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Fig. 1 Sketch map of the cross-section and beach area of the Lower Yellow River
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Table 1 Statistics of dangerous situations in the Lower Yellow River channel engineering from 1985 to 2015

(A RV

s ¥ s e — B A/ I m’
1985—19904F 33 143 4327 50.6
1991—19954F 13 88 3766 48.8
1996—20004F 35 428 5778 79.2
2001—20054F 28 455 12 020 136.8
2006—20104F 17 174 5848 82.5
2011—20154F 10 161 5299 88.1

Bt 136 1449 37038 486.0
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Fig.2 Factors affecting the erosion and damage of typical ecological slope protection



856 KoOB F U R 35 %

VR BB 54, b 0 A Pk S5 A P SR S I B e R T, R R B A e M AR

XF BN WET KU R A R B B R, AT SR B - BT W R e B B ok S8 4
PR, S HRAR AR TR vh el R s LR R BRSOk — BEUR B S R L R
AU, EEEE MRS, B, d T YW AR, SRR RN R, AR T, 7 A
e B M eh e, P R AR . Ak, BT U BB R A AR L SR VD R R AR HN R
Wi o b AAEPETDT T, B R WA () O, RR G w5 R s SN AR ok Vb B, XS AR
TR/ B 4T LR, R lir RS o i, af R 2 321542 ¢, WP 3 TR . T, T b WK R IR AR
M, FHKAAE, SEURS R TR, MR REE .

40 - 0
~1919—1959 4 N
~1960—1969 4E
1970—1979 4F -7t
30+ ~1980—1989 4= -
- +1990—1999 4 N
N +2000—2021 4 14t
I# 20 E i
D =o' I i
& = e
10+ B et
o]
i {§ i
0 . . . : I . -35 . . . . .
1919 1939 1959 1979 1999 2019 2039 1999 2004 2009 2014 2019 2024
5y Ay
(a) b= (b) R

P 3 BT Ui v e R b AR A B

Fig. 3 Changes in sediment transport and erosion in the Lower Yellow River
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Fig. 4 Application of ecological slope protection in the Madu section of the Lower Yellow River
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Fig. 5 Current situation of typical slope protection damage in the Lower Yellow River
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Research progress on the failure mechanism of ecological slope protection under multi-
factor coupling in the Lower Yellow River”

JIA Dongdong'?, CHEN Meng'”®, LIKun', ZHANG Xin', YANG Jun'®, CHEN Songwei’, JIANG Wenlong’

(1. Key Laboratory of Port, Waterway and Sedimentation Engineering of Ministry of Transport, Nanjing Hydraulic Research Institute, Nanjing
210029, China; 2. Yangtze Institute for Conservation and Development, Nanjing 210098, China; 3. College of Water Conservancy &
Hydropower, Hohai University, Nanjing 210098, China; 4. Shandong Yellow River Management Bureau, Jinan 250011, China;
5. Yellow River Engineering Consulting Co., Ltd., Zhengzhou 450003, China)

Abstract: The Yellow River basin is of critical strategic importance to China's economic and social development. The lower
reaches are characterized by low flow rates and high sediment concentrations, exhibiting an uncoordinated water-sediment
relationship. This results in a secondary-perched river phenomenon and a complex evolution of river form. The degradation of
bank slopes poses a significant threat to flood control integrity and hinders the economic and social development. Therefore,
the preservation of riverbank stability and the implementation of effective slope protection and risk reduction measures are
essential. The degradation of ecological slopes is a complex issue, influenced by a synergy of hydrological, pedological,
vegetative, and structural stability elements, regulated by intricate processes. The inadequacies of current river dynamics
theories necessitate in-depth investigation on this topic. This study compiled the current state of bank erosion in the lower
Yellow River, elucidated the factors contributing to slope instability, and assessed the state-of-the-art in ecological slope
protection methodologies and the challenges in risk evaluation and management protocols. The study identified key directions
for future research in ecological slope protection, including: unraveling the degradation processes under hydro-soil-
vegetation interactions; innovating rigid-flexible ecological slope protection structures adapted for intense alluvial conditions;
developing comprehensive, tiered risk assessment models for ecological slope engineering; and constructing integrated

frameworks for the monitoring, evaluation, and control of riverbank slope integrity.

Key words: ecological slope protection; bank slope instability; risk assessment; risk management and control; the

Lower Yellow River
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