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Abstract
This paper aimed at examining the climate variability and land-use change effects on streamflow and pollutant loadings, namely
total suspended sediment (TSS), total nitrogen (T-N), and total phosphorus (T-P), in the Sesan, Sekong, and Srepok (3S) River
Basin in the period 1981–2010. The well-calibrated and validated Soil and Water Assessment Tool (SWAT) was used for this
purpose. Compared to the reference period, climate variability was found to be responsible to a 1.00% increase in streamflow,
2.91% increase in TSS loading, 11.35% increase in T-N loading, and 19.12% reduction in T-P loading for the whole basin. With
regard to the effect of land-use change (LUC), streamflow, TSS, T-N, and T-P loadings increased by 0.01%, 3.70%, 10.12%, and
10.94%, respectively. Therefore, the combination of climate variability and LUC showed amplified increases in streamflow
(1.03%), TSS loading (7.09%), and T-N loading (25.05%), and a net effect of decreased T-P loading (10.35%). Regarding the
Sekong and Srepok River Basins, the streamflow, TSS, T-N and T-P showed stronger responses to climate variability compared
to LUC. In case of the Sesan River Basin, LUC had an effect on water quantity and quality more strongly than the climate
variability. In general, the findings of this work play an essential role in providing scientific information to effectively support
decision makers in developing sustainable water resources management strategies in the study area.
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Introduction

Water is one of the most essential and important resources for
socioeconomic development and ecosystem conservation (Fu

et al., 2018). Recently, freshwater resources in many regions
of the world have deteriorated in terms of quality and quantity
due to environmental stressors, namely population growth,
urbanization, deforestation, agricultural development,
land-use change (LUC), and climate change (Bastia and
Equeenuddin, 2016; Hoang et al., 2016; Whitehead et al.,
2015). Among them, climate change and LUC have been
identified as two important drivers affecting water resources.
Climate variability can significantly alter the volume and dis-
tribution of local precipitation, affect temperatures and as a
result cause changes in hydrological processes and river flow
regimes, including low- and peak-flow (Tomer and Schilling,
2009; Wang et al., 2008). The changes in hydrological pro-
cesses then lead to changes in the transformation and transport
features of sediment and nutrient yields. The losses of sedi-
ment and nutrient loadings in the catchment can be attributed
to changes in soil and water processes as a consequence of
climate variability (Buda and DeWalle, 2009; Oeurng,
Sauvage and Sánchez-Pérez, 2010). Moreover, changes in
land-use types can affect the hydrological components,
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including evapotranspiration, infiltration, base flow, and sur-
face runoff, as well as soil erosion and degradation (Brodie
and Mitchell 2005; Brath et al. 2006; Buytaert et al. 2006; Li
et al. 2009; Wan et al. 2014). Delkash et al. (2018) indicated
that expansion of agricultural land usually enhances sediment
and nutrient loadings more than forest land and shrub land. As
proven in many studies at the basin level, water quality pa-
rameters and LUC are strongly related (Du Plessis et al. 2014).
In general, climate variability and LUC indirectly alter the
sediment and nutrient loading through changes in hydrologi-
cal processes.

Numerous studies have explored the individual and
joint effects of climate change and LUC on hydrology
and water quality in many different basins around the
world. Some studies have found climate change to be
the main driver influencing water quality and quantity.
For instance, Tan et al. (2015) stated that climate
change caused an increase in annual streamflow of the
Johor River in Malaysia by 2.9%, while deforestation
and the massive expansion of oil palm plantations only
contributed to an increase of 0.1%. Fu et al. (2019)
reported that the streamflow of the Woken River
(Loess Plateau region, China) changed by −39.1% due
to climate change and 2.2% due to LUC. Op de Hipt
et al. (2019) indicated that climate variability had a
larger effect on flow and sediment yield compared to
LUC in the Dano catchment in Burkina Faso (West
Africa). On the other hand, some researchers have dis-
covered that LUC had a larger impact on water re-
sources than climate change. Specifically, Pirnia et al.
(2019) indicated that climate change and LUC contrib-
uted to approximately 35% and 65% changes in dis-
charge, respectively, in the Haraz River Basin in Iran.
Wu et al. (2019) showed that the contributions to
streamflow change due to climate change and human
activities were 36% and 64%, respectively, for the
Bei j iang River dur ing the per iod 2003–2012.
Therefore, it is undeniable that the climate change and
LUC effects on water quantity and quality are different
depending on the geographic location of the observed
area. For this reason, it is necessary to quantify the
impact of climate change and LUC on water parameters
in specific basins.

There are some popular approaches which have applied to
explore the responses of water resources to climate change
and human activities, including field investigation, pair catch-
ment approach, statistical analysis, and hydrological model-
ling (López-Moreno et al. 2011; Wei et al. 2013). The field
investigation and pair catchment approaches are recognized as
time-consuming and only appropriate for small basins (Li
et al. 2009). Analyzing the hydro-climatic observed data is
not only unsuited for calculating the physical processes of
the watershed but is also unsuited for separating impacts of

the driving factors (Wei et al. 2013). Thus, the hydrological
model was selected for the present work because of its advan-
tages in scenario analysis to identify individual and joint ef-
fects of environmental factors. There are numerous hydrolog-
ical models, such as the SWIM (Soil and Water Integrated
Model), RHESSys (Regional Hydro-Ecologic Simulation
System), HSPF (Hydrological Simulation Program-Fortran),
AGNPS (Agricultural Non-Point Source Pollution), and
SWAT (Soil and Water Assessment Tool). Among these hy-
drological model, the SWAT is proven as an effective tool and
has been successfully applied worldwide, with more than
3800 studies (https://www.card.iastate.edu/swat_articles),
including Southeast Asia region (Tan et al. 2019).

The Sesan, Sekong, and Srepok (3S) River Basin is the
biggest tributary in the Lower Mekong Basin (LMB), and
plays a crucial role in providing services of aquatic ecosystem.
This basin are facing with the pressures of hydropower dams,
LUC, and climate variability. Additionally, the 3SRiver Basin
(3SRB) is recognized as one of most vulnerable areas to cli-
mate change in the Mekong River Basin (Hartman and
Carlucci 2014). These pressures will have considerable influ-
ences on water resources of the 3SRB. Understanding the
responses of hydrology and water quality to climate variability
and LUC are important for sustainable water resource man-
agement and aquatic ecosystem conservation. Thus, the ob-
jective of this work was to examine the responses of
streamflow and nutrient loadings to separately and jointly cli-
mate change and LUC in the 3SRB in the period of 1981–
2010. The selected period of 30 years is satisfied for the pur-
pose of the study proven by the previous studies (Khoi and
Suetsugi 2014; Tan et al. 2015).

Study area

The 3S River Basin (3SRB) is shared by three countries,
namely Vietnam (38% of the total basin area), Cambodia
(33%), and Lao PDR (29%). The 3SRB is formed by three
main rivers: Sekong, Sesan, and Srepok, and divided into
three sub-basins, namely Sekong River Basin (Sekong RB),
Sesan River Basin (Sesan RB), and Srepok River Basin
(Srepok RB) (Fig. 1). The 3SRB has a total area of approxi-
mately 78,650 km2 (accounting for approximately 10% of the
Mekong River Basin) and contributes approximately 20% of
Mekong’s total annual flow (Adamson et al. 2009), 30% of
the annual nitrate load (Oeurng et al. 2016), and large amounts
of sediment with 10–25 Mt/year (Kondolf et al. 2014).
Moreover, the 3SRB has been habitat of 40% of Mekong
biodiversity. Specially, it has been found that 17 fish species
only been in 3S basin, but nowhere else on the world (Baran
et al. 2015). The basin is the home of 4.7 million dwellers
(Constable 2015a). Agriculture and fisheries are two main
economic activities in the study area. The 3SRB belongs to
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the tropical monsoonal climate and has two distinct seasons.
The rainy season begins in May and ends in October and
accounts for about 80% of the basin’s annual rainfall of about
2600mm (MRC 2005). In the dry season, typically from
November to April, the region is influenced by the northeast
monsoon. Temperature varies from 19°C during the coldest
period from November to February to up to 36°C during the
warmest months of March and April in the period of 1981–
2010.

The two main soil types in the 3SRB are aerosols and
ferrosols provide great potential for agriculture, resulting in
the large cultivated area in the Sesan RB and Srepok RB
(Constable 2015b). Forest is the predominant land-use type
in the 3SRB accounting for 83% of the entire basin in 1993,
followed by a steady decline to 77% in 2003. The reduced
area of forest resulted from an extension of the cultivated land
area. The agricultural extension combined with hydropower
dam construction and mining are also causes of riparian soil
erosion and changes in sediment load (Someth et al., 2013;
Constable 2015b).

Methods

Hydrological modelling (SWAT model)

The Soil and Water Assessment Tool (SWAT) is catchment
scale model developed to predict the impact of land manage-
ment practices and environmental changes on water, nutrient,
pesticide, and sediment loads (Arnold et al., 1998). It is
semi-distributed, physically based hydrological model. The
SWAT can partition the basin into sub-basins. Within the
sub-basin, hydrological response units (HRUs) are created
by a unique combination of land use, soil type, and topogra-
phy, where most of the soil and water processes are simulated
and the routed to obtain the streamflow, sediment, and nutrient
loadings (Neitsch et al. 2011). The SWAT aggregates land
processes and channel systems for each sub-basin composing
the catchment behavior.

The SWAT model uses the water balance equation of soil
water to simulate the hydrological cycle Modified Universal
Soil Loss Equation (MULSE) to simulate sediment yields.

Fig. 1 The 3S River Basin and location of hydro-meteorological and water quality stations
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Moreover, the interaction of five nitrogen and six phosphorus
pools is considered in simulating the nutrient yield. More in-
formation about the SWAT model is provided in the SWAT
Theoretical Documentation (Neitsch et al. 2011).

Input data and model setup

This work was conducted using the SWAT version 2012 with
an interface supported by ArcGIS. The SWAT was set up for
the 3SRB based on the input data listed in Table 1. The 3SRB
was divided into 137 sub-basins with a threshold area of
12000 ha. The threshold area represents the smallest
sub-basin area. Also, a threshold optimization to define
HRU was defined, retaining information of more than 10%
of the sub-basin area for land use, soil, and slope
classifications—totalizing 837 HRUs. Then, the rain gauges
and the weather stations were assigned to each sub-basins
based on their proximity to centroids of the sub-basins. The
simulation was run first for the reference period of 2000 to
2010 using the first year as a warm-up period to stabilize the
model. The simulation results of SWAT model were calibrat-
ed and validated with approximately 9 years of discharge data
(2000–2008), 9 years of TSS data (2000–2008), and 5 years of
T-N and T-P data, using the Sequential Uncertainty Fitting
version 2 (SUFI-2) method, which is implemented in
SWAT-CUP 2012 (Abbaspour 2015). Depending on the data
availability of discharge, TSS, and nutrient loadings, the cal-
ibration and validation periods were different.

The simulation performance was evaluated by measuring
the relationship between simulated and observed data. Two
statistical indices, namely the Nash Sutcliffe efficiency (ENS)
and percent bias (PBIAS), were used for the SWAT perfor-
mance assessment. In general term, the model is considered
“satisfactory simulation” when ENS values greater than 0.5
and PBIAS values within ±25% for hydrological simulation,
and NSE values greater than 0.5 and PBIAS values within
±55% for water quality simulation (Moriasi et al. 2007).

Scenarios of climate variability and LUC

In order to evaluate the individual and joint effects of climate
variability and LUC on the streamflow and water quality, the
“one-element-at-a-time” approach was implemented using
the well-calibrated SWAT model (Zhang et al. 2018).
Based on this approach, the meteorological data were divided
into two periods, of which the first period of 1981–1995
(representing the 1990s) and the second period of 1996–
2010 (representing the 2000s). The changing point of 1995
was selected based on the hydro-meteorological data analysis
in the Srepok RB conducted by Khoi and Thom (2015). For
both time periods, the land-use types were represented by two
land-use maps in 1993 and 2003, respectively. Four model-
ling scenarios were developed through the combinations of
two periods of meteorological data and two land-use maps as
follows: Scenario 0 (SN0)—meteorological data of the 1990s
and land-use map in 1993, Scenario 1 (SN1)—meteorologi-
cal data of the 2000s and land-use map in 1993, Scenario 2
(SN2)—meteorological data of the 1990s and land-use map
in 2003, and Scenario 3 (SN2)—meteorological data of the
2000s and land-use map in 2003.

The SN0 was selected as the reference period. The varia-
tions of streamflow, TSS, and nutrient loadings due to climate
variability, LUC, and combination of climate variability and
LUC were estimated based on the difference of the simulation
results of SN1, SN2, and SN3 to SN0.

Results and discussion

SWAT performance evaluation for the 3SRB

Performance of the calibrated SWAT model for simulation of
daily streamflow was evaluated against observed data during
2000–2008. Streamflow calibration and validation statistics
displayed the values of ENS and PBIAS in the range of 0.53
to 0.89 and −12 to 18% for all gauging stations (Table 2). In
general, the SWAT performance in simulations of streamflow
was satisfactory in the 3SRB. Because the water quality data
are discontinuous and limited, the SWAT calibration and val-
idation in simulation of water quality were conducted for a
short time period at monthly scale. The calibration and

Table 1 SWAT input data for the simulations hydrology and water
quality in the 3SRB

Data type Sources Description/properties

Terrain U.S. Geological Survey
(USGS)

Digital elevation model with
the spatial resolution of
250 × 250 m

Land use Mekong River Commission
(MRC)

Land-use types in 1993 and
2003 with the spatial
resolution of 1 km

Soil Food and Agriculture
Organization (FAO)

Soil types and physical
properties with the spatial
resolution of 10 km

Weather Mekong River Commission
(MRC),
Hydro-Meteorological
Data Centre (HMDC)

Daily rainfall and maximum
and minimum
temperature in the period
1981–2010

Hydrology Mekong River Commission
(MRC),
Hydro-Meteorological
Data Centre (HMDC)

Daily discharged in the
period 2000–2008

Water
quality

Mekong River Commission
(MRC),
Hydro-Meteorological
Data Centre (HMDC)

Monthly loadings of TSS,
T-N, and T-N in the peri-
od 2000–2008
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validation statistics for water quality simulations (TSS, T-N,
and T-P loadings) showed the values of ENS and PBIAS in the
range of 0.53 to 0.94 and −30 to 33% for all gauging stations
(Table 3). Overall, this satisfactorily calibrated SWAT model
is applicable to differentiate the effects of climate variability
and LUC on soil and water processes of the study area.

Contributions of climate variability and LUC to
variations of streamflow, TSS, T-N, and T-P loadings

The effect of climate variability

Among the meteorological factors influencing hydrological
regimes and nutrient cycles on the basin scale, rainfall and
temperatures are considered to be two most important factors.
The annual temperature was approximately 25.05°C in the
1990s. In comparison to the 1990s, annual temperature in
the 3SRB exhibited a slight increase of 0.19°C in the 2000s.
Regarding the precipitation, the annual rainfall in the 1990s

were 2046mm, 2458mm, 1996mm, and 1864mm for the en-
tire basin, Sekong RB, Sesan RB, and Srepok RB, respective-
ly. The analysis result reveals that annual rainfall increased by
1.08% for the entire basin, 0.32% for the Sekong RB, 6.23%
for the Sesan RB in the 2000s with respect to the 1990s.
However, a 1.79% decrease in annual rainfall was observed
in the Srepok RB.

Under the impact of climate variability, annual streamflow
in the Srepok RB decreased by −1.04% because of the slight
decrease in rainfall and increase in temperature. On the other
hand, the streamflow in the Sesan RB and Sekong RB in-
creased by 6.56% and 1.44%. Consequently, the streamflow
of the 3SRB tended to increase by 1.00%. The increase in
streamflow here agree with some other studies (Fu et al.,
2019; Tan et al., 2015; Zhang et al., 2017). Similarly, annual
TSS loadings had a decrease of 2.7% in the Srepok RB, and
increases of 6.22% and 8.73% in the Sesan RB and Sekong
RB, respectively (Fig. 2a). Regarding the whole 3SRB, the
TSS loading had a slight increase of 2.91%.Generally, the
trend of TSS loading was similar to that of streamflow and
this observation is also supported by other studies (Bieger,
Hörmann and Fohrer, 2014; de Oliveira et al., 2019).

Regarding T-N loading, climate variability caused signifi-
cant changes of 15.55% in the Sekong RB, 17.46% in the
Sesan RB, −18.53% in the Srepok RB, and 11.35% in the
entire 3SRB (Figure 2a). The change in T-N loading is pro-
portional to changes in streamflow and TSS loading. Nitrogen
is embedded in soil particle; therefore, an increase in
streamflow causes increases in sediment load as well as T-N
load. By contrast, T-P loading had downward trend of approx-
imately 27.83%, 15.25%, 10.49%, and 19.12% in the Sekong
RB, Sesan RB, Srepok RB, and the entire basin, respectively,
under the impact of climate variability. The decreases in T-P
loading can be explained by increases in soil moisture causing
increased diffusion of phosphorus that leads to an increase in
phosphorus absorption of plant. Consequently, the amount of

Table 2 SWAT performance statistics for daily simulation of
streamflow

Station Period Calibration (C) Validation (V)

ENS PBIAS ENS PBIAS

Kontum
(Sesan RB)

C: 2000–2005
V: 2006–2008

0.56 6% 0.54 11%

Voeunsai
(Sesan RB)

C: 2000–2002 0. 86 18% – –

Chantangoy
(Sekong RB)

C: 2000–2002 0.89 3% – –

Cau 14
(Srepok RB)

C: 2000–2005
V: 2006–2008

0.57 −4% 0.64 −2%

Bandon
(Srepok RB)

C: 2000–2005
V: 2006–2008

0.62 −7% 0.74 −8%

Lumphat
(Srepok RB)

C: 2000–2005
V: 2006–2008

0.55 9% 0.53 −12%

Table 3 SWAT performance
statistics for monthly simulation
of water quality

Station Parameter Period Calibration (C) Validation (V)

ENS PBIAS ENS PBIAS

Siempang

(Sekong RB)

NO3
- C: 2005

V: 2006–2008

0.94 11% 0.53 17%

Lumphat

(Srepok RB)

NO3
- C: 2004–2006

V: 2007–2008

0.74 26% 0.72 31%

Pleiku

(Sesan RB)

T-P C: 2004–2005

V: 2006–2008

0.78 −30% 0.58 −14%

Ban Don

(Srepok RB)

T-P C: 2004–2005

V: 2006–2008

0.82 25% 0.67 33%

Cau 14

(Srepok RB)

TSS C: 2000–2005 0.58 21% – –

Kontum

(Sesan RB)

TSS C: 2000–2005

V: 2006–2008

0.74 14% 0.69 27%
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total phosphorus can be reduced in the entire area (Dijkstra
et al., 2012).

The effect of LUC

The five major LU types in the 3 SRB consist of forestland,
agricultural land, grass/shrub, urban areas, and water surfaces.
The dominant forestland was recognized to be in the basin,
accounting for 87.8% of the total area in 1993 and 77.2% in
2003. The main cause for this change is the expansion of
agriculture for the development of commercial plantations of
coffee and rubber trees, as well as urbanization (Takamatsu
et al., 2014). There was also a significant increase in the per-
centage of cropland from 14.9% to 18.5% in the decade be-
tween 1993 and 2003. In general, the forest area tends to
decrease through deforestation due to the boom in cropland,
urban and grass/shrub areas for the whole basin. However, the
temporal and spatial changes in each land-use type experi-
enced fluctuations in all three sub-basins. An opposing trend
was observed in the Sesan RB and Srepok RB, where the
forest area experienced a slight increase of 1.1%, while the
agricultural area decreased considerably by 16% in the
Sekong RB. The changes in the entire area of land use for
the whole 3SRB and in the three individual sub-basins are
presented in Table 4.

The effects of LUC on various water resource compounds,
including streamflow, TSS, T-N, and T-P for the entire and
three separate sub-basins, are illustrated in the Figure 2 b. This
study concludes that there is a reverse relationship between
forest area and streamflow change. For instance, the change in

streamflow was −0.06% for the Sekong RB, 0.46% for the
Sesan RB, and 0.16% for the Srepok RB under the LUC
impact. Similar results have also been found in other studies
(e.g., Tan et al., 2015; Yang et al., 2017). The study also
revealed that the combined increases in streamflow of the
Sesan RB and Srepok RB account for approximately 58 m3/
s, which is higher than the decrease in streamflow of the
Sekong RB of approximately −11 m3/s, leading to a total
combined increase in discharge of the 3SRB.

Figure 2 b shows that a minor decrease in the TSS load of
the Sekong RB of approximately −4.99% occurred, while the
remaining areas showed substantial increases of 25.60%,
5.17%, and 3.70% for the Sesan RB, Srepok RB, and 3SRB,
respectively. The fluctuation of TSS under the LUC impact is
determined by erosion problems that are reverse to the change
in forest area. This is because the density of vegetation and
anti-erosion quality in forestland are higher than those in other

(a) Impact of climate variability (b) Impact of land-use chang

(c) Impact of climate variability and land-use change

Fig. 2 Changes in annual
streamflow, TSS loading, T-N
loading, and T-P loading

Table 4 The changes in five main LU types in the study area

Land-use type Change in area 1000 km2

3SRB Sekong RB Sesan RB Srepok RB

Forest −411 26 −279 −137
Agriculture 277 −46 253 51

Urban 85 0.4 20 65

Grass/shrub 32 11 8 12

Water 21 8 2 10
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LU types (Ma et al., 2009). The Sesan RB, Srepok RB, and
3SRB experienced deforestation of 19%, 5.6%, and 5%, re-
spectively, resulting in an increase in TSS load in these basins.
For instance, remarkable increases of 36.57% and 6.97%were
seen in the amount of TSS in the SSB and SPB. In contrast, the
forest area increased by 1.1% in the SKB, inducing a reduc-
tion in erosion and the sediment load there. These results also
match the findings of previous studies (Khoi and Suetsugi
2014; Ranzi, Le and Rulli 2012).

Among sediment compounds, while both T-N and T-P de-
creased slightly by −5.74% and −5.35% in the Sekong RB,
rapid increases of 40.83% and 42.33% were noted in the
Sesan RB, 11.47% and 14.05% in the Srepok RB, and
10.12% and 10.94% in the whole 3SRB (Figure 2b). The main
sources of nitrogen and phosphorus in the study area are
agricultural activity and accumulate from the discharge of
fertilizer. Therefore, as the cultivated area decreased in the
Sekong RB and increased in the Sesan RB and Srepok RB, it
induced the same trend of T-N and T-P changes in these
sub-basins. In general, the effect of LUC on streamflow and
sediment and nutrient yields in the study area in these findings
agree with those of other studies (Khoi and Suetsugi, 2014;
Longyang, 2019; Tan et al., 2015).

Joint effects of climate variability and LUC

To assess the combined impact of the two drivers on the
streamflow, and sediment and nutrient loadings, the baseline
scenario (SN0) is compared to the simulated results of the
SN3 scenario. The results are shown in the Figure 2 c. The
combined impact of climate variability and LUC caused in-
creases of streamflow by approximately 1.41% in the Sekong
RB, 7.05% in the Sesan RB, and 1.03% in the whole 3SRB,
and a decrease of streamflow by 0.88% in the Srepok RB. As
previously mentioned, climate variability made a significant
contribution to streamflow change as opposed to LUC factor
in the study area. For example, the decline of streamflow was
caused by climate variability in the Srepok RB. Similar obser-
vations were obtained by the studies of Fu et al. (2019), Shao
et al. (2018), Yang et al. (2017), and Zhang et al. (2017).

Regarding the water quality parameters, there were signif-
icant increases in TSS loading in the study area. In particular,
the increased values were approximately 3.8%, 36.57%,
5.17%, and 7.09% in the Sekong, Sesan, Srepok, and 3SRB,
respectively (Figure 2c). The contributions of climate variabil-
ity and LUC to TSS loadings were distinct in the three sub--
basins. In the Sekong RB, the significant change in sediment
load was strongly related to climate variability. Meanwhile,
LUC was the most critical factor affecting the TSS loadings in
the Sesan RB and Srepok RB.

Considering the combined impacts of climate and LUC,
T-N had upward trends of 9.51%, 65.42%, and 25.05% in
the Sekong RB, Sesan RB, and the whole 3SRB, respectively,

and a downward trend of 8.12% in the Srepok RB. Regarding
T-P, the combined impacts of climate variability and LUC
caused a noticeable reduction of 31.69% in the Sekong RB,
and increases of 20.62% and 2.08% in the Sesan RB and
Srepok RB, respectively (Figure 2c). The combination of the
increased T-P loadings in both the Sesan RB and Srepok RB
and the decreased T-P loading in the Sekong RB resulted in a
total decrease in T-P loading in the entire 3SRB of −10.35%.
Generally, the streamflow, TSS, T-N, and T-P loadings were
more sensitive to climate variability than to LUC in the
Sekong RB and Srepok RB. In the case of the Sesan RB, the
streamflow, TSS, T-N, and T-P loadings were more sensitive
to LUC than to climate variability.

Mitigation and adaptation measures to climate variability
and LUC

The effects of climate variability and LUC on streamflow,
sediment, and nutrient loadings were different in the
Sekong, Sesan, and Srepok River Basins. Particularly, the
streamflow, TSS, T-N, and T-P loading exhibited more sensi-
tivity to climate variability than to LUC in the Sekong RB and
Srepok RB. Thus, mitigation and adaptation measures to min-
imize the negative impacts of environmental change on water
resources and ecosystems should be strongly concentrated on
climate change in comparison to LUC. In case of the Sesan
RB, water quantity and quality revealed more sensitivity to
LUC than to climate variability. Hence, the authorities should
take into account land-use planning and agricultural cultiva-
tion activities in the Sesan RB to develop sustainable water
resources.

The results show that soil erosion and degradation mainly
observed in all three sub-basins under the impact of climate
variability and LUC. There are management strategies and
cultivating techniques to weaken the soil erosion and soil deg-
radation such as reforestation, contour farming, and intensifi-
cation crop practice. Deforestation and cropland expansion are
the reasons causing the increase of soil erosion potential
(Borrelli et al. 2017), because the density of vegetation and
soil resistance of forestland is higher than other land-use types
(Ma et al. 2009). However, the conversions of forestland to
cropland and grassland were pronounced in the Sesan and
Srepok RB in the period of 1981-2010. Therefore, afforesta-
tion is the necessary and efficient measure to prevent soil
erosion and degradation. Contour farming is the technique to
grow plant in a consistent elevation and across the slop. The
farming practice will increase the water conservation ability
and slow down water erosion, resulting in decrease in soil
erosion and degradation. The best performance of contour
technique is found at the low slope of 3–8% (Liu et al.
2013). The average slope in the Srepok RB is 2.4 and 6.8°,
in the Sesan RB is 6 and 10° in Cambodia and Vietnam,
respectively (Constable 2015b). Thus, the contour farming
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practice can be applied for the study area. Regarding the slope
cropland, vegetating the bare soil in cropland is the effective
measure for soil resistance (Han et al. 2020).

Conclusions

This research aimed to quantitatively assess the separate and
combined impacts of climate variability and LUC on
streamflow, sediment. and nutrient yields in the 3SRB. The
results of SWAT calibration and validation were of satisfac-
tory, and this model could applied to evaluate the impacts of
the climate variability and LUC on water quantity and quality
for the study area.

The simulation results indicated that the separate im-
pact of climate variability caused increases in almost all
of the considered water components with the exception
of T-P loading in the 3SRB. In addition, the separate
impact of LUC caused increases in all considered water
components. Generally, climate variability plays an im-
portant role in the attribution of changes in streamflow
and T-P loading, while LUC enormously contributes to
change in TSS loading. In addition, the separate contri-
butions of climate variability and LUC were nearly sim-
ilar for the T-N loading. The combined impact of the two
drivers caused a significant reduction by 10.35% in T-P,
and upward trends of streamflow, TSS loading, and T-N
loading by 1.03%, 7.09%, and 25.05%, respectively.

The effects of climate variability and LUC on water quan-
tity and quality varied across the different sub-basins. In the
Sekong and Srepok RBs, the streamflow and water quality
exhibited stronger responses to climate variability. In case of
the Sesan RB, LUC influenced streamflow and water quality
more strongly than the climate variability during the period
1981–2010. In general, the results of the study were able to
provide more proof of how climate and land-use changes im-
pact water quality and quantity in these three important rivers,
namely the Sekong, Sesan and Srepok Rivers, supporting the
need for cross-boundary solutions in the tributaries of the
Mekong River.
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