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Abstract: Constructng rating curves at hydrological stations is of tremendous significance
for water resources management, yetVietham, it has not been given the adequate
attention it deserves. In this study, eight traditional regression equagioresenting the
linear am nor linear correlation between gging discharge and water level (stage) at
PoLech station in Da river, were evaluated with the aim of determining the most suitable
equations for discharge interpolation and hiiiw extrapolation. A straightforward
segnentation technique was proposed to simplify the automatic piecewise regression. The
resultsrevealed that: i) Secondrder polynomial regression equations (in which stage is
independent variable and either Q of?@ dependent variable) proved to be thest
efficient for discharge interpolation, when automatic piecewise regression was applied; ii)
The linear regression equation illustrating relationship between square root of discharge
and stage performed the best for hitpw extrapolation iii) The analgamated rating
curve, which was formed by utilizing &jlears rating data, could be used for each year
interpolation with care and additional research is required in relation to its acclinecy
potential of being able to generate continual discharyma&sons at a low cost and with
relatively uncomplicated calibration methods is expansive. This approach has the potential
to encourage researchers, aquatic ecosystem stewards, water quality monitors, or
appraisers of upstream withdrawals to start gaugivey discharge on a more regular
basis from an operational standpoint
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1. Introduction

The effective management of water resources necessitates the utilization of hydrologic
variables such as precipitation, Taff, or discharge in streanj$i 5]. The amount of water
circulating in streams can significantly differ in both temporal and spatial terms, which is
primarily attributed to the variations in duration, frequentyensity, and extent of
precipitation as well as the characteristics of tatelument arefol 10]. Knowledge of the
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flow of rivers and their variability is an essential part of the assessment and management of
surface water resource3o conduct reservoir designs, flood frequency studies, flood
inundation modeling, design of fldoprotection and warning systems, water supply
engineering, drought studies, geomorphologic studies, etc., the records of discharge
measurement need to be obtained from the fivér 17. However, this process is often
costly, laborious and can be diffilt to conduct in the case of extreme flopils, 13.

By constantly monitoring the water level, it is possible to accurately calculate river
discharge through the application of a rating curve, which is a correlation between
discharge and water levigl4i 17]. When the hydraulic properties of a river remain constant
and the stagealischarge relationship is not influenced by unsteadiness, it is relatively easy
to develop a reliable singlealued rating curve (a onti one relationship between the
stage ad the discharge]l17/ 19]. There have been many studies on building $tage
discharge relationships, which followed two main approaches: the physically based
approach and the dat@riven approach. In a physically based approach, Mafming
equationi a widdy accepted and extensively utilized physical equation is typically
incorporated in 1D, 2D, and 3D hydrodynamic modelsjuantify the interrelationship
between discharge and hydraulic hga@, 20, 2]. This approach requires accurate
information regarihg the topography of the channel and boundary conditions of the flow.
The datadriven approach is based on a relationship (linear or nonlinear) between discharge
and stage and possibly other related factors such as velocity, slope, bed roughness, etc. In
this paper, the datdriven approach is the focus, so the following will refer to this
approach in more detail.

Following the datadriven approach, there are three groups of methods, namely:
graphical[14, 27; regressiof15, 23 26]; and machine learning 71 28]. According to[5],
many researchers use Machine Learning algorithms such as Artificial Neural Network
(ANN), Support Vector Machine (SVM), MT, Takd@ugeno (TS) fuzzy inference,
Genetic Algorithm (GA), Generalized Reddcéradient (GRG) to derive discharges from
other measured variables. However, these methods often require additional data (stage
and/or discharge) from other stations upstream of the station under study. Therefore, in this
paper, the traditional methodseansed to ensure that it is possible to build rating curves
that can serve to calculate the discharge at a stationonly the gauged stage of that
station.

The efficacy of conventional regression techniques has been established through a
plethora of peceding examinations and is frequently employed. Essentially, the rating
curves are calculated through a regression process with the use of measurements of stages
(water surface elevation above the mean sea level) and the corresponding measured
dischargesand sometimes from velocity distribution, bed roughness and friction slope
[18]. [29] developed two methods for automatic computation using iE@shres
approximation, one based on polynomials and the other on pieceammuous splines.

Both methas were found to work well and once the parameters for a gauging station have
been determined, rating data can be processed automatically. Accorfind}y tehereas it

is sometimes a convenient approximation to the relationshipp @yer the whole rangef

data, in general it is an ovVeimplification of the real hydraulics at many gauging stations.
The more general representation aftQrelationship by a polynomial of higher degree M
has been in the background for some tjine?2, 3037] used it succssfully with just M =

3, and in general, most of all studies show that with M greater than 3, the results are not
good.[14] suggested writing the polynomial for Q raised to the power [(€2). used the
polynomial approximation methods to obtain 62@ngacurves from 171 Australian Bureau

of Meteorology Hydrologic Reference Stations. They found that the methods worked well
except forabout 0.5% of the stations, where there was difficulty approximating the low
flow data. Despite the widespread use ofgression equations for flow calculation
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worldwide, very few studies have been conducted to explore the suitability of such
equations for Vietnamese locations that only record water level measurements. In
particular, B4] suggested using the Spline regression functiothiwfl orderto develop

rating curves for 23 stations across 19 rivers in Vietnaf. proposed the use of linear

and seconidorder nonlinear regression for rating curve development based on data from
the Ha Bang hydrostation on the Ky Lo river from 2013 to 2020. A commonality
among these few studies is that the authors attempted to propose a single rating curve
based on a long sequence of data. However, thertevel discharge relationship often
changesover time due to changes in topography/riverbed morphology, particularly in
rivers affected by large reservoir systems such as the Da River. As a result, there is an
urgent need to investigate the potential and effectiveness of these techniques in this
context.

Specifically, in Vietnam, the discharge compilation/processing is typically conducted
in accordance with the stringent provisions of the regulation of TCVN 12638021[36].
Generally, hydrological stations in Vietham have been relying on manual direct
measurement of flowusing flowmeters, floats and acoustic doppler current profiler
devices, with the subsequent manual correction achieved through a series of steps. This
process involves the drawing of a crbssction of a river, investigating of the crbss
relationship of factors such as discharge, water level, idessonal area, flow velocity
and the analysis of the relationship between these factors, and selectinghostiseiitable
processing method. For the later task, the calculation of rating curves is usually done
manually (drawn on technical papers) or using HydProl1.0 software. In this software, the
following equations can be used to build a sté#dw rating cure: exponential function,
polynomial of order 2 (parabola), Spline regression function of order 3; Q as a polynomial
second degree of Hhere have been almost no domestic studies suggesting which function
is the best for rating curve construction or eatihg the possibility of rating curve
extrapolation. Meanwhilextrapolations one of the important roles of using rating curves.
Therefore, this paper is focused on answering the following three research questions:

1. Which regression equation is thesbdor interpolating discharge given pairs of
gauging Q and H for an individual yearretords?

2. Is it possible to apply a regression equation using hya@ér gauging data to
interpolate Q for each year in a stable station?

3. Which regression equatias the best for extrapolating high discharges given pairs
of gauging Q and H for an individual yearretords?

Compared with the current processing approach, the utilization of regidssseal
approaches not onlgnsurethe precision of flow estimatiorhut also boasts superior
performance in terms of efficiency, capability, and transparency. Specifically, with the
proposed equation, the flow correction can be accomplished expeditiously in comparison to
the existing manual laboAdditionally, if the da& is refreshed automatically from the
automated measuring stations, the provision ofitea¢ data can be done with
considerable easé&urthermore, with new data on both discharge and water level being
updated, the equations can automatically refresh daraptienize the coefficients rapidly
through optimization algorithms. Lastly, with the proposed equations being made available
to the pblic through this study, their application and utilization will be more widespread
among numerous target groups such as administrators or researchers. In contrast, the
current data processing and editing in Vietnam is only conducted internally and reot mad
public to the relevant units. The advantage of the suggested approach is particularly
prominent for stations with unique locations (e.g., PoLech station, Da river, which is the
primary focus of this work) located on transnational rivers and situatduk aipistream
position of the largest reservoir system in Vietnam
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2. Materials and Methods
2.1.Study site

Da river originates from Yunnan province, China. The whole basin stretches from
20 4@5NO00" N ard 51 @#. I&eotal length is approximately 1010 km
with a catchment area of around 529002 (49% of area belongs to ChindB€g]. In
Vietnam, Da river flows through Lai Chau, Dien Bien, Son La, Hoa Binh, Phu Tho
provinces. The river discharge is large, which accounted for 31% of water supply for the
Red river basin. Da river is in a tropical monsoomaelie. The rainfall distributed unevenly
in time and space. The annual rainfall in the Da River basin in the periodZ2l6ranges
from 1,300 mm to over 2,600 mi@9). The rainy season starts from May and lasts in
October, with rainfall accounting for580 90% of the total annual rainfali7]. The flow
regime of the Da River is heavily influenced by rainfall, with the flood season occurring
from June to October and reaching a peak in July and August. The dry season lasts from
November to May of theoflowing year
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Figure 1. Da river basin and PoLech station

The PolLech station is located on Da river in Muong Te district, Lai Chau province,
Vietnam (Figire 1). Catchment area at Polech station is 262702 kfoLech is
hydrological station level 1, which was established in 2003 to serve the Son La hydropower
plant design and construction and continued to measure hydrological data from 2007 to
2011 for designing the Lai Chau hydropower dam. The station is locatée oight bank
of the Da River, 12 km downstream of the Muong Te level 3 hydrological station. The
station is located on a quite straight reach of the river, with an average width of around 100
m. The gauging discharges and stages as well as recordedvatagexbtained at the same
cros§ section. Currently, the correction of discharge at Polech station is carried out
according to the standard regulation TCVN 1261382021. Figure 2 illustrates the crbss
section of the station in 2006 and there were no significant changethewararsThe left
bank is a steep mountain slope with stable geological and topographical conditions, while
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the right bank has a rocky bottom at the lower part and sand and sedirttenupper part.
The highest stage measured at the station is 275.40 m. Therefore, theexti®s controls
the highest water level and there is no clear floodplain delineation.

Figure 2. River crosésection at PoLech hydrometric station in 2006.

2.2. Data collection

Gauging stages and discharges in the periodZIIE of PoLech station are used in
this study. The stage data measured at the same time as the observed discharge is called the
gauging stage. The recorded stage is the stage measuyeentig and without discharge
measurement at the same time. Table 1 shows the number of gaugings (number of gauged
Q, H pairs), the maximum and minimum values of gauging stage and discharge (
() and the recorded stagé ( ,( ) of eachyear. Note that the gauging data or
recorded data obtained from in situ measurement is different from the rating data, which is
simulated from a regression equation.

Table 1. Statistics on stage and discharge data used in this. study

Year 2005 2006 2007 2008 2009 2010 2011 2005 2011
No. of 79 62 55 40 60 49 53 308
gaugings

(cm) 26790 26870 27070 26614 26700 26489 26455 27070
(cm) 25679 25709 25671 25688 25704 25666 25689 25666
(cm) 26784 27251 27113 26590 26637 26487 26403 27251

(
(
(
( (cm) 25681 25720 25678 25688 25705 25671 25700 25671

1 (m¥s) 3810 6460 5570 2950 3050 2458 2068 6460
1 (m¥s) 56.8 111 42.7 65.9 84.9 47.4 81.7 42.7
3. Methods

3.1.Data preprocessing

The raw hydrologic data often contains some uncertainty due to the measurement or
data processing. The uncertainty in the data may lead to incorrect reflections in calculating,
analyzing hydrologic data, and therefore in making decisions. Thus, outlegatidetand
removal in the data set are critical for improving calculation quality. There are several
methods to identify the outliers, such as standard deviation, the interquartile[48hge
Because the gauging datanot continuous andoesnot havea normal distribution, this



