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Quantitative comparison of the iMS-100 and the RS-11G GPS sondes for characterization of
routine soundings

Eriko KOBAYASHI and Shunsuke HOSHINO

Abstract

At the Aerological Observatory (Tateno station) of Japan Meteorological Agency in Tsukuba, Ibaraki, Meisei
model RS-11G GPS sondes were replaced by Meisei model iMS-100 GPS sondes in September 2017. We carried out

observations to compare these two types of radiosondes during four seasons and identified differences in

performance. The results of the comparison show that the temperature recorded by the iMS-100 was 0.2 K higher

than that recorded by the RS-11G above the 200-hPa layer during daytime observations. The pressure recorded by
the iMS-100 was larger than that recorded by the RS-11G and the difference was smaller than 0.5 hPa between the
1000-hPa and the 200-hPa layers. The relative humidity recorded by the iMS-100 was higher than that recorded by
the RS-11G above the 300-hPa layer during both daytime and nighttime observations. These differences between the

two radiosondes would have a negligible impact on daily weather forecasts, but they should be taken into

consideration when observation data are used for climate monitoring.
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Photo I Model iMS (left) and 11G (right) GPS sondes.
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Table 1 The radiosonde intercomparisons series at Tateno.
Period oid modelsondl\?ew model Information about flights
1981 RS IlI- 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
Table 2 Specifications of the radiosondes based on Meisei (2016a) and Meisei (2016b).
Radiosonde . IMS 116
(iMS-100 GPS sonde) (RS-11G GPS sonde)
Type Thermistor Thermistor
Range -90°C - +60°C -90°C - +60°C
Temperature Resolution 0.1°C 0.1°C
sensor Daytime 0.5°C(Troposphere) Daytime 0.5°C (Troposphere)

Uncertainty

0.8°C(Stratosphere)
Nighttime 0.4°C

0.8°C (Stratosphere)
Nighttime 0.4°C

Type

Range

Humidity sensor

Resolution

Uncertainty

Electrostatic capacity type
(with a temperature sensor)
0%RH - 100%RH
0.1%RH

5%RH (Troposphere)

Electrostatic capacity type

0%RH - 100%RH

0.1%RH

5%RH (Lower Troposphere)
7%RH (Upper Troposphere)

Pressure sensor

Inversely calculated by using an
altitude that obtained from GPS

Inversely calculated by using an
altitude that obtained from GPS

positioning positioning
Wind GPS wind finding (with SBAS*) GPS wind finding (with SBAS*)
Dimensions(DWH) 53(D) % 55(W) X 131(H)mm 67(D) X 86(W) X 155(H)mm
Weight 38g 85g

*SBAS : Satellite Based Augmentation System (§ 1L f# B AU EHTIEMIR S 2 T L)

(Nozzle lift : 1900g)

( 2 600g balloon

Parachute

10m

19m
String or unwinder

2

v R T s

+’ Radiosonde

Fig. 1 Flight configuration.
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Photo 2 Preparation for the flight at 8:30 AM local time on
March 22, 2017.
The iMS and 11G GPS sondes were hung on the end of a rod made of

plastic cardboard.
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Table 3  Surface observations and cloud cover data.
The ¥ mark indicates dual-sounding outliers which were rejected in the statistical analysis. Temp (temperature) and Humi (relative humidity)

indicate the factors that were the reason for rejection.

Flight Time Pressure | Temperature [ Humidity Wind Cloud Statisticall
Season Date o - - Weather K
No. (LST) (hPa) (°c) (%RH) | Direction | Speed N InnloLl n lomlch analysis
(degree) (m/s)
1] 2016/10/18 8:30 1014.4 18.7 96 250 12| 8] 8] 8] /| /] / 10
2| 2016/10/18| 20:34 1014.1 19.8 84 70 15] 71 5| 5 /] 8] / 02
3| 2016/10/19 8:30 1015.6 20.2 76 40 3.1 7l 71 o /] 11 / 03
4| 2016/10/19] 20:36 1013.0 176 91 30 1.1 1 71 8 /1 /] / 02
5| 2016/10/20 8:30 1010.6 20.8 78 260 1.7] 0] o] of 9f of o 02
6] 2016/10/20 20:30 1011.4 155 72 280 2.2 Ol 0] 0] 9/ 0] O 02
7| 2016/10/21 8:30 1016.5 15.7 56 90 2.1 6] 2| of /] 3] 2 02
8| 2016/10/24 8:30 1014.9 13.1 50 50 20 1 0] o] 9] 0of 2 02
9| 2016/10/24 20:30 1016.9 8.9 91 130 1.6 Ol 0] 0] 9/ 0] O 02
Autumn 10| 2016/10/25 8:30 1019.9 11.6 73 300 1.9 1 11 0] 9] 31 0 02
11| 2016/10/25 20:55 1013.9 12.2 95 300 1.1 71 71 8 /| /] / 25
12| 2016/10/26 8:30 10123 16.9 70 290 19] 0] o] of 9f of O 02
13| 2016/10/26] 20:30 1009.6 19.5 86 70 24| 7] 3] 1] /] 3] 2 10
14| 2016/10/27 8:30 1016.1 18.8 77 170 08| 1] 1] 5 /[ of 0O 02
15| 2016/10/27| 20:30 10193 123 85 150 2.1 of of o] 9/ 0] 0 02
16| 2016/10/28| 20:30 1008.5 11.8 97 300 1.7] 8 1] 71 /[ 2| / 61] XTemp |
17] 2016/10/31 8:30 10243 12.7 69 300 1.7] 5] 4 ol /[ 8] 1 02
18| 2016/10/31 20:30 1017.7 12.0 92 340 165] 71 2| 8 /[ 8] / 10
19| 2016/11/1 8:30 1013.7 11.3 96 270 14] 8] 8 2| /[ /] / 80| XHumi
20 2016/11/1 20:30 1018.7 11.6 72 40 20| 71 2| 8 /] 38 7/ 02
21| 2017/1/10 8:30 1009.2 5.5 58 290 15] 0] o] of 9f of O 02
22| 2017/1/10] 20:30 1004.5 4.0 69 220 14] 0] o] of 9f o] O 02| XTemp |
23| 2017/1/11 8:30 1009.9 4.7 44 70 06| 0] 0] of 9f of O 02
24| 2017/1/11 20:30 1007.2 3.2 48 50 22| 1] 1] 2| /[ o] 0O 02
25| 2017/1/12 8:30 1004.4 3.0 45 250 1.1 of of o] 9] 0] 0 02
26| 2017/1/12| 20:30 1000.4 1.1 53 340 16] 1] 1] 5 /[ o] 0O 02
27| 2017/1/13 8:30 999.9 2.3 57 230 13] 1) 1] 1 /[ o] 0O 02
28| 2017/1/16 8:30 1008.3 -0.4 63 300 23| 1] 1] 1] /[ o] 0 02
29| 2017/1/16] 20:30 1010.5 0.9 69 290 20| 7] 1] 5 /] 3 2 02
Winter 30| 2017/1/17 8:30 1019.1 2.4 70 170 1.3 11 1] 8 /] 0ol o 02
31| 2017/1/17] 20:30 1023.5 -1.0 67 10 0.3 11 1] 2] /1 o] o 02
32| 2017/1/18 8:30 1026.6 0.1 76 330 04| 0] 0] of 9f of 0 02
33| 2017/1/18] 20:30 1020.8 2.4 75 40 13] 6] 1] of /[ 8] 2 02
34| 2017/1/19 8:30 1016.9 0.5 77 200 14] 71 2] s /] 7] 2 02| XHumi
35| 2017/1/19] 20:30 1015.5 2.7 53 70 18] 2] o] of 9f of 2 02
36| 2017/1/20 20:30 1000.2 20 86 300 23 8l 71 5 /] 7| / 23
37| 2017/1/23 8:33 1008.7 3.7 37 300 4.6 1 1 11 /[ 0] 0 02
38| 2017/1/23 20:30 1011.9 0.3 36 270 2.7 Ol 0] 0] 9/ 0] O 02
39| 2017/1/24 8:30 1016.0 1.7 35 270 4.7 1 1 1 /[ 0] 0 02
40( 2017/1/26 20:30 1024.5 -0.3 65 100 1.5 0l 0] 0] 91 0] O 02
41| 2017/3/21 20:30 999.9 1.4 97 330 42| 8| 8] 8 /| /] / 61
42| 2017/3/22 8:30 1007.7 9.0 42 320 2.2 1 1 11 /[ 0] 0 02
43| 2017/3/22 20:30 1014.0 8.1 35 340 2.8 71 71 1 /] 0] O 02
44| 2017/3/23 8:30 1014.8 6.9 50 240 1.5 8| 6 1] /] 1] / 02
45| 2017/3/23 20:30 1012.8 7.5 62 50 23 2l 2| 1 /] 0] 0O 02
46| 2017/3/24 8:30 1013.1 7.1 59 120 1.3 6] 6/ 8 /] 3] 0 02
47| 2017/3/217 8:30 1005.2 3.6 94 340 4.4 8| 8 71 /1 /] / 80| Humi
48| 2017/3/27] 20:30 1009.7 5.6 76 50 2.1 6l 5[ 8] /] 3] 2 02
49| 2017/3/28 8:30 1016.3 6.9 74 260 16] 7] o] of 9f of 6 02
Spring 50 2017/3/28| 20:30 1017.7 1.2 73 140 23| 6] 5 8 /] 3 2 02
51| 2017/3/29 8:30 1020.0 8.4 61 50 24| 7] 0] 0o 9] of 2 02
52| 2017/3/29| 20:30 1020.6 6.0 69 110 15] 1] o] of 9of o] 1 02
53| 2017/3/30 8:30 1017.8 9.0 69 250 15] 0] o] of 9f of O 02
54| 2017/3/30] 20:30 1012.2 9.8 79 220 1.1 of of o] 9/ 0] 0 02
55| 2017/3/31 20:30 1015.1 5.3 96 20 16 8| 71 71 /[ 2| / 61
56 2017/4/3 8:30 1015.4 8.8 56 230 03| 1] 1] 1 /[ 38 0 02
57 2017/4/3| 20:31 1013.4 5.7 93 50 17] 1) 1] 3 /[ o] 0O 13
58 2017/4/4 8:30 1021.6 10.0 61 360 19] 0] o] of 9f of ©O 02
59 2017/4/4| 20:30 1024.2 79 73 150 13] 1] o] of 9of of 2 02
60 2017/4/5 8:30 1025.0 11.9 64 280 20| 7] 0] o 9| of 1 02
61 2017/6/6 8:30 1018.0 18.0 69 110 2.1 7l 71 8| /] /] / 02
62 2017/6/6] 20:30 1017.1 174 78 140 23| 1] 1] 1] /] of 2 02
63 2017/6/7| 20:30 1010.4 19.7 69 160 33| 8 1f 5] /] 11 / 02
64 2017/6/8 8:30 1005.4 21.6 68 200 451 71 71 o /1 7 / 02| XTemp |
65 2017/6/8| 20:30 1002.4 21.1 92 160 14] 2] 1] 2 /[ 8] 0 01
66 2017/6/9] 20:30 1004.4 20.6 73 80 18] 71 1] 3 /] 8] 2 17
67| 2017/6/12 8:30 1007.4 18.7 57 20 1.7] 6] 3] 2 /] 8] 2 02
68| 2017/6/12| 20:30 1010.2 17.9 75 70 33| 7 71 2 /1 /A / 02
69| 2017/6/13 8:30 1013.0 15.7 92 40 16] 8] 5 71 /[ 7| / 61
Summer 70{ 2017/6/13] 20:30 1010.8 15.7 96 60 24| 8] 6] 2| /1 7 / 80
71| 2017/6/14 8:30 1007.8 17.0 94 350 18| 8] 8] 2| /| /] / 80
72| 2017/6/14] 20:30 1007.0 18.7 84 100 20| 7] 5] 8 /1 38 / 02
73| 2017/6/15 8:30 1006.5 19.5 79 80 1.4 7] 1 1 /1 71 2 02
74| 2017/6/15 20:30 1004.6 19.7 86 140 2.7 1 1 5 /] 0] 0 02
75| 2017/6/16 8:30 1004.4 221 75 60 0.6 1 71 2 /1 /] / 02
76| 2017/6/21 8:30 1009.5 219 94 150 23 8| 6 8 /] 7| / 61| XHumi
77| 2017/6/21 20:30 996.7 238 89 200 48 1 71 2 /1 /1 / 02
78| 2017/6/22 8:30 1004.5 242 64 160 1.6 7] 1 1 /1 3] 2 02
79| 2017/6/22| 20:30 1005.6 22.0 78 130 17] 7] o] of 9f of 2 02
80| 2017/6/27 8:30 1009.2 20.6 91 50 3.1 8l 8l 711 /A /2 / 61] XHumi
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Fig. 2 Balloon burst heights of radiosonde 11G.
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(30hPa= p°>20hPa)
(20hPa= Pi° >15hPa)
(15hPa= p°>10hPa)
(10hPa= PiO >5hPa)

i — O KT A S R BT — & 2oV T, A
(T7, TO) &, (AT, =1 —70) D THI(AT) 2 Y DFAD~(3)

WXL -oTRDB.
o
TN = _isis (1)
ie—is+1
D
TO — _i=is )
ie—is+1
D AT,
AT = _ids (3)
ie—is+1

W, FL[ERBOLEK T — 4 %, B & &8RS L
THEBREE D EF 21T 5 S HEFRK DO EF L8 llE
¥aE M, FOIEFEA 2 K=1,2, -, M & LT, @~(DITX~»

THERHEEZRD D.
Mo
_ 2w
HEH LB iMS FHE . TN kG 4)
M
Mo
N P
LEL7ZEANO 11G FEHHE : o k=2t (5)
M
M
__ DAT,
HEEH LA OZEDEE AT = K& (6)
M

HE LN O ZOIERER A

K=l

S (AT, - AT)’
c(AT)=|*"— (7

M

0¥, FRHEEE OBIREIZ DWW TRETONL—T 4 Bl
BITIE—40C &L v KURMEWT — 2 I3fEH LTy
EEAEENEML TS GRUAN TiE EMshitEeT
kg B O KAKBIN S EER SN TWDH 0, FRFEZIC
B 2T — X g CII M o BRI E SR & RERICKERBIE S
JEF COBBNE % kg & Uiz,

4. 3 T—HDER

Fig.3 IZKFIZB T 2 HBR O KIRZE & FHxHREZ O 8
BIEEIE A -3, R o B#R1E6), (DT k> TRD 72K
R AR O EEE L ZOEERZE(E o) THSH. KiklE

DH=IMS-1G DI=IMS-11G
S — R
oouTC oouTC
12uTe 2uTe
o am S mem
10— s0 10 — SO
20| 20/
11} N —
30 0L b
g =0 T so. il
= = :
e A o
g g
L 1)
§ 1l § ! W
o o 1
200 | 200 | q
.
300 | 300 | /
4
500 | 500
850 | | 850 | 4
00— 051 10005 Ay~ 20 304
Temperature Difference [K] Humidity Difference [%RH]
Fig. 3  Profiles of mean differences (iMS—11G) of

temperature and relative humidity of each flight in autumn.
The thin colored lines show each observation, and the black lines

show the mean of all observations.
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Temperature [deg C] Humidity [%RH]
Fig. 4 Temperature, relative humidity, and iMS-11G
differences of the flight at 20:30 local time on October 28,
2016.
The black and red lines show data for radiosonde 11G and iMS,

respectively, and green lines show the iMS—11G differences.
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Table 4 Sample sizes during each season.
Accept is the number of flights that were used in the statistical
comparison. Reject is the number of flights that were considered to be

outliers and hence were not used in the statistical comparison.

Daytime Nighttime
(00 UTC) (12 UTC)
Accept Reject Accept Reject

Spring 9 1 10 0
Summer 7 3 10 0
Autumn 9 1 9 1
Winter 9 1 9 1
Total 34 6 38 2

HENRHER SN D . [, thoZEEH 0BT b RIECMH
K JE D ZEBRIRIC R ENWEFIRSH 7. Zh b BRI
DWTE, A RIRSCWE & Y3 b 2D E A 5%
o, JEEOFEMESR W B L, oo 2RE)E
DOBLINE 2 FERHENT 2> S ERA LTz, 7 — X OB 21T 5 B
DERAEEAET, FHiIBICWTRLORE CRUR, HXHRE,
RIEDOWTNNDZEDBHIFEEEPEERED 3 G2
R HBME Uiz, 72720, BBLIAIME &2 BLHE & U 72 @BN3AT
STV, ZOFEIC K 0 B U SR, FEHENT O
Shxt e & e BT — # B3 EF T 8 il d o 7= (Table 3 D
KETOBLD. FERHRATIZ B 3 & ORI L& FH o8]
W7 — 2 H% Table 4 [SR T &80 THD. HaHEHTICHE
AL T — 2287 5 EHEYRIRZGMS-11G) D
FOTH, BLOKURENBRINEEICE L 722 212XV R
SRS NI T —# OKRIRZE % XHIT Fig.5 1R 7 . FHO
X (box and whisker plo)lL7 — % DXL O & HbH) D R
TLBHT OO KTH Y, WAL E AW TT —X
DO HIEY ZRHT 5.

4. 4 BIHER

Fig.6 |\Z&JR, FAXHEE IC OV TEHiBNIHES Lz iMS
DB FEEIE A <9, 300hPa &V TIE X iiE TidE ZE
EAFTHR-1I5COREZENRH Y, iR I TOR
BIZ-60~-70CRETH 5. xITHRE TIXEFRLKFEDOE
BHRIENZER L THDDICK L, EBEOKIRIZEEIC
B MERRLBEWVHERA R OIS AZF L HEEITIE
LR L LICIBERICRIRE T 7 7 AL TH DS, A
OFXHEEIZE I miE TA R IERE O I L 2 R K
BRHN 2D, plE B O xHEE IR E Ik~ Tha <,
FHRIZLIT AP TH 5.

(1) AR T D REBIE O Hg
Fig.7 ~ Fig.9 \ZBH L B ORI 72 % FE BN HEFH L7

[EE e Syt

%755 2018

) o]
METTTLLLEY T

-1.0

I SRR S P S R R
F & IS E PN
WA E S L

Pressure [hPa]

|Summer|x

£ x
= be X X
§ 0.5 - XXy
o X X | T -
£ aogedp |
Q g0 . 1 Q
] I
5 1
c
& 0.5
E -0.
= Outlier

-1.0

P I P PO PO P DD LD
S (S P AL PN N
A O %QQELQQ,'\@.’\\@ AT YN

B P N

Pressure [hPa]

Autumn
z X
= X %
g 05 % x
c
o = T |
£ é B U
0 00 é -
4
2
o4
g
5 -05
= Outlier
-1.0
1\@ S’-’QQ :b@ ﬂf& f\@ ‘\Q(: Qi\t’ Qbo q.,g: Qﬁ; Q:g: (3‘.\0 \Q?)
@@q@ rbgb &S A e PN

Pressure [hPa]

v % Winter

3 : x
g 05 X % .
: x X T i
Gebds
2 00 él '% + E;' ! %I
5 1
c
g
5 -0.5
- Outlier

-1.0

S PSSP PSP D P S DS
Y
& 059@:5 eSS N
A S S PN

Pressure [hPa]
Fig. 5 Box and whisker plots of mean temperature differences

(iMS—11G) at 00 UTC and 12 UTC during each season.

The red crosses show outliers for temperature.

22



iMS-100 %! & RS-11G %! GPS V' > 7 @ L i)

00UTC and 12UTC 00UTC and 12UTC

5 T 5 T T
autumn —s— autumn —s—
winter —a— winter —a—
SPANG —s— Spring —se—
10 L summer —g— - 10 summer —g—
¢ all seasons —e— all seasons —e—
20 _ 20 ]
30| 30
g 50l )
z £
] o
= =1 A
ﬁ 100 | % 100
o o
200 J 200 (4 J
300 L J 300 ]
500 | J 500 ]
850 | 5 h 4 850 <
10008580 o =200 20 4o 1000 46680 Too
Temperature [deg C] Humidity [%RH)
Fig. 6 Profiles of mean temperature (left) and relative

humidity (right) recorded by the iMS at 00 and 12 UTC.
The colored lines show each season, and the black lines show the

means of all seasons.

00UTC and 12UTC
Dif=iMS-11G.

00UTCand 12UTC
Dif=iMS-11G

" autumn s
winter —a—
spring —s—

summer —g— -|

all seasons —e—

10 |
all seasons —s— [k

0| _ 20 ]
30 30
T s0. 1 T s ]
£ 3
2 e
2 g
§ 100l 18 ]
a a
200 200
300 , 300 || ]
500 , 500 |
850 ‘ i 850 |
100 s 07 0z b0z 04 06 1000 05 1

Temperature Difference (K] Standard Deviation of Difference [K]
Fig. 7 Profiles of mean temperature differences (iMS—11G) and
standard deviations at 00 and 12 UTC.

Colors are the same as in Fig.6.

J&E B E & AR 7= 4 3. 00UTC 38 KO8 12UTC B
D2 Y7 (Fig.7 @ all seasons)iE =0.2K OFiH THh - 7-.
00 UTC Bl COEFHEIT LR IEDRIEFE L2 -> T

B0, iMS OBHMEL 11G LV HEWEZRLTWD
(Fig.8). Rl S IZE vy 100hPa i TEN KX <,
200 hPa~20hPa TIZf+02 K OENH 5. 12 UTC BT

DA Y7L, 00UTC B
200hPa~50hPa "C|% 00UTC Bi#l] & Ak iMS 23 11G £ Y

F B & DN S VA (Fig9),

(2 & 2 R
oouTC QouTC
5 DIfEIMS-11G 5 Dif=iMS-11G
autumn ! " autumn e
winter —a— ' winter —a—
SPring —s«— Spring —s—
10 |- summer —s— - 10 L summer —s— -
all seasons —e— ¢ all seasons —e—
/
20 | 1 200 d
300 4 30 ;|
g sof 1 F sl |
& =
g g
=2 =
£ 100l B T ]
o o
200 L 4 200 L 4
300 [ . 300 - .
500 500 &
B0 6 4 B0 : 1
mos 0402 0 02 04 06 000 05 1

Temperature Difference [K] Standard Deviation of Difference [K]

Fig. 8 Profiles of mean temperature differences (iMS—11G) and
standard deviations at 00 UTC.

Colors are the same as in Fig.6.

12UTC 12UTC
5 Dif=iMS-11G 5 Dif=iMS-11G
autimn Lx i T autumn
winter winter —a—
spring Spring —x—
10 L summer - 10 summer —g— -
all seasons all seasons —e—
20 L 4 20 4
30 30
T s0) 1 & =0 J
=4 =
L ¢
== =
g 100 L J g 100 4
a o
200 200
300 L 4 300 4
500 ﬁ - 500 4
10001 ] 1000 [ ]
1 1 L L
06 04 02 02 04 06 05

Temperature Difference [K] Standard Deviation of Difference [K]
Fig. 9 Profiles of mean temperature differences (iMS—11G) and
standard deviations at 12 UTC.

Colors are the same as in Fig.6.

V. 500hPa £V T8 T EEE TiX 00UTC B,
12UTC Bl & I 2 FH T 0.0K ITHEWETH 5.

00UTC BN BT 52 KRIRZEDEHIEHE & SR FE 2O X
(Fig.8)IZ B\ T, HZE D 150hPa~70hPa & FKZED 20hPa K
D EECTRIEAEN+03K TH Y MOFHIZH L TENK
T, EERETAFH & B 100hPa £V FETREL AR
L8, AZED 10hPa LV bJE OEHERFENK 0.5K TIED
DOEF LY HRE V. 120TC BHEIIEBIT 2 RiR 2D B 5
WEIE & AR ZE DK (Fig 2 BT, Jahl A ED =1

-23-



It
izl
A

SLEGR

00UTC o0UTC
5 Dif=iMS-11G 5 DifsiMS-11G
autlmn L ! " autumn e
winter —a— m winter —a—
SPring —se— SPring —s—
10 L summer —s— 10 summer —s— -
all seasons —s— all seasons —e—
20 - 20 ]
30 L 30 ]
T s0L ) ]
= &=
® @
= =5
§ 10l £ 100 |
a a
200 | 200 ]
300 L 300 .
500 | 500 |- 4
850 n/é 850 | |
1000 4 1000 2 7 6 ]
Humidity Difference [%RH) Standard Deviation of Difference [%RH]
Fig. 10  Profiles of mean relative humidity differences

(iMS—11G) and standard deviations at 00 UTC.
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Colors are the same as in Fig.6.
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Table 5 Mean differences (iMS—11G) and standard deviations (SD) of temperature at standard pressure levels during daytime (00

UTC) measurements.

Pressure Temperature differences and standard deviations (SD) in daytime measurements (°C)
level Autumn Winter Spring Summer All seasons
(hPa) Difference SD Difference SD Difference SD Difference SD Difference SD
10 0.33 0.31 0.35 0.55 0.14 0.08 0.22 0.36 0.25 0.34
15 0.24 0.22 0.16 0.33 0.12 0.42 0.06 0.13 0.15 0.31
20 0.19 0.18 0.41 0.23 0.27 0.22 0.27 0.22 0.29 0.23
30 0.24 0.16 0.19 0.27 0.30 0.31 0.26 0.25 0.25 0.26
40 0.27 0.21 0.21 0.17 0.18 0.15 0.34 0.18 0.24 0.19
50 0.31 0.33 0.16 0.26 0.17 0.27 0.20 0.21 0.21 0.28
70 0.21 0.29 0.12 0.23 0.16 0.24 0.36 0.12 0.20 0.25
100 0.20 0.12 0.09 0.17 0.24 0.21 0.41 0.20 0.23 0.21
125 0.20 0.24 0.10 0.13 0.14 0.18 0.24 0.26 0.17 0.21
150 0.16 0.07 0.10 0.19 0.16 0.11 0.14 0.16 0.14 0.14
175 0.11 0.07 0.08 0.09 0.17 0.08 0.20 0.14 0.14 0.11
200 0.14 0.10 0.10 0.08 0.20 0.08 0.06 0.14 0.13 0.11
250 0.07 0.08 0.10 0.11 0.09 0.07 0.06 0.09 0.08 0.09
300 0.06 0.08 0.12 0.10 0.08 0.06 0.14 0.07 0.10 0.09
350 0.00 0.11 0.06 0.13 0.07 0.07 0.04 0.07 0.04 0.10
400 0.01 0.09 0.01 0.09 0.04 0.10 0.03 0.07 0.02 0.09
500 -0.01 0.10 0.02 0.09 0.02 0.09 0.00 0.1 0.01 0.10
600 -0.02 0.11 0.06 0.05 0.00 0.05 0.01 0.08 0.01 0.08
700 0.02 0.12 0.03 0.08 -0.09 0.09 -0.04 0.10 -0.02 0.11
800 0.03 0.11 0.00 0.08 -0.11 0.07 0.04 0.05 -0.01 0.10
850 -0.03 0.12 -0.03 0.07 -0.08 0.09 -0.01 0.06 -0.04 0.09
900 0.01 0.07 -0.01 0.07 -0.10 0.09 0.01 0.08 -0.02 0.09
925 0.00 0.12 -0.06 0.08 -0.14 0.10 -0.03 0.07 -0.06 0.11
1000 0.02 0.11 -0.02 0.09 -0.12 0.15 0.10 0.19 -0.01 0.16
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Table 6 Mean differences (iMS—11G) and standard deviations (SD) of temperature at standard pressure levels during nighttime

(12 UTC) measurements.

Pressure Temperature differences and standard deviations (SD) in nighttime measurements (°C)
level Autumn Winter Spring Summer All seasons
(hPa) Difference SD Difference SD Difference SD Difference SD Difference SD
10 0.15 0.13 0.11 0.15 -0.15 0.18 0.00 0.29 0.03 0.18
15 0.08 0.04 0.17 0.18 -0.08 0.23 -0.01 0.15 0.04 0.19
20 0.08 0.09 0.07 0.13 0.16 0.27 0.02 0.21 0.08 0.17
30 0.11 0.12 0.07 0.15 0.21 0.30 0.13 0.20 0.13 0.19
40 0.07 0.08 0.17 0.41 0.12 0.26 0.11 0.21 0.12 0.26
50 0.11 0.07 0.04 0.11 0.24 0.15 0.13 0.19 0.13 0.15
70 0.17 0.09 0.17 0.17 0.21 0.13 0.15 0.17 0.17 0.14
100 0.19 0.12 0.10 0.08 0.16 0.08 0.16 0.19 0.15 0.10
125 0.01 0.18 0.08 0.06 0.14 0.07 0.15 0.19 0.10 0.13
150 0.06 0.08 0.10 0.07 0.13 0.06 0.10 0.12 0.10 0.08
175 0.03 0.09 0.07 0.07 0.13 0.09 0.08 0.12 0.08 0.09
200 0.07 0.09 0.10 0.07 0.11 0.09 0.00 0.12 0.07 0.10
250 -0.02 0.09 0.08 0.06 0.09 0.07 0.04 0.08 0.05 0.09
300 -0.06 0.10 0.07 0.05 0.07 0.05 -0.01 0.12 0.02 0.10
350 -0.04 0.08 0.09 0.11 0.07 0.06 -0.05 0.10 0.02 0.11
400 -0.06 0.11 0.08 0.11 0.02 0.04 -0.08 0.13 -0.01 0.13
500 -0.06 0.14 0.07 0.08 0.00 0.10 -0.07 0.10 -0.02 0.12
600 -0.02 0.09 0.02 0.08 -0.02 0.06 -0.14 0.13 -0.04 0.11
700 0.01 0.12 0.01 0.13 -0.02 0.04 -0.09 0.14 -0.02 0.12
800 -0.01 0.16 0.00 0.07 -0.08 0.10 -0.11 0.14 -0.05 0.13
850 -0.02 0.10 0.00 0.07 -0.12 0.10 -0.08 0.13 -0.06 0.12
900 -0.03 0.09 -0.04 0.05 -0.11 0.10 -0.02 0.25 -0.05 0.18
925 -0.04 0.10 -0.06 0.05 -0.12 0.04 -0.09 0.11 -0.08 0.09
1000 0.00 0.12 -0.01 0.09 -0.09 0.07 -0.01 0.17 -0.03 0.11

Table 7 Mean differences (iMS—11G) and standard deviations (SD) of relative humidity at standard pressure levels during

daytime (00 UTC) measurements.

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

level Autumn Winter Spring Summer All seasons

(hPa) Difference SD Difference SD Difference SD Difference SD Difference SD
300 1.33 1.70 1.29 2.05 1.24 1.83
350 0.11 1.37 0.33 0.47 0.00 1.41 2.71 4.37 0.95 2.93
400 -1.00 1.76 -0.80 0.98 0.62 2.60 0.86 4.52 -0.07 2.94
500 -0.56 1.50 -0.78 0.79 -0.56 1.77 1.43 5.58 -0.21 2.95
600 -0.33 1.49 -1.33 1.76 0.00 1.33 -1.14 0.83 -0.68 1.53
700 -0.78 2.30 -2.44 1.71 -1.00 2.05 -3.86 2.64 -1.91 2.48
800 -1.67 2.11 -3.00 2.11 -2.67 2.21 -3.00 2.14 -2.56 2.21
850 -1.89 1.37 -2.67 1.33 -2.00 1.41 -3.14 1.81 -2.38 1.55
900 -2.00 1.25 -2.56 1.07 -2.00 1.41 -1.86 1.12 -2.12 1.25
925 -1.67 1.83 -2.44 0.83 -2.22 1.23 -2.43 1.18 -2.18 1.36
1000 -2.11 1.85 -2.11 1.73 -2.89 1.66 -3.00 1.07 -2.50 1.68

Table 8 Mean differences (iMS—11G) and standard deviations (SD) of relative humidity at standard pressure levels during

nighttime (12 UTC) measurements.

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

level Autumn Winter Spring Summer All seasons

(hPa) Difference SD Difference SD Difference SD Difference SD Difference SD
300 0.62 1.1 3.50 0.50 0.67 3.20 0.95 2.48
350 -0.89 2.23 1.20 1.33 -1.10 3.18 -0.54 2.69
400 -2.33 3.30 0.00 1.20 0.75 2.44 -0.80 2.36 -0.68 2.74
500 -1.22 1.47 -1.11 1.66 -0.80 1.47 -0.90 1.64 -1.00 1.57
600 -1.00 1.25 -1.33 2.00 -0.30 1.19 -0.50 1.50 -0.76 1.56
700 -0.56 0.96 -2.33 2.71 -0.70 1.19 -1.40 1.11 -1.24 1.77
800 -2.00 0.94 -2.56 2.27 -0.60 1.1 -0.40 1.69 -1.34 1.82
850 -1.11 1.10 -2.67 2.05 -0.60 0.80 -1.00 1.55 -1.32 1.64
900 -1.78 1.13 -2.22 1.55 -0.80 0.87 -1.50 1.28 -1.55 1.33
925 -1.11 1.37 -1.89 1.10 -0.50 1.02 -1.10 1.22 -1.13 1.28
1000 1.78 3.08 1.22 1.23 2.40 1.85 1.00 1.15 1.62 2.06
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Table 9 Mean differences (iMS—11G) and standard deviations (SD) of geopotential heights at standard pressure levels during

daytime (00 UTC) measurements.

Pressure Geopotential height differences and standard deviations (SD) in daytime measurements (m)
level Autumn Winter Spring Summer All seasons
(hPa) Difference SD Difference SD Difference SD Difference SD Difference SD
10 13.2 26.0 19.0 30.0 47.6 18.0 41.2 24.2 31.7 28.3
15 7.5 14.4 15.4 20.2 28.3 16.2 33.1 9.8 21.1 18.6
20 14.1 13.5 16.9 17.6 24.8 13.3 28.6 11.6 20.9 15.4
30 10.1 10.0 14.7 12.4 15.0 12.8 21.6 11.9 15.1 12.5
40 11.2 8.7 10.4 14.5 15.4 9.2 19.7 8.7 13.9 11.3
50 8.3 7.6 9.3 11.6 12.0 10.0 15.4 11.0 11.0 10.5
70 6.4 8.4 8.3 11.9 5.6 6.5 12.0 9.9 7.9 9.7
100 -4.1 9.0 -1.7 9.5 -1.0 6.9 7.4 8.1 -0.3 9.4
125 0.8 8.8 2.2 9.7 8.1 9.6 4.4 6.4 3.9 9.3
150 2.0 6.5 3.6 7.2 3.2 6.0 2.4 6.2 2.8 6.5
175 -0.2 6.3 2.9 8.2 1.1 7.4 6.1 5.1 2.3 7.3
200 1.0 6.4 2.4 6.8 1.2 8.1 3.7 6.3 2.0 7.1
250 -4.2 7.5 0.7 6.8 -0.9 8.6 3.0 3.9 -0.6 7.5
300 -2.9 5.0 0.1 5.0 -0.9 7.1 3.0 6.4 -0.4 6.3
350 -1.6 3.7 1.7 4.9 0.7 7.9 3.6 4.8 0.9 5.9
400 -2.0 2.0 0.3 3.7 -1.3 7.9 3.3 4.1 -0.1 5.3
500 -2.0 4.3 -0.8 3.8 -3.7 5.0 2.7 3.7 -1.2 4.8
600 -1.8 4.1 -2.1 3.4 -1.8 5.9 4.1 5.0 -0.7 5.3
700 -2.1 4.3 -3.2 4.3 -0.6 4.1 5.0 5.6 -0.5 5.4
800 -0.9 3.3 -1.4 3.0 -1.7 4.4 3.6 2.6 -0.3 4.0
850 0.3 2.2 -1.3 2.6 -2.2 2.4 2.4 3.0 -0.4 3.1
900 -0.6 2.2 -0.4 2.4 0.0 2.1 1.6 2.0 0.1 2.3
925 -0.7 3.0 -0.7 3.1 -0.4 2.6 1.6 2.3 -0.2 2.9
1000 -0.1 1.9 0.0 2.0 0.8 1.9 0.3 1.0 0.2 1.8

Table 10 Mean differences (iMS—11G) and standard deviations (SD) of geopotential heights at standard pressure levels during

nighttime (12 UTC) measurements.

Pressure | Geopotential height differences and standard deviations (SD) in nighttime measurements (m)
level Autumn Winter Spring Summer All seasons
(hPa) Difference SD Difference SD Difference SD Difference SD Difference SD
10 13.5 18.3 2.4 12.8 24.7 36.4 25.8 19.2 16.0 25.1
15 12.6 10.8 2.8 9.0 28.0 15.3 21.6 19.8 15.7 17.0
20 7.2 9.4 6.0 10.9 241 13.6 11.8 14.6 11.9 141
30 7.9 9.3 6.1 9.8 19.0 12.9 10.1 13.7 10.5 12.5
40 7.2 12.5 4.0 8.5 13.6 14.1 7.0 10.8 7.8 12.1
50 3.3 12.1 2.7 7.1 10.1 14.2 8.0 12.4 6.0 12.1
70 5.1 9.2 2.3 8.1 10.4 10.0 6.1 11.3 6.0 10.2
100 0.3 11.3 -5.1 7.7 4.9 10.2 -2.5 1.4 -0.7 10.9
125 6.0 10.3 -1.2 5.5 1.9 9.4 0.5 11.8 1.8 9.9
150 2.0 9.9 -0.7 8.8 3.0 9.2 -2.0 12.7 0.6 10.5
175 0.2 9.3 -2.1 6.4 1.6 8.9 -0.4 12.3 -0.1 9.7
200 -0.4 8.9 -2.3 7.1 1.9 8.8 -2.4 11.1 -0.8 9.3
250 -0.4 6.6 -1.2 7.6 1.3 8.1 -2.8 9.1 -0.8 8.1
300 1.2 5.5 -2.2 6.1 -0.2 8.2 -0.8 13.5 -0.5 9.1
350 2.2 6.7 -2.9 6.0 -0.1 9.2 -1.0 12.6 -0.5 9.3
400 1.0 4.8 -3.3 5.0 -0.7 7.1 -3.2 10.5 -1.6 7.5
500 0.1 5.2 -2.3 3.5 -0.2 6.6 -2.2 8.5 -1.2 6.4
600 0.2 4.5 -1.9 3.8 -0.3 6.6 -3.2 7.1 -1.3 5.9
700 0.1 4.1 -1.7 4.4 -0.5 5.1 -1.6 5.9 -0.9 5.0
800 0.9 1.1 -0.6 2.5 0.3 4.1 -1.3 5.2 -0.2 3.8
850 -0.1 2.5 1.2 2.3 0.5 3.5 -0.7 4.1 0.2 3.3
900 -1.3 2.9 -0.1 2.1 0.3 2.2 0.3 4.1 -0.2 3.0
925 -0.6 2.8 1.7 2.1 -0.4 3.4 -0.9 2.6 -0.1 2.9
1000 -0.9 1.2 0.3 1.1 0.0 1.4 0.2 2.0 -0.1 1.5
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Table 11 Mean differences (iMS—11G) and standard deviations (SD) of wind speeds and wind directions at standard pressure

levels during all seasons.

Wind speed and wind direction differences and standard deviations (SD)
PrIeSSl:re Wind speed Wind direction
eve
(hPa) daytime (00 UTC) nighttime (12 UTC) daytime (00 UTC) nighttime (12 UTC)
Difference SD Difference SD Difference SD Difference SD
10 -0.05 0.69 0.08 0.69 -0.6 7.6 1.3 8.7
15 0.03 0.69 -0.03 0.71 -1.2 6.7 0.4 7.4
20 0.21 0.69 0.06 0.80 -1.3 6.1 1.8 5.1
30 0.03 0.63 0.06 0.67 0.2 6.3 1.1 6.8
40 0.15 0.60 -0.06 0.63 -0.1 4.2 -2.1 12.4
50 -0.12 0.47 0.14 0.58 -0.1 3.9 0.4 2.6
70 -0.15 0.60 -0.11 0.61 0.8 2.1 0.3 1.8
100 0.18 0.45 0.19 0.61 0.2 0.7 0.0 0.8
125 0.15 0.65 0.08 0.48 0.0 0.5 0.1 0.7
150 -0.12 0.47 0.00 0.46 -0.1 0.6 -0.1 0.5
175 -0.06 0.34 0.00 0.40 -0.1 0.5 0.0 0.5
200 -0.09 0.37 -0.05 0.51 0.0 0.4 0.2 0.7
250 -0.03 0.57 0.00 0.51 0.0 0.6 -0.2 0.5
300 -0.09 0.70 0.00 0.61 -0.1 0.8 0.1 0.6
350 -0.21 0.72 -0.05 0.51 -0.1 0.8 0.0 0.7
400 -0.06 0.64 0.05 0.46 0.0 0.7 -0.1 0.9
500 -0.09 0.45 -0.03 0.49 0.1 1.0 -0.1 0.8
600 -0.12 0.40 -0.03 0.36 -0.3 1.7 -0.2 1.2
700 0.09 0.45 0.08 0.53 -0.3 2.5 0.1 1.5
800 -0.03 0.45 0.03 0.58 -0.6 2.0 -0.1 4.2
850 -0.09 0.61 0.08 0.48 0.5 5.0 2.7 18.4
900 0.09 0.51 0.11 0.38 -1.1 11.3 -0.2 6.0
925 0.09 0.45 0.05 0.39 -3.4 8.8 0.7 5.3
1000 -0.12 0.76 -0.51 0.68 0.0 17.5 1.5 8.8
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Fig. 25 Example of temperature differences (iMS—11G
(iMS[error]),
11Glerror]) and iMS[error])-11Glerror]) determined via a

thermostatic chamber test.

[measurement]) and instrumental errors

(a) daytime; (b) nighttime.
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Fig. 26 Temperature differences (iMS—11G[measurement]) for
autumn measurements and instrumental errors (iMS[error]—

11Glerror]) determined via a thermostatic chamber test.
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Fig. 27 Box and whisker plots of mean temperature

differences of humidity sensors (iMS—11G) at 00 UTC
(daytime) and 12 UTC (nighttime).
T, indicates temperature of humidity sensor. Black diamonds indicate

outliers.
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Fig. 28  Temperature, relative humidity and iMS-11G

differences during the flight at 8:30 local time on October 18,
2016.
Example of observation result with large relative humidity

differences.

Nighttime on October 18, 2016
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Fig. 29  Temperature, relative humidity and iMS-11G

differences during the flight at 20:34 local time on October 18,
2016.
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Fig. 32

Variation of relative humidity accompanied by a change of temperature of the

temperature-humidity dependence (TUD) correction.

T, and U indicate temperature of humidity sensor and relative humidity respectively.
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Fig. 33 Variation of relative humidity accompanied by a change of temperature of the humidity sensor in the sensor versus air

temperature (T¢/T,) correction.

T, and U indicate temperature of humidity sensor and relative humidity respectively.
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Fig. 34 Precipitable water vapor from the iMS and 11G radiosondes.

LR CRBEREVVREORD HFOENW R ENSATL
LD BEENWY T OMMIBEEOERO—DT
borEEZOND. Z0EF), BEECYREEL LR
PREDHHIC L DB R E Y ORI PR 7
ERPEA L TCHIEMEICEEEEZ TS EEXLND
B, KOFEEMAREITIIASBZORETHD.

WIZKKRGREE CH Y VT OREME L5720
iMS BEW 11G DEERIT — % 225/ H Lf:ﬁf%kg
PWV)% Fig.34 |2k L7-. A%
KETIIMEDOEITRANT 2mm BZETH Y, FHBEN
WA ZRIZED /NS V. KR O 500hPa L Y FJE T iMS
DFERHREE D3/ SV BV, ATRRKE S IMS 2% 11G
WZHRT/NE WIS S - 72,

O Jg BT H HE B 2V T b KUR & AR

BERENDDDMEREEITo7& A, 00UTC #
BICIZAEKYE 5% T 200hPa LV EECHERERD D
2%, 12UTC #HI Tl 50~30hPa OKJ/EEZ R TXTD
R[REBTAERET VR TH T,

(Precipitable Water Vapor :

6. 3 REHRAEOEIZONT
SEBIEZELSDY 56 GPS PIALT — 2 2615
LRIEE L, Vo7 TR L ILZRIR - AB R O BRI
NHOEMEIND. MR TRONTEKEZIZB W THEE
72, RIRZE, B EAENEORERE L CWINnE R
e, RUEZES L OV EZENFEEE O S AITIT 2017 4

#

#5755 2018
Humidity Difference (%RH) Pressure Difference (hPa)
-10 0 10 -4 -2 0 2 4
30000 30000
—Height
difference
25000 25000
——Pressure
Temperature difference
difference
20000 — Humidity 20000
- difference = -
£ E
£15000 £15000
) [}
K =
E4 ES
10000 10000
5000 5000
0 0
-1 0 1 -100 -50 0 50 100

Height Difference (m)

Temperature Difference (K)

Fig. 35 relative
humidity, geopotential height and pressure during the flight at

8:30 local time on March 22, 2017.
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