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NUMERICAL APPROACH ON THE EFFECT OF MOUNTAINOUS TOPOGRAPHY
TO DEVELOPMENT OF SEVERE RAIFALL

By Satoru O1sHI, Yugo KiTAN1, Etichi NAKAKITA and Shuicht IKEBUCHI

Synopsis

The mechanism of orographic convective local heavy rainfall, which is effected by
mountainous topography, has been investigated numerically using the non- paramete-
rised cumulus model expressing bottom topography. To express bottom topography,
coordinate transformation and tensor analysis are used. Through simulation of the
convective rainfall using the model, the physical mechanism of the effect of mountainous
topography on the cumulus is clearly understood. The followings are the knowledge of
the mechanism that is obtained by this study : (1) topography which is lower than bot-
tom of a cloud plays a role as a trigger of convection and has no effect on processes of
cloud development, (2) topography which is higher than bottom of cloud take an effect
of to the process of cloud development, (3) effects of higher mountains depends on the
horizontal scale of mountain, speed of advection and speed of development of cumulus.

1. & &

ARCHEET HFENIE, RBEIERTLZZER2IEREE LTHRAZ EDE L, FhiEA VLR
F—VUTOERY AT LAOEMEFRE L THDL I LIZERALTWA, —5 TR EL &kl LTkl
% BT 57201 ERASRI O F 5 R L RADBEHEE R &0 — MRELRIAT ) R X BEHOEE
&, BERW)IFREOMIAEE L 2V L2 BHIZ, 6IFMEEDY — F 74 LA%F5L, - ZRMIC
L PR T INERAMAE IR D SO L) BFUMEITOBRICEICHEE 2500, BRI 26TL 5%
BEOER - KEISH L THESRITLTWAEETH L, ¥k, IIEHFITBEEREO M) H—E L
T, HAHVIEFBEFRIESEL0L LTHRMICEELRITTIENN TR, FLA-2L o8
NEBOBRBLHREEIZL, L—F—WEHEED)E— iy 7% bRl oS - 2~ TR
 BOLHORETFHHRZHE LN DE LTV AENPLTHD, 29 LCILHEBBIZBW T, Bllshoik
M3 L QBRI S 2 B L SO RHIC 7 ) 9/, B RENE /6T &A%, BN
OEFNFEEEIC X B ERERIER T TR CEFEARTRE L BERSEH T 5, 20— T, £0 L9 &Il
IR B KL LT B,

ZOL ) BRREZITC, S5 - FEE (1] OFTNER—RIZLI/NT 2 Y 54 X ERGWiERE
OB L A A 2 RIHRET 7 MARER 2 AR EA L, IHEREAZ0MEEREE L
THREDOEROAR - FI TG L CRITTHE LA TS, ZOETVIIEROBKNT 2 EE LD
BHGTCHERRT A LATTELL, BAKNFIRET SBRIGR - BRI TEL LW FlA

_1_



252 TR KRRZEAT4E 4R 439 5 B-2 F8. 4 (1996)

2EONDT, HAORKE TAERTH L ) LRBE - BAlENER AL T S A 0 = AL ERET HBICRE
ThaH LM L7

K512, ZOEFLERAWEESREEETLI LI s TIIEDFED) L) 1 - BRI AERT
%L w ) ORI OAFRETT - Fbisi - AR TR0 HE L Z L 2ilA 5, AT 2L
Br52 T, Z0OESEFHEONES & U—EOMELELEEE I LT, EF MG R REOMEAS
% EHEATREDZEBIRIT L TRITTHESEERT 5, BN -BERORYS L UTZ0EEBEE, IF
KRV E % &t & O R EHLKEB OB ORER OER - FHEOHEHF & U CREZ S kbE
BHRE R -TWDS,

2 HHlLEHEAROERL

AREFNOBFEBIZIE Takahashi [2] VWL OERILTHY, KEHTT, BiEEE, HEMH
BBFE, B - EHAGERE, RERARO4Oh SR h, JI T, HMHEERICLVERELTE SN TV AR
KEFDZ T 251, EFVHTHO T AHMEAROEREAERS L UBESE LOT 7 = » 7 &S
5,

2.1 fKHF

ReAN T I, MEHWEICL o> TRIE R - o0 = 1.0[gem™]), & (EfE - 0s = 0.9[gem™®]), & (&
k- pe=0.3[gem™]), K& (B - o, =0.1[gem™]) ITKRELZ 7 AGIFEN, SHIZHEIIL LT
MAL 2 F AT ENE, K, B, REZOKREIILST, BPTHLLREL, FRICL -T2
[um] 725 5.19[cm] T T45 D7 IR T 5o ZOMEY T ALIIBT BRFOEE (L) 13, ASn
TR TRENRWZ Eh 6, MRTEHS LMD 5 ARG/ HNT,

r(L) = roexp(LD__]l) ................................................................................... 0

L7z 22T, o= 2[um], DJ=4.329 Th 5,

F-EFEOBICIE, KBEOXE SIZE - TER @lum] ~32[um]), BWN (32[gm] ~320[um]), FH:
(0.32[mm] ~) EWVIAFEFRZHAWA,

HARTOREOBIRIKREIBEICE 5 T4 TH LAY, REFNVCIIABREREL, BEIILD) 20
[gm] A5 2.05[cm] T2 75 RIZ, ERIL NS 7 5 AMAMET 5, FEDIFA% ], BHDS T
Ak K LT, KEDOVEy LEHR b 2 ZNENKNTE 2 B,

() = 70 - exp(ID_l) ....................................... ettt @)

h(], K) = hoexp(ln TI){——K_—(}%) .......................................................................... (3)

S 2 Trip=20[gm], DI = 2.885, ho=10[um], DK () = Kmsz — 1)/ (n %) TH %, DK, DI DfEIX
BFROFHEOBEI TN D L9 %208 Berry[3]) ZHVTW S,

2.2 XSER

B BRI KA OKERAYEGETIC & o TR FISEINZ Y, BICRANT 2GR Sh b8
ThY, BARRFEMELBEL KT EERICL - TULE S 561, Thbb, BELKMEOESE
bt (nucleation), AKigEAKK Ok - & - B OEER (vapor diffusion) (2& ABRICHMEE NS,

2. 2.1 SBHEEOEMIL (Nucleation)

Nucleation DBRITFTAOHHNZ AN F -2 HWTHRL ZLITEETH ), SEIEAFERH TS
OBEIRE D KEEET B0 B L 7300 % D OBBHEILETH S, L LREHRIZITBEHE
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OWRFHLE L, TREBETAZ LICE o TAERIT DT BENECOIKEIRETEXS, 2
D & R F 2 55 (nucleus of water particles) ETRY, ZFOFEILBENSAA L h & KERHOR,
DIz 5% <, =a—a—2 % X L2 TI33000[ce™] 1203835, REFNOUIRESIGER L
REHDECTH D Z E2REL 500[cc™] & L7z, SEATEIELL TR T2 28ROz FN
T TR 22 5 DT, Takahashi[4] AGRHE LA-ZEMEORZRST % b DERIBIE LS L
RS Bo 75D TFEIRI OB &I BRI S LA SR,

—H, KEFHARIG LU CGREMTH S L X, KEEOEMIL (nucleation of ice particles) (Z& ks
BTE DL, SHEEDEE LD L AR, FO R KRR H AR FI2 7% %852 (homogeneous nu-
cleation of ice particles) (IFEHE IR, FBEFENIERENS, Houze[5] 2L IUE, Rk KikAHK
R B 72O, ZiRAY — 40T UTTHL Z LABFHBIILETH S L, KER» SWEHKELICR 57
WIZITFIR — 65 C, B 1000 % LV ) FBAWEE LD, Lo, EBIIKEOSE LEE %=
[P OBAF LR E LT — 40T LLECOKERITERILL OKEEIES. DB % heterogeneous nu-
cleation of ice particles & V*9, CZDBREIX, KERKLSLEEMEFOEICKEVRETLHEES
(deposition nucleation), & DOBATEGHIKD % E o T Z 534 (immersion freezing), BHEHEANE
ML L CT & 72K H 5356 (condensation nucleation), KA T3 5 & S8R 5546
(contact nucleation) #FIZHHIN B, N 5D I b deposition nucleation & immersion freezing % F I
T B2, KREEDIEHLEIGOBE & 2 JOKEFEOBE T EFNVHIZHLY AfL7z, Contact nucleation
& condensation nucleation t 2. 5. 1 CHHET 2,

BT TN ORI DTEACDEIE &, 13, Fletcher [6] IZHEVEBEDRIS L LA TR L 72,

E = Eoexpla(273 — T)]  covererreermmemm 1)

CZTE=10" a=0.6K'Thb, LALINTITIE—15C TLidH/-h 0.1 HOESEL YIS
TELDT, =107 L LTWwAE, T/ 0BRIZE - TEL BKSDOTERES A ITESE 50[m], 4
B 3[pm?] OFYAGHTH 2z WIORE, & BOUFETIDKEMISUIE SN,

Ll L70REITINA T, #7200 [pm] X D/RSOE - TR 2HOKRIFELIFTN L L DAKEHE L
TRAE ) . TNE 2IORFFLIES, T2 T2HKEFF LS, Hallet & Mossop[7) 124 - TEERAIITHE
PHLNTZLDTHY, BMERELKEOHEDOBRGBESH 2 ABAEIKOBIED, HRTHILIZL
S TTCEBLEEZLNTOWDLKEENZ ETHD, ZHIKDBHPRBRIZL - TERSNADT, —47T
o —7TCOMICEONBERL L, 2HKLFEDTEBHERIZEOEESH/=1 0.003 & L, Zhbd
DG E LCTIRAEE D b OHOKITH L TR RBICEE T, £ T nucleation $5d0D& L7z,

2.3 BEICEB3EE (Vapor Diffusion)

Y, AR EERT A, LT CRABOSERENEMR2HET L B HROBEHE
IR FRRD T ETITON S, KRNI ZDMOBAKRT L13E L W R TH D, SREEE (B8 (2
Lo TEHAICHETS LT 5,

FHEZHEICT 50K T FREVHEEE R 5, SEDEIEHIEE, Kl (ERyr,) ORFHA
CTOXERSTET 79 2ADXTHEENS

%%:vazp .............................................................................................. (5)

C T D I3KBERDURERB T A, O) e REBIIER L, KEREEI I LT—ETHY, o
13PEr OAOBEKTH 5 L Thid,

32 61'(72_&) T LR L LT (6)
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Eieb, TOREWHTLT, r—=o0 To—p. LT HE,
00 _ps—p

B P (7
Ehhe & o TKEERMEIIZB W TILEAEER 7 ) OXEROERIC L 2EE (m) OHEMI,
Lidﬁt = drr? 6r] D,y = 471D (0 (Tw) — 05 (T)))  wveeeressesnsmessenessmecunmienstsernieescans @®)

Thb, ZITps BKBOERIMTORMARREE, Te T, 3FNTHKEOER L ERORE, 7 13K
HWOEETH 5,
—F, KiEEEDSOROFENIZ Q)R E B0 LFREIZ, BT 575 AORNEHRNT,

L-dﬂ 5= ATrrgK (T — Ta)  wreeereeesnsessssseneseteeiit e tst sttt ettt e (9)

CTLIIES, K I2ROMEEETH DL, BRLITKFHDEREOHEIE L, = 595 [cal/g]l %, I
1,’\6?}(“@%%0)%{5\@ Ls = 677[ca/g]l 2BV 5,
REFER TRV & Q) AT,

()7 _ (es) 1, - dm/dt
RT. _ RT, _ dm,DM

Thb, ZZTMITKDGFETHS, Mill% (es)r. TEIY, To= T, L LTRNZHL,

eudre _ (e)zr = RTalm/dt s
(Zs) Te (ss) Tw - 4dmrsDM (es) T (11)

~H2FTIIA-7TRAV DR,
des _ LMdT
s RT?
/LT,
50 = S ()
PHEOEND, T\ T = TL ETAHE,

% = exp[é‘;\g (T, — To.,)] .................................................................... (14)

ZORICOEPSE/END (T, — To) 2RATEEEAEH 5,
2t = enlfrnze)
ZHOASRE T CHLTLIRITCF—I—BRATEMLTANREMA S &,
to(Tw) _ + _ L*Mdm/dt RTodm/dt
es(Tw)  * 4mrkRT: = 4nDmales) .M
ZCTHEAE R S = 0w (Tw) /es(Tw) &L, BEMREC 2595 LEMHICE ) BARFEY /- DNy 518
EHAMFOND,
dm dmr,C (S — 1)

L e R R T R T T 17
at L*M RTw an

KRTZ + es(Tw) DM
BEEMSE LB L, FO-0IEBDHH S WEHIKESIRGHIIRE (b, Lt TEROSERI
A7) X CEHE SN AEL DDV, REFLTIIZOMELZEE LT Asai[8] OHEICL VEHER TS
EL7. EROEGERQNRTHAVCEHEINLIED r Bk 5, 7IXRATEDENS

............................................................................................ (12)
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2 2T Qu BEUATRSGIRAIL, R, ABSRISHT B RBEHCH 2o
KBTS BHERE, DI BERE WO TIHFERRL AR 2 LT, BTFOL ) 2R
E%be

dm _ A (S = ) e et aren 19)
dt L*M 4 RT.
KRTZ2 es(Tw) DM

ZIT, CIEBETHY, MBOBII,

L e e
Co=7 (20)
Tdhbo
INHLOERBREOHERE AT, HERFHEE L o8N E ZRIET 2 HE L LTIl

%o

oAb FIEHD 7 5245 (8 - K& X) 2 snTBY), Boh/BflkERRELTETOR
RIFIERERETELbII TRV, £2C, EFKRTOEY 7 AH%EESB £ Wnucleation 21T 572
L X UBELRAERBESOEE,

Quotar = g% cdt = %[.j:,mdd_’?]x Y T Bttt (21)

ELTROTHL 2T BRBKRFOEETHL, £0LT, BEMKERRELOLE 2 KERIR
BT A

AMyear a{___dm ..........................................................................................
dt dit @3)

ELTHET %o

F72, BARTF ISy 9 AT SR TWADOTEREIZ L D BEKRTF29E Lo, BERICE
CTKEOHEERERAELIETY S AREZLUENEL S, 1% Kovetz & Olund [9] DAF—24
T 9o FOHEZDTIZR~S,

75 A4 (1 ~imez) DKEOXEE 1, BEEELNG) &5 5, FEr DKEIBREHEL Tr + A 2
BEZRICR ST T A W, ZOFFEr, + Ar, D5

P < g Ary <y ceeerrres (24)

DEHIZHBETH, TOKEEXZTAT— 112

( F AFn)° ~ Tt ) ettt
PR, 7T A0
T Ot 1% ) oottt
Ao, N (ra) (26)

PRFRD T B TAUCK DEHEER L2 KBOKE HEMRETE T, BRREROBFEEN () 13X
KTREN S,
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N @) = Zi:lG (1,1) * N(ry)  ooevveeereeemsssmmni @7
A +,gAj_”),;_: i Wy < (r + A1) <)
G ’ 1) = ; — 3
(1) ﬁ_?(f_:_:_:{_él‘ﬁl_ (3 < (g + Ary)® < #3,0)
0 (ZOMDEE)

BRLTUNEL B8 IR TV 5,
N = ""i—"f(; (1,0) * N(r)  vreseesmsmsesssssnssesssssssssns sttt sss st ess s (28)

2.4 WEHHEBIE (Coalescence, Aggregation)

Z T, KEFEEOEREICE HBE (coalescence) ERFBFEZENEHZREIZL 5 E (aggregation) 122
WCHAT S, ZOBRICL BRI, §id L-EEATED, RAEO/INS RN IO L CRERRERE
HTHBDITH L, HAEDOKE ZREAKNAx U CREMICERET 5,

9, HE (collection) DEBENETEMT A, VEEHEw LB — v D 2 KFIHE L THRE DK
WATER SN ETHL, Ky 2 b OKEOHEE (v, 1) DRFEELE,

Fmgj:’ - %,/;v” W, DV —ulw)nl — u,1)du

— j;”n W, )V )t o, )ty +eeeesemmesenmsesmsmnseiensies s e (29)

THbo T TVl 3HREF (collection kernel) TdH B, (29) DAL 1 H IR v DAFIH
BEENHEIE, 82 HIIMHE v OBKFIMOK E S ORBAKKF EHEMNE L THREy TR HHET
Hho FBLEZ2TH-TADIIu Lo —u DEREy —u L u OHREYFRICHERE L THLTNE
72O TH D, KiBEOWEIE, Vivl) = zRERN?2- AU R, MNE LT B, T TRIZKKEDFE, i3
INKIFO¥ETH Do ERl) 13%22458 (collection efficiency) T& Y, KKiEOHLASEEF Y. LA
2B DAKEDNT S THEZhD L E, ERly) = Y/R TEHEIND, § I INERETHY, HELIKF
PRERTICIRPZ472), BRIILSTHRTLILERILIDDOTH S, KEOHERBIT1I L L
720 AUR,7) {IRKH & /INKIBDOETREDETH A, KEOEERBUTEEN 30 [pm] LT ORFIZIE
Klett & Davis[10] Of#, Zh X )KEZLRFIZiZ Shafrir & Neiburger [11] OfEE AV, F/-KE &S
3T LR R OB R O3 Woods & Mason [12] DOEIZE DIBIEL, KX SHFEFICELLHTF
L Di& 1 Beard & Grover [13] OEICX DIBIEL 72,

RIS, BEARRF MBIy 5 AT ENTWELRORLELRBEFE DT 7 = v 7 2B, Thid
Berry[3] DAF— 2L VbhBbDTHE, 25 ANDKHE CEErN)) dBEICLoTrZ I AL DK
i EEQL) 2oL Bz, MR Y 5 X DM DK FErOM) LEELZTFNEE SR,
D& EEEIRFEINLDTEANDIWY 2,

%npw»y (N)3 + %R'ow (DM)3 = %n-pw.r(L):i ......................................................... (30)

(N3 v (DM)3 = #(L)3  eeereenrn s (31)

ZZTCTr({L) =nexp((L — 1)/D)) THAHEH»H LRI,
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riexp % + ’%eXPS_(DMDJ_—D = rgexp.@%}_@_ ...................................... (32)
Lib, ChEBERTLE,

exp % =1— eXpW_D;_Q ............................................................ (33)
THHDT, WHEP-T

% = ln(l — exp _3_(N_D_;_£)_) ............................................................ (34)
Lo TDM ZFNTEDbIND,

DM =1+ %—ln(l ~ exp MD;_L)) ............................................................ (35)

RIS, VIANDKFEE, 77 ADMOKELEDERRFE2RKDDL, 7FIANOKEE S AL, L —
1, L —20OKiEE:OHEERT2FNFNDKWL —N), DKL —1—N), DK(L—2—N) £T5%, =
SPEREL D 75 AN DKL 7 T X DM OXKFEOEHERTFE,

DK (DM|N) = DK (L)
+ L —DM)|—15DK{I) +2DK{L — 1) + 0.5DK({L — 2)}

+ 30 = DMPIDK(L) = 2DK(L — 1) + DK(L — 2)}  wweeeevsersssssssooee (36)

LB BWT Y 5 A DM DKREOREE n(DM) % 4 HPHREEICE Y RDE, L— 1< DM OEE, P=
DM— (L —1) &LT,

PP+ ®P—2) PP —1)
— 5 n(L) +TM(L+1) ................................ (37)

L-2<DM<L—-1DFE, P=DM— (L —2) LT,

n (DM) =_.1£—_%Qi:_2)_n@ —3) _,\_wn@ —9)

—P(P—l)z(P—z)n(L_l)"'W”(L) ................................ (38)

ST, DMSL =255 BN 2V ERFHVTWA,
@Be)3, BN, BANBZACEIEINIBFEELHEERTRHVWTRQOREERTLE, 79RL
DAROBLTEEE 72 ) OB LoEIG I, I TERENS,

o) 5t exp(w> -n(DM) - DK (DMIN) n (N)

ot foxr! Dj
- Iii_"l’ e (V) DE(NIL) ~m (L) cevererommrenersneninsiteenni b (39)
ZZT,
ddDLM - exp(3(L l_)jDM)) ........................................................................... (40)

X DM DEREEHE L TROON TS5 D% L OFEEEIZTA7-DICREETCH S,
Kige R, BRLTWERWVWKE, ThbbEd#Evr 5 2A0KSIIEEHEREIC L - TERMIZEE

_7_
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5, KEDOHEPEOFETHE, HREFIIKEDOWS KIZEAMELZZBLTUTOL HI12E T,
DK (zly) = [mr @) EGly)* (V) = V) + &) + ry)) 2% @r)2]&  oeeerees (41)

ZITrx), rly) WEBx, y DFE, Ekly) EHERETHY, Kl > LOEBROEEL L WHEICE
B35, Vi), V) BENFTIhOETHEE, o* 1300 XOBEERERE (Slem/s]) [14]1 TH B, & i3
BB TH Y, Hosler et al[15] DEERFER L 0 KEEFIIZ BT,
g = exp(— 273_7_.7:) ............. et e et e et e et te s aeeeannnnnees (42)
Tl %,
KesZB 5 Berry (1967) DAF— 2 3KBICHET 2 D LITIIERETH H25 KaEHTHERTH Y,
BEHENIRETHZ L2 ERB LU UMY 5 RO RE 5, Thbb,

DM=1L+ .]:)len(l — exp .ZOVT}.LL) ............................................................ (43)
dDM _ 2(L — DM)
= EXP(T) ........................................................................... (44)

THW %,

2.5 ¥ - BKEIE (Freezing - Riming)

HFEEREE 13 2. 2. 1 T#h<7: condensation nucleation & contact nucleation D= & THh 1), FEKAEE
FREHROKE, &S L UBIVNELKELHR LB FOKBEZRY AATEET AL Thb, £F
NVRTEKEOWE TREAVKOETERE & Vs & &(213 contact nucleation 2SI V), ZOMORIIZE
K (riming) AHEZ 5L LTV 5,

2. 5.1 FETR

Condensation nucleation X Vali (1968) DEREMESRIZL D EHIN TV A, KRETFOKEO—Lh Tk
TAHH, Vali 3ZDEE & IR TK] QBB THLEL, EBRICL > CIORMBEUTOL ) IKkD
726

& =y exp[— 0.66(T — 273) — 1.0]  -oreverrrrrrenmmrieniei i (45)

ZZCxy BKEDEETH S, EFNTIE, TOBETHRELKHIRULEE O OoBEERDE L,

Contact nucleation (3K & Z@EHIKRE & /NS KL E OBEIZL - TBZ 5, KL KFOEEDFE
BE SRR OMEDMIL 2. 4 THATAKFHFEOFHEBEEOFE & FRICIT ) o K& & KBOREmRERIT
Pitter & Pruppacher [16] DZEPIERAEL Ono [17] DEVERIMEXEIE L TRD720 KEEDEFEAT 100 ym
LN/ EH, KEDFEEAS pm L Y ANSCIEEIIERRBT0 & L,

HREKIED ) LEEN20m 2B AKERIQORBEICL -T2 725 8N5, Tiabb, HEN
0.7[gem™] LAEDOERIE, 0.7[gem™] X D/ANSVEHITD Y 5 RIZAND, HFZA 20 um L H/AS 2D
DKL E U TRD ) o Macklin[18] (XS, HFREAENTEE o 133 L7 & XOBTHE L HE
DIREIREL,

L Ineg = 07T INZ, — 2.3 cveeee e e e (46)
(4
Zn = -
(To — T$)10°

L DEHENE, S Tr ZZORESHRETH S K S 2KROBERE, V, 3KEOETEE, T,
273[K], T HBRRKEORIRE Th b, HEAMOREIRE X Mason [19] 2BEICEHET 5,

— 8 —
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Ky (Ts — Ta) + PaLol[Qus (Ta)] = Tzf;ﬁ% ................................................ 47)

S ZTT, 3R DIRE, K, \3BROBITERE, [, 3RO, D, IKEKDUEURE, om/ot (ZHAT
WM& ) DEROEEENETH 5,

2.5.2 BHK@ERE
INERKIFEREDKBOERD L VIR EE, BOERICL kS, B BIKETID AREET
b, ZOBBRFEKBRE (riming) &S, FKICET AEHZEOFEIL 2. 5. 1 @ contact nucleation DHE
EE{FLTH 5,
REBIENBRIZEVESEHE L, Cotton[20] 12 L7255 T, BEMEIZELL ZNIEIBED 7 I RIZA
Nb, BAEKBREIZIVEELFEZLZ2T0.7[gem™] LW KRELRSBEIZIEBDOZ 5 AICAK
bo WEDEHIZ2, 5. 1 TERNETHE L RFREPSKDLDDEH 5,

2.6 BB (Melting)

EBETTHE, & KRBIOCTEBTHEULERMLLABYIED L, BETIHED KNSz X
LEFTICET LM EFETHEIIN T ORI SIILNEEEINS, ZOETHE SRR TEH 2D
[RAETHEE LTaMsh T,

[REETHEEL, HNTFOREZILFEIORRIZLNVKOLNABDTHS, 0CRBUTOHAEEIZHIT
DHTFDETHEE L ZOFBIICBIILMAETEEL KB LT, RFOETHEEITREETHEE L Y KX
NTRTFIIREL TBE 67, NTORETHEENRABETEE L —HL/2L A TERIMEL/-bn LT

Be
FRFE TR IR, BT UIRATEHRE S S,
=L Ky T _Ke D7) g veeereeeeeeneeeererae et eaees
=5t s T os ) Logid Te ™ 29 “8)

A L TSR TRE S LS,
2y Ky ]—1 8K,
h Ci(Ke + LDB) Lspih?
ZZTh i IRFEDER, Ka Ko GFNFNREREKOBMEEE, L, L, 3RBERBOERTH S,

LA LEBICERAN TOMBELEBIET 5 L, KIZZOETHICAAKIRO FIRIEY, FEIIKOX D
Roh, ZO7-0FIIKF TR S WEHBEDF 5 ORHE CELIMFET 5, ZOMREZIRET N
IZBWTHRFFETHEEDMEIZ 2 2ENTTHW W A,

V= [1 + (Ty — 273)dz  werverrereevnsenennnsnenennnin (49)

3. WBEZBEALLHERAEOEXL

RETCIIHTE & TRRER &ML L TEAT A7 DIBEREER TR SN TW A MY, BRIGH -7
—WRAVEIER (o FEER) ISR 2 HEZHET 5,

ZIC, AR THW AR, BRI L LB RREOELRRAKRTIC L A TRARAE
PER T HLEDD D ENEHEOEEFER L E LEVH L0, FEHEATIZE (Non-Hydrostatic) £F
NTCdbo FBARNETTNEEL DT, KAOBEOBBE(L 258 551%E%R (Elastic, E-R) @
Hikl, EEAERDORTE LM RD LR (An Elastic, AE-R) DHENH L, READEE
DL 2R E T AR EDHEARICIIIE A CHE L 2 WE RIS TR EE T LB 57
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Fig. 1 Emagram of Initial and Boundary Condition.
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force ICE A TRERBTAREL THRMBE LT VoM TAZ LEVIWMFDOH» HEMEE LM T5
VI XN ALTHBDTOND, ZOI, BRFDOLEAAET HE KSR TIIEADRETHE
MTENE, ZOEHBIZZHEZ L YIS LL0E LT, HEEEIIME CTE S, Thbh, EROHE
TR I —RRODBE L IZIIF CTHH I &h 0, —HROHEELER - 8T s e CaT by -
& e BHIED O OALELS & o TV BERAER T S AE Y T 5 2 L OWEEEITR SN/,

EEEE L VEVIHE-EE b)) F - LCAERY ARBER, KEOBHI LRI L 5 KEROBENT 2 5
PRI LU TRERTEIOREL 20, ZhaNEs e il Laedso k4 ICRERE 2mO TV, Z0OEFLI
BLEENAZH L T2, FE3IOWMERRESED, TROHOREORAMBIIERL S Z LA Fig. 6 255
254, Fig. 3I1URT L ) ICRBUI—2TH 5B, Fhid, UTOX D= XA THBTHZ L TE S, T
bb, 1 OEEFOMV ERSHRICL > TEHE2, $£30ORBICET NIRRT IIE 1 OEEISETI
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Fig. 2 Time Series and Spatial Varia- Fig. 3 Time Series and Spatial Varia-
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Case 6 : 400crn/sec, higher gentle mountain
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Fig. 8 Total Rainfall Amount Averaged by Tot- _
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Fig. 10 Time Series and Spatial Varia- Fig. 11 Time Series and Spatial Varia-
tion of Rainfall Intensity Case of tion of Rainfall Intensity Case of
Higher and Steep Slope. Higher and Gentle Slope.
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Fig. 12 Distribution of Total Droplet Mixing Ratio over the Higher Mountain (T
= 2600 sec) - Case of Higher Steep Mountain (left) and Case of Higher
Gentle Mountain (right).
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