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Characteristics of Summer Rainfall over East Asia as
Observed by TRMM PR

Eun-Kyoung Seo*

Department of Earth Science Education, Kongju National University, Chungnam 314-701, Korea

Abstract: The characteristics and vertical structure of the rainfall are examined in terms of rain types using TRMM
(Tropical Rainfall Measuring Mission) PR (Precipitation Radar) data during the JJA period of 2002-2006 over three
different regions; midlatitude region around the Korean Peninsula (EA1), subtropical East Asia (EA2), and tropical East
Asia (EA3). The convective rain fraction in the EA1 region is 12.2%, which is smaller by 6% than those in the EA2 and
EA3 regions. EA1 shows less frequent convective rain events, which are about 0.5 times as many as those in EA3. EAl
produces the mean convective rain rate of 10.4 mm/h that is about 40% larger than EA2 and EA3 while all regions have
similar mean stratiform rain rate. The relationships between storm height and rain rate indicate that the rain rate is
proportional to the storm height. Based on the vertical structure of radar reflectivity, EA1 produces deeper and stronger
convective clouds with higher rain rate compared to the other regions. In EA3, radar reflectivity increases distinctly
toward the land surface at altitude below 5km, indicating more dominant coalescence-collision processes than the other
regions. Furthermore, the bright band of stratiform rain clouds in EA3 is very distinct. In convective rain clouds, the first
EQOFs of radar reflectivity profiles are similar among the three regions, while the second EOFs are slightly different. The
larger variability exists at upper layers for EA1 while it exits at lower levels for EA3.
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Table 1. The number of PR rain pixels occurred over the
selected box area for each rain type for five year summers

Convective Stratiform  All rain pixels
EAl 206716 1484981 1691697
EA2 361493 1582096 1943589
EA3 667174 2938962 3606136
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Fig. 1. Map of three selected regions used in this study
including the midlatitude region including the Korea Penin-
sula (EA1), subtropical east Asia (EA2) and tropical east
Asia (EA3).
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Table 2. The number of PR rain pixels occurred over the
100 kmx100 km area for each rain type for five year sum-
mers

Convective Stratiform Al rainy pixels

EAl 1942.0 13950.7 15892.7
EA2 1289.2 5642.1 6931.3
EA3 1701.2 7494.1 9195.3
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Fig. 2. The number of TRMM satellite visits as a function
of latitude.

Table 3. Ratio of the number of TRMM satellite visits for
each region to that of EA3

Visit number EA1 EA2 EA3
2.36 1.34 1

Table 4. The number of PR rain pixels occurred over the
100 km x 100 km area for each rain type for five year sum-
mers after considering satellite visit frequency. The numbers
in parentheses denote the number fraction of rain pixels in
% for each rain type

convective stratiform  all rainy pixels

EAl 822.9 (12.2%) 5911.3 (87.8%) 6734.2
EA2 962.1 (18.6%) 4210.5 (81.4%) 5172.6
EA3 1701.2 (18.5%) 7494.1 (81.5%) 9195.3
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Fig. 3. (a, ¢) Relative frequency and (b, d) cumulative frequency of rain rate (mm/h) for (a,b) convective and (c,d) stratiform
rain. Solid, dotted and dashed lines denote EA1, EA2 and EA3, respectively.
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Table 5. Mean TMI rain rate(mm/h) for each rain type over
the three regions

Convective Stratiform  All rainy pixels
EAl 10.4 1.7 2.8
EA2 7.2 1.9 29
EA3 7.1 1.5 25
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Fig. 4. (a, ¢) Relative frequency and (b, d) cumulative frequency of storm cloud top height (km) for (a,b) convective and (c,d)
stratiform rain. Solid, dotted and dashed lines denote EA1, EA2 and EA3, respectively.

2HIEe| HIE 2% o
PRO] AHEE<] 2A239] A5 RAIEE ©] A &
tol Al A GoMe] A ae] A WIEel 3 o AY B WEE UERn, 53] EA29F EA3E
AR okeHFig. 4). Al A9e] tFE 7= o] ALoA e AieS WAATITH B3 EAl
Jof W= E3EZE Johnson et al.(1999)0014 2 9]

of

o M

o Aot (T oo
1o i
O:

A BE(trimodal)e] FEfel wig- FARICH R s s,

g., Johnson et al., 1999). Fig. 4a2] 3 WA Hdj o] AFTEe Al AYo] g HsEE AAE B
A 92 o 2kmell 3lor, F WA S9de oEn
oF 6kmell SIth. £ 4km ofste] TS
Sl tieliA EA29F EA3: oF 35%, EA1S oF 22% glolc] HIALZo| ¢iZ] Bx
s AAPT 6km oldke A 0%} 55%E axd Fojr] whkee] Hiw E¥Ql CFADs
A8}, wjea] sl 2 QYo $ATLI) 6 (Contoured Frequency by Altitude Diagrams; Yuter
km ol dHoR w7 LS 752 oF 15% B and Houze, 1995)5 7 49-FEHEE Uehisin
Bol AL Q52 & ¢ vk ol e FH O (Fig 6). HIRES WA dury ke 234 A9

I PR UFee] A9 R Adurt ol B Adur A¥Hes G wad J4TE

R =

O &2 F A AR v S0 tigk & & Sk, dAHoR B goly Wales 7t
Al Al Aol mg- FARE BEE et 3, ol & Foxe] Wbt o B M9l &
9 FrTEe] A wWE ewe] Hle ¥l glo) whdd] izl ZollX EA3Y AFTE



40 X234

. (a) convective: EAI . (b) convective: EA2 " (c) convective: EA3

1 : : 42
~12 1 ~12f 1 a2k 1 M6
E g 5
210 1 Zof 1 =0p 1 W0
— — o
<= &=
&b g 4 .Bhgf 3 @ 8k 1 24
4] o L]
= = =
g 6 B E 6 8 E 6 . 1.8
[=1 [=1 [=]
= 4 1 724 1% 4 . ll.2
2 ] 2 ] 2 ] .0.6
L ' L 0 L L L L L 0
0 10 20 30 40 0 10 20 30 40 0 020 30 40
rain rate (mm/h) rain rate (mm/h) rain rate (mm/h)

. (d) stratiform: EA1 4, (e) stratiform: EA2 o, (D) stratiform: EA3 y
~12f ] ~12f 1 ~12F 1 W=
E _E =]
=10k 1 <ot 1 Zof 1w
= = =
S g 1 Shs} st 1B
2 6 2 6 2 6 6
g 4 p 24 ? 24 ? ] I4
w [ -1 w o B 71 L]

2H 1 2t ] 2f ] lz

0 L L L 0 . s ' 0 0

0 5 10 15 0 0 5. 10 15 20 0 5 10 15 20

rain rate (mm/h) rain rate (mm/h) rain rate (mm/h)

Fig. 5. Relative frequency of occurrences as a function of radar reflectivity and storm height for (a-c) convective and (d-f) strat-
iform rain type.
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Fig. 6. CFADs of radar reflectivity profiles for (a-c) convective and (d-f) stratiform. Solid, dotted and dashed lines denote EA1,
EA2 and EA3, respectively.
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