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Motivation

Å Enhancement of precipitation and lightning activity 

over and downwind of urbanareas

number of total cloud-

to-ground flashes

MayīSep 

1995ī2003

radar-derived average 

daily precipitation (mm)

JunīAug 

2002ī2006

* Mote et al. (2007)
* Rose et al. (2008)

Atlanta
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Motivation

urban area

more frequent convection

more frequent lightning

precipitation enhancement

Suggested causes of urban-induced or urban-modified 

convective phenomena

1.  urban heat island ~ Baik et al. (2001), Han and Baik (2008), etc.

2.  increased surface roughness ~ Rozoff et al. (2003)

3.  increased aerosol concentration ~ yet in debate

upwind downwind
(oC)
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Motivation

Pristine

Polluted

* Rosenfeld et al. (2008)

suppression

or enhancement

of rainfall in 

urban areas ?
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Motivation

Weekly Cycle of PM10

: EPA data for 

1998ï2005, JJA

Weekly Cycle 

of TRMM Rainfall

* Bell et al. (2008)

southeast U.S.
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Objective

To investigate the role of aerosols 

in urban-induced convection and 

precipitation using a spectral-bin 

cloud model
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Spectral-Bin Cloud Model

The Hebrew University Cloud Model (HUCM)

Å Khain and Sednev (1996), Khain et al. (2004, 2005)

Å 2D, nonhydrostatic, anelastic model

Å 7 hydrometeor types, aerosol particles

Å 43 mass-doubling bins (0.0001 ɛm ī 2 ɛm / 2 ɛm ī 3 cm)

Microphysical Processes :

- condensation/evaporation of drops - nucleation

- deposition/sublimation of ice - freezing

- drop-drop, drop-ice, and ice-ice collisions   ! - melting           - breakup
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Experimental Design

Basic-state profiles

Å wind : uniform flow (U = 3 m s-1)

Å temperature Å moisture

mixing ratio (g kg-1)temperature (K)
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qL

dT/dz = ī6.5 K km-1

& freezing level of 4.9 km
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ÅUHI :

Experimental Design
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- q0 = 0.6 J kg-1 s-1 (2.15 K h -1)

- ax = 10 km, c = 50 km, h = 350 m

- train : initiation time of sfc rain

initial spatial distribution 

of CCN concentration

C
C

N
 c

o
n

c
e

n
tr

a
ti

o
n

 (
c

m
-3

)

30 km

city center

NCCN = 250 cm-3

NCCN = 

4000 cm-3

30       40        50        60       70       80        90      100     110

urban area x (km)

*CCN : Cloud Condensation Nuclei
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Experimental Design

Å Domain size : 256 km x 18 km (damping layer above z = 14 km)

Å æx= 250 m and æz= 125 m

Å T= 6 h and æt = 4 s

Å NCCN = 250 x 2nï1 cmï3 (n = 1 ï9)

n 1 2 3 4 5 6 7 8 9

NCCN 250 500 1000 2000 4000 8000 16000 32000 64000

qL (g kgï1) RHL (RHmax) (%) CAPE (J kgï1) LCL (km) LNB (km)

16 60 (69) 360 1.4 9.8

17 64 (73) 630 1.3 10.6

18 (CTL) 67 (77) 950 1.1 11.3

19 71 (82) 1310 1.0 11.9

20 75 (86) 1700 0.9 12.4

high CCN caselow CCN case 10/24
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t = 170 min

t = 210 min t = 220 mint = 200 min

t = 190 mint = 180 min

Urban-induced low-level cloud qL = 18 g kg-1

NCCN = 4000 cm-3

vertical 

velocity 

field

liquid water 

content

16 17 18 19 20

initiation time of the 

first cloud drop (min)
200 183 167 152 138

w (m s-1) 0.48 0.39 0.33 0.28 0.24
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x (km)
56       58   60       62   64       66       68

x (km) 3.5

3

2.5

2

1.5

1

0.5

0

h
e

ig
h

t 
(k

m
)

12/24



stronger 

downdraft

500 cm-3 4000 cm-3

1. cooling (ɗ)

w
(m s-1)

evaporative 

cooling rate 

(K h-1)

(at t = 220 min)

57 58 59 60 61 62 63 64 65 66              

x (km)

57 58 59 60 61 62 63 64 65 66              

x (km)
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stronger 

downdraft

500 cm-3 4000 cm-3

1. cooling (ɗ)

2. drying (qv)

: īwÖqv/Öz > 

evaporation

3. hydrometeor 

drag (q)

w
(m s-1)

evaporative 

cooling rate 

(K h-1)

mixing ratio

(g kg-1)

liquid water 

content

(g m-3)

(at t = 220 min)

raindrop

57 58 59 60 61 62 63 64 65 66              

x (km)
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(a) initiation time of surface rainfall
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before deep 

convection 

develops

time (h)

Initiation of surface precipitation

Smaller sizes 

of raindrops

No clear relationship 

between TrainŸpre. and NCCN

Higher CCN concentration

Stronger 

downdraft

250 cm-3 64000 cm-3

qL = 16 g kg-1

qL = 20 g kg-1
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t = 230 min

t = 225 min

t = 220 min

t = 235 min t = 245 min

qL = 18 g kg-1

NCCN = 4000 cm-3

t = 250 min

t = 235 min

Urban-induced deep convective cloud

t = 240 min

vertical 

velocity 

field
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x (km)
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x (km)

56      58     60      62      64      66     68           
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500 cm-3 4000 cm-3

w
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condensation 

heating rate 
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500 cm-3 4000 cm-3
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updraft
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500 cm-3 4000 cm-3

w
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stronger 

updraft
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wmax

250 cm-3

Koren et al. 

(2005)



cloud water 

content

(g m-3)

ice crystal 

content

(mg m-3)

enhanced 

riming

(at t = 250 min,

above z = 5 km)

500 cm-3 4000 cm-3

snow 

content

(mg m-3)

hail  

content

(mg m-3)

ice crystal & snow

+ supercooled drop 

Ź

graupel/hail

64 66     68    70    72     74    76 

x (km)

64 66     68    70    72     74    76 

x (km) 20/24



heating rate 

due to riming

(K h-1)

heating rate    

due to deposition

(K h-1)

(at t = 250 min)

500 cm-3 4000 cm-3

suppressed 

deposition
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