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skyg

roof

wall

skyw

road

bw

kho

F0b

θ

Fig. 1 Urban canyon.

Δx

Δx

bw
bw

kh0

Fig. 2 Building element.

Table 1 The parameters of Fig. 1 Fig. 2
symbol definition unit

Fob direct beam W m−2

bw building width m

k number of building story

in a canyon

ho unit height of story m

skyw sky-view factor for wall rad

skyg sky-view factor for road rad

θ incident angle of direct

beam radiation

rad

( β 20 200 km )

β

(

)

CReSiBUC

CReSS (Cloud Resolving Storm Simulator)

SiBUC (Simple Biosphere including Urban Canopy)

(Moteki(2005))

1999 7 21

100 mm

2. CReSiBUC

CReSS(Cloud Resolving Storm Sim-

ulator)

SiBUC(Simple

Biosphere including Urban Canopy)

CReSS

CReSS

SiBUC

SiBUC Fig. 1

Fig. 2 2

r(k)

3.

3.1

1999 7 21

15 JST

18 JST 3 130 mm 16

JST 1 90 mm

Fig. 3 21 12 JST 14 JST
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Fig. 3 Averaged tem-

perature and wind for

12 - 14 JST with

AMeDAS.

Fig. 4 Accumulated

rainfall for 15 - 18 JST

with Rader-AMeDAS.

30

Fig. 3 Fig. 4

Fig. 6

33

31

2

Fig. 4 21 15 JST 18 JST

3

3 50 mm

50 km

3.2

CReSiBUC

(CTL)

1999 7 21

Fig. 5 09 JST 21

JST 10 12

5 km

100 × 100 × 45 140.0

36.5

(RSM: Regional Spectral Model,

129× 129× 20 20 km) Fig. 5

1 (

Fig. 5 Calculated domain.

(a) (b)

(c)
(d)

(e) (f)

Fig. 6 Simulated results with the CTL of (a) accumu-

lated rainfall for 15 - 18 JST, (b) averaged convergence

accumulated in the 0.1 - 1.0 km-layer for 15 - 18 JST,

(c) averaged temperature at 0.1 km for 12 - 14 JST, (d)

vertical profile of temperature and wind at 13 JST, (e)

averaged sensitive heat flux at 0.1 km for 12 - 15 JST,

(f) averaged latent heat flux at 0.1 km for 12 - 15 JST.
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) 1

3

1.5

Mellor

and Yamada turbulent closure model level 2

5 km 7

(

) 100 m

15 (KS-202)

7 5 km

FAO (Food and Agriculture Or-

ganization of the United Nations) Digital Soil Map of the

World ( 10 km)

1000

11 (sand, loamy sand, sandy loam, silt loam,

loam, sandy clay loam, silty clay loam, clayloam, sandy clay,

silty clay, clay)

CTL Fig. 6 CTL

(Fig. 6(a)) Fig. 4

( 30

)

50 km

(Fig. 6(b), (c))

CReSiBUC

4.

2

3

( )

3

3

10 20 30 40 50 60 70 80 90 (%)

(a)CTL

10 20 30 40 50 60 70 80 90 (%)

(b)PDY

10 20 30 40 50 60 70 80 90 (%)

(c)UBN

Fig. 7 Land-use distribution given to each simulation.

left figure; fraction of urban area, right figure; fraction

of paddy field.

4.1

( )

(PDY)

(UBN) Fig. 7

PDY UBN Fig. 8 PDY

CTL

CTL PDY Fig. 6

(a) CTL

16.3 mm PDY 4.0 mm

CTL PDY 2
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PDY CTL

PDY

CTL

CTL 5 × 10−4 s−1

UBN CTL 20 30

km CTL UBN 1

CTL 100 Wm−2

CTL

CTL 5 × 10−4 s
−1

CTL, PDY, UBN CAPE PDY

CTL, UBN PDY

PDY

LFC

PDY UBN

4.2

200Wm−2, 400Wm−2

(AHD200, AHD400)

Fig. 9

CTL

24.3 mm 24.6 mm CTL

50 AHD400

AHD200

AHD200

(a) Precipitation

(PDY - CTL)

(b) Precipitation

(UBN - CTL)

(c) Temperature

(PDY - CTL)

(d) Temperature

(UBN - CTL)

Fig. 8 The result of the PDY, UBN, (a) accumu-

lated rainfall difference in PDY-CTL for 16 - 18

JST, (b)accumulated rainfall difference in UBN-CTL

for 16 -18JST, (c) averaged temperature difference in

PDY-CTL for 12 -14 JST, (d) averaged temperature

difference in UBN-CTL for 12 -14 JST

UBN CTL

1.4 , 2.7

CTL

CTL 10 × 10−4

s−1, 15× 10−4 s−1

CTL

150 Wm−2 300 Wm−2

CAPE

SSI

2
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(a) Precipitation

(AHD200 - CTL)

(b) Precipitation

(AHD400 - CTL)

(c) Temperature

(AHD200 - CTL)

(d) Temperature

(AHD400 - CTL)

Fig. 9 The same as Fig. 8, but for the AHD200 and the

AHD400.

4.3

(

)

2 (ROOF1, ROOF2) Fig. 10

ROOF1, ROOF2 Fig. 11 ROOF1

) 3
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Building View 6 4

(a) CTL

0
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or
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Building View

(b) Average of Tokyo

Metropolitan Area
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(c) ROOF1
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(d) ROOF2

Fig. 10 Roof height distribution. y-axis; roof height,

x-axis; rate.

( )

CTL

ROOF1

ROOF2 CTL

10 mm

22.9 mm CTL 6

mm CTL 0.1

AHDact

CTL

ROOF1

ROOF2

ROOF2
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(a) Precipitation

(ROOF1 - CTL)

(b) Precipitation

(ROOF2 - CTL)

(c) Temperature

(ROOF1 - CTL)

(d) Temperature

(ROOF2 - CTL)

Fig. 11 The same as Fig. 8, but for the ROOF1 and

ROOF2.

2

4.4

CTL

(a) Actual value
(b) Estimation using

anthropogenic heat

fuction

Fig. 12 Distribution of anthropogenic heat in Tokyo

Metropolitan Area, Aug. , at 12 JST.

(a) (b)

Fig. 13 (a) Accumulated rainfall difference in

AHDest-AHDact for 15 - 18 JST, (b) averaged temper-

ature difference in AHDest-AHDact for 12 - 14 JST.

4.5

(2004)

5 km

(Qm) (Vua)

Qm = aVua + bVua
c (1)

(KS-202) 5 km

(Qm�

)

(Qm) (Vua)

－ 721 －



Qm� =
Qm

Vua
(2)

(

)

(2004)

(Fig. 12 (a))

(AHDact)

(Fig. 12 (b))

(AHDest)

Fig. 13

1.4 mm

0.7 mm

2 3

0.02

10 Wm−1

AHDact AHDest

(Fig. 12)

5 km

5.

3

CReSS

(2003)

51

pp. 115-117.

(2006) :
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pp. 479-484.

(2004)

48 pp. 169-174.

(2001) CReSS
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51 pp.

109-115.
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Effects of Urban Environment on Heavy Rainfall of Urban Area

Yotaro ITO∗, Qoosaku MOTEKI∗∗, Kazuyoshi SOUMA∗∗∗, Kazuaki YOROZU∗, Kenji TANAKA and Shuichi

IKEBUCHI

∗Graduate school of engineering, Kyoto University
∗∗JAMSTEC

∗∗∗Kyoto University Pioneering Research Unit for Next Generation

Synopsis
In this research, the impact of urban environment (Land cover, anthropogenic heat, and building distribution

and density) on the heavy rainfall at urban region, Nerima Heavy Rainfall were investigated by CReSiBUC,

which was a coupled model of a cloud resolving model CReSS (Cloud Resolving Storm Simulator) developed at

Nagoya Univ., Japan and a precise land surface model SiBUC (Simple Biosphere model including Urban Canopy)

developed at Kyoto Univ., Japan.

And the anthropogenic heat function (A.H. function) was built. The method to determine the function could be

useful and acceptable when we consider anthropogenic heat at a numerical model.

Keywords: CReSiBUC, heat island heavy rainfall on urban area, urban environment

－ 723 －




