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11. Summary of the new findings of the thesis: 

The dissertation focuses on improving the quality of streamflow simulation of 

the Da River into Vietnam under climate change, limited observational data, and the 

impacts of human activities, particularly reservoir operation and water use in the 

upstream area. Methodologically, the study applies the VIC hydrological model in 

combination with meteorological-hydrological data, reanalysis data, and multi-source 

remote sensing data; and employs change-point analysis, trend analysis, and 

quantitative assessment of the impacts of climate change and human activities on 

streamflow. 

The main results achieved by the thesis include: 

(1) Identification of non-stationarity and change points in the hydrological 

regime: Statistical tests were used to identify change points in meteorological-

hydrological time series, thereby identifying changes in streamflow characteristics 

over time and providing a basis for dividing the study period into periods with 

different hydrological regimes. 

(2) Trend analysis: Based on the identified periods, the dissertation analyzes 

trends in meteorological variables and streamflow, clarifying changes in streamflow 

magnitude and temporal distribution, particularly in the context of climate change. 

(3) Identification and quantification of influencing factors: The dissertation 

analyzes, separates, and quantifies the effects of climate change and human activities 



on streamflow variation, focusing on reservoir operation, land-cover changes, and 

water-use demand, thereby clarifying the relative roles of natural and anthropogenic 

factors. 

(4) Integration of influencing factors into the hydrological model: Based on the 

analysis results, reservoir-operation information inferred from multi-source remote 

sensing data, together with land-cover changes and water-use demand, was 

incorporated into the VIC model to more fully represent anthropogenic impacts on 

streamflow generation and variation. 

(5) Assessment of improvement in simulation quality: The dissertation 

evaluates simulation quality between scenarios with and without consideration of 

anthropogenic factors. The results show that integrating reservoir-operation 

information, land-cover changes, and water use improves the simulation of Da River 

streamflow into Vietnam, confirming the effectiveness of the integrated approach 

under conditions of limited data and non-stationary streamflow. 

New points of the thesis: 

(1) The dissertation has inferred the operation curves of annual/seasonal 

regulation reservoirs in the upstream area, where operational information is 

unavailable, using multi-source remote sensing data, and has successfully encoded and 

integrated the reservoir-operation information into the VIC model. 

(2) The dissertation has proposed a new methodological framework for 

quantifying the impacts of climate change and human activities on streamflow 

variation, with applicability to river basins under similar conditions.  

Scientific and practical significance of the thesis: 

Scientific significance: The dissertation contributes to clarifying changes in the 

Da River streamflow regime under the combined impacts of climate change and 

human activities; and proposes an integrated approach combining the VIC 

hydrological model with remote sensing data and alternative data sources under 

conditions of limited observations. In particular, the framework for quantifying the 

impacts of climate change and anthropogenic activities contributes additional scientific 

foundations for studying streamflow in transboundary river basins. 

Practical significance: The research contributes to improving the quality of Da 

River streamflow simulation into Vietnam under limited upstream information, 

providing a basis for streamflow forecasting, reservoir operation, and water resources 

management. The research methods and procedures can be applied to other 

transboundary river basins with similar conditions. 

12. Further research directions:  

Further develop the VIC model using finer time steps (daily and weekly) to 

improve the simulation of short-term streamflow variability and extreme events; 

strengthen the integration of information on socio-economic activities and reservoir 

operating rules, particularly to improve the simulation of low flows. At the same time, 



investigate combining the VIC hydrological model with artificial intelligence methods 

through a hybrid modeling approach to reduce uncertainty and improve simulation 

reliability in data-scarce transboundary river basins. 
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