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The influence of the composition of precipitation on the stable isotopes in precipitation in the
monsoon region of China: a case study of Changsha
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Abstract: Background, aim, and scope As the most typical monsoon region in the world, the study area,
monsoon region in China, is the main part of the East Asia monsoon region, and the variation characteristics

of precipitation isotopes are directly influenced by monsoon circulation. Changsha belongs to the typical
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sub-tropical monsoon climate. The process of precipitation formation is complex and diverse under different
weather or different seasons, therefore, Changsha is an important place to study the characteristics and
influence mechanism of stable isotopes of precipitation in monsoon region. Precipitation composition refers
to the fraction of convective or advection precipitation in the total precipitation, and different precipitation
composition exerts large impact on the stable isotopes composition of precipitation. Our aims were to reveal
the differences of the influence of different precipitation compositions on the precipitation stable isotopes,
and to deepen the understanding of the variation regulation of stable isotopes in the process of precipitation
formation in the monsoon region. Materials and methods From January 1, 2014, to December 31, 2019,
the precipitation was collected at the meteorological station of Hunan Normal University at the foot of
Yuelu Mountain in Changsha. All collected water samples were tested for stable isotope ratios of oxygen
and hydrogen using a Isotopic Water Analyzer (DLT-IWA-35EP, USA) at the Meteorological and Climatic
Laboratory of Hunan Normal University. Based on the observed daily stable precipitation isotopes data in
Changsha and monthly GNIP precipitation isotopes data, by using the method of mathematical statistics, this
paper analyzed and compared the variation characteristics of the influence of different timescales, different
season periods and different precipitation intensities on the stable precipitation isotopes. Results The results
showed that, on the daily and monthly timescales, in the warm half-year, CPF decreases with the increase
of total precipitation, while in the cold half-year, CPF increases with the increase of total precipitation.
Whether in the warm or cold half-year, ¢'*O in the precipitation at Changsha station constantly increased with
the increase of CPF on the daily timescale. The slope of ¢'°O — CPF linear regression equation increased
with the increase of precipitation intensities in cold half-year at Changsha, and decreased with the increase
of precipitation intensities in warm half-year. Discussion Changsha is located in the East Asian monsoon
region. Due to the seasonal movement of planetary pressure belt and wind belt, the intensity of convective
activity varies significantly in different seasons. The difference of convective intensity in cloud resulted in
the difference of the correlation between convective precipitation fraction (CPF) and the total precipitation in
different seasons. In the warm half-year, CPF decreases with the increase of total precipitation, while in the
cold half-year, CPF increases with the increase of total precipitation. The formation processes of convective
precipitation and advection precipitation are different, and the sources of water vapor and the condensation
temperature during the formation of precipitation are also different, so the stable isotope abundances in
precipitation are significantly different. Usually, stable isotopes in precipitation are relatively positive when
CPF is large, and relatively negative when advection precipitation fraction (APF) is large. Because the
intensity of convective activity in different seasons will result in different precipitation composition, the
influence of precipitation composition on stable isotopes in precipitation was stronger than that of amount
effect in cold half-year compared with warm half year. Conclusions Regardless of the seasonal periods
and time scales, the precipitation composition in the whole monsoon region of China including Changsha
has a significant impact on the stable isotopes in precipitation, and the 6'°O in precipitation increases with
the increase of CPF. Recommendations and perspective The results can provide a theoretical basis for the
reconstruction of paleoclimate, strengthen the understanding of the importance of precipitation composition
on the influence of stable isotope composition in precipitation, and further the understanding of the
influence mechanism of precipitation formation process in monsoon region on stable isotope composition in
precipitation.
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Tab. 1

Correlation coefficients between the monthly anomalies of CPF and §'*0 at GNIP stations in monsoon region of China in

three periods: an entire year, warm half year and cold half year

HHEREL AR EL
_ (i Related coefficients - i Related coefficients
Stations Location EFEQL’E,& WEp47 R Stations Location ﬂEHTj‘EfXL WEpAR A
Anentire  Warm half  Cold half Anentire  Warm half  Cold half
year year year year year year
Kb 113°04'12"E, r=0.15 r=0.25 r=-0.05 AR 104°01'12"E, r=—0.07 r=0.00 r=—0.41
Changsha 28°12'00"N n=57 n=29 n=28 Chengdu 30°40'12"N n=67 n=>52 n=15
aw)'d 114°07'48"E, r=0.32 r=0.24 r=0.64 S 5YE 106°52'48"E, r=0.12 r=0.14 r=0.06
Wuhan 30°37'12"N n=50 n=27 n=23 Zunyi 27°42'00"N n=74 n=37 n=37
AE PN 119°16'48"E, r=0.16 r=0.14 r=0.19 FRHN 113°39'00"E, r=0.17 r=0.13 r=0.23
Fuzhou 26°04'48"N n=71 n=37 n=34 Zhengzhou 34°43'12"N n=57 n=32 n=25
E 102°40'48"E, r=0.33 r=0.39 r=0.31 MaE 121°24'00"E, r=0.25 r=0.43 r=-0.23
Kunming 25°01'12"N n=152 n=86 n=66 Yantai 37°31'48"N n=44 n=30 n=14
(f%%L  To be continued )
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(2:£% 1 Continued Tab. 1)
FHRFREL LIESY1
S rm . Relateci c‘(iefﬁcients‘/\ _ o m Relatedfc‘o/efﬁcients‘ _
Stations Location AR B L FeRAE Stations Location AR BL BEAAF RoRAE
Anentire  Warm half  Cold half Anentire  Warm half Cold half
year year year year year year
ik 114°10'12"E, r=0.08 r=0.32 r=—0.09 PN 117°10'12"E, r=0.26 r=0.06 r=0.58
Hong Kong 22°19'12"N n=450 n=236 n=214 Tianjin 39°06'00"N n=64 n=40 n=24
ARE 114°25'12"E, r=0.09 r=0.09 r=0.03 [liiES 108°55'48"E, r=0.18 r=0.30 r=-0.28
Shijiazhuang 38°01'48"N n=146 n=387 n=59 Xi’an 34°18'00"N n=59 n=35 n=24
A5 118°10'48"E, r=-0.05 r=0.09 r=—0.18 R 126°37'12"E, r=0.20 r=0.33 r=-0.98
Nanjing 32°10'48"N n=>58 n=33 n=25 Harbin 45°40'48"N n=35 n=29 n=6
M 109°24'00"E, r=0.06 r=0.19 r=0.02 =D 103°52'48"E, r=0.15 r=-0.11 r=0.46
Liuzhou 24°21'00"N n=>53 n=28 n=25 Lanzhou 36°03'00"N n=41 n=28 n=13
s3] 110°21'00"E, r=-0.03 r=0.07 r=-0.17 FFFFMAIR 123°55'12"E, r=0.03 r=0.16 r=-0.13
Haikou 20°01'48"N n=>59 n=37 n=22 Qiqihar 47°22'48"N n=>50 n=28 n=22
A 106°43'12"E, r=0.09 r=0.34 r=—0.41 )1 106°13'12"E, r=0.26 r=0.28 r=0.47
Guiyang 26°34'48"N n=58 n=30 n=28 Yinchuan 38°28'48"N n=30 n=19 n=11
E7N 110°04'48"E, r=0.12 r=0.27 r=-0.03
Guilin 25°04'12"N n=92 n=48 n=44

FAEHHUAFIRASE R B IS E 0.1,

The bold in the table indicates that the reliability of correlation coefficient was 0.1 or higher.

=20

=50

-10

30

70

R BEAK G L BESFE Adcpr/%
A% 4S80 §1%0 in the cold half year

afEE4ES0  6'%0 in the warm half year

----¥ R4 F 94k The regression line of the cold half year
—-—BE¥4F[E 34 Theregression line of the warm half year
—ERF BB JH4E  The regression line of an entire year

KI5 EZEIX GNIP s fEAR | AR S PARRTBEA

Rk rh 60 J BEPEHO TR A K i T BT B AR DG IBcA

Fig. 5 Correlated scatters between monthly Ad"*O and A4,

at GNIP stations in monsoon region of China in the entire year,
warm and cold half year

0"*0—CPF
FRAE AT SCAAT, R X G B B 1 2 1
£ %, IR CPF R B X7 58 B A 34k
MR, R CPF 32 0L o & 227 AR AL i 52
i, CPF 5[k 6"°0 AYIEAM 566 R ATEATfa 2
THEBRREAEAE . AIRIEAEZETT PN 2 B FIREE 7K
SREEMI K, CPF 5K H 6°0 Y IEAH G R 2
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2.3

Bz, LR, M
UHPEAR . WA RIS AR B AS [l R KSR B H
CPF 5 HEE/KH 60 MR RIA T (£ 2) .

A HBERET, AFEZENHH CPF 5 HRE
K H 50 B AN DG, YAoK R K
FERE 2 AERT B, CPF 5K 6°0 itk [m] 5 05 i
FIRERIE /N, B 6'°0 Fii CPF 36 A i 4 K (1) 8 i
/Ny ARV ARRTEE, 6'°0 —CPF AP (R /E 14
K, B 60 b CPF 3K R MBI A, T
R K R B AE — B b R Xt 5 55, R )
AR Ak T L1 B A 7K B G 3 e B R A% el AR
CPF L&k 60 Z X L R . i T IR
XL % B B 5 B AR G TV AT T, AR AT
B, TEXTTE S A RAGIG I, RHiess . FEKoR
RS, XIS S A R K T APF RCfiiB R, BE
TR RS (RIS, 28 Mg 171 o 0K E— 28 i R R K
BN IS4 (Kurita, 2013; Sun et al., 2019)
MAER AR B, %P TG sh A 55, Bl X it o
JEE FIREE 7K 5 5 38 K CPF 73 K, MR K
FeE R R AR AE B KRR BORT 3 /K RS R 3R
(4 1 ] 5 e KT T B 7K B R00E ) 7 ) S e, X
XoF VAL 17 2358 B 1) 2 1 P 2 S 01 B2 2 A i K ) 0T
KK rh RS RIS, R s e B T Rk N, ¥
AR R KA O R K AR TRl R B R RIS T
R K S AU A5
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2

KPR A B LA B AN [ Bk SRR AR H ALK 7 L 5 H 7K vh 60 AIDGSE R AL

Tab. 2 Variations of correlation between daily CPF and 60 in precipitation with different precipitation intensities in Changsha
in three periods: an entire year, warm half year and cold half year

Fof ] R A B S8 HF%/KiRE  Daily precipitation/mm
Timescale Periods Parameters <5.0 <10.0 <<20.0 <<30.0 <<60.0 <<150.0
Rh /A
$Jr$. - 1.19/-4.82 1.32/-5.15 1.36/-5.42 1.35/-5.51 1.24/-5.60 1.20/-5.62
p Slope/intercept
An entire AR . 0.13%%* 0.15%* 0.14%* 0.14%* 0.12%* 0.12%*
Related coefficient
. FEA
! 403 558 685 755 807 817
Number of samples
R/ A
ge_;g. e 2.78/-6.55  2.64/-6.63  2.51/-6.85  2.46/-6.88  2.31/-6.98  2.41/-7.13
H Slope/intercept
Daily B HHOCHREL
. Warm half . 0.22%%* 0.21%%* 0.19%** 0.19%** 0.17** 0.17%*
timescale Related coefficient
year R b
! 178 241 304 350 392 403
Number of samples
RER / #0E
?—PK. . 1.83/=4.58  2.00/-4.98  2.29/-5.28  2.36/-5.37 2.42/-5.44
Yook Slope/intercept
: HIXRH
Cold half . 0.21** D225 D255 02555 0.26%**
Related coefficient
e FA B
: 225 317 380 404 414

Number of samples

FAHH*

O] e SRRSO R B MR BEIAE 0.05. 0.01 110.001,

The reliability of * , ** and *** in the table is 0.05, 0.01 and 0.001 respectively.

Feldy, XHKVPIHTEAR . WP AR A AR I
&Z:E“}%ﬂ(g%ETH AAcpp 5H F%ﬂ(q:‘ A0 HH
KRR (F3) o HHBERETRYZE
AL, FEARET, FEREKSREE (A KR
FE/NF 200.0 mm /N T 600.0 mm B ) B4k, 7E
B2 2P 4F, AGO—Adep: RERFEW/N, TRV LA,
NSO —Adcpr RERTER R XG5 BRI REEDIE T
HI Tz . V2 PAEX I 2 AN [R] S B KAL) A

), DTS A AT R KRR R /K PR A [l 3R
A2 i T AR RN IS S AT 3R
R BEREKGREEFIE R, ARRIZETH B Adqr SR
K ASTO [T BRI APRASE AR . TR
eAE H FK SR /T 100.0 mm LKA 4E A K
SREE/NT 60.0 mm FUREAAR /D, X SRR K
SRR, Adep 15 AGTO MR R MG LR
PREIEA A0

%3 RUHIARRIN BB A IR KSR B A AF T XTTRFK & b H B 5 K 60 H BESFEAH S R ARk
Tab. 3 Variations of correlation between the monthly anomalies of CPF and ¢'°0 in precipitation with different precipitation
intensities in Changsha in three periods: an entire year, warm half year and cold half year

s i) RUBE By Bt SR H %Ki Monthly precipitation/mm
Timescale Periods Parameters <60.0 <100.0 <<200.0 <600.0
A #I% / #HH  Slope/intercept -2.71/1.19 2.27/0.37 3.51/0.30 3.67/0.27
An entire MK ZREL Related coefficient -0.18 0.15 0.29% 0.32%*
year FEAAEL Number of samples 19 36 60 72
H I 4E BER /REE  Slope/intercept - 2.55/0.52 4.43/0.30 4.33/0.28
Monthly Warm half FIFEFREL  Related coefficient - 0.12 0.38* 0.42%*
timescale year FEA Number of samples - 10 26 36
e BER /#H  Slope/intercept -3.21/0.94 2.01/0.30 2.45/0.30 2.62/0.26
Cold half MHKZAEL Related coefficient -0.25 0.14 0.19 0.20
year FEAAEL Number of samples 16 26 34 36
Fepgrfrx o R e SRR OC REUWAE A E] 0.05. 0.01 F10.001

The reliability of * , ** and *** in the table is 0.05, 0.01 and 0.001 respectively.
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TR HIX HEKPRER MR, BKE
() SR W DA, DL AR 4 TAEA F1 ECMWE 1)
A BK [R5 2 B0 0 CPF %4, 78 H A A i) )8
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K B SRR SRR R K AR (R 3R AR DG OE R 1Y
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CPF [ P B3GR /Ny ARV AR, 22RO
TGS AR URE 4505, CPF Bl P A 38 K 14 K
XL R B 1 2 A Ak 1 T AN [ 22 I B: CPF
5 P ZAIFHC R 2E R

(2) TBTEMAZA B, df K I TEN K
P EZRRUX R, RS R R K rh AR [ 2R
AR, Bk 6°°0 B CPF 34 KmiE K.

(3) X iR B 1 2 M 2 S (AT AR N T
A, Y PAR B B R K A O e K AR E TRl R Y
S5 B K SO0 (S, DR ARV AR R VD
HBIX 6'°0 — CPF L 1] U5 O e A A 2R ot g 7 it 13
(38 Kk, M EWE e 4F, 6'°0 — CPF AbR b
R 7K 588 B 8 R T s/ N o
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