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Estimation of vertical profile of raindrop size distribution by using coherent Doppler lidar
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Abstract: Accurate measurements of the raindrop size distribution (DSD) profile are important for many applications in
meteorology, hydrology, and related sciences. Vertical profile of DSD was estimated by Doppler spectra observed with
1.5 um coherent Doppler lidar at NICT Okinawa during a rain event. A Gaussian mixture model was used to split the
Doppler spectrum into radial wind and precipitation components and then the DSD was derived from the Doppler
spectrum arising from precipitation using a relationship between raindrop size and terminal rainfall velocity. The
1-min-averaged DSD retrieved from the Doppler spectrum at the first lidar range gate is in excellent agreement with
that measured with a co-located ground-based disdrometer. These results lead us to conclude that coherent Doppler lidar
has great potential for accurate measurement of DSD profiles in atmospheric boundary layer.
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Fig. 1. Coherent Doppler lidar spectrum obtained during a rain event
(open circles) and fitting curve (solid line) calculated with the
Gaussian mixture model at the first lidar range gate (200 m AGL) at
NICT Okinawa at 22:22:30 JST on 3 June 2015. Dotted line shows
the spectrum owing to backscattering from aerosol. Dashed and
dashed-dotted lines show spectra owing to backscattering from
raindrops. Positive and negative Doppler velocities case in the
directions towards and away from the lidar, respectively.



A R7Fa 774 7125L% DSD #EFIEDO—D>Th
% Kobayashi and Adachi (2001) @ FE[3)I2dk B % i
ZC, 2=V NN T IT7—=TFTA4 X —DTHD
DSD #EE FiE B Lo,

1. BRANZ MLERKARY MVEGHET 5T
12, Gaussian mixture model Z HAWVT, iR
DRy T T7—AX7 MEEHT S (X1),

2. WEESNT-RZRASNTZ bV (Sar) . BERRAARZ b
b (Srain,izl) Bl %ﬁﬁb‘fﬁﬂ%ﬂﬁﬁﬁ@ N
7 — AN ]“/I/%—f%‘;%:j_é (Scalc,i)o /EUE“ﬁ (Sobs)
D (Ri(V):Sobs(V)/Scalc,i(V)) R D,

3. BMMEE O, BELLT &2 b WRET, K
A X7 b EiofadERD T
(Srain,i+1(V):Srain,i(V)XRi(V))\ e A7 L ofE
ExITH, 2.L 3.OEEE KL, BME &~
T[S&Fﬁ}(/{ﬁ % (Srain,i) i&;}_{y)éo

4. BERHANZ b ERX 3 ZHWT, DSD ZE 4
b, TIT, WMERLEETHEDOREGBRRIT.,
Gunn-Kinzer ORI [4]1% FHW T2,

. BAKEE M21C2015466 A 3 H 22 122 4y 26
B (B9 R VERE R R 1 BRI R & 3 mm R . $hiE
BHEO Ry 7T —AX7 MVOHE TR T 7 A )V
ot FERECHENZ®HEICH D AT FLITREA
FOZT ) AnsDOEIZ LD AR RV, ST
FEN/-HBICHDIEN S T- AT MVIZEHE D
DOEEIZ LD AT "V ERELTCVWSE, =T Y LB
KOS OBEUE Z1E, W & & b3 5723,
B FEL Y (200m) 725 1000 m HifhE T, 7L
EH oD =T O Ry T — AT FNILHREL
AITCETWD, 2D, Ry I7—I4 =2k
DSD #hE 1 7 7 A L OHEENFRETH 5,

31T, 201546 A 3 A 22 I 22 izl S i
B FEDO KRy ST —2~7 b bHHAEE LT- DSD %
R, HEEESHZ DSD IR (1 BEoHEEs 15
¥J). Marshall-Palmer (M-P) D =R[5]% W TEE L
72 DSD EFEHICRB WA /R LTV, £72. B
A L OB FEN R 2720 Bl iz ¢ &
723, RD-80 DHEME E HBEBWVW—EHERL TV,

2 (

19 _\__%,\_,_\\ﬁ —1000m
= 18 /—/\'\/\\ —900m
& 17 A/\"\/\/\ —800m
E 16 __’\/\.\/-\_ﬁ —700m
215 \-—~/\’/\/\w ——600m
2 14 __,_/\/\/\\_. ——500m
513 —// NN ——400m
S 4+ 300 m

11} bfarglfﬁ[gﬁgrs'gug o 200m

1 L A N

5 0 5 10

Doppler velocity (m/s)

Fig. 2. Vertical profile of Doppler spectrum measured with the 1.5
um coherent Doppler lidar at 22:22:30 JST on 3 June 2015.
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Fig. 3. 1-min-averaged DSD retrieved from Doppler spectra at the
first lidar range gate at 22:22 JST on 3 June 2015. The black circles
and solid line show DSDs measured with RD-80 and calculated by
M-P distribution, respectively.
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Fig. 4. Vertical profile of 1-min-averaged DSD measured with the

1.5 um coherent Doppler lidar at 22:22 JST on 3 June 2015. DSD

measured with RD-80 also depicted in the bottom layer
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