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Abstract 
 

This study assesses terrain variability in the Municipality of Jenipapo de Minas, southeastern 

Brazil, using Digital Elevation Models (DEMs). The DEMs analyzed include the Shuttle Radar 

Topography Mission (SRTM) with 30-meter (SRTM30) and 90-meter (SRTM90) resolutions, 

as well as the Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER). 

The comparative analysis was based on topographic characteristics, such as slope and terrain 

ruggedness index (TRI) were derived from these models to analyze the landscape’s elevation 

changes. Results showed that elevation differences among the DEMs were similar. The 

predominant slope was undulating and heavily undulating, consistent with previous studies. 

The TRI results indicated a high incidence of level terrain, particularly in SRTM30 with 100% 

of the area and ASTER with almost 100%. However, in the SRTM90, the incidence of the 

nearly level and slightly Rugged TRI classes in 6.88% of the study area. These findings 

emphasize how DEM resolution influences terrain characterization, with implications for 

hydrological studies, environmental planning, and landscape management. Overall, the study 

underscores the necessity of carefully selecting DEM sources according to the specific 

analytical requirements, as well as the potential for using a combination of DEMs for a more 

comprehensive understanding of terrain dynamics across different spatial scales. 
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1. Introduction 
 

Terrain ruggedness is a critical metric in 

geospatial analysis, reflecting the variability in 

elevation and the complexity of the landscape. It 

impacts ecological patterns, hydrological processes, 

and land use management. The terrain ruggedness 

index (TRI), originally proposed by Riley, DeGloria 

and Elliott (1999), measures the heterogeneity of 

elevation, aiding in understanding the topography's 

influence on environmental processes (Brožová et 

al., 2021; Okolie and Smit, 2022). 

In the municipality of Jenipapo de Minas, 

located in southeastern Brazil (Figure 1), terrain 

variability influences land use, soil stability, and 

water flow patterns. The use of Digital Elevation 

Models (DEMs) such as the Shuttle Radar 

Topography Mission (SRTM) at 30-meter 

(SRTM30) and 90-meter (SRTM90) resolutions, 

along with the Advanced Spaceborne Thermal 

Emission and Reflection Radiometer (ASTER), 

offers varying scales of topographic data. These 

DEMs offer varied spatial resolutions, which 

influence the precision and quality of TRI 

calculations (Thomas et al., 2014). 

The first study regarding the morphometric 

analysis of the municipality was done by Gomes and 

Gomes (2015). They used SRTM 1 arc second 

version 3 to extract the slope and aspect information 

from the DEM. Since then, the official area of the 

study area has been updated. Furthermore, no 

comparative results were achieved regarding 

different DEMs besides the SRTM. Furthermore, a 

hypsometric map of the municipality can be seen in 

Gomes, Vieira and Hamza (2018) and they brief 

discussions of the hydrogeological and geological 

characteristics, highlighting that the rock 

formations are predominantly formed by the Salinas 

formation of the Macaúbas Group and also, the 

presence of tertiary plateau surfaces in the study 

area. 

https://orcid.org/0000-0002-1143-0001
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The study was conducted in Jenipapo de 

Minas, characterized by its varying topography 

ranging from low-lying plains to a few mountainous 

areas (Gomes and Gomes, 2015). The region's 

diverse landscape, including valleys, hills, and 

plateaus, makes it ideal for studying topographic 

heterogeneity. In this context, the present study 

aims to compare the terrain ruggedness index using 

distinct digital elevation models in the study area, as 

well as the influence of the chosen DEMs in the 

slope classification relief classes proposed by the 

Brazilian Agricultural Research Corporation 

(Embrapa, 1979). 
 

 

 
Figure 1 – Location of the Municipality of Jenipapo de Minas. 

 

2. Methodology 

 

Regarding the analysis of the topographical 

characteristics of the study area, specifically 

focusing on the slope and terrain ruggedness index 

(TRI) was utilized Shuttle Radar Topography 

Mission (SRTM) of 1 and 3 arc-seconds 

(approximately 30 and 90 meters, respectively) and 

Advanced Spaceborne Thermal Emission and 

Reflection Radiometer (ASTER) datasets. Both 

SRTM and ASTER provide high-resolution digital 

elevation models (DEMs) essential for deriving 

slope and terrain ruggedness. 

To ensure comparability between the datasets, 

preprocessing steps included reprojecting ASTER 

and SRTM data to match the local projection system 

(SIRGAS 2000). After this, the slopes and TRIs 

were calculated and reclassified, thematic maps 

were created for each of the variables and DEMs 

used. Finally, the data from each layer created was 

exported for analysis to allow a comparison of the 

results obtained. 

 

2.1. Digital Elevation Models (DEMs) 

 

All the digital elevation modes (DEMs) 

chosen, after geoprocessing were reclassified into 

seven classes as shown in Table (1), for the 

generation of thematic maps and statistical analysis. 

 
Table 1 – Range of the elevation classes adopted on 

reclassification of the DEMs. 

Classes  Elevation (m) 

1 < 400 

2 400 – 500  

3 500 – 600  

4 600 –700  

5 700 – 800  

6 800 – 900  

7 > 900 

 

2.1.1. SRTM Elevation Model and its Derivations 

 

The SRTM elevation model offers near-

global coverage and an open digital elevation data 
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collection. Conducted by NASA and the National 

Geospatial-Intelligence Agency (NGA) in 2000, the 

SRTM utilized interferometric synthetic aperture 

radar (InSAR) technology to capture elevation data 

(Passini and Jacobsen, 2007) for more than 80% of 

Earth's landmass (Nikolakopoulos, Kamaratakis 

and Chrysoulakis, 2006; Ouerghi et al., 2015). 

SRTM derived products, such as SRTM30 and 

SRTM90 models, remain indispensable in 

geospatial analyses (Van Zyl, 2001), providing 

essential data for disciplines ranging from ecology 

(Moudrý et al., 2018; Silva, Gomes and Oliveira, 

2023; Dian et al., 2024) and geology (Rossetti and 

Valeriano, 2007; EL-Omairi, Garouani and Shebl, 

2024) to urban planning and hydrology (e.g., Cunha 

and Bacani, 2016; Arabameri et al., 2020; Gomes, 

2020; Dell'Acqua and Gamba, 2002).  

The SRTM mission used radar interferometry 

with two radar antennas spaced apart to create 3D 

elevation data. The mission elevation data, initially 

collected in 1-arc-second (~30m) and 3-arc-second 

(~90m) resolutions, has since been refined through 

processing to produce accurate and seamless 

elevation models across diverse terrains (Farr et al., 

2007). As previously mentioned, SRTM data is 

commonly available in two key derivatives: 

• SRTM90 (3-arc-second resolution, ~90m): It 

provides a broader view suitable for regional-

scale analyses where finer topographic detail 

is less critical (Farr et al., 2007). This model 

is advantageous for extensive geological 

studies, climate research, and large-scale 

environmental assessments. Because of its 

lower resolution, SRTM90 smooths out 

smaller terrain variations but remains 

effective for capturing overall terrain trends in 

larger regions (Jarvis et al., 2008). For 

example, in low-relief areas with 

heterogeneous vegetation, SRTM may not 

accurately represent subtle elevation changes 

and can even produce an "inverted terrain 

model" where forested areas appear higher 

than surrounding agricultural land (Rodríguez 

et al., 2006; Lalonde et al., 2010). 

• SRTM30 (1-arc-second resolution, ~30m): 

This high-resolution model offers detailed 

elevation data, making it ideal for studies 

requiring more precise topographic 

information than SRTM90, such as ecological 

modeling, urban planning, and localized 

hydrological assessments. For instance, one 

study demonstrates that SRTM3 data can 

represent terrain variations adequately, 

particularly in mountainous regions where 

high-resolution DEMs like SRTM are crucial 

for accurate geomorphological analysis 

(Denker, 2005). Additionally, SRTM30 and 

its derivative products are praised for 

providing consistent terrain features across 

various landscapes, from rolling hills to steep 

mountain slopes, with suitable accuracy for 

mid-scale analysis (Liu et al., 2020). 

 

2.1.2. ASTER Global Digital Elevation Model 

 

The Advanced Spaceborne Thermal Emission 

and Reflection Radiometer (ASTER) Global Digital 

Elevation Model (GDEM) is a high-resolution 

elevation dataset produced through collaboration 

between NASA and Japan’s Ministry of Economy, 

Trade, and Industry (METI). ASTER GDEM 

provides near-global coverage at 30-meter spatial 

resolution, offering valuable insights for various 

applications including hydrology (Thakuri et al., 

2022; AL-Areeq et al., 2023), geology (Asran, 

Emam and El-Fakharani, 2017), ecology (Moudrý 

et al., 2018), and urban planning. Since its first 

release in 2009 (Ouerghi et al., 2015), ASTER 

GDEM has been widely used in terrain analysis, 

particularly in mountainous and remote areas where 

high-resolution topographic data are essential but 

often limited. 

ASTER, a sensor onboard NASA’s Terra 

satellite launched in 1999, collects multispectral 

images, including near-infrared data, which allows 

for stereoscopic (3D) imaging. By capturing stereo-

pairs of images over the same area, ASTER GDEM 

generates digital elevation models through 

photogrammetric techniques. ASTER GDEM’s 

unique feature is its near-global coverage between 

latitudes 83°N and 83°S, allowing access to 

topographic data even in high-latitude regions 

where other DEM sources like the Shuttle Radar 

Topography Mission (SRTM) are limited (Abrams, 

2010; Liu et al., 2020; Uuemaa et al., 2020). 

 

2.2. Slope classes 

 

The declivity data were divided into six new 

classes according to the classification proposed by 

Embrapa (1979). According to this proposal, the 

classes are distributed in 0-3% (flat or almost flat), 

3-8% (gently-undulating), 8-20% (undulating), 20-
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45% (heavily-undulating), 45-75% (hilly) and 

greater than 75% (Steep). The names of each class 

were adapted to meet (in general) the landscape unit 

classifications of Van Zuidam and van Zuidam-

Cancelado (1979), Van Zuidam (1983), and also the 

proposed classification of Listyani (2019), as used 

by Gomes (2020) and shown in Table (2). 

 
Table 2 – Slope classes adapted from Embrapa (1979). 

Classes  Slope (Relief) 

1 Flat or almost flat (0 – 3%) 

2 Gently-Undulating (3 – 8%) 

3 Undulating (8 – 20%) 

4 Heavily-Undulating (20 – 45%) 

5 Hilly (45 – 75%) 

6 Steep (Mountainous) (> 75%) 

 

2.3. Terrain Ruggedness Index Calculation 

 

TRI is calculated based on elevation data 

derived from digital elevation models (DEMs). This 

index is designed to quantify elevation variation by 

examining the altitude changes over specific areas. 

The calculation involves summing the absolute 

elevation differences between a focal cell and its 

adjacent cells, divided by the number of neighbors. 

This flexible method allows adaptation for different 

scales, resolutions, and topographic structures 

(Riley, DeGloria and Elliott, 1999). The equation 

(1) for TRI is 
 

𝑇𝑅𝐼 =  ∑
|𝑍𝑐𝑒𝑛𝑡𝑟𝑎𝑙 −  𝑍𝑛𝑒𝑖𝑔ℎ𝑏𝑜𝑟,𝑖|

𝑛

𝑛

𝑖=1
 (1) 

 

where Zcentral is the elevation of the central cell, 

Zneighbor,i is the elevation of the neighboring cell, and 

n is the number of neighbors. 
 

In the present analysis, TRI calculations were 

performed using a 3x3 window size to maintain 

consistency across all DEMs, as exemplified by 

Riley, DeGloria and Elliott (1999). TRI was 

calculated by measuring the elevation differences 

between a central cell and its surrounding cells (e.g. 

Vukomanovic and Orr, 2014) using a rolling 

window technique (Bifet and Gavaldà, 2007; Shen 

et al., 2021). For this, the software QGIS (version 

3.34.6) was utilized to automate the process, and the 

results were analyzed for comparing the TRI values 

derived from each DEM. 

The declivity data were divided into seven 

classes according to the classification proposed by 

Riley, DeGloria and Elliott (1999), as shown in 

Table (3). 

 
Table 3 – Terrain ruggedness index categories. 

Classes  Category / Elevation Difference (m) 

1 Level (0 – 80) 

2 Nearly Level (81 – 116) 

3 Slightly Rugged (117 – 161) 

4 Intermediately Rugged (162 – 239) 

5 Moderately Rugged (240 – 497) 

6 Highly Rugged (498 – 958) 

7 Extremely Rugged (959 – 4367) 

 

3. Results and discussion 

 

The results of the comparative analysis of 

elevation, slope, and the terrain ruggedness index 

based on distinct digital elevation models in the 

Municipality of Jenipapo de Minas are shown in 

Tables (4 to 13) and Figures (2 to 13). 

The official area of the municipality 

according to IBGE (2022a) is 284.45 km². 

However, in the context of distinct raster files 

(DEMs) with different spatial resolutions, the 

calculated area was 284.86, 284.73, and 284.82 km² 

for SRTM30, SRTM90, and ASTER, respectively. 

Regarding the elevation from the DEMs used, 

all data were reclassified for statistical analysis and 

an area count (in km²) was performed for each class, 

as shown in Tables (4 to 6) and Figure (2). After, as 

a final procedure, hypsometric (elevation) maps 

were prepared for the study area, as illustrated in the 

reclass map in Figure (3) and hypsometric map in 

Figure (4). 

The elevation class 7 has the smallest area, as 

a percentage of the total area, with an average value 

of 2.37% among DEMs. It also represents the 

highest regions of the municipality reaching up to 

900 m in height. 

 
Table 4 – Elevation classes with area values for SRTM30. 

Classes Elevations (m) Area (Km²) % 

1 < 400 17.64 6.19 

2 400 – 500 80.21 28.16 

3 500 – 600 73.52 25.81 

4 600 – 700 42.35 14.87 

5 700 – 800 33.44 11.74 

6 800 – 900 30.73 10.79 

7 > 900 6.97 2.45 

Total  284.86 100 
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Table 5 – Elevation classes with area values for SRTM90. 

Classes Elevations (m) Area (Km²) % 

1 < 400 17.63 6.19 

2 400 – 500 81.12 28.49 

3 500 – 600 73.33 25.75 

4 600 – 700 41.89 14.71 

5 700 – 800 32.85 11.54 

6 800 – 900 31.30 10.99 

7 > 900 6.61 2.32 

Total  284.73 100.00 

 

Table 6 – Elevation classes with area values for ASTER. 

Classes Elevations (m) Area (Km²) % 

1 < 400 23.17 8.14 

2 400 – 500 80.44 28.24 

3 500 – 600 70.84 24.87 

4 600 – 700 41.19 14.46 

5 700 – 800 32.60 11.45 

6 800 – 900 29.89 10.50 

7 > 900 6.67 2.34 

Total  284.82 100.00 

 

 
Figure 2 – Percentage distribution of the elevation classes in each DEM. 

 
Figure 3 – Elevation map with reclassified DEMs data. 

 

 
Figure 4 – Hypsometric map for each DEM. 
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Note that the difference between the DEMs by 

class did not exceed 1% in all cases, except in class 

1, between the SRTMs and ASTER which reached 

a difference of 1.95%. 

Regarding the DEMs, as indicated in the 

reclassification data, the changes in the reclassified 

map (Figure 3) were minor in low-lying regions (in 

dark blue color), as noted in the ASTER map. 

Nevertheless, in the higher altitude regions (reddish 

colors) at the extreme east, south, and west of the 

reclassified and hypsometric maps is very difficult 

to notice any significant change. 

It was not possible to note significant changes 

even when comparing the elevation map elaborated 

by Gomes and Gomes (2023a) that used 

NASADEM data and another color scale. 

The slopes were divided into six classes and 

the results for each DEM are shown in Tables (7 to 

9) and illustrated in Figures (5 to 8). The slope 

classes 3 (undulating relief) and 4 (heavily 

undulating relief) were predominant among the 

other classes, covering an average of 42.24% 

(120.29 km²) and 39.17% (111.57 km²) of the total 

area of the municipality, respectively. 

 
 

 

Table 7 – SRTM30 slope classes by area percentage. 

Classes Slope (%) Area (Km²) % 

1 0 – 3 12.40 4.35 

2 3 – 8 32.86 11.54 

3 8 – 20 107.05 37.58 

4 20 – 45 123.46 43.34 

5 45 – 75 9.05 3.18 

6 > 75 0.04 0.01 

Total  284.86 100 

 
Table 8 – SRTM90 slope classes by area percentage. 

Classes Slope (%) Area (Km²) % 

1 0 – 3 12.43 4.37 

2 3 – 8 42.35 14.88 

3 8 – 20 142.12 49.91 

4 20 – 45 87.32 30.67 

5 45 – 75 0.51 0.18 

6 > 75 0.00 0.00 

Total  284.73 100 

 
Table 9 – ASTER slope classes by area percentage. 

Classes Slope (%) Area (Km²) % 

1 0 – 3 4.59 1.61 

2 3 – 8 29.78 10.46 

3 8 – 20 111.72 39.22 

4 20 – 45 123.93 43.51 

5 45 – 75 14.57 5.11 

6 > 75 0.23 0.08 

Total  284.82 100 

 

 

 
Figure 5 – Percentage of slope classes in SRTM30. 

 

 
Figure 6 – Percentage of slope classes in SRTM90. 

 

 
Figure 7 – Percentage of slope classes in ASTER. 
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The slope classes showed a predominance of 

areas with a slope of 6 to 20% (with undulating and 

strongly undulating relief). As expected, the 

previous study of Gomes and Gomes (2015) also 

indicated that both classes had predominance in the 

area. The main difference is in the highest class 6 

(steep relief) since the authors did not reveal the 

presence of this relief previously. However, the 

present study noticed the presence of class 6 in the 

DEMs SRTM30 and ASTER. This change was due 

to the update of the shapefile of Brazilian 

municipalities carried out by IBGE (2022b) a few 

years ago. 

Furthermore, Gomes and Gomes (2023b) 

made three different reclassified slope maps 

according to Embrapa (1979), Lepsch (1991), and 

with a fixed interval of 10% between each class. The 

authors used the NASADEM data. It was possible 

to note that the interval chosen in the reclassification 

can significantly change the visualization of the 

map, giving the impression that the smaller the 

interval, the better the visual detail of the map. 
 

 
Figure 8 – Slope map according to the relief classes for the three DEMs. 

 

The terrain ruggedness index (TRI) 

classification results are shown in Tables (10 to 12) 

and illustrated in Figures (9 to 10). The tables 

contain the values of each class by area and 

percentage of the total area. According to the results 

obtained, class 1, category-level terrain, has a high 

predominance area in all DEMs used. 

In terms of percentage of the total area, the 

SRTM30 had 100% (Table 10) of the area in class 

1, SRTM90 had 97,58% (Table 11), and ASTER got 

almost 100% (Table 12). 

Based on SRTM90, the second class (nearly 

level) is present in 2.38% of the area and only 

0.00256% based on ASTER. 
 

Table 10 – SRTM30 TRI classes by area percentage. 

Category / Elevation Difference (m) Area (Km²) % 

Level (0 – 80) 284.86 100 

Nearly Level (81 – 116) 0.00 0.00 

Slightly Rugged (117 – 161) 0.00 0.00 

Intermediately Rugged (162 – 239) 0.00 0.00 

Moderately Rugged (240 – 497) 0.00 0.00 

Highly Rugged (498 – 958) 0.00 0.00 

Extremely Rugged (959 – 4367) 0.00 0.00 

Total 284.86 100 

Table 11 – SRTM90 TRI classes by area percentage. 

Category / Elevation Difference (m) Area (Km²) % 

Level (0 – 80) 277.85 97.58 

Nearly Level (81 – 116) 6.77 2.38 

Slightly Rugged (117 – 161) 0.11 0.04 

Intermediately Rugged (162 – 239) 0.00 0.00 

Moderately Rugged (240 – 497) 0.00 0.00 

Highly Rugged (498 – 958) 0.00 0.00 

Extremely Rugged (959 – 4367) 0.00 0.00 

Total 284.73 100 

 
Table 12 – ASTER TRI classes by area percentage. 

Category / Elevation Difference (m) Area (Km²) % 

Level (0 – 80) 284.81 100 

Nearly Level (81 – 116) 0.01* 0.00** 

Slightly Rugged (117 – 161) 0.00 0.00 

Intermediately Rugged (162 – 239) 0.00 0.00 

Moderately Rugged (240 – 497) 0.00 0.00 

Highly Rugged (498 – 958) 0.00 0.00 

Extremely Rugged (959 – 4367) 0.00 0.00 

Total 284.82 100 

* 0.007293  ** 0.00256058849900493 
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Figure 9 – TRI map according to the Riley, DeGloria and Elliott (1999) classes for the three DEMs. 

 

 
Figure 10 – TRI map (classless) for the three DEMs. 

 
SRTM30 

 

SRTM90 

 

ASTER 

 
Figure 11 – Histogram of each TRI. 

 

In the TRI classified maps (Figure 9) there is 

homogeneity due to the predominance of class 1 

(cinnamon rose color), as already pointed out in the 

percentage tables by class area. However, in SRTM 

90 it was possible to identify the presence of class 2 

(yellow color) and 3 (orange color), even in small 

areas. Due to the homogeneity in the classification, 

new TRI maps were created for the DEMS, but not 

classified according to Riley, DeGloria and Elliott 

(1999) to allow a better visual comparison of the 
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roughness of the study area. This provided a greater 

contrast between the DEMs highlighting the 

difference between them, mainly in SRTM90. 

Analyzing the results of the TRI based on the 

histograms of each DEM (Figure 11): 

• ASTER TRI Histogram: the frequency 

distribution shows a steep rise in lower TRI 

values, which suggests that a large portion of 

the terrain exhibits minimal elevation 

changes, characteristic of flatter or gently 

undulating surfaces. The histogram then 

gradually decreases in frequency, with fewer 

occurrences of higher TRI values, 

representing increasingly rugged terrain 

areas, such as heavily undulating or highly 

variable elevation zones. However, in most 

of the area, the TRI classification adopted 

indicates that the terrain is mostly composed 

of low-variability features. 

• SRTM30 TRI Histogram: the histogram 

shows a similar pattern of lower TRI values 

being more frequent, but with a slightly 

wider spread compared to the ASTER 

histogram. The distribution tails off at 70 m 

of TRI, with minimal occurrences, 

reinforcing that there is no extreme 

ruggedness or that the spatial resolution of 

30 meters smooths over finer rugged details, 

revealing a terrain predominantly 

characterized by gentle to moderate 

elevation variability. 

• SRTM 90 TRI Histogram: the histogram 

differs from the other two by showing a peak 

at higher TRI values compared to both 

ASTER and SRTM30 data. The broader 

range of high-frequency pixel values 

indicates that this “coarser” spatial 

resolution captures more generalized 

ruggedness, smoothing over smaller 

elevation variations and highlighting 

broader undulations or terrain features. 

Consequently, the distribution suggests a 

terrain with moderate to substantial 

ruggedness levels over larger spatial extents. 

Even though this, concerning the TRI 

classification only 6.88% of the area was 

classified as nearly level or slightly rugged. 

The decline in frequency at high TRI values 

is more gradual, reflecting that the 90-meter 

resolution has aggregated areas of varied 

ruggedness into fewer, more generalized 

categories, making rugged terrain features 

more prominent compared to the finer 

details seen in ASTER and SRTM30. 

 

In the context of TRI, recent advancements in 

remote sensing technologies, such as LiDAR, have 

enhanced the accuracy of TRI (Trevisani, Teza and 

Guth, 2023) by improving DEM resolution (Esin et 

al., 2021). Compared to other DEMs like SRTM and 

LiDAR, ASTER GDEM’s resolution and global 

coverage offer advantages, especially in high-

latitude areas beyond SRTM’s extent. However, 

ASTER’s data noise is more pronounced than 

SRTM’s, particularly in flat areas where artifacts 

can appear as false elevation changes. LiDAR, 

while generally more accurate, is not available for 

global coverage, making ASTER a practical 

alternative in remote areas lacking detailed 

topographic data (Suwandana et al., 2011; 

Mendonça and Paz, 2022). 

Summarizing some previous data (Table 13), 

each dataset was assessed for its minimum and 

maximum values of elevation (in meters), slope (in 

percentage), and Terrain Ruggedness Index (TRI, in 

meters), providing insight into the topographic 

variability across different spatial resolutions. The 

elevation range for the SRTM30 extends from a 

minimum of 346 meters to a maximum of 978 

meters, while the SRTM90 dataset covers a broader 

range, extending from 341 to 1003 meters. The 

ASTER dataset reveals a similar scope, with 

elevations ranging between 337 and 982 meters. 

These differences in elevation data highlight 

potential discrepancies arising from DEM 

resolution, as higher resolution DEMs, such as 

SRTM30, tend to capture localized variations in 

elevation more precisely than coarser-resolution 

models. 

For SRTM30 slopes in Table (13), values 

range from 0% to 96.43%. The SRTM90 dataset, 

however, shows a reduced maximum slope of 

65.71%, suggesting that “coarser” resolutions may 

smooth out high-gradient areas, potentially 

underestimating local steepness. The ASTER data 

is similar to SRTM30 in slope extremes, and records 

a maximum of 91.01%, emphasizing that higher 

resolution DEMs can better represent topographic 

feature transitions. 

In terms of terrain ruggedness, the TRI values 

varied notably across the datasets. The SRTM30 

dataset exhibits TRI values between 0 and 70.34 

meters. In contrast, SRTM90 ranges more widely, 
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from a minimum of 1 meter to a maximum of 

151.86 meters, potentially capturing broader 

variations in terrain due to different spatial 

resolutions. ASTER data, with TRI values between 

1.41 and 66.26 meters, is similar to the SRTM30 

range, indicating that high-resolution data are more 

sensitive to detecting fine-scale terrain 

irregularities. 

In order to better visualize and compare the 

different DEMs and their derivatives, was created a 

profile (southeast to northeast) in the highlands of 

the municipality, as shown in Figure (12). The 

profile location was chosen since it crosses two 

local streams approximately 2000 and 6500 m away 

from the beginning of the profile and also passes 

through two flat areas. In both flattened areas, 

SRTM30 and ASTER showed lower oscillation 

compared to SRTM90, as shown in TRI, elevation, 

and slope profile. This profile behavior corroborates 

with the histogram discussion that SRTM90 

smooths out smaller terrain variations but remains 

effective for capturing overall terrain trends in 

larger regions. Furthermore, the small maps show 

the ASTER image in Figure (13). 

Aiming to compare the thematic maps created 

and high-resolution satellite images, such as Bing 

and Google, for each DEM used. An area of relief 

transition from a flat to a mountainous slope was 

selected, the same region presented the highest 

(>100m) TRI values, as shown in Figure (13). In 

addition to the relief transition, it was possible to 

observe some geomorphological features, such as 

the drainage lines (thalweg) well characterized by 

the fit of relief in small valleys, the lateral continuity 

of the cliffs with a slight softening of the relief in 

the center. This variation coincides with what was 

observed in the TRI and slope. 
 

 

Table 13 – Summary of minimum and maximum values of the variables. 

DEMs 
Elevation (m) Slope (%) TRI (m) 

Min. Max. Min. Max. Min. Max. 

SRTM30 346 978 0 96.43 0 70.34 

SRTM90 341 1003 0 65.71 1 151.86 

ASTER 337 982 0 91.01 1.41 66.26 

 

 

 
Figure 12 – TRI, elevation, and slope profiles for each DEM. 
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Figure 13 – Comparison between different images for a region of abrupt relief variation. 

 

6. Conclusion 

 

Based on the detailed analysis of terrain 

ruggedness and slope variability across the selected 

digital elevation models, the present study 

highlights the topographical complexity in the 

municipality Jenipapo de Minas, demonstrating 

how distinct spatial resolutions influence the 

representation of elevation, slope, and the terrain 

ruggedness index. The comparison between SRTM 

and ASTER models reveals that while higher-

resolution DEMs, such as SRTM30 offer finer 

coarseness in ruggedness features, the “coarser” 

SRTM90 still provides substantial insights for 

broader-scale analysis. ASTER, meanwhile, 

balances resolution and coverage but with noted 

limitations in flatter regions where minor artifacts 

may affect TRI calculations. 

The implications of these findings extend to 

various environmental and planning applications, 

from land use management to hydrological 

modeling, where the choice of DEM resolution can 
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significantly impact the assessment of terrain 

characteristics. Future research could explore 

integrating higher-resolution data sources, such as 

LiDAR, to further validate and enhance terrain 

analyses in regions with similar geographical 

characteristics. 
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