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Quantitative comparison of the RS41-SG and the iMS-100 GPS sondes for characterization
of routine soundings
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Table 1 The radiosonde intercomparisons series at Tateno.
Period ol modelsondl\Tew model Information about flights
1981 RS II- 56 RS2-80 4 seasons, at 00 UTC and 12 UTC. Total : 41 flights
1993~1994 | RS2-80 RS2-91 4 seasons, at 00 UTC and 12 UTC. Total : 59 flights
2009~2010 | RS2-91 RS92-SGP | 4 seasons, at 00 UTC and 12 UTC. Total : 115 flights
2013~2014 | RS92-SGP | RS-11G 4 seasons, at 00 UTC and 12 UTC. Total : 80 flights
2016~2017 | RS-11G iMS-100 4 seasons, at 00 UTC and 12 UTC. Total : 80 flights
2020~2022 | iMS-100 RS41-SG 4 seasons, at 00 UTC and 12 UTC. Total : 73 flights
Table 2 Specifications of the radiosondes based on Meisei (2016) and Vaisala (2020).
Radiosonde RS41 IMS
(RS41-SG GPS sonde) (iMS-100 GPS sonde)
Type Platinum Resistor Thermistor
Range -95°C to +60°C -90°C to +60°C
Temperature Resolution 0.01°C 0.1°C
sensor 0.3°C (< 16km) Daytime 0.5°C(Troposphere)

Uncertainty

0.4°C (> 16km)

0.8°C(Stratosphere)
Nighttime 0.4°C

Thin-film capacitor

Electrostatic capacity type

Type (with a temperature sensor) (with a temperature sensor)
Humidity sensor Range 0 to 100%RH 0 to 100%RH
Resolution 0.1%RH 0.1%RH
Uncertainty 4%RH 5%RH (Troposphere)

Pressure sensor

Calculated from GPS

Calculated from GPS

Wind GPS wind finding (with GBAS**) GPS wind finding (with SBAS*)
Dimensions(DWH) 46(D) X 63(W) X< 155(H) mm 53(D)x55(W)x131(H) mm
Weight 80g 40g

*SBAS : Satellite Based Augmentation System
**GBAS : Ground Based Augmentation System

1200g balloon
(Nozzle lift : 2200g)

String
(15m) -
A Parachute
String
(15m)
= — Rig
= (Paperboard)

;I}’ ;f Radiosonde

Fig. 1 Flight configuration.

Photo 2 The balloon launching scene.
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Fig. 2 Balloon burst heights and 1st tropopause heights.
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Table 3 Surface observations and cloud cover data in Spring and Summer.

The * mark in flight No. indicates outliers which were rejected in the statistical analysis. Temp (temperature), Humi (relative humidity) and Pres (pressure) indicate the factors that were the reason for rejection.

Season Flight Date Time Pressure | Temperature | Humidity Wind Cloud Weather | Note
No. (LST) | (hPa) (°c) (%RH) Direction (degree) | Speed (m/s) | NNhCLhCnCH | ww
Spring 1 2021/3/5 20:30 1018.1 10.8 100 10 0.8 82717/ 61
2 2021/3/12 8:30 1023.2 9.4 75 300 1.2 842/2/ 03
3 2021/3/19 20:30 1018.7 9.1 73 50 2.4 640932 02
4 2021/3/26 8:30 1011.3 12.2 69 310 0.9 000900 02
*5 2021/4/9 8:30 1016.6 10.8 47 110 1.3 111/00 01 Pres
6 2021/4/16 20:30 1024.0 13.8 70 140 1.5 762/7/ 80
7 2021/4/23 8:30 1020.9 12.1 54 30 1.2 000900 02
8 2021/4/30 20:30 1000.8 16.9 77 60 2.9 642/70 80
9 2021/5/7 8:30 1012.8 19.4 54 110 25 830937 02
10 2021/5/14 20:30 1012.4 19.5 78 80 2.6 712/32 02
11 2022/3/4 20:30 1012.5 5.2 72 50 1.2 715/72 02
12 2022/3/11 8:30 1018.9 9.3 71 80 0.9 100901 02
*13 2022/3/18 20:30 1002.3 4.2 99 10 1.0 887/l 63 Temp, Humi
14 2022/3/25 8:30 1024.9 8.6 71 350 0.7 000900 02
15 2022/41 20:30 1022.3 3.8 58 300 0.4 712/72 02
16 2022/4/8 8:30 1013.0 15.8 39 280 4.3 000900 02
*17 2022/4/15 20:30 1005.7 8.1 98 50 2.4 882/11 80 Pres,Temp
18 2022/4/22 8:30 1006.2 18.7 80 260 25 000900 01
*19 2022/4/29 20:30 1000.9 6.9 95 330 8.5 882//1 80 Humi
Summer 20 2020/7/3 8:30 1011.7 25.3 71 80 1.5 642/02 02
*21 2021/5/18 8:30 1006.5 19.0 95 70 3.1 882/11 80 Temp
*22 2021/5/21 8:30 1002.8 23.0 92 190 5.4 882//1 25 Humi
23 2021/5/21 20:30 999.6 21.0 93 210 4.2 888//1 80
24 2021/5/25 20:30 997.6 20.0 80 50 1.8 320932 02
25 2021/5/26 8:30 1005.5 21.0 39 280 2.0 710932 02
26 2021/5/28 20:30 1001.2 20.8 65 170 3.4 730/72 02
27 2021/6/3 8:30 1015.4 22.9 67 170 25 442/02 02
*28 2021/6/4 8:30 1002.8 20.5 94 160 4.7 882//1 80 Pres,Humi
*29 2021/6/4 20:30 994.5 21.5 100 20 3.0 887/l 61 Temp
30 2021/6/8 20:30 1011.5 18.7 94 50 2.0 652/70 25
31 2021/6/21 8:30 10031 21.2 77 80 2.5 775111 02
32 2021/6/21 20:30 1003.9 21.4 81 170 21 660930 02
33 2021/6/22 8:30 1006.5 22.6 77 90 1.1 712/32 02
34 2021/6/22 20:30 1007.5 20.4 92 110 1.4 738/30 02
*35 2021/6/30 8:30 1010.5 20.3 86 50 1.9 872/7/ 25 Temp
*36 2021/8/13 8:30 1010.2 20.5 98 290 2.6 882/11 25 Humi
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Table 4 Surface observations and cloud cover data in Autumn and Winter.

The * mark in flight No. indicates outliers which were rejected in the statistical analysis. Temp (temperature), Humi (relative humidity) and Pres (pressure) indicate the factors that were the reason for rejection.

Season Flight Date Time Pressure | Temperature | Humidity | Wind Cloud Weather | Note
No. (LST) | (hPa) (°c) (%RH) Direction (degree) | Speed (m/s) | NNaCLhCmCH ww
Autumn 37 2020/9/18 20:30 1005.3 27.4 86 170 29 625/32 02
38 2020/10/2 20:30 1015.8 16.4 96 110 0.5 110930 02
*39 2020/10/9 8:30 1023.9 16.1 85 30 24 878/l/ 60 Temp,Humi
40 2020/10/16 | 20:30 1017.7 14.8 78 20 1.5 835/7/ 02
*41 2020/10/23 8:30 1001.8 17.5 97 100 1.0 878/7/ 21 Pres
42 2020/10/30 | 20:30 1018.8 71 97 330 0.8 111/00 01
43 2020/11/13 | 20:33 1020.2 9.9 100 0 0.0 115/30 12
44 2020/11/20 8:30 1006.1 211 82 180 4.7 778111 25
45 2020/11/27 | 20:30 1013.9 9.0 87 20 14 778111 02
46 2021/9/10 8:30 1011.1 23.7 87 300 1.1 755/32 02
47 2021/9117 20:30 10121 22.3 85 130 21 770/7/ 02
48 2021/9/24 8:30 1015.4 23.5 72 340 1.0 115/30 02
49 2021/10/8 8:30 1018.8 22.9 81 280 2.1 542/02 10
50 2021/10/15 | 20:33 1013.5 17.7 96 130 1.3 322/02 02
*51 2021/10/22 8:30 1015.3 9.9 95 360 1.9 867/7/ 61 Humi
52 2021/11/19 8:30 10151 9.2 87 290 1.7 700932 02
Winter 53 2020/12/4 8:30 1019.8 5.6 82 230 0.7 115/00 02
54 2020/12/11 | 20:30 1012.9 9.6 86 40 0.8 775/11 02
55 2020/12/18 8:30 1018.3 1.5 61 260 1.0 000900 02
56 2020/12/25 | 20:30 1009.2 4.0 66 350 14 658/30 02
57 2021111 8:30 1010.0 -0.3 60 300 1.1 111/00 02
58 2021/1/8 20:30 1005.3 -3.0 66 280 1.2 111/30 02
*59 2021/1/15 8:30 1022.2 6.0 65 20 2.5 885/1/ 02 Temp
60 2021/1/22 20:30 1015.4 6.1 66 50 14 550/30 02
61 2021/1/29 8:30 998.0 4.4 89 320 2.3 115/00 02
62 2021/2/5 20:30 1014.8 4.5 75 100 14 750972 02
63 2021/2/12 8:30 1025.0 21 68 260 0.4 710937 02
64 2021/2/19 20:30 10101 4.6 76 150 21 000900 02
65 2021/2/26 8:30 1018.1 5.1 71 250 1.0 88097/ 02
66 2021/12/3 8:30 1012.7 5.3 77 300 2.2 115/00 02
*67 2021/12/17 8:30 997.8 6.5 100 310 0.8 882/// 81 Humi
68 2021/12/24 | 20:30 1010.6 5.7 100 300 1.1 615/32 10
69 2021/12/31 8:30 1007.9 21 68 40 0.4 211/32 02
70 2022/1/7 20:30 1019.4 -1.1 67 280 14 000900 02
71 2022/1/14 8:30 1004.8 1.9 51 260 4.6 000900 02
72 2022/1/21 20:30 1020.2 -1.8 59 280 1.7 000900 02
73 2022/1/28 8:30 1013.3 3.3 58 110 1.1 555/02 02
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%158 : 7V, 1° (1000hPa= p°>700hPa)
B2 v, 1° (700hPa= p°>500hPa)
B3 1V, 1° (500hPa= p°>300hPa)
B4)E TV, 1° (300hPa= p°>200hPa)
BSskE Y, 1° (200hPa= p°>150hPa)
H6M: 1Y, T° (150hPa= p°>100hPa)
# 78 7Y, 1° (100hPa= p°>70hPa)
%88 TV, 1° (70hPa= p°>50hPa)
$9R TV, 1° (50hPa= p°>30hPa)

#1008 : 7, 7° (30hPa= p°>20hPa)
B11fE: 7Y, 17° (20hPaZ p>15hPa)
%1208 : 7, 7° (15hPa= p°>10hPa)
13 v, 72 (10hPa= pO>5hPa)
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Fig. 3 Temperature, relative humidity, and RS41-iMS differences
of the flight at 08:30 local time on May 21, 2021.

The black and red lines show data for radiosonde iMS and RS41,

respectively, and green lines show the RS41-iMS differences.
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Fig. 4 Profiles of mean temperature (left) and relative humidity
(right) recorded by the RS41 at 00 and 12 UTC.
The colored lines show each season, and the black lines show the

means of all seasons.
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Colors are the same as in Fig.4.
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Fig. 6 Profiles of mean temperature differences (RS41-iMS) and
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Colors are the same as in Fig.4.

-27 -



oouTC ) 0ouUTC 12UTC 12UTC

5 D\l:RSTH—iMS‘ 5 ‘Dil:RSALiI‘VIS 5 Dil:RSA‘H-iMS‘ 5 ‘ ‘Dif:RSM-i‘MS ‘
autumn autumn autumn autumn
winter —a— winter —a— winter —a— winter —a—
10[- 4 10 ] 10 ) 10 ) 4
spring —s— spring —s— spring —s«— spring —s—
summer —a— summer —g— m summer —g— summer —g—
i % w h
20 all seasons —e— 20 all seasons —e— 7 20 J] seasons —e— | 20 all seasons —e— 7|
301 = 30 = 301 4 30
T s0 1 F s0 J & sol 1 & s0 1
< < < <
© 2 o ®
2 2 7 2
g 100 48 10 . 8 100| 1 8 100 J
a o a a
200 | = 200 . 200 |- - 200
300 |- 4 300 o 300 |- ~ 300
500 - . 500 . 500 | 4 500
1888 L L L ] 1888 1 | | ] gor [ 1 geo
5 40 5 0 5 10 15 0 5 10 15 20 1000 5% 0 5 10 15 10005 5 0 15 20
Humidity Difference (%RH) Standard Deviation of Difference (%RH) Humidity Difference (%RH) Standard Deviation of Difference (%RH)

Fig. 7 Profiles of mean relative humidity differences (RS41-iMS) Fig. 8 Profiles of mean relative humidity differences (RS41-iMS)

and standard deviations at 00 UTC. and standard deviations at 12 UTC.
Colors are the same as in Fig.4. Colors are the same as in Fig.4.
0ouUTC 12UTC
0.8 0.8
o 06 < 06 °
E 0.4 2 " \é 0.4 , o $
g 02| o ° é 02]° . ° ° .
: 0@%%*% £ 0| g § et
% -0.2 8 . § 0.2 $$$ . °
é 0.4 é» 0.4 —
2 -06 2 06 2
o SO P P S RS AN 5D P 08 S & 9L S A D O P
'&QQ:\’\QQ’C’QQZQQ"&Q:\"@U AR N@U’\,@o’(’o&;@”’&@@o' AR
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Table 5 Mean differences (RS41-iMS) and standard deviations (SD) of temperature at standard pressure levels during daytime

(00 UTC) measurements.

Pressure Temperature differences and standard deviations (SD) during daytime measurements (K)
level Autumn Winter Spring Summer All seasons
(hPa) Difference SD Difference SD Difference SD Difference SD Difference SD
10 0.10 | 0.44 -0.34 | 0.21 -0.31 0.29 0.06 | 0.20 -0.16 | 0.36
15 0.26 | 0.20 -0.27 | 0.25 -0.27 | 0.16 -0.06 | 0.16 -0.12 | 0.29
20 0.10 | 0.17 -0.24 | 0.22 -0.10 | 0.20 0.02 | 0.23 -0.08 | 0.24
30 0.20 | 0.19 -0.21 0.15 -0.08 | 0.18 0.08 | 0.17 -0.03 | 0.23
40 0.34 | 0.22 -0.11 0.26 -0.04 | 0.21 0.14 | 0.23 0.05 | 0.29
50 0.18 | 0.15 -0.11 0.33 -0.05 | 0.16 0.14 | 0.19 0.01 0.26
70 0.36 | 0.24 -0.04 | 0.49 0.09 | 0.16 0.14 | 0.17 0.10 | 0.35
100 0.32 | 0.10 0.07 | 0.22 -0.01 0.18 0.20 | 0.21 0.11 0.23
125 0.36 | 0.14 0.12 | 0.24 0.04 | 0.19 0.10 | 0.26 0.14 | 0.24
150 0.26 | 0.14 0.08 | 0.18 0.15 | 0.15 0.12 | 0.17 0.14 | 0.17
175 0.14 | 0.16 0.05 | 0.08 0.15 | 0.12 -0.12 | 0.37 0.06 | 0.21
200 0.14 | 0.21 0.05 0.11 0.11 0.15 0.14 | 0.19 0.10 | 0.16
250 0.18 | 0.12 0.10 | 0.13 0.20 0.11 0.12 | 0.15 0.15 | 0.13
300 0.22 | 0.12 0.03 | 0.14 0.07 | 0.08 0.12 | 0.07 0.09 | 0.13
350 0.18 | 0.07 0.09 | 0.10 0.18 0.11 0.20 | 0.13 0.15 0.11
400 0.18 | 0.10 0.04 0.11 0.09 | 0.12 0.10 | 0.06 0.09 0.11
500 0.20 | 0.06 0.07 | 0.12 0.11 0.06 0.10 | 0.20 0.11 0.13
600 0.20 0.11 0.05 | 0.10 0.05 | 0.21 -0.02 | 0.04 0.06 | 0.15
700 0.10 | 0.09 0.01 0.09 0.02 | 0.07 -0.06 | 0.17 0.02 | 0.12
800 0.12 | 0.13 0.04 | 0.07 0.00 | 0.07 0.02 | 0.10 0.04 | 0.10
850 0.04 | 0.10 -0.02 | 0.09 -0.09 | 0.08 -0.02 | 0.04 -0.03 | 0.09
900 0.02 | 0.12 -0.03 | 0.06 -0.04 | 0.07 -0.04 | 0.05 -0.02 | 0.08
925 -0.02 | 0.10 -0.03 | 0.10 -0.10 | 0.07 -0.08 | 0.07 -0.06 | 0.09
1000 -0.04 | 0.14 -0.14 | 0.16 -0.04 | 0.07 -0.02 | 0.13 -0.07 | 0.14
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Table 6 Mean differences (RS41-iMS) and standard deviations (SD) of temperature at standard pressure levels during

nighttime (12 UTC) measurements.

Pressure Temperature differences and standard deviations (SD) during nighttime measurements (K)
level Autumn Winter Spring Summer All seasons
(hPa) Difference SD Difference SD Difference SD Difference SD Difference SD
10 0.18 | 0.13 0.17 | 0.07 0.20 | 0.16 0.22 | 0.18 0.19 | 0.12
15 0.07 | 0.07 0.01 | 0.10 -0.07 | 0.20 0.07 | 0.14 0.02 | 0.13
20 0.01 | 0.11 0.01 | 0.06 -0.08 | 0.11 0.00 | 0.17 -0.01 | 0.10
30 0.01 | 0.11 -0.07 | 0.14 -0.07 | 0.11 0.03 | 0.13 -0.03 | 0.12
40 0.01 | 0.18 -0.13 | 0.17 0.01 | 0.11 0.12 | 0.24 0.00 | 0.20
50 0.00 | 0.11 -0.01 | 0.10 -0.06 | 0.12 0.02 | 0.23 -0.01 | 0.15
70 0.06 | 0.19 0.06 | 0.13 -0.01 | 0.20 0.00 | 0.33 0.03 | 0.24
100 0.17 | 0.17 0.04 | 0.13 0.03 | 0.10 0.03 | 0.27 0.07 | 0.19
125 0.06 | 0.19 -0.14 | 0.22 -0.06 | 0.12 -0.08 | 0.29 -0.06 | 0.22
150 0.04 | 0.14 0.00 | 0.14 -0.01 | 0.11 -0.02 | 0.24 0.00 | 0.17
175 0.04 | 0.14 -0.03 | 0.08 -0.07 | 0.07 0.02 | 0.28 -0.01 | 0.13
200 0.03 | 0.14 -0.08 | 0.06 -0.24 | 0.64 -0.02 | 0.17 -0.08 | 0.34
250 0.05 | 0.17 -0.04 | 0.14 -0.01 | 0.08 0.02 | 0.13 0.00 | 0.13
300 -0.03 | 0.12 -0.02 | 0.08 -0.04 | 0.07 0.00 | 0.12 -0.02 | 0.10
350 0.00 | 0.09 -0.01 | 0.07 -0.03 | 0.07 0.00 | 0.19 -0.01 | 0.11
400 0.04 | 0.14 0.00 | 0.07 -0.01 | 0.08 0.07 | 0.07 0.02 | 0.10
500 0.00 | 0.10 -0.03 | 0.07 0.19 | 0.42 0.05 | 0.21 0.04 | 0.25
600 0.04 | 0.05 -0.08 | 0.06 -0.04 | 0.13 0.05 | 0.10 -0.01 | 0.11
700 0.06 | 0.21 -0.02 | 0.09 -0.01 | 0.12 0.05 | 0.15 0.02 | 0.15
800 0.00 | 0.07 -0.06 | 0.13 -0.06 | 0.05 0.07 | 0.09 -0.02 | 0.10
850 0.04 | 0.05 0.02 | 0.08 0.00 | 0.05 -0.02 | 0.06 0.01 | 0.07
900 0.00 | 0.12 -0.03 | 0.07 -0.04 | 0.12 -0.02 | 0.11 -0.02 | 0.11
925 0.01 | 0.06 -0.04 | 0.07 -0.04 | 0.09 -0.03 | 0.07 -0.03 | 0.07
1000 -0.07 | 0.15 -0.12 | 0.11 -0.09 | 0.06 -0.08 | 0.13 -0.09 | 0.12

Table 7 Mean differences (RS41-iMS) and

daytime (00 UTC) measurements.

standard deviations (SD) of relative humidity at standard pressure levels during

Pressure Relative humidity differences and standard deviations (SD) during daytime measurements (%RH)

level Autumn Winter Spring Summer All seasons

(hPa) Difference SD Difference SD Difference SD Difference SD Difference SD
300 -3.25 | 0.83 -2.00 | 1.00 -1.40 | 1.85 -2.17 | 1.57
350 -1.40 | 1.85 -2.00 | 1.07 -1.60 | 1.62 0.00 | 2.61 -1.32 | 1.96
400 -0.60 | 2.06 -2.00 | 1.33 -0.50 | 2.18 0.40 | 2.33 -0.85 | 2.14
500 3.40 | 2.42 0.22 | 2.62 1.75 | 2.95 1.60 | 3.88 1.52 | 3.15
600 1.40 | 3.38 0.44 | 2.87 1.00 | 2.12 2.20 | 2.99 1.11 | 2.87
700 1.00 | 2.10 2.56 | 4.14 1.00 | 3.67 4.00 | 3.58 2.07 | 3.77
800 4.60 | 3.38 4.44 | 1.77 0.88 | 2.42 5.40 | 4.22 3.59 | 3.38
850 3.80 | 3.06 4.22 | 2.86 2.50 | 1.94 6.00 | 1.41 3.96 | 2.71
900 3.80 | 2.64 3.44 | 2.63 4.38 | 2.55 7.00 | 2.28 4.44 | 2.85
925 3.20 | 2.79 3.44 | 2.22 5.62 | 2.69 6.60 | 0.49 4.63 | 2.67
1000 6.60 | 2.06 0.11 | 4.77 7.25 | 5.31 8.60 | 1.85 5.00 | 5.45

Table 8 Mean differences (RS41-iMS) and standard deviations (SD) of relative humidity at standard pressure levels during

nighttime (12 UTC) measurements.

Pressure Relative humidity differences and standard deviations (SD) during nighttime measurements (%RH)

level Autumn Winter Spring Summer All seasons

(hPa) Difference SD Difference SD Difference SD Difference SD Difference SD
300 -1.20 | 2.93 -2.00 | 0.00 -0.50 | 3.50 -2.50 | 1.66 -1.62 | 2.56
350 -0.75 | 1.71 -1.20 | 1.17 -1.60 | 5.57 -0.75 | 1.30 -1.05 | 2.98
400 1.75 | 6.30 -0.75 | 2.90 -3.00 | 3.34 0.00 | 1.00 -0.48 | 4.52
500 0.00 | 1.66 -0.78 | 1.93 -0.86 | 2.42 0.75 | 2.17 -0.36 | 2.11
600 -1.38 | 2.69 -0.89 | 1.91 -1.00 | 1.31 -1.25 | 3.03 -1.11 | 2.24
700 -0.62 | 3.28 1.00 | 2.26 -0.71 | 3.49 0.75 | 1.30 0.07 | 2.94
800 0.00 | 2.92 0.22 | 2.62 0.71 | 3.10 0.00 | 1.87 0.25 | 2.76
850 0.88 | 2.15 1.00 | 2.54 2.14 | 242 0.25 | 1.79 1.14 | 2.39
900 1.00 | 2.24 1.56 | 1.95 1.71 | 2.71 1.25 | 1.09 1.39 | 2.18
925 1.25 | 1.79 1.78 | 1.62 2.14 | 2.59 2.25 | 0.83 1.79 | 1.92
1000 -2.88 | 3.89 -8.44 | 5.08 0.43 | 2.92 -3.25 | 3.56 -3.89 | 5.31
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Table 9 Mean differences (RS41-iMS) and standard deviations (SD) of geopotential heights at standard pressure levels during

daytime (00 UTC) measurements.

Pressure Geopotential height differences and standard deviations (SD) during daytime measurements (m)
level Autumn Winter Spring Summer All seasons
(hPa) Difference SD Difference SD Difference SD Difference SD Difference SD
10 60.6 | 12.8 251 | 134 27.3 | 13.9 39.4 | 20.5 36.1 | 20.4
15 48.2 | 13.2 18.9 | 10.8 16.4 | 11.4 29.2 | 18.4 26.4 | 18.0
20 41.4 | 10.9 14.9 9.8 15.4 | 10.8 234 | 17.2 22.0 | 15.8
30 34.6 7.8 13.4 9.3 10.6 | 11.7 17.4 | 17.8 17.6 | 14.9
40 28.6 7.2 10.6 8.3 8.4 | 10.0 11.6 | 12.6 13.6 | 12.2
50 22.6 3.9 9.8 7.5 8.0 8.0 9.6 | 11.7 11.7 9.8
70 22.2 3.6 8.0 8.3 4.0 7.8 5.2 | 11.0 8.9 | 104
100 15.0 4.3 7.4 6.8 2.4 8.1 4.2 | 10.1 6.7 8.8
125 12.6 2.6 8.0 7.0 2.8 7.8 2.2 8.7 6.2 8.0
150 12.8 3.8 7.3 5.6 1.1 6.3 -0.2 8.2 5.1 7.8
175 10.6 3.1 6.5 5.3 1.8 6.7 1.0 6.5 4.9 6.7
200 11.2 2.1 6.1 4.8 0.6 4.9 0.2 7.0 4.4 6.4
250 8.8 2.2 5.5 4.7 1.9 5.1 -0.4 7.1 4.0 5.9
300 7.0 3.7 6.4 5.1 1.8 5.8 -2.0 7.7 3.7 6.6
350 8.2 2.7 3.7 4.7 1.0 4.9 -2.2 7.2 2.7 6.0
400 6.2 2.5 3.8 4.9 0.6 5.0 -1.4 8.7 2.4 6.1
500 2.8 2.5 2.1 4.8 -1.1 4.1 -1.4 7.1 0.7 5.1
600 1.6 2.2 0.7 5.0 -0.5 4.2 -1.2 7.4 0.2 5.0
700 1.0 3.0 0.0 4.5 0.0 3.7 1.4 4.7 0.4 4.1
800 0.2 1.2 -0.5 3.6 0.1 3.1 -1.4 3.1 -0.4 3.1
850 -0.2 2.3 0.1 3.1 0.6 2.4 -1.8 2.8 -0.1 2.9
900 0.4 1.9 -0.5 2.2 0.0 1.4 -0.6 1.6 -0.2 1.9
925 0.2 1.6 -0.3 1.7 -0.1 1.6 -0.4 1.0 -0.2 1.6
1000 0.2 0.4 0.1 0.3 0.1 0.6 0.0 0.6 0.1 0.5
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Table 10 Mean differences (RS41-iMS) and standard deviations (SD) of geopotential heights at standard pressure levels during

nighttime (12 UTC) measurements.

Pressure Geopotential height differences and standard deviations (SD) during nighttime measurements (m)
level Autumn Winter Spring Summer All seasons
(hPa) Difference SD Difference SD Difference SD Difference SD Difference SD
10 38.8 | 12.7 29.1 | 12.6 18.8 | 13.0 27.3 | 15.8 28.2 15.1
15 25.2 | 10.9 17.7 7.4 7.2 | 12.9 16.0 | 15.5 16.6 13.3
20 18.3 | 10.5 11.9 7.6 5.0 | 12.1 11.3 | 12.3 11.9 11.6
30 12.5 | 10.0 6.9 5.2 1.2 | 10.6 6.3 | 12.3 7.2 10.4
40 7.3 | 13.0 5.1 4.1 -1.6 9.7 7.8 | 10.6 4.5 10.6
50 44 | 117 3.6 5.8 -2.6 8.1 1.8 | 14.3 1.9 10.7
70 1.3 | 12.2 5.0 7.5 -4.3 5.3 -1.2 | 10.5 0.6 9.9
100 -2.0 8.7 3.0 5.0 -4.4 5.6 -2.0 | 10.0 -1.1 8.0
125 -1.5 | 10.3 2.0 5.8 -3.0 6.9 -2.2 8.0 -0.9 8.2
150 -2.0 | 10.2 2.2 6.1 -2.1 5.6 -1.2 6.4 -0.6 7.6
175 -1.3 [ 10.0 0.6 6.2 -3.4 5.5 -1.5 5.9 -1.3 7.4
200 -1.0 9.6 0.3 6.5 -3.3 5.9 -1.0 6.2 -1.1 7.4
250 -1.4 8.3 1.4 7.4 -1.3 5.2 -1.7 5.8 -0.6 7.0
300 -1.5 8.3 1.3 6.7 0.1 5.7 1.8 6.4 0.4 7.0
350 -1.0 6.4 -0.1 6.7 -1.4 6.3 3.2 6.3 0.0 6.7
400 -1.0 6.3 0.8 6.5 -1.6 4.9 1.7 6.2 -0.1 6.2
500 -0.1 5.9 -0.7 6.6 -0.4 4.8 2.0 5.0 0.1 5.8
600 -0.6 5.7 0.1 5.0 -0.7 5.5 0.8 4.2 -0.1 5.2
700 -1.0 5.2 -0.6 5.7 0.7 3.1 1.0 2.7 -0.1 4.6
800 0.0 3.4 0.4 3.5 -0.4 3.4 0.3 2.0 0.1 3.2
850 0.1 2.0 0.6 2.8 -0.4 2.3 1.7 2.0 0.4 2.4
900 0.5 2.0 -0.1 1.5 -0.6 1.5 1.3 0.9 0.2 1.7
925 -0.4 1.2 -0.2 1.6 -0.3 1.0 0.7 0.8 -0.1 1.3
1000 -0.6 0.7 -0.1 0.3 0.0 0.9 0.0 0.8 -0.2 0.8

Table 11 Mean differences (RS41-iMS) and standard deviations (SD) of wind speeds and wind directions at standard pressure

levels in all seasons.

Wind speed and wind direction differences and standard deviations (SD)
Prle;ssetljre Wind speed (ms™') Wind direction (°)
v
(hPa) Daytime (00 UTC) Nighttime (12 UTC) Daytime (00 UTC) Nighttime (12 UTC)
Difference SD Difference SD Difference SD Difference SD
10 0.21 1.53 0.14 0.76 8.46 | 31.49 -1.32 4.73
15 0.29 0.89 0.00 0.72 -1.79 6.01 -2.87 | 10.22
20 -0.08 0.84 0.17 0.69 -1.562 | 18.33 -1.04 9.11
30 0.00 0.63 -0.12 0.65 0.44 6.16 2.72 8.70
40 -0.04 0.98 0.19 0.67 0.04 7.35 -2.93 | 10.06
50 0.12 0.75 0.14 0.87 0.12 5.73 -0.70 5.56
70 -0.11 0.57 -0.07 0.68 -0.48 4.13 1.33 6.45
100 0.11 0.68 0.03 0.75 -0.26 1.24 -0.30 1.59
125 0.26 0.64 0.10 0.65 0.04 0.58 0.13 1.31
150 0.11 0.74 0.43 0.99 0.33 1.12 0.03 0.75
175 0.11 0.56 0.07 0.51 0.18 0.66 -0.10 0.70
200 0.25 0.63 -0.10 0.60 0.00 0.65 0.00 0.86
250 0.04 0.78 0.20 0.65 0.11 0.62 0.13 0.76
300 0.18 0.80 -0.03 0.55 0.14 0.69 -0.10 0.94
350 0.14 0.52 0.00 0.58 -0.04 0.87 0.07 0.89
400 0.07 0.65 -0.03 0.55 0.36 0.72 -0.07 1.00
500 -0.07 0.80 0.03 0.60 0.46 1.32 0.33 1.07
600 -0.11 0.62 0.07 0.63 0.07 1.85 0.10 2.10
700 0.04 0.68 0.07 0.51 0.32 3.45 -0.07 2.82
800 -0.11 0.41 0.13 0.43 0.32 4.01 -0.27 3.76
850 0.07 0.59 -0.03 0.55 0.89 4.35 -0.17 8.14
900 0.07 0.59 0.00 0.73 -1.78 6.52 -0.67 6.59
925 0.11 0.56 -0.07 0.63 0.43 2.76 0.37 6.20
1000 0.48 0.88 0.79 0.72 2.24 | 12.93 -3.14 8.75

VN 700hPa LV T/ & 70hPa L0 B chkE <, REEZIC GRUAN 7—# 7 a7 MLLF, GDP & W) &AL T

B A EE UHEIS 5. BRI U725 R & AR COMITRE RO i 217 -
7. GDP TixY v 7 ofiEwngits 75—l o
6. GRUANT—4 0%y rEnk® T NEFMIN LA ZIToTRBY, ZOFELTT 7 =

FIEEZNC B D e #E 2>\ T, RS41 & iMS @ B RF a2 A2 FETAR TV 5 (von Rohden et al. :
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Fig. 20 Profiles of mean temperature differences from
(RS41-iMS) and GDP
(RS41(GDP)-iMS(GDP)) at 00 UTC and 12UTC.

Red : RS41(GDP)-iMS(GDP), black : RS41-iMS.
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Fig. 21 Profiles of mean temperature GDP-routine data differences
(RS41(GDP)-RS41 and iMS(GDP)-iMS) at 00 UTC and
12UTC.

Red : RS41(GDP)-RS41, black : iMS(GDP)-iMS.

2022, E¥F1FE7)H> : 2016, Kizuetal : 2018, Hoshino ef al. :
2021).
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Fig. 22 Profiles of mean humidity differences from routine data
(RS41-iMS) and GDP (RS41(GDP)-iMS(GDP)) at
00 UTC and 12UTC.
Colors are the same as in Fig.20.
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Fig. 24 Relative humidity and RS41-iMS difference of the
flight at 20:30 local time on May 14, 2021.
The black and red lines show data for radiosonde iMS and RS41,

respectively, and green line shows the RS41-iMS difference.
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Fig. 25 Relative humidity and RS41-iMS differences from
the excluded six cases at 8:30 local time.

Red : RS41, black : iMS, colored lines : RS41-iMS.
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Fig. 26 Temperature, temperature of the humidity sensor, relative humidity and dew point temperature from iMS(GDP) and
RS41(GDP) of the flight at 08:30 local time on June 4, 2021.
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