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Fig. 1 Distribution of sampling sites of precipitation stable isotopes in the Yellow River Basin
1.2 BEKiR
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N Ak P, T2 KEEFM . 55—k B TH O, aiFEme, K, #
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Table. 1 Basic information of sampling sites of precipitation isotopes in the Yellow River Basin

i LhiEEIN 2PN E R m TR T R IAE EE/ ST
U4 34.92 98.26 4300 1 2009-2010 STk [24]
il 36.62 101.77 2261 / 1985—1987 ; 1996—1999 ik [22]
2290 36.05 103.88 1517 41 1985—1987 ; 1996—1999 GNIP
I 38.48 106.21 1112 33 1988—1992 ; 1999—2000 GNIP
3k 40.67 109.85 1067 60 1986—1993 GNIP
KIE 37.78 112.55 778 20 1986—1988 GNIP
&z 36.60 109.47 1020 12 1986—1987 Sk [25]

RS 35.53 106.70 1570 9 2003—2004 GNIP



[liif:3 34.30 108.93 397 60 1985—1993 GNIP

K 35.20 107.67 1200 18 2005—2006 ik [23]
il 34.48 110.08 2065 1 1986—1987 ik [25]
H 34.72 113.65 110 57 1985—1992 GNIP

HE 35.00 114.53 68 13 2005—2006 LR [23]
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(R A} 23 R A 2> I 25 GMWL, LMWL REEZEFIEER KN, AT MR = N ZIRZE K
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Table. 2 Meteoric water line equations for different precipitation amounts in the Yellow River Basin

Fég 7K B Yl /mm B BROKESRI/mm FER FEE /%0 R?
EXi15IN 293 14272.3 7.01 1.25 0.92
0~5mm 25 71.60 6.64 -2.85 0.96
5~10 mm 22 165 6.75 -2.25 0.94
10 ~ 50 mm 141 4080.1 6.80 0.43 0.88
>50 mm 105 9 955.6 7.46 4.26 0.90

FHER 2 W] RIS I P R B i LMWL 728 02H=7.016'%0+1.25 (n=293, R?=0.92),
RERAEFEA L GMWL 950, UL R 28] = F k&R semita, 2k
ELAAR R B A0 LMWL 72, B3R 2 W AR & sk b fk b, 7 R R R R A i 2
S A, RERH 7.46 (R 6.64, #EFEH 4.26%0 % £-2.85%0. IR FIELEE N,
T = N D IRFEREERZN, o mT HEW 5 2 A R R B BRI 2 30 17400 2 B A
ANBETR A A, g R T AW FOAE — 828, 3 2 A0 > 10 mm FEASH) LMWL R 3%
RO EEF- 2543 51 7.13 F1 2.34%o, 1M 0~10 mm BEA R AL I 1) 43 5] 6.82 F1-2.55%0, A
EE>10 mm FEAR = T IR ZE R T INGEZ; R R 306 0~10 mm B RAE A K LMWL i 5 p 5
o

22 SEREZRNEZ T TRELZHFMN

NHEWT =T IRERGEARERE KRR, AREAF IR ERLEHE, 75
T 0~10 mm BERFEA ) LMWL RERFIEEE (& 3).
®IEAREARSIE, AREMETEERNFKEMRZMASKESE
Table. 3 Precipitation isotope and meteoric water line equations for different air temperature, vapor pressure and relative
humidity in the Yellow River Basin

RRER TR HERE OPH T/ % 010 TIME/%  REER /%0 R?

<0 14 -86.87 -12.70 6.43 -5.73 0.97
0~5 14 -58.97 -8.57 6.82 -0.40 0.93

SIEIC
5~10 8 -70.33 9.79 6.45 -7.13 0.97
10 ~ 20 11 -26.60 -3.81 5.97 -3.81 0.57

JK¥E H/hPa 3 11 -84.81 -12.28 6.39 -7.40 0.98




3~6 24 -64.57 -9.33 6.72 -1.78 0.95

>6 12 -34.52 -4.95 6.47 -2.41 0.86
50 9 -77.94 -11.08 6.93 -1.05 0.98
50~60 17 -62.98 917 6.29 -5.26 0.97
AR 1%
60~70 15 -45.59 -7.18 6.94 -0.48 0.90
70~80 6 -73.50 -10.04 6.90 -13.80 0.85

M2 3 AT, BHESIRIITHE, %0 F 6%H BHEIK, 7EAUR 10 'C~20 CYuRE N 60
AT O?H IS 1 H-3.81%0F11-26.6%0. LMWL R [%Z 5,97, RISIRME, = F k%
REGRZ] R BRI R (VP S R R, ATATREE VP 38K, 6'%0 fil 0°H
HHEHE K. 7E VP<<3 hPa i} LMWL #HRFEEE)/NT 3 hPa<<VP<6 hPa fl VP>6 hPa, H
PEHEMAKIK RN, = B IRZERESRE; AHGHERE (RHD X LMWL f5zmid, 24 RH 7£
50% <<RH<<60%H}, RIZFFI#LES> AN 6.29 F1-5.26%0, 7EUMLIX [A]3E Fl N 2= F K78 K 5k
Fl. 124 RH 78 Al X A #7148 6.92, X —ikZE RSB, EEFERZERE RH 1
KA KB HIA, VP A2k, HIE R KR RR TR a2, g8 BRTiA, AR
E, BUE KRR RAHE B R, = N IR R R
2.3 T RIRZEAR Stewart {283
2.3.1 BRI FE K FNL TR = T IR R ] R 254k

TR R R AL (D) % AR WE 2 o, 1 A, PER 96.04%, H 1
HZES5 A FZWE/N, TIRGFERBHH, 25 HiAFIEME, FE%E 86.23%, 5 HZ)A,
f OB, REEBWRN, 1L AESE LA, SIRERBN. FWRE L, FFA
BB RERBNWEL MBIRZ, XFTH/N. AFHRKZAEERR, Iz REME, W
N KRBT MHEEFEREET, B ESEENES, Fiks FoRER
FHECRK AR

21985 £F 1 B~2015 F 12 AAAREHRARKLE () A%WL
Fig. 2 Monthly variation of f in the Yellow River Basin from January 1985 to December 2015
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K 3 BRI 1985 4 1 H ~2015 4F 12 H# A R4 () K2 484k . i & 3a af %0,
FHZEUAELNRERZER XA f 5/ (<80%) , = F REKBNIES, MFEFHX. Tt
DX\ EVATIXfR 7 22 A0 DL 22 N AR R I 52 X R 35 7E 80%~85%2 [, LG T MARER HIARIE-F
T < TEIAT X AT R HE DX M, f E 85%~90%2 [A], 1M LAFSZ AAEMERX . EHX
K EAMED . BHEXPEE, 7 90%~95%2 1], = F IRFERBMES; BEFH XK



3k f 7£ 80%~85% [H], ZEH X S X Er) = M AE B H X e %2, f1E 85%~90% [f],
AR -T WA X . JETT X S EXCRIE B H X IR, f H7E 90%~95% 2 [H]; 5 Fd X f>95%,
= FIRZER BT . RRETER X PR P f K £>95%, = F R RET, HpXik f 1
1 90%~95%2 [A]; AZBIMX . S H X FMZERXILE, f1>95%, 7 i i A E K Z 1 L fil
AR, HA X f EIPE 90%~95% 2 []; M AR E, S H X fZE X f 7F 85%~
90%_2 ], HAIXIHIAIAE 900%~95% 2 ], L ERIAl, S~ F IRER KA TR, HE
FE. AL, FHX. FRX, TR XA X2, EhRR RER AR,
HA XA N

31985 £ 1 A~2015 £F 12 ARAREELFKL () =EEKL
Fig. 3 Spatial variation of f in the Yellow River Basin from January 1985 to December 2015

4 NPT Ad B IS ERAE. W& 4a F1 4b iR, SR XALEHEZE Ad 5<-20%0,

= N oRFERE S, FH X HETR<-20%F+ % 2 Z51-20%0~-15%0, 5 Bk H DX AFNTE X 1) 7
%, Ad HIFEZE-20%0~-15%0 Tt 2 B 75 [1]-15%0~-10%0, T 8 X 172 -10%0~-5%0 1 & H 1) =
-5%o, FRIZE-T5 I IX o VAT X PE AN VEX R0, Ad BB ZE1-15%0~-10%0 Tt 2 & Z=[1-10%0~
B5%o, MZHXEE. HMX KR, HEMEHEXKTEE, HEEF Ad BRRESRL; KEE
R EZE Ad B, HARSH X S XACERER X AR, Ad 2B ZE1-10%0~-5%o
TFEAFN)=-5%0, = N IKZERZT, ERIXTGERKE Ad RAERKAEZL, 1P Bk
ZE 1) =-5%0 4 22 4 Z211-10%0~-5%o0, J5 K T fE 5 R SRS AE O, LR IX I R R AR b 4
ERE, FHIX. FEHRX . FEH XFEXAEL, Ad ¥ITE-15%0~-10%02 7], FH AR XI5
A F-10%0~-5%o0.
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Fig. 4 Spatial variation of Ad in the Yellow River Basin from January 1985 to December 2015

2.3.3 ARIAGE RN I B 5 78 R TR TR SC R IR

PENG 2578 4> H7 v [H & 75 1 [X 7K 1 D-excess AL R (Ad) 5EKFIRLL (D 1%
R, RILZFEAFEL) L1%/ %R FR, WZEREREIM 1.1%, WFEKF D-excess Jk/N
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B 0~5 CIAR) 1.12%0/%;  FEAS [FIAH X9 FE 0 BBl AR AR, Herh 50%~60% (X 18] P £k
PR R REUEF) 1.70%0/%,  40%~50%31 [ N 261 RN 1.27%0/%, 40%~50%;i [ Py 26 1
KABEMIR R BT RH B, KA T8, FRTE N B R o 52 B 2 ) 28 &k 11218,
= A I R 2R B30 00 3 P AEAS Ad 5 f R REREE, T 50% ~60%[X [11] Py 287 5% 508 B
(1.70%0/%), & 3 H RH fELLIX B P LMWL R} 6.29, 1EHARIX ] 6.92, HIL
WS AR, SRR S RH BUIRA K, 18] §E52 3 BK &AM . RH fEH AR IX R
BNER BN 1.12%0/%. HIE 5 TTAE T ZIRERER A REARS R EM T AR
ERVER . — kb, SRR, B KR DR EERUKVR RN, = F kR R SRS,
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Fig. 5 Relationship between Ad and f at different meteorological conditionsin the Yellow River Basin from January 1985 to December
2015
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Influence of sub-cloud secondary evaporation on stable isotope
composition in precipitation in the Yellow River Basin

CHE Cun-wei', ZHANG Ming-jun’*, WANG Sheng-jie'?, DU Qin-gin’, QIU Xuel,
MA Rong!

(1 College of Geography and Environmental Science, Northwest Normal University, Lanzhou 730070 , Gansu, China;

2 Shaanxi Province Key Laboratory for Ecology and Environment of River Wetlands, Weinan 714099 , Shaanxi, China)

Abstract: The sub-cloud secondary evaporation of raindrops falling from cloud base to ground

affects the stable isotopic ratios in the raindrops. It is of great significance to understand the

changes of precipitation stable isotopes in water cycle studies. The isotope data in precipitation



were acquired from the Global Network of Isotopes in Precipitation (GNIP) and the related
literatures across the Yellow River Basin. The relationship between sub-cloud secondary
evaporation and meteorological elements was analyzed using local meteoric water line
(LMWL). Based on an improved Stewart model, the change of the evaporation remaining
ratios of raindrops (f) and the difference of D-excess from sub-cloud to ground (Ad) were
quantitatively calculated. In this model, the heights of falling raindrops were estimated as
Lifting condensation level (LCL) using the in-situ meteorological measurements.  The stations
cover the main climate zones across the Yellow River basin, which can represent an integrated
pattern of sub-secondary evaporation in the study region. (1) The results showed that the LMWL
of the Yellow River Basin is §°H=7.016'%0+1.25 (n=293, R?=0.92), and both the slope and the
intercept of LMWL are smaller than that of the global meteoric water line (GMWL), indicating
that precipitation isotopes are affected by the sub-cloud secondary evaporation. The precipitation
of 0~10 mm per month indicates a significant sub-below evaporation effect. ~ And the higher air
temperature (or the lower vapor pressure and relative humidity) may result in the greater
sub-below secondary evaporation. (2) From spring to winter, fand Ad gradually increased, and
sub-cloud secondary evaporation gradually decreased. According to the climate zoning in China,
the larger inter-annual variability in sub-cloud evaporation is exhibited in the sub-regions of Inner
Mongolia-Gansu, Central Inner Mongolia, Shanxi-Shaanxi-Gansu and part of Weihe River
(especially Xi'an). In contrast, smaller inte-annual trend can be seen in the sub-regions of
northern Qinghai, Qilian-Qinghai Lake, part of Weihe River (Pingliang, Changwu and
Huashan), and Shandong-Huaihe River. (3) The linear relationship between Ad and f was
different under various meteorological conditions as well as geographic locations, and the
regression coefficient in the empirical formula should be treated according to local meteorological
backgrounds.
Key Words: stable isotopes of hydrogen and oxygen; sub-cloud secondary evaporation;
precipitation; The Yellow River Basin



