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Characteristics of Precipitation Based on Cloud Brightness Temperatures
and Storm Tops in Summer Tibetan Plateau
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Abstract Characteristics of precipitation types are investigated in summer over the Tibetan Plateau based on the merged
2A25 and 1BO01 datasets issued by TRMM (Tropical Rainfall Measuring Mission). The statistics show that many more
stratiform precipitation samples are included in 2A25, version 7, in summer over the Tibetan Plateau, and their ratio
reaches 85%. In the definition of precipitation types based upon the cloud top brightness temperature (i.e., cloud phases)
observed by the thermal infrared channel of VIRS (Visible and Infrared Scanner), results indicate about 43% and 56% of
precipitation with ice, mixed ice and water in the top precipitating clouds, respectively, in summer over the Tibetan
Plateau. This compares to versus about 77%, 22% and 1% for deep weak convective precipitation, shallow precipitation,
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and deep strong convective precipitation, respectively, according to storm top classification. The spatial distribution

indicates that the frequency and rain intensity of precipitation with ice or mixed ice and water in the top of precipitating

clouds increases from the western plateau towards the eastern and southeastern plateau. However, the storm top altitudes

for these precipitating clouds decrease from the western and central plateau towards the eastern plateau. In the category of

precipitation types defined by storm top altitudes, their spatial distributions show that the frequency of the deep strong

convective and shallow precipitation increases from the western plateau towards the eastern plateau, while the frequency

of the deep weak convective precipitation shows that it is less in the western and northern plateau, opposite to that in the

southern plateau where it is usually one time higher than that in the northern plateau. The spatial distribution of rainfall

intensity for both deep weak convective precipitation and shallow precipitation also displays an increasing trend from the

western and central plateau towards the eastern plateau, with the opposite variation of storm top altitudes for both

precipitation types. In conclusion, the variation in the frequency and intensity of precipitation in summer over the Tibetan

Plateau increases from the western to the eastern plateau, contrary to the altitude variation of cloud top and storm top.
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sample type to the total rain samples, and the mean rain
rate of each type issued by 2A25 (Tropical Rain Measuring
Mission (TRMM) product of Precipitation Radar (PR)
rainfall rate and profile) over the main part of the Tibetan
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Fig. 1 The distribution of (a) near surface rain rate, (b) frozen layer height, (e) each pixel location of convection (red) , stratiform precipitation (dark blue),
and no rain (light blue) in 2A25, (f) infrared brightness temperature in 1B01 (TRMM product of visible and infrared radiance), and (c) the altitude and (d) the
difference between the frozen layer height and the altitude corresponding to the swath of the precipitation radar when TRMM passed Lhasa [station number:

55591; location: (29.67°N, 91.13°E); altitude: 3650 m; scan number: 26723] at 1218 UTC 23 July 2002
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Fig.2 The frequency distribution of (a) stratiform, (b) convection, and (c)

other precipitation in 2A25 over the Tibetan Plateau
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Fig. 3 The distribution of mean rain rate for (a) stratiform, (b) convection,

and (c) other precipitation in 2A25 over the Tibetan Plateau
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convection, and (c) other precipitation in 2A25 over the Tibetan Plateau
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35dBZ, H&AAEm R 2 =K e, ik
EARMFE B TR BEK, WX 2A25
s i EXRK I CFADs (| 5b), s E I
HAHNERAMAUE, M 2A25 o E R
B B K N % i S B LR 59 e K .
& 2A25 R LR K CFADs iR, Al
1517 km, HHE[R AL 45 dBZ; fe b il
Be¢ 7K [V F) s B2 S FBLA dBZ SRR 2» 00 h e 6~10
km. 17~35 dBZ, 7 7 km & HILE A dBZ
L, 43R 17 dBZ F1 34 dBZ, # 2A25 v i Ji
R IR AN 12 B v i L AR PR R A
Ko X 2A25 hf HABIE R K CFADs, 1 LLF
e RN T 22 dBZ, HZ 401 7~12 km,
LR WD/ Tl w1 @S R NS L (e PR o A a8 1
WA R RIE R, 2.2 em K PR AEERI
B HAFAE.
32 ETFoREBHEMMEKEFAE

H T PR [/K 0S4 e bt b kR, Fh
T BEZRF BRI T 7R PR X
B K ZE R )5 2. RV 2A25 Bk 2RAE s i
AEFERED . VIRS 10.8 pum 18 6] 2 10 i 1 (4R
IS B, A SCR AT TI& 1) 2A25 5 1BO1 (1R
PRl H4E 1BO1 Y 10.8 pm JEIHE Ty Sk I B K
“M AT CRAHSHHEERD, KK =5 Y
Bl STOKAHBEK S STRAH 1 BBEK. TR
HAH 2 B IK S = TR AR 7K g SCILRTTH 1 75k
M3 R 2 X PURFEKIFEAS, & BFEA
7 R BEAKRE A1 B S T3 KBRS, B 3 B
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e B b THLOKAH B ARE A o 5 3 KRR A 1) B A3
43%, =UHRAAE 1 BRI LR 39%, 2Tk
EAH 2 BRI T ERI 4 18%, T 2 THZKAH B 7K 1) B
B (A 0.5%), IX3R B TR = I b 480350 53 B
KM aTim A TR Em i, R TR 2
EE K 2R D

#z2 BEFRONER (T HEMBESEENR (30°N~
36°N, 80°E~102°E) MFHEKEIEE. &8 & BMEKFER
bb 151 K2 T 4 BE K SR

Table 2

sample type to the total rain samples, and the mean rain

Samples of the four rain types, ratios of each

rate of each type based on cloud brightness temperature
(Ty,) over the main part of the Tibetan Plateau (30°-36°N,
80°-102°E)

BT Ty 43R PRI
VKRR TRAAH 1 BURRK RATAH 2 BUREAK AKAHRRK
FEAS 1222867 1104794 505776 10066
Eai7] 43.01% 38.85% 17.79% 0.35%
SRR R 2.00 1.43 1.32 1.72
fE/mmh

IR VYRR B IS A an i 6 Frs, &
Fe W v I UK B K B AR PR (AL 0.5%)
W ZRFE A (T 3% B9, UK/KIRGHE 1 B FEoK
BRI E P AN 0.5%) TRk (1.5%) 45
(2%) Y80, VKKV AR 2 TR I U 3 v
O 0.5%) [ HHE AR 1%) FIARH (&
1%) 3800, A2 e g 2 B K FEA H DLAE & R
33°N LLRE, AIUKIZR PG J7 0] o0 A 22 S AN sk, FLAT
RNT 0.08%. b8 6 HH Gn S DA 2 THAH S X) F7K
3, T RO 2 R K R 2 TR Dby DK AH B K
KIBEH, TR 2 B KR D

Wl 7 BT Jhg L DU T B K R 2 b 2 e A i 58 3
A, R m R ST K R R, 78R
ATk 4 mm b 78 E R P AP AL T 1.2~
3mmh™ 2 () 2 TUKAKR AR 1 Bk
WA AE SR AR BRI B /NS A 2 1.8 mm b A, 7
KREASHX AT 1.5 mm b ZTRUKOKIREH 2
1) [ A B 23 A 5 25 TRUK KSR A A 1 BRI,
FURH S, ZEm R E ST 12 mm by B
ZBBIKBREE AR AR K, 7 R R PG
E R A1) GRS U N e Y G N
4mmh, TAE R R P RS R /N T 1.5 mm
h'o MR L, BRIBE S REAKAN, s EREK 2 s T
fEr, T HL R B AK R, IR R b X R K

FefBls R X R G AR SE T R A
21 4 S Tk 5 b T B K 7 2 R AT R 1) 3E
(Arkin and Xie, 1994).

L 4 250, 8 Ik DU K - 38 B K [l
WIE R, T VIRS (£ 10.8 um 3B T, Sk 2 T
S, T LA OOl S T R K 2, UKAHBE
IKEA B B K R T s 5, ] 8a KW iy JR
TS I 55 K 11 B 7K [t T340 v S R 9.5 km,
1l 94°E [n) A< K [ 0P8 s B H I T 9.5 km
ARG E 8 km; X TR A 1 BFR/K, LBEKIA]
P T P-34) v P AE ey JR U BRI Pl 8.5~9 km, fif
94°F [ A< HAK T 8.5 km kL[4 AC S 103°E P
7.5 km; AHLGZ R, WA 2 BEROK, Rk e
BORGAH 1 B K ()-S5 B 7K a8 T v B2 IS 0.5
km, 3452 5L PRI 2 B K el gt T B A
e, KA —LLL LXK 2 6134 W T0 e 5
m T 9km, HEEIAF| 10km LU E, BARCLE T 5
Ji BRGNS, LA S 2P g B
IKIIE o A At 75 R e it B 2 2 B4 7K T g
m TR S, AL AT T, #1273 K2 415 IEAE
Wtz s

BTz To 53280075 ke B DY b e 7K A 2 B 25
P BRI T ZE 5 (B 9, WioKAR 2 TH B A 30
T AR RS T 4G R R s s KR, Hid
KAl 8 40 dBZ (6.5 km i 1), 17~25 dBZ
i IAE 6.5~10 km; JRAHH 1 BB K S5 GAH 2
RUFEIK K] CFAD 23 ATARALL, Ui 1R B 7K [R5 T
LSRR R, AT REIK R R KSR AE T SERR Bk
AR R R B XFEEI 9ay by o, ATLLFEF|
CFADs 47 I Z{H 2k RL 5 H UK FHBE K TR A AH 2 LB
IKIGIN, KWL A T A Ty IR K 5325, B
S5 WL o DR B K s B Py A SE R RRE . S5 8d
fRoR B CRL, AKAHFEK ) CFADs [AFESS B4
UF, DRR LR K Rl Tl s BE R 6 km R BB A3 5
WF9T 3 B 25 i JRl BT i Gl 4~5 km) F
B nT ik 8°C (i FAE A, 1984), ] LAHfEWT 0°C
JEREAE 5~6 km ZiA7, PRULIRATE LR 47K
B 7K 2 BB K I T B 28 i T 0°C J2 i . —Fil
BRELAERE A R BT, KRR
0°C 2 LA W /KA bz 7 TR 25 A< 485 A 45 b v i LA
b, FEART 0°C BB IR, WAL A E
MR Ty =T 273 K, {H PR FIJUE] & T 0°C &
FE IR K T 0o VRN IEAE T
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Fig. 5 The CFADs (Contoured Frequency by Altitude Diagrams) of radar echo for (a) stratiform, (b) convection, and (c) other precipitation, in 2A25 over the
central part of the Tibetan Plateau
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Fig. 6 The frequency distribution of precipitation with (a) ice phase, (b) mixed phase 1, (c) mixed phase 2, and (d) water phase, in precipitating cloud tops

inferred from cloud brightness temperatures over the Tibetan Plateau
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Fig. 7 The distribution of mean rain rate for precipitation with (a) ice phase, (b) mixed phase 1, (c) mixed phase 2, and (d) water phase, in precipitating cloud

tops inferred from cloud brightness temperatures over the Tibetan Plateau
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Fig. 8 The distribution of the mean storm top height for precipitation with (a) ice phase, (b) mixed phase 1, (c) mixed phase 2, and (d) water phase, in

precipitating cloud tops inferred from cloud brightness temperatures over the Tibetan Plateau
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Fig.9 The CFADs of radar echo for precipitation with (a) ice phase, (b) mixed phase 1, (¢) mixed phase 2, and (d) water phase, in precipitating cloud tops

inferred from cloud brightness temperatures over the central part of the Tibetan Plateau

km SRR KRG m S GRBERIE 2k,
2015); SerifEw s R A AR R 2A25 FEK
JERER I AT 4 SRR IR, 5 9K e R PR /K BR R AE 7.5 km
B RIRZ A %K (Fu and Liu, 2007; XI&4E,
20070 Ak, FEFEORE T R B K g iR TR
ST PR K YRR GG B K SR K G UL
2 WRORIRIOTIR: AEH DAY T HEE
I 1 JUIX P B K )1 BB JEE 3 A S AT A S
i, FExFH ARG ORI K R 28 100 % ShER AL A T
T QEBEAUE 27K, 2015). X B FRATN X =
Pl A ATV« o i % 8 K It T v 5 Ao — 2D )
W . B3R 3 0 K0 v i I JE s K A R K R
W 7KB LA 2 (29 1%, AH P BB K R B W] 3k
18 mm h™', VWML (2 22%),
Zi1mmh’, TR ES AR R L &, =
Pl LB 77%, P2 1.6 mmh ',

*3 FESEEIE (30°N~36°N, 80°E~102°E) 3ZER%
KELETREE N RM=MEKEE. &B & 2K LS
R FHpEkRE

Table 3

ratios of each sample type to the total rain samples, and the

Samples of each type for the three rain types,

mean rain rate of each type based on storm top over the
main part of the Tibetan Plateau (30°-36°N, 80°-102°E)
H T B IR T e J3E 73 S =Rl K
GRESRARIEK  RIESIRIRMK K

FEA S 30008 2178153 635342
Ek 4] 1.06% 76.60% 22.34%
T K i/mm b 18.15 1.55 123

B3 75 7 e v IR R i K A T R 9 S I % v
FEFE K AR A AT & 10 s, 6B vR Bt
B/ BT AR5 /0N, ELABR H VG 1) 238600, 461
JI5 S AR P O S o 3t IRV /N T 0.08%, 1T
il 97°E DU M X ILATK AT I8 0.2%, Ut HH 75 i
JUE B K SRR R R o S T 5559 X 3t
BK, AR 3 A e R b BRIk m b i 2
S, F R AR AL 3% dEENT 2%; WRJE
5559 0F 1 BAF 7K AT R A A% T i %o 9 4R K A UK 1) A LA
by AT GG R A A v R L ) B KR £
e B b () R B K R B A A 2 N L AR
TR, 78 90°E LAPEHAIK/NT 0.5%, 90°E~98°E
NT1.5%, TAE 98°E AR IE T 2%,

W IR S R R A S . AR TR
JEHBIX, AnvE T A X, 2w ] 2 T e oK
[R]85 T A5 3 31 10 km 5 B SRR XA K A2 75 h
WRIESTIR GBS, 2012), i 0°C 2 & (4.5 km
KA KRB AT A K (B PF/K, Liu
and Zipser, 2009 D; IFEWIRTTAIHE H 1 T 5 2 5
F A 2R T IA 8°C (i fEs%, 1984),
I R R AR 0°C J2 N AE R S L b1
km ZeAio W EIAR T SR R R KA A
IR S BEK . ARSI AT BT AT A0, 7 e R
B BRI AAR (/NT 0.08%), Ik RS2 J5idth
K% 0°C 2w HA 1 km e A A5, #ELL
ik =R

T8 e SRR ST B A S R SR 9 K AL A K T
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Fig. 10 The frequency distribution of (a) deep strong convection, (b) deep
weak convection, and (c) shallow precipitation, based on storm top altitude

over the Tibetan Plateau
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Fig. 11  The distribution of mean rain rate for (a) deep strong convection,
(b) deep weak convection, and (c) shallow precipitation, based on storm top

altitude over the Tibetan Plateau
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Fig. 12 The distribution of mean storm top height for (a) deep strong
convection, (b) deep weak convection, and (c) shallow precipitation, based

on storm top altitude over the Tibetan Plateau
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o S DARER K [T T v B oK % 42 75 ik v B 2A25
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[%7K (Fuand Liu, 2007),
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Fig. 13 The CFADs of radar echo for (a) deep strong convection, (b) deep weak convection, and (c) shallow precipitation, based on storm top altitude over the

central part of the Tibetan Plateau
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Fig. 14 The CFADs of radar echo of (a) ice phase, (b) mixed phase 1, (c) mixed phase 2, (d) water phase, (¢) deep weak convection, and (f) shallow

precipitation, among stratiform precipitation in 2A25 over the main part of the Tibetan Plateau
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KT 26%, IXFRUESERANCarmssw, &b
2A25 K 4 KR A IR ) 55 XL K (Fu and
Liu, 2007), T i Fy S amnhim K ) 2 o

F4 FHESEEME (30°N~36°N, 80°E~102°E) 2A25 &[%
Tk KA IR R = TR A EFE 7S K AN 5] P&k [ 35 T 1 FE RO A AN 3
R ELBIFNFIpEKEE (FRP KL P E—ITAERE,

FTITEN L, FZITES P ATHMKEE, B4 mmh™
Table 4

corresponding categories in different phases in the cloud top

Categories of 2A25 rain types and their

and different storm tops over the main part of the Tibetan
Plateau (30°-36°N, 80°-102°E) (samples, ratios, and average
rain rates are represented by the first row, second row, and

the third row of each category, respectively)
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(1.6) 1.6)

Jepl 4261 2164 1875 742 0 8644 398
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Fig. 15 The CFADs of radar echo of (a) ice phase, (b) mixed phase 1, (c) mixed phase 2, (d) water phase, (¢) deep strong convection, (f) deep weak

convection, and (g) shallow precipitation, among convective precipitation in 2A25 over the main part of the Tibetan Plateau
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Fig. 16 Schematic diagram of the distribution for the frequency, intensity, and depth of precipitation from the western to eastern Tibetan Plateau (TP)
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