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Residual correction of flood forecasting in Fuping Catchment based on Xin’anjiang
model, bidirectional long short-term memory network, and SHAP attribution
SHEN Xinyi'?, SHI Yungi’, ZHANG Xuan'"**, WANG Gaoxu'

(1.Nanjing Hydraulic Research Institute, Nanjing 210029, China; 2.Hohai University, Nanjing 210024, China)
Abstract: To address the issues of flood forecasting for flood-peak underestimation in traditional conceptual
models and insufficient physical constraints in data-driven models for semi-arid and semi-humid catchments in
northern China, a residual correction model for flood forecasting was developed by coupling the Xin’anjiang
model (XAJ) with a bidirectional long short-term memory network (BiLSTM) for the Fuping Catchment in the
Daqing River subsystem of the Haihe River basin. The SHAP method was introduced to interpret the model’s
compensation mechanism. Physical variables derived from XAlJ, including forecasted discharge, three-layer soil
moisture, and runoff components, were used as inputs. A progressive feature combination approach was adopted
to construct the BiLSTM residual correction model and to evaluate the effects of different physical information
on forecasting performance. The results indicate that XAJ exhibits noticeable flood-peak underestimation and
temporal deviation in the Fuping catchment. When the baseline forecasted discharge from XAlJ is used as a
prior input to BiLSTM, the hybrid model achieves significantly improved overall fitting performance, and the

physically constrained framework effectively suppresses numerical distortions in purely data-driven models
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under extreme conditions. After further incorporating the three-layer soil moisture, the model captures flood

peaks most accurately, with the mean relative error of flood peaks reduced to within 10%. SHAP attribution

analysis reveals that soil moisture state variables are key drivers of positive residual compensation. Runoff

component variables do not provide stable additional gains under the current sample conditions, and their

inclusion may weaken the model’s generalization ability due to error propagation and information redundancy.

The research reveals that the proposed XAJ-BiLSTM hybrid framework, constrained by key physical state

variables, effectively improves flood-peak forecasting accuracy in complex catchments in northern China and

provides a reference for the interpretable construction of physics-data fusion hydrological models.

Keywords: flood forecasting; physics-data fusion; Xin’anjiang model; bidirectional long short-term memory

network; SHAP attribution; residual correction
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