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Denoise of water vapor Raman lidar data using machine learning
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Abstract:  We observe moisture vertical profiles in coastal areas of Kyushu with water vapor Raman lidars and
assimilate moisture data for improving forecast skill of local severe rainfall associated with mesoscale convective
systems. Since moisture vertical profiles observed by the water vapor lidars sometimes involve unexpected noises,
denoising of moisture vertical profiles is essential for effective data assimilation. In this presentation, we apply deep
image prior (DIP), which is an unsupervised machine learning scheme, to denoise moisture vertical profiles obtained
with the water vapor lidars. We calculate root mean square differences (RMSDs) in water vapor mixing ratio between
water vapor lidars and radiosonde launched near the lidar station. The RMSDs for DIP-denoised water vapor mixing
ratio is on average about 30% lower than those for non-DIP-denoised water vapor mixing ratio, indicating that DIP is
a useful tool to improve data quality of water vapor lidar data.
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Figure 1: Distribution of root mean square difference (RMSD) in water vapor mixing
ratio observed by the water vapor Raman lidar and radiosonde for each data set. NI
and NK indicate number of iteration and number of kernel, respectively.

LTCDIPZ 100EEHEL., 7V4 Y TBMT —# & O LLE T root mean square difference (RMSD) % % H d
T 5, 1 WCZEDOFREOSHi%ETT, DIP Z@HLARWEADOTOH Y UFHBRAT — % L ok T
RMSD & 0.9g/kg 7> 5 1.2g/kg Thb 5, — . 1OEDF—F %y MTBWTH RMSD 78 0.9g/kg % T [E
NI, NK OMBFEELT WD, ZDOZLhb, DIPEHWVWDZ EICE W AKERT =400 /A4 XNE
KlRESN, T2 RERMELTWDZ NS035, RMSD O EIZR 225 L DD, NI 2% 1000 UL F
D/NEIRER 15000 LA EO R ERETIXIRMSD B REL 2572 Y, OB SR ALND, £T —F &
v N i 72 NI, NK OF (NI, NK)i%, (8000, 100) (4000, 50), (9000, 80)TH 7=, 728, TN b DKz
NLNK ZHWTDIPZEMT 252 LI1XkY, RMSD R EHTI30%EFLTWS, AETHEHETFT—%t v
D i 72 NI, NK OO FEEETH S (7000,80) & L CEfra2dEDd S5, =72 L, NKIZWMEILAL 80 & L
TWw5b,

KEBRTA L =T =2 %T ) A A L—FlE2K 21T, AKIZRTEY, T—FZBNKREIE/L, &
BENETLTWRD EEZZONA2EE (AP OEE 1km LLEDOMEE) 2BWT, DIP2@EMHT 22128 D
WONPTELLLWAELK e 774 v ER>T 0D, 2B, DIP 2@AT 22 LICk, KEKTA L
—BHFT—20o5b, EIEER /A Xk (SNR) DEWF —Z D RMSD NETFT+ 22088 hoTWn5

(),

THEBDOKER T A L — DO TR CHRAIRBE KN RAE LR (2021 4 7 H 10 A : FER B IRILIE & TH
WEEARBERENCBWT, KBEKTA X —DEILEREITo72, 22 TEDIP OF —X[E{L~D A 87 |
AR T BBz, DIP ##H L7aWi4& (CNTL) @M L7746 (TEST) ORMLFERZ N F N EhE
LZFDORBEIT> -, Jallan gy, BRBERIEEISICHEATZ TEOBMAZAKRKIANHHR I L TWS,

Water vapor mixing ratio s Water vapor mixing ratio

i

o

o
wn

wn

4.5 z a5 g
4 =2
4 15 5 4 15 o
E 8 £ s
235 = 215 @
v 5 s <
g 3 : 3 3 g
£ 5 E B
Z2s E I 23 g
5 10 .b 5 10 5
m Rl
= =
1.5 = 15 B ¢
Jal
1| | -t
0.5 0.5
- 5 s
(i} 12 13 o0 o0 06 12
Time (Hour) Time {Hour)

Figure 2: One example of denoising of water vapor mixing ratio using DIP. (Left)
original water vapor mixing ratio observed by the water vapor lidar (non-DIP). (Right)
water vapor mixing ratio denoised by DIP.
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Figure 3: Water vapor mixing ratio and horizontal wind at 525 m above sea level at 00 JST on
July 10 in 2021. (a) TEST case and difference of TEST and CNTL (TEST minus CNTL). The
magenta line in (b) indicates water vapor mixing ratio of 18.5 g/kdg at TEST.



