51

Impact Assessment of Land Use and Land Cover Change
on the Runoff Changes on the Historical Flood Events in
the Laigiang River Basin of the South Central Coast
Vietnam

Ngo, A.T.," Grivel S.,> Nguyen, T.D.! and Nguyen, T.T.V.%

Faculty of Natural Sciences, Quynhon University, 170 An Duong Vuong Street, Quynhon City,
55000 Binhdinh, Vietnam

E-mail: ngoanhtu@gnu.edu.vn,” nguyentrongdoi@gnu.edu.vn, nguyenthituongvi@gnu.edu.vn
2AgroParisTech, Paris-Saclay University, 16 Rue Claude Bernard, 75005 Paris, France

E-mail: stephane.grivel@agroparistech.fr

*Corresponding Author

DOI: https://doi.org/10.52939/ijg.v19i9.2881

Abstract

It is crucial for effective flood events management in a river basin that the relationship between land use,
land cover (LULC) changes and peak flow. The flood in Central Vietnam got highly affected in recent
decades due to several factors like deforestation, urbanization, lack of hydrometeorological stations,
developmental monitoring and planning. This study quantifies the influence of LULC on the peak flow
dynamics using a hydrological model, remote sensing technology in the Laigiang river basin. The responses
of LULC changes on the peak flow and runoff volume were investigated using daily rainfall in December
2016 at the study area. The usage of the hydrological model defined that the changes in LULCs 2010-2020
caused momentous changes in hydrological response towards water flow. The rainy season floods in the bare
land, low-density vegetation area, urban/built-up, and bare land while the normal flow gets the contribution

from interflow generated from the dense forest.
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1. Introduction

In the past recent years, the weather has changed
very complicatedly, causing floods and droughts
which happened with increasing frequency and
intensity, all linked to Global climate change [1].
This has threatened the process of stable and
sustainable development for the world, especially in
tropical countries. A flood can be confirmed in each
river basin where is affected by the combined
effects of factors such as rainfall, area of the basin,
slope, elevation, land cover, and land use [2] [3] [4]
and [5]. However, the influence of these factors on
flooding in the river basin is not the same [6] and
[7]. In particular, forests play a very important role
in regulating water sources, reducing surface runoff
and transferring rainwater infiltration into the
ground. It is increasingly acknowledged that the
impact of the change of land cover/land use (LULC)
on the hydrological cycle of the basin has become a
topic of great interest in the study of global
environmental change [8] [9] and [10].
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Many researches in other parts of the world studied
to quantify the impact of deforestation [3] [11] and
[12], natural forest conversion and degradation [13],
Dams [4], forest road network construction status
[14], urbanized river basins [15] which have
affected the flow during the wet and dry seasons of
the river basins.

Vietnam is located in southeastern Asia, due to
differences in latitude and in topographical relief,
unfavourable local meteorological conditions
coupled with global climate change have increased
annual rainfall, mainly during a short period in the
rainy season [16]. From 1999 to now, there was 10
worst flood events have occurred in Vietnam, of
which the Central region accounts for 70%. There
are many causes of floods, in which the change in
LULC (the forest is rapidly decreasing in area and
quality of forest), effects of urban development,
extreme climate events and climate change which
has caused floods to appear more and more [17].
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LULC volatility detection is the process of
identifying a change in the state of an object or a
phenomenon by observing it at various times [18].
This is considered an important process in natural
resource monitoring and management because it
provides quantitative analysis results of the spatial
distribution of the object of interest. Over the years,
Remote Sensing technology (RS), Geographic
Information System (GIS), and hydrological
modeling which has become popular and widely
applied in LULC research and determining the
changing effects of LULC on river basin discharge
[19] [20] [21] and [22]. Especially, the combination
of RS and GIS can be improved on LULC
determination (past and present). Furthermore, GIS
intelligence helps to improve the ability to identify
river basin morphology as well as determine the
average rainfall of the river basin accurately.
Research on how LULC affects flood peak
discharges and runoff volumes in river basins needs
to be multidisciplinary and interdisciplinary.
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Therefore, the aim of the paper is to use satellite
images of Landsat from of the period 2010-2020,
and integrating GIS with hydrological modeling
(HEC-HMS) to assess the effects of urbanization,
deforestation, degraded forest quality as well as
changing crop structure that has affected increases
in the flood volume and peak of discharge in the
Laigiang river basin of the South Central Coast
Vietnam. To achieve this, historical of the period
2010-2020 LULC trends were analysed; LULC
scenarios of flood event in December 2016 were
simulated using the HEC-HMS model.

2. Materials and Methods

2.1 Study Area

The study area (Figure 1) is the Lai Giang River
basin located in the South Central Coast of Vietnam,
which has a catchment area of about 1,466 km? that
lies between 14° 25’ 46” N latitude and 108° 57’

15"E longitude.
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Figure 1: Location of the study area
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The study area falls under the tropical monsoon
climate type, the mean annual rainfall is 2,500.0
mm. This river basin is exposed to experiencing
characteristically regular flooding due to the
prolonged rainfall events, usually associated with
typhoons, and combine short and steep terrain.
Furthermore, the hydrological functioning of the Lai
Giang basin is poorly known because there are no
hydrological models and not enough flow
measurements. For the period 1980 to 2019, the
Laigiang river basin has recorded a number of major
floods such as 11/1980, 10/1990, 9/2009, 12/20186,
and 12/2019s. In which, the flood from 15™ to 16™
December 2016 is an assessed historical flood event
with 44 of lives lost. The property was also severely
impacted, with 908 houses destroyed and 409
submerged in flood. According to Binh Dinh
disaster management authority, economic losses
from the flood-related in the river basin reached
around an 85 million euros over the past 50 years.

2.2 Data Collection

The main data used in the study is Landsat 5
Thematic Mapper (TM) and Landsat 8 Operational
Land Imager (OLI) with 8 spectral bands (band 1-7
and 9) with a spatial resolution of 30 m acquired on
30/07/2010, 30/06/ 2015, and 09/07/2020 from the
https://earthexplorer.usgs.gov/.  Besides, Digital
Elevation Model (DEM) is useful in this study, such
as delineate hydrological networks, delineating
watersheds and defining a catchment area. This
DEM currently contains of the Alaska Satellite
Facility (ASF) data in spatial resolution 12.5m from
the https://search.asf.alaska.edu/#/. Hydrological
data: data such as daily rainfall data, water level,
and runoff are collected from the Binh Dinh
Meteorological Department of Vietnam in 2016. In
which, in the Laigiang river basin, there is only 01
flow measuring station, namely Anhoa, two water
level monitoring stations, and three rainfall stations
and namely: Anhoa, Hoaian, and Bongson wich are
also collected in 2016. In addition, the study has
consulted data about Laigiang river's constant
monthly baseflow offered by [23]. The baseflow is
28.6 m3/s of December 2016 at the study area.
Cross-sectional data of main channel: there were 19
created river cross-sections from upstream to
downstream of Laigiang river in 2016 with a direct
measurement method by using the RTK GPS
Trimble R4. Soil data: this data, also collected by us
from the Vietnam Soil and Terrain at a scale ratio 1:
200,000 in 2010. This soil data ware used to define
infiltration parameters for rainfall runoff modeling
within HEC-HMS.
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2.3 Methodology

In this study, the Hydrological Engineering Center -
Hydrological Modelling System (HEC-HMS) model
using Soil Conservation Service (SCS) curve
number (CN) [24] model is used to study the
significant impact of land use/land cover (LULC)
changes (2010-2020) on severe water flow events in
the Laigiang River basin during December 2016
[25]. Flood estimation was executed in view of the
daily rainfall scale.

2.3.1 Satellite images were classified to produce
LULC assessment

The study had done using Landsat imageries to
identify changes in LULC distribution in the
Laigiang river basin in the period of 2010 - 2020.
These Landsat imageries are corrected for
coordinates,  topographic  correction,  image
enhancement, and cloud filtering [26]. Then, the
LULC features are extracted using Landsat acquired
in 2010, 2016, and 2020 with the maximum
likelihood for supervised image classification [27].
In addition, the images provided complete coverage
of the study area and stacking of bands, sub-setting
of the images had done using the QGIS 3.18
software. The Kappa coefficient proposed by [28] is
to be used to determine accuracy [29].

Mean area precipitation: Rainfall data of
measuring observations in or contiguous to the
catchment has been used to calculate the average
rainfall in the basin. The Thiessen polygon was
used to obtain the areal average precipitation [30].
The mean area precipitation has been calculated by
the following Equation 1.

Zi(vvi 2% (t))

X.

X:

m

Equation 1

where: Xy iS mean area precipitation; x;(t) is
precipitation measured at time t at station i; and w;
is weighting factor assigned to station i.

2.3.2 HEC-HMS program

HEC-HMS uses a separate model to represent each
part of the runoff process, including: Runoff-volume
model, direct-runoff model, baseflow model, and
routing model.

Runoff-volume model: The SCS curve number (CN)
model is selected to be used to estimate precipitation
excess, which was formed by the United States
Department of Agriculture for Soil Conservation
Service in 1972,
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This model is related to input parameters including
cumulative precipitation, soil cover, land use, and
antecedent moisture. The SCS-CN is described from
the equation as follows [25].

_(P-1,)
®P—1,+S
Equation 2

where: P, accumulated precipitation excess at time t
(runoff); P accumulated rainfall depth at time t
(precipitation); la is the initial abstraction or initial
loss; and S is potential maximum retention (mm).
Through many experimental consequents of the
SCS, a relationship of I, and S had determined as:

1,=0.28
Equation 3
Therefore, Equation 2 will be rewritten as:
_(P-02)
* P+0.8S

Equation 4

Besides, the S can't be calculated directly but the S
is related to the CN:

g_ 25400 .,
CN

Equation 5

In which the CN for a watershed can be estimated as
a function of LULC, soil type, and moisture. The
CN values vary from 0 to 100, CN=100 for
waterproof surfaces or water bodies, and CN <100
for natural surfaces [31]. Equation 6 represents
calculating the composite CN value according to a
watershed:

" ACN.
CN _ ZizlA 1

(ep) — Zn A
i=1

Equation 6

where: CN(y) is the composite CN; i is an index of
watersheds subdivisions of uniform LULC and soil
type; A; is the drainage area of subdivision i; CN; is
equivalent to each subdivided of the CN; n is the
number of watersheds subdivisions. The CN has
been tabulated by the SCS which is based on soil
and LULC situation [25].

Direct-runoff model: In order to the basin lag, the
research has applied the Snyder Unit hydrograph
model [25], Synder proposed:
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t, =CC,(LL,)"
Equation 7

In which t,: the basin lag time (defined as the time
difference between the centroid of the excess
rainfall time and the flood peak time); Ci basin
coefficient (usually ranging from 1.8 + 2.2 [32]); L:
length of the mainstream from the outlet to the
divide; L¢: length along the mainstream from the
outlet to a point nearest the watershed centroid; C: a
conversion constant of 0.75 for Sl and 1.00 for foot-
pound system [25].

Baseflow models (gb): The study area has had a
scarcity of information or data, therefore to calculate
groundwater flow, the constant monthly baseflow
method being for each time step of the modeling has
been applied.

Routing model (Qp-m%s): The Muskingum-Cunge
method has been used to account for the flood wave
movements across the river or reservoir sections,
basing on the continuity equation and correlation
between discharge and volume [25].

2.3.3 Model calibration and validation

Several statistical indices have been presented in the
research for the performance assessment by
determining the quality and reliability of simulation
results, such as the Correlation coefficient-R, Nash-
Sutcliffe simulation efficiency-NSE, Percentage
bias-PBIAS, and Peak flow criterion-PFC [9] and
[33].

3. Results and Discussion

3.1 LULC Change

Landsat satellite images of 2010, 2016, and 2020 are
classified [1]. The LULC map containing the
following six land-cover classes are made:
agriculture, bare land, dense forest, open forest,
urban/built-up, and water (Figure 2). The Kappa
coefficient for the 2010 image is calculated as 0.75
[29] with 251 points which were used for images
classification (dense forest - 46 points, open forest —
43 points, water — 33 points, urban/built-up — 52
points, bare land — 38 points, and agriculture — 39
points). Change analysis was done by calculating
the areas of LULC in 2010 and then relating to the
areas of LULC in 2020 as shown in Figure 2(d). The
final LULC change for the years 2010 and 2020
along with the graphs of change analysis. In the
period 2010 - 2016, the area of agricultural land and
open forest land increased by 110.99 km? (40.1%)
and 78.63 km? (6.2% per year), respectively.
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Meanwhile, water decreased 41.1% per year, and
dense forest decreased sharply by 211.88 km?2,
equivalent to 27.3% per year. In the period 2016 -
2020, LULC has the strongest change in dense
forest, continuing to decrease by 236.05 km?,
equivalent to 72.2% per year, bare land by 39.23
km? (19.7% per year), and agriculture by about
21.17 km? (5.8 % per year).

In the opposite direction, open forest increased
in area by 261.67 km?, equivalent to 16.2% per year,
urban/built-up increased by 24.98 km? (9% per
year). In the period 2010 — 2020, we can see that the
dense forest, bare land, and water show a prominent
decreased in 471.62 km?, 60.31 km? and 15.33 km?,
respectively. ~ Whereas  the  urban/built-up,
agriculture, and open forest (mainly planted forests
such as acacia species and eucalyptus) are likely to
increase by 93.37 km?, 152.01 km?, and 400.61 km?.
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These are influenced by urbanization [34], and
Resolution on agricultural-rural development for the
period 2016-2020 of Binhdinh province [35].
Furthermore, these dynamics are associated with
government policy in 2016, "Protection and
Development of production forest” is initiated by
the central government, and most areas of Vietnam
entered into the period of production forest to serve
the economic development of ethnic minorities and
farmers [36].

3.2 Generation of CN

The CN values of Laigiang river basin are obtained
from LULC map and soil map. A soil map is
processed to extract on the geological map to getting
that the study area consists of seventeen types of
land (Figure 3).
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Figure 2: LULC for the study area with (a) 2010, (b) 20186, (c) 2020 and
(d) increase/decrease of the area in the period 2010-2020
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Based on Equation 6, the average CN values are
obtained for 2010, 2016, and 2020 in Laigiang river
basin (Figure 4(a), 4(b), 4(c)). Figure 4(d) shows the
average CN values change of each sub-basin. The
average CN values tend to increase in the period
2010-2020. Typically, in the sub-basin, namely: L02
in the upstream of Laigiang river, the average CN
values increase the most by 20.0% per year. In
contrast, in the sub-basin, namely: LGO05 increase by
7.6% per year. Raster maps of CN are generated as
shown in Figure 4, which can give an explanation
for the dark shades of black represent a higher value
of average CN and therefore the higher runoff
potential areas while the brighter colors (tsavorite
green) represent lower runoff potential areas.

3.3 HEC-HMS Model Results

The HEC-HMS is used to simulate the hydrological
processes in the catchment. The basin schematic, the
flow direction data, location of hydrometric stations,
and outlet in the Laigiang basin are built. The
represent schematic of the basin consists of 09 sub-

Figure 3: Soil classification of Laigiang river basin

basins, junctions, reaches, and one outlet (Figure
5(a)). The mean area precipitation of Laigiang river
basin: This study uses rainfall data of six
observation stations (Anhoa, Bongson, Hoaian,
Phumy, Hoainhon, and Vinhson) from the Binh
Dinh Meteorological Department using two days of
hourly rain-fall events from 15" to 16" of December
2016 at the study area. Equation 1, the Thiessen
polygon networks and these six stations are used to
obtain the mean area precipitation (Figure 5(b)).
Figure 5(b) shows the mean area precipitation is
about 218,8 mm on 15" December 2016 in the
Laigiang river basin.

Losses by SCN CN: Based on Equation 4 and
Equation 6 for flow loss estimated of Laigiang river
basin in 2010, 2016, and 2020 have been shown in
Table 1. In the sub-basins of L01, L02, L03, and
L04 in the upstream where the forest area is
predominant, the I, index is always higher than the
sub-basins of L09 and LO6 in the downstream and
estuary (Table 1).
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Figure 4: Average CN value in 2010 (a) 2016 (b) 2020 (c) and (d) Percentage increase in Laigiang river basin

Table 1: Estimating initial loss and runoff transform of the Laigiang river

Potential maximum .
i Ai Parameters retention-S Initial loss-la
Subbasin
(km?)

Lei (km) | Li(km) Ct Yp (h) | 2010 | 2016 | 2020 | 2010 | 2016 | 2020
L01 114.4 7.60 10.08 0.70 193 | 203.7 | 189.3 | 167.2 | 40.7 379 334
L02 197.1 10.00 20.27 0.60 221 | 239.2 | 1940 | 157,0 | 478 38.8 314
L03 717 5.00 1.84 0.60 0.88 | 241.1 | 1948 | 169.3 | 48.2 39.0 33.9
L04 217.8 12.40 18.60 0.70 269 | 203.7 | 1948 | 157.7 | 40.7 39.0 315
L05 161.5 7.60 5.89 0.60 141 | 163.1 | 157.7 | 133.8 | 326 315 26.8
L06 192.2 10.40 25.76 0.40 1.61 85.1 | 65.9 50.6 17.0 13.2 10.1
LO7 96.2 5.70 11.73 0.50 132 | 178.7 | 1326 | 116.8 | 35.7 26.5 234
LO8 204.7 10.10 25.18 0.40 158 | 1048 | 73.3 59.6 21.0 14.7 11.9
L09 148.2 8.00 15.89 0.40 1.28 524 | 420 27.9 10.5 8.4 5.6
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However, I, tends to decrease gradually in the
period 2010-2020, typically sub-basin of L02 has
the largest decrease from 47.8 to 31.4 (52% per
year). This reflects the decreasing capacity of water
in the rainy season in upstream of the Laigiang river
basin. Estimation of the model parameters: This
study uses Equation 7 and GIS to determine
distances that have been the input parameters for
estimating runoff transformation (Table 1).

Coefficient of Manning: Beds of Natural runoffs
comprise unclassified sand, gravels, and rocks, so
the bottom roughness of rivers is not uniform,
resulting into effect on the water flow [37]. The
roughness coefficient of the bed makes it possible to
have a model that is closest to reality by taking into
account the speed of the water on the bottom and on
the banks [38]. Hence, the Manning roughness
coefficient-n has been determined for the research
area by using Strickler's formula (K = 1/n). This is
an empirical coefficient that depends on many
factors, including the surface roughness (hature of
the vegetation cover and bare surfaces) and
sinuosity [37] and [39].

3.4 Simulation of the Runoff on the Historical Flood
Event

Figure 6 shows the daily observed and computed
outflow in December 2016 of Laigiang river basin.
The flood peak appeared on the 16th of December
2016 during calibration and validation (Figure 6
(). The statistical performance was satisfactory
according to the daily R? = 0.89, NSE= 0.99, PBIAS
= 0.05 and PFC = 3.73 (Figure 6 (b)). The statistical
results showed good agreement by comparing the
computed outflow with the simulation, and the
parameters calibrated for outflow of the model could
be used to simulate every sub-watershed as well as
different LULCs scenarios in the study area.

3.5 Impact of Land Cover Changes on the Flood
Volume

The LULC of 2016 gathered from the Laigiang river
basin is used in the initial run of the HEC-HMS
models, which are created in December 2016. In
order to assess the influence of LULC change on the
flow, we use hydrometeorological data measured at
Anhoa station in December 2016 for two scenarios
LULCs 2010 and 2020, respectively in terms of
topography, rainfall, and soil types unchanged.
Figure 7 display the hydrographs and peak
discharge in scenarios LULCs 2010 and 2020 of
Laigiang river basin using the HEC-HMS model
showing the outflows of rainfall events in December
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2016. We can confirm that when LULC change in
Laigiang river basin according to the trend of forest
conversion to the low-density vegetation, i.e.
development areas, agricultural regions, and
urbanization, which has influenced the increased
peak discharge of 1149 m%/s under the LULC 2020
scenario compared to the LULC in 2016 is 1130
m%/s. This study is based on the HEC-HMS model
to determine the peak discharge changes of sub-
basin. Figure 8(a) shows that the peak discharge
value of sub-basin of LG4 upstream of the Laigiang
river basin (a tributary of Kim Son) under the LULC
2010 scenario is 327 m’/s and the LULC 2020
scenario is 334 m3/s, an increase of 2.1 % per year.

Meanwhile, the peak discharge value of sub-
basin number LG9 in the estuary area, which is
adjacent to the East Sea, did not change much
between the LULC 2010 scenario (221 m?/s) and the
LULC 2020 scenario (222 m%s), an increase of
0.3% per year.

Figure 8(b) shows that the outcome of land
cover changes on the rate of flood volume
corresponds to the LULCs scenarios of 2010 and
2020 led to the enhancement of flood volume. This
increase in flood volume is possibly owing to the
alteration to  urbanization with the new
establishment of Hoainhon town (2020) in the
downstream area; agricultural area (i.e. corn,
cassava, mango, and mixed agriculture) to serve the
policy of agricultural restructuring forest quality
declines due to the development of industrial
plantations (i.e. acacia and eucalyptus) [40]; and
especially deforestation of 43.7 ha in 2017 as well
as building an 89.8 million m® Dongmit dam for
irrigation reservoir built-in 2020 in An Lao district
is located upstream in the Laigiang river basin.
Through the analysis results, there are many causes
of flooding at the study area, which the cause is the
influence of climate change caused unusually heavy
rain over in this river basin. In addition, under the
influence of activities in the process of socio-
economic  development such as riverside
infrastructure development has narrowed the river
bed, the destruction of the primary forest upstream,
conversion of forest purpose from special-use to
production forest, urbanization of the Laigiang
estuary, these will make the more historical floods
in future. On the basis of LULC scenarios in 2010
and 2020 compared with the flood event in
December 2016, there are differences in flood
discharge between sub-basins. Sub-basins with large
vegetation cover play a great role in regulating flood
flows and conversely, sub-basins mainly in urban
areas have very poor surface water storage capacity.
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Figure 7: The scenario of peak discharge at Anhoa hydrological station corresponding to LULCs 2010
and 2020 for flood event
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Figure 8: (a) Peak discharge changes of sub-basins and (b) - Comparison of the total volume
change under land cover/land-use scenarios of LULCs 2010 and 2020

It can be affirmed that frequent flooding in this
basin is a big problem in the coming time, so a new
approach is needed to reduce the risk of flooding by
continuing to improve the quality of natural forest
cover in the upstream sub-basins, the conversion of
forests to production forests should be limited in the
middle sub-basins, and the use of agricultural land
for urban use should be minimized the
industrialization and development of industrial
zones in downstream of the river basin.

4. Conclusion

This study provides the assessment of the influence
of LULC change on the runoff changes using the
spatial temporal regional remote sensing, GIS and
HEC-HMS under the rainfall events in December
2016 at the Laigiang river basin. The following
conclusions and key findings can be summarised:

- The area of dense forest in the upper reaches of the
river basin tends to decrease gradually and in
contrast, the open forest with mainly acacia and
eucalyptus trees tends to increase in the period
2010-2020. This has affected the quality of forests,
reduced water retention, increased the risk of
flooding, affected groundwater shortages, and risked
drought in the dry season.

- CN value has a close relationship with the surface
flow of the river basin. The sub-basins with low
vegetation cover, high concretization (typically sub-
basins of 06, 08 and 09) corresponds to CN reaching
values close to 100, which is proportional to the
increased surface runoff. In contrast, high-coverage
sub-basins where there is a lot of forest (specifically
as sub-basins of 01, 02, 03 and 04) correspond to
CN values approaching 40 and surface runoff
decreases.
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This helps local authorities to realize clearly the role
of forest cover in reducing the risk of drought and
regulating flood flows in the river basin. The local
authorities’ decisions on land use planning should
limit the leveling of agricultural land in the lower
river basin to convert the purpose to urban land.

- The use of HEC-HMS showed that changes in
LULC led to fundamental changes in the
infiltration/water loss response to precipitation
events, particularly during the rainy season, where
runoff flows tend to higher trend under the cover
scenarios in 2010 and 2020 compared to 2016.

- The accuracy of HEC-HMS depends greatly on
LULC and riverbed topography. Therefore, in the
future, it is necessary to use higher resolution
satellite images to determine LULC and use multi-
beam echoes to determine riverbed topography,
using more typical radar satellite images such as
Sentinel-1 to build a DEM model of the river basin.
In addition, rainfall monitoring systems from the
ground as well as from satellite images need to be
combined to increase the accuracy of the HEC-HMS
model.
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