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M S S G 'A SINULATOR

“Multi-Scale Simulator for the Geo-environment”

[+ g » |

200548 A 58 i 3:14:27

Mesoscale *.
Resolution:100m~5km'x’

v" Dynamical core: Baba et al. (2010) MWR
v" Quick solver: Baba & Takahashi (2011) JMSJ
v" Advection scheme for CRM: Baba &Takahashi

Urban scale
1m~100m (homogeneous grid)

(2012) QJRMS 5
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MSSG-A

Horizontal:1.9km, Vertical:32layers, 14 days integration

Heat, Flesh water,
Momentum fluxes

MSSG-O

Horizontal: 2.78 km, vertical: 40 layer, 15 years integration

s Y I i i B B BB R SR RS
0.0z 0.08 0.14 0.2 0.26 0.32 O.38 0O.44 0.5 056 0.62 0.68 0.74 0.8
2005

Sea Ice

Okhotsk-sea
(1/12deg.)

15 Nov.

Typhoon ETAU in 2003
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(Adaptive Mesh Refinement: AMR)
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EXTRAWING

SIMULATOR
AWING BETREREN BB S L— At —
The Earth Simulator Center / JAMSTEC

EXPLORING AMD TRAYELING THE WORLD INSIDE GEOSCIENTIFIC DATA

EXTRAWING & (& EFERIR #EERAR S | e B o 7

EXTRAWING

EXPLORING AND TRAVELING THE WORLD INSIDE GEGSCIENTIFIC DATA
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The Yin-Yang grid

SIMULATOR

halo layer

Yin grid

Yang grid I

yst{--- @ {-@xD--
SN ST
e
y -y-z-"l-- ®--{i--®
S | rE
o
== sy @-f-exp
= ol @ |- @xal @
T ' : : :A
NEg + q T T !
a *"L_T'Li :‘%ﬂ" Sresss ) @
_'_' -_‘f_‘ 3 "e : Schematic diagram of data interpolation at the grids’
a : '_L}H 3 / bound. Third-order Lagrange interpolation is used in the over3
S overset configuration.

SSeE Yin-yang grid g



EARTH
SIMULATOR

M HE-VI (horizontal-explicit vertical
o implicit) method

Mass conservation

Rﬂ'—l—.ﬁ’r _ R A, b A . E_{_;»cr-l-.-ﬁr d Wt
AT ‘I‘VH-VH + —I—?(VH + (2 +—GUE ) :_azx (G]f?)

Momentum conservation

VH»cT+.-'lT _VHET . ) e t 9
As +VyuP —|—32* (G*P*") = -VyP 55

(Gzptj—AHf—chf-l—Fva

dzx \ G1/2

WHT+HAT _ JJ/*T . g [ PsT+AT
AT oz* G1/2

. d Pt
) +R*T+&Tg — _ ( ) _ng—.:‘ii _Cf:,+FIi*

Energy conservation
P*T-I—-ﬁ’-" L P*T . A a A z ,Ujac’r+.-ﬁ7‘
+(y—=1)p' [VH VAT 4 (VH +AT 3% 4 =17 )]

AT

dz*

+V ( v T-I—.-ﬁ'r) 7 by T FAT | (22 L’WJ‘-T
H-\P VH + 82H PVH 4 Glxz

9, wt d (pw .
=—(7— 1)Pt e (Glfﬁ) T Ot (GUE) + (v — 1)Qieat‘ ;




S

HE-VI (horizontal-explicit vertical- =~

EARTH
1 11 SIMULATOR
implicit) method
Mass conservation
RHT—ﬂsT — R* J I._{_rm—_kgﬂ—
T - = Sk,
AT Oz* G1/2
Momentum conservation
WHTHAT _ T g [ PrTHAT AT, _ @
AT - Oz ( G1/2 ) + R g = Sw,
Energy conservation
PrTHAT _ P . 15, WT+HAT [_.i_.»’HT—ﬂTg .
AT TP 92 ( G112 ) ™ G172 = Sp;
Helmholtz equation
oy ¢ - I-'{_,-’*T—ﬂ"'_ 1 . AT LAT = q - L{:r”T‘l'lﬁT
01/ Oz+p Oz p + a2 6.+ (W g) + a1 5. ——
WH*T + ArSw 1 o o
- - Ar - g0 (P + ATSp) + 2= (R + A7Sp),

Feature of this scheme
1. Horizontal acoustic wave is explicit but implicit in vertical.
2. Vertical equations are formulated as conservative. 10
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@\ Regional climate run using
g 2M scheme

v’ Target area: Tokyo plane (600km?2)
v’ Analyzed area:34.5-37.5, 137.5-141
v’ Side boundary : MSM(every 6 hour)

v’ Resolution : 4km, 50 layers (20km)

v’ Time integration :yr:2006~2010 (5

year, from Jul. to Sep.)

®RECCA

v Microphysics: 1M vs F2M

v" Radiation: MSTRNX
v' PBL scheme: MYNN level

EARTH ’
SIMULATOR ~

-2.5

v Urban canopy scheme: Kusaka et al.

(2001) (from WRF ver.3)
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Landuse prof?le (Ugéés)2

index=1,2)
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mparison of precipitation (vs OBS)
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v'"Normalized by total precip. of each case.

v'Reproducibility of strong precip. is not good,
and this trend becomes clearer as precip.
becomes stronger.

v'1M overestimates heavy rain, and 2M
suppresses this overestimation. 13




@ > Case: Kyobashi river

Evaluate “wind street” when Kyobashi river
is recovered.

> Kyobashi river is reclaimed, however, possibility of
recovering the river is considered in recent realistic
urban design.

Wind street effects:

v' Bringing sea breeze to inland by
advection

v Cooling by river and grassland _
v Exchange hot air in vertical direction oo
How does the river work ?

- |s the sea breeze brought into urban ?
- Really does temperature decreases ?

- Does the air exchange occur ? oo ¥ 4 =
ffjSakura river

.f.'- / ’ L] o i I ] f-.|::
SETIN f { & g dr i! B -ﬁ} ﬂ
& 0 #ﬂ/ @E@EEE

How does the wind distribution change ?

i
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By 10
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Three-dimensional temperature profile
3 " top VieW gio‘MRJll_-lATOR

2005-08-05T15:00

oblique view




Casel(No River)

Streamline over river

Volume rendering: temperature. Line:
streamline.

Streamlines are illustrated by
different colors, from east: white,
from west: black.

In both cases, vertical vortex exists
that enhance air exchange between
upper and lower atmosphere.

In casel, number of black streamline
is small.

— Streamline is blocked off between
east and west.

* |In case2, number of black streamline
is large.

— Air from mount of the river flows
toward west side.

* Vertical vortex location moves
northward.
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EARTH
SIMULATOR

Dynamical core

Fully compressible Euler equations (Baba et al. 2010)

Solvers

HEVI (Baba et al. 2010), HEVE, fractional step (Moureau 2007, Baba and
Takahashi 2011)

Horizontal coordinate

Yin-Yang (global) and lat-long (regional) grid (C-grid)

Vertical coordinate

Terrain-following (z*coordinate), z coordinate

Advection scheme

3rd/5th-order Wicker Skamarock (Wicker and Skamarock 2002), 2nd-
order WAF (Toro 1989), 3rd-order QUICK (Leonard 1979), 2nd/3rd-order
ENO (Shu and Osher 1989), 3rd/5th-order WENO (Baba & Takahashi
2012), CIP-CSL2 (Yabe et al. 2001), PD and MO flux limiter (Skamarock
2006)

Cloud physics

Reisner (Reisner et al. 1998), SBM, Grabowski (1998,1999), 1M/2M (Baba
2012), KF2 (Kain and Fritsch 1992), Emanuel (Emanuel 1991,1999), large-
scale condensation (Treut and Li 1991)

Boundary layer
scheme & LES

MYNN level-2.5 (Nakanishi and Niino 2004, 2006, 2009), Deardorff (1980),
Smagorinsky (1969)

Urban canopy scheme

UCSS (Ashie et al. 2004), Single-layer canopy scheme (Kusaka et al. 2001)

Surface flux &
landsurface

Grell et al. (1992), Louis (1979), Fairall et al. (COARE3.0) (2003), bucket
model, MATSIRO(under progress)

Radiation

Simple radiation, Cloudrad (MM5), CAM3, MSTRNX (Sekiguchi and
Nakajima 2008), 3D radiation scheme (s2srad) 17




Computational performance on ES1

peak . :
Mflops/C |vector vector accelerati [parallelizat
case flece O PU length ratio fhitce perfor.man on ratio ion ratio
ce ratio
512 4096 4166.7 229 99.30% 17.07 52.10% 461 99.9973
couple 384 3072 4273.8 229 99.30% 13.13 53.40% 354.6( 99.9968
256 2048 4401.9 229 99.30% 9.02 95.00% 242.6(—
512 4096 4575.2 228 99.30% 18.74 57.20% 4791 99.9983
atmos 384 3072 4606.1 228 99.30% 14.15 57.60% 365.2 99.9969
256 2048 4692 .4 228 99.30% 9.61 58.70% 247.5|—
498 3984 3629.3 240 99.30% 14.46 45.40% 401.3 99.994
ocean 398 3184 3568.5 240 99.30% 11.36 44.60% 333.7 99.989
207 1656 4234.3 240 99.30% 7.01 52.90% 188.2|—
ESTIFl JNL—T&EtthE{E /—F%/TFLOPS (2006.12) 64/—FLLE
o e Performance of
o |3 E : MSSG(couple):
= & ® peak performance
s o ratio :52%
S ° e Parallelization: 99.997%

100

200

300
FA/—F%

400 500 600

(&R IAMSTEC)

H21FEEESH AE ER S HKREF(MSSGE#E {E,NEC)




Earth simulator 2

Earth simulator 1 (since 2002-2009)

v'8CPU (8Gflops) & 16GB memory
per node

v'Total 640 nodes, 5120 CPUs

v'Theoretical peak performance:
40TFlops

Earth simulator 2 (since 2009)

v'8CPU(102.4Gflops) & 128GB
memory per node

v'Total 160 nodes, 1280 CPUs

v'Theoretical peak performance:
131TFlops



Computational performance on ES2

H21FEEESH AE ER S FHKREF(MSSGERE 1L, NEC)

EXCLUSIVE V.OP | AVER. | -CACHE | O-CACHE BANK CONFLICT
TIME[sec] A MFLOPS RATIO | V.LEN MISS MISS CPU PORT | NETWORK PROC.NAME
19777.543 | 99.7 | 185929 | 99.54 | 236.1 256.595 7172.348 262.653 6554.572 |(A1) main loop
4479512 | 22.6 222717.2 | 99.51 239.2 90.681 198.871 74.955 1697.248 |(A2) N-S HEVI
2632.633 | 13.3 24765.7 9950 [ 238.7 26.207 71.759 52.430 821.099 |(A2) N-S eq.(large)
4649.974 | 234 34140.6 9980 | 238.7 16.851 60.720 20.966 566.511 |[(A2) tracer eq.
3996.377 | 20.1 7798.0| 9920 213.7 87.334 272.048 57.238 1878.027 |(A2) physics
285.278 1.4 1471.8 99.36 [ 230.4 8.858 15.927 10.138 198.995 |(A2) boundary
996.373 3.0 5846 | 9940 | 2242 5.130 8.725 13.396 445971 |(A2) boundary (side)
235.785 1.2 6361.6 99.11 239.6 0.385 1.991 5.099 93.416 |(A2) z2ps
1073.107 54 305.1 81.38 172.9 1.550 3.569 1.977 218.644 |(A2) output
130.365 0.7 23363.6 9942 | 2384 0.399 1.103 22172 65.026 |(A2) RKG
504.566 2.5 646.3 98.62 | 239.8 0.295 0.326 0.012 352.960 |(A2) diagno
448.958 2.3 13480.8 9924 | 2276 16.439 33.263 4128 192.399 |(A2) subfield
734.071 3.7 1083.8 79.70 | 236.7 0.406 99.532 0.134 23.240 [(A2) recalc dt
0.317 0.0 2.1 90.13 [ 236.1 0.037 0.091 0.001 0.013 [(A2) restart
e Overall (main loop) performance: 18GFLOPS/CPU (18%)
* Dynamical core (N-S HEVI, N-S eq., tracer eq.): 60%
* Physical process (physics): 20%
« Communication (boundary, boundary(side)): 5%
 Others: 15%
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ETILDERR ..

SIMULATOR
mssg couple(3)* | (A L)

common(28) atmos* ‘ ocean*

(MSSG-AXRT4LIKY)) (MSSG-O%RT4LIKY))
amg(32)

physics(30)
amgcg(29)

amgcg3d(29) boundary(3)

boundary(8)

boundary(14) (¥ 8Eor)
(RXER7T) ) |
(@) yinyang_too
VAYAETALIMICEFENST7AILEL, (T—5NEHREY—ILE)

v Fortran T T o NIELVER 73 [FCDifdef TH UK,
VEBEDIUINAIILTEHT) Ty EERA, 2
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HFEX

VEWA =B

ETILDOER

atmos/main

z_test.fo0
warm_bubble.f90
ut_atm.f90

squall.fo0
smag_z.f90

smag.fo0
shallow_water.f90
sb_rot.fo0
rad_conv_equil.fS0
polvani.fo0
oro_precp.f90
nest_data_exchange.f90
nest.fa0

global_scheme.fo0
global_mpi.foo
global_metric.fo0
global_basic.f90
global.f90

gess.fo0
fractional_step.fS0
filter.f90
diffusion.fo0
diagno.fo0
deardorff.fo0
cslr3d.fa0
conserve.f90
cold_front.fS0
bubble.fS0
aqua_planet.fa0
adm.f90

it 49
7100017

atmos/physics

yy2cam3.f90

surface_flux.foo

stratiform_rain.fo0

simple_rad.f90

reisner2.f90

reisner.f90
plant_canopy.fe0
physics.fo0

scond.fo0
kf2.foo
gwave_drag.fo0
grabowski2.f90
grabowski.fo0
global_cam3.f90
global_basic_cam3.f30
emanuel.fo0
constants_physics.fo0
constants_cam3.f90
cloud_rad.fo0
cam3_rad.f90
anth_heat.f50
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diwvefp = shelsartebl_v(i,j) & SIMULATOR
{ gh‘l?%rzbl(k) : ; g
fpwrr2_wel i, j,k >
frerr2_vali, i kt1) ) % zBalsw_mask & [i tA}E@}L_??jh‘
gM?chpdpblfv(J,k) , z
fpvpcp t(iL i Lk N — s
| . R ERHIE S L
gM?%rcpdlmfv(J,k) : z rdps - 0.00P 3' I
fewl_uw Citlak rdf | 0.0_DF N
fewl_ov (i LJ. k1)) ] rdfe = 0.0.DP c g I %‘J#L/ C \é
e e e rdfr = 0.0_DP UX l' o
divef| = elfeYsartebl_u(i,i) § R e g
{ eedribl (k) b ol g oD i
C - flvrrZ_uwii,j.ke ) b cintp_z_vec, cinte_z_vec_w, i
florr_umli, ikt 1] ) # gBalom_mask & flvl_t,  fevluv, frelm, B
zhefropdebl (j, k) & fpvrrd_ww, flvrrl_uw, frer_t, [
OF lvpep_uv( i, 41, k) & frvpce_vw, fpveop_t, flvech_uv )
flvpop_uw(i g Lk)) &
gM?%TCTd!m (J&,I{) % E ( ﬁBa%tSitTcaseDk SW_TEST )
wl_ i ,JI R . £l m!n,l £l mgx
f!\-'l_t 1,000 ) ' ; i gDéE:;}ngDJgg?;ax
metric_u ( obsl viCiaink) ) < EPS 3 vI(is]ok) = 0.0_DP
divwfp = ehelsartebl_vii, i) B
{ zMedr?blik) B
l2uzi-v =
{ fpvrri_wwlini.k ) % odiff_z_vec(k,1)
fpvrr_wwli, i, k1) % cdiff_z_wec(k,2) ) # zBaksw_mask & T T
[suzi-v e VHEVERM A A o SOELEEHE 2\ T IEHAITFIFEE .
zMefrepdebl_vij, k) & D ORTEE. EACkTFEREHEL TS,
(fpwpcp_t(i.j k) & call the_sound fr ( zinl .zhimp .ghlnr B
fpvpop t(i,)-1,k1) | fl_tau ,fp_tan ,fr_tau ,eMfr ,zM¥ro ,eN¥ps . &
zMedrepdIbl_vij, k) & givl L gMivp eMivas eNifzs ,
Frpel v (i41.].K) & Niroa . zNipsa -0 ceMidfr L el¥dro . dros, &
fovluw (0 .1 k1)) % gN$dDS Jdpas L eN¥dive, ]
T gél%dg_\iv, ro&_fiau, %
S gichointp_z_scl_w,
) o zSchointp_z_vec_w. ]
divwf | = gMe¥sartzbl_uli, i) B £8e8ediff_zscl_w B
. { =Medr2blik) ] Mefcasehi 1
lzuzi-v = o . call ft_end{ 3,"(A3) M-3 HE¥I/sound (fr)” )
O flerrz_umli,j, ke ) 4 cdiff_z_vec(k, 1) call ft_bgznl 3,”(A3) N-3 HE¥I/sound (rops)” )
| flvrrd_umli i, k1) # cdiff_z_veclk,2) ) * zBalsw_mask & ' EBANEWEEREE EDFHET S,
lzuzi-v e call the_sound_rops( zM_nl .eMnep .zh_nr A
eMefrepdebl (. k) [ NEFr L zhNEro eMips i
(f lvpop_vl i, ) +1.1) & soaw .dros  .dpss, gtildew, roa_tau ) .
flepcpuvlini o Lk)D | call ft_end{ 3."(A3) N-3 HE¥I/sound (rops)” )
gM?chpdlm (J&,k) , g
flwl_t i ..k
flvi_t  (i-1,0.kd) ) &
metric_u
{ zBaffadvect ior_fr == ADV_CIF ) .. ., =
divwfr met ric_w | ké z 0)’(/ , » 7Z
{ gBaéadvection_fr ADY_ENDZND ; & ok /
gBafadvect ion_fr A0Y_EMO3RD — O N N
divefr = gMelsgrtebl(i. i) + zBafaw_mask & '_)l/_j 1&1% 'li 75\ & é o
[ =Medr2bl_wik) & 5
>, — g
S>3RTIL—TThT,

navier_stokes_v.f90/the_equation_|




MEBEEDER

integer o1 |

Itifdef use_msszlin

lcdir pardo by = 1, nobarr = (entrv,exit)
lcdir nodep
i= 1, shnp
call equat ior_core(l, zM_nl+1, 0, sM_nptl,

f
ghinin, zDimax. g0imin, zDimax. &
ghimin, ghimax, zhinin, zdimax, &
gonr, eMontre, §. 1, zMonl, i
gMiroa, zNipsa,

ghedsqrtzbl, 1.0_0F, &
di_rei,mdize, opte, opt i)

rea | (DPY, dimension{zDininggDimas, gDimin:zDimax, Dkmin: gDkmnax), intent (inout) o3
real (DP), dimension(zDimin:glimazx, zDimin:gDimax, gDkmin: Dkmax), intent {inout) o:
real (DPY. dinenzion{zDiminiglimax, Diminglimax), intent Cinouty o2

gMEf |, zNEfp, zNifr,
gidrop, zNidpsp. df lp, dfpp. dfrp. zNEdrap, propx, &

subrout ine equat ior_core_wrapperi{props, direi.df Ip,dfpp.df rp.opte, opt i)
real (DPY, dimension(zDininggDimax, zDimin:gDimax, gMontre), intent (inout) :

Props
di_rei

df Ilp, df pp, df rp
optc.opti

zhi¥rg, &

fendi f

Type A: mssglin.f90

end subrout ine equat ior_core_wrapper

Negledir pardo for
Neg microtask @ don = 1, ntask
Heg iiz = ii_staln)
Neg ije = ii_endin)
ledir pardo by=1
microtask : i =1, sM_np
call psurfc § B
runaf f . B !oouT
(3G . zh¥wa_g 5 B | IWOUT
TFL¥_SURF ., GFL¥_SURF . B! INOUT
il . d_zens . d_evap . B! OIN
rf lxsu_surf, rf lxsd_surf, rf lxld_surf, B! OIN
rf = lu_surf, B ! IWOUT
GPH 5 Bl OIN
GCPRC GLPRC . GOSN » GLIMWW . & VIN
nddidsrf_convert, m%mﬁcmwd ghidt . ghidt ,&'m
lNeg ijz, ije . mdibeta_pre T UIN
1, gM_nl i . md3beta_pre s
microtask Type B: Iand.fgo
end zubrout ine bucket __mair_microtask
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SIMULATOR
= N
BRIIL—T02857>0—)L
Iw: d-r — N SN2 o = ¢ >~
£RpD1—F NEBEOBBILIZAR.
do k = 2, nr-1 i ] “
doi =1 nl+1 e i DEDE jOEDNIDDIL—T
roa_ij = roapd(i, j,k — =
roa_!p} = roapg !+;,J,E (CEft
roa_ip2 = roapd(i+2, |, L W w
roa_iml = roapd§|—1,_!,k; e roapd(i,j,k) OHO— RS
roa_im2 = roapd(i-2, J, k
roa_im3 = roapd(|—3,é,k)
rovl_u(i, J k) = PO60BT * ( &
vI(i,j, k) *( 37.0_DP*(roa_ ij +roa_iml) &
— 8.0 DPx(roa_ipl+roa_im2) &
+ roa_ip2+roa_im3) ) &
— abs (vI (i, j,k))*( 10.0 _DP*(roa_ij —-roa_iml &
- 5.0_DP*(roa_ipl- roa_|m2 &
N o+ (roa_ip2-roa_im3) ) )
roa_ij = roapd§!,_ {,kg
roa_jpl = roapd (i, j+1,k
roa_Jjp2 = roapd(i, J+2, k
roa_jml = roapd(i, J-1,k
roa_jm2 = roapd(i, -2, k
roa_jm3 = roapd é—3 k
rovp_v (i, j, k) = PO 0BT * (
vp(i,j, k) *( 37.0 DP*éroa | j *cosphi (j )+roa_ Jm1*COSphI§J 1 &
— 8. 0_DP*(roa_jpl*cosphi (j+1)+roa_jm2*cosphi (-2 &
+ (roa_jp2*cosphi (J+2) +roa_jm3*cosphi (J-3)) ) &
— abs (vp (i, j, k))*( 10. 0_DP*(roa_ij *cosphi (] )-roa_jml*cosphi (j-1 &
- 5.0 DP*(roa_ Jp1*cosph|§1+1; roa_Jm2*cosphi (-2 &
+ (roa_Jp2*cosphi (J+2)-roa_Jjm3*cosphi (J-3)) ) )
end do
end do

end do H21EE EEESHI A BB S R R E R (MSSGER#E 1L, NEC)
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ETILVERZDOEEIL ..

SIMULATOR

BERIL—TD2887>0—)L

x 4 -5
ZHEDAA—D
do k = 2, nr-1
do j =1, np+l
ledir unrol | 2
do i =1, nI+1
roa_ij = roapd(i, |,k
roa_ipl = roapd(|+1 1.k
roa_ip2 = roapd(i+2, J, k
roa_iml = roapd(i-1, J, k
roa_im2 = roapd (i—2. 1. K
roa_im3 = roapd(l -3, J, k

rovl u(i, j, k) =
end do
end do
ledir outerunrol =8
do j = 1, np+1
do i =1, nl+ .
roa_ij = roapd(i, {,k
roa_jpl = roapdg itk
roa_jp2 = roapd (i, J+2,k
roa_Jjml = roapd(i, J-1,k
roa_jm2 = roapd (i, J-2, k
roa_jm3 = roapd (i, J-3,k
rovp_v (i, j,k) = ...
end do
end do
end do

NFBRDEEEICHI,

IL—T &= 53El

i DEIL—T (&, unroll=2 %&
i DJL—T 3 UiEH
>N~ ~LO— Rzl

(/ ()770‘E1$4ﬁ®168yte4|§(2
KD, 2E877>20—)LETIE. XEY
DAI—"Tv MHSEERLY)

j DE)L—T(E. outerunroll=8 %=
j DIL—T (T3 UiEH
— N ~NLO— RZEHIE

H214E EEESTIFR 5 B R 2 56 5 4 MSSG R BAE NEC)
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n-l-%_tw 21 SIMULATOR

ZEROI—R

0694 do k = 2, nr-1 I EIEDHEILIZE R,
0695 do 1 =1js, Ije
0701 lambdab_r (i, k)=(rqr (i, k) *L_PIB*Norrorb (i, k) ) **0. 25_DP
0709 |ambdapb_r (1,1 = |ambdab,r (i, ko %! ambdab_r (i, K lambdab_r,
0710 |ambdap3b_r (i, k) = |ambdap2b_r (i, k) *|ambdab_r (i, k
0111 Iamggapgg {1 = Iamggang r(i. Ié*lamggag r . & lambdaZ2b_r,
ambdap i,k) = lambdap4b_r (i, k) *lambdab_r (i, .
0713 |ambdap6b_r (i. k) = |ambdap5b_r (i. k)%l ambdab_r (i k lambda3b r&F%=
0716 Praci (i, k)=c025PIEirNor (i, k) *qi (i, k) & I 7
0717 (—c0267gm3 *Iambdap3b r(i, k & AEUANA I\J
0718 +cH15 *|ambdap4b_r (i, k &
0719 -c1022 0 5 *|ambdapdb_r | k &
0720 +c75500000gm6* | ambdap6b_r (i, k) )
g8
enddo
8%% dodk =2 nr-1_ Iambdab_r,
oi =ijs, ije
832% | Relsner(I1D998) A 47) 2E Nor (i, k) *aUrmUscUrUspO5N d & lambdaZb_r’
sacr ( | rsrowNor (i, k) *aUrmUscUrUsp05Nosso faray
gt i b r; e O Bl
* |ambdapob_r *| ambdap2b_s (| \ = — K
0868 0 DP * |ambdap4b_r (i, k) *| ambdap3b_ sg k;) >( T J b SO I\
0869 ! Reisner (1998) (A 48)
0870 Pracs(l k) PIp2ErsrosNor | k *aUrmUchrUs 05Nossod
0871 * (5.0 DP * |ambdap6b k) * | ambdab
0872 +2.0_DP * glambdap3 s *Iambda b s(| k))*lambdaBZb r(i,k) &
0873 +0.5_DP * (lambdap3b_s *Iambda _s(i, k) *lambdap3b_r i, k))
0884 enddo
0885 enddo

Hzlﬁr;r:EsiﬁlJﬁ%E%ﬁ%%ﬁﬁ*ﬂrwsse%ﬁz NEC)
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ARXDER

N 4 —_— _ N

ZEHEOI—R WIEBREDSEILIZE,

888@ dodk =2, nr-1
oi =1ijs, ije

0750 |ambdab_r (i, k)=(rqr (i, k) *L_PIB*Norrorb (i, k) ) *x0. 25_DP Iaml:Eab_rd)é’f

0769 |ambdap2b_r = |ambdab_r (i, k) *|ambdab r(| k) A I\J L.

0770 |ambdap3b_r = |ambdap2b_r*|ambdab_r (i, k) lambda2b r

0785 Praci (i, k) 0025PIE|rNor(| k) *qi (i, k) & — ! .

0786 * | ambdap3b_r* (-c0267gm3 & |lambda3b rZF(&

i L LI BV N

-c mb *|ambda r

0789 +c75500008gm6*|ambdag3b r) F

0858 enddo U

0859 enddo

0866 do k = 2, nr-1

0867 do i =1ijs, ije

0980 | ambdap2b_r=|ambdab_r (i, k) * | ambdab_r (i, k)

0981 | ambdapdb_r=| ambdapZb_r| ambdap2b_F lambda2b_r, -

0988 | Reisner(1998)((Ak§17)L o LoEr RO (i ) vaUrmUscUrUso05Nossad & lambda4b_ rZF (4.

Psacr (i p2Er sROWxNor *xalrmUscUrUsp05Nosso -

0990 R i P g s lambdab_rm5

0991 * (5.0 DP * |ambdap2b r . & ﬁé-l-’*"'

0992 +2.0_DP * |ambda _r_(l, k) *|ambdab_s (i, k) & ol =

0993 +0.5 DP * |ambdap2b_s ) "y

1003 ! Reisner (1998) (A. 48) —>yEE (I8 AR \N

1005 Pracs (i, k)=PIp2ErsrosNor (i, k) *xaUrmUscUrUspO5Nossod & ~ E(i =/ Zéf

1009 * |ambdap4b_s*|ambdab_r (i, k) & AT 70t X O1ER

1010 * (5.0 DP * |ambdap2b_s . & s~

1011 +2.0°DP * |ambdab_s (1, k) *|ambdab_r (i, k) ¢ (TR ESD

1012 +0.5_DP * |ambdap2b_r )

H21EF§ES*|JFE%ﬁ%%%ﬁﬁ*i(MSSG%ﬁ%%,NEC)
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