41 2
2019 4

JOURNAL OF GLACIOLOGY AND GEOCRYOLOGY

Vol.41 No.2

Apr. 2019

DOLI: 10. 7522 /j. issn. 1000-0240. 2019. 0107

ZHOU Su’e ZHANG Mingjun WANG Shengjie et al. A comparison of sub-cloud secondary evaporation effect of precipitation isotope in Xinjiang

based on the Stewart model improvement scheme J . Journal of Glaciology and Geocryology 2019 41(2): 304 -315.

Stewart J . 2019 41(2): 304 -315.
Stewart
1 1 12 1 1
(1. 730070; 2.
o Stewart
2016 7 2017 6 66 8
Stew art ( @) @)
®
) . (1
)] .
ASD. AS"0  Ad . - (2) Ad
. (N « ASD « AS"0 Ad
- (3) (f)  d-excess
> > > o
@) f Ad >1.0%0/%
® 1. 496%0! % . ®
; ; ; ;. Stewart
- P426.61 T A 1 1000-0240( 2019) 02-0304-12
18
0 6D -85670)
Stewart '
° Stew art
11-17
1-6
o hlich 18
H "o d-excess = d-excess
(
1 2018-06-02; 1 2019-0342
: (41701028; 41771035) ;
(1993 -) 2016

. E-mail: geozse@ 126. com
E-mail: mjzhang2004@ 163. com.

714099)

o Froe—

1%0/! %

( SXSD201703)



2 : Stewart

305

1%0! %
=20 Salamalikis Wang =
1%0 ! %
1%0/ % o
N Stewart
Froehlich
¥ | Kong Crawford %
2.6 mm(
) . 0.74 mm( ) 1.0
mm( )
2
2B 850 hPa(
1 500 m)
1 500 m
Wang 7
(657 £454) m,
Stew art
17-18 21-23 .
Crawford *
o Wang Stewart
20
. Kong 7
GNIP ( ) (
)
Ad 1.1%0/% ~
1.2%0!% o » GNIP

1.1

1/6,
N %

33

45°N|

40°) ¢

>0.52 kPa

1. 66 x 10°km?
75°207°41" ~96°25° E  34°15” ~49°10745"

“« ”»
o

146 mm
0.2~0.7%°%

28 -31

32

=S

"0 200400 km 1
Ve £l = T ). --_ﬂ—.:
750 30° 85° 90° 95°F
o MR A A AN

o EML/REMIAFEED o PURZE I L REIR B bR X
o Rl B FAEHARK o B BACH H IR i A e X

1
( )
Fig.1  Spatial distribution of meteorological

. : e 33
stations in Xinjiang



306

41
( 1) mg, = ?q-rrindp (5)
1.2 M v Tend
( http: // data. cma. P ° y
cn/data) m, = r: (6)
end
2016 7 2017 6 66 o ossan L p oy
Vou = 9.58¢" 771 —e (7) (7)
| ) . F e e
. ; Vend * ;e ; H
N ~ ~ ~ ~ )8 ( ) w01 D
( http: //weather. uw- ’
yo. edu) . N (mm) . ()
o ( Inverse Distance Fer N
Weighted IDW) ¢ O
ro, = 010, (8)
T D
s 0 (7 (D)
cm; (), (7 ( RH)
geem ' esT' Wang P
¢ Qo
Wang %
D - Best ® |
SteW— 1-F = ei(#y (9)
art ' Froehlich " Ad( e D (mm); [
d-excess d-excess ) (mmeh™'); F D
nvA p 2.25.
2 18
Ad = (1—7‘[)(f23—1) —S(I—W‘Z)(flsﬁ—l) (1) 1.30 0.232, 50%
a o F=0.5
8D (5" 0) Dy, = V0.69AI" (10)
8D(8"0) (ASD) (A8"0)
2
— _ Y 28
Ao = (1-32 ) - (2)
2570 = (] ISa)(f 1) (3)
2 18
« « -
#ow o2, w2 Bg
10 f @.
( . )
2 ( ) ) 2
_ Mend °
f= Mo +m (4) )
: mend ] mev N
° €)
36-37 ’

38

850 hPa. 700 hPa. 500 hPa



2 : Stewart

307

D, = (11)
- D, end
m P
Stewart
@®
©)
@
@® @ ©)
2
2.1 . ASD. A0  Ad
(
2) (3-5 ) (6-8 )
(9-11 ) (12 - 2 )
2(a) .2(b).2(c)
(/N f
f @> O
3 f 100% .
2(d) . 2(e) . 2() ASD
ASD @ >
® @ ASD
O ®> @ ASD
@ > O & ASD
2(g) . 2(h) . 2(i) A" 0
ASD
A8 0
@ > O @ A8"0
O > O A8"™0
@ > © @
AS™0 ® > @ >
@® A8"™0 @ > )
©) AS"0 3 > )
®) AS™ 0 2(j)
2(k) . 2(1) Ad

Ad <
© @ Ad @ > @®
@ Ad @D >
@ @ \

Ad O @> 6)
Ad Ad
®) @ 0. 60%0 € @
3. 37%; Ad ) @D
0.23%0 ©) ©) 8.25%o0,
Ad @ ) 0. 55%o
©) @D 2. 09%; Ad
®) @ 0. 10%0 ©) @
0. 40%0.
2.2 . A5D. A5"®0 Ad
100% .
(/N 3(a)
3(b) . 3(c) Stewart
)] S
90% . f OF
@ > @ f
@ > @® > ©) f
@ > 3 > @® 3(d) . 3(e)
3(f) ASD
ASD 10%o
ASD 3> @ > @
ASD 3>
® > @ 3(g) »3(h) . 3(i)
A8"0 A8"0
5%o A8"0
@ > @ > @;
AS™0 ® > D> @ 3
(i)« 3(k) . 3(1) Ad
Ad @
> @ > ®); Ad
@ > @ > ®-
2.3 . ASD. AS"®0  Ad
(f) . ASD. AS™0  Ad
( 4) 4(a) . 4(b).4(c)
f .
f 85%
f @

® 0.01% ©) @



308

41

—7% wmE R e R 4T

- mmEE R kR

-5 ey H o kE A S

flsRde MEMEZR Rl HEEAR PraRgE MR Rl RER PraRgE WEME/R Kl HEEA
i g il dh i gEd b didh i g il dh
(2) ZERAA L) (b) ZEBRIA () (c) ZEBAA L)
100 100 100
_—li% em g T E AT -_—li% emH T E A F % mm g e E A
sof sof sof .
£ o} . .t £ oo * : £ cof *
g ' ; ) g g
- < 40} < 40}
20F 20F
FI/RAE fEMEAR RiD BEHUK BIsRAE MR Kb HEHUK FI/RAE fEMEAR RiD BEHUK
il &M i i #&H ol il &M i
(d) AGD (e) ASD (f) AGD
0 mm i mmE % ek E =4 F O mm s mmE P e i =4 0] mmiT emEE e HE ==4F
25t 25t 25t .
20} L L .
2 ( ‘ £ 0 . i g% 3 . :
a_;o ISF .* 3 * " ,_'; 15p * R “_GO 15F *
= . o . . ¢ = * .
< 1ot : : < 1ot . <ot
TR AT RN A
Ok .IO— .I+ I . A 1] 2 153- .;4- ¢I|I+ | S ok .I‘- .I+ I . | i
PiARAE HEMAR Rl HEER PARdE MEMAR Rl BER PiARAE HEMAR Rl HEER
i Ed O f it #dh L @ i Ed O f
(2) AG"O (h) AG™O (i) A8*O
0 ll .
=201
4o} ",
] ) *
-80F
-100} -100F
20| W mmE R e P AT S0 mmGT e TS R AT 20| W= mm T e |:.|¥$
PARAE HEMAR Rl HEEA PARdE MEMAR Rl BELR PARAE HEMAR Rl HEEA
it LM f it #dh L it LM f
() Ad (k) Ad () Ad
2 Stewart 2016 7 -2017 6 (/) . ASD. A0  Ad
Fig.2  Seasonal variation of / ASD A8"™0 and Ad in precipitation in Xinjiang by three Stewart model
improvement schemes from July 2016 to June 2017
04% . 4(d) L 4(e) . 4(1) ASD 4(g) . 4(h) . 4(i) AS™0
. A8D
AsD A8"0 ©) ©) 0. 25%0
A8D ® @ ® @ 2.56%0- 4(j) ~ 4(k) .
1. 19%o ©) @ 9.42%0, 4(0) Ad N



Stewart

309

%

AdD/%e

AG"™*0/%o

Ad%o

100

80

60|

40

100

sof
60|

40

20

=

25

201

n

=

25

20

20

HED HED VE 6]
100 100
i I 80T 80T ‘ T
. . 60| = 2 .
- \e‘ | * L] \c L -
N 8;’ 40 . %" 40
20 20
: : s ; ol— s : : ol— s : :
PR MEWR Rl HEK BisR4g MR RL HEUR MRAE  MEW/R Rl BEELR
1E: L (115 ok IIE:C] #hHh 1: Fosil) (115 Fosil) 1 .
(a) AEHAILD (a) ZEEFRLL( (a) ETALLY)
100 100
80T 80T
?E 60| . § 60|
. o =
<] | =] L - -
. . 40 * 40| .
| . Ll 14 |
—l 0 - 0
PR MEWR Rl HEK BrsRAe MR RL HEEUR MRAE  MEWR Rl BEELR
1E: L (115 ok IIE:C] #hHh 1: Fosil) (115 Fosil) 1 .
(d) AdD (e) AdD (f) AdD
25 28 S
20T 20T
s 15[ . 15[
. . 3 10] . 3 10 '
l I S _l l 5 _l l I
| 1 0 . ;
BrsRde  MEMR Rl HEK BrsRAe MR RL HEUR MR MEWR Rl BEELR
1E: L (115 i i #hHh 1: Fosi) (115 Fosil) 1 #hHh
(g) Ad"™O (h) Ad"0/%e (1) Ad"*0/%o
—T 25 —T 25
- T T 20f T 20f | T T
‘ . . 15[ . s .
i <10 10
5 5
i L i L 0 L L L i 0 L i i L
PysRdE  EMER Rl HEEAK BrsRgE  EER Rl HEK FI/RZE MERE/R Rl BEELK
i b lih Fdth i L Eo it & Lt Fh
() Ad (k) Ad ) Ad
3 Stewar 2016 7 -2017 6 (/) . AdD.
AS"0  Ad
Fig.3  Spatial distribution of f/ ASD A3 0 and Ad in precipitation in the four regions of Xinjiang by three

Stewart model improvement schemes from July 2016 to June 2017



310 41

HRD HRO
750 750 80°  85°  00°  OS°E 750 80° 850
% ] | > % e
50°N fo =60 . A 1 [o =60 o <60 = A 1 50°N
© =60~70 0 >60~70 0 =60~-70
©>70~80 | [e=70-80 | [e>70-80 A
150 |9 >80-90 1 [e=80-90-, 1 |e=80-90 e P

=9 ®:=90

40° K 1 40°
350 1350
AdD%o AdD/ 0
S0°N PO =10 Fo =10 50°N
©=10~20 ©=10~20
®>20-30 © =20-30 ;
450 L@ >30-40 = ] 450
40° 4 40°
350 350

A%

ASEO/%0
50°N fo =2 Lo <2 A 150N
024 ©32-4
©>4.6

40°F

350 b

Adl%o Adl%s Ad/%o
50°N po =-70 Lo =-70 lo <-70 1 s0on
©5.70<-50 ©>-70~-50" © >.70~-50 A
©>.50~-30" 0 >:50~-30 ® >-50~-30 v
450 | 93040 | 0 >-30=-10 ® =:30--10 s

: 4400
; : ; — ; : : _ . ; E{m. 35°
85° 90° 95°E 75° 80° 85° 90° 95°E 75° 80° 85° a90° 95°E
(J) Ad (k) Ad (1) Ad
4 Stewart 2016 7 -2017 6 () . ASD. AS®0  Ad
Fig.4  Spatial distribution of f ASD A3"0 and Ad in precipitation in Xinjiang by three Stewart model
improvement schemes from July 2016 to June 2017
N Ad Ad [ Ad
(Ad = - 24%0) - OR ® ® ) 1.0%0/ % (
< —24%o0 6 .6 22 1.074) @ 1. 1%/ % (

Ad 0.902) @  1.181 ~1.496%0/% » R’
® ) 0. 82%o 3 @ >0.85 3> @ >
11.10%o0. @ ( @ > @ >
2.4 Ad @) ( @ )

5 Stew art f (N



Stewart 311

RO RO HRO
0 0 0
sof K sob . sof ]
100} ,;,3 e s100f Y -100} 4
%
8-1501 g-150} g-150f 8¢
g o - . S .}" Ad=1.0891£-108.2655 g & AG=12449£123.3025
3 A Ad=1.0242£-101.8647 3 X ; 3 : ¢
2200 (R=09203, P<0.0001) [ S200F 40 (R=0.9394,P<0.0001) | S-200f ¢ (R*=0.8981. P<0.0001)
250 250} 250}

Ad=61.6147 Inf-284.3448 Ad=67.6491 In£-312.1401 Ad=78.1417 Inf:360.0242
-300 (R*=0.9789, P<0.0001) -300 (R=0.9780, P<0.0001) -300 (R*=0.9752, P<0.0001)
-350 s s : s -350 s s : ' -350 ' s : s

0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
A% 1% 1%
(a) B/RZ& L3 " (b) FTZR % 111 M " (c) B/RZ& Ll
-50 50t -50
-100f o -100} -100f
g-150f & ° £-150 .’ £-150
S o Ad=1.0123£100.6012 B & AGE1.0842£107.7559 3 A\ Ad=1.1978£-118.4492
<-200f (R*=0.9245, P<0.0001) | <-200F = (p—g 9425, p<0.0001) | <200F  (R=0.9032, P<0.0001)
250 250 250
S00b  Ad=60.9606 Inf-281.5933 a0k Ad=67.17321n£:309.9630 00l AdST42155 Inf342.0960
(R=0.9707, P<0.0001) (R=0.9739, P<0.0001) (R*=0.9734, P<0.0001)
-350 ' s : s -350 ' s : ' -350 s s : s
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
1% 7% %
(d) ¥EVE /R 7l 0 (e) WEME/R £ H 0 (f) HeWB /R 253
-0} . -0} g -0} o>
-100} -100} . -100f ¢
g-1s0f ° £-150 . £-150
S Ad=1.0087£-100.2002 S Ad=0.9023£-90.1657 $ Ad=1.18128:116.7686
<-200F (R?=0.9370, P<0.0001) <-200F (R*=0.9645, P<0.0001) <-200F (R*=0.9240, P<0.0001)
250} 250 250t
s0b  Ad=63.7002 1n/2294.2650 300 Ad=61.1185 Inf-281.6277 300k Ad=78.2968 Inf-360.7638
- (R°=0.9841, P<0.0001) - (R=0.9614, P<0.0001) - (R2=0.9875, P<0.0001)
-350 s s : s -350 s s : s -350 . s : s
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
% 1% 1%
(2) R il " (h) R Lty " (OB SIIE::
-50 -50
-100 -100
£ ) g-150 Ad=1.1386£-112.6920 £-150r Ad=1.4960£-145.2670
3 Ad=1.0741£105.5169 3 o~ 3 —LAI0N 1.
- L /g0 <- 2— < - —
2001 /3 {0 8543 20U 200 (R*=0.9105, P<0.0001) 200 (R*=0.8988. P<0.0001)
250f 250} 4 250}

Ad=662.7158 Inf-289.5935 o Ad=70.7607 Inf-326.5332 «  Ad=85.8936 Inf:395.8698
=300 e (R2=0A9614, P<0,0001) -300Fe (R2=0A956]’ P<0‘000]) -300Fe (]32:0,9799y P<0,000])
-350 s s : s -350 s s : s -350 s s : s

20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
1% 1% S1%
() IR AR " (k) ¥ B A . [OF-1iiV i

-50 -50
-100 -100

2 £-150 £-150f

S L& AJ=1.0377£102.8317 S Ad=1.1061£-109.8188 S Ad=1.34911:132.7563

<-200F /g (R*=0.8932, P<0.0001) <1-200 (R=0.9283, P<0.0001) |  <I-200 (R*=0.8968, P<0.0001)

250} « 250} 250} 4

Ad=61.9989 Inf-286.2635 * Ad=68.8505 Inf:317.6759 o Ad=81.4845 Inf:375.4246
-300Fs  (R=0.9689, P<0.0001) =300} (R=0.9666, P<0.0001) -300Fe  (R=0.9740, P<0.0001)
-350 s s . s -350 - s . s -350 s s : s

20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
1% 1% 1%
(m) H75E (n) Hrse (OFF
5 Stew art 2016 7 -2017 6 (N Ad

Fig.5 Relationship between f and Ad in precipitation in Xinjiang by three Stewart model improvement
schemes from July 2016 to June 2017



312 41
Ad >1.0%0/% ©) 1. 496%0/%
® 1.496%0/% . ( 1. 074%0! %)
@D 1. 0%/ %
3 0.902%0/%
@ 1.1%0! %
6172 Stew art ® 1. 181%0/% ~ 1. 496%0/% o
(f) Ad @®
Froehlich 18 ®
Kong % 6] )
Salamalikis 2
Kong *  Crawford * Wang
2 Stewart
Wang %
. Ad 4
6) © ® O @
. 2016 7 2017 6 66
22 45 -46 8
Ad = Stewart
® \ (
) ( :
) ; @ (1)
(/)
; ©) 850 hPa. 700 hPa . o ASD. A" 0
500 hPa Ad . . Ad
. . ( ) @< @®
o @< O @
® @ @® ® < O
~ (2)
€ \ (/)
. ( 80%) Ad
Ad .
Ad ©) (/) .« ASD . A8"0 Ad
@- .
f Ad .« A8D . AS"O Ad
1823 Froehlich ' f « AéD
. AS"0 Ad @ @
d-excess 1%01% 0.01% « 1.19%0. 0.25%c —0.82%0
Kong 7 ® D —-0.04% < 9. 42%0~ 2.56%0
Ad 1. 1%0!% ~11.10%o-
1.2%0/% Salamalikis ' (3) (f)  d-excess
1% Ad 1. 1%0 ~ 1. 3%0. >
( @ ) > > o
(N ( 1. 074%0/%)
Ad > 1. 0%/ % ) 1. 0%0! %



Stewart

313

10

0.902%0/% )
1. 1%o0/%
1.181%0/% ~1.496%0/ %
( @ )
1.0%o0/! %
@ 1.496%0/ % -

® ©

© @ ®

(References) :

Gat ] R. Oxygen and hydrogen isotopes in the hydrologic cycle
J . Annual Review of Earth and Planetary Sciences 1996 24
(1): 225 -262.
Liu Jianrong Song Xianfang Yuan Guofu et al. Stable iso—
topes of summer monsoonal precipitation in southern China and
the moisture sources evidence from 3'® O signature J . Journal
of Geographical Sciences 2008 18(2): 155 -165.
Aemisegger F' Pfahl S Sodemann H et al. Deuterium excess
as a proxy for continental moisture recycling and plant transpira—
tion J . Atmospheric Chemistry & Physics 2014 14 ( 8):
29721 -29784.
Zhang Mingjun Wang Shengjie. A review of precipitation iso—
tope studies in China: basic pattern and hydrological process J .
Journal of Geographical Sciences 2016 26(7): 921 -938.
Araguds-Araguds L Froehlich K Rozanski K. Stable isotope
composition of precipitation over southeast Asia J . Journal of
Geophysical Research Atmospheres 1998 103( D22) : 28721 -
28742.
Wang Shengjie Zhang Mingjun. Spatio-temporal characteristics
and influencing factors of stable isotopes in precipitation across

the Chinese Tianshan Mountains ] Quaternary Sciences

2017 37(5): 1119 -1130. .

I 2017
37(5): 1119 - 1130.
Kress A Saurer M Siegwolf RT W et al. A 350 year drought

reconstruction from Alpine tree ring stable isotopes J/OL
Global Biogeochemical Cycles 2010 24(2) 2018-0845 . ht-
tps: //agupubs. onlinelibrary. wiley. com/doi/full/10. 1029/
2009GB003613.
Steen-Larsen H C Masson-Delmotte V. Sjolte J et al. Under—
standing the climatic signal in the water stable isotope records
from the NEEM shallow firn/ice cores in northwest Greenland
J . Joumal of Geophysical Research 2011 116( D6): 161 —
165.
Wu Huawu Zhang Xinping Li Xiaoyan et al. Seasonal varia—
tions of deuterium and oxygen-8 isotopes and their response to
moisture source for precipitation events in the subtropical mon—
soon region J . Hydrological Processes 2015 29(1): 90 —
102.
Stewart M K. Stable isotope fractionation due to evaporation and
isotopic exchange of falling water drops: applications to atmos—
pheric processes and evaporation of lakes J . Journal of Geo-—

physical Research 1975 80(9): 1133 —1146.

16

17

19

20

21

22

23

24

25

Zhang Xinping Xie Zichu Yao Tandong. Mathematical model—
ing of variations on stable isotopic ratios in falling raindrops J .
Acta Meteorologica Sinica 1998 12(2): 213 -220.

Meng Yuchuan Liu Guodong. Effect of below-¢loud secondary
evaporation on the stable isotopes in precipitation over the Yan—
gtze River basin J . Advances in Water Science 2010 21(3):
327 -334. .

J. 2010 21(3): 327 -334.

Li Xiaofei Zhang Mingjun

temporal variations of oxygen and hydrogen isotopes in precipita—

Wang Shengjie et al. Spatial and

tion in the Yellow River and its environmental significance J .
Acta Geologica Sinica 2013 87(2) : 269 -277.

I 2013 87(2): 269 -2717.
Zhao Shikun Pang Shuoguang Wen Rong et al. Influence of
below —¢loud secondary evaporation on stable isotope composition
in precipitation in the Haihe River basin China J . Progress in

Geography 2015 34(8): 1031 -1038.

1031 - 1038.

Wang Yamin et al. Effect of sub-cloud

2015 34(8):
Li Zongxing Feng Qi
evaporation on the 880 of precipitation in Qilian Mountains and
Hexi Corridor China J .
2016 8(5): 378 -387.
Li Zongxing Feng Qi Wang Q J et al. The influence from the

Sciences in Cold and Arid Regions

shrinking cryosphere and strengthening evopotranspiration on
hydrologic process in a cold basin Qilian Mountains J . Global
and Planetary Change 2016 144: 119 —128.

Ma Qian Zhang Mingjun Wang Shengjie et al. An investiga—
tion of moisture sources and secondary evaporation in Lanzhou
Northwest China J . 2014 71
(8): 3375 -3385.

Froehlich K Kralik M Papesch W
precipitation of Alpine regions: moisture recycling J . Isotopes
in Environmental and Health Studies 2008 44(1): 61 -70.
Chen Fenli Zhang Mingjun Wang Shengjie et al. Relationship

Environmental Earth Sciences

et al. Deuterium excess in

between sub—loud secondary evaporation and stable isotope in
precipitation of Lanzhou and surrounding area J . Quaternary
International 2015 380/381: 68 —74.

Peng Tsungren Wang Chungho Huang Chichao et al. Stable i-
sotopic characteristic of Taiwan’s precipitation: A case study of
western Pacific monsoon region ]

Letters 2010 289(3/4) : 357 -366.
Salamalikis V' Argiriou A A Dotsika E. Isotopic modeling of

. Earth and Planetary Science

the sub—¢loud evaporation effect in precipitation J . Science of
2016 544: 1059 -1072.
Wang Shengjie Zhang Mingjun Che Yanjun et al. Influence of

the Total Environment

below-eloud evaporation on deuterium excess in precipitation of
arid central Asia and its meteorological controls J . Journal of
Hydrometeorology 2016 17(7): 1973 - 1984.

Kong Yanlong Pang Zhonghe Froehlich K. Quantifying recy—
cled moisture fraction in precipitation of an arid region using deu—
terium excess J/OL . Tellus B: Chemical and Physical Meteor—
ology 2013 65 2018-08-45 . https: //doi. org/10. 3402 /tel-
lusb. v6510. 19251.

Crawford J] Hollins S E Meredith K T

ble isotope variability and subcloud evaporation processes in a

et al. Precipitation sta—

semi-arid region J . Hydrological Processes 2017 31(1): 20
-34.
Ren Wen Zheng Xinjun Wu Xue et al. Effect of below-cloud



314

41

26

27

28

29

30

31

32

33

secondary evaporation on stable isotopes of hydrogen and oxygen
. And Zone

in precipitation over the east of northwest China J

Research 2017 34(6): 1263 —1270.

J. 2017 34(6) :
Zhang Shanqing Pu Zongchao

1263 -1270.
Li Jinglin. The spatial4emporal

variation of sunshine duration in Xinjiang during 1961 - 2010

J . Acta Geographica Sinica 2013 68( 11): 1481 - 1492.
. 50
] 2013 68(11): 1481 —1492.

Chen Rong Zhang Mingjun Wang Shengjie et al. Spatial and

temporal distribution of hourly rain intensity and its influencing

factors in summer of Xinjiang during 2008 — 2014 J . Arid
Zone Research 2017 34(6): 1240 —1249.

. 2008 -2014

I 2017 34(6): 1240 -1249.

Su Hongchao Shen Yongping Han Ping et al. Precipitation
and its impact on water resources and ecological environment in
Xinjiang region J .

2007 29(3): 343 -350.

Journal of Glaciology and Geocryology

2007 29(3): 343 -350.
Liu Youcun Jiao Keqin Zhao Kui et al. The response of pre—
cipitation to global climate change in the Tianshan Mountains

China J . Journal of Glaciology and Geocryology 2017 39

(4): 748 -759. .

I 2017 39(4):
748 -759.
Ma Yi Bai Lei Li Qian et al. The error analysis of the long

term air temperature and precipitation in Northwest China simula—
ted by WRF model J . Journal of Glaciology and Geocryology
2016 38(1): 77 -78.

] 2016 38(1): 77 -78.
Zhu Xiaofan
variation characteristics of precipitation of Xinjiang in summer

during 2008 —2013 J . Chinese Journal of Ecology 2016 35

Zhang Mingjun Wang Shengjie et al. Diurnal

(2): 478 -488. . 2008 -2013
J. 2016 35

(2): 478 -488.

Liu Wei Jiang Fengqing Li Xiaolan. Spatiotemporal evolution

of adaptive capacity to climate change in Xinjiang J . Arid

Zone Research 2017 34(3): 531 —540.

2017 34(3): 531 -540.

Zheng Du Yang Qinye Wu Shaohong et al. General physical

34

35

36

37

38

39

40

41

42

43

44

45

46

geography of China M . Beijing: Science Press 2015.
M .
2015.

Friedman I O-Neil J. Data of geochemistry: Compilation of sta—
ble isotope fractionation factors of geochemical interest M
Washington D.C.: US Government Printing Office 1977.
Criss R. Principles of stable isotope distribution M . New York:
Oxford University 1999.

Thurai M Szak I M Bringi V N

ratio distributions:  Comparison between 2D video disdrometer

et al. Drop shapes and axis

and wind-tunnel measurements J . Journal of Atmospheric and
Oceanic Technology 2009 26(7): 1427 -1432.

Szak I M Mitra S K Diehl K et al. Shapes and oscillations of
falling raindrops: a review J . Atmospheric Research 2010 97
(4): 416 —425.

Yang Jun Chen Baojun Yin Yan et al. Cloud precipitation
physics M . Beijing: China Meteorological Press 2011.
M
2011.

Best A C. Empirical formulae for the terminal velocity of water
drops falling through the atmosphere J . Quarterly Journal of
the Royal Meteorological Society 1950 76(329) : 302 -311.
Wang Jingfeng Chagnon F J F Williams E R et al. Impact of
deforestation in the Amazon basin on cloud climatology J . Pro-
ceedings of the National Academy of Sciences 2009 106( 10) :
3670 -3674.

Fletcher J Bretherton C. Evaluating boundary layer-based mass
flux closures using cloud—resolving model simulations of deep
convection J . Journal of the Atmospheric Sciences 2010 67
(7): 2212 -2225.

Yang Y M
tion in a GCM based on the Richardson number J . Climate Dy—
namics 2014 42(5): 1129 - 1138.

Kinzer G D Gunn R. The evaporation temperature and thermal

Kang IS Almazroui M. A mass flux closure func—

relaxation-time of freely falling waterdrops J . Journal of Mete—
orology 1951 8(2): 71 -83.

Best A C. The size distribution of raindrops J . Quarterly Jour—
nal of the Royal Meteorological Society 1950 76(327): 16 —
36.

Dansgaard W. Stable isotopes in precipitation J . Tellus 1964
16(4) : 436 —468.

Uemura R Matsui Y Yoshimura K et al. Evidence of deuteri—
um excess in water vapor as an indicator of ocean surface condi—
tions J/OL . Journal of Geophysical Research Atmospheres
2008 113 2018-0845 .
lication/228500285.

https: //www. researchgate. net/pub—



2 : Stewart 315

A comparison of sub-¢cloud secondary evaporation effect of precipitation
isotope in Xinjiang based on the Stewart model improvement scheme

ZHOU Su’e’  ZHANG Mingjun'  WANG Shengjie' > MENG Hongfei'
ZHANG Yaning' YU Xiuxiu'
( 1. College of Geography and Environmenial Science Northwest Normal University Lanzhou 730070 China; 2. Key Laboratory for
Ecology and Environment of River Wetlands in Shaanxi Province Weinan 714099 Shaanxi China)

Abstract: The sub-eloud secondary evaporation is easy to occur and change its isotope ratio in the arid and semi-
arid areas with low precipitation and high evaporation. In the isotope hydrology study it is necessary to have a
better understanding of variability in stable hydrogen and oxygen isotopes of raindrops from cloud base. The
Stewart model is often used for evaluation the change in isotope ratios in raindrops. Temperature and relative hu-
midity of raindrops falling under the cloud are the key input parameters of the model. Now the widely used at—
mospheric mean hypothesis is different from natural conditions the impact of which on the simulation results re—
mains to be determined. Based on the hourly meteorological observations at surface as well as the daily radio—
sonde observation in Xinjiang from July 2016 to June 2017 the effect of sub-¢loud secondary evaporation in Xin—
jiang was analyzed using the Stewart model improvement schemes (i.e. schemes 1) (@ and @) . It is found
that: (1) There are obvious seasonal variation of sub-cloud evaporation found by the three schemes the trend of
fis larger in autumn and winter and smaller in spring and summer and ASD A8 0 and Ad is smaller in autumn
and winter and larger in spring and summer. (2) Spatially Ad is less in the western region of Junggar Basin and
northern edge of Turpan-Hami Basin. In terms of f ASD A8" O and Ad the differences among the three
schemes are obvious in the Tarim Basin. (3) There is correlation between f and Ad. On the whole the slopes of
the three Stewart model improvement schemes are highest in Tarim Basin following by the Altai region and the
Junggar Basin and then the Tianshan Mountains. It can be found that the linear relationship between fand Ad of
the three Stewart model improvement schemes is larger than 1.0%0/% in Xinjiang except the second scheme in
the Tianshan Mountains the slope of the third scheme in Tarim Basin reaches up to 1.496%0/% which may be
due to Xinjiang located in the arid and semi-arid climate zone. There is no doubt that schemes (3) is the research
direction of sub—cloud secondary evaporation in the future.

Key words: Xinjiang; precipitation; stable isotope; sub-cloud evaporation; Stewart model improvement scheme



