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Fig. 1 Schematic diagram of the slanted linear segmentation method
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Tab. 1  Surface runoff termination points and R/R calculation results of measured sub-flood recession process in Luanchuan basin
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Fig. 2 Trends in flood recession curves and main recession curves by site
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Tab.2 Calculation of runoff recession parameter k in the Luanchuan
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Tab.3 Comparison of Iy calculated by seasonal parameters and annual single-parameter filtering methods
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Fig. 3 Correlation and I5 calculation results of digital filtering method and slanted linear segmentation method
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Tab. 4 Evaluation results of each base flow segmentation method
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Evr 0.08 0.09 0.10 0.03
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Evaluation of digital filtering baseflow separation methods based on seasonal
variation : A case study of the Luanchuan basin of the Yi River

FENG Xiating”?, ZHANG Jiapeng?, LIAN Yanqing”’, LING Muwu’
(1. College of Hydrology and Water Resources, Hohai University, Nanjing 210098, China; 2. The National Key Laboratory of
Water Disaster Prevention, Hohai University, Nanjing 210098, China; 3. Yangtze Institute for
Conservation and Development, Hohai University, Nanjing 210098, China )

Abstract: Baseflow is an important recharge to river runoff and is critical for maintaining the health of river
ecosystems as well as for watershed water resource regulation and management. However, baseflow is difficult to
measure and tracer-based methods are time-consuming and expensive, so non-tracer methods are commonly used
for estimation. Digital filtering is a commonly used non-tracer method for partitioning baseflow, and the
computational process is simple and easy to implement. The applicability of the digital filter model in different
basins varies depending on the flow characteristics of the basin, and the filter parameters are often difficult to
determine directly. In the past, most scholars often used empirical parameters to separate baseflow using digital filter
model, and seldom considered the seasonal dynamic change characteristics of the parameters, which made the
results of baseflow separation in different watersheds have a large uncertainty.

To improve the accuracy of baseflow separation, a digital filter baseflow separation method was proposed based
on seasonal recession analysis.The Luanchuan basin of the Yi River was taken as a typical study area, and four
digital filtering models were used for baseflow separation, including three single-parameter filtering models (Lyne-
Hollick, Chapman and Chapman-Maxwell), and a two-parameter filtering model (Eckhardt). Based on the 47
measured sub-flood data and daily runoff data of the watershed from 1964 t01979 and 2001 to 2020, the recession
coefficient (k) of the watershed in different seasons was calculated. To analyze the effects of considering seasonal
variations of model parameters on baseflow separation results and to calculate baseflow indices for each season in
the study watershed, three evaluation indexes, namely, Nash-Sutcliffe efficiency coefficient (Eys), Gray correlation
coefficient (Dggr), and mean relative error (E,) were used to analyze the errors and evaluate the accuracy of
baseflow results and to assess the applicability of the four filtering models.

The results showed that there was little land use change in the watershed over the two study periods, and the
increase in NDVI did not have a significant effect on the number of receding water systems in the watershed. The

precipitation-runoff double cumulative curve shows that precipitation is still the dominant factor leading to changes
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in runoff. The seasonal variation of the receding coefficient & in the Luanchuan basin was obvious, and the receding
rates were faster in summer and fall, with &£ about 20 to 35 h, and slower in fall and winter, with & about 90 to 100 h.
Compared with using a single parameter throughout the year, using different filtering parameters in each season
significantly reduces the base flow index, which is more in line with the base flow characteristics of the watershed;
Taking the oblique straight line separation method as the evaluation standard, the error and accuracy of baseflow
indices obtained from several digital filtering methods were evaluated, the baseflow indices calculated by single-
parameter than two-parameter filtering methods were generally larger, and the results of baseflow separation were
greatly affected by the parameters. Eckhardt two-parameter filtering method had the best fitting effect, and it was the
best baseflow separation method in Luanchuan watershed, and the average proportion of groundwater runoff
recharge in the basin is about 33%. The results of this research provide new ideas for improving the accuracy of the

digital filtering model to separate baseflow.

Key words: baseflow separation; digital filtering method; seasonal variations; Luanchuan basin

(E#EF117R)

(RMSE) for water depth and velocity were within acceptable ranges, indicating the accuracy and reliability of the
coupling method.

The superposition approach for coupling 1D and 2D LBM hydrodynamic models provides a robust and efficient
solution for simulating shallow water flows in complex topographic regions. The method leverages the strengths of
both 1D and 2D models, providing accurate and reliable results while maintaining computational efficiency. The
successful application of this method expands the capabilities of LBM in hydrodynamic simulation and
demonstrates its potential for solving other multi-dimensional coupling problems, such as 1D-3D coupling or solute

transport coupling.

Key words: lattice Boltzmann method; hydrodynamics; 1D-2D coupling; superposition; shallow water equation
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