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Gridded simulation method considering snowmelt and rainfall-runoff processes and
its application
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Abstract: To address the issue that most conceptual hydrological models considering snowmelt are lumped models, a gridded Xin’
anjiang model considering snowmelt and rainfall-runoff processes (iRainSnowHydro model) was constructed based on the gridded Xin’
anjiang model by coupling a snowmelt module. Daily runoff simulations were conducted taking the Liyuan basin in the upper reaches of
the Jinsha River and the Wunonglong basin in the upper reaches of the Lancang River as typical basins, and the results were compared
with those of a lumped snowmelt runoff model (Hydromad model). The results indicate that the iRainSnowHydro model exhibits good
daily runoff simulation performance in both the Liyuan and Wunonglong basins, with R’and NSE exceeding 0. 85 and the absolute
value of PBIAS being less than 10% in the calibration and validation periods. The simulation performance of the iRainSnowHydro
model is superior to that of the Hydromad model, and its distributed structure has significant advantages.

Key words: snowmelt runoff; gridded Xin’ anjiang model; runoff simulation; alpine region
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Construction method of catchment hydrological model based on SuperflexPy

Wang Wenpeng', Li Xinjing', Hou Aizhong’, Zhang Xinyue', Liu Bo', Wang Xinyi', Li Chunlei’
(1. College of Hydrology and Water Resources, Hohai University;
2. Key Laboratory of Water Big Data, Ministry of Water Resources
3. Information Center ( Hydrology Monitor and Forecast Center) , Ministry of Water Resources
4. Chongqing Hydrology Monitoring Center)

Abstract: To enhance the adaptability of hydrological model structures to the spatiotemporal heterogeneous characteristics of catchment
runoff generation and routing and improve the applicability limitations of traditional fixed-structure models in different catchments, the
fundamental principles of the SuperflexPy modeling framework based on the flexible architecture theory were systematically elaborated.
By taking the Qijiang River Basin in Chongqing as the study area, a semi-distributed catchment hydrological model was constructed. A
comparative test was carried out through 18 assembly schemes of hydrological process elements, and the daily runoff simulation effects
of different model structures were quantitatively evaluated. The results indicate that the semi-distributed hydrological model constructed
based on SuperflexPy can effectively simulate the daily runoff processes at catchment control sections; the simulation results of different
element assembly schemes show significant differences, which can effectively identify and reflect the key hydrological links in the runoff
formation process; SuperflexPy adopts an object-oriented paradigm to achieve the modular encapsulation of hydrological elements and
generalizes the catchment topological structure through the hierarchical organization of simulation units, nodes, and networks. It can
flexibly assemble different runoff generation and routing processes, possesses strong catchment adaptability, and can well depict the
spatiotemporal heterogeneity of catchment runoff generation and routing.

Key words: hydrological model; flexible architecture; SuperflexPy; the Qijiang River Basin
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Visual measurement method of water level in rivers based on virtual water gauge
generated by cross-section data
Wang Qiyu', Zhang Zhen'’, Zhang Tianyu', Wang Jiacheng'

(1. College of Information Science and Engineering, Hohai University;
2. Key Laboratory of Hydrologic-Cycle and Hydrodynamic-System of Ministry of Water Resources)

Abstract: To address the problem of low accuracy and poor reliability of water level monitoring caused by water gauges being easily
entangled by floating debris and damaged during flood periods under shore-based camera deployment, a mapping relationship between
the pixel” s vertical coordinate of the waterline in an image and the actual water level was established based on monocular
photogrammetry. The pyramid scene parsing network was employed to perform semantic segmentation of water and riverbank regions.
Meanwhile, cross-sectional terrain data were combined to construct a virtual water gauge, through which the pixel’ s vertical coordinate
of the waterline was converted into the actual water level. Experimental results show that the root mean square error of waterline
detection is less than 2 pixels. By properly selecting cameras to control the spatial resolution of imaging elevation, the accuracy of water
level measurement can be better than 2 ¢cm. With inclined shore-based camera deployment, the proposed method achieves fully non-
contact online water level monitoring without requiring a physical water gauge or ground control points. It has the advantages of low
operation and maintenance cost, strong robustness, and intuitive results and is applicable to irregular cross-sectional scenarios such as
natural rivers and artificial open channels.

Key words: water level measurement; virtual water gauge; semantic segmentation of image; waterline detection; deep learning
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Fig. 10 Cross-section topography and measurement system layout at measurement point 2
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Fig. 11 Selection of ROI and generation of virtual water gauge at measurement point 2
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Fig. 12 Waterline detection and segmentation results at measurement point 2
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Research on prediction of typhoon tracks and typhoon wave heights based on Pangu-Weather

Hu Zhengyuan'?, Feng Xi'?, Feng Weibing'”, Ni Xingye'”,Qin Zhipeng', Wu Haoyu'
(1. College of Harbour, Coastal and Offshore Engineering, Hohai University;
2. Key Laboratory of Coastal Disaster and Protection of Ministry of Education, Hohai University)

Abstract: Surface meteorological elements and upper-air meteorological elements under typhoon weather conditions were predicted
using Pangu-Weather, and the prediction of typhoon tracks was studied combined with the tropical cyclone tracking algorithm. The
SWAN model was driven based on the typhoon track prediction results of Pangu-Weather and the predicted wind field data improved by
a direct correction method. The calculated significant wave height data were compared with the measured data for verification, thereby
evaluating the effectiveness of the model in predicting typhoon tracks and typhoon waves in Guangdong Province and Hainan Island.
The results indicate that Pangu-Weather can achieve long-term typhoon track prediction, and the results are superior to those of the
high-resolution numerical atmospheric model (ECMWF-HRES) , but Pangu-Weather underestimates the typhoon wind field. Combining
the typhoon track predicted by Pangu-Weather with the typhoon wind field improved by the direct correction method to drive the wave
field can effectively improve the prediction accuracy of typhoon wave heights.

Key words: Pangu-Weather; typhoon track prediction; typhoon wave; wave height prediction; tropical cyclone tracking algorithm
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Flood season onset index of the upper reaches of the Yangtze River Basin considering
concurrent relationship between rainfall and runoff

Wang Haoxian, Zhu Jian, Zhong Ping’ an
(College of Hydrology and Water Resources, Hohai University)

Abstract: Based on the daily rainfall data of 79 rainfall stations in the upper reaches of the Yangtze River Basin from 1979 to 2019 and
the daily runoff data at the Three Gorges, the concurrent relationship between the rainy season onset and the runoff-based flood season
onset in the upper reaches of the Yangtze River Basin under different threshold discrimination conditions was explored. Based on the
correlation coefficients between the rainy season onset dates and the runoff-based flood season onset dates under different thresholds,
the respective thresholds for rainfall and runoff when their relationship was the most significant were determined, and accordingly, the
rainy season onset index and the runoff-based flood season onset index of the upper reaches of the Yangtze River Basin were
determined. The results indicate that the increase in rainfall in the upper reaches of the Yangtze River Basin precedes the rise of the
inflow at the Three Gorges by 2-4 pentads. Before the flood season onset, the most significant increase in rainfall occurs at the 30th
pentad, and the corresponding inflow at the Three Gorges shows an obvious rise at the 32nd pentad; the multi-year average dates of the
rainy season onset and the runoff-based flood season onset are May 31 and June 11, respectively. In most years from 1979 to 2019, the
rainy season onset date is earlier than the runoff-based flood season onset date, but there are eight years when the rainy season onset is
slightly later than the runoff-based flood season onset, mainly because the number of rainfall stations meeting the standard in the rainy
season onset index is insufficient. After optimizing the rainy season onset index using the basin rainfall volume index, the optimization
effect is remarkable, and there are only two years when the rainy season onset date is later than the runoff-based flood season onset
date.

Key words: the upper reaches of the Yangtze River Basin; rainy season onset; runoff-based flood season onset; cumulative rainfall;

moving average
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WE. AT8RAERRTARKXERMTHALTA, RA25H XA K T KBEHA
ParFlow-CLM 32 484 A 3 GIL K R K A K St A2 FF R MBI, R AR A R R A M F B LT
BR B AREAIBRANARE AR, SREAN . ADHFERE LN EBRAT EETH
WEERGROTFHERBEY 0, FHERRELEY W FRELRELS FERE AN 2
AFRT; S AEDFGETRIFB LGS RENAR(REDHFGEALZEG S L), FIT
BREFBEFNEGRAFHYGERZEZ—CHRMAXER MEFEKE FHEARTEFH%
KEGWAL(E /P)RATRABR AR LB RN 09IGR, FRTRAAKE FHKRRELGA
KW EH @ EA L, 5FEKE E/PALEEZN— MR A DB EAEEARZTHILAK
REMKZGWALL £ /P ZIBROEBAXKF

KB A BIRT AR v TR A Wil B %k R TAEA ; ParFlow-CLM

Impacts of meteorological conditions on hydrological effects of a bioretention cell

Wang Yao'~>, Wang Weiguang'’
(1. State Key Laboratory of Water Disaster Prevention, Hohai University;
2. College of Hydrology and Water Resources, Hohai University )

Abstract: Based on the meteorological data of eight pilot cities for sponge city construction, the fully distributed surface water-
groundwater coupled model ParFlow-CLM was applied to simulate long-term hydrological processes of an idealized bioretention
catchment, and response characteristics of runoff, seepage, and evapotranspiration processes of a typical bioretention cell to
meteorological conditions were systematically explored. The results indicate that the surface runoff volume of the bioretention cell is
primarily influenced by the average rainfall intensity of rainfall events in the simulation year; the average rainfall intensity is also the
main meteorological factor affecting the ratio of annual deep seepage to annual precipitation; when the seepage capacity of native soil at
the bottom of the bioretention cell is zero (or the bioretention cell is treated with anti-seepage measures) , the annual subsurface runoff
coefficient shows a certain negative correlation with the average rainfall intensity of events within the year but is largely uncorrelated
with annual precipitation and the ratio of annual potential evapotranspiration to annual precipitation(E /P) ; as the seepage capacity of
native soil increases, the correlation between the annual subsurface runoff coefficient and average rainfall intensity gradually shifts to a
positive correlation, and a certain correlation with annual precipitation and £ /P gradually emerges; the ratio of total evapotranspiration
of the bioretention cell to annual precipitation of the catchment shows a strong linear correlation with £ /P of the catchment.

Key words: sponge city; low impact development; bioretention facility; hydrological model; ParFlow-CLM
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AL FEAR AR A Wi B LK XA 5 5 42, SR FH 44 A st F K -3 T /KA A& 8 ParFlow-CLM 7K
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1.1 ParFlow-CLM

ParFlow-CLM J&—~™ 3 T4 B4 ) 05 R 89 20 A KoK SCRERL . ParFlow-CLM 3 15 #55 5R fi# Richards J5°

Fe (3 (1)) LRz i/ 3 Bpor 2 (2 (2) ) B R /K3, R #5 CLM ( community land model ) 3
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ERIE (£ 1) o FE 7 R X O 6 21T, [ R ) F RYZJZRIE D 0.05.0.10,0. 15,
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Table 1 Soil hydrodynamic parameters of bioretention cell

+2 LA K AR K= A KE/ (m/h) a/m’! n
HORZ (1) 0.43 0.08 0.01 3.6 1.56
WAz 0.35 0.03 1.44 24.4 2.49
AN KT 0. 001 0.0005 1x107° 4.0 2.50

SERFRFERRT BRI TREHEE ST 2, rmasmerEcEsssEtms
S, 8 MR 5t i LA F kT (BC) At (B)) \H# Table 2 Annual precipitation and annual
Hgﬁi( CQ) . Hi (QD) . A (SY) . I (SZ) . BT potential evapotranspiration under different

(WH) P57 (XN) 2020 4F 12/ i} REAK RS R R meteorological scenarios
BE SRR B A SRR IR ERAS-Land (https:// it ERokih/mm AR (e /mm
cds. climate. copernicus. eu/datasets/reanalysis-era5-land ) , /A~ [f] BC 629.16 1766. 04
KL IAERE K I RO TEAC RO L3R 2, W10 300 43 A gé 1‘3‘2 if ifég (3);
R LA B R, At B A B . e
AR A 498 MEpS4, #£H BC BJ.CQ.QD.SY .SZ WH SY 1858. 13 2449.22
XN 8 T 2010—2019 4EZ /N TR E 8, 3K 5l Parklow- Sz 1537.32 2230.98

WH 1984. 83 1275. 66

CLM JF IR, SH USRI LSO 3 1
EA BN 2
13 EMBBETRESR

ARSCHRIZ I TR P B ST J2 K A R A BRI 85 3 B, 38 T — R O B2 5 A
PESEVRIZ R 45BN B, 36T ParFlow-CLM (LIS TS0 10 B0 41 2 G M54 S 0K
SRR K BB RE 7 (/) 0 3 R 22 o R 1 2 B A 2 0 R TR T A0, IR
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259, 2t IE P E RECR 43k 0.18.0. 11, ZBLR & PR BT R B ST

B AR Y B FR T Y N BB A A IR BT B IR R A )2 AT Rk HE Fig.2 Statistics of event-based surface runoff
H 3T K EEZ e KIN4E Sl E T B HE J1, TEILAS  coefficients of bioretention cell under different
PFF A Wi B8 BA T A Ui T ) DG SRR T B R i B 7T AR A T meteorological scenarios
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Fig.3 Relationship between annual surface runoff coefficient and major hydrometeorological factors
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Fig.4 Relationship between annual subsurface runoff coefficient and major hydrometeorological factors
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Fig.5 Relationship between D,/P and major hydrometeorological factors under different seepage capacity scenarios
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Analysis of rainfall-tide compound disasters in the Guangdong-Hong
Kong-Macao Greater Bay Area
Dai Chihang'*, Ji Xiaomei'”, Qiao Yu®®, Zhang Wei'"’
(1. Key Laboratory of Coast Ocean Resources Development and Environment Security, Hohai University

2. College of Harbour, Coastal and Offshore Engineering, Hohai University

3. China Communications Construction Company)

Abstract: By analyzing precipitation and tide level data of the Guangdong-Hong Kong-Macao Greater Bay Area ( GBA) from 1960 to
2020, and combining the Thiessen polygon method with correlation analysis, the non-coincidence phenomena and spatial distribution
characteristics of rainfall-tide compound disasters and storm surges were revealed. The results indicate that the non-coincidence of storm
surges in the GBA is significant. Specifically, the variation points in the estuary regions are concentrated around 1987, whereas those
in the upstream basins occur earlier, around 1975. For rainfall-tide compound disasters, the variation points are observed around 1987
in the estuary areas but are delayed to 1994 in the central basin. The non-coincidence of storm surges is primarily driven by climate
change and human activities, such as upstream dam construction and estuarine sand mining. Furthermore, the variations in compound
disasters are significantly influenced by the interaction between storm surges and rainfall.

Key words: rainfall-storm surge compound disaster; storm surge; non-coincidence; correlation analysis; the Guangdong-Hong Kong-

Macao Greater Bay Area
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Fig. 1 Distribution of cities and major stations in the Guangdong-Hong Kong-Macao Greater Bay Area
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Fig.2 Identification of variation points of storm surge at Wanqingshaxi Station
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Fig.3 Spatial distribution of variation points of storm surge at each tide gauge station
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Fig.4 Scatter chart of relationship between each tide gauge station
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A E SF R K EERE TR /KINE R M
RREAETAE
7 LKk ELE O ®L R T EXR L TER,AE RRR
(1. PSRRI BT S SRR ; 2. TRUIAT UK A A5 3. VI A MK I B )

WE. AR = AWK REE DA N KEF AR K LR DA AT R KT Sk
5 AR A RRABEREXIIE, XA GOTM KEKS A FHEALE GOTM-FABM-WET K &
AR PR METAAKREL FWEKEEBIAZKG A KR EEBEGER ENT RE
BEF XN THEBIAGKE HAESL K R B A, SFFR T 2022—2031 F SSP1-2. 6 5
SSP3-7.0 HAP A AL FAREN G BRNEEAR SREAN, 285, T KRKEFHREZE
RRAETREZN1—T AL 8—12 A THOETRRSERFIE mAAKRELRAZTREBA T
Mo, vtii & a 5 B MR A TSR, EAMEEER T T %8 T2 10a 5 HKRE T4
Fa R ERERIHHL R 30~40 pg/L, 8 TR (TL) #HANREE ERCEE(50~60) , B3
HeFHEF T ARKRE LR R A LA R AR ARE FRALS K,

KEBIR K FEE AR T, A BN FEAR G F AR BTN AR K E | F AR K

Water environmental effects and long-term evolution of the Gongming
Reservoir-Qinglinjing Reservoir connection project

Huang He' ,Zhang Xia' ,Feng Tao' ,Wu Qiong’, Yan Xingcheng' , Ye Baomin’,Qiao Ruxia' ,Chen Qiuwen'
(1. Eco-Environmental Research Depariment, Nanjing Hydraulic Research Institute
2. Shenzhen Raw Water Co. , Lid. ; 3. Shenzhen Eastern Water Source Management Center)

Abstract: For the Gongming Reservoir-Qinglinjing Reservoir connection project in the Pearl River Delta water resources allocation
project, a hydrodynamic-water quality-ecological coupled model for this connection project was established based on measured water
quality and meteorological data, as well as future climate model data, by using the GOTM reservoir hydrodynamic model and the
GOTM-FABM-WET reservoir ecological dynamics model. The hydrodynamic characteristics and water quality response laws of the
connection project under different operation modes were simulated, and the eutrophication evolution trends of the reservoirs from 2022
to 2031 under two climate change scenarios ( SSP1-2. 6 and SSP3-7.0) were predicted. The results indicate that after connection, the
total nitrogen mass concentration in the receiving Qinglinjing Reservoir shows a seasonal reversal characteristic of increasing from
January to July and decreasing from July to December. Meanwhile, the total nitrogen mass concentration in Gongming Reservoir
decreases slightly, and the changes in chlorophyll a and total phosphorus mass concentrations are relatively small. Under the
background of climate warming, the chlorophyll a mass concentration in both reservoirs is expected to reach 30-40 pg/L after 10 years
of the connection project operation, and the trophic level index (TLI) enters the mild eutrophication range (50-60). Moreover, under
the high-emission scenario, the total nitrogen mass concentration in Gongming Reservoir faces the risk of exceeding the limit of the
Class Il water quality standard.

Key words: reservoir connection; climate change; ecological dynamics model; eutrophication trend prediction; Gongming Reservoir;

Qinglinjing Reservoir
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DAL

AR e ] U B Y 50 4 AT 100 22, B H i — N BE , 25 B8 i R AR RPIRES BRI ok . fE SR T
LT B 28 B - MRAR 7K I 38 38 TR K AR AR o vy BB K R AR TRE B0 8 B R L T PR
) ()32 3832 4T 100 - (D2 BH K JZE ) ¥ MRAR K R K BT 2 BHK /KR 54 m, AL 21. 21 m* /s, T ARAR K I
KT ST m, AFEVL R 16 m® /s, JeiHE HERL R 21. 21 m’ /s IR JZEBUK 0 322K Bk B | 318 R i Ak
JE I R s UE MR AR ) 2 B K R AR K B, 2 BHK R KR 31 m, AR 7. 65 m’ /s, 1 ARAR K P22 7K I
57 m, HFEV R 12. 86 m* /s, Seit % i R I ARAR /K ZEBUK 10 22 )2 /K Bk BE | 3T R A WA 7K e i 3 4542k
2.2 KEESNFER

KIFEAZS 8 1 2 A AR . GOTM-FABM-WET #5 %Y iZ #5 % . GOTM , FABM ( frame work for aquatic
biogeochemical models) F1 WET ARG M AL, FABM J&3E£T Fortran 2003 45 (I & /K 3 1 FnA: AR AY )
N AR AR 1, SR VPR A Y M ER AL A B R A ) — 2 | 2 = A (10 45 R i AR B0 g 2 A0 | i TG B ek
ATATASE AR A | 55 b A S T A 25 R A A, 3k (A5 A RURR A B INAE A >0 WET BB iy B
KEFNA A S TF K A AR AN o8 DL & 5 TR AL A S B 2 R ) AR S e A ey L
FERT B PCLake BYIERE 1> PEATEE M TR AL, 3843 FABM -6 5 AR MK s SRk &1

GOTM-FABM-WET AR HIH 10 m MU 2 m il R\ =28 55 AR 25 AR Bk A ERAS-land
MR, RRTFRERHAIBON 2021 4R 1 A 1 H &R 2022 455 A 31 H, AJFEKBR I ARE R 2021—
2022 5 H Bk B I A

TR E A BB D R PR 204 B 10s,, 7K BB 5 AR A HOCR F 2 28 S
A e A g

XPREALE R PP 4a X 1R 25 (MAE) P34 %0 H 43 LU 22 (MAPE) (Y5 1% 25 (MSE) Fil¥y il i 22
(RMSE) #17PEHT
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3.1 ARG

HRAE 2021 4F 1 H 2 2022 45 5 H 1905 525K BT /K SC K ERAS-Land G E8E 43 BIXT A BIK B 5 5%
FE S NS MRAR K 9 5 SR w3238 B /K ST EA AR, SR FH 2 BHOK R UK 1 7K BV S 28 BHOK e A i 5t W Ak
TR UK 1 AR T R W MRAR 7K PR A 320 31, I AR 405 ) 20 Wi I 50 1 e vk S i B, AU SR an 8] 2 i,
WK JE AL 5 SEIEAE 20 RO 23— 80, 354 T GOTM-FABM-WET Y 7E 7K gl 1A S A AR
U AT SR,

— WL e SEUIfE

1.2 0.030 1.0 0.04 R
1.0 3 0025 %o S f ~
=) W = Y il = 0.8 \ 3 N
% 0.8 of 7 % V = M w/w r 5 0.03 o
E . A e £ 0.020 me \hﬂ Jﬂﬂ‘ £ 06 °0.9 *W‘N\W Ey - HW \fH
SO6PN Lo o[ & o SIW Ve = N S 0 My, | W/ W
£ 04 JMA&/‘L- <& 0.015 .Mvwwwﬂ € 04F e €« o \Nﬁ:/‘\‘ AL il
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2 EEEBE S STERT L
Fig.2 Comparison of simulated and measured values
1 Al WL, A BIOKE TN TP 598475 M5 2% (RMSE) 43 %124 0. 141 mg/L 1 0. 004 mg/LL, &5 Ak 42 7K
TN 1 TP ) RMSE 43517 0. 072 mg/L 1 0. 005 mg/L, B/KZE TP B RMSE ¥Rt 0. 005 me/1, 3 #5174
XoF A B RO ABSADURS 5 0 , 3K -5l O R W ot 2 32 /K B0 0 4% 2 S AR AR
®1 BEREINRENN

Table 1 Error analysis of model simulation

fob RMSE/ ( mg/L) MSE/ ( mg/L) MAE/(mg/L) MAPE/ %
AbE TN TP TN TP TN TP TN TP
NI K R 0. 140 0. 040 0.020  0.00013  0.116 0.003 19.731 14.777
WEAKE  0.072 0. 005 0.005  0.00059  0.049 0. 007 9.702 25.345

NG 3T iR 2 KT, AWK TN # MAE 4 0. 116 mg/L, MAPE "4 19. 731% ; T MkA2 K FE TN ) MAE Jy
0.049 mg/L,MAPE "~ 9.702% , P MAPE I F 30% , 15 BT TN Jo 5 e 5 %) A X6 22 425 i) 358 47
TP ) MAPE 7£ 25 BI/K 2 RS AR K I 435010 14, T7% 01 25. 34% W= T TN, 0] i 5 75 DA 40 %o i A Rz -
TR A e W K5 B Fr) e A e s ARG
3.2 HABTHRTKRETL

ARSCEAT T PRI T 00 (36 2) $EA 77K 28 42300 I 1 2K SRR, 43 311 2 BT 2 B K 1) 5 AR AR 7K 22 R /K
DA B PRAZE AR R 1) 2 WA 7K R K A 0L o

x2 HEIRKAEESH

Table 2 Calculation parameters of engineering hydraulic characteristics

T ISBKEEAR DL/ m ASBHAKEEBOK O/ (m?/s)  WEMIEAKEARNL/m MK ERUK D/ (m/s)
IS B K TR K S MR AR K 54 -21.21 57 16. 00
T PR K JEE R 7K 2 B K 31 7.65 57 -12.86

mE 3 s, RFEAKE ST, K TN BTk B A7 3 2= MEse S, I AREEK R 1—7 A TN Bt ik
JEMRTAWKE ,8—12 A @ TAWIKEE, W/KPE TP Bk B 5L, 2555 R 3, TP AF- 35 o i e i 23
7K 0. 020 mg/L, I MRAEK I 0. 019 mg/L, H BE I Z5 FI 4 7E £0. 005 mg/L M, PiZKJE Chl-a BTk B2 K P
il Bt a8, AWK SEWREK SR G TG MR K 2 1 2 B K PEAE K (B 4) AWK e
TN J57 st Ve R KT 25 [, IRk AT 2 K TN BT ik FE AR 4(E0 0. 626 mg/L, 527K TN BT i i
SEEE TR R 0. 487 mg/L, FEIEZ) 22. 2% . A EHWE BoR 4 A ¥R TS, TP Al Chl-a FEARZERFFAE,
KB BRI A R R
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Fig.3 Water quality changes of two reservoirs under scenario without water transfer
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Fig. 4 Water quality changes of Gongming Reservoir after water transfer from Qinglinjing Reservoir
8 BAK 5 1 MR K PR T8 5, 7R BHOK JE i AR K SR B (B S) AR K K R 2 B AR
R B S EIETT WRIE, 1—T7 TN BT BRI K AT BT 15% ~25% , 7—12 H WK IE T R
TP i e BE R K B SR AR X R4 5E AE 0. 018 ~ 0. 019 mg/ L, {5 P /K i - 14 hn S 2K K IR & 155, ;2 TP
Jo e B 7 SR B M +0. 002 mg/L 3% 2 +0. 005 mg/L, Chl-a 5T & & I8 /K {if J5 44 X 22 AL i B2/ T
8% , 2% Wi A K A2 W LU (25~ 30 ) KL AY e [l 428 R PR A i 7K LR 30 ek 2 A8 4k
3.3 EBEIBKRKEET
6 FE 7 & SSP1-2. 6 (IR ) A1 SSP3-7. 0( Hh s HERR ) B2 T, T ARARAK R T2 2 BH /K P2 19 /K o K 10 A
TEIE DL
a. TN, ZBIKEARAK TN BT W EFE SSP3-7. 0 1 5t T 28 3 L FH#a s A H N 0. 03 mg/L
(2022 4F4 1. 14 mg/1.,2031 4E4 1. 48 mg/L) , #4340y (40 2031 4F 8 A ) A+t MZEFR{E (1. 0mg/L) , SSP1-
6 i 5o PG AL LE 0 2030 4G AAAE bR XURE o TR K PEAC SR TN JoT 5 ¥k B35 32 I 7K 52 il ik 2, SSP3-
7.0 5 A HEE N 0. 05 mg/L(2022 4F 0. 60 mg/L.,2031 4F 1. 02 mg/L) ,I&{H&E PR FEZE(7—9 H) , 5
TR I HE IR B M Ge g A RAT G
b. TP, WK TP 5tk B 1 R i 25 FRAE (0. 05 mg/L) ,{H SSP3-7. 0 1% 5 FABAKIE TP ik
JEAEIIE (0. 021 mg/L) 55 T SSP1-2. 6(0. 019 mg/L) , THARAIKIE TP 252 7K 8y g 2152 Wi R, PRK AR

o
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Fig.5 Water quality changes of Qinglinjing Reservoir after water transfer from Gongming Reservoir
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Fig. 6 Water quality changes of Gongming Reservoir after connection of two reservoirs under different climate scenarios

Atne TP e IR P i 2 T

c. Chl-a, Wi7KJ% Chl-a ik EEAE SSP3-7. 0 5t N R E LI ABHKE Chl-a FTvk B (E
M 2022 AFEHY 15. 2 we/L 35 % 2031 4F1Y 33. 8 we/ L IEMAZ/KIZEM 14. 6 pg/L 1 % 34. 3 ng/L, Chl-a FTEIKES
K (R*=0. 82) KAWL (R =0. 67) W 3EIEARX , RIS IR 575 573 & LRI IR g i e

BEAITN 285 R R AR SRS W 55 TR A B I ETE AWK 5 1 AR 2K e 322 38 5 04 7 B it A8 2
PR 2SS . SSP3-7. 0 1 5t R, A BAKE TN i & ik F 2028 45 Frgi it M2SFRME (1. 0 mg/L) ,
2031 4FIE(HIE 1. 48 mg/L, TEMAE/KIE TN B e AR AR (A AZ /K R A2, 2 28 (7—9 A) ik
WemE(£0.3mg/L) . AdE— P EAE E IR AR, AR SCHHR T PR SR 52T A K E 53R K E
R B IR AR R (TL) Y ZE RN 8 fif /R, PIZKJZE Chl-a AR FEETE SSP3-7. 0 5 P R K, &=
2031 4FNBHZK FEAE Y Chl-a JRRR A 30~40 pe/L, &8 FR L e 0t AR 5 5 3746 IX 7] (50~ 60) , Chl-a
FER MR A 5 H 2R SR (>28°C) MABE LR T 20 BT B & W&, IR AE K AZ B BR e 55, A R &
RN EREF, SSP3-7.0 155 T, W7KFE TN Fl Chl-a BTk BE Y 25 T SSP1-2. 6, JLHAE 2030 4 )52
SN (TN R 2209 K% 0. 2~0. 3 mg/L, Chl-a IR E Z M 5~ 10 pe/L) ™ g i & He s 5 1
B 2SS . SSP1-2. 6 155 T, ISR i A R T TN 1 Chl-a B ¥ ) F TR (H 2 2031 4R Bk
JE TN AP5dei 2R FRAE , BV i A2 T A AR s AL B FR 3 i 45
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Fig.7 Water quality changes of Qinglinjing Reservoir after connection of two reservoirs under different climate scenarios
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Fig.8 Changes of trophic level index in reservoirs after their connection
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T G HE B RE T 0 T R Y BN (HA TR TR R AR A RS AR SCRIFSE R, K i )
EIRER U TN) B K PR B B4 B 3, 5 302 KK v MR AR K PEAE 1—7 H TN R BT, 8—
12 F TR, SO0 B 0 2 M S e o KA B B R 4 e R MG S T TS e e B RN HE S B e 7 (HA AR E T
WERAERBERGEANRIZ S5 H00, 30 B IR 7E N /23 (075 B NP8, AL RIE a0
WK EPAE MR KNG TN SR AR E T R E LA, RUIMNERZMAFEMRER T ES 2
B A AT, KK R S 4 G i A TN 5 v B A T 1 Bk, (ELB0 25 /K B sl ol gE A 1 IS Ui v s 97
ERHRET, e — L RS KRS . X — 45 R 5 Tan 252 BUBF SR 456 — 5, B 398 7K 50T 0 s iRk
AR IEEAT RS R i A S A el BE S R )2 A BB SRR . 2 b, Zhang %570 ¥ PFASs
TR MG T i 2B, W AR S G Bt 7K i i 78 28 32 7KOKAR G | AR 283500 HoA B I A R M fn 2R A
I, 7K P 3 38 TR T K B8 U5 R ) A RIS, t RT BB R 5 R 3R P AT AL 38 18, T K 8 7 Ab U:
(149 223 () Y R A A< AR 2 s [

AT = T, RRFFE T SRR KA B = A TR s2 ), AR SCRLIN 25 IR B, 7F SSP3-7. 0 1
SN, PIKIEKIR R BT, B KRBT 28°C  JEK T a2 A K AR TR A B4R U s A A
BFE 038 1 0 P UE A LT %) 2 il RN B SRR R, Rl N T OKAR TR R BRI SRR MR B S LRI,
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SMRAEA T W o R BRI , HE— 2 IR TSNS SR ER A o (B T AR SO 5 R A A U

RUKEE  FROTTFRERR 5 R 7K I AR A B A AR IR AR i A B 2R AR 2 — | RK 25t 3 52 Ml 7K PR A 7K SO
PICE SRS DM A K K R AE Y AR SO R R 25 SR T, & 2031 AR AWK FE TN vk
JEWE(E A 1. 48 mg/L, M) M ZE/K BAm i, 7 Chl-a Brit iR BERESE T2 30~40 ng/L, & B FRALIEEGH AR
BEFMEIXE (50~60) , HEAN AR SCHFFE A & L Chl-a R SR E (R*=0. 82) L AME L (R =0.67) &
FAEADC, UL AU e 5 A R AR L Rl 1 i 2G5, JUH IR e w R s (/U LR T 20) BT AL T,
REWNAERERMERHE T, KW, KEEE T RS SR B so il fe st — 4 iR oK sk
B S EERE, ,7E SSP3-7. 0 T 5, A BH/KZE TN By AF H 36 3 3K 0. 03 mg/L, ¥E MRAR/K I TN Jii &
W A3 0. 05 mg/L, Y95 T SSP1-2. 6 1f 5, R m HERUE AR T AR BB X 5 Tk w2 A K i
PR 2

g5 b KBl TR AL S ia 1T B e 22 RUBE T 522575 oK s )R S5 K s B i DR R 6 &R
T2, I e B AR 7R Aol R v R P A ST N R T S A K B I £ B A TR AR AL sk R B —
R K PR BC T 2T BES | A B A A Rt . AR, U o 22 S AR I 2 R R R SR s AR s 2 A (N &
PR TR B ) I R DA e 7 7 A IR A 1 K 2R 1 R K S ] s 3 Ao 398 sk 3 £ | P AR UK R B 55 X
R K AR R A IR B A K T RS E 732 25 A s FEAR AR = DT 3 Y I R /K AR, A HIZK g oo
TN AR TS et i . BEAh , B ROKE 2 S AR (40 CMIP6 H1 ) SSP1-2. 6 5 SSP3-7.0) 40 A TR K K
o PG 53 I M FEAE A 3 o 1 S A TR AN [RIHE O A 7K 0 e A e 3, 40 I o s %o M 1 78 3R R
T ASBE SNBSS, RAES 21002 RS, A RS IUK IR LA & A R DTS fp
PEfK LA 54 B RGE MKW REL
4.2 FEEFRESHHAE

S GOTM-FABM-WET BRI G- A4l 1 /K 80 £ B8R G 88 (A FE R BR 1, 75 7R AR W 52 v ik
— e,

a. BRI 502 R YR K AL BB A W B L Lu 2502 LT ] T K JZE A i W o h 2k B s s T
WEREHOR I 57K . pH AL C R (R® =0. 87) , 2 B H A5 A8 12 W RE Jin i) i Ve el XU . A SCHIF 5% 7
SSP3-7. 0 1 55t N WEL R A BI/K JE TP 4R34 B vk B (0. 027 8 mg/L) % SSP1-2. 6 155+ (0. 027 1 mg/L) A fr I
T, WG 7R R UE R 1T 8 A VR A A A I XU T8 1717 44 TS 78 ) oA S 7 220 i i 7

b. FERHI Delta [ RUBE 7 6 A 31l B8 X 8 S0 57 P 7 1 47 7 R BR . Do 261 3 b il g 7 AN W 3k 1Y
CMIP6 [ RUEEXT HF ST, 8 th AR e e v RUBE 5 i X P A i K 6 b (40 RX 1 day ) 125 ] 43 S R e 0 AN A2
5SS 1 RMSE 35 0. 34, CMIP6 A5 4 vty B2 W =54 (1) 2R Ge AR Ay , T BB 2 — 25 5% ) 1R T G £ Af 1)
B BE

. YA A 2 i K 2 7K 5T s (] 5 P T T A R R, 0 R AR B 2 I R K 1 B, T RE AT
e 535 B T [0 43 )2 5 KA B T BAG A5 45 M) X L 7043 S Wk S8 Sy R A0 1, 4 S0 000 Oy T, AR S R R
FETSARAR AR ASE IR, 149 AR A R 75 YRR (Anll i I8 -5 P bl S ULkS o ) A AR s i T Rk gt —
BT 2B IR AT 5, I 5 RN S T AL AR, DR A S 5 R BREh RLF-  AE X BT

d. JKIEDEH K OUAR B A EIATE K SOK SRR LA AT A5 19 25 0] S i) Jey ok sl ) 55K B o A B
AR A58 A8 L8 T AR 201 5 TR0 25 SEAT O T B, SR ST 45 6 i 4 PR MUY 50E 5 A T
SIS W B R AR AR SC B DB RN B . PR BRI S A S T BRI BE ), AR AT B A =
K B 1K RS A AR SRS B M B HULE SR B SR R AR 2 ) o A SRR R, TR AT A G i o R
XIS AR (2 CMIP6-CORDEX ) 5 I8 £k Wy bR b 2F Ak AT 2R 48 /K BRESREADIAE 42

5 & g

a. R AR IR 2 KK PR AR B 24 S St /K D 1) % 7K Bt 107 B AT S 25 5 i R AR K A
SRR, 327K HT TN J5 b vk B2 22 A BRI SRk i Y SRR AIE | 32 /K5 3R Y 21 22 S P/ s (b v 22
1 56. 8% , 22 5 R ELFEAE 40. 3% ) , A WK VKA RARTE TIEMARK ZEK B E M . A BIK IR DR 52K
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b. AUEARIE 5 IR Eh A B PR R RN BK Bl 9R 4k, SSP3-7. 0 15 Bt R, MK Chl-a Jit i Wk JE F
2028 AEZME 30 we/L, HE AR B E FRAL B BE (50 ~ 60) , HZABH/K & TN Ji & ik B 78 2031 4F 8 H ik
1.48 mg/L,#d MZEPRME (1. 0 mg/L) . ML Z T, SSP1-2. 6 % 5% 18 1k YL HEHE by TN Joi 2 e J28 498 3okt [ {1
35% AH 2 2031 4FAT5 3 FRAEL (0. 98 mg/ L) , & HH B — S M B AR X LA 58 4 Rk /K 2 ' 78 SR AL KRGS

c. SETRIRITIMSE AL At 2 1y MR KA SR, B2 2R s MRAR 7K P28 T 3t o D3 s K AR A 4, 4
BRI AN s A A U3 B AR, [RIR 75 S VS VR B AR W D 8%, IR B CMIP6 255U & T, L3R
T A RS DA B Ak
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Correction of sediment discharge ratio formula for cascade reservoirs under
sediment interception conditions

Zhang Guoshuai'”, Jin Zhongwu'’, Li Zhijing'>, Chen Peng'’>, Zhou Qihang'
(1. River Research Department of Changjiang River Scientific Research Institute;
2. Key Laboratory of Changjiang River of Ministry of Water Resources)

Abstract: To address the problem of low accuracy in empirical sediment discharge ratio formulas caused by the continuous decline in
effective reservoir capacity and significant changes in inflow water and sediment conditions during long-term operation of cascade
reservoirs, the inflow water and sediment processes in the cascade reservoirs of the lower reaches of the Jinsha River over the next 100
years were designed. The sediment discharge ratios of the cascade reservoirs were calculated using both a one-dimensional water-
sediment model and the Siyami empirical formula for sediment discharge ratio. The quantitative relationship between the results
obtained by the two methods was analyzed, and the Siyami empirical formula for sediment discharge ratio was subsequently corrected.
The results show that the sediment discharge ratio calculated by the one-dimensional water-sediment model exhibits greater volatility
than that calculated by the Siyami empirical formula. Moreover, as the operation time of the cascade reservoirs increases, the growth
rate of the sediment discharge ratio calculated by the one-dimensional water-sediment model is significantly higher than that calculated
by the Siyami empirical formula. The coefficient of determination of the corrected Siyami empirical formula for the Wudongde,
Baihetan, Xiluodu, and Xiangjiaba reservoirs is 0. 95, 0.96, 0. 87, and 0. 86, respectively, indicating that the corrected formula has
high accuracy.

Key words: cascade reservoir of the lower reaches of the Jinsha River; mathematical model of sediment; sediment discharge ratio of

reservoir; empirical formula correction
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Fig.1 Cascade sediment discharge relationship of cascade reservoirs of the lower reaches of the Jinsha River
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Fig.2 Designed inflow water and sediment processes for cascade reservoirs of the lower reaches of the Jinsha River
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Fig. 6 Relationship between correction coefficient and benchmark value of sediment discharge ratio
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Risk assessment of life loss in dam breach based on combined weighting-cloud model

Cheng Jing', Xiang Siyao', Zhou Wei’, He Ziyao’
(1. College of Water Conservancy & Hydropower Engineering, Hohai University ;
2. School of Water Resources and Hydropower Engineering, Wuhan University ;
3. China Southern Power Grid Energy Storage Co. , Lid. )

Abstract: To address the problems of strong subjectivity in weighting by the analytic hierarchy process and insufficient research on the
spatiotemporal distribution of life loss risks in traditional dam breach life loss assessment, as well as the high fuzziness and randomness
of risk indicators, a risk assessment method for dam breach life loss based on a combined weighting-cloud model was proposed. This
method comprehensively considered various influencing factors, established a grading standard for dam breach life loss assessment
indicators, and constructed a unit population distribution model for the downstream flooded area based on dam breach flood routing
results. By integrating the indicator weights determined by the combined G1-entropy weight method with the risk membership degree of
each unit obtained from the cloud model, dynamic risk assessment of different spatiotemporal units during the dam breach process was
achieved. The overall life loss risk level of the reservoir dam breach was determined by calculating the life loss value. The case study
results demonstrate that the combined G1-entropy weight method integrates data changes during flood routing and effectively balances
the subjective and objective weights of relevant indicators in dam breach life loss risk assessment; the combined weighting-cloud model
method can effectively handle the randomness and fuzziness issues in the risk assessment process, achieve dynamic risk assessment of
the dam breach process, better conform to the actual flood routing process, and more accurately reflect the impact of the flood on the
affected population during the initial stage of the dam breach.

Key words: dam breach; life loss; risk assessment; combined weighting; cloud model
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(8 b K SRR 1, ELA 5 e TSN B R R GIS e, B i 2 FH K R TR | 15t 300U 1T
Aili HHZ DR BT A4, HEC-RAS 19 — 4K 2l ) A R EE T L1 Navier-Stokes J7 F2"2! | BEAE A 2
UL 2R M 26 4F T BB K A 7

2 R K KB IEM R AR 2R

2.1 EaiKITEMEREERS

Tt U= i 0 2K T2 132 B 22 AR AR S P R B 3[R 2 0, B D5 38 R X S8 2 [ R 7 o B S
IR BT AR A T L S A PR 1) S Bk 2 BRI 8 A2 Mkl PR ARy 8t 30 i 2k
PO R, L4 4 BN ER (XU R B R o] A E A B AR L) 4 AT HE PR (KB A T 4
JTHE K E R ] U B AT IR ) .
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ST 2P A SORATM AR bR 53 5 DAY (R 2) R T 20 (T 9 haE (M%) ™
(VG BT E (V) o BRI T7 5 g AR Ar an WUS A D80 BOK B ESE 456 S bR TR R &
RO TR AE I3 B 5 28 PEFE AR A BRARRLE | UG N F1EH A5, MR AT 23 9 A R HEA T 0~ 100 T{H, F-4% [X [H]
R 59
&2 mEGREITENERERX S

Table 2 Grading of assessment indicators for dam breach life loss

gy PEATR g PP wem gl BOKELARE BB FUER )
(A/10* km?) (m?/s)

I 0~<0.5 1.0~3.0 0~<0.5 0~ <25( W) 80~ 100 0~<25( 1) 50~100 0~<5

I 0.5~<1.0  0.75~<1.00 0.5~<4.6 25~ <45( W) 60~<80  25~<45(IEF)  20~<50 5~<10

i} 1.0~<1.5  0.50~<0.75 4.6~<12 45~ <65(—f) 40~<60  45~<65(F4)  10~<20 10~<15

v 1.5~<2.0  0.25~<0.50  12~<15 65~ <85 (M) 20~ <40 65~ <85( BiMf) 5~<10 15~<30

\% 2.0~6.0 0~<0.25 15~45 85~ 100 (He AR ) 0~<20 85~100( % =) 0~<5 30~90

2.2 TMEREEE

PP AR B BRI IT , nDH 25 184 (18 A S HE A0 D 221 P DXCTR] BT SR A HG 25 A5 78 9 20 R Ak
(. FRFEPFMINIENX RE  BE E, M H, HEMEH(N(11)) o BEJR , AT IE R 2 K R 4% A s 7
(e AN : D ray - Bt I 1S I W2

Ex = (Smax + Smin)/2
En:(smax _Smin)/3 (11)
H, 6 =06E,

S, oS IR B A GObRE DX H] (4 BRABR T BR AR ;6 B 0. 1724
oI T M oN% oV

107 1.0
0.3} g/\i‘ 038
g %
2 0.6 el ¥y 2 0.6
M of 5 ®
#oaf § | 13 o 2 04 !
o2} ¥4 ’{ 02f B 2.5%
98 b4
HA e IR , , o
0 I 2 3 4 5 6 0
KU A B/ (N10% km?) AR ]/
(a) KU A %L (b) B stE]
1.0 1.0¢
08 1[\'* 08} /\
e P
= 0.6 i z" i 0.6? 3
2 04 % ! mosf § i ¢ 3
0 15 30 45 20 40 60 80 100 0 20 40 60 80 100
B/ (ms) PR AR JRUSE AT 2H
(c) Bk mE Pk (d) HRfRARRE (e ) JRUBS A FTZH %
1.0 ' .
0.8 ;/\
3 3 7. "g'-?\‘.r»
R = #
#% 04f : %
02f
0 20 40 30 40 60 80 100 T — 90
HEoK F] A A T3 25 /km TR ()
(f) Bk FkmTE (g) HE3HE = (h) TFR%

1 HBiFMIERaRE

Fig.1 Cloud models of each assessment indicator
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3 SCBISEIE

3.1 IiE#R

YS KSR /IN(D) BUKEE 7 F BN A 7S 3okl X, Itk LA B A 17. 03 km?, K JEARAL K
U Vi PETE HOKHR R A 2 s, R B b R L, TR AR O 10827, 7 m, B KR 220 7 m, UK BE
228.5m, T FE 6. 0m, KIEBIFEZ 633 J1 m’, i /KAL(P=2%)1526. 63 m, B KA (P=0.1%)
1827 m, IEH & /KA 1826 m,
3.2 ERIGEKEFERE

FIH HEC-RAS BFFYEE YS K B UK S AR 18] 2 R YS KRR m #2444 ( DEM, 1 = 2000) ,
Kl 3 AWF5EIX GlobeLand30 M FHSHY AR HE S 1 A XS b FB IR AH | FL ok (A0RE R 1 0. 035, AR
FU0. 2, RS R 0. 035, HFHBIURE R 0. 04, A i R RS R 0. 03, 7K EW] Uh 25 8 BURE A% 3t Ak A3 A /e 15t
IKAE 3R LR SR TR0 R 46, B3 A BOK FEAS A K B o R i A ZE b /K o AR LR TR s 74
BRI S AR K B SR T RE AN RN AZ BE KA B AS R S5 T 5 BOUK 18 To s LR 15 T
THEAS 25 WL K ™ S AN K Bk [ anfEl 4 & 5 s

‘ “p il&?@%’ﬁk .

R it A T
'_]-21879 = i T—F . ¢ % M .
RN B T g €
Ml 770 : - A EHE 9
B 2 YS/KFEE DEM Z#EE 3 YS/KELMF AR
Fig.2 DEM modeling scope of YS reservoir Fig.3 Land use types of YS reservoir
YSIKPE YSIKJE
RRHOK PR ) R/ L HEKSIAR I \
w30 e w24
Mo o oy
4 EMEAHKEEN B 5 Rtk EARE
Fig.4 Maximum flood severity of dam breach Fig.5 Arrival time of dam breach flood

3.3 RKEIEMR
3.3.1 28

FE T UK e HE S S I L DT ST s R RS B0, BT RN 10 mx 10 m, £ FRITHY 8 4T
Wraa bR AR AN - FRoT KU N DR T 2020 4F25 - N 3% A Bl , A7 BUX R G i34 4 P 241
90) AN DV R b 255 T IX R R J3 A g 00, A B~ B, BF9T X BT N A A an &l 6
7R o BT S TR] SRy 7 7K 380 s ] 58 08 60 (0] 0 22 (1, 6 4038 0 s TRV B 10 min™> ) AT A b /K ™ E
PRI K 2 TR B B] i K S AR A ) BT AR AR B LAS SR T AP L XN 11 A2 2B R T Lug A A4l | b

BUAETRAEL, Bl i XN FR2 = i = 0 s /N s Ou10* k)

%0 SCHEM I 0. 173 ¢ 0. 141 = 0.287 Ipg :i%%

0.252 : 0. 147, BATEN F AL /S B K il il X 10 headidice

FHAEN L1 (65. 45% ) 301 45 1F 25533 S5 U 20 o

e WUBEHUEL, T BB 5 4 4% 356 T 60 HEEERE

VAR MO BT | 2T F W e i DEM 07 gk E6 HRXAON

$3 32 1) AT B Fig. 6 Population distribution in study area

3.3.2 ®EIHHE

Gl T EALE | #01H L X VEM 8 bRt A 7 26 25 HE e A B0RE FE (L, AH AR 48 bx 1 2 2 K38 b
FUALTE WL 3, [EIA, 25 G oK FE ) s 25k 12 R R A T T 345 20 45 3 oK 0 B 240 48 b 114) %5 AR
(£ 4), EMAERETLRLETET A E AT E2E B0 g, HAE 43 A5 38 Ry Y47 1 2 A R 4
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YE Bt KT HE AR Y SN S PR AT S TR, b KU N BRI K ™ B i AR R P A D IR AR TR A A
P, A B A5 S F RS Z A 225, LS R a5 5 TR Z Al r) P
®3 Gl EEEREREREUNE

Table 3 Importance degree assignment and subjective weights of G1 method

Bt 7 FUALE Eiz r FURLE
NP NEE 0. 154 SRR N 1T 2H 1.40 0.105
A H s ] 1.00 0.154 HKE K A 1.00 0. 105
AR 1.05 0.145 iERUI 1.00 0.105
P 1.00 0. 145 TR 1.20 0. 087

®4 BIGEERIRE SOK G RN ERE E WANE

Table 4 Objective weights of assessment indicators under different flood durations obtained by entropy weight method

BRI/ RS A # B ] Pk W KU AR BOKEAmE IR TR

0.75 0.674 0.013 0. 145 0.039 0.010 0.014 0.038 0. 067
1.00 0. 621 0. 026 0. 165 0.041 0.013 0. 026 0.048 0. 060
1.50 0.383 0. 063 0.232 0. 062 0.019 0. 064 0.084 0.093
2.00 0.323 0.041 0.268 0.082 0.020 0.041 0.115 0.110
4.00 0.275 0.134 0.292 0.082 0.017 0. 000 0. 089 0.111
6.00 0.264 0.121 0.337 0.073 0.017 0.002 0.081 0. 105
12.00 0.249 0.114 0.374 0. 069 0.016 0.002 0.076 0. 100
24.00 0.245 0. 100 0.429 0. 060 0.013 0.019 0.048 0. 086

H120(6) 3 21 UK DT TP A8 bR A A (2 5) o S5 BoR, BK IR R 0~ 2 h, KU A 8
AR 5 3 T, A RLBE LA 1T B2 88 KU A A% 5 K DB A 2 ~ 24 b, 7K™ F5 P 119 21 5 A 320 i 4
K, HABSE AR AR AT FFa, AR KU ORIt 7k ™ B 5 Ak a2k i A E S IR &K
Horpr ) JRUR: A V2 A AR AR B ) A B R (E 0. 414, B S BT R 1%, 28 24 h A2 0. 199, 25 B 5t 30149)
B9, 028 () 43 A 6 A B e HLA Jee PEAE T, T Bl ) ()9S | L w120 s 55, b 7Kk ™ J P 1 4 B AL
0 A R, AL 0. 75 h 19 0. 145 3782 13 24 h 19 0. 288, W Bl & UK i 164% K I S8k IR 7k
R SRR PR R R ST )RR AR B S A B BN Y ARG N S 05 i R AR bR AL A
HSUEE 3 AT

®5 BHKGHTENERNAESINE

Table 5 Combined weights of assessment indicators under different flood durations

BRI/ RS # B R Pk B KU AR BOKEAmE BRI T

0.75 0.414 0. 083 0. 145 0. 092 0. 057 0. 059 0.071 0.079
1.00 0.387 0.090 0. 156 0.09%4 0.059 0. 065 0.076 0.073
1.50 0.268 0.108 0. 189 0.104 0. 062 0.084 0.094 0.091
2.00 0.238 0.097 0.207 0.114 0. 062 0.073 0.110 0. 099
4.00 0.214 0. 144 0.219 0.114 0. 061 0.052 0.097 0. 099
6.00 0.209 0.137 0.242 0.109 0.061 0.053 0.093 0. 096
12.00 0.201 0.134 0.260 0.107 0. 060 0.053 0.090 0. 095
24.00 0.199 0.127 0.288 0.103 0.059 0. 062 0.076 0. 086

3.3.3 m&FMER

I TR BT PO R bR 00 S8 BE AR I, 05 00 Bk /K g I 48 R 2H S A T AH 3R, 15 B & BTN SR B
SR FE WU KSRy BT KU 4540, Ry B AR DT I 1. 50 h (9 3L B 50854 S 91, >Rk W] ot
B SE G TR AR IR TT TN 8 AR BE B I 1 SE SR IR B UL 3R 6, 45 B bk D B (R 48 AR AR
AR U, =0.079.U; = 0.111 Uy =0. 118 .Uy = 0.152 Uy = 0.312, 131 Uy >Uy>Uy>U, >U, , BO%H.
TCH KB S5 V R, [R]85t 7K 7 I 25 BT R PR B8 R A T35, T 45 30 4% b 7K Dy I 35t 300 i 8 1K
JCHITEM IR . 25 RS R (0] L R K D I 6 h J IRURS: 43 A7 A2 AN K e B 4 > AR b 7 7 B i) JRURS: 25 25
ZEGHATIRR AN 7 PR o AR HEK D B JRURS: S5 G A s A an ) 8 BT
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®6 MK 1.50h EETIFMIERREEER

Table 6 Membership degree results of assessment indicators for a certain unit at flood duration of 1. 50 h

e " . g
TN FE bR AT Bl " o o s o
PRSFNEE ) A/10* km? 2.00 0. 000 0. 000 0. 000 0.325 0.325
AR ] h 0.83 0.216 0.882 0.044 0. 000 0. 000
BEAK T m?/s 12.01 0. 000 0. 000 0.322 0.332 0.198
R 99.00 0. 000 0. 000 0. 000 0. 002 0.430
P SoNEE:EN 53.92 0. 000 0.054 0. 841 0. 002 0. 000
K F IR ] 97. 86 0. 000 0. 000 0. 000 0. 003 0.563
3R 25 km 2.64 0. 000 0. 005 0.001 0.014 0. 996
T R (°) 4.15 0.614 0.132 0. 000 0.001 0.020
U A% I_

(a) PEAKPIAFL b

(¢) JKIIHF2 h (d) BtKIE6 h

B7 JRARHKHMRNTHAOXEEREE
Fig.7 Risk level cloud maps for downstream area of dam breach under typical flood durations

HEAK TR 0~ 6 h, 32 K BRI S AR IR EE A 78 6 h A1 12 h IRBUE(E  BE/S 7E 24 h BOA T F%, T
e AU P9 I 2 35 28 WA T2 OB /K DI 0~ 2 b, v KURS: DX 4™ O, L BB I T RS | i XU DX
[ T Y s B SR DX T V 2 ims KU, A TT RS g, 7 2 h Ik B, ot LUk 24. 47% ; QUK Pl
2~4h, e AU DCIER A FEL T AR 4 /0N, V s XUR: BT /b, T T AR XU B 5T R MR 436 s Ut K P oy 4 ~
24 b, XU Ry ke TRRE , AR I3 DX AR XU IX., A /3 a3 N 101 %85 8 DXIATY 98 Sy v KU, IX 5 IR T 2
BRIV B ICAE 24 b A B> (EEG o HEGR 21 1 I8 {E 90. 93%

AR (10) TR I 2045 BATC I A A g, O 55 J e R 45020 (Al S U A 7 X Ll | e 245 B 1 5t 1
AR AR (R 7) o ARSOITIES HAUPIRN 7 1 BT 25 R AR A R 34— 2, 4% kK D ek ) 2 i 43 R A B
ZESFRUIN RS E R ATEER) o BAN , AR SOTIEHZIE T AR K DI R 2 PPN R AR 8 0 sh 572 4, 3

B U AR IR R SEBRa RE DT RE S MR Sz Wit 30U S At 2K X 52 AR IXUR: F 5200

70000 ] R Fx7 BRYEGBRAREESERITLL
60 000 % Table 7 Comparison of estimation results for
500007 Mk dam breach life loss
< I
T 40 000 V&% — EXE PN
= 30000 - AITEE JE vk al6] Sy a(20]
20 000 - 0.75 3 3 2
10 000 - 1.00 10 9 8
0 1. 50 62 59 54
0.75 1.00 1.50 2.00 4.00 6.00 12.00 24.00 2.00 78 75 68
BRI 7h 4.00 92 91 84
6. 00 101 103 94
& =3 ok B R R 2 SR
B8 ARItKAE TREERMMETH 100 103 106 0

Fig.8 Frequency variation of risk levels under different flood durations 24.00 107 112 103
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RATE B WLPR

4 & iE

Gl LA AL A AL Bl S 1 B K R e b 8 Bl A8 Ak, REAT 281 15t DAL i 46 2 KURS 34 v A
KARPRI WAL, AL R et K e A rh KU ORI K ™ B FE AR A AN i ik e
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IR A AR  BEK DTS 0~ 2 b, i KURSE DX W, F2 28000 T N I B A X K DT 2~ 4 b, e XU X
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Comparative study on mechanistic model and data model for real-time
water flow regulation of water diversion project

Huang Yujie'”, Yu Xiaodong'~*, Wang Yiran'*, Shi Lin'*> Zhang Jian'’
(1. State Key Laboratory of Water Disaster Prevention, Hohai University;
2. College of Water Conservancy & Hydropower Engineering , Hohai University )

Abstract: For an actual water diversion project, a mechanistic model based on hydraulic principles was established, and hydraulic
parameters were calibrated. Based on data such as system layout parameters, upsiream reservoir’ s water level, measured pressure and
flow rate along the pipeline, and measured flow rate and opening of the regulating valve, a BP neural network data model was
established, and GA was used to optimize the initial weights and biases to improve the accuracy of the data model. The target opening
data of the regulating valve calculated by the two models were comparatively analyzed, and the applicable conditions of the two models
were proposed. The results indicate that when the cosine similarity between the input data and the training data is high ( = 0.95), the
average error of the data model is 0. 58% , representing a reduction of 0. 11 percentage points compared with that of the mechanistic
model, and the maximum error is reduced by 0. 46 percentage points; however, when the cosine similarity is less than 0. 95, the
maximum error of the data model can reach 9. 02% , while the average error of the mechanistic model does not exceed 1. 13%. The data
model depends on data and has high calculation speed and accuracy under conditions of high cosine similarity.

Key words: long-distance water diversion project; real-time water flow regulation; cosine similarity; GABP neural network
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Acid corrosion-induced deterioration law of mechanical properties of cement mortar
under coupled seepage and salt attack

Zhang Yanhe', Xu Liqun'’>, Zhao Shaofeng', Lu Yuting’, Li Ling'*, Li Hongfei’, Ni Yong'
(1. College of Water Conservancy & Hydropower Engineering, Hohai University ;
2. Nanjing Modern Multimodal Transportation Laboratory; 3. Water Transportation Consultants Co. , Lid. ;
4. Ningbo Water Conservancy & Hydropower Planning and Design Institute Co. , Lid. ;
5. Xi” an Municipal Construction ( Group) Co. , Lid. )

Abstract: To investigate the acid corrosion-induced deterioration law of mechanical properties of cement mortar under coupled seepage
and salt attack, cement mortar erosion tests, uniaxial compression tests, and splitting tensile tests were carried out under different
acidic conditions (pH=7, 3, and 1) in Na,SO, solution with seepage. The deterioration mechanism of the mechanical properties of
cement mortar under the coupled seepage and salt attack under different acidity conditions was revealed, and a deterioration analysis
model for the mechanical properties of cement mortar was established. The results show that at pH of 7 and 3, the compressive strength
and tensile strength of cement mortar specimens initially increase and then decrease with increasing erosion duration, reaching their
peak values at 60 d and 45 d, respectively. Specifically, the peak compressive strength and tensile strengths are 39. 33 MPa and
3.12 MPa at pH of 7, as well as 36. 71 MPa and 2. 86 MPa at pH of 3. In contrast, at a pH of 1, the compressive strength and tensile
strength of the cement mortar specimens decrease, with their maximum values being 31. 00 MPa and 2. 30 MPa, respectively. A higher
acidity of the erosion solution indicates a lower peak compressive strength and tensile strength of cement mortar and a more pronounced
deterioration effect of mechanical properties. Under coupled seepage and salt attack, as acidity increases, the deterioration of cement
mortar shifts from being dominated by the coupled action of leaching erosion and sulfate attack to being dominated by acid erosion.
Under the coupled seepage and salt attack, the strength damage coefficient of cement mortar exhibits a good quadratic function
relationship with erosion duration, and there is a linear correlation between tensile strength and compressive strength.

Key words: cement mortar; seepage and salt attack; acidity; compound erosion; microstructure ; intensity damage
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Fig.2 Time-dependent apparent morphology of cement mortar specimens under different erosion conditions
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Fig.3 Time-dependent variation of compressive strength of specimens under different erosion conditions
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Fig.4 Time-dependent variation of tensile strength of specimens under different erosion conditions
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Fig.5 Schematic diagram of cement mortar erosion under coupled seepage and salt attack
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Fig. 6 Fitted curves of strength damage coefficient of cement mortar
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Fig.7 Relationship curve between tensile strength and compressive strength of cement mortar
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Numerical simulation of response of flow velocity and water temperature in tributary
bay of river-type reservoirs to installation of rectification curtains

Gong Yiqing' , Hong Hao’, Gu Jiacheng’, Mao Jingqiao' , Zhang Peipei'
(1. College of Water Conservancy & Hydropower Engineering, Hohai University; 2. China Yangize Power Co. , Lid. )

Abstract: To investigate the impact of different installation conditions of rectification curtains on the crucial driving factors of algal
blooms in the tributary bay of a river-type reservoir, numerical simulation methods were used. By taking the Xiangxi River, a tributary
bay of the Three Gorges Reservoir, as an example, a three-dimensional hydrodynamic and water temperature model was constructed to
simulate and compare the changes in flow field and water temperature characteristics of the tributary bay under conditions before and
after the installation of a rectification curtain, as well as under different installation positions and submerged depths. The results
indicate that the rectification curtain has a significant blocking effect on water flow. Water mass mixing occurs at the upper layer at the
section where the rectification curtain is installed, resulting in a decrease in water temperature on the upstream side and a reduction in
water temperature stratification. Under different installation positions of the rectification curtain, the flow velocity in the middle layer of
the water body changes more significantly as affected by the rectification curtain than that in the surface and the lower layers.
Furthermore, when the rectification curtain is installed closer to the upstream of the tributary bay, the influence on flow velocity at the
estuary is more significant. However, the effect of the rectification curtain on water temperature has little correlation with its installation
position. The average temperature difference across different layers at the rectification curtain section increases with increasing
submerged depth. The upper layer exhibits the largest water temperature variation. The depth range of water temperature change also
expands with increasing submerged depth, ultimately achieving a reduction in water temperature across the entire vertical section.
Key words: rectification curtain; tributary bay of reservoir; flow velocity; water temperature ; installation position; submerged depth;
Xiangxi River
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Fig.5 Comparison between simulated and measured water temperatures at different monitoring points
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Fig. 6 Different installation conditions of rectification curtain
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Fig.7 Flow velocity distribution along thalweg under different installation positions of rectification curtain
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Fig.8 Vertical flow velocity distribution under different installation positions of rectification curtain
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Fig.9 Temperature distribution along thalweg under different installation positions of rectification curtain
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Fig. 10 Vertical water temperature distribution under different installation positions of rectification curtain
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Fig. 11 Vertical flow velocity distribution at monitoring point X02 when rectification curtain is installed
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Fig. 12 Vertical flow velocity distribution at monitoring point X04 when rectification curtain is installed
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Fig. 13 Vertical flow velocity distribution at monitoring point X08 when rectification curtain is installed
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Experimental study on sealing effectiveness of water seals for high-head gates

Chen Jifeng' , Li Junjie’, Shen Yanping', Hu Jianke', Dong Yipei', Jiang Qinglin’, Guo Jianbin’
(1. POWERCHINA Huadong Engineering Corporation Limited; 2. School of Electrical and Power Engineering, Hohai University)

Abstract: Given the significant uncertainty in the sealing effectiveness of water seals for high-head gates caused by material attenuation
effects, the attenuation characteristics (including stress relaxation, hysteresis effect, and plastic deformation) and time-varying laws of
rubber materials were analyzed through constitutive characteristic tests of rubber water seals. A mechanical model for sealing was
established by integrating the sealing mechanism of water seals filling the narrow gap space, and the constraint conditions for reliable
sealing of water seals were clarified and experimentally verified. The results indicate that the compression ratio is a key factor affecting
the sealing effectiveness of water seals for high-head gates; specifically, the sealing effectiveness of water seals with a compression ratio
of less than 25% shows a good positive correlation with the compression ratio, whereas that of water seals with a compression ratio of
greater than 25% shows a significant negative correlation with the compression ratio. The established constraint conditions for sealing
effectiveness agree well with the ultimate pressure-bearing test results, which can provide an important reference for the reliable sealing
of high-head gates.

Key words: high-head gate; rubber water seal; sealing effectiveness; stress relaxation; hysteresis effect; plastic deformation
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Fig.2 Mechanical model for sealing effectiveness of water seal
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Fig.5 Inherent constitutive characteristics of water seal
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WE: ARACAFEENBRBEARTEY R EmTEG 2 S8, TFRET RE LR B AR
FAFT WA R B EAKERMNE ARA KT, KSR A AT THL AT e9IRMAEX KA
R AE 0 B B A TG AR Ay AT 2 REIR N 69 BIR 29 RAAF T A R EARAE T AR R A M
BARAF ARG Ao PR BT 2R 3T AR 3 i 8 U5 R 1 0 2] @ AR LR HT R & AR TR R AR AR
KX, B EHARBER LA T 50 R GAT B A BR M (2 Ak e § R & R TR LR
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Experimental study on electrical resistivity tomography detection of
heterogeneous karst aquifers
Zhang Bin', Liang Yue', Wang Pingyi', Dai Lei', Zhang Hongjie', Xu Bin', Xia Rifeng' , Sun Zhiwei’

(1. National Engineering Research Center for Inland Waterway Regulation, Chongqing Jiaotong University;
2. CCCC Yangtze River Construction and Development Group Co. , Lid. )

Abstract: To investigate the capability of electrical resistivity tomography for characterizing heterogeneous karst conduits, laboratory
model tests on the detection of heterogeneous karst aquifers were conducted under different boundary layouts and excitation source
conditions. The experimental results indicate that compared to the observation mode with insulated boundaries, using controlled
electrical potential boundary conditions as inversion constraints for electrical resistivity tomography detection can effectively reduce the
uncertainty of estimated parameters. With the increase in the number of electrical potential boundaries, the characterization accuracy of
electrical resistivity tomography for heterogeneous karst conduits gradually improves. Compared to the mode with constant current
excitation sources, the mode with constant voltage excitation sources has higher imaging accuracy and inversion certainty, but the
estimated conductivity is relatively high. The electrical resistivity tomography technique based on a successive linear estimation
algorithm can effectively characterize the heterogeneous characteristics of the conductivity distribution in karst aquifers.

Key words: karst aquifer; heterogeneity; electrical resistivity tomography; inversion analysis; laboratory model test
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Fig.2 Electrical resistivity tomography inversion model
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Fig.4 Scatter plot of simulated and observed electrical potentials for different conditions
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Experimental study on salt-freeze resistance of hydraulic concrete under tensile stress

Zhan Yunhong' , Qian Wenxun', Shi Yonggang’, Ge Jinyu', Xu Fei'
(1. Materials & Structural Engineering Department, Nanjing Hydraulic Research Institute ;
2. Hubei Shuizong Water Resources & Hydropower Construction Co. , Limited)

Abstract: To investigate the influence of tensile stress on the salt-freeze resistance of hydraulic concrete, salt-freeze tests were
conducted under ultimate tensile stresses of 0%, 30%, and 50%. The mass loss, attenuation of dynamic elastic modulus, and chloride
ion diffusion laws were analyzed, and the damage mechanism was revealed in combination with pore structure evolution. The results
indicate that tensile stress significantly accelerates the deterioration process of concrete. Under ultimate tensile stress of 50% , after 200
freeze-thaw cycles, the mass loss rate of low-air-content concrete specimens increases by 21. 7% ; the relative dynamic elastic modulus
decreases by 35. 5%, and the chloride ion diffusion coefficient increases by up to 47. 0%. Microcracks induced by tensile stress
significantly enlarge the pore size and enhance the pore connectivity. Although increasing the air content can mitigate salt-freeze
damage, the proportion of harmful pores in high-air-content concrete is relatively high, and the superimposed effect of tensile stress may
affect the durability of concrete.

Key words: hydraulic concrete; tensile stress; frost resistance; ion corrosion; pore structure; durability
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c. WK FFE S95 HArifE, B KRN 0. 07%, % A 2. 91 g/em’, LR BLUA 436 m*/ke, i3 LA
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Table 1 Mixture proportions of concrete samples

it bR R (kg/m)
% K Kl oW BEK B A PE  wukil sl
X-1 158 236 119 40 693 465 696 5.93 0. 040
X-2 155 239 120 40 671 463 693 5.97 0.044
X-3 152 240 120 40 632 462 692 6. 00 0. 048

®2 BEIIIEMHRER28dHAERE

Table 2 Workability and 28 d tensile and compressive strengths of concrete

RFES S YHEE/mm TRE % PURBREE/MPa L FRPLAH5R L/ MPa
X-1 215 3.6 47.9 4.53
X-2 210 5.1 41.5 4.79
X-3 210 6.2 38.2 4.31

1.2 # R Ak B R4 M ik i it
N OHTHINE ) 5 A ER BRI RS VR T B IR BE L PR IERE, BB T AN 1 BT R AR g e,
HARSEITT I AR b R R s P L ) A ek, 7 7 i TSR RSO 77, e i o ) 10 R 57 9 77 5 R
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Fig.4 Water-soluble chloride ion content under different ultimate tensile stresses
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Table 3 Test results of pore parameters of hardened concrete

WOgs  WRRBURIN K/ % &5E/ % TR /mm AR R E B (mm®/mm®) MR B/ mm

0 5.0 126.7 26. 675 0.188

X-1 30 5.1 128.9 26.720 0.179
50 5.6 143.2 29.460 0.172

0 7.2 182.2 27.835 0. 142

X-3 30 7.5 189.8 31.105 0. 126
50 7.8 198.7 31.750 0.122

M3 3 Al DL, B0 xR SE £ AL S RO B2, 2B & PR R R R R R
AR DR I BT R 5l o G DR L0 gV A A TR 5 e P 87 A B 2 R SO AL B, 3 1 <
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Fig.5 Pore structure test results under different ultimate tensile stresses
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x4 FREBRAAENDERTHILEALLL

Table 4 Proportion of pore sizes under different ultimate tensile stresses

e DRBURLN S ENGEREES R L
g5 o
K-/ % <20 nm 20~<50nm 50~<200nm  =200nm

0 43.3 24.7 15.1 16.9
X-1 30 41.7 24.4 15.0 18.9
50 34.9 27.2 18.0 19.9
0 32.9 18.6 20.0 28.5
X-2 30 31.0 17.8 19.1 32.1
50 26.1 13.2 23.5 37.2
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Analysis of mechanical performance of clamp-bolted connection joints between steel
structure module units

Wang Junyi', Chen Zhihua', Guo Ning’, Liu Yang', Lyu Taihui’, Han Shuxun’
(1. School of Civil Engineering, Tianjin University; 2. Hebei Haoshi Integrated Housing Co. , Lid. ;
3. China Railway 16th Bureau Electrification Engineering Co. , Lid. )

Abstract: To improve the connection efficiency of steel structure module units, a clamp-bolted connection joint between block units
was proposed. A finite element model of the joint was established to analyze the static performance, seismic performance, and the
influence laws of three parameters (side wall thickness of the welded connection surface between the corner fitting and the module steel
beam (side wall thickness of corner fitting) , wall thickness of the positioning clamp, and wall thickness of the module steel beam) on
the mechanical performance of the joint. The results show that the clamp-bolted connection joint features a simple and reasonable
structure, a clear load-transfer mechanism, and favorable seismic performance; increasing the wall thickness of the module steel beam
can improve the maximum bearing capacity, as well as the overall stiffness and energy dissipation capacity of the joint to a certain
extent; increasing the wall thickness of the positioning clamp can improve the initial stiffness of the joint but reduces its energy
dissipation capacity, and excessive wall thickness of the positioning clamp reduces the ultimate bearing capacity of the joint; increasing
the side wall thickness of the corner fitting can improve the bearing capacity of the joint, and greatly enhances its energy dissipation
capacity, but weakens the stiffness of the joint.

Key words: clamp-bolted connection joint; seismic performance; static performance; finite element analysis
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Fig.1 Schematic diagram of clamp-bolted connection joint
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Table 1 Specimen parameters

FPFOEE  GEALRE BRI

H J&/mm BEIEL/mm B¥JE/mm

S-01 12 8 8

S-02 20 8 8

S-03 16 8 8

S-04 12 10 8

S-05 12 6 8

S-06 12 8 10 B2 BRTERME S

S-07 12 8 12 Fig.2 Finite element model meshing
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Fig.3 Setting of constraint conditions Fig.4 Cyclic loading regime
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Fig.5 Stress contour of failure state in finite element Fig. 6 Comparison of load-displacement
simulation (unit: MPa) curves
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Fig.8 Load-displacement curves under
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Fig.9 Comparison of load-displacement curves under monotonic loading with different parameters
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x2 ARENAMGHF RIS
Table 2 Mechanical performance indexes of different specimens

WS FILANIE/ (KN/mm) 1F [ W {E fof 25/ kN A 1) WAL A7 2K/ kN S YU faf 4/ kN RS % EEREL

S-01 0.912 74. 540 82.450 78.490 1.92
S-02 1.014 81.317 87.579 84.448 7.60 1.18
S-03 0.913 82.120 78.990 80. 560 2.60 1.62
S-04 1.020 77.529 79. 829 78.679 0.24 1.16
S-05 0.902 75.090 82.190 78. 640 0.19 1.57
S-06 1.126 85.990 82.167 84.059 7.09 1.22
S-07 0.948 78.830 78.780 78.810 0. 40 1.65
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Fig. 11 Comparison of skeleton curves of different Fig. 12 Comparison of stiffness degradation curves of
specimens different specimens
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Optimization of empirical parameters for typhoon wind field based on
random forest algorithm

Shi Jian'?, Sun Haifei'”, Liu Wei'”, Zhang Chi'”’, Li Yuan'’
(1. College of Harbour, Coastal and Offshore Engineering, Hohai University ;
2. Key Laboratory of Coastal Disaster and Protection, Ministry of Education, Hohai University;
3. State Key Laboratory of Water Disaster Prevention, Hohai University)

Abstract: To address the problems of difficulty in determination and strong experience dependence of the radius of maximum wind
speed and Holland-B parameter in the calculation of the Holland typhoon wind field model, the calculation methods of the radius of
maximum wind speed and Holland-B parameter of the Holland typhoon wind field were optimized using the random forest algorithm,
combined with the dataset of the machine learning model of satellite remote sensing inversion data. Furthermore, the wind speed of the
parametric typhoon wind field model with optimized parameters was compared and verified with the measured wind speed, and the
accuracy difference between the parameter values optimized by the algorithm and those calculated by empirical formulas was compared.
The results indicate that the two optimized empirical parameters of typhoons fit well with the validation set data; the average errors are
both less than 4%, and the prediction accuracy increases by about 50% compared with traditional empirical formulas. Based on the
random forest algorithm, the empirical parameters of the parametric typhoon wind field model can be obtained quickly and effectively,
and the simulated wind speed error is within 7%. This improves the accuracy and stability of the simulated wind speed of the parametric
typhoon wind field model and provides a new technical approach for typhoon numerical simulation.

Key words: machine learning; random forest algorithm; typhoon wind field model; radius of maximum wind speed; Holland-B

parameter
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Table 1 Optimal parameter combinations for random forest algorithm
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Fig.2 Comparison of predicted values of maximum wind speed and Holland-B parameter with validation set data
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Table 2 Errors of typhoon wind speed
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Fig.5 Comparisons of values of radius of maximum wind speed calculated by empirical formula with validation set data
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Table 3 Error comparisons of radius of maximum wind speed between optimization by random forest
algorithm and empirical formulas

BE AR AR NSE R? MPE/% RMSE/km
PR ARIA 0.85 0.85 3.66 9.32
=(6) -1.24 0.35 59. 00 35.90
K(7) -0.84 0.34 -51.39 32.54
#(8) -3.3]1 0.36 128.52 49.77
#(9) 0.34 0.37 24.93 19.45
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Fig. 6 Comparisons of values of Holland-B parameter calculated by empirical formula with validation set data
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Table 4 Error comparisons of values of Holland-B parameter between optimization by random forest

algorithm and empirical formulas

Bk NSE R? MPE/% RMSE
REALARBR 0.73 0.73 1.23 0.13
#(10) -25.62 0.53 -66.51 1.29
K (11) -18.55 0.41 -50. 00 1.11
#(12) 0.14 0.51 12.52 0.23

A (13) -33.28 0.52 81.50 1.46




148 R NEIE - SN S 4 54 %5

5 & it

a. FEMLARARE LB RS ER M TN Holland S804k & WX AL IR K K 42 Al Holland-B B 41~5
B, BRI B[R] 3 /0T 4 s, X F R R K R R LA, BE AL AR PRI 1545 B9 NSE 24 0. 85, RMSE 2
9.32km,MPE 4 3. 66% ., 7£X} Holland-B S8 LA i, M4 F i R K42, IRBLA B LR 22, R
0. 73, FUIKE B 21 ; RMSE Fl1 MPE A T B K KB AR0AK, 43000 0. 13 1. 23% . 545 A XA I, BEPLAR
ML 25 SRR 2= N WA RO, 8 FHBEAL AR MRS X Holland-B S AT IR AL I 25 R L 10 A
AECATEE AR KU i KX A2 F Holland-B S A IRINE EE 7. 1 S50tk 5 KU XUG# MPE 7€ 7% L)
P, RMSE /0T 3 m/s AU ] {5 B BRI K B RS/, 2 Holland 5 RURIZAHUER HE T8 i

b. TGN, BEYLARAR S ECHIN B BEAS 4 N S S EUE . 38TV R X
(1) 4 255/ KT IS UE LS SRR B, 5 200 0 FUA THR 25 SR A AEAS R R B 0 = A S5 AR SRR B R R
FE, AHET R , BEALARMSE R T IR 22 Y/ N T A0 A A, vl DWHLES 2% 2 O ikl D 34 5 5 RURL
WA SEAGTT R i T 258 A RS SECZ MBI AER I8, a0 A B S50k & XX
BRI AE T8 73k

SEM:

[ 1] BRIEF At 28 sk EEM, 55, Bl ATV I T T AR BRANAE A BR 28 AL R ST HE RE [ )] YTl R 2 23 ( A SRR ) , 201745
(3) :249-255. ( Chen Meixiang,Zuo Changsheng,Zhang Wenhao, et al. Research progress of inter-annual and multi-decadal sea
level variability in tropical Pacific Ocean [ J]. Journal of Hohai University ( Natural Sciences),2017,45(3) ;249-255. (in
Chinese) )

[ 2 ] Zheng Jinhai, Wang Jincheng,Zhou Chunyan, et al. Numerical simulation of typhoon-induced storm surge along Jiangsu coast , Part
I1; calculation of storm surge[ J|. Water Science and Engineering,2017,10(1) ;8-16.

(3] Ze, e 26 2000, 45 3L AR FR Y- i 22 (RSt R [T ] P Rl ( L ARBRFAAR) ,2015,43(5) :442-449. (Zuo
Juncheng , Zuo Changsheng,Li Juan,et al. Advances in research on sea level variations in China from 2006 to 2015[ J ]. Journal of
Hohai University ( Natural Sciences) ,2015,43(5) :442-449. (in Chinese) )

[ 4] Fosme, X g i, R, S5, 3 KU 2l (190 i b DXAR S e K fR 5 00 [0 7K Rk 2 i g L 2023,34 (1) : 1-11. ( Gao
Yankang, Zhao Tongtiegang, Tian Yu, et al. Effects of typhoon activities on extreme precipitation in coastal areas of China[J].
Advances in Water Science,2023,34(1) :1-11. (in Chinese) )

[ 5] WG, By, 52/, A5 Bl i Bl SE 8 300 s XU 5 R SO AN [RBTG5 T Hh B W ORI [ 0] KB IR
2025,41(4) .42-50. ( Zeng Zhaoyang, Yang Fang, Wu Xiaoming, et al. Study on the law of flood inundation under different
encounter scenarios of extreme storms and astronomical spring tides in the northern part of Hengqin Island, Zhuhai City[J].
Water Resources Protection,2025,41(4) :42-50. (in Chinese) )

[ 6] & ITIZ ik, % MR A XU ST H [ 1], 23R ( B AABLAAR) ,2023,51(6) :130-140. (Luo Feng,
Wang Yi, Yang Jie,et al. Comparative study on storm surge processes caused by typhoons with similar tracks[ J]. Journal of Hohai
University ( Natural Sciences) ,2023,51(6) :130-140. (in Chinese) )

[ 7] Jelesnianski C P. A numerical computation of storm tides by a tropical storm impinging on a continental shelf[ J]. Monthly
Weather Review, 1965 ,93 .343-358.

[ 8] BRFLIK. —FiTlBE A XX IG B H [ T]. 7R 1994,13(2) :41-48. ( Chen Kongmo. A computation method for typhoon
wind field[ J]. Tropic Oceanology,1994,13(2) :41-48. (in Chinese) )

[ 9] Myers V A. Maximum hurricane winds[ J]. Bulletin of the American Meteorological Society, 1957 ,38 :227-228.

[10] Holland G J. An analytic model of the wind and pressure profiles in hurricanes[ J ]. Monthly Weather Review, 1980,108(8) :
1212-1218.

[11] Schloemer R W. Analysis and synthesis of hurricane wind patterns over Lake Okeechobee, Florida[ R]. Washington, D. C. :U.
S. Department of Commerce, Weather Bureau,1954.

[12] Vickery P J,Skerlj P F,Steckley A C,et al. Hurricane wind field model for use in hurricane simulations[ J]. Journal of Structural
Engineering,2000,126( 10) :1203-1221.

[13] Kato F. Study on risk assessment of storm surge flood , technical note of national institute for land and infrastructure management

of Japan[ R]. Tokyo: National Institute for Land and Infrastructure Management,2005.
(F#% 178 W)



554 F5 3 WO R AR (H SRR ) Vol. 54 No. 3
2026 4£ 5 Journal of Hohai University ( Natural Sciences) May 2026

DOI; 10. 3876/j. issn. 1000 - 1980. 2026. 03. 019

RS R ZERMERRYEREUTR
BRI ERAND R R e

(L. TR AP U 2 3 I 9 0 2 o s S 5 2. TR 2t I 5 vl TR 27 )

FE . AR F 0T KR A S RIF R R TR A A AR A B 2T R, R T AR # Rk
B SWASH KA | s HL M| ok 22 A 85 A ST AR AR AE 38 0% T 09 K 3 A7 5 48 T B B A BE 3L, IR 0 R Bl KA
Lk A TOUT R R — S R — AR R =R R AR R 80 R AL AL, R K
B A5 AR 4T R AR LA T OU T A AR S AR R AR, R A AR AR R R A A R TR T
TP Lot AR T AL S5 A L B 538 3B N | TAR A 1K T AR SE 3R Lot AR R AP HLAE VA 52 L 25 20R, R K
TKAL G F T ARG AE K R TT#k BTk 50% VA £ S RAL B o AR B B M A £ FH R,
=B R BT 5 PR OE AR R

KPR . Lotk AR R R B R 5 R SR ; SWASH AR A

Numerical simulation study on multi-factor synergistic disaster reduction on muddy coasts

Cen Lin'*, Ni Xingye', Feng Xi'?, Tao Aifeng'*, Zheng Jinhai'’
(1. Key Laboratory of Coastal Disaster and Protection, Ministry Education, Hohai University ;
2. College of Harbour, Coastal and Offshore Engineering, Hohat University)

Abstract: By taking two typical eco-friendly wave-dissipating elements on muddy coasts, namely oyster reefs and mangroves, as
research objects, a numerical simulation was conducted on the hydrodynamic characteristics of regular wave propagation and evolution
over oyster reefs and mangroves based on the non-hydrostatic wave SWASH model. Furthermore, the wave dissipation variation laws of
a single oyster reef, a single mangrove, and their synergy on muddy coasts under different combinations of water levels and waves were
explored. The results indicate that the combined condition of oyster reefs and mangroves effectively improves the overall disaster
reduction efficiency, and the wave dissipation process exhibits nonlinear variation characteristics. In the synergistic wave dissipation
condition, mangroves have a significant enhancement effect on oyster reefs, and engineering layouts can prioritize increasing the
planting scale of mangroves to achieve efficient disaster reduction. Under low-water-level conditions, the wave dissipation contribution
rate of oyster reefs can reach more than 50% , while at high water levels, mangroves play a dominant role in wave dissipation relying on
the canopy structure, and the sequential coordination of the two can achieve progressive energy dissipation and disaster reduction.

Key words: mangrove; oyster reef; muddy coast; synergistic disaster reduction; ecological disaster reduction; SWASH model
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Fig.1 Validation results of wave dissipation by porous media
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Table 1 Drag coefficient values of roots, stems, and leaves of mangroves

o - WIEY
ngﬂi d=0.20m d=0.35m d=0.45m
Hy=0.05m H,=0.10m Hy;=0.05m H,=0.10m H,=0.05m Hy;=0.10m
lits 1. 60 1.26 1.82 1.34 1.93 1.38
£ 1.32 1.15 1.43 1.19 1.48 1.21
nt 4.42 3.58 4.42 4.42 4.42 4.42

2.3 ZHANRESES
K H K PEN AR 8K B R LA T R IR BLRE , K /N /R 2 B PERE Y, K IR R XI5
TSRS H S5 H, P ECERRE .
K =H/H, (11)
BT R R AE Y R I AR A AN R B KR i (LTRSS B T 038 B R B a4 LA
e HIS AR E S A TOE S RECG & R — Ik B R BN RIS AR, RS K EER
XL PR A S S HL, o3BT B A 45 K L R AE W R I ik A H 1) ST kAN R, IR LD R MLEE . DAL A T



55 3 30 A bR AE IRV 2 BRI R IR E AT T 153

M1-2 g, Hods b R ALK, a3

K, = aKiK] (12)
K, K, 30 A BUAT B R O PR AT B LA AR 3% S R B o By R E AR, HRORRIK R i s
JAZAE TSR35 S R AR RS TE

3 AWERDH

3.1 HYRHEEH R RS
M1 THF AR BRI B 2H A 25 T VAR 5 3 R Bt h 26 anEl 4 B

—— H,=0.05m —— Hy=0.10m
2.0 1.5 1.3 1.0
L5 13 11 038
1.0 1.1 N 2

05 0.9 0.9 0.6
0 L L L ) 0.7 L L ) 0.7 L L L ) 04 L L L L )
15 17 19 21 23 15 17 19 21 23 15 17 19 21 23 0.20 0.25 0.30 0.35 0.40 0.45

x/m x/m x/m dlm
(a)d=0.20m (b)d=0.35m (¢)d=045m (d) BEKERZAL

E4 HIGHEEEEHRHTL
Fig.4 Variation of transmission coefficient along oyster reef
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Fig. 6 Variation of transmission coefficient along course during synergistic wave dissipation by mangroves and oyster reefs
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Table 2 Transmission coefficients of wave dissipation by oyster reefs, mangroves, and their synergy

wave under varying condition

\ o B AR
Ho/m L ﬁ;f,&"‘“/(bk/mz) d=0.20m d=0.25m d=0.30m d=0.35m d=0.40m d=0.45m
M1 0. 806 0.7795 0. 843 0. 898 0.929 0.937
80 0. 805 0. 800 0. 636 0.557 0.534 0.528
M2 60 0. 838 0. 840 0.697 0. 624 0. 601 0.598
0.05 40 0.870 0. 884 0.772 0.710 0. 689 0. 690
80 0. 688 0. 626 0.563 0.518 0.505 0.507
M1-2 60 0.714 0. 646 0.616 0.574 0.567 0.572
40 0.741 0.677 0.672 0. 646 0. 649 0. 658
M1 0.583 0. 706 0. 831 0. 850 0.925 0.933
80 0. 603 0. 609 0.482 0.398 0. 381 0. 365
M2 60 0. 632 0. 664 0. 546 0.462 0.438 0.442
0.10 40 0. 664 0.713 0. 626 0.556 0.530 0.541
80 0.482 0.511 0.435 0.376 0. 361 0.361
M1-2 60 0. 501 0. 544 0.487 0.429 0.417 0.424
40 0.522 0.589 0.558 0. 505 0.504 0.516
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Fig.7 Verification of transmission coefficients and water depth influence mechanism for oyster reef-mangrove

combined wave dissipation structures
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Fig. 8 Synergistic effect coefficients
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Table 3 Contribution rate of oyster reefs to synergistic disaster mitigation under different mangrove densities

TURRAE/ %
d/m Hy=0.05m Hy=0.10m
80 Fk/m* 60 #/m? 40 £/m? 80 Fk/m* 60 Fk/m* 40 #/m?

0.20 51 55 61 81 84 89
0.25 53 55 59 64 67 73
0. 30 35 38 42 25 28 31
0.35 31 33 37 23 23 25
0. 40 17 18 20 16 17 16
0.45 18 19 22 18 18 19
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Impact analysis of offshore photovoltaic pile groups on nearshore wave fields
based on SWAN model

Tu Yuhan'?, Zhang Wei'”>, Huang Rui'**, Wang Xiaoguang'~
(1. State Key Laboratory of Water Disaster Prevention, Hohai University;
2. College of Harbour, Coastal and Offshore Engineering, Hohat University)

Abstract: To address the impact of large-scale offshore photovoltaic pile groups on nearshore wave fields, a generalized model method
adopted SWAN model based on equivalent bottom friction coefficient was proposed to solve the bottleneck of low computational
efficiency in full-grid simulation of high-density pile foundations. Based on the method, the attenuation effect of 50 000 pile foundations
on wave fields under different working conditions in the offshore photovoltaic area of Qizi Bay, Qingdao, Shandong Province was
simulated. The results indicate that the pile group has a significant blocking effect on wave propagation; the wave height attenuation
gradually increases from sea to land, and the wave height attenuation rate on the nearshore side can reach 30% under extreme
conditions. This method can effectively solve the computational difficulties in simulating large-scale pile groups and provides technical
means for the wave field impact, pile foundation design, and parameter selection of offshore photovoltaic projects.

Key words: offshore photovoltaic; wave field; wave height attenuation; bottom friction coefficient; SWAN model; Qizi Bay offshore

photovolatic station
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Table 1 Comparison between model-calculated and measured wave heights

il REALTH 0% =/ m SN 5/ m R/ %

o S i SSE [f] SSW [ S ] SSE [f] SSW ] S [ SSE [f] SSW i)
1 1.12 0.98 1.21 1.10 0.91 1.18 1.79 7.14 2.33
2 1.27 1.22 1.23 1.24 1.12 1.21 2.36 8.20 1.69
3 1.22 1.17 1.22 1.25 1.16 1.25 2.46 0.85 2.08
4 1.39 1.32 1.46 1.35 1.30 1.38 2.88 1.52 5.44
5 1.21 1.13 1.28 1.16 1.14 1.18 4.13 0.88 8.00
6 0. 89 0.83 0.91 0. 89 0.84 0. 89 0 1.20 1.73
7 0.87 0.77 0.95 0.88 0.85 0.90 1.15 10. 39 5.48
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Study on salinity dispersion characteristics in Humen of the Pearl River
Estuary based on analytical solutions

Zhou Yuan'’, Xu Yanwen', Zhang Wei'”>, Tang Suxuan’, Wang Zijie’
(1. State Key Laboratory of Water Disaster Prevention, Hohat University;
2. College of Harbour, Coastal and Offshore Engineering, Hohat University)

Abstract: Based on the salinity advection-dispersion equation, constant-dispersion-coefficient and variable-dispersion-coefficient
analytical models for saltwater intrusion in Humen of the Pearl River Estuary were constructed under two assumptions of a constant
longitudinal salinity advection-dispersion coefficient and a spatially varying longitudinal salinity advection-dispersion coefficient. With
field measured runoff and salinity data, the saltwater intrusion process was simulated and reproduced; the spatiotemporal variation laws
of the longitudinal salinity advection-dispersion coefficient were comparatively analyzed, and the salinity dispersion characteristics in
Humen were explored. The results indicate that the variation range of the longitudinal salinity advection-dispersion coefficient in Humen
is small, and the saltwater intrusion process curve presents a bell-shaped transition form, characterized by convexity in the downstream
reach and concavity in the upstream reach; the salinity gradient gradually increases and then decreases along the upstream direction.
The salinity dispersion characteristics of the downstream waterway in Humen are significantly affected by the incoming water from the
Dongjiang River, showing obvious segmented features. During spring and neap tides, the spatiotemporal average of the longitudinal
salinity advection-dispersion coefficient in the downstream waterway of Humen affected by the Dongjiang River is 1 785 m*/s, while the
overall spatiotemporal average of the upstream and downstream waterways of Humen is 2 649 m>/s. Huangpuyou Station is a segmented
characteristic station of the Humen Waterway. Compared with the value assignment method that comprehensively considers the upstream
and downstream dispersion characteristics, adopting the longitudinal salinity advection-dispersion coefficient calibrated for the waterway
downstream of Huangpuyou Station in the analytical model can improve the prediction accuracy of the model for longitudinal salinity
distribution changes in the reach affected by the Dongjiang River but underestimates the actual length of saltwater intrusion in Humen to
a certain extent.

Key words: saltwater intrusion; analytical approach; the longitudinal salinity advection-dispersion coefficient; the Pearl River

Estuary; Humen
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Fig.1 Schematic diagram of monitoring station layout of the Pearl River Estuary
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Table 1 Parameters of constant-dispersion-coefficient analytical model
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3.3.2 EMEKERTE for variable-dispersion-coefficient analytical model
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Fig.7 Comparison of simulation results of analytical models for saltwater intrusion process in Humen during moderate tide
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Table 3 Parameter calibration results under different scenarios

Q,/(m*/s) H/m K R? ap/m”! Do/ (m*/s)
Hi TH1 O TH2  TH1T O TA2 T TH2 TH 0 T2 TH1 T2 TH TH2
2025-01-21  -383 -383 1.73 .73 -0.137  -0.091  0.99 0.89 3.22 4.85 1234 1858
2025-01-22  —446 -446 1.97 .97  -0.139  -0.093  0.99 0.90 3.18 4.75 1417 2118
2025-01-23  —498 -498 2.28 2.28  -0.139  -0.093  0.97 0.88 3.18 4.75 1582 2364
2025-01-24  -525 -525 2.42 2.4 -0.142  -0.092  0.99 0.88 3.11 4.80 1632 2520
2025-01-25  -537 -537 2.50 2.50  -0.137  -0.090  0.99 0.88 3.22 4.91 1731 2635
2025-01-26  —580 -580 2.53 2.53 -0.143  -0.095  0.95 0.87 3.09 4.65 1791 2696
2025-01-27  —486 -486 2.27 2.27  -0.137  -0.092  0.98 0.89 3.22 4.80 1566 2332
2025-01-28  —584 -584 2.51 2.51  -0.140 -0.091  0.93 0.85 3.15 4.85 1842 2834
2025-01-29  -667 -667 2.26 2.26  -0.147  -0.100  0.95 0.88 3.00 4.42 2003 2945
2025-01-30  -626 -626 2.05 2.05  -0.141 -0.099  0.96 0.90 3.13 4.46 1960 2792
2025-01-31  —663 -663 1.68 1.68  -0.154 -0.104  0.95 0.88 2.87 4.25 1901 2815
2025-02-01  -705 -705 1.43 .43 -0.140 -0.100  0.86 0.85 3.15 4.42 2223 3113
2025-02-02  —655 -655 1.38 1,38 -0.131  -0.095  0.94 0.90 3.37 4.65 2208 3044
2025-02-03  -705 -705 1.36 .36 -0.164 -0.103  0.95 0. 84 2.69 4.29 1898 3022
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Fig.9 Comparison of simulated results of longitudinal salinity distributions in Humen under different scenarios
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