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Comparison of water vapor vertical distributions obtained by Raman lidar and drone at
Tsukuba
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Abstract: Vertical distributions of water vapor mixing ratio (w) at an altitude below 500 m were observed with a
Raman lidar (RL) and a drone equipped with meteorological sensors at Tsukuba on 4 and 28 March 2022. The
observed data were compared with those obtained with collocated radiosonde. The result of the comparison showed
that the mean absolute difference of w obtained with RL and drone from radiosonde was 0.4 g/kg and 0.1-0.2 g/kg,
respectively. The agreement with the radiosonde data is better for the drone data than the RL data because of the
decrease in signal-to-noise ratio during day. The result suggests also that correction should be applied for the drone
data when the speed of sensor’s response and ventilation were slower than the ascent/descent speed.
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Table 1 Specifications of RL

Laser Transmitter Nd:YAG

Wavelength 355 nm

Average power ~300 mJ/pulse

Repetition rate 30 Hz
Receiving telescope Cassegrain

Diameter 40 cm
Detection wavelength 355, 386.7, 407.5 nm
Data quantity Water vapor mixing ratio,

backscattering ratio

Altitude range 0.1-1.5 km(day)

0.1-5 km(night)

Fig. 1 Photograph of RL.
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Table 2 Specification of drone and equipped meteorological sensors

Drone
Model name ASCL-PF2
Dimension W1173xL1067xH526 mm
Weight 7.07 kg
Payload 2.75 kg
Maximum flight speed horizontal:10 ms™!, ascent:3 ms™!,
descend:2 m/s
& Maximum height 1500 m
- Meteorological
- = e Sensors
il.g' 2 Photograph of the dronde. Temperature NFR-CF3-0508-30 (Netsushin)
¥r temperature, pressure, an Dewpoint temperature HMP155 (Vaisala)
wind sensors are on the top, and .
the dewpoint sensor is beneath Pressure PTB210 (Vaisala)
Wind WXT532 (Vaisala)
the drone.
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Fig. 3 Time-altitude cross section of water vapor mixing ratio obtained with RL (a) and drone (b) at Tsukuba from 8
JST to 21 JST on 28 March 2022. For RL, the data with an uncertainty of less than 30% are plotted.



Fig. 4a, b 12 8:30 £ 20:30 ® RL, Fu—>r, FVA4A V7T THH L KARIBELOME SR ZRT,
3ODWPHRTHEONLEZBIMEIEIMAR KL TWIZER”SN5D, . RLT—ZIZONTRS L 8:30T
DET—N— (RHENPI) BREVD, ZNEAGERL/ A XOFETSNEAMEFLTWDLLEDTH D,
Fr— BT — XN TR, R (HFER) & TRR(EFRR CRRNMEOZEN® D (51T 8:30) .,
E7-ARANY 7 HE (Fig. 4a OEE 0.47 km <° 0.42 km 28) ([CITBIHME AR & L b ic®ML TWVWD Z &R
B, ZORKIE, KR - BEAECOY—OEEN Fo—r 0 R - FTRICES ZBICEVWSW TRV D
EL BV —HOBRINEN L, KERBEGEDPIHEHELLTNDZED3O2B8BX6ND, ZNHOD
BIZHOWTIE, 794 PHEOHRE B 2IEEN) v 72 @EuIcis) 2, BHHELE ¥ —0ng
FEEICIS U CRIET 5 k2% T 20 ETH D, Fig. 4c IC RL, Fe—r@AME (L5 - TERESMH)
ETUFYVUTHAEE R LEEAKERT, EFLO08HT—% b, VU T BIE & oM BEFREIE 0.9
ULThHdin, FHHRFEEIT RL 28 0.4 g/kg, N —2280.1-02¢g/kg THY ., RLT—F DO —HEDIFFN
Kol RLO—FHENMKRNEEO—2LLTELT, BHOBMT —XDORMHENP I B RKE W & (Fig.
4a) MEBEZOLNDD, L0 IEREZRFMOLZDICIT BRI L2 ESCTLERD D,

28 March 2022 8:30JST b .
a 28 March 2022 20:30JST c
@ == . (®) . ©) 28 March 2022, Tsukuba
0.5 05 | -#-Raman Lidar 7
-#-Raman Lidar —Drone *RL
0a | —Drone 04 | —Radiosonde 5 6 |y =0.905x + 0.147
3 —Radiosonde 7 é 5 | R2=0.939
= 3 - ® Drone#1
203 203 c 4 y=0.990x]0.027,
2 2 o R2=0.99
<02 < o2 a3y
: |
r 2 r
|
0.1 0.1 2 1t n=12
0 ; ‘ 0
0 ) X
4 5 6 7 s ) 5 5 . 01 2 -3 4 5 6 7
w (g/kg) w (g/kg) w_Radiosonde (g/kg)

Fig. 4 Vertical distributions of water vapor mixing ratio obtained with RL (magenta squares), drone (solid blue is
ascent and dotted is descent), and radiosonde (black line) at (a) 8:30JST and (b) 20:30JST on28 March 2022 at
Tsukuba. The magenta error bars indicate the measurement uncertainties of RL. (c¢) Scatter plot of water vapor
mixing ratio obtained with RL (magenta diamonds) and drone (blue circle) as a function of that obtained with
radiosonde shown in Fig. 4a and 3b. In Fig. 4c, range resolution of drone and radiosonde data was adjusted to RL
data (75 m) by taking average in the altitude range during the ascent and descent. The error bar for the drone data is
the standard deviation in the range.
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Fig. 5 Temporal variation of water vapor mixing ratio obtained with RL (magenta diamonds), drone (blue circles),
and radiosonde (black squares) at altitude ranges of 23-98 m (a) and 323-398 m (b) over Tsukuba from 8:00 JST



and 21:30 JST on 28 March 2022. (c) Scatter plot of water vapor mixing ratios obtained with RL versus drone
between 23 and 475 m in altitude. The range resolution of drone data was adjusted to RL data (75 m) by taking an
average in the altitude range during the ascent and descent. The error bar for the drone data is the standard
deviation in the range.
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