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Abstract The landside slope of levees was exposed to the scour erosion induced by
storm surge overflow with more typhoons. This study aimed to reveal the erosion
features on landside slope of a levee during surge overflow. Different experimental
conditions based on flume test were designed to explore the influence of levee
structural parameters on landside slope of a levee, including levee crest width and
landside slope. Experimental data was used to predict the erosion features of levees
landside slope by backpropagation network (BPN) model. Different performance
metrics were employed to assess the model fitness and accuracy of BPN model in
predicting different erosion features. Results indicated that increasing the width of
levee crest and landside slope led to the increase of equilibrium scour depth and
length. And BPN model could predict these erosion features accurately and
effectively. This study could provide a scientific basis for the safety assessment and
protection of levees under extreme conditions.

Keywords Local scour; Backpropagation network model; Surge overflow; Levee;
Flume test

1 Introduction

Climate change significantly brought about the sea level rise[1] and increased the
intensity[2] and frequency[3] of storm surges in recent years. Storm surge overflow
could lead to the scour erosion and complete destruction of levees around coastal



areas. Most studies[4–6] pointed out that most levee damage occurred on the levee
crest and landside slope during surge overflow. Landside slope of levees was
exposed to fast-flowing, turbulent water velocities[4] and much greater erosive
forces than seaward-side slope[5]. However, traditional studies mainly focused on
the local scour on seaward-side slope designed for wave overtopping[7] and paid
less attention to landside slope of a levee during surge overflow. And the limited
studies explored the effect of different levee structural parameters on the erosion
features of landside slope, including levee crest elevation, wave wall height,
landside slope and levee crest width.

Furthermore, extensive studies[8–10] generally analysed and predicted the
erosion features of local scour around levees by fitting an empirical expression of
equilibrium scour depth based on large amounts of experimental data. But most of
these empirical formulas were limited to the similarity of hydraulic conditions or
levee structural parameters. The accuracy of prediction results was not stable and
consistent for landside slope of levees in different regions. Since the local scour
evolution of levees was a complex nonlinear dynamic system problem, more and
more machine learning methods [10,11] have been applied to erosion features in
recent years, such as the prediction of local scour depth downstream of submerged
weirs by backpropagation network (BPN) model. There was lack of adequate
researches that focused on predicting the erosion features on landside slope during
surge overflow.

This study aimed to explore the influence of levee structural parameters on erosion
features and reveal the applicability of BPN model to the prediction of local scour
features of a levee. By adjusting the hydraulics condition, levee structural
parameters and protection measures, this study designed and carried out different
experimental conditions based on flume test to explore the erosion features on
landside slope of a levee under surge overflow. We mainly analysed the effect of
levee crest width and landside slope on landside slope of a levee in this work. This
study used experimental data to predict the erosion features of levee landside slope
by BPN model. We also compared the model performance and accuracy in
predicting different erosion features by statistical metrics.

2 Materials and Methods

2.1 Experimental Setup

The flume test was carried out in a rectangular glass flume with the size of
26m×0.6m×0.9m (length × width × height) at the key Laboratory of Estuary and
Coast of Zhejiang Province of Zhejiang Institute of Hydraulics & Estuary. The
hydraulic parameters are converted based on Froude Criterion. The test levee model
had the model scale of 1:100, the same width as the flume, a seaward-side slope of



1H:2V, levee crest elevation of 0.05m, wave wall height of 0.03m and landside
slope of 1H:2V. The levee body was uniformly constructed of sand with a mean
average size (݀50)  of  0.3  mm  (Figure 1). The flume bottom downstream of test
model was also covered with sand with a mean average size (݀50) of 0.3 mm. Two
different protection conditions, including turf and gravel protection (݀50=5mm),
were considered to performed on the landside slope of test levee model. The data
collected during each test included discharge, flow velocity (U0), headwater depth
(h0), temporally eroded bed profile, equilibrium bed profile, and erosion features
(Figure 2), including scour length on the crest of levee (Lt), scour length at the toe
of landside levee (Lb), maximum scour depth at equilibrium (hs), equilibrium scour
length (Ls). The duration of each test lasted 120min. Experimental parameters were
shown in Table  1 and 68 groups of experiments were eventually designed and
conducted in this study.

Fig 1. Schematic view of experimental setup.
Table 1. Experimental conditions of this study.

Headwater
depth (h0)/m

Flow velocity
(U0)/m*s-1

Elevation of
levee crest

(h1)/m

Wave wall
height (h2)/m

Width of
levee crest

(Lm)/m

Landside
slope (α)

Protection
conditions

0.09 0.10 0.05 0 0.09 1:2 none
0.12 0.15 0.07 0.03 0.18 1:3 gravel
0.15 0.18 0.10 0.05 0.24 1:4 turf
0.17 0.20 0.30
0.20 0.25 0.36

0.30 0.45

Fig 2. Schematic sketch of a scour hole around a levee during surge overflow.



2.2 Backpropagation Network Model Setup

This study used 68 sets of experimental data from flume test to predict the erosion
features of levee landside slope by BPN model. These variables were considered as
the input data: flow velocity (U0), headwater depth (h0), elevation of levee crest (h1),
height of wave wall (h2), landside slope (α), width of levee crest (Lm), protection
conditions of landside slope, waterhead of levee crest (h0-h1-h2) and median
diameter of sediment (݀50). Four different erosion features were taken as the output
data respectively, including scour length on the crest of levee (Lt), scour length at
the toe of landside levee (Lb), maximum scour depth at equilibrium (hs) and
equilibrium scour length (Ls). Sample data was randomly divided into two parts (80%
training set and 20% test set), and the input data and output data were normalized.
This study set these parameters in BPN model respectively: learning rate (0.01),
target minimum error (0.001) and the maximum number of iterations (1000). Tanh
function was employed as the transfer function in the optimal network. This study
used these statistical metrics to assess the overall performance of BPN model,
including mean absolute error (MAE), mean bias error (MBE), root mean square
error (RMSE) and coefficient of determination (R2). This study repeated the
development process of BPN model to determine the optimal number of neurons in
hidden layer. Optimal configuration of BPN model was identified with the
minimum values of RMSE, MBE and MAE and the maximum value of R2.
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3 Results & Discussion

3.1 The Influence of Levee Crest Width

This study conducted the test conditions without protection measures, including
levee crest elevation of 0.05m, wave wall height of 0.03m, landside slope of 1:2,
headwater depth of 0.15m and flow velocity of 0.20m/s. As shown in Figure 3(a),
as the width of levee crest increased from 0.09m to 0.45m, Lt showed an increasing
trend, while Lb, hs and Ls increased and then decreased. We also performed the test
conditions of levee crest elevation of 0.05m, wave wall height of 0.05m, landside
slope of 1:2, headwater depth of 0.17m, flow velocity of 0.18m/s and no protection
measures. As shown in Figure 3(b), with the increasing width of levee crest, Lt, Lb,
hs and Ls showed a trend of first increasing and then decreasing. Increasing the width
of levee crest led to the increase of Lt and Lb, but it also reduced hs and Ls. When
the width of levee crest reached 0.36m, these erosion pattern indicators were smaller.
And with the flow velocity of 0.20m/s, Lt, Lb, hs and Ls reached 10.80, 9.70, 12.60
and 94.70cm while these were 9.70, 8.80, 13.40 and 96.10cm respectively with the
flow velocity of 0.18m/s.

Fig 3. The influence of levee crest width on erosion features.

3.2 The Influence of Landside Slope

This study carried out the test conditions without protection measures, including
levee  crest  elevation  of  0.05m,  wave  wall  height  of  0.03m,  headwater  depth  of
0.15m, levee crest from 0.09 to 0.45m, and flow velocity of 0.20m/s. As illustrated
in Figure 4,  as the landside slope increased from 1:2 to 1:3 and 1:4, Lt decreases
first and then increases while Lb presented a gradual increasing trend. And hs and Ls
showed a gradually increasing trend. When the width of levee crest reached 0.24m
and  landside  slope  increased  to  1:4,  Lt,  Lb and  Ls achieved the largest, 12.3cm,



18.9cm and 114.2cm respectively. When the width of levee crest was 0.09m and
landside slope was 1:4, hs reached the maximum, with the scour depth of 16.2cm.
Increasing landside slope would lead to the augment of Lt and Lb, and increase hs
and Ls.

Fig 4. The influence of landside slope width on erosion features.

3.3 Prediction Results of BPN Model

Fig 5. Comparison between predicted values with measured values in erosion features.
Table 2. Performance metrics of training and test set.

Prediction
data

Number
of hidden
nodes

Training set Test set

MAE
(m)

RMSE
(m)

MBE
(m) R2 MAE

(m)
MBE
(m)

RMSE
(m) R2

Lt 6 0.008 0.012 -0.001 0.894 0.010 -0.004 0.012 0.817



Lb 7 0.012 0.026 0.000 0.909 0.023 -0.018 0.029 0.915
hs 6 0.006 0.009 -0.001 0.923 0.008 0.002 0.010 0.949
Ls 7 0.048 0.065 0.011 0.945 0.053 -0.024 0.065 0.909
This study employed BPN model to predict the different erosion features, and

BPN model demonstrated the good performance in both the training and test sets
(Table 2). All the values of RMSE, MAE and MBE and reached a minimal number,
indicating the closer relationship between measured and predicted data. R2 for the
prediction of Lb, hs, and Ls exceeded 0.9, while the R² for the prediction of Lt was
over 0.8, which reflected the good network fitting effect. BPN model primarily
showed the accurate prediction effect in different erosion features (Figure 5). The
predicted data for hs and Ls fell within the ±20% error line in all cases. There were
5 data beyond the error line of ±20% in predicting Lt, while 11 data was beyond the
error line of ±20% in predicting Lb. And BPN model showed the better prediction
effect for hs and Ls, compared with Lb and Lt.

4 Conclusions

This study mainly explored the erosion features on landside slope of a levee under
surge overflow by flume test. This study designed different test conditions, and
mainly focused on the influence of levee width crest and landside slope. This study
also predicted these erosion features by BPN model based on the experimental data.
We found that the increase in the width of levee crest contributed to the
improvement of Lt and Lb and the reduction of hs and Ls. But increasing landside
slope led to the augment of Lt, Lb, hs and Ls. BPN model could predict these erosion
features accurately, but showed the better prediction effect for hs and Ls, than Lb and
Lt. It was inevitable to avoid the influence of scale effect on research results in
physical model experiments, which could lead to deviations with the experimental
result extrapolated to the prototype. Numerical simulation technology had a good
advantage to overcome the scale effect. Future researches should study the erosion
features on landside slope of a levee combined numerical simulation and model
experiments.
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