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Morphometric analysis and land use-occupation in the Campestre creek
watershed in the city of Lins, Sao Paulo State, Bratzil.
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ABSTRACT

The increased demand for natural resources, economic growth and graph growth can influence the reduction of
individual land use coverage, which makes water infiltration difficult. The objective was to evaluate, through the
morphometric parameters and land-use occupation, the flooding susceptibility in the Campestre creek watershed.
An analysis of the morphometric indexes was performed with the help of the tools presented in the SPRING 5.4.3
software. The characteristics of land use and occupation were identified by the of classification by regions, using
images from three different periods: 1990, 2005 and 2021. The satellite images used were LANDSAT 5, TM sensor and
LANDSAT 8, OLI sensor, and finally, as an auxiliary project to the study, Numerical Terrain Modeling data from the
SRTM Project was used, with a spatial resolution of 30 meters. The morphometric results show that the Campestre
creek watershed has a circular shape and straight channels, which contributes to the classification of medium-high
susceptibility to floods and inundations. There was a 13% increase in built-up areas in regions that were previously
water and vegetation, from 4.2 km? to 4.87 km? in 2021. The reduction of permeable areas makes it difficult for water
to infiltrate, contributing to the occurrence of floods and inundations.

KEYWORDS: Flood and Inundation; Environmental Management, Hydrographic Basins.

1. INTRODUCTION

The increased demand for natural resources, economic interest and population growth
influences the characteristics of land use and cover (PREIDL et al., 2020). With the expansion of
population occupation areas, water bodies have become an easy object of anthropic
intervention. The concentration of population in certain areas (urban centers, in this case) has
intensified basic needs such as: increased areas for residences, power generation and sanitation
systems, thus affecting soil coverage (BARROS et al., 2016).

According to Tucci (1997) a hydrographic basin can be defined as an area that has slope
surfaces and natural water channels that converge until resulting in its outlet. Watersheds have
vulnerabilities associated with changes in land use and land cover, which is considered to be of
paramount importance. Therefore, changes in this parameter in a watershed can lead to impacts
on the biogeochemical cycle, water flow, biodiversity, among others (ALVES et al., 2021).

And according to Barros et al. (2016), other problems arising from soil cover are:
compaction, soil waterproofing, and reduced water infiltration into the soil, which generates the
phenomena of flooding in watersheds. A basin is in equilibrium when it does not suffer anthropic
interference.

Studies in watersheds can be carried out through geotechnologies, using high spatial
resolution satellite images to obtain land use and occupation classifications. Such images allow
for the extraction of more pertinent results in the identification of elements of urban
composition, such as morphometric characteristics multitemporal (VAEZA et al., 2010).

Geotechnology or geoprocessing can be applied in geographic information systems,
digital cartography, remote sensing, global positioning system and topography (ROSA, 2005).
The application of Remote Sensing and Geographic Information Systems allows temporal
analysis and quantifies land use and land cover changes. The use of these tools becomes
indispensable because of their low-cost techniques (LOLLO et al., 2018).

According to Lobo et al. (2021) the morphometry parameters facilitate the definition
of physical elements of a watershed, and the relationship between morphometry, land use and
cover parameters allows for identifying the level of anthropic interventions that occur in the
area under study, since intensity values are attributed to the processes that occur in the place
(BARROS et al., 2016).
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The Campestre creek watershed is located in the city of Lins, Sdo Paulo State - Brazil,
is characterized by the cultivation of sugar cane and pastures, covering a channeled stretch in
the urban area, where it underwent an urbanization process around the water body over the
years. The channeled part of the Creek has suffered serious flooding in recent years.

The use of geotechnologies, more specifically geographic information systems (GIS), is
of great importance in determining morphometric parameters, soil use and occupation, which
can help in the planning and environmental conservation of the studied basin (SOARES et al.,
2016).

Given the importance of these studies, many works have been developed to evaluate
the morphometry and the evolution of the use and occupation of the soil as a subsidy to an
environmentally adequate management of the hydrographic basin (BARROS et al., 2016; LOBO
et al., 2021; SANTOS et al., 2021).

2 OBJECTIVE

Evaluate the susceptibility to flooding through a morphometry, and land-use
occupation analysis in the Campestre creek watershed in the city of Lins, using the contribution
of geotechnologies.

3 METHODOLOGY

In order to determine the morphometric characteristics, soil use and occupation of the
Campestre creek watershed, maps of delimitation, drainage, slope, hypsometry and land use
and occupation were elaborated.

The maps were prepared using cartographic materials, satellite and radar images
(SRTM), which served as the basis for further processing in a GIS environment through the use of
the SPRING Software (CAMARA et al., 1996).

3.1 CHARACTERISTICS OF THE STUDY AREA

The municipality of Lins is in the west-center region of the S3o Paulo State, between
the coordinates 21°40' 43" South and 49° 44' 33" West, altitude of 437 meters, with a territorial
extension of 570.2 km? and an estimated population of 78,978 inhabitants, resulting in a
demographic density of 124.98 inhab/km? (IBGE, 2021). According to Rossi (2017) the
predominant soils are: Red and Red-Yellow Latosols, and Red-Yellow Argisols.

The Campestre creek watershed, the focus area of the study, has an extension of 32.45
km? and the main channel runs a stretch of 7.95 km to the city center, where the point of
confluence with the Barbosa and Barbosinha streams occurs (Figure 1).
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Figure 1: Location of the municipality of Lins-SP and study area.

625307.4 6275071 629706.7

Location map of the in the Campestre
Creek watershed.

7801885.0

7599519.5

7597154.0

LEGEND

I state of Sdo Paulo.
Municipality limit.

- Drainage. 7594788.5
-+ Springs.
625307.4 627507.1 629706.7
Projection System: UTM - 22S.
Territorial Boundary: IBGE, 2018.
Prepared by: Mercado et al. (2022) Datum: WGS 84.

Source: Prepared by the authors.

3.2 ANALYSIS OF MORPHOMETRIC INDEXES

Initially, a database was created to store the information. The adopted projection was
the UTM (Universal Transverse Mercator) in time zone 22 and Reference Datum WGS (World
Geodetic System) 84. The extraction of isolines was possible through the generation of a
Numerical Terrain Model (NTM) with an SRTM image, obtained by the USGS website (United
States Geological Survey, 2022).

Using the vector editing tool, it was possible to carry out the delimitation of the
Campestre creek watershed, as recommended by Sperling (2007) and using isolines extracted
from the SRTM image (Shuttle Radar Topography Mission). With the help of the most recent
Landsat 8 images, its drainage network and the springs were defined. To determine the
morphometric information, the parameters shown in Frame 1 were adopted.
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Frame 1: Morphometric parameters.

Parameters Equation
Form factor (kf)* Kf:?
. . Lt
Drainage density (Dd)** Dd=—
A
Sinuosityindex (Is) *** ls= 100 x (Cab—L)
P
12,57 x A
Roundness index (Ic)**** 1= —
p
P
Compactness coefficient (Kc)* Kc=0,28 ﬁ

*VILLELA; MATTOS (1975); **RAY; FISCHER (1960); ***STRAHLER (1952); ****SCHUMM (1956);
Source: Prepared by the authors.

Such parameters need fundamental information, such as: Watershed Area (A), Basin
Perimeter (P), Length of the main watercourse (L), Total length of the watercourse (Lt) and Axial
length of the watershed (Cab). The resulting values of these parameters were obtained through
metric operations and class measures.

3.3 LAND USE AND OCCUPATION

The satellite images used were obtained through the website of the National Institute
for Space Research (INPE, 2022). Images from the LANDSAT 5 and LANDSAT 8 satellites, from
the years 1990, 2005 and 2021, respectively, were imported. The bands used for LANDSAT 5
satellite were 3, 4 and 5, TM sensor and for LANDSAT 8 were 4, 5 and 6, OLI sensor. The purpose
of choosing three different years is to assess the changes that have occurred in the basin.

To search for the images, close periods were established, intending to obtain
similarities in the characteristics of the region. Images from the following periods were defined:
June 1990, June 2005 and July 2021. When importing into the Spring program, the images were
registered, and image contrast was applied to improve visualization. The bands used for 2021
were 4(B) 5(G) 6(R) and, for 2005 and 1990, 3(B) 4(G) 5(R).

With the watershed delimited and after clipping, segmentation was performed with
similarity 5 and pixel area 30 for the LANDSAT 5 images. For the LANDSAT 8 satellite images,
similarity 30 and pixel area of 30 were used. These parameters denoted the best performance
in grouping similar regions for the study area.

After segmentation, the Battacharrya classification method was applied, with an
acceptance threshold of 99.9%. This collection of information includes four thematic classes,
which are: built-up areas, soil, dense vegetation and undergrowth. The training and capture of
image samples occur according to the interpretation key that can be seen in Frame 2.
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Frame 2 - Interpretation key for understanding the classes used in land use and occupation.

INTERPRETATION KEY
Class Descrintion of uso Images Google LANDSAT 5 LANDSAT 8
P Earth 3(B) 4(G) 5(R) 4(B) 5(G) 6(R)

Areas that do not have
vegetation cover.
Vegetation transition
areas.

Soil

Waterproofed areas,

Built-up Areas
P residences, industries and

highways.

Dense Large grouped vegetation
Vegetation ge group & '
Agriculture and pasture

Undergrowth 8 P

areas.

Source: Prepared by the authors.
At the end of the land use and occupation classification, a final cut of the basin area

was carried out, to perform the calculation of the selected parameters. Subsequently, a post
classification was performed.

4. RESULTS AND DISCUSSIONS
4.1 MORPHOMETRIC ANALYSIS

The morphometric analysis resulted in the information presented in Table 1.
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Table 1: Result of the morphometric parameters.

Analyzed morphometric parameters Results
Basin hierarchical order 32
Basin axial length - km 8,6
Basin area (A) - Km? 32,45
Basin perimeter (P) - km 22,81
Main Channel Length (L) - km 7,95
Total length of channels (Lt) - km 22,06
Form factor (Kf) 0,51
Drainage density (Dd) - km/km? 0, 68

Sinuosityindex (Is) - %

Roundness index (lc)

Compactness coefficient (Kc)

- High susceptibility
:l Medium susceptibility
:| Low susceptibility

Source: Prepared by the authors.

With the method used, it was possible to find a value of 0.68 km/km? for the drainage
density (Dd), which, according to Francga et al. (1968), classifies its drainage system with greater
infiltration power and low surface runoff, as the value is less than 1.5 km/km?. This value found
is in line with other studies, such as Vale and Bordalo (2020) and Pereira et al. (2017), who
obtained results of 0.66 km/km? and 0.35 km/km? for their watershed, respectively.

The value found for the Form Factor parameter (Kf) of the Campestre creek watershed
is 0.51 which, according to Villela and Matos (1975), presents medium susceptibility to floods,
as it is within the range of 0.50 - 0.75. This index shows that a basin with a low form factor value
is less prone to flooding than a basin that has the same size, but with a larger form factor
(VILLELA; MATTOS, 1975).

For the circularity index (Ic), whaterseds with values below 1 have narrow and
elongated geometry, and values approaching 1 have circular geometry, which makes the basin
more susceptible to flooding (BARRQOS, 2016). The result of the Circularity Index found for the
Campestre creek watershed was 0.83, which indicates that the basin is geometrically circular
and highly susceptible to flooding.

The sinuosity index ( Is ) is distributed by classes and, according to Christofoletti (1980),
channels with Is >20% are considered very straight, between 20-29% are straight, from 30 to
39.9 are rambling, from 40 to 49.9 % are windy and values greater than 50% are very windy. For
the Campestre creek watershed, the index found was 7.5%, being considered as very straight,
with high susceptibility to flooding.

For the coefficient of compactness (Kc), the result found was 1.12, being classified as
circular. According to Lobo et al. (2021), the watersheds of Barbosa and Barbosinha streams,
also located in the city of Lins, has a compactness coefficient of 1.19.

The longitudinal profile of the main channel can be seen in Figure 2, where it’s
beginning to its outlet is marked. It can be seen in the profile that, from the beginning of the
basin to the beginning of the urban area, around 2,358 m, there is a decay of the channel, thus
indicating a place with a high slope. From 2,358m, it can be seen that the area does not undergo
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major changes related to the slope, which contributes to the accumulation of water in times of
rain due to its flow rate, which explains the occurrences of floods in its outlet, which is the point
of confluence with the Barbosa and Barbosinha streams. This can be seen in Figure 3, which

contains a 3D view of the basin area.

Figure 2: Longitudinal profile of the main channel in the Campestre creek watershed.
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Figure 3: 3D view of the Campestre creeck watershed.
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Source: Prepared by the authors.

Another characteristic analyzed in the watershed under study was the slope present
in the area, which can be seen in Figure 4, where the most present classes are from 5 to 10%,

from 10 to 20% and from 2% to 5%.
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Figure 4: Slope map in percentage of the Campestre creeck watershed.
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The most present relief class, from 5% to 10%, has an area of about 13.71 km?,
followed by 10.41 km? located in the 10% to 20% class and 6.25 km? belonging to the 2% to 5%
class. The other classes, from < 2%, from 20% to 30% and > 30%, have an area of 1.26 km?, 0.74
km? and 0.03 km?, respectively. The relief present in the Campestre creek watershed can be
considered as gently undulating, but with more undulating regions.

In Figure 5, the altimetry of the site can be seen, where 14.68 km? of the total area of
the watershed is inserted between elevations 460 and 490, followed by 8.27 km? that is present
between 430 and 460, and the area of 7.59 km? which is located between 490 and 520. The
altitudes from 400 to 430 and from 520 to 550 have the smallest amount of area, being 1.79 km?
and 0.12 km?, respectively.

Figure 5: Hypsometric map of the Campestre creeck watershed.
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4.2 LAND USE AND OCCUPANCY ANALYSIS
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The generation of land use and occupation maps aimed to identify the changes that
occurred in the Campestre creek watershed during three different years (1990, 2005 and 2021).
Thus, the classification maps can be seen in figure 6.

Figure 6: Land Use and Occupation Maps of the Campestre creeck watershed.
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Source: Prepared by the authors.

Using the Spring software class measurement tool, it was possible to obtain the values
corresponding to the area of each demarcated use, as well as its growth over the years,
compared with the initial period of analysis. The values can be seen in Table 2.

Table 2: Result of land use and occupation areas and their growth variation.

Land Use and Occupation Area (km?) Growth Variation (%)
Classes
2021 2005 1990 2021-1990 2005-1990
Built-up Areas 4,87 4,4 4,28 13% 2,80%
Dense Vegetation 5,57 3,96 4,68 19% -15,30%
Undergrowth 8,78 12,6 8,28 6% 52%
13,25 11,3 15,19 -12,70% -25%

Source: Prepared by the authors.

Based on the results obtained, the growth of 13% of built-up areas in the period
studied is remarkable. There was a 19% growth in dense vegetation areas in the comparison
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between 1990 and 2021, which increased from 4.68 km? to 5.57 km?, respectively. The class
referring to soil showed a decrease of -12.70%, from 15.19% in 1990 to 13.25% in 2021. The
decrease in the area of exposed soil can also be observed.

Through the cross-tabulation methodology, it was possible to obtain the results
regarding the interaction and distribution of area growth during the years 1990 and 2021. Of
the total 13% growth in built-up area, 0.16 km? was on dense vegetation, 0.36 km? on the
undergrowth and 0.78 km? on the ground. Another example is the soil class, which in 2021 was
distributed as follows: 0.05 km? in built-up areas, 1 km? in dense vegetation and 4.35 km? in
undergrowth. Table 3 shows the rest of the classes and their respective growth.

Table 3: Table of cross-tabulation results referring to the growth of areas from 1990 to 2021.

Land Use and Occupation Area (km?)
Classes
o oy ey saor s
Built-up Areas 3,56 0,15 0,43 0,05
Dense Vegetation 0,16 2,59 0,92 1
Undergrowth 0,36 1,13 2,43 4,35
Soil 0,78 1,66 4,96 7,73
Total in 2021: 4,87 km? 5,5 km? 8,7 km? 13,2 km?
Total in 1990: 4,2 km? 4,6 km? 8,28 km? 15,2 km?

Source: Prepared by the authors.

In view of this, the decrease in the area of dense vegetation and exposed soil indicates
that there is a reduction in permeable areas, which, associated with the morphometric
characteristics already diagnosed, can thus negatively interfere with urban drainage issues.

5. CONCLUSION

Because it is a 3rd order basin and has the following morphometric characteristics:
form factor with a value of 0.51, sinuosity index of 7.5%, circularity index of 0.83 and
compactness coefficient of 1.12, the Campestre creek watershed has a circular shape and
straight water channels, contributing to the classification of medium to high susceptibility to
floods and inundations.

The increase in built-up areas in regions that were previously soil and vegetation
indicate that the municipality is expanding. Built-up areas increased by 13% during the years
1990-2021, from 4.2 km? to 4.87 km?2. The area of exposed soil, which previously had 15.2 km?
in 1990, became 13.2 km? in 2021, showing a decrease of 12.7% in area, which indicates that
construction of new subdivisions ends up impacting the reduction of permeable areas and thus,
hindering the infiltration of water.

Given the above, planning, management and environmental studies aimed at
improving the quality of land use in hydrographic basins and watersheds are of paramount
importance, so that strategies can be devised to prevent flooding and flooding in cases of
hydrological events.
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