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ABSTRACT

Accurate information on soil erosion is crucial for sustaining agricultural productivity and managing natural re-
sources. This study aimed to apply empirical models and geo-informatics technology to calculating, classifying
and spatial processing erosion severity within the river basin of Chanthaburi province, Thailand. The methodology
is examined soil loss factors and sediment yield using the universal soil loss equation (USLE) with the sediment
delivery ratio (SDR). Rainfall variability and changes in land use and land cover (LULC) were found as the pri-
mary factors influencing the terrestrial model. The layer of erodibility (K-factor) was reclassified from soil series
data. Additional USLE factors derived from the digital elevation model (DEM) provided by Thailand’s Land De-
velopment Department (LDD), were integrated. There is a need for more innovative techniques for spatial evalua-
tion to protect the surface runoff. Remote sensing (RS) and geographic information system (GIS) were applied to
collect rainfall data and assess the degree of erosion. Statistical analysis revealed a significant difference in annual
rainfall between the rain gauge observation and the dataset (p < 0.05). Annual soil erosion in most parts of the
study area ranged from very low to moderate severity levels, whereas predictive rainfall data did not indicate any
risk intensity. The potential of sediment accumulation increased over the decades, with rates of 128.28, 149.20,
162.58, and 190.92 tons/year for the years 1992, 2002, 2012, and 2022, respectively. Our results compared various
rainfall measurements using linear regression and approached some research gaps that provide the development
of precipitation data collection for hydrological study. The outcome of these results can serve as scientific data for
lithologists to support disaster prevention and guiding decision-making in the anti-erosion planning.
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INTRODUCTION

Soil is considered to be a major natural re-
source that functions as an ecosystem’s founda-
tion. According to Eekhout and de Venta (2022),
the functioning of ecosystems and their ability in-
volving the provision of productivity are currently
being negatively impacted by global catastrophes.
One phenomenon is soil erosion affecting the en-
vironment, economic and social disturbances, pub-
lic utility service, and regional pollution (Pradhan
et al., 2012). Soil erosion is a geomorphological

process of detaching and transporting soil compo-
nents from their origin by the agents of erosion,
such as storm and precipitation (Achu and Thom-
as, 2023). Due to the current rainfall and extreme
weather conditions, land degradation and defores-
tation have contributed to landslides and soil ero-
sion, which are among the most pressing environ-
mental concerns, particularly in river basin areas
(Mairaing et al., 2024). Although soil erosion is a
natural process, its severity is exacerbated by vari-
ous anthropogenic activities. The erosion of soil
acts as the primary element in the initial process of

255


https://orcid.org/0009-0002-5569-6909
https://orcid.org/0009-0006-7910-3302
https://orcid.org/0000-0002-9290-3359

Ecological Engineering & Environmental Technology 2025, 26(7), 255-268

the delivery of sediment to waterways, in which the
effects of erosive forces transform the soil particles
into sediments during transportation (Chuenchum
et al., 2020). Approximately 80% of agricultural
areas worldwide experience significant to severe
erosion, which contributes to higher sediment lev-
els, leading to increased river turbidity and elevat-
ed pesticide concentrations (Li et al., 2013; Tang et
al., 2014). The impacts of soil loss erosion are ex-
tensive and include a decline in conservative areas,
ecological damage, and an increase in sedimenta-
tion in downstream bodies (Pakoksung, 2024).
The categorization of approaches for the as-
sessment of soil erosion include three major pro-
cesses: (i) the method involving field plot experi-
ments or fallout radionuclides that employ mea-
surements of average soil loss, (ii) the method
using field surveys of the visible indicators of soil
erosion and identification of the factors that influ-
ence soil erosion, and (iii) the modeling of soil
erosion (Senanayake et al., 2020). Soil erosion
has been assessed through field experiments in
worldwide over several decades, estimating both
filed plot-scale and watershed-based approaches.
Many field studies of soil erosion are constrained
by the size of the study area and the observation
period, most conventional methods for assessing
soil erosion are both costly and time-consuming
(Poesen, 2015; Ganasri and Ramesh, 2016). How-
ever, the approach of soil erosion modeling pro-
vides an estimation for investigation of erosion
and sediment yield that is both quantitative and
reliable across a diverse range of environments.
The common approaches to soil erosion mod-
eling often involve the use of empirical models for
estimating soil loss, such as the universal soil loss
equation (USLE) (Wischmeier and Smith, 1978),
revised universal soil loss equation (RUSLE)
(Renard et al., 1997), modified universal soil loss
equation (MUSLE) (Williams, 1975), water ero-
sion prediction project (WEPP) (Nearing et al.,
1989) and European soil erosion model (EURO-
SEM) (Morgan et al., 1998). Among them, the
USLE remains a widely used empirical models
for watershed scale applications worldwide, due
to its efficiency in managing limited input data
and compatibility with GIS software (Parveen
and Kumar, 2012). However, there is no differ-
ence between USLE and other models in estimat-
ing soil erosion and the ease of accessing input
data, the USLE model has been widely modified
to assess soil erosion at various spatial scales
(Pham et al., 2018). Moreover, the gross erosion

256

in the study area is used in conjunction with the
concept of SDR to calculate the sediment yield.
The sediment delivery ratio (SDR), originally
proposed by Brown in 1950, is a technique for
estimating sediment yield by quantifying the pro-
portion of sediment delivered from the upstream
area relative to the total gross erosion within the
study area (Sirikaew et al., 2020). Geomorpho-
logical, hydrological, and ecological diversity has
impacts on the transport of generated sediments
from land surface to sink, in terms of the over-
all facilitation of the delivery of the sediments
(Dawoud et al., 2023). Sediment in a creek led
to flooding due to reduced depth, can also induce
chemical reactions that accumulate to the biologi-
cal species. Evaluating sediment yield by SDR is
essential for effective watershed management and
ecosystem protection.

As an aspect of digital transformation, geo-
information technology has increasingly played a
crucial role in environmental monitoring, resource
mapping, urban planning, risk assessment, and the
promotion of sustainable spatial development.
In recent decades, GIS and RS have been recog-
nized as essential technologies for the manage-
ment of natural resources, disaster analysis, and
epidemiological studies (Mara and Jat, 2019; Wei
et al., 2024). The USLE model was included in
a GIS framework, incorporating a wide range of
environmental variable, including hydrological,
geological, ecological and LULC factor. More-
over, the parallel integration of GIS and RS has
significantly provided the effectiveness and accu-
racy of the USLE and RUSLE models in assessing
soil erosion across large spatial scales (Efthimiou
et al., 2020; Maliqi et al., 2023). The RS technol-
ogy is increasingly used to gather data on envi-
ronmental conditions, Earth’s surface features,
natural disaster, and regional characteristics over
extensive areas. As stated by Wang et al. (2025),
due to its global coverage, extensive time-series
availability, and relatively simple data process-
ing, the most commonly used data in the monitor-
ing of soil erosion is currently obtained through
satellite remote sensing. This is because remote
sensing data provides multi-spatial and temporal
resolution and is effective in extracting the impor-
tant factors that are related to erosion, for example
land cover, intensity of rainfall, and topography,
and thus, it has become an vital element in the in-
vestigation of soil erosion. Furthermore, GIS tech-
nology facilitates cost-effective and accurate pre-
diction of soil loss and its spatial distribution over
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large geographic areas. This is achieved through
various techniques, including the derivation of
the topographic factor (LS) from DEM data, in-
terpolation of risk area data, the computation of
quantifying soil loss and mapping of soil erosion
(Ostovari et al., 2017). GIS offers advanced capa-
bilities for analyzing soil loss by generating geo-
statistical data to support erosion assessment and
prediction, incorporating both spatial and tempo-
ral dependencies derived from observational mon-
itoring (Arumugam et al., 2022).

Thailand has been propelled by flagship policies
aimed at enhancing its economic structure, com-
prising the Eastern Economic Corridor (EEC) ini-
tiative and the Eastern Special Development Zone
Act B.E. 2561 (2018), located in the eastern part of
Thailand, with the goal of transforming Thailand
into a modernized nation in the next decade (Ni-
yomsilp and Bunchapattanasakda, 2020). Previous
studies on developmental and infrastructural vio-
lence have demonstrated that such projects result
in environmental impacts (Rodgers and O’neill,
2012). Additionally, Chanthaburi coastal area has
already been affected by development planning
and climate change-related phenomena, including
heavy rainfall, soil erosion, rising sea-level and
tidal flooding as well as gusty winds (Panpeng and
Ahmad, 2018). The central government of Thailand
has invested in many irrigation projects in Chantha-
buri Province, claiming to solve drought problems

and eliminate poverty, but excessive irrigation
can lead to topsoil erosion (Benjanavee, 2024).
As mentioned in Homyamyen et al. (2007), the
land development department (LDD) is the pri-
mary department of the Thai government that is
responsible for the conservation and improvement
of soil resources that are necessary for sustainable
land use, agricultural productivity, and conserving
soil and water. The LDD also conducts soil clas-
sification and analysis, planning of land use, and
carrying out experiments and various aspects of
changes in land use.

The severity of soil erosion constitutes an
environmental impact with limited controllabil-
ity related to inaccurate rainfall forecasting, ac-
celerates to the degradation of soil texture and
increases land sensitivity to landslide, flood and
desertification. Given the need for comprehensive
soil erosion information at the river basin scale,
the main approach of this study was to assess and
map the risk of soil erosion through the integra-
tion of RS and GIS techniques.

MATERIALS AND METHODS

Study area

The coastal region of Chanthaburi province
receives substantial runoff, erosion and sewage
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Figure 1. Topographical map of the river basin of Chanthaburi province
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from six river basins namely: Chanthaburi river,
Muang Trat river, Wang-Ta-Nord, Phra Sathung,
Lower Tonle Sap and the Eastern Coast which
have a catchment area of 6.346 km? (Figure 1).
The Chanthaburi river, as an important domes-
tic river in the eastern coastal area, is the major
river responsible for flood protection of Chan-
thaburi province since 1948. Agricultural inves-
ment, driven by rising local income, contributes
to Chanthaburi’s GDP, with Chanthaburi durian
emerging as a globally traded commodity follow-
ing the 2003 China-Thailand FTA (Datepumee
at al., 2019). Most of areas in the upstream river
basin has been deforested to cultivate orchard and
adventure tourism. After the area has been uti-
lized, the soil is reconstructed and becomes sensi-
tive to surface erosion. Agricultural land use, par-
ticularly orchards, is a dominant type, covering
more than 30% of the watershed areas. Besides,
the forest land nearby the upstream area has been
transformed by agricultural succession and struc-
tural irrigation (Chatewutthiprapa, 2017).

Chanthaburi province is located within a
tropical monsoon climate zone, characterized by
two distinct rainfall periods: the wet season in-
fluenced by the southwest monsoon (May to Oc-
tober), and the dry season linked to the northeast
monsoon (December to February), which togeth-
er contribute for approximately 85% of the an-
nual rainfall. The Chanthaburi region receives an
average annual rainfall of 455.2 mm, as recorded
by two meteorological stations in the area, with a
mean annual temperature of approximately 29 °C
(Source: Thai Meteorological Department). Most
of the population engages in agricultural activi-
ties such as orchard cultivation, aquaculture and
agritourism, with their livelihoods being largely
dependent on natural resources.

Rainfall data collection

10 rain gauge stations, recorded from 1992
to 2022 by the Thai Meteorological Department
(TMD), were input into the USLE model to ana-
lyze soil loss pattern (Table 1).

USLE analysis

One of the most commonly used empirical
soil erosion models employed to predict average
annual loss of soil in a range of environmental
settings that includes both forested and agricul-
tural landscapes is the USLE model (Alewell et
al., 2019). In this present study, only the overland
areas were analyzed, whereas the stream chan-
nels and waterbodies were not considered, and
the USLE, developed by Wischmeier and Smith
(1978), was used for conducting the soil erosion
assessment in the study area. In the processing of
the USLE, the annual loss of soil resulting from
water erosion per unit area is calculated using the
formula as seen in Equation 1:

A=RxKxLSxCxP (1)
where: A represents soil erosion (Tons per square
kilometre per year); R is the index of rain
erosion (rainfall factor) in normal year’s
rain; K is the soil erodibility factor; L is
slope length of the slope; S is slope-gradi-
ent factor; C is crop management factor;
P is conservation practice factor.

The variability of these factors depends on
location and the specific values of the factor or
variable. Each data characterising is counted as a
thematic layer within the GIS database for use in
the modeling process including:

a) R-factor layer — for each location as defined

Table 1. Rain gauge stations of Chanthaburi study peroids during 1992-2022

Rain gauge stations Cover areas (km?) Latitude; Longitude
Muang Chathaburi 253.093 12.6105 102.1041
Khlung 756.038 12.4457 102.2132
Thamai 612.800 12.6220 101.9713
Pong Nam Ron 926.970 12.9059 102.2630
Makham 480.123 12.6856 102.1970
Laem Sing 198.751 12.4816 102.0737
Soi Dao 733.821 13.1372 102.2192
Kaeng Hang Maeo 1,254.125 13.0085 101.9057
Na Yai Am 300.017 12.7705 101.8550
Khao Khitchakut 830.220 12.8043 102.1149
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by LDD was used for this study, as shown in
equation

R =0.4669X — 12.1415 )

where: R is represents soil erosion; X is the aver-
age annual rainfall (mm).

In this study, the equation was applied to cal-
culate the soil erosion index for assessing soil
erosion in the river basins of Chanthaburi.
Hence, the annual rainfall from the studied pe-
riods was used to determine the rainfall factor.

b) K-factor layer — depends on the available soil
texture, with values assigned according to the
identification by LDD. For Thailand, soil erod-
ibility factors were divided in to 2 categories:
highland (slope > 35%) and flat area (slope <
35%).

c¢) LS-factor layer — influence soil erosion as-
sessment, with slope being a critical deter-
mination of runoff damage. LS-factor layer
was defined geographically by integrating 2
aspects: the slope length and slope gradient.
Therefore, LS factors in this study were ap-
plied based on the LDD definitions for ero-
sion analysis.

d) C-factor layer — the crop management con-
cerns various land cover classes, involving
dry evergreen forest, dry deciduous forest,
mixed deciduous forest, orchard, grass land,
paddy field, field crop, urban area, aquacul-
ture, wet land, and water body. To establish
the C-factor layer, values for each land cover
class were assigned based on the classifica-
tions provided by Committee on Soil Erosion
Maps (2020).

e) P-factor layer — the soil conservative practice,
it is more complexity, as it involves not only
land use but also the specific soil conservation
practices applied within each land use type. In
this study, the P factor is defined to 1 when no
soil conservative implementation. Conversely,
the P factor is less than 1, resulting to reduced
soil erosion in areas where soil conservative
guidelines are activated.

Sediment delivery ratio (SDR)

The definition of SDR is the sediment yield
derived from an area divided by the gross erosion
of that same area, which is used to describe the
degree to which the eroded sediment or soil has
been stored in the reservoir or watershed. The
sediment yield, which is defined as the sediment

that is transported to the estuary within the bound-
ary of the study area, is calculated as follows:
Sediment yield = SDR - Am 3)
where: Am is derived from USLE equation. The
topography of Chanthaburi province
comprises eastern coastal plains along
the Gulf of Thailand, with alluvial plains
and bordered by mountainous terrain: the
Renfro equation (Renfro, 1975) is used to
calculate SDR:

log (SDR) = 1.7935 — 0.14191 log (4)  (4)

where: A represents the river basin area (km?).

The SDR is impacted by the drainage area and
other characteristics of the river basin, which are
determined by the length of the stream, the sedi-
ment source’s proximity to the stream, and the
eroded contact surface. Due to the estimated sedi-
ment delivery most closely matching that of the
field survey for the watershed of Thailand, Ren-
fro’s method was applied (Sirikaew et al., 2020).

Statistical analysis

A statistical analysis was calculated to assess
various aspects of model performance. The root
mean square error (RMSE) is a key metric used
to evaluate the overall magnitude of model error.
RMSE is commonly applied to quantify the dif-
ference between values predicted by the model
and the actual observed values from the located
area. The RMSE ranges from 0 to infinity, with a
value of 0 indicating perfect agreement as follow:

RMSE = | Z (y_x)Z (5)

In this equation, x, and y, represent to the ob-
served and predicted values, respectively, and
n signifies the sample number.

GIS analysis

Analysis of five factors was performed in
accordance with the spatial resolution and coor-
dinate system of the original data. The data, in-
cluding rainfall, soil erodibility, slope, land use
types, and land cover, that were input into the
USLE model were imported and calculated by
employing the functions found in quantum GIS
(QGIS) (http://www.qgis.org/), which provides a
variety of tools for the visualization, processing
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and analysis of data, thereby making it a spatial
software that can be used for the investigation of
environmental dynamics across multiple disci-
plines (Scala et al, 2024).

RESULTS AND DISCUSSION

Rainfall study

Rainfall data were systematically collected
and recorded using rain gauge stations located in
Chanthaburi Province. Additionally, the CHIRPS
(Climate Hazards Center InfraRed Precipitation
with Station Data) dataset website provides more
accurate spatiotemporal mapping and rainfall es-
timation in Chanthaburi Province, with the output
generated using JavaScript code. The reliabil-
ity of the CHIRPS dataset has been comprehen-
sively validated and demonstrated by Sa’adi et al.
(2023). Figure 2 present violin plots for observa-
tion and prediction of annual rainfall in Chan-
thaburi Province across different gauge stations.
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Violin plots llustrate the probability variation of
rainfall data across a range of values, with the
shape generated by symmetrically reflecting a
kernel density estimate along a central axis. The
potential of JAMOVI is demonstrated through
practical applications in proposing descriptive
statistics and parametric hypothesis tests (de
Souza Junior et al., 2024).

The rainfall series was segmented into four
distinct periods: 1992, 2002, 2012, and 2022. The
results of the #-test indicated that the temporal
changes in rainfall amounts differed significantly
(p < 0.05) between observations (R,) and predic-
tions (R,) across the ten gauge stations. While
weather satellites can provide global rainfall es-
timates, dataset rainfall retrievals remain highly
inaccurate due to their uncertainty compared to
rain gauges confirmed by Maggioni et al. (2016).
In general, precipitation datasets can be obtained
from three main platforms: terrestrial gauge mea-
surements, satellite-originated observations, and
reclassify datasets. Among these, rain gauge
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Figure 2. The violin plot of averaged month rainfall of study area for 1992, 2002, 2012 and 2022 between
observation (a) and prediction (b). For each violin plot, the bold square within the violin shape denotes the mean
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records, collected from local weather stations na-
tionwide, are the most fundamental data sources
for the creation of global precipitation datasets
(Yin et al., 2025).

The rainfall data of Chanthaburi province on
each year showed a higher level compared to the
cumulative annual rainfall of Thailand. As shown
in Figure 3, a correlation analysis of observa-
tions and predictions was performed, indicating
the linear regression with a slope of 0.155 and the
general equation R, = 1.839 + 0.155 R, (n=480).
The comparative results are consistent with the
characteristics of the rainfall in the study area.

USLE factor

Land use land cover analysis

Four LULC categories were identified and
classified, encompassing construction, plant, wa-
ter bodies and miscellaneous. The analysis results
revealed distinct LULC pattern in Chanthaburi
province, encompassing categories such as paddy
fields, field crops, perennial plant, orchard, forest
land, aquaculture, water bodies, urban and built-
up areas and miscellaneous land types.

1507 Rp=0.159R,, - 0.494, R? = 0.966, p < 0.05
— r=0941,p<0.05
E (n=120) o
& 100 °%
%) o 9
2 o)
2 ®
k3] -Ggp ©
g 50 o, ®
E "'f 19
,,,,, 'Y Y
o plle————————
0 200 400 600
Observations (mm)
(a)
150 -
Rp=0.508 + 0.167R, R = 0.901, p < 0.05
E‘ r=0.949, p < 0.05
E100{ @10 ’0 o o
2 .0
2 5 _‘.n 3 °
:'g 50 1 % ..... ’.
< * ®
- u-A’.‘
0 @ - ——
0 200 400 600
Observations (mm)
(c)

Soil erodibility factor

The resistance to soil erosion, represented by
the soil erodibility factor (K factor), depends on the
structural/textural of soil aggregates. The K factor
for the study areas was derived using soil series
values from the provincial soil series map of Thai-
land, at a scale of 1:25,000, as shown in Figure 4.

Slope

Establishing the LS-factor layer for a large
area is particularly complex and time-consuming.
The slope of the study area, estimated using the
DEM technique, was classified into two distinct
categories: slope less than 35% and slopes great-
er than 35% (Committee on Soil Erosion Maps,
2020). The 30x30 m grid size from DEM revealed
that the terrain characteristics of the river basin of
Chanthaburi Province comprise both mountain-
ous and floodplain areas as show in Figure 5.

Factor of Cand P

The C-factor and P-factor were determined
based on land cover data, corresponding to con-
servative practices, respectively (Figure 5). The
soil loss estimates in this study may reasonably
either underestimate or overestimate the actual
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Figure 3. Relationship between rainfall data series of observations (R ) and predictions (R,) at Chanthaburi
province for 1992 (a), 2002 (b), 2012 (c), and 2022 (d)
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Figure 5. The factors of K, LS and C in river basin of Chanthaburi province

losses. However, this study incorporated estimat-
ed soil loss rates to illustrate the impact of land
cover change.

Soil erosion

Soil erosion in the river basin of Chanthaburi
province was analysed using data from two types
of rainfalls (i.e., actual rainfall and approximate
rainfall). The comparison of soil erosion rates
from rainfall data between observations and pre-
dictions for 2022 indicates an increasing rates
of anthropogenic-induced soil erosion, as illus-
trated in Figure 6. The results revealed that most
of the study area was classified as ranging from
very low to moderate severity based on actual
rainfall data. Conversely, the estimated rainfall
from the CHIRPS database indicated a very low
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risk intensity, accounting for 99.99% of the study
area, as show in Figure 7.

The quantitative soil erosion was estimated by
spatially overlaying factor layers within the USLE
model, applied to the river basin of Chanthaburi
province in 2022 as shown in Table 2. The levels
of soil erosion were categorized into five severity
classes, based on the classification system estab-
lished by LDD (Committee on Soil Erosion Maps,
2020). Figure 8 demonstrates the variation in soil
erosion severity correlated with the data for each
decade of rainy years. The results indicated that
most of the area was classified as very low sever-
ity throughout the study period. Notable, the area
classified as very low degree continuously de-
creased from 1992 to 2022, whereas other sever-
ity categories increased. The extent of soil erosion
increased as a results on varied factors, including
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Table 2. Soil erosion areas in the river basin of Chanthaburi province, eastern coastal region of Thailand, in 2022

Class Rate (t/km?/y) Area (km?) % Degrees of severity
1 0.0000-0.1250 4,347 68.93 Very low
2 0.1250-0.3125 1,431 22.68 Low
3 0.3125-0.9375 520 8.25 Moderate
4 0.9375-1.2500 8 0.12 Severe
5 >1.2500 2 0.02 Very severe

(b)

Figure 6. The comparison of erosion rates between observations (a) and predictions (b) in the river basin of
Chanthaburi province in 2022

- Very low

Low
Moderate

—
~ Severe

- Very severe
(@) ' (b)

Figure 7. The classification of soil erosion intensity between observations (a) and predictions (b) in the river
basin of Chanthaburi province in 2022
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Figure 8. Comparative estimation of soil erosion areas based on rainfall data from 10 rain gauge stations in
Chanthaburi province across the years 1992, 2002, 2012 and 2022

rainfall (R factor), changes in LULC, plant factor
and terrestrial conservation management.

Rainfall erosivity is defined as the inherent
potential of rainfall to accelerate and rotate soil
erosion processes. It has been reported that the
amount, intensity, and spatiotemporal distribu-
tion of rainfall is influenced by local climate
conditions (Senanayake et al., 2020). Addition-
ally, the percentage growth in agriculture ar-
eas corresponds to a significant increase in soil
erosion rates and alterations to local hydrologi-
cal cycles (Tunda et al, 2025), underscoring the
necessity for implementing sustainable land use
projects. The Chanthaburi river basin, initially
dominated by tropical rainforest, experienced a
decline following the 1999 and 2006 floods due
to its transportation to agricultural land, support
by Thai government policy for plantation and
export activities, which altered LULC and crop
types (Chatewutthiprapa, 2017). Notably, durian
(Durio zibethinus), a local fruit product of Chan-
thaburi, has become a prominent export to China,
a trend accelerated by the Thailand-China Early
Harvest Programme (EHP) agreement imple-
mented in October 2003 (Rattana-amornpirom,
2020). Moreover, traditional LULC patterns in
Chanthaburi province were disrupted by the ex-
pansion of urban and built-up areas, particularly
in Muang Chanthaburi district where urbaniza-
tion rates significantly increased.

The relationship between forest areas and
annual rainfall gained scientific attention dur-
ing the second half of the nineteenth centu-
ry and has resurged over the past three dec-
ades (Bennett and Barton, 2018). Abundant
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ecological areas function as “biotic pumps” or
“recyclers” maintaining hydrological balance
through the autonomous adaptation of the wa-
ter cycle. Ecological services are closely tied to
land use categories and practical managements,
with changes in land use and land cover poten-
tially altering service provision and affecting
both human well-being and the environmental
quality (Kamyo et al., 2025). The Millennium
Ecosystem Assessment (MEA) classified terres-
trial ecosystem services into four categories: (1)
regulating services, such as flood control, water
purification, and climate action through carbon
sequestration; (2) provisioning services, includ-
ing products like forest and food; (3) supporting
services, which enable the production of other
services, such as soil formation and nutrient cy-
cling; and (4) cultural services, which contribute
to intellectual development, spiritual enrichment,
aesthetic experiences, recreation, and reflection
(Ongsomwang et al., 2019).

However, the estimations have not been up-
dates, particularly regarding the current values of
each USLE factor. Some limitations of this analy-
sis include the model’s reliance on historically
validated LULC data from LDD, potentially lim-
iting its ability to reflect land use change patterns
in years 1992 and 2002, and its exclusion of so-
cio-economic drivers such as land ownership and
agricultural product prices. While calibration data
were historically obtained through field surveys
and photointerpretation of high-spatial-resolution
imagery, these techniques are not cost-effective
for meeting the extensive calibration data require-
ments at the national scale. Fieldwork studies and
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Figure 9. Sediment yield in the river basin of Chanthaburi province derived from observed rain fall (a)
and predicted rain fall (b)

expert-based LULC interpretations are both high
expenditures, intensive resource and long-term
operations (Hermosilla et al., 2022). Currently,
Thailand is experiencing rapid urbanization along
rural boundaries, with the most intense transfor-
mations occurring in areas where land use plans
are several years outdated. Furthermore, the prac-
tice of land use planning and updating reveals un-
derlying tensions between entrepreneurialism and
managerialism approaches within most areas of
Thai local government organizations (Thinphan-
ga and Friend, 2024).

Sediment accumulation

The sediment accumulation in the river basin
of Chanthaburi province was investigated using
the SDR model, estimated on soil erosion rates.
The results revealed that the slope sediment yield
increased proportionally with the concentration of
rainfall. As a result, sediment deposition increased
annually, with rates of 128.28, 149.20, 162.58, and
190.92 tons/year for the years 1992, 2002, 2012,
and 2022, respectively, based on observed rainfall
input. Conversely, the predicted rainfall data rev-
eled the low sediment yield rates as show in Fig-
ure 9. The total sediment load is not entirely de-
posited in the river basin, but it becomes trapped
within drainage channels and accumulates on the
surface soil (El Amarty et al., 2024). Agricultural
areas exhibited considerable susceptibility to ero-
sion, resulting in increased SDR levels. According
to Sthiannopkao et al. (2007), the transformation
of forestlands to agricultural areas in northeast re-
gion, Thailand has caused severe soil erosion, in-
creased riverine suspended solids and consequent
siltation at river mouths.

Model performance in estimating soil ero-
sion and sediment yield were evaluated by
comparing observed and predicted rainfall data.
The USLE efficiency demonstrated high predic-
tive performance (R’ = 0.95, RMSE = 8.54),
whereas SDR model revealed higher error (R? =
0.94, RMSE = 15.33). However, the statistical
analysis provided a strong correlation between
observed and predicted for soil erosion data and
sediment yield, with high R? values, indicating a
very good model fit for these processes, as pro-
posed by Me et al. (2015).

CONCLUSIONS

The application of the USLE and SDR mod-
els lead to a better understanding of the spatial
risk of soil erosion within river basin of the study
area. The results also enable for a definitive clas-
sification of the most severely eroding areas in
terms of soil erosion intensity and sediment yield.
Indeed, the finding reveal moderate risk areas
that should be designed as conservative zones for
priority management to mitigate impacts on land
use and land cover. In the absence of socioeco-
nomic data, these models assess soil transport and
estimate overabundance of marine sedimentation
based on historical and current rainfall data. Thus,
such studies appear to be inconsistent with the
framework of an integrated sustainability concept
due to limited data on population, economic val-
ues, and social susceptibility. But, these studies
constitute an initial step towards a more accurate
validation of various rainfall data collection pro-
cess. What is involved, is the operation of pilot
sites for the rainfall data collection both terrestrial
and satellite-based field measurements, practiced
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at comparing the output of soil erosion models.
The parallel analysis of the models clearly dem-
onstrates that the results on this topic differ sig-
nificantly. The findings will improve accepting of
soil erosion vulnerability in Thailand’s eastern re-
gion and reveal gaps in the integration of science-
based data into anti-erosion management plans.
With the same approach, it would also be possible
to apply soil loss scenarios based on dynamical
activity in land use (e.g., opening of new sites of
river basin or impacts of deforestation etc.).
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