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ABSTRACT
This article presents the results of applying geospatial technology to assess

soil erosion for Yen Chau district. Geospatial Technology was applied to
build maps of factors affecting soil erosion such as: rain erosion coefficient
map (R), soil erosion resistance coefficient map (K), terrain erosion
coefficient map (LS), cover erosion coefficient map (C) and farming practices

Article info: (P). Improved universal soil loss equation (RUSLE) due to Wischmeier and
Received: 08/09/2023 Smith was used to create soil erosion maps. The research results have
Revised: 10/10/2023 determined the level of erosion and the proportion of eroded area
Accepted: 03/11/2023 corresponding to each level in Yen Chau district, Son La province. Research

results showed that the majority of the area (59.79%) falls into the Slight or
Moderate severity category, a significant portion of the area (39.53%) falls
into the High and Very high severity categories, a small percentage of the
area (0.69%) falls into the Severe category. In addition, the research team
built two soil erosion maps for the study area under two climate change
scenarios RCP4.5 and RCPS.5 (in terms of rainfall) for the period 2046-
Keywords: 2065. According to the result, the data for slight, moderate, and high soil
climate change, remote sensing erosion levels all decrease in both scenarios. While, the data for high and
technology, oil erosion, Yen very high soil erosion levels increase significantly in both scenarios. This
Chau district. suggests that the situation of soil erosion may become more severe in the
future according to both climate scenarios RCP4.5 and RCPS.5.
TOM TAT
Bai bdo trinh bay két qua vmg dung cong nghé dia khéng gian dé danh gia
x6i mon ddt cho huyén Yén Chdu. Nghién ciru dd immg dung cong nghé dia
khéng gian dé xdy dung cdc ban do cdc yéu to anh hwéng toi x6i mon ddt
nhw: ban d6 hé s6 x6i mon do muwa (R), ban do hé s6 khang x6i mon ciia dat
(K), ban do hé sé x6i mon do dia hinh (LS), ban d6 hé sé x6i mon do 16p phii
(C) va bién phdp canh tic (P), sir dung phwong trinh mat dat phé dung cdi
tién (RUSLE) do Wischmeier va Smith xdy dung thanh ldp ban a6 xéi mon
Tir khoa: _ dat. Két qua nghién ciru da xdc dinh duoc mike d6 x6i mon va ty Ié dién tich
bien doi khi hau, cong nghé vien b x6i mon tuwong vmg véi timg cdp dg tai huyén Yén Chau, tinh Son La. Cu
tham, huyén Yen Chdu, x6i mon  ypé [a: phan Ion dién tich (59,79%) & mikc khing x6i mon hodc x6i mon nhe,
dat. mét phan dang ké dién tich (39,53%) & mirc dg x6i mon trung binh va x6i
mon manh, mét ty ¢ nho dién tich (0,69%) ¢ murc d¢ xoi mon rat manh. Thém

vao do, nhom nghién ciru dd xdy dung hai ban do xéi mon dat cho khu vuc
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nghién citu theo hai kich ban bién doi khi hgu RCP4.5 va RCP8.5 (vé luong
mura) cho giai doan 2046-2065. Két qua cho thay mire do khéng xéi mon, xoi

mon ddt nhe, va xéi mon trung binh déu giam trong cd hai kich ban. Trong

khi do, mirc do xoi mon dat manh va rat manh tang voi ca hai kich ban. Diéu

nay cho thdy tinh trang xéi mon dat c6 thé tré nén nghiém trong hon trong
twong lai theo ca hai kich ban bién déi khi hdu RCP4.5 va RCPS.5.

1. INTRODUCTION

Hydric soil erosion is a major concern for
agricultural communities as it can lead to
reduced soil fertility and decreased crop yields
[1, 2]. In recent years, climate change has
become a global phenomenon that has far-
reaching impacts on the environment,
including soil erosion [3]. Among different
natural factors that affect soil erosion such as
rainfall, soil type, topography, and vegetation
cover [3][4], rainfall plays a crucial role in the
process of soil erosion as it has the potential to
dislodge soil particles and transport them away
from their original location [5]. Main climatic
factors such as amount, frequency, intensity,
and duration of rainfall all contribute to the
rate at which soil erosion occurs [6].
Particularly, there has been an agreement that
climate change has evidently enhanced the
intensity of precipitation [7].

Globally, remote sensing (RS) technologies
and GIS (Geographic Information System)
have emerged as effective tools for surveying,
analyzing, and better managing natural
resources [8]. Especially, since 1990s, this
approach has been applied to evaluate the
spatial and temporal variability of factors
determining the susceptibility of soils to
erosion [9]. In recent years, the integration
among existing soil erosion models, remote
sensing, and GIS has been increasingly utilized
in studying soil erosion [10]. This combination
not only calculates the possible loss of soil and
illustrates the spatial distribution of erosion,
but also generates precise maps of soil erosion
risks. These results can be further used for
developing a range of solutions to prevent and
minimize the impacts of erosion. There has
been a number of models developed to be
combined with remote sensed data and GIS to

estimate the loss of soil through erosion
processes such as the Universal Soil Loss
Equation (USLE) and its well — known
adjusted versions including the MUSLE and
the RUSLE [12], EUROSEM [13], and the
SEMMED [15]. These soil erosion models
differ in various degrees of complexity.

Among the previously mentioned models,
the research team chose the RUSLE for the
study at Yen Chau district. This model is an
important and widely used tool for estimating
soil erosion rates as well as for creating
conservation strategies and managing erosion
in many land-cover types of croplands,
rangelands, and disturbed forest lands [2]. This
model includes many factors that affect soil
erosion including rainfall, soil erodibility,
topography, land use, land cover, and support
practices [12]. However, currently, data on the
status of this process in Yen Chau district is
still limited. Therefore, the study focused on
finding the answer for the question of how can
the integration of RS, GIS data, and RUSLE be
effectively used to assess and predict soil
erosion risks in Yen Chau district in the
context of climate change? The results of this
study will contribute to policy making process
and help mitigate the negative impacts of soil
erosion on the local environment and
communities.
2. RESEARCH METHODOLOGY
2.1. Study area

Yen Chau is a mountainous district in Son
La province. It is located in the Northwest
region of Vietnam and borders on Laos to the
South. Yen Chau is characterized by the
tropical climate with high rainfall and many
types of feralite soil developed on rocky
mountains.
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Figure 1. Location Yen Chau district in Son La province, Vietnam

2.2. Study methods (DEM) for generating maps of erosion in Yen

The study group utilized satellite images  Chau district.
Sentinel-2B and a Digital Elevation Model
|Rainfa|| datal I Soil Map | | DEM | | Sentinel-2 | I DEM |
Slope Fill Land Use
Map Map Slope Map
| | | Flow
R factor K factor i i
Direction C fa‘E

Soil Erosion

A = R*K*LS*C*P
Map

-cg}“*‘*‘ Bincy @
= ArcGIS

Figure 2. Flow chart methods of soil erosion mapping in Yen Chau district, Son La province

2.2.1. Satellite data collection in study area
Table 1. Data collection

No. Images Data Resolution Resources
1 S2B MSIL1C 20221219T033139 Sentinel-2B 10 m EESA
2 AP 04618 FBS F0400 RTI1 DEM 12.5m ASF
3 AP 04618 FBS F0410 RTI1 DEM 12.5m ASF
4 AP 25667 FBD F0400 RT1 DEM 12.5m ASF
5 AP 25667 FBD F0410 RTI1 DEM 12.5m ASF

Source: https://scihub.copernicus.eu ; https://search.asf.alaska.edu/
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2.2.2. Data analysis and image processing

Preprocessed data: In this study, a
Sentinel-2B 1mage was utilized which was
freely accessible from the EESA, as detailed in
Table 1. The semi-automatic -classification
plugin in QGIS 3.16, which provides a
complete set of processing tools, was used to
facilitate the pre-processing stages for image
classification [21]. The obtained Level-1C was
orthorectified,  top-of-atmosphere  optical
Sentinel-2 data was underwent atmospheric
correction, and additional processing was
applied for Level-2A product to yield a
bottom-of-atmosphere corrected reflectance
image [22].

Soil Erosion formula

In this study, ArcGIS 10.4.1 software and
RUSLE equation were applied [12] to estimate
the average annual soil loss by formula (1).

A=RxKxLSxCxP (1)

where,

A is the average annual soil loss per unit
area (tons.ha™!.year!);

R is the rainfall erosivity factor (mj.mm.ha
Uhour!.year!);

K is the soil erodibility factor (tons.ha.hour.
hal.mj!. mm™);

LS is the topography factor;

C is the vegetation cover factor;

P is the farming practices factor.

The thematic maps for the previously
mentioned  factors were generated in
accordance  with the following steps:
ArcToolbox — Spatial Analyst Tools — Map
Algebra — Raster calculator.

After constructing five (5) types of thematic
maps for R, K, LS, C, P, the results were then
used to construct different map layers in the
geographic information system. Based on
TCVN 5299-2009 [23], the authors multiplied
the coefficients together according to the
formula (1), to get the result of constructing
the soil erosion map for Yen Chau district.

Rainfall erosivity factor (R): R was
estimated by the IDW interpolation method in
ArcGIS 10.4.1 application. The estimation was

based on the collection of meteorological data
from the Yen Chau hydro-meteorological
station and five (05) neighboring districts. The
average monthly and annual rainfall were
synthesized based on the data recorded for
many years. Based on the meteorological data,
the average annual rainfall distribution in the
study area was calculated using the IDW
interpolation algorithm. In the next step, the
study applied the rainfall formula (R) [24] to
calculate the rainfall occurring within Yen
Chau district.

R =0.548257*P — 59.5 (2)

where,

R: Rainfall erosivity (MJ. mm.ha-!.h-!);

P: Precipitations (mm.year-").

Erodibility factor (K): To construct the K
factor, the study combined the soil map
inherited from the study results of [25] and
then assigned the K factor to each group, type,
and object. Finally, the study achieved the K-
Factor soil erosion resistance factor map.

Terrain erosivity factor (LS): The Slope-
length coefficient (L) and steepness (S) are
critical topographic parameters used in the
USLE and RUSLE for estimating soil erosion.
In this study, these parameters were derived
from the DEM of the Yen Chau district. The
slope map, which is crucial for calculating the
LS terrain erosion factor, was created using the
Spatial Analyst tool in ArcGIS 10.4.1. The
degree of slope, which directly influences the
degree of erosion, was classified and used in
the calculation of the LS factor.

The LS factor was calculated using the
Raster Calculator in ArcGIS 10.4.1, with slopes
derived from the DEM data used to calculate
Flow direction and Flow accumulation. The
specific value of m = 0.4 was chosen based on
previous research [27] and understanding of the
study area’s topography and soil characteristics,
which suggested that this value would provide a
reliable estimate of soil erosion. The formula of
Moore and Burch [28]; Panagos et al. [29] is
used based on the impact on neighboring areas.
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Figure 3. The mapping process for LS Factor

Cropping management factor (C): The C-
factor, or vegetation cover factor, was derived
from Sentinel-2 satellite images. These images
were used to create a map of the Normalized
Difference Vegetation Index (NDVI), which is
a widely used index for measuring the health
and density of vegetation. According to Ha et
al. [30], NDVI is an effective index for
evaluating the status of forests. The C-factor
can be difficult to measure accurately because
it depends on factors such as the type of crop
and the duration of growth, which can vary
locally and are subject to unpredictable
changes [31]. To determine the C-factor, it can
be helpful to consult studies that have reported
values for similar land cover types [33].
Remote sensing data can also provide useful
information for predicting the C-factor, and
NDVI values derived from satellite imagery
are commonly used as an indicator for
calculating this factor [34], [36]. In this study,
the C-factor is calculated using a method
developed by Durigon et al. [37] that takes into
account changes in NDVI values under tropical
climate conditions with high rainfall.

Bandyir— Bandgrgp

NDVI = @)
Bandyir+ Bandgrgp
—NDVI+1
¢ = (e, )

Practice Support Factor (P): In Yen Chau,
where farming is mainly done along contour
lines, the P value was constructed based on the
DEM model. The soil protection factor

depends on the length and slope of the hillside
and indicates soil loss rates for different types
of cultivated land [38]. To achieve favorable
results, the P factor depends on contour lines,
and agricultural (fields, grasslands, etc.) to
control soil erosion [27]. Depending on
farming methods and slope conditions,
reference values for the P factor are based on
the method of assigning P factors by
Wischmeier and Smith [12]. In this method, if
there are no erosion mitigation measures, the
maximum P value is 1, and P < 1 if there are
erosion mitigation measures.

Soil Erosion under Climate change
scenarios RCP4.5 and RCP8.5 in Yen Chau
district

Climate change can affect soil erosion rates
through  changes in temperature and
precipitation regimes, which can alter the
erosivity of rainfall. To assess the potential
impacts of climate change on soil erosion
under scenarios RCP4.5 and RCP8.5 in the
period 2046-2065.

3. RESULTS AND DISCUSSION
3.1 Soil erosion

The rainfall and runoff factor (R): Yen
Chau district has a monsoon climate, with an
average rainfall of 1568.3 mm. The rainfall
distribution is quite even in space-time. With
the average annual rainfall calculated for each
region in Son La province in the table 2, and the
rainfall and the R factor are shown in Figure 4.
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Table 2. The value of average of rainfall (mm) in Son La province, Vietnam

No. District Coordinator Average of
Longitude Latitude rainfall (mm)
1 Son La 103.9058 21.3323 1382.7
2 Co Noi 104.1557 21.1332 1321.3
3 Moc Chau 104.6848 20.8339 1507.9
4 Yen Chau 104.2985 21.0470 1568.3
5 Phu Yen 104.6772 21.2031 1495.5
6 Bac Yen 104.4413 21.2450 1420.5

Rainfall

Rl

Lo ¢ 134932

[

(a)

(Source: Son La province statistical yearbook, 2022)

N

A

R-Factor

Figure 4. Rainfall (a) and R-Factor (b) in Yen Chau disstrict, Son La province

The soil erodibility factor (K): In Yen
Chau district, most of the area has a high slope,
and there are two main groups of soil: Ferralit

soil and alluvial soil and steep valley [39]. The
results were presented in the Figure 5.

K-Factor

K Factor
0.] =028
0.2 =0o3)

0.22m0.31-0.5
—

[]
Km

Figure 5. K Factor mapping

The Terrain erosivity factor (L.S): The LS
factor in the RUSLE equation plays an
important role in accounting for the effects of
slope length and steepness on soil erosion. By
including this factor in the equation, RUSLE is
able to provide more accurate estimates of soil
loss for different slopes and landscapes [40].

The Flow accumulation map and Slope were
created in ArcToolbox (Figure 6a, 6b, 6c).
Finally, the LS Factor was estimated using the
equation using the ‘“Raster Calculator” and
applying formula (3) of the spatial analyst.
Accordingly, the topographic factor values in
the study area vary from 0 to 53.5 (Figure 6d).
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The cover and management factor (C):
Vegetation cover can reduce soil erosion by
protecting the soil surface from raindrop

impact, reducing runoff wvelocity, and

NDVI

L]
Iu.¢ 0420117

Lo ,15097

1] As [} i
— —

(a)

increasing infiltration. As a result, areas with
higher NDVI values (i.e., more green and
healthy vegetation) are expected to have lower
C-factor values (i.e., less soil erosion)

C Factor

© Factor
-9 - 0,29
=-03-033
=034 - 037
038 - 041
o i
042 - 058 -

[ 1]
—

(b)

Figure 7. (a) NDVI and (b) C-Factor
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The Practice Support Factor (P): The P-
the effect of
conservation practices that reduce the amount

factor, represents soil
and rate of water runoff and thus reduce soil
erosion. These practices can include contour
farming, strip cropping, terracing, and other
measures that help to slow down water flow

and increase infiltration. With the Figure 8, the

P Factor

P Factor
=0.5
05 -0
06-07
=07-0%

P i a5
0.2-1 —

value of the P Factor ranges from 0.5 to 1, with
lower values indicating more effective soil
conservation practices. In which, a minimum
value of 0.5 would indicate that the soil
conservation practices in place are reducing
soil erosion by 50% compared to a similar area
with no conservation practices.

a i
— T

SI11000

Figure 8. P- factor

(Building mapping based on RUSLE equation for soil erosion in Yen Chau district)

The result of constructing the soil erosion
map of Yen Chau district is summarized in

Table 3 and is indicated according to Figure 9.

Table 3. Spatial Distribution of Soil Erosion Classes

. Rate of erosion Percentage
No. Severity index (ton ha™!) Area (ha) of area ( "i )
1 Slight 0-1 21.010,88 24.76
2 Moderate 1-5 29.724,28 35.03
3 High 5-10 20.108,17 23.70
4 Very high 10-50 13.431.67 15 .83
5 Severe >50 582.14 0.69
Total 84,857.14 100

According to the table 3, the majority of the
area (59.79%) falls into the Slight or Moderate
severity categories, with erosion rates ranging
from 0 to 5 (ton.ha'). This suggests that soil
erosion is not a major concern in these areas.
However, a significant portion of the area
(39.53%) falls into the High and Very high
severity categories, with erosion rates ranging

154

from 5 to 50 (ton.ha™). This indicates that soil
erosion is a more serious issue in these areas
and may require intervention to prevent further
degradation. A small percentage of the area
(0.69%) falls
Comparison with research by Tran et al. [26]
in Hoa Binh shows that: in Yen Chau district,
Son La, the proportion of level 1 (Slight) area

into the Severe -category.
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is much less than the proportion of level 1 area
in Luong Son district, Hoa Binh province
(65.09%). In addition, in Luong Son district
does not have a level 5 (Servere) land area.
Because the area of sloping land in Yen Chau
district is larger than that in Luong Son district.

This suggests that soil erosion is a critical
issue in these areas and immediate action may
be necessary to prevent further damage.
Overall, the table provides a useful overview
of the distribution of soil erosion rates in the
area and can help to identify areas where soil
needed.

conservation measures may be

Soil Erosion

Soil Erosion
Slight
Moderate

=High
Very high

=Severe

1:50.000

Figure 9. Soil Erosion

3.2. Soil Erosion under Climate change
scenarios RCP4.5 and RCP8.5 in Yen Chau
district

Soil N

Erosion A

RCT4.S Scenaria
Slight
Muoderate

-igh
Very high " 5 n n

-covere —

Soil erosion in 2022 and soil erosion according
to two climate change scenarios RCP4.5 and
RCP8.5 are

shown in Figures 10, 11.

Soil N

Erosion Py, A

ROCPH.S Seenirin
Shight
Moderae

(a)

(b)

Figure 10. (a) Soil erosion under RCP4.5, (b) Soil erosion under RCP 8.5
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Climate change can have both direct and
indirect impacts on soil erosion rates. One
direct impact is that changes in temperature
and precipitation regimes can alter the
erosivity of rainfall [41]. This could increase
the amount of soil erosion caused by water
runoff. In addition to the direct impact of
changes in rainfall patterns, climate change can
also have indirect impacts on soil erosion by

35,000.00
30,000.00
25,000.00
20,000.00
15,000.00
10,000.00

5,000.00

affecting the stability of soil aggregates and
thus the susceptibility of soil to erosion [42].
Climate change can affect soil erosion rates
through  changes in temperature and
precipitation regimes, which can alter the
erosivity of rainfall. To assess the potential
impacts of climate change on soil erosion
under scenarios RCP4.5 and RCP8.5 in the
period 2046-2065.

Soil Erosion

—
Slight Moderate High Very high  Severe
m Soil Erosion in 2022 21,010.88 29,724.28 20,108.17 13,431.67 582.14
mRCP4.5 16,773.3 16,952.3 17,378.7 31,843.8 2,026.3
RCP8.5 16,777.2 16,9659 17,386.2 31,822.3 2,022.8
m Soil Erosion in 2022 mRCP4.5 RCP8.5

Figure 11. Soil Erosion Projections for RCP4.5 and RCP8.5 Climate Scenarios

According to Figure 11, the data shows that
the levels of Slight, Moderate, and High soil
erosion all decrease in both scenarios
compared to 2022.

In addition, the levels of Very high and
Severe erosion increase, possibly due to an
increase in human activities such as
deforestation, agricultural cultivation without
soil protection measures, increased rainfall...
will increase soil erosion in these areas.
Especially, the communes with the largest
areas such as Tu Nang, Long Phieng, Phieng
Khoai, and Chieng Hac should be prioritized in
planning and implementing soil management
and protection measures. These measures
could include the application of appropriate
farming methods to minimize erosion. This
suggests that soil erosion may become more
severe in the future under both RCP4.5 and
RCPS8.5 climate scenarios.

Research  results help the People's
Committee of Yen Chau district, the People's
Committees of communes and people living in
areas with serve and very high soil erosion

levels have effective plans to protect soil and
prevent erosion.
4. CONCLUSION

Research results of the project applying
geospatial technology to assess soil erosion in
Yen Chau district have built maps of soil
erosion coefficients R, K, LS, C, P. From the
results of multiplying the erosion coefficient
map, we have identified the soil erosion
potential map and statistically calculated the
level of erosion for the entire area of Yen Chau
district, Son La province as follows: with the
Slight level accounting for 24.76% of the area,
equivalent to about 21,010.88 hectares; with
Moderate level erosion accounts for 35.03% of
the natural land area, an area corresponding to
29,724.28 hectares; with High level erosion
covers an area of 20,107.17 hectares,
accounting for 23.70%; with Very high level
erosion covers an area of 13,431.67 hectares,
accounting for 15.83%; with Servere level
erosion covers an area of 582.14 hectares,
accounting for 0.69%. Especially, under the
two climate change scenarios RCP4.5 and
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RCP8.5, it shows that soil erosion may become
more serious in the future.

Research shows the quantification of soil
erosion according to the RUSLE incorporates
geospatial technology an effective solution.
The results of the study are scientific basis to
develop reduction measures to minimize and
prevent erosion, protect and use appropriately
land resources, responding to climate changes
(especially rainfall) in the future.
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