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Abstract Aiming at promoting the application of new types of sounding data in NWP (numerical weather prediction)
models, this paper presents a basic research work of return radiosonde data. Based on archived return radiosonde
observation datasets in China, a quality control scheme for future operational implementation purposes is established. By
comparing and analyzing the statistical characteristics of observation samples before and after the quality control, the
rationality of the quality control method is demonstrated. After the quality control procedure, the sampling distribution of
the detection variables is more reasonable, and the inner-consistency of variables is also improved. An uncertainty

analysis of return radiosonde data is then carried out by referring to the high-resolution NWP model forecast field and the
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conventional sounding observation data of the same site. The results show that the precision of return radiosonde reaches

the breakthrough target defined by the WMO (world meteorological organization). Some detection variables even achieve

the ideal target. Finally, the assimilability of the return radiosonde data is discussed based on the background field of the

NWP model. The results show that wind field observations at all times and night temperature observations satisfy the

Gaussian and unbiased assumptions of the variational assimilation system and can be assimilated directly. To play a more

effective role in the data assimilation system, air pressure, humidity observations, and daily temperature need to be

corrected before data assimilation. This work lays a foundation for the future assimilation application of return

radiosonde.

Keywords Return radiosonde, Quality control, Uncertainty of data, Potential in assimilation
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Fig. 1 (a) Return radiosonde network distribution and (b) an example of observation trajectory for return radiosonde at Anqing station at 1200 UTC

on 11 June 2018. In Fig. la, the black dots represent return radiosonde launch stations and triangles represent GPS (Global Positioning System)

receiver locations
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Fig. 4 Time evolutions of (a) an example of rigid temperature at Wuhan station at 0000 UTC 4 July 2018, (c) an example of rigid relative humidity at
Changsha station at 0000 UTC 15 June 2018, (e) an example of rigid zonal wind at Yichang station at 0000 UTC 18 June 2018, and (b, d, f)

corresponding fitting slopes in examples of rigid profiles
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Fig. 5 Time evolutions of (a—c) an example of inconsistent temperature of Ganzhou station at 0000 UTC 11 June 2018, (d—f) an example of

inconsistent temperature of Yichang station at 0000 UTC 11 June 2018, (g—i) an example of inconsistent relative humidity (RH) of Anqing station at

0000 UTC 22 June 2018. Left column indicates observations, middle column indicates corresponding time variability a, and right column indicates

outlier distance score Z. The blue crosses represent suspicious observations, red lines denote the threshold (Z) of outlier distance score



4 1
No. 4

FFHEE:

3 AR WL I e ) A2 1) B ANl R 2 M
WANG Dan et al. Quality Control and Uncertainty Analysis of Return Radiosonde Data

873

3.15 AMHed

B SERIG LR FE R B RE . VR AL R
3 R, [ I R A AR B0 B TR R [ 2 5l R
GPS Efi4kik (WMO, 2019). [, FEXE
SRR THEHTRAE. e AT EIE. Pl
BU L NEBRIRTE RN EE M. B 6 7] H:
(D) EFBIRSHEA T Bl%, wRERM T
DUSIRATEL, X FMEBLSHIR BT BSUR s s,
IHZIRNZE LS T RbrE; [, FRERBIRS W
CERT OBRWUCON R R, (2) Ttk
FHB, A PEEBL N B I A AR A
B FERR ETRBOREE R, KA KT R R B
BB IR S BRI T 2 — AN PTRER IR R, X<
BRI 3R OB B AT — SR 2, S B X
AR ELZN AT B
3.1.6 #AFKE

R KT NFARTHESHERAR, Wi
AR R SE

p2 dp Z, g dZ
[

A, ZREMHEE, p REAE, R N
WL g ARSE SN, HAEHN 9.80665ms 7,
TR Z AP . BRI HER,, <ESERM
WA MAZAR T, HREHIRE R ZE R (KX
HU+50 hPa), WIIAZZESE. A WAL
AT SE, SABERE. WEMMARE
HAWR A D BRI, e ZE RS
B 12 A HUR SR B AR AR AT 2 AN

(8

78, AT OSBRI A A R A TRE, 45
U1, 2018 4F 7 A 3 H 00 B RS EFR S WMINILE 3000 s
PUEAR s 2w (B 7a), 208 E B BEE A
W7 EELAR AT LUK SR B e W AR ), (EAT AR AR T H
(E 70), M R a G, bR 5 E R
a3 CE 7e).
3.1.7 A RE

I 3 BT R A B R R AR R R A A . AT
B EEGDPER P AR, W TR
Wy N T ICIERE NIRRT BETORE, Wi IR P
DAL s 7 R E T e, I 1% R
e, w0, ZERMIH T EE .
3.2 RERHIMRITE

SR IE JO B ) SRV A &, 295 Houchi
etal. (2015) SR E 7 Orydond i &4 il 51 Ja o
MR AT . K 8 A T REEHIAT G
RN ZE R B AL & A B 3E 1 B 7L
B AE KN 01 10%- 25%+ 50%- 75%-~ 90% Al
100%. BRI Zim i (U) F&mER ) 1
JEAEIH 0 F1 100% BRZR A A7 AEA AR R XU A ,
AR SR G B RGO s I B R A X
B E, BEESE M RGmE NG T
BT S, 76 100% Bk o aeE 2 07 &1 R
“0°C” ZERZE, 0 BRLRTE 90 /rBh LA N A E 2 bR
FEARAL S, o B AR ) SRR R UM IX AN & FRA
JR RS R A M B A N A, R
FEMLI eh, AR WINZE 90 43 DL T AR AR SR AR AL
S, REEHEREE TR R. A

120

90
80
70
60
50

Time/min

40
30
20 -
10

T Trrrrri

T T
-80 -60 -40 -20 0 20 40 60

Lift speed/m s

Ko MARHEMMIELE () ETFBL. (b) B (o) TFRRBIRE SR LT3 LRGN B AR . 0t G AGRER I, 3O AR

SEULI

Fig. 6 Time evolutions of ascending speed of sounding balloon in the (a) ascending stage, (b) drifting stage, and (c) descending stage of return
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Fig. 7 Time evolutions of abnormal pressure at Nanchang station from (a) raw observations, (b) observations after outlier check, and (c) observations

after hydrostatic check at 0000 UTC 3 July 2018. Black stars represent raw pressure observations and red lines represent the inverse calculated pressure

value
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Table 2 The sample numbers, mean value of time variability, standard deviation of time variability, and the data rejection

rate of observation elements from return radiosonde data set before and after quality control
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Fig. 8 Time evolutions of observation samplings at different percentiles of (a, d) zonal wind, (b, ¢) meridinal wind, (c, f) temperature, (g, j) pressure,
(h, k) geopotential height, and (i, I) RH of return radiosonde for raw data (the first and third panels) and data after quality control (second and fourth

panels) from return radiosonde data set
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Fig. 9 Time evolutions of time-variability of (a, b, ¢) zonal wind (u), (d, e, f) temperature, (g, h, i) pressure, (j, k, 1) geopotential height (GH), and (m,
n, o) relative humidity for ascending stage (left column), drifting stage (middle column), descending stage (right column) of return radiosonde data set

before (black lines) and after (red lines) quality control
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Table3 Standard deviations of zonal wind, meridional wind, temperature, relative humidity, pressure between return

radiosonde data set and GRAPES model background field
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Table 4 Standard deviations and biases between return radiosonde data set and operational radiosonde at the same site

As in Fig. 10, but for vertical distribution of STD and bias for temperature
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