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Synopsis

Freezing level in winter season is an important information for judgement of rain or

snow about precipitation, and dry or wet about snowfall. We can get freezing level

information directly using radio-sonde observation data, but it is not suiTable for

real-time operation such as railway. In this study, we developed a method to estimate

freezing level using XRAIN observation data. In winter precipitation cases at Toyama

prefecture, it is confirmed that our developed method can estimate freezing level in more

cases and improve the accuracy than previous studies method. And we applied

developed method to Niigata area and compared with ground observation data, and it

was confirmed that developed method could improve the accuracy to determine the type

of precipitation.
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Fig. 1 Frequency distribution of snow depth
increasing in 1 hour when the temperature is below
1°C (Niigata AMeDAS, 2015-2019 winter).
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Fig. 2 Example of the “blight band” observation,
(a) pyy, (b) Zy, (¢) Zpg,. The dash lines show the
freezing level observed by radiosonde (1236m).
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Fig. 3 Elevation angle of observation schedule at
XRAIN MIZUHASHI1

Table 1 Zpp bias of XRAIN MIZUHASHI

Date Time (JST) Bias [dB]
2017/11/14 9:01 — 10:00 1.09
2018/04/06 13:01 — 14:00 0.72
2018/10/11 18:01 — 19:00 0.78
2019/04/30 4:00 — 5:00 1.06
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7 TXRAINO A4 OB 7 — Z 1C# H L7
H%&Fig. 61T77.
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Fig. 4 pyy distribution of the example case.
Freezing level is 2065m observed by radio sonde.
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Fig. 5 Example of freezing level estimation using
previous research method (Giangrande et al., 2006).
Gray points are ML point, red line is top of ML,
and green line is bottom of ML.
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Fig. 6 The result of freezing level estimation using
previous research method (Giangrande et al.,
2006), only 4 elevation angle from 4° to 10°.

Fig. 612 L2 L 912, BEAEMFZED Fik TIX0°CHE
FERH EIE VR TIIHEER TE RN DONE L,
Y VT TOCCHE B MBI & 72 91 H 4 Hr 46 i T HE
ERTE TRV, 44080 E OB TIL0°CH EE A3
BWEE, MiEE b omELBITE L —F —
D5 OFRREN N2, BEARIRD 54018 & - TILR
fiRfE o & 5 & T Bl RS BN R
FREEZEZBND. X o TOCHE KD H_L 12TV 45
THHEE FPRE 72 FH & T 720121, 4° LI T OIK
N OBLAT — 2 BEHT 2 2 & TRV & EE A 8L
TEXHHFAZHLT ZENMETH D LB X, 4°L
T oM %M Z T80 TOHEE 24T > 7= (Fig. 7)
0. #EF, Fig. 7T L9218, 0°CRENRHEET
ERVHEGNTAEGNCH -T2 b DD, VT TEBL
720°C & BE 23500mEL T 0D 54545 122 F5 45 TO°C i JE
ZlkmPl EEHEE L CTEBY, HLNCRESTHE
EAT S TV DHEFIA ML 7z,

3000m 0/
o s
5 g
o 0 °
£ 5 A0
3 8 2000m A o
& o 80 ©
= 5 o OO
A
2 1000m Bo @00°Q
&) ’
B (O]
)
Om &es L L L
1000m  2000m  3000m

Mesured freezing level by sonde

Fig. 7 The result of freezing level estimation using
previous research method (Giangrande et al., 2006),
added lower elevation angle (<4°).
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Fig. 8 Example of (a) pyy, (b) Zy and (c) Zpg

distribution in the radial direction at an azimuth.

Freezing level is 405m observed by sonde.

Red points of (a) are detected ML points. Blue dash

lines are threshold values of each parameter.
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Fig. 9 Example of (a) pyy, (b) Zy and (¢) Zpg
distribution in the radial direction at an azimut, in
the case of making an incorrect determination.
Red points of (a) are mis-detected ML points. Blue
dash lines are threshold values of each parameter.
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HAFRMA, BN KA S8 s LRl S 4L, Al
L7 XA Table 2 D&M 2727 & &, puyP i/
EDEIZKT L, EELI00m LANIZZy, Zpr® i KIE
DERBbIIEZNZfEE & HETS.

Parameter

— Radial direction of RADAR

Fig. 10 Image of detection method of
monotonically increasing/decreasing sections.
Black dots are parameter value, red circles are
comparing points, and red line is detected section.

Table 2 Threshold of developing method

Minimum value < 0.97 and

Prv Diff. from terminate of extracted section > 0.04

Maximum value>30dBZ or,
Zy | Maximum value>20dBZ and corresponds to

maximum value of the azimuth

Maximum value >0.8dB and
Zpr

Diff. from terminate of extracted section > 0.5dB
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Table 3 Comparison of estimation result between
previous studies method and developing method

WZAUTOMAEEMNT 5. £z,
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studies method | method
Estimable number of

) 45/91 82/91
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Fig. 11 Dash lines are (a) pyy, (b) Zy and (c) Zpg
distribution in the radial direction, and solid lines are
detected ML section. Freezing level of black lines
case is 1246m, and one of blue lines case is 405m.
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Fig. 12 The result of freezing level estimation using
developing method.
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Table 4 Zpg bias of XRAIN KYOUGASE

Date Time (JST) Bias [dB]
2018/10/23 21:01 —22:00 0.157
2019/05/14 19:01 —20:00 0.207
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TEE2misUL EE G LT 5) , (), K@)kt
HRMSE[m/s] &= T NENFE L, i ETORKDE
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UVEHE L 7ZRMSE & #EE0°CH & % 7”9,
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Fig. 13 Example of precipitation particle diameter —
fall velocity distribution about (a) rainfall, (b)
snowflakes and (c) wet snow. Curves correspond to
empirical relationships for raindrop (Atlas et al.,
1977) and snowflakes (Ishizaka, 1995).
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Table 5 1 hour averaged temperature, relative humidity, RMSE from empirical relationship between
raindrop (Atlas et al., 1977) and snowflakes (rimed aggregate, Ishizaka, 1995) and estimated freezing level
of target cases.

. RMSE from empirical .

TIME (JST) Temperature Rélénve relationship curves [m/s] Eétlmated

[°C] humidity [%] - freezing level [m]
Raindrop SNOW

2018/12/10 15:00 1.86 92.9 0.60 1.21 264
2018/12/10 17:00 1.62 92.8 0.51 1.61 187
2018/12/19 9:00 1.94 93.7 0.52 1.73 411
2019/1/1 9:00 0.45 93.9 1.60 0.63 129
2019/1/1 11:00 0.49 94.3 1.80 0.40 24
2019/1/1 12:00 0.26 95.2 1.76 0.49 0
2019/1/1 13:00 0.95 95.2 0.62 1.14 30
2019/1/1 14:00 1.28 94.8 0.29 1.28 217
2019/1/1 22:00 0.97 95.1 0.38 1.53 285
2019/1/1 23:00 0.64 95.2 0.94 1.10 127
2019/1/2 0:00 0.20 95.4 1.34 0.83 75
2019/1/2 1:00 0.18 95.7 0.97 0.71 123
2019/1/2 2:00 0.11 95.8 1.94 0.56 0
2019/1/8 15:00 0.95 94.3 0.74 0.80 41
2019/1/8 16:00 0.59 95.1 1.20 0.45 75
2019/1/8 17:00 0.56 95.4 1.80 0.36 176
2019/1/8 18:00 0.21 95.4 1.92 0.37 159
2019/1/9 1:00 0.95 86.3 1.57 0.63 0
2019/1/9 3:00 1.06 79.1 1.83 0.48 0
2019/1/17 8:00 1.92 92.4 0.71 1.72 37
2019/1/20 8:00 1.68 92.4 0.46 1.92 797
2019/1/20 9:00 1.84 94.5 0.24 1.23 753
2019/1/23 2:00 0.58 933 1.56 0.53 202
2019/1/24 0:00 0.66 90.2 1.87 0.55 0
2019/1/26 0:00 0.70 87.9 2.60 0.66 0
2019/1/26 1:00 0.28 93.4 2.60 0.66 0
2019/1/26 10:00 0.52 93.4 2.03 0.72 0
2019/1/26 21:00 0.83 86.7 1.54 0.67 0
2019/1/26 23:00 0.19 91.7 1.85 0.54 0
2019/1/27 8:00 0.85 84.3 2.39 0.55 0
2019/1/28 20:00 0.38 94.4 1.16 0.96 0
2019/1/28 21:00 0.26 95.3 1.16 1.30 0
2019/1/28 22:00 1.87 92.0 0.49 1.21 139
2019/1/31 15:00 1.79 88.1 0.83 0.57 149
2019/1/31 16:00 1.86 88.2 0.75 0.89 202
2019/1/31 17:00 1.53 85.2 1.01 0.58 155
2019/1/31 20:00 0.05 89.9 2.65 0.68 0
2019/1/31 21:00 -0.21 94.8 2.51 0.71 0
2019/2/9 18:00 -0.30 90.9 2.41 0.47 0
2019/2/12 19:00 -0.83 92.3 2.93 0.74 522
2019/2/12 20:00 -0.97 93.8 2.55 0.33 286
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Fig. 14 Averaged temperature and ARMSE (RMSE
from rain curve — RMSE from snow curve) of
target cases. Red triangles are cases that can be
determined FL using developing method, and blue
circles are that cannot be determined FL. The time
of cases is annotated which FL estimation is
erroneously estimated.
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Fig. 15 2019/1/28 19:00-21:00. Vertical profile of
(a) Z and (b) Fall velocity observed by micro rain
radar installed ground observation point.
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Fig. 16 2019/2/22 18:00-20:00. Vertical profile of
(a) Z and (b) Fall velocity observed by micro rain
radar installed ground observation point.
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