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Abstract Médog, located in the southeast of the Tibetan plateau (TP) and in the valley of
the lower reaches of the Yarlung Zangbo River, is the main water vapor channel from the
Indian Ocean into the TP. Médog is also an important part of the TP precipitation system due
to its largest annual average precipitation amount over the TP. Based on the Ka-band cloud
radar (KaCR) observation data at the Médog National Climate Observatory in 2020, this
paper firstly preprocessed the power spectrum data of the KaCR, which were verified by
comparing with the observations from precipitation phenomenometer. Then, two weak
stratiform precipitation processes occurred on March 6 and August 24, 2020 were selected,
and raindrop spectrum were retrieved from power spectrum data of the KaCR to explore the
microphysical characteristics of weak precipitation in the dry and rainy seasons in Médog.
The results showed that a systematic error of reflectivity factor reached about 12 dB between
KaCR measurements and the theoretical values of KaCR calculated from precipitation
phenomenometer. A very good agreement between the two datasets is evident after KaCR
was corrected. Furthermore, the near-surface raindrop size distribution (RSD) retrieved from
KaCR was close to those observed from precipitation phenomenometer. The heights of bright
band in Médog varied with seasons, and were low in dry season (i.e. about 1.5 km) and
high in rainy season(i.e. about 4 km), respectively. The spectral width of RSD for the weak
stratiform precipitation cases was narrow, and the diameter of raindrop did not exceed 3 mm
in Médog. Above the bright band, the diameter of small ice particles increased slowly with
the decreasing height according to the spectrum skewness and kurtosis. However, the growth
of ice particles in dry season is more obvious than that in rainy season. Below the bright
band, the ice particles converted into liquid water drops, whose concentration decreased as
the height decreased in the process of falling probably due to coalescence and evaporation of
raindrops. The smaller the diameter, the faster the concentration of raindrops decreased.
Near the ground, a significant decrease in the concentration of raindrops may be contributed
to enhanced evaporation.

Keywords Tibetan Plateau, Ka-band cloud radar, power spectrum, vertical structure,

microphysical processes
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27 1000 ~H, KIEKZ 2500 ~H, MARLR 2.5x100F 7 AR, Pk EE
4000 KLL bo Tk E B0 A E AR E - Bk s R RSHmERA 50
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2R P 1 X T R e S 52 B EE A KRR e i R B S ) DXt R A T 7 e S R
FHS, HES AL N, SIS, KEKR S S hE L I 4 S,
bt J T R AR X Jidnacs, DRI T 58 M oM 2R R /KRR T IE. “ N B . SR
SEIUFR R 1200 m, AEFIIARHEE 80 %Ll E, FIZETFIRE N 22 C, %
Kim T 2000 mm, SUEIRIE, WERIT, BT VHGHTIRIE SR X (R, 2018).
S|IAE TN R, RIEH X K B EuR 2 . BoKE SR Ty, R A%
AR IR e B A ORISR ZUE, S R R R R G I — N U R T (FEARAE,
2021) o INTARNT AR B /KR BBl “ N 07 S8R X 2 B 7K = e 4540 e B HE 1
AR, TESE R 5 4% G R 25 S0 ST I H A K SR TRV E SCRE R,
2019 FF 55— IRAETHI AR SRR & (95.32°E/29.31°N, 4Kk 1305 m) #ES7 7 AR
U HAT = BRI S5 A I . WEIN13 % £ ARG X BB FE IS Ka B
KR TIE . KIEBMMEIL KB EIS . v & KIS A 5 .

b TS5 it X RV 58 /N T 1 mmvh (55 FEK A 4085 T B 7K LB BT 80% (Wang et al.,
2021), KUk, ASCE SRS B X 55 B K R R I e T AR . =K =
325 FR T LA ) KA LS A R K 2 RS B K 2 BRI R 70 2 v T K 8 R AR TR A (X
BOPSE, 2009), HEGE R BUSE RIS B HEE,  BEBB IR LF (ORI NRL T 2548 [ )
HRFE (Kollias et al., 2007) o JeAl, SR 1A AR H & A 27K ) (1 12 2 0
R, A SRR SRS E M R G110 Ka B = HE (KaCR) MIEHE AFERt, &
JeX} KaCR [ Zh 3 B gt AT TAb 3, SR J5IEHC T 2020 F R 2=HR 2= 1 AN 55 Kt
T, AT ORI B, 43T 5 M DXAS 8] 2= 95 55 B /K B e BRARRAIE f S B RR 2k . i
PEAIF T, 45 e o) AR AT K0k 28 /K VB I N 1Ak 2= B /K A B R AR, % B 7
= R KIS H T R B A EER X

T & R AR
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Fig.1 The topography (m) of the Tibetan Plateau (color shading) and location of the Motuo observation site
(red triangle) (a), millimeter cloud radar (MMCR) (b) and precipitation phenomenometer (DSG5) (c)
AT I P B I v g A b B R B0 T B A2 B B T B A BR A
AT KaCR MRS THE (b5 ARBHEA IR 5T 2 7] A4E 7 1 B K B A%
DSG5. Ka BB =K = HiE LAESHE N 35.01 GHz, STREKSN 8.6 mm, HRMEE
Al 18 km(PE B HhTH =%, R A)). 1% KaCR K FH PUFBL G HA R, 75 i il 28
A PHEER, BKERNE SR, DR AR MR = AT WM. T
AL TGRSR PR AR EdE . 1% KaCR RASHINER 1 Jir.
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KaCR it B A0 5 SR A it 7 ot (Th il g BEdl ) ANEE AP HcHE 7= e (Il gl o 2
PRI E . B . BRI L), T s it X 2 K M BRRAE S AL T B
fitli o
% 1 KaCR /KRB TEIASEL
Table 1. The parameters of precipitation model of KaCR

SHATR KaCR
ik g 0.2pus
ok e B B AR 8000Hz
FH R R AL 1
PR AR L AR 4 5 256
FEE R 30m
I (] 43 3% 2 2s
PRI B 18km
HRINE X 120m
Nyquist 3% /& i1 [F] 17.14m/s
W DR 0.134m/s

DSGS5 2 [ 7K B GA 2 — P e FH B 00 208 0 1 A %) e 7 s 8 M 0 2 5% 73 BT 1 4%
B DX SRR R (CEBW. AW KW, KE. Tk, Thi. WEHE) 31T
FERUAIN . BEZK IR AL AT GE it AT AT 1 R KR 176 38 B ARLAZ B0 AR (4 R D),
BN 1024 B (32 FhELAR*32 POl JE) RIMI SR A, BHE P8R 1 min, @ik
THE UL — DR B FK R . SORE T SKEDLER SR (MOR) BEL
P . I S R SR o A ) AR B A B G SR ot 2 i T W K AT IRAIE

WAL = E = R 8, K RBBHX 10 HE 3 AM 4 A% 9 AR NEZEMW
Z (Zhou et al., 2021) . [Klt, ASCHEEL 2020 FE5Z (3 H 6 H) MW= (8 H 24 HD
A 55 1K I FEREAT 2 O B AE O 7T IR R FR/KE FE M 5 A2 € 7E 0.2 mm/h,
FRERE KRBT BN 07: 30~09: 00 C(ALEERS, FED, REEE—A/ oo ZRFEK N EbE
IR 5E, PN SETE 1 mm/h. F25ERF/KI BN 04: 42~05: 32,

3. MIFEAERIE

AR B AT B 5 e SRR e P SR i U R 5 ) KaCR D 3R 3 4o S =8
Jikth X 55 P K 2= B M RS RRAE . 152X KaCR DRSS b7 WAL 2, SRS A4 11
R R 8 A R ELAT 18 9K 28 S R T %

3.1 HIETAALIE

R 1K Th ARG 2 [P T AR AE A 2 W B B A, H SRR T (R ) B
B RAE R B BT R = FIE RN R 256 ARl mdlsk, &4
W AR IL T — A 2B o 7R D) T AR AR 2 WA S AR A SRR R B S
B e, ARSI . ACCA DDA A TR B IR K T IERA T -

(1) Bl V8. W71 AT LA e P MR OS2I, A SCR A TP

(2) Mps B iE G R BP R4R Dh 2 b B IR S F T B0 . M RSP AT S8
BRI T 5 S5 5 IR AL R 5, R R AR A BEIA T . H R E MR A T
W ETTA Bk BOCEBEVEMB W% T2 BOE iR 2 2/ T2 WHE M K
PR, IAWT TR 7> Bk v M A i . ARFEHII S (2012) FOE:4EE (2016) 55
RIBETE, ASHTTOR DIZ 1 73y 8 BORHA & e s BT

(3) RS BEMR A R 25, 10 DD 2 ) 25 M 7 i1 e HIESE D)
LB, N T EBRARFRREI, FE M BRI SE SO {E 5 5 B-10 dB AT 8 AN IESE
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REVR B 5 o, O AR 34 B

vy
Po= ) (5= P) (D
i=v,
_PgXR? | P XG*XOXDXhxm®x|K|? 2
c T 1024 X In2 x A2 X Le
v
2l iX (S Py)
v (3)
ity (i — Pu)
Y=V X (S = Py)
g, = | ==l ¢))

v,
Zi=Vl(Si - PN)

Heh, PRNARRESRIE (ABm) , ViV A5 5 1A A b R B (m/s) , SR
FiNESE TR, Py, PRGN G S BIE, CHRIAEE,
RARMEEE (km) , PRI DIZE (W), GHREIE (dB), 6. ©ARLKI-HEE
BRFEJE (deg) » hNERBS 2 #E5 (m), K294t da 4, AW AP (mm) , Le it
LAVHE (dB) -

T i S FH VG UG8 FBE K, 2 44008 T 28 B e Bk itk R BE U RE P B . I FE R R NS
GRIERAG, RTFLRESWAEM DA, DNTRRRE S IWAN A6 i B
RERE THHERNPRE B G . AT RRE T NIES DA R TERRE T 51
BEWS: /NTRFRE S M MWTH CREEE,  2016).

BN EE = WS E RS AL, W st R A, REfEiR
U HI RN AR 3R F AR S KR4 4818 (Kollias et al., 2011a, 2011b) o 40240k HL T
223 LRI R A A TR, R R SRR OR, D FRA el 2 1) RO E X (%
B P B0 IE (i, PR RE AR IE(E . (EOK SRR, R 0 58 BEN, ThRIE )
W o I R DRI AT DAARF & T 2 2 (1 AR A SR S HERE T IR A o 150 P RH 06 S 1
i (5~6) Fin:

D, = V(S = Py)
S“=JSXZW(S—P) (5)
v i=v, i N

Ve L. =
prﬂm@—m>3

= Vr —_
O-‘U4 X ZiZVl(Si - PN)

B 2 25T TR REE AL EL AT S RO b, JFEGTh RS EE (B 2a) [REH HE
fE-14~ -6 dB Z A7, 3 BT A7 1R T 8 BLAR 1A TP = AR 2R 75 . (& 2b)
FE TRAL R 5 I Dh 3 i e, BEASLR R IR B 5 A Bl DU s . REBSE H
AL HE 5 B S =T EHESHRE T =55, ZR T ERES. BT 230
WA R 55 R 2R e, DR i e v — @ FEFER#6 %% (Shupe et al., 2008, %%
&, 2019, XIEFEE, 2014) .
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Fig 2. Power spectra density at different heights (above ground level, AGL) before (a) and after (b)

preprocessing

3.2 RETREFITIE

P = B R B Sy O R AR T, H IS R B N SR T BOR B DIAR oG, E
i S S e R -1 ZE AT 1 Re 8 T DD HE A Hh S R . TR R EE E AR I %, AL
T 52 RIS AR X 3 B A RIS X N, TeiEdA T . thAh, EAR
BRI GACEH T “—RIME—ANWR 7 BB, AAERA /N R B shiG, H3
THEL I 7K 2 5 55 50 U U 37 b TR W v P4 7K B T 8] A A8 A0 B A Bl i — 35 (Wang et
al., 202D, K, AT BIEMRGRZE, RIS 2 8 WA [ A 1) B i %
IKIRGACE I AT, T Ka BB 2 B A R E 7RIS, 5=l iy =4
REFIATH . BT 28 IARE R 2 2000 DA RO v Fn s R sz, [
MWK =Bk 510 m & B R 8 di T LeE ((Shupe et al., 2008, D24, 2019,
XELPEE, 2014). B 345H T 2020 4F 8 H 24 HIW TS /KR 2= ik S K PARE 7K 31
GACRY R E s A B AT 1Y) Ka 3 B 2 B8 1 1 s S 56 R 7 BV A Bl P 1) 1 284k, AT A
A, TERKWIE, = BRI B o R L R K% 12 dB. [k, fEnfRik
NI s S 2 K7 Bn BT 12dB (R R G iR ZE, A2 58 Har BB oL I Rl s . 1T
IEJG )z F s e A e A — By, (HBEE K INFES:, = BIA RERUKE R
W BE I — kS -

BRUbZ Ak, = EIEIE T EH R KA KR P IR R IE R, &R IE R R
FEPR I ), AT R T I R R 5 R AT 3R RAT IE (K BRI E PR 2, 2001) .
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Fig 3. Time series of reflectivity factor at the height of 510 m before (OR) and after (QC) correction from
KaCR and the theoretical values of KaCR calculated by precipitation phenomenometer (Ka-theore) observed
on 24 August 2020

3.3 it /&

FR R R EEEE R 0.1~0.2 m/s (AR, 2005), /NFRif FygsE,
K AT LZRS AT . ARESZIGAS BIFR T AR g REELKG AN (X 7)), wiTbd
53R T EHAA 4G (Gunn and Kinzer, 1949) .

1 l 10.3
06 ™Mogs =y,

Her, D RRFEHSE (mm), v, WK T FERERE (m/s). JRTMNE LR & ISR
Fh R L B B a3 S FE R VR s, DRI RR B — AN B BT IE (Foote and
Du Toit, 1969 , Petersetal., 2005):

D(v) = ) P

_ 1 10.3
D(171_»,h,)—ﬁ'ln—965_L (8)
' 6, (h)
§(h) =1+ 3.68x 1075h + 1.71 x 10~h2 )

Hrb, @ (m), §,(D)RBIERT. RIS 201 B,
AR T I S R R AR AR & (5K 10D, WS 2UAN R ELAR K70 N £
WRE, BT 3RAT TR 1 0 A o

Z=fN(D)-D6dD (10)

o, ZNFRIERSRET, A B ELG Meil BE i HE R, e
W RGEE IR ZITIE. N(D) WKL TR, DR T HAZ.

B4 45H T 2020 4 8 H 24 HI3M/KIEFE 04:42~05:32 I Bt = 5 IA R IE 1T 510 m =
FE ERIMN IS A R R Bk LG SOUL I Hh T W 35 0 A (228D mILLE
by T N9 ¥ U S I — NP R N, R TRER e AR A, s TR IA RO TR U S A B LA
388 K R B0 B SZ RN AR e . FE 0.5~2.1 mm BAZ X [] 5 ol 00 00 5% 46 1603 ik
FE R o 4R EAR/NT 0.5 mm INF, BRI ASOULIN () RS vk BE B AT =
K R I MR A B, X VR T B K I ARSI RE TR B AR A 3 1Y) (Tokay et
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Fig 4. Comparison of raindrop size distribution from KaCR at the altitude of 510 m to that from precipitation
phenomenometer (PP) observed on 24 August 2020
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Fig 5. KaCR observations (a) reflectivity factor, (b) mean Doppler velocity, (c)velocity spectral width and (d)
rain rate from precipitation phenomenometer from 07:31 to 08:38 on 6 March 2020
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Fig 6. (a) Spectral skewness, (b) spectral kurtosis retrieved from KaCR from 07:31 to 08:38 on 6 March
2020
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width, (d) Spectral skewness, and (e) spectral kurtosis from 07:31 to 08:38 on 6 March 2020
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