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Abstract Increased concentrations of greenhouse gases caused by human activities have been contributing to climate
change. The impact of human activity on the spatiotemporal variations in precipitation patterns has been an important
focus of study. This paper takes the Yangtze River basin as an example for study. Daily precipitation data observed from
1961 to 2016, and daily precipitation simulation results of using the CAMS5.1-1degree model in the International CLIVAR
C20C+ Detection and Attribution Project, were used to analyze the contribution of human activities to the spatial,
temporal, and trend variations in annual precipitation and three extreme precipitation indices over the Yangtze River
basin. Simulation results, which included both anthropogenic and natural influences, were close to observations. Using
statistical methods, model simulation ability was tested. It can be concluded that the average result of multiple runs of the
actual scenario was more reliable for the simulation of precipitation over the Yangtze River basin. By comparing
temporal and spatial variations when accounting for the impact of human activities, average precipitation over the
Yangtze River basin showed a decreasing trend when compared with natural forcing only, and this decreasing trend has
intensified over time. The increasing trend in extreme precipitation, as affected by human activities, has weakened over
time. Based on spatial differences in average precipitation and extreme precipitation trends and percentage anomalies, the
areas most affected by human activities were shown to be the upper central and southeast regions and the middle and
lower southeast region, all of which showed a decreasing impact. However, in the southwest of the upper Yangtze River,
extreme rainfall has increased significantly due to human activity. Increased flood prevention work is recommended for
this area. The most significant period for the reduction of average precipitation caused by human activity was 2000-2009,
and the sharpest seasonal decreases shown during autumn and winter. The impact of human activities on extreme
precipitation was positively correlated with the extreme degree of precipitation. Compared with general heavy
precipitation (R90p), extreme heavy precipitation (R99p) was affected by human activities with a greater range and more
significant differences in spatial distribution.

Keywords Yangtze River basin, Human influence, Trends, Precipitation
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Fig. 1 Spatial graph of Yangtze River basin
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Fig. 2 Annual variability of percentage anomalies for annual precipitation in the Yangtze River basin relative to the reference period (1961-1990)

and the 95% confidence interval of observation (Obs: observation, Nat-Hist: counterfactual scenario, All-Hist: factual scenario)
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Fig. 3 Spatial distribution of percentage anomalies for annual precipitation in the Yangtze River basin relative to the reference period (1961-1990):
(a) All-Hist; (b) Nat-Hist; (c) Obs
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Fig. 6 Spatial distribution of the linear trend [units: mm (10 a)™'] of annual precipitation: (a) All-Hist; (b) Nat-Hist
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Fig. 7 Spatial distribution (1961-2016) of percentage changes for seasonal precipitation of the Yangtze River basin All-Hist relative to Nat-Hist: (a)

Spring; (b) summer; (¢) autumn; (d) winter
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Fig. 8 Spatial distribution of percentage changes for annual precipitation in different periods of the Yangtze River basin, All-Hist relative to Nat-
Hist: (a) 1960-1969; (b) 1970-1979; (c) 1980-1989; (d) 1990-1999; (e) 2000-2009; (f) 1959-2016



K A B %

Chinese Journal of Atmospheric Sciences

1274

43 %
Vol. 43

KA, FE£2000 1k 5] 44.8% (5K F AT Bt
Mg, 2005), AT LN I 2y D 5 e [ s T Aff S5 7E AN
Whn A, AT 5 SR VLI 2 B K ekt S 30
H—E AR A
3.3 AZEFEFHXHCT IR ISR 55 B 7k B = ZE L4 AE
=apA1)
R 2] T R e A g R SN

5, AR A K BRE T SR N2 06T, AR IE I 4y
B T s W A i 5 R =M P K Fe % (R9Op
R99p A RXS5day) i 23 AR AHRFAE JE— D4R 50 N2
ST DS i e A e @] U A TR

9 25 H IR 2 K VT i 4K All-Hist.  Nat-Hist 55 5
T I K ) A i B /K B SO TR HERA (1961~
1990 4F) MR 1 73 PR . B 9aH R99p #H

| | | | |

60%

40%

Percentage anomaly

Obs
Nat-Hist
All-Hist

]
I
I
I

]

L B B B S

Percentage anomaly

Obs
Nat-Hist
All-Hist

T

I

LA I I I Bt I B I B I

-40% — I | T I
30% | | | | |

20%

10%

o

<|
~
_-:;_
.
-
< >
SNedzZ:
_—
~,
2
-
——

7
///
TS
s<

—
< S
\\
3>
L=
<
R
- -
~
—_—
PR
N

I~

>

-
-

——tnl
N
§ ~
> < _
L B L L B B L

-10% -

Percentage anomaly

-20%

-30% 1y

Obs
Nat-Hist
All-Hist

| | | \ | | | |
1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

Year

B9 KITFsEAxFHRvED] (1961~19904F) ) (a) R99p. (b) RIOp Al (¢) RXS5day M b /K 6 BUHE T 17 70 ZR I AEBr AR 1k

Fig. 9 Annual variability of percentage anomalies for extreme indices of the Yangtze River basin relative to the reference period: (a) R99p; (b)

R90p; (c) RX5day



6 #
No. 6

WS NRIEBIN 1961 ~2016 FEK IR % /K AR A4k 1 7] g 52

SHA Yi et al. Possible Effects of Human Activities on Trends in Precipitation over the Yangtze River Basin from ...

1275

X A T S8 R FE P 1 20 2R A B P 1 5
N RNk, 2016 SN 1) IE BE S H 2 i
KAL) 68.34%, 1M 9b. ¢ H1R90p. RXS5day 7
NI FTPE R 5 T YA R AR S X
AR EE RS M2 5, 2R B I 8] R Bl TR A
A, i BB O T4 R AR A0 LR
CIET

NT R TN 2 Bl % K VI I AR iy B K A B
AL DTk, FRATTHE T 1961 ~2016 4 5% # i %
K F8 W T I 5 43 50l AE 6 T Nat-Hist 5 #E B 1
FEFE %, B0 G H T & A ARERMER R
(R F o RAERRAR AL, P 4% iih 26 1) 22 ) B0 3R
U T N ST B 52 0 B3 R B i A K B IR AR
BRAsfb . 25K, WA S I BE P B 4 R bl R
B ASRAR 5, BEPEHSRHALIE,
Tt W K VT 908 I ity 5 A 7K 2 o ) 1) S 522 084 o AR £
(7. EX L RS SR 2 mT 0L, All-Hist 5 5% 1)
PRSP B 43 R 45 258 Nat-Hist 15 560w/, B3R
N 23 Bl %6F B sty [ 7K TR 38 00 A7 7R 1 55 10 1
R, R 2 PR S S EE T A o R 3 2/
FWT,  All-Hist 1% 5% 0 57 1 49 28 80/ i 5 ik B
K F Nat-Hist 15 5t ,  fH bt n] DLUE B A 2835 3
AT R T K VT AL AR i e 4 7K 3 ) 55 G Y B
ZAFH A (5

& 11a—d /& All-Hist /% Nat-Hist 15 5t T K YL,
1961~2016 4F — M 5 F& K . (R90p)  ITAR 3ty 5 [
KE (R99p) T8I 4F (AL 35 25 [A] 43 A o

EIRLREA, {ENat-Hist 5 F, KILERBAE S
Hi[X R9Op AT R99p AR B AIE Iy, b B
W sA s A W, T _E i T S DX R A i
Fish DX U /N BE 2 o X6 LE R9Op 5 R99p A%
fhia 3 A, AT LLAR IR R90p A AN [F] T R99p 73 Af
B, R9Op 7E NI R B A S I ka5
7E All-Hist 5 5t F, &I 157 K56 43 H X R90p A
R99p 51K B H > #a %4, ROOp 1)k /b i 34 5 1
B, BB EENXECO B, AR T
48> 39.56 mm,  {H_E i 78 K R U AR
My X AT R I 3G, T B AR
12.48 mmo,

B 11e A £ 2 PR ARG 57t T RXSday B4
AL I A A 45 A . o All-Hist 1 53T
RX5day 48 ft. ¥ 35 (1) 2% 8] 4 A 25 B 5 Zhang et al.
(2007a) « [ B% 2 A0 5 HA IR (2015) i ik 5
(2017) AR FEH UL BERE ) 43 BT 25 R EBCA— 8L, FF
Sl A A A 2 I X A — SRR s, P
All-Hist 175 5 AR 30 45 TR0 B oty [ 7K 170 242 b i 342 [
I3 A IR T §E . E Nat-Hist 15 5~ BR&IT
I P R AR AL B R Ui AR /N 43 HB IX A
KA IR B 23 1 [X () RX5day 57 5 501 ik 2
R B s s ol e, A8 7 e
¥N12.62 mm. 7E All-Hist 1% 5 R, AU 356
AR AR S X 200 3 ke, b AR
i DX DR T AR X 3y S ks o 5of b = Pl o
R 7K i 5 MG S50 45 SRR I i 2R i X S 3

1 —- Nat-Hist g
o r
30% 7 - AlHist i
i 1 L
> 20% ] [ -
[ ] I \ I\ I r
g ] - hoso Al
S 10% A non aiboai AN
o A, I II““ « A / ll'\\\\' ’\/"\‘l '""l" {7 1’|‘|l It
— b | [
g 0 .\J VN R AL \’\)J,"\,’/)‘v'\‘. '/\‘l',",'l\‘ LA
RN WA A AGR AT TR
IS LRI N VAR Y 1A
a ° y ¥ ||,' \/ \ I l',' Y V&)
1 \
i \ v U
-20% — { Y ) -

I f T T T T T T T T T T
1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

Year

B 10 KT HIBAHN T Nat-Hist 2 (1961~19904F)  H 3it it 4 7K E 45 4 RO9p HF- 1 43 K [ 4F P AR AL

Fig. 10  Annual variability of percentage anomalies for R99p of the Yangtze River basin relative to reference period of Nat-Hist
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Fig. 11 Spatial distribution of the linear trend [units: mm (10 a)'] of (a, b) R99p, (c, d) R90p, and (e, f) RX5day extreme indices: All-Hist (left

column) and Nat-Hist (right column)
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Fig. 12 Spatial distribution of percentage changes for (a) R99p, (b) R90p, and (c) RX5day extreme indices of the Yangtze River basin All-Hist

relative to Nat-Hist
4 BR5HR

FIFH CAMS.1-1degree 15 A 40 (1) B2 & N 2R 0%
SR [ SR 5 30 FE R 520 () All-Hist & H 2% (& B 4R 58
18 ¥ Nat-Hist 1& 5% F (840145 2R 5 56 T [ 2400 2
AL 445 2 (1A% A I H KRS, i T AR
TG BT I 35 357 2 7RI AR i B¢ 7K ) 25 8 A0 REAE
I, EEEERWT:

(1) CAMS.1-1degree £ 3 A3 F5 N 235 3 Al
A4 50 18 52 M (1) AL-Hist 175 566 VT30 38 5% 7K i B
ARSI 25 B 5 I R B — B, All-Hist
1 5t 2 IO AR B 38 IR 4 SR T VL A A B K
A ARG RS RE 7, DL 2010 4 2 i B K &
SRR AL LR R T3 BN IS -

(2) 4R NFIE BN E SR 5 F 5] 520 1) All-
Hist 157 T, KT B KE A A5 R E A
SH A 1Y) Nat-Hist 7 50 52 90 H B 5 s b a3, HOs
/U P B B TR HERS ST INOR, - TR N S TG Bl R A
SR A BE R AR TN, I KT A B K 2
YNE S ALY U RSN )1 B S = S R E A
JE BT 1 2000~2009 45, DY 2 A5t - 259 B K PR Uk
D R TTERI R, AN E A

D

(3) KT IRAE R 7 Hb [X PR AF f /K 52 AR
TSR D, B — e S E S, b
R P A B S P X B B0 2R A, T i e b
SR R K A /SRS T

(4) KVLIIAN 3 4 7K B A [ 7% 52 /)N 184
s, AH N IS B VLA ity B 7K 1A 388 n
S9UEF, L) 5572 P B I () 3 B2 A5 32038 0 il F)
o WM B K R i AR P AR R, A BB I 38 Bl
BE, NFKEINTAEBR A 1 DTk ok .

(5) N 2835 sl K VT e s b ity B 7K 1R 5 i 2L A
Iz S, BREK AR AR B R, AR 2
RN o EH S T BRSPS (A A0 AR
AR, b B IR I X B AR R, I i
5 o 40 PR AR i 26 K DU B Sl R B a3, 5 st
BT TAE

(6) N3G sl K VLt ) 5 1 X S 24 B 7K
e Wit B K AR A A AAFLE RS, VT B A A
/R R AE AlL-Hist 1 5t 2 ILH A0 35 5 Nat-
Hist &3¢ F 2B A, J5EF AT fe & X w
ANHLIX NS B B I I, SR RIESINS
TREKII A A= T BE R



N T 43 %

1278 Chinese Journal of Atmospheric Sciences

Vol. 43

AT FEILAFAEIR Z - TH R AE AR R 1)
75, tetn, HATEESE A T 20 L AR
JVA R RIS CAMS.1-1degree 15 2 50 N FE AR FEAT
3N, AE ST ST T R 2 1 o A AR =X A AR DL 4
B LMD o i 5 B A e s RO R
Bk S B HLAE I 18] 5 23 (8] E AR AE — e W 22, 75
BREHE R HuE N BUE IR GRS
PO TR0 R BE B K RSB A0 R s I 2 A8 A
TER 30T 2R NEAGEEF ML, &AL IR
Be A AR AR, 1) FLAth A 5C R S W B o R0 75 SR AT R
NG

S XK (References)

IR, SR 2015, 5T S0 K VLI Sl iy B AR RF AT 1) P 43 BT
[J]. 7K B YR F 58, 4(1): 88-100. Bai Luyao, Rong Yanshu. 2015.
Reanalysis of the characteristics of extreme rainfall in the Yangtze
River basin during recent 50 years [J]. Journal of Water Resources
Research (in Chinese), 4(1): 88-100. doi: 10.12677/JWRR. 2015.
41011

WRIDE S . 2014. CMIPS A BR800k v [l [ 7R M 400 B 70 1R VP A
[D]. A R B FERE i 4447 1% 3T, 106pp. Chen Xiaochen.
2014. Assessment of the precipitation over China simulated by
CMIPS multi-models [D]. M. S. thesis (in Chinese), Chinese
Academy of Meteorological Sciences, 106pp

TR . 2014, KVLIRR “ =407 ViR /KT LR & VRN 5 2% 18] 22
W 5T [D]. H B &R 5 B 8 4 2% 47 18 5T, 155pp. Feng Xian.
2014. Study on the comprehensive evaluation and its spatial
differences of the coordinated development level of industrialization,
urbanization and agricultural modernization in Yangtze River basin
[D]. Ph. D. dissertation (in Chinese), Chinese Academy of
Agricultural Sciences, 155pp

ALK ZE 53 22 7KORIE . 2002, KILHUIEOK 9 H [M]. dbxt:
JK FJ 7K L ORR #1 . Changjiang Water Resources Commission,
Ministry of Water Resources (CWRC). 2002. Waterlogging and
Aridity Disasters in the Yangtze River Basin (in Chinese) [M].
Beijing: China WaterPower Press.

Fischer E M, Knutti R. 2015. Anthropogenic contribution to global
occurrence of heavy-precipitation and high-temperature extremes
[J]. Nature Climate Change, 5(6): 560-564. doi:10.1038/nclimate2617

Gleckler P J, Taylor K E, Doutriaux C. 2008. Performance metrics for
climate models [J]. Journal of Geophysical Research, 113(D6):
D06104. doi:10.1029/2007JD008972.

IPCC. 2013. Climate Change 2013: The Physical Science Basis [M].
Stocker T F, Qin D, Plattner G K, et al., Eds. Cambridge, United
Kingdom and New York, USA: Cambridge University Press,
743-866.

IPCC. 2014. Climate Change 2014: Synthesis Report. Contribution of
Working Groups I, IT and III to the Fifth Assessment Report of the

Intergovernmental Panel on Climate Change [M] Pachauri R K,
Allen M R, Barros V R, et al., Eds. Geneva, Switzerland: IPCC, 151
pp.

LY, J3ATIE, Gemmer M. 2008. (VTS P K (B O A2 AL 245 (D).
KEF#E R, 19(5): 650-655.  Jiang Tong, Su Buda, Gemmer M.
2008. Trends in precipitation extremes over the Yangtze River basin
[J]. Advances in Water Science (in Chinese), 19(5): 650-655. doi: 10.
14042/j.cnki.32.1309.2008.05.002

200, TR OT R, EE I, 2. 2013, KILIRI K 2 AR ARRAE 2 i
[7. N KT, 44(15): 11-13 , 18. Li Chunlong, Zhang Fangwei,
Zi Li, et al. 2013. Analysis on variation features of multi-years
precipitation in Yangtze River basin [J]. Yangtze River (in Chinese),
44(15): 11-13, 18. doi:10.3969/j.issn.1001-4179.2013.15.003

/NG5, MR L, 7. 2018, 1960-2012 AT H R bR i P 7K 5
S A AL 2 SR A [0, 2 5 s () M LA L, 41(2): 157-160,
163. Ma Xiaofang, Lin Aiwen, Fang Jian. 2018. Research on spatio—
temporal variation of extreme precipitation and extreme run off in
the middle and lower reaches of Yangtze River from 1960-2010 [J].
Geomatics & Spatial Information Technology (in Chinese), 41(2):
157-160, 163. doi:10.3969/j.issn.1672-5867.2018.02.044

Ik, FUE, TN 2017. 1960-2010 4EK T B 7K 1 I 2
AR S AR SRS (1], KL IR 5 5 385, 26(3): 436-444.  Pan
Xin, Yin Yixing, Wang Xiaojun. 2017. Spatio—temporal
characteristics and future trend of extreme precipitation in the
Yangtze River basin during 1960 to 2010 [J]. Resources and
Environment in the Yangtze Basin (in Chinese), 26(3): 436-444. doi:
10.11870/cjlyzyyhj201703014

TiATIE, ZY, (EF T, 5. 2006, KAITHIK 1960-2004 £F 4 i i F K
I3 AR A B (0], AU AL BE SUaE JE, 2(1): 9-14. Su Buda,
Jiang Tong, Ren Guoyu, et al. 2006. Observed trends of precipitation
extremes in the Yangtze River basin during 1960 to 2004 [J].
Advances in Climate Change Research (in Chinese), 2(1): 9-14. doi:
10.3969/j.issn.1673-1719.2007.21.009

Stone D A, Risser M D, Angélil O M, et al. 2018. A basis set for
exploration of sensitivity to prescribed ocean conditions for
estimating human contributions to extreme weather in CAMS.1-
ldegree [J]. Weather and Climate Extremes, 19: 10-19. doi: 10.1016/
j-wace.2017.12.003

Su B D, Jiang T, Jin W B. 2006. Recent trends in observed temperature
and precipitation extremes in the Yangtze River basin, China [J].
Theoretical and Applied Climatology, 83(1-4): 139-151. doi: 10.
1007/s00704-005-0139-y

Su Buda, Xiao Bo, Zhu Deming, et al. 2005. Trends in frequency of
precipitation extremes in the Yangtze River basin, China: 1960-2003/
Tendances d'évolution de la fréquence des précipitations extrémes
entre 1960 et 2003 dans le bassin versant du Fleuve Yangtze (Chine)
[J]. Hydrological Sciences Journal, 50(3): 479-492. doi: 10.1623/
hysj.50.3.479.65022

E5E, BRI 2015, 3 52 a KL ek DB S B K R IR 23 AR AL R
AE [7]. KT 3 Y 5 #A 55, 24(7): 1221-1229.  Wang Meng, Yin

Shuyan. 2015. Spatio-temporal variations of the extreme



6 WS ANIEHENXT 1961~2016 £F- KA KA AL AT REFZ N
No. 6 SHA Yi et al. Possible Effects of Human Activities on Trends in Precipitation over the Yangtze River Basin from ... 1279

precipitation of middle and lower reaches of the Yangtze River in
recent 52 years [J]. Resources and Environment in the Yangtze Basin
(in Chinese), 24(7): 1221-1229. doi:10.11870/cjlyzyyhj201507020

AL, mAEAS . 2013, R SR E X ORI SR R e
FORHIO R LE (7], HER Y B 22 4R, 56(4): 1102-1111. Wu Jia, Gao
Xuejie. 2013. A gridded daily observation dataset over China region
and comparison with the other datasets [J]. Chinese J. Geophys. (in
Chinese), 56(4): 1102-1111. doi:10.6038/cjg20130406

Wan Hui, Zhang Xuebin, Zwiers F, et al. 2015. Attributing northern
high-latitude precipitation change over the period 1966-2005 to
human influence [J]. Climate Dyn., 45(7-8): 1713-1726. doi: 10.
1007/s00382-014-2423-y

Xu Ying, Gao Xuejie, Shen Yan, et al. 2009. A daily temperature
dataset over China and its application in validating a RCM
simulation [J]. Adv. Atmos. Sci., 26(4): 763-772. doi: 10.1007/
s00376-009-9029-z

TR, R . 2005, KA X X 0K B 5 5K AL 7], KAT
WA B IR 53R 5%, 14(5): 633-637.  Zhang Lei, Wu Yingmei. 2005.

Regional development in the Yangtze basin and China’s
industrialization [J]. Resources and Environment in the Yangtze
Basin (in Chinese), 14(5): 633-637

Zhang Qiang, Jiang Tong, Gemmer M, et al. 2005. Precipitation,
temperature and runoff analysis from 1950 to 2002 in the Yangtze
basin, China/ Analyse des précipitations, températures et débits de
1950 a 2002 dans le bassin du Yangtze, en Chine [J]. Hydrological
Sciences Journal, 50:1-80. doi: 10.1623/hysj.50.1.65.56338

Zhang Zengxin, Zhang Qiang, Jiang Tong. 2007a. Changing features of
extreme precipitation in the Yangtze River basin during 1961-2002
[J]. Journal of Geographical Sciences, 17(1): 33-42. doi: 10.1007/
$11442-007-0033-x

Zhang Xuebin, Zwiers F W, Hegerl G C, et al. 2007b. Detection of
human influence on twentieth-century precipitation trends [J].
Nature, 448(7152): 461-465. doi:10.1038/nature06025

Zhang Xuebin, Wan Hui, Zwiers F W, et al. 2013. Attributing
intensification of precipitation extremes to human influence [J].

Geophys. Res. Lett., 40(19): 5252-5257. doi:10.1002/gr.51010



