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Abstract 

Sediment accumulation at culverts involves large-scale and interlinked environmental processes that are 

difficult to address with experimental or physical modeling methods. This article presents an alternative 

data-driven investigation for shedding insights into these processes. Accordingly, a web-based geovisual 

analytics application, the IowaDOT platform, was developed, which allows users to explore the complex 

processes associated with the sediment deposition at culverts. The platform provides systematic 

procedures for (1) collecting and integrating analytical variables into a single dataset, (2) quantifying the 

degree of culvert sedimentation using time series of aerial images, (3) identifying drivers that contribute 

to culvert sedimentation processes from a variety of culvert structural and upstream landscape 

characteristics using a tree-based feature selection algorithm, and (4) facilitating the understanding of 

complex spatial and relational patterns of culvert sedimentation processes using multivariate 

geovisualizations supported by a self-organizing map (SOM). As the outcomes of this study, these 

patterns identify culvert sedimentation-prone regions in Iowa and quantify empirical relationships 
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between the drivers and culvert sedimentation degrees. A simple evaluation of the platform was 

performed to assess the usefulness and user satisfaction of the tool by professional users, and positive 

feedbacks are received.  
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1. Introduction  

Anthropogenic activities and climate change have significantly altered river systems around the world 

with immediate implications for stream channel stability and riverine infrastructure security (Larsen et 

al., 2007; Wohl et al., 2015). One of the direct consequences is sediment accumulation at culverts, which 

has been recognized as a widespread and costly infrastructure operating hazard in the Midwestern 

United States (Muste, 2013; Rowley, 2014). Culverts, as man-made structures, alter the cross-section of 

natural streams through human-induced flow expansions and contractions, providing a favorable 

environment for sediment deposition near culvert structures (Ho et al., 2013). Sediment blockage 

formed at the structural inlet impairs a culvert’s capacity to convey its design discharge, causing water 

crossing failures and roadway overtopping during flood events (Cafferata, 2004; Furniss et al. 1998). 

Since the existing culvert design specifications do not typically consider aspects of sediment transport 

and deposition within culvert structures, the commonly accepted strategy for mitigating culvert 

sedimentation is through costly and labor-intensive mechanically cleaning. This is unfortunate as 

sedimentation is prevalent not only in Iowa but also in many other states, and it requires considerable 

expense to mechanically clean culverts to avoid socio-economic losses (Cafferata, 2004; Rowley, 2014). 

 Culvert sedimentation is a typical coupled human-environment system problem, which involves 

fast-evolving anthropogenic activities interacting with natural processes occurring in culverts’ drainage 

areas. Although sedimentation occurs naturally in undisturbed landscapes, excessive sediment 

production that stems from human activities, such as agriculture, urbanization, and channelization, 

delivers more sediment supply to downstream culverts. Additionally, the local alteration of the stream 

geometry in the vicinity of a culvert is another contributing factor to the accumulation of sediment 

deposits near culverts (Ead et al., 2000). For better informing the culvert design and for providing a 

more system-based approach for planning the remedial actions, there is a need to understand the key 

drivers that contribute to the culvert sedimentation processes, as well as to identify the regions that are 
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prone to culvert sedimentation. Due to process-related complexity and the limited research in this area, 

there are many knowledge gaps in understanding these processes (Gregory 2006; Ho, 2010).  

Conventionally, when solving sediment-related problems, erosion and sediment transport models 

would often be preferred over other approaches (Nearing et al., 2005; Merritt et al., 2013). Unlike other 

sediment-related problems, culvert sedimentation is more complex, as it is driven by the interaction 

among geomorphological (different types of erosions in watersheds), hydrological (instream sediment 

transport), hydrodynamics (sediment deposition near culverts), and ecological (growth of the riparian 

vegetation that stabilizes sediment deposition) processes (Cafferata, 2004; Haan et al, 1994; Ho, 2010; 

Merritt et al., 2003). Therefore, the problem cannot be easily solved using erosion and sediment 

transport models without considerable efforts for integrating multiple models and considering 

influences from human activities.  

Alternatively, data-driven approaches can effectively help environmental scientists analyze and 

solve large-scale complex problems that involve pattern recognition, non-linear modeling, and 

classification, without detailed consideration of the internal structure of the physical process (Dibike and 

Solomatine, 2001). A comparative study conducted by Liang et al. (2019) showed that data-driven 

models can effectively inform and complement the simulations conducted with physically-based 

models. Currently, there are a relatively limited number of studies that utilize various computation-

based data models (machine-learning and statistics), such as artificial neural networks (Tayfur, 2002), 

random forests (Francke et al. 2008; López-Tarazón et al. 2011), and M5 model trees (Onderka et al., 

2012), to tackle sediment research (e.g., estimate sediment budget and transport). Despite their 

capability of handling large environmental datasets and making predictions, many computational 

methods are deemed “black-box”, as their results are difficult for humans to understand and interpret 

(Keim, 1997). Therefore, these methods are less intuitive for operations research (e.g., watershed and 

infrastructure management) that aims to support decision-making and improve understanding of the 
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problem’s nature, including data, dynamics, and the critical relationships involved (Andrienko et al., 

2007). In contrast, geovisual analytics can foster better human interpretation of abstract spatial and 

relational patterns within a dataset and can effectively support decision-making through human-

computer collaboration (Keim, 1997). However, design and implementation of geovisual analytical tools 

for environmental decision-making are challenging due to the complexity, size, and high-dimensionality 

of spatial environmental data (Andrienko et al., 2007; Demir et al., 2015). To address these limitations, 

many efforts were spent in Geographic Information Science (GIS) to integrate geovisual techniques (e.g., 

a series of linked maps and graphs) and computational methods (e.g., spatial statistics and spatial 

regression) for conducting exploratory spatial data analysis (Anselin, 2000; Bertolotto et al., 2007; Demir 

and Beck, 2009; Gahegan et al., 2002; Guo, 2005; Tukey 1977). Examples of visual analytical software 

produced from these efforts include GeoDa (Anselin, 2000), GeoVISTA (Gahegan et al., 2002, 2008), 

GeoXP (Laurent, et al., 2009), and Arc_Mat (LeSage and Liu, 2010). Nevertheless, web-based geovisual 

analytics application that improves the understanding of complex environmental processes are still rare 

in the water management sector, except for a few studies (e.g., Kollat et al., 2011; Leonard et al., 2016; 

Matrosov et al., 2015). Currently, there are no applications that address the culvert sedimentation 

problem using geovisual analytical techniques.  

This article introduces a geovisual analytical platform that allows users to explore complex 

environmental processes of culvert sedimentation and provides data-driven insights for effectively 

mitigating sediment blockage at culverts in Iowa. The objectives of the platform design include (1) 

enabling quantification of the culvert sedimentation degrees using time series aerial images, (2) 

integrating multiple analytical variables into a single dataset from distributed sources; (3) identifying the 

key drivers that contribute to sediment deposition at culverts from a wider pool of variables that 

describe culverts’ upstream landscape characteristics and structural attributes using a tree-based 

feature selection algorithm; and (4) facilitating the exploration of the complex spatial and relational 
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patterns in culvert sedimentation processes using multivariate geovisualizations supported by a self-

organizing map (SOM). The targeted patterns include the spatial variation of culvert sedimentation 

degrees in Iowa and the quantification of the empirical relationships between the culvert sedimentation 

degrees and key drivers. These specifications are then used to guide the development of a web-based 

application, the IowaDOT Culverts Platform, using Python and JavaScript. Developed using a data-driven 

architecture and open-source technologies, the platform is generalizable and can be extended to 

address similar environmental problems in other U.S. regions. 

2. Methods  

2.1 Conceptual Design 

Streams, as final recipients of the water-borne material transported from local and upstream basins, are 

a good reflection of the hydrologic characteristics of upstream watershed areas (Allan, 2004; Auerbach 

et al., 2016, Hill et al., 2016). Thus, in-stream sediment conditions can be indirectly analyzed using 

landscape characteristics in culverts’ drainage areas (watershed, catchment, riparian corridors), which 

describe changes in river form, substrate characteristics, and floodplain characteristics through time or 

with respect to reference channels and may reflect the main drivers of sedimentation processes (Olden 

et al., 2012; Rymszewicz et al., 2018; Wagener et al., 2007; Wohl et al., 2015). Through a data-driven 

investigation, the platform aims to establish the likelihood of the culvert sedimentation (dependent 

variable) as a function of these process drivers (independent variables) across Iowa. The analytical 

pipeline (Fig. 1) of the platform consists of three steps: 1) data collection & integration, 2) identification 

of sedimentation drivers, and 3) pattern exploration & inferences.  
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Fig. 1. The analytical pipeline of the platform. 

2.2. Data Collection & Integration 

This step aims to create a comprehensive culvert sedimentation dataset that contains both the 

dependent and independent variables. The independent variables consist of culverts’ upstream 

landscape characteristics and structural attributes, and are collected from multiple third-party datasets. 

Culvert’s upstream landscape characteristics describe the land cover, soils, lithology, runoff, and 

topography in culverts’ drainage area, reflecting different environmental aspects of sediment 

production processes (e.g., hydrologic, geomorphological, and ecological). Culvert structural attributes 

describe factors that can influence the hydrodynamics processes for sediment deposition near culvert 

structures, including culverts’ design discharge, geometry specifications, slope, and hydraulic control 

(Howley, 2004). Table 1 summarizes the data sources of these variables and provides a detailed data 

description. Afterwards, all independent variables are combined into one dataset as summary statistics 

(created using ArcGIS Zonal Statistics and Tabulate Area tools, ESRI, 2014) for four types of drainage 
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extents that include watershed, local catchment, riparian corridor, and immediate corridor upstream of 

culverts (Fig. 2). These spatial extents are selected based on the principles of multi-dimensional stream 

connectivity (Demir and Szczepanek, 2017; Tockner and Stanford, 2002) representing the potential 

scales of the sediment production and transport processes. The delineation of these spatial extents is 

carried out using watershed delineation tools provided in the IowaDOT Culverts Platform.   
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Table 1. Summary of data sources. 

Dataset Provider Variables & Associated 
Processes 

Variable Type 

Soil Survey Geographic Database 
(SSURGO)  

Natural Resources 
Conservation Service 
(NRCS) 

 
Culvert upstream basin 
characteristics 
(sediment production) 

 
 
 
 
 
 
 
 
 
Independent 
variable 

Revised Universal Soil Loss Equation 
(RUSLE) 

Stream-Catchment (StreamCat) 
dataset 

United States 
Environmental 
Protection Agency 
(USEPA) 

High Resolution Land Cover (HRLC) 
dataset 

Iowa Geological Survey 
(IGS) 

Iowa landforms map 

National Hydrography Dataset (NHD) 
plus version 2 

United States Geological 
Survey (USGS) 

Stream characteristics (in-
stream sediment transport) 

Structure Inventory and Inspection 
Management System (SIIMS)  

Iowa Department of 
Transportation (Iowa 
DOT) 

 
Culvert structural attributes 
(sediment deposition at the 
culvert structure) Field inspections (at 255 culverts) IIHR - Hydroscience & 

Engineering 

Culvert design discharge using Eash 
method (Eash, 2001)  

USGS 

Quantification of culvert 
sedimentation degrees at 400 
culverts via time-series aerial photos 

IIHR - Hydroscience & 
Engineering 

Severity of sediment 
accumulation at culverts 

Dependent 
variable 

 

The dependent variable describes the severity of the sediment accumulation at culverts and is 

classified using time-series aerial images of the culvert vicinity (for the 2005-2017 time interval). The 

platform has a built-in map viewer that can systematically collect and store orthorectified aerial images 

downloaded from the EagleView Technologies, Inc., a technology provider of high-quality aerial imagery 

(with resolution up to 2-inch to 3-inch per pixel) (Fig. 3a). A mapping tool is then developed within the 

viewer to allow the delineation of sediment deposits near a culvert (shown in Fig. 3b). Based on the 

traced area of the sediment blockage at culverts, a classification of culvert sedimentation degrees is 

created consisting of 5 quantile classes, including “clean”, “low”, “med”, “high”, and “very high”.  
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Finally, all independent variables are combined with the dependent variable through spatial joins to 

create the comprehensive culvert dataset that entails 300 independent variables. The dataset is 

physically stored in a PostgreSQL database deployed the server that hosts the platform. 

 

 
Fig. 2. Characterization of culvert upstream areas (highlight in red lines): (a) watershed, (b) local 

catchment, (c) riparian corridor (represented by the green buffer areas), and (d) immediate corridor 

upstream of culvert. 
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a b 

  

 
Fig. 3. The digital viewer for (a) displaying time-series aerial imagery in the culverts’ vicinity and (b) 

delineating the area of sediment depositions at a culvert.  

2.3 Identification of Sedimentation Process Drivers 

Although all independent variables are pre-selected based on hydrologic and sediment transport 

domain knowledge, it is assumed that not all of them are equally contributing to the culvert 

sedimentation processes under investigation. The large numbers of the contributing variables involved 

in natural-scale environmental processes and their possible correlations pose a significant challenge for 

analysis by hiding or diluting the multifunctional relationships among the most relevant variables. To 

overcome this limitation, a feature selection strategy (Liu and Motoda, 1998) was adopted to identify 

the key drivers of culvert sedimentation processes. Specifically, a tree-based feature selection algorithm 

from the Python Scikit-learn library (Buitinck et al., 2013) was applied within the platform to rank the 

independent variables based on their relevance to the classified sedimentation severity. The algorithm 

utilizes a forest of decision trees to evaluate the importance of each variable based on the average 
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impurity decrease (characterized by the information gain/entropy reduction). The justification for 

choosing this method is based on the fact that (1) the performance of decision trees is not affected by 

non-linear relationships, (2) the method requires less data transformation, and (3) the output of 

decision tree-based ranking is intuitive and easy-to-understand. The top-ranked variables are 

summarized in Table 2 as sedimentation process drivers.  

Table 2. Summary of key process drivers 

Variables Associated spatial extent 

Stream-to-culvert width ratio (SCW ratio) Culvert structural attributes 

Design discharge 

Landform regions  
Watershed characteristics  Drainage density 

Ag land (%) 

Slope Length and Steepness Factor (LS factor) Riparian corridor 

Forest (%) 

Grass (%) Immediate corridor upstream of culvert 

Stream sinuosity  Stream 

Stream width  

 

Following the automated feature selection step, a preliminary visual interface is developed, which 

allows users to visually examine the dependencies between the degrees of culvert sedimentation and 

the selected drivers in a Parallel Coordinates Plot (PCP) (Inselberg 1985). The PCP presents a 

multidimensional space through a two-dimensional display by using parallel axes to represent variables 

(Edsall, 2003). In the PCP, each edge links the sedimentation degree (the first axis from the left) with 

values of different key drivers (the rest of axes) at an individual culvert. The platform also synchronizes 

other visualizations, including a pie chart for displaying major sedimentation classes and a web map that 

displays culvert locations (Fig. 4a). The PCP also allow users to interact with the data through filtering 

and brushing, through which users can define criteria to filter data and test the dependencies between 

the culvert sedimentation degree and a specific driver. In Fig. 4b, an example is provided to demonstrate 
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the visual interface’s capability of revealing the dependency between the sedimentation degree and the 

SCW.  
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a) 

 
b) 

 
 

Fig. 4. Interfaces for (a) visualizing culvert sedimentation datasets in both the geographic space (web 

map) and the multi-dimensional attribute space (PCP and pie chart) and (b) examining the dependency 

between the sedimentation degree and SCW ratio.  

 

2.4 Pattern Exploration and Inferences 

The PCP alone is sensitive to visual clutter and large dataset sizes, and has limited ability to present 

the multivariate patterns resulting from combinations of multiple drivers (Johansson and Forsell 2015; 
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Keim and Kreigel 1996) that influence culvert sedimentation degrees. Subsequently, further multivariate 

analysis is needed to group culverts with similar characteristics and summarize the associated 

multivariate patterns, which can provide additional insights for developing mitigation solutions that 

target specific drivers. For an enhanced feature exploration stage, the platform adopts a Self-Organizing 

Map (SOM), a multivariate clustering technique that utilizes an artificial neural network (ANN) (Kohonen 

2001) to preserve and abstract patterns (Guo, 2015; Koua and Kraak 2004; Koylu 2014; Skupin and 

Fabrikant 2003) in the dataset. Before the analysis, the culvert data is normalized using the minimum 

and maximum values (a.k.a. feature scaling techniques) and a SOM network of 15x15 nodes (size) is 

constructed within the platform. Through a series of preliminary testing and experiments, the study 

discovered that the size of 15x15 allows the SOM to produce clusters with a minimum value range of the 

culvert sedimentation degree, indicating that each cluster is fully separated and has relatively low 

entropy.  

In a more-advanced visual interface, SOM outputs are visualized through an interactive 2D map that 

adopts a hexagonal layout of SOM nodes (Fig. 5a). Each hexagon in the map represents a node, 

containing a cluster of culverts that are similar to each other and are different from those in other 

nodes. The orientation of the SOM map also indicates that neighboring nodes (hexagon) are similar to 

each other in multivariate space. A 2-D color scheme is them applied to the SOM map rendering each 

node with a discrete color (cluster-color). Then, the colored SOM map is connected to a modified PCP 

that bundles edges (Palmas, 2014) by the cluster-average value of each variable and renders them using 

their associated cluster-color (Fig. 5b). This configuration allows users not only to overview the pattern 

of different culvert clusters but also to explore the detailed patterns within a specific cluster 

(Shneiderman, 1996). To visualize the geographic distribution of different clusters, the platform 

synchronized the SOM outputs with a web map that can display culvert locations using the cluster-color 

and represent their sedimentation degrees as the radius of dot symbology. By clicking specific hexagons 
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of the 2D SOM map (also serves as a legend for the geographic map), users can zoom to specific clusters 

and further explore the associated relationship through the geographic map and the PCP as shown in 

Fig. 5b and Fig. 5c, which visualizes a 5x5 subset of the SOM outputs for demonstrating the interface. 

Additionally, the visual interface also allows users to explore patterns in the data by changing the SOM 

configurations (e.g., colors, node size, and learning rates) and provides evaluative feedback of the SOM 

performance (clusters size, average cluster range, and entropy). 

The platform was developed using multiple open-source JavaScript libraries. The user interface is 

created using Bootstrap. The PCP and the SOM visualization are created using D3.js. Leaflet map engine 

is used to create the geographic map. The underlying SOM analysis is conducted using LucidTechnics 

SOM library.  

 

a)  c) 

 
 

b) 

 
 

Fig. 5. The SOM visualizations: (a) hexagonal layout of SOM nodes, (b) edge-bundling PCP that displays 

the multivariate patterns and overall trends of each culvert clusters, and (c) spatial locations of culverts 

contained in individual cluster (node/hexagon). 
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3. Results  

3.1 Culvert Sedimentation-Prone Regions  

At the overview level, this study discovers that the spatial patterns of SOM clusters are strongly 

correlated with the landform regions covering the state (Fig. 6). Past studies also indicate that the 

landform regions are good reflections of the landscapes’ erosional history, as well as other synthetic 

factors characterizing topography, soil erodibility, and soil mobility (Scheidegger, 1973; Prior, 1991). A 

summary of the interactions with the applications is provided in Fig. 7 to reveal the spatial variation of 

the culvert sedimentation degrees across Iowa. More specifically, culverts with high sedimentation 

degrees are located in the Northwest Iowa Plains (red cluster) and Paleozoic Plateau (green cluster), 

while the degree of culvert sedimentation is considerably lower in the Des Moines Lobe (yellow 

clusters). In between these extremes, the culverts located in the Iowan Surface (pink cluster) and 

Southern Iowa Drift Plain (blue cluster) display a mixed sedimentation degrees. This discovered pattern 

can help transportation agencies make rapid assessments on sedimentation risk at a new culvert based 

its pertaining landform region, and prioritize sedimentation mitigation at existing culverts across Iowa.  

 
 

Fig. 6. SOM clusters that are spatially correlated to the landform regions. 
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Fig. 7. Spatial variation of the culvert sedimentation degrees across different landform regions in Iowa. 

3.2 Empirical Relationships between Drivers and the Culvert Sedimentation Degrees 

Further exploration through the visual interface can be conducted to investigate what drivers, or 

combination of them, are responsible for the mix of culvert sedimentation within individual landform 

regions. This additional analysis is especially useful in areas such as the Iowan Surface region and 

Southern Iowa Drift Plain regions where culvert sedimentation potentials are mixed. Subsequently, the 

SOM-based multivariate clustering analysis is applied to culverts within each landform region using 

appropriate settings (e.g., node size and learning rate) that lead to the lowest entropy in the output 

clusters. Fig. 8 provides an example of results discovered through the visual interface, revealing the 

empirical relationships between drivers and the culvert sedimentation degrees in the Southern Iowa 

Drift Plain regions. 
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Fig. 8. Empirical relationships between drivers and the culvert sedimentation degrees in the 

Southern Iowa Drift Plain regions. 

By clicking specific hexagons, users can zoom to specific clusters and further explore the associated 

relationship within the cluster through the geographic map and PCP. As an example, a comparison 

between two culvert clusters in the Southern Iowa Drift Plain regions was made in Fig.9 to provide an 

insight when other drivers are in a similar range, culverts with lower SCW ratio and smaller stream width 

(represented by the red cluster) are prone to high sediment deposition. This data-driven insight can help 

hydraulic engineers and culvert managers avoid culvert oversizing (so as to increase the SCW ratio) 

during culvert design and retrofitting. Such practices are also justified using the domain knowledge of 

culvert hydrodynamics (Ho, 2010). More insights and driver-specific solutions can be readily derived by 

users through interactions with the web interface. These visual-explicit presentations of complex 

patterns can be readily understood and interpreted by users without expertise in data science and GIS. 
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Fig. 9. Comparison of 2 culvert clusters (high sedimentation vs low sedimentation). 

 

3.3 User evaluation 

An evaluative survey of 30 hydraulic engineers and researchers was conducted to evaluate the 

platform. The survey consists of a series of training workshops organized by the Iowa Local Technical 

Assistance Program in 5 Iowa counties (Iowa LTAP, 2017). In this study, the evaluation was not designed 

to assess the usability of the platform using formal protocols. Instead, the intent was to receive 

feedback and critique from participants in terms of the results and user experiences of the geovisual 

analytics tool. The goal of the evaluation was to (1) gather qualitative feedback on the usefulness of the 

platform and user-friendliness of the visual interface design, and (2) learn whether additional design 

aspects should be added and improvements should be made to the platform. Specifically, the evaluation 
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solicited comments for the platform functionality and for its “look and feel”. After each workshop, the 

users were provided with an online link to the platform. Then, questionnaires were sent out to ask users 

to provide comments on the usefulness of the platform, user satisfaction, and visual interface design. 

The assembled input allowed us to quickly identify design issues and improve the functionality of the 

platform. 

Most users commented positively on the usefulness of the platform and provided an average rating 

of 3.75/5 (29 users voted). Examples of some comments include: “this is a great tool that I will keep for 

the next time I have to work on a large box culvert”, “a very handy tool for managing culverts”, and “the 

web-based tool is very useful and can be accessed through mobile devices”. Six users provided explicit 

comments on the visual interface design: “the visualization is easy-to-understand”, “the visualization 

responds instantaneously to users’ interaction”, “the relationships in the visualization are very clear and 

straightforward”, “the practical knowledge presented can be used in the field”, “the aesthetic designs of 

the interface can be improved”, and “a precise method for defining the brushing interval should be 

added”. In summary, most users provided positive feedback during the evaluation, and corrective 

measures were applied to the platform as suggested by these users. Currently, the platform is 

transferred to the Iowa DOT to support the design and maintenance of the culverts on a continuous 

basis. After the software is widely used over a substantial time period, we plan to conduct a formal 

usability test, which aims to systematically measure user satisfaction, effectiveness, efficiency, and other 

usability metrics. 

4. Discussion and Conclusion  

This article introduces a visual analytics platform for investigating complex and interlinked 

environmental processes with a focus on sediment transport and accumulation at culverts. The platform 

combines data-driven analytics with human reasoning to create a friendly visual analytics application 
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that helps users explore the relational and spatial patterns of culvert sedimentation in Iowa. By taking 

advantage of a plethora of available data in third-party data sources, the data-driven approach is able to 

solve a practical problem that is difficult to tackle with conventional investigation means, i.e., 

experimental of numerical modeling approaches. The variables associated with the description of the 

sedimentation process from its original location to final deposition place (input data) and the degree of 

culvert sedimentation (output data) are all conveniently and efficiently linked using the same web-based 

platform. Special tools and cyber structure were developed to collect and integrate the data, identify 

the sedimentation process drivers, and to explore the spatial patterns of the assembled data. The 

insights provided from the visual interfaces can be applied to support decisions for culvert management 

and sedimentation mitigation, as well as to guide parameter selections for culvert design. Since the 

targeted audiences for the platform usage are culvert designers and hydraulic engineers without a 

computer science background, the platforms’ interface design must account for the diversity of the 

users and the need for presenting the information in an easy-to-understand form.  

Developed using a data-driven architecture and open-source technologies, the platform is 

generalizable and extendable to other locations with a similar degree of data availability. The platform 

components are modular and can be applied to investigate complex patterns of other water-driven 

scientific or management issues, such as water pollution or flood hazard occurrence. 
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Graphical abstract 

 

 

Highlights 

 

 A geovisual analytics platform is designed for exploring culvert sedimentation contributors. 
 Several computational and visual analytics techniques are integrated into the web platform. 
 The platform helps users identify culvert sedimentation-prone regions in Iowa. 
 The platform improves the understanding of complex patterns in culvert sedimentation processes. 
 The platform design is generalizable and adaptable to other environmental studies. 
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