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Fig. 1 Map showing the study area and relevant study sites (Modern Asian summer monsoon limit is modified from reference )
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Tab. 1 Information about the localities and precipitation 5O (5"°0,) data of 14 GNIP stations in the Eurasian
continent and their weighted average warm season (May to September) 50, values in 1997 and 1988

1997 4 HIAF o, 198SAENIBLEF .
RS WA PRER if fj ﬂ%ﬁ%}i%;;ifigggi nglQT’gggi
(%o, VSMOW) (%0, VSMOW)
1713000 ZFHi +HIL 39.95 32.88 1963-2009 -5.78 5-8 H -5.88 5-8H
2221700 KPS P H 67.15 3235 1996-2000 -12.10 5-9H
2606300 EfEIFEE BEH 59.97 30.30 1980-1990 - - -10.70 5-91
2642200 HLfi Fii4ETr. 56.97 24.07 1969-1989 - - -6.35 5-9H
2719600 %K P 58.65 49.62 1980-2000 -9.53 591
2740200 KHT W 56.90 35.90 1980-1989 - - -7.61 5-9 H
2822500  f /R WP 58.01 56.18 1973-1990 - - -9.17 574
2961200 MRIEHE  RPHr 5533 7837 1996-2000 -8.90 5-7, 9H
3400900 /R B 5173 3627 1996-2000 -9.75 794
3488000 BAIHTHRRIZE B W 4625 48.03 1980-2000 -5.06 57, 9A -4.99 59
3748400 [L4¢ k& 41.65 41.63 1980-1990 - - -5.20 8-9H
4094900  WEAIR Byl 3457 69.21 1962-1991 - - 0.07 5,6,8A
5182800 FIH SRl 37.13  79.93 1988-1992 - - -3.04 59H
5182801 IhE A CHE 4378 87.62 1986-2003 -8.64 5-8 A -6.39 59A

e RPN FoRBeAEd

A §%0, MIALEH8%0, F2 BEKRF1997EM 1988 FEKE. BERMIFIS"0,E

{E : 50, ﬂ] P,ﬁ'ﬂXﬂLﬂjﬂ {53\ i B/‘J Tab. 2 Annual precipitation amount, mean an‘nual and warm season (May
to September) average temperature, and weighted average annual and

61801’{5%[] B%ﬂ(%;’;{mf&ﬁo warm season 80, values at Urumgi station in 1997 and 1988

R H GNIP UL % 4 gy PRI TR IECPE5°0, 3 INECPRBE#6"0,
(1986-2003 %), B& K1 mm)  (°C) (%o, VSMOW) it (°C) (%0, VSMOW)
SEHEE R 7.4°C, SERIREK 1997 156 10.13 -11.33 25.72 -8.64
42962 mm, Hoi19974F 1988 374 6.33 ~7.49 19.40 -6.39
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AN T 1988 411 W 22 /K VAR IR AR Ak s 22, 1988 4F [ W% 25 /K V0 0l 25 1997 4F [ % 2=
TR F A CFR 1988 AEAHXT T 1997 A AW R /K PR IR 22 57 5 FHLrb ok YA S A AR B v ) el T
SEGER B AE T 519 1000~300 hPa 48 2 /K V5 &, ARG & ARSI B s, HEH
1997 41 1988 4F-AE A i AE AR AR 9 ACER , Rk G | TR )2 8”0, i 2 R s JF4
AR KR 144 GNIP s 5 (R LFIES) XERAE A AR 2260, 8, KM Kix
AR AR R 1L HB X 850, I
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Fig. 2 Variations of monthly §"O,, temperature and precipitation amount at Urumgqi (a) and Hotan (b) stations; linear
correlations between monthly 8“0, and temperature at Urumgqi (c) and Hotan (d) stations; and linear correlations between
monthly "0, and precipitation amount at Urumgi (¢) and Hotan (f) stations



102 S L L 704

N TAENRE I, 80, SRR B IEAHR R . el &R MR 58 A S50 21 3 4 u)
.80, AR EE R LI 25 S0 UESE T YRR X K L X 80, 4F N AR A ) . 2
AU
4.2 KX EH6"0, 5BE BEAENXER

X BB RFE 1A INECE44E670, 5 . AR, /3 0ifE—Jo etk mlE 53
Bro Z5SEH], MBCFAES O, SAEIRE 2 AL (r=-0.28, Kl3a), M54
FEARCRAT N E I IEAI DS (r = 0.33, EI3b). MARFNH LIS JA 54, (HIR7EMERR
R b, HFRFE SR T BG4S 0, S H1R Z B 55 M ARG R . AR, &I
FEXAE N REES" O, Fb iy “WREERN ", FEFEPRRE FIRAFFTEN ; I, TEAFPRRUE
o, IBCEIAES O, (-5 AR 2 (B R B SO E R o

MG 50 45 A LIRS (o e e g A R A (B4R ) SR, b DX AR <R AR
b2 5 AR BT E 0°C UL EI TR, B 10 AJFEA RS, BRI 0CLIT, HIs—
AE10 H B TAF 4 RS, B, B 5-9 R 10-4 435050 Sy i i [X 10 198 2=
B2, FEITAT 0T 8 R 5524 1 8 25 FIVA 2 JIAP-£418 0, 15 5 107 1 8L P88 A4 o IR
PIZRPEAI ST 25 R, BB (5-9H, WRFEMKET) BMBCEEs" 0, 5% 2
SEERER A EER (r=-044, K3c), HINBCFE4ES 0, SAEMRIE M A6 6 &
(r=-028, K 3a) Wik, ZEAFHIE SRS REERE, ks 0 52
(59 1) IR Z A R AHOCHE A DL ESS R BEIR I IX 1 2280, 5 IR 2=F- 1

-6.0- -6.0-
2 §180,=-0.43T-7.51 b 8180,=0.01P-12.15

e =751 ® r=—0.28, n=11 o =15 r=0.33, n=11 u
g 9.0 n & 9.0 L]
+-1059 ¢ L > -1057 ™ =
& n u $ n [
© -12.07 - g -12.0 n
© %

-13.5 . -13.5 .

-15.0 . ; . . . -15.0 . ; : ; .

7 8 9 10 1 150 200 250 300 350 400
s EHIRBE(T) i 4P FE/K B (mm)
St c =T d
_ 51%0,=—1.12T-16.62
—6.0 81801,——0.24T-2.22 i ] [ ] _ P N
- r=—0.44, n=11 s e F=0.29, Sl
Z 651 ™ 8 m
s s U g -100
& 7.0 % .
> - . =125 - .
£ 75 §
EQQ 804 22 -15.0 - - .
© g5 . -17.51 .
B L]
-9.0 T T T T T T ) -20.0 T T . . . . )
19 20 21 22 23 24 25 26 40 -35 -30 25 20 -15 -1.0 -05
5-9 7 FHIREE(C) 10-4 5 EHREE(C)

K3 LEAFFELS O, SAEMIRE . FRKEMAMCR @@, IECEE4ES 0, SR ;
b, BG4S 0, SAFK s o) IIALFIIIEZ(5-9 H)38"0, SVl ;
d, IECFEIRZ2(10-4 H)8"%0, 512 2 )
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Fig. 5 The differences of water vapor sources of Tianshan

100°E
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Mountains region between warm season of 1997 (warm year) and
1988 (cold year) and the corresponding weighted average warm
season 8"°0, values of 14 GNIP stations in Eurasia Continent (a.

warm season water vapor flux of 1997 minus that of 1988; b. warm
season water vapor flux of 1988 minus that of 1997; red arrows
demonstrate the relative water vapor changes that passed 99%
significant testing, the grey bands indicate the main pathways of
relative water vapor sources, the black dots indicate the GNIP
stations, the blue numbers indicate the weighted average warm
season 80O, values in 1997 and 1988 (data are shown in Tab. 1 and
Tab. 2), and the green boxes indicate the locations of Tianshan
Mountains region in this study)
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Variations in the oxygen isotopic composition of precipitation
in the Tianshan Mountains region and their significance for
the Westerly circulation

LIU Xiaokang, RAO Zhiguo, ZHANG Xiaojian, HUANG Wei, CHEN Jianhui, CHEN Fahu

(Key Laboratory of Western China's Environmental Systems (Ministry of Education), Lanzhou University,
Lanzhou 730000, China)

Abstract: Proxy records of the oxygen isotopic composition of meteorological precipitation
(8"°0,) preserved in archives such as ice cores, lacustrine carbonates and stalagmite calcite are
important for paleoclimatic studies. Therefore, knowledge of the variations and controlling
mechanisms of modern 80, on different time scales is necessary. Here, we investigate the
linear correlations between 80, and corresponding temperature and precipitation on monthly
and inter-annual timescales, using data from the Urumgqi (1986-2003) and Hotan stations of the
Global Network of Isotopes in Precipitation (GNIP), and 6”0 data from 4 ice cores in the
adjacent Tianshan Mountains. Consistent with previous reported results, modern &§"0,
variations on a seasonal time scale in the Tianshan region are mainly controlled by a
'temperature effect' (indicated by a significant positive correlation between &"°0, and
temperature), with more positive 80, values occurring in summer. However, on an inter-
annual timescale, there is a weak inverse correlation between weighted average annual §"0,
and annual average temperature at Urumqi. This finding is supported by the inversely varying
trends of 8"°O data from 4 ice cores in the central and eastern Tianshan Mountains compared to
annual average temperatures in the same region during the past 40-50 years. The data from
Urumgi station and the 4 ice cores demonstrate that the inverse correlation between §°0, and
temperature on inter-annual to decadal time scales is genuine. Analysis of water vapor sources
and pathways for the warm year of 1997 and the cold year of 1988 reveal that more water
vapor for the Tianshan area was derived from long- distance transport from high- latitude
sources than during the warm year of 1997; and that more water vapor was transported from
more proximal sources from mid- to low- latitude areas during the cold year of 1988. In
addition, the 8"°0, values are more negative in the high latitude areas than those in mid- to low-
latitude areas in the Eurasian continent at the upper wind direction of Tianshan Mountains
region, according to the weighted averaged warm season (May to September) 50, values for
14 GNIP stations in the years 1997 and 1988. Due to the distribution of 80O, within the
Eurasian continent, the relative shift of water vapor sources between warm and cold years
convincingly explains the observed variations of 8O, in the Tianshan area. Therefore, we
conclude that variations in 8" O, in the Tianshan Mountains region are mainly controlled by
changes in water vapor sources which are ultimately caused by northward and southward shifts
in the Westerly circulation.

Keywords: Tianshan Mountains; Urumgqi station; 8°0O,; water vapor sources; Westerly circulation



