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Fig. 2 The standardized sliding average series of sunspot number (SN) with the upper Hanjiang Rriver (UH) and
northern North China's (NNC) drought and flood grade (DFG) at 11 a, 30 a, and 50 a time scales from 1700 to 2023
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Fig. 3 Sliding correlation coefficients between drought/flood in the UH/NNC with SN, as well as drought/flood
in the UH and drought/flood in NNC on 11 a, 30 a, and 50 a time scales from 1700 to 2023
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Fig. 4 Correlations between the frequency of extreme drought/flood in the UH and NNC and the average SN
on every 11 a and 30 a scales from 1700 to 2023
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Fig. 5 The frequency of extreme drought/flood in the UH and NNC with the average SN
on every 11 a and 30 a scales from 1700 to 2023
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Tab.1 Corresponding cycles for each IMF, and the Variance Contribution and Correlation Coefficient
to the original SN/UH and NNC's drought and flood series, as well as the correlation coefficient

between the residue and the original series

KR
IMF1 IMF2 IMF3 IMF4 IMF5 IMF6 IMF7 RES
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Tab. 2 Corresponding cycles for each IMF at inter-annual
(IMF1), inter-decadal (IMF2) and multi-decadal (IMF3) scales,
and the Variance Contribution (VC) and Correlation Coefficient
(CC) to the original SN/ UH and NNC's drought and flood series
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Fig. 6 Decomposition results (after standardisation) of the EEMD for SN series, drought/flood series

in the UH and NNC from 1700 to 2023
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Tab. 3 Results of Granger causality tests for different time scales as well as high-frequency IMF components.
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Fig. 7 Characteristics of the average DFG in the UH and NNC during the 10 years
before and after the abrupt SN rises from 1700 to 2023
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Fig. 8 Characteristics of the average DFG in the UH and NNC during the 30 years
before and after the abrupt SN rises from 1700 to 2023
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Tab.4 Characteristics of the average values of DFG in the UH and NNC for the 10 and 30 years
before and after each abrupt SN rise from 1700 to 2023
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1858 2.70/2.87 2.78/2.71 3.30/3.42 3.01/2.88
BifE 2.84/2.91 2.77/2.84 2.90/3.10 2.97/2.92

5 Al BEAYHLT FIBIEFE X IOR K 1Y 5 05 A8 A i

R BRI R A Y SR 3R Bl g, (R RO TR B Sh A A s i i 7 |
AR ML AR, AT >,

—BBHIFTT L 2 HEANUE 52 = AU 2 DXAR AT RE R A BH TG 352 i) A Bk A Y 32 22 X S A ik
KA B BRI IE 7 BN, Wang S5 M1 Zhao S5 A L) SCA i H01 2 AR W1 52 2=
X IR BH e 17 Y i I Y 5 R BHTG 3l A 5 RERS AR AR W R T 0 L R
Z SN E B R AL E A AE T T . ZhaoSF K 20t 4L R Z I B, RIS %)
Fel S R AT SR AR T, AR BH PR I AE 00 B, 22 KURI AR L T K BH R A (R4
SRR, WA AT ST R B, BRI B 5 b B RO G OC R R A,
FEAE S AR ARPR AR A ARAE , (AR A, 20t el hib—21th a0 w0, K PHIE Shfas, W

hE4M  https://www.cnki.net



73] SRR A DU LA LAL 5 075 R FH R O AR G 1735

AU R oK b, TLERL X K R 2 s AR R B, KPS S0 R IE #
A WERW, 2RI s wsE, 5T R E40°N LR X _E 45500 hPafv 3 s B B E
S, BRI KB A AR A 7 2 TR 2850 hPafvi $h g B, LA Ky IS EJJ S 3 by X H3 3
BB ERCERTL, TR A A AR SR X M B A LR, KA X3 AR

Ak, JUH A KRARFEE23E LG, KR B> B, Sk 73R
FHE 20 B0 55 R 280, BRI X6 T oA ok K BH 376 2l 1 e 34 R ] 68 HE B 09 i g S R 0 A
TRARMERE , AR A DTN AR ILAE R PR Rz s, KBHWESh g, &#£2
AT fEHE AR IS FEZAERRNEE |, 19604 245 B4 K IH A+ Sadrdb #s 2 us, DL
19974F 245 BA KR F 50T Ll R £ BN IEAHIE KRR, IR IBA SR 5 i B
PO L it AT AR A 3R R 05 5 K P A - AH G R A AHAR L B R B, R4
K PH 7 50T B AR R il RE e R IE AR GG R 5 &5 A AR 1~24 K BH T 3
O BH A7 BR85S R T 45 5, DUIT B AN b b X R S 20 4% 4F [ K AT RE 4K
SRR AR 2 8 3 ORISR A A A AR | I ST 2 00 A 2K R R 7 A R
1) Z2 AFAR R A8 A AR T A I b DRI TUTT. b R 7K 78 A i A By 46 19 s+ 38

B, XF RS AAEILALE . DUT B OE R BRE v, AIREZR
“E U BT RIRAM S . TR E, JHIE R m A A b R AR R R 4,
WEA K PHTE sh & B AMEIR 7, WA SR GEA G R L K Bl & 8 1A
HEERD, A S I R R RRE 2R RRE B T 3, AT 2 a
A HADBEE T DRSS SR s K PHIG 315 XK B R PLE, B APAGA RS, &
BLLEL 2R B A AL AR, FRRIRASGT . Wik, iR Se FARdbd T
U I RO K AR B BN, TR —EAFE M, OGS Al A AR R RS
SIPMREAER, LS
6 45

AR SCXF 1700—20234F Z2 15} ) )P |- K B 2B X VT i A b b 3 52 9% B4 FH 56 52 1
AT T30, EEMFREEWE .

(1) BT _EiEfAedb bR 297 5 K H B 71 20 A ROEAS R IR R B3, PihIX
57 55 K BH PR T 19 A 56 5 R Bl I () AR Ak S B B AR b o 7E K BH IS 2l 9 38 2R R /s 1
(1790—18304F ) , WYL _LiF ALt AL FR A XTI e 5 78 A BH IS 2h A B AR K3 (1920
ELUR ), P R R S b g I w5, R B2 17004F LIk S BL . Ibak, 7K
FH 2R FRUE A ], DUVE Bl An e db AL S m i+ 52 19 & AE R AR I 22 5 KRR
B 22 SR AR AL M DX AR it L 5 A — g e, AEGE LT it A it A 5 1) 5% i A
POEIEE N

(2) BT Bl AL 5257 5 R BH R A 56 5 28 1R A7 AH AR £ ) 19 b [X 2 [] 5285 1E
AR AR AR KM, 2400 L AL A 555 5 K PH 2 R [ 1) AR b s,
SN D BT S5SNI SR D) A W ot | K< | v N RS b N R S S S Rl Ay e o
Mo X R B LA AR e B s 25 I HLDUVL B AN AR L JE 0 5 17 5 R BH 2R 1A 2 S R ) 3
AR, P X 2 ) R A AU OO R R 2

(3) DU LA AR R85 5 KBTI 2~4 aZi 7 ARSI, 11~12 aZe
F AEACRRAE AL R T, DL JZ20~30 afll50 aZe 45 W ZAEARPRZAR AL B3] . A AEBR AAEAL
PRORUE b, YR PH T R IR IR AR R AT A, DU i R ARG 0 52 5% o 300 A s

hE4M  https://www.cnki.net



1736 H B2 4 804

TR Z 84K, EEMDZM B3I L1, 1700—20234F A PH S 1 B0(l R 4 22 9y AR LR 1
A ANARAE , DO B AAEIL A0 X 2 S B0 0H B A ka3, babh, YPUT B fide
G ALHS 557 5 R BH 2R e AR AR R 22 AR RS 1 B3 A Al v 3 22k (] ) AR AR, A P M

B S RHBR T EZRIEMCKER; Kz, WA E,

(4) #EERMELERZGEE R LR, FEER ., AFRPEMEBERNE L, KHRFY
AE 0 3 T YT i R A Ak s AR R S KPR PR bR . AR AR BR A= A IME
Sy Z AR ER R LR, BRHRFAES T LA W3 % m e db e 3 5 u7
A

(5) MRFHBFIEREA EFF, DL EHEE10 af130 afkUBE b 2o 1) 4 s AR X
B, ARt iR X ML AE 10 aRE F RS R, H T 20RO /N,

2 % ik (References)

[ 1] Ren Guoyu. Climate Change and Water Resources in China. Beijing: China Meteorological Press, 2007. [T [ T.. <
AL KGRI, Jb T RZ R, 2007.]

[ 2] Hoekstra A'Y. Water scarcity challenges to business. Nature Climate Change, 2014, 4(5): 318-320.

[3] Cosgrove W J, Loucks D P. Water management: Current and future challenges and research directions. Water Resources
Research, 2015, 51(6): 4823-4839.

[4] Xia Jun, Li Yuanyuan. Vulnerability and Adaptation Countermeasures for China's Water Resources under the Impact of
Climate Change. Beijing: Science Press, 2016. [ 4%, 2= i [e] . S A8 Ak 5 i T wp [ /K 9% 305 0 1 55 1 538 1 ) 3. b
50 BRA R, 2016.]

[5] IPCC. Climate Change 2022: Impacts, Adaptation, and Vulnerability. Contribution of Working Group II to the Sixth
Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge, New York: Cambridge University
Press, 2022.

[6] WMO. Atlas of mortality and economic losses from weather, climate and water extremes (1970-2019). 2021. https://
library.wmo.int/idurl/4/57564.

[7] Ren GY, Ding Y H, Zhao Z C, et al. Recent progress in studies of climate change in China. Advances in Atmospheric
Sciences, 2012, 29(5): 958-977.

[8] Shao D G, Chen S, Tan X Z, et al. Drought characteristics over China during 1980-2015. International Journal of
Climatology, 2018, 38(9): 3532-3545.

[9] Ma Zhuguo, Fu Congbin, Yang Qing, et al. On the aridification and its transitional changes in northern China. Chinese
Journal of Atmospheric Sciences, 2018, 42(4): 951-961. [h#: [, FFigak, Bk, 55, T E I T 540 L H ik
Al KR, 2018, 42(4): 951-961.]

[10] Qin Dahe. National Assessment Report on Extreme Weather and Climate Events and Disaster Risk Management and Adaptation
in China. Beijing: Science Press, 2015. [ %% KVl . Fv [ 4 g K A0 4R ¢ 5 XU A5 3055 3 107 ) 2 Al 4 . b
50 BRA A, 2015.]

[11] Qin Dahe. The Evolution of Climate and Ecological Environment in China: 2021 (Volume One). Beijing: Science Press,
2021, [ i S S AR AR AR 20213 — %), dbat: Bbg A, 2021

[12] Editorial Committee of the South-to-North Water Diversion Project of China. South-to-North Water Diversion Project of
China: Volume on Preliminary Work. Beijing: China Water&Power Press, 2018. [F[[E mg KL JH TR gL % i 2. v E
B R AL TR : i AR, bt o KRR L ek, 2018.]

[13] The official website of the Chinese government. The first phase of the South-to-North Water Diversion Project's central
route has cumulatively transferred 60 billion cubic meters of water. 2024. https://www.gov.cn/yaowen/liebiao/202406/
content 6955411.htm. [ " [ B R0 . 1 7K b3 A 2k — 301 T 8% 2318 7K 60012 37 75 K . 2024. https://www. gov.cn/
yaowen/liebiao/202406/content_6955411.htm.]

[14] Zhang X D, Ren G Y, Yang Y D, et al. Extreme historical droughts and floods in the Hanjiang River Basin, China, since
1426. Climate of the Past, 2022, 18(8): 1775-1796.

[15] Zhang X D, Ren G Y, Bing H, et al. Reconstruction and characterization of droughts and floods in the Hanjiang River
Basin, China, 1426-2017. Climatic Change, 2023, 176(5): 62. DOI: 10.1007/s10584-023-03538-9.

[16] Ban Xuan, Zhu Biying, Shu Peng, et al. Analysis of meteorological and hydrological trends and driving forces in the

hE4M  https://www.cnki.net



74

SRR A DU LA LAL 5 075 R FH R O AR G 1737

[17]

(18]

[19]
[20]
[21]
[22]
[23]
[24]
[25]

[26]

[27]
(28]
[29]
[30]

[31]

[32]

[33]

(34]

[35]

F [ %71

Hanjiang River Basin. Resources and Environment in the Yangtze Basin, 2018, 27(12): 2817-2829. [BEif, /34 %2, 47
MG, 45 DUT RIS G K A H I AR BN J3 43 Bt R T B 58 5 78, 2018, 27(12): 2817-2829.]

Chen Feng, Xie Zhenghui. The impact of climate change on the coincidence of precipitation abundance and shortage in
the water source area and the water receiving area of the South-to-North Water Diversion Project's Central Route.
Climatic and Environmental Research, 2012, 17(2): 139-148. [[%:4%, 5 iF ¥, A28 (b %) gk bl i TRUK X 5
ZAR KRR ARG B AR U S EREEITAY, 2012, 17(2): 139-148 ]

Yu Jiangyou, Xia Jun, She Dunxian, et al. Study on the coincidence of droughts in the water source area of the South-to-
North Water Diversion Project's Central Route and the Haihe River Water Receiving Area. South-to-North Water
Transfers and Water Science & Technology, 2018, 16(1): 63-68, 194. [AVLF, B %, 25056, 45, mi/KILiE P28 TR K
5 X ST A2 K X R A5 . B KA S KRR, 2018, 16(1): 63-68, 194.]

Ren GY, Liu H B, Chu Z Y, et al. Multi-time-scale climatic variations over eastern China and implications for the South-
North Water Diversion Project. Journal of Hydrometeorology, 2011, 12(4): 600-617.

Liu H, Yin J, Feng L. The dynamic changes in the storage of the Danjiangkou Reservoir and the influence of the South-
North Water Transfer Project. Scientific Reports, 2018, 8(1): 8710. DOI: 10.1038/541598-018-26788-5.

Zhang X D, Ren G Y, Mikami T, et al. Correspondence of drought occurrences at multi-temporal scales between North
China and Upper Hanjiang River. Journal of Geophysical Research: Atmospheres, 2023, 128(21): ¢2023JD039247.
DOI: 10.1029/2023JD039247.

Rind D. The Sun's role in climate variations. Science, 2002, 296: 673-677.

Lean J L. Cycles and trends in solar irradiance and climate. Wiley Interdisciplinary Reviews: Climate Change, 2010, 1:
111-122.

Ding Yihui. The impact of solar activity on earth's climate and weather. Meteorological Monthly, 2019, 45(3): 297-304.
[T K BHTE S RS AR A5, K42, 2019, 45(3): 297-304.]

Xiao Ziniu. The influence of solar activity on earth's climate. Chinese Journal of Nature, 2021, 43(6): 408-419. [ 4 T-F.
K BHIE S0 BRI 0. [ 2R 24, 2021, 43(6): 408-419.]

Herschel W. XIII. Observations tending to investigate the nature of the sun, in order to find the causes or symptoms of
its variable emission of light and heat; with remarks on the use that may possibly be drawn from solar observations.
Philosophical Transactions of the Royal Society of London, 1801, 91: 265-318.

Meehl G A, Arblaster ] M, Matthes K, et al. Amplifying the Pacific climate system response to a small 11-year solar
cycle forcing. Science, 2009, 325(5944): 1114-1118.

Wasko C, Sharma A. Effect of solar variability on atmospheric moisture storage. Geophysical Research Letters, 2009, 36
(3). DOI: 10.1029/2008GGL036310.

Hodell D A, Brenner M, Curtis J H, et al. Solar forcing of drought frequency in the Maya lowlands. Science, 2001, 292
(5520): 1367-1370.

Li Chongyin. Research on possible mechanisms of decadal climate change. Climate and Environmental Research, 2019, 24
(1): 121, [R5 R TARUBR AL AL T REHL A OB 5. S BRERTSE, 2019, 24(1): 1-21.]

Zhou Qun, Chen Wen. The influence and processes of the 11-year solar activity cycle on the relationship between the
East Asian Winter Monsoon and the subsequent East Asian Summer Monsoon. Climatic and Environmental Research,
2014, 19(4): 486-496. [JAHF, Wi 3C. R FHIE 3 LUAF Jl IR < 7.4 22 A5 B 2 30 23 KOG 2R s ) B HG G e A<
SEREEHIST, 2014, 19(4): 486-496.]

Song Yan, Li Zhicai, Zhang Jing, et al. Review and advances in the modulation effects of solar activity on plateau snow
cover and the East Asian Summer Monsoon. Advances in Meterorological Science and Technology, 2016, 6(3): 148-
154, [RFE, ZRE A, 0K, 45, K BHIE Bl % vy JE AR 35 R0 7R 0 52 2 XA < 52 e % [ JE ik Joe . SR BHEEE T, 2016, 6
(3): 148-154.]

Ge Quansheng, Liu Lulu, Zheng Jingyun, et al. Patterns of drought and flood in eastern China during anomalous solar
activity periods of the past millennium. Acta Geographica Sinica, 2016, 71(5): 707-717. [ 5 4=, X @& #%, 5t =, 45,
b AR R B 2l 5 % 0 v [ AR R B A S HB 24, 2016, 71(5): 707-717.]

Changjiang Water Resources Commission of the Ministry of Water Resources. Flood and Drought Disasters in the Yangtze
River Basin. Beijing: China Water & Power Press, 2002. [ZK FIFRC VIR 22 G 25 L dulok B9 % Jbat: HiE sk
FK A H RRAE, 2002.]

Guo Shenglian, Tian Jing, Yang Guang, et al. Hydrological Simulation Forecasting and Optimal Reservoir Water Resource

Allocation and Scheduling in the Hanjiang River Basin. Beijing: Water Resources and Electric Power Press, 2020. [554:

https://www.cnki.net



1738 H B2 4 804

[36]

[37]

[38]
[39]
[40]
[41]
[42]
[43]
[44]
[45]
[46]

[47]

(48]
[49]
[50]

[51]

[52]
[53]

[54]

[55]

[56]

F [ %71

g5, M, 90, 4. DOTWIEUK ORI -5 K AR SR OL (LR BEERC . Jbat: dE K FDK g e, 2020.]

Yang Su, Li Qingxiang. Methodology for homogenization analysis of precipitation series and update and refinement of
dataset in China. Climate Change Research, 2014, 10(4): 276-281. [#%i#fl], ZE DA, v [ FEK a2 51 25— 1140 i M
Bl Tt . SARAE LI e, 2014, 10(4): 276-281.]

China Meteorological Administration. The Atlas of Drought and Food Distribution in China in the Last 500 Years.
Beijing: China Cartographic Publishing House, 1981. [{'E S % RS G B A 98 e H D IT . 45k 52 05 o0 A (R 4E.
At R AL, 1981.]

Wei Fengying. Modern Climate Statistical Diagnosis and Prediction Techniques. 2nd ed. Beijing: China Meteorological Press,
2007. [BLREE, BACTARGETHS S BE AR, 2R JLat: SR M A, 2007

Huang Jiayou. Meteorological Statistical Analysis and Forecasting Methods. 3rd ed. Beijing: China Meteorological Press,
2004. [H{zEA. GG T S BT . 3R Jbat: UG R, 2004.]

Yan Zhongwei, Hua Lijuan, Qian Cheng, et al. Climate Statistical Methods and Applications. Beijing: Science Press,
2024. [P, AR AR, BRIR, 4. BEGSTT AN . LT Bl B, 2024.)

Yue S, Pilon P, Cavadias G. Power of the Mann-Kendall and Spearman's rho tests for detecting monotonic trends in
hydrological series. Journal of hydrology, 2002, 259(1-4): 254-271.

Thornthwaite C W. An approach toward a rational classification of climate. Geographical review, 1948, 38(1): 55-94.
Ding Yihui, Si Dong, Liu Yanju, et al. On the characteristics, driving forces, and decadal variability of the East Asian
Summer Monsoon. Chinese Journal of Atmospheric Sciences, 2018, 42(3): 533-558. [ T —1iL, 7l 4, Mt 4, %5, 6 40
B RRARHAE K3 1 S5 RERAE L. KRR, 2018, 42(3): 533-558.]

Zhu'Y L, Wang H J, Zhou W, et al. Recent changes in the summer precipitation pattern in East China and the background
circulation. Climate Dynamics, 2011, 36: 1463-1473.

Huang C, Zeng T, Ye F, et al. Solar-forcing-induced spatial synchronisation of the East Asian summer monsoon on
centennial timescales. Palacogeography, Palacoclimatology, Palacoecology, 2019, 514: 536-549.

Solomon S, Qin D, Manning M, et al. Contribution of Working Group I to the Fourth Assessment Report of the Intergovernmental
Panel on Climate Change. Cambridge, New York: Cambridge University Press, 2007.

Xiao Ziniu, Huo Wenjuan. The temporal and spatial selectivity of amplification processes in the influence of solar
activity on climate. Advances in Meterorological Science and Technology, 2016, 6(3): 141-147. [ T-2F, % 5. K
T Bl MR S B O R Z I 2s Bk AR BHEHERE, 2016, 6(3): 141-147.]

Wang J S, Zhao L. Statistical tests for a correlation between decadal variation in June precipitation in China and sunspot
number. Journal of Geophysical Research: Atmospheres, 2012, 117(D23). DOIL: 10.1029/2012JD018074.

Zhao L, Wang J S. Robust response of the East Asian monsoon rainband to solar variability. Journal of Climate, 2014, 27
(8): 3043-3051.

Zhao L, Wang J S, Liu H W, et al. Amplification of the solar signal in the summer monsoon rainband in China by
synergistic actions of different dynamical responses. Journal of Meteorological Research, 2017, 31(1): 61-72.

Pan Jing, Li Chongyin, Gu Wei. The potential impact of solar activity on summer precipitation anomalies in eastern
China. Journal of the Meteorological Sciences, 2010, 30(5): 574-581. [{ i, 22241, K. KBS Zhxt v (R 4330 2 2
[ 7K S il BERZ . K BEE, 2010, 30(5): 574-581.]

Penn M J, Livingston W. Long-term evolution of sunspot magnetic fields. Proceedings of the International Astronomical
Union, 2010, 6(S273): 126-133.

Abdussamatov H 1. Bicentennial decrease of the total solar irradiance leads to unbalanced thermal budget of the Earth
and the Little Ice Age. Applied Physics Research, 2012, 4(1): 178. DOI: 10.5539/apr.v4nlp178.

The Editorial Committee of the Fourth National Assessment Report on Climate Change. The Fourth National Assessment
Report on Climate Change. Beijing: Science Press, 2022. [55 WK SAEA AL ZIPAG R 5 40 5 22 01 4. 58 DU < AR
FEEZIEA A Jbat: B R, 2022.]

Yue Ziying, Deng Yu, Ni Fuquan, et al. Changes in runoff in the upper and middle Hanjiang River Basin under future
climate scenarios. Chinese Journal of Agrometeorology, 2024, 45(7): 715-728. [f54 5%, X5 &, f5ifm 4, 5. A<M
SR DU iR A, ROl A%, 2024, 45(7): 715-728.]

Ding Yihui. Climate of China. Beijing: Science Press, 2013. [T —jL. " EA( . Jbat: Bl i, 2013.]

https://www.cnki.net



73] SRR A DU LA LAL 5 075 R FH R O AR G 1739

Multiple time scale correlations between sunspots and droughts/
floods in the Upper Hanjiang River and northern North China

ZHANG Xiaodan"?, YANG Yuda', REN Guoyu™’, YANG Guowei’, HE Yuan®

(1. Institute of Chinese Historical Geography, Fudan University, Shanghai 200433, China; 2. China University
of Geosciences, Wuhan 430074, China; 3. National Climate Centre, Beijing 100081, China)

Abstract: The co-occurrence of droughts at multiple time scales in the water source area (Upper
Hanjiang River, UH) and receiving area (northern North China, NNC) of the Middle Route of
the South-to-North Water Diversion project highlights the need to identify common climatic
drivers for these concurrent phenomena. Using reconstructed drought/flood grade data and
sunspot series from 1700 to 2023, this study analyzed the correlations of droughts/floods in the
Upper Hanjiang River and northern North China with sunspots at 11-, 30- and 50-year scales.
The results show that the correlation between sunspots and droughts/floods in these two areas
varied in stages over time. During high sunspot periods, the frequency of extreme drought
events increased in both areas. The phase change of the correlation between sunspots and
droughts/floods in the Upper Hanjiang River and northern North China significantly influenced
the shift in the drought-flood correspondence between the two areas. When droughts/floods in
the Upper Hanjiang River and northern North China align with or oppose sunspot variations,
the droughts/floods in the two areas are predominantly positively or negatively correlated. Both
droughts/floods in the Upper Hanjiang River and northern North China as well as sunspots
share inter-annual cycles of about 2-4 years, inter-decadal cycles of about 11-12 years, and
multi-decadal cycles of about 20-30 years and 50 years. Sunspot variations may influence the
droughts and floods in these two areas across multiple time scales. Additionally, when sunspots
increase significantly and abruptly, the Upper Hanjiang River and northern North China tend to
be more drought-prone.

Keywords: historical droughts and floods; Upper Hanjiang River; northern North China; sunspot;
inter-decadal variability; multi-decadal variability; Middle Route of the South-to-North Water
Diversion project
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