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Abstract: To reveal the land-sea transport characteristics of total nitrogen (TN) pollution in the Haihe

River Basin, this study quantified TN concentration and estuarine TN flux variation using gradient
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boosting algorithm and remote sensing hydrological stations based multispectral remote sensing data
(GF-5 and GF-1). And the DPeRS model was applied to estimate diffuse TN loading, which was used
quantitatively analyzed the response mechanism of estuarine TN variation to terrestrial TN loss, and the
key influencing factors of land-sea TN transport. In 2024, TN concentrations varied between 0.10 to
8.46 mg L1, and the estuarine TN fluxes varied between 71 to 3373 t. The annual diffuse TN loading
was 56.86 kg km. High TN concentrations were primarily distributed in the estuaries of Haihe River
and Duliujian River, contributing 19.62% of the total TN flux to the sea, consistent with the spatial
distribution of diffuse TN losses. The monthly variation of TN flux into the sea showed a unimodal
characteristic and was significantly positively correlated with terrestrial TN losses (R = 0.75, P < 0.05),
with a diffuse TN loss contribution rate of 79.87%. Rainfall and land use were identified as the key
factors. Rainfall was significantly positively correlated with both TN fluxes and terrestrial losses (R >
0.30, P < 0.05). And agricultural land, forest, and grassland had a higher correlation with estuarine TN
pollution (R > 0.25, P < 0.05). Overall, the agricultural and natural diffuse TN pollution driven by
rainfall are the main contributors to estuarine TN pollution in the Haihe River Basin. Full-process
source-flow convergence analysis can reveal pollution characteristics and contribution mechanisms, and
can provide technical support for the coordinated land-sea control and prevention of TN pollution in the
Bohai Bay.

Key words: Hyperspectral, Rivers flowing into the sea, Total nitrogen, Diffuse pollution, DPeRS model,
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Fig.1 Spatial distribution of land use and estuary in the study area
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Fig.2 River total nitrogen inversion model. remote sensing hydrological Station, and DPeRS model
verification
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Fig.3 Total nitrogen concentrations distribution of remote sensing inversion in 2024
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Fig.4 Spatial-temporal distribution of estuarine total nitrogen concentration and flux in 2024
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Fig.5 Spatial distribution of watershed diffuse total nitrogen loading and types in 2024
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Fig.6 Contribution analysis of diffuse total nitrogen pollution to the variation of total nitrogen
concentration and estuarine flux
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Fig.7 Redundancy analysis and correlation analysis of influencing factors for watershed total
nitrogen transport
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