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Abstract:  Reconstruction of streamflow in transnational river basins is of great significance 

in water resource planning and management in Vietnam. Among the ten biggest river basins 

(each having a total basin area of greater than 10,000 km2) there are eight transnational river 

basins, and Vietnam is located downstream in the five basins of those eight. These include 

the Mekong River with 92% of the area belonging to foreign countries; the Red River with 

51% located abroad, mainly China; the Dong Nai River with 17% belonging to Cambodia; 

the Ma River with nearly 38% belongs to Laos and the Ca River with 35% belongs to Laos. 

This study uses numerical modeling methods to reconstruct the streamflow from China to 

Vietnam in the Da River basin at Muong Te hydrological station. The VIC model was 

applied with daily climate data (rain, wind speed, maximum and minimum temperature) 

from 1981 to 2020 to reconstruct streamflow at Muong Te station in the Da River basin. 

Combining the VIC Model and the Shuffled Complex Evolution method to determine the 

most suitable set of parameters for the Da River basin creates a powerful tool for studying 

hydrological processes on river basins. Research results also show that the streamflow 

reconstruction for the period before 2008 when the upstream reservoirs were not yet in 

operation is highly reliable. 
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1. Introduction  

Streamflow reconstruction is an important issue in hydrology, especially in data-

deficient river basins that lack/have no gauging stations. Data-deficient basins,  data-scarce 

basins and basins without gauging stations are basins with limited meteorological and 

hydrological data [1]. Therefore, studies on water resources and flood and drought forecasts 

in such basins often have low reliability. The International Association of Hydrological 

Sciences (IAHS) in the years 2003-2012 initiated research related to hydrological forecasting 

for basins lacking gauging stations (prediction in ungauged basins - PUB) considering 

uncertain factors [1]. Most of the studies related to PUB were carried out after 2003. An 

example of previous studies [2], performed estimation of hydrological model parameters 

based on classification basins according to similarities in basin characteristics and 

geomorphological topography, instead of traditionally used methods, such as regression 

equations. 
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The small number of hydrological gauging stations creates challenges related to 

forecasting inaccuracy of streamflows. Regardless of the forecasting method used, 

streamflow forecast results need to be verified against observed/gauge data [3]. Therefore, to 

be able to identify accurate forecast results for locations without gauging stations, gauge data 

at neighboring locations are often required to compare with simulation results [4]. One of the 

commonly used approaches recently is to use data in many neighboring basins combined 

with regionalization methods to forecast runoff for data-deficient basins [5]. The 

effectiveness of this approach has been demonstrated when applying streamflow forecasts to 

basins lacking gauge data using large datasets such as CAMELS-US with 671 basins in the 

United States [6] or CAMELS GB with 671 catchments in the UK [7]. Regionalization 

methods can be used to interpolate the hydrological characteristics of data-deficient 

catchments based on the characteristics (geology, geomorphology, spatial meteorology) of 

neighboring catchments [8]. 

The VIC model [8ï10] is a macroscale hydrological model that addresses the full energy 

and water balance, originally developed by Xu Liang at the University of Washington. VIC 

is a research model and in many different forms, it has been applied to most major river 

basins in the world, as well as globally. This is a grid-based semi-distributed hydrological 

model that quantifies the main hydrometeorological processes occurring at the atmospheric 

land surface. Typically, mesh resolution ranges from 1/8 to 2 degrees. The VIC model was 

first described as a single soil layer model [11]. The single-layer soil model requires three 

parameters: permeability parameter, evaporation parameter, and baseflow recession 

coefficient. In 1994, Liang et al generalized the two-layer VIC model (VIC-2L) to include 

multiple spatially varying soil and vegetation layers and evaporation within a single grid cell. 

In VIC-2L, infiltration, drainage from the topsoil to the subsoil, and surface and subsurface 

runoff are calculated for each vegetation cover (in addition to the statistical parameter of 

heterogeneity) of infiltration and flow processes in a vegetated cover existing in the original 

VIC model). VIC-2L was later modified to allow moisture diffusion between soil layers, and 

there was an additional 10cm thin layer of soil on top of the previous topsoil layer. In this 

way, the three-layer VIC model (VIC-3L) [9, 11ï14] was created and the VIC-3L frame has 

been used since then. The model now allows for more than three soil layers if desired. Such 

a model was used in this study. 

The issue of monitoring cross-border water resources has become increasingly 

challenging in recent years, as water resources become scarcer due to the need to exploit 

them to serve socio-economic goals within each country sharing the river basin. The Da river 

plays a vital role in Vietnam's socio-economic development and water-food-energy security 

nexus. It houses three of the largest reservoirs in the country - Lai Chau, Son La, and Hoa 

Binh - which provide ample water supply for the Red River delta and Hanoi, the capital and 

the economic and political center of Vietnam. Monitoring streamflow from abroad into 

Vietnam within the Da River basin faces several difficulties due to the current flow data 

measurement practice that relies primarily on technology dating back to the late 20th century. 

Additionally, the manual methods used for data collection require significant human 

resources, infrastructure, and investment in monitoring equipment. The situation is further 

compounded at the Da riverôs border with China, where monitoring and measuring 

streamflow is even more challenging, with most of the streamflow remaining unmeasured. 

While Ka Lang water resources station, which was built in 2016, uses automatic technology 

to measure flow, it is currently inactive. The Keng Mo station has been measuring and 

collecting flow data since 2020, but as it is a station built and managed by EVN, it presents 

difficulties in terms of accessibility, and the observed dataserie is not long enough. Moreover, 

there is currently no discharge gauging station on the mainstream of the Da river located 

upstream of the Lai Chau hydropower plant to monitor streamflow timeseries of sufficient 

length. Therefore, within the scope of this article, a modeling method has been applied to 
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restore the streamflow at the Muong Te hydrological station, result of restore the streamflow 

supports effective management of the amount of water flowing into Vietnam from the up 

basin of the Da River through the country border. 

2. Materials and Methods 

2.1. Description of the study area 

The Da River originates in Yunnan, one of Chinaôs southern provinces, and flows into 

the Red River delta in Vietnam, where it merges with two other tributaries, the Lo River and 

the Thao River (Figure 1). The Red River then continues to Hanoi, the capital of Vietnam, 

Figure 1. Map of the study area. 

Figure 2. Research method schematic. 

 


