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Water balance changes in the upper part of Dong Nai river
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In recent decades, changes in land use and land cover (LULC) arising from socio-economic development, coupled with
climate change, have severely undermined and compromised the environmental sustainability of the upper part of Dong
Nai (UPDN) river basin. Assessing the long-term impacts of climate change and changes in LULC on hydrological condi-
tions and water balance in the UPDN river basin is essential for sustainable watershed management. In the present
study, Landsat images and SWAT (Soil and Water Assessment Tool) model were used to assess water balance changes
due to changes of climate and LULC at three different intervals: 1994, 2004, and 2014. The results of Landsat images
classification indicated that forest land was the main LULC type in the basin. In 1994 the forest cover was 706,803 ha
(72.68% of the total landmass). In 2004 the forest area dropped to 520,359 ha (53.51%). In 2014 the forest area dropped
further to 485,908 ha (49.97%). The change in LULC has caused changes in the annual and peak water flows. The analysis
of the results revealed that the effect of historical climate variations on water yield was greater than the LULC change.
With the scenario of LULC 2014, the consumption of irrigation water was the highest and mainly in the dry season. The
findings can provide useful information for decision-makers in planning and formulating policies for sustainable water-
shed management and climate change adaptation.

Trong nhirng thdp nién gan day, su thay doi vé st dung dat va thuc phd (LULC) do nhitng hoat dong phdt trién kinh té - xa hoi
cling vdi bién doi khi hgu da dat ra nhirng thdch thirc cho sur bén viing vé moi truong & luu vure thuong ngudn séng Bong Nai
(UPDN). Bdnh gid cdc tdc dong IGu dai cda bién déi khi hdu va nhitng thay doi trong LULC dén diéu kién thdy vdn va cn bdng
nudc la viéc can thiét cho qudn ly bén vitng ngudn nudc. Trong nghién cttu nay, cdc énh vé tinh Landsat, cong cu ddnh gid ddt
va nudc (SWAT) duoc st dung dé ddnh gid su thay doi can bdng nudc do sy thay doi khi hdu va LULC tai ba thoi dieém khdc
nhau 1994, 2004 va 2014. Két qud phan logi cdc dnh Landsat cho thdy ring la loai thuc phd chinh trong luu vuc. Dién tich
rirng cta ndm 1994 la 706.803 ha (72,68%). Dién tich rirng cda ndm 2004 dd gidm xudng con 520.359 ha (53,1%) va dén
nam 2014 chi con 485.908ha (49,97%). Thay d6i st dung ddt va thuc phd da lam thay d6i ché do thdy vdn va dong chdy dinh.
Phan tich két qud da xdc dinh rdng nhirng su thay doi ve diéu kién khi hdu trong qud khir c6 énh hudng dén luong nudc Ién
hon so vdi thay doi vé thuc phd. VGi kich bdn LULC ndm 2014, nhu cdu st dung nudc tudi cho cdy trong Ia 16n nhdt va chd
yéu trong mua khé. Nhirng két qud dat dugc trong nghién citu nay sé cung cdp thong tin hitu ich cho cdc nha hogch dinh
trong 1gp k€ hoach va ban hanh chinh sdch cho qudn Iy luu vire bén virng, thich (ng vai bién doi khi hou.
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1. Introduction

Water balance relates to the balance between the input
and output of water [1]. For an entire watershed, water
balance refers to the balance between incoming water by
precipitation, and outgoing water from evapotranspiration,
groundwater recharge, and streamflow [2]. Due to popula-
tion growth, socio-economic development and urbaniza-
tion, water demand by agricultural, industrial, and munici-
pal interests has increased, in some cases exceeding exist-
ing supplies. In addition, climate change has significantly
affected the hydrological conditions, while the changes in

SWAT, Landsat, water yield, sediment load, water balance, upper part of Dong Nai

land-use and land-cover (LULC) have continuously skewed
the water balance.

Several methods and models have been developed to cal-
culate water balance, such as the TMWB, VIC, TOPMODEL,
HBYV, MIKESHE, and SWAT (Soil and Water Assessment
Tool) model. However, these depend on available baseline
data such as meteorology, soil water characteristics, vege-
tation structure, and streamflow gauge data in the catch-
ment, as well as several physical characteristics [2]. Each
model has its own unique characteristics, and they all have
various drawbacks [3].
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In the above mentioned models, SWAT is a model with the
wide range applications [4], and it has been generally ac-
cepted as a very robust and flexible interdisciplinary tool
that can be used to simulate a variety of watershed prob-
lems, such as continuous simulations of water flow, soil
erosion, nutrient and sediment transport [5,6]. Much re-
search has been done wherein the SWAT model is used to
evaluate simultaneous impacts of climate land use
changes on hydrological conditions [7-10]. Nowadays, with
developments of Remote Sensing (RS) and Geographic In-
formation Systems (GIS) techniques, they provide a
straightforward means to derive topographic features
from digital elevation map (DEM) data, while RS data helps
to identify spatial and temporal LULC changes [11]. Re-
mote sensing creates comprehensive thematic maps
based on the classification of satellite images by visual or
computer-aided analysis to assess historical LULC changes
[12].

The Dong Nai river basin is the largest national river basin
and originates in the Central Highland region of Vietnam.
The upper part of the Dong Nai (UPDN) river basin, a forest

areas higher than the rest, plays a crucial role for sustain-
able socio-economic development of provinces in the
Southeast region of Vietnam. In recent decades, rapid pop-
ulation growth has followed, thereby increasing the need
for production land, agricultural land and residential land.
According to the People's Committee of Lam Dong prov-
ince [13], the forest area of Lam Dongin 2014 was reduced
by about 8% compared to 10 years earlier. The upper part
of Dong Nai mainly belongs to Lam Dong Province. The ef-
fects of historical changes in LULC due to socio-economic
development, coupled with climate change on hydrological
conditions and water balance, haven't been examined in
detail yet.

Understanding the water balance plays an important role
with respect to effective water resource management. The
objectives of this study are (1) to determine the water bal-
ance changes based on climate variations and LULC
changes of 1994, 2004, and 2014; (2) to calculate water re-
sources and water demand on the basis of LULC of 2014
in the UPDN river basin.
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Figure 1. Location of the study area and its elevation (m) pattern

2. Material and method

2.1 Study area

This study, in the upper part of the Dong Nai river basin
(Figure 1), covers an area of 972,460 ha, a land mass that
belongs mainly to Lam Dong province, separate, of course,
from Dac Nong, Binh Phuoc, and Dong Nai provinces.

The river originates from the North of the Langbiang plat-
eau, where there are high mountains with an elevation over
1,500 m above sea level. The region has a tropical mon-
soon climate regime influenced by altitude. There are two
seasons, the rainy season from May to November, and the
dry season from December to April of the following year.
Over the past 33 years from 1981-2014, the average

annual temperature was 22°C, the annual precipitation
was 2,500 mm, and the annual humidity was 83% [14].

2.2 SWAT model description

In recent years, hydrological models have been used
increasingly to estimate land use and climate change
impact assessments on runoff in order to implement
water resources management strategies as well as
flood control. Such models include AGNPS (Agricul-
tural Nonpoint Source) [15-17], MIKE SHE simulation
models (European Hydrological System Mode) [18-
22], WEPP (Water Erosion Prediction Project) [23-26],
EUROSEM (European Soil Erosion Model) [27,28].
Among these foregoing models, SWAT has been a

75



J. Viet. Env. 2019, 11(2):74-82

well-established model, and it has been used suc-
cessfully in a wide range of environmental conditions
and regions as well as being accepted by researchers
and policy makers around the world [6,29].

Soil and Water Assessment Tool (SWAT) is a physi-
cally-based distributed hydrological model devel-
oped by Jeff Arnold for the USDA-Agricultural Re-
search Service (USDA-ARS) and designed to estimate
impacts of land management practices on water
quantity and quality in complex watersheds with var-
ying soil, land use, and management conditions over
long periods of time. SWAT partitions a watershed
into sub-basins or sub-watersheds connected by a
stream network and further delineates each sub-wa-
tershed into Hydrological Response Units (HRUs)
consisting of unique combinations of land use, soils,
and management combinations. SWAT simulates the
hydrology of a watershed into two phases. The first
phase, the land phase of the hydrologic cycle, calcu-
lates the amount of water, sediment, nutrient and
pesticide loads from each HRU and sums up to the
level of sub-basins. The second phase, the routing
phase of the hydrologic cycle, defines the movement
of water, sediment and other non-point sources of
pollution through the channel network to an outlet
of the watershed [5,30]. The hydrological cycle is

simulated in the SWAT model based on the water
balance equation [30]:

SVVt:SWO-I-Z(Rday_quV‘_Ea_Wa_ng) (1)
i=1

where SW; is the final soil water content. SWq is the initial
soil water content on day i. t is the time (days). Raay is the
amount of precipitation on day i. Qsurf iS the amount of sur-
face runoff on day i (mm H0). E, is the amount of evapo-
transpiration on day i. wseep is the amount of water entering
the vadose zone from the soil profile on day i. Qi is the
water percolation past bottom of the soil profile in the wa-
tershed for day i. Qgw is the amount of return flow on day i.
All water units are in mm HO.

In the present study, SWAT in version 2012 was used to
estimate historical water yield in the UPDN river basin un-
der conditions of climate change coupled with land cover,
land cover change in 1994, 2004, and 2014. In addition,
based on statistic data and modelling results, the study cal-
culated total of water resources and water demand via the
scenario of LULC of 2014.

2.3 Dataset

The key datasets required by the SWAT model are the Dig-
ital Elevation Model (DEM) map, the weather data, the soil
map, the LULC map, and stream-flow [8,31]. The descrip-
tion of the main datasets is shown in Table 1.

Table 1. Spatial input data and monitoring data used to simulate and test SWAT model

Data Resolution Source

Digital Elevation 12.5m

Model (DEM) map

Downloaded from the NASA website: ttps://urs.earthdata.nasa.gov/users/new

Weather Four stations Obtained from 4 weather stations (Da Lat, Lien Khuong, Bao Loc, and Dac Nong)

Soil map 30m Obtained from the Department of Natural Resources and Environment (DONRE) of Lam
Dong province

LULC 30m Landsat TM/ETM/ OLI-TIRS, three time periods (1994, 2004, and 2014), downloaded from
USGS (website: http://earthexplorer.usug.gov)

Stream-flow Two stations Derived from the Thanh Binh and Ta Lai gauge station

2.3.1 Digital Elevation Model

The DEM map with 12.5-meter resolution can be down-
loaded from the NASA website:
ttps://urs.earthdata.nasa.gov/users/new. The DEM was
used to delineate the basin boundary, along with sub-ba-
sins.

2.3.2 Climate data

Climate data used in the SWAT model consists of daily rain-
fall, temperature, wind speed, humidity and evapotranspi-
ration data. Climate data consists of daily rainfall, daily pre-
cipitation and daily maximum and minimum temperatures
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from 1984 to 2014 obtained from 4 weather stations (Da
Lat, Lien Khuong, Bao Loc, and Dak Nong). The missing
data in daily solar radiation, wind speed, and relative hu-
midity were generated automatically by SWAT [8,32]. The
spatial location of these stations could be sufficiently rep-
resentative for the rainfall and temperature across the en-
tire watershed area, see Figure 1.

2.3.3 Soil data

The SWAT model requires soil property data such as the
texture, chemical composition, physical properties, availa-
ble moisture content, hydraulic conductivity, bulk density
and organic carbon content for the different layers of each
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soil type [33]. Soil data was obtained from the 1:100,000
soil map of the Department of Natural Resources and En-
vironment (DONRE) Lam Dong province. The spatial distri-
bution of classes is shown in Figure 6.

2.3.4 Land use and land cover data

The LULC maps, in a 10-year temporal interval, were de-
rived from classifying Landsat images (Landsat 5 TM im-
ages in 1994, 2004 and Landsat-8 OLI/TIRS in 2014)
[5,8,31,34]. The selection of classification method depends
on many factors, including ease of use, the interpretability
of the classifier, speed, scalability, the kind of data, the sta-
tistical distribution of classes and target accuracy. Land
cover classification methods of Landsat images have been
developed over the last four decades [35]. Compared to
visual approaches which classification was manual, mod-
ern classification methods based on pattern recognition
techniques and implemented on computer-automated
programs through artificial intelligence theories and ma-
chine learning have been developed and consequently re-
sulted in many advantages. These unsupervised and su-
pervised pixel-based classification methods are commonly
grouped as parametric or non-parametric classifiers using
maximum likelihood (ML) algorithm, Iterative Self-Organiz-
ing Data Analysis Technique (ISODAT) and K-Means classi-
fier [35]. Based on actual conditions of the study area, the
maximum likelihood (ML) algorithm in the ENVI Version 4.5
image processing software, a commonly used method de-
rived from Landsat images [34,35], was applied to map
LULCs for 1994, 2004 and 2014. An accuracy assessment
of land cover classification, obtained by computing the
confusion matrix in ENVI 4.5 software, showed an overall
accuracy value of 77.7% for 1994, 87.0% for 2004, and
84.3% for 2014.

These LULC classes include (1) water bodies, (2) broadleaf
evergreen forests, (3) mixed forests, (4) coniferous forests,
(5) built-up residential areas, (6) annual agricultural land,
and (7) perennial agricultural land. The kinds of LULC were
coded to SWAT-Land-Use type respectively (1) WATR, (2)
FRSE, (3) FRST, (4) PINE, (5) URML, (6) AGRR, (7) AGRC. In
addition, three natural forests (broadleaf evergreen forest,
mixed forest, coniferous forest) were combined together
to assess forest changes.

2.3.5 River discharge

Daily and monthly stream-flow data from 1984 to 2014
were collected from the Thanh Binh and Ta Lai gauge sta-
tions located at the upstream and downstream of the ba-
sin. The stream-flow data is used for the calibration and
validation of the model [8,31].

In additon, the main datasets to estimate water demand
were based on the Statistical Yearbook of Lam Dong, Dong
Nai, Binh Thuan, Binh Phuoc and Dak Nong provinces.
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2.4 Model evaluation

To evaluate the simulated results of the SWAT model|,
the study used the coefficient of determination (R?)
and the Nash-Sutcliffe efficiency (Ens) index. The
value for R? ranges from zero to one. If the R? value
is one, the result of simulation is perfect. If the R?
value is zero, the result of simulation indicates no
alignment between simulated and observed values.
Meanwhile, values for Ens range from -« to one. The
model results are satisfactory if the Exs values are
greater than 0.5. Furthermore, Ens values between
0.5-0.65 are acceptable, values between 0.65-0.75
are good, and values that exceed 0.75 are very good
[31,36].

2.5 Estimate water resources and demand

2.5.1 Water resources

The water resources within a river basin consist of the dis-
charge generated inside the river basin, the inflow coming
from the upstream, the yield of reservoirs, the groundwa-
ter resources and the water transfers. In the UPDN river
basin, water resources are mainly the discharge generated
inside the river basin (runoff) and the yield of reservoirs.
Runoff is calculated with the Soil and Water Assessment
Tool (SWAT). The yield of reservoirs is calculated based on
locally collected data [37].

2.5.2 Water use

The water demand within a river basin consists of the fol-
lowing components: population demand, agricultural de-
mand, industrial demand, service sector demand and the
minimum flow requirement (ecological water) [37]. The wa-
ter demand of the population (domestic water demands)
mainly includes water use for all residential needs and is
usually estimated based on population numbers (urban
and rural areas combined), per capita water consumption
and water use efficiency [38]. In this study, per capita water
consumption is estimated according to the Vietnam Con-
struction Standard TCXDVN 33:2006 [39].

Agricultural water demand includes crop and livestock wa-
ter demand (FAO, 1998) [37,40]. Industrial water demand
is calculated based on the average amount of water
needed for the production of a certain product. Water use
for the service sector is defined as the amount of water
needed per tourist per day [37]. The number of overnight
stays of Vietnamese and international tourists per year are
taken into account based on the provincial statistical Year-
book of Lam Dong, Dong Nai, Binh Thuan, Binh Phuoc and
Dak Nong provinces. The Ecological water requirement is
the minimum flow needed to sustain the basic ecological
properties of a river. The ecological water requirement in a
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river basin is defined as the runoff at the Q95 percentile
[411.

The water resources within a river basin consist of the dis-
charge generated inside the river basin, the inflow coming
from upstream, the yield of reservoirs, the groundwater re-
sources and the water transfers. In the UPDN river basin,
water resources consist mainly of the discharge generated
inside the river basin (runoff) and the yield of reservoirs.
Runoff is calculated with the Soil and Water Assessment
Tool (SWAT). The yield of reservoirs is calculated based on
the locally collected data [37].

3. Results and discussion

3.1 Land use and land cover changes

The classification results of Landsat images indicated that
forests have been the dominant land cover type of the
UPDN river basin. The rate of forest cover in 1994, 2004,
and 2014 was 706,803 ha (72.68%), 520,359 ha (53.51%),

and 485,908 ha (49.97%), respectively, see Figure 3, Figure
4, and Figure 5.

LULC changes between 1994,2004, and

2014 in the UPDN river basin
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Figure 2. Changes in LULC of 1994, 2004, and 2014

Changes in LULC of 1994, 2004, and 2014 are shown in
Figure 2. Over the 20 years from 1994 to 2014, 220.895 ha
(22,71%) of forest have been lost. 186,444 ha (19.17%)
have been lost in the period from 1994 to 2004, and
34,451 ha (3.82%) have been lost in the period from 2004
to 2014. There has been an increase in agricultural land
use: from 249,230 ha (25.62%) in 1994, to 425,239 ha

(43.73%) in 2004, to 440,688 ha (45.31%) in 2014.
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Figure 3. LULC map of 1994 (a)
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Figure 5. LULC map of 2004 (b)
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Figure 4. LULC map of 2014 (c)

3.2 SWAT model calibration and validation
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Figure 6. Spatial distribution of each soil type

The model calibration and validation were conducted ac-
cording to two local stream-flow gauge stations, one in
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Thanh Binh (upper stream) and the other in Ta Lai (lower
stream). Simulated and observed stream-flow data from
January of 2000 to December of 2010 were used for model
calibration, based on the LULC map of 2004. The simulated
and observed stream-flow during the calibration period
achieved relatively good results with an R2 of 0.811 and an
Ens of 0.809 for the upper stream, and an R2 of 0.771 and
an Ens of 0.765 for the lower stream. The simulated and
observed stream-flow during the validation period of 1984
to 2014 gave rise to results with an Ens of 0.712 and a R2
of 0.713, an Ens of 0.712 and a R2 of 0.713 for the upper
and lower streams, respectively.

3.3 Water balance changes

To estimate the water balance changes based on climate
and LULC variations, three sets of climate and LULC data
(1994, 2004, and 2014) were set up to simulate the hydro-
logical responses by using the SWAT model. Figure 7, Fig-
ure 8, and Figure 9 show changes in water yield based on
the LULCs of 1994, 2004 and 2014 in conjunction with cli-
matic conditions in 1994, 2004, and 2014. The symbol (*)
in each figure is historical scenarios of climatic conditions
with LULC.
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Figure 7. Changes in water yield based on scenarios 1

In scenario 1 (LULC of 1994 applied to climatic conditions
of 1994, 2004, and 2014), see Figure 7. With the same con-
ditions of LULC, the graphs show that monthly and yearly
water yield depended mainly on the distribution of annual
rainfall. With the historical scenario (A1)*, LULC of 1994
and climatic conditions in 1994, the graphs show that the
distribution of water yield in the river basin was divided
into two distinct seasons, the rainy season from April to
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Figure 8. Changes in water yield based on scenarios 2

November and the dry season from December to March
the following year. The monthly lowest and highest water
yields were March (16mm) and October (210mm), respec-
tively. With the LULC of 1994 applied to climatic conditions
of 2004, the monthly lowest water yield was February
(9mm) and the monthly highest water yield was August
(214mm). Meanwhile, under the LULC of 1994 with the
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hypothetical climatic conditions in 2014, these figures were
9mm in March and 291mm in October, respectively.
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Figure 9. Changes in water yield based on scenarios 3

In scenario 2 (LULC of 2004 applied to climatic conditions
of 1994, 2004, and 2014), see Figure 8. With the historical
scenario (B2)*, land use in 2004 and climatic conditions in
2004, the results show the monthly lowest and highest wa-
ter yield were February (9mm) and August (216mm), re-
spectively. With the LULC of 2004 applied to conditions of
climate and precipitation of 1994, the monthly lowest wa-
ter yield was March (19mm) and the monthly highest water
yield was October (213mm). Whereas, in a hypothetical
scenario of a LULC in 2004, with the climatic conditions as
in 2014, these figures were 9mm in March and 296mm in
October, respectively.

In scenario 3 (LULC of 2014 applied to climatic conditions
of 1994, 2004, and 2014), see Figure 9. With the historical
scenario (C3)*, LULC of 2014 and climatic conditions in
2014, the results show the monthly lowest and highest wa-
ter yield were March (9mm) and October (294mm), respec-
tively. With the LULC of 2014 applied to climatic conditions
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of 1994, the monthly lowest water yield was March (17mm)
and the monthly highest water yield was October (213mm).
On the other hand, under the LULC of 2014 with the cli-
matic conditions in 2004, these figures were 9mm in Feb-
ruary and 216mm in October, respectively.

In general, with the same climate conditions, the results
show that LULC change insignificantly affected the monthly
flow regime in 1994, 2004, and 2014. The change in LULC
has caused small fluctuations in the annual flow and peak
flow regimes. These results match with the previous stud-
ies (Can et al,, 2015) [31], which showed that moderate
land use changes give rise to minor changes in the water
yield. In addition, the results show that the LULC changes
also have effects on water yield. With precipitation at 1,888
mm in 1994, water yield was 1,216 mm, 1,241 mm, and
1,533 mm for LULC scenarios of 1994, 2004, and 2014, re-
spectively. The decrease of forest area of 2004 compared
to 1994 was a reason for the decrease in evapotranspira-
tion and increase of water yield (1,216 mm of 1994 com-
pared to 1,241 mm of 2004). This is similar to the findings
in the Be River and Cau River catchment in Vietnam, con-
ducted by (Phan et al,, 2011) [42] and (Khoi and Suetsugi,
2014) [34]. The present study result matches fairly closely
previous findings conducted by (Truong et al., 2018) [43],
which concluded that the conversion of forests to agricul-
tural land led to an immediate increase in total discharge.
Then water vyield decreased in 2014 compared to 2004
(1,533 mm of 2014 and 1,241 mm of 2004). The reason
was due to the development of agricultural crops such as
coffee, tea and reforestation [43], so that evapotranspira-
tion increased.

3.4 Estimate water resources and demand

In view of the LULC 2014 over the entire basin, the yearly
total water resource was 25.53 billion cubic meters and the
yearly total water use was 2.32 billion cubic meters. The
consumption of irrigation water was the highest at 68.2%
compared to the rest. This consumption of irrigation signif-
icantly changed between the seasons (70.5% in the dry
season compared to 29.5% in the rainy season).

4. Conclusion

The analysis of these results shows that forest area was the
dominant land cover type of the UPDN river basin. The for-
est cover was reduced enormously in the 20 years from
1994 to 2014, with nearly 23% of the forest area lost. The
results indicated that climate change and change in LULC
has fluctuated (increased and decreased) in water yield for
the whole watershed in 1994, 2004 and 2014. The changes
in water yield (stream-flow) have mainly been driven by his-
torical climate variations. There was a big difference in wa-
ter yield between the two seasons of the year, with around
80% of water yield generated during the rainy season com-
pared to 20% during the dry season. Irrigation water has
been the dominant water use type of the UPDN river basin.
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Assessment of water balance change is one of the major
factors for sustainable water resource management and
planning in the context of climate change. The findings can
provide useful information for decision-makers in formu-
lating policies, in developing counterpart measures for cli-
mate change, and in adjusting for sustainable watershed
development and management.
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