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Abstract: A distributed conceptual model (FRASC (Flow Routed Accumulation Simulation in a Catchment)) has been developed, in
which a rainfall-runoff module is modified from an original lumped conceptual model (Xinanjiang) via a GIS (Geographic
Information System)-aided approach and a water allocation module contains reservoirs, water users and hydropower plants. The
model is relatively easy to use and can easily obtain input data, but still has the ability to generate hydrological information at many
points within a catchment. The model application to the Be River basin is evaluated and shows to be reliable in terms of close
agreements between simulated and observed series. Daily natural flow rates for 36 years are simulated at 7,981 grid cells within a
studied area of 7,650 km2. Based on this simulated database, design discharges are predicted in various probabilities. Finally, the
research determines that the water transfer capacity from the Be River basin to the Saigon River basin reaches 14%, 18% and 23% of
a planned value of 75 m3/s during the dry period in a wet year (P10%), average year (P50%) and dry year (P90%), respectively.
Key words: Be River basin, distributed conceptual hydrological model, FRASC.

1. Introduction
Hydrological simulation models play an important
role in land and water resource management. There
are many different hydrological problems which have
resulted in developing many types of hydrological
models. The hydrological models are usually
classified into three types: black box (stochastic), grey
box (lumped conceptual), and white box (distributed
physically-based) models. The stochastic models can
be used more appropriately where scales of space and
time are large, i.e., in situations where a lot of
averaging of heterogeneous processes in space and
Corresponding author:Can Thu Van, Ph.D., research fields:
hydrology and water resources.

time, hence smoothing of the hydrograph, has already
taken place or when dealing with time increments
larger than the actual system dynamics, e.g., monthly
intervals. Moreover, it is likely that they will be
applied less extensively because of non-stationarity
arising from land use and climate change in a
catchment [1].
The lumped conceptual models have been
commonly used in practice because they are simple,
can easily obtain input information, and require a
moderate number of parameters for calibration. These
models, e.g., [2-4], have proved to be a useful tool in
formulating reasonable answers to practical problems.
However, the lumped conceptual models consider the
catchment or sub-catchment as a single unit, and

2

Development and Application of a Distributed Conceptual Hydrological Model to Simulate Runoff in the
Be River Basin and the Water Transfer Capacity to the Saigon River Basin, Vietnam

hence they produce only a single value of, e.g., runoff
at the outlet. In the structure of these models, the
delineation of a natural sub-catchment based on points,
or nodes, along the river system is often inadequate,
so it is difficult to use the hydrological information
generated to satisfy the demands of many water users
within a catchment.
The simulation of hydrological processes at many
points within a catchment can be solved by distributed
physically-based models, e.g., SHE (Système
Hydrologique Européen)[5] or ANSWERS (Areal
Nonpoint Source Watershed Environment Response
Simulation) [6]. However, these models are complex
and require very large amounts of data, including field
information, in order to describe the spatial variability
of a catchment. This is one of the major disadvantages
of distributed parameter modelling, despite their
theoretical and conceptual advantages over lumped
models. Because of this reason, these models cannot
be extended to the large catchments we frequently
encounter in practice, especially to undeveloped areas
where field data on many of the processes are often
lacking. Furthermore, the users of distributed
physically-based models have to be well-trained in
their applications to enable them to interpret the model
output correctly.
In order to develop a model that satisfies criteria
such as detailed hydrological information in space,
ease of understanding, and ease of obtaining input
data, Nghi[1] modified the Xinanjiang model via a
GIS (Geographic Information System)-aided approach,
known as FRASC (Flow Routed Accumulation
Simulation in a Catchment). GIS data supporting the
FRASC model include information on the land surface,
such as the flow direction, flow accumulation,
watershed delineation, and stream network
identification extracted from DEMs (Digital Elevation
Models) [7]. In this model, the catchment is divided
into finite elements (cells) by a square grid matrix,
with the hydrological processes in each grid being
treated as a small “catchment” of unit dimensions and

thus initially with unique and independent functions of
hydrological inputs which, in theory, are physically
definable and measurable. However, the values of
model parameters are averaged and regarded as being
representative of each sub-catchment. Outflows from
each element are routed towards adjacent elements
according to the topographic relationships between the
element and its surrounding grid elements. As a result,
FRASC can be classified as a distributed conceptual
model.
FRASC was applied to verify the effectiveness of
the model in the Baohe (China) and Nong Son
(Vietnam) catchments, in both the case of daily and
hourly (flood event) flow simulation. The simulated
discharges at the outlet of catchments showed that
FRASC performed better than the original Xinanjiang
in the test cases [1]. A further advantage of FRASC is
that hydrological information can be generated at
many points within a catchment, and flood simulation
results combined with DEM inundation maps can be
constructed. Therefore, FRASC can be considered a
useful tool for water resources management,
especially for predictions in ungauged basins [8].
Besides the test results, FRASC has also been
successfully applied to Thac Mo and Cai Phan Rang
basins [9, 10]. However, this is a version with only a
module that simulates the rainfall-runoff processes. In
situations where flow regulation occurs, such as
reservoirs, intakes and outlets of return flow, etc. exist
within the basin, so a water allocation module must be
added to the model.
Be River, a main tributary of the Dong Nai River
system, has abundant water resources and is being
exploited for many socio-economic development
activities. Significantly, on Be River, there are three
hydropower
reservoirs
and
Phuoc
Hoa
hydraulic-works (the fourth cascade), with the main
goal of transferring water to the Saigon River basin to
supply water to Ho Chi Minh City and some
neighboring provinces. According to the original
design, the water amount of 75 m3/s was planned to be
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moved to the Saigon River basin. However, the result
calculated by [11] has shown that the transfer ability is
only about 37 m3/s during the period from March to
May in a dry year (corresponding to the frequency of
P = 90%) due to the minimum release requirement of
14 m3/s needed to maintain the environmental flow
downstream Phuoc Hoa hydraulic-works. This has
affected the regulation of saline intrusion on Saigon
River. On March 24, 2016, the minimum release has
been regulated for all the reservoirs according to
Decision 471/QD-TTg (VNGP 2016)[12], which has
of course led to changes in the flow regime and water
resources distribution in the Be River basin. In
particular [12] specified that the minimum flow from
Phuoc Hoa hydraulic-works must ensure 25 m3/s
instead of 14 m3/s as before, and thus the water
amount transferred to the Saigon River basin is also a
question to be addressed. On the other hand, there has
not been any previous research applying the
distributed model to the Be River basin. Besides
producing detailed spatial data, updating to have a
larger amount of data is an essential requirement for
more reliable results of hydrological statistical
analysis.
From the above arguments, the main objectives of
this research are: (1) to improve the FRASC model by
developing a water allocation module that contains
reservoirs, water users, and hydropower plants; (2) to

Fig. 1
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apply the FRASC model to simulate flow from 1981
to 2016 for each individual grid cell at a 1 km
resolution within the Be River basin; (3) to predict
discharges in design probabilities, such as P10%—wet
year, P50%—average year, and P90%—dry year; and
(4) to assess the capacity of water transfer from the Be
River basin through Phuoc Hoa hydraulic-works to the
Saigon River basin under various scenarios.

2. Material and Methods
2.1 Structure of the FRASC Model
In this model structure, the catchment is discretized
into finite cells by a square grid matrix. The
discretization of the catchment surface is based on
GIS processing techniques, e.g., using the hydrology
tools in GIS software such as ArcGIS [13] or MIKE
Basin [14], with a DEM input, and then obtaining the
information required for the FRASC model, including
the flow direction, flow accumulation, watershed
delineation, and stream network identification. Fig. 1
illustrates the structure of the FRASC model.
2.2 Rainfall-Runoff Module
The hydrological processes in each grid cell that is
treated as a small “catchment” of unit dimensions are
basically described in the flow formation concept
ofthe original Xinanjiang model [4]. As a conceptual

Discretization of the catchment into finite elements by a square grid matrix in the FRASC structure [1].
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model, the processes are considered to be partially
understood. The model parameters are averaged and
regarded as being representative of the entire
catchment or sub-catchment; thus, these values, which
are often difficult to assess directly from field data on
catchment characteristics, must be estimated through
model calibration procedures.
Outflows from each cell are routed (i.e.,
interconnected) towards the adjacent cell that has been
specified by the flow direction grid. This flow routing
process can be used to distinguish between two phases,
i.e., hillslope flows and main river flows, in which the
hillslope flows are calculated by the linear synthesis
approach, and the flows on main rivers are then
determined by the Muskingum method. The flow
accumulation grid will indicate the flow routing
hierarchy of cells within the catchment, and the
highest value of the flow accumulation grid is at the
catchment outlet where the flow routing simulation
process will terminate to produce the total flow.
2.3 Water Allocation Module
A water allocation module integrated in the FRACS
model can accommodate numerous reservoirs,
hydropower plants, and other water users. The
reservoir must be located on a certain grid cell within
the catchment. The model will simulate the flow from
the rainfall in each grid cell, and the outflow of the
reservoir-located cells is then the inflow of the
reservoir.
At an individual reservoir, as illustrated in Fig. 1
above, the general water balance process between
inflow and outflow volumes (m3) is calculated using
Eq. (1):

Vt 1  Vt  Vin  Vuser  Vloss  Vspill  Venvironment (1)
where Vt and Vt+1 are the reservoir water storage at
time step t and t + 1, respectively, and Vin, Vloss, Vuser,
Vspill and Venvironment are volumes of inflows, users,
losses (including evaporation and infiltration), releases
through spillways, and minimum flow released to the

downstream area during the time interval Δt.
The users withdraw water from the reservoirs, and
can then return unconsumed water to a certain position
inside or outside the basin (i.e., return flow). If the
return flow is inside the basin, its position must be
specified. The water users can be divided into two
types: direct and indirect water users. For the direct
water users (e.g., irrigation, municipal, and industrial
activities), a water demand time series must be
specified and inserted into the model. The indirect
water users are hydropower plants, in which the water
demand can be determined through the Eq. (2):

P  h(Q)  Q   (h)  g  water

(2)

where P is the generated power (W), Δh is the
effective head (m), Q is the releasing discharge
through the turbine (m3/s),  is the machine power
efficiency (a default value of 0.86), g is the
gravitational acceleration (m/s2), and water is the water
density (997 kg/m3).
In the case of multiple users extracting water from a
reservoir, their priority will be set in order and
digitized in the model. As a default of the model, the
minimum release from a reservoir has the highest
priority because this is often required to ensure
environmental flows in the river downstream of the
reservoir.

3. Studied Area and Data Processing
3.1 Studied Area Description
Be River is a major tributary of the Dong Nai River
system. Its basin covers 7,650 km2 within 106°35′ to
107°30′ East longitude and 11°06′ to 12°22′ North
latitude, of which 97% of the area belongs to Vietnam
and 3% to Cambodia. This is a transition zone
between the highlands and plains, with an average
elevation ranging from 60 to 1,000 m. The geological
characteristics are mainly sedimentary deposit rocks,
siltstone and mudstone. According to UMD
(University of Maryland) Land Cover Classification at
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1 km pixel resolutions (GLCF 1998), wooded
grassland accounts for 43.78% of the catchment area,
followed by woodland (22.15%), evergreen broadleaf
forest (5.72%), closed shrubland (5.71%), deciduous
needle leaf (5.05%), crop land (4.18%), grasslands
(3.97%), open shrubland (3.87%), mixed cover (3.27%)
and deciduous broadleaf (2.30%) (Nghi & Au 2014).
The basin is in the monsoon tropics and has
abundant annual rainfall (above 2,400 mm), with two
distinct seasons: the rainy season coincides with the
southwest monsoon from May to October, which
accounts for 85% of the total annual rainfall, and the
dry season is the northeast monsoon period from
November to April of the next year, in which January
and February have almost no rain. Annual potential
evapotranspiration is approximately 1,500 mm.
For water resource exploitation activities in the
basin, there are three existing hydropower reservoirs,
namely, Thac Mo that has been in operation since
1994, Can Don (2003) and Srok Phu Mieng (2006),

Fig. 2
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and Phuoc Hoa hydraulic-works that was completed in
2014 with the major objective of transferring water to
the Saigon River basin.
3.2 Model Input Data Processing
The input requirements for the FRASC model to
simulate daily discharges in natural conditions and
when there are reservoirs in the Be River basin (Fig. 2)
consist of:
The GIS data at a 1 km resolution in the ASCII files
include : (1) flow direction; (2) flow accumulation; (3)
watershed delineation (based on the nodes of dams
and gauging stations, the basin is delineated into six
sub-basins: 1—Thac Mo 2,215 km2, 2—Can Don
1,010 km2, 3—Srok Phu Mieng 597 km2, 4—Phuoc
Hoa hydraulic-works 1,371 km2, 5—Phuoc Hoa
gauging station 572 km2, and 6—lower Be River
1,885 km2); (4) Thiessen polygon determined from
eight rainfall stations; and (5) UMD land cover
classification;

Be River basin and major input information for the FRASC model.
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The meteorological data from 1981 to 2016 include:
(1) daily observed rainfall at eight stations, including
Dak Nong, Phuoc Long, Loc Ninh, Binh Long, Dong
Phu, Ta Lai, Phuoc Hoa and Tri An, and (2) monthly
potential evapotranspiration in each UMD land cover
class, which is determined by the Penman-Monteith
method from the records of temperature, wind speed,
relative humidity, and sunshine hours observed at
Phuoc Long station;
The properties and operating rules of Thac Mo, Can
Don, and Srok Phu Mieng reservoirs and Phuoc Hoa
hydraulic-works are: level-area-volume table,
characteristic levels (dead zone, normal, dam crest),
flood control level time series, minimum operation
level, maximum release, spill capacity table, and
spillway bottom level [12];
The water users withdraw water from Thac Mo,
Can Don, and Srock Phu Mieng reservoirs and Phuoc
Hoa hydraulic-works: minimum release, water
demand time series (including priority, location, flow
loss fraction, and return flow fraction), power demand
time series, and power efficiency table for hydropower
plants (including priority and return flow location);
The observed hydrological data for model
calibration and verification are: (1) daily discharge
series at two gauging stations, namely Phuoc Long
(covering an area of 2,215 km2—the dam site of Thac
Mo reservoir) in the period 1981-1993 and Phuoc Hoa
(5,765 km2) in the periods 1981-1993 and 2014-2016,
and (2) daily water level series at Thac Mo, Can Don,
and Srok Phu Mieng reservoirs in the period
2014-2016.

and Phuoc Hoa gauging stations. The model

4. Results and Discussion

4.2 Simulation and Analysis of Discharges in the Be
River Basin

4.1 Evaluation for Model Simulation Performance in
the Be River Basin
In a natural flow condition, the FRASC model
with a rainfall-runoff module set up for the Be River
basin is calibrated in the period from 1981 to 1986,
and then verified from 1987 to 1993 at Phuoc Long

parameters are inferred by the curve fitting, also
known as “goodness-of-fit”, approach. This involves
finding

parameters

correspondence

which

between

will
specific

ensure

close

hydrological

characteristics of a simulated time series and their
observed equivalent (i.e., a parameter optimization
procedure). In this study, the “trial and error” method
is used for optimizing model parameters when
calibrating by the goodness-of-fit approach, i.e.,
manually adjusting the values of one parameter at a
time and observing the effect on the fitting criteria
and then repeating the exercise. The statistical fitting
criteria such as the BIAS (Coefficient of Mass
Residual); and, NSE (Nash-Sutcliffe Efficiency
Coefficient) (Nash & Sutcliffe 1970); as well as the
daily simulated versus observed hydrographs and
flow accumulations at the two gauging stations, are
used to assess the model performance and to
determine the optimal set of parameters. The
calibration and verification results are presented in
Table 1.
From the model evaluation result shown in Table 1
in terms of the statistical measures, such as BIAS
within ±2.3% and the NSE ranging from 0.840 to
0.907 in both the calibration and verification periods,
it can be said that FRASC with the rainfall-runoff
module performs very well, and better than the NAM
model; namely, NAM gives NSE = 0.86 at Phuoc Hoa
station (Nghi & Au 2014), and hence ensures
reliability to generate flow in various scenarios.

4.2.1 Simulation of Daily Natural Discharges in the
Be River Basin
Based on the validated model with the rainfall-runoff
module and the processed meteorological input data,
daily natural discharges (i.e., flow in the case without
any reservoir existingin the basin) are simulated
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Table 1
Criterion
BIAS
NSE
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Performance of the FRASC model for the Be River basin in a natural flow condition.
Calibration
2.24
0.855

Phuoc Long station
Verification
-0.79
0.840

from 1981 to 2016 for all grid cells at a 1 km
resolution within the Be River basin. The daily
natural discharge series of 36 years at 7,984 points
within a drainage area of 7,650 km2 can be
considered long enough in terms of statistical
analysis sufficiently detailed in space. This may be a
valuable database to process and estimate
hydrological information and specific characteristics
that are required for a certain purpose in land and
water resource management, as well as
environmental protection.
4.2.2 Prediction of Discharges in Various
Probabilities
Design discharges are an important characteristic
that always need to be predicted when planning,
designing, and operating water-related systems. For
integrated water resources management, the design
discharge should be estimated in many different
probabilities. However, in the context of this paper,
the result just presents the design discharge in three
probabilities: P10%, P50% and P90%, referring to
the wet, average and dry year, respectively.
From the daily simulated discharges in the period
1981-2016, predictive annual discharges in various
design probabilities at the six sub-basin outlets are
determined through statistical analysis procedures, in
which a normal distribution is used. The normal
distribution is selected due to the fact that the
skewness of the time series is relative small, namely,
the CS (Coefficient of Skewness), equals -0.18 (Thac
Mo), -0.27 (Can Don), -0.21 (Srok Phu Mieng), -0.31
(Phuoc Hoa hydraulic-works), -0.32 (Phuoc Hoa
gauging station), and -0.41 (Be River basin);
subsequently validated through testing for goodness
of fit with a confidence level of 95%. The result of
predictive annual discharges at the outlet of

Calibration
-2.30
0.892

Phuoc Hoa station
Verification
1.44
0.907

sub-basins in probabilities such as P10%—wet year,
P50%—average year, and P90%—dry year, is
presented in Table 2.
To determine the daily discharge distribution of
the design years for water balance calculation and
allocation under various scenarios, a “representative
year” method is applied. The selection of a certain
representative year is totally based on experience.
For this study, two criteria are used to choose the
representative year: (1) the annual discharge of the
representative year is equivalent to the long-term
mean annual discharge, and (2) the monthly
discharge distribution of the representative year
nearly coincides with the long-term mean monthly
discharge distribution of the time series.
Subsequently, daily discharges in the design year
are equal to the values in the representative year
multiplied with a ratio, also known as a scale factor, K
= QP/Qrep., where QP is the annual discharge
corresponding to the design probability P and Qrep. is
the annual discharge of the representative year.
Based on the above criteria and from the daily
discharge time series in the period 1981-2016, the
statistical analysis shows 2002 as the representative
year in the Be River basin. The values of scale factor
K in the individual sub-basins are given in Table 3.
When simulating scenarios, the scale factor K is
activated and assigned its values in the model. Finally,
the daily design discharges in a wet year (P10%),
average year (P50%) and dry year (P90%) at the outlet
of sub-basins in the Be River basin are determined as
illustrated in Fig.3.
4.2.3. Prediction of Water Transfer Capacity from
the Be River Basin to the Saigon River Basin
Constraints and priority of the operation of reservoirs
in the Be River basin. At present, the minimum
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Table 2 Annual discharges, Q (m3/s), and scale factor, K, at the sub-basin outlets in the Be River basin under various
probabilities.
(1)
(2)
(3)
(4)
(5)
(6)
Q
K
Q
K
Q
K
Q
K
Q
K
Q
K
10%
1.28
146
1.31
204
1.35
230
1.32
299
1.31
325
1.31
399
1.31
50%
0
110
0.99
152
1
170
0.98
222
0.97
242
0.98
302
0.99
90%
-1.28
74
0.67
99
0.66
111
0.64
145
0.64
160
0.64
205
0.67
P:Probability, y: standardized variate, (1): Thac Mo, (2): Can Don, (3): Srok Phu Mieng, (4): Phuoc Hoa hydraulic-works, (5): Phuoc
Hoa gauging station, (6): Be River basin outlets.
P

y

Fig. 3 Daily discharges in wet, average, and dry years at the outlets: (a) Thac Mo, (b) Can Don, (c) Srok Phu Mieng, (d)
Phuoc Hoa hydraulic-works, (e) Phuoc Hoa gauging station, and (f) Be River basin.
Table 3Annual discharges, Q (m3/s), and scale factor, K, at the sub-basin outlets in the Be River basin under various
probabilities.
(1)
(2)
(3)
Q
K
Q
K
Q
K
10%
1.28
146
1.31
204
1.35
230
1.32
50%
0
110
0.99
152
1
170
0.98
90%
–1.28
74
0.67
99
0.66
111
0.64
Note: P-Probability, y-standardized variate, (1)-Thac Mo, (2)-Can Don,
(5)-Phuoc Hoa gauging station, (6)-Be River basin outlets.
P

y

(4)
(5)
(6)
Q
K
Q
K
Q
K
299
1.31
325
1.31
399
1.31
222
0.97
242
0.98
302
0.99
145
0.64
160
0.64
205
0.67
(3) Srok Phu Mieng, (4)-Phuoc Hoa hydraulic-works,
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Table 4

Minimum release (m3/s) from the reservoirs to downstream areas.

Month
Thac Mo reservoir
Can Don reservoir
Srok Phu Mieng reservoir
Phuoc Hoa hydraulic-works
Table 5
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Jan.
65
70
77
25

Feb.
65
70
77
25

Mar.
65
70
77
25

Apr.
65
70
77
25

May
60
65
70
25

Jun.
60
65
70
25

Dec.
65
70
77
25

Priority of water users extracting water from the reservoirs in the Be River basin.

Water user priority*
Thac Mo reservoir
Can Don reservoir
Srok Phu Mieng reservoir
Phuoc Hoa hydraulic-works

Minimum flow
1
1
1
1

Hydropower
2
2
2
-

Irrigation
2

Water transfer
3

* Number 1 has first priority; number 2 has second priority, etc..
Table 6 Water transfer capacity from Phuoc Hoa hydraulic-works to the Saigon River basin before and after applying the
minimum release rule in wet, average and dry years.
Scenario
Jan.
3
Demand (m /s)
75
Water transfer capacity (m3/s)
Before
P10%
62
P50%
46
P90%
34
After
P10%
75
P50%
69
P90%
65
Relative deficit (%)
Before
P10%
17%
P50%
38%
P90%
54%
After
P10%
0%
P50%
8%
P90%
14%

Feb.
75

Mar.
75

Apr.
75

May
75

Jun.
75

Jul.
75

Aug.
75

Sep.
75

Oct.
75

Nov.
75

Dec.
75

50
48
46
64
62
55

49
46
41
58
54
50

68
67
66
60
56
55

69
69
69
59
57
56

73
72
70
71
69
65

75
75
75
75
75
75

75
75
73
75
75
72

75
75
75
75
75
75

75
75
75
75
75
75

75
75
75
75
75
75

75
75
75
75
75
75

33%
36%
39%
15%
17%
27%

34%
39%
46%
23%
28%
33%

9%
10%
11%
20%
25%
27%

8%
8%
9%
22%
24%
25%

3%
4%
6%
5%
7%
13%

0%
0%
0%
0%
0%
0%

0%
0%
3%
0%
0%
4%

0%
0%
0%
0%
0%
0%

0%
0%
0%
0%
0%
0%

0%
0%
0%
0%
0%
0%

0%
0%
0%
0%
0%
0%

releases required to ensure environmental flows in the
river downstream of the reservoirs have been strictly
regulated (VNGP 2016). Therefore, the minimum
release requirement is considered to have highest
priority in operating the reservoirs. Table 4 shows the
rule of minimum releases for the reservoirs in the Be
River basin.
For supplying water to users, Thac Mo, Can Don
and Srok Phu Mieng reservoirs are responsible for
supplying water to their hydropower plants, and
Phuoc Hoa hydraulic-works is used to transfer water
to the Saigon River basin and supply water for local
irrigation. Although the water transfer is a large water

user and the main objective of Phuoc Hoa
hydraulic-works, the water supply for local irrigation
is always considered to have a higher priority. As a
result, the priority of water users for operating the
reservoirs is set as shown in Table 5.
4.2.4. Prediction of Water Transfer Capacity in
Various Water Years
In order to have an overall view in this predictive
study, daily runoff and water allocation in the Be
River basin are simulated under two group scenarios:
before and after applying the minimum release rule for
the reservoirs in various water years, such as a wet
year (P10%), average year (P50%) and dry year
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(P90%). Table 6 summarizes the monthly result of the
water transfer capacity from the Be River basin
through Phuoc Hoa hydraulic-works to the Saigon
River basin.
Table 6 shows that the water transfer capacity from
the Be River basin to the Saigon River basin cannot
achieve a mean planned value of 75 m3/s in the dry
period from January to June under all scenarios.
However, the water transfer capacity after applying
the minimum release rule is much higher than the
value before, namely, from January to June, the
average relative deficit is 14%, 18% and 23% (after)
against 17%, 23% and 28% (before applying the
minimum release rule) in a wet year (P10%), average
year (P50%), and dry year (90%), respectively.
The water transfer capacity increases, although the
minimum release from Phuoc Hoa hydraulic-works
after applying the minimum release rule (25 m3/s) is
higher than before (14 m3/s). The reason for the
increasing water transfer capacity stems from the
minimum release rule (both quantity and priority, as
presented in Tables 4 and 5) which was before not
regulated for the upstream reservoirs such as Thac Mo,
Can Don and Srok Phu Mieng. This predicted result
can generate more positive signals for users extracting
water from the Saigon River basin.
The fact that, before 2013, in Vietnam, there was no
strict regulation of minimum flow for hydropower
reservoirs, meant that, at times when hydropower
plants did not generate electricity for some reason,
there was subsequently no discharge downstream.
This is one of the causes for the water resource
conflict between hydropower plants and other
downstream water users. However, Vietnam’s Water
Resources Law (valid from January 1, 2013) specified
the following: “Minimum flow is the lowest flow
necessary to maintain a river or river section to ensure
the normal development of aquatic ecosystems and to
ensure the minimum level of water resources
exploitation and using activities of water users”. This
regulation aims to contribute to avoiding many

conflicts on water resources, and is the legal basis for
the minimum release rule for the reservoirs in the Be
River basin.

5. Conclusions
Lumped conceptual models are very popular, often
accompanied by adequately developed documentation
from long experience, and can interface easily with
GIS and databases that are much needed and available
today such as DEMs and remote sensing data sources.
From these advantages, the FRASC model has been
developed with two modules, in which a rainfall-runoff
module is the result of improving the Xinanjiang
model via the GIS-aided approach and a water
allocation module contains reservoirs, water users, and
hydropower plants. FRASC can be considered a
distributed conceptual model, in which the catchment
is discretized into grid cells and the model parameter
is able to be calibrated for its operation. It overcomes
the major disadvantages of lumped conceptual models
and distributed physically-based models, i.e., ease of
understanding and using the model; ease of obtaining
input data; and the fact that hydrological information
is generated at many points within a catchment, not
only once at the catchment or sub-catchment outlet.
The FRASC model has successfully been applied
and ensured reliability in line with the principle of
hydrological model evaluation through the verification
of different hydrological regimes, including tests in
the high rainfall area, such as the Nong Son catchment,
with an annual average value of above 3,000 mm; the
moderate rainfall area, such as the Thac Mo catchment
(2,500 mm); and the semi-arid area, such as the Baohe
catchment in China and the Cai Phan Rang basin
(1,100-1,200 mm).
The results of the practical application to the Be
River basin presented in this paper demonstrate the
high efficiency of the FRASC model in terms of the
close agreement between the simulated versus
observed hydrological time series, specifically in the
statistical criteria, as follows: (1) for rainfall-runoff
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evaluation in the natural flow condition, the BIAS
within ±2.3% and NSE from 0.840 to 0.907; and (2)
for calibration in the period with existing reservoirs,
the Pearson correlation coefficient r from 0.854 to
0.996; NSE at 0.680 to 0.992.
From the validated model, the daily natural flow
rates for 36 years are generated at 7,984 locations
within a drainage area of 7,650 km2 of the Be River
basin. Furthermore, employing statistical analysis
procedures, annual discharges are predicted in various
probabilities, herein the normal distribution is applied
appropriately in terms of testing for goodness of fit
with a confidence level of 95%. Daily discharges in
these design water years are determined by the
representative year method. The result provides the
discharges at the six sub-basin outlets in a wet year
(P10%), average year (P50%), and dry year (P90%).
The final application result achieved in this research
is the estimation of the water transfer capacity from
the Be River basin to the Saigon River basin after
applying the minimum release rule for the reservoirs.
During the dry period from January to June, the
average water transfer capacity reaches 14%, 18%,
and 23% of a planned value of 75 m3/s in a wet year
(P10%), average year (P50%), and dry year (P90%),
respectively.
In view of the feasibility of the FRASC model in its
operation and the amount of hydrological information
generated at each grid cell, FRASC can be regarded as
a useful tool in applications for the planning, design,
and management of water-related works. The model
can be extended to the large catchments we frequently
encounter in practice, especially to undeveloped areas
where field data on many of the processes are often
lacking. However, one of the disadvantages of the
model is that it requires relatively long calculation time,
therefore cannot be applied as an automatic calibration
method. Manual optimization of individual parameters
is time consuming, particularly for FRASC with
fourteen parameters. This implies that the modeler
needs to have a good understanding of the structure and
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operation of the model. In addition, with personal
computers and to simulate daily flow during many
years for large catchments, the discretization of the
catchment is often limited at a 1 km resolution.
The water allocation module also considers a type
of reservoir as a single storage unit in which all water
users and hydropower plants are withdrawing water
from the same storage. Additionally, water users are
only represented as extracting water from a reservoir,
while in fact they can withdraw water from a river or
even groundwater storage.
For the limitations of application to the Be River
basin, the model has only been set up with four large
reservoirs/hydraulic-works and major water users, but
has not considered small reservoirs and individual
water users scattered across the basin. A field survey is
necessary to supplement the material for model testing
in order to increase the reliability of calculation results.
Furthermore, this research has not taken into account
land use and climate changes, which have been
influencing the flow formation in the basin.
There will be many other problems that need to be
solved in such a complex hydrological system;
however, the above limitations of both the model
development and its application to the Be River basin
are feasible issues that the authors will continue to
study to contribute to this research in the near future.
In addition, the model software will also be upgraded
step by step to speed up calculations and have a more
user-friendly interface.
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