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Abstract ; Stable hydrogen and oxygen isotopes become a diagnostic tool in geosciences and environmental studies to investigate the circulation mechanism
in rivers, lakes and groundwater. Based on the data provided by the Global Network of Isotopes in Precipitation ( GNIP ) and the national environmental
protection agency / national center for atmospheric research ( NCEP/NCAR) together with observed stable isotopic composition in Zhangye Region, we

analyzed temporal variation of the isotopes and developed local meteoric water line equation and water vapor transportation model. The results show that the
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slope and intercept of local atmospheric precipitation line equations at all sites except Xishui are lower than those in the national and global atmospheric

precipitation line equations. This is because precipitation in the central Hexi corridor region mainly comes from large scale water circulation and Zhangye

site has a stronger local rainfall evaporation than other stations. The stable isotope 8'® O in precipitation has a significantly positive correlation with

temperature and vapor pressure. In the whole year, there is no obvious precipitation effect. As precipitation in arid areas is mainly concentrated in the

summer months, temperature effect dominates over precipitation effect. The deuterium and water vapor transportation show that westerly water vapor

transport provides the basic water vapor sources in central Hexi corridor and the seasonal variation of westerlies affects the seasonal change of the water

vapor transport flux divergence and d value. The range of d value in the warm season is much smaller than the cold season, showing that water sources in

the warm season have high relative humidity. The occurrence of d value under 10 %o is higher than above 10%o in the warm season and vice versa, which

indicates that the surface moisture replenishment has an obvious effect during the running process of atmospheric water vapor in the cold season.

Keywords: precipitation ; stable isotope; isotope effect; Hexi corridor

1 5|5 (Introduction)

R AL 28 A [ SR K A i) B 20 i, TEAS ] Y
KR CIRZS RIS ) h BRI AR BE S, ATH
FHIX 615 5 ) W7 4 52 R AR K 1 — 2R 51 2800
ANTRVARZS AR R 28 43 AL 1 AR R P85 1 A8
. RS E R R A AW SRR /R BT R, A
AP KR A [ T A7 7E 22 5, OF B2 31 2 R M
M FR A ) 20 (57 2 B R 8] s ] 52— AL
RSk, DR T A O 0 G = B A AR A 2 51 AT
TR TN 35k Ak 27 F1 K 98 36 33 72 ( Dansgaard,
1964) BEIK JEAK IR 1) 3 2 A R, oK iR RS E
()57 28 AT AR S K VR UR 1 A AR 7 B m) T H S £ ok
B R AR, X B K R ) L 2R A HE R
I AT RS B AT T Ao A AA RS [ 3 X 1) 7K
VAR IR ( Araguas-Araguas et al., 1998) , ) B SIK
TG EE AN 7 S ( Dansgaard , 1953 ; 1964 ) | [l 72
—EREE b IR A DX R AR (B A
RREAS ,1994) .

XK rh R [ A7 2% 0 00 00 R BF 5 ] A e 2P
BORECCRER 7 A, 2007 ), [ BR R RE AL MY
(International Atomic Energy Agency, IAEA) 5 i 7
KE 2 (World Meteorological Organization, WMO )
51961 4F a7 T A ER KR IK R 22 1 45 ( Global
Network of Isotopes in Precipitation, GNIP) , 7 &=kt
HENT 100 ZAS WD R, Xof R 7K A (Rl 67 38 L 32 i
AT LA ERER a3 H A2k d S 7 550 24
R K BURE i A5, 36 S F 9 42 35k B Jmy b /K i FR 4R 3L T
R [ 2 %R (IAEA/WMO, 2001 ) . F1] FH #a 2
[R5 2R 73 Bt 12 R 3 B /K VROR 2 B4 [ B B AJF oY
B VF 222 R B K o G 28 Ak 238
JKIEHKIR (Gat and Matsui, 1991 ; Petit er al., 1991 ; J
HEHEAE,2005) , B2 MU R B 7 [ g fil ke [ P
KRAFEKIR PIILINAS JE (Y [) B, 5 2004 448 % =] 41

2208, VI A= 25 R GE 58 M 4% ( Chinese Ecosystem
Research Network ,CERN) B 4} i 5 M AKHE , 158 HL
P 31 ANl 5 VR SRRl £, I e g S v L R R K
[l 7 & M %% ( Chinese Network
Precipitation , CHNIP) , ARG 8D "0 AT ML
I (MISEAE 45,2006 ) . 7E 204U 57 28 F 5% 07 FH 4548
FE IS 13— 20 0 K J (R h 2845 20105 451
ZRAE,2011) N, B TSR M Z KK R 80 S
25 WGHAFTE 235 B IEAH G OC & (T 3545, 2004 ) 5
F RSB[R 3 BE 8- Hedth T K 77K BL e
WA 7K B RD 25 U8 DX ( FAL 3R 452009 ) 5 4T 24U
L T T R 28 KR TTIROR A = T Ik K
RO (d B A X E AR, 20105 B 45, 2012,
2013) 4,

FE 5C T R RE T i+ 5 X R K TR &
[F; R BIF 5 7 T B R 3= A (5K g AR R AT O
2007a,2007h ; MIME 2545 12008 ; - T 2R 55, 2008 ; S 4
F45 2011 ;5K 445 2011328/ ©&E,2012) (HJE,
O T IY P S JBR v 5 X 3 — 2 A b 3R AR K
RS [R5 28 2H A8 I 25 23 A IR D B K P i 1Y
AL R AIHLIA R AT IR AT 5 MR H 2R 58 e
SRR VI, 43 BT AR 7K e i B 855 ] o2 K 2
B, X5 TR T PG S JBR Ml DX K A PR O R L ek R
R 0 F1AIE 58 BR B8 A2 AL R AE B — € I o ;
U, WK T i PR ] 43 2R A 5L T LAAR -t 7S 38 1 e
2 2 KURE K 1 32 K RGE B (MDA
2007 ) , XHm] P4 2 g s X Rk A 8 R 5 [ 67 3R
AURAEAT o0 B, B4 L 23 20 A MR A B TR
Z\ W AT P AL 5 DR KA PRRRAE , S 3R B N R
Ree A [e) 57 2R 1) Fof 25 A1 R BIF 90 B2 3 o AR i 4
T ABIF ST L) sk Al 5 R ) £ B P K e |
S AE Sk 4 A%l Bl ol sO5ERE, 23 Afr 13T P S JER
r S b DX A K R R R A7 3R 114 B A I B 2 AR Ak
FROE AR 1 2O A8 AL R, X IR AR IX

Isotopes in
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2 MBS 7% (Materials and methods)

2.1 HTRREHBR

PG (& 1) A TR E H R BE N, Pk
JEE H S b B AR B R AR 28 97°207 ~ 102012, b 45 37°
28'~39°57" , R PGK 465 km, FgIL 5% 148 km, HFIK 5
JE 1284 ~5564 m , A0 75 78 = J5 55 PN 5ty o DR 1 i
PE b , Kb R AR 1L X, JE 3R A 2 L e i
LK B s AR J X Al (335 25,2013 ) 3l 7
JER H S 4 X A T o B AT, B A L ik, b

ELPH s AR VDI TR A BRI K i i, 378 5 1, M Ak
PRIt 5 ML X, 37 7 e R K b VR 5 ), I
ST (1 T R R B e A X R T, AR
MoK /D, 28k w K A HREK & 112.3~354.0
mm , A A 5) Ho 70% 8 7 6—9 H 4
78 K 2002.5 mm, TETE K FAESEH[EOK B O
MFE 2, K B4R S0, AR 345 R R 4.0~ 8.3 C,
SRR 2 26.2~31.6 C , o lA IR -30.6 °C,
e g e 1 AU 40.0 °C, DUZRATH A& Z R T K
BRI E TR, BRI, &4
PIPGERURZR KR .

40°0'N

39°0'N

1]
Wk /m

[ 11031600 & 7K ¥k A
[01601~2000 w3
120012500 — jifizi
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1 FREEHR
Fig.1 Location of the study area

2.2 BUERIR A 7 %

Tk (38°55'N, 100°25" E) fik fa 5E [al i &
TR BT GNP HAR ML AU 3 B R 45 &l
GRS G R CRAE H I FERISEAS 8D
30 My H V- e E WAL &R AR CH/H A
B0/1°0) SIHTERE 'S | e aE R SRS L
IR FG TR S IE S 4 A sl o504 ST ka8 Ao
Fofl SCHRPEAT (R4 4245 ,2011) , Nk 1 7R 4
ZE WL DL F b 1 SF 1278 1 K (standard mean
ocean water, SMOW) )T 43 2= ( B [ br ¥t 2 & — K
FHFIAE & b 3 5T 3R 09 R 62 3R A -5 s o ) 7o )
RLER BARXS T3 AR N ) Fom AT B

8"0 = (R/Ryyoy — 1) X 1000%e0 (1)
K, R BTS00 1 HAH, Ryyoy H SMOW

H1150/1°0 1 L AH.

R rh SSRGS ()2 3R AR Sy I K & i
B, Hat 5ok

5(W): ZPiSi/ZPi (2)

1,8, FINBCE-EIE , P, ASRIAE 4 AH R A 45y
HAREK a8, HAR N 1Y A A7 3 (8. i T o5 e T 5
IX 4—10 H IR EEARTE 0 °C LA b Jf HFEk Z 4R
HTE 4—10 H, HAl 3 oK 8, S r (EuEE,
MEHEFEAT G — R 53 o 4—10 H X153 A g 2= 11
A BWAE 3 AR e 2.

I € [ [ 5% 34 35 70045 7 o0 ( National Centers
for Environmental Prediction, NCEP ) 1971—2010 4
[¥) NCEP/NCAR 738 B, 25 6] 53 Bk 5 7K
2.5°%2.5° MIA% oG, SR HOT AR bR B RUY &
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Table 1 Basic information of 3 sites for gathering hydrogen and oxygen isotopes data
i E503% 2R 31%0 3D I d BORHER HHiE s
IS 1 100.42° 38.92° ~6.0%0 ~42.8%o0 5.0%o 1986—2003 GNIP
ik 100.29° 38.57° -9.2%0 ~58.7%o 15.2%o0 2002—2003 RERZEA 2011
s/l 100.20° 38.81° ~6.5%o0 ~42.8%o 9.5%0 2002—2003 RERZEAE 2011
S 100.13° 39.35° ~4.4%o ~27.4%0 7.9%0 2002—2004 REZES 2011
1F gk 99.47° 39.80° -2.2%0 ~74.2%o ~57.0%0 2002—2004 REZES 2011

3 ZER549#(Results and analysis)

3.1 3D 5 80 wyutJE A& b K HF o H &

ORI B R R AL R A AL, 80 A T
=50%0%] 10%0,3D 4T —350%0%!| 50%022 [ , 1 E K
K %0 &8N - 24%0F) 2.0%0, 3D & &N
—210%0%| 2%0( FBHNEE S 1983) X 5K I3 151, & /K [+l
S Z BTG AT G BB, SRR R K R AL
REA BRI 8" 0 AR ki Bl o8 -28.5%0
£ 0.87%0, 3D B {2 —191.4%0F] 4.3%o. % By ik
SUHR AR SRR MR v R AR K TR A7 2R B L
R K S A AT 34 25 55 B ., 43 # LR R ] g 2
P T Bl 1% ()47 28 00000 {2 Sy 5 R R K BHiE ,
UNETINID] s YR N E R & DR DA 7
A (SRS, 2011) RN S VAT P A JA Hh S
XRAREIK I A A R R & s 7 b B 5 2k
IR FE 2 .

HFREK h & R AR LR RN Z TG4
P2, L, A KR ER N2, A
A AL SRR BE ZE 80 I(E AT —18.21%0 %] 0.87%0
ZIA], B KAH K 0.87%0, 3D {H — A T —90. 5%0 5|
~4.3%0, 5% KAH N - 4.3%0; &7 8" 0 WA T

—28.5%0 3| — 4. 36%0, fx /NE K - 28. 5%0, 8D {H
0_
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5'%0
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A

B2 gk %0 FERE R 7
Fig.2 Monthly variation of 3'¥0 in Zhangye

=

—191.4%0F]-37.7%o , Bt /NME N — 191. 4%o0. AR F B
HJ,1—7 AARWrE 4, 8—12 H Bt ik i KA 1
MAERE ZE /IME AR ZE (K 2) .80 [EHIk3h
S e 1 7 A b DX A R Bty P A A T U 1) A8 A R
HE (W25 55,2008 ) .
32 REAAKKEL

1961 4F Craig 19 K AE 2 ERRE R, #i32 TKS
oK 8D 5 80 Z B C R, Bl a3k KR K
( Global Meteoric Water Line, GMWL) ( Craig, 1961) ,
TN

3D =8.08"0+10.0 (3)
Je K E PR REZ 5125 (TAEA ) 388 28 YR 5 %9

FIEIR ST, B0 Fr A B K I InACEY 8D 5 80
EHAFE T
dD=(8.17+£0.08)8"0+(10.56+0.64)  (4)

AR I R T A BROK A 2R AR b AR (]
PR AR ER B (3 AR E WA, 1990) , K
SRR RER A E R 2R D A0 431
BT L IC R B BT S 7R GO0 AR S 1Y e 2
(BRI %45 ,2011) .

WA TR ARG SRR K R 28 i, A5 iz X
1) Jry MR SR T 8 (B 3)

18 2
dD=6.768"0-4.54,(R" =0.94) (5)
50%o
ok
—50%o [
—100%o [
o)
<
—150%o0 |- ® y=6.76x-4.54
2_
~200%0 R™=0.94
—250%0 1 1 1 1 1 1 1
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3 KA SFEKH 80 1 9D MK &
Fig.3 Relationship between 8'® O and 3D in the precipitation in

Zhangye
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AL R? E R, 28 B SR 4R 7K 1 S0 4 TR oL
R AT BRI R A DG 5 5 A BRORSUK 2 RS IRUCER
SRR Y b R AR KR R (8D = 7.98% 0+
8. 2) AL, BR PG /K A1, Higr il a5 A 38 5 U 1 IR
TARRA EIR UKL (3K 2) , 1 BT P4 A R v e
Hh X REK BRI TR B ARG, H A2 27K
Dt ) V- 2% T M BE A W AE R A R R R b B
B[] 07 2R 9 2 kT R A T ) 50 Wi K 4080 ol ) R
AT At 3 A5 3 5 150 B K o AR sk R Y 2%
A T T HoAt 3 . Yo P4 AR b A b A N it JE T
S AR AT KRG T B, TR, 2 AR
1%, FRKAERE S R TP 2 ) T — BRI IR R K.
T 5 DA 1) A% 236 32 8 2 TR T 7E 2 IR AR 6T T 8
B RS & A A o 1B 1 45 R ( Araguas-Araguds
et al., 1998).

R2 BUMABHMXSKKFRERSH

Table 2 Parameters of Local Meteoric Water Line of 5 sites

i s FEES i R?
1S3 6.76 -4.54 0.94
[LFIN 7.96 13.79 0.99
o YRk 7.69 4.73 0.98
a2l 7.85 6.0 0.98
1E Sk 7.84 4.04 0.98

33 KAMA SO WEIER M
33.1 KABEASPOWBEEKN IR ER, K
SRR E R R A S % BB R Z A AE A
KRFR , NATHF XA OG5 F PR A PR [ 137 28 R4 0
Bl 4 FoR kIR RAREK 80 A5 R 24K
i B ZERE K A KR 2 ) A A A R AR
SEAR [ ZR 20 43 5 1 B AR DG I D R ZE S A
PREE R 28 000 Il R ARO0 e R 5 X R
IBE R 28 09 o WA ) 222 A2 ) F A AR o AR
TR (Liu et al. ,2010) . — 00 &, W EE RN 3 2
PRAE R 20 B L X, AR WA R B0 0 Sy B & (H 7
KB A, L TFE AR G OC R AH S % .

it 80 5 H PR (T) Z 18 [1H 53 b
(K 4a) , AR HL TR .

3"0=0.496T-14.07, (R*=0.644) (6)

FRHBZEIE, 5K 810 5 A FIRE Z MA K B
TR R 15 0.664 , sl A& 1 bifi 5 TR (19 T
15,810 BT E 4R X 54/ CA (2012) TERFSE Y
6T R X FEK 8 O 2B AR RHIE S K k% h 4 Bt
H4518.:8"%0 =0.500-14.00, (R* = 0.648) HEA —

AN R TR R E [ 2 7 AR A R = ZE AL
S TR — R L5 LS REK 2 A0 B
TEEA RN SR MG H SREKE 8 HA HELR
( TLIEEh AR 55,1994 ) , PRk il B AR, B2 7K o [
PRI R REL o MBI, NTITFEZK H 80 1
AR SRR 80 RIFHATR ER, X
TRAIREZK g 8" 0 A 47 A BE 2 3 H Bt 19 1E AH ¢
K FR (H ST AEAE 1997 ) 0] PG S JHR r 0 b [X 4 2
K, K R R 28 19 248 R B R, K 810 8%
%, BRI &, LR A R B, Bk 80
B oA H T R R A1 OB 5K = 1Y )
MoK V5t A K = A, 30U 37 22 KA R K 80 1B
L=
332 KABEAIO WBEAERN FEKERN
FEFEK Y 810 1 8D HRE/K i Z [ RN B i
TS 2R B K i R0 AR A B 7R A1 26 3 Vi Ui
DX BRI K, B 0 A A X A RS A A K i R A B
A (AP, 1998) .
AL 80 5K (p) Z 18] B [\ 5 2347 (18
4b) IRIFEHL TR .
8""0=0.203p-12.03, (R*=0.197) (7)
25,8 0 5K & 2 [ AS 522 80 67 AH %
R* WA (0.197) , Wi FEA V& AT FH . o 30T P4 3
JER A DX [ K 22 4R AR 2 R Ot A T AR 2
2 3"°0 K Z 8 AR S HUA (K 4c) , RIS LR
PR
3"%0=0.03p-6.06, (R*=0.02) (8)
BHEe, ERERET,8"0 5K Z [H
ANAEAE R 0 A R DG B8 Dt R |l T R SRR K TR B
ghi R LASh 8o B I AE R R B ] g
ST ZRER RSB RA T — 2 &
114 JRy b AR R B 7K V5 BB T 90T G A JER v S b DX K
FEAR PR B S A A, TR 2 R AN
5 T R AEON, , PR T 5 5 R 7K R R TG e A B A
PBGT5 X, B K JF AN 2 e B K 81 0 i AR A
333 KABAIPOWARERN KKERKR
s SRR BE I — N85, KT R RN 5 R K h
(1) 80 {H 5 /KRR Z (A1 AH 56 5C R SRR R K
H18%0 H5KREMAHL KR (F 4d) Bn,3%05
KRR Z BIFETER B B T IEA C G R, B IR
B2 SR 0 I R AT B2 R T T 5 DORR IR B A B
B AR B RAL, BRI G ER D, KIRE
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Fig.4 Correlation of 8'80 in precipitation with temperature , annual precipitation, warm season precipitation and Vapor pressure in Zhangye

4 118 ( Discussion)

KEBALER
Dansgaard 7 1964 4E5| A T i 51 (d) FIMEA,
FHFPEA 4 DX RS R K R R 5 54 PR35 25 4
BRRA MR AR R, k=R
d=3D-8.08"0 (9)
] BRI R K 2 R AH HL AT A i IX R
BEK,# AT LI — AN it i B8 d AN Rl X
KA d H, T4 T 00 i s 32 b X RS 7k
KR A BRI R bR B R — KA
FOK I BB L5 A IR R R R A5 (K W 45,2006 ) &
IR d (B 3 BT R 7K B 7K PR P A X
MR (Craig, 1961) , 247K 755 3th (1) AF X 88 B 458 e
o (A, 2 22 A SR K U5 b AR X R A A, DI
KW d 2B EE © A %A (Craig, 1961;
Dansgaard , 1964 ) i 72 2K H ¥ 7 /K 5T TE B0 R 7K
HURBAETE T 10%0, M 7E T 5540 F, 28 & i 5h

4.1

15V R EE N, d (H 23 LR R T 10%0. 5%
FR d HKDNZHT 4 DB E B . KB K
B d 18, BI# 46 18 ( Merlivat and Jouzel, 1979) ; )
J15348 45 FH (Jouzel and Merlivat, 1984 ) , H FE 7K
TROR U5 M 1) 2 S0ORE X I B AL B B 5% ) ( Jouzel
et al.,1982;1997) ; KIKZE KIKIZHI#MA (Gat et al.
1994) LU e 7= B IR 7% 2800 ( Dansgaard , 1964 ) 5 7K
TR ZE K BIAMAAE T i d (T, T IR ZE R Rk
7 U X B d R AR R AT

SRIRAETS 2, d (B0 AR A0S B R B - 17.28%0 ~
33.2%0, F-YIMH 15.27%0( E S5a) ,BE 20T, d HARfLE
Fil A1 —25.34%0 ~ 17.78%0 , -5 {H 1 3.11%0 (&l 5b).
ZAEREIK d {6 (E 6) /T -2.26%0% 31.97%0, -1
B4 10.58%0, 5 T 5 A EB 53 WL IXFR 7K d {E (10%0)
FEIE N d (B2 ITE R SR 1o 74 8 JER v 8 E A
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