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FUNDAMENTAL STUDY ON ESTIMATION OF PROBABLE MAXIMUM
PRECIPITATION (PMP) IN SHORT TERM RAINFALL

By Hiroshi Y ayima, Motohiro Tsun, Shuichi IkesucHr and Eiichi NAKAKITA

Synopsis

In Japan especially in urbanized areas, a heavy rainfall in a short period of time and
small area can result in extensive damage. But the probable maximum precipitaion (PMP)
for the river basin is not known. The traditional approach to PMP determination is mainly
based on the moisture maximization of observed extreme precipitation amounts. However
it is known to have a theoretically weak basis. In this study we focus on the heavy rainfall
caused by the strong convective cloud. First the traditional approach for PMP is examined
and it is suggested that an estimating method using a rainfall simulation model is more
useful. Next attempting the one-dimensional convective cloud simulation model developed
by Ferrier and Houze, it is found that the parameter of atmospheric moisture (ex. specific
humidity) is very important in estimating the PMP. Finally simulations under several
atmospheric conditions show that the traditional approach can underestimate the PMP.
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r¥ThHo, KE, AKE, FhEHLETI3REERLLTVS,

(1) BEOERXI

BN RAZKOB L VWHFHEHICL > T, KEISBANEEHBENZELickvbhbadhs, BED
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B UM U BHEO DADEEHOANE I ETHY, TOBFILIVBHET—y28MsEscE
BTED,

(3) a
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KEDENHBEMN14~23RETHD, HEINI-HRTHLHE PMP I3 150 ~ 350 mm &7 - TV 3,
& 72 200 ERER | BRE (16 EMD T A ¥R F— s hDEH) LH~x3 &, PMP OAMKEHIEE -
T3,

LdL, TCTRA) KB 2ABKEBORLY ICHEBAAVAFEE TREECHARALTH 2D
DEVHEHBEL B, 2T, HIFRAICHITIRKDOKES 1,000 hPa & L, KiR% 22°C ~ 34°C 0
B, B 0%~ 95% OHWHOKM THMKERELBOLEKEIT-> 1, ¥R % Fig. 1 IR, ZOMMS
BENELKBISN, [BOEBWVICLVHEORICENE U 3THEELSH 5 800 5, FIAIE,
Fig. 1 0 A (KR 34°C, BE80%) &mB (KRR 28°C, BE 90%) TiIBIIE 554 208/kg TH

25, kR TE 100mm & 112mm £ 5%, 2O 140 (== . . —
i L ATRKRIZ 16 1 OXIE TR WY, & 5120: _____ point A~___ =
55%:85 4 -5 L LTHV A& D PMP it B100f-—--- - =2 s 3 -
HUBTMEMAS B, CupEnLEE, Sxol S | N\
WL EE e i, BICTRAROLES 5 2 - 2 ol 22°C EPWW |
5 & LTHWTPMP 2T 5 & LIRS 3, g L : ]
& i, ARKBAEET KT, AEENBEES & |
BELTWE T LI & 5REORE L OBE bIIET A

b5, &, KERBLTRE, BEOBELTS BRI, 0 5 10 15 2 25 3
12 BT B BREEE AL TV B, TR DE Specific Humidty {gkg)

W (12 BfRRS) OFMiIcxf L Tid PMP %8/  Fig. 1. Relation between precipitable water
ST 2 AR S B, and specific humidity.
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tr, KEAREEEICSWTIE, ZOFEE LT CAPE #AW3 5ENEZL SN E0, EBOBHITIRZO
HEBEIEBE L BAOCHOMOFBEFESVLETH 51 DSROMEFREL T %,

TR, TTAHETHV S | RTEENKEFVOBELRN, COEFVOHRETI, £LT,
EFVEBEBOF -5 2BAVWT, KREEEBEL TR, ARORREEEAIOHYBEM T 7 7 4V
REETEEICLY—BiIcEDL, 20LT, KGEEELELIE THRBOE(ERTT S, 1,
HZE70Y DV TREFVERBOBELZERIILC, LRROBEELZZLIEBRBOLLER
9 %,

3.2 BKEFIOBHE
AT TREENRIC L BBHRAE Y 2 L— T 54% Ferrier and Houze il &k » THEIh/A IR
THEMKEFAYEAVE, COEFVRBELIRTEFNTHEED, 2RTPLIWTOEF VT
HLUTHELRRVP T, BARESOGETY IaLb—Va VETITLENTES LV SHRLS B,
2/, ¥EWIkm, S 20km OFEEVIERRr—vE, WIBHEVIBRHRyr—LvER>ET
NTH DI, BFh 2ERKEO PMP 2#ET 2 EKMEOR y—VicBL TW 3,

COEFNRKEBEASEILVEMEOEFVTHD, BKERIZ Fig. 2IRTEY TH S, TO
Hhobhd ki, KIDREE LTI, k&R FK Ko IBEUEEL, hoREMOZL
OBBREROBEY TH B, 7, BMIARKETE, BRPOKRKIIEHEL TERIc2s (PCOND), EX
3, COBRBERLLIRESSVRENALTOHABBLIIRRC LN ICERENLD
(PRAUT), MM OE T IEWER SRS WFRLICI AT h 3872 (PRACW) ZRETWRICIE 5, &
to, RESFIOBEIE, £ TERARFELKZEKICZD (PCOND), ZhTbAEFDOBE IRRMSERET
3 (PREVP),

EFLTHES W 3EH, SHEREw, B, PREVP
KEKOBREL ¢, BKOBEE ¢, WKOES

| PCOND PRAUT l
Hoa ThHBo TNHOLMEA TRESEHLE,  Wotorvapr) T (Clovd wator) - (v viter)
EHARBREBEOBEADOSDORE, THbLBE A, PCOND PRACW
LEHORBOMEA LOEERT, 1, FRE Fig. 2. Phase changes of water in the forma-
HTOADETNOELEIZA LKL, EOAHF tion of precipitation.
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(1) BiEsEE
BREFVOREABAOBETER, EFEEHVTIT, HEBE w ZhRESERV, BI76,
IKEZ g EK qowy FK g, 12BIL T3, Soong and Ogura Ic & 3 BE EHENEYEHVTHELTTS,
R L, SEAMOESHRR 42 13200m TH 0, FEFERIEE 20km 2 TTH 2, FEIBEL TAE,
BIEENEZ AV, EOBHEER 4t 12 1sec &35, 1, REFNTHEET 2,55 2 — % id Ferrier 51
L AEEMETDOEEHW A,

(2) EHOEREBEREN
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Table 1. Definitions of symbols.

Variables Definitions Unit
A Deviation from the environmental value
A Cloud-averaged value of variable A
A Averaged value of A along the outer boundary of the cloud
A, Environmental value of A
A, Actual value of a quantity within the cloud
w, u Vertical and radial velocity ms™!
R Radius of a cloud m
0e Density of environmental air kgm™
6, 6, Potential and virtual equivalent potential temperature K
Toe Virtual environmental temperature K
PCOND | Rate of net condensation (or evaporation) of cloud water st
PREVP Rate of evaporatiun of rain st
PRAUT | Rate of auto-conversion of cloud water into rain g1
PRACW | Rate of collection of cloud water by rain s7!
dv, 9ew, 4- | Mixing ratios of water vapor, cloud water and rain kg kg™!
v, Mass-weighted fallspeed of raindrops m s}
L Latent heat of liquid-to-vapor Jkg™!
P Atmospheric pressure Pa
P Non-dimensional pressure
Ry Gas constant for dry air JK " 'kg!
C, Specific heat at constant pressure JK kg™
g Gravitational acceleration ms™!
{ﬁi@ 15 =0 } ......... 12) Prasy = A gyy =0 X WWZ:?W—O
FTEMRE O L Wheos=0 Pu An X o w:f:‘
Pt Ans O Wnas
CCTORAFERNES )y FEERRTAIVFov IR
Th b,
BWRTALEAP EEBARSDVWTRROEBDTH
50
) ) Py A, vava‘s
FHESIRO L Pryi=An1=0--- (13) 7=0 ‘;2 :2:%‘ ° wfi:=0
1 1
(3) EMAi%kMt Fig.3. Staggerd grid used in the modified
KRSi2, GATE (Global Atmospheric Research upstream differencing scheme.

Program’s Atrantic Tropical Experiment) 5850
HERET LEBEAEE T,08E 707 » 4 L (Fig. 4) % Ferrier and Houze® » 5 ZmAEWH B, &
ORDoAMB LI, BE3km & Tkm MHECHE L LERIEET 2, FRLIORROREKEEH
B DIHESEBEMORBE T 7 » 4 VEFN, ZOMHE, BEIKkmUTHERAEEL R >T0BHI LY
Gt

AEFNTHO RO, BEET SEBMHICE 705 REFIHR (gust front) ZHEL,
MFBT THRENLE ERRESLSCLICE->TRLTV S, 20 LRME, BRARKICHERETOm/s,
ZLTC, SELESIKYICHEME Y, BE400m T2m/s EBBEEILEX 5, £/, BEMICE,
Y lal—¥a VRIS, BRI EOHERITBEBVNTS0EL, BHID 100 [sec] THRAMEE THIE
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QUADRA 1200 GMT 18 SEPT 1974 FucHEmE ¥, RO 1100 [sec] BZhEMREL, AT 20
100—r— L6 SEDOLRRESZ B
s 1, (4) BRRR
' -y // 114 BifiO&EEZEBLY I a2~V a Y ET-o 18R,
\ S L1z Fig. 5a~Fig. 5e #4485 n i, Fig. 5 a SSEAE ),
- 112 Fig. 5b (2@ (8), Fig. 5¢c KRR OREK @),
= ) fu  Fig 54 BEAORAK @Ga). Fig. 5e BFKOEAML
a lo § (@), oMEHLAR L b0 TH B, CH 5O, Hill
2 19 8 B, AMCEEEE->TVE, COT, HEEET S
2 [} 8 com 4 Uie 060N BREEORY >0%
E lg HOEORETHBEVWSTETH B, T, 0 EGm
15 BLUG I WTRRBIEOMA 0T 5 1 pRH O
‘; REHOMATRT Y, 0 &7 BT, BREIBOMEO
{2 THROWHEHOERIEFROMHEERL 5,
(1) ARFETIT-viab—va vERIOAME LD
T

i, ATERB20 S5 BRI TRECENREEL
Fig. 4. Skew T-logP plot from GATE. (Fig. 5a28), EE Tkm £ TEENET 3 L LB

(Fig. 4BR) OEK4% T b vT 5B BARET
LEOEASHREST 5 (Fig. 5b;25 min, 7km 2), £0oREKMcHd 5Kka3A% (Fig. 5d, Fig.
5e;25~ 30 min B) &b THRHKFLEL, WREHLEFEL COLBENERTETVS, 0
&I RAHEOH M F VIEHRFORHEETAZRF L TEY, 3. 1 TRXLEHEANTH S, Thid

16 16 [ — 16 [
| @ wl ©3 ) @
12} o 1121
_wof A 1o}
Eql s @ 9 .l
~ o ey g | &l
o ", 2/07:— ol
0
2 = 2/, Y i —
e
0 PRI i vt i OHKI(’: il
20 30 40 10 20 30 40 50 60 0 10 20 30 40 50 60
TIME (min) TIME (min) TIME (min)
16 16 [
14} (@G 1 ap @9
12} 1 12f
~1of 1 10}
€
28l st
N
6 6f
af 4f
1
2f 2F 5 ]
] 3 nas
0O 10 20 30 40 50 60 0 10 20 30 40 50 60
TIME (min) TIME (min)

Fig. 5. Time-height plots from the control simulation of (a) vertical velocity (in m s™1),.
(b) potential tempetarature (in K), (c) water vapor mixing ratio (in g kg™ 1),
(d) cloud water (in g kg™!) and (e) rain water (in g kg™ !).
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AL TERRORALIcEBE5 2 2 BRNOFERNTRIA LTI L4 TE S,

3.4 PMPH#TEICPAT /35 X —4% DRE
PMP#EANDT7 7o —F & LT, HBET - EEEFVERVT, BENRERRICEVLTHERD
HICEBA S Z ATIREMENH B NI A — S IETAY I ab— v a3 VETS, FHETIE, & Xich~
fekdiz, (1) RAOBMECERL, MEMAHEEEL T, BE, BEE2RMSELRKRT07 >
AnERVERE, (2) FIPEGTELSBFLRER (TR 70 v ) 28I 28E, 028>
WTYiab—vavrkiis,
(1) XERMECEB LIRS0 7 74 VORRICEAT 545
— BN RARDOARLEEEET 572 -9 ThH b, HYEMREELBEER/ 52 -2&LLT
W37:%, EUEYNYBMNTOEESEVWE ZRBEREC LY, BESBEVEEIBERELS, K-
T, BLESBRREEEFO>OATRETH > Th, BEEORNIKE T 7 » 1 VHEET S, ZC
T, TOXIRNKR 707 7 A VOBHEOEVIHBRRRICEOLH>LHEELELA 500 %2R/, 17
L, KX 7v7 74 VEAOTIERGEEFVEREEL L,
Yialb—YaYTHRLVBREATL 7 » A VORKRRD ZEY TH S,
R 1-1 KRB OREE € FVEBRK LD 0.5C LFRKOBREL T %,
(kR — 2.2%, i EHEH— 0.9%)

R 1-2 I KEE&KORES € FVEBR LD 05C THAKOBREELE LIF 5,
(MK B+ 2.1%, Hi EHER A+ 0.9%)

& 1-3 K2k oBRE2EFVEBERK LD 1L.0C THAROBMEL. X 51t kiF 5,
(AIMEK B+ 4.3%, i EHBH A+ 1.8%)

frefil, ABMKBEBLUMERBHEBEFSVEBEEEOLTH Y, EFVEEKOTAEKERIL 58
mm, Hi MBI 18g/kg ThH 3,

DV iabv—vavrhoBohtREEES L UCBRHERBOBEZLE Fig. 6 a~Fig. 6c B LU
Fig. Tic/RT, £/, TN ZhofME s 2 RABFSE &G EEMN 1 BENOBREBEZROY § 2
L—v g viEREZ ED Table 2IZ/RT,

& 1-1 (Fig. 6a) TR, ZRRECTBRGEL UM, £ 1-2 (Fig. 6b) TiE, ZHIH
13km FCHEL, BRBRIZEFNVEREDO 19mm 5 5 43 mm ML 72, &4 1-3 (Fig. 6¢) T,
EERHBkm ETREL, PEEHES 5m/sPILiRETRE L, T/, BNBRLEFNVHHRIFO 34
D65 mm icHMmLi, COBHERELLEE I5km BAEBSETH 50, ThULOoBETRK
SOEBERLEELTBEIZERRELIIC VL, TOXH IR, KADBHEENE L 1823 K> KBRIAP KN

16 16
e} @W D | 1ol ®W02 "ngiifr
12r 1 12 3

10 1 10F

e QO 17

30 40 60 0 10 20 30 40 S50 60 O 10 20 30 40 50 60
TIME (min) TIME (min) TIME (min)

Z (km)

omamcn
T

Fig. 6. Time-height plots of vertical velocity (in m s™) for (a) condition 1-1, (b) 1-2
and (¢) 1-3.
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180 frr—T—rmrepmpremreee— Table 2. Results of rainfall rates and amounts
i 13 1 from simulations.
160} ]
] Condition Maximum rainfall rates Rainfall amounts
=" (mm/hr) (mm)
E 120} 1-1 0 0.0
s I 1-2 104 43.0
giw- 1-3 162 65.0
-t sol 2 - 1 20 54
v}
« - 2-2 37 14.3
F4 |
g % L controf run 2-3 70 24.6
sl control run 47 19.0
P |
ol Y EEBMENBZBOEZ, ZRICHVERLL B S hEEE

¢ et EHohBls, LREMSMES WKRESS 51 RE LBRRDS
. ) - BN 2 LKL Hh B,
Fig. 7. Time variation of surface .
rainfall rates (in mm h™') CITR, MYRMTo7 r 4 VE—EL L TAROREEE
for condition 1. HE LA LTARGEHROEHEOREL A, Yialb—Ya vk
fT-oEHATRAKRIBOZRIKSGEETH 30, BRHEBIIEE
ML Ty, REAPKESBROBRICHT AHBESAEVI LB, 3, Thid, #ko PMP #EF
BB E S 2 — S L LTHOWTWAZ LT 3 BYHERETI5DTHH 3,

(2) FREECTOHERM LAROLEICRHT IR

ELRESED VA —TH 000 LAROSBRBOZ(ICHEBEEZ 2EER 52— Th 5B
LEZONDIY, TN A - EESELLEEOBRROE > VWTRIEEZMA S, 7L, M

JsaE FRBLAORTREFVEBRRES L L,

Yial—vavTHOIE®RNEREOSKMEIIRD 3B TH 5,

cRfF2-1  MIHME ERRORAMEE 1.0m/s 27 3,

R 2-2  FEK ERRORKREE 1.5m/s 12T 3,

« R 2-3 RS LR RORKES 30m/s 2T B,
rtZl, EFVEBHREOYIHMES LREIE 20m/s TH 5,

CNODRBDBETIT-ev Iab—Va YERPOBONMERES X UBFEOKREZELE
Fig. 8a~Fig. 8c BL U Pig. 9IZR L, ThEh ORI 2BRRMELIBHERIZS 0BT
Table 2 iZ;RLTW3,

&M2-1 (Fig. 8a) TREZERHEOREL B, -7, &#k2-2 (Fig. 8b), £ 2-2 (Fig. 8
b) BLUEFLHEE (Fig. 5a) TREFERESSkmER F TEL, 2BRNEREORERIGFE L
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Fig. 8. Time-height plots of vertical velocity (in m s™!) for (a) condition 2-1, (b) 2-2
and (¢) 2-3.
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$ Table 3. Coefficients used in thermal cap region.
T4 C|°Ud§ Top Values of coefficients
T : A4 Variable  Coefficients
Rs /E?\ z2=Z, z2=2Zy z2=7Zr
‘}_L / - Z=Zm w x 1.0 L1 1.2
Rz \ § / 6 Yo 0.75 1.0 L1
i : —n Z=20 qv ¥y 0.75 0.9 1.0
I : Gou Yew 0.75 09 1.0
A, : ar r 0.75 0.9 10
Fig. 12. Devided regions in the model
cloud that are defined with
respect to the thermal cap.
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