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Abstract: The effects of climate and land-use changes have put intense pressures on water resources
with regard to water quantity and quality in the La Buong River Basin, located in Southern Vietnam.
Therefore, an estimate of such effects and their consequences on water resources in this area is
needed. The aim of this study is to evaluate the segregated and aggregated effects of climate change
and land-use change on streamflow and water quality components (sediment and nutrient loads)
using the well-known Soils and Water Assessment Tool (SWAT). The SWAT model was carefully
calibrated and validated against the observation data before it can be used as a simulation tool to
study the impacts of climate and land-use changes on hydrological processes. As a result of this study,
it shows a reduction in the wet-season and annual streamflow, and sediment and nutrient loads will
be occurred in the study area due to climate change effects, while the streamflow, and sediment and
nutrient loads will be increased under the effects of the land-use change. Moreover, the streamflow
and water quality components are more sensitive to land-use change than climate change. The results
obtained from this study can provide a basic knowledge of the effects of climate and land-use changes
on the streamflow and water quality to the local and national authorities for the future development
of integrated water resources management in the La Buong River Basin.
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1. Introduction

Over the years, water resources regarding water quantity and quality have been under severe
pressures due to the consequences of climate and land-use/land-cover changes, of rapid population
growth, and socioeconomic development [1]. Assessment of such effects on water resources becomes
a difficult task, because various aspects have to be taken into account, in which the impacts of
climate and land-use/land-cover changes are considered as decisive factors [2]. Climate change alters
precipitation and temperature, which affect hydrological processes, and, accordingly, the streamflow
and sediment and nutrient loads [3]; whereas, land-use/land-cover change can cause changes in the
regional hydrological components, such as evapotranspiration, infiltration, interception, groundwater,
and surface runoff. For instance, a reduction in precipitation could lead to a decrease in surface
runoff, groundwater discharge, and soil water content, while deforestation could lead to a decrease in
the evapotranspiration, interception rate, and runoff [4]. Thus, a better understanding of the effects
of changing climate and land-use on regional hydrology is pivotal for sustainable water resources
management. Moreover, the potential effects of climate change or land-use change on hydrology and
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water quality are remarkable; particularly, the integration of both factors together have significantly
accelerated water issues.

Studies on the effects of changing climate and land-use on streamflow and water quality have
been extensively carried out by various authors in different countries around the world, such as in
Thailand [5], Indonesia [6], China [6], Italy [6], and the United States [6].

Vietnam is considered as a developing country located in the monsoon-influenced tropical climate,
and widely cited as one of the most vulnerable countries to climate change [1]. The effects of climate
change and land-use change on hydrology have been studied by various authors in different regions of
Vietnam [7–9]. However, most of the previous studies have focused on the effects of climate change
or land-use change on the hydrology separately, and there are still a few studies that considered
a combination of both factors together in Vietnam. For instance, Khoi and Suetsugi [10] investigated
the effects of climate and land-use changes on the hydrological processes and sediment yield for the
Be River Catchment located in Southern Vietnam, and noted that climate change is a major cause of
changes in catchment hydrology. In contrast, Wang et al. [11] demonstrated that land-use/land-cover
change is the substantial factor affecting streamflow in the Red River Catchment. In fact, Wang et al. [12]
showed that effects of changing climate and land use on hydrology should be investigated on a local
scale, because of spatial variation of their impacts on the regional hydrology. Nevertheless, no studies
have investigated the aggregated effects of climate and land-use changes on both streamflow and water
quality components (sediment, T-N, and T-P loads) in Vietnam.

The objective of this study is to estimate the segregated and aggregated effects of climate change and
land-use change on the streamflow, sediment, and nutrient loads in the La Buong River Basin, which is
considered as a pilot region of the third largest river basin of Vietnam, the Dong Nai River Basin located
in Southern Vietnam. As a result, this study provides important guiding information to decision-makers
for a future development plan of integrated water resources management. The common method used
for assessing the effects of climate and land-use changes on hydrologic cycle is using a hydrological
model, because it can tackle different scenarios studies with regard to the relationships between climate,
land-use/land-cover, and hydrology [10]. Since the Soil and Water Assessment Tool (SWAT) model
is the most widely used hydrological tool for simulating watershed hydrology and its associated
processes in different regions around the world, particularly in Southeast Asia [13], we selected this
model for our study.

2. Study Area

La Buong River, which has a length of 56 km and an annual discharge of 412 × 106 m3, is a tributary
of Dong Nai River, and located in downstream Dong Nai River (Figure 1). The La Buong River Basin
has a total drainage area of 478.5 km2 with the stream density of 0.67 km per km2, and an annual
average precipitation and temperature of 1800 mm and 25–26 ◦C, respectively. Due to the relatively
flat terrain and influenced by the tropical monsoon climate, this area is divided into two main seasons;
the dry season (November–April) and the rainy season (May–October). Moreover, the morphology of
the La Buong River Basin is leaf-shaped, the hydrology is heavy rainfall area, causing flash flooding
problems in the center, and upper regions, while the lower part is effected by inundation and tide.
This area has relatively fertilized land, in which about 75% of the catchment area is covered by Rhodic
Ferralsols and Ferric Acrisols, and consistent with agricultural development. The cultivated land
occupies more than 80% of the total area. Any shortcomings in land-use planning may result in soil
erosion and degradation in this area.
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owing to its wide use as a watershed modeling tool, and applied extensively for a broad range of 
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basin is divided into sub-basins; subsequently, dividing into hydrological response units (HRUs) 
based on land-use, soil and slope features. Further details of SWAT for computation of hydrological 
processes and water quality can be found in Neitsch et al. [14] . 

In order to set up the SWAT model for the La Buong River Basin, input data included 
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elevation model (DEM) with a resolution of 12.5 m was downloaded from the Alaska Satellite Facility 
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3. Methodology

3.1. SWAT Model

The well-known SWAT model was used to simulate the responses of streamflow and water quality
components (Total suspended solids (TSS), T-N and T-P loads) in the La Buong River Basin owing to
its wide use as a watershed modeling tool, and applied extensively for a broad range of water quality
and quantity problems in numerous watershed studies around the world. In SWAT, a basin is divided
into sub-basins; subsequently, dividing into hydrological response units (HRUs) based on land-use,
soil and slope features. Further details of SWAT for computation of hydrological processes and water
quality can be found in Neitsch et al. [14].

In order to set up the SWAT model for the La Buong River Basin, input data included topography,
land use, soil, and climate, and was collected from different reliable sources. A digital elevation model
(DEM) with a resolution of 12.5 m was downloaded from the Alaska Satellite Facility (ASF) Distributed
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Active Archive Center (DAAC) to delineate the whole basin and its sub-basins. In this case, the La
Buong River Basin was delineated into 32 sub-basins. Land-use data in 2010 and land-use planning data
in 2025 with a spatial resolution of 1 km were collected from the Sub-National Institute of Agricultural
Planning and Projection of Vietnam (Sub-NIAPP). Soil data with a spatial resolution of 10 km were
obtained from the Food and Agricultural Organization (FAO) of the United Nations. Based on features
of slope, land use, and soil, the study area was delineated into 479 HRUs. Meteorological data from
1981 to 2015 at three stations were collected from the Hydro-Meteorological Data Center of Vietnam
(HMDC). Furthermore, monthly observed streamflow data from 1983 to 1993 at the La Buong Station,
and water quality data (TSS, T-N, and T-P) from 2010 to 2015 at the Stations “SBu-01” and “SBu-02”
were collected from the Department of Natural Resources and Environment of Dong Nai Province for
model calibration and validation processes (shown in Figure 1).

SWAT calibration and validation were performed at one hydrological station (La Buong Station)
and two water quality stations (SBu-01 and SBu-02). Streamflow was calibrated for the period 1983–1988
and validated for the period 1989–1993 at a monthly time scale. Based on the success of streamflow
calibration and validation, the model was continuously calibrated and validated for the simulation
of nutrient (T-N and T-P) and sediment (TSS) loads for the period 2010–2015 at a monthly time scale.
The model calibration and validation were conducted by the SWAT Calibration and Uncertainty
Program (SWAT-CUP) using Sequential Uncertainty Fitting (SUFI-2) due to its efficiency [15,16].

The SWAT performance was assessed by graphical comparison between observed and simulated
values and by statistical indices, namely coefficient of determination (R2) and Nash–Sutcliffe efficiency
coefficient (NSE). The R2 and NSE are calculated by using the following equations:
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where Pi and Oi are the simulated and observed values, P and O are the mean of the simulated and
observed values, and n is the total number of observations.

According to Moriasi et al. [17], the statistical measures R2 and NSE characterized for the
performance evaluation criteria of the watershed models are classified as shown in Table 1 below.

Table 1. The statistical criteria R2 and NSE measured the performance evaluation of the watershed
models [17].

Component Flow Sediment N P

Very good R2 > 0.85
NSE > 0.85

R2 > 0.80
NSE > 0.80

R2 > 0.70
NSE > 0.70

R2 > 0.80
NSE > 0.65

Good 0.80 ≤ R2
≤ 0.85

0.70 ≤ NSE ≤ 0.85
0.65 ≤ R2

≤ 0.80
0.70 ≤ NSE ≤ 0.80

0.60 ≤ R2
≤ 0.70

0.60 ≤ NSE ≤ 0.70
0.65 ≤ R2

≤ 0.80
0.50 ≤ NSE ≤ 0.65

Satisfactory 0.70 < R2 < 0.80
0.55 < NSE < 0.70

0.40 < R2 < 0.65
0.45 < NSE < 0.70

0.30 < R2 < 0.60
0.35 < NSE < 0.60

0.40 < R2 < 0.65
0.40 < NSE < 0.50

Not satisfactory R2
≤ 0.70

NSE ≤ 0.55
R2
≤ 0.4

NSE ≤ 0.45
R2
≤ 0.30

NSE ≤ 0.35
R2
≤ 0.4

NSE ≤ 0.4



Sustainability 2019, 11, 7221 5 of 15

3.2. Climate Change Scenarios

Climate change scenarios were downscaled from different General Circulation Models (GCMs)
obtained from CMIP5 data set, as shown in Table 2. There are many statistical downscaling techniques,
such as SDSM, ASD, delta change methods, etc.; among them, LARS-WG developed by Semenov
and Stratonovitch [18] was selected for this study, because it can provide a better performance on
reproducing monthly meteorological variables than other statistical downscaling techniques, such as
SDSM, ASD, and delta change methods [19]. Basically, LARS-WG uses observed meteorological data
(daily rainfall, temperature) from a specified site to estimate a set of parameters for fitting probability
distributions, which is then used to generate synthetic weather time series of a tributary length by
randomly selecting values from appropriate distributions [20]. More information about the LARS-WG
tool can be found in [18]. The climate change scenarios for the study area were developed for the
near-future period 2021–2050 under the emission scenarios RCP4.5 and RCP8.5.

Table 2. List of five GCMs incorporated in LARS-WG.

No. Centre Country GCM Resolution

1

National Oceanic and
Atmospheric Administration
(NOAA), Geophysical Fluid

Dynamics Laboratory

United States GFDL-CM3 2 × 2.5◦

2
European Centre for

Medium-Range Weather
Forecasts

Europe EC-EARTH 1.1215 × 1.125◦

3 UK Met. Office United Kingdom HadGEM2-ES 1.25 × 1.875◦

4 Meteorological Research
Institute Japan MIROC5 1.4008 × 1.40625◦

5 Max-Planck Institute for
Meteorology Germany MPI-ESM-MR 1.8653 × 1.875◦

In order to investigate the segregated and aggregated impacts of climate change and land-use
change on streamflow, TSS, and nutrient loads, we first evaluated the impacts of climate change and
land-use change on streamflow, TSS, and nutrient loads, separately. Then, the impacts caused by an
accumulation of both climate change and land-use change were implemented, aggregately.

The well-calibrated SWAT model was used as a simulation tool to calculate various cases at
a monthly time scale; and the simulation results were analyzed as the percentage changes (%) between
the baseline and climate and/or land-use change scenarios.

4. Results and Discussion

4.1. Calibration and Validation of SWAT

Before the SWAT model can be used as a simulation tool for this study, it has to be carefully
calibrated and validated against the observation data. Table 3 shows the ranges of parameters in the
SWAT model, which were used for the calibration process of the streamflow and water quality (TSS,
T-N, and T-P loads) simulations. The SWAT parameters were determined based on the sensitivity
analysis using SWAT-CUP [21]. Due to the observation data of water quality components missing for
the period from 1983 to 1993, we first performed the calibration and validation of the SWAT model for
the streamflow for this period, then the calibration and validation of the water quality parameters for
another period from 2010 to 2015 were carried out, because the data of sediment and nutrient loads
were observed only during this period.
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Table 3. Calibrated values of SWAT parameters for stream flow and water quality.

Parameter Description of Parameter Initial Range Calibrated Value

Parameters used to calibrate streamflow

v_CH_K2 Channel effective hydraulic
conductivity −0.01 ÷ 500 194

r_CN2 Initial SCS CN II value −0.2 ÷ 0.2 −0.15

v_ESCO Soil evaporation compensation
factor 0 ÷ 1 0.81

v_GWQMN Threshold water depth in the
shallow aquifer for flow 0 ÷ 5000 962

r_REVAPMN Threshold water depth in the
shallow aquifer for “revap” 0 ÷ 1000 757

Parameters used to calibrate sediment loads

r_SPCON

Linear parameter for calculating
the maximum amount of sediment

that can be re-entrained during
channel sediment routing

−0.20 ÷ 0.20 −0.13

v_SPEXP
Exponent parameter for

calculating sediment re-entrained
in channel sediment routing

1 ÷ 1.5 1.4

r_USLE_P USLE equation support practice −0.20 ÷ 0.20 −0.07

Parameters used to calibrate nutrient loads

v_LAT_ORGN Organic N in the base flow (mg/l) 0 ÷ 200 56

v_N_UPDIS Nitrogen uptake distribution
parameter 0 ÷ 100 2

v_NPERCO Nitrogen percolation coefficient 0 ÷ 1 0.48

v_LAT_ORGP Organic P in the base flow (mg/l) 0 ÷ 200 97

v_P_UPDIS Phosphorus uptake distribution
parameter 0 ÷ 100 14

v_PPERCO Phosphorus percolation coefficient 10 ÷ 17.5 17

Note: ‘v_’ and ‘r_’ are the operations of ‘replace’ and ‘relative,’ respectively.

Figure 2 presents a comparison of the streamflow between simulation results and observation data
(lower), and in contrast to the precipitation (upper) at the La Buong Station for the calibration period
(1983–1988) and validation period (1989–1993). The comparison indicates that the monthly simulated
and observed values have a good agreement each other; however, it should state that the simulation
still cannot well capture the peak of streamflow in some months during rainy seasons. This can be
explained by uneven distribution of rain gauges; particularly, three available rain gauges are located
on the border of the study area. In addition, Table 4 shows a summary of the statistical indices (R2 and
NSE) for evaluating the SWAT model performance. It shows that monthly simulated streamflow has
been classified in a range from good to very good agreement with the observed data, as the indices R2

are 0.79 and 0.87, and NSE are 0.72 and 0.82 for the calibration and validation periods, respectively.
Generally, SWAT has showed a good performance in simulation of streamflow in the study area.
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Table 4. Statistical evaluation criteria for monthly simulations of flow and water quality.

Station
Calibration Validation

Time Period R2 NSE Time Period R2 NSE

Streamflow

La Buong 1983–1988 0.79 0.72 1989–1993 0.87 0.82

TSS load

SBu-01 2010–2012 0.83 0.73 2013–2015 0.62 0.54

SBu-02 2010–2012 0.75 0.75 2013–2015 0.67 0.66

T-N load

SBu-01 2010–2012 0.84 0.74 2013–2015 0.71 0.62

SBu-02 2010–2012 0.84 0.71 2013–2015 0.64 0.56

T-P load

SBu-01 2010–2012 0.72 0.56 2013–2015 0.52 0.44

SBu-02 2010–2012 0.65 0.44 2013–2015 0.51 0.40

Figures 3–5 present the comparisons between observed data and simulated results of TSS, T-N,
and T-P loads for the calibration period (2010–2012) and validation period (2013–2015) at two gauging
stations; namely SBu-01 and SBu-02. As shown in these figures, the SWAT model could reasonably
capture the TSS, T-N, and T-P loads for the La Buong River Basin. Moreover, in a comparison of the
indices values of R2 and NSE from Table 4 obtained from the calibration and validation periods with
the statistical criteria in Table 1 [17], it shows that monthly simulations of the TSS, T-N, and T-P loads
have been classified in a range from satisfactory to very good agreement with the observed data, as the
indices R2 and NSE of calibration and validation are ranging from 0.62 to 0.83 and from 0.54 to 0.75 for
the TSS; from 0.64 to 0.84 and from 0.56 to 0.74 for the total N; and from 0.51 to 0.72 and from 0.40 to
0.56 for total P, respectively. Only the index value of NSE (= 0.40) for T-P for the validation period at the
SBu-02 Station has taken the value between “Satisfactory” and “Not satisfactory.” Overall, the SWAT
model showed a good performance in simulation of the streamflow, TSS, T-N, and T-P loads in the
study area.
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As mentioned above, the calibration and validation results indicated a satisfactory reliability of
the SWAT model in simulations of streamflow, sediment, and nutrient loads in the study area; therefore,
we can apply the SWAT model as a simulation tool to study the effects of climate and land-use changes
on hydrological processes and water quality in the La Buong River Basin.

4.2. Evaluation on Effects of Climate Change

Monthly rainfall data obtained from LARS-WG simulation at three rain-gauged stations, namely
Vinh Cuu, Long Khanh, and Long Thanh, surrounding the study area, were evaluated using two
statistical indices, including R2 and root mean square error (RMSE) for the calibration period (1981–1991)
and validation period (1992–2005). Particularly, the values of R2 and RMSE are ranged from 0.61 to 0.72,
and from 89 to 95 mm, respectively. Thus, LARS-WG showed satisfactory performance in reproducing
monthly rainfall for the study area.

Therefore, LARS-WG can be applied to produce rainfall data for future climate change study.
The rainfall data under the emission scenarios RCP4.5 and RCP8.5 for the period 2021–2050 were
downscaled from five different GCMs (as shown in Table 2) by using LARS-WG. The annual rainfall
is predicted to be decreased slightly by 0.1% for RCP4.5, and 1.1% for RCP8.5 in the future period
2021–2050. Figure 6a shows seasonal and annual rainfalls obtained from different GCMs, whereby the
annual rainfall value is highly varied between each GCM’s output; particularly, the annual change
in rainfall is varied from −10.6% (HadGEM2-ES) to 9.9% (MIROC5) for RCP4.5; and from −15.3%
(HadGEM2-ES) to 7.3% (MPI-ESM-MR) for RCP8.5. Regarding the seasonal change, the rainfall is
predicted to be decreased in wet-seasonal, and increased in dry-seasonal under both RCP 4.5 and
RCP8.5 scenarios. The decrease in rainfall during the wet season varies from 2.5% to 2.9%; while the
increase in rainfall during the dry season ranges from 9.8% to 14.3% for the period 2021–2050.



Sustainability 2019, 11, 7221 10 of 15

Sustainability 2019, 11, x FOR PEER REVIEW 9 of 15 

 

therefore, we can apply the SWAT model as a simulation tool to study the effects of climate and land-
use changes on hydrological processes and water quality in the La Buong River Basin. 

4.2. Evaluation on Effects of Climate Change 

Monthly rainfall data obtained from LARS-WG simulation at three rain-gauged stations, namely 
Vinh Cuu, Long Khanh, and Long Thanh, surrounding the study area, were evaluated using two 
statistical indices, including R2 and root mean square error (RMSE) for the calibration period (1981–
1991) and validation period (1992–2005). Particularly, the values of R2 and RMSE are ranged from 0.61 
to 0.72, and from 89 to 95 mm, respectively. Thus, LARS-WG showed satisfactory performance in 
reproducing monthly rainfall for the study area. 

Therefore, LARS-WG can be applied to produce rainfall data for future climate change study. 
The rainfall data under the emission scenarios RCP4.5 and RCP8.5 for the period 2021–2050 were 
downscaled from five different GCMs (as shown in Table 2) by using LARS-WG. The annual rainfall 
is predicted to be decreased slightly by 0.1% for RCP4.5, and 1.1% for RCP8.5 in the future period 
2021–2050. Figure 6a shows seasonal and annual rainfalls obtained from different GCMs, whereby 
the annual rainfall value is highly varied between each GCM’s output; particularly, the annual 
change in rainfall is varied from −10.6% (HadGEM2-ES) to 9.9% (MIROC5) for RCP4.5; and from 
−15.3% (HadGEM2-ES) to 7.3% (MPI-ESM-MR) for RCP8.5. Regarding the seasonal change, the 
rainfall is predicted to be decreased in wet-seasonal, and increased in dry-seasonal under both RCP 
4.5 and RCP8.5 scenarios. The decrease in rainfall during the wet season varies from 2.5% to 2.9%; 
while the increase in rainfall during the dry season ranges from 9.8% to 14.3% for the period 2021–
2050. 

RCP4.5 RCP8.5 

  
(a) Rainfall 

  
(b) Streamflow 

  
(c) TSS load Sustainability 2019, 11, x FOR PEER REVIEW 10 of 15 

 

(d) T-N load 

 
(e) T-P load 

Figure 6. Changes in precipitation (a), streamflow (b), TSS load (c), T-N load (d), and T-P load (e) 
under the RCP4.5 (left) and RCP8.5 (right) scenarios during 2021–2050. 

Figure 6 illustrates the effects of different GCMs on annual and seasonal streamflow, and TSS, 
T-N, and T-P loads. The tendency of changes in annual and seasonal streamflow, TSS, T-N, and T-P 
load are in accordance with the tendency of change in rainfall. In particular, following the decrease 
in annual rainfall, annual streamflow and TSS, T-N, and T-P loads are predicted to be decreased by 
1.6%, 0.9%, 3.8%, and 3.3% for RCP 4.5, and 2.9%, 2.2%, 6.7%, and 3.5% for RCP8.5, respectively. In 
case of seasonal change, the decreases in wet-seasonal streamflow, TSS, T-N, and T-P loads are varied 
from 6.6% to 7.4%, 6.3% to 7.1%, 6.2% to 7.7%, and 3.8% to 5%, respectively; and the increases in dry-
seasonal streamflow, TSS, T-N, and T-P loads are from 16.1% to 16.3%, 24.3% to 25.8%, 17% to 20.3%, 
and 20.3% to 21.5%, respectively. 

The change in streamflow due to the climate change in the La Buong River Basin is in agreement 
with the findings of previous studies conducted by Sam et al. [22] and Huyen et al. [7] in the Srepok 
River Basin in the Central Highlands of Vietnam. In particular, Huyen et al. [7] indicated that the 
annual discharge will be decreased by 1.2% to 11.1% under the A1B emission scenario, and increased 
by 1.8% to 2.4% under the A2 emission scenario. Sam et al. [22] presented a decrease of 11.9% (within 
the range of −26.5% to −9.8%) in the streamflow under the RCP8.5 emission scenario. 

4.3. Evaluation on Effects of Land-Use Change 

In order to evaluate the effects of land-use changes on streamflow and water quality for the La 
Buong River Basin, two land-use types in 2010 and 2025 (planning) were used as input data to the 
well-calibrated SWAT model. Figure 7 and Table 5 present the land-use types of the study area in 
2010 and 2025, and shows that the main land-use type is agricultural land (87% of the total basin 
area). Due to demand for local economic development, a shift in crop system has occurred in recent 
years. Particularly, perennial cropland (cashew and coffee), occupying 21% of the basin area, are 
converted to annual cropland. 

Figure 6. Changes in precipitation (a), streamflow (b), TSS load (c), T-N load (d), and T-P load (e) under
the RCP4.5 (left) and RCP8.5 (right) scenarios during 2021–2050.



Sustainability 2019, 11, 7221 11 of 15

Figure 6 illustrates the effects of different GCMs on annual and seasonal streamflow, and TSS,
T-N, and T-P loads. The tendency of changes in annual and seasonal streamflow, TSS, T-N, and T-P
load are in accordance with the tendency of change in rainfall. In particular, following the decrease in
annual rainfall, annual streamflow and TSS, T-N, and T-P loads are predicted to be decreased by 1.6%,
0.9%, 3.8%, and 3.3% for RCP 4.5, and 2.9%, 2.2%, 6.7%, and 3.5% for RCP8.5, respectively. In case of
seasonal change, the decreases in wet-seasonal streamflow, TSS, T-N, and T-P loads are varied from
6.6% to 7.4%, 6.3% to 7.1%, 6.2% to 7.7%, and 3.8% to 5%, respectively; and the increases in dry-seasonal
streamflow, TSS, T-N, and T-P loads are from 16.1% to 16.3%, 24.3% to 25.8%, 17% to 20.3%, and 20.3%
to 21.5%, respectively.

The change in streamflow due to the climate change in the La Buong River Basin is in agreement
with the findings of previous studies conducted by Sam et al. [22] and Huyen et al. [7] in the Srepok
River Basin in the Central Highlands of Vietnam. In particular, Huyen et al. [7] indicated that the
annual discharge will be decreased by 1.2% to 11.1% under the A1B emission scenario, and increased
by 1.8% to 2.4% under the A2 emission scenario. Sam et al. [22] presented a decrease of 11.9% (within
the range of −26.5% to −9.8%) in the streamflow under the RCP8.5 emission scenario.

4.3. Evaluation on Effects of Land-Use Change

In order to evaluate the effects of land-use changes on streamflow and water quality for the La
Buong River Basin, two land-use types in 2010 and 2025 (planning) were used as input data to the
well-calibrated SWAT model. Figure 7 and Table 5 present the land-use types of the study area in 2010
and 2025, and shows that the main land-use type is agricultural land (87% of the total basin area).
Due to demand for local economic development, a shift in crop system has occurred in recent years.
Particularly, perennial cropland (cashew and coffee), occupying 21% of the basin area, are converted to
annual cropland.
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Table 5. Land-use types in 2010 and 2025 (planning) in the La Buong River Catchment.

SWAT Code Description 2010 (km2) 2025 (km2) Area Change (km2)

WATR Water 1 1 0

AGRL Agricultural
land-generic 66.1 119.3 53.2

RNGB Range-brush 23.1 23.1 0

COFF Coffee 59.5 0.6 −58.9

AGRC Agricultural
close-grown crops 8.8 37.9 29.1

URML
Urban

medium–low
density

13.2 13.2 0

RICE Rice 35.5 35.5 0

FRSE Forest-evergreen 1.4 1.4 0

URMD Urban medium
density 7.4 7.4 0

WETN Wetlands-nonforested 11.4 11.4 0

CASH Cashew 29.1 0 −29.1

RUBR Rubber 179 184.7 5.7

Total 435.5 435.5 0

Figure 8 presents the effects of land-use change on annual and seasonal streamflow, and TSS, T-N,
and T-P loads. Under the conversion from perennial cropland to annual cropland, the annual and
seasonal streamflow, TSS, T-N, and T-P loads are predicted to be increased. In particular, the increases
in annual streamflow, TSS, T-N, and T-P loads are 12.9%, 14.5%, 13.0%, and 14.1%, respectively. In case
of seasonal change, the wet-seasonal streamflow, TSS, T-N, and T-P loads are increased by 7.4%, 9.3%,
10.2%, and 8.2%, respectively; and the dry-seasonal streamflow, TSS, T-N, and T-P loads are increased
by 34.9%, 44.6%, 51.0%, and 70.6%, respectively.Sustainability 2019, 11, x FOR PEER REVIEW 12 of 15 
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The impact of land-use/land-cover change on the streamflow and water quality in different parts
of Vietnam has been investigated in several studies. Khoi and Suetsugi [10] reported that a decrease by
16.3% in forestland leads to increase in streamflow by 0.2% to 0.4%, and in sediment yield by 1.8%
to 3.0% in the Be River Basin located in Southern Vietnam. Ngo et al. [8] evaluated that the land-use
change impacts streamflow in the Da River Basin located in Northwest Vietnam, and concluded
that a conversion from forestland to agricultural and urban lands caused an increase in streamflow.
Generally, the change in streamflow and water quality caused by the land-use change in the La Buong
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River Basin is similar to the findings of the previous studies in Vietnam conducted by Khoi and
Suetsugi [10] and Ngo et al. [8].

Consequently, the change in land use by changing specific main crops such as changing from
perennial crops (cashew and coffee) to annual crops (vegetable, corn, bean, etc.), can directly affect
water quality and soil erosion (sediment). The roots of cashew and coffee trees have more potentials in
protecting the surface soils than annual crops. In addition, as mentioned above, the TSS, T-N and -P
loads are significantly increased (about 35% to 70%) in dry -seasons, which can have substantial effects
on water quality in this region. Therefore, the economic evaluations should take into account the costs
to deal with water quality and soil erosion issues ([23,24]) in future land use planning.

4.4. Evaluation on Aggregated Effects of Climate and Land-Use Change

To evaluate the aggregated effects of climate change and land-use change on streamflow and
water quality parameters (TSS, T-P and T-N loads), the planning land-use data in 2025 in combination
with climate change scenarios RCP 4.5, RCP 8.5 during 2021–2050 (as shown in Sections 4.2 and 4.3)
were used as input data to the well-calibrated SWAT model. Table 6 shows the percent changes in
annual and seasonal streamflow, and TSS, T-N, and T-P loads under the segregated and aggregated
impacts of land-use and climate changes. It shows that the streamflow, and water quality components
(TSS, T-N, and T-P) are predicted to be significantly increased in dry seasons under segregated and
aggregated effects by climate and/or land-use changes. Particularly, in comparison to the effect of
climate change, the land-use change plays a substantial role in this increment during dry season;
consequently, a combination of both changes in climate and land use will derive in a notable increase
in the streamflow (44.1%–51.7%), TSS (59.3%–70.3%), T-N (58.1%–70.8%), and T-N (93.7%–96.6%) for
the period 2021–2050. However, the trend of changes in streamflow and water quality components
under segregated effects by climate change and land-use change is opposite directions, whereby the
streamflow, TSS, T-N, and T-P will be slightly decreased (−0.9%–−7.7%) under effect of climate change,
while those are predicted to be increased (7.4%–14.5%) under the effect of land-use change in the wet
season and annual.

Table 6. Percent changes in annual and seasonal streamflow, TSS load, T-N load, and T-P load under
the separated and combined impacts of climate change (CC) and land-use change (LUC) in the La
Buong River Basin.

CC LUC CC + LUC

RCP4.5 RCP8.5 RCP4.5 RCP8.5

Streamflow
(%)

Dry season 16.1 16.3 34.9 51.7 44.1

Wet season −6.6 −7.4 7.4 1.5 0.4

Annual −1.6 −2.9 12.9 12.1 11.1

TSS load (%)
Dry season 24.3 25.8 44.6 70.3 59.3

Wet season −6.3 −7.1 9.3 3.5 2.0

Annual −0.9 −2.2 14.5 14.5 13.6

T-N load (%)
Dry season 17.0 20.3 51.0 58.1 70.8

Wet season −6.2 −7.7 10.2 3.8 2.4

Annual −3.8 −6.7 13.0 9.8 8.4

T-P load (%)
Dry season 21.5 20.3 70.6 93.7 96.6

Wet season −5.0 −3.8 8.2 4.0 4.5

Annual −3.3 −3.5 14.1 11.5 11.8

Eventually, an accumulated effect of both climate change and land-use change will derive an
increase in the seasonal and annual streamflow, and water quality components, as shown in the last
two columns of Table 6. Additionally, the simulation results indicated that the streamflow and water
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quality parameters are more sensitive to land-use change than climate change. The findings here are
similar to the results obtained from previous studies on the impact of climate and land-use changes,
such as Wang et al. [12] and Fu et al. [25].

5. Conclusions

In this study, the segregated and aggregated effects of climate change and land-use change on
streamflow and water quality (TSS, T-N, and T-P loads) in the La Buong River Basin located in Southern
Vietnam were considered and evaluated using the SWAT model. The calibration and validation results
of streamflow and water quality components insist on the efficiency and reliability of the SWAT model
to evaluate hydrological processes under the environment changes in the study area.

Climate change leads to a decrease in the annual and wet-season streamflow and water quality,
but an increase in those in dry seasons. Land-use change causes significant increases in annual and
seasonal streamflow and TSS, T-N, and T-P loads. Analyses of the aggregated impacts of changing
climate and land use indicate that the separated impacts of these changes on streamflow and water
quality cannot be compensated by each other. Because the streamflow and water quality components
are more sensitive to land-use change than climate change. This emphasizes that spatial land-use
planning should be carefully considered in local integrated water resources management.

Eventually, the results obtained from this study can provide useful information to analyze,
evaluate, and utilize for water resources distribution in different drivers under the effects of land-use
and/or climate changes in the study region.
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