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ABSTRACT 

Digital Terrain Modeling (DTM) is widely used in various applications such as terrain analysis, hydrological modeling, and urban 
planning. However, the accuracy of DTM heavily relies on the quality of input data and the algorithms used to process the data. 
Errors in DTM can have significant impacts on downstream applications, such as flood forecasting and land-use planning. Error 
assessment and propagation in DTM is the process of identifying and quantifying errors in the DTM and evaluating how these 
errors propagate through downstream applications. This paper provides an overview of error assessment and propagation in DTM, 
including sources of errors, methods of error assessment, and techniques for error propagation analysis. The paper also discusses 
the importance of error assessment and propagation in ensuring the accuracy and reliability of DTM and downstream applications. 

1. INTRODUCTION

Digital Terrain Modeling (DTM) is a process of creating a 
three-dimensional representation of the Earth's surface using 
digital data. DTM has a wide range of applications, 
including terrain analysis, hydrological modeling, and urban 
planning. However, the accuracy of DTM heavily relies on 
the quality of input data and the algorithms used to process 
the data. Errors in DTM can have significant impacts on 
downstream applications, such as flood forecasting and land-
use planning. 

Error assessment and propagation in DTM is the process of 
identifying and quantifying errors in the DTM and 
evaluating how these errors propagate through downstream 
applications. This process is critical to ensure that the DTM 
is fit for purpose and that the results of downstream 
applications are reliable. There are various sources of errors 
in DTM, including measurement errors, interpolation errors, 
and algorithmic errors. 

In this context, error propagation refers to the process of 
understanding how errors in input data and algorithms 
propagate through the DTM and affect the accuracy of 
downstream applications. For example, if there is an error in 
the elevation data used to create the DTM, this error will 
propagate through the DTM, affecting the accuracy of 
downstream applications that rely on the DTM. 
Understanding how errors propagate through the DTM is 

critical to mitigate the impact of errors and ensure the 
reliability of downstream applications 

Digital terrain modeling (DTM) is an important tool in 
various applications, such as flood prediction, land use 
planning, and infrastructure development. DTM is used to 
create digital representations of the Earth's surface and its 
features, such as elevation, slope, and aspect. Some potential 
applications of DTM: 

1.1. Flood prediction: DTM is used to create digital 
elevation models (DEM) that can be used to 
predict flood inundation and to identify flood-
prone areas (Manfreda et al, 2011). Accurate and 
high-resolution DTMs can improve the accuracy 
and reliability of flood prediction models. 

1.2. Land use planning: DTM is used to create 3D 
models of the terrain that can be used to visualize 
and analyze the landscape (Florinsky, Igor V., 
1998). DTMs can help to identify suitable 
locations for different land uses, such as 
agriculture, forestry, and urban development. 

1.3. Infrastructure development: DTM is used to 
design and construct infrastructure, such as roads, 
bridges, and pipelines (Meesuk, Vorawit, et al, 
2015). DTMs can help to identify the optimal 
location and route for the infrastructure and to 
assess the potential impact on the environment. 
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2. ERROR SOURCES IN DTM 

Digital Terrain Models (DTMs) are digital representations 
of the Earth's surface and its features, such as elevation, 
slope, and aspect. They are created by processing raw data 
from various sources such as aerial or satellite images, laser 
scanning, and GPS surveys. However, DTMs are subject to 
errors and uncertainties that can affect their accuracy and 
reliability (Klouček et al, 2015). Some potential sources of 
errors in DTM: 

2.1. Data quality: The accuracy and resolution of the 
data used to create the DTM can affect the 
accuracy of the model. Low-quality data or data 
with errors can lead to inaccurate and unreliable 
DTMs. 

2.2. Interpolation: Interpolation is used to estimate the 
elevation of the terrain between data points. The 
accuracy of the interpolation method can affect 
the accuracy of the DTM. Different interpolation 
methods have different levels of accuracy, and 
the choice of the method depends on the type and 
quality of the data. 

2.3. Sampling density: The sampling density of the 
data used to create the DTM can affect the 
accuracy of the model. Low sampling density can 
lead to incomplete or inaccurate representations 
of the terrain. Sampling density can be improved 
by collecting more data or by using more 
sophisticated interpolation methods. 

2.4. Model assumptions: The assumptions made in 
the DTM model can affect the accuracy of the 
model (Quinn, P. F. B. J., et al, 1991). For 
example, assuming that the terrain is uniformly 
sloped can lead to inaccurate representations of 
the terrain. It is important to account for 
variations in terrain features such as cliffs, 
valleys, and ridges. 

2.5. Geometric distortion: Geometric distortion can 
occur in the data acquisition process due to 
factors such as sensor calibration, atmospheric 
conditions, and terrain features (Duggin, M. J., 
and C. J. Robinove, 1990). Geometric distortion 
can lead to inaccuracies in the DTM and affect its 
reliability. 

2.6. Human error: Human error can occur during the 
data acquisition and processing stages, such as 
incorrect data entry, misinterpretation of data, 
and programming errors. Human error can lead to 
incorrect or incomplete DTMs. 

Understanding and addressing the errors associated with 
DTM is important to ensure the accuracy and reliability of 
the model. This can involve improving data quality, 
choosing appropriate interpolation methods, increasing 
sampling density, accounting for variations in terrain 
features, correcting geometric distortion, and minimizing 
human error (Ferrero, Anna Maria, et al, 2009). DTM is a 

valuable tool in various applications, but it is important to be 
aware of the potential sources of errors and to take steps to 
mitigate them. 

3. ERROR ASSESSMENT TECHNIQUES 

Assessing the accuracy and reliability of digital terrain 
models (DTMs) is an important step in ensuring their 
suitability for various applications such as flood prediction, 
land use planning, and infrastructure development. Here are 
some potential techniques for assessing the errors in DTMs: 

3.1. Ground truth data: Ground truth data involves 
collecting data from the terrain to establish the 
true values of elevation, slope, and aspect 
(Gorokhovich, Y., and A. Voustianiouk, 2006). 
This can be done using GPS surveys, laser 
scanning, or other methods. The ground truth data 
can be compared with the DTM to assess its 
accuracy and reliability. 

3.2. Cross-validation: Cross-validation involves 
splitting the DTM data into training and testing 
sets. The training set is used to create the DTM, 
and the testing set is used to validate the DTM by 
comparing it with ground truth data or other 
reference data (Rodriguez-Galiano et al, 2012). 
This technique provides a measure of the model's 
ability to generalize to new data. 

3.3. Statistical analysis: Statistical analysis involves 
comparing the DTM with reference data using 
statistical methods such as mean absolute error, 
root mean square error, and correlation 
coefficient. These methods can provide 
quantitative measures of the accuracy and 
reliability of the DTM (Clark  et al, 2004). 

3.4. Visual analysis: Visual analysis involves 
comparing the DTM with reference data using 
visualization tools such as contour maps, slope 
maps, and aspect maps (Chang, Kang-tsung, and 
Bor-wen Tsai, 1991). This can provide a 
qualitative assessment of the accuracy and 
reliability of the DTM. 

3.5. Error propagation analysis: Error propagation 
analysis involves identifying the sources of errors 
in the DTM and assessing their impact on the 
overall accuracy and reliability of the DTM 
(Kobler et al, 2007). This can help to identify 
areas where improvements can be made to 
increase the accuracy and reliability of the DTM. 

3.6. Root Mean Square Error (RMSE): This technique 
calculates the difference between the measured 
elevation and the estimated elevation for each 
point, squares the differences, takes the average 
and then the square root to provide a measure of 
the overall error (Warren et al, 2004). 

3.7. Mean Absolute Error (MAE): This technique 
calculates the absolute difference between the 
measured elevation and the estimated elevation 

The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLVIII-1/W2-2023 
ISPRS Geospatial Week 2023, 2–7 September 2023, Cairo, Egypt

This contribution has been peer-reviewed. 
https://doi.org/10.5194/isprs-archives-XLVIII-1-W2-2023-611-2023 | © Author(s) 2023. CC BY 4.0 License.

 
612



for each point, takes the average, and provides a 
measure of the overall error (Warren et al, 2004). 

3.8. Standard Deviation: This technique measures the 
variation of the elevation values around the mean, 
providing an estimate of the level of uncertainty 
(Warren et al, 2004). 

3.9. Coefficient of Determination (R2): This 
technique measures the proportion of the 
variance in the measured elevation that is 
explained by the estimated elevation (Warren, 
Steven D., et al, 2004). 

3.10. Monte Carlo Simulation: This technique involves 
generating multiple digital terrain models using 
different values for input data and modeling 
parameters, and then comparing the results to 
estimate the level of uncertainty (Daly et al, 
1994). 

Error assessment techniques are essential for evaluating the 
accuracy of digital terrain models and identifying sources of 
error. The selection of a particular technique depends on the 
specific application and the level of accuracy required. It is 
important to choose the appropriate technique based on the 
specific application and the available data. 

 

4. ERROR PROPAGATION 

Errors in input data and modeling processes can propagate 
through the different stages of digital terrain model (DTM) 
creation, which can affect the overall accuracy and reliability 
of the model. Some potential ways in which errors can 
propagate through the different stages of DTM creation: 

4.1.1. Data collection: Errors in data collection 
can propagate through the DTM creation 
process (Hsieh et al, 2016). For example, if 
the elevation data is collected using GPS 
surveys, errors in GPS measurements can 
lead to inaccuracies in the elevation data. 

4.1.2. Data preprocessing: Errors in data 
preprocessing can propagate through the 
DTM creation process (Toutin, Thierry, 
2004). For example, if the raw elevation 
data is filtered or smoothed, errors in the 
filtering or smoothing process can lead to 
inaccuracies in the final DTM. 

4.1.3. Interpolation: Interpolation is used to 
estimate the elevation of the terrain 
between data points. Errors in interpolation 
can propagate through the DTM creation 
process (Kobler, Andrej, et al, 2007). For 
example, if the interpolation method used 
is not appropriate for the type and quality 
of the data, errors can be introduced into the 
DTM. 

4.1.4. Sampling density: The sampling density of 
the data used to create the DTM can affect 

the accuracy of the model. Low sampling 
density can lead to incomplete or 
inaccurate representations of the terrain 
(Flener, Claude, et al, 2013). 

4.1.5. Model assumptions: The assumptions 
made in the DTM model can affect the 
accuracy of the model (Quinn, P. F. B. J., 
et al, 1991). For example, assuming that the 
terrain is uniformly sloped can lead to 
inaccurate representations of the terrain. If 
the assumptions are not valid, errors can 
propagate through the DTM creation 
process. 

4.1.6. Validation: Errors in DTM validation can 
propagate through the DTM creation 
process (Hollaus, Markus, et al, 2006). For 
example, if the DTM is validated using 
inaccurate or incomplete reference data, 
errors can propagate into the final DTM. 

Errors in input data and modeling processes can propagate 
through the different stages of DTM creation, which can 
affect the overall accuracy and reliability of the model. It is 
important to identify the sources of errors and to take steps 
to minimize their impact on the final DTM. This can involve 
improving data quality, choosing appropriate interpolation 
methods, increasing sampling density, accounting for 
variations in terrain features, and validating the DTM using 
accurate and complete reference data. 

Error propagation analysis is an essential technique for 
assessing the impact of errors on the accuracy and reliability 
of digital terrain models (DTMs). The analysis involves 
identifying the sources of errors in the DTM and assessing 
how they affect the accuracy of the model. Here are some 
potential steps for conducting a DTM error propagation 
analysis: 

4.2.1. Identify the sources of errors: The first step 
is to identify the sources of errors in the 
DTM. These may include data quality, 
interpolation, sampling density, and model 
assumptions. It is important to identify all 
potential sources of errors to ensure a 
comprehensive error analysis. 

4.2.2. Quantify the errors: The next step is to 
quantify the errors associated with each 
source. This may involve calculating the 
accuracy of the input data, the accuracy of 
the interpolation method, the completeness 
of the sampling density, and the accuracy 
of the model assumptions. 

4.2.3. Propagate the errors: Once the errors have 
been quantified, the next step is to 
propagate the errors through the DTM. 
This involves calculating how the errors 
from each source affect the accuracy of the 
DTM. For example, if the input data has a 

The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLVIII-1/W2-2023 
ISPRS Geospatial Week 2023, 2–7 September 2023, Cairo, Egypt

This contribution has been peer-reviewed. 
https://doi.org/10.5194/isprs-archives-XLVIII-1-W2-2023-611-2023 | © Author(s) 2023. CC BY 4.0 License.

 
613



high level of error, this can be propagated 
through the interpolation process and lead 
to inaccuracies in the DTM. 

4.2.4. Assess the impact of the errors: The final 
step is to assess the impact of the errors on 
the accuracy and reliability of the DTM. 
This may involve comparing the DTM with 
ground truth data or other reference data to 
determine the level of accuracy. It is 
important to assess the overall impact of the 
errors to identify areas where 
improvements can be made to increase the 
accuracy and reliability of the DTM. 

DTM error propagation analysis is an important technique 
for assessing the impact of errors on the accuracy and 
reliability of DTMs (Sofia et al, 2013). By identifying the 
sources of errors, quantifying the errors, propagating the 
errors, and assessing the impact of the errors, the accuracy 
and reliability of DTMs can be improved, ensuring their 
suitability for various applications. 

5. CASE STUDIES 

To illustrate the concepts and techniques discussed, this 
section presents four case studies that analyze real-world 
digital terrain models and assess their errors using various 
methods. 

5.1. "Accuracy assessment and correction of a 
LIDAR-derived salt marsh digital elevation 
model” by Christine Hladik and Merryl Alber  
(2012): In this study, the authors used a LIDAR-
derived DEM for the salt marshes surrounding 
Sapelo Island, GA obtained with a state-of-the-
art Optech Gemini ALTM LIDAR system with a 
high laser pulse rate frequency of 125 kHz and 
advanced IMU/GPS technology, and evaluated 
its accuracy with elevations collected using real 
time kinematic (RTK) GPS (Hladik et al, 2012). 

5.2. "Assessing the quality of digital elevation models 
obtained from mini unmanned aerial vehicles for 
overland flow modelling in urban areas " by João 
P. Leitão et al. (2016): This study evaluated 
whether DEMs generated from UAV imagery are 
suitable for urban drainage overland flow 
modelling. Specifically, 14 UAV flights were 
conducted to assess the influence of four different 
flight parameters on the quality of generated 
DEMs (Leitão, João P., et al, 2016). 

5.3. "Accuracy Assessment of Digital Elevation 
Models (DEMs): A Critical Review of Practices 
of the Past Three Decades " by José L. Mesa and 
Francisco J. Ariza-López (2020): An analysis of 
almost 200 references has been carried out in 
order to obtain knowledge about the DEM 
(Digital Elevation Model) accuracy assessment 
methods applied in the last three decades. With 
regard to grid DEMs, 14 aspects related to the 

accuracy assessment processes have been 
analysed (DEM data source, data model, 
reference source for the evaluation, extension of 
the evaluation, applied models, etc.) (Mesa-
Mingorance et al, 2020). 

5.4. “Combined analysis of digital terrain models and 
remotely sensed data in landscape investigations” 
by Florinsky, Igor V. (1998): The author presents 
a review of the combined analysis of digital 
terrain models (DTMs) and remotely sensed data 
in landscape investigations. The utilization of 
remotely sensed data with DTMs has become an 
important trend in geomatics in the past two 
decades. Models of more than ten quantitative 
topographic variables are employed as ancillary 
data in the treatment of images. 
 

6. MITIGATION STRATEGIES 

Mitigating errors in digital terrain modeling (DTM) is 
essential to ensure the accuracy and reliability of the model. 
Some potential strategies for mitigating errors in DTM are: 

6.1. Improve data quality: Improving the quality of the 
input data is one of the most effective ways to mitigate 
errors in DTM (Mesa-Mingorance et al, 2020). This can 
involve using high-resolution data, collecting data 
using multiple methods, and validating the accuracy of 
the data using ground truth data. 

6.2. Choose appropriate interpolation methods: 
Interpolation is used to estimate the elevation of 
the terrain between data points. Choosing 
appropriate interpolation methods based on the 
type and quality of the data can help to reduce 
errors in DTM (Carrara et al, 1997). There are 
several interpolation methods available, such as 
Inverse Distance Weighted (IDW), Natural 
neighbor, and kriging, each with varying levels of 
accuracy and suitability for different types of 
data. 

6.3. Increase sampling density: Increasing the 
sampling density of the data used to create the 
DTM can help to reduce errors (Reuter et al, 
2007). This can be achieved by collecting more 
data or by using data from multiple sources. 

6.4. Account for variations in terrain features: Terrain 
features such as vegetation, buildings, and water 
bodies can affect the accuracy of the DTM. 
Accounting for these variations in the DTM 
model can help to reduce errors (Clark et al, 
2004). For example, using different interpolation 
methods for different terrain features can help to 
improve the accuracy of the DTM. 

6.5. Validate the DTM: Validating the DTM using 
ground truth data or other reference data can help 
to identify areas where errors exist (Dandois et al, 
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2015). This can be done using statistical methods, 
visual analysis, or other validation techniques. 

6.6. Use error propagation analysis: Error propagation 
analysis can help to identify the sources of errors 
in the DTM and assess how they affect the 
accuracy of the model (Zhang, Wuming, et al, 
2016). This can help to identify areas where 
improvements can be made to increase the 
accuracy and reliability of the DTM. 

Mitigating errors in DTM is essential to ensure the accuracy 
and reliability of the model (Crosetto, Michele, and Stefano 
Tarantola, 2001). Improving data quality, choosing 
appropriate interpolation methods, increasing sampling 
density, accounting for variations in terrain features, 
validating the DTM, and using error propagation analysis are 
some potential strategies for mitigating errors in DTM. 

7. CHALLENGES AND FUTURE RESEARCH 

Assessing and propagating errors in digital terrain modeling 
(DTM) can be challenging due to several factors. Here are 
some potential challenges in error assessment and 
propagation in DTM: 

7.1.1. Lack of ground truth data: Ground truth 
data is essential for validating the accuracy 
of the DTM. However, collecting ground 
truth data can be time-consuming and 
costly. In some cases, it may be challenging 
to collect ground truth data due to the 
location or terrain of the study area. 

7.1.2. Complexity of the terrain: The complexity 
of the terrain can make error assessment 
and propagation challenging. Terrain 
features such as steep slopes, vegetation, 
and water bodies can affect the accuracy of 
the DTM, and accounting for these 
variations can be difficult. 

7.1.3. Interpolation errors: Interpolation is used to 
estimate the elevation of the terrain 
between data points. However, the choice 
of the interpolation method and the 
parameters used can affect the accuracy of 
the DTM. Identifying the optimal 
interpolation method and parameters can 
be challenging. 

7.1.4. Limited data availability: In some cases, 
there may be limited data available for 
creating the DTM. This can lead to 
incomplete or inaccurate representations of 
the terrain, which can affect the accuracy of 
the DTM. 

7.1.5. Model assumptions: The assumptions 
made in the DTM model can affect the 
accuracy of the model. However, some 
assumptions may not be valid for certain 
types of terrain or data, which can lead to 
errors in the DTM. 

7.1.6. Computational challenges: DTM creation 
and error assessment can require 
significant computational resources, and 
the size and complexity of the data can 
make these tasks challenging. 

Error assessment and propagation in DTM can be 
challenging due to several factors. It is important to identify 
and address these challenges to ensure a comprehensive and 
accurate error analysis (Hollnagel, Erik, 1998). This may 
involve collecting ground truth data, accounting for terrain 
complexity, choosing appropriate interpolation methods, 
increasing data availability, validating the DTM, and using 
appropriate computational resources. 

Future research can help to address the challenges in digital 
terrain modeling (DTM) and improve the accuracy and 
reliability of DTMs includes. 

7.2.1. Improving data quality: Provide new 
methods for collecting high-quality 
elevation data, such as LiDAR or 
photogrammetry. This can involve 
improving sensor technology, data 
processing techniques, and validation 
methods. 

7.2.2. Developing new interpolation methods: 
Develop new interpolation methods that 
are more accurate and suitable for different 
types of data. This can involve exploring 
machine learning and artificial intelligence 
techniques for improved interpolation. 

7.2.3. Accounting for terrain complexity: Design 
new methods for accounting for terrain 
complexity, such as vegetation or water 
bodies, in the DTM model. This can 
involve developing new algorithms or 
machine learning models to account for 
these variations in the terrain. 

7.2.4. Validating DTMs using new methods: 
Create new methods for validating the 
accuracy of DTMs. This can involve 
exploring new statistical or machine 
learning techniques for validating DTMs 
using reference data. 

7.2.5. Error propagation analysis: Develop new 
methods for error propagation analysis in 
DTM. This can involve exploring new 
statistical or machine learning techniques 
for identifying the sources of errors and 
assessing their impact on the accuracy of 
the DTM. 

7.2.6. Computational efficiency: Enhance new methods 
for improving the computational efficiency of 
DTM creation and error assessment. This can 
involve exploring new parallel computing 
techniques or developing new algorithms that are 
optimized for modern computing architectures. 
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These areas of research can lead to improved data quality, 
new interpolation methods, better accounting for terrain 
complexity, new validation methods, improved error 
propagation analysis, and improved computational 
efficiency. 

8. CONCLUSION 

In conclusion, understanding and addressing error sources in 
digital terrain modeling (DTM) is essential to ensure the 
creation of accurate and reliable models for various 
applications. This paper has discussed the potential sources 
of error in DTM, including errors in data collection, data 
preprocessing, interpolation, sampling density, model 
assumptions, and validation. The paper also discussed 
strategies for mitigating errors in DTM, such as improving 
data quality, choosing appropriate interpolation methods, 
increasing sampling density, accounting for variations in 
terrain features, validating the DTM, and using error 
propagation analysis. 

 

Furthermore, the paper highlighted the challenges in error 
assessment and propagation in DTM, such as the lack of 
ground truth data, complexity of the terrain, interpolation 
errors, limited data availability, model assumptions, and 
computational challenges. Finally, the paper identified areas 
for future research to address these challenges and improve 
the accuracy and reliability of DTMs, including improving 
data quality, developing new interpolation methods, 
accounting for terrain complexity, validating DTMs using 
new methods, error propagation analysis, and improving 
computational efficiency. 

This paper emphasizes the importance of understanding and 
addressing error sources in DTM to ensure the creation of 
accurate and reliable models for various applications. By 
applying appropriate strategies for mitigating errors and 
conducting comprehensive error assessment and 
propagation analysis, researchers and practitioners can 
ensure that DTMs are accurate and reliable for their intended 
applications. 

REFERENCES 

Manfreda, Salvatore, Margherita Di Leo, and Aurelia Sole. 
"Detection of flood-prone areas using digital elevation 
models." Journal of Hydrologic Engineering 16.10 (2011): 
781-790. 

Florinsky, Igor V. "Combined analysis of digital terrain 
models and remotely sensed data in landscape 
investigations." Progress in physical geography 22.1 
(1998): 33-60. 

Meesuk, Vorawit, et al. "Urban flood modelling combining 
top-view LiDAR data with ground-view SfM 
observations." Advances in Water Resources 75 (2015): 
105-117. 

Klouček, Tomáš, Ondřej Lagner, and Petra Šímová. "How 
does data accuracy influence the reliability of digital 
viewshed models? A case study with wind 
turbines." Applied Geography 64 (2015): 46-54. 

Quinn, P. F. B. J., et al. "The prediction of hillslope flow 
paths for distributed hydrological modelling using digital 
terrain models." Hydrological processes 5.1 (1991): 59-79. 

Duggin, M. J., and C. J. Robinove. "Assumptions implicit in 
remote sensing data acquisition and analysis." Remote 
Sensing 11.10 (1990): 1669-1694. 

Ferrero, Anna Maria, et al. "Advanced geostructural survey 
methods applied to rock mass characterization." Rock 
mechanics and rock engineering 42 (2009): 631-665. 

Gorokhovich, Y., and A. Voustianiouk. "Accuracy 
assessment of the processed SRTM-based elevation data by 
CGIAR using field data from USA and Thailand and its 
relation to the terrain characteristics." Remote sensing of 
Environment 104.4 (2006): 409-415. 

Rodriguez-Galiano, Victor Francisco, et al. "An assessment 
of the effectiveness of a random forest classifier for land-
cover classification." ISPRS journal of photogrammetry and 
remote sensing 67 (2012): 93-104. 

Clark, Matthew L., David B. Clark, and Dar A. Roberts. 
"Small-footprint lidar estimation of sub-canopy elevation 
and tree height in a tropical rain forest landscape." Remote 
Sensing of Environment 91.1 (2004): 68-89. 

Chang, Kang-tsung, and Bor-wen Tsai. "The effect of DEM 
resolution on slope and aspect mapping." Cartography and 
geographic information systems 18.1 (1991): 69-77. 

Kobler, Andrej, et al. "Repetitive interpolation: A robust 
algorithm for DTM generation from Aerial Laser Scanner 
Data in forested terrain." Remote sensing of 
environment 108.1 (2007): 9-23. 

Warren, Steven D., et al. "An evaluation of methods to 
determine slope using digital elevation data." Catena 58.3 
(2004): 215-233. 

Daly, Christopher, Ronald P. Neilson, and Donald L. 
Phillips. "A statistical-topographic model for mapping 
climatological precipitation over mountainous 
terrain." Journal of Applied Meteorology and 
Climatology 33.2 (1994): 140-158. 

Hsieh, Yu-Chung, Yu-Chang Chan, and Jyr-Ching Hu. 
"Digital elevation model differencing and error estimation 
from multiple sources: A case study from the Meiyuan Shan 
landslide in Taiwan." Remote Sensing 8.3 (2016): 199. 

Toutin, Thierry. "Comparison of stereo-extracted DTM from 
different high-resolution sensors: SPOT-5, EROS-A, 
IKONOS-II, and QuickBird." IEEE transactions on 
geoscience and remote sensing 42.10 (2004): 2121-2129. 

The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLVIII-1/W2-2023 
ISPRS Geospatial Week 2023, 2–7 September 2023, Cairo, Egypt

This contribution has been peer-reviewed. 
https://doi.org/10.5194/isprs-archives-XLVIII-1-W2-2023-611-2023 | © Author(s) 2023. CC BY 4.0 License.

 
616



Flener, Claude, et al. "Seamless mapping of river channels 
at high resolution using mobile LiDAR and UAV-
photography." Remote Sensing 5.12 (2013): 6382-6407. 

Hollaus, Markus, et al. "Accuracy of large-scale canopy 
heights derived from LiDAR data under operational 
constraints in a complex alpine environment." ISPRS 
Journal of Photogrammetry and Remote Sensing 60.5 
(2006): 323-338. 

Sofia, Giulia, Francesco Pirotti, and Paolo Tarolli. 
"Variations in multiscale curvature distribution and 
signatures of LiDAR DTM errors." Earth Surface Processes 
and Landforms 38.10 (2013): 1116-1134. 

Hladik, Christine, and Merryl Alber. "Accuracy assessment 
and correction of a LIDAR-derived salt marsh digital 
elevation model." Remote Sensing of Environment 121 
(2012): 224-235. 

Leitão, João P., et al. "Assessing the quality of digital 
elevation models obtained from mini unmanned aerial 
vehicles for overland flow modelling in urban 
areas." Hydrology and Earth System Sciences 20.4 (2016): 
1637. 

Mesa-Mingorance, José L., and Francisco J. Ariza-López. 
"Accuracy assessment of digital elevation models (DEMs): 
A critical review of practices of the past three 
decades." Remote Sensing 12.16 (2020): 2630. 

Carrara, Alberto, Gabriele Bitelli, and Roberto Carla. 
"Comparison of techniques for generating digital terrain 
models from contour lines." International Journal of 
Geographical Information Science 11.5 (1997): 451-473. 

Reuter, Hannes Isaak, Andy Nelson, and Andrew Jarvis. "An 
evaluation of void‐filling interpolation methods for SRTM 
data." International Journal of Geographical Information 
Science 21.9 (2007): 983-1008. 

Dandois, Jonathan P., Marc Olano, and Erle C. Ellis. 
"Optimal altitude, overlap, and weather conditions for 
computer vision UAV estimates of forest structure." Remote 
Sensing 7.10 (2015): 13895-13920. 

Zhang, Wuming, et al. "An easy-to-use airborne LiDAR data 
filtering method based on cloth simulation." Remote 
sensing 8.6 (2016): 501. 

Crosetto, Michele, and Stefano Tarantola. "Uncertainty and 
sensitivity analysis: tools for GIS-based model 
implementation." International Journal of Geographical 
Information Science 15.5 (2001): 415-437. 

Hollnagel, Erik. Cognitive reliability and error analysis 
method (CREAM). Elsevier, 1998. 

 

 

The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLVIII-1/W2-2023 
ISPRS Geospatial Week 2023, 2–7 September 2023, Cairo, Egypt

This contribution has been peer-reviewed. 
https://doi.org/10.5194/isprs-archives-XLVIII-1-W2-2023-611-2023 | © Author(s) 2023. CC BY 4.0 License.

 
617




