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Abstract: Based on the meteorological data from 113 surface and 24 radiosonde stations in Northwest China
from 1960 to 2015, the empirical formula was established between precipitable water (Pywy) and surface va-
por pressure, and the Pyy in Northwest China was calculated.  With the methods such as inverse distance
weighted, Mann-Kendall test and Morlet wavelets, the temporal and spatial distribution of Pwvy and its re-
lations with other meteorological elements were analyzed. The results showed that Pyy has increased in
last 56 years with the increasing rate of 0. 11 mm per decade, and the obviously unimodal types can be
examined for the monthly variations. The high Pyy area is mainly in the east of Northwest China, and the
middle area of Northwest China usually presents a low value. The Pyy in most parts of Northwest China
has increased, which is obvious in southern Shaanxi, southeastern Gansu, northwestern Qinghai and Xin-
jlang. The annual average Pwy in Northwest China shows an obvious mutation around 1983 and a periodical
change with primary period of approximately 4 years. Pwv in Northwest China shows a positive correlation

with mean air temperature and relative humidity, and a negative correlation with wind speed.
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Fig.2 Seasonal relationships between Pwv and e in Northwest China
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Table 1 Correlation coefficients between Pwy and altitude for different
altitude ranges in Northwest China during 19602015

R/ m HWRB/A £E 2E ®E &% i
>0 113 —0.656** —0.690* —0.621* —0. 605 —0. 667"
>400 110 —0. 656 —0.690* —0.618 —0.614* —0.668"
>600 102 —0.683" —0. 716 —0. 646" —0.693" —0.704"
>800 97 —0.686" —0.723* —0.658* —0.711* —0.713*
>1000 88 —0.696** —0.739* —0.661* —0.720" —0.725*

W BREL 0.0l WBEMRKATRE.

Note: ** has passed the 0. 01 significance level test.

BRI EFHEES K, R 0.50 mm « (10 2)7;F
18 W KR ABKBEBVBE TN HAERHIL
X, LTI —0.20~0.00 mm « (10 a)7!,
BHERN16% KPP UTHEBNTHREERK, N
—0.19 mm « (10 a)7 !,

B 54 1960—2015 Frh EILM XA FET
KEEKBEEABEWZ®SME, 7 UEHEIL
BEAXSTEABRNEFRTAERRZTHRAL
AAKSHER. HBE2EH ST HAKKTHRARER
PEaF(E 5, FESHEMRBEILH . TEXR.H
MAREEERILTBBX, B EEAE—0. 36~
0.00 mm=+ (10 )7}, HF R EK 50% , L EEFEH
Ay AL FR R —0.36 mm « (10 a)~'; 5 56
WARRAFEKEESWMBESR, FELFEREAER.
HFEBTEEH . X E R o X, % m#E R 0. 00
~0.35 mm + (10 )7, 5 B UG 502, A PRFE
HIFK R MEE R KK 0.35 mm «» (10 )77,
EZFALAEFIHBXKSTEKEE ELABE
(K 5b), & 62 A 4L ZRAE 0. 00~0. 30 mm

Q0L FELSHEFB.FEMHNKHSH
X, 553G A 55% 8 22 428k 1 2 E 0. 30
~0.80 mm =+ (10 )7, FEA AR T HE
R RKULBERBMESCLUEERR . KPFHFETH
WAALE R E A 0. 79 mm » (10 )7, 5 B A K
19 % s Rl 1L BK TG B0 R 22 AT SR FBTHI/R 3 MR
¥ EF#EE >0, 80 mm o (10 a) 7, H A IR IR ¥
AR ZE R 1.03 mm « (10 a)7', AEFHILHBKX
RAE SRS KERZB D #EE (B 50, Hih
KX SEmMEE,H 91 oAb MmERE
0.00~0.30 mm « (10 a)~}, 5 MG MW 81 % 14
AL £ >0. 30 mm » (10 &), FEH T
EBRFEREI KUK ERERRE SR ARTBX ,
hH BRI ZEIE 0. 65 mm -
Qo). XFEMHERBAMFRE 5D, KT 4 4
KBRS HR KRB X KK AT REK & 28
] R 2R, R mEER DA 102 M
ALAR A1 2 FE 0. 00~0. 20 mm + (10 a) ™!, & MU &K
B 90N B 7T AKRU LM A FEAE 0. 20~



LR

H/PHF 1960—2015 £ E TG K KW Bk B3 LR 1E 1195

0.30 mm « (10 a) 7', AP PR O B SR 05 2 {4
(A 40, 30 mm « (10 a)~!,

2.2 KRSAHEKBAEREL

B ANEAKRETHEKRBERTY,. B
HABXEMFTYRITEKENFEREL
(E6),HE 6 ATLAE H .k 56 EHILHX KA
Mek BSEHE K 10. 10 mm (& 6a), & &R 11. 21
mm(1988 4E) , &K 9. 40 mm(1965 4£), HikE
B (E 6a), FH4E 10 4340 0. 11 mm, 1987
FEZRTAT S KK T EKBRETFHET,1987 4
DEABIKRKABRABRBRTEYE. NEWEL

80 90 100 110°E
3.0~5.0 EN7.0~9.0 EH11.0~13.0 E515.0~17.0 E 19.0~21.0
ES5.0~7.0 E9.0~11.0 EH13.0~15.0 B 17.0~19.0 HE 21.0~24.0

B 3 1960—2015 4+ H b
b DX K S AT R K B 23 )
435 (BAAiZ : mm)
Fig. 3 Spatial distribution of annual
Pywy in Northwest China during
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Fig. 7 Monthly variation of mean Pwy in
Northwest China during 1960—2015
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Fig.9 Morlet wavelet power spectrum (a) and the
global wavelet power spectrum (b) of annual Pyv
in Northwest China during 1960—2015
(Black thin lines indicate areas impacted by side effect,
and heavy line areas indicate the parts having

passed the 0. 05 significance level test)
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Table 2 Time-frequency characteristics of wavelet energy spectrum of time coefficient of
Pywy in different seasons in Northwest China during 1960—2015

= EhEmEE/FH REH /2 FERAM/ 2 ERH/a
&% 1960—1980,1990—2008 4,6 2*,6°,12 6
EE 1960—1970,1978—1988,1997—2015 2,2,4 2°,4%,12 4
®E 1970—1985,1993—2008,1978—2000,2007—2015 2,2,6,5 2% ,6* 6
&% 1970—1980,1982—1997,1990—2002,2005—2011 2,2,4,2 2*,4%,16 2

W+ BRI 0.05 M B HEATRE.

Note; * has passed the 0. 05 significance level test.
H R0 , 5k FI % 04t B V3 2 4 2 R BF 5E R 56
FRILBKERNBRETEKESAPELIKE
REMXE, NERMATRAEZMHNSIRER
HATHEN. RIAHLFROFASATHEKES
SREXEZNAKEBLT. TUE L, 2FFHR

BEEMBESKITHRKEEBEIEMEX, X&
SRRRMBENSIERKTHROKENEM, RZ
B/h. BENLBFHYLBRSRITEKEERF
EMxX. B KEBH52E 8, FHIBAAENEE
SREWEKEREBFEMK.

£3 1960—2015 FHRLMREFNEFTASTERARSESKERNETARRLY
Table 3 Multivariate regression coefficients between Pwy and meteorological

elements of annual and seasons in Northwest China during 1960—2015

TSR -3 R X B Pk B H A3 BHXRE
#F 0.370* 0.008 0.169 0. 004 0. 001 0.95
F 1.225* 0.186 0.438* —0.001 0. 002 0.99
& 0.505* —0.179 0.193* 0. 002 0. 002 0.94
&F 0.253* —9.002 0.070 0. 007 0. 000 0.98
L4E 0.426 —0.182 0.178* 0. 002 0. 000 0. 87

¥ owx FORIET 0.01 WBEHAFRE.
Note: ** has passed the 0. 01 significance level test.

430 1960—2015 FHILMR ZEIRER
HMERETEAERME, 55K RLTUFH,
FARSRERNENBHEHEBEBRERFTAM,
HM AT ABEAHRREARRE. 2447y
S L AR, RS KR MM 0. 426 mm,
X ER A 1 AN Bf, REATROK 24 0. 178
mm, HEFEHNBEROEHHBEFEI R EH
KPR, B PSR B3R B EERRT

MAKBREMMWEERE. EFTFHKEEM 14
PR, R AT BEK B0 0. 370 mm, F 3 K& B
1 A0, RS ATFEK BB 2 0. 008 mm, 18 3 I8 &
W 1AL, KK AT KB WA 0. 169 mm, B i
B FRYSIRMBE .3 RE XA R ER
BERL.SHEFARUTEKBRELER S H
B. DHEE.E2 KFBANLEHELS T
REBEEM, SRAKAIBEKEEMESE.

R4 19602015 FEALBEESKERNERFTELEEE
Table 4 Annual and seasonal changing trend of meteorological elements

in Northwest China during 1960— 2015

FHSE/ Y- L/ B/ MkE/ H Med 4/
T+ (10a)! mesle(10a)"! %+ (10 a) ! mm « (10 a) 7! he+(l0a)!
5% 0,29 —0.12* —0.72* 0.28 5.57
2% 022" —0.10** —0. 07 2.46 —7.39*
*E 0.33* —0. 08" —0.03 —0. 56 —3.04
EE 0.41* —0.08*" 0.07 1,01 —6. 51"
A 0,30 —0,10** —0.20 4,26 —13.62*

T, oxx , wnx B FREAL 0.01,0.001 P BEHAKTRE.

Note: *% , *#* have passed the 0,01, 0. 001 significance level tests, respectively.



/NS .1960—2015 E R E b3 K KR FTREK B LAFE 1199

W ES6 FhEHANMR KK WTEKR S
SHmMESE, FHE 10 380 0. 11 mm,1987 £
A KEA RS TEKBEEHEUT 1987 FLUE
KB KK TFEARKFRYE; ZHLH L, KK
ARAKEVEEX FESHFETEILRBHX, KHE
REES AL PIHX .,

(2) LR KK TR KEA B RiER,
BRMEHIET AN 20. 85 mm, B/MEHAFEL A
1 3.10 mm, %24, FILKE S # X KK AT
KBRS mMAS, URAEN . HREAER.FE
FEALEB S MBS NE. FWELLE.BRE
FHHMFEFT AR KKK TREKEDEM M
#,

(3) AR &5 KK KBTI 1983 £ £
ERERE . EZREEFUB. EE . KEMLS
B2 A ] 43 B R AR AE 1985.1997 1 1977 4E £ A
AR L2ERKSTREKENERBN 4 ES,
EENUEN LRI 6 a £EH. EEZHELFENHI
H4aF2a,

4 AR EFAKTEAKRESEHSE.
MM EEREBEEMXYE, 5SFHXEERHEEE,
3R 56 R FHKBMMEEKER M LT 8 KE
HRNBEMWTRSESEANER, SR LBKX
KEATREKE B2 .
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