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Mekong River Basin (a) and its upper portion (b)

• Popularity of large-scale hydrological models

• A challenging task: lack of data
Data are often not measured or shared between 
the riparian countries of transboundary rivers

 Reservoir storage 

 River discharge

Satellite 
observations

Problem Statement 
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Presenter Notes
Presentation Notes
Over the past 3 decades, Large-scale hydrological models have gained popularity due to the need to support water resources management at the regional and continental scales. 
One of the most challenging tasks for developing such models is the availability of data. 
The presence of human-water interactions, especially reservoir operations, can influence the model parameterization, while measured discharge and/or water levels along the rivers are necessary to the calibration purpose. 
However, such information is often unavailable. Specifically, data on reservoir storage or river discharge are often not measured or shared between the riparian countries of transboundary rivers. 
A potential solution for this challenging task lies in satellite observations.
In this work, we pay our attention to the upper portion of the Mekong River basin with the system of ten large reservoirs on the mainstream.
Chiang Sean is the most upstream station after the outlet of the Upper Mekong where measure discharge is provided by MRC. We use this data for validation purpose.



Methodology
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Methodology

(Dang et al., 2020)

(Vu et al., 2022)

| Hydrological Model with Reservoir Operations
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Methodology | Remote-sensed Discharge

Manning coefficient ϵ [0.03, 0.06] 
(Chow, 1959 and Engineering ToolBox, 2001) 
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(Dang et al., 2020)

(Vu et al., 2022)



Results

𝑄𝑄 =
0.161 𝐷𝐷2.357

𝑛𝑛

Cross-section at the virtual station Rating curve at the virtual station

Estimated discharge at the virtual station

| Remote-sensed Discharge
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Methodology | Sensitivity Analysis

• 10 input factors: 7 soil parameters
2 routing parameters 
Manning coefficient

• 4 scalar model outputs: statistical indicators

(Dawson et al., 2010, and Dang et al. 2020)

Indicator Captured aspect of model accuracy

NSE High flow 

TMRSE Low flow

MSDE Shape of hydrograph

ROCE Water balance

• Input sampling: Latin hypercube sampling with 
multidimensional uniformity

• Sample size: 1000 
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(Dang et al., 2020)

(Vu et al., 2022)

Presenter Notes
Presentation Notes
4 statistical indicators calculated from remote-sensed and simulated streamflow:
- Nash-Sutcliffe Efficiency (NSE)
- Box-Cox Transformed Root Mean Squared Error (TRMSE)
- Runoff Coefficient Error (ROCE)
- Mean Squared Derivative Error (MSDE)



25% samples with highest NSE  ∩ 25% samples with lowest TRMSE ∩ 25% samples with lowest MSDE ∩ 25% samples with lowest ROCE = 40 best samples (dark blue lines) 

Parallel coordinate plot and narrowed range of input factors (orange lines)Results | Sensitivity Analysis
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Scalar model outputs Input factors



Discharge estimated with initial (top) and narrowed (bottom) ranges of Manning coefficient value Results | Sensitivity Analysis
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Methodology

• Number of function evaluations = 100

• Population size = 10

• Number of cores = 10 

• Objective functions: 

 max. NSE

 min. TRMSE

 min. MSDE

 min. ROCE

| Model Calibration
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(Dang et al., 2020)

(Vu et al., 2022)



Results
Performance of model calibration at virtual station (top) and validation at Chiang Saen station (bottom)  

Indicators at CS are calculated from daily interval data
Indicators at VS are calculated with the days when RS data is available

NSE = 0.62
R2 = 0.67
NRMSE = 0.24 

NSE = 0.69
R2 = 0.78
NRMSE = 0.12 

| Model Calibration and Validation
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Thank you!

Resilient Water Systems Group
Web: http://people.sutd.edu.sg/~stefano_galelli/index.html
Email: trungdung_vu@mymail.sutd.edu.sg 
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