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Numerical Study of the Initiation of Cumulus
by a Heat Island
By
Tsuneharu Yonetani

National Research Center for Disaster Preveniion, Japan

Abstract

Eight numerical experiments were carried out to see the effects of three
factors upon the initiation of a cunulus cloud. The factors studied are the
magnitude of the temprature difference of a heat island, the stability of the layer
below 1km height where a local circulation is induced, and the dimension of the
heat island.

The following conclusions were obtained : A heat island whose interior
temperature at the center is higher by 1°C and whose dimension is about 4km
in radius, could initiate a cumulus cloud when the atmosphere is rather unstable
and general wind is weak. A larger heat island does not necessarily modify the
atmosphere to give conditions more favorable for initiation of a cloud and its

development.
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. y Fig. 1 bchernatlc description of initial condi-
g_l'zﬁ 6°C/km =75 %/km tions: Verical profiles of temperature (7))
and relative humidity (KH) in the

1h-——=4c -200 mb

/

Z (km)

B L environmental air (upper), and horizontal
i distribution of surface temperature in
fi the heat island, The temperature differ-

i \ — 56 ence in the heat island is given by the
T(°¢) RH (%) form of AT=4T, (1—#/r2). The valucs
of 4T, I'e and #, are given in Table 1.

L - L, PEOG&EZBEGCTH U WA, HEOR
F Ckm) B s Uk SIS & O R &l +
%,
B RIRR K f1adr=250 m, #E 4142=100m T, BEroBEERE@1I0pTts: s
%&éhkﬁﬁﬁ%%&t,k%tﬁﬁﬁﬁ(%7mm)%EUtﬁﬁ?,ﬂﬁmﬁﬁ%ﬁ
oo Rk A 3 oA 2 o BB AR Fic0~12.6 km, 5@ 7 jaiz0~5 km
Thd. sFEHRL, BRHCOWC IR LS IBEE S TR L 2 v T 5
BrHEEoAE X, HHERCEESHORHEERCH SR A - ch 5, B
ISP O E S, AREO AN LT EEOIEAEE SO, REFED Skm ik, F
EEENEILEANLBETHHREA L0 THARE, DETEL. L L, BEHOBKY
FNBAREOHMC R, KEHMESBERME ST REEITHS, 2L fliring
hiE, R T RREE G, BRI EREATSCIRLE~EREE L X 5 ke,
BOREEIDRIBIZ LTH 5.
FEREZADDEHFIED>CTiTie -7 (H1 X&), r<ruoliFickuv TR

£ 1 PHREOE. PECETIRRNE L, GREOPLE—ME L oGHE
AT, ¥ X OEEBEO R .

Table 1 Values of I, 4T and #,, where [, is temperature lapse rate in the
layer below 1km height, 47, temperature difference between the
center of the heat island and environmental air, and #, radius of the
heat island. The initial condtion in case 7 is equal to the state in case
1 at 30 min, and the initial condition in case 8 is equal to the state in
case 6 at 30 min.

Case 1 2 3 | 4 | s ‘ 6 ‘ 7 ' 8
e (°C/km) 7.0 7.0 8.0 6.0 } 7.0 7.0 | Case7 (% Casel &,
AT, (°C) 1.5 2.0 1.0 1.5 1.5 1.5 | Case8 L Case6 0,
7. (km) | 4.25 4.45 4.25 4.25 2.0 | 8.0 30Dk
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HEr—#H L 0&E L, SRKCETaRE~S AT 1, AT=4AT,(1-r/r%), r<r., T
oz i

case 1 %, iRz - —BEOTROLEL - gHMO K E 2O ERFOHEEL R L5HD
ML TE. TR EE2TC, SO BiRid, 26km T T O S IRIG28.5°C
THL. MIMEORLTIZEIE L ) L.5°C &,

KinZE D& A LA iz, case 2 TlimBEobhLEMILEDEEEY, case 1 1§
0.5°C @\ 2.0°C & Lic. {bofRAEIL case 1 LW UTH A,

FMERATR SN 2 TEOREEOHELX R A9, case 3 T1L, &Elkm L FT
OZWINE e & 8.0°C/km & case 1 X U AFALEIC L, B0 bL s HIEDREEY
1.0°C & Uiz, &7z case 4 Tix, Te® 7.0°C/km bcase 1 L hETic L, SiEmodn
LML OKRER 1.5°C L Lic, Ok, case 3 & case 4 iz case 1l L[
T b,

ERBOEROMEE L 5720, EREOFEE v % case 5 Tih case 1 ozix¥y
ru=2.0km & L, case 6 CTiX case 1 O 2ED r=8.0km & L7 fliokiEg+-<<
case 1 YRAILTHEZ. Ebic, casel TONFOHEXFETREL L, HNEAETFLTE
TEZRNEZ B WE Y IERIEAE Uit & Lz case 7, case 6 @30 2o kaE2iy
IREEX U case 7 & [ UG CHERFTIAEIL Licv & Uiz case 8 & 2D &2\ T
L RN

—EBONBIHTChIRBRS G THRIN I T AL 8 ADFlMEYE L L
Tt BE lkm ¢&{E20°C, SE900mb, #ES80%, % 7-500mb @& 5.8km,
LiR—9°C L 5 —WBORTHIEIL, LBCEISA S REBCAG L, ReREETSH

B

2 case 1, H& 2km Y TOBC RS Z2BEEO GTORA
(RAg, BMCKD), ERKESE G, it g/ke) OB
HZEM, ® IUELEE Uil (% L3R,

Fig. 2 Time-height variations of potential temperature (thick
lines, in unit of °K) and water vapor content (thin
lines, in unit of g/kg) along the central axis in the
layer below 2 km height in case 1. Dotted area shows
the region where the cummulus exists.
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R Eh 5RHCTOBROREREIEr —ATKECE-TVEY, BLALLZTOY
—ATHERHE NS, R, MoRE TR LL %, BREPLckT 3RS
BoM, KEZOSERHE IEREY AT, BflpOoHo EReEfshs, £r— A
BT HREHBOEEEMEOHE Y, BiREORL r=0 TR & KEKEOHE—K
METHRZ Lt 5.

3.1. EHEJREE case 1 OKE

case 1 o, EREO L r=0 &t 3 KESEEBELOFE—FHAELE EOFEE X
2. WHRED r=0 k) AmEORMZIEL L Hd 1.0°K &y 301.2°K TtH %5
2%, 204t e 0.5 km LT o Bikiz By 301°K o &EiRfnicin - T b iz, 200
NETRBICRTAKESEDEROE L2 2 He oK FIHIRECKEZE715.5 g/ke
THoBEEO S km T, 204 16.1g/kg, 304z 17.1g/kg WML T3, O
364, milE0.8km i &M 0.6km OEHBR Sz, & OEiX505 i ik/E X#7600m
il ofodt, FRLLLERETD 2 {700l L, Fogddathh, BECKTS
e KU o 7.

Z (km)

L — — 3015 —
————— WA= T F

3 case?2 OFER. M2l U. 2L, HETHKFAEEILT
FRf i R, LT LTHD.
Fig. 3 Same as Fig. 2 but for case 2. Duration of rainfall at the
center is indicated along the time axis by hatched.
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ElED X 5z, case 1 TIBHENFR A1), FOEIBK X L7-63F Tinit FE
Lizdnotz, ZOWETE case 1 2ABREBLETE, § LER A Esicase 1 L h
ETOEAYEERECLD L, REREBIVRETAHESCIEE Skm 2 CL LLEER
DLIcEFTCEESETAOREA TH H, OB RERELOERLH Licd{lk
%, casel HEE | LA, M L TRAKDILEINES, ETHAEE SR X
HIEEZASkm OBRCE TELABSET, BRAREEOREREAA X Ao
ToEHMTES

3.2. TEEDEE. case 2 DR

BREORLEEDEOSHEES case 1 D3EE& L b 0.5°C &< L, 2.0°C & L7 case?2
D, r=0kiT5KEQE - BEOEE—HBELE: ZOEBAP I TS D5 —AD
WAL, 205 CHFES 301.6°K, & 0.5km = 301.2°K, 304-C 4#%ET 301.6°K, =5
#0.5km 7 301.3°K &, Mo s oom REEA R 172

TRIZET 5KERTDERIGE»HH L h-Tv 3. BE0.5km OKEZEL 20
1216, 1g/kg, 3092 17.2g/kg k- case 1 Hizidm UETH D, HWrACH5B, 033
2 WEO9km B MR L Okm O LEABE Sz, CORTLFEEL, 555 0HE
WCRERKE 76 LTw5. ROEROLB LB L < 40402 1.25km, 60 44z 0.5km &
Bk Ute. BEAKWRT8) E CHix, BB 2.3mm &7c o7 5540 LIEE, FIBw i 5 Ak
B DETAROR S, ChafKOBERC LS L0 THSD. S0P LGEDOREELRR LT
Udguads, 29305 TATHE LEWIRE0STH - 1.

3.3. TROKEBRZEOHEE, case 3 & case 4 OFR

RHEEAE s TRCOSEWAE Y case 1 & 0 1°C/km #2iF k2~ 8C/km & 1L, &
KR~ 1°C OF RS E T 2 72 case 3 TORTMBOLEE L, casel DB L AEWNAE
Rixdevs, fRr#8iE, 2000 S 0.5km L Fo B, EAre301.5°K o fr @ 7
S TWd, &7z, case 1 LicdiwTease 2 Ll UL 9, FEickH 2 KEZDERZ20
DU HE Ly, r=00FE0.5km 21t 5 KESZ &L, WL 16.0g/kg, 20 S
16.6 g/kg, 30402 17.5g/kg ©, R#I® 20 4
0.6g/kg, #<109Rc 1.0g/kgtéfn LT %, =
DT case 1 %2 case 2 F 3T M UAE TH 5.

L3R O R LHORE 0.9km ol
B S, COEE X REL, 635
WFCEL, 804 THEEHE MOIE ShTL

. —H, 80t EEASE S km OFER &S
DETIT-7DT, AR b7 80pET

4 case b OFR. K2R,
Fig. 4 Same as Fig, 2 but for case 5. O pyaiz 0T 4.4mm T, case 2 OEHFEED 2
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Z (km)

a 20 40 80 160

60
t (min)

5 case 6 OfEE. X 3H L.
Fig. 5 Same as Fig. 2 but for case 6.

fELETH 5. EOVRIT405 5 0.5km, 60951 0.75km TH 7.

HE Lkm LLFOBCOSRNT S 6.0°C/km & case 1 &9 1°C/km A< L,
AR Z1.5°C DE %5 2 7: case 4 TRERRPR I -7 WE Lkm LI
DT, [FHEEDRAI0.8m/s & p RUMER L LR T o ke

3.4. EEREOFEDCERE, case 5 & case 6 OR/R

case 5 & case 6 IO L S A BRI ), KMEL—BBOREL case 1 &[T
THD hLOBETRVEETOBEGERLIHBORERTICE LVELES, ED
T M BEFRICA S I ik U, 2 0 RO 1K & n R AR HeHE & 7B 1R
Lo EAREh g,

OB D RO ru % 2km & Ui case 5 0, oL =0 12 357 5 AL -
KELRD G LU L BOBB AR 4 107+ 200 s 5HRAIEE 0K, &
% 0.5kmC 300.8°K & case 1 @B L D SIEL T o TV 5. FRBICBT 5 KEROEH

6 EREI2070 3 L OSBRI B, &
B 0.1km TORKPEEE, # L&
) 0.5km TR DHIEEE, w
DFPS A, A casel, HR
#% case 5, EFEAY case 6 DA
DR LT\ D,
Fig. 6 Horizontal distributions of hor-
. izontal component of air veloc-
ity, #, at 0.1km height and
vertical component, ;, at 0.5
km height in cases 1, 5 and 6
at 20 min (lower) and 35 min
(upper). Solid lines show case
1, dotted lines case 5 and broken
lines case 6.
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ToEEitcase 1 7 KL R 205D bR L T35, @RI KES B4 15.5g/kgT
HolZE0Skm Ti2002 17 4 g/kg i LT3, case 1 T 17.4g/kg w85 -0
B30 TH b, Fio, case 1 D200 BT 5KESE16.1 g/kg i1t case 4 Tixl13%5 T
DIETHS. FLE0.25km D/hEieES, 2551 @mE 0.7km BB Shichs, 3553
HBR LT LEY, BHR100e ¥t

ru ' 8km & Ui case 6 @ r=0 12 k1T 5N - KESEOHE—HEE(LE BoEE
Fbead., mEQSkm LIToOBTOREME, 2050 TAMK 301°K ©Hh, 600 Tiiizg
301.1°K kiz s A EE(ELTiovs., FEBECHT s KESDOER T case 1 <0 case 5 + [f
NN TH ), —HCHEELEFTNRELREH, ChilS03E2EETHLTHS. BE
0.5kmiz i B KEGE 17 g/kg 2z 720Nz, case 1 T304, case b TI84TH S
45, case b TIX4BHTH 5. $E1.0km ©0EA61512 0.9km FLo R shi-, D=
REZ700m 2 CHlE Lk, ZhUEORFEIRGA T, 110 il L. hETo
Kbl S, FT490TH 7.

WA E L CE RO E ST A B A case 1, case 5, case 6 o 20 2> X354 ic st
2EE01km izt A A FEEEu AEE 0.5km w2 FERELwOKEHFAEE ic
. B case 1, Sffslcase 5, &R case 6 ¢H B,

2050, MHIOEREEO EE e % 2km L L7: case 5 TEIBE A AHEGIZYS S,
case 5 TR LERMLEEINE U TR Y, Tl KB E L EREE LB AEE 1 m/sh
#rxTw5, 0.5km@TiED ERARAFEET 2 BERITO2 6 Lkm HORETS 5.
—H, ruw4.25km & Lizcasel TR AR 0.83m/s &+ 255 ERFE LS Skm
PADHEEHER Eh T 5, FOIRE 5 K TFEEORAEZF0:5 2.5km OB
0.9m/s Lz TVvd, 21, 7% 8km & L7 case 6 Cirh0/ 5 6.5km ¥ kb
B 0.1 m/s iz ey & DB ERATER SR T B, FhbABD 5 ZCEBEED
A, Tt 6kmEh BT 0.6m/sTh 5.

i hE, case 5 IZRIFAEHEOSkm TO FAEED RAEIL 0.7 m/s TH LA,
0.1m/s ¥z % LA AHOns 0.5km HAOERCEGERICRSATHE, 2hb
DI LAb, case b TRIAMPERLITE - IoRBICH 5 2 L2lF AW 5.

35 OEEGTTENTER XIS casel T4, 0.1m/s%i#ts 2 FER LA 51.5km
LIAO@ERICAE LT b, hOTORAMER Im/s 282 T3, Fulac@hs 5 KEEED
BT LS LokmBh B To LAdm/s tH5. 2000KELLETS L, Xb
P L hEROGEHIE LTV B2 &85,

a2 8km LA E L case b TINEAE UTEVGER BV ER A UT w5, 0.2m/s
YmAkETAHERTmATLMASD.0km DANOMEEE R ATV A, T, TS ED S
KFEEED RAERFOH D 4.5km gl /- BT0l.0m/s T 5, case 6 T, 2040
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Z (km)

Bl 7 case 7 (B3) & case 8 ( FE) OFHE. M3k,
Fig. 7 Sama as Fig. 3 but for case 7 (upper) and case
8 (lower).

RREX b, B EECERERSNE LT3, 525,

6k, RGBSR eE s RBERIIR R KFRELR 25, S0 H Eixhsewz
L, BrUORBHBEROKEEEZHME L3 TRE, Fhicfio TRROME
EAREL ST B, AR LTWEA, LD ATHEORRBE, PO E?IBROE
Wa ST, W bR KRENME P L, RENTRRERLME S LT vwa —flRESR
¥, ru=8km 0 case 6 TI%, b lkm OB TR, 04T 28.5°C, 407 1728.4°C,
80T 27.9°C LA LI GIROET AR BRS S, Fuld b Skm OfZETE, 05T
27.9°C, 404 27.5°C, 8047 T 27.2°C LRl FRIIET LTV 5, 2D &
5, RO K RO BB RS R L e Mo 5 b D2 Hlrsh
&

3.5, HMETRE—FICHRoT=EZDHE, case T Lcase 8 OfFR

case 7 & case 8 [Z\L T F T case l~case 6 FIERELHANVESTVE, DEHET L
MBI T S, case T & case 8 T, MFILHITHRIE, BoKeid URROEENE
ChitbEh, Bk LT b L d L, BRAMLTO= 2 F—DHA DAL
& L7 case l~case 6 =2, HEOSIRTIFE & KT LTv%, Lich»TC, case? &
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case 8 TITMIEZ TEA IS Sh, #HFEORE L Ef-Tw5, oS Thiiahk
HoRKEER—ErR-Tw2aZ itk s,

case 7 OFHARAEIL case 1 @304 D ILEE, case 8 DL case 6 D3040 [hEE,
LUtz case7 OWHTRAEZ, tFECcoBMHIEF0T301.1°K, d0n 6 3.75 km L
TR 200. 7K THE LTCoiew, LORE FiciE, EE0.8kmll FCigiE 301°K m%
Bfizic- T3, FRAEEOBAEIRDLOSEE0Skm w3175 0.8m/s TH 10, s
RIS KEEED FAREE PO LOES 1. 75km EZE0.1km o 1.3m/s ©h 5,

case 8 DFIEERAEE, HFEORMA, o 301,.2°K, gl 57.5km BlEe12299.7°K

T—HTHL, hLTORET G, HE1km~0.4km 73 301.1°K o &E 177 -
T d, 0L 1IPKo R BaAcr Arnctlsas 1.5km et L7wvw5, EREELE
AETH0.2m/s iz, Auliz@n 5 Kl o Rkl duts & o B 5 kmig 0.1
km-¢o 0.9m/s ¢ 5.

case 7 DFHIKAEL case 8 OWHIREEL BT 2 &, case T T/ NS 7e BRI R\ H
B I hiGEseBE il LTV b, case 7 ORI O 7% 3. 75 kmic % L case 8 ¢27.5km
Locase T D25 TH D, EHEEORI{EIL case 7 T 0.8 m/s 1%t 1 case 8 Ti20.2m/s
L ocese T colyvhE,

case 7 (B & case8 (FBY wksit s r=0Coiif - KAEREOBE—HETLLE
DEF LR 7w, case 7 T1F, ERT7HCEL0.8km 0BT R & b, ¥
0.5km ¢k 545, 20542 0.75km ~EAXfenThb, ZOEEE L XTE Lich
Deh, MR RKE &7 S TREICERE L, Thbb, 43790~5140, Bk
b7 LTTO il Lic. B30 CH 5. 600 UBmERME I REALLR 52, o
RREBRSRO TR Y BBFERZ L2 LD THD

case? DfER % casel DR LR LTHB (M28MR). casel ®3045 0 HhiEA caseT
DEPREE LT B0, BHAT I IKE], case 1 D364 & case T D 7 4izf o
BHETHEIE L 25, FOBOREEOMILIT, case 1| TIHMETRAKTESE Sh T
L, EOH@ L3450 L case T COEDOHFGOEB T ET, case T OEOHMIL B &
SHEEL, 2Fh, HRORRE—TEROL S s Shadul, BoBExlTI e
fFR Ltz bintn ®.

case 8 TiY, B3THCHE 0 9km oA Shiz. ZOERSHE VREE LAEWT
TLZC B L, FH34n th -1 ZE0 L4058 0.5km, 604 0.7 km Tk 5.
ZORFR Y case 5 OFR LTS (K 58M). case 6 ©305 DY case 8 o L
BE LicDT, EXAEE NI, case 6 M6L5r & case 8 D374, case8 D464
FDs, KERZESE CLExbEThiw. HEOHMIL, case b Cixd9)y, case8 T
(1347, EORROFE XL, caseb Tk 700m. case 8 Tit 300 mTaH L, HOYEE & caseb
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DK E, Fi, LREEORMZENC ST 2R kEiz, caseb Tiz, KRS8, Hub

EOFElkm, EhTo 2. 4m/sickf L, case8 Tif, EAERE S5 LIEIORRI385,
FOEEOSEEOSkm ¢ 0.6m/s ThHLH. hbHOfEND caseb D HFAERTREREL
REEALD, DEh, HEOKEY EiTlREo X o i Sh B, BREEMIE case8 T
i, SR case T oL & L hilie, BEOHE - BELMz s L 3R Lz
Wi A,

4. FTEHELEER

AR 5 BB X 2 BEO BB T2 AN B2 % e, —iRO®

by

WEBEICoWT, SiREEMEEoSEE, RERNE LS TEOREE, $IUsRE
DRKEE, ODEFERPHE: THEER Tt K7 — AOFEUNREDORR & R s
MBI OWTORBIIE2OLES I TH B,

SR O E T E OKEX AT, picasel ki 0.5°C #2FEy s case 2 T, L2k
REERICREEL 2.3mm OWpFC b L. BELkn ToOTRTORRBR
I's % casel L b 1°C/km K& < L7 cased Tit, dTn wcasel 1 0 0.5°C #20{K < Lz
b bd, Bl shrHEORErE L, HEESENbkmiz#+5 % Ticd. 4 mm
OREHFIC LB Uiz, iftie, Me#case 1 & H 1°C/km 7213/ v&  Li- case 4 CizZE
ER S ot Zhb casel ~cased OFERM G, SEEAT EEZ TRIERC
S THENBHR SH BN E ) p e 00 Rz, BEEE AL OKRECKIDOEE

2 - ADPERIBORE L RS ARSI ES E SERIED BT,
BRSO 2 L ORI E AT, FHCORBARL ., 5 X UHRED
Pty Tt BHEECRLEE, EAWEIALCIET, ZE0BG T, =
LORREDHLTORTE L TH 5. REDEZ biad -t BEE— TR
L7z, case 7 & case 8 OFHRIRAEIY, F3FH case 1 + case 6 D305
DIREET, WFEIREREMIT R LT b L & L,

Table 2 Initial conditions and values showing the characters of the initiated
cumulus cloud. T is time when a cumulus cloud is initiated, T. a life
time of the cloud, and P the total amount of rain in the center. Bars
show that no convectie cloud is formed or no rain is observed.

case | JTwm(°C) | [.(°C/km) ru(km) T.(min) Ty min) = P(mm)
1 1.5 7.0 4.95 36 34 —
2 2.0 7.0 4.25 33 60 2.3
3 1.0 8.0 425 39 41 >4.4
4 1.5 6.0 4.95 = — —
h 1.5 | 7.0 2.0 | 25 10 ==
6 1.5 7.0 | 8.0 61 49 —
7 -__case 1 30 min o 7 63 0.3
8 case 6 30 min 37 34 —
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