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Abstract The effects of the artificial bias on free air temperature trend derived from historical radiosonde data in
China were assessed, by conducting quality control, homogenization and analysis on miss rate to the individual ra-
diosonde temperature time series (RTTS) during 1958 — 2005. Identification reveals evident discontinuities in the
RTTS with 2 - 4 breakpoints at 72% of stations. As a result of adjustments, original RTTS exhibit systematic cool-
ing biases in the lower stratosphere and warming in the troposphere, suggesting both cooling in the stratosphere and
warming in the troposphere are substantially overestimated in the original radiosonde data, e. g. the cooling trend at

100 hPa decreases 0. 12 K/10 a and the warming trend at 700 hPa decreases 0. 04 K/10 a. Missing rate is an impor-
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tant index to evaluate availability of RTTS for assessing regional average trend, and analyses suggest that the maxi-

mum missing rate of 30% is the optimum requirement for RTTS in China. Reduction of sampling stations results in

underestimate of average trends in both the troposphere and the lower stratosphere. Upper air temperature changes

in China are generally consistent with the results from the globe and the Northern Hemisphere, but there are some

discrepancies: the atmosphere tends to warm below 500 hPa and cool in the upper levels with the maximum cooling

around 300 hPa. Furthermore, the comparison of the trends among different sub-climatic regions implies spatial het-

erogeneity in upper air temperature changes in China.

Key words upper atmosphere, radiosonde temperature, discontinuity, homogenization, trend
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Fig. 1 Distribution of radiosonde stations and five sub-climatic regions in China
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IPCC AR4 (IPCC, 2007) #§ 3 50 4F 3k 45k
AbAER 28 KA HUZE R R ok, FHER
A 1 B VR N R R B R . ELRE
LR R B e FE SR TN, R TR (100 hPa) P& I i 2
KEXRZ EEB . ASCHZERFEN, o E S 2Rk
B B =R N - SE A E R LN N QI (R
BRI S . LA 500 hPa BT S, FHKRAN
AR R k1 % T N R Y ST VA RO 1 3 )
300 hPa (£ 2),

XTI 50 AF H [ 45 A~ 40 X ) R Bk 53 1R 25 R 5
B, 1958 AE LI H E XL 500 hPa LI 2 FHEE
e 2 3 b S IR R A K Tl A A e
W N EXLZE LA kR, (ISR,
JIT A DX S A 4 [ 340 1) A B 2 A s o K R T A
AR RZ MR X ZE EFF (300 hPa), X 548k
RS AR (IPCC, 2007), Joit FEBrYTHE
ol AR R I, AR fb s i DXk 22 SR 4
o XPRZE P RZ AR RO B 1A X (R
Fed), i H 1A X 8RR IR AR B WA, il
LA KA a8 KA TR AR 22 50 5 R A X 3K
1C X (FEpg) 13 X R ) ) R 34 i oo J 3 A

F2 1958~2005 HER BN RREEHEHREFFIFTERNRTBEEFFIEEHLLE (B4: K/10 a)

Table 2 Comparison of trend between original and adjusted RTTS averaged over China and five sub-climatic regions during 1958 —

2005 (units: K/10 a)

2H 1A X 1BIX

G ITIE i hh ITIE JE 4R
100 hPa —0.20  —0.08 —0.22 —0.17 —0.29
200 hPa —0. 14 —0.13 —0.08 —0.10 —0.22
300 hPa —0.24 —0.24 —0.21 —0.31 —0.23
400 hPa —0. 06 —0.07 —0.01 —0. 11 —0. 08
500 hPa —0. 02 0. 00 0.05 —0.03 —0.04
700 hPa 0.10 0. 06 0.16 0.11 0. 07
850 hPa 0.18 0.19 0.22 0. 30 0.11
i 0. 24 0.35

—0. 14
—0.15
—0.16
—0.11
—0.04

1CX 2 X 3 X

ITIE JEt ITIE JEIR ITIE J5th ITIE

—0. 30 0. 06 —0.12 —0.12 —0.09 0. 14

—0.26 —0.04 —0.08 —0.20 —0.10 —0.06

—0.24 —0.07 —0.27 —0.34 —0.23 —0.28

—0.08 0. 04 —0.05 —0.08 —0.09 —0.02

—0.03 —0.02 —0.01 0.01  —0.07 0. 10

0.07 0.03 0.11 0. 10 0.02 0.13 0.03
0.16 0.11 0.19 0. 24 0. 15

0.15 0.19 0. 34 0.17

%o ARSI A Li et al. (2004),
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PEMAREIEARE 2% . BARHRE T T E B THilk
e (HRZ B R R THE, X5 XX A
Uals I ERZNDPL Ece NN | A 52 i | oSS R R NI DF SR 1
B s SRS RFIIA K.

5 Hwitit

AR AT R E 116 S H s 7 ANERI
BEAIRIET A, 4878 1 v B s iR AR R . IF
BB T ¥ — A5 51 ) 550k o [ 45 43 X e 25 1l
JER AR g, 15 E5 e

o [ s W BE 91 i A7 A 5 A R 1
AR BH S AH DG [R]85, BHE] 20 A 5 6 0 1 D7 s i 5
AT — 2 ARG s AR AGTT 1E X A G 5 i+
B T IEE )7 22 1958 4E LISk 5 F Meta 3,
Tt B T 300 10 TR DRI A X6 B B ) ) A8 2R A K s 45 R
JEA b BN T — Ak 22 S . ¥ — 1k
BURRAR T 1958 45 LUKt JZ AR Z 1 BTl % %o 3t
JZ ISR W X 2 5

B RO F [ 2SR RL IX  H R A E G
RSO 2 . 5l Bl R ) X I g 2 S 2 30 B s
IR, FARBURE R E (BB £) ffi 1958~
2005 AE[AD I J2 R 2 B R R O R 2 R
R T MR A ROnsR; M, BuEos . Xt
PN =L W =l N = | Y SR R

] 5 AR E AP BRA s R AR B R A
AR —3, (HA A B B FES: 500 hPa IR K
ST, LR TR, SRR G AT
XU BB 300 hPa, 32 KA Z G0 X I F 48
AR, rp s R A L B
) DX 26 o 9 e D AT 2 TR A A X
A 5 55

Gaffen et al. (2000) #§ H 2ERRUE 13—k Ak
B2 A2 MR G R, % 2 MEE R ERY—
A2 BT DX 3RS Y- 257 A8 A 114 5 i) 22 30 FH S Y IX
PE2E S, P ERA AU X S S R A T A Y o
B B L LN O 2 Nl (111 WS A A T U SR N
JERIRE RIS o AHFZ A iR B 22 HIAR K, 1958 ~2005
HEAERG X (1C) 100 hPa iTIERFT)E 1958~2005 4FHY
B2 0. 28 K/10 a, 1 1A X (Rt HA
0.03 K/10 a; 3 X (Fifm)5) 100 hPa JTIER]T 1958~
2005 AE A HH R, 1TIEIE I FHE .

A DO 22 1 R AR A 3 45— 1k

AEFR B BRI A B I 25 . DL 1958 ~2005 4F2h
i, B 2 X (PHAbH X)) AR X, B —AkBsim T
850 hPa FHfia#y, Hrp A JbAedbIX 850 hPa |4
By 0.08 K/10 a, A& I, 1958~2005 4F f#R%S
YL IE R Bt 24— Ak Ak P ) AR B 8 o g
T XTI 2R 2 A A 52 e B S 1 X )2

TG (2005) ¥ IR LG 14 25 1 B2 )7 5 A
FE AR, 15 1960 4F Dok o [E 6 i
JE IR RIS RIS, X E R R s
(0. 05K/10 a), el i a8 i B B AR 55 5 % 3id
JZ2 LR Z B BRI . i —o. 17
K/10 a F1—0. 22 “C/10 a, ASCH I — LRIz
EIE PGB 5E A LSS hEXRZ T 2R
1958 4 DLk i A8 %, 850 hPa Y i ¥ #41] 34
0.19 K /10 a, MMi~Fi/2 K2 MR & H A —o0. 08
K /10 a, Bl /NFIRIGTFH Ak BRibdbih
Xk, 850 hPa 5 b il i I W B 1o 43
IPCARA 58 I8 43RO 2 R 75 A0 ek i B 2 1
AR WX — A AR A SCFE AR 22 11T
IE A —E WA BRI EE
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