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ABSTRACT

Inadequate urban planning has contributed to the sediment production in Urban Hydrographic Micro-basins (UHMs). The present 
study aims to develop and apply the Sediment Production Susceptibility Index (SPSI) in UHMs from Campo Grande – Mato Grosso 
do Sul (MS), Brazil, based on the Analysis Hierarchical Process (AHP) and Geographic Information System (GIS) aggregation. The 
indicators selected for the composition of  the SPSI are Soil Class (49%), Average Slope (22%), Vegetation Cover (13%), and Unpaved 
Streets (16%). It is essentially to jointly analyze indicators from both spheres (natural and anthropogenic) to obtain greater reliability 
in studies related to sedimentation in urban areas. UHMs undergoing urbanization are more susceptible to sediment production than 
UHMs that are already densely occupied. SPSI can assist public managers in the urban and environmental planning and in the adoption 
of  preventive measures against the silting of  water bodies and obstruction of  drainage systems.
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RESUMO

O planejamento urbano inadequado tem contribuído para a produção de sedimentos em Microbacias Hidrográficas Urbanas (MHUs). 
O presente estudo tem como objetivo desenvolver e aplicar o Índice de Susceptibilidade à Produção de Sedimentos (ISPS) nas MHUs 
de Campo Grande – Mato Grosso do Sul (MS), Brasil, a partir da agregação de Análise Hierárquica de Processos (AHP) ao Sistema 
de Informação Geográfica (SIG). Os indicadores selecionados para composição do ISPS são: Classe de Solo (49%), Declividade 
média (22%), Cobertura Vegetal (13%) e Ruas Sem Pavimentação (16%). É essencial analisar conjuntamente indicadores de ambas as 
esferas (natural e antrópica) para obter maior confiabilidade nos estudos relacionados à sedimentação em áreas urbanas. As UHMs 
em urbanização são mais suscetíveis à produção de sedimentos do que as UHMs já densamente ocupadas. O ISPS pode auxiliar os 
gestores públicos no planejamento urbano e ambiental e na adoção de medidas preventivas de assoreamento dos corpos hídricos e 
obstrução dos sistemas de drenagem.

Palavras-chave: Classe de solo; Declividade; Cobertura vegetal; Erosão; AHP.
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INTRODUCTION

Soil degradation and reservoir siltation are two of  the main 
environmental, scientific, and engineering challenges (Sotiri et al., 
2021). These problems are strongly interconnected with the erosion 
processes that occur in watersheds (Sotiri et al., 2021). In this 
context, climate change (increase in extreme precipitation events) 
combined with disorderly population growth in cities are putting 
pressure on water and soil systems around the world, especially in 
developing countries. These changes are favoring the intensification 
of  erosion processes in urban areas and, consequently, the sediment 
production, transport, and deposition in urban water bodies and 
overloading drainage systems.

Sediment transport and deposition processes are dynamic 
and depend on several indicators, such as soil type, slope, vegetation 
cover, and environmental planning of  the area of  interest 
(Peixoto et al., 2021; Franz et al., 2014; Fernández & Vega, 2016; 
Guerra et al., 2017; Neves et al., 2021). The transport of  high 
concentrations of  sediment has several negative impacts, including 
eutrophication (water pollution), floods (Borrelli  et  al., 2020), 
reduction and extinction of  aquatic species (Andrietti et al., 2016), 
siltation, changes in the volume and flow of  water, morphological 
changes in riverbeds and watersheds margins (Zhang et al., 2019) 
and reduced useful life of  retention and detention structures 
(Krajewski et al., 2024), resulting in environmental, social, and 
economic damage to society. For this reason, a reliable analysis of  
the sediment production susceptibility in urban areas has a direct 
impact on both the quality of  the aquatic environment and the 
hydrological quality of  the watershed.

Conventional field methods and techniques for identifying 
areas susceptible to water erosion and sediment production are 
expensive, time-consuming, and require extensive data (Efthimiou et al., 
2017). A commonly applied method for soil erosion and sediment 
yield estimation from non-build-up areas is USLE equation or its 
further modifications (Tsige et al., 2022). An alternative for built-up 
areas can be a build-up/wash-off  model (Bonhomme & Petrucci, 
2017) that describes a deposition and flushing of  particles from 
the sealed surface. This approach requires information on rainfall 
in the study area (Krajewski et al., 2024), needing a reliable and 
updated database of  precipitation. However, the study area of  this 
work lacks this data, as identified by Moraes & Gonçalves (2024). 
In fact, Moraes & Gonçalves (2024) recommend the strengthening 
and expansion of  programs aimed at the periodic monitoring of  
hydrological data in Campo Grande – Mato Grosso do Sul (MS), 
Brazil, since the scarcity of  these data represents a barrier to the 
sustainable management of  Urban Hydrographic Micro-basins 
(UHMs) (Moraes & Gonçalves 2023). Consequently, alternative 
and simplified methods with lower data requirements are needed 
(Bueno et al., 2022).

Pereira et al. (2020) and Albulescu et al. (2022) state that the 
multi-criteria methodology plays an important role in formulating 
of  susceptibility indexes and aggregating contrasting indicators 
in environmental studies. In this context, Analysis Hierarchical 
Process (AHP), developed by Saaty (1977), stands out when 
carrying out complex environmental studies (Swain et al., 2020; 
Msaddek et al., 2022), as it seeks to discover and correct logical 
inconsistencies (Goepel, 2018), minimizing failures and assisting 
in the decision-making process. AHP has been widely used for 

mapping of  susceptible areas to floods (Ghosh & Kar, 2018; 
Ramkar & Yadav, 2021; Ikirri et al., 2022; Mudashiru et al., 2022; 
Moraes & Gonçalves, 2024), soil erosion (Saha et al., 2019; El 
Haj  et  al., 2023), and landslides (Hung et  al., 2015), being the 
most acceptable and adaptable method for environmental studies 
(Kabo-Bah et al., 2021).

Concomitantly, the AHP method is used with geotechnologies 
to improve decision-making processes. The use of  geotechnologies, 
such as Remote Sensing (RS) and Geographic Information System 
(GIS), facilitate the obtaining of  detailed information at low financial 
cost in large areas (Msaddek et al., 2022). RS makes it possible to 
acquire information without the need for direct contact with the 
study area. GIS allows the creation of  a georeferenced database, 
spatial and temporal analyses and the production of  maps that help 
in the development of  management and conservation strategies. 
In fact, numerous works have been carried out using the combination 
of  AHP and GIS, considered an effective aggregation by Dash 
& Sar (2020), Pereira et al. (2020), and Ramkar & Yadav (2021).

In Brazil, the study and monitoring of  hydro-sedimentological 
processes are concentrated in the main watercourses and large 
watersheds, as Santos et al. (2020) in São Paulo and Minas Gerais, 
Sotiri et al. (2021) in Paraná, Bendito et al. (2023) in Minas Gerais, 
and Santos et al. (2023) in São Paulo. Some studies are carried 
out and made available by the National Hydrometeorological 
Network (RHN), under the coordination of  Basic Sanitation 
and Water National Agency (ANA) and the Brazilian Geological 
Service (CPRM) (Borella et al., 2022). In general, this continuous 
monitoring has low spatial coverage and is rare in watersheds with 
small drainage areas (Borella et al., 2022; Krajewski et al., 2024), 
mainly in the Midwest Region of  the country. These limitations 
are related to logistics, distance, and/or limited access, that difficult 
in loco measurements and the installation and maintenance of  
specific equipment for routine monitoring.

Hence, scientific research related to sediment production 
susceptibility in urban areas is essential to help solve problems 
referent to the management and conservation of  watersheds that are 
at risk of  environmental degradation (França et al., 2022). In fact, 
Zhang et al. (2022) state that sediment regulation contributes to 
the control of  hydrological disasters. Therefore, the objective 
of  this work was to develop and apply the Sediment Production 
Susceptibility Index (SPSI) in UHMs from Campo Grande – MS, 
Brazil, based on the AHP and GIS aggregation.

METHODOLOGY

Study area

The study areas are the UHMs in the municipality of  Campo 
Grande, capital of  the state of  Mato Grosso do Sul (MS), Midwest 
Region of  Brazil, as shown in Figure 1. Campo Grande has an area 
of  8,082.98 km2, altitude of  500 to 675 meters, gently undulating 
relief, vegetation of  pasture fields and Cerrado, predominant 
soil class Dark Red Oxisol, and average annual precipitation of  
1,570 mm (Campo Grande, 2021). The climate of  Campo Grande, 
according to Koppen’s classification, is in the transition range 
between the humid mesothermal subtype (Cfa) without drought 
or small drought and the humid tropical subtype (Aw), with a 
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rainy season in summer (December, January, and February) and 
a dry season in winter (June, July, and August) (Campo Grande, 
2021), according to Figure 2.

The division of  a higher order watershed into hydrographic 
micro-basins facilitates the identification and control of  environmental 
problems related to sediment production and the establishment 
of  priorities for the mitigation of  these problems. It allows to 
expand the detail of  the data in the region of  interest (Pinto et al., 
2016). Therefore, the urban area of  Campo Grande was divided 
into twelve UHMs based on the elevation digital model image 
(SRTM3-S21-W55-v2) of  the study area available at United States 
Geological Survey (2022) and with the support of  Quantum 
Geographic Information System software (QGIS, 2022).

Development of  the SPSI

The development of  SPSI consisted of  six stages: i. selection 
of  indicators, ii. Standardization of  indicators, iii. Weighting of  
indicators, iv. Consistency of  indicators, v. formulation of  the 
index and vi. application of  the index. Methodology and steps like 
those adopted by Macedo et al. (2018), Singh & Bhakar (2021), 
Mudashiru et al. (2022) and Ikirri et al. (2022) in the development of  
its hydrological indexes and maps. Figure 3 presents the flowchart 
referring to the methodology adopted.

Selection of  indicators

The selection of  indicators for the composition of  the 
SPSI was carried out through a literature review (Luz  et  al., 
2015; Carvalho, 2017; Queiroz, 2017; Caldas et al., 2019; Agra & 
Andrade, 2021; Borella et al., 2022; Aires et al., 2022; Bueno et al., 
2022; Mushtaq et al., 2023). Indicators with potential to interfere 
with sediment production in urban areas, accessible and with 

reference values were prioritized (Singh & Bhakar, 2021). It is 
worth noting that there is no consensus regarding the number 
of  indicators necessary to generate a susceptibility index and 
map for hydrological and hydro-sedimentological studies, since 
this depends on factors such as local data availability, geographic 
location and climate of  the study area and importance of  the 
indicator (Yagoub et al., 2020).

The indicators selected for the composition of  the SPSI 
were: Soil Class (SC), Average Slope (Sa), Vegetation Cover (VC), 
and Unpaved Streets (US) in the UHMs. Indicators that are easy 
to measure, available in municipal, state, or national databases and 
preferably quantitative. Table 1 shows the acquisition source, type 
of  data and software/method used to calculate the indicators.

Standardization of  indicators

The results for each indicator were standardized to remove 
the influence of  different measurement units (Macedo  et  al., 

Figure 1. Location of  the municipality and UHMs of  Campo Grande – MS.

Figure 2. Average monthly precipitation of  Campo Grande – MS, 
Brazil (Instituto Nacional de Pesquisas Espaciais, 2024b).
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2018). The indicator results were divided into 5 ordinal classes 
(intervals), which were assigned values 1, 2, 3, 4, and 5, with 1 being 
less susceptible and 5 more susceptible to sediment production 
in UHMs, as shown in Tables 2 and 3, based on a bibliographic 
survey mentioned in the tables and analysis of  the characteristics of  
each indicator in relation to susceptibility to sediment production 
(sediment detachment and transport). Figures 4, 5, 6 and 7 show 
the classifications of  the SC, Sa, VC and US indicators, respectively, 
in the UHMs of  Campo Grande – MS.

Weighting of  indicators

To analyze the susceptibility of  urban areas to sediment 
production, it is worth highlighting those different indicators have 
distinct importance in the composition of  an index (Mosavi et al., 
2020). The weighting of  indicators was carried out using the AHP 
method (Saaty, 1977), which is a multi-criteria decision-making 
technique widely applied in environmental studies to distinguish 
the importance of  indicators (Swain et al., 2020; Ramkar & Yadav, 

Table 1. Source of  acquisition, type of  data, and software/method adopted to calculate the indicator.
Indicator Source/Type of  data Software or method

SC City hall/Vector QGIS (2022)
Sa SRTM3-S21-W55-v2 image with 3-arc spatial resolution from the digital elevation model 

(United States Geological Survey, 2022)/Raster
QGIS (2022)

VC CBERS - 4A image with spatial resolution of  2 meters  
(Instituto Nacional de Pesquisas Espaciais, 2024a)/Raster

Semi-supervised classification 
dzetsaka plugin in QGIS (2022)

US City hall/Vector QGIS (2022)

Figure 3. Flowchart for development of  the SPSI.

Table 2. Proposal of  susceptibility classes and values to sediment production based on soil class.
Soil class Values Reference

Urban area, Haplic gleisol and Histosols 1 Carolino de Sá (2004); Luz et al. (2015);  
Agra & Andrade (2021) and Bueno et al. (2022)

Dystrophic red oxisol, Dystrophic yellow oxisol, Dystrophic red-
yellow oxisol and Dystrophic red nitisol

2 Queiroz (2017); Agra & Andrade (2021);  
Bueno et al. (2022) and França et al. (2022)

Planosols, Plinthosol; Luvisol and Podzols 3 Luz et al. (2015) and Aires et al. (2022)
Arenosol and Cambisol 4 Queiroz (2017); Agra & Andrade (2021);  

Bueno et al. (2022)
Leptsol; Regosol and Fluvisol 5 Carolino de Sá (2004); Queiroz (2017); Luz et al. (2015); 

Aires et al. (2022); Bueno et al. (2022) and França et al. (2022)

Table 3. Proposal of  classes and values of  susceptibility to sediment production according to the average slope and percentages of  
vegetation cover and unpaved streets in urban hydrographic micro-basins.
Indicators/Values 1 2 3 4 5

Sa (%) < 1.00 1.01 - 2.00 2.01 - 3.00 3.01 - 4.00 > 4.00
VC (%) > 35 25 - 35 15 - 24 05 - 14 < 05
US (%) < 10 10 - 20 21 - 30 31 - 40 > 40

Source: Slope adapted from Pittelkow (2013) and Luz et al. (2015). Vegetation Cover adapted from Rueda (2010).
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2021; Singh & Bhakar, 2021; Ikirri et al., 2022; Mudashiru et al., 
2022; Zhang et al., 2022; Bueno et al., 2022; Mushtaq et al., 2023). 
The indicators were compared in pairs in a matrix, so that each 
interaction was assigned a degree of  importance, as proposed by Saaty 
(1977) and shown in Table S1 available in Supplementary Material.

Consistency of  indicators

The consistency ratio (CR) was calculated from Equation 
1, for the final weights assigned to the indicators, to verify that 

CR < 0.10, showing consistency between the results obtained 
(Saaty, 1977). That is, if  A were more important than B, and B 
more important than C, then C could not be more important than 
A. This calculation procedure aims to minimize possible errors in 
the attribution of  importance degrees (Swain et al., 2020).

CICR
IR

= 	 (1)

where IR is a fixed value, referring to the size of  the matrix and 
defined by Saaty (1977).

Figure 4. Soil class of  UHMs in Campo Grande – MS.
Source: Adapted from PLANURB (Campo Grande, 2021).

Figure 5. Average slope of  UHMs in Campo Grande – MS.
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The CI is the Consistency Index determined from Equation 2:

( máx n)CI
(1 n)

−
=

− 	 (2)

where λmáx is the largest or main eigenvalue of  the variable matrix 
and n is the order of  the matrix.

Index formulation

Based on the weights obtained for each indicator by AHP, 
the SPSI was formulated according to Equation 3. It is worth 
mentioning that the experts/decision makers in this study have 
doctorates and experience in the areas of  environmental, civil, and 
agronomic engineering and know well the study area. All analysis 

Figure 6. Vegetation cover of  UHMs in Campo Grande – MS.

Figure 7. Unpaved streets in the UHMs of  Campo Grande – MS.
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reached the satisfactory limit for the consistency ratio in obtaining 
the weights of  the indicators for the composition of  the SPSI.

1
.

n

i
SPSI PiVi

=
= ∑ 	 (3)

where SPSI = Sediment Production Susceptibility Index; Pi = 
weight of  i indicator; Vi = value of  i indicator.

Index application

The SPSI was applied to the UHMs of  Campo Grande - 
MS, to classify them as very high, high, moderate, low, or very 
low susceptibility to sediment production. Table 4 presents the 
intervals of  SPSI results that refer to each susceptibility class.

RESULTS AND DISCUSSION

Equation 4 represents the SPSI with the respective weights 
of  the indicators generated by AHP. The SC (49%) and Sa (22%) 
indicators are the most significant for evaluating susceptibility to 
sediment production, corroborating Bueno et al. (2022), followed 
by US (16%) and VC (13%). Although the US indicator was given 
lower weight, its high results are associated with the UHMs highly 
susceptible to sediment production in this study.

1
0.49 0.22 0.13 0.16

n

i

ASCiSPSI Wi VSa VVC VUS
At=

 
= × ∑ × + × + × + × 

 
	 (4)

where SPSI = Sediment Production Susceptibility Index; Wi = 
Value referring to Soil Class i; ASC = Area referring to Soil Class 
i in the UHM (km2); At = Total area of  the UHM (km2); VSa = 
Value referring to the average slope in the UHM; VVC = Value 
referring to the Vegetation Cover in the UHM; VUS = Value 
referring to the Unpaved Streets in the UHM.

Mushtaq et  al. (2023) highlight that the surface runoff  
velocity and the infiltration rate of  rainwater depend on the angle 
of  inclination of  the study area. High runoff  velocity in areas with 
steep slopes increases the erosion rate compared to lower angle 
slopes (Pittelkow, 2013; Kachouri  et  al., 2015; Queiroz, 2017; 
Agra & Andrade, 2021; Neves et  al., 2021; Aires et  al., 2022), 
and consequently increases susceptibility to sediment production 
(Neves et al., 2021; Aires et al., 2022; Mushtaq et al., 2023).

Concomitantly, susceptibility to soil erosion and sediment 
production is also related to the SC of  the region (Mushtaq et al., 
2023), being directly regulated by characteristics such as texture, 
organic matter content, original material, porosity, structure and 

potential of  infiltration (Blanco & Lal, 2023). According to Carvalho 
(2017), SC is the most significant indicator for the occurrence of  
erosive processes and silting in UHMs. Carolino de Sá (2004) says 
that sandy soils are more susceptible to erosion, as their particles 
are easily disaggregated by the action of  rain. While clayey soils, 
when they have good permeability, are more resistant to erosion, as 
more fertile soils, because they provide better plant development, 
protecting them from erosion processes.

Vegetation is a natural protection of  the soil against the 
impact of  raindrops, contributing to greater water infiltration 
(Romshoo et al., 2012; Queiroz, 2017; Baloque & Capoane, 2021) 
and controlling erosive processes (Hepp & Gonçalves Júnior, 
2015). According to Zhang et al. (2022), the initial process of  
silting up of  water bodies is soil erosion, caused mainly by the 
kinetic force of  raindrops, which disaggregate and transport soil 
particles to watercourses. In general, VC is inversely proportional 
to soil erosion (Mushtaq et al., 2023) and has a direct influence on 
the amount of  organic matter in the soil, as well as on the decrease 
in water velocity during surface runoff. Kachouri et al. (2015) state 
that the extent to which soil can be eroded is controlled by the 
proportion of  VC existing in an area.

Finally, US, that is, dirt streets, contribute enormously to 
the loss of  soil through erosion, accelerating the silting process of  
water bodies in urban areas (Pittelkow, 2013; Baloque & Capoane, 
2021). In general, this occurs because most of  this type of  access 
is built without engineering design, poorly meeting local needs 
(Baloque & Capoane, 2021) and may contain drainage failures 
and inadequate street location.

Figure  8 shows the susceptibility classes to sediment 
production of  each UHM based on the application of  SPSI in 
Campo Grande - MS. High susceptibilities to sediment production 
occur mainly in UHMs that have higher percentages of  US and Sa, 
as well as soils more susceptible to detachment and transport of  
particles (Leptsols, Regosols and Arenosols) and lower percentages 
of  impermeable areas (UHMs 11 and 12), characteristics like 
those identified by Mushtaq et al. (2023). It is possible to infer 
that UHMs in the process of  occupation are more susceptible to 
sediment production than densely occupied UHMs (Ferreira & 
Alves Sobrinho, 2020), because they have more areas with exposed 
soil (empty land and unpaved streets, for example) (Franz et al., 
2014). This reinforces the importance of  environmental planning 
in the urbanization process of  municipalities, as highlighted by 
Ferreira & Alves Sobrinho (2020).

UHMs classified as low susceptibility are characterized 
by lower percentages of  US and higher percentages of  soils less 
susceptible to detachment and transport of  particles (Dystrophic 
Red Oxisol and Dystrophic Yellow Oxisol) and impermeable 
areas (UHMs 3, 4, 8 and 9), as found by Bueno et  al. (2022). 
That is, densely occupied UHMs are less susceptible to sediment 
production. However, these UHMs must receive periodic monitoring, 
since upstream UHMs can generate sediments, being carried to 
downstream UHMs and causing serious problems with silting of  
water bodies and obstruction of  the drainage system present on 
the mostly paved roads.

UHMs 1, 2, 5, 6, 7 and 10 show moderate susceptibility 
to sediment production, even containing higher percentages of  
Sa and US compared to the others in some cases. These UHMs 

Table 4. Sediment Production Susceptibility Classes according 
to the SPSI result.

Susceptibility class SPSI
Very low 1.00 to 1.74

Low 1.75 to 2.49
Moderate 2.50 to 3.24

High 3.25 to 4.24
Very high 4.25 to 5.00



RBRH, Porto Alegre, v. 29, e20, 20248/13

Sediment production susceptibility index in urban area: a case study of  Campo Grande – MS, Brazil

are mostly composed of  soils that are less susceptible to the 
detachment and transport of  particles (Dystrophic Red Oxisol and 
Dystrophic Red-Yellow Oxisol). This condition brings a certain 
dynamic balance in relation to the erosive potential of  moderate 
UHMs, since the high susceptibility of  the Sa and US indicators 
is mitigated by the pedological characteristics of  the region, as 
observed by Bueno et al. (2022) in a study carried out in the state 
of  São Paulo in Brazil.

The SPSI developed in this work can be used by planners, 
engineers and public policy makers to identify UHMs that require 
more attention from public authorities. This allows for safer 
and more sustainable urban development (Mudashiru  et  al., 
2022), especially with current climate change and a significant 
increase in extreme hydrological disasters. In fact, Bui et al. (2019) 
concluded that approximately 200 million people are affected 
annually by floods, while global economic losses are estimated at 
around 60 billion dollars per year due to hydrological disasters 
(Janizadeh et al., 2019).

In the context of  global climate change, the relationship 
between extreme precipitation events and surface runoff  is 
increasingly complex (Ren et al., 2023). Understanding surface 
runoff  changes helps to scientifically formulate flood control 
strategies and improve regional water resources regulation 
capabilities (Ren et al., 2023). Therefore, the SPSI can assist in 
this process, as it can identify the UHMs most susceptible to the 
production of  sediments and consequently, with greater potential 
for interference with the surface runoff  of  rainwater in urban 
areas, due to obstruction of  the drainage system and reduction 
of  useful volume of  retention and detention structures.

AHP and GIS aggregation is an efficient methodology for 
approaches like this study, since the necessary data are easily accessible 
in public collections, contributing to their low cost. However, the 
methodology adopted in this work presents a limitation regarding 

the temporal analysis of  the data. The SC and Sa indicators, 
although highly relevant for sediment production, do not show 
temporal change, reducing the magnitude of  possible changes in 
SPSI results over time (Bueno et al., 2022). On the other hand, 
the VC and US indicators are extremely volatile over the years.

Furthermore, França  et  al. (2022) emphasize that 
incorporating more indicators into a hydrological index makes 
the results more consistent with the local reality. In fact, an 
advantage of  the methodology applied in this study is its flexibility 
(França et al., 2022). According to Bueno et al. (2022), several 
physical and social indicators can be selected according to their 
relevance for composing the index, increasing the reliability of  
its integrated analysis.

Hence, it is advisable to strengthen and expand periodic 
monitoring programs for data relating to land use/occupation and 
urban infrastructure in the study area, to increase the number of  
indicators pertinent to the index and keep them always updated. 
At the same time, the scarcity of  these data represents a barrier 
to sustainable management and hydro-sedimentological studies of  
UHMs that suffer from problems of  high sediment production, and 
consequently, obstruction of  the drainage system causing severe 
urban floods (Yadav & Mangukiya, 2021), mainly in developing 
countries (Costache et al., 2022). Therefore, the public database 
may constitute a limitation about the specificities of  a study area 
(Bueno et al., 2022).

Moreover, it is necessary to encourage a program that aims to 
reduce the area of  exposed soil in the region, to minimize sediment 
production. Dixon et al. (2016) highlight that the restoration of  
watercourse banks significantly contributes to the reduction of  
stormwater discharge peaks in watersheds, and consequently, 
reduces the detachment and transport of  sediments.

Finally, SPSI can be applied in any region of  the world, 
but due to the spatial variability of  important indicators for 

Figure 8. Susceptibility classes to sediment production in the UHMs of  Campo Grande – MS from the SPSI.
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particle detachment and transport, mapping susceptibility to 
sediment production is quite regional. Therefore, the selection and 
standardization of  indicators used in the composition of  the SPSI 
can be modified based on the specific characteristics of  the area 
of  interest, to allow the efficient application of  the methodology 
of  this work. Consequently, when replicated in another study 
area with characteristics different from Campo Grande - MS, the 
weights of  the SPSI indicators depend on the analyses carried out 
by local decision makers. According to Mudashiru et al. (2022), 
this can be a disadvantage, because depends on the degree of  
uncertainty and knowledge of  decision makers, so monitoring 
the CR limit is essential for the analysis of  all experts.

For this reason, a second limitation of  the multi-criteria 
method used in this work is related to the decision-making process, 
which requires a certain number of  paired comparisons by experts 
based on the number of  indicators used (Mudashiru et al., 2022), 
being characterized due to uncertainty based on the subjectivity of  
decision makers (Ikirri et al., 2022). Finally, it is recommended to 
validate the SPSI using field data. However, it is worth highlighting 
that as systematic surveys on soil erosion and sediment transportation 
are still rare in Brazil (Santos et al., 2023), the low availability of  
this data hampers SPSI validation. In this context, Sotiri et al. 
(2021) concluded that the use of  reservoirs as validation points 
represents a good opportunity for this type of  index developed, 
because the reservoirs almost entirely collect the sediment that 
arrives from the micro-basin. Furthermore, the authors say that 
measurements of  sediment stock in reservoirs are often easier to 
perform than conventional monitoring of  continuous sediment 
flow, which produces a high sampling effort and also needs to 
deal with large errors due to high variability in river stretches.

CONCLUSIONS

The objective of  this study was to develop the SPSI and 
apply it to UHMs in the city of  Campo Grande – MS, Brazil. 
The indicators selected to compose the SPSI are: SC (49%), Sa 
(22%), VC (13%), and US (16%). Sediment production in UHMs 
is influenced both by natural characteristics (soil and slope) and 
by human actions (deforestation, construction of  roads without 
technical studies, and disorderly growth of  cities). Therefore, it is 
essentially to jointly analyze indicators from both spheres (natural 
and anthropogenic) to obtain greater reliability in studies related 
to sedimentation in urban areas.

UHMs undergoing urbanization are more susceptible to 
sediment production than UHMs that are already densely occupied. 
AHP and GIS integration is a simple alternative for dealing with 
complex problems involving contrasting indicators over a large 
area. Finally, applying SPSI in UHMs can help public managers 
in the urban and environmental planning of  cities and in the 
adoption of  preventive measures against silting of  water bodies and 
obstruction of  drainage systems, alleviating environmental, social, 
and economic problems for the population and public authority.

ACKNOWLEDGEMENTS

To the Support Foundation for the Development of  
Education, Science and Technology of  the State of  Mato Grosso 

do Sul (FUNDECT) for the granting of  the scholarship during the 
Doctorate. To Federal University of  Mato Grosso do Sul (UFMS) 
and to the Postgraduate Program in Environmental Technologies 
(PPGTA) for the opportunity for the Doctorate.

REFERENCES

Agra, R. M. R. T., & Andrade, C. D. (2021). Análise multicritério 
da suscetibilidade à erosão na bacia hidrográfica do rio da Batateira 
- CE. Revista Brasileira de Cartografia, 73(1), 119-133. http://doi.
org/10.14393/rbcv73n1-50066.

Aires, A. A., Costa, J. D., Bezerra, J. M., & Rêgo, A. T. A. (2022). 
Análise multicritério da suscetibilidade erosiva da microbacia 
hidrográfica da barragem de Pau dos Ferros/RN. Revista Brasileira 
de Geografia Física, 15(2), 1128-1141. http://doi.org/10.26848/
rbgf.v15.2.p1128-1141.

Albulescu, A. C., Minea, I., Boicu, D., & Larion, D. (2022). 
Comparative multi-criteria assessment of  hydrological vulnerability. 
Case study: drainage basins in the northeast region of  Romania. 
Water, 14(8), 1302. http://doi.org/10.3390/w14081302.

Andrietti, G., Freire, R., Amaral, A. G., Almeida, F. T., Bongiovani, 
M. C., & Schneider, R. M. (2016). Water quality index and 
eutrophication indices of  Caiabi River, MT. Revista Ambiente & 
Água, 11(1), 162-175. http://dx.doi.org/10.4136/1980-993X.

Baloque, G. F., & Capoane, V. (2021). Susceptibilidade a erosão 
do solo na bacia hidrográfica do córrego Bandeira, Campo 
Grande – MS. Cerrados, 19(2), 183-217. http://doi.org/10.46551/
rc24482692202124.

Bendito, B. P. C., Chaves, H. M. L., & Scariot, A. (2023). Erosion 
and sedimentation processes in a semi-arid basin of  the Brazilian 
savanna under different land use, climate change, and conservation 
scenarios. Water, 15(3), 563. http://doi.org/10.3390/w15030563.

Blanco, H., & Lal, R. (2023). Soil conservation and management. Cham: 
Springer Nature. http://doi.org/10.1007/978-3-031-30341-8.

Bonhomme, C., & Petrucci, G. (2017). Should we trust build-up/
wash-off  water quality models at the scale of  urban catchments? Water 
Research, 108, 422-431. http://doi.org/10.1016/j.watres.2016.11.027.

Borella, D. R., Souza, A. P., Almeida, F. T., Abreu, D. C., Hoshide, 
A. K., Carvalho, G. A., Pereira, R. R., & Silva, A. F. (2022). 
Dynamics of  sediment transport in the Teles Pires River Basin in 
the Cerrado-Amazon, Brazil. Sustainability, 14(23), 16050. http://
doi.org/10.3390/su142316050.

Borrelli, P., Robinson, D. A., Panagos, P., Lugato, E., Yang, J. E., 
Alewell, C., Wuepper, D., Montanarella, L., & Ballabio, C. (2020). 
Land use and climate change impacts on global soil erosion by 
water (2015-2070). Proceedings of  the National Academy of  Sciences 
of  the United States of  America, 117(36), 21994-22001. http://doi.
org/10.1073/pnas.2001403117.

https://doi.org/10.14393/rbcv73n1-50066
https://doi.org/10.14393/rbcv73n1-50066
https://doi.org/10.26848/rbgf.v15.2.p1128-1141
https://doi.org/10.26848/rbgf.v15.2.p1128-1141
https://doi.org/10.3390/w14081302
http://dx.doi.org/10.4136/1980-993X
https://doi.org/10.46551/rc24482692202124
https://doi.org/10.46551/rc24482692202124
https://doi.org/10.3390/w15030563
https://doi.org/10.1007/978-3-031-30341-8
https://doi.org/10.1016/j.watres.2016.11.027
https://doi.org/10.3390/su142316050
https://doi.org/10.3390/su142316050
https://doi.org/10.1073/pnas.2001403117
https://doi.org/10.1073/pnas.2001403117


RBRH, Porto Alegre, v. 29, e20, 202410/13

Sediment production susceptibility index in urban area: a case study of  Campo Grande – MS, Brazil

Bueno, L. O., Anjinho, P. S., Bolleli, T. M., Barbosa, M. A. G. 
A., & Mauad, F. F. (2022). Erosion susceptibility mapping in the 
Central-Eastern Region of  São Paulo in the last few decades. 
Environmental Monitoring and Assessment, 194(12), 927. http://doi.
org/10.1007/s10661-022-10632-5.

Bui, D. T., Khosravi, K., Shahabi, H., Daggupati, P., Adamowski, 
J. F., Melesse, A. M., Pham, B. T., Pourghasemi, H. R., Mahmoudi, 
M., Bahrami, S., Pradhan, B., Shirzadi, A., Chapi, K., & Lee, S. 
(2019). Flood spatial modeling in Northern Iran using remote 
sensing and GIS: a comparison between evidential belief  functions 
and its ensemble with a multivariate logistic regression model. 
Remote Sensing, 11(13), 1589. http://doi.org/10.3390/rs11131589.

Caldas, V. I. S. P., Silva, A. S., & Santos, J. P. C. (2019). Suscetibilidade 
à erosão dos solos da bacia hidrográfica lagos – São João, no 
Estado do Rio de Janeiro - Brasil, a partir do método AHP e análise 
multicritério. Revista Brasileira de Geografia Física, 12(4), 1415-1430. 
http://doi.org/10.26848/rbgf.v12.4.p1415-1430.

Campo Grande. Agência Municipal de Meio Ambiente e Planejamento 
Urbano – PLANURB. (2021). Perfil Socioeconômico de Campo Grande 
(28ª ed.). Campo Grande.

Carolino de Sá, M. A. (2004, 26 de abril). Erosão do solo: mecanismos 
e controle. Portal do Fazendeiro. Retrieved in 2024, March 19, from 
https://portaldofazendeirobrasil.blogspot.com/

Carvalho, D. P. (2017). Ocorrências de voçorocas (gullies) na Rodovia 
BR-174, trecho Manaus-Presidente Figueiredo (AM): gênese, morfologia e 
previsão de riscos (Dissertação de mestrado). Universidade Federal 
do Amazonas, Manaus.

Costache, R., Tin, T. T., Arabameri, A., Crăciun, A., Ajin, R. S., 
Costache, I., Islam, A. R. M. T., Abba, S. I., Sahana, M., Avand, 
M., Pham, B. T. (2022). Flash-flood hazard using deep learning 
based on H2O R package and fuzzy-multicriteria decision-making 
analysis. Journal of  Hydrology, 609, 127747. http://doi.org/10.1016/j.
jhydrol.2022.127747.

Dash, P., & Sar, J. (2020). Identification and validation of  potential 
flood hazard area using GIS‐based multi‐criteria analysis and 
satellite data‐derived water index. Journal of  Flood Risk Management, 
13(3), 12620. http://doi.org/10.1111/jfr3.12620.

Dixon, S. J., Sear, D. A., Odoni, N. A., Sykes, T., & Lane, S. N. 
(2016). The effects of  river restoration on catchment scale flood 
risk and flood hydrology. Earth Surface Processes and Landforms, 
41(7), 997-1008. http://doi.org/10.1002/esp.3919.

Efthimiou, N., Lykoudi, E., & Karavitis, C. (2017). Comparative 
analysis of  sediment yield estimations using different empirical 
soil erosion models. Hydrological Sciences Journal, 62(16), 2674-2694. 
http://doi.org/10.1080/02626667.2017.1404068.

El Haj, F. A., Ouadif, L., & Akhssas, A. (2023). Identification of  
soil erosion-susceptible areas using analytical hierarchy process 

(ahp) and gis. Journal of  Southwest Jiaotong University, 58(2), http://
doi.org/10.35741/issn.0258-2724.58.2.10.

Fernández, C., & Vega, J. A. (2016). Evaluation of  RUSLE and 
PESERA models for predicting soil erosion losses in the first 
year after wildfire in NW Spain. Geoderma, 273, 64-72. http://
doi.org/10.1016/j.geoderma.2016.03.016.

Ferreira, M. E. A., & Alves Sobrinho, T. (2020). Urbanização de 
bacia hidrográfica e produção de sedimento. In Anais do XIV 
Encontro Nacional de Sedimentos, Campinas. Porto Alegre: ABRHidro.

França, L. C. J., Lopes, L. F., Morais, M. S., Lisboa, G. S., Rocha, 
S. J. S. S., Morais Junior, V. T. M., Santana, R. C., & Mucida, D. 
P. (2022). Environmental fragility zoning using GIS and AHP 
modeling: perspectives for the conservation of  natural ecosystems 
in Brazil. Conservation, 2(2), 349-366. http://doi.org/10.3390/
conservation2020024.

Franz, C., Makeschin, F., Weiß, H., & Lorz, C. (2014). Sediments 
in urban river basins: identification of  sediment sources within the 
Lago Paranoá catchment, Brasilia DF, Brazil – using the fingerprint 
approach. The Science of  the Total Environment, 466-467, 513-523. 
http://doi.org/10.1016/j.scitotenv.2013.07.056.

Ghosh, A., & Kar, S. K. (2018). Application of  analytical hierarchy 
process (AHP) for flood risk assessment: a case study in Malda 
district of  West Bengal, India. Natural Hazards, 94(1), 349-368. 
http://doi.org/10.1007/s11069-018-3392-y.

Goepel, K. D. (2018). Implementation of  an online software 
tool for the analytic hierarchy process (AHPOS). International 
Journal of  the Analytic Hierarchy Process, 10(3), 469-487. http://doi.
org/10.13033/ijahp.v10i3.590.

Guerra, A. J. T., Fullen, M. A., Jorge, M. C. O., Bezerra, J. F. R., 
& Shokr, M. S. (2017). Slope processes, mass movement and soil 
erosion: a review. Pedosphere, 27(1), 27-41. http://doi.org/10.1016/
S1002-0160(17)60294-7.

Hepp, L. U., & Gonçalves Júnior, J. F. (2015). A decomposição 
de detritos em riachos como serviço ecossistêmico de regulação 
e suporte prestado pela natureza. In L. M. Parron, J. R. Garcia, E. 
B. Oliveira, G. G. Brown & R. B. Prado (Eds.), Serviços ambientais 
em sistemas agrícolas (pp. 226-233). Brasília: Embrapa.

Hung, L. Q., Van, N. T. H., Duc, D. M., Ha, L. T. C., Van Son, 
P., Khanh, N. H., & Binh, L. T. (2015). Landslide susceptibility 
mapping by combining the analytical hierarchy process and weighted 
linear combination methods: a case study in the upper Lo River 
catchment (Vietnam). Landslides, 13(5), 1285-1301. http://doi.
org/10.1007/s10346-015-0657-3.

Ikirri, M., Faik, F., Echogdali, F. Z., Antunes, I. M. H. R., Abioui, 
M., Abdelrahman, K., Fnais, M. S., Wanaim, A., Id-Belqas, M., 
Boutaleb, S., Sajinkumar, K. S., & Quesada-Román, A. (2022). 
Flood hazard index application in arid catchments: case of  the 

https://doi.org/10.1007/s10661-022-10632-5
https://doi.org/10.1007/s10661-022-10632-5
https://doi.org/10.3390/rs11131589
https://doi.org/10.26848/rbgf.v12.4.p1415-1430
https://doi.org/10.1016/j.jhydrol.2022.127747
https://doi.org/10.1016/j.jhydrol.2022.127747
https://doi.org/10.1111/jfr3.12620
https://doi.org/10.1002/esp.3919
https://doi.org/10.1080/02626667.2017.1404068
https://doi.org/10.35741/issn.0258-2724.58.2.10
https://doi.org/10.35741/issn.0258-2724.58.2.10
https://doi.org/10.1016/j.geoderma.2016.03.016
https://doi.org/10.1016/j.geoderma.2016.03.016
https://doi.org/10.3390/conservation2020024
https://doi.org/10.3390/conservation2020024
https://doi.org/10.1016/j.scitotenv.2013.07.056
https://doi.org/10.1007/s11069-018-3392-y
https://doi.org/10.13033/ijahp.v10i3.590
https://doi.org/10.13033/ijahp.v10i3.590
https://doi.org/10.1016/S1002-0160(17)60294-7
https://doi.org/10.1016/S1002-0160(17)60294-7
https://doi.org/10.1007/s10346-015-0657-3
https://doi.org/10.1007/s10346-015-0657-3


RBRH, Porto Alegre, v. 29, e20, 2024

Moraes et al.

11/13

taguenit wadi watershed, Lakhssas, Morocco. Land, 11(8), 1178. 
http://doi.org/10.3390/land11081178.

Instituto Nacional de Pesquisas Espaciais – INPE. (2024a). Catálogo. 
São José dos Campos. Retrieved in 2024, March 19, from http://
www.dgi.inpe.br/catalogo/explore

Instituto Nacional de Pesquisas Espaciais – INPE. (2024b). 
SONDA: Sistema de Organização Nacional de Dados Ambientais. São 
José dos Campos. Retrieved in 2024, March 19, from http://
sonda.ccst.inpe.br/

Janizadeh, S., Avand, M., Jaafari, A., Phong, T. V., Bayat, M., 
Ahmadisharaf, I., Prakash, I., Pham, B. T., & Lee, S. (2019). 
Prediction success of  machine learning methods for flash flood 
susceptibility mapping in the Tafresh watershed, Iran. Sustainability, 
11(19), 5426. http://doi.org/10.3390/su11195426.

Kabo-Bah, K. J., Guoan, T., Yang, X., Na, J., & Xiong, L. (2021). 
Erosion potential mapping using analytical hierarchy process 
(AHP) and fractal dimension. Heliyon, 7(6), e07125. http://doi.
org/10.1016/j.heliyon.2021.e07125.

Kachouri, S., Achour, H., Abida, H., & Bouaziz, S. (2015). Soil 
erosion hazard mapping using Analytic Hierarchy Process and 
logistic regression: a case study of  Haffouz watershed, central 
Tunisia. Arabian Journal of  Geosciences, 8(6), 4257-4268. http://doi.
org/10.1007/s12517-014-1464-1.

Krajewski, A., Hejduk, L., & Sikorska‐Senoner, A. E. (2024). 
Estimating sediment yield from a small urban catchment of  a 
heterogeneous structure. Land Degradation & Development, 35(1), 
496-507. http://doi.org/10.1002/ldr.4932.

Luz, T. E. D., Lima, E. B. N. R., Salomão, F. X. D. T., & Lima, Z. 
M. D. (2015). Morfopedologia aplicada à concepção de obras em 
microbacia do perímetro urbano de Várzea Grande-MT. Revista 
Ambiente & Água, 10, 646-659.

Macedo, D. R., Hughes, R. M., Kaufmann, P. R., & Callisto, M. 
(2018). Development and validation of  an environmental fragility 
index (EFI) for the neotropical savannah biome. The Science of  
the Total Environment, 635, 1267-1279. http://doi.org/10.1016/j.
scitotenv.2018.04.216.

Moraes, R. B. F., & Gonçalves, F. V. (2023). Comparison of  the 
performance of  estimated precipitation data via remote sensing 
in the Midwest Region of  Brazil. Theoretical and Applied Climatology, 
153(3), 1105-1116. http://doi.org/10.1007/s00704-023-04523-z.

Moraes, R. B. F., & Gonçalves, F. V. (2024). Development, 
application, and validation of  the urban flood susceptibility index. 
Water Resources Management, 38(7), 1-15. http://doi.org/10.1007/
s11269-024-03782-3.

Mosavi, A., Sajedi-Hosseini, F., Choubin, B., Taromideh, F., Rahi, 
G., & Dineva, A. A. (2020). Susceptibility mapping of  soil water 

erosion using machine learning models. Water, 12(7), 1995. http://
doi.org/10.3390/w12071995.

Msaddek, M. H., Merzougui, A., Zghibi, A., & Chekirbane, A. 
(2022). Integrated decisional approach for watershed vulnerability 
prioritization using water and soil hazard index (WSHI) and AHP 
methods: Chiba watershed, Cap-Bon region, northeast Tunisia. 
Arabian Journal of  Geosciences, 15(12), 1148. http://doi.org/10.1007/
s12517-022-10264-6.

Mudashiru, R. B., Sabtu, N., Abdullah, R., Saleh, A., & Abustan, 
I. (2022). Optimality of  flood influencing factors for flood 
hazard mapping: an evaluation of  two multi-criteria decision-
making methods. Journal of  Hydrology, 612, 128055. http://doi.
org/10.1016/j.jhydrol.2022.128055.

Mushtaq, F., Farooq, M., Tirkey, A. S., & Sheikh, B. A. (2023). 
Analytic Hierarchy Process (AHP) based soil erosion susceptibility 
mapping in Northwestern Himalayas: a case study of  Central 
Kashmir Province. Conservation, 3(1), 32-52. http://doi.org/10.3390/
conservation3010003.

Neves, M. P., Santos, F. M., & Di Lollo, J. A. (2021). Processos 
erosivos e produção de sedimentos: suas relações com a cobertura 
vegetal na Bacia do Ribeirão do Roque. Revista de Gestão de Água da 
América Latina, 18(17), 1-14. http://doi.org/10.21168/rega.v18e17.

Peixoto, R. D. A. O., Pereira, C. E., Salla, M. R., & Alamy Filho, J. 
E. (2021). Study of  sediment transport in the Jordão river, located 
in the mesoregion of  the Triângulo Mineiro-MG. Acta Scientiarum. 
Technology, 43, e51714. http://doi.org/10.4025/actascitechnol.
v43i1.51714.

Pereira, C., Miguez, M., Di Gregório, L., Haddad, A., & Vérol, A. 
(2020). Inundation risk index as an urban planning supportive tool. 
Journal of  Sustainable Development of  Energy, Water and Environment 
Systems, 8(2), 235-251. http://doi.org/10.13044/j.sdewes.d7.0288.

Pinto, V. G., Lima, R. N. S., Santos, R. C. P., & Ribeiro, C. B. 
M. (2016). Influência do número de classes de vulnerabilidade 
na determinação da suscetibilidade morfométrica à inundação. 
Revista Ambiente & Água, 11(3), 637-649. http://doi.org/10.4136/
ambi-agua.1842.

Pittelkow, G. C. (2013). Erosão em estrada de terra no Campo de Instrução 
de Santa Maria (CISM) (Dissertação de mestrado). Universidade 
Federal de Santa Maria, Santa Maria.

QGIS. (2022). Geographic Information System version 3.22.5. Retrieved 
in 2024, March 19, from http://www.qgis.org

Queiroz, A. F. (2017). Contribuição metodológica aos estudos de degradação 
ambiental em bacias hidrográficas da região semiárida brasileira (Tese de 
doutorado). Universidade Federal Rural do Semiárido, Mossoró, RN.

Ramkar, P., & Yadav, S. M. (2021). Flood risk index in data-scarce 
river basins using the AHP and GIS approach. Natural Hazards, 
109(1), 1119-1140. http://doi.org/10.1007/s11069-021-04871-x.

https://doi.org/10.3390/land11081178
https://doi.org/10.3390/su11195426
https://doi.org/10.1016/j.heliyon.2021.e07125
https://doi.org/10.1016/j.heliyon.2021.e07125
https://doi.org/10.1007/s12517-014-1464-1
https://doi.org/10.1007/s12517-014-1464-1
https://doi.org/10.1002/ldr.4932
https://doi.org/10.1016/j.scitotenv.2018.04.216
https://doi.org/10.1016/j.scitotenv.2018.04.216
https://doi.org/10.1007/s00704-023-04523-z
https://doi.org/10.1007/s11269-024-03782-3
https://doi.org/10.1007/s11269-024-03782-3
https://doi.org/10.3390/w12071995
https://doi.org/10.3390/w12071995
https://doi.org/10.1007/s12517-022-10264-6
https://doi.org/10.1007/s12517-022-10264-6
https://doi.org/10.1016/j.jhydrol.2022.128055
https://doi.org/10.1016/j.jhydrol.2022.128055
https://doi.org/10.3390/conservation3010003
https://doi.org/10.3390/conservation3010003
https://doi.org/10.21168/rega.v18e17
https://doi.org/10.4025/actascitechnol.v43i1.51714
https://doi.org/10.4025/actascitechnol.v43i1.51714
https://doi.org/10.13044/j.sdewes.d7.0288
https://doi.org/10.4136/ambi-agua.1842
https://doi.org/10.4136/ambi-agua.1842
https://doi.org/10.1007/s11069-021-04871-x


RBRH, Porto Alegre, v. 29, e20, 202412/13

Sediment production susceptibility index in urban area: a case study of  Campo Grande – MS, Brazil

Ren, Z., Ma, X., Wang, K., & Li, Z. (2023). Effects of  extreme 
precipitation on runoff  and sediment yield in the middle reaches of  
the Yellow river. Atmosphere, 14(9), 1415. http://doi.org/10.3390/
atmos14091415.

Romshoo, S. A., Bhat, S. A., & Rashid, I. (2012). Geoinformatics 
for assessing the morphometric control on hydrological response 
at watershed scale in the Upper Indus Basin. Journal of  Earth System 
Science, 121(3), 659-686. http://doi.org/10.1007/s12040-012-0192-8.

Rueda, S. (2010). Plan de indicadores de sostenibilidad urbana de Vitoria-
Gasteiz. Barcelona: Agencia de Ecología Urbana de Barcelona.

Saaty, T. L. (1977). A scaling method for priorities in hierarchical 
structures. Journal of  Mathematical Psychology, 15(3), 234-281. http://
doi.org/10.1016/0022-2496(77)90033-5.

Saha, S., Gayen, A., Pourghasemi, H. R., & Tiefenbacher, J. P. 
(2019). Identification of  soil erosion-susceptible areas using fuzzy 
logic and analytical hierarchy process modeling in an agricultural 
watershed of  Burdwan district, India. Environmental Earth Sciences, 
78(649), 1-18. http://doi.org/10.1007/s12665-019-8658-5.

Santos, F. M., Proença de Oliveira, R., & Augusto Di Lollo, J. 
(2020). Effects of  land use changes on streamflow and sediment 
yield in Atibaia River Basin - SP, Brazil. Water, 12(6), 1711. http://
doi.org/10.3390/w12061711.

Santos, F. M., Souza Pelinson, N., Oliveira, R. P., & Di Lollo, J. A. 
(2023). Using the SWAT model to identify erosion prone areas 
and to estimate soil loss and sediment transport in Mogi Guaçu 
River basin in Sao Paulo State, Brazil. Catena, 222, 106872. http://
doi.org/10.1016/j.catena.2022.106872.

Singh, A. P., & Bhakar, P. (2021). Development of  groundwater 
sustainability index: a case study of  western arid region of  Rajasthan, 
India. Environment, Development and Sustainability, 23(2), 1844-1868. 
http://doi.org/10.1007/s10668-020-00654-9.

Sotiri, K., Hilgert, S., Duraes, M., Armindo, R. A., Wolf, N., 
Scheer, M. B., Kishi, R., Pakzad, K., & Fuchs, S. (2021). To what 
extent can a sediment yield model be trusted? A case study from 
the Passauna Catchment, Brazil. Water, 13(8), 1045. http://doi.
org/10.3390/w13081045.

Swain, K. C., Singha, C., & Nayak, L. (2020). Flood susceptibility 
mapping through the GIS-AHP technique using the cloud. ISPRS 
International Journal of  Geo-Information, 9(12), 720. http://doi.
org/10.3390/ijgi9120720.

Tsige, M. G., Malcherek, A., & Seleshi, Y. (2022). Improving the 
modified universal soil loss equation by physical interpretation of  
its factors. Water, 14(9), 1450. http://doi.org/10.3390/w14091450.

United States Geological Survey – USGS. (2022). EarthExplorer. 
Retrieved in 2024, March 19, from https://earthexplorer.usgs.gov/

Yadav, S. M., & Mangukiya, N. K. (2021). Semi-arid River Basin 
flood: causes, damages, and measures. In Proceedings of  the 5th 
International Conference in Ocean Engineering (ICOE2019) (pp. 201-
212). Singapore: Springer. http://doi.org/10.1007/978-981-15-
8506-7_16.

Yagoub, M. M., Alsereidi, A. A., Mohamed, E. A., Periyasamy, P., 
Alameri, R., Aldarmaki, S., & Alhashmi, Y. (2020). Newspapers 
as a validation proxy for GIS modeling in Fujairah, United Arab 
Emirates: identifying flood-prone areas. Natural Hazards, 104(1), 
111-141. http://doi.org/10.1007/s11069-020-04161-y.

Zhang, C., Kuai, S., Tang, C., & Zhang, S. (2022). Evaluation 
of  hydrological connectivity in a river floodplain system and its 
influence on the vegetation coverage. Ecological Indicators, 144, 
109445. http://doi.org/10.1016/j.ecolind.2022.109445.

Zhang, S., Li, Z., Hou, X., & Yi, Y. (2019). Impacts on watershed-
scale runoff  and sediment yield resulting from synergetic changes 
in climate and vegetation. Catena, 179, 129-138. http://doi.
org/10.1016/j.catena.2019.04.007.

Authors contributions

Rafael Brandão Ferreira de Moraes: Writing, theoretical development, 
analysis of  results and making figures and tables.

Cláudia Gonçalves Vianna Bacchi: Writing, analysis of  results 
and reviews.

Fábio Veríssimo Gonçalves: Writing, analysis of  results and reviews.

Editor-in-Chief: Adilson Pinheiro

Associated Editor: Fernando Mainardi Fan

https://doi.org/10.3390/atmos14091415
https://doi.org/10.3390/atmos14091415
https://doi.org/10.1007/s12040-012-0192-8
https://doi.org/10.1016/0022-2496(77)90033-5
https://doi.org/10.1016/0022-2496(77)90033-5
https://doi.org/10.1007/s12665-019-8658-5
https://doi.org/10.3390/w12061711
https://doi.org/10.3390/w12061711
https://doi.org/10.1016/j.catena.2022.106872
https://doi.org/10.1016/j.catena.2022.106872
https://doi.org/10.1007/s10668-020-00654-9
https://doi.org/10.3390/w13081045
https://doi.org/10.3390/w13081045
https://doi.org/10.3390/ijgi9120720
https://doi.org/10.3390/ijgi9120720
https://doi.org/10.3390/w14091450
https://doi.org/10.1007/978-981-15-8506-7_16
https://doi.org/10.1007/978-981-15-8506-7_16
https://doi.org/10.1007/s11069-020-04161-y
https://doi.org/10.1016/j.ecolind.2022.109445
https://doi.org/10.1016/j.catena.2019.04.007
https://doi.org/10.1016/j.catena.2019.04.007


RBRH, Porto Alegre, v. 29, e20, 2024

Moraes et al.

13/13

SUPPLEMENTARY MATERIAL

Table S1. Degree of  importance of  the relationships between the analysed elements (Saaty, 1977).

This material is available as part of  the online article from https://doi.org/10.1590/2318-0331.292420240001


