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Abstract: Reconstructiomf streamflowin transnational river bassis of great significance
in water resource planning and management in VietAamengtheten biggest river basins
(each havingtotal basin area of greater than 10,00@)kimereareeighttransnational river
basirs, andVietnamis located downstreaimm the five basins othoseeight These include
the Mekong River with 92% of the area belonging to foreign counthie®ed River with
51% located abroad, mainly Chirtag Dong Nai River with 17%elongingto Cambodia;
theMa River with nearly 38% belongs to Laos dhdCa River with 35% belongs to Laos.
This studyuses numerical modeling methodségonstructhe streamflowfrom China to
Vietnam in the Da River basin at Muong Te hydrological station. Vi@ model was
applied with daily climate data (rain, wind speed, maximum and minimum temperature)
from 1981 to 2020 teeconstrucstreamflowat Muong Te station in the DRiver basin.
Combining the VIC Model anthe Shuffled CompleXEvolution method to determine the
most suitable set of parameters for the Da River basin creates a powerfal giabying
hydrologcal processes on river basins. Research results also show tlstedm@aflow
reconstructiorfor the period before 2008 when the upstraaservois were not yet in
operationis highly reliable.
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1. Introduction

Streamflow reconstructionis an important issue in hydrology, especially data
deficientriver basins that lack/have m@uging statios. Datadeficient basins,datascarce
basinsand basins without gauging stations are basins with limited meteorological and
hydrological datdl]. 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 20@812 initiated research related to hydrological forecasting
for basins lackinggauging statios (prediction in ungauged basinsPUB) considering
uncertain factor$l]. Most of the studies related to PUB were carried out after 2003. An
example of previous studig¢g], 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 hydrologicajauging statios creates challenges related to
forecasting inaccuray of streanflows. Regardless of the forecasting method used,
streamflow forecast results need to be verified agalmstrved/gaugeatal 3]. Therefore, to
be able to identify accurate forecast results for locations witfeaging statios, gauge data
at neighboring locations are often requireddmpare with simulation resulfg]. One of the
commonly used approaches recently is to use data in many neighboring basins combined
with regionalizabn methods to forecast runoffor datadeficient basins[5]. The
effectiveness of this approach has been demonstrated when applying streamflow forecasts to
basins lackinggauge dataising large datasets such as CAMBUS with 671 basins in the
United State§6] or CAMELS GB with 671catchments in the UK7]. Regionalization
methods can be used to interpolate the hydrological characteristics efiefiatant
catchments based on the characteristics (geology, geomorphology, spatial meteorology) of
neighboring catchmenis].

The VIC mode[8i 10] 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 ghdsed semilistributed 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 VICwasdel
first described as a single soil layer mogel]. The singldayer soil model requires three
parameters: permeability parameter, evaporation parameter, and baseflow recession
coefficient. In 1994, Liang et al generalized the 4ayer VIC model (VIG2L) to include
multiple spatially varying soil and vetgation 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
heterogengy) of infiltration and flow processes in a vegetated cover existing in the original
VIC model). VIG2L was later modified to allow moisture diffusion between soil layers, and
there was an additional 10cm thin layer of soil on top of the prevaps®il layer. In this

way, the thredayer VIC model (VIG3L) [9, 117 14] was created and the V8L frame has

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

a model was used in this study.

The issue of monitoring crodwrder water resources has become increasingly
challenging in recent years, as water resources become scarcer due to the need to exploit
them to serve socieconomic goals within each country sharing the river basin. Thiz&a
plays a vital role in Vietham's soeexonomic developmeiaind wateiffood-energysecurity
nexus It houses three of the largest reservoirs in the courntay Chau, Son La, and Hoa
Binh - which provide ample water supply for the Red River delta ambk#he capital and
the economic and politicatenter of Vietnam. Monitoringtreamflowfrom abroad into
Vietnam within the Da River basin faces several difficulties due to the current flow data
measuremergracticethat 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 Daiveré border with China, where monitoring and measuring
streamflowis even more challenging, with most of tsteeanflow remaining unmeasured.
While Ka Langwater resources statipwhich was built in 2016, uses automatic technology
to meaure 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 thbservediataserieis not long enough. Moreover,
there is currently nalischargegaugingstation on the mainstream of the Bxer located
upstream othe Lai Chau hydropower plant to moni&ireamflowtimeseriesof sufficient
length Therefore, within the scope of this article, a modginethod has been applied to
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restore the streamflow at the Muong Te hydrological station, result of restore the streamflow
supportseffective management of the amount of water flowing into Vietnam fronuphe
basinof the Da River through the country border.

2. Materials and Methods

2.1.Description ofthe studyarea

The Da River originates in Yunnan, oneGlfinats southern provinces, and flows into
the Red River delta in Vietnam, where it merges with two other tributaries, the Lo River and
the Thao RivefFigure ). The Red River then continues to Hanoi, the capital of Vietnam,

Figure 1. Map of the study area

Figure 2. Research method schematic



