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Upper-Air Specific Humidity Change over China during 1958-2005
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Abstract The changes in the upper-air specific humidity during 1958-2005 were studied based on time series of
homogenized radiosonde dewpoint data from 92 selected stations in China. The data suggest that in the vertical direction
more than 90% of water vapor is concentrated in the lower and middle troposphere, and the horizontal structure shows
zonal distribution decreasing with latitude. Temporal analysis of the annual specific humidity time series by using the
moving average and accumulation anomalies shows decadal variability in the lower and middle troposphere with negative
anomalies from late 1960s to early 1980s and positive anomalies after the late 1980s. The linear trend of the average
specific humidity in China is positive in the lower troposphere and negative above the mid-troposphere for 1958-2005.
During 1979-2005, a positive trend in the lower troposphere and a negative trend in the lower stratosphere were both
prominent. Time series of temperature and specific humidity in the troposphere and lower stratosphere simultaneously
changed during 1958-2005; furthermore, their correlations at all levels are statistically significant, which suggests that
temperature strongly affects the specific humidity changes. The spatial distribution of the linear trend suggests that the
specific humidity in the lower troposphere increase in most stations during 1958-2005 and the increasing trends are more
obvious after 1979. In the mid-troposphere, negative trends are in the regions south of the Yangtze River and positive
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trends are in the rest of China. The analysis of the vertical profiles of the linear trends in five subregions of China shows

that the highest positive trends are over Northwest China and slightly positive trends are over the regions south of the

Yangtze River in the lower and middle troposphere. During 1958-2005, the trends of seasonal specific humidity in the

lower troposphere exhibit obvious differences with a wetting trend in the summer and winter, and a drying trend in spring

and autumn. In contrast, during 1979-2005, the specific humidity trends for all seasons are consistently positive, and the

wetting trend in the summer is more prominent in the lower and middle troposphere.
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Fig. 1 Distribution of radiosonde stations and five sub-climatic regions in China
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Table 1 Average and standard deviation of seasonal
specific humidity averaged in China (unit: g kg’l, base
period: 1971-2000)
SR &FER~2H H583~50 2F68 ) BFEI~1IA
(hPa)  “PISME bRfEZe TIOE bfRZE T bEE CTIOE A
850 2439 0.043 4543 0.061 9599 0.084 5.021 0.069
700 1.837 0.03 3.191 0.042 6351 0.06 3497 0.052
500 0.519 0.013 1.063 0.02 2566 0.038 1.267 0.026
400 0.23 0.006 0483 0.009 1304 0.021 059 0.012
300 0.063 0.002 0.132 0.003 0446 0.01 0.174 0.005

200 0.021  0.001 0.023 0.001 0.054 0.001 0.028 0.001
100 0.028 0.001 0.022 0.001 0.022 0.001 0.023 0.001
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Fig. 2 Climatological distribution of mean annual specific humidity (g kg ")
in China at 850 hPa, 500 hPa and 300 hPa (based period is 1971-2000)
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Table 2 Comparison among decadal anomalies (g kg ') and linear trends in specific humidity [g kg™ (10 a) '] averaged in

China for different periods

AR BRI T (gke™)

LA b [gkg ' (102) 7]

SUEJE (hPa) 1960~1969 1970~1979 1980~1989 1990~1999 2000~2005 1958~1978 1979~2005 1958~2005
100 —0.018 —0.018 0.001 0.001 0.001 —0.021 —0.001
200 0.002 0.001 0.003 0.001 —0.001 —0.002 —0.002 —0.001
300 0.018 0.003 0.005 0.002 —0.010 —0.024 —0.004 —0.006
400 0.020 —0.011 0.002 0.009 —0.024 —0.038 —0.001 —0.005
500 0.072 —0.026 —0.013 0.016 —0.039 —0.091 0.004 —0.011
700 0.119 —0.064 —0.021 0.076 0.016 —0.135 0.057 0.005
850 0.178 —0.094 —0.051 0.127 0.083 —0.184 0.090 0.018




1 FHE A 1958~2005 4R [ e K AR

No. 1 GUO Yanjun et al. Upper-Air Specific Humidity Change over China during 1958-2005 7
0.5 T
(a)  850-700 hPa 1958—1978 —0.18 g/kg/10a 1979—2005: 0.074 gkg /10 a
T 0.4
-
on
ES 0.3
£
g 0.2
g
z 0.1
=]
g 0
=
2 -0l
8
& -0.2
J
,03 | 1 1 L 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 Il 1 1
To O N W © 0 O N T © 0 O N © 0 O N H O WO N H
n © © © © © ~- - b - b 0 0 W 0 W O O & O O © O O
D O OO OO O OO OO OO OO OO OO © O O
0.20
(b) _ 500-400 hPa 1958—1978 —0.073 g/kg/10a 1979—2005: 0.00 g kg /10 a
2015
oD
B
g 0.10
=]
(=1
<
z  0.05
S
£
2 0.00
]
g -0.05
w1
_010 1 1 | | L 1 1 1 1 | 1 1 1 | 1 1 1 1 1 1 1 1 1
W ©O AN H © 0 O N F © 00 O N ¥ © 0 O N F © 0 O N
0 © © © © © b b D D D O O O O W O O & O & © O O
S O O O O O O O O O O Oy Oy O O O O Oy O O O O O O
LB TR N T T T T T T B T B T e A I B B R B B R N B o B N
0.04
(¢)  300-200 hPa 1958—1978 —0.008 g/kg/10a 1979—2005: 0.003 g kg /10 a
2 0.03
on
=
g 0.02 -
=]
g
£ 0.01
2
£
2 0.004¢
Q
b=
g -0.01
w1
—0 02 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 L Il
'OOON%LOOOOC\]%QO%ON%LOOOOC\]WQO%ON%
0 © © © © © b~ - b b b 0O O W0 W O & & & & & © O O
S O O O O Oy O O O Oy O Oy O Oy O O O O OO O O © O O
— Al — — — i — — i — — i — — — — — — — — — [aN] [aN] [aN]
0.006
_ (d) 100 hPa
& 0.004
20
= 0.002 |-
g q
g 0.000
2z
3 -0.002 |
g
2
o —0.004 -
b=
8
2 —0.006
w1
_0 008 1 | | 1 1 1 1 1 1 L 1 1 | 1 1 1 1 1 1 1 | | |
: O O NN ¥ © W0 O N H © 0 O N ¥ © 00 O NN ¥ © 0o O NN <H
i © © © © © b~ - b b b 0O WO 0 W 0 & & O, O O © O O
S O O Oy O Oy O Oy O Oy O O OO O O O O O O OO O ©O O O
Year

B3 1958-2005 4Erh AP LLIBIEY CRAE: g kg™ IRIFES: (@ MFETFE: (0 PE: (o FE: (D FlE TR WHsed: Fitk
BT AiEdk: BB RURL: 11 ERIFY

Fig. 3 Time series of mean annual specific humidity anomalies (g kg ') averaged over China during 1958-2005: (a) Lower troposphere; (b) middle
troposphere; (c) upper troposphere; (d) lower stratosphere. Solid line with circles: mean annual anomaly; thin dashed line: linear trend; bold dashed line:

11-year moving average



b N W 38 %

8 Chinese Journal of Atmospheric Sciences

Vol. 38

FLI0 548 pi s (Rl — B B D6 i 2 AR 2 R b 2 i
FE MBI 5% S PRI I 9848 £ (1967 A1 1987
). 1966 - [ 2 BRI A ) T AR IR
IEJ KA T, 1966 4F /247 5845 4 ] B 51X
SEARTARDC, AR R R LIRS SRR
S 1980 AEARTEAR A %, it HE L2 HR A 2 R
FLCRREE VP31 1987 4E38) l S V4 IEBE, it
B e 2 P R P AR AR PR e T S AR [R5, v] DL
] ey 2 Ul S R LG B R s R, P )8 AR Ak

Guo and Ding (2009) 45 H KRR FHCHL
ETHEAIZ R, 55 ENSO BE i sl B [ xf
MRS 1~2 K, FIRPR2E)2 B I 2
(IR T S S LR I [R5 AR 1k, mTLAHERS
KULEEAR AT ENSO Ff i 2 s v [ v 2% L e 4k,
FITEBEN T 04T T 1963 4F Agung. 1982 4F El Chichon
H1 1991 4 Pinatubo =K IR R FH. 1997/1998
FE ENSO BEFHEAT 1976 4F ENSO #A S )5 24
AR, S5 RW, Kl R G EX A
Y R F#0.004~0.06 g kg ', I A5 Bt et P 19 0 BRI o
1997/1998 4F- 20 tHA 5% ENSO BE =4 fa iz
2 PEREZEES M BT 0.19. 0.04 F10.03
g kg's 1998 EXHAR AR Z A2 Bl 1979 4F
PLK IR s (B, 2 a2 o0 1979 4F LR ISR EE
1976 458 ENSO ¥ a2 T Wil B2
TFET 0.11. 0.06 A1 0.01 g kg™, 1976 4EX iR
S ERIEE LR A R 1958 ALK 1. 5 4
AIZE 8 AR (K 3), HUkiEW] kiR A ENSO
BZ - A AF 340 5g b ] vy 2 KA v AR A 1 [
¥ McCarthy et al. (2009) XJIb2-ERX )2 Hoie 7
1t AT S I — S A RN AR, Ud B [ B )
Tk LR AT ENSO A Fffm 3 5 b 8k—5,
33 &MTHBBTESE

4 ] v % LR AR A 2 Pk A 3 ) A A 3
1958~2005 4 (LK 4 7)), X2 T2 (850~700
hPa) ZEui iR & EFHEH R0 ERERR BT,
850 hPa A5 42 AN ubLbip 2 LFH#a%, H 22 4
SIA R CRORIRE 5% 53 AP
1), FEAMATILREILHX, 33 AUl R T
B, 3AREIRE, FEMMERIIX . 700 hPa
L5 850 hPa 73 ALl CHEImg), EFHAN T B 3 o il
o 45:40, IEFIRFEMLEIN 227, SHRE TR
(500~400 hPa) LB bia#h S dbEs bt 4R m
BB N %43 . 500 hPa I, PHALHBIX K5 BT

B, KT LU RHBHX . VIS 5 R fotash, BT
MR B bty 39:53, (HEBEZFE ETHRui£ T
R3S (27:23) . 400 hPa &3 0 A 45 4E 5 500 hPa
FHIE CEIBSD, AR T RS, wEEh BTt
G, FREERGIEA R, ETERR Ay
38:54, IKFEFZ LB 20:21, XHRZERIE (300~
200 hPa) Z Al b 5 FRE#E%, R551E 300 hPa
AW, AH 74 D T RER, 50 MAEIE
Fo FiRJE F)Z (100 hPa, KIS UAIL. A%
RUgrEEd A vk, B ETHR BRI 15:8, 1A
FIREN 9 NIEBA BB 1979~2005 4 (L
Bl 4 A7), S 202 L b T A A I B i,
R EEN G B2, o v b i
Ko 850 hPa L& %l (61 4 T ETHa%, &3
B ETHERR AN BN T 6 4, AL 8 ANk
EREEAHAREREE. 700 hPa I, 72 ok I
Tha#A, Horp 34 MR REE, 13 Nk 2 T REEH,
2 MEFIEE (EME). X—45iES 1979~2005 4
X R EFHR G AN G X E T2 (500~
400 hPa) B Ak 34 (0] 43 AT 5 HEAN I B ABL, 5K
AT R, A0 ETHERAS A B2 TR R
. 500 hPa L, VLRgAIMERIHLX N F&#4%, b
Ji RERHLIX 2 BT, BT R BRI L 57:35,
IEF B EE L 28:4. 400 hPa ABfLja# s (6] o) A
15500 hPa AL (M), _ETFHRIR B3 st K b
53:39, AP EEELE 22:8, (H_ETHEHE I &N
+-500 hPa. XIViJZm)Z (300~200 hPa) LU %
R 2R, SR BORIF /& 200 hPa (1) T FE
s W e 300 hPa b THAI R B3l S L
56:36, ¥ 12 AN uiiAEE . 200 hPa b, . AR
PNGIEZ bR S E R S S EE AT R e VA
(123 N 5 o A RSSO W e 115 2 A R N B 3 e S )
ZF LIS, (56:6), [ 2 i AR Al A b
R AL A A4S 1E : 1958~2005 4EXH 2 1 )2
Bl 344E 300 hPa # M i (Guo and Ding, 2009),
1979~2005 4 400 hPa LA I 4% 25 BT Bt 4Bt g
FEE RSN HE O, R T v B T il B R B, Eox
W2 E AR A FIRT 2 T i i e R B
P B )2 H 300 hPa _EFHA 200 hPa. T 21K
JZ 100 hPa /38R ZAIL Ty HB X A7 ek}, 53 AN ) BEAH
Lt 2 B3 FREEAEE N T 4 4 (KBS,
34 ZMTHEBHREBNENES

PR ZE X CE AR b AAR B X s L KT ek



1 FHE A 1958~2005 4R [ e K AR

No. 1 GUO Yanjun et al. Upper-Air Specific Humidity Change over China during 1958-2005 9
300 hPa 300 hPa
50N - 50N -
40N 1 40N 1
30N 1 30N 4
[#]
4
20N 1 /g 20N -
80E 90E 100E  110E  120E  130E 80E 90E 100E  110E  120E  130E
500 hPa 500 hPa
50N - 50N -
40N 40N -
30N - 30N -
20N 1 S; 20N -
80E 90E 100E  110E  120E  130E 80E 90E 100E  110E  120E  130E
850 hPa 850 hPa
50N - 4 50N -
(o] b
40N 40N O
30N 1 30N -
20N 1 20N -
80E 90E 100E 110E  120E  130E 80E 90E 100E  110E  120E  130E
1958-2005 1979-2005

Annual Humid Trend(g/Kg/10aq)
+ + + + + + + + ° o o o o O o O
-0.28 -0.24 -0.20 -0.16 -0.12 -0.08 -0.04 O 0.04 0.08 0.12 0.16 0.20 0.24 0.28
B4 1958~2005 4 (76). 1979~2005 4 (47) thFAE LIRS [Hr: gke '(10a) '] ZEMIA A . 250 RTINS 43 B3R LI R I,
PR 73 ) 3B AN A L 5% KT ) S8 35 A i
Fig. 4 Spatial distribution of linear trend for mean annual specific humidity in China at 850, 500, and 300 hPa for 1958-2005 (left) and 1979-2005 (right).
Circles/ pluses indicate wetting/drying trend [g kg~'(10a) -'], black/grey means below/ above statistically significance level of 0.05

65 3 ANFIXOL AL T RIX . e X A P B X R SERE R E T B
X CHLE D BFT R [ A BB AR A i X 3 2 Ft, 500 hPa LA L& T R ARICFAEILIX 54 H
ZEHLRH, 1958~2005 H=H [ i 25 L i 2 AR AL SRRk S URENIiTE WP N = N = L L el s A &



KA B

Chinese Journal of Atmospheric Sciences

10

38 %
Vol. 38

Pt A KITIRSE E 0 PR HERgh
WIZEZ R EFHES, 1= 500 hPa T B f ok B ik
T RO R E 2 BT 1979~2005 4F,
A [ RN X AR RIS — 3, S BoR0RE T
iR EIHEA e, JEILE AR BT
P R, KT IR A g i X E TR A
(LI 5D,

KAKE T EEPLEN R ZRZ AR,
B AR N 2 i AR 802
Song et al. (2012) 5T T H B AN [F] 1 X i L AR
b, BRARAEFIAEIL S R PIAN X Ah 55 A S IX 38K 43
A, R DX b ] POV 5 6 2R 2t it
AT TR (IR 3D, 4RI 1960~2010 FFEA
[F) 43 X M KA LG R I — 8 Tk, g
Jb EFHEaRAE AW, R AR O R,
KA EFHESR TS 1958~2005 X1 iz
RESHEAALE, RICFAEIXK I, &R —2L,
AL Z 0B e (% 0.06), KT IAIE R N
LU s, ZREF] 1960 A HT IR T A
FESS T IE R o) B SO I s, B AT A
fIEHE (1970~2005 1) £ 5K, KITHRIEH
MR LR E LR S5 H 2 s — B8 BTt
s, pdb bobERECh IR, E ETHER R
55 3K -55 P b Hb DR R JE T A 1T A R T
YR s N[ R A QP 11 P GV VA B 7 Nl m A1

100

S
1958-2005 T O (il
200 X e={J= North
/== Yangtze
300 === South
400 Q== Northwest
o;.’ em Tibet
< 500
600
700
850

-01 -0.05 0

Linear trend/g kg™! (10a)!

0.05 0.1 0.

15

KRG TR 1960 AEARIRA BERIR YT 3
MIsEmd, AR (1997) EH5 b EX R & =
JEBTRPRTBEATT AR, 70 DR 2R TR
ARACHE B ZE S R WX ) FBAE R s AR AL
AL JRAE AR SCAE ORI IR P RN ) — et A
KMGETHJ5 253847 TATIE, DR BE S R R IAEL
PERa I AT IR . AR LA 1958 4R 1970 450
BIFERBRZERE, XN B ZER
RATFEL A0 XA AL B, R
A6, wFwE s ARAEFIEAE DI EE BN . A B 0)
3 WY Sk 18 g 2 AP X ) 2 S T T T AT
AP TAR.
%3 REFRSEAHERESHEXSTEMET
#EH (B4 gkg' (102)"]
Table 3 Comparison of linear trend [g kg™ (10 a)"] in
specific humidity in sub-regions in the lower troposphere
and surface atmosphere

A RS BB S (gke /102)

p L S e T N R

HER" (1960~  0.05/0.03 002" 001" 008 006
2010 45
HHRIZRZ (1958~ 0.05 —0.06 —0.I8 002 005
2005 4F)
HRIZRZ (1970~ 0.05 0.05 001 011 0.05
2005 4F)

"2] [ Song et al. (2012), H 0.05/0.03 Fe7R A AL FIAEd L 2 Ho g gk Ay
ki3 5k 0.05 F10.03

100 BX :
19792005 | =O= China
300 - -\ Yangtze
==X==South
400 =@=Northwest
£ «Xm Tibet
8 500
600 -
700
850 [ { :
-0.1 -0.05 0 0.05 0.1 0.15

Linear trend/g kg™! (10a)!

K5 1958~2005 (A 1979~2005 (1) H[E K00 XK i as i g vk g sk [fr: gk (10a) ']
Fig. 5 Vertical profiles of linear trend for mean annual specific humidity [g kg (10a)™'] in China and five sub-regions during 1958-2005 (left) and

1979-2005 (right)



14
No. 1

FRHEAT S 1958~2005 4t [ 8 K i ARl
GUO Yanjun et al. Upper-Air Specific Humidity Change over China during 1958-2005

11

100 ¢ 19582005
200 «=Om= DIF
300 —— MAM
_ 400 —a=-JIA
£ 500 —o— SON
600
700
850 |
~0.05 0.00 0.05 0.10 O.

Trend/g kg™ (102)™!

15

100 1979-2005

200 a=Om= DJF

300 e MAM
_ 400 —=e JIA
[a¥ \
£ 500 O SON

600 N

\
700 DN
\\
\
850 S

-0.05 0.00 0.05 0.10 0.15 0.20
Trend/g kg™! (10a)!

Kl 6 1958~2005 (A). 1979~2005 (i) HE T4 #ZA @Bk ErL: [947: gk (10a)"]. DIF: 12~2 H; MAM: 3~5 H; JJA: 6~38

H; SON: 9~11 A

Fig. 6 Vertical profiles of trends for mean seasonal specific humidity [g kg (10a)™'] in China during 1958-2005 (left) and 19792005 (right). DJF:
Dec—Jan—Feb; MAM: Mar—-Apr—May; JJA: Jun—Jul-Aug; SON: Sep—Oct—-Nov

BT E P L R A A R 2 (L
K 6) KM, 1958~2005 4F%2= LLyR AR (b A7 /5 A i
Zedt: A HENRERERE EF, mEd b
AR TS, BERN TGS HILE 300
hPa; 7. N ZRZ RN MR EaH. x5
[ BN B o [ A R0t IR B B . B R
JZ )z 200~300 hPa [ il M & 55 K R ARF AiE — 30
(Guo and Ding, 2009). 1979~2005 4 PUZEX} i 2
IR EIES, BT REECOR, O
FMET, FF EHEaSE . X5 1979~2005
X  FESENFHRESME B BRE
ZEXTE TN B BRI RN T A R
B2, HEE BT ST A R, B
FOWE (1) AR A 58 A e T, IR BT S 30i
KA AR5 BT, AR KRR AR ) 1 1
I, SR KA KRR S KA KR % 4%
PEAT Ko 3 251G 1 025 e B AR T A8
JERKVEORIE, 55X ETHEIL R T80T 2
IR

4 #Eig

AR SORIFH 2033 SRS RIS — f b 1 92 A
EUARAEE SRR, BT RIHE 50 45kt
VLR A TR TR AR AR . 5
WA, AR, KA,
IR 518

(1) PR 90% L FIK YA X iUZ
HONE, LR T R R, AR R R
153 2 AU 26 1) o3 A, RS S RG22 SRR
IRV AT R LR A1 (1) = 2R

(2) 1958~2005 X1 i 2K E telg#a T 1Tt
MREFE. mEMPRE BT TR 1979~
2005 EXTILEHR)Z I ETHE AR R m)E R
B A IE A A I BB SR MG iR, AR AR A TR
TRAWI 987 T . W7 I BOERIE
B “BE” . BT L “BET AR A
[FAE3 578 55 (1987 4 F BN 2 HP IR 2 5
MLLRAFAR TR, & 20 5 AL 2
FERH DG A T B vy 7 U R A R ) g 2 LG 1 A
T

(3)1958~2005 X1 )= B = Lol A 5 F T
&, 1979 LUK EFHES I, Sm)=h 2%
iEH R ACT BB o A s X E R BL R R
T, A E X PR R R

(4) R Btz R X i b
THB AW, KITRIEMAER X TR N 2
WEES IR 19582005 AEXTAZ Tz Mokl T4
LR . A7, 1979~2005 FFHZE Y
BT, B ETHERE .

(5) 3 ENSO g (&) =45 e E DX iz L
B CRRE, Kl R 3 S E D2 L T B,
LR e P FEE B v PR 38 i B



b N W 38 %

12 Chinese Journal of Atmospheric Sciences

Vol. 38

St (References)

THEAR. 2009, EXFE R TR E R H AT R [J]. kA
2£3ER, 24 (3): 262-271.  Bian Jianchun. 2009. Recent advances in the
study of atmospheric vertical structures in upper troposphere and lower
stratosphere [J]. Advances in Earth Science (in Chinese), 24 (3): 262-271.

Collins W G, Gandin L S. 1990. Comprehensive hydrostatic quality control
at the National Meteorological Center [J]. Mon. Wea. Rev., 118: 2752—
2767.

Dai Aiguo, Wang Junhong, Thorne P W, et al. 2011. A new approach to
homogenize daily radiosonde humidity data [J] J. Climate, 24: 965-991.
Elliott W P, Gaffen D J. 1991. On the utility of radiosonde humidity

archives for climate studies [J]. Bull. Amer. Meteor. Soc., 72: 1507-1519.

Elliott W P, Ross R J, Blackmore W H. 2002. Recent changes in NWS
upper-air observations with emphasis on changes from VIZ to Vaisala
radiosondes [J]. Bull. Amer. Meteor. Soc., 83: 1003-1017.

Gaffen D J, Sargent M A, Habermann R E, et al. 2000. Sensitivity of
tropospheric and stratospheric temperature trends to radiosonde data
quality [J]. J. Climate, 13: 1776—1796.

Guo Yanjun, Ding Yihui. 2009. Long-term free-atmosphere temperature
trends in China derived from homogenized in situ radiosonde temperature
series [J]. J. Climate, 22 (4): 1037-1051

Guo Yanjun, Ding Yinhui. 2011. Impacts of reference time series on the
homogenization of radiosonde temperature [J]. Adv. Atmos. Sci., 28 (5):
1011-1022.

FRHOH, ARME, T 2009, PR BORE N k5 20 o (R A
WS R [7]. KSR, 33 (6): 1309~1318. Guo Yanjun, Li
Qingxiang, Ding Yihui. 2009. The effect of artificial bias on free air
temperature trend derived from historical radiosonde data in China [J].
Chinese Journal of Atmospheric Sciences (in Chinese), 33 (6): 1309-1318.

Held I M, Soden B J. 2000. Water vapor feedback and global warming [J].
Annu. Rev. Energy Environ., 25: 441-475.

IPCC. 2007. Climate Change 2007: The Physical Science Basis [M].
Solomon S, Qin D, Manning M, et al., Eds. Cambridge, UK and New
York, USA: Cambridge University Press, 996.

Jones P D. 1994. Hemispheric surface air temperature variations: A
reanalysis and an update to 1993 [J]. J. Climate, 7: 1794-1802.

Kiehl J T, Trenberth K E. 1997. Earth’s annual global mean energy budget
[J]. Bull. Amer. Meteor. Soc., 78: 197-208.

R AY, PR 1984, FERAHFBI BRI E 5K PIRRFIL (1],

RG2ER, 42 (3): 301~310. Lu Yurong, Gao Guodong. 1984. The
water vapour content and the water budget in the atmosphere over China
[J]. Acta Meteorologica Sinica (in Chinese), 42 (3): 301-310.

McCarthy M P, Thorne P W, Titchner H A. 2009. An analysis of
tropospheric humidity trends from radiosondes [J]. J. Climate, 22 (22):
5820-5838.

Paltridge G, Arking A, Pook M. 2009. Trends in middle- and upper-level
tropospheric humidity from NCEP reanalysis data [J]. Theor. Appl.
Climatol., 98: 351-359.

Ross R J, Elliott W P. 2001. Radiosonde-based Northern Hemisphere
tropospheric water vapor trends [J]. J. Climate, 14: 1602-1612.

Ross R J, Elliott W P, Seidel D J. 2002. Lower-tropospheric
humidity-temperature relationships in radiosonde observations and
atmospheric general circulation models [J]. J. Hydrometeor, 3: 26-38.

Song Yafang, Liu Yanju, Ding Yihui. 2012. A study of surface humidity
changes in China during the recent 50 years [J]. Acta Meteor. Sinica, 26
(5): 541-553.

Trenberth K E, Stepaniak D P. 2003a. Covariability of components of
poleward atmospheric energy transports on seasonal and interannual
timescales [J]. J. Climate, 16: 3690-3704.

Trenberth K E, Stepaniak D P. 2003b. Seamless poleward atmospheric
energy transports and implications for the Hadley circulation [J]. J.
Climate, 16: 3705-3721.

Trenberth K E, Fasullo J, Smith L. 2005. Trends and variability in column
integrated atmospheric water vapor [J]. Climate Dyn., 24: 741-758.

WSO, R, 1959, AR X B KRS IE AN [J]. AR
%4k, 30 (2): 173~185. Hsieh Yiping, Tai Wuja. 1959. Certain
computational results of water vapour transport over eastern China for a
selected synoptic case [J]. Acta Meteorologica Sinica (in Chinese), 30 (2):
173-185.

PRI, 1958, BRI IR PR ARG AT (1] &R, 29 (1): 33~
43. Hsii Shuying. 1958. Water vapour transfer and water balance over
the eastern China [J]. Acta Meteorologica Sinica (in Chinese), 29 (1):
33-43.

AR 1951 AR AR Z B TR R E AU (0], HWELEER, 18(Z1):
41~68. Yao C S. 1951. The climate of China as based upon the
analysis of monthly temperatures [J]. Acta Geographica Sinica (in
Chinese), 18 (Z1): 41-68.

Zhai Panmao, Eskridge R E. 1996. Analysis of inhomogeneities in
radiosonde temperature and humidity time series [J]. J. Climate, 9:
884-894.

Zhai Panmao, Eskridge R E. 1997. Atmospheric water vapor over China [J].
J. Climate, 10: 2643-2652.

B 1997, v [E 7 SRS BORLH ) Beid SRR T K ZE IR R (D). /R
%54, 55: 563~572.  Zhai Panmao. 1997. Some gross errors and
biases in China’s historical radiosonde data [J]. Acta Meteorologica
Sinica (in Chinese), 55: 563-572.

AR, FEETT. 1997, T EUR Y RAALHT ST (] NI AR,
8 (3): 341-351. Zhai Panmao, Zhou Qinfang. 1997. A study of climate
change of atmospheric water vapor in China [J]. J. Appl. Meteor. (in
Chinese), 8 (3): 341-351.

Zhao Tianbao, Dai Aiguo, Wang Junhong. 2012. Trends in tropospheric
humidity from 1970 to 2008 over China from a homogenized radiosonde
dataset [J]. J. Climate, 25 (13): 4549-4567.

ARt b, IR 1981, F B PRI AT AR AR s R R IR
T [J]. MFAEAR, 36 (4): 377~391.  Zou Jinshang, Liu Huilan. 1981.
The basic features of distribution of water vapour content and their
controlling factors in China [J]. Acta Geographica Sinica (in Chinese), 36
(4): 377-391.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 807.874]
>> setpagedevice


