 hPa 25 BRI/ \—%
VDT,

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

o F 7Y 3 V38 pref, p-con IETNTIEFL 11F 2 IHELIEMIEMR, 5 & UG
Y B UL LT IS 5.

3.16.2 CAPE

HEE
KA RN E T )LV F— (Convective Available Potential Energy) % %4 % ) —
F.
=5
result = CAPE( p, z, qv, temp, z ref, [undeff], [opt] )
518
P <R(:)> in SUE [Pa).
z <R(size(p))> in I [m].
qv <R(size(p))> in KGR AL [kg/kg].
temp <R(size(p))> in e K]
zref  <R> in FHEE L [m).
RO <r> inout CAPE [J/kg].
undeff <R> in RIE FAH.
opt <I> in LNB FHREOBEDO A T a v (k).
copt <I> in LNB REZEDEED A T a Y (k).
EER
PLFC
/ R(T, — T,)d1np.
PLNB
ZIT, pERIE, T, 3RESGORE (DY, VYT THIUINDIRE), T, &
B AR IZHE > T FYESE 2,0 O BRI TS =RIVOERE, RIXKIAEL.
LFC IZHHEXR&EE (Level of Free Convection), LNB IXHLiF /&% (Level of
Neutral Buoyancy).
R

o JIEL UTHAZRMINE, HERSDNIWAVEVHIRISENEEL 22 &
ST, DEVEFIE LTT—4 %252 58I%, HMRE»SEML TV,

o HET—XIXLFC,LNB Ofl%FHT 2 72DIZOMMEHALTN5,
e undeff NHEINT WD EEDHEIFFE I NV,

main.tex 2020 £ 2 H 20 H GEHEHR)



STPK v=a7J)L 3HITIL—Fr—& 168

o LU, A#EFGEZKJLRMETER2561E. ZOBBEITOH T RNICERELE
TOEEZFRL, TOMEEZFIHE U TANNIE OK.

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

e copt 2L, LFC 2%z &5, LINB PRERL BRI LGEDUMEIEET 5.
copt X1 DEE (T 74N N) 1% LNB PREZETH DK T CAPE IZRE
FEKT. —H, copt D2 DFLEIL, LFC "o T —X D LiRHEE nx FTEME
43 U7fi%z CAPE ¥ UCRY. 2L LNB 7 —& D EiiEEEE LD EIZ
GFIETDEOBRGEEZHELTHY, EHAAIELW CAPE DETIFARWNZ &
WHERT . Ay, BAONALEET — X THEFEIZFHET 5 CAPE Off

LEZDBNETHD.
3.16.3 CIN
Hae
KT T % )L ¥ — (Convective INhibition) #&H 4N —F .
X
result = CIN( p, z, qv, temp, zref, [undeff] )
518
P <R(:)> in SUE [Pa).
z <R(size(p))> in = [m].
qv <R(size(p))> in KAEKIEA L [kg/kg).
temp <R(size(p))> in mE K.
zref <R> in FAEEE [m).
ROME  <R> inout CIN [J/kg].
undeff <R> in R E FRAH.
EERN
Pref
/ R(T, —T,)dInp.
PLFC
ZIT, pERIE, T, 3RESGORE (DY, VYT TBHIHUNINDIRE). T, &
B ARRIZHE > T FYESE 2,0 O BRI TSR IVDOERE, RIXKIAEL.
LFC & H Hi & (Level of Free Convection). pref 1& zef TORIE.
5%

o SIHL UTHERDENSNE, HEFRSONIWANIYHRIGEVEE 25 &
ST, DFEVEFE L TT—4 252 5BI%, KRR SEML T <,
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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.

3.16.4 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 5 /857 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.

3.16.5 T_LNB

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

result = T.LNB( zref, z, temp, p, qv, [option] )
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518

EER

Tref <R> in FAEEE [m).

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

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

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

qv <R(size(p))> in 7J<71‘</>—?\;{ﬁ: It [kg/kg].
RYME  <R> inout LNB TOIiE [K].
option <R> in AR 75 % (HEZR).

WIEAKNIZ B 1T /87 A — X DX T? S

B%

o HIHMEUTHERDERINK, ERERFZODNIWVLNE

DR ITIEVMEE 25 &
ST, DEVEFIELTT =425 2 5BIF. MRE»SEML TS

option IZIXEFMNASD. ARBEKTIX, LNB 2EH 9572012, 2 FEHD G
LDIENTED, 1 DO LFC &E TORMMAMHEYIRMAA LFC &Y k78
THUOBRBEISOMMMLEAMN E XL EEHEL, TOEEZ LNB 235/
ETHhd, LML, EBROESHREERSREAKBH T —2Tlk, BEDOT—X
MRELELFHTEHELHZ7-0, LFC DT ETLNB 282 TCLFEW, IE
R INBZWGEEDRH S, £ T, 2 DOIEEKRBIN T — & O R
5 N A E IHIFIA M IEAL 2 FHR UL @) LEC TORAFIAE M IEAL & [ U1l %
W2 7-EE%E LNB &9 2 HIECTiBE %2475, AR BB Tl e
W22 720, ZOFEEL>THMEIZLRN, 77 4)V N Tld option = 1
ThHY, ZHE 1 DODFIEIZELZHATH D,

3.16.6 precip_water

HaE
KR % FHRE Y 2 B
=X
result = precip.water( p, qv, [undef] )
518
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p <R(:)> in SUE [Pa).

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

EERN
BrEABIIZ 5 1) 2735 A — 2 DFEMIZT TS

(]

o SIHE UTHEZADEBSNE, HEFSONIWANIYHRIGEMEE 22 &
ST, DEVEFIE LTT—4 %252 58%, HMRE»SEML TV,

3.16.7 qrsg_2 _dbz

PaE
BEAEYIR A LE S BEIN 72 L — & I G581 % G192 BIEKL
=X
result = z LFC( rho, qr, [gs], [qgl, [nr]l, [ns], [ngl )
515
rho <R> in HAERE [kg/m3).
qr <R> in MIKEE L [kg/kg].
gs <R> in TRG L ke/kg).
ag <R> in BRA I [kg/kg].
ns <R> in FEREE [1/m?].
ns <R> in FRRE [1/m3).
ng <R> in WO [1/m3).
RO <R> inout L —XKH5HE [dBZ].
EHEI

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

pQr \'"
Z:F(7)NR0< ) 10"

Tpw NRo
2 2 2 _ 1.75
g —1 Ew— 1 Ps > < pPQs ) 18
+ I'(7 N, 10
( ) €i+2 Ew + 2 (pW *0 TPpsNso
2 2 2 _ 1.75
g —1 Ew—1 Pg > ( pQg ) 18
+ I'(7 | N, 10
9 g + 2 Ew+2 (PW 90 TpgNgo

2HWTWS, F£72, EFIE 1-moment NV 7 iEEFE L ZE AL E STV DA,
2-moment NV IEERET S &, ERIIUTDESIZ425:

— 2
Z =T (7T)N! <pQR> 1018

”
TPW

e 12 e 12 0 2 70 2
+I(7) | |2 s ) NSP[EE) 10®
i +2 Ew+ 2 oW TPs
1 2 -1 2 2 — 2
|2 “w Po )" N1 (P9 s
gi+2 Ew + 2 pw TPg

ZIT, Kl FEENTNUTDOLEY TH D,

I'(x) AV~

€ KD HEEEHR.

Ew KD LLiFEE R,
Ngo WOBEE m™1).
Nyo Hq@ﬁﬂlﬁz'}# [m—4].
Nyo BB [m)
N,  WOBEE m3.
Ny FBOEEE m3).
N,  HBOBIEE m™3).
Puw IKDEE.

Ps EDEE.
Pq BOEE.
p BARGDOKREE.

EWERIN T A — &% Murakami (1990) IZFLE I N TV D EZ VD2, kI T
WRWS T A—=ZIZDNWTIE, BERHMER (2008) D2 SEIZLTWS. L — A4t
T DFEM R FRIX 7SI

(]
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3.16.8 p_LCL

Hae
LCL (Lifted Condensation Level) % &1%.9 % BIZL.
=X
result = p LCL( z_ref, z, temp, p, qv )
518
p-ref <R> in FHEFE [Pal.
temp  <R(size(p))> in IE (K.
p <R(:)> in SUE [Pa).
qv <R(size(p))> in KARRIEALH [kg/kg).
RYOfE  <R> inout LCL & [m].
EERN
WIEAXIZ B 5 /37 A =R DFMIZ??S .
e

o HIHE UTHEZADEMINE, HEEFSONIWANIYHRIGEEE 25 &
ST, DFEVEFE L TT—4 252 5BI%, MR SEML TV,

3.16.9 z_ LCL

PaE
LCL (Lifted Condensation Level) % F%.9 % B
=X
result = z LCL( z_ref, z, temp, p, qv )
E1E
zref <R> in FHESE [m).
z <R(size(p))> in = [m].
temp  <R(size(p))> in I (K.
p <R(:)> in XU [Pal.
qv <R(size(p))> in IKZESIRE L [kg/kg].
RUE  <R> inout LCL & [m].
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EEN
WrEAIZ BT % /3T A —Z DOFMIX??21E.

B%

o Gl UTHADKEINE, EHRBFZSO/NIWHREYHRIGENMEE 2D &
D12, DFVEFIE LTT =X 2525013, MREMSBML T,

3.16.10 z_LFC

PaE
LFC (Level of Free Convection) % #1592 BA%K.
=X
result = z LFC( z_ref, z, temp, p, qv )
518
zref <R> in FAEE L [m).
z <R(size(p))> in i [m].
temp  <R(size(p))> in e [K].
P <R(:)> in SUE [Pa).
qv <R(size(p))> in KARRIEAH [kg/kg).
RUME  <R> inout LFC & [m].
EHEIN
WIEAKNIZ B 1T /87 A =X DFEMIXT? S
e

o Gl UTHADKIINK, EHRFSO/NIWHREYHRIGENMEE 2D &
D12, DFVEFIE UTT =X 2525813, HREMSBEML T,

o HOHMEFETOMYIEMNZ LA I T &, FAMORINHEYSIRA E —3T 5
HEN LFC TH2. Z 2T, AHDRIFIM N LAL L R4 2 2 mzRD, €
IMOEEAAICAMTE I TREEZRET S.

3.16.11 z_LNB

LNB (Level of Neutral Buoyancy) % 159 % BIZL.
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=R
result = z LNB( z_ref, z, temp, p, qv, [option] )
515
zref <R> in FAEEE [m).
z <R(size(p))> in & [m].
temp <R(size(p))> in wmE [K].
p <R(:)> in SUE [Pa).
qv <R(size(p))> in KEKIBEA L [kg/kg).
RUME  <R> inout LNB i [m].
option <R> in ARG (HESR).
EERN
WIEXIZ BT 5785 A — R DOFEMIZ??S I
o

o Gl UTHADKIINK, HRFZSO/NIWLREYHRIGENMEE 2D &
DI, DFVEFIE L TT =X 252583, MREMNSHEML TN

e option ([ZIFHFANASL. AR TIX, LNB Z5HE T 572012, 2 FMEOFHE
LDIEMTED, 1 DOIF LFC &ETORMME MR A LFC V) k22
THURESGORANMYEMN E Zb2 HEFHEL, TOHEELY LNB 954
ETHhd, LML, EBROESHREERSREKAKBH T —2Tlk, BEDT—X

MRELSL#HTIEENH L7720, LFC DT ETLNB 22 TULEW, IF
IR INBWEGEDRH D, TI T, 2 DOIXEEKRLBIH T —4 O Eiih

5N FIZAIFIMH MIRAL 2 R U, BR#)iZ LEC CTORIFIHE M RAL & [ UAE %
WA @mE%EZ LNB &4 5 AIETEHRZ1TD, BRI S IRALIE L JE T iR
L5770, ZOFiEE > TEMBEIXRY, 774V N TlE option = 1
THY., ZHE 1 DODFEIZLDEHATH D,

3.17 thermo_advanced_routine

B FBROWIEIN —F Y DT, AH 7 —HTIE R S EAE A THI % KU %
ION—F D55 MOEY 2 —IKGET NI EZT5EDEHED-EY 2 —).
ZIZTHVWTWS % K OBJIEEBOFMIX?T?7S,
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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, T CIXTOE MR CIMii X D ZERARTHD 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 BT TERDRNA, THIX PV D
RICIE e 5 A2 2 LIERET %, BHOTIV TV PV ORGL2 L 0n
&, FTOMBIZHDAT—IVRNTFLEHODET, sx *x x,8y * y2* [m] D
Hifiz, pt A [K] O¥ALZ, rhoc A% [m3/kg] DHALZRKFTIEL W,

o A —)VINF sx,sy (FKFHDMEESR % [m] IRITIZT D 72ODRETH D,
G ZDOAT=IVHFZ hy, hy T8, ERINTODIKFEERMPERER 2, y
DIUNEERL 6, 0y (2 U T, KETGRIDEATEHREE 6L, L, IFEATFD &K S 2
Rzt

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 —)VIKIF sx,sy (FKFEFAIDMERSR % [m] IRITIZT D -ODHRBTH D,
G ZOAT—=IVIRTF % hy,y by &L ERINTWDKOEZEMBEERER 2, y
DIUNEERL 6, 0y (XU T, AKEFGRID KRR L, L, FEATFD &K S 25
BRetD:

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, BIFZAIB T2 EEEHE L TORD & DIZ52 5. HHUIHEERME
% (2008) &£ V).

3.19 thermo_function

BNEIZE T S W R HOZBBEBE. AN, AN T —ZH2IRT £S5 RARIET
NTIDEYV2—IHMARAEND. THNIIBIED I THoTH, BRIBNAN T 4
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IR LD Rk B
Cpd <R> 1004.0 IR SR D 78 T L [J/K kg
Cpv <R> 1870.0 IR D E LB [J/K kg]
Cvd <R> 719.0 Rz Y8R 5D TE FE L2 [J/K kg]
Cvv <R> 1410.0 IKFE SR D RE R HE B [J/K kg]
LHO <R> 2.5e6 IKFE S DI [J/kg]
LHS <R> 2.8¢6 IKFESR D T HETE B [J/kg]
LFO <R> | 3.337e5 0°C TDKD @l fiFEE [J/kg]
LFm40 | <R> | 2.357¢5 —40°C TD KD kR [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 BEMNMEE 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

HARIELIE C 2T 5L,

_ 1+ qvcpv/cpd)
= 3.19.1
( 1+ qy ( )
Z Ty Cpdy Cpus Qo IFTNTNZIER LD E LB, IKERDEEILE, KERIES
ths,
=E3
Rz L.
3.19.2 Cefv
BEBE
K& BN O ENERLLBAE R TS,
£X

result=Cefv( qv, [d1l] )

5151
qv <R> in KSR G L [ke/kg).
dl <I> in TN TAXTYay
ROfE <R> inout HARIEEHE [J/K kgl
EHI
BRIERLEZ C) 95 &,
r_ 1+ QUcvv/Cvd
O = coq (1 o ) . (3.19.2)
Z 2T\ Cods Covs @ 1IETNTNEZIER KD ERILEY, KEKDERILE, 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.
RYfE  <R> inout EE\ [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, KR DETE BT
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.

RUME <R> inout FEEKSDTY AF—BEL [fEKoT).
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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 SR EBM L EELLBTH 5,

e
Hrizz L.

3.19.12 get_gamma d

HeE
HEIRR R D W R 2 IS T 5.
N

result=get _gamma d( [d1l] )

518

d1 <I> in TN ITF TV ay,
RUME  <R> inout HZMRETEJEER [K/m).
EHEL
He SR W BN Ty I3 C g EEIINEE 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 70X (27) D OIERDOIREKRIFNEZZR U ZEBROMEZ AT 5.
=5
result=LH( T, [d1l] )
513k
T <R> in RRDIE [K].
d1 <I> in TN ITF T ay,

RYOfE  <R> inout EE [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 IKIELDEIELLE, 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,py Ly RENTNHER[DEELE, KO, WATHY, 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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MERDEL. T T cpa, ry Ly EENTNEIRER KD ETE LB, WOKD LR, 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 RRDIKAEKIEA L kg/kg].
T <R> in REDE [K].
d1 <I> in TN ITATVav.
RYME  <R> inout RiRE [K].
EHN
RE% T, L5 &,
T, = 7Lt /e (3.19.21)
L+ qu
ZIZT, T,q EENTNRKDIEE, KEKQEESLTH D,
e
KRz 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 RRDKEKIEAL [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,
T7HNNE b .
d1 <I> in TN TA TV 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 EEHEATH 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,
WERSIZB T D [EB L 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, RGBT B AIRER & RS, KRGS 51 B GRS & SR 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, AGERRDE LIS, WOKD B, kRO RATEE, KELDLAER.
BT H 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.
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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
e, R R D SAR 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. HEHOTHD, £72. cpa, cpu, Ra, Ry FTNTHZIER LD E LB, KFEKD
EJELLEY, IR KK DS EL. KEKDLKHEERTH 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] )

main.tex 2020 £ 2 H 20 H GEHEHR)



BE

STPK ~=—a27J)b 3HTIN—Fr—8& 212
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 ( )

22T, 04, L, Cpg, Trcow, qus 1 ETNT IR KDIRAL, KFKSKDIEE, WIRE T L

A, 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 1E TN IRZIER QDN KAKSKDIGE, TlEE 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. ZZT. oy po, Ly EENENEMER KD EE LB, KRR EIE
B OBETHY., T,ry,m,g,2 1 FTNTNRE, KWERES OB, 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 THETARXFHET .

=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 WEFEITEGE [kJ cm 2]

EER
YT EVE 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
BeAm 4178 J K kg ' ThHD. F72, T(2) IZBBEE 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 EAEEZEICEONTVWD I LILEET D, BRI BEZHET
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.

main.tex 2020 £ 2 H 20 H GEHEHR)



STPK v=a7J)L 3HITIL—Fr—& 221

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 RIENRT NVEGD T —=AMNE AT T AV THRFTRBERENT 247D,

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, 2T M o(z,y,t) WEBEINTEY, ZOHELIZE>TBET D /—
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 KEEDAA 7 —AF—A.
HO1 K1 VAF—L (HEAALT7—AF—L4).
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ME1 ElEF A T —AF—A.

RK3 3RV - 7w AF—A.

RK4 4 V2T - 7w REF—A.
INEDAF—ADFMIZDONTIX, (87720,

HEST— & u,v,u BEC, LT — & t (FRFZIA E I AN SR T L
NCYASRS

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
INDEHITR->TVD,

size(ini x) % 2 LA EIZT UL ZDEDHIAMIZ KIS U 2R AEI R I N D .
FTF (IR EARRARATIR I, SHRMEEAMNCRINAZ L SDOHET 7 7. true. B
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
3MIENY MDD 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
WTC, 3IRIENRY M w(x,y,2,t) DEBINTH Y, ZOHELIZHE -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 RKEEDA A 7 —AF =14,

HO1l K1 VAF—L (HBEAAT—AF—L4).

ME1 BiEA A 7 —AF—A.

RK3 31V T - 7w RF—LA,

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

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

MRS x, vy, z CHREINDHEEIMNIELEL 256, THNIABROR AT v
TIZOWTIREHHEEZMET D, TU T, BEINAZRLIHYT S traj x,
traj.y, traj.z DE3HK(TIE undef TEBINMENEINDG, T 74V M
ETIE, 0.0 WRIND LD IZHR-TWVWD,

size(ini x) % 2 PA B9 AUXZT DK DOAMMEIZIIIN U -G B 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
% EALE & ALE I HE S w, v, w X BAEFAET S L TT IV NERSR
DA — B R EEER T OFENARETH D, THIE, FGIHEOER A%

h151'1 = u15t, hz(sxg = ugét, h35a:3 = U35t
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(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
TS NAEE u; &, AT —IVRTEHNT % YOS HACE LT —F VT
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, wW—w
acos ¢ a
EUTHIBIC G ZANE, BERNT AV MR TR TE EMIZEIE TS 2 e
3.20.3 Forward Traject_2d
HaE
2 RTENRY NIVBDT— BN T 54 TRl RBEN 247 5,
=X

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

518
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dt <R> in 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, 2T M o(z,y,t) WEBEINTEY, ZOHELIZE>TBET D /—
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 KEEDAA 7 —AF—A.
HO1 K1 VAF—L (HEAALT7—AF—L4).
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ME1 BIEF A 7 —AF—A.

RK3 37V T - VW RF—LI,

RK4 4 VYT - VW RFE—LI,
INHDAF—ADFMIZOVTIR, (773,

R x, y THREINDHEIMIENEL 72356, TNIROKHATY 712
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

3IRICNRY NGO T =2 MNS A 7 5 A 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

B 26N HEELGDT — A DLt 05 t, FTD nf@FMEL. ORI EILIE
—kkE T, 2D E, KLt NS dt AT T Tat MIZTHRBGEZHAE T & X
DR BH??TH D, WELT—XDROELTIE, TOFEOEELT— X »
LRRENTF 2T o CHELG ZFHE L T\ 5, MO E RN, BEE (2,y,2) 1B
WT, 3IRITENRY Ml v(z,y,2,t) DMEBINTEY, 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 §i5 1 IEEOAXA T —AF—A.

HO1 1 Y AF—A (LEA1(T—AF—1),
ME1l BIEA A T —AF—LA.

RK3 3RV - 7w AF—A.

RK4 4 VT 7y REF—A.
INSEDAXF—ADFMIZOWTIE, (Ek?7?721,

o MR x, v, z THREINDHEEIMIENEL 72856, THUUABEOKHE A T
TIZOWTIREHAEZNET S, TLT, ﬁ&%*i’btﬁ#ﬂmﬂ%'&‘é traj_x,
traj_y, traj_z OEHEIZIX undef TEHEINZMEMNEIND, T 74 Mk
ETIE, 0.0 BERINE LHIZR->TWVWD,

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 RIERT 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

MARDE FRIK, B (z,y) ITBWT, 2 REANT Ml o(z,y) WEHRINTHY,
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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 IRFEEDOA A 7 —AF—A.
HOL &1 Y AF—A ([EA1 T —AF—1),
ME1 EIEFA T —AF—A.
RK3 370V - JwRE—I,
RK4 4 (VT - 7w RF—A.
INHDAF—LADFEMIZDOWVTIX, (7?72,
Ffan x, y CHREINDHEEMBEL 256, ThUBORKMAT Y 12
DWCIFEIE 2 E#ET S, TU T, BEINAZBLNIHY T2 trajx, traj_y
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
TOFHENTRETH D, T, FEtEoEER%

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, WJK 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
3IRTERY MVBD T — AN Sk %GR 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).
TI7ANNIETAAA T —AF— A,
undef R in TR FH R E 380 (5.
EHELN
TARDE B RNIE, JERE (2,9, 2) IZBWT, 3TN M o(x,y,2) DERINTES
V. ZOEESIZES TRET /53— IVOME (x,y,2) %
ox(x,y,z) =v(x,y,2)0t
EVS ROBUER A IZ L > TEHAET D EDTH 5,
main.tex 2020 £ 2 H 20 H GEHEHR)



STPK v=a7J)L 3HITIL—Fr—& 234

(]

o 7Y a Y opt IZIAMEIADBRITAT S KA OO A F — L5 HETEA T

YavThl, UTOFRENARETDH D,

EU1 15 1 REEDA A 7 —AF— 4.

HO1 SV AF—L (BBAAT 7 —AF—L1).

ME1 BIEA A1 7 —AF— A,

RK3 3V - 7y AF—A.

RK4 4 RV - 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

HaE
YO VT 4 v T LRSI S ER Y - ERSEAS DR R A 1T .
X
call hydro_grad_eqb( r, z, coril, v, pres_s, rho_s, pres, rho, &
lerror], [d1] )
51%
r <R,DP(:)> in BPEPERE [m].
z <R,DP(:)> in SOTEPEAE [m].
coril <R,DP(size(r),size(z))> in VAV IRT A=K [1/5].
v <R,DP(size(r),size(z))> in HiNFREE [m/s).
pres.s <R,DP(size(z))> in YO VT 4 VT DRI [Pal.
rho.s  <R,DP(size(z))> in Yo VT VT DEE kg/m?).
pres  <R,DP(size(r),size(z))> inout KO RIE [Pal.
rho <R,DP(size(r),size(z))> inout “EHHDEE kg/m?].
error <R,DP> in 42— a3y OURSAE.
TT7ANE =107,
d1 <I> in TN ITX TV ay.
EHERN
BEEIZBWNT, # e 5
p _
9, = 9P (3.21.54)
B LU, A )
V. 10p
_9 —
L+ JA% o (3.21.55)
729 £DI, LIRGTEDY Y VT4 VI T =B NOREY. BELOREMEE%:
BIET 3, ZIZT. Vo IR, p IZRKBE, p 3T, r,2 FEIRE, SRIEREAL
fIROVAVNIA=RTHD, INODOENRD SNNIE, BARKKRDIREE S
BANS, BESEERIEOND, £/2. INHDOFERENEHRL TS L v
5 e dd, M ERCE AR O IR BT RIS D SLD Z e b 10,
BIED GiEER, KEEZHWZPRICESEBIETHD, LTFIZZORNE RT,
FHHICIEEE, QIESGZKEEEIIDVWTKE-KRIZGATEL, /4, BIEZ1T
S PR ILAEIR BBIFBER S E D FLD S+ 087z r(ar), z(nz), nr=size(r),
nz=size(z) £ 9%, ZORMERBIIHEAZ2KEILOEOERZML 2D,
(3.21.54) & (3.21.55) IZIRALT, pZ2MHETD L,
op o _ (%
a%—F(r,z)%—O, F(r,z):g < " + fVy (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, BB, uOAERNT 1 B 2 kol HEXTHL 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
L85, £oT, LEOARAEDTIX 1 IRMEDR AT ZHW, ZOEDIER
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¥
T <R,DP(:)> in
theta <R,DP(:)> in
v <R,DP(size(r),size(theta))> in
X <R,DP(:)> in
y <R,DP(:)> in
XC <R,DP> n
yc <R,DP> in
u <R,DP(size(x),size(y))> inout
[undef] <R,DP> n
[undefg] <R,DP> in
[undefgc] <C(3)> in
stdopt <L> in
axis <C(2)> in

EHEN

PRI (r,0) CREFINTND AN T —F
B (2,y) DR (2o, ye) 1CHET 2 £ 510 F AL MBER I Z BT 2, EERO

ZEHUIBAIE N 2175,

P i8] JE R 5 D B % PR AR

P 2 SR D AR [rac].

ZEHIRT DA

TR —
TR R

x 5% C D fE AR (4
y R COME MR A (&
HFRTOEBEOD

AN T —.

PP AT AR RSN DAE
PERRST- YN T D RAALHE.

undefg MVi%

() .

TN TOMHE (k) .
To—hT7 7 (&) .

T 7 A M .false.

JERR (k) .

P& AR (1, 0 )'Cﬁ SSNDANT — R vy, T VIR (21,y;) TE

NI B AN T — Rk AT BRI

Um+1,n — Umn
Ui = Vg + —
m+1 — m

[Um+1,n+1 — Um,n+1 — Um+1n + Um,n] (

THd 0, Zorx, BB TONEEZ T 5,

Ti =X Yj oY, Uij -

Tm T, 0O

(]

o BERRIOREANIZH?? 28,

o RS EERHFPHIMNIAFIEL TWDB A, 7 7 4 )0 b TIREHEH JJIZ Warning
AV —INHIIND D, stdopt & .true.

*16 - S
1z pRIF?72 -,

Um,n—f—l —
Hn—f—l - Hn
(rm — Tm) (0, — 0r)
Tm+1 = Tm)(Ont1 — On)

Tm — Tm) +

Um,n (0n _ Hn)

Umn = V

: theta

— R % ZTOFEDN 2 RITT AR

éé:
?Ja

ICRELTETIE, LB,

main.tex
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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
EREDAN T —8 2 HEHEY U MRERER NS 2 IRIGT )V N EERIZAIRT 5.
=X
call Cart_mean scal( r, v, x, y, XC, yc, u, &
[undef], [undefg]l, [undefgcl, &
[stdopt], [forcerO], [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 PR T RE AN O fE (5
[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.
forcer0 <L> in HFUDVENE 7 2 7 (k) .
T 74 ) M& .false.
axis <C(2)> in JERER (k) .

EH
1 RGEOFRSFMFEEESR (r) CTEBINTWDANT =T —R%, ZTOJF M 2
RTET IV N EERER (2,y) DR (e, ye) WTHLET D & DIZT AV N ERERICES
%, BERERDZEHBUI NN 217D,
FIfE SR () CEBIND AN T — R vy, BT ANV R (24,y;) CEHZI N

Um+1 — Um(

Ujj = Um + Tm+1 — Tm)

"Tm+1 —Tm

THd', ZOLE, BIEIEATONIGEET 5,

Ty © X Y; Ly, Ui 24, Uy 1V, Ty T

(]

o JERERIDOBERMIXB?? 2.

o MRS ERFFAIMNIGFIEL TWDB A, 7 7 4 )0 b TIREHEH J71Z Warning
AW —=UNHIINDD, stdopt & .true. (IERELTEIFE, HHLRW.
o ATV 3 VI undef IFEHATRELRIMNAFAET D EMBEDEIIIZRAIN
SRERMECTHS. T, BRI, MHEARERTEHRZIT S ERED
BAME r(size(r)) DI ETHD. L U, ZOPEEMNFHEHEE x,y DIMIHI
BE, 1ZAR LU T EMNIIE BN TERD. ZDIRAH UERD O, BE1TT 2

*17 - S
TZoRIF?T?BHE,

main.tex 2020 £ 2 H 20 H GEHEHR)



STPK v=a7J)L 3HITIL—Fr—& 241

BV DV T undef ANE X NS & D IZB>TW5. € U, undef A3
EINTORVWGEIRETORRAINTERINS.

o 7Y 3 VEH undefgc IFEHIHBANIZHE N T, KIAMH undefg MRE I NT
M\E)iﬁm, EDEDITEWMEITDNEHET S, ZOA T 3 ik undefg M
BE I N TV NIXEEEE b@\b‘ undefg IFAHFHIRNIZHNT, T4 b JEE
BERCREMENEIET 256G, 770~ 5 HENONFEDERIC Tﬁwbﬁw
S A undefg TH AU iPﬂﬁ%@Wﬁ,ﬁ ¥ undefg DENANLND. T
RIITHEWT, undefge DI

inc JEREZ ?5%75:1/'?555?, FIfESRNFR R D —0IZ undefg WRE I NTVIUL, £
D R TOMEIFEHIEIEIZ AN T2, BIERA 2 TS KD A TEHERSE
=119,

err JEREZAMZ 1T BR, MERNIF SO —HIC undefg MEEINTVIUX, &
i lE undefg & 72 5.

undefg MFHE XINTH Y, undefge WHEEINTWAWT 7 AV KTl inc
LUTERING.

o 51 forcer0 IXHDRDIIRIZEETZ 75 Y. true. A5, HEHTEIED D
S, HORICREIEVEIRGHOBER TOMEETDEEE525. 2Dk ¥ 5]
By BHLOETHEESZ T2 UTE, BHERTO v 2SNEEHINIZE Z 5N5.
false. 56, TD LD Rl 24709, v VLN TEZ SN TVWHIK, Z0D
ERZDEEFRAIN, EXOENTOARITNERERMEIRAINS.

o FIH axis FEIEEMEL R EEREZRINT L. BHETOT—Z1T ) K~
JERERTH DR 5, axis="xy’ LIEETD. REOBEREELERTHDRH
axis=’11’ L#ETSD. T 7 AN N TIETHI MNEEANBEINT WS,

3.21.5 tangent _conv_scal

Bee
EEDAN T — 8% T AV N EER? S MEREERICE T 5.
=R
call tangent _conv_scal( x, y, xc, yc, u, r, theta, v, &
[undef], [undefg], [undefgcl, &
[stdopt], [axis] )
518
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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 74V ME false.
axis <C(2)> in PERER (k) .
EHEN
2 IRTET AV NBEEER (2,y) (ICBF D5 (20, ye) ZIRE T D MEMEER (r,0) 12,
ANT =T —=REEHL., 0 A EET S, BESROEBIINEE AN %175,
TN KR (2,y;) CEBINZHDANT —& v, ; % MEEER (1, 0,) CTERH
IND AT T — 8 vy (TEHT 2RI

Tit1 — T4 Yj+1 — Y5
(T — 23) (Yn — yj)
Tit1 — i) (Yj+1 — Yj)

Ummnm = U j (yn - yj)

(Wit 1,541 = Wijp1 — Wikl + Ui ) (
TH218, ZorE, 5B TONIEZ T,
Ty + X, yj -y, ui,j o u, Ummn -V,

Ym . ¥, 0O, : theta

B%

o MEREMDOBEEMIEM 3.1 2.

o BRERSDEERFFAIMNAFIEL TWD YA, 7 7 4 )0 b TIREHEH JJIZ Warning
AV —INHIIND D, stdopt & .true. I[IEELTHITIE, HAOLRW.
o &7 a3 VIS undef | FHEARTII W REEEAMIAZIE T B HAE R OIS
RAINDGRERMETHS. T I T, HEROFITREEE & IX, FIfEEEER THER
IR AT D PRDOEKRME r(size(r)) DI ETHD. L L, ZOLEINGHH

*18 - S
BZoRix??2H,
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W ox,y OAMIHZZ5GE, 1ZAH U TOSEPIE N T IR, ZOIEAHL
D, SEYIWAT ZBROGEEIZ DWW TS undef fEANRIND LD IZRSTWD.
£ U, undef BHREINTVAWVGEARYORRAINTIRING.

7 7Y 2 VEl# undefge IFEHREAEEANIZE VT, KIBME undefg HVEAE X
NTWBGE, EOLD I ETINEHET S, ZOA T 3 Vi undefg
MEEE XN TORITIUZBEEE L 2\, undefg IFEHEHISHIBNICBEWNT, T4
VN EERER TRIBAEDIFAET 235G, 7 77V M S HEINONFFOBRIZ 7 7)1
N RDOSIE M undefg THIUIMFERDNHF AL undefg DIENANSND.
ZDRMPIZH T, undefge DfEIE
inc #AREEZ1TOBR, MERNI SO —HIC undefg WREINTVIUL, £
D i TOMEIFTFIEAEIZ AN T T, BHEDRA 2 TV DA T #EAE
#1710, THUTHIH LT, AR REBOGEIET /) ERELRD.
err FERROEIIZAT D BR, MR RO —HIZ undefg MEE I N TWIUL, F
YAMEIX undefg &8 5. T/ X VERIZBEWTIE, ZOFEIEEZ ST S
T/RVEHERDOTRTTRIELE LS.
undefg MW E XN TH Y, undefge WHEEINTWARWT 7 4V N Tl inc
LUTCERING.
G axis IFFHAIEHE L 20 2 AR % BIRT . AMWETO T — 207 )b K
JERERTH DR D, axis="xy’ LIEETD. REMEREBERTHDR5,
axis=’11" LHRETD. T 74NV b TRERT AN MEERPIBEIN TN S.

3.21.6 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
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<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) .

BN
2 YGEF IV N BB (2, y) 12BN B 8 (20, ye) % B E T B HRIEESR (r,0) 12,
ANTG—F—RAEERL. 0 FNTEET 5, KBRS IR Z 1T 5.
FIN R (2, ;) CEBINEDHS AN T —8 u;; % MR (1, 0,) THEE
XN AN T 1 v (LM 2 RUT

Tit1 — T4 Yj+1 — Y5
(T — 23) (Yn — yj)
Tit1 — i) (Yj+1 — Yj)

Ummnm = U j (yn - yj)

(Wit 1,541 = Wijp1 — Wikl + Ui ) (
TH2d Y, ZorE, 5B TONIEZ T,
Ty + X, yj -y, ui,j o u, Ummn -V,

Ym . ¥, 0O, : theta

B%

o MEREMDOBEEMIEM 3.1 2.

o BRERSDEERFFAIMNAFIEL TWD YA, 7 7 4 )0 b TIREHEH JJIZ Warning
AV —INHIIND D, stdopt & .true. I[IEELTHITIE, HAOLRW.
o &7 a3 VIS undef | FHEARTII W REEEAMIAZIE T B HAE R OIS
RAINDGRERMETHS. T I T, HEROFITREEE & IX, FIfEEEER THER
IR AT D PRDOEKRME r(size(r)) DI ETHD. L L, ZOLEINGHH

*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 RGGAY MVa T )0 b FERER A & P FE
RICEHU, B ARICEEL, 207 /)3 V %L d. 20X HRIT7 5 7 %AW
22 8T, BRI & BRI MR A ETE S,

call tangent mean anom vec( charc, x, y, xc, yc, ul, u2, r, theta, v,

[undef], [undefg]l, [undefgcl, [stdopt] )

518
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charc <C(6)> in 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 TV N xR TOMRE R A (k)
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 RITT AV N EERER (2, y) (ICBT B R (20, ye) ZFAE T 2RSS (r,0) (2
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
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<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) .

EER
2 WGET IV NEERIR (2,1) 1285 B 15 (20, ye) % BURE 2 FIRIERR (r,0) 12,
ANT—F—BEZMU, 0 HETIAET B, FERROE BRI £ 175,
FHV R (21, y;) CTEBINHE AN T — 1wy % PIEEER (1, 0,) TESH
XNB AN T — 8 v (CEHT B RIS

Uit1,j — Uiy (xm . 33@) +
Lit+l — T4 Yji+1 — Yj
(@m — i) (yn — ¥j)

Tit1 — i) (Yj+1 — Yj)

Umn = Uij +

THh3 0, ok x, FIELUTOMNGEZT 2,
T + X, yj -y, ui,j L u, Um,n LV,
Ym : ¥, 0, : theta

(]

o FEREHOMESKIXX 3.1 S8,

o BRI EREFIMNAGFEL CTWDGE, 7 7 4 )0 b TR H 712 Warning
AW —UNHEIINDD, stdopt & .true. (ZERELTEITHE HHLRW.

o 7Y 3 VI undef IFEARTEII A RELRIMNIAFAET D EAREIEDOEHIZ
RAINDGRERMETHS. 2 2T, R E B LI, FE BER THER
Y% AT O P ROTKME r(size(r)) DI L THD. & U, ZOYEIGEMHE
R x,y OIMIH 725G, 1ZAB LU TSN T IR, ZOEFARL

20z pRIZTTBH,

main.tex 2020 £ 2 H 20 H GEHEHR)



STPK v=a7J)L 3HITIL—Fr—& 251

Figure 3.1: 7 77V N EEAZER AN & M AT FEAZ R AN D RGOS, MfE R T m,n
ZROIZWVGEE, TV NEIERT j ARSI Z G L, TONE DS ¢ SRIZERE

ECHCaESN

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,

main.tex

2020 42 A 20 H GEHE)



STPK v=a7J)L 3HITIL—Fr—& 252

3.21.10 tangent median_scal

1
T 1 XX X XX X XX X XU X XU DX 4, #2 DX X DX 17 5 DX XU X XL DX X
F
call tangent median scal( x, y, xc, yc, u, r, theta, v, &
[undef], [undefgl, [undefgcl, &
[stdopt], [axis] )
548
<R,DP(:)> in A XXX XK.
y <R,DP(:)> in HEE XXX XX
Xc <R,DP> in z a XXXXEX (#EX).
yc <R,DP> in y o XXNXNXENX (#X).
u <R,DP(size(x),size(y))> in A% T HrX.
r <R,DP(:)> in XX XK.
theta <R,DP(:)> in FEXIXENX XX [rad].
v <R,DP(size(r))> inout FAXNXNXm > #72 XXXIX.
[undef] <R,DP> in XX XXX X,
[undefg]  <R,DP> in AXEEXNX 7 XXX,
[undefgc] <C(3)> in undefg MHENXKX
X v XKXXX.
stdopt <L> in THXIXIX.
XXX .false.
axis <C(2)> in EXIX.
XX &

2 YO XKNXE (2,y) KEXK (2., ye) »XRERXKXXEH (r,0) ALrXEEX
D554 6 DXIDX D X DX 0X] D DX B D i D DX 475 DX 5 DX DX 25 DA XU D A

XXX (zi,y;) dRXXE 7KK u; ; & KXKER (1), 0,) HRXX S H 7KK
Vm.n & XIEIEH
Uig1,5 — WUij (€ — 7i) + Ui 41 — Uij
Tit1 — X4 Yj+1 — Y5
(Tm — 24) (Yn _yj)
Tit1 — IfUi)(yjH - yj)

Um,n = Ui + (yn - yj)

[Uit1,41 — Wit — Wiyl + Ui ] (
AR, 25 XNXXNX#E#ENXNX 6 X

Tp 0 X, Y 1Y, Uy tu, Upp oV,

rm ¥, 0, : theta

5 EHTTS
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XXX

3.21.11

o EHY X 3.1 ZIE.
o RN R XX H WX XK, KXNXEEX XX Warning 7 268 A X XX & X,

stdopt & .true. HXNXNXNXEAN], mkXIHE.

A AEXIXIXIX undes  ab D DX X Bt X475 DX 74 DX 68 DX X DX XXX X DX X IX) X)X
XXNX#EANK. = Z b, #XNXKX, EXXEXEXNX « XKXXNX r(size(r))
SEAN. , 2HXENX x,y 2 OEXN, PHNKXXKXHXN. =5 >EKDH
, |E—| i)&b\& undef &&é—?\&&b\& , undef ﬁ‘?ﬁ&})b\%&&@&@&&
S EARR

X XXX undefge dHXXFREXKKKKK, XX undefg A3 HENX H
WYX, TEXAXKNXD. Z 5 #H#EXNXNX undefg B HENXH W EEK e U.
undefg & XXX XXX XWX, DXIXIXIXIXISE XXX, XX XX XXX XIX]
X & XX A XX undefg AKX 6 KXNXNXNXNX#XNX & undetg i XXX db
XXNX. Z 524X X, undefge HXX

inc XIXNXKX), EXNXEXXXXXiHtEXXXNX undetg HHEXH VKX, ZdH
XXX X £ XXXX XX &, XK KWXKETXEXKKNX. ZHKX
XNXZ LU b, KXEX N5 > R XXXXX.

err FAXIXINXNX, BXNXENXNXXXNXH#HXNXNXNX undefg 237X W XX, £
X undefg K. #EXWK, Z HEXIEXEN S #HXKX.

undefg MK H KX, undefge M EN H > KX, inc #HEEKNXX.

o IHH axis BIXXIMIXIDENNX. MR T EENXNXAXN, axis="xy’ X

N, IRKKKKNMANN, axis=>11> XX db. XXXKKKKNHX.

tangent_mean_vec

T AN SRR TREE I N/ALED 2 IRTTANT MVe T )V s FEEER > 5 P PR

Rz

AL, BERAMIETE. oL E T I 72 HAWS LT, BN

J& 5 & AR TR T EI T E S

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

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

"scalar” = BE)EANAI IR
"vector” = FEARIRFET KA.

<R,DP(:)> in T 71V N JREAE,
<R,DP(:)> in T 71V SRR
xc <R,DP> in TV N x R TOMREEEE A (
yc <R,DP> in TV y R TOMRE R A (
ul <R,DP(size(x),size(y))> in THANKNRTOFEETERT N,
x BT
u2 <R,DP(size(x),size(y))> in THIVNRTOETEXRT M),
%
r <R,DP(:)> in 1747 JRE AR R 0D FJ) 428 JRiE L.
theta <R,DP(:)> in PO 15 AR D B AR [rad).
v <R,DP(size(r))> inout FAREEIUZAL T —.
[undef] <R,DP> in BRI Re AN DMl (Rak)
[undefg]  <R,DP> in BERRE- YN C O RAETH.
[undefgc] <C(3)> in undefg MVE%E

TN SO (k) .
stdopt <L> in TI—Wh75 7 (k) .

T 7 A M .false.

EERN

(]

75 X tangent mean_scal X I1FE A YXHU. T 7 T Y charc TT AV K
BT MV EMGRRZ NVIZEBL, TDOOIL 77 TR DAE ANT—L LT
FETNE, EOMBENERINS, I T, EEDOTHIVINRIZBITDZNRY ML
w = (ug,uz) & U, MEBEROMENRZ MLE r=re, £ 95, TIT, e |3H)
BHEAAEDREENRY MV THD, ZDLE, ZORBENRY NVIET AV RS
RTERHTDEL, r=(1,y) TREUTIDZDT, 74 MEERRTDONREIX

r-u=|r||u

EWHEBERRBTLIILIZRD, ZIT, u XTIV KNRTORY MVOEEEL
Thd, FoT, INEFHTEHNITERGAATEIONRT MURFELND Z LI
B5, ERRAROBESE ZNEEEROE X T, fENT MLE T AV NRRY |k
IVOIED & KIRFETRN D % 1E &9 5 MR RO 2 it 6 2 LA TE 5,

o PERSMMPERHEIPHIMNAFIEL TWDIGE, 7 7 40 TIREHEL 112 Warning
AW —=UMNHIINDD, stdopt & .true. (ZERELTEIFHE, HHLRW.
o AT a VI undef IFHEAREYI A RENLRAMAFAE T D HHR I R DL
RAINDGRERMETHD. T I T, HEFIREERE LXK, FIfE R THERR
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P ERAT D EBDERAM r(size(r)) DI EThHD. L L, ZOEEMGHH
R x,y OIMIH 725G, 1ZAB LU TS ESIIEINT IR, ZOIEFARL
853D, ST Z R NEIBIZ DWW TR undef AR IND LS IZBOTNS.
£ U, undef RREINTOARVWGHIZEONRAINTRIND.
7 7Y 2 VB undefge IFHFFEAMHEBANIZH N T, RIBME undefg MRE X
NTWBGE, EOEIIVPHETINEHETS. ZOX TV 3 Vi undefg
MEE I NTOARIFIIUIBEEE U 2\, undefg IR EBRAICENT, T4
VSRR TRIBIEDIFAES 2356, 7 77V N S MBI OHNFFOBRIZ T /7)1
N RO SR undefg THIUIMFERDONHF AL undefg DIENANSND.
ZDRPIZHE T, undefge DL
inc HARTYI %17 OB, MESRNIE RO —EBIZ undefg AEE I NTHIUL, T
D R TOMEIFEIFEAEIZ ANT I, BHMEDRA S TV D RO A TEIG#EIE
2475, THUTHISE U T, AP REBOGEIET /) S RIEBERD.
err HAREAZITOBR, MR RO —IZ undefg MREE I NTWVAIUK, SF
YAfEIE undefg 45, 7/ X VEHBEIZEWTIE, ZOVIHEEZ ST D
TR VHAERDOINTTRIBERD.
undefg MFHE XN TH Y, undefge VHHEINTWAWT 7 4V KTl inc
LUTERING.

3.21.12 CPS_Hart

5

Hart (2003a) OFik% FHWT, RQEAAHZER (CPS) /37 A —& 251H5H 9 5. FHifl
FALE (2011; RR) 22O Z & RREDOFAE 500 km ANIZE T 2 1% - BU1F
BRGNS, FORKEDORSERFHIZ OWTHET 720D/ A=A Th 5.

£

call CPS_ Hart( x, y, center, z300, z600, z900, mv, B, VTIL, VTU )

518
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X <R,DP(:)> in  x FAEERE [m).
y <R,DP(:)> in y AFEERE [m].
center <R,DP(2)> in ARSEHULO R (125R).

2300 <R,DP(size(x),size(y))> in 300 hPa DY ART V¥ v IVEE [m].
2600 <R,DP(size(x),size(y))> in 600 hPa DY ART VY v ILEE [m].
z900 <R,DP(size(x),size(y))> in 900 hPa DY ART V¥ v IVEE [m].

mv <R,DP(2)> in BEIEE [m/s] (B&R).

B <R,DP> in WM T A =& [m] ().

VTL <R,DP> in  FERERK/SNT A= [m/s] ().
VTU <R,DP> in  LBERER/ST A—4& [m/s] (k).

EERN
ERREHLD S 500 km EEAIZENT, BLFD/ST A =L 25HT 5.

B = (ZGOOhPa — Z900hPal Right — Z600nPa — ZQOOh,Pa|Left> (3.21.62)
O( A7) [600hPa

~VE = (42) (3.21.63)
dnp {go0npa
A7) [300hPa

v = NAZ) (3.21.64)
Onp |soonpa

(3.21.65)

ZIT, Z i HEEILBDRZVART YUY IVEE, AZ XR—EEEICE )2
££ 500 km AN TD Znaw — Zimin, p \FEIITH D, 72, EARIE 500 km AN TO
SEfE R,

[Right] B & TLeft] &5 EKFIE, RKEDHLOREE) 5 FHxSH I A5 ],
EMlE NS Ze2FHRLTWS, DFH, IhbzrFxedhde, HT?TOLDITRD,
INT A=A BIMEKRESE GRIDA L ETOVEENBEEDEZF L, ZIVNX
WEELELATOREDN YD 0748 <, R AREIZ 2> TS I 2R LTS, N
FZA =R Vp IMERERLDIE R HIZDODWVWTRGTINTA—=XTHD, AZ L 500
km MNTOYART VY v IVEEDRKER/NDZEBLDT, ZOENPKINVIEE
500 km AN TOREZLBREIN LIZRD, FED 2B TOIDEZ KL /-
LE, EEOAMENPKIVIZEZTDOENITESEHEEIZZR>TVWDSILERLT
Wa (HM7?7),

B%

o (RS AULME— AT, M IE SUE DRI 2 L AUT L0,

o BEBEE DT IEIXMHIHE IKET S, nv(1) 1 x HHOHEERD, mv(2)
iy AFOEERD % HNRITER S B, TN DRERSDT ART
e oBEH2EHELTH5.
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3.21.13 DC_Braun
Hae
Braun (2002) OFiE% HWT, BHELED O %GR T S ACERGEE 3 <
B3 &, BOiRREDONE I 7 S B 1 5 R R [ERZ BN S LD I28 5.
T SUE D BARME CERHHRREDF O 2 EHET D &, T DR DR EIZ
FVIRET 2 & 512852 2T, Braun (2002) Tl&, MFOEHDOEHIIRT
Pk T, CORIIBS & RET X 5 BIIEAUE O R HEE TS S .
=X
call DCBraun( x, y, fg, pres, search dis, var_dis, center, &
[undef], [stdopt] )
5188
x <R,DP(:)> in x J3 A HEER [m].
y <R,DP(:)> in y JIIAIEERR [m).
fg <I1(2)> in FIEIZHV S B —HEEMEOR T %S (1)
pres <R,DP(size(x),size(y))> in LEHEMTORTE [Pa) ().
search_dis <R,DP> in MRER 9 2 HEIK [m] (k).
var_dis <R,DP> in {259 2 i [m] (&ih).
center <I(2)> inout K& SN (RIR).
undef <R,DP> in REHME (i) .
stdopt <L> in TI—Wh75 7 (k) .
T 74 M .false.
EHD
BZOoNEHE—HEN fg IZDWT, TOFEM search dis (HLAHIZIE 100 km £
) DT RUZDVT, TDOREHULE UL var dis (JAAYIZIX 65 km 2
) O PRI DV T RE DB & 170, &HTFRITE T BT OB 5
DOFHERZZ R UADE - ENRE R E 2D {2 B ERREDOF L L EET D F
EEHOTWS, &V FEMAFEOREIET IZ DN T 8%?? 2.
e

o 5 undef IXFHHEEFNICKEREND DY
B M F IR A2 GBS U 2RV,

WHET S &, ZOfHEIC

PEK)

o FRNMERBFIMAFEL TWBHE, T 7 4V b TIIEHERJ11Z Warning
ICRELTHTIE, AU RW.
o HIB fg I3 —HEME RO TRD x Al y AR FRFET5E25256.

DO FRETIE x, y ORI BEREESDI L THS. —MNIZZ OB —HEHEIZ

AW —INHIII NS D, stdopt & .true.

"2gzp s MBI SUE D RAKE TR R X NS B ESEDOHL E Braun (2002) OFHETREE X N BEHEL
FEDOHLTED & D BRENALND DIZDONTIAERESA.
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I SEDORAKASBHNS NS, fg, center & EIT, HE—FHD x FEED
BrREs, BoFED y BEORTFRESLED.

o 5I# pres (ZIE—RIICHBHIKEDSH N HND . I DEBUSEEAR L)L OBl
M2 KD D DIZHWS DT, FEHER ETOSRERLEDEHETE LW, -
Z U, 7R OMEP MR RIEDEE, ] & 2O F3E % F W THFIH SUE IR IE L
TELBENRD L. HHFEET VOGS, KL LHIGERICHDFELHRTDY
TRTF VI YIVEETE#DR., /2, 2O RIIREAHEIHNS 21T
BROT, BAIEER T RIZDOWVTH—~ U THhNIXMERDOH-NRE AND Z &M
TX5.

o 5I# search dis, var_ dis OFRIXX 5.11, 5.12 2. Braun (2002) D CHk
(21 var dis 1% 65 km FRE TS LRI NT WD, Thik, —MREE
{REJED NG T 7 REIR DM IZH Y T 5.

3.21.14 DC_Braun_SAT

Hae
Braun_SAT (2002) DFEE FHAWWT, HREDRIMEEEE 7 — 20 5 B RSED
DZEEFRET D, RIMEEIRE O @O 0 S IR O K040 O i © Blie FRR s %
b EFET D, MR TFIEIE Braun L FU.
=X
call DC_Braun_SAT( x, y, fg, tbb, search.dis, var._dis, fg_canr, &
center, [undef], [stdopt] )
518
x <R,DP(:)> in x J7 A EEEE [m].
y <R,DP(:)> in y JITAEERR [m).
fg <I(2)> in FHRICHW S B —HEMEOK T RE S (i
tbb <R,DP(size(x),size(y))> in TR R RS [K].
search dis <R,DP> in MR 9 % i [m] (1&R).
var_dis <R,DP> in {259 2 i [m] (iR).
fg_canr <R,DP> in {722 51 2 Al R O BMEETR [m] (£2i8).
center <I(2)> inout K& SN (RIR).
undef <R,DP> in KEBHEME (Bh) .
stdopt <L> in TI—Wh75 7 (k) .
T 74 ) M .false.
EEN

BEZoNE—HER £g 12DV, TDJHP search dis (BAIHYIZIX 100 km &
JE) OB RIZDONT, ZOfEHLE U YAE var dis (HEINIZIE 65 km 2
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&) DB DWW T B DR IME LR DR T 2 170, B FRICBIT 3T
DHEREYI N O OREHER 2 % B U SO E 1R K & 4 % M & Vi D
DEERTDTFELZAVTYS. £V FMATEOFREIETIZ OV T E?? 2.

B%

o 514 undef IFFHRHFHNICKRERMELGHDLAITHET D &, ZOMEIZFEYT

B RURMR A FHRICB A L 2.

B RDBEBHIPIMNAFEL TG, 7 7 A4V N TIIEHEH ) IZ Warning
AW —INH I INED, stdopt & .true. IZEELTHITIE, HI LRV,

I fg IXBE—HETMHEE BRI T RD x FiM, y AADOMTRESE2 525, 2
DT BT x, y DEFIERFSDI L THD. —MRIIZZ OB —HEEMEIZ
XEEHSEORIEEPHNOND. fg, center L BT, BBE—FHD x D
T m#Es, B RBEHD y BEOK T RETLER5.

MRIZIE var_dis X 65 km FEETITD Lt I NTWD. ik, —fRIyRE
TRSEDONE I 7 IO AMUNSE Y 4 5.

B R OIRAMEREIRE TIX, 77 b 7 10— C OB IR 0D S 72 (& A ASEEEUR 12
o I D BRI A2 D/INI WHEIR E BRI NS Z e hd (T h7a—
CITHEEIRE D E TOZAVNI WD, TOMRAENISB>TULED).
IN%FIS 72D, HE—HERMND fg_canr OPFENIZE T D HERE DR K
B/MEZRDD. TOEMSFEIMEZ B L, FEHEXIVEOKREZ (FENME
W) MOMEAEIREZITS. UKD, TV N 70— TOEREEREZ D
T ORAGEZ BT 5.

3.21.15 DCE_Yang

BEEE
Yang et al. (2013) OFEE AT, B KKIED L EREEZ HET 5.
X
call DCE Yang( x, y, xc, yc, r, theta, Tbb, ljudge, [tbbr]l, &
[sigl, [dmoat], [douter], [dinner], &
[undef], [undefg]l, [undefgc]l, [axis], [stdopt] )
513
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<R,DP(:)>
<R,DP(:)>
XC <R,DP>
yc <R,DP>
r <R,DP(:)>
theta <R,DP(:)>
Tbb <R,DP(size(x),size(y))>
ljudge <L>
tbbr <R,DP(:,8)>
sig <R,DP(:,8)>
dmoat <R,DP>
douter <R,DP>
dinner <R,DP>
undef <R,DP>
undefg  <R,DP>
undefgc <C(3)>
stdopt <L>
axis <C(2)>
EER
- HIRE BT T YA
EX D BRI U T IS EBEERICART 5.
CBWU 2T =20, LA A DOWT 8 fEIIND.
L iz sig Z3tH 9 5.

. TV NERER TRER I N TV 2 BB HEEIRE Tob % xc, yc TR

L TD 8TV I UIIDWT, BT LIZFEALA S OIS tobr & FEHE

in AT RE — R [rad] or [m
in A FRE T JEEE [rad] or [m
in x R T O E PR A (#
in y R T O A AR (£
in FH fe] SR AR R OD Bl 138 JRR AL
in P 17 AR D B R [rad].
in AR IR E [K].
out .true. RHLEHEBEE.
inout &t 7Y a v TORAAFY Tob.
inout L2732 TOD Tbb

[ 7 5 R A 2
inout moat MFEIIIE [m] (Fik)
inout AMAIBEEDFIINE [m] (£2if)
inout IO EERE (m] (B2R) .
in BERROE Y TR RSN OfE (23R
in BRI T O RIEE.
in undefg MVi%

INe ETOMM (k) .
in TI—Wh7I 7 (k) .

T 74 M .false.
in JERER (i) .

).
).

~

/

ZOT—REITLIT, MFOHEEZITS.
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s AR R IR 12 & & e ~

1. %87 ¥aiionT, Hubvh 5 tbbr DIB/MEDY 2 KL ED, ZD
R REDY 1 JHEENTHENEF oy 7.

2. HHE (1) 22927 ¥ avilonT, PSRV FFOMYIMEZ Tihnermin,
FEWN T OMUIMEZ Tyutermin, € PEIDMEKIAE Thay, MUMEZ & 5T
FEHEMR 22 % Oinnermin, Toutermin, MBAMEZ & 2 PR TORMERZEZ opax &
T5. 20X KR avIIONT,

Tmax 2 Toutermin + Toutermin,
ND
Tmax 2 Tinnermin + Oinnermin,
TN EF IV .
3. HHE (1) B (2) 22 LTWBE2 Y2 V20T,
Toutermin < 230 [K]
g INEF oy .
4. FHE (3) 2T I VI VOEMN 5 EEATWEINF Ty .

5. HHE (4) 22 LW, BYE (3) 22 d 7Y a VIZDOWTHWE
Toutermin & 0)'{@7& té¥?§®7§%§+%b, b‘f%@t’ﬁ“/a \/[ﬁ_]j:@%
£ 50 km 2 TRV NF v 7.

HHE (5) 272 U725 A, 1judge = .true. DRI N, ZOT —RIFLEREE
\*ﬁﬁ%)ﬂ?bfb\é EHIEIND.

(]

o 5% undef IFFHEFFHNICKERMELD DL EITHEET D L, ZOMEIZEYT
B M F AU A RIS U &,

o PERRMPERHEFASMNAAIEL TWDIGE, 7 7 40 b TIREHER )11 Warning
AW —INHFIIIND D, stdopt & .true. (ZEELTHIHE, HIILRW.

o A7 3 Vi dmoat, douter, dinner (FTHNTH 1judge = .true. ANK
INd L ITEMTEINDIFHRTH Y, TNTH moat D ¥R, SMUEEZED
R, NEIBEEDOSEIE#CH D, T No D5 EUFHEME (4) 2/~ d &Y
VaviioWT, U FOEHRBATERINGEI 2 TDOR I Y a VIHTHEHL
ZEDEUTRINDS.
dinner HEAFLNSHAM E I tbbr 2 F =Y 7 U, 0.50immermin + Tinnermin 2

TES VRS EWC R Z dinner £ 5.
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dmoat Tinax & HUIMI tbbr 2 F v 27 U, WA FI21E 0.50 mmermin + Linnermin
% NS AW AMUDERREE L, A E121E 0.500utermin + Toutermin 2 T
|5 Z2WEE NEIOBEEEO RO % dmoat £ 9 5.

douter Tyutermin = H/IMZ tbbr 2 F v 7 U, Mifll 0.500utermin + Toutermin 2
2 OB AME e NTDBEREZE %2 douter 2975

3.21.16 DC_Sat ZNCC

YO ERMERE L W5 7Y T — kv 53 7% T, MR EG 5
FoBETLERDS. FOARIDAEIHIL TV S E (A) L2 IhbbU
BRIV (L U - Wifg (B) TIRARMDKTHEEIZIZIER U TH S LET 2. T5 &,
il A X% B L OEIEIZI & > CRESBEIL 2 2 L BN AL, Uk
HoT, Bilk A 2 BHERY LTy TL— k3w F Y ZEIC LY, Bilgk B »5H
B A L REENT 2UWAEHITE S, T OIS N FERO R L Bi% A O
AP OFRERIE O AR A, B ORI ARSI L -8l 22 5hd. b
LY, Wik A TOAEPLIEC, B A, B 810D 0 A R % R
HAEE B TOARILAELE %S,

FN—F 2T, Fifh A % BIREGE UL 0, Fifk B Ok BT 5 i Hs
DTG T E S R

call DC_Sat_ZNCC( ref_img, img, swx, swy, [undef ref], [undef_img] )

ref_img <R,DP(:,:)> in Z HR R DT B HUE.

img <R,DP(:,:)> in PR RO ERUE.

SWX <I> inout XEFHLT D img DI TH 5.
swy <I> inout HEHLLT D img DFEmIE FEF 5.
undef ref <R,DP> in ref_img DAREFfH.

undef_img <R,DP> in img DARE FHAH.

EHER
YO ESACA BB, €22V N x M OF > 7L — Nl A (SHREH)
LEZRIVEM P x Q OEif B (BRER) 12832872V TOME ([EEOWY
HiE) OMEMBICESS FY LU= v F U I THD. ZOL X, ¥rReEuE
N<P ™M M<Q
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R T HERDHD. EE A DKL RVIZBEIYHEE ((TR) 2 A, (1<i<
N, 1<j< M), HEBIZSTYHEEZ B, ; (1<i<P, 1<;<Q)&795%. &
H 5 D PG & BEHEIC U T, MHEAEBIRRE R, ; %

B Cij . B . B
RzJ_S(A)S(B)i’j, (1<i<P-N+1,1<j<Q-M+1),
M N B
Cij= ZZ (Ags — A) (Bryi-t1,45-1 — Bij),
=1 k=1
M N
SA) =D (A —4),
=1 k=1
M N
S(B)i; = Z Z (Biti-1,4+j-1 — Bij),
=1 k=1
B L MN L MoN
A= Y>> A, Big NI > Brricitio1,
=1 k=1 =1 k=1

DEIIIRD, R j WKL BDEINERES (imaz, Jmae) DS IEHER & B KU
T B HEREG OO NG & 2 5. &> T, HERER TSR & it T 5
E e

imaz <1< tmaz + N =1, Jmaz < J < Jmaz + M —1

DRI & 725 . BARKIZTFIE L 5180 DX InBEERIZLA T D@ Y .
1. FMIENGZO6NTWSHEEE G E ref_ing & UTHZ 5. 7 — X ILHGHEE
EBRETETIVRXRETEHHEDR .

2. ref_img LW DIV EEGE ing LU THZAD. ZOLIDT—XIZE
ref_ img LA UYHETH S.

3. TV TV — MYV F VTRV, ref_ing L IREFAMT D img OERIEFT & &
t9 5.

4. img OIE LU - B E A O P tE 7 &5 2 swx, swy & UTHIAIT 5.

ZDEE, FIBIIEREADELH LU TOXNIEZ TS -

A;j : ref_img, B;; : img, (Ymaz> Jmaz) @ SWX, SWy.

(]

o ZOFIIE, Hiff A, B FITOBRDKFEREENPZALBENEREL TS
O, 525 2 EGHORHEZENTRERD NI NI EREELL. OFED
D 8 TOFEENER (2.5 DREE) THWS Z L 2EL TV,
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e 5#{ undef ref, undef_img (FFHAHMPANICKRERENHDHEITHEET D
&, ZOMEIZEY T FRIIMREASIBICHERA LR, 2ok, €2 TIE
S(A) IFHEGHERDM —E & UTEEL T2, EERICITERER TRELR L
BoTW2EIZ R NVTRESREGOFNIGE 7V TERERE LATITES
BN, Udio T, EBOFETIE S(A) IZZOSEEHRIZBIT2 7 VD%
EFALIZEY, % Cij TS(A) IFERIET DI EITEETD (T805, S(A) ;).

3.21.17 SPLB_Kurihara

Bee
(1990) OFHEZE AT, ERDHDOEBIZDOWTAKFEHMIZT 1 )b
2 VT %ETD.
=X
call SPLB Kurihara( axopt, phiO, x, y, Lx, Ly, ival, oval, &
[optm], [optnx], [optnyl )
5%
axopt <C(2)> in AT S MR (£Rah).
x <R,DP(:)> in x FiAIFERE [m] or [deg].
y <R,DP(:)> in y JiFERE [m] or [deg].
Lx <R,DP(2)> in 74 ET S x HaOME [m] or [deg] (
Ly <R,DP(2)> in TANET DL y O [m] or [deg] (
ival <R,DP(size(x),size(y))> in TANVERT D 2 IRTER.
oval <R,DP(size(x),size(y))> inout 7+ I)V& I N/ 2 IRILEH.
optm  <I(:)> in T 4R T B HEE ().
optnx <I(:)> in x J7 Al AR IR 1 R (2a).
optny <I(:)> in y 3 el e AR B R - i (k).
EHEN
ERDGDOEE, j \IZH LT, BERBOBDZ 74 NVE—=T 7 9%
( DFEEHNDS. 72720, AV) I FINTIERL, ( ) Iz

)
& B ERIS IR T — 2 O % FTRELC U 22 B TR OB . 5 #s
(2011) @ (3), (4), (5) A%

—FE = —FE —F —F
Fij = FijtKm(Fimgu j+Fivgni—2F ), Fj=FitKm(Fij gt Fijig,—2F;)
(3.21.66)

TBREL, AV YFAORTIEAL, HPGE AL A TR AERRBELTHS.
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)
dnl = |:RCOS¢O ¢:|7 n1:172747”'M17
nle

21.
o (3.21.67)
gn2 = s 7’L2:1,2,4,"'M2,
TLQAy
My — [Rcos gboéqﬁ] 7
Ba (3.21.68)
o [Ro -
2 — Ay )
-1
1 2
K = <1 _ cosm> . m=123,4,256,7,28,9,2. (3.21.69)

EHAOCT, BRI 1 VB Y T INEGBOER FE 28505, 22T, A, A
EETIVD z,y ST BRI, 5o 13 1 EDD T IT v, ¢ IZREUERE R ITH
HEFETHD. F£77, (3.21.67), (3.21.68) (2B T DMUMFEINEH Y AGLBETHD.
D g1, g2 W (2011) THEA X N7z GIRAGIE T — R HEERILEEER 73
THh3. L, n =ny =1 DHAEIL, (1990) «2—8F 5. Exidk
ST G, 5 S DWTHIPH Ly, Ly, OFIFAETORKF AU OV THEHHAI NS, EHAD
X772,
ZDE ETDFEE DX IRBERIE

Ar 2 x(2) =x(1), Ay :y(2)—y(1), ¢o : phio,
Ly, : Lx(2) —Lx(2), Ly, : Ly(2) —Ly(2), F;; : ival(i,j), Ff] : oval(i,j),
m : optm, n; : optnx, mno : optny.
e

o S axopt IR x,y DR T RUERER, *xy> 23T AV N EEER (x,y DHAL
(& [m]), 2117 ASERIEFEE R ERER (x,y DHALIX [deg)).

o 51 optm IZFEE LR WEE, 2,3,4,2,5,6,7,2,8,9,2 D 11 HDEFE% £ DRl &
UTT74R) VTR K, WaltHE I 5.

o 5| optnx, optny IFFEELZWVEGS, EHHLHEEK 1, HIZ 1 &2, 20D
B (1990) DEHFER L ZERIZ—HTS.

3.21.18 calc_taufil

Rozoff et al. (2006) IZHWVWTEHEIND filamentation time ZFHT 5.

call tangent _conv_scal( x, y, u, v, val, [undef], [sx], [xy] )
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518
x <R,DP(:)> in TR — AR
y <R,DP(:)> in A5 TR .
u <R,DP(size(x),size(y))> in K x Bl DR ().
v <R,DP(size(x),size(y))> in Ky B DR ($2ih).
val <R,DP(size(x),size(y))> inout filamentation time [s].
undef <R,DP> n REHME (Bh) .
sX <R,DP(size(x),size(y))> in x AT —)VIAT (k).
sy <R,DP(size(x),size(y))> in y AR —IVIRT ($iR).
EER

Rozoff et al. (2006) (Z31) % filamentation time (7g) &
2

Th = ——————,
Sy e

S 1 8u1 us 8h1 1 811,2 U1 8h2
1 pu—

hilaiflil + h1h2 8%2 hQ 8%2 hlhg 871’17

hy O ug hy 0 Uy
S2 h1 8%1 () s hQ 8:@ <) ’
1 0 0
= h1h2 [axl (thg) 8.752 (hlul)] .
ZIT. S, So, C RTNTIMEEKE, 7 —LREE, hEMETHL, Z0
L& BIBELLFONIEZ T B,

(St+55>¢%),

X1 X, Xy iy, Ul :u Uy : vV,
hy : sx, ho : sy.

(]

o RIEHKME undef FANINAZHELNRELZDE G, val IZRAIND N,
S? 482 > 2 RiZIBROVEARY val ILRAIND.

e undef WMEE X NARWEE, S?+ 53 > (2 &2 I val 1ZiE 0 AMRAX
N5, 2EL, CNFEBPSIFAYTHL ZLILERETD.

o WD LA HED AT —VIAFIXEA N ORGRE € DL S ITERI N
PR A= CANCR NN

_, dx dxo
g =g
BH, ZOEHBINEE, AT —IVHFIFEEIZ MKS BARTHEX SN
FHUER S, £ LTS TRIFIUE, mp OBAE [s] 1275780
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ChapterdZ H>7)707 5 A

ZITI, BENV—F VOB LT DO2DY Y IV T 0TI AxdHlFTEL.

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 —I)LXNT\5A5, make draw & FEITFT5 I LT, 2 T
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 ! BIOFEHE 1: FER, Y =— K
12 FERE, Yz— R, R ML
vo-1: BEERTAER, Y — A —
bo-2: fftEhdraviR, v —A—
P rfg %28l <R 5, cont_val IZEBHL,
| ¥Y—N—%>DR5, shade_val ([ZZ£¥4,
TRl IF  TETCINE
VBT AR O G, RO EEIF X xmax, xmin T
. | 20D L XOMEOFMEFH 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 TCix& I NHHENIFETDHTNTOD y HKTOD
Ux T — &2 2 @B (Y —H—) THIET .
1 H U 1 ROAMUITNIL, ymin = ymax LE%ET DI L.
.y U EER T RO G S, BEIT RO 2 B DOEHEREE L TH L

¥ ymin, ymax

nx = 1

=
<
|
-

Xmax
ymin

ymax

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

cfact

vxfact
vyfact
title

/

N

I oex. M IF N AR T xmin, xmax D % &, Mt iR T

! M OEBIZHIE L TWS.
00 ! FEEHDKE T 22K
AR DR T 2K

o
o

0.0 ! fedllloD /e i

1.0 v REEHOA i

0.0 ! fEdho> T

1.0 1 o> b

= ’poison.nc’ ! #AIAL netcdf 77 AN
e=" | TXAMNNITLT—X

al = ’rho’ ! FEIRTHI <ZEHK
val = ’psi’ ! AT —Yz— RTHIKEK

=0 | RNV x B TR B
= 1L RZ BNV y K THIK R
-4.0 '\ FEROR/IME
.0 EERRO B K AE
0 AT —Y T — ROB/ME
5 L 5=V z— ROHEKAE
x0 L RO B4
vy D B4
=1.0 | Yr—RDI7 I X—
=1.0 ! HEHROT 7 IR —
1.0 ! BRI MNLVOEX 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 ke sk ki ok s ok sk sk sk sk sk o ke sk sksk ok sk ek sk sk sk ok o ke k sk ok ok
slope = 4.4496446E-06

intercept = -3.6121133E-07

Cor_Coe = 3.6029361E-02

data number = 246

>k >k 3k 3k 5k >k >k 3k 5k 3k >k >k 3k 3k 5k >k >k 5k 3k 3k 5k >k >k %k 5k 3k >k %k %k %k >k >k %k >k %k >k

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, IRIZ
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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, IR,

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 =8 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 ASIT—A& D dummy TRWEGE, IRIC
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(val) WN1(Black) WN2(Red) WN3(Green)

1.0 ‘

0.9 | 4

0.8 L J

0.6 - 4

val, val, val

0.5 1 2

(frequency)
frequency

Figure 4.1: ET — XD ARY NVordi, B K BTN ENED ) — R 1, 142,
14243 O TIER L 727 — X DAY MV LTV, TN EE (Bl o
1,2, 3 IZHIGUZEfCE—I2R R oNng,
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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

3WTTHI R 52, TDT =8 %Y LIk BATHEIEN—F V2 RIT$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. 3RIEFATHIDHEATH 2 FHHT D

8. NEFUEAEFINT 3 WIS FFIORKEGHEE 2SS 2 GRS
ML% T 5.

9. YAz MWT, 3 IRIEHITHIDEEAEZFET D,

10. QR #EZHWT, 3 IRIEHFTHOREEMEEEH N7 NV EEHT5.
- %

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 —axXl1ls
Figure 4.2: V¥ ¥ ¥ RIVEZIHX (BARAY 0 IR, FRERDY 1 IR, FRARAS 2 IR, HHRAY 3 IR, ¥
KRAHY 4 ¥X).

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

Figure 4.3: T)V I — ML IHN (BARDY 0 IR, FREEAY 1 IR, #&ARAY 2 IR, FREAY 3 IR, BEAR
25 4 K.
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1(red),2(green),3(blue),4(yellow)

1.0 ——

T T T T T T T T

0.8
0.6
0.4

0.2 h

LAGUERRE

0.0

—-0.2

-0.4

0 5 10 15 20
X—axis

Figure 4.4: 77— )V IHA (AR 0 IR, FRERDY 1 IR, FRARAY 2 IR, FHRAS 3 IR, BEFEAY

4 IR).

1(red),2(green),3(blue),4(yellow)

10 T T T T T T T T T T T T T

0.8 .
0.6 .
04+ /

0. -/

BESSEL

0.0 |

—0.2 -

—0.4 -

X —axis
Figure 4.5: /N 2 )VBIE (FARADY 0 ¥R, RERAY 1 IR, FRARAS 2 IR, HFEAY 3 1K, B 4
).
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1(red),2(green),3(blue),4(yellow)

06 T T T T T T T T T

T T T

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

Figure 4.6: / -« ~ >/ BEEC (FRARAY 0 IR, ARARADS 1 IR, FRARAY 2 IR, HRRAS 3 IR, HHAEDY 4

X).

1(red),2(green),3(blue),4(yellow)

10 T T N T T N T T T T N T T N T T N

8 _
1 L i
= 3 |
0N L |
(D — —
[ 6
m L i
o4 - i
©) | |
Y
() L i
g L 1

//
2 = — -
0 7‘ T T - ll/‘—l‘/%
0.5 1.0 1.5 2.0 2.5 3.0

X —axIis
Figure 4.7: 2y L )VBIE (BARDY 0 IR, FRERAY 1 IR, fkARAY 2 IR, FRRAY 3 IR, BEAR
M4 IR).
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1(red),2(green),3(blue),4(yellow)

deform NEUMANN

I

T T T T

L L

I s e e

Figure 4.8: 2/ 1 ~ VBB (AR 0 IR, REEH 1

4 ).

1.5 2.0
X—axis

2.9 3.0

R, RARADY 2 IR, FRRAY 3 IR, BERR
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TR )43 EHROEBES
K48 IZEW ) A~ VEEDOEES%25RT

HY<BEEDIHE

.fe é%ﬁvﬁﬁéi&A%fVS (blue),4(yellow)

LB — | L —
1.5 - -
< L B
2 L ,
S 10+ -
< L ]
@) L ,
0.5 - -
0.0 L\ I [ [ [ [ \47
-0.5 0.0 0.5 1.0 1.5 2.0

X—axI1s
Figure 4.9: 4> <A%K

4.2.6 read_mgdsst_nc

mgdsst 7 — & % netedf 7 — X IZEWT 272D T 0T T A,

EITHE - R—LYRK

FATRNZ, 29 D mgdsst 7 7 1 IVZ%E 2T sst_list EWIHMDT 71T
FARMNTREFELTEL. TOILT7 7 A INVADHILET % .nc & UZART netedf 7 7
A IWFERI NG . FATIE, BRTETTE, LDV A MIRI NS 7T HERY
2 netedf 7 7 A IVIZEHIND.
$ ./read mgdsst.nc

2T, AV VFIND mgdsst T — RIEEKE R TAEA 888 TH DAY, T DAEHIZ
iof*@Mﬁi%BOK» REIND T LITHER.

STERR
AKTOT S LAOERNSELN netedf DT —HZ2ZDFE EHE L /2H DA 4.10
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THd. AEROHEY —IZIHO5TIEHABELTVWARVDT, £HMFEHLTWS
W= )& FHWTESBI N0,

mgdsst.May31

80 —— | | T 303.0
‘ e
18
60 297.0
o 40 n
g 20 | I291.o
= OR
4 )
© *Om 285.0
—40 BB
—60 279.0
_80 | | | | | b\ { | | | | | | 2780
40 80 120 160 200 240 280 320
longtitude

CONTOUR INTERVAL = 1.666E—-02

Figure 4.10: netcdf (22X N7z 7 — X 0> S5 X 72 R IRV KD 7345 .

4.2.7 sort

TV a—)b Statistics DT AMNHATB T T L. HE 525N T—R &2, BUED
INSWE D SARET SO T T A,

RITHE - ROTHER
ARTOT T MNIBERTETT 2T THY, TOEIERIZUTDLS 1245,

i=, A(1), B(), Q)
1, 3, 0, 0
2, 2, 0, 0
3, 0, 0, 0
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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 IN5G.

main.tex 2020 £ 2 H 20 H GEHEHR)



STPK ¥~=a7J

a7y rs A 282

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]

g

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 IRGTKE—RRBDIZGIZDOWT, i fi - AR ZEHRT 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
o /

BANDOEFNIRF D DA F —ADHETH Y, EUL & 1 IRA A T —AF—LA, RK4
F ARV T=0YAAF—LTHS. ROEMIIEIDOHMTHS. 1 IZHTHTR
PR, 2 3R SR 2 FHR S 5.

STERR
411 1F51(0.1,0.1) 2 5 BAAARH LR TG AN —RRZ EDIRDN T WD IGIZE 1T 512

FHIRBSEOME % R 3. BOBIZAE—HETH D5, K DWW T = ABEKRALC 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 -

Figure 4.11: JRfiRiENT OSSR,

4.2.13 advection

EVa—) ffttp DT A MNHATB T T AL M 1 GGOBHRABRRIZDOWT, ART b
NiEZFHWTZORMABREZERT 5.
AR Z1T D ARERRIFZER G I 1 IO E u(x, t) IZDOW T OB AER :
ou ou
e + Cor = 0
Thd. INzZEEFAMIIFIART MVERU, REIAMIZIEZZ 707200V Y AF— A
EHOWTWS, & THEFEIEIA—L) AN 7 71V advection.nml THEWHETHS.

RITHE - F—LUR b

(./advection < advection.nml )
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pressure
R i e R S e e 3.00
T 1.80
il 0.60
R |
5 3 -0.60
[
> 5ig
" —1.80
»79
=l>
= >
. -3.00
;'>
u
X—Aaxis
CONTOUR INTERVAL = 4.000E—01 CONTOUR INTERVAL = 4.000E—-01

Figure 4.13: KEE» 5B Wz ked 57z
Figure 4.12: f#HTHIZ 52 SN2 KUEDS. KOF R L.
rotation rotation

0.60

y—axis

—1.80

CONTOUR INTERVAL = 4.000E-01 CONTOUR INTERVAL = 4.000E-01

Figure 4.14: HEL 0 63RO & 72 8 iEMH Figure 4.15: HEL 2 S 5HHE I N D AR D

&5 .
ZOFER, advection.nc WHIIND. F/2, 1 =LV ANDEBIILLFDEEY
Thd.
&input

nx=100 | ZE[EEF I
dt=0.05 ! MifEfENE
nt=100 ! FEATYV T
xmin=0.0 ! FHIS/E U
dx=0.0628 ! ZZiF& b
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FTERER

amp and amp

1.00

0.60

0.20

-0.20

-0.60

-1.00

CONTOUR INTERVAL = 2.000E—01
Figure 4.16: JKDKR51.

4.2.14 diffusion

EVa—) fittp OF A MNATO TS AL $IE 1 IRGTEOHBARRICOVT, ARZ K
V% N TZ ORISR Z 5T 5.
A% 4TS HRERRIGERB SIS 1 RTEOYBLE u(x, t) 2DV TOMILEATER

ou d%u

ot~ “0a?

Thd. INEZEMARIIZARYZ MVERL, RREAMICIEZ V7= Y AF— A
EHOTWS., ZEKFEEITIA—L) A N7 7 1)V diffusion.nml THEARETHD.

EITHE - XR—LVR S

[./diffusion < diffusion.nml ]
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ZDFER diffusion.nc DA ING. /2, F—L V) A NDEBIILLTDOE BV

Thb.

&input

nx=100 ! ZE[IEF K
dt=0.01 ! HFRIREIPE
nt=100 ! FEAT vV T
xmin=0.0 ! FHIS/EN
dx=0.0628 ! Z2[Ei&FMEkE

TS

time series

100
90
80
70

60

40

30

20

10

Figure 4.17: K DKRS1.

4.2.15 poison

—0.20

-0.60

—1.00

2 POUKEEIZB T 2R T Y Y ARREZF R T2 7077 A @HHIZERO H LI HE

BAEI 2 © 27 — 7 IVBIEBI iR 2 BE LT\ 5.
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AT 3 TR
v v
[T

ThHd. ZIT, i 2 TTDORMBIEL, p & 2 IRTTDEHITHS.

EITAHE - XR—LYRK
F47 70T T A% poison L \WD SOV T ABKTHS. F—LVANT 71 IVIE
poison.nml. AFD KD IZHETTEHILMNTES.

(:./poison < poison.nml :}

=L ARNDODEBIILTDOLEY THD.

&input

nx=100 U x AR&FE

ny=100 Uy Ak T

tp="1221" | FHEGIEBERSM:
method=2 ! R
ter_flag=.false. ! LR ZH<.
/

LRI L %FEFFT DL, poison.nc LW D EHTD NetCDF 7 7 1 VA H S
IND. WEIZIE draw 707 I A HOIUE LW, 2D L SOREGE T 7 1 Vi
draw_poison.nml THd. 7z, FHAMROT— K& 12, FHEIZE U 72K
PEEH I TUTO LS ICH I NG,

/
*xx* MESSAGE [HistoryCreatel] **x ‘"poison.nc" is created (origin=0.
*x*x MESSAGE [HistoryClose] *** '"poison.nc" is closed
Main solver running time = 1.02846E+01
This Method is Jacobi Method.
- %
STERR
S HE T — VBB Ol & 5 2 72 & FDRT Y v AFRADFHRER R
118 TH%.

B o BIRSKMDHE tp IRT VUV ILNADEBE L TEDEEEATNDDT, B
REMO T OERIX??, 77 S,
o RT YV VVIIINDHEE method 1&, 1 BSAH T AH A T, 2 A3y 2L
o AN—F VIIHHIMIREDHEAZEDFETELTD LN TES. EHDO b,
ter_bound (& .true. IZIRET D &, NHBEAEENGFET DR ETEHEEZIT
5. ZONEIEFRES 2 G A THE U ZFERAK 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

Figure 4.18: ST T — 7 VBB DR 2 5 A 72858 DRT YV VINE. 7157 =2
BEDODMTH Y, FEREARF] OB TH 5.

4.2.16 adjust

BERTOT I A ¥IE 1 RGTD fHEKARRIZOWT, 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
TG T ERE T — R L T DR TR CERINZE Y, KEEE 2 KD T — X 5K
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 ]
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rho and psi

1.0
3.50
0.9
0.8
2.80
0.7
0.6 lzm
> 0.5
0.4 1.40
0.3
0.70
0.2
0.1
0.00
0.0 SR SRR VRS S P
00 01 02 03 04 05 06 07 08 09 1.0

Figure 4.19: fEIkd0MT T — TIVBIEBAL D il % 5 2, NEPAEIRIC R E R R EEZ £ D
BEDRT YV VIRE. N7 —MWREDSATHY, FEEVEHOHEATHS. AKED
IS S NERE AR T hH Y, Z DFEB TIINREFHE 217> TR,

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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0.5

depth
o
o

-0.5

-1.0
3000

1.0

P R R
4000 5000

TR TSR
6000 7000
(m)

x—coordinate

Figure 4.20: & 7 I)VHIHHD & 3 f 2.

val_h = ’h’
val_u = ’u’
val_v = ’v’
bound = 2

steady_flag = ’xxx’

regist_flag = ’ox’

regist_coe = 1.0,

FTERER

1.0,

HIME 7 7 1 VO X ZB) D4 i

HIHME 7 7 A VD x FAHEE D44 i
HIRAME 7 7 A VD x B2 5 3 E D %4 i

BEFSZA: "1" = no gradient, "2" = open bound
"3 = JE IS SR

ERRBOREALG ZHERT —XITANDE N E DD,

1 XFH
2 X%H

LDEX (nt)
x HIAOFHE (ubar)

3 X7H =y HAMAOF#E (vbar)
BYEEAOMNIMNET 5 7

regist_flag(l)
regist_flag(2)

1.0

REMEIZ & PTG Bk
T VBB X BT

regist_flag THE L &N DFRE

regist_coe(2)

regist_coe(3)

| regist_coe(1) = MR (0 ,v’ ~NDOHFE)

KRB (b0 ~DHFE)
IO VEBOAY Y 7Y T [1/s]

FTIANRDI =LY AMIBEINTOIHIEINT A—ZDEKBEMEMN S, &
DB OMNMHEEIZE T 31 m/s. ERFERESELZT 300m £A2>TND, ZD
I, EFIREBL RS OB DA L RGN X > CTHE X 15 ik %
RUZKRNENETN 421,422 TH D,

B 423 IEm X DRADRRINI O ALY =B LR % B CERZEDTHD, [H
FRIZHBIR D 2 i 2 R U 72 MH34.24 TH B,

main.tex

2020 42 A 20 H GEHE)



STPK ¥~=a7J)b

Ay Tavsh

293

(x10% s)

time

N _
3000 3500 4000 4500 5000 5500 6000 6500 7000
(m)
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Figure 4.21: & X DR RHZ L, BARHIDT A
=2,

depth

(m)
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3000 4000 5000 6000 7000

x—coordinate

Figure 4.23: € HFIRETODE T,

time
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4000 4500
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Figure 4.22: MR D KR 51284t
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Figure 4.24: & IRAE T D MM D 7375,
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X512, X 4.25 13K 4.21 OSBRI 7210 2R UZEDTH DM, BHE R
BEHEPFOL S LA IIEBRL TWDE Z eNbhrd, £7/2, ZORRINLE
FEORMEEZFHE T2 B EZ 30 m/s ETERIRUZHERELE X<E5 2
ENRDMD, WOTRIVEF—IIRIFED 2 FIZHHIT D720, ZOMMNLTRILVF—
NEOP L LEIAMIIEZELUTOIRETEHLNTH A S,

shade

(0.1x s)

900
800 |- |
700
800

500

time

400

300

200

100

3000 3500 4000 4500 5000 5500 6000 6500 7000
(m)

x—coordinate

Figure 4.25: FEBHAAIEIZ B 1) 2 E B DI SERE.

4.2.17 Thorpe_2d

Thorpe and Bishop (1995) {2 & > CEHHE X v/ PV inversion @ 3 tHAHE TV % 2
OEHRIZ U TG IR I 2T 7). b RICHED PV 7/ %) —% &L, Tl
IWETEIVART VI YINVORHEEET S, VY — A — ROMHIEHI S 2 EH S 57200
T, k2824 TDT ) IVICHTBINERFR TN TED. HAERIE, VAR
YV XIEEINLEHRI NS MEEDO DA I N TS,

RITHE - F—LUR b

main.tex 2020 £ 2 H 20 H GEHEHR)



STPK ¥v=a7JL a7y rs A

295

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

RKIOY S ADMERNSB/BLNA 2 IIEBRODEIZX 4.26 12739, 2 IRCEHETH
5728, MifgElE 1 Ko UrER T 2L IETIRW. AT —TrRUZREIIMKEIZ

FEZEDTEZRLZEDTHD.

4.2.18 Thorpe_3d

Thorpe and Bishop (1995) {2 & > TEHE I 47z PV inversion @ 3 IXIGHAEE 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

Figure 4.26: HROMBORMZFFTIZE D PV 7/ ¥ UMM 255 OUAL (FHEAR)
LR (71T —) DINE.

ETERR
RIOT T LAOFRIN G5 N 2 IRIFERD 301X 4.27 1R, y il %58
S x—zWiHT, W7 —CRUZBIEIREICEERH DI ZRLEZEDTHD.

Figure 4.27: HROMBORIE BRI ED PV 7/ % U BMEET 2 5 A O (Sh)
LM, (715 —) DR,

4.2.19 SEQ

Pendergrass and Willoughby 2009 (MWR) (235 1F % 2 IRy —vy—z ) 7 vtk
YETIN (SEQ) THD. HHAYRADIMD A & BRI O ERE, BEE 2 HUE U 72 JEW BN
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BONfiz525%, 8% EERNT Y A% Uk 2 IRIEER (> 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
ATOTIAME 3207075 AZBEIZETTDHIET2REREZEETS.

1. sound make I& 1 IRICOBMBEM BRI I VT4 VT 774N EEKRT 5. BEIZY
TVUT 4V IRHIGEE, ZOTOY AZEBKTE I ENTES.

2. initial make 3D 1 RKIEH IV VT VT T 7 A% 2 IRTHENIIEET 5.
ZOB, 20707 I ANTEZEINT VD 1 RIFERIZHEDWT, @EE RN
VARERNT VAT S LD IRERLIEDKESHEEETD.

3. 20D 2 RGTHIEIMEA R 70 7T AT I Nz 1 IRTEER & JEMEBVINZ D 434
RENMEZE &I, 2 RO DA ZEHET 5.

\
$ ./sound_make < SEQ.nml

%5479 % &, sounding.dat WEKIND.

$ ./initial_make < SEQ.nml

#FEFF9 DL, D sounding.dat (ZEDWT, 2 IO T — &

initial.nc PMEKIND.

$ ./SEQ < SEQ.nml

#FE{79 5 L, initial.nc 5 2 IRFEFERD 046 2 Wi IZEIR 9 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

Figure 4.28: ZWiHIIRKD 5N/ 2 RIEER (R LIEWBINED 5340 (717 —), T HI
R (FHR) THD.

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".

AKTOT T ADFERENSE LN~ 2 IRTEERD 541X 4.28 IZRT.

i1

A4 L2 M) IKRIXNTOWAHE 7075 A3EF 1 L2 M) T

main.tex

2020 42 A 20 H GEHE)



STPK ¥v=a7JL a7y rs A 299

[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 IRFTMEEERL T B 720 DEMT O T T L. AT 10T T Ak 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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S make sound_conv —_— S make sound_draw

v

v

YARTZ7AIVDIERK (fname) output_name ICHAIN

EHET—ID) AN T %

v REL, BN 2 5IBICEATS
S ./sound_conv < sound_conv.nml |
| output_name ICEhh i y ‘l’
T7AIICE RO

FIBNEONTND. S /sound_Td ¥

$ ./sound_2d ¥
< sound_1d.nml < sound_2d.nml

L v

BHRSN TP ILBE * TR - BE TR
CXERASA—=ID C WIS A=Y ERRIIK
BERIT—4 (sound_1d THAIN
BERIT—IDSFHAL)

Figure 4.29: sound_analysis (28172 7027 T ADFEFTHN.

RTHE

AT I LRERTUTDES BN TEITVARETH D,

$ ./[program file] < [program file].nml

EFOBRNIEK 429 1ZRT B ) THD. a2 175121347 sound_conv % E
TUTCHAMAD ZODEMAERNIZEHRLL BT LR 580,

F—LYZ K

FITIBELXA =LV AN T 7 A INVOHNBEEIUTFDOEED THD.

sound_conv

&input

fname = ’list.dat’ | BT T7 71 INHNEINIZVARNT 7LV
sign_flag = ’0a000000065100000000324000000000000000000° ! BHITLDERT

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 FHEICASDTWSAS true. CIEFZHIZTD.
! CReSS D 1 MICANT — A %EMT L85 .true.
V IVUAY VT TR EERT L35 false.
/
sound_1d
&input
z_ref = -999.0 b/S T A= ZEHROBRO G [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,
cape_opt = 1 ! CAPE BA%LD copt.
list_name = ’tested.dat’ ! sound_conv CTZAML/ZTF—XVAKNT 7 A1)
dmp_flag = .true. ! XN TA—RETFANT XL UTRIEFET D [true].
ldraw_flag = ’xoxox’ ! filICBI92 757 .
draw_flag = ’oxooo’ ! fiH|ICETET TV,
2o = T7ANNEETHEYTS. x> = fiE LA,
| TOMDOLFIT L DEEITIUATERIE.
! draw_flag(1:1) = iRA7, HHY4IRAT, BORIAHZIRAI %2 ERT 5 .
! draw_flag(2:2) = Skew-T % fERT 5.
| draw_flag(3:3) = RUIAKEBED 34 %IEFLT 5.
! draw_flag(4:4) = BIIEMR/NT XA =X DFIRKERE2FRT 5.
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! draw_flag(5:5) = HEBZICICART T 7 2/EKT .
draw_region_z = 0.0, 17000.0 ! fH9 % &M [m]
draw_region_p = 10000.0, 100000.0 ! i3 2 JEJ5HE [Pa]

! draw_region XEHHBLEHEL 2 D 1 Kl THY ,

! draw_region(1) 1&Z'J 7D N, draw_region(2) £7'7 7D ki

FHI, .
WS = 2
undef = -999.0 ! KIHfl
unit_v = 15.0 ! EUESH &KL T OEDOHBAANZ MV [m/s]
sysfont = ’Nimbus Sans L Bold 12’
/
sound_2d
&input
flist = ’tested.dat’ ! HEARRSIT—X7 71N
| BERAIT—&% 1 FIHIZ 7 71 V&,
! 2 FIHIZ yyyymmddhh FEATEODREL % AND
conv_dat = ’convec_parmtested.dat’ ! sound_id THHINDIAH/NT A —
R % FEAIAA,
! RV ERRT S .
conv_list = ’tzpxxoxx’ ! conv_dat DT —XDI>H, i< T—ZNA>TND
! T ALADIEFHFIZ 20 D5, 'x’ BOHENR.
tog XL I TV 2 5
VR 200 DA TWBREGEIE, Hl%DRRFIKE LT
VTS
" 1oz, op? IFRRANT A— R 2 AL 2 HEEE I
I XNTWDA%RT.
| RERAID XA NVIZZENTN, T—RIT70%EEZ S .
conv_undef = -999.0 ! conv_dat DAREFEMME.
dz = 100.0 ! fHHE[FE [m]
z_bot = 300.0 ! ffili Ny [m]
z_top = 17000.0 ! | L% [m]
iz_ref = 2 ldz =0 D& X, flist D iz_ref THOZ7 7 A INDEET—X
THI<
IWS = 2 ! DCL T /XA A
title_txt = ’Equivalent PT’ ! &1 N
cmap = 1 ' hT—vv S
cmin = 300.0 ! SHEMEARD E/IME
cmax = 400.0 | FHEHARD R KAE
smin = 300.0 ! #T7—DHK/IME
smax = 400.0 ! # T —DHRKfHE
cont_val = ’ept’ ! FFfHIFL U THRRT DL
shade_val = ’ept’ ! NI —Y( UTERT DL+
vec_val = .true. ! KEEHENT MILER<H [true THiL]
cnum = 10 ! FEARDO AR
snum = 10 ! BT —D
undef = -999.0 ! KEFHMH
sysfont = ’Nimbus Sans L Bold 12’
ntnum = 16 ! FFEAAICHE K X2 ML
nznum = 20 ! SHEAEIH AT MLOK
unitval = ’5.0° ! BN NVOME [m/s]
fixs_flag = .false. ! AT —%ZFKIBET D0
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fixs = 0.0, 1.0, 10.0 ! I —FXIEEROXK Y E
fixsn = 19999, 29999, 39999, 49999 ! fixs IZXILT D HTI—~ v Sl

/

b REHZBOBBEIILATDO LB
! Ptemp’ = BE
I

!

!

I
I
I
I

! ’rh’ = {QJE
1 oqv’ = A
! oopt? = JEAL

! vept’ = FIMIRAL
'sept’ = BUFIFH 2 EAL
‘east’ = BPH/E
‘north’ = FgALJE

IN6DFA—LV ANMIBTANLURITNER SR BT D 7 7 A IVFIREN
NEZVART 7NV WD EDIE, BN T 7 A IIVDEBIFET 2586, TD
774»1%@%%%1ﬁ1774»1j«t1o®01h774»%¢m¢5&
WHOEKRTHS. #ilk LT, 201103.dat 75 201203.dat £\ 13 @D 7 71 )b
ZIEIZABLU 720V T2 L, test.dat EWDHZET 71T

~
201103.dat
201104.dat
201202.dat
201203.dat
- %

EWOHEEFEITIEID. =LV ANT7AND £ D7 71 NVFIREPN
7ZOARNT 7)) IZIE, test.dat V3% T 5.

X 5127, sound_1d, sound 2d (ZDWTIE, [FHAMAL 7 71V A NDEIN
TNV IR 1 FIBIZ 7 70V ZER L, 2 FIHIZIK, TO7 7 A IVICHIET 5 H
% yyyymmddhh &5 7 4 —< v b TINS5, w[HLLUZBRDO XA MILIZZ D 2
FIHOXZENRAINS. LEDOHIEZFHNS L,

a I
201103.dat 2011030100
201104.dat 2011040100
201202.dat 2012020100
201203.dat 2012030100
o J

EWVWHERTY AN 7 7V EERTHIEE Y. BEELAZ LR, s 7ar s A
WRERT 7ANVIERBICKRRT YDA TR RANAT LT —IBEEZETDT—
HEEEVZANTYTLIE 1L DDYRRNTI7Z7ANTHD, LD L THS.

HLARAMI, AL 7B 7T 500 AN T 7 A INVIEEARAG T —R 7 71 IV
"unknown” & WD HGEZ IR U, BRAICHNZ AND &, TOHIERBEMER N E U,
RRFMERL 71075 ANTHIKEIFRRIND. sound 2d 2 FETT I, VARNT 7
1D HEBEORIIE 00 Ff, fEd 00 T35 L. #HNT2T -0V
Gk D "unknown” TG 2 Z L.
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(x1000) 2011052317 2011052317
20 100 T / Zet  1500.0m
Zrer  1500.0m troT T 1 / 999.0nP
4 / Pref — . a
Prsr  —999.0hPa g / CAPE —999.0J kg~
18| CAPE —999.00 kg~! 7 ) CN -999.0J kg~
CIN —999.04 kg™’ ] / PW  51.3mm
16| PW  51.3mm s ) 27y zen 1741.2m
Zier 1741.2m i y ) 4 réj zirc 15200.4m
] 200 ¢ / S| 2w 15704.3m
14 | zirc 15200.4m . Y N/ / S
Zing 15704.3m 1 N / pire  126.1hPa
12 | PLeL  821.7hPa i NS pwe  115.9hPa
" b 126.1hPa ) ] 2 /o / 7
S ps 115.9hPa i . 2 A\ /
o u < — o / / 3 /
[0} 0 1 g / R
<o I ] [/ /
8r 7 / / /|
[ ] / /o N\ o/
6L N 500 / / A S Ao (?4 %
C ] / X &§ o)
> v . V]
i ( ] UAN),
“r 1) ] N AR
L o ] / L y 0 /
L % i / /
2+ % 5 M\v / ) NG
; ) L 1 1000 L ' V. v A '
%80 300 320 340 300 380 240 250 260 270 280 290 300
Kelvi Temperature
elvin

Figure 4.30: sound_1d TH#{L X% ¥ 7 Figure 4.31: sound_-1d TH/LIND T
VI v 7u7 74\ (Skew-T fiK). VT4 TuT7 7 AN (YT T AR).

(x1000) equivalent PT

BT S

6 400.0
14
I 380.0
12
~ I 360.0
E o
!
o
28 340.0
2 8r
et [
m L
6
I 320.0
4
[ 300.0
2
—
24 26 28 31 4 6 8 10 12 14 16 U= 25m/s
MAY JUNE

Figure

4.30, 4.31, 4.32 &8,

2011

4.32: sound_2d TH ML X D & — R W X
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4.2.21 NMO1

BRAGRIZE T B EIFRE RIS (T DIA N2 IEHNFRR D O FR 25157 T 5
FHRENA TV W RARYZ NVETIV (ZORBOKRTN S, FBHEE T IV EAERE 1L
%) UFETIVOHMTHS.

JERE SR T AT AR (r, 0). B4 DFFAIIE » 5L 2 YA OHULESD . 0 HFITIE
7 =) TARY NVEERHA U2, ART NVEIZB Y 2 IR IER IS Ak % VLT
W5, EHREINFRR 2 AL U, WIHHIC T ORI IA N2 A RIRIEOEILO I
MFeR 2 MRS 5, BRI OUNFMEOBIFE M2 5 225 LMHERNZ VA4 L 512
HAG ORI VHBIZGEZ 5D, /o, BIFEAROILARL I OWTE HEg 1 O
FRift & FRRICEV R D0 % 5 2 WS RB TER TR e N TES L,

AETFIVFHE—~TOX Y YDA THEIEL YV JIVEK (NM01.s) & 70X v 3T
FHRIE L VILFIR (NMO1m) WEET S, ¥ ZIVARIE OpenMP W5 D AfT> T\
M, IV F L OpenMP WiANZHZ, / — R DWTIX MPI #4£17 5T\ 5,

oV JIVER

YA N
AKTOT I 5E2 D070 T 5 A%IEIZETT D Z & CIES R D DR EH R %
AET 5.

1. MFDax v Riz&kY, #1777 1)V (make_init, VRWS) Z4Kd 5.

(8 nake )

2. make_init IXERR G RIDENFRRD 3G 7 7 A WV EVEKRT D, BRIZOHT7 71
B BEGEE, TOTO AFERTEIENTED.

3. VRWS 3L DHIFRNAD A2 € 212, 2—A VU A (#85R) THRE I N
D B 2 HIHE & U T2 OIEHFRR D ORI EZ5H T 5.

ETHE
PAFD vy REJERFETT S.
~

$ ./make_init
input the initial file name. (fERLT D47 —& 7 71 IV £)
You have velocity data [y/nl. (HlWFRDT —X 2% 2 k)
$ export OMP_NUM_THREADS=[number] (CPU fi3l#; f£7X)
$ ./VRWS < namelist.nml

\ )

IHERRL EOT T OHMII I8 5.7.2 B,
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e make init Ti, 2 DHIZE» N BT, HdHEAD T —2 &2 RV E I

"y BEIRYT S, 95 L, make_init IZFXE I N TV D BRI ZR BN 5 7] D
NN EZ 5N5. EEGIZFE LU ZBBNL 707 71 )Lh 6 RN o
VAT D EDBOMMREENICEEIND.

"n” BENE ETENPHBLUAZROBZE IO 7 7NV DT— X & fi> TEHH
IEDZIENTED. DL X, GiAalBIEAIX NetCDF EAD A G L T
5."n” LERTDHL,

input file name and radial grid number.

radial flow is forced to zero 7 [y/m].

LD 2 DDERZFEAND DT, 1 DHIFARE LU 72 NetCDF 7 7 1 VD41
ERET R, 2 DHIFEBIRAN T —Z L UT A>TV GE, TNEGHETH
M2, Thet ol UTHRELRO»Z ANTS. "Y? 2561, Bt
FHREICHLAGA D

OMP_NUM_THREADS 1% OpenMP 512513 % CPU DMFIEIZ I IG T 2 Btz
BTHY, &L, 3231 IIHFIZ OpenMP OFELFHAFERA TV a2 > % DIFT
BITIE, ZOBREAROZEIZ &> THSIFHENAEETH S, [number] (ZIXif
5% AT 5.

o VRWS 2179 D &, StADNBHIET 5. TOERIL namelist.nml ®D foname T

FELTWDE 77X N5,

x—LY RN

FATIBE LA =LV AN T 7 A IVORABEILTFDOEED TH 5.

&input
nr = 196 ! radial grid number
hnt = 90 ! tangential truncation wavenumber

! tangential grid number is equal to "2 * hnt + 1"
nt = 72000 ! calculating time step
rmin = 0.0 ! radial center [default]
dr = 4000.0 ! radial grid interval [m]
dt = 0.5 ! time interval [s]
dmpstp = 600 ! dumping time step

! dumping time interval is equal to "dmpstp * dt"

finame = "initial.nc" ! data for axisymmetric profiles
foname = "result.nc" ! result data

ni = 10000 ! radial grid number in "finame"

nl_flag = .false. ! flag of non-linear term

! "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
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! [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) = diffusion term
| force_flag(4:4) = Reiley dumping term
! force_flag(5:5) = non-linear advection term
| force_flag(6:6) = centifugal force term
! force_flag(7:7) = divergence term [only "depth"]
I 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
/
FIECERES

RKTO T T ADOFERMN S5 6072 IEMSFRE 2 D Am 1L 4.33 1I2RT.

HE
W7+ L7 MVITKHHINT WD HE 7027 5 A drav_polar %792 Z & T
HSFETHS. ZDTHY T AOMALEIRMNER 77 SR

< IV FhR

[ER] A0 J L% make A¥ Y RIZ&>TaA V1)V 254, Makefile DY
SEIE . ./../Mkinclude MPI 250X NTWVWBDT, T2 HYDOBEBEIZE SR EILT
522k,

aAv/N( )L
AT 7F A% STPK 23284 )V U7 Fortran IV /8 J L R—DI VI8N Z
TENRINZ MPL 54 750 BNRETHD. BIfE, OpenMPI 12 & Zfi5{LILIE

HITRREL T 5.
ATOI 5 ME A DDTUYT BEMCFETT S 2 & CHMHTRS ORI
£FHET 5.

1. MRy NIZ& Y, ET7 71 )l (nake_ init, splitter, cpmbinator,
VRWS) ZAEKT 5.

main.tex 2020 £ 2 H 20 H GEHEHR)



STPK ¥v=a7Jb Syl |V lu BV A N 308

(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)

Figure 4.33: FHHEAEEN S5 5 N2 IFHNFRES D S B, SRR CEIRE S ORE, /75—
TEMAMOREEZ/RT. EIXFEAME, TIEgHHN 5 H 2 FEE R U 72 e 0D FE il
WFRK 53 D537
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RITHE

(8 sato )

. make_init [ZEETT A DENFRRDO DA 7 7 A V& EET L. BEIZDOH7 7 1

B BGEE, TOTO AIEKTEZENTES.

. splitter |¥ make init IZ KD TIERK, HDWVIXT TIZHEINTWSHMH T 7

4 V% namelist 77 1 VO E & 12 LTl A GIME T — 212555 2
(% 70E Y I DREEHARL T 71 HET ).

. VRWS X DERFRTEDO M2 € 12, 2 —L VD AN (i) THRE I N/2IE

DEAP 2 GIHIE L UTT DOIEHFRR D OIFRFR Z 5 H T 5.

-~

o

5. combinator & VRWS DFHAEFKER (43#]57 —4) % namelist 7 7 1 VDFE %
BLLIZ1DIZEDED.

PAFDax Y R 2IHRFETTS.

\
$ ./make_init
input the initial file name. (fEE G BHIAT—4% 7 7 1 V%)
You have velocity data [y/n]. (EiXIFRD T —X23d B h; k)
./splitter < namelist.nml
$ export OMP_NUM_THREADS=[number] (CPU fifl#; f£5X)
$ mpirun -np [Wfi%]/ — R# (proc)] ./VRWS < namelist.nml (£&if)
./combinator < namelist.nml

%

e make init TlE, 2 DHICE»NDEM T, RO T — X &2 <R8N0 e i

"y BEIRYT S, 95 L, make_init IZEXE I N TV D HUARI R B EE 5 7] D
ERHNEZ 6ND. @EBIEFHE U ZBBNR 707 7o )b o iR/ N
VAT DEDBNMNEBNIIEREINDS.

" EEIE BETEVARUAZBOEBRTOT 7 A INDT—REHoTEHEA
IRDLIENTEDL. 20L&, GirALIEAIE NetCDF EAD A G L TW
%.7n” LIERT DL

input file name and radial grid number.

radial flow is forced to zero 7 [y/n].

LD 2 O0EMEMMPNSDT, 1 DHIFHEL - NetCDF 7 7 1 VD4R
T REEE, 2 DHIZEBIREN T —Z L U TA->TWBGE, TNk EHHE T
320, zhesX¥ne UTEHELRW»%Z ANTS. 7Y 251X, BREE
I AAD.

splitter (& namelist 7 7 )V finame CHEINLZ T 7L INEZLDT 71
%A R, 5 TRy Y WFAAD 72O DEE B IE T — X Z ER T 5.
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7

e OMP_NUM_THREADS | OpenMP Wi%iZH 1} % CPU DUFBUIX G 2 BREEZ
BThHY, &L, 3231 IIVHRFIZ OpenMP OFELFTHAEERA TV a v % DT
BT, ZOBRBEZEBOFEI & > THHFHEIAFETDH 5. [number] (ZIf
N E AT 5.

o Z ZTlX, OpenMPI Dfi4%47 3~ >~ K mpirun %AW 3. s/ — RE
namelist 7 7 A WIZGEE I NS proc TIHELTWAIHEFELEDZHNS Z
&, VRWS 217925 &, #tEMNBIET 5. TOKEREIL namelist.nml D foname
THRELTWS 77 AN TII NG,

e combinator & VRWS THI/IIN/~ZRET7 7 1)V % 1 DITHEEGTD. DL &,
FEEINTZ T 71 V&I namelist 7 71 VD foname THREINZEH DL R D.

<

R—L Rk

FITIZBBER I =LV ARNT 7L INVONEFIILTOEEY 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 [default]
dr = 4000.0 ! radial grid interval [m]
dtl = 0.5 ! large time interval [s]
dts = 0.5 ! small time interval [s]
dmpstp = 50 ! dumping time step

! dumping time interval is equal to "dmpstp * dt"

finame = "initial.nc" ! data for axisymmetric profiles
foname = "result.nc" ! result data

ni = 10000 ! radial grid number in "finame"

nl_flag = .false. ! flag of non-linear term

I "false" is not calculating a non linear terms
r_dmp = 600000.0 ! effective radius for Rayleigh damping
! the damping is forced outside this radius

time_flag = ’1’ ! time scheme :
! [1] = 4th order’s Runge-Kutta
! [2] = Leap Frog
! [3] = 1th Explicit Euler
force_flag = ’ooooooxxxx’ ! forcing flag
! 70’ = calculating, ’x’ = neglecting

! force_flag(1l:1) = linear advection term

! force_flag(2:2) = corioli term

! force_flag(3:3) = diffusion term

! force_flag(4:4) = Reiley dumping term

! force_flag(5:5) = non-linear advection term

! force_flag(6:6) = centifugal force term
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! force_flag(7:7) = divergence term [only "depth"]
! force_flag(8:8)
! force_flag(9:9)
! force_flag(10:10) = temporary value [not using]

diff_r = 1.0 ! radial diffusion coefficient [m~2/s]

gravity wave term

temporary value [not using]

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)
/
SRR

RIS Y VUK EF U (4.33 7).

HiE
W7+ L 27 MVITKMINT WD HiHE 70275 A drav_polar %3792 Z & T
HEAHEETHS. DT T T AOMMAKEIIE 77 SR

4.2.22 Karman

2QTERIZB I DN VH%E Y I 2L —Ya v 2ARERSETINTHD (B35 :
i, 2006).

JERERIET AV N EEEER (2, y). 4 OFHIEIE 2 R EOHLES 2 8A U 72, IERE
MY LT, Arakawa Jacobian (Arakawa, 1966) Z ML T\ 3 2,

YA )

1. LFOax Y RIZEY, T 7740 (Karman) %4EmT 5.

(5 nake )

2. Karman &3 —AV AN (#h) TEREINZHHT—X 7 71 )V finame D
T—A % TIZ U CHRARBEE—ImEEZ O CREORERREZHE T 5.

RITHE
DAFDaxy R2FETTL.

$ export OMP_NUM_THREADS=number

$ ./Karman < namelist.nml

2HBERRE YO T OEMII RIS IE.
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e OMP_NUM_THREADS | OpenMP Wi%iZH 1} % CPU DUFBUIX G 2 BREEZ

7

BThHY, &L, VA IIVHFIZ OpenMP DOFELTHAEERA TV a v % D)
BITIE, ZOBRBRAEBOBTEIZ & > THHFHENABETH 2. [number] (ZIFd
Y= A1 5.

& A

e Karman % F{79 2 &, BtHEMBAHT D, TOFKERIX namelist.nml @ foname

THRELTWS 7 71z hxhs,

R—L Rk

EIFIIMBERI =LAV AN T 7AIVORRIIUTOEB ) THD.

&input

nx = 400 ! X-coordinate grid number

ny = 100 ! Y-coordinate grid number

nt = 100000 ! calculating time step

xmin = 0.0 ! X-coordinate original point
ymin = 0.0 ! Y-coordinate original point
dx = 0.1 ! X-coordinate grid interval [m]
dy = 0.1 ! Y-coordinate grid interval [m]
dt = 0.001 ! time interval [s]

dmpstp = 1000 ! dumping time step

! dumping time interval is equal to "dmpstp * dt"
finame = "" ! initial data file name.

! if there is no, automatically,

! being made by the program.

foname = "result.nc" ! result data
inner_file = ’colum.txt’ ! inner boundary file
time_flag = ’1’ ! time scheme :

! [1] = 4th order’s Runge-Kutta

! [2] = Leap Frog
! [3] = 1th Explicit Euler

undef = -999.0 ! undefined value
init_type = ’psi’ ! the tpe of initial value.
! ’psi’ = strem line, ’omg’ = vorticity.
ubar = 1.0 ! mean flow [m/s]
eps = 1.0e-4 ! convergent condition for poisson solver
nu = 0.01 ! diffusion coefficient
/
REFBRHDIEE

Y EERFEIL, colum.txt 77 ANVDRETHD. ZDT7 71 IVEHIVIT YV

WMEHETIBRICKEINIEDOHAHBZRETETFARNTI TV THD.

ZIZTlE PO ZIRE L 2L TD colum. txt DFXE fHiEZE Gl T 5.

o z,y JIMDMFEUL 20 x 10 .
o MIXIESE (ZORIFHRERETLEDOEZIBETE D) TEIIFMEFRITD

WT2x2 DRI I EFTE (FEOEBDKF X137 F 75080 x 1 752 ).
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HEOMEIER TR TRATRND 4 5H, ToHb 4 SHET3.
FEOBIREIET ¢ ) 7 LEL (KT Y 2V VSV —F > OB REIHEET 1
FAUSE I ND)

ZDE X, colum.txt DIFEHIEL UTLATOWRE ) BFET S.

TEFANTI7AND 2FHNGEZHBOS. 1 THIFZA I —HAEDTH LD
EEOX T EHRELTHL I & LFMITE L),

1 7D FEIE x RO FRBERU. 1 50X FEIE y HEOKF sk
FHOXI—HA 17022 LAEDLELZSICALTHD (EOHIOEE, 1 17D
XEERUE 20, 1 FIOCFEUE 11).

SHEZTOEIL 707, R ETDRVEIL -7 THRETS. 20 727 DO
FRDPHDFET DKL 2 5.

FHOBEFRIE 707 TIRBRWERZMFOFEHEZIBE T OIBENAS. (BEREMED
T 58 T AR XEMEIT Poisson VIV —F >V ORNEEBREMAR/ETLE LI
LTHB).

P 07 L TIRA S B, BT, BREMEREEOBUMENA L R I IE
AR Y

EETANEE, TFRAMNTRERIND y AEDEFIEENSIRICHEAATNS
DT, y FEZEOTIHETFRAINTWD & 2 T7HICERRINS.

INOGDWEY ZFY)RNE, EOREIZFHEDNTHE L2 colum. txt DOFIEAT
ThHd.

-

colum.txt D EMH ~

|--- 10 ——=||--- 20 -—-|
000000000000000000000000
000000000000000000000000
001111000000000000000000
001--1000000000000000000
001--1000000000000000000
001111000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000

STEER

AKTTT T LOKERN S5 N F I E & AR D 0 mIEX 4.34 1IZRT.

fE

M4 L2 MUICKRINTOS{E 70275 A drav_anim 2 £33 5 2 & CHiME

NHHRETHD. 2D TV T ADOMERASGIEII R 77 2.
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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)

Figure 4.34: {41 (L) L HDFEERBAREEL 2L X (F) OMNRE (77 —) &
TRARBEEL (SEAERR).

4.2.23 WKO04

2RTLHICB T DN VimEYIal—YavT26RESETINTHD (Weisman
and Klemp 2004).

FERERIE T A1)V N ERER (2, y). B OFHIIE 2 YO HLES 2 R U2, FEE
BRI Y LT, Arakawa Jacobian (Arakawa, 1966) Z ML T\ 35,

VA @IV

1L MO I Y RIZ&Y, FE7 77140 (WK04) ZHRKT D,

(8 sato )

2. WKO4 IZx—LV) AN (8d) THREINZWYWT—4 7 71 )V finame DT —
A% eI U CHRARER—mEE 2 O CTREDORBIREZ2HHE TS, /2, #]

BHERRE DT TN OHMIS IS 5.7.5 B,
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RALI N F I ORI T 5.

RITHE
DAFDaxy R2FETTL.

$ export OMP_NUM_THREADS=number
$ ./WKO4 < namelist.nml

7

e OMP_NUM_THREADS | OpenMP Wis|iZH 1} % CPU DUFEUI G T B BrEEA
BThY, L, TV VI OpenMP OETHHEERA TV a v DT
B, ZOBRBEZEHOHEI & > CHFFEITEETH S, [number] (ZIkf
= AT 5.

o WKO4 2179 D L, BIADNBET 5. TOFERIL namelist.nml @D foname T
BRELTWD 771NV ND,

=<

X—LY 2N
FIFIZBBER I —LVARNT 7AINVONEFIFULTOEE ) 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
/
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omega and buoyt-0.00000€+00)

T T T T T —
0.0
15 y -0.2
—0.4
> 1.0 B
-06
05 y -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)
L e B R e
0.0
15 y -0.2
I J ]
Q
—0.4
> 1.0 - B
-06
05 1 -08
I -1.0
0.0 L Il Il

-10

CONTOUR INTERVAL = 1.000E+00

(b)

Figure 4.35: #JMAZ (L) & HOMERHEIRAEL 22 & (T) OHEITEN (77 —)
& RURBALIEE (SFERR).

SRR
KT T T LOKRD 5155 N7 AL & AR D 2RI 4.35 12K

HHE
AT L7 MVIHRINTHSHiE 70275 A drav_anim 2 E{79 5 2 & CHiHE
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4.2.24 BAROVOR

NEEIEFEHORIARIZ SOV TIMOIEEREHREE S I 2L —YavddETLVTHD (S
ECHR - A, 2004).

JERESRIE T AV N EERER (z,y). B OFHEIIE —E 7 — ) DB L 6 AT MViEER
BRAUZ, EREBREE U TERIEZHCTNS Y,

VA @IV

1. BFOax Y RIZ&Y, 77 7 1) (FFT_BAROVOR) %4 5.

[$ make fft ]

2. FFT_BAROVOR &2 —AV Ak (#8h) CT&EXINAHIT—H 7 7 )V ininame
TEZONBWEDT —A % 012 U CIHBEBOBMRE 2 FHET 5.
RTAHE
PFoavy Rz2EFT5.

$ export OMP_NUM_THREADS=number
$ ./FFT_BAROVOR < FFT_BAROVOR.nml

e OMP_NUM_THREADS |& OpenMP W42 & 132 CPU DMFIBUI X IE 2 BRbEZs
BThHY, &L, 3231 IIVRFIZ OpenMP OFEFHAEERA TV 3 v % DIFT
B, ZOBRBEEHOFHEI & > CHFFHHEITEETDH S, [number] (ZIF
I EANT 3.

e FFT_BAROVOR %5179 % &, G BT 5. T DFEHIX FFT_BAROVOR.nml 0D
foname THREL TWB 7 71 VIZHII N5,

=LYk
FATRER R =LY AN T 7L VONERUTOL B TH 2.

&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]

MERRRB Y DOE I OIEMIE RIS IE.
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FTERR

dy = 2.0e3

dt = 1.0e0
dmpstp = 3600

! Y-coordinate grid interval [m]

! time interval [s]

dumping time step

! dumping time interval is equal to "dmpstp * dt"

ininame = "initial.nc"
inix = ’x’

iniy = ’y’

iniz = ’zeta’

foname = "result.nc"

time_flag = ’RK4’

eps = 5.0e0
nu = 0.01
betaf = 1.0e-11

adv_flag = ’f’
boundary = ’1111°
/

initial data file name.

if there is no, automatically,

being made by the program.

X-coordinate name
Y-coordinate name

vorticity name

result data
time scheme :

convergent condition for poisson solver

diffusion coefficient
beta coefficient

boundary condition

AKTTT T ADOFERN S5 5 N7 FRE DO 24 IE ™ 4.36 12T
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VOI"tiC]lty (0000:00) VOl"tiCity (0000:30)
200 [ T TS S S 0 F T TS S S ] a0
a
200 [ ( ) 1L (b) ]
2.4
180 |- 4+ .
—~ 160 | 1 1 18
E O
&
1.2
120 | 4 F .
— 0.6
100 |- 4 F .
8O {0 o ln oo flnnnfln oo 1L P I SRS NSO R R RV, 0.0
vorticity (0oo1:00) vorticity (o006:00)
220 [ L L B B L 1 [ N SRR oo RL LA LR ] 30
20 (€) 1E () 1
2.4
180 | 1L .
—~ 160 [ ) 1L -. 1 18
: o |
&
S 140 [ 4+ .
1.2
120 | B .
— 0.6
100 |- 4 - 8
80 7\ PRI T I TS IS S [ TS [N S ) [T S S NSO \7 7\ n o \7 v 0.0
80 100 120 140 160 180 200 220 80 100 120 140 160 180 200 220
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Figure 4.36: X OIEFCREFIFER. (a) #IHREZ] 225 (b) 30 77, (c) 1 IR, (d) 6 HFfH

PR DFHR L.
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Chapter5 & {F&k

Ver.1.0.0.0 TREKTE. BIIELERARZE 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

ZZTE. 2WIET AV N EIEERIZE T 2 M AR RO#ELE €Mk T 5, HiEL
25 HEXFLATTH D,
&%) &% %Y oY oY _
(5.1.1)
22T, x,y WX, o = Y(z,y) IERODE, p(x,y) 1FRT YV Vv HEX D],
a,b,c,d,e, fIFEBRBTHD, V—F U TlE. IN6DF[EZEZFHELTERDZ LT, &t
BUEWHRERAREZGIIEETSA2ZENTEIS LU THD, AFOEEFILIZEWT,
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Yy
3
|
c 0 6]
|
2 4 : 3]
1o Y L
L1 | /
A BEls
/
.
// L5_1
X z X
1
2 YRITHEI 3 IRITHEI

Figure 5.1: Ellip_Slv D& —F I B D EEFRAMEONETR. 5 2 IRothk, G245 3 T
%R U, BAEH G4 bound DM XFHIZHYS T nERLTWVS.

x,y HEDOMEERZEZ TNTNG, ] & TD, /2, BWDIE 2 WHEEDFLAED AF—A
EFRHOCCHMiTH I IZT5, 2O, SHEZHMBLTD &,

h(x7 y) - hz,]

9% _ Yiv1,j + i1 — 294

61‘2 AQZ2 )

02 1

dx0y  4AzAy {thiv1j01 + V11 — (im0 + Yiv1-1)}
Y Pijyr + i1 — 2 (5.1.2)
oy Ay? ’

O _ iv1y —vi-1y

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> ’
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-1
a e e e
EM@ .= 2 2] 1, _ i 2] _ [2¥)
CEM:; { (Aw2 i A?ﬂ) f’”} <Ay2 2Ay> ’
Br=lo( % 4 G )y by
b= Az? Ay J 4Axz Ay’
—1
_ Gij | Cigj
AChs = {2 <Aw2 * Ay2> - fi’j}
Thd'l,

RIZ, BFREMEIZOWTRRD, RV —F Y TIIEREMEIILITO 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
EBRELRITNERSRVETHZ 2, £/2, KOATHENBFRIIREHREZTD
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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- PIBIR & U CRUET % Bl ~
8 0 5,

T 1 EE

RREE 3 B Gl

FEME 10 WHBIFRAEN. & O/ TR TREEENZTbAL,

[y

T
X

p=1111

filt

=11

p=11111
Ha

PANIZHBEERRMETH S,

BOEAE || BESL (1, 3) SN2 | WIRT 2
2 (i+1,3) 530D 1
-2 (i-1,3) 5.3 D 2
4 (i,j+1) 5.3 D 3
—4 (i,j—1) B45.3 D 4
8 (i4+1,j+1) 5.3 D5
8 (i—-1,j-1) B45.3 D8
-8 (i+1,j-1) B15.3 D6
-8 (i—-1,j+1) B153D7
7 (i—-1,3),(1,j-1) B45.3 D9
7 (i+1,3),(1,j+1) X 5.3 D 12
-7 (i+1,3),(1i,j-1) X 5.3 D 10
-7 (i—-1,3),(i,j+1) X 5.3 D 11

N J

REME 1
1/%,;’ = fzg
REME 3
77bnw—1,ja (7' = 1)
V2., 1 =nx
¢i,j _ 2,3 ( . )
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
Vi = 3 Hig1,-1 — fij—1 x Az} + {hi—1j41 — fim1; x Ay}
1 1
=35 Wig1,j—1 + Yim1j+1] — > [fij—1 X Az + fi_1; x Ayl

REE -7(K 5.3 D 10, 11)

e 10 DIFE :
Vi = % {ir1j41 — fijor X Az} + {i—1j-1 + fi1j x Ay}]
- % [Vit1,41 + Yi-15-1] + % [—fije1 X Az 4 fi_1; x Ayl

o 11 DIGE

1
Vi = 3 {ic1j—1 + fij—1 X Az} + {¢iy1541 — fir1; X Ay}

1 1
=3 [Wim1j—1 + VYit1,j4+1] + 3 [fij—1 X Az — fiy1; x Ayl

ZZT. fijl¥bound opt THEINDHETH D, I DEFUHIKRE I Nd B &M
FOTHRAEZTHENEL D, FTHEROE JIXFTDFFHERMEEERL, HHREAD L
T BRATOARMEEZRYT, Z0LE, AREHTEDOHMICEEING Z L ITHER,
R lZ H R RIS CTH D DT, M 5.3 ITHE&RM & R T,

BHB. FHRMEEOES LU, NEEEOBEIE LD U, 8LUEBLULLIFET 28
D OBERZEMENFREINT VD, TOHE, WHINDERLMOBLEIX

1>3>42 +4, 48
Thd, DFV, FEEHERNE > & EEBEEINEN?,

5.1.3 3 RucEAEAERRDKERE

ZITIE, 3WILT AV MERERIZE T 2B AR R OMEL 2 EXMhd 5, il
B35 HBRAILTTH S,
0% 0% 0%
X(xvyaz)w + Y(x7ya Z)ﬁin + Z(x,y,z)@
0% 0%y 0%
0xdy Jy0z 020z (5.1.6)

B 0
8;5 + f(z,y, Z)%} +9(z,y, 2)¥ (2,9, 2)

+a(z,y, 2) + b(z,y, 2) + c(z,y, 2)

b,y 2) 90 + el )
= p(z,y, 2).

AR, SISO AURAABED S BB ROBIREM & o TET B, & UABEDEE T LB
HCTHDA 5, ETFRISEERSEE UTRHAEIND,
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1 2 3 4
Pij+1 Vi
fij Vit Yi—1,4| fij |
— > o « —¢ >
sz',j i1
5 6 7 fivij 8 fi—l,j_
fij+1 Yiv1,541 Yi—1,5+1| fij1
— > o ¢« —¢ >
fij=1 Yitv1j—1  Yim1,j-1| fij—1
— > o ¢« —9 >
Jit1,j %fi—l,]
9 Yit1+1 1 11 Yij 12
© ® y Vi j+1
Yio1,541
b1 Vi B bi1g | fig | Yit1,j
fz',j| Yit1,j fij

L] [ ]
Yij—1 Yij—1

Figure 5.3: K —F >V THR— b I N TS HHERASEM, 1-8 1375 (i,5) 2B
2 fl % T D CRRE X N2 B 5UE bound_opt & B¢ D ORO D FEH, KENIFEHEX
NDEFDOM X, 9-12 IEPRAREBTIRA D 556 OBRGHE, BARTHIS 17z AT kR

3 I
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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 HEOMBERZ2 TNTNi, j,k & T5D, T/, WO 2 RKEE
DOHFLEFAF—LZHAVCTCIEITZ 2 L1235, 2Dk E, KEZEKLTD L,

h(x,y,2) = hijk
O i1k + i1k — 2%k

ox? Az?

o*y _ Yigrrk +Yijo1k = 20k

Oy? Ay? ’

0% _ Yigktr + Vi jk—1 — 20k

022 Az2 ’

0% 1

920y~ 1AzAy {Wit1 410 + Vic1j—1k — Wic1 1k + Vig1j-1%) )

o | (5.1.7)
B0 = IAyA {Wijripr1 +Vij—16-1 — Wijr1 k-1 + Vij—1.k+1)}

oy 1

920m — IAsAg (Witlikt T ¥istin-1 = (Wim1gker + Yivrge-1)}
OV Yiy1k — Vi-14k

or 2Ax
O ik — Vi1
oy 2Ay
O Vi — Yijk—1
0z 2Az

YBRBD, ZIT, RIMEBOAN T —EHTHY ., MBI mEEXTARTIh
THHiL 7z &7z, D7 BAX—=LIIDOWTIEET,

0% 9 (I

0xdy O <8y>
0 (Vg1 — Uy
_0x< 24y )

_ 9 (g 0 (Vi
ox \ 2Ay or \ 2Ay

_ b (i —Yiagen) 1 (i1 — i1
2Ax 2Ay 2Ax 2Ay

VOB ERTEHELAZEDTH D™, BB, AN—F VIR EERE S 66 LT
B, EBOEETIE
Az = Az; = 0.5 X (241 — xi—1),

Ay = Ay; = 0.5 X (yj+1 — Yj-1),
Az = Azk =0.5x (Zk—i-l — Zk:—l)

UMD I T AR — A DOWTE FAREDHE 2175 .
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EWVWSEREEITo TS, (5.1.7) REAWD &, (5.1.6) Rk

Yiv1jk + Vic1k — 2V 5k
X. .

4,5,k A2
Vij1k + Yij—1k — 205k
+ Yk Ay
.. + ;i — 25
+ ZZ,],]{; w’l,],k—‘,—l ng,l; 1 ¢Z7J7k}
z
1
+ ai,j,km {¢i+1,j+1,k +Yic1j-1k — (wi_lﬂ-ﬂ’k + ¢i+1,j—1,k)}
1

+ b; j, FIAyA: {Wijri k1 FVij—16—1 — Wijr1 -1+ Vij—1k+1)}

1 (5.1.8)
t Gk A AL {is1 k1 + Vic1 k-1 — (Vic1 k1 + Vigrjp—1)}
Vit1,5k — Yiz1,5k
d' . 1J 9 1J 3
+ 7”.77k 2A:L‘
Vij+1,k — Yij—1k
+ e'7 ‘7k 9. 3 9. 9
I 2Ay
Vijk+1 — Vijh—1
+ ik 2Az
+ 9ijkVijk
= Pijk-
L5, Ihe, KEEMEXDHIZET &,
Xijk k -
Vi = {2 < Azi’z + ’] "7’ > Gijk( X
Xm,k dm,k ,J k J k
K?j?k 7]’ €Z7J k
+¢’m+1,k<A +2Ay + i1k 57y
fZJ k Zlv.77k fzvjvk
+ Yijih+1 ( i1\ A2 T 9A, (5.1.9)
1
+ aq;,j,k4AxA {iv1 41k + Vic1 -1k — (i1 ek + Vig1j-1,6) )
1
+ bi,j,km {Wi i1 +Yij—1p—1 — (Wi jr1h—1 + Vij—1,k+1)}
1

+ Ciik AL AL {Vit1 k1 + Vi1 jk—1 — WVic1j k1 + Vit16—1)}

—Pz',j,k]
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LR 5. FEEOFETI, SN OV T,

Vijk = XDP; jxtiv1jk + YEP, jk¥ijiik + ZFPj i jr1
+ XDM; j ki1, + Y EM; jkij-1k + ZFM; jpijr—1
+ AT, j e {iv1j116 T Yic1j-1%6 — Wic1jr1k + Vit1j-16) )
+ BT jrx Aijr1pr1 +%ij-16-1 — (Wijrrp—1 +%ij-16+1)}

+ CT; i {Vit1,jk+1 + Vic1 k-1 — (Vi1 jk+1 + Vit k—1)}
= XY Z; j i k]

(5.1.10)

EWVWOSAREHOTCEHEEZIT>TWS, ZIT,

Xijk | Yigk | Zijk -
XYZ;jk = {2 < AZ;Q + &;/2 + AZ;Q> _gi,j,k}

X, - d -
XDPyj) = XY 74 < IR Jk) ,

XDM; ;= XY Z; i (

YEPi,j,k: = XYZzJ k <

YEM, = XY Zi ( Lph Sk

ZFth—XYZJk<Z §X§7
ZFM; = XY Z; <i’;2"f _ J;ZAJ;C> ’
AT, = XYZi,jjkzlAachy’
BT ;= XY Z; ’Jk4A1Az

CT,jr=XYZ; k4A1A

Thd,

R, FEHREMFIZOWTERD, AN—F VTIREFREMELATO 3 HZ P AR—MU
“Cb\éo

o T LU V&M (EEEM)
o JANVERM (HHmEM)
o BT SAT:
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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,

BERER Y L CRET X 346 (20 1) N
BURICIE, BERAME LTRETE MO S b, HEEREAEUMNE 7T,

-

REME 0 SR,
REME 1 [EE Sl
REME 3 JAMIBTF M
\EQTEWE 10 WEBIFHIEIN, Z DM TR CIKERRZ1TDR, )
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-~ WIS & UTRET I HME (TD 2) ~
PARITIE, BERSM L UTRETE 2D S b, B 73w E (B 8 s 2 TH—
HNIZAFAE) &34 L 2 WA RTH—#MNIAAE) TROEATRER B B R0

FEfl & R
E LR EE
REME || B (4, 3,k) ST 2SI (4, 5,k) | MIET D
2 (i+1,j,k) X 5301
-2 (i—1,3,k) 5.3 D 2
4 (i,j+1,k) X530 3
—4 (i,j — 1,k) 5.3 D 4
6 (i,j,k+1) ZHX 72U
—6 (i,j,k—1) SR L
L EERERE
REME || B (4, §,k) (ST BB TR (L, 5, k) ﬂrﬁ*&%ﬂ
8 (+1J+1k) 030)5
8 (i—1,j—1,k) 53D 8
-8 (i+1,j—-1,k) 53D 6
-8 (1—1J+1,k) B5.3 D7
12 (i+1,j,k+1) 272U
12 (1i-1,j,k—1) 272U
—12 (i4+1,j,k—1) 272U
—12 (i—1,j,k+1) 272U
24 (i, J+1 k+1) 272U
24 (i,j—1,k—1) 272U
—24 (i, _‘J-l-l k—1) 272U
—24 (i, —1,k+1) 27U
N J
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~ IS L U TROET X B (20 3)

~
AT, RS UTRET I ZED D B, B4R (FHEMISROM) T
FIREZAR H B S DM &2 259
REME || B (4, ,k) (ST 2T A (4, 5, k) | AInd S K
11 (i4+1,j+1,k+1) X 54 D1
13 (i-1,j+1,k+1) X 5.4 0 2
17 (i+1,j—1,k+1) X540 3
19 (i—-1,j—-1,k+1) X 5.4 D 4
23 (i+1,j+1,k—1) X 5.4 D5
29 (i-1,j+1,k—1) X 5.4 D 6
31 (i+1,j—1,k—1) X 540D7
37 (i-1,j—-1,k—1) X 5.4 D 8
ROEME || BER (1, 5,k) ST REEM (1,5,k) | MinT B
—-11 (i4+1,j+1,k+1) X 5501
—-13 (i-1,j+1,k+1) X 5.5 0 2
—17 (i+1,j—1,k+1) X550 3
-19 (i—-1,j—-1,k+1) X 5.5 D 4
—23 (i4+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) X550D7
—37 (i—-1,j—-1,k—1) X 5.5 0D 8
NS J

ZOEE, BB (i, )) OWEDE b, 2 RDBZREZNTN, UFOES 1285 :

ERE(E 1

ik = fijk

wnxfl,j,ku (

¢2,j,k7 (

o wi,ny—l,lm (

Vit Viok, (J

wi,j,nz—la (

L Yig2,

CI TR, T EBRIC B B RE KT LTS 0 R, AR (oK) 05

WTE MY REFYENRE I NS, TD LD BMDOEDEIR L B9 5 T, LITR

U 72 B RS D MBSRIEALIZ A > TEERUEAD R E X D . Bl 21K, Bk 2 1 ASE w5
REFAPMBERATREINT VD GE, BFEHER L UTHNREINDS.
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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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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]

main.tex

2020 42 A 20 H GEHE)



STPK ¥v=a7JL 5 {+% 337

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 [
+{i1 1 k-1 + fic1jk—1 X Ay}

+{i—1j+1k+1 — fic1j+1,6 X Az}

1
=3 Wit j+1k—1 F Vic1 j—1 k-1 + Vie1 j4+1,k+1)

1
+ 3 [—fijtih—1 X Az + fi1jk—1 X Ay — fic1 41,6 X AZ]

Yijk =

{Wit1,j+1,6—1 — fijr1p—1 X Ax}

REE -31(E5.5 D7)

1
Yijk = 3 [{¢i—1,j—1,k—1 + fij—1k-1 X Az}

+ {Yit1j41,6—1 — fit1,jk—1 X Ay}

+{ir1 1,641 — fig1, -1,k X Az}]

1
=3 (Vi1 j-1k—1 T Vit1,j41,k—1 T Vit1,j—1,k+1)

1
t3 [fij—1k-1 X AT = fiz1 k-1 X Ay — fir1j-1 X A2]

REME -37(E 5.5 D 8)

1
Yijk = 3 HWit1j-1,6—1 — fij—1,6—1 X Az}

+ {1 j41,k6—1 — fi1jk—1 X Ay}
+{i—1j-1kt1 — fic1j—1k X Az}]

1
=3 (Vi1 j—1,k—1 + Vi1 ja1,k—1 T Vi1 j—1,k+1]
1
+ 3 [—fij—1 k-1 X Ax — fi1jk—1 X Ay — fic1j—1.6 X AZ]

ZZ7T. fijk & bound opt THHEINDMETH D, I DEFUEIFEE X 1D B SAM:
WX TRATRENELR D, FEHEROE JIXTDOEFHEMEEZERL, HHERERD
LEE BRTOAMMEERT, Z0LE, ARIATEDHAICEHREING Z LITHR,

BE, FEMEROME XU, NEMEEOMIZ EE USIET, BLUOEEULLIZAT 28
DOBREMENREINT VD, TOHE, BEHAINDERSMOBERE T
1>3>42 +4, 48

THB, DF, EEMBERNE > & & EEEIHN,

PRI AR, SISO AU BED S BRSO ROBIREMIC & o TET B, E UABEDEE T LB
HCTHDA 5, ETFRISEERSEE UTRHAEIND,
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1 it
fij+1gt1  Vitlj1k41
—— °

S A ik
7 A
— —
/
/ fit1 41,k
Vijk
4
Ji14k+1

fict,j-1k
7
Vi jk
: fit1,j-1k
X Jit1,j k-1
fi,j_:,/c—l ¢i+1,j—1,k—1

2
Yim1,j+1,k+1 fij41 k41
° ——>

Firita Jit1,5,k+1
1—1,7, +
'\ fij—1k+1
> .
“_ % 11 Yir-1en
\ Vi gk
Jim1j+1k \
Vi jk Jiv1j-1k
5 6
fic1,j+1k
A A

| fit1,54+1,k |

I [

I ] . 1/) . | ..

Lo |Yigrgeie—1 Yotk fijieet
/ f’L,]—|—17 -1
/ y
Jit1,5k—1 fic1 k=1 bk
8
Pijok y

A
fici -1 A/

Jic1 jh—

L

Viclj—1h=1  fii1p—1

Figure 5.4: K)V—F >V THR— M INTWD HHEMEEREME. BT (6,7, k) (8121

EEDRTCHE

BFLDF E.

I N7 BIFHE bound opt L BEEEA ¢ 2 HRD S, KENFEHIND
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1 " 2 3
; i+1,5+1,k+1 i1 j+1,k+1 fij o
fz,JJruc;Ll é) J 7/’1 ng +_fzi;1,k+1 fz+1,j,k+1
fi*l:ja +1
)/ Jit1,jk+1 ' fig1, +1@
yi _ __“ “_ % | i1 -1 k41
/ \ Pij R
/ Jittj+1k  ficij+1k |
Vi gk Vi gk Jit1,-1k
4 5 6
Jim1,jk+1 fiz1,j+1,k
A A
| fi+1,j+1,k |
d‘z’, 1kl Vijk/ | |
| o
PYio1-1k+1 L i L 1/1‘@1,341,1%1 ¢z—1,g+1é—1 U fijaieet
S figrikt \
/ \ 5
Jit1,5k—1 fic1jk—1 Lok
ficij—1k
7 8
Visjk y
Vi gk |
ficij—1 6/
|
L MMit1-1k |
. fic1,jk—
X fit1,5,6-1 —
| Vilj1hk-1 fij1k1
Jij—1h—1 Vig1j—1k—1

Figure 5.5: 5.4 LR U, /272U, WHAKREZHEENDH 2 5E DR, B THRIS
A7z FUERE FHIK,
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5.1.4 T HIL NEZERUANDER

ellip_slv O/EMEIAREARIEN —F 2B D HRENET IV D FERER % B S jifE &
UTEHLTWS. LrL, 2ThEDI—F VTHWS AL, — (b3 /M E
W HBEATHD, TD7d, SWMRBEBYICHRET 2L TINLDL—F Vid—
B 2 AR R R TRE B I N TR OB M E HRERIEHA R TH B,

Rk, ZhoDI—F V% T )V MRS OEM R ARREH T 246Th 5.
T 2R ARERIVHZTI AV OND AV IV A - )y EVIARRR (H CkifkR
JiRE) ¢

V- (oVg)=p

ERET D, TIT, VIXRITDHBEHFE TN M, o, p 3 3RTHEEZ ZHUZE D
RO, ¢ 1ZKRODZNANT—YHETH D,

FH)L b EER
FUSHHEATS 3 HAOMEE (2,y,2) & UL %, FaoH ChfE AR

0 19J0) 0 19J0) 0 ol .
oz (%) T oy <"ay> "o <Uaz> =7
~ . <a2¢ 8¢ a%) dod¢p 000y 0o0¢

02 " 02 " 9:2) Tonor Toyoy T oz 0:

LERTEDDT, (5.1.6) ROBFEHEHIGIED &,

Oo Oo oo

X=Y=Z=0, a=b=c=0, d—%, e—a—y, f—a

EVWOBRICARD, £oT, HAMMAERARAZ AN —F VTRETIBIZI DL
DBRE AR UTEANIZ LW,

I EEAR R
RN OB, FALA AW, ShESAEEEZ TN (r,0,2) L LZE X,
R¢  10% 0%
7 (a e T a>
+<80+0> 8<Z>+ 1 do0d¢ Do dg

or  r) or

or 120000 0202 '
LERTEDDT, (5.1.6) ROZHBEHIGIED L,

X=Z=0, Y=2, a=b=c=0,
r

Jo o 1 0o Oo

d= — — - _ _ -

8r+r’ € r2 00’ / 0z

EWVIOBRICAD, LoT, AOEMMHERGEAZ AN —F Y TRETDEREZID &
D BRI L UTHZT L0,
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BREEAZ 32
JE RS HRREE SR, AREE AR, CERAREEEE TN (N, 0,r) & Lz &,

L 9% 10% 0%
T\ 2020022 " 2002 " 92

2eost0oron 2 \ae MY e T \ar T ) ar P

LERTEDDT, (5.1.6) ROBKHEHEHIGIED &,

g g
:ﬁ7 Yzfz, Z:O', a:b:CZO,
r? cos® 0 r

b L oA (a0 N (00
"~ r2cos26 O\’ 677“2 0 o ’ ~\or r

EWVSHERIZARD, £oT, HOMMFERAEAZALV—F U TRETIBREZID &
BB R L UTHE R T LN,

5.2 Thermo_Advanced Function D{d§%

5.2.1 L—49REEEDEH

RETIE, KEMIZ ) — N 200 B 45 1 % (F) 5&T CReSS 1—H—v =27 L%
BEI, BIEE 7V TR DN EEREMIR A IS & OB D & B2 L — & SR E D
AT ISy

S&L — AIFEMEANZ AR O & S 25854 8 U TR ORKYE 2 Bl L T\ 3 -

L L= oikE o8N (BHEKORYP,) &€ DEBIEAKRKAIIM T THH X
ns.

2. B I N BRI R SQH AR D Bk IS EE 5 &, —EBIZ S, — R I3Hk
BLIND (EbAHA, RABERTE - HELZ% T D).

3. S, BELI N BRI ISE D P, L B> THUOLV— 4 ETRS.

B2 AR — AW DEUL — 4 £ TH- - BREOE N (BEEH) 2HET3 2
TR 2 MAK T O K E X PBAMETE S,

L — 2B X N2 BRI 2 BRI L RET 5. 5 &, Wl ¢ TS 2 BRI
S 41 B D ¢ 802 IS HLD & 1 = ot &S BRIEZ N 7= BRI 1225 . - OBRE

ETOBENEE S IX
P,

42’

main.tex 2020 £ 2 H 20 H GEHEHR)



STPK ¥v=a7JL 5 {+% 345

UL, FEBREO L — X3 R8T v 7 F &2 AT 5 72 ORMEIRTOEH D5 Im Y 23E
Ud. B?7?7 34 H I N D BREK DN EIR MO & L RO EDENEEDE N Z IR
UZBTHD. FHHTTED OB I N2 EREIEOEDHE UGa, iamtkosaid EXT,
— FifRAE DS A X

Py
A
TERIND. ZOARFT VT FOMRE (E—LIE R EY) M0 d A< 4mr2 THB -0, &
NEETHEZD EREENVRUGE, BAEDOLWENBEENENZ ERHLNTHD.
ZDE X, FRAMEDESEE L IRAMED B EE O

S/

S

# [7VTFRE] LIRS SN —AEPN (FEAMED L) HAFRENKE N
ZEWDNB. TONRTA—REFIND &, EEIMES RS 5 HH X N2 BRI 0w
i3

S = (5.2.11)

G

, PG
5 =56 = 472
R,

I, V=30 Gl r BN G A RAREO R — HENFET 258452525, Z
DHEDL — X —AILEXRTLIWERZ A, 2328, XN EZEL P OS>, i
r CHEONDES P, IIHHB XN EBIEDOENEENS
PG
4d7r?
U HEDOWEEI FBHMEDT V7O —ARHEE A ICFELWGEEIE, A, =48R,
(5.2.11) 5

P, = AS = As.

P, =P

ERB. ZHIFHHUZBRIEOTRTHESND WS 2 E2RLTWS., ZOHEDN
WS 72BN P, MIRININD Z LRI RT—RRARICHE SN LIRET D &, 5t L ARk
25 EIZZ O BEY DR MR HIRE 2D | F DRSS D BRI OB EE S, (L
RIZBWT

g P, _ PG

“ 47R? (4m)2R%r27°
5. ZOHBEMNOE B I N/ EREEZEMr IZHDZELDT VT IR P LD EN
TRETS. 205G, FHIHITEHEY, BIFEIXTY v T7F&R5DT, 2OL TOZEE
7 P AZEHEEY DS H U - BERDE DS S, 7T DHE A, TENEITEDS Z 2 h
TEWTHRED. HEDNOHEBEINSGEHPEOBHELZILS, ZDT, TNEHE A,
DT VTTNESLZEDTEDENP, 1T

PG
(47r?)?

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.

P, = S,A, = A A (5.2.12)
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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 IKAE LR (IRT i DO fREEAMCH L, %2
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 ODOKPENTIERL, HE2BITEIEE o KBEPIHEEY Dk
TORKPE L UTHEINEGNSETHD (KM??). ZOHVIFFAEIU <, [EME ) —
N (2001) O 1, 2 BIHEINTORHEFEMEZSZROZ 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 XV — X OUREIZOMEGFETIMHEETH D e B¥bnd . X5(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
Mﬂ zy”EZ koo T UﬂQ (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 BHETFL LV —ZDOMREICHKT IR FOEE L THIFDIENTIDLNI LR
TkUTW3 ™S &0, L— 4 DZEENILM UK 125 U8 - K& I TREHOH
MAEREICHFEEL TV LTH, L — X O/ L — X L AR T OREREIC & > TZEE
TNZEPEU D ZL1lRhD. Z0£E %R U, 225 L —X TR URBAKK DT % HIE
THOREL LT, L—XKHINT lradar reflectivity factor] 23 A I N7z, ZHid

Z=>"Df
EUTERINDD, N FIZLDFERDENEZZET D &,

zZ=Y m} ZD], (BAT; [mm® m~3)). (5.2.19)
j k;

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) W3 &,
Py
(Z =) Ej m? Ek Dy, = el (5.2.20)

Y, EOBBRNS Z 0L — X OMREFIKTFT 2/ A—Z C KL TR FDRE X
CEBA DA ERFETIDIRELBRS>TVWDIIEBNHLNE RS,

(5.2.20) Ao Z 1%, V—HBIHIINAZZEEH P L V—XDMWEE/NT A —& %
TRHTDIENTED LD, ZIEBINOHEYE Z 2B T2 LA THD. — 4,
(5.2.20) DD ZEEHERESTHE, RKKAETIVOBEBREHANT Z 2 RKDD Z L WAHETH
5. L—REHTITEARNZR D; DB DGR DNS BN/ P, C 25l TZ%
LD, KEET BT

> Df :/O DPN;(D)dD
k;

EWVWSHBREHANVD ZET N)(D) DAHEPRFONTONIXEEBD AR RS, T2
T, Nj(D) \FHAZEEAEN IS 5 H D HH j ORFHOHOBUNEIEXE dD & 7=
DIZEENDRTOMBERLZYHETHY, BAIE mm ' m™3 THZ Y. ZOHRE
Hnws e, 71

Z = ng/o DSN;(D)dD. (5.2.21)
J

PNV I ELERE 2 A D KRKE TV T, SRKMEORAL (B&) LHEBUEE (M
) 2T, TORNBREIMGEZASPORBRBIEZRET S Z L THEMT D FEINERH I
N30 ZOFETIEBAMEORALEBURE L VD 2 DDRF A—RDAZRTRES
MHHRE I ND. HIZIE, BB A ZIRET D &, BAARRED 72 ) DBALRARD 72 D) 12
& ENDR T OME N(D) 1E

N(D) = Nge P
BB, ZDEE, Nog WRBERAD y YR BIRE, N\ KA G EZRODMEE /NI A -4
Thd. oT, BAEKRBICHFIET DH T ORI n 1

n:/ N(D)dD :/ Noe *dD = % (5.2.22)
0 0

Y, DR, BKITFE D ONSVARBIAICY — b B I LT, D5 D+ dD &0 S BUNERIKIICE
FNDRTOMBAZTTORTAED D 2 RUHDETOIFEEINI LILRD. T, KT D 5
D + dD OREMIFET D BAUREL D 72 ) Ok T OfEEHS N;j(D) Th > 7254,

k' +N
> Dg, = D°N;(D)dD
kj=k'+1

ERBDT,0< D < oo THATHIZBHEAIZE UL RS ZEDBHLNTH S, RFIFELRVRIEK
MITIE N;(D) =0 R2OTHEAKEM%E LD XD ICL>TH, MANEEIITHEL RV,

O FE Y NI BRSO BOERE DRI AR DFEZ LIRS I & ARG DR 2672 1 Tk %
D, BARMZRRBEDEIIEE SN BEERTREAIND. —F, EBEORKITH T 2 BkYE OBIEE DRk
DA BRI T LA IZIFMIZAE T 2 Z e G I NS, IR, BEAVRFIFERSERTIHRE. UL
U, TN2REETMICBWTERT L2013 1 DORBKYEORREZEFHE T2 OITB/NER T 212
CV ARSI TENTNFMAR 2 HEI T LRI NER L5 85 (CVIEMmEaE). JEFHRERDE
KEBEMER SR T720, SIREROMENSL K DET VTR EZITHON 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 mZNO( J > x 10 m
; 7 J Wﬂ]NOJ [ ]

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.

TEALE
sina sin b sin ¢
= = . .2
sinA sinB  sinC (53:29)
- ARIE B ~N
cosb = cosccosa+ sincsinacos B, (5.3.30)
cosc = cosacosb+sinasinbcosC, (5.3.31)
cosa = cosbcosc+ sinbsin ccos A (5.3.32)
- J
- ER AR N
sinbcosC' = coscsina — sinccosacos B, (5.3.33)
sinccos A = cosasinb — sinacosbcos C, (5.3.34)
sinacos B = cosbsinc — sinbcos ccos A (5.3.35)
- J

D& X, a,bc,A,B,CIEX 5.6 DY) THD.
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Figure 5.6: % 1 OBRAIERIZE W TERE I NI EKE =M ABC. Z OIKH =M % K
T B & MIEERDOHFLEED DI THD.

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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E@m57%¢ﬁ%2m’%0@ﬁj%% INSDADE S —FHDOHEDES r %KD
5 DN 112radi THD. FH4R% 2 LIZEDDT, TNOMNKRTEIX 2 LORE:
), R AR I BT S,

LR85, T, ridBERICB I 2AETHIDT, FREROKIZBEWTIX, rRETDZ
LCHEr DO ETOMMOEXZ2ROLND L WVD Z L IFEETL . 2EARL,
R = AROXMIMNIZNZ N, BROFLZELHEO—EENLTH D 2. X 51T, A
(1, \1) ZBFURE U, A—m 2 EMAICEOEEmAEF A 5. ZOEEHICMIROKEH r %
U CHRE LUZE DN EHRFIETHD. 20 X, HEVEHET IV IRELZE X 4y
il % FARIC - BIE D L, o lE (o1, M) 2D, TOFFERITER T D MERZ— B
T5. ZOMMIEROHFLEE S TVD. ZOTFETERE EOK S ZHELRICKRE LS

D% IEFHMMEL NS . 1120t 1E 112radi (2 & DM RICMAT, AELHEL TS
D, ZON—F 2V E NS &, BV BRI O/ % EHECRE TS5, BP0y
IEJE R0 S BRI E TORHEY 3 il % 7 B2 &2 TNTHEE I T 5.
COHREIIEXICEEAMMETHD. ETIREHOEDOIRLAZDT, BUF CIRERE
Eo 2 FHEOME S 2EIFE LA =ZAEZHVTCERTS. 20 ¢ & o i

"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.

*B*@@ﬁ;ﬁi@aau B DR R Y U B RI2F A0 MERE (£ U < IR EEMEE) ©, y
ICERDO PR IND EDICEHETD. 2%V, REZHROT, o Wl EDSFRBEIZE S RV,
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SAEMYZEICEY), p i ETED LR EDIZMOENDS. EBAA, ylllE il ER L
TWHDT, y#ll LT o =4n/2 THD. BEHDOREIE r OFHREEFRRD 2 ;i TORMERRE
EINLDENSEHRL - 2 MO THD. 72720, 22 TOBRE = MA7EIZ A
2AE U CEREST 20T, il r M TOMNMOEY, D) A [rad] 1IZFLWVI L
WIHEETS. §6&, EERABKIZA, B, C, a, b, c DFNZTNITIX

a=r b:g—@, c:g—qbl, A= — A, B:g—go
PXIRT D, ZIT, s (d1, A1) FEFEHOFATH Y, BEFHIO o I3 5 % 38 2 Bk
FEOFFRRIZER L TWD. ZAuE, B B2 X D Bk T o 8 s 3 % FER
EEATHFAIIBER LTS ZEZRUTWS. KO o &2 D 2 8IS 5 FI50H
SDOAERDT, il EOMIRE FHENERL TSI NS, Bldo DRMAIZZRS. T
% L IEREER (5.3.29) 25

sinr _ sin(7/2 — ¢o)
sin (A2 — A1) sin (/2 — o)

L #%3%50DT,

sin (A2 — A1)

CoOsp = ———
smr

WEOND. ZOEFETE p2RODILIIFARETHEOM, APLULETDI L, r 2 kDL

BN < 785, (5.3.35) Anb

sin r cos (g — cp) = cos <g - q§2> sin <g - ¢1>—sin <g — q§2> cos <g - ¢1> cos (A2 — A1)

COS ¢2 (5.3.37)

= sinp = ,1 sin ¢y cos ¢1 — cos Pg sin @1 cos (Ag — A1)
sinr
LRBHDT, Zhe (5.3.37) zahbEd L,

sin ¢ cos 1 — €os ¢ sin ¢y cos (Ag — A1)
t = 3.
any sin (Ao — A1) cos ¢ (5.3.38)

YBB. EoTr 2BICRELET o 2RDB I LNTHEL 5B,

RN, BT —F > rt211 13 ¢o, BIE N ICBWTFE M %E L D, MEERE (rg, §p) Tx
XNDHTOME ¢, ERIEN, ZRODEDTHD. ZZTEZTVDIBREREIXR 5.8 D
KORBHETH D, ZOREEOERES M OBEEEHXERRCIEA <, BRE EiZih > 72 HERo R
BECHISND. F72, AL EOMREIRERE LD ¢, \g TOHEFHEZ X2 I
TR % 0y = -, FRHARI S % 0 = %” ELTEBNG. THDY, 6= 1. sm
FEOEEORE rg ITRETRZLEEZ, N EWORETETHD (FHFMEICESTH
%) LWVWD ZIERETD. LEAST, 0y = 0,47, 2n EOLEDRHEE ro 13N RIZ5E
2L, DALITND. ZDO& D BREEERIZENT, 19,00 TORE ¢, Ny TRTD L
FEATREE, FIHMOMEIE

®0, Mo, to, To

Wy nbt, ZOFHEIFEROFLD S 5 (do, Ao) ITMIEU-EMEERZTS.
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Figure 5.8: (5.7 LAU =M. 272U, pioyre5.9: @58 ERU=MAE. 270U,
ZZ T (pgy Ag) DRFDEHTH . 7)2 < 0y < 3n)2, -1 < 0y < —1/2D
RIS ERITRIERIE LT (00, M) 5 pyooase.

R % F b | EEEREIT (r 60) L 2%

MOREERE (02, \o) REHHE TS, 2

ZT, 0 DY D BIEIE —1/2 < 6 <

/2, 31/2 < 0y < 27

RO,
A:AI—AO,B:g—eo,a:ro,b:g—%c:g—% (5.3.39)

YOS RSB E S D, I THELATNIES L AVDE, ERIBERASABOL B A
WD E S LABAa0ORTHSE. 2%, ZORIT 6, @ms‘—g < By < g FTLM

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)
ERD. G MMEOLNZDT, ZOfE%E (5.3.39) & & & HIT (5.3.29) ILRATD L,
. cosfy .
sin (Ay — Ag) = p—y sin 7o
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ERBZOT, Tk N\ &

0
Az = Ao + arcsin {COS 0 gin ro} (5.3.43)
cos

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)

Y95, ZOEM EIEEOWUNRY NV sz 2iko7- 2 &, TNTNOREERIZE T

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

main.tex 2020 £ 2 H 20 H GEHEHR)



STPK ¥v=a7JL 5 {+% 357

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 SRR & BRERER OBIRA 2 VT EXDOZEMMA 2 57T 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 %

Tl EEREEMCTERINDIEFRE TV NEERLEBRDIT 20 D010
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()\ — o) (5.3.52)

THsH. 22T, a BHEREETH S0, WIT y HAZRT?H 5, FEHED 5 A ¢ ()
DI B L Fﬂﬁﬁfpﬁcbé,ﬁfoﬁfﬁf@qSODI«j?ELOD)ﬁ%T“%ZL’Cb 3. LEnioT,

y =atan¢ (5.3.53)

L%, (5.3.52), (5.3.53) 7 THE#EHE] THRE I N/BRE LD R EHPH ETOR
DEFEAE 25,

LIAT, MITTRIND LI, BRI LETOH SN ABCD & ZTAUIHIGL T
FIfE BERE BUIE TR S 7= it EJ:“CO)MUJ\EfE ABCD T, Ny~ DME (Jifl)
MEZOTWDZENDND. Td, 1722 HARENEAN 2 REF L RO IEE
MHTHD. HE ABCD IZBWT, i A0S C ANDSfAA% ¢ Ld5 &, B =M%
DR 5
sin 6’ sin (ZA'C'B’)
sinB'C’ ~ sinA'B/
LR35, [ ABCD B&ERDOAENET n/2 THD-H, EXIZ

sing  sin(w/2—0")

sind¢  sin (A cos ¢)

LR85, £oT,
sin §¢ 09

sin (JAcos @) dAcose
N, BRI ETOHATH L. BEAANDERIL §¢, A< 1 THE2ZLEZHNTWVS,
& UMEBIENEANEZ RFET 2D THIUE, BEEDHM ABCD IZ51T558 A S
MCADHAZ WO IZ—BURTNER S A, FEB mfE ABCD 128\ T,

tanf — BC _ tan(¢ +d¢) —tan¢ (iy
WMUTAB T ) ox

TBREDOFHMTIE, FHEAMNICT S 2OMBRIIERTH D LIKET .

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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Z R M EAM#RE

K??7TRIND & DIZ, BRI O MM —3 U 7~ KIEf %2 £ DH#ROBEH % E 2 5.
Z ORI IZERE ED 2 DO RR BT ¢, ¢p TEREIE ZH-oTWE 10, [
MBI OENR X DI, B I N MO RFRKITALE 8 ORIRIZE S, BRE EOMEITHE
DL S U WERRE L8RS S 4, BRI EORE TR O HLD S EGHRICEE I 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.

£, TN SRR (w,v) LEGYHETOMERE EOWNBEREFND. ZBDL s,
o DEFETH b CHRERE IR O FRub 2 & S BRRE EIZBGE 3 4, BRI AL S IREGHIRIZ 8 X
NTW5. L»n->T,

w=rcosa, v=rsina (5.3.59)
MR NLD., 22T, r, a lZEOHFLNS DL X\ = X\ (0T 2 w iAo DAET
HD. TD 2 DD/NT A =R L THY S 2 #iFH Ik

aA=0)<a<aA=27n), rp=7/2)<r<r(¢=-r/2).
72U,
a(A=2m1)—aA=0)=03, r(¢=7/2)=0

THDILIZHEETD. U, CN5D/NT A —ARRRERE L YO &> RERIZH D H
ZRMICEERT D,

FOAE alda=005a=p8FTOMTERRBIIRENEE IND. LAad>T,

(A=20) = 257T0‘ (5.3.60)

EWVDBBEAEOND. £ ZAT, M#ERTEDOWHE M 0 1EXK?775 5 ATLS 2D\ T
7T
/TSL = 5 9

Thd. £z,
/OSL + /TSL = g

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/
L85, M ABCD EEROHENET /2 THd 72D, ERIF

sin®  sin(r/2 — ©')

sind¢  sin (0 cos @)

E8d. £oT,
sin d¢ L

sin (JAcos @) dAcose
I, BRI ETOAMTHD. EANDEIL ¢, N <K< 1 THdZEEHNTND.
E UM E N EMN 2 RET 2O ThHhNIE, LD ABCD IZ51F2 58 A 0D
MCANDFA%Z O MR IZ—HURITFNEZRSZW, EEE, K ABCD 28\ T,

BC —or —or
tan® = AB ~ rda rsinfoA (5-3.66)

R, HALNIO £ THE . EROBRPELIZI (5.3.60), (5.3.62) V. £
72,34 BC 1334 B'C’ L BEEEDOMENETH D720, sl B S C ANOZEANRTH O
X, —0r LESVEO ZLIZERETD. 20, r HAZZEIETIZ, a% f5T52
ETao ERDHLVEBER

tan®' =

(5.3.65)

o = fa

R LTRSS, 2t kY, (5.3.58), (5.3.59) TEHRI WD ETOT AV
NERER (z,y) BET (w,v) BEFEATIERVEL S HBEREICHEIT2EEHTOT AV
MEREZEZLTWS. 22 TREFFICEMMBERED-ODT AV MEEE LT (o, y),
(w',v') ZERVIET. 2D L E, (5.3.59) NHHLMC

/ T

w =L cos o, v =—sind (5.3.67)

f f
Y5 &2 (w ) IFRS NS TS FRRIZ, (5.3.58) 1

/ /

=7 Yy =wi—-w, w)=w'(p= o) (5.3.68)

BBV E S PHRE LAV, RO LS ITRT I ENTES. (5.3.64) 25
S — 0% (6 — ¢2)6 [ cos ¢

sin 0 cos (6 — ¢)
_ cos (0 — ¢2) [—singcos(§ — ¢) — cos¢sin (0 — @) 5
~ Y e cos? (0 — ¢) ¢

_ cos ¢ cos (0 — ¢2) B
= a—sin(}cos(G—qS) [tan ¢ + tan (6 — ¢)] ¢

= —r[tan¢ + tan (0 — ¢)] d¢

% (5.3.66) IZFIWT

_ tan¢ +tan (6 — ¢)
tan © = sin 5\

L7323 728, tan @ # tan © IEHH S A,

o X, fIREBEROT, (w,v) R (w,v) REVEIDMEELTNE I LIEETS. 22 T1/f

ENTZDE, BBEOREERIZTE2ZOTHENIDMNMET>TEH—RIEIZEDNZN.

o¢

main.tex 2020 £ 2 H 20 H GEHEHR)



STPK ¥v=a7JL 5 {+% 363

Y5, 72 (5.3.66) 1%

ltan@ _ —or —or

f Frsin@sA  rsinfoN (5.3.69)

LB, ZOEEEBIZL ST,
, 1
tan ©' = ?tan(%

WX NB R 5, (5.3.65), (5.3.69) 5

éop —=or  —or
SAcos¢  frsinfd\  rsinfsN
éop  —or
SAcos¢  frsinfor
o —or

cos ¢ - frsind

WEoEND. Lo T, EX%E r(o) AMICEZT D &
¢ de B 1 /T((ﬁ) dr’
/¢1 cos¢’ _fsin9 rp) T
T ¢ ™, oo\ 1 r(¢)
= o (53) S (54 9)] = [
r(¢

r(dn)) _ [tan (Z + Z)/tan (Z + d;)] o (5.3.70)

R, L r(o) DEBEMELND Y. (5.3.64) R D ¢ & r(¢) DEIRMEIZBIZELNT
Wd 72, ERE (5.3.64) NWORERE f DiEZKRDD. TD/DITIX, ¢ ICEAKNZfEEZ
VT, ¢ IZDVTOMNIE —7/2 < ¢ < 7/2 RIZHB T B EEOHETITONG /20, sing =t £\ D

BREHEAND Y (cosp=t LB Lsing =1 -2 2RET DL FITEADGEN I VPBEIILD /-
OFETITAR),

] d¢/ /T(¢) dt 1 /T(¢) |: 1 1 :| 1 -
= — =5 b ——|dt==[-In(1—t) +In(1+ )5
/4,1 cos @' Tiete) L= 12 2 )5 ey L1—t 1+t 2 Ti=t(¢1)

tkdond. £oT,
¢ d¢’ 1 1+sing’1®  1[ 1+42sin(¢//2)cos(4'/2)1% 1] cos 2(¢'/2) + 2tan(¢'/2)]°
/m cosd 2 {1“ Ll =2 {“‘ 1= 25in (¢//2) cos <¢f/2>} o2 {h‘ ]
1 [ln(1+tan(¢’/2)ﬂ _ [ln1+tan(¢>’/2)}¢ _ [
2 I—tan(¢'/2)) |, 1—tan (¢//2)] ,,
ln{tan(%—&-%)/tan(%-ﬁ-%)}
LS BAREAES NG, ER—BH TR EAIEEOMSHAR
sin ¢ = 2sin (/2) cos (¢/2),
—BH»S ZBHANOERIZEMEROEH
14 tan® (¢/2) = 1/ cos” (¢/2),

,_.

=]
—N

-+

I

=]
VRS
~1

+
2o S
~
H—/
| S
Ay °
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RATIEELD. ERIZOVT o =gy DE X, fsinb IZ

-1
fsinf =—1In [:Eziﬂ {ln [tan <Z + gZ;2>/tan <Z + d;)]}
ThdeRDOLND. (5.364) ZHNTr 2EIMR DL,
P cos g cos (0 — ¢1) b2 T ¢ -1
n=fsin6=—ln Loscblcos(ﬁ—gbg)] {1 [tan<4 2 >/tan <4+2>]}
1

_ cos @1 bo 61
= |:COS(Z52:| {1 [tan (4 2 >/tan (4 9 } } (5.3.71)
rRooNd. ZIT, BEKAANDLERIL O = (61 + ¢2)/2 £V

cos (6 — ¢1) _ cos (P2 — ¢1)/2]
cos (0 — ¢2)  cos[(¢p1 — ¢2)/2]

=1

ThdI i7"

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,
):| CcOS
11

[IRSS

w' (N, ¢) = T(?l) [tan (Z n ?)/tan( +
- )

B % (5.3.62) CTEIMWR, o/ = fa ZEVHL N 2\ T 2

W (N, ¢) = "1 {tan (W + (Zl)/tan (Z + ?)
|

(5
( )

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.
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& 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 IRMITANY ML w lZDWT, TAI NEIER (z,y) DEIEENRY MVEHOKD %
(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

WA, RT NV v IFEBEERIZBNT,
V=ue, +vey =urey+ vpey
LERIND L ZOBRNL TNENOREIERIZET 5T MV ORI
U=uyrey- ez +vp€y - €y
U =1U)rE) " €yt Vyp€y - €y

Uy =U€g - €yt vey - ey

Vp = UEg * €y + VEy - €4
Y250DT, (5.3.76) 15

he Oz Do Oz
PNhaox T "h, 06

o — hf@—i- hy Oy
Ay O h¢8¢
hy Ox hy Oy

YA oN TV, O
h, Ox h 9y

*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¢>

VS BEBRMELNDE 2. ZIT, ANK M/&“ ﬁkfwfﬁ}b NSRS % (zar,yn) &
U7z, MXGE T EEEE T D A —VEF hy, hy 1& (5.3.77) 12 (5.3.56) 2/RAT 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
ﬂb) rr,yp CRILINDN, ThE (53.72) KEAVT N IEIELTHD 2. #HiX
PR C D AT —IVAF hy, hy 1& (5.3.77) 62 605 . FEEREE RO B FR A
% (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%) ¢

i 2ot (2 (2202 1 oo (2
UL:C:SA‘;S\/ 2¢<§;L> +<§£> %y/\LJF \/0S2¢(8?JL> <3yL) 88%;
e g () () 2 o (D) (22) 2
oo () ) B oo () (B2)

LR85, FEOZEMIMSIZ (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
LBRBIER, ILIIT 4 20RBUTE, flz,y) = —2/(y —w)) & L& 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,
1 d -1/ 1/n—1 1 , -3/
darctang = 8 - et )] (< g2e) (o - )
= - s wof}r%
d 1 dg 1 9y —1/2]1/n—1 1 / 2 127 —3/2
d—yarctangf —|—1d7 7 +1n[ﬁ{ + ( )} ] 5(—52(24—100)){:0 —0—(3/—100)}
- 79211% [{2* + (= wi)*}]
LB RN
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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,

9. BEOEDIZ 2 IZOVWT 1 RERTERTEIIL2EZ2E, 2O XOBKE
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)

THs, FRIC 1 RS
F(z) = F(x)

YBB, ZOEMF () Ly D2 Bk BN THEIICL B EEXD, DFD, 2

NEDREEE RETE L,

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 DV 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—=ZZERIIHNWT, Bz &2 MM BEEKT
H27D, BENFIET X, TINRMETH D LD T LIlRD,

ZDOFMIZU 727230,

Bal
BT ag, a1 2 KDB, (5.4.83) A0S,

N
OR
A= Z {y(xi) —ao —arz;} =0
Oao =

N (5.4.85)
g{i = ;xz {y(z;) —ap —arz;} =0
Thd, INEEHETEH L,
N N
aoN + a1 sz = Zy(a:i)
=1 =1 (5.4.86)

N N N
2 _
ap E x; + a1 § xi = E ziy(z;)
i=1 =1 =1

EWD ag,ar WDWTD 1 IREN FREANEOLNEDT, THEMITIE. ag, a1 DMESHN,
BNERESAE S NS, (5.4.86) REML &,
S a2 y(w) = SN 2 SN my()
2
sz]il 5512 - (vazl xz)
N Zi\il wiy (i) — Zz]il i Zf\; y(w;)
= 2
NZZJL 5312 - (Zz]\il x%)

NEOLND, FARDEZ 2 FHEIEL L, EREOERRBOLIEAMIRIZED 71V T 1
VIMWERETH D Z L hnb,

ag =

(5.4.87)

ai

FTIT, ZIT Fla) =Y apzadt L0 SZHERATT7 v T v 7§22 aE R
3, ZZTCHRNEARETHONAETESEHATE S, BERI

N N M 2
R=> {yi— Flz)}*=>_ {y -3 akxf} (5.4.88)
i=1 =1 k

=0
LR, ZOEERMNITDITIE ap, (k=0,1,--- , M) DFHEHIZONT, Tl kd
BAEOMaMEaE 2uEd v, 2F Y,
OR

— =0 ) =0,1,2,--- M 5.4.89
ba, =0 G=012,00) (5.4.89)

HPBETIE, RAOBEI NS, y(2:) =y LRLT D,
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EVND M4 1D 1 YGEN SRR E LTI ENTE S, RERE M + 1{#ionT,
AL M + 1O FRERP L TENDDT, BRICHUAZRTHZ ZLIZHLNT
HB, ZNEFIEFIIMIEINTHLEDT, RO M+ 1IREHEATEBLTE, FHRRD
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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EVND M4 1D 1 YGEN SRR E LTI ENTE S, RERE M + 1{#ionT,
AL M + 1O FRERP L TENDDT, BRICHUAZRTHZ ZLIZHLNT
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 RTCOBRKIZH?2IRINT NS, BBy, 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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T%ﬁﬁé:&ﬁ?%éo:@t%\ﬁﬂi%ﬂ:%ik@éo
i+1 7 Ly

ZDFER % 2 WOGZEMITHRIR U2 DA, FEMEAHE L IS HIETH YD, TORAK
FER?2IRINT VD, 2 RouZE M a;,y; CTEBINME 255 D, DB 2p,y, TO
R 2, 12, LR & SIS N3,
Zpj+1 — ij(
Yji+1 — Yj
IR yj,yj41 D 2 RIZDOWT, TNTN 2, IZH T DNIFE 2, 541, 2p; ZEITHEL. T

NEDMD D y HIENHIAI LT, 2 2RDB LV FHEF AL, EREEET S
YUTFDES 4B,

Zpg = Zpj T Yq — Yj)

Zpitl — Zpj
Zpg = 2pj + = (g — y5)
Yi+1 — Yj
Zitlj — Zij
= zij + ————(zp — x:)
Titl — T4
Zit1j+1 — Zij+1
+ | zij1 + M(% — )
Titl — Ti
Zin1i — Zii Yo — Y
P A (o —45)
Titl — T4 Yj+1 — Y5
Zi+lj — Zij Zij+1 — Zij
=z U )+ I (g, — )

Tit1 — T4 Yj+1 — Y5
(xp - mi)(yq - yj)
Ti+1 — $i)(yj+1 - Z/j)

(4141 — 2Zij+1 — Zit1j + 2ig] ( (5.4.98)
&Y, BN F(z,y) = a+ bx + cy + dry &\ D FH EIZNFENFET S
EWVWS ZEEMELZNFETHD VD ZEIWRIND,

FIBRDF T 3 TN 2 G T 5 &2, 3 ot a4, y;, 2, CEBI 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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ZOEHETHRIIE 2 IRITCONFE X 5 3 IRGCIZHEMILR L /-2 Thd, £oT, E
Az XS BHET 5 L,

Upgk+1 — Upgk
Upgr = Upgk + pant pq*(zr — 2k)
Fk+1 T Zj
Ui 11— U
_ pj+1k pik
= Upjk + ﬂ(yq — ;)
j j
Ups — Uy Upit1k — Ups 2y — 2
pi+1h+1 — Upjkt1 pi+1k — Upjk (zr — 21)
+ |Upjk+1 + (Z/q—yj)—upjk——( q — j) -
Yji+1 — Yj Yj+1 — Yy Zk+1 — %5

(Yq = Yj) (2r — z1)
) (i — )
Yi+1 — Y5 i P 21 — 2

) (g —yj) (zr — 21)
Yi+1 = Yj 2k+1 — Zj

= Upjk + (Upj+1k — Upjk

+ (Upjt1k+1 — Upjht1 — Upj+1k + Upjk

(wp — 1)
= Ujjk + (Uit1jk — Wijk
ik T (Ui = g )xm—xz
[ (wp — i) (p — 332)] )
I ij+1 ( i+1j+1 1j+1 ) Tit1 — T 1] ( +1g 1j ) Tiv1 — Ti] Yjrl — Y
_|__u..k (Uit — Uik )M—u-k—(u- ik — Uiik) (2p — i) | (2r = 2k)
Y i Tk L Litl — i N B I i — i) 2 — Zj
[ Ty — T Ty — T
+ | Uij+1k+1 T (Uit 14141 — Uijt1k41) (rp =) _ Uijht1 — (Uit k1 — Uijht1) (op = 7))
L Titl — T4 Ti+1 — Ti

(zp — ;) (2p — i) | (yq = ;) (5 — =)
Uij1k — (Uit1j+1k — Wij1k) Tip1 — T i+ (W~ i) Tit1 = Ti] Yj+1 = Yj Zht1 — Zj
Tp — X4 Ya = Yj
= Uijk + (ui_ij — uijk) i‘lil_;‘)z + (Uij+1k - Uijk) ;j»l_;)]
Zy — Zk
+ (Uijk+1 — Uijk) G2
Zk+1 — Zj

) (zp — i) (Yg — Yy5)
Ti+1 — Ti Yj+1 — Yy
(@p — @i) (2r — 2k)
Tit1l — T Bg4+1 — 2§

) (yg — v5) (2r — 2k)
Yji+1 = Y5 Zk4+1 — 2

+ (Wit 141k — Uij+1k — Wit1jk T+ Wijk

+ (Uit 141 — Uikt1 — Uit 1jk T+ Uijk)

+ (Uit 1h+1 — UYijht1 — Uij1k + Uijk

+ (Wi 1 1h1 — Wi 1h41 — Wik 1jk+1 + Uikl — Yit1j+1k + Uij+1k + Yit1jk — ijk)

X (xp — .%'Z) (yq — y]) (Z”’ — Zk) (5499)
Ti+l — LTi Yj+1 — Yj Zk+1 — %5

Y%,
CIZTRUEAFEORIZT A MEERZRE L TWED, EREERD D b, & i
LR D AT — VIR TN T N ND BB R B BT H 2R WK D RBER 2 TH L 55,

WO F Y, MFEOREER (21,20, 23) BHoEETEH. TDEE INLDOEEIINT S AT —IVAT
(h17h27h3) 7b§7

h1 = hi(z2,23), ho = ha(zs,z1), hs = hs(z1,22)
3B EDBPERERDZ & FIZIE, FIEEEE R PRI RIE ZNIZEY T 5.
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2T LEOBZEXTHFMEZFRTL I LA TES.

5.4.3 R TS5A VR

URTIEM=3DLEIDAT 71 VHiFIARZEHTE, ZZTHRONDATIA
VA ERIC 3 IRAT T4 Vi ISR, T A RIFELHU LSy (=1, ,N)
MTy LEBEINTVWD LT D, ZOLIDAT T VEES;(z) 1

Si(z) = aij(x — 2:)% + bi(x — 23)* + iz —2) + di, (25 <2< 2i41) (5.4.100)

L85, ZIZT, a;, b, ¢, d; ERMBHETHD, ERITDODNT, BT —RHTIEATS
1 VBB E BEBEDT — AN =T 2L\ EMENS

Si(zi) =vi, Sica(zi) =y, (=2,---,N—-1)

(5.4.101)
Si(z1) =vy1, Sn-i1(zn) =yn
MDD, T—&Sa; (i=2,--- ,N — 1) TOEHOTHN S
Si(ws) = Si_1(wi), Si(wi) =57 () (5.4.102)

WS AN —1) -2 fHOBBRAVRF O NG, (77) X2HWTLED 4 DOAZ BARRIZE
T, i=2-,N-11ZD\VT

d =y, (5.4.103)
ai—1(zi — 2i-1)® + bic1 (@ — 2i-1)* + o1 (2 — 7m1) + di1 = ys, (5.4.104)
ci = 3a;—1(x; — xi,l)Z + 2bj—1(x; — i—1) + -1, (5.4.105)
bi = 3ai_1 (s — wi_1) + b (5.4.106)

MEDANLD, ZNHEE &I, BERIOMEN S RHRE i, bi, iy d; ZRDD, £9. (5.4.103)
»nH
d; = ;. (5.4.107)
hi =z —xi) LEETDE, (5.4.106) 5
bi — b1
3h;

(5.4.108)

ai—1 =

(5.4.104) 75
Yi —Yi-1  bi+2biy

Cio1 . —th (5.4.109)
INH % (5.4.105) ITARALU b DADRIZT D &,
Yir1 — Y bip1 +2b; Yi —Yi—1 b +2bi—y
- i+1 = (bi — bi—1)hi + 2b;—1h; - i
hiit 3 hiv1 (b b 1)h + 2b;_1h; + hi 3 h
Yiel — Y Yi —Yi-1  hip1 2 h;
— = b; —|h; hil|b; + —b;_1. 4.11
= hin . 5 Uit t g [hit1 + hi] b; + 3 bi-1 (5.4.110)
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WD b IZDOWT OFMEN. HRER & R D, 22T, BRI SEODIFi=2,--- ,N—2
TH2ZEIFEETD, BERL, ZZETOEMRMITARTi=2,--- ,N—-1DEEDE
METOTE/Z20, a,c,d DEFBBUZDNWT d; & (5.4.107) S dy ~dy_1 £T. a; &
(5.4.108) M5 a1 ~ ay_o £ T, ¢; 1 (5.4.109) 5 ¢ ~ cy_o FTOHDEBRNE RS
NTWBZLIZFEET D, 2F Y, Wb (5.4.105) IFi=N—-11ZB\TDADY £DH
B (5.4.109) ZHAVD ZEDRTERNEWVND ZETH D, an_1, cn_1, di FTNTHE
TIZBEZ2EBMOEMENLBONDBEBRAZANTRDD Z 21285, IR ETHRRZ
(5.4.110) OEHHMPHAA i =2, N -2 FTLRIBWTH D, b 1IN - 1lHHDDIZ
U, ERIEN-3FEUNRODT, BIITHELZRD b IZO2WTORIE 2L RD L
NHhnrd,

BAfR% 2 DB 2 72D COMAFMEEEZEA D, ZITE—MMEEZEbRVE
2. BLRD 2 DDEHBHIZDODWTEZD -

F—2 1 §(x) =T, §'(xy) =Tl.

=22 §"x) =T/, $"(xn) =Tk

ZITT, Ty, TY, TR F2—IPHEETLIETH D, WIZ. 7—A 2 DHBHITT] =
TN =0THh285, HRATIA VIZ—KT %,
T—2 1 DG, EOBINSEE»S

Ccl = Tll,
) / (5.4.111)
Ban—1(zny —axN—1)" 4+ 2bny_1(zn —2Nn—1) + N1 =Ty
LTE3, ZhaHWD L, i=1NDOHBEIZDOWTEH (5.4.103), (5.4.104), (5.4.111) &
BWVME (5.4.118) 25
di =y1, an—1hX +byn_1h¥ +cn_1hy +yn—1 = YN, (5.4.112)
B LU,
c1 =T}, 3an_1h% +2bx_1hy +eno1 = T, (5.4.113)
MO b IZDNWTORIZT D, (5.4.113) 2B 1 A& (5.4.109) Di =275 2HELT

-y 1]
by +2by =3 -3t 5.4.114
2 + 1 h% h27 ( )
(5.4.113) % 2 & (5.4.112) 5 2 A S ay_y ZIHEL T
hn TN | YN — Yi-1
=y — N g2l 4.11
CN_1 > bn_1 5 +3 e (5 5)

INEi=N-10DLED (54.105) IZRAT D &,

h T\ — Y
—7NbN_1 - N + 3M = 3aN_2h%V,1 4+ 2by_ohn_1+ cn_o
2 2 2h N
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2 hn bn—2 Ty YN —YN-1 YN—1 — YN-—2
= |Shy_1+ —|bn- hyo1=—-2 43 -
[3N1+2:|N1+ 3 V-1 2—1— hn vt
(5.4.116)
ZZTC H2RKXi=N-10DLED (5.4.108), (5.4.109) REHNT ay_9, cny_o ZiH

£ U7z,
PlE& O (5.4.110), (5.4.114), (5.4.116) 5

) 1 0 0
ha 2(hs+ha) hs 0
0 hi  2(hiy1+ hi)  hita 0
0 0 hn—o 2(hy-1+ hn_2) hn-1
0 0 2hn_1 dhny_1 4+ 3hn
bl Z1
bg Z9
X bi = Zi
bn_2 ZN—2
bn—1 ZN-1

(5.4.117)

ERY), IIIOWTH Z N TEDL L DIZRD, ZIT,

vo—y1 T4
=3 -3—=
21 h% h27
p _g¥ir1 " Y _3%_%717(1.:27”' N —2),
hit1 hi
iN_1 = — 3TN + YN —YN-1  UN-1 T YN-2
hn hn-1

ThHb, b WEOLNZHLZDEZE LI a4, ¢, di ZKDD, a;lFi=1,--- ,N—-21ZD
WT (5.4.104) 225, i= N —11Z2W\WT (5.4.113) 2 2 ANSH/OLND, ¢ ITDOVWTIX
i=1, N=1I1ZDWTiE (5.4.113) 1 KX, (5.4.115) hbETNnTh, F/i=2,--- N2
IZDWTIE (5.4.109) MH/ELND, d; IZDWTIE (5.4.107), (5.4.112) 2 HE6ND, =
NTTRTORMBEPELNZDT, (5.4.101) NOHFEINAZAT T 1 VEBDES

N,
T—2A 2 DG, OB
1
bl - %7
(5.4.118)

T//
3an—1(zny —xN—1) +bn_1 = TN
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ETED, INZEHND L, i=1,NDHHIIDONTH

T// T//
by = 71 3an_1hy +by_1 = 7N (5.4.119)
MO b IZDNTORIZTDEIENTED, (5.4.119) FH 1 ANSHL NI
Tl/
by = 71 (5.4.120)
(5.4.119) 28 2 K& (5.4.112) 8 2 Ad S ay_1 ZIHEL T
—yno1 T 2h
enq = INTINZL TNy SN (5.4.121)
hy 6 3
INEi=N-1DL XD (54.105) IZRATD L,
—yn_1 T 2h
YN UN-L Ny — Wy = 3an_2h3_1 + 2bn_ohn_1 + N 2
hy 6 3
_ _ T/l = _
= 2[hn 4 hy-1]by_1+hn_1by_2 = 3M Ny~ 3M
hN 2 hN_1
(5.4.122)

EEND, ZIZT, FH2Rdi = N-10LED (54.108), (5.4.109) X% HNT
anN—2, CN—92 ’E(\ﬁ,%bf:o
PAE& Y. (5.4.110), (5.4.114), (5.4.116) 25

1 0 0 ... . 0
ho 2(hs+ hs) hs 0
0 hi  2(hiy1+hi)  hiy EE 0
0 e e 0 hn—2 2(hn—1+ hn—2) hn_1
0 0 hn_1 2(hN+hN—1)
bl Z1
bg Z9
X bl = Zi
bn—2 ZN-2
bn—1 ZN-1
(5.4.123)
ERY, b IIODWVWTS ZENTEREDIIBRD, ZIT,
T/I
Z1 = 713
Yi+1 — Yi Yi —Yi-1 .
;=3 ~3 (i=2--- ,N—2),
‘ hita h; (@ )
YN — YN—1 yn—1—yn—2 Ty
=3 —3 — N,
ZN-1 I v 5 N
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ThHb, b PMELNLTDMEEZE LI a;, ¢, di ZRDD, a;jldi=1,--- ,N=21ZD\T
(5.4.104) M5, i = N—11Z2WT (5.4.119) B 2 A6 H/{LND, ¢ldi=1,--- ,N-2
IZDOWT (5.4.109) 225, i =1, N—1I1Z2W\WTIE (5.4.121) 26/ 6N5, d; 1IZDWT
1E (5.4.107), (5.4.112) 6/ 6NE, ZNTINTORIMBENESNZDT, (5.4.101)
MOFMINZAT T VEENELND,

5.5 Braun (2002) IZ& 2BFEIIEDOHOABEHE

Z 2T, Braun (2002) THWSLNTWS, BUEE 7IVIZE 1 D BURAKSUE O HUMTL iE
RHEET D HIEICOWTRR S,

ZH T L, RO BEHELTIXE B UTHNENT VAL TS DT, BiF KA
FED UM, W S EREDRAMEZ & 2 K FR 7T & SRIRIND. AFEMEED 10
km PAEDF I FEUEE 7V ClE Z O W 5 1E 5T D IR AN B U O H 3 TR 23 H D
ARLUTOW ., UL, BETIEBUEE T VOIS - ERE P, BV ERTE
DOHNEBIT (L2 54 100 ki FREE) D7 - B PR & FEICRBIT 5 Z L Av]
REL o7z, T2 &, (EMRERBEE TV & B BHHEKIEDOFH R CIEREEL L Ad o
7z, FULHE CO RN AR LKIEZEBDEEE IR 515 & 5124 5 72?7 (Braun, 2002). 20
JEIFTE R SREZFNZ £ D, BAETD & 5 RBHSEDRENTHLE EHT D Fike V5
&, b AN AT 2 UL IS U T O 2 R 2 & WO IREIBEP RO NS £ 5
272 % (X 5.13 2M). Braun OFHWAZFEE, ZOFULSOIRE) % 64 251275 5.

FIEOMEIILLTD L1285,

a N
1. W EEREDOREMEZE & 2 A2 H e (M5.11 D fg) £ 9 5.

2. K511 IZBWT, H—HEmEduhe UTEY L OIEHFHEEN (K 5.11 O
PEN) IZIEET DAE T T RN T R R LT 5.

3. BREBMSNORLUIDONT, TOFK A E L E UTHER R OMMHEERN (K 5.11
DIFHRI) IIFAET BT DR TIZ OV TR (4 5.12) b 5 O LY ff 7
ZEREL, SR I NZMBHEBN O N2 TOEE[FA2 2 LADE 5.

4. ZOW T, BRBHEEFIZOWT, R R O M N OREHEfF 2/ O fE
PEHELTOWEDT, ZOMPRNE BRDEFHE2EOTMIEEETD. ZN
X, [IEIZDWT, &E M (HREE) L8> T0W2EREHEL TS L
2725,
N )

27 - DR SITEEBNIL, BUEE TS BT 2RI F BT RERT2EDTH .
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pressure and precipitation [mm h=!] (016:50)

100.0
25.0
39.8
/N
()
)
o
O 24.0 15.8
o
~—
—
3
a
o
o—
= 6.3
.— 23.0
<
:
2.5
22.0
e - 1.0
128.0 129.0 130.0 131.0 132.0
zonal(degree)

Figure 5.10: EF I FBUEE TV E W THE I N2 1B 2 B8 35 1) 2 i ST O
A (FksX) & Braun (2002) OFIEICEWTHEE I 72 TR R FFUD L (TR A7), SFEAR
IR RIED A6, 717 —I3FEKSMA. ZOBIART K512, NEB I 7IKIZE 1T 2 FATH 72
SUEDEENZ & o T, B dun & BARLERDPIEFICRR D 2 LR Dn5b.

ZOTORAIEFEE/NTA =R EEREOY TN —F VO5IMENRIED L,

fg = BB —HEE M, var_dis = FfE R, search_ dis = #EREMHEIE L

EWVD IRBERIZERS.
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Y

A+++++444
+HFF++H++ H+
++++++@$+

+ 4+ ++ £+ + P EEEoREs cone
+F+RFHF T
i i i i i 5 ++ cosEnoRTasRE
+++++++¥$Eﬁﬂ%
++++++++;

>

Figure 5.11: Braun {EOBERR 1. 2H—H#EE % 00T search dis DX D FEHHHEE
(HFR) WITEET 2T RETHHLRBER E 25 . ZOFLRBEHOETIZDOWT,
5.12 DFETHERFIRAZEHE TS (LM TIRRIROHFAN T NITHY 9 5).

+ 4+ + + + +
+ + o+

ARITR - TER TS

-+

+ + o+
+ 4+ + o+

THINNERR (B) DERTOESERTEENSRELFE

+ + + + 4+ + 4+

+ + + +

Figure 5.12: Braun {EOBEER 2. b sUEMO R TIZDWTIHE UG E CTHERERA %2
FRUTTORMEMEEZ L D5 (DX Y, HEMAMOLH N —-FLBRVR) 28RS D5, Ha
SE OB S RS T s IR IE T D T AV ME TR OB LR UICT 5.
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Figure 5.13: [X 5.10 O FHBGHREIZE T Dkl (BARKIER) LR (Braun Fik) O
DOIERIZAL. 2 DR TIEEMIRARLE OB %, D% Braun FEO b SOl %
ZLUTWS. ZOMEISLE, RARKTESUFIAZIIREI L TS ZEBBHOL N TH .

5.6 Kurihara et al. (1990) IC& %714 J)L% )V THE

Z 2T, (1990) TREINTVWDRFFAL—Y Y IERZEZFIH L 72,
LTI EN 5 D 7 4 )V A —VEFAROBEA IR ZET 5. PATIE, (1990)
THEINT7 VX —ERRORIL UTETFLNTN D (1957) 1IZHDNT
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Wd.

AL INIAEED 1 R T —& 2 2F 25, 22T, i IBFHEESTHD. ZDL X,
i BT U2 3T COREEHRAL—Y Y THERAX

1
Zi = puzi + 5(1 — 1)(Zi—1 + 2ig1) (5.6.124)

ThHd. 2T, EFAL—IVITINEZYHEEEZRT. plZAL—Y YV TOBOEATD
D, u=1/3851% B 3 S CORMPIEMEIIEFEL <AL, EXZ

5522r+%V@F1+ZH1_2%) (5.6.125)
LEIMAONG. 2T, v=1-puThbd. viFHEDLTAL-Y VT TOEAZK
T B, 2 (FE R xy MR BRI VWTERINTE Y,

zi = C + Acos (k(z; — T))

LERFLTEDLTD. ZIT, kz i MEREO—EMMHERT. b IZBEETHY, kK L & DM
WCk=2r/L WO HBREED. DL I =MEKDOAEKRNS

zix1 = C + Acosk(xiy1 —T)

=C+ Acosk(z; £ Ax —7T)

= C + Alcosk(x; — @) cos kAx Fsink(z; — T) sin kAz|
75 (HFEIE). 22T, Az 3%l o, O TREHMTH L. 28, T I Tl x; (3EM
fEICEEINTVWE T2, EX%E (5.6.125) ICRAT D &,

zZi=C+ Acosk(x; —T) + v[Acosk(x; —T) cos kAx — Acosk(z; — T)]
=C+[1—v(l —coskAx)] Acosk(x; —T) (5.6.126)
CEBIND., ULENoT, ZTOAL=I VT, v OEIZE ST 2z O DIEEE M
ELEIBTRNAL—I VT ROTVWDE I NN DS. —F, TORIEIZOWVWTIE,
[1—v(l—coskAx)| {GZAIED DN E. 5, v IFHHZFICI > TERIZHRD S
ZENTES. BL, (5.6.126) ROFAUE 2 HOBRBEMN X O L 55:
1—v(1—coskAz) =0

ol EFEETNE, (5.6.126) NIT& > THEE k DIREAE DO LAY, T DORBES %
FRRETDIZIENTEDS. ZNE, AL—Y YV TEHFE (5.6.124) DNEADEV ST,
FEE BB 2 BUFHICHERIZTANR =T U NG IEMNTED L 2B KL TV
(T80, 74 VA —EHZL U THIETDL L 2EKRLTWD).

INETOEMRTIE, 2 231 DOPEBIR D DA% E > TS L I %2E X208, (LEDWH
DELDEDLETERUFERVAETH S, WHE » B2/ 2 12DV T 77—V T TR
INdLd5:

2 = Zén cos ky(x; — ).
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ZOEE, AL—IVIEME (5.6.125) 1% EE FEBRD = MAREKEKIZ LY
Zi = Z {én cosky(x; — @) + %u (Zp cosky(x; — Az —T) + 2, cosky(z; + Az —T) — 22, cos kp(z; — T))
= Z (2, cos kp(x; — T) + v (2, cos kp(z; — T) cos kpn Az — 2, cos ky(x; — T))]

= Z [1 —v (1 — cosknAx)] 2, cos kn(x; — T) (5.6.127)

NEOND., ZZTH, vIMEAEIMERICRETE D20, HIRKED 1 DD k. 2
DT
1—-v(l—cosk,Az)=0

TRDLL,

= (1 —cosk.Az) ™! (5.6.128)
ERDZDEDIZ v ERBETIUE, AL—IVTIZE2T 2 IZEENDEE k. DE— RIT%EL
WITANEA—=T I RTDIENTED. ZOLE, vidk DARIMKIETDDT, k. UADH
BUEMIIRIENE IR LTI 2 1IZRD 221285, BARLZERDOWE T 1 VA —F 51T
&, AL—=Y YV IfERFE (5.6.125) 2 EHA v 2 E R TEBEITT XLV, B85 M EDHK
BN ERET DALYV T %

1
ZM = zM- 1+2y< 5\411_,_3%{11_23?4—1) (5.6.129)

EUTRERTD. [HHDAL—Y Y THREIX
Vv = (1 — COSs km(l)ALU)

EB8%. ZIT, by KIBIHTZ 4 VZ =70 bINDPEREE®RT D, AL—I VT
TR (5.6.125) DAL LA 2 2L B9, IRIED A% 2L I 5!

zM Z cos ky(x; — )

ThHd I LIFEETIE (5.6.129) & (5.6.127) DX D7 —) THHTERHTLI & %
E2dE,

zM Z cosky(z; — @) = Z 1 —vp (1 — cos k:nAx)]ETAf_l cosky(z; — @)
EWVSHERAE Y 2D, ERIET =V ZOEE— R n THSZIZEY 2D 2 EIHERT D
E,nEHDE—RT

Eﬁ/[ [1 —var (1 — cos kpAx)] ,];/[ !
MWK LD. £oTC, 2B En WU T,
u M
2, =2, H [1— v (1 —cosky,Az)] (5.6.130)
=1
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WO EBEMREONDS. ZORIK, MBEOEBDT7 4 IVE) U ITIZE>T, 74 NVET Y
RINBMO /RN Eed, 74V —ZOREEZRL TS, DFY, 74 ILEAT T RX
NPT AIEI D M BD T 4 VEERIZE > T, RKIEASS & D

M
[1 — v (1 —cosk,Ax)]
=1

22220 2 E2ERT S, M DB, Shuman @ X 1 OFBHE 2 IRoThRDEH.
By, (1990) Tld, v %
v=(1—-cos2r/m)"t, m=23,4,25,6,7,2,8,9,2 (5.6.131)

EWINEFET 11 M7 1 WREEZRITD &, 282 5 9A FTOIREZE & DIEMNERITT
WRTDRNIND LBRRTND, 2, (5.6.128) R& k=21/L L VWS BKREZERD L,

v=(1—-coskeAz)"" = (1 — cos 2rAz/mAz)""

ERDBIEMS, WE L =mAz DEDN (5.6.131) KTTANET I RIND I LIIBRD
LMD, ZDLE, TAINET T NINBOEKSOIRIED (5.6.131) DEET EDFEE
2T oD EABMED. 74NV A T MINRNMEREDOEE % k, = 2n/RAz £ § 5 &,
(5.6.130) K15 ED 11 BDOAL—Y ¥ THEAEIZ & 5T, TORIFIX

11
2, =5 [ —u (@~ cos2n/R)) (5.6.132)
=1

Y%, - 21, R=15, 20,30 DA SOIREIXZ TN,
R=15: 0179, R=20 : 0.400, R =30 : 0.675

ERY,FNTNA) TV FINDOIRIED 82 %, 60 %, 32 % £ TWAT DI LWbhb.

5.7 {48k : T

5.7.1 FKHBERAROEH

ZITIE MTORETINVTHAING LR TH D EAKAGRARZEH TS,

P77 IZEKY AT AOBEHTH S, BANTIE, ZOMETIZARRREMET L, 2
T BFofEE B L,

28 (1990) I BARHIZHRR I N TV R IHETH 5.
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- = S
P= CONSTANT
=0
# ~ Y,V h (xtY11) D
//, lhs(x,)’)
,1/ _/—\_/
> : .
X,U , 1

Figure 3.2.1 The shallow-water model.

Figure 5.14: %K A7 LADOHEE (Pedlosky, 1987 & 1)).

o EEIL—1E,

o Ry AN DWTRIERAEELFIZICZIL TS (B HEELL .

T, 2Dk ETOEF SRR

du ~ 1op

i fo= P (5.7.133)

dv ~ 1op

FRR A = (5.7.134)
LR85, MEAMIIIEE EBIICENIENT VAL TWS ERET D, Z I T,

f = f0+6y7 5 = COHSt.,
4_o0_,9_,9_..,9
at ot “ox Yoy T Yoz

Thd, /2. pl3IEFFNIFERS. 2FVEEZ P=p+p L ULIz& X,

9o _
92 gp

B2 S po BROWIZENEET, DL E 2FE POz HAZEIE
oP Op  Opo _Opo

9z 0z 9z 9z
LIEBTER, LR% 2 HECEATDE. pli—EROT,
P(Sﬂ,y, Z’t> = —ng+A(£C,y,t)

TOREBRE, HEMNEENDEIEEINHART 2 HADZEAOKREIIWNISONLTHD, INEIEH
2R U7 DI Pedlosky (1987) £,
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8%, TIT, ABMAERTH D, : =hIZBFRELHEF I p, £TD &,

(P(x,y,h,t) =) pr(x,y, h,t) = —gph + A(x,y,1).

E-oT., EXZ PIZOVWTORD AITRAT B L,

P(z,y,z,t) = —gpz + gph + pr(z,y, h,t) = gp(h — z) + pr(x,y, h, 1)

Y785, pelz,y, h,t) XFAREHEEICBIIRENERET, 22T BEROELIZBNT,
FHETOENZEAPFIFHMATE D L WS RE BUMRIEOIRE) 2H5< &, p ldEH L
ABD I EMTE,
P(x7y7zat) = gp(h_ Z) +p7‘

LR85, 2T, EHABRNIE T BEIMEEITE I FIET po 23 2 DADEETH S
ZXITEETR L0,

op_op_ Oh Op 0P _ oh

or oz Por oy Oy 7gp8y'
ZIT 23z, y M THD WD HRIIER, LoT, EEHERX (5.7.133), (5.7.134)
ke

Oh

du

7 = —g— 7.1

R (5.7.135)
dv oh

LB, G BEHTEE - RMERZRODOT, FEDKRZEAIER B (HEEFR

) THBLIETHL. T4 5—T57 k7Y OREH S, g“ - Z” 02 RBD
z z
<., ERix
ou ou ou oh
Ov Ov ov oh
a+u%+va—y+fU— ~95 (5.7.138)
LD, IHIT, ME-ETHD7-0, dHgoAx
ou Jv OJw
i T T 7.1
52t oyt o = (5.7.139)
ThY., KEREIZEEIZOWT—HTHD7-O, ERF 2IZODWTHEN TS,
0 0
w(z,y,z =h,t) —w(z,y,z = hp,t) = —(h — hp) (E)Z + ({)Z>
0L pIN—ETHDBDT, HIIEEGRR
TSURSERREASE B ENIARAE L 2D &0 S &8, 3L < 1 Pedlosky (1987) S,
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ThHdIZenbnd, ZIT. w(r,y,z = h,t) (&K LHTOZFNAED EHE, w(z,y, 2z =
hp,t) ERATHRCOEFH S HETH D, FoT. EXEZ
_ _ dh _dhp _ Ou , v

w(z,y,z = h,t) —w(z,y,z = hp,t) = i i —(h—hp) (336 + 0y> (5.7.140)
L35, WAKRZEET N EZEZZ2561F. ZORXEMERE FREM) &b TE
BIghE& v, 22T FEAHATEEINTHSGE62E25, TOHA. hp i
FA T —HIIAD LIRFFZELL ZWD T,

dhp Ohp Ohp

at " ox +U@y

L3572, F. FHIFAHEREHT L.

dh_oh oh  Oh
at — ot “or oy

LRD, INHEEETDE, (5.7.140) &

88}; = (u({fx +U88y> (h—hB) (h hB) <gu + g;) = aax {U(h — hB)}+88y {U(h — hB)}

(5.7.141)
EVSHENELND, MAEEDOEIZ HETD L,
H(z,y,t) = h(z,y,t) — hp(z,y)
THDDT, FERIIF[LNDL HEARK
ZL—I-ugZ—I—ng - fv= —9%, (5.7.142)
% + u% + ng + fu= —g%, (5.7.143)
g’; a(gf) a(;f) (5.7.144)

5.7.2 NMO1 ICHIFBETILDEM

BRI D AL TR AR IR

%:—kav—th+F,

oh
a + V- (hv) = Src.

ThHd, TIT, v,h, fglBKFRERT MV, FAAOEX, IVAVNTA=4 EH)
MHEETH D, /. N7 MV EHEFZKE2HDDOAEL TS, F, Src 3TH

“2h, hp WEKEERIZB T S HDEEE 1 HERTOT, INLOEEUE 2 ILOWTHNLTHD Z LITHE

=
/Gho
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TNRNIZAT 24 —ATHhHD, INEZMHFEMBERTERILTI L2 ERD, 77
T VY ABIEEEE DK 2 i TH B 728,

a_o 9 vo

at ot or 1 o0
Thd, ZIT, roldTNenNEE, FELAHHETHY, BIREGEIZDOWTIIE S S0
X2, FNA A OWTIEKRGETHRYD 2 EE2 95, £7/2. HEXNY MUidv = ue,+veg
TEILTIIENTES, ZDL X, e, ep lTTNTNEEE, LA HRIDHELNRT ML
THY, u,v i ZFTNTNDHAIOEETHD, Td&, LDOLEHFENIZ

ou ou vou w2 oh
o Y Trae v Tl T (5.7.145)
ov ov wvov  uv g Oh
ot o Trae T T I g T (5.7.146)

g}tlJru(;ierﬁgngh[gLJr:erigﬂ — Src. (5.7.147)
LR85,

AT TOIVIEIRR G I ISEE PR I2 O | EE IR O H I B dIA Fh
7= JEMI R R D OISR E 2 S E T2 ET N TH S 20, BHREBEBILEA A I —k
THhD, RS U 72O FRIE & RIALA S5 I HE—hR T RIS AN X 302 FERla Rk
T TCRIATD2DOIMEFTH D, T TIOHFERZESFRT & FEEFRR I 1T 5,
DY, BEER o &

@(r,0,t) =5(r) +¢'(r,0,1)

Y3 H e (5.7.145) - (5.7.147) R

%+ﬂ@+ﬂ%+u/@+u/%+§%+i%— lvl_f
ot or or or or r 00 r 00 r T
Oh'
= [ =95+ (5.7.148)
(97’[)/+ﬂ@+ﬂ%+u,@+u,%+§%+iiﬂ+@+@+@+u/’U/
ot or or or or r 00 r 00 T T r r
h/
= —f(u+u) - i%e + Fy, (5.7.149)

oW, _oh oW 0h 0N TON oK

o Ve Tl T T e T T e
0 @) 13
= —(h+1) 8T(u+u)—|— +

90 + Src. (5.7.150)

L%, TIT, ERIGIITIE, EEESEAT ORI -

2 Ooh
fo+ P 95

ERHW, /2. KETFIVTIE, &40, V=R UT, 8t FBAA GO 2 RO K
IEE % diff r, diff t EWOILEIRETHES, F /2. #EBOIMITIZL 7)) —&K Y

7,
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5.7.3 adjust ICHFBETILDFEH

f 1 RoeAR KA R R I

ou’ , on'
o0 U=,

/

({')8% + fou/ = 0.

Oon’ ou’

5;+H5;:0
Thd, ZONIEARGIIFHFIREEZINEL., TOLXORARDOEIMNH & UTHEARY
DAY TRALZEDTHD, 208 I, JHMEICARESRZ Y OO0 774 IVES 25
LA W 0 YR TH o TEHAETRPFTI E NSEHIZE S TH DTV AR B L
O LEBTRANF—2EETDIIIRD, Y TIINTOTOT T AEZEDEEEREZ
YIalb—b928DTHD, ZOHENRTHERATHTVIERT 256, AREXRAR
TV Y IIBERGE R T O T, FAEBOEFIREO O I TEIIHMEN S R 5 2
ELINTE 5,

5.7.4 adjust_2d ICHFTBETILOEM

BT 2 RICARRATRAR iR AR I

ou’ , on’
EIREA
o’ on
o =gy
on ou o
A (N
ot <8x +’ay> 0

Thd, ZONFIEAGIIFHIIREBEZEL, TOL IOREKOEI N H & UTHARY
DY THALZEDTHD, ZDLE, PIHEICNERR Y D707 71 I)VE 525
LN W Y O TH o TEHEIRFESI E WA EHIZE>TRH ONT Y AZEHL
IO CHEBT RN X -2 BT LIIRD, Y TNTOTOT T AITDEE R
YIalb—b928DTHD, ZOLHERTHBERATHTVDIERT 256, HRERAR
T VY YIVIRERE R 2T DT, FAEBOEEIREOSMEIXETOIE» S RS 2 2
EINTE D,
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5.7.5 WKO04 ICBF 2 ETILOFH

IKEERIE 2 IRGEDIERER - 7 3 A7 FARD Ll FiFE R %R 1E

Du 1 0p 9
ﬁ = %% + VV u,
Do _ 10y w2,
o Dt po 0z (5.7.151)
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
5DIE, D BERDPZADRELDFIRINF L A EEIMNRNIE EIKEAT —IVHBINI DN ST
H5. (5.7.151) OL 2 X GEHHREN) OREKZ &V, 2 ROGTFHEIZER G S K E
(n=0u/0z — dw/0x) iEAZED &,

Dn b

D= "ozt vV, (5.7.152)

ZIT, MEAERICE T SMEHEIK (5.7.151) 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=, W= (5.7.153)

YUT—HEICRE 2. §5&, L HinBEHRoBERI
V) =n. (5.7.154)

LEMNS, WK04 ETIIVTIE, (5.7.151) O 3 X (BI1FBIHRA) LiE AR (5.7.152)
DIFEFEZ HIZEHR T 5. — 75, KRHARGERCE FNDIBIREIZE T 2,
(5.7.154) 12 & i L RARBIS DRGNS 2 W I D . BARIIZIE, IFFFERE U - MES
Zooll, B 2 MR 5. B0 NI VT, (5.7.153) b 5 HE D % K
HdZLllRd. EBROETIVEE T, PRI Weisman and Klemp (2004) & [A] U #&
RTTAER BRI NT NS,

main.tex 2020 £ 2 H 20 H GEHEHR)



STPK v=a7J)L SE Xk 394

£ SRR

Bolton, D., 1980: The computation of equivalent potential temperature. Mon. Wea.
Rev., 108, 1046-1053.

Braun, S. A., 2002: A cloud-resolving simulation of hurricane bob (1991): Storm struc-
ture and eyewall buoyancy. Mon. Wea. Rev., 130, 1573-1592.

Emanuel, K. A., 1994: Atmospheric Convection. Oxford University Press, 580 pp.

Holton, J. R., 2004: An Introduction to Dynamic Meteorology. Fourth Edition. Elsevier
Academic Press, 535 pp.

Jordan, C. L., 1958: Mean soundings for the west indies area. J. Meteor., 15, 91-97.

Kurihara, Y., M. A. Bender, R. E. Tuleya, and R. J. Ross, 1990: Prediction experiments
of hurricane Gloria (1985) using a multiply nested movable mesh model. Mon. Wea.
Rev., 118, 21852198, doi:10.1175/1520-0493(1990)118(2185:PEOHGU)2.0.CO;2.

Murakami, M., 1990: Numerical modeling of dynamical and microphysical evolution of
an isolated convective cloud. -the 19 july 1981 ccope cloud-. J. Met. Soc. Japan.,
68, 107-128.

Nguyen, H. V., and Y.-L. Chen, 2011: High-resolution initialization and simula-
tions of typhoon Morakot (2009). Mon. Wea. Rev., 139, 1463-1491, doi:10.1175/
2011MWR3505.1.

Nolan, D. S., M. T. Montgomery, and L. D. Grasso, 2001: The wavenumber-one in-
stability and trochoidal motion of hurricane-like vortices. J. Atmos. Sci., 58, 3243—
3270.

Pedlosky, J., 1987: Geophysical Fluid Dynamics. Second Edition. Springer, 710 pp.

Pendergrass, A. G., and H. E. Willoughby, 2009: Diabatically induced secondary flows
in tropical cyclones. part i: Quasi-steady forcing. Mon. Wea. Rev., 137, 805-821.

Shuman, F. G., 1957: Numerical methods in weather prediction: II. Smoothing
and filtering. Mon. Wea. Rev., 85, 357-361, doi:10.1175/1520-0493(1957)085(0357:
NMIWPI)2.0.CO;2.

Thorpe, A. J., and C. H. Bishop, 1995: Potential vorticity and the electrostatics anal-
ogy: Ertel-rossby formulation. ¢). J. R. Meteorol. Soc., 121, 1477-1495.

TUEPE=, 2000: BB EE AL

main.tex 2020 £ 2 H 20 H GEHEHR)



STPK v=a7J)L SE Xk 395

KBEFK, 2006: SHHFZE ) — b 55 211 5 AT MVETIVAM.

INBEE, 1987 KRR,

JII E—EB, 2008: #BEETHE D IEHE.

SERIE, 1982: FHF > ) — X 21 iR JI#.

SERFISE, and JRE, 2004: TR TS 2V T D7D DORIEAREL

FUR K E St R 2R Y B R R R W B A 08 7 A MR 7V — 7 1994: ik
R Y B — BUE R R —.

RO~ —IME, and FHIEEAX, 1987 EHFRBUEARX iii KRB

B E R, REES, and AN #EIR, 1981 KEABIEH#EE 2 EXRAKZ LD KA.

A E—, 2004: AT NVIEIZ & 2 BU4E 5 M.

main.tex 2020 £ 2 H 20 H GEHEHR)



	Chapter1章 概要
	1.1 概要
	1.1.1 本ライブラリの特徴


	Chapter2章 インストール・使用方法
	2.1 インストール
	2.1.1 コンパイルオプション
	2.1.2 アンインストール

	2.2 使い方
	2.2.1 OpenMP に関する諸注意

	2.3 本ライブラリの使用にあたって

	Chapter3章 サブルーチン一覧
	3.1 algebra
	3.1.1 abst_2d
	3.1.2 abst_3d
	3.1.3 dot_prod_2d
	3.1.4 dot_prod_3d
	3.1.5 rectangle_int
	3.1.6 vec_prod_2d
	3.1.7 vec_prod_3d

	3.2 basis
	3.2.1 c2i_convert
	3.2.2 c2r_convert
	3.2.3 i2c_convert
	3.2.4 r2c_convert
	3.2.5 gsub
	3.2.6 rand_make
	3.2.7 counter_day
	3.2.8 counter_sec
	3.2.9 time_zone_convert
	3.2.10 sec_convert
	3.2.11 check_array_size_1d
	3.2.12 check_array_size_2d
	3.2.13 check_array_size_3d
	3.2.14 check_leap_year
	3.2.15 count_cmax

	3.3 derivation
	3.3.1 curl
	3.3.2 curl_3d
	3.3.3 div
	3.3.4 div_3d
	3.3.5 grad_1d
	3.3.6 grad_2d
	3.3.7 grad_3d
	3.3.8 grad4_1d
	3.3.9 grad4_2d
	3.3.10 grad4_3d
	3.3.11 laplacian_1d
	3.3.12 laplacian_2d
	3.3.13 laplacian_3d
	3.3.14 z_2_zeta
	3.3.15 zast_2_w_2d
	3.3.16 zast_2_w_3d
	3.3.17 local_peak_check_1d

	3.4 ellip_slv
	3.4.1 Ellip_GauSei_2d
	3.4.2 Ellip_Jacobi_2d
	3.4.3 Ellip_GauSei_3d
	3.4.4 Ellip_Jacobi_3d

	3.5 ffts
	3.5.1 c2r_ffttp_1d
	3.5.2 ffttp_1d
	3.5.3 ffttp_2d
	3.5.4 prim_calc
	3.5.5 r2c_ffttp_1d
	3.5.6 rotate_calc
	3.5.7 phase_velocity_binning

	3.6 file_operate
	3.6.1 auto_read_file
	3.6.2 line_number_counter
	3.6.3 read_file_grads
	3.6.4 request_axis_grads
	3.6.5 request_dim_grads
	3.6.6 request_vardim_grads
	3.6.7 read_file
	3.6.8 read_file_3d
	3.6.9 read_file_part
	3.6.10 read_file_gtool3
	3.6.11 read_file_gtool3_header_c
	3.6.12 read_file_gtool3_header_i
	3.6.13 read_file_gtool3_header_r
	3.6.14 read_file_text
	3.6.15 read_mgdsst
	3.6.16 write_file
	3.6.17 write_file_3d

	3.7 Geometry
	3.7.1 rt_2_xy
	3.7.2 xy_2_rt

	3.8 Map_Function
	3.8.1 check_close
	3.8.2 lat2mery
	3.8.3 ll2lamdis
	3.8.4 ll2lamxy
	3.8.5 ll2merdis
	3.8.6 ll2radi
	3.8.7 ll2rt
	3.8.8 lon2merx
	3.8.9 rt2ll
	3.8.10 vec2lam
	3.8.11 x2merlon
	3.8.12 xy2lamll
	3.8.13 y2merlat

	3.9 math_const
	3.9.1 rotate_array

	3.10 matrix_calc
	3.10.1 Gau_Sei
	3.10.2 Jacobi_algebra
	3.10.3 Jacobi_eigen
	3.10.4 LU_devs
	3.10.5 SOR_Gau_Sei
	3.10.6 SOR_Jacobi_algebra
	3.10.7 determ_2d
	3.10.8 eigenvalue_power
	3.10.9 gausss
	3.10.10 tri_gauss
	3.10.11 Householder
	3.10.12 invert_mat
	3.10.13 mat_dot
	3.10.14 QR_method
	3.10.15 schumit_norm
	3.10.16 trans_mat

	3.11 max_min
	3.11.1 max_val_1d
	3.11.2 max_val_2d
	3.11.3 max_val_3d
	3.11.4 min_val_1d
	3.11.5 min_val_2d
	3.11.6 min_val_3d

	3.12 phys_const
	3.13 poly_function
	3.13.1 chebyshev
	3.13.2 gegenbauer
	3.13.3 hermite
	3.13.4 jacobi_poly
	3.13.5 laguerre
	3.13.6 legendre
	3.13.7 sonine

	3.14 special_function
	3.14.1 Full_Ellip1_Func
	3.14.2 Full_Ellip2_Func
	3.14.3 bessj
	3.14.4 bessy
	3.14.5 beszero
	3.14.6 beta_func
	3.14.7 delta
	3.14.8 df_bessj
	3.14.9 df_bessy
	3.14.10 epsilon
	3.14.11 gamma_func
	3.14.12 kaijo
	3.14.13 sp_bessj
	3.14.14 sp_bessy

	3.15 statistics
	3.15.1 Anomaly_1d
	3.15.2 Anomaly_2d
	3.15.3 Anomaly_3d
	3.15.4 auto_interpo_search_1d
	3.15.5 auto_interpo_search_2d
	3.15.6 auto_interpo_search_3d
	3.15.7 auto_interpolation_1d
	3.15.8 auto_interpolation_2d
	3.15.9 auto_interpolation_3d
	3.15.10 Cor_Coe_1d
	3.15.11 Cor_Coe_2d
	3.15.12 Cor_Coe_3d
	3.15.13 Freqbin_count_1d
	3.15.14 Freqbin_count_2d
	3.15.15 Freqbin_count_3d
	3.15.16 LSM_1d
	3.15.17 LSM_2d
	3.15.18 LSM_3d
	3.15.19 LSM_poly_1d
	3.15.20 LSM_poly_2d
	3.15.21 LSM_poly_3d
	3.15.22 LSM_multi
	3.15.23 Mean_1d
	3.15.24 Mean_2d
	3.15.25 Mean_3d
	3.15.26 Median_1d
	3.15.27 Median_2d
	3.15.28 Median_3d
	3.15.29 Quantile_1d
	3.15.30 Quantile_2d
	3.15.31 Quantile_3d
	3.15.32 Quartile_1d
	3.15.33 Quartile_2d
	3.15.34 Quartile_3d
	3.15.35 Reg_Line_1d
	3.15.36 Reg_Line_2d
	3.15.37 Reg_Line_3d
	3.15.38 covariance_1d
	3.15.39 covariance_2d
	3.15.40 covariance_3d
	3.15.41 interpo_search_1d
	3.15.42 interpo_search_2d
	3.15.43 interpo_search_3d
	3.15.44 interpolation_1d
	3.15.45 interpolation_2d
	3.15.46 interpolation_3d
	3.15.47 nearest_search_1d
	3.15.48 nearest_search_2d
	3.15.49 nearest_search_3d
	3.15.50 nearest_neighbor_search_1d
	3.15.51 nearest_neighbor_search_2d
	3.15.52 nearest_neighbor_search_3d
	3.15.53 spline_3
	3.15.54 stand_devi_1d
	3.15.55 stand_devi_2d
	3.15.56 stand_devi_3d
	3.15.57 Move_ave
	3.15.58 Move_anom
	3.15.59 Bubble_Sort
	3.15.60 Quick_Sort
	3.15.61 detrend_1d
	3.15.62 detrend_2d

	3.16 Thermo_Advanced_Function
	3.16.1 SSIndex
	3.16.2 CAPE
	3.16.3 CIN
	3.16.4 T_LFC
	3.16.5 T_LNB
	3.16.6 precip_water
	3.16.7 qrsg_2_dbz
	3.16.8 p_LCL
	3.16.9 z_LCL
	3.16.10 z_LFC
	3.16.11 z_LNB

	3.17 thermo_advanced_routine
	3.17.1 Brunt_Freq
	3.17.2 Ertel_PV
	3.17.3 HEPV
	3.17.4 HQGPV

	3.18 thermo_const
	3.19 thermo_function
	3.19.1 Cefp
	3.19.2 Cefv
	3.19.3 Cl
	3.19.4 DSE_Emanuel
	3.19.5 eP_2_qv
	3.19.6 eP_2_sh
	3.19.7 es_Bolton
	3.19.8 es_TD
	3.19.9 esi_Emanuel
	3.19.10 eT_2_RH
	3.19.11 exner_func_dry
	3.19.12 get_gamma_d
	3.19.13 goff_gratch
	3.19.14 goff_gratch_i
	3.19.15 hypsometric_form
	3.19.16 LH
	3.19.17 liquid_enthal
	3.19.18 moist_enthal
	3.19.19 MSE_Emanuel
	3.19.20 qvP_2_e
	3.19.21 qvT_2_Tv
	3.19.22 qvTP_2_RH
	3.19.23 qv_2_sh
	3.19.24 Reff
	3.19.25 rhoP_2_T
	3.19.26 rhoT_2_P
	3.19.27 RHTP_2_qv
	3.19.28 RHT_2_e
	3.19.29 sh_2_qv
	3.19.30 tetens
	3.19.31 thetaP_2_T
	3.19.32 thetaT_2_P
	3.19.33 theta_dry
	3.19.34 theta_moist
	3.19.35 thetae_Bolton
	3.19.36 thetae_Emanuel
	3.19.37 thetaes_Bolton
	3.19.38 thetal_Emanuel
	3.19.39 thetalv_Emanuel
	3.19.40 thetaw_Emanuel
	3.19.41 TthetavP_2_qv
	3.19.42 thatavqvP_2_T
	3.19.43 TvT_2_qv
	3.19.44 qvTv_2_T
	3.19.45 TP_2_qvs
	3.19.46 TP_2_shs
	3.19.47 TP_2_rho
	3.19.48 Tq_2_Trho
	3.19.49 TqvP_2_TLCL
	3.19.50 TqvP_2_thetae
	3.19.51 TqvP_2_thetaes
	3.19.52 TqvP_2_thetav
	3.19.53 TTd_2_RH_Bolton
	3.19.54 TTd_2_RH_tetens
	3.19.55 WSE_Emanuel
	3.19.56 rho_ocean
	3.19.57 D26
	3.19.58 OHC

	3.20 Trajectory
	3.20.1 Backward_Traject_2d
	3.20.2 Backward_Traject_3d
	3.20.3 Forward_Traject_2d
	3.20.4 Forward_Traject_3d
	3.20.5 Stream_Line_2d
	3.20.6 Stream_Line_3d

	3.21 typhoon_analy
	3.21.1 grad_wind_pres
	3.21.2 hydro_grad_eqb
	3.21.3 Cart_conv_scal
	3.21.4 Cart_mean_scal
	3.21.5 tangent_conv_scal
	3.21.6 tangent_mean_anom_scal
	3.21.7 tangent_mean_anom_scal_Cart
	3.21.8 tangent_mean_anom_vec
	3.21.9 tangent_mean_scal
	3.21.10 tangent_median_scal
	3.21.11 tangent_mean_vec
	3.21.12 CPS_Hart
	3.21.13 DC_Braun
	3.21.14 DC_Braun_SAT
	3.21.15 DCE_Yang
	3.21.16 DC_Sat_ZNCC
	3.21.17 SPLB_Kurihara
	3.21.18 calc_taufil


	Chapter4章 サンプルプログラム
	4.1 サンプルプログラムのコンパイル方法
	4.2 各プログラムの説明
	4.2.1 cov
	4.2.2 fft_test
	4.2.3 fft_data
	4.2.4 matrix_test
	4.2.5 normal_poly
	4.2.6 read_mgdsst_nc
	4.2.7 sort
	4.2.8 thermo
	4.2.9 thermo2
	4.2.10 time_check
	4.2.11 traj_sample
	4.2.12 wind
	4.2.13 advection
	4.2.14 diffusion
	4.2.15 poison
	4.2.16 adjust
	4.2.17 Thorpe_2d
	4.2.18 Thorpe_3d
	4.2.19 SEQ
	4.2.20 sound_analysis
	4.2.21 NM01
	シングル版
	マルチ版

	4.2.22 Karman
	4.2.23 WK04
	4.2.24 BAROVOR


	Chapter5章 付録
	5.1 ellip_slv の付録
	5.1.1 境界条件の設定
	5.1.2 2 次元楕円型方程式の求解法
	5.1.3 3 次元楕円型方程式の求解法
	5.1.4 デカルト座標系以外への適用

	5.2 Thermo_Advanced_Function の付録
	5.2.1 レーダ反射強度の導出

	5.3 map_function の付録
	5.3.1 球面三角法
	5.3.2 直交座標系における基底ベクトルの変換
	5.3.3 地図投影
	5.3.4 地図投影に伴うベクトル成分変換

	5.4 Statistics の付録
	5.4.1 最小自乗法
	5.4.2 線形内挿
	5.4.3 スプライン補間

	5.5 Braun (2002) による熱帯低気圧の中心位置推定
	5.6 Kurihara et al. (1990) によるフィルタリング処理
	5.7 付録 : サンプル
	5.7.1 浅水方程式系の導出
	5.7.2 NM01 におけるモデルの詳細
	5.7.3 adjust におけるモデルの詳細
	5.7.4 adjust_2d におけるモデルの詳細
	5.7.5 WK04 におけるモデルの詳細


	参考文献

