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Comparison of water vapor and wind vertical distributions measured with DIAL, Raman lidar,
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Abstract: Vertical distributions of water vapor and horizontal wind in the lower troposphere were compared with
coherent differential absorption lidar (DIAL), Raman lidar (RL), drone, and radiosonde at Tsukuba, Japan from 1
November 2023 to 23 July 2024. The water vapor mixing ratios obtained with these instruments mostly agreed within
the measurement uncertainties under the cloud-free conditions in 20-21 April 2024. The root mean square differences
(RMSDs) of the water mixing ratio between lidars and radiosonde for the period were 2.07 g/kg and 0.76 g/kg for
DIAL and RL, respectively, suggesting that further quality control is necessary for the lidar data. We will show the
result of the comparison of wind measurement data in the presentation.
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Figure 1 Photographs of measurement instruments used in this study
(from left to right: DIAL, RL, drone, and radiosonde).

Table 1 Specifications of measurement instruments used in this study.

Instruments DIAL RL Drone Radiosonde
Measured - Water vapor - Water vapor - Relative humidity - Relative humidity
quantities density mixing ratio - Wind * Wind
- Wind - Temperature - Temperature
- Pressure
Height range 0.2-1.1 km 0.1-1 km (Day) 0-0.9 km 0—~30 km
(Water vapor) 0.1-5 km (Night)

0.2-2 km (Wind)

Vertical 100 m 75-100 m 2-3 m 5-6 m
resolution
Temporal 10 min. <20 min. ~5 min. ~2 hour
resolution for (twice daily at
vertical profiling 9 and 21JST)
Measurement No thick cloud or  No thick cloud or Horizontal wind -
condition rain (or below rain (or below speed < 12 m/s

cloud base) cloud base) and no rain
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Figure 3 Vertical distributions of water vapor mixing ratio obtained with DIAL (red squares), RL (orange squares),
drone (blue line), and radiosonde (black line) at (a) 20:30JST on 20 April, (b) 8:30JST, (c¢) 17:40JST, and (d)
20:30JST on 21 April 2024 at Tsukuba.
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Figure 4 Scatter plot of the water vapor mixing ratios obtained with DIAL versus radiosonde (a) and vertical
distribution of the difference in water vapor mixing ratio obtained with DIAL from radiosonde (b) for the period
from 1 November 2023 to 23 July 2024 at Tsukuba. The vertical orange bars in Fig. 4a are the 26-uncertainty of
DIAL data. The solid black lines with horizontal bars in Fig. 4b are the mean and the standard deviation for each
altitude of the measurement.
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Figure 5 Same as Fig. 4 but for RL. The vertical and horizontal orange bars in Fig. 5a are the 16-uncertainty of RL
and radiosonde data. The solid black lines with horizontal bars in Fig. 5b are the mean and the standard deviation
for each altitude of the measurement.

4. £F&H

DIAL, RL, k=2 IV F Y U FIC LB KkAKKEBOMEDA O BB 21T > 72, KERKIZHOWT
BB RBEHR—HBIAELNEN, 94X =T —ZIZOVWTIHLVEELRLWETHELILETHD, KR
TiX. DIAL, Fe—Vv, FUVF YU TICL2ABHT — 7 OUBRERIZOVWTLHRET LI TETH D,

BB ORWTZEIL ISPS BT E (22H00250, R ) o2 b0 T, Fo— BT ArCS
N7ey=7 FO—RELTERL, TOEMIT (F) 247X L BKEHEFRE (K BITVELE,
5. &EXM

1) M. Imaki, H. Tanaka, K. Hirosawa, T. Yanagisawa, and S. Kameyama: Opt. Express, 28 (2020) 27078-27096.

2) M. Imaki, K. Hirosawa, T. Yanagisawa, S. Kameyama, and H. Kuze: Appl. Opt., 59 (2020) 2238-2247.

3) JRAKES . REFHRM., dFHM. SWBH: B4 RLv—Y—tr TR T ATR (2023) .

4) T. Sakai, T. Nagai, T. Izumi, S. Yoshida, and Y. Shoji: Atmos. Meas. Tech., 12 (2019) 313-326.



